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WARNING: 

None of the studies mentioned here so far is specifically about Delta, Gamma or Lambda, 
or from a population / setting / time interval where / when one of these VoCs was 
prevalent or dominant. 

Because of different biological behavior (e.g., earlier and quicker rise and higher viral load 
in Delta) it may be the case that different agents that were found to be successful in the 
past, don’t work any more at all, or less efficiently, in the context of an early Delta 
infection. This may apply particularly to early therapy as is discussed in this paper whereas 
later, hospitalized stages of the disease (which are outside the scope of this paper) may be 
less affected or unaffected.  

This means that even early therapies that seemed to be quite or very effective so far, may 
fail now. Until evidence specifically for Delta, Gamma or Lambda becomes available, all 
therapies mentioned here have to be regarded as experimental in the context of these 
variants. Effectively, one would have to start research (and trials) on early therapies right 
from the beginning again.   

 

Vorbemerkung für deutsche Plagiatsjäger:  

Ja, dies ist ein Plagiat und keine eigene Studie oder Abhandlung. Es handelt sich effektiv 
lediglich um eine Datensammlung und zum Teil auch eine Zitatsammlung, die auf den 
Ergebnissen von Hunderten von Studien anderer beruht. Dabei kann es auch vorkommen, 
dass einige “Kernsätze” wörtlich zitiert werden, insbesondere dann, wenn eine 
Umformulierung zu einer unnötigen Verlängerung des Textes oder zu einem Verlust an 
Präzision and Prägnanz geführt hätte. Es wird daher ausdrücklich nicht der Anspruch 
erhoben, dass es sich hier in irgendeiner Weise um eine eigene wissenschaftliche Leistung 
handele.   



2 

 

 

  

INTRODUCTION 

 

In the first months of the COVID pancemic, the expert panel of the NIH (US) was unable so  
recommend any therapy for COVID-19 outpatients (see NGO and RENDELL; end of May 
2020). In their systematic review about registered trials for treatment of COVID-19, NGO and 
RENDELL mentioned only 44 trials with at least 100 participants (after excluding trials on 
TCM) which plan to finish enrollment until the end of the first half of 2020, and only 9 of 
these trials (20.5 %) refer to outpatients. NGO and RENDELL: „We face a dilemma in having 
no currently approved prevention or treatment for outpatients with mild to moderate 
disease, the chief spreaders of SARS-Cov-2.”  

About one year later (April 21st, 2021), the recommendations of the NIH for outpatients 
encompass only combinations of monoclonal antibodies (bamlanivimab 700 mg + 
etesevimab 1400 mg or casirivimab 1200 mg + imdevimab 1200 mg), restricted to 
outpatients with mild or moderate disease “at high risk of clinical progression”.  The NIH 
panel recommends against the use of chloroquine or hydroxychloroquine with or without 
Azithromycin, against dexamethasone or other systemic glucocorticoids in the absence of 
another indication, and against the use of antibacterial therapy (e.g., azithromycin, 
doxycline) in the absence of another indication. 
https://www.covid19treatmentguidelines.nih.gov/outpatient-management/ 
 
In July 2021, the combination of bamlanivimab and etesevimab was no longer recommended 
due to potentially resistant variants; instead, casirivimab + imdevimab or sotrovimab (alone) 
were mentioned. There were no other new “positive” recommendations for outpatients not 
requiring hospitalization or supplemental oxygen (accessed July 22, 2021).  

 

Later in the year 2020, FORREST et al. found that only 6.0 % of 1970 registered clinical trials 
about candidate therapeutics for COVID treatment evaluate interventions to reduce 
hospitalization or transmission among ambulatory populations with an early diagnosis of 
COVID-19, but this portion of 6 % also includes prophylactic therapeutics for highly exposed 
populations. FORREST et al. conclude:  “The limited number of trials investigating 
therapeutics for early treatment of COVID-19 disease is disappointing since early treatment 
will likely yield the greatest treatment benefits to both patients and communities.” 

In their systematic literature review on COVID-19 therapies (including altogether 42 clinical 
studies until cut-off October 14th, 2020), WELTE et al. reported about the “key finding” of a 
“relationship between the disease phase of patients with COVID-19 and the efficacy of 
interventions. Several studies that investigated agents targeting processes early in the 
disease course of COVID-19, such as viral replication, showed improved efficacy in patients 
who received early treatment compared with late treatment …” 

https://www.covid19treatmentguidelines.nih.gov/outpatient-management/
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In a JAMA article co-authored by Anthony Fauci, KIM et al. proclaim the need for early 
antiviral treatment for outpatients; they mention MK-4482 (EIDD-2801) (oral 
administration), SNG001 (nebulized formulation of interferon beta-1a) or camostat 
mesylate, beside the options of antibody therapies. Nothing of that is widely available so far 
(in Germany, antibody therapies will be delivered to some special clinics for the early 
treatment of highly selected outpatients with very high risks of progression, but not to a 
wider population of persons at risk).  

As of February 2021, only the following therapies received regulatory approval by EMA or 
FDA (according to WELTE et al.): 
 
• Remdesivir (EMA: for treatment of adults and adolescents with pneumonia who require 
supplemental oxygen; FDA: for treatment of adults and adolescents who require 
hospitalization) 
 
• Dexamethasone (only EMA: for adults and adolescents who require oxygen therapy) 
 
• convalescent plasma (only FDA: for hospitalized patients)* 
 
• Bamlanivimab or  Casirivimab+Imdevimab (only FDA: in mild-to-moderate patients who are 
at high risk for progression to severe COVID-19 and/or hospitalization) 
 
• baricitinib in combination with remdesivir (only FDA: hospitalized patients who require 
supplemental oxygen, invasive mechanical ventilation or ECMO). 
 
(*but see KOCAYIGIT et al.) 
 
With regard to early therapy with the aim to avoid progression to severe disease and/or 
hospitalization, only one group of drugs (monoclonal antibodies) was approved, and this 
applied only to the FDA (as of February 2021). 
 
No other treatment was approved about one full year after the start of the pandemic (!) that 
offers the chance for early treatment and the prevention of disease progression. Among the 
approved drugs, convalescent plasma (only FDA) and remdesivir (EMA and FDA) have the 
potential to be helpful for that purpose (as will be discussed in this paper) if infused to early 
outpatients (what is as technically feasible as it is for monoclonal antibodies), but this early 
use is outside their current approval that needs, at least, hospitalization (as of February 
2021).  
 
This situation is one of the reasons for the therapeutic nihilism for early COVID outpatients 
including those who have a substantial risk of progression to severe disease or 
hospitalization because of their age and/or comorbidities, and who are left alone in isolation 
with their risk and fate until the situation progresses to the stage of immediate 
hospitalization or need for emergency services.       
 
As a consequence, any specific therapy against COVID-19 or its sequelae, like antiviral 
therapy, immunomodulation or therapy of COVID-induced complications like cytokine 
storms, coagulation disorders or severe pneumonia/ARDS can only start following 
hospitalization. This even applies to Seoul in South Korea, where very early hospitalization 
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(on average, 3 ½ days after onset of symptoms and 4.3 hours after the positive result of the 
PCR test becomes available) was able to reduce mortality to 0.32 % (i.e., close to the range 
of a more severe influenza epidemic). As soon as the infected person is in hospital, he gets 
“effective” therapy, though the authors (NA et al.) don’t disclose the details of that therapy 
„to receive appropriate and effective treatment, which prevented patients from deteriorating 
and spreading the disease to others in an early stage, and reduced the number of critically-ill 
cases …”. 

 

As PROCTER et al. pointed out in one of their papers about early ambulatory multidrug 
treatment, US had 877 deaths per million inhabitants (at the time of their writing) despite 
technically advanced hospitals including sufficient hospital capacity, whereas India – “a 
country with broad implementation of early COVID-19 treatment” – had 102 deaths per 
million at the same time.  “The National Institutes of Health currently advise denial of early 
treatment and encourage late-stage hospitalization as the first window of treatment open to 
acutely ill patients with COVID-19” (PROCTER et al.). “In countries where therapeutic nihilism 
is prevalent, patients endure escalating symptoms and without early treatment can succumb 
to delayed in-hospital care and death” (McCULLOUGH et al. 2; from the same study group).  

The McCULLOUGH et al. (2) paper is highly recommended to read in full-text because it 
discusses in detail the devasting consequences of the “late treatment strategy” that is 
followed in US, Canada, UK, Western European Union, Australia and some South American 
Countries (“late hospitalization and delayed treatments [remdesivir, convalescent plasma, 
antiviral antibodies]”) and offers a rationale for an early sequential multidrug ambulatory 
treatment for every patient with increased risks (i.e. 50 years or older; younger patients if at 
least one comorbidity or BMI > 30). If a patient belongs to one of these risk groups, the 
sequential multidrug regimen will start immediately after diagnosis, independent of the 
severity of his current symptoms.  

Within the same concept and strategy, no specific treatment was advised in the absence of 
severe symptoms for healthy individuals with COVID-19 under 50 years, except for the need 
for the evaluation of oxygenation status and possibly chest imaging if lower respiratory 
symptoms develop (McCULLOUGH et al. [2]). However, one may ask meanwhile whether this 
therapeutic nihilism for people younger than 50 years can still be uphold at the time of the 
Delta variant, both with regard to the risk of serious outcomes also in middle-aged people 
and the risk of Long COVID. 

 

Based on real data about the time course of viral load from real patients, several studies 
showed or calculated that antiviral therapy can only be successful if started before the peak 
of the viral load in each individual case. However, this peak already happens around the time 
of the first (often still very unspecific) symptoms, maybe a little earlier or later. Both higher 
cumulative viral load (cumulated over time) and higher maximal viral load are supposed to 
enhance the risk for a stronger (hyper-)reaction of the immune system; this may result in 
excessive immune reactions, hyperinflammation, cytokine storms and other deleterious 
sequelae which make COVID-19 much more dangerous than the virus itself. Therefore, it 
should be the aim of any antiviral treatment to reduce the maximum of the viral load, but 
this is only possible if antiviral therapy starts before this maximum is reached. 
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If antiviral therapy starts later (after the maximum), it was modeled that this therapy is 
unable to affect the course and amount of the virus load and the duration of viral shedding 
independent of the strength of the inhibitory effect of the antiviral (calculated with 99 % and 
50 % inhibition by the authors to simulate the effects of a highly effective and a moderately 
effective antiviral) (IWANAMI et al.). Of course these calculations apply only to mere 
antivirals; the situation may be more complex for agents with an immunomodulatory effect 
in addition to their antiviral effect. For such agents, an influence on the course of the viral 
load may still be possible even when administered later (some time after the maximum). But 
agents with predominantly antiviral effects have to be applied (very) early to achieve a 
reduction of the maximum of the viral load during the course of the disease and to 
accelerate viral clearance (e.g. for umifenovir: ZHOU Y et al.). In their modellations based on 
real patient data, IWANAMI et al. showed that antiviral treatment should start within the 
first 12 hours following exposure (and infection), but at least within the first 24 hours, in 
order to utilizise the full antiviral effects. 

This is in full accordance with animal experiments with rhesus macaques: if Remdesivir 
treatment is starting exactly 12 hours after inoculation with a high dose of SARS-CoV-2, 
Remdesivir is unable to eradicate the inoculated virus immediately. However, treated  
animals develop only subclinical, asymptomatic or at worst mild disease (WILLIAMSON et 
al.), though Remdesivir treatment did not reduce viral shedding from the upper respiratory 
tract.  

In a mouse model with transgenic susceptible mice, starting Remdesivir administration 
exactly one day after COVID inoculation (and continued until study termination) significantly 
reduced lung damage, loss of pulmonary function and dramatically reduced lung viral load, 
though it could not prevent weight loss (compared to vehicle-treatet inoculated mice) 
(PRUIYSSERS et al.).  
 
In contrast, the use of Remdesivir in hospitalized patients with pneumonia reduced mortality 
only by 30 % in a large multinational trial (Hazard Ratio 0.7) (BEIGEL at al.), and in the large 
WHO Solidarity trial, the reduction of mortality in hospitalized patients was negligible (9 %) 
and insignificant. However, the Solidarity Trial didn’t consider “early” vs. “late” start of 
Remdesivir treatment in hospitalized patients.  
 
A large trial (based on 346 patients) from MEHTA et al. found that Remdesivir reduces 
mortality with an OR of 0.44 (CI: 0.25 – 0.76) (fixed effect model) or 0.42 (CI: 0.25 – 0.75, 
random effect model) if started within 9 days after onset of symptoms, compared to start of 
Remdesivir after 10 days or more. This applied even to severe patients (OR 0.40, sign.) and 
(as a trend) to those who were mechanically ventilated (OR 0.51, n.s.). 
 
Moreover, first experiences with hydroxychloroquine (HCQ) for postexposure prophylaxis 
(PEP) hint to the enormous importance of the right time to start treatment. HCQ is not a 
mere antiviral but has also immunomodulating (and, obviously, immunosuppressive) effects 
(see ROTHER et al.). It inhibits trained immunity at the functional and epigenetic level and 
reduces the expression of interferon-stimulated genes. However, during the earliest phase 
of the disease, its antiviral effect might be the most interesting.  

If HCQ PEP was started within the first four days following exposure (risk), its protective 
effect was small and insignificant (11.8 % got infected in the HCQ group and 14.3 % in the 
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placebo group; risk reduction: 17.5 %) (BOULWARE et al.). These disappointing results were 
obtained in spite of high dose treatment: loading dose 800 mg, followed by 600 mg in the 
next 6 – 8 hours, and then 600 mg daily for the next four days. Higher doses than that 
cannot be recommended, especially not for outpatients like in that trial. 

However, a subgroup analysis taking into account the time interval between exposure and 
first HCQ dose (the loading dose) found that participants who took the loading dose within 
24 hours after exposure did profit from a risk reduction of 49 %; that rate fell to 29 % if HCQ 
started on day 2, and to 16 % if it started on day 3. No protective effect (instead, an 
insignificantly increased risk of infection) was noted if HCQ started on day 4. The time-
dependent effect became even more pronounced in the re-analysis of the BOULWARE 
dataset by WISEMAN et al. (for details, see the “chemoprophylaxis paper”). 

None of these associations based on a single day were statistically significant; the placebo-
controlled trial was underpowered for that purpose to reach significant results on a daily 
base, and the trial was cancelled prematurely because of the disappointing overall results. 
Because of the assumed failure of the trial, the authors didn’t analyze the statistical 
significance of that very obvious temporal trend between exposure and loading dose, and 
they also foregot multivariate regressions in spite of some other strong trends (e.g. with age: 
higher protective effects of HCQ in young people, increased infection risks with HCQ > 50 
years; household contacts did profit much more than health care workers). All these 
associations were insignificant, maybe because of the early stop of the trial and  
underpowering. However, multivariate analyses might be helpful to better understand the 
results (but see the re-analysis of WISEMAN et al.). In spite of all of these limitations, the role 
of the time interval between exposure and start of HCQ PEP is in full accordance with 
theoretical expectations from modellations published by IWANAMI et al. and the results 
from WILLIAMSON et al. with early Remdesivir in rhesus macaques.   

In their own mathematical modellations, SAVARINO and TAREK showed that HCQ is unable 
to accelerate viral clearance in a significant manner if it is not given early in the disease when 
the viral load is still in the range between 1 and 1000 virus copies per ml. This may explain 
the time trend found in the subgroup analysis of BOULWARE et al./WISEMAN et al.. In that 
sense, HCQ may help if it is started a very short time after inoculation with a high loading 
dose of HCQ, whereas effects of HCQ which are unfavorable in the early stage of the disease 
(like inhibition of trained immunity and reduced expression of interferon-stimulated genes) 
seem to overcompensate its antiviral effect when started a few days after inoculation when 
viral load has already increased. 

Contrasting or heterogenous results from clinical trials with antivirals may be the results of 
(i) inclusion of patients with different time intervals and time frames between onset of 
symptoms and start of antiviral treatment, and (ii) inclusion of patients with fundamental 
endogenous differences in the natural history of their infection (quick clearance, 
intermediate clearance, slow clearance). To compare the effectiveness of different antivirals 
in trials (or different dosing schedules of the same antiviral), it might be helpful to include 
patients only within the first 24 hours after the onset of their symptoms. In this case, 
differences in endogenous natural clearance capabilities cannot influence the results as 
much (IWANAMI et al.).  
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Based on real patient data about viral load over time course too, GONCALVES et al. showed 
that in order to achieve a given reduction of the maximal viral load, the inhibitory strength of 
a given antiviral can be the smaller, the earlier it is applied in the course of the disease. Of 
course this can only work if the antiviral is started early enough to be administered before 
the maximum of the viral load, thus, in fact and at best, before the start of the symptoms (in 
reality, this would mean PEP). 

Further mathematical modellations showed that the administration even of highly potent 
antiviral therapeutics shortly after the peak of the viral load (i.e. at a time when infected 
people start to feel their first or more symptoms) may still reduce the time of viral shedding 
and the intensity of the immune response; however, they have little influence on the overall 
viral load (cumulated over time), which is dominated by early replication of the virus. The 
total (cumulated) viral load can only be reduced significantly if antiviral treatments start 
before the maximum of viral load, i.e. in a stage of infection which is still pre-symptomatic or 
pauci-symptomatic in many or most cases (GOYAL et al.). The authors recommend  “early 
test and treat”. 
 
Based on longitudinal patient nasopharyngeal samples and airway epithelial organoids, 
CHEEMARLA et al. found that SARS-CoV-2 initially replicated exponentially with a doubling 
time of ~6 hours. Virus replication induced interferon stimulated genes (ISGs), but delayed 
relative to viral replication. The timing and degree of stimulation of ISGs then determines the 
extent of viral replication. “Prior exposure to rhinovirus increased ISG levels at the start of 
SARS-CoV-2 infection and completely blocked SARS-CoV-2 replication. Conversely, inhibiting 
ISG induction abrogated interference by rhinovirus and increased SARS-CoV-2 replication 
rate.” (CHEEMARLA et al.). 
 
In daily routine life and reality, any antiviral treatment will start too late, since the maximum 
of the viral load occurs around the time of the first (mostly still unspecific) symptoms; the 
symptoms may become more specific in the following days. First, it is not recommended to 
start COVID-specific antiviral therapy following the first experience of a little fever or nasal 
congestion or mild symptoms of an upper respiratory tract infection. There may be many 
other causes for such symptoms. Even at the maximum of the first wave of COVID epidemic 
in Germany, most of such infections were NOT caused by SARS-CoV-2, as shown in different 
surveillance systems of upper respiratory tract infections in Germany (e.g., ARE, SARI). In 
some cases, it may last a few days after their onset, until symptoms (e.g., loss of taste and 
smell, dry cough, undulating fever) may become more specific and more suggestive of 
COVID-19. But it is important to note that disturbances or loss of smell and taste can be very 
early symptoms which may precede other symptoms by a few days (but it is reported from 
England that this doesn’t apply so well to B.1.1.7).  
 
Therefore a COVID test, particularly a PoC test, may give earlier results than waiting for the 
course of the symptoms, and false-negative PCR results are improbable at the time of early 
symptoms close to the maximum of naso- or oropharyngeal viral load.  
 
Rapid antigen tests, as self test (home test) or directly performed e.g. in the context of a 
pharmacy, would offer enormous new chances with regard to early therapy as long as they 
are low-threshold and easy (and cheap) to access. Maybe they are less sensitive than a PCR, 
but in the case of a negative rapid antigen test and ongoing symptoms, one may repeat it 
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next day. With a replication time of 6 hours, viral load may increase 16-fold within 24 hours, 
so that it makes sense to repeat a negative test the following day.  
 
In contrast, rapid antibody tests don’t seem to be advantageous with regard to early 
treatment. Even if one accepts that IgM may be of diagnostic significance, the detection of 
IgM contradicts the concept of very early antiviral treatment (i.e., if IgM can be detected 
even in a simple home test, then it is probably too late for an early antiviral strategy).  
 
But even when the outpatient eventually got his positive COVID result (wherever and 
whenever), he is still unable to start antiviral treatment immediately, whatever it may be 
(hydroxychloroquine – probably not according to the latest trial results; Lopinavir/Ritonavir – 
probably not according to the latest trial results; favipiravir, camostat, umifenovir, 
Ivermectin, niclosamide, interferon spray / inhalation, TCM, ambroxol as tablets or 
inhalation, fluoxetine, fluvoxamine, supplements …). Though in many countries such agents 
are only available to hospitalized patients, they could be given, at least in theory, also to 
outpatients since they don’t need infusions. However, in western countries, some of these 
agents are not approved (except for clinical trials) or would be off label, and others may be 
available in pharmacies, but need to be prescribed. However, people with positive COVID 
test results cannot visit a doctor spontaneously or urgently. So even if an antiviral treatment 
will be “allowed” (in the sense of: free from legal restrictions) or even if it is (highly) 
recommended to outpatients sometime in the future (not in the moment, at least not in 
Germany), it will take too long until the patient will be able to take the first dose. The 
timeline from the first symptoms until the availability of definitive test results and eventually 
the obstacles to get the prescription for the antiviral agent which is not available OTC … this 
is far away from any concept of “early antiviral treatment”, which should start at latest close 
to the onset of symptoms (but it would be much better if it starts pre-symptomatically as a 
sort of “PEP”).  
 
It is problematic that in the case of Delta, viral load rises earlier and quicklier than in the 
common SARS-CoV-2 variants what may reduce the chance for successful early antiviral 
prophylactic management (see “Warning” at page 1). 
 
Therefore, in real life, early antiviral treatment is impractical and inaccessible. Of course this 
doesn’t mean that there are no therapeutic options any more (e.g., immunomodulation, 
anti-hyperinflammatory treatments, agents against cytokine storms or coagulation 
disorders), but the clinical effect of any antiviral treatment which starts so late will be small 
or modest at best, as is shown by the modest results of Remdesivir (e.g., BEIGEL et al., WHO 
Solidarity trial consortium): a reduction of mortality in hospitalized patients with lung 
involvement by only 30 % is a disappointing result for an antiviral which is communicated as 
one of the top favorites for COVID treatment and which proved to be highly effective and 
can completely avoid any disease with certainty (except for very mild symptoms in some 
individuals) if administered very early (12 hours after inoculation with a high viral dose) in 
primate models (WILLIAMSON et al.).  
 
Taking into account that Remdesivir is a mere antiviral, the disappointing results for 
Remdesivir in hospitalized patients are not surprising. It may simply come too late there (see 
below: “Why wait another day?”). Unfortunately, the bad reputation of Remdesivir (after the 
recommendation of the WHO, not to use it any more) may hinder now its early use in the 
course of the disease, and the development of formulations with Remdesivir that may be 
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suited for early treatment at home. In fact, in an animal model with hamsters, it was already 
shown that Remdesivir dry powder inhaled twice daily achieves levels of Remdesivir and GS-
441524 in the lungs and plasma that are high enough to provide antiviral activity 
(SAHAKIJPIJARN S et al.).  Meanwhile it was demonstrated in an animal model (dog) that GS-
441524 can be administered on the oral route; plasma concentrations were approximately 
24-fold higher than the EC50 against SARS-CoV-2 and easily and safely sustained (YAN YC et 
al.). Moreover, tha antiviral activity can be greatly enhanced by water soluble alpha-
tocopherol derivatives. 
 
 
But like the example of Remdesivir in hospitalized patients with pneumonia shows (see 
BEIGEL et al.), an antiviral treatment which starts several days after the onset of symptoms 
may not be absolutely useless and may still show some moderate success; however, one 
should consider this antiviral treatment only as an adjuvant since other therapeutics may be 
essential in that stage of the disease in case of hyperinflammation, cytokine storms or 
coagulation disorders. Considering viral kinetics, antiviral agents alone are now insufficient 
to treat progressed COVID-19 disease which meanwhile became complex and multifactorial. 
GARIBALDI et al. compared mortality among hospitalized patients in a retrospective 
multicenter cohort study and found a 28 day-mortality of 5.1 % for Remdesivir + 
dexamethasone, 9.2 % for Remdesivir without dexamethasone (aHR 0.14; CI: 0.02-1.03 
compared to REM+DEX), and 14.9 % for controls (no REM). 
 
As long as there are no hints of hyperinflammation, cytokine storms, critical blood 
parameters or coagulation problems after one week or so after the onset of symptoms, the 
course of the disease seems to be benign, so there is no need for antivirals at that point of 
time any more and the patient will probably be cured with or without antivirals. Late start of 
antivirals may possibly delay viral clearance (see ZHOU et al. for Arbidol).   
 
However, if it’s evident that the patient already suffers from dangerous sequelae of COVID-
19 like hyperinflammation, need for oxygen, ARDS, cytokine storms, coagulation disorders 
and so on, or if blood parameters point to that in the future (from about the fourth day on 
after the onset of symptoms, see AGUILAR et al.; SRISKANDARAJAH et al.; see also HIPPCHEN 
et al. and PAYAN-PERNIA et al. for the predictive role of iron metabolism parameters like 
Fe↓ or ferritin↑ and others with high sensitivity and specifity for hospitalization and 
demand for oxygen support), antiviral treatment alone will not be enough, and antivirals will 
only be adjuvants to treatments that are directed against the dangerous complications 
mentioned above.  
 
The evidence for the predictive value of different blood parameters (including imbalance of 
lymphocyte subpopulations) during the early course of the disease, which may be 
independent from the severity of symptoms at the time of blood draw, is very strong and 
addressed in a wealth of papers. It is outside the scope of this paper to discuss this 
enormous quantity of studies and informations. For example, see WEBER et al.. There are 
also indicators for mild or asymptomatic disease: patients with mild or asymptomatic 
disease develop significantly higher IL-12 and IL-2 levels during the acute phase of the 
infection (TJAN et al.). 
 
The observation that it is clear now that there are as well blood indicators for progression as 
there are indicators for asymptomatic and mild disease makes it even more plausible to 
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analyse blood parameters in the early course of the disease; a decision about a rigorous, 
aggressive therapy regimen or a “wait and see” strategy may then be based on the 
laboratory results.  
 
 

Blood indicators from SIRSKANDARAJAH et al. 
 
“Early risers” (< 7 days of disease onset): IL-6 > 7 pg/ml; ASAT > 40 U; creatine kinase: > 24 U 
“Late bloomers” (> 7 days): D-dimer > 500 mg/l; cardiac troponin > 30 pg/ml; creatinine >   
                   100 mmol/l 
“General giants”: neutrophil count > 6 x 109/l; lymphocyte count: < 1.1 x 109/l; serum  
                   ferritin: > 260 mg/l  
 

 
 
Excurs: 
 
(Though blood examinations starting about day 4 after the onset of symptoms would be very 
important to identify risk patients who will develop severe or critical disease, independent 
from the severity of their current symptoms, blood examinations are not established for 
outpatients. A nurse would have to visit the quarantined patients at home on day 3 or 4 and 
on following days to take blood from them which should be examined for critical markers of 
disease progression and prognosis; a lot of such early markers have been identified so far.  
 
Of course, such a concept doesn’t seem necessary for young or middle-aged patients without 
comorbidities and mild disease; however, it would be important to older infected people or 
those with relevant comorbidities independent of their age in order to detect early markers 
of progression and to initiate early treatment against hyperinflammation, cytokine storms, 
ARDS and other complications to avoid mechanical ventilation and other critical situations. 
Many trials have shown so far that even “top favorite agents” like Remdesivir or Tocilizumab 
come too late for patients under mechanical ventilation. However, no blood tests for 
outpatients with increased risks are established so far, though the rationale for such a 
concept is striking. Infection risks for nurses on home visits of infected people in the absence 
of a highly effective PREP or vaccine beside the use of proper PPE were other obstacles, but 
they are overcome meanwhile by very good vaccines.      
 
Meanwhile, a simple quick blood test (< 1 min) which can be performed as point of care test 
with fingerstick blood (D2Dx immunity test, Nano Discovery Inc.) was described (DEB et al.) 
which allows to distinguish between type-1-biased immunity (favorable) and type-2-
immunity (unfavorable) against COVID-19. Type-2-biased immunity may result in type-3-
hypersensitivity reaction with hyperinflammation and cytokine storms. Even patients with 
only moderate symptoms, but type-2-biased immunity may eventually develop critical 
disease and die. D2Dx immunity test is thus a prognostic test, and, most important, it works 
at best in the first days after onset of symptoms (see fig. 3 in DEB et al.). “Normal” scores in 
this test are around 0.6 or beyond; as shown in fig. 2, all patients who developed severe 
disease had scores below 0.3 in the first week after symptom onset. As shown in fig. 2 in DEB 
et al., no healthy, uninfected person had a score of less than 0.4. 
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Later, the scores may rise again in the direction of the normal range even in severe patients, 
and this explains why some “severe patients” have scores within in the normal range in figure 
2. Thus it is important to perform this test in the first days after symptom onset.  Only at that 
point of time sensitivity and specifity of this test are very high. If done later, sensitivity and 
specifity become lower. 
 
Due to its cheapness (with regard to the price of each test kit) and simplicity with fingerstick 
blood, one can ever consider to offer this test together with COVID PCR testing for 
symptomatic persons for whom it is well possible that they are infected, or immediately 
following a positive result of a rapid antigen test.      
 
Such a test may become a gamechanger since it allows to decide very early, directly at the 
time of symptom onset/diagnosis, whether the patient will have a benign course which 
doesn’t need any specific treatment, maybe except for antivirals to reduce his infectivity to 
others, or whether the patient will need both antiviral treatment (to reduce antigen load) 
and treatment against hyperinflammation / cytokine storms / overreaction of type-2-biased 
immunity).  
 
An alternative method to distinguish early between a favorable and a less favorable 
prognosis might be the early analysis of other immune parameters. As CHAKRABORTY et al. 
pointed out, distinct features of the IgG Fab and Fc domain structures are present within 
three days of a positive test that predict the future outcome: early production of neutralizing 
antibodies leads to mild disease, whereas a rapid progression to more severe disease (after 
an initial period of mild symptoms!) was predicted by the absence of early nAbs with 
concomitant production of afucosylated IgGs, in addition to elevated frequencies of 
monocytes expressing the receptor for afucosylated IgGs (CD16a) (CHAKRABORTY et al.).  
 
 
The need for earlymost antviral action doesn’t mean that antivirals are unimportant at later 
stage of the disease. In the case of immunomodulation and the use of agents with some 
immunosuppressive effects, it may be very important to complement that with potent 
antiviral treatment in order to avoid a resurgence of the viral load. For example, Tocilizumab 
increases the risk for bacterial or fungal infections a lot (SOMERS et al., KIMMIG et al.), 
which may even contribute to mortality following tocilizumab treatment. So there is an 
urgent need for antiviral treatment in this situation to avoid rising or re-rising COVID viral 
loads. The same may apply to treatment with corticosteroids, which was controversary for a 
long time but seems now increasingly advantageous if administered for a comparatively 
short time in subgroups of hospitalized patients (GARIBALDI et al.). Rising CRP or increasing 
lung involvement may also indicate the start of steroids. 
 
In summary, based on viral kinetics, exclusive antiviral treatment should start in an ideal 
(theoretical) setting within the first (half) day after exposure/infection. In real life, after the 
(i) onset of symptoms*, (ii) some observation time for the further development of 
symptoms*, (iii) COVID testing access*, (iv) waiting for the test results (if not an antigen 
test), (v) difficult and time-consuming access to a doctor and (vi) prescription for an antiviral 
agent, the first dose of the antiviral agent will be administered some time after the 
maximum of the viral load has passed. Under these circumstances, for the reasons and 
studies mentioned above, it is very improbable that the antiviral alone will still be able to 
influence the course of the disease in a favorable manner in cases where the natural course 
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of the disease (i.e.: without treatment) would be unfavorable: it simply comes too late.  Of 
course, as mentioned above, antivirals may become important again at later stages of the 
disease in combination with immunosuppressive agents which favor infections (like 
tocilizumab, corticosteroids and others) and interfere with viral clearance.  
 
 

*In the absence of a quick access to a COVID test (including rapid antigen tests), the 
combination of the following self-diagnostic tools may allow to distinguish whether early 
COVID-compatible symptoms are more or less likely due to COVID-19: 
 
● smell and taste tests. Different smells should be tested (not only one). In COVID-19, it may 
happen that smell is not completely lost, but only with regard to some smells. For example, 
one can buy a series of small fragrance bottles with different smells, e.g. a set of different 
essential oils. It should include peppermint oil because it was found in a study from Asia that 
smell of peppermint is more often suppressed in COVID-19 compared to other smells. 
Smelling different smells (instead of only one or two) would increase sensitivity of that 
simple diagnostic tool. 
(e.g. KHARE P et al., ISENMANN and ISENMANN, WEISS et al., PIERRON et al.).  
 
Loss of smell is statistically correlated with a better outcome (less risk of severe disease or 
hospitalization) is a large meta-analysis (PIJRJA S et al.). However, it must be noted that early 
loss of smell and taste is less common in more recent VoCs like Alpha or Delta, limiting the 
efficiancy of this early and simple self-diagnostic tool. 
 
● pulse oximetry. One can buy a simple pulse oximeter. It is of double diagnostic value. 
Reduction of the oxygen saturation starts only later in the disease, usually a few days after 
onset of symptoms, if it starts at all (it is a marker for a worse prognosis), so oxygen 
saturation is no tool for early diagnosis but a marker for worsening and need for more 
aggressive (or professional) treatment.  
 
But pulse oximeters also show the heart rate, and the rise of the resting heart rate by about 
10/min is an early indicator for infections, fever and COVID-19, and some surveillance 
systems (e.g. smart watches) are based on that observation (e.g. ISENMANN and 
ISENMANN).  
  
Of course, this cannot replace a COVID test, but in the absence of such a test (in the 
meantime until such a test is available), it allows an estimation whether a diagnosis of 
COVID-19 is more or less probable. Based on that, early unspecific therapeutic interventions 
(e.g. local antiseptic interventions, inhalations) can be started before a positive COVID test 
result is available.  
 
Beside its possible role in diagnosis in some instances, oximetry is also of enormous 
importance for the monitoring of outpatients. As BONIFACE et al. showed, COVID patients 
who were monitored at home by oximetry, but had to be hospitalized because of worsening, 
had a much better prognosis than patients of a similar baseline state of health (i.e. after 
exclusion of progressed patients who had to be admitted immediately because of their acute 
situation) who were hospitalized directly instead of participation at the outpatient oximetry 
monitoring program: 
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Hospital stay 6.9 vs. 13.2 days 
ICU admission: 3.6 % vs. 8.2 % 
Mortality: OR 0.23 (CI: 0.11 – 0.49) 
 
Of note, silent hypoxia (absence of dyspnea) is at least as dangerous as hypoxia with 
dyspnea (SIROHIYA et al.). In the study from SIROHIYA et al., the case fatality rate was even a 
little higher (but insignificantly) in patients with silent hypoxia compared to hypoxic patients 
with dyspnea. 
 
  
Moreover, it is too late to buy “smell tests” (e.g., a series of fragrance bottles) and a pulse 
oximeter when one has already first symptoms. It is important to have them already at 
home as long as one can be sure to be healthy, in order to gather baseline data: what can I 
smell (and how strong) when I’m healthy? How is my oxygen saturation and my resting heart 
rate when I’m healthy? To know about these baseline data is mandatory to interpret the 
results when one has symptoms that are suspective of COVID-19. 
 
● Body temperature: even small increases of body temperature (+ 0.4 C relative to the usual 
temperature, measured at the same time of the day) or beyond 37.2 degrees Celsius may 
indicate early COVID-19, at least in old people like inhabitants of care facilities (ELHAMAMSY 
et al.). 
 
 
These simple methods may still be helpful in the time of rapid antigen tests as self-tests, 
particular with respect of their risk of false-negative results.  
 
 

 
In an ideal world, administration of antibodies (mAbs) to elder people or those with 
comorbidities, i.e. to all of those who have the risk for a more severe disease, in the early 
stage of the disease might be the optimal treatment regimen. It may also work as PEP (see 
the “chemoprophylaxis paper”). According to press reports, early administration of mAbs 
(like bamlanivimab) reduced the risk of hospitalization or need to visit an emergency 
department by 72 – 85 %, besides improvement of symptoms and good tolerability. This is 
very close to what one would expect from an optimal and highly effective early treatment, 
and it can be given ambulatory to outpatients. Moreover, these favorable outcomes are 
meanwhile “historical”, since the efficacy of mAbs will decrease when more variants of the 
virus are circulating (WIBMER et al., HU J et al., LIU H et al.; see also the NIH 
recommendations on page 2 and the chapter “Note on antibody treatment”).  
 
Meanwhile, combinations of two different mABs are used to reduce these risks. In the 
future, bispecific or multispecific antibodies will become necessary to be still effective 
against the mutating virus (see DE GASPARO et al). However, they will be more expensive, 
more difficult to produce and thus even more difficult to access for early treatment or PEP.  
 
In the more distant future, multispecific DARPIns (=designed ankyrin repeat proteins; i.e. 
genetically engineered antibody mimetic proteins) seem to be better suited to cope with a 
large number of different critical mutants of SARS-CoV-2 (ROTHENBERGER et al.). 
Unfortunately, none of these antivirals is available so far.  

https://en.wikipedia.org/wiki/Genetically_engineered
https://en.wikipedia.org/wiki/Antibody_mimetic
https://en.wikipedia.org/wiki/Proteins
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As MARTINEZ et al. showed in a mouse model of severe COVID-19, early treatment with 
Remdesivir + mABs is highly effective. The combination was also part of the successful 
therapeutic regimen of the COVID infection of Donald Trump.  This combination may also be 
important to avoid further selection of variants that escape from monotherapies (MARTINEZ 
et al.).    
 
In reality, infected patients (with a new diagnosis of COVID-19) are sent in isolation at home 
and have to stay there until their situation becomes so bad that they have to call the 
emergency or hospital. It is absolutely unrealistic that, for example, a 60 year old man who 
just got his positive test result may go to a doctor, says “I’m 60 years old, I’m infected, I’m 
still well, but maybe because of my age I might get severe disease, so please give me an 
infusion of antibodies and remdesivir.” His desire may be risk-adapted and adequate, but it 
is unrealistic that something like that will ever become possible in a world of therapeutic 
nihilism for outpatients.  
 
As a consequence, it is very improbable that a highly effective early systemic therapy will 
become available to outpatients in the near future (though mAbs might be a theoretical 
option for that, but only theoretical!). Even if such a therapy will be approved and 
recommended by authorities sometime in the more distant future – the access (and, most 
important, the quick and early access) to it will remain a critical problem.  
 
At least as far as antiviral medications are concerned, the success rate of such a therapy may 
depend possibly on a few hours lag time (and this may apply even more to critical variants 
like Delta that are associated with very quick viral replication and a strong rise of viral load 
within a short time): 
 
WU J et al. found in their early study (on the Wuhan variant) that even a delay of a mean of 
36 hours of the start of antiviral treatment results in a much worse prognosis. In their study, 
only three factors were associated significantly with the risk of progression: (i) age beyond 
65 years, (ii) comorbidities, (iii) time (lag) between onset of symptoms and start of antiviral 
treatment. 

HUANG G et al. showed in another early study (in a small group of 25 patients) that early 
treatment (until three days after onset of symptoms) was associated with milder CT results, 
and the CT pathologies resolved much more quickly (6 days vs. 13 days) compared to 
patients who started pharmacological treatment more than 3 days after onset of symptoms. 

HUNG et al. reported that their recommended combination of lopinavir/ritonavir, ribavirin 
and interferon beta (1b) is superior to lopinavir/ritonavir alone only if treatment starts 
within 6 days after symptom onset, and CHAN et al. found in the case of MERS, that 
lopinavir/ritonavir reduces intubation and mortality rates only if administered early.  

In the case of the combination of western medicine and TCM, early start of TCM (days 1-7) 
compared to days 8-14 or >15 after hospitalization (that occurred very early in China) was 
associated with shorter median conversion times of pharyngeal swabs and fecal nucleic acid, 
shorter hospital stay (13 vs. 16 vs. 21 days) and thus faster recovery (SHI MY et al.). 

It would be an important progress if remdesivir would be made available for oral treatment 
of outpatients (see YAN YC et al.) or –probably still better or in addition to oral 
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administration – for inhalation (see SAHAKIJPIJARN S et al. for the hamster model). A 
prodrug of remdesivir with high oral bioavailability and superior inhibitory effect on SARS-
CoV-2 in Vero cells (9 to 24 times stronger than original Remdesivir) is described by 
SCHOOLEY et al. 

Plitidepsin (available as Aplidin; but not approved in the EU) seems to be a more potent 
alternative to Remdesivir. It proved to be highly efficient for early treatment (first dose was 
given 2 hours before virus inoculation) in two mouse models (WHITE KM et al.) and was 
already subject of a completed small clinical trial from Spain (NCT04382066; APLICOV-Pc; 
VARONA et al. According to informations on the homepage of PharmaMar (accessed January 
29th), plitidepsin reduced viral load in hospitalized patients with median or high viral load by 
a median of 50 % at day 7 and 70 % at day 15 (what doesn’t sound very impressive in the 
absence of a comparator), but according to in vitro data, plitidepsin has 2400 – 2800-fold 
antiviral activity against SARS-CoV-2 in Vero cells and 80-fold activity in Calu Cells, compared 
to remdesivir. However, side effects were one of the reasons why Plitidepsin didn’t get 
approval for multiple myeloma in the EU. The VARONA study was a dose-finding study (3 
doses) with 45 patients (1 excluded after the first dose) without control group. 3 patients 
(6.7 %) died, all three patients were severe at baseline. Dose-dependent effects were found 
for discharge rates and improvement of inflammation markers. Like remdesivir, plitidepsin 
must be administered as infusion.  

 

Another alternative to remdesivir could be favipiravir, which is already made available to 
outpatients in Russia. 

While favipiravir is considered sometimes as an alternative to remdesivir, its role in mid and 
late stages of the disease is as controversary as it is for remdesivir. For example, a study with 
150 hospitalized patients with moderate and severe disease showed no advantage for 
favipiravir compared to “no favipiravir” in patients of whom about 93 % (with and without 
favipiravir) were treated with others antivirals like CQ, HCQ, lopinavir/ritonavir or remdesivir 
(endpoints were mortality, disease progression, mechanical ventilation) (SZABO et al.). There 
was not even a small signal in that study that favipiravir might help a little bit. It probably 
came too late, and that reminds of the disappointing results for remdesivir in the WHO 
Solidarity trial and the recommendation from the WHO from November 2020 not to use it 
any more in hospitals. KIVRAK et al. reported that Favipiravir had the highest activity against 

SARS-CoV-2 only in the first 5 days. 

ZHANG C et al. presented the most comprehensive meta-analysis of all RCTs that were 
published (at least as a preprint) until December 19th 2020. It included RCTs with 
outpatients (7) and inpatients (73), but studies about remdesivir or favipiravir were 
exclusively about inpatients. Whereas the combination of Remdesivir + baricitinib showed 
very favorable results (ACTT-2 trial), possibly due to the baricitinib component, both 
Remdesivir and Favipiravir alone were disappointing in hospitalized patients: very small 
effect on mortality (~ - 10 %, n.s.) in REM and FAV, no reduction of mechanical ventilation by 
REM (FAV: unknown); but significant increase of hospital discharge for REM (FAV: small 
insignificant trend in favor of an increased discharge rate), and insignificant trends for faster 
viral clearance for both. Taken together, the advantages of REM and FAV for hospitalized 
patients are very limited. Since both drugs act as antivirals, earlier administration in the 



16 

 

course of the disease (as early as possible) should be preferred, and thus there is an urgent 
demand to make REM available to outpatients as a tablet or inhalation.  

Most impressive, FANG et al. showed a strong association between the delay between 
symptom onset and the start of a combined treatment of Arbidol and Lianhuaqingwen in 
moderate patients and outcomes like PCR conversion, CT improvement and duration of 
hospital stay. They performed regression analyses on a day by day base between 1 and 21 
days (start of treatment relative to symptom onset). All results were significant (p < 0.01). 
The earlier the treatment started, the shorter the time to PCR conversion, CT improvement 
and the shorter hospital stay. In the regression analysis, each one day delay of therapy start 
resulted in 0.72 days delay of PCR conversion, 0.83 days delay of CT improvement and 0.66 
days prolongation of hospital stay.  

In another study from China, WONG CKH et al. used umifenovir in their Anhui cohort 
(hospitalized), in most cases together with TCM (33.5 % of the mostly mild-moderate 648 
patients from the Anhui cohort got umifenovir and 87.2 % got TCM). Umifenovir was not 
associated with a composite outcome of ICU admission, mechanical ventilation or death (OR 
0.84; CI: 0.42 – 1.69) in the Anhui cohort where such outcomes were rare. However, when 
Umifenovir was started within 7 days of symptom onset, there were no such events among 
76 patients with early start of umifenovir compared to 5.2 % of a larger group of controls 
without any umifenovir (no OR calculated), whereas OR for the composite endpoint was 1.29 
(CI: 0.64 – 2.56) when umifenovir started later than 7 days after symptom onset. TCM on its 
own had no effect (OR close to 1.0 for <= 7 days and for > 7 days).  

ORs were calculated following propensity score matching and linear regression. Though 
insignificant probably because of too small power in that cohort with generally very good 
outcomes, this study sends another signal that early umifenovir may be helpful (at least if 
combined with TCM), whereas it seems to come too late when started more than 7 days 
after symptom onset.  

ZHANG X et al. (2) demonstrated that early antiviral treatment, started in an asymptomatic 
stage directly following a positive PCR test, improved the outcome compared to those who 
got the same antivirals only after they had become symptomatic. They compared patients 
from different “generations” of an infection cluster in China. The fourth generation received 
PCR tests soon after their contact with confirmed patients, and once a test was positive, they 
got antiviral therapy though they were still asymptomatic. Antiviral treatment was Arbidol or 
Ribavirin or Lianhua Qingwen (herbal TCM), but most patients got two of the three 
medications at the same time. The antiviral treatment regimen was not different between 
both groups. In the early treatment group (the fourth “generation” of the cluster), there was 
less risk of becoming a severe case (4.35 % vs. 50 %), less CT anomalies like ground glass 
opacity (34.8 % vs. 100 %), less need for oxygen therapy (41.3 vs. 100 %), less need for 
antibiotics (19.6 % vs. 100 %), better laboratory results (for many parameters), 
comparatively mild symptoms (less sore throat and dyspnea) and a shorter time of PCR-
negativity (16 vs. 22 days). The authors attribute these differences to the early antiviral 
intervention, that already started within the incubation period. 

FUJII et al. studied the effect of early Favipiravir on defervescence in hospitalized patients 
with early, non-severe disease in a retrospective cohort study. (Dose of favipiravir:  1800 mg 
twice daily on the first day, followed by 800 mg orally twice daily for up to 14 days; standard 
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care included oxygen inhalation, oral or i.v. rehydration, electrolyte correction, antipyretics, 
analgetics, antiemetic drugs). The earlier favipiravir was initiated after the onset of fever, the 
quicker fever resolved. There was a linear relationship (r = 0.548, p < 0.001) between (i) the 
time interval from start of fever to start of favipiravir and (ii) the duration of fever. If taking 4 
days (since onset of fever) as a cut-off between early and late treatment, the median days to 
defervescence were 7 vs. 13 days (early vs. late treatment). Unfortunately, that study 
reported only about defervescence and not about other outcomes (and was probably 
underpowered to do so; n=41). 
 
Since fever is usually not very high in COVID-19 and not the main problem of patients, one 
might assume at the first glance that this aspect is quite unimportant. However, COVID-19 
may develop to critical disease with ARDS, which typically begins approximately one week 
after the onset of symptoms; and particularly in patients who have a fever for >7 days, the 
condition may worsen suddenly (FUJII et al.). Thus FUJII et al. assume that “the extension of 
the fever period may be one of the factors affecting the severity of COVID-19. Early initiation 
of favipiravir therapy (within four days of onset) is expected to lead to fever resolution within 
seven days in non-severe COVID-19 patients and thus, may prevent the development of 
severe forms of disease.” This conclusion doesn’t necessarily mean that long duration of 
fever is the cause for severe disease. Long duration of fever is probably only an indicator for 
conditions that favor the development of severe disease, and early favipiravir may act 
against these underlying conditions.  
 

All of the current difficulties to get access to early specific pharmacological treatments raise 
now the question what people either with a fresh positive COVID test result, or untested 
people with symptoms and a contact history which are compatible with the possibility of 
COVID infection, can do to improve the outcome of their proven or suspected COVID disease 
in the absence of specific pharmacological treatment – independent of whether this 
situation occurs because such a treatment is not recommended to outpatients by authorities 
(like NIH, EMA,  or, in Germany, the STAKOB at the RKI), or because it is not accessible due to 
all of the time-consuming obstacles or legal restrictions mentioned above?  

Because of the important role of (i) viral kinetics, (ii) the maximum of the viral load and (iii) 
the cumulative viral load on the course of the disease and the risk of hyperinflammatory or 
hyperimmune or endothelial/coagulation complications, it is clear now that any antiviral 
actions (if not by  pharmacological agents, then by other means) must start as early as 
possible. This means that people with suspected COVID-19 infection should also start 
antiviral actions, even if COVID-19 hasn’t been confirmed so far. Even if antivirals may me 
prescribed to outpatients sometime in the future (no one knows whether this will ever 
happen in countries with high regulatory thresholds), it is unlikely that people with only 
suspected (but not proven) COVID-19 will get such prescriptions. But PoC self testing may be 
an important tool that offers the chance of early diagnosis. 

 
There are several possibilities what early outpatients can do to reduce their viral load and – 
hopefully – the risk of an unfavorable course and outcome of their disease. Unfortunately, 
all of these methods are based upon either very small clinical trials or only upon theoretical 
considerations based on in vitro data. There is an urgent need for larger and randomized 
trials for the evaluation of the effectiveness of these methods. Moreover, as already 
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mentioned in the “WARNING” section on page 1, it is not known whether agents that proved 
to be successful with the wildtype of SARS-CoV-2, still work (or work as well) in the case of 
infections with critical variants like Delta.   
 
The advantage of at least some of these methods is that (i) they are low-threshold and can 
be practiced at home without expensive medicine or equipment and (ii) they may also help 
in other infections of the upper respiratory tract and influenza-like disease, so their 
(possible) effect and success is not restricted to people with COVID infection. They can be 
practiced directly after the onset of very early unspecific symptoms when it is still very 
unclear whether this may be COVID-19 disease or not. PoC tests often don’t show positive 
results in the very early disease because they need a higher viral load than PCR tests to give 
a positive result. 
However, some of the local antiviral (antiseptic) methods may reduce the oropharyngeal or 
nasopharyngeal viral load, especially immediately (maybe 1 hour or so) after their 
application, which may result in false-negative results in a subsequent COVID test. So they 
should not be practised within one hour or so of a planned COVID test (particularly PoC 
antigen test). 
 
 
 
 
 

Special note about hydroxychloroquine (HCQ)  (not subject of 

this paper) 
 
It is important to note that a possible role of hydroxychloroquine in subgroups of early 
outpatients is still unclear. There are disappointing experiences (MITJA et al., SKIPPER CP et 
at.), but also favorable outcomes in controlled trials (e.g. IP et al., multicenter observational 
trial; OR for hospitalization: 0.53, sign.; SULAIMAN T et al., a large study from Saudi Arabia 
with favorable outcomes for HCQ; however, this was not a placebo-controlled RCT), and the 
timing of the start of HCQ treatment seems to be very important (the earlier, the better). 
But IP et al. found that HCQ reduced the risk of hospitalization in outpatients only when 
started within two days of symptom onset. DERWAND et al. found favorable outcomes in 
outpatients with a triple therapy for 5 consecutive days: zinc sulfate 220 mg capsule once 
daily (= 50 mg elemental zinc), HCQ (200 mg twice daily) without loading dose and 
azithromycin (500 mg once daily). Compared to 377 outpatients without triple therapy as 
controls, hospitalization rate for 141 patients with triple therapy was 2.8 % compared to 
15.4 % (OR 0.16; CI: 0.06 – 0.50, p < 0.001) and mortality rate was 0.71 % vs. 3.5 % (OR 0.12; 
n.s.), and there was no intubation/ventilator in the treatment group. The fatal case in the 
treatment group was a patient with a history of cancer who took only one daily dose of the 
triple therapy before hospital admission. Therapy started in that study median 4 days after 
symptom onset.  
 
Whereas the role of HCQ or HCQ+AZI in (early) outpatients is still controversary, a 
comprehensive systematic review and meta-analysis about the effects of HCQ with and 
without AZI in hospitalized patients (11932 participants HCQ, 8081 HCQ+AZI, 12930 
controls, after exclusion of all studies with critical risk of bias) found an increased risk of 
mortality for HCQ+AZI (RR 1.27; CI: 1.04-1.64; based on 7 studies), but not for HCQ alone (RR 
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0.83; CI: 0.65-1.06; based on 17 studies; but RR was 1.09, CI: 0.97-1.24, if confined to the 
three RCTs among the 17 studies) (FIOLET et al.). The latter is well compatible with the RR of 
1.09 (0.97 – 1.23) for hospitalized patients in the RECOVERY trial (HORBY et al., see below) 
and the meta-analysis of KUMAR J et al. (based on 8062 hospitalized patients) that HCQ  was 
associated with a small increase in mortality compared to placebo or standard care (RR 1.10; 
CI: 1.00 – 1.20). In non-hospitalized cases, RR for mortality was 0.99 (0.14 – 6.98) in that 
study.  
 
Furthermore, in a study from Switzerland, hospital stay was longer in patients who got HCQ 
(+3.75 days), lopinavir/ritonavir (+1.23 days) or both (+4.19 days) compared to standard care 
without any significant reduction of mortality (VERNAZ et al.). 
 
The difference to the favorable results from DERWAND et al. is striking. Aside from 
methodological issues like the lack of a “true” control group in DERWAND et al., there may 
be real differences between the efficacy of HCQ+AZI in early outpatients vs. hospitalized 
patients (e.g. because of differences between symptom onset and start of HCQ+AZI), or the 
addition of high doses of zinc in DERWAND et al. is a critical favorable factor, as will be 
discussed below (in the “zinc” section).   
 
Interestingly, the meta-analysis of KUMAR J et al. found a nearly significant trend that HCQ 
in outpatients is associated with a reduced risk of hospitalization (RR 0.57; CI: 0.31 – 1.02). 
However, it was found in the same study that HCQ has a higher risk of adverse events (RR 
2.68; CI: 1.55 – 4.64). Whereas HCQ was associated with increased mortality in hospitalized 
patients in their meta-analysis (see above), KUMAR J et al. conclude: “However, the positive 
effects of HCQ over the need for hospitalization without any increase in mortality in out-
patients (mild disease) warrants further exploration.” 
 
  
 

Results from the HCQMETA site (accessed May 2nd, 2021): 
 
There were 126 studies that reported about the RR of mortality for “late” (non-early) treatment with 
HCQ. Based on 172,422 patients (29788 deaths), the RR for mortality was 0.79 (CI: 0.72-0.86) 
according to HCQMETA. Of note, the dataset aggregates studies of HCQ alone, HCQ+AZI or 
HCQ+AZI+zinc, though there may be differences between these treatment regimens.  
 
However, if one restricts the analysis to the 13 RCTs among the 126 studies, weigthening each RCT’s 
RR equally according to the number of participants of each study, the RR is 1.03, based on 9444 
participants (including Solidarity and Recovery). 10 of the 13 RCTs had RRs between 0.84 and 1.20, 
and only 3 RCTs had RRs between 0.34 and 0.54. Among them, the RCT with the best result, RR 0.34 
(RISE et al.; 0/214 deaths in the HCQ group and 1/227 death in the control group) was misclassified 
because it was about outpatients, and hospitalization was one of the outcomes, thus it cannot be 
classified as a “late” treatment RCT. Excluding RISE et al., the RR of the remaining 12 RCTs is 1.06 (n = 
9003 participants).       
 
Thus a small, but significant reduction of mortality based on all studies (RCTs + non-RCTs) transforms 
to a very small trend for increased mortality when the analysis is restricted to RCTs as far as “late” 
treatment is concerned. 
 
For “early” treatment, HCQMETA stated a RR for mortality of 0.28 (CI: 0.18 – 0.43) based on 13 
studies with 43.936 patients (compared to RR 0.79 for late treatment). However, all of the “early 
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treatment” studies were non-RCTs. If one adds the RISE trial to the “early treatment” group, its RR of 
0.34 is within the confidence interval. 
 
Based on the experience with “late” treatment studies, there have to be enormous doubts whether 
the favorable results of the favorable “early treatment trials” would persist in large RCTs. 
Nevertheless, with a RR of 0.28 for non-RCTs in early treatment and a RR of 0.79 for non-RCTs + RCTs 
in late treatment, there is still a strong signal that early treatment with HCQ may be more effective 
than late treatment. However, this difference may be confounded by the age signal that HCQ seems 
to be more helpful in younger patients compared to older ones. Late treatment studies are biased to 
hospitalized and progressed patients, and these patients are typically older than a more randomly 
structured patient population that is amenable to early (outpatient) treatment regimens, particularly 
in countries with young populations where many HCQ trials come from.   

 
 
However, due to the ongoing controversy about the effectiveness of HCQ in (early) 
outpatients, a lot of contraindications or the purported need for ECG monitoring, and 
difficult access (in a situation when every hour may count), HCQ is not subject of this paper. 
This doesn’t mean that it is regarded as completely useless for all subgroups of outpatients 
and that it may have possibly still a chance in combination with other agents (doxycycline? 
high dose zinc?, minocycline?), but it is outside the scope of a paper that will deal 
preferentially with early unspecific, easily and quickly accessible therapy options. 
 
 
Readers who are interested in HCQ may look at PRODROMOS and RUMSCHLAG. In short, 
they performed a systematic review (until August 3rd, 2020). They included studies with HCQ 
alone or in combination with Azithromycin (AZI) and/or zinc. They identified 43 studies (11 
with outpatients/day clinics, 32 with inpatients). 
 
Among 11 studies with outpatients (7 of them peer-reviewed), 9 showed significant positive 
results and 2 (the only two RCTs among the 11 studies) showed a trend for positive results 
(decreased risk of hospitalization and improvement in symptom resolution), that didn’t 
reach statistical significance, maybe because they were underpowered. 4 of the 11 studies 
were about HCQ alone, 7 about HCQ+AZI. All 7 studies about HCQ+AZI reported positive 
results, but only 2 of the 4 studies about HCQ alone. 
 
Among 32 studies with hospitalized patients, the results were less favorable. 14 studies 
reported positive results (43.8 %), 15 no improvement (46.9 %) and 3 worse results (9.4 %). 
With regard to the time line, among 9 studies, HCQ was administered within the first 48 
hours after admission (6 reported improvement, 3 no improvement), whereas in 5 studies, 
HCQ was administered > 48 hours after admission or in ICU; only 2/5 showed improvements. 
Among the 32 studies with hospitalized patients, there were 5 RCTs; 1 showed positive 
results, 3 no effects and 1 negative results, but PRODROMOS and RUMSCHLAG discuss 
reasons why the latter might have been biased in favor of negative results. 
 
Taken together, PRODROMOS and RUMSCHLAG conclude that “there appears to be a 
relationship with time of initiation of treatment, with better results observed the earlier HCQ 
is provided.” 
 
However, though the results from PRODROMOS and RUMSCHLAG look favorable as far as 
“early” HCQ is concerned (in outpatients, but also early after hospital admission), there are 
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two important limitations. First, they included only studies until August 3rd 2020, and some 
important and large trials were published later. Second, there is a need to dig deeper into 
the studies to look for subgroup analyses whether HCQ efficacy (or harm) is depending on 
age. As far as both PREP and PEP are concerned, different age groups respond differently to 
HCQ. Whereas younger adults profit from HCQ prophylaxis to a moderate extent, it is 
unfavorable for elder adults (higher risk of COVID-19 infection!), and the transition between 
a favorable and an unfavorable effect lies somewhere between 42 and 50 years (see  
http://freepdfhosting.com/863ed84c7f.pdf).  
 
Since this applies to both HCQ PREP and PEP, one should consider the possibility that this 
may also apply to treatment, particularly early treatment? If it actually does, differences in 
the age structure of the patients may possibly explain the contradictory results for HCQ in 
the treatment of COVID-19 among different studies; for example, the patients in MILLION et 
al. (favorable results) were on average about 25 years younger than those from MAGAGNOLI 
et al. (US veterans; unfavorable results).  
 
Thus any HCQ study should perform subgroup analyses for different age groups and publish 
them even if the results fail to reach statistical significance (so that they are still available for 
meta-analyses). Based on the experience with HCQ PREP and PEP, a “null effect” for the 
whole group of participants may result from a “favorable” effect for younger participants 
and an “unfavorable effect (increased risk)” for older participants. As mentioned above, the 
cut-off may be quite young, less than 50 years, at least as far as prophylaxis is concerned.        
 
In fact, an age signal could be found in a re-analysis of the studies included in PRODROMOS 
and RUMSCHLAG. For 18 of 25 studies with “positive results” for HCQ or HCQ+AZI and all 3 
studies with ”negative” results, the median or mean age of the participants was given. 
Calculated per study (and not per participant), it was about 10 years younger in the studies 
with positive results compared to those with negative results (~ 57 years vs. ~ 67 years). 
AHMAD et al. was excluced from the analysis because it was about HCQ+doxycycline, not 
about HCQ+AZI as given by PRODROMOS and RUMSCHLAG. Taken that into account, the 
range of median or mean ages from the “negative studies” was 65.3 – 71 years (71 years in 
the “HCQ only” group from MAGAGNOLI et al.), whereas it was 43.6 (MILLION et al.) to 68 
years (YU B et al.) in the positive group. But YU B et al. was confined to critically ill patients 
(who are, on average, usually older than non-critical patients). Excluding that study, the 
range is 43.6 – 64 years for “positive” studies, in obvious contrast to 65.3 – 71 years for the 
“negative studies”.  
 
Because of different ways of presentation of age data (median vs. mean; total group or 
separately for HCQ group and non-HCQ group), it is not possible to analyse the age data 
more precisely in a meta-analytic manner, but even (i) the difference in the crude data of 
about 10 years and (ii) in the age range of the positive vs. negative studies is so striking that 
it is evident that these differences can’t be eliminated if a more precise age data analysis 
would have been possible. Thus there is an age signal that HCQ (or HCQ+AZI) seems to be 
more favorable (or less deleterious) in studies with (on average) younger patients compared 
to studies with older patients.  
 
In another study that reported favorable results particularly for early administration of HCQ 
in hospitalized patients from China (SU Y et al.), the median age of the participants was only 
39 years (IQR: 28 – 56). Because that study was published in December, it was not included 

http://freepdfhosting.com/863ed84c7f.pdf
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in PRODROMOS and RUMSCHLAG but adds additional evidence to the age signal described 
above.  
 
Unfortunately, subgroup analyses of different age groups in the 28 studies were very scarce. 
Different age groups were often presented in the demographic data, and if so, they were 
used for adjustments, Cox regressions or matching, but there were only two subgroup 
analyses. The first was in a trial from the “positive study group”, Fig. 3 in GUERIN et al., 
where individual patient data showed that HCQ+AZI was superior to both AZI alone and 
“neither HCQ nor AZI” in the age group 50 – 70 years. However, based on only 12 cases for 
HCQ+AZI, 12 for AZI and 10 for “no HCQ/no AZI” and a visual interpretation of the figure, this 
doesn’t mean a lot. There were only 3 patients > 70 years, and none of them got HCQ. 
Moreover, only 58 % of the patients from the GUERIN trial had PCR confirmed COVID-19. 
The other patients were included due to symptoms that were compatible with COVID-19. 
 
The second subanalysis was presented by the “negative study” from HORBY et al., a very 
large and highly rated RCT from the RECOVERY Collaborative Group (patients: 1561 HCQ, 
3155 usual care). Median age for that study was 65.3 years (HCQ: 65.2 years, no HCQ: 65.4 
years).  Whereas the RR for mortality in the HCQ group vs. usual care was 1.09 (0.97 – 1.23) 
across all age groups, it was 1.03 (0.85 – 1.25) < 70 years, 1.17 (0.93 – 1.47) between 70 and 
80 years and 1.14 (0.92 – 1.42) > 80 years, again hinting at an age signal. Unfortunately, the 
age group < 70 years was not divided in several subgroups, though 925 patients with HCQ 
and 1873 controls < 70 years would have allowed to do so. The original study design was 
restricted to these three pre-defined age groups.   
 
Furthermore, 2 of the 17 studies from the “no improvement” (but not “worse results”) 
group from PRODROMOS and RUMSCHLAG presented age-dependent subanalyses of HCQ 
efficacy.  
 
SKIPPER et al. found that the reduction in the symptom severity score over 14 days was a 
little (but insignificantly) stronger in older patients who received HCQ compared to placebo, 
but the differences between the age groups were very small; in patients > 50 years: HCQ: - 
2.36 [reduction of symptom severity score], placebo: - 1.91, Δ – 0.45;  35-50 years: HCQ: -
2.48, placebo: -2.20; Δ – 0.28; 18-35 years: HCQ: -2.89; placebo: -2.73; Δ – 0.16. 
 
In their study with 1376 hospitalized patients from New York, GELERIS et al. found a strong 
age signal. The adjusted HR for the composite endpoint for death and/or intubation was 1.04 
(CI: 0.82 – 1.32) for those who got HCQ compared to those who didn’t. However, compared 
to <= 40 years taken as reference (1.0), the HR for 40 – 59 years was 1.52 (0.78 – 2.93), for 
60 – 79 years it was 2.09 (1.05 – 4.13) and for > 80 years, it was 3.92 (1.88 – 8.20). There is a 
significant age signal that treatment with HCQ becomes the more deleterious the older the 
patients. However, with 9.9 % of all patients who got HCQ < 40 years, and an aHR of 1.04  
across all age groups, it becomes evident that HCQ must have had a favorable effect for 
those < 40 years (but probably statistically insignificant and thus not mentioned in the paper 
or table). Otherwise, HRs from 1.52 to 3.92 in the older age groups (compared to < 40 years) 
would have been mathematically impossible when the HR across all ages groups is 1.04.  
 
Interestingly, in that study, HCQ starts to have a deleterious effect from 40 years or beyond, 
somewhere between 40 and 50 years, and this is well in accordance with prophylactic trials 
as discussed in the chemoprophylaxis paper (see above).  
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Among the RCTs with outcome “mortality” listed by HCQMETA (accessed Jaunary 16th), the 
study from DUBEE et al. also found an age signal. Though HCQ reduced death risk (28 day 
mortality) in that study with mild and moderate patients in both older and younger 
participants (RR 0.54 for the total group), RR was 0.77 for patients >= 75 years, thus RR  for 
patients < 75 years must be much lower than 0.54. About half of the patients were >= 75 
years. RR for 14-day mortality was 0.99 (all HCQ patients) and 1.55 (>= 75 years), thus much 
lower than 0.99 for patients < 75 years. RR for primary endpoint (mechanical ventilation or 
death) at day 14 was 0.63 for patients < 75 years and 1.44 for patients >= 75 years. All 
reported associations are only insignificant trends.   

However, the SOLIDARITY results present an exemption from the age signal; raising the 
question whether the age signal applies also to later stages of treatment? Whereas the risk 
for in-hospital mortality was insignificantly higher in the total HCQ group compared to 
controls (RR 1.19; CI: 0.89 – 1.59), there was no age trend. For patients < 50 years, RR for 
mortality was 1.10 (0.47-2.57), for 50 – 69 years it was 1.66 (0.95-2.91), nearly reaching 
significance, whereas for patients >= 70 years, RR was 0.80 (CI: 0.42-1.53).  

 
In summary, while the lack of subgroup analyses of different age groups in most of the HCQ 
studies excludes the possibility of a meta-analytic approach to study the effect of HCQ or 
HCQ+AZI in different age groups, the available (scarce) evidence suggests that the age signal 
that was found in PREP and PEP studies with HCQ can also be replicated in many (but not all) 
studies of HCQ treatment, and that HCQ treatment may have some profit in young patients 
(up to ~ 40 years), but is deleterious in older patients, and the border between a favorable 
and an unfavorable effect seems to be somewhere above 40, but probably below 50 years. 
As a consequence, those people who have higher risks of bad COVID outcomes because of 
age (or a higher probability of comorbidities that are correlated with increasing age), can’t 
profit from HCQ, and instead, administration of HCQ to them has to be considered as an 
additional risk for them. 
 
Eventually, the strongest support for these conclusions comes from a retrospective 
observational study with 4396 unselected hospitalized patients from Italy (February-May 
2020) to clarify the role of HCQ in (hospitalized) COVID patients (DI CASTELNUOVO et al.). 
Individual characteristics of patients were analysed by hierarchical clustering (Gower 
distance) and then associated with mortality and the effect of HCQ on mortality. DI 
CATELNUOVO identified two clusters: one of 3913 younger patients with lower circulating 
inflammation levels and better renal function, and a cluster of 483 generally older and more 
comorbid subjects, dominated by men and with a higher proportion of smokers. HCQ was 
associated with lower mortality in the younger cluster (OR 0.46; CI: 0.39 – 0.54), but not in 
the older cluster (OR 0.89; CI: 0.65 – 1.22). Moreover, the effects were retained after further 
adjustments for additional medications and they were also concordant with associations of 
HCQ with disease severity: considering a combined endpoint of severe disease 
manifestations, ICU and death, the protective association of HCQ persisted in the low risk 
cluster (OR 0.67; CI: 0.57 – 0.79), whereas there was a null association in the high risk cluster 
(OR 0.98; CI: 0.66 – 1.46). The authors suggest a particularly beneficial effect of HCQ within 
low risk patients, what correlates with younger patients and is an independent proof for the 
age signal described above. The difference in the median age between both clusters is about 
12.5 years (calculated from their fig. 2), well in accordance with the difference of about ~ 10 
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years between studies with favorable vs. unfavorable outcomes based on the sorting of 
PRODROMOS and RUMSCHLAG (see above).    
 
Interestingly, the age signal may not apply to nursing home residents. In their review, 
ALEXANDER PE et al. found and discussed several studies that showed that nursing home 
residents profited from HCQ-based early therapies. However, these therapies were usually 
multidrug therapies including also antibiotics, steroids, anticoagulants or supplements. It is 
unknown whether these treatments would have been effective to the same extent, or even 
more, in the absence of HCQ in that population.  But maybe there is a true synergism. On the 
other hand, the situation for nursing home residents is very different from the general 
population because of frequent testing (as least in the case of an outbreak in the facility) 
that offers the chance for very early detection and initiation of treatment, possibly in an 
asymptomatic stage if COVID-19 was detected by a routine swab. This is a different situation 
compared to outpatients who have to find an opportunity for testing once they have 
symptoms that are suspective of COVID-19 and who will start treatment later, if at all (see 
ALEXANDER PE et al. for therapeutic nihilism in non-hospitalized patients).     

In a separate systematic review, PRODROMOS et al. found no evidence that HCQ and AZI 
cause significant acute cardiac arrhythmic mortality, but that they decreased cardiac events 
(cardiac mortality, thrombosis, arrhythmia and cholesterol) in recent peer-reviewed studies 
and meeting presentations. It was found both in vitro (artificial heart model) and in clinical 
studies that the combination of HCQ + AZI attenuated the arrhythmic risk of HCQ or AZI 
alone (HEALY et al.). Thus the deleterious effect of HCQ in older patients doesn’t seem to 
rely on adverse effects of HCQ or HCQ+AZI, but seems to be related to unwanted effects of 
HCQ on the immune system or mitochondria, and may be associated with age-dependent 
effects of HCQ on ageing mitochondria, the suppression of the age-sensitive innate immunity 
by HCQ or the suppression of interferon-stimulated genes (see ROTHER et al.) which may 
also be age-sensitive. Since innate immunity wanes with increasing age, the suppressive 
effects of HCQ on innate immunity may be more pronounced in older people. 

However, LI W et al. used “human pluripotent stem cell-derived cardiomyocytes (iPSC-CMs) 
to systematically investigate the effects of HCQ and AZM individually and in combination.” 
They recapitulated the clinically observed QT prolongation by treatment with HCQ, and this 
effect was strongly enhanced by combined treatment with AZM, although AZM alone slightly 
shortened the interval. Furthermore, combined treatment with AZM and HCQ resulted in 
“higher cardiotoxicity, more severe structural disarrangement, and more pronounced 
contractile and electrophysiological dysfunctions, compared to respective mono-treatments.” 
LI W et al. concluded: “Taken together, our results highlight that combined treatment with 
HCQ and AZM strongly enhances the adverse effects on cardiomyocytes, providing 

mechanistic evidence for the high mortality in patients receiving HCQ/AZM combination 

treatment.” 
 

That said, HCQ won’t be subject of this paper here. In spite of studies like PRODROMOS and 
RUMSCHLAG that suggest some positive effects of HCQ in COVID-19, HCQ cannot be 
recommended for those who need effective treatment of COVID-19 at most, the elderly, 
when the cut-off between favorable and unfavorable effects may be between 40 and 50 
years, probably between 40 and 45 years. Most patients who need early treatment because 
of risk of worse prognosis would be excluded by that cut-off age. Thus the controversy about 
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favorable and unfavorable effects of HCQ may also be influenced by the age structure of 
different countries. In countries with a young population where most of the patients are 
younger than ~ 45 years, it may well be that HCQ shows favorable effects in the overall 
patient populations (since they are dominated by patients < 45 years), and authors who 
propose HCQ may have experience that it works very well. In countries with aged 
populations and many patients > 50 or > 60 or > 70 years, the deleterious effects of HCQ on 
older age groups may become more visible, so that these countries restrain from giving or 
recommending HCQ. The question of treating COVID-19 with or without HCQ is thus not 
necessarily a question of “right” and “wrong”, “good studies” or “bad studies” (though the 
question is treated usually that way), but it seems to be simply a matter of age or the age 
structure of the whole population or patient population of a given country, or a given cohort 
of patients.  
 
 
 
 
 

Short note on thrombo-prophylaxis  (not subject of this paper) 
 

Eventually, thrombo-prophylaxis is another very important aspect of the management also 

for outpatients with increased risks (e.g. BELCARO et al.), and BELCARO et al. see the need 

for such prophylaxis in patients as young as 40 years (and older). Because of its complexity 

and unavailability for isolated outpatients who have no access to medical care and are not 

reached by any outpatient visit system by professionals (e.g. nurses), thrombo-prophylaxis 

is not considered in this paper. This doesn’t mean that it is unimportant. The opposite is true 

(e.g. see RENTSCH et al. for early thromboprophylaxis in hospitalized patients). Whoever is 

infected with COVID 19 and belongs to any risk groups and has access to medical care, 

should ask for the need for thrombo-prophylaxis.  Enoxparin or Fondaparinux should be 

preferred compared to unfractionated heparin (e.g., PAWLOWSKI et al.). 

However, as TALASAZ et al. pointed out in their very detailed paper, “the optimal 

thromboprophylactic regimens still remain unknown in patients with COVID19”. 

That said, it seems even more important to fight against early viral replication and the 

progression of the disease as early as possible to avoid situations when decisions about 

“right or wrong” thrombo-prophylaxis regimens might become vital or lethal – another 

reason to criticize the “strategy” of therapeutic nihilism for (early) ambulatory outpatients 

(see McCULLOUGH et al. 2). In the light of so much uncertainty how to deal with progressed 

patients, the development of concepts for earlymost therapeutic regimens for elderly or 

people with relevant comorbidities should become mandatory.  

Interestingly, BORGHI et al. showed in their case series that fondaprinux may also play an  

essential role for early treatment, starting immediately or a short time after symptom onset 

and not at stage II or later. 
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It is increasingly understood that COVID-19 is not only a respiratory infection, but also a 

systemic inflammation of the endothelium. This paradigm shift from the understanding of 

COVID-19 as a respiratory infection (that might in some cases progress to a systemic 

inflammation of the endothelium as a sort of complication) to COVID-19 as a systemic 

inflammation of the endothelium that was acquired as a respiratory infection, may 

strengthen the role of thromboprophylatic regimens also in the early phase of the disease. In 

the case series of BORGHI et al., fondaparinux was given in therapeutic doses. 

 
 
 
 
 

Available evidence from RCTs with outpatients (until December 19th) 
 
The scarcity of trials with outpatients became very evident in a systematic review and 
network meta-analysis of all RCTs about COVID-19 treatment published until December 19th, 
2020 by ZHANG C et al.. Only RCTs were considered by ZHANG et al., independent of their 
quality that was assessed separately (risk of bias).  

After excluding herbal medicine and prophylaxis or outcomes incompatible with the design 
of the meta-analysis (endpoints: mortality, mechanical ventilation, hospital discharge, viral 
cure), 80 RCTs were included. But only 7 of them were about outpatients, all other studies 
included 100 % hospitalized patients (1 undetermined).  

 

These are the 7 RCTs with outpatients included in ZHANG C et al.: 

 

●  NCT 04342663, LENZE et al., fluvoxamine (discussed in detail below)  

+++ FAVORABLE RESULTS 

 

●  NCT 04304053, MITJA et al. (2), HCQ + darunavir:  

Outpatients less than 7 days after symptom onset (median days since onset of symptoms: 3 
days); mean age: 42 years. High risk of bias (classified by ZHANG C et al.). 

O   NO EFFECT AT ALL; no stronger reduction of viral load (only very small trend), no faster 
alleviation of symptoms.   

 

●  NCT 04308668, SKIPPER et al., HCQ  

“Symptomatic, nonhospitalized adults with laboratory-confirmed COVID-19 or probable 
COVID-19 and high-risk exposure within 4 days of symptom onset.” Only 58 % of participants 
received SARS-CoV-2 testing because of severe shortage of test material. 56 % enrolled 
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within 1 day after symptom onset. Median age 41 vs. 39 (placebo). Low risk of bias for 
mortality. 

Insignificant small trends in favor of HCQ (a minimally stronger reduction of symptom 
severity of 14 days; relative reduction: 12 %; ongoing symptoms after day 14: 24 % vs. 30 %. 
Adverse effects 43 vs. 22 %. COVID-associated hospitalisations: 4 vs. 8 (control); deaths: 1 vs. 
1 

(+)  NO SIGNIFICANT EFFECTS; BUT WEAK FAVORABLE INSIGNIFICANT TRENDS 

 

●  NCT04349592, OMRANI AS et al., HCQ or HCQ+AZI 

Median age 40-42 years. Mild or asymptomatic patients. Low risk of bias for mortality.  

(+)  NO SIGNIFICANT EFFECTS; SMALL TREND FOR ACCELERATED VIRAL CLEARANCE FOR 
HCQ+AZI, BUT NOT FOR HCQ ALONE 

 

●  NCT04331899, JAGANNATHAN P et al., peginterferon-lambda (180 microgram s.c. once).  

Median age 36 years. No shortening of viral shedding, no faster improvement of symptoms. 
In subgroup analyses, lambda tended to delay shedding cessation in seronegatives (aHR 
0.66, n.s.) and accelerated shedding cessation in seropositives (aHR 1.58; p for interaction: 
0.03). Weak tendency on viral shedding on day 7 (HR 0.81) and symptom relief (8 vs. 9 days, 
HR 0.94, n.s.)  

O  NO SIGNIFICANT EFFECTS, ONLY VERY WEAK FAVORABLE TRENDS 

 

●  NCT04354259, FELD JJ et al., peginterferon-lambda (180 microgram s.c.once) within 7 
days of sympom onset or first positive swab.   

Median age 48 years. Accelerated viral clearance particularly in those with initial high viral 
load. 

+  SIGNIFICANTLY ACCELERATED VIRAL CLEARANCE 

 

●  ISRCTN59048638, GONZALEZ-OCHOA et al., Sulodexide (500 LRU BID for 21 days).  

243 patients (Mexico); patients who were at a high risk of severe clinical progression due to 
relevant comorbidities were included within three days of clinical onset 

Need for hospitalization: 17.7 vs. 29.4 %; RR 0.6 (0.37-0.96; p = 0.03) (but no significant 
difference in hospital stay). 
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Oxygen support: 29.8 % vs. 42.9 %; RR: 0.71 (0.5-1; p = 0.05); duration of oxygen support: 9 
vs. 11.5 days (p = 0.02)   

mortality: 2.4 vs. 5.8 % (RR 0.41; 0.10 – 1.55, p = 0.19).  

High risk of bias for mortality and ventilation. 

++  FAVORABLE RESULTS 
 
 
 
Added later (outside ZHANG et al.): 
 
●  NCT04425629, WEIDENREICH et al., REGEN-COV 2400 mg and 1200 mg; discussed in 
detail below “Note on antibody treatment” 
 
+++++ VERY FAVORABLE RESULTS; > 70 % reduction of hospitalization or death, very large 
trial 
 

 
 
Meanwhile, there are a few additional RCTs with outpatients available. They will be marked 
in green color, but only if they encompassed at least 200 participants (verum and controls 
together). 
 
 
●  O’BRIEN et al., REGEN-COV (Casirivimab + Imdevimab) in SARS-CoV-2 positive, still  
       asymptomatic household contacts of index persons; 1200 mg subcutaneously 
             (see: “Note on antibody treatment”) 
 
● GUPTA et al. (2), Sotrovimab (500 mg i.v.) (COMET-ICE-STUDY) 
             (see: “Note on antibody treatment”) 
 
● CHOUDHURY et al., 1 % povidone-iodine for mouthwash/gargle, nasal drops, eye drops in 
early outpatients (compared to lukewarm water) 
             (see: “povidone-iodine”) 
 
● SEET et al., 0.45 % povidone-iodine throat spray 3 x a day in a prophylaxis setting 
(comparator: 500 mg vitamin C a day) (note: no early treatment setting) 
              (see: “povidone-iodine”) 
 
● ROSSIGNOL et al.: nitazoxanide (2 x 300 mg daily) 
              (see: “nitazoxanide”) 
 
● YU LM et al., budesonide inhalation; interim results of the PRINCIPLE trial 
              (see: “early budesonide inhalation”) 
 
●  GUTIERREZ-CASTRELLON et al., a special probiotic formulation from Spain 
 
●  HARAN et al., KB109 – a synthetic glycan  



29 

 

 
●  TARDIF et al., COLCORONA trial, colchicine 0.5 mg twice daily for 3 days (then 
              once daily) 
 
●  NCT04446429: proxalutamide in men (outpatients) 
 
●  CADEGIANI et al. (4): proxalutamide in men and women (outpatients) 
 
●  HINKS et al., Atomic2 trial, Azithromycin (500 mg daily for 14 days) in outpatients 
 
●  KORLEY et al., convalescent plasma with high titers in outpatients 
 
●  REIS G et al. (TOGETHER trial): fluvoxamine 100 mg twice daily 
 
 
 
 
 

Further limitations of this paper 
 
 
This paper here will focus on available results from trials. A systematic analysis of trial 
registries for ongoing trials about early treatment is given by SCARABEL et al., and they 
analysed the trial registries up to December 4th. Though a wealth of drugs, antibodies and 
supplements is investigated now in registered clinical trials, only some of them will be suited 
for outpatients or self-managed home treatments – though the latter seems most important 
for quarantined people without immediate access to medical care. And as SCARABEL et al. 
point out:  “for most of the studies, the therapeutic setting (prevention, early treatment, 
treatment of moderate-to-severe cases) of the investigating drug was not always clearly 
defined”. This warns not to be too optimistic with regard to the availability of useful study 
results for outpatients, and particularly self-managing outpatients, in the future. 
 
SCARABEL et al. reported about 61 agents in recruiting trials of secondary prevention ranging 
from PEP to the treatment of non-severe cases. As mentioned above, this must not mean 
“early treatment” (after start of symptoms or positive diagnosis) in each of these studies.  
 
 
They classified the 61 agents as follows: 
 
● Entry inhibitors: HCQ/CQ; Pyronaridine-Artesunate; Niclosamide; Camostat (anti-
TMPRSS2); Bromhexine; Apilimod Dimesylate; Umifenovir; DAS118 
(entry inhibitors may be sensitive to mutations in the RBD of the spike protein, but see LEE 
J et al.; this doesn’t seem to apply to TMPRSS2 inhibitors) 
 
● Protease inhibitors: Lopinavir+ritonavir; ASC09+ritonavir; Danoprevir+ritonavir; 
Lopinavir+rabeprazole; Ivermectin 
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● Polymerase inhibitors: Favipiravir; Remdesivir; Molnupiravir (EIDD-2801; see WAHL et al.; 
phase 2a results from FISCHER et al.); Triazavir; Ribavirin in association 
 
FISCHER et al.: “Molnupiravir is the first oral, direct acting antiviral shown to be highly 
effective at reducing nasopharyngeal SARS-CoV-2 infectious virus and viral RNA and has a 
favorable safety and tolerability profile.” 
 
● monoclonal antibodies: Bamlanivimab, Etesevimab 
 
● plasma-derived Ig: convalescent plasma; Kamada; GS-5131; SAB-185 
 
● immunomodulatory/antiinflammatory drugs: altogether 28 drugs or drug classes, including 
PUL-042 (anti-TLR), interferons; JAK-inhibitors (Ruxolinitib, Tofacitinib), Tocilizumab, 
Dexamethasone, Nitazoxanide, Ciclosonide, Colchicine, Methotrexate, Prazosil and many 
others 
 
● anticoagulants/antiaggregants 
 
● tranexamid acid 
 
● ACIs and ARBs 
 
● Dapagliflozin 
 
● nitric oxid 
 
● antibiotics: azithromycin, minocycline 
 
● vitamins 
 
● xylitol nasal spray 
 
 
Of note, early anakinra therapy guided by elevated soluble urokinase plasminogen activator 
receptor (suPAR) prevented progression of COVID-19 pneumonia into respiratory failure in 
the SAVE-MORE multicenter trial with 594 hospitalized patients with moderate and severe 
COVID-19 pneumonia and plasma suPAR 6 ng/ml or more. HR for 28-day mortality was 0.45 
(p = 0.045), and hospital stay was shorter (KYRIAZOPOULOS et al.). However, since anakinra 
is not available for early therapy of outpatients, anakinra is outside the scope of this paper. 
 
Moreover, the antimalaria agent mefloquine was found to be a very promising candidate in 
several in vitro assays, in clear contrast to chloroquine/hydroxychloroquine (SACRAMENTO 
et al.). Unfortunately, there are so far no trial results available for mefloquine (as of July 
2021). There is an ongoing prophylaxis trial (RCT: NCT 04847661) with mefloquine, but this 
trial won’t be finished before August 31, 2021. 
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Content 
 
 

Prenote on steroids 
 
There is no chapter on steroids. This does not mean that steroids are considered as 
unimportant; the opposite is true. However, the decision to take steroids must be made 
individually, based on results of examinations, e.g. increase of CRP, other inflammatory 
markers, lung involvement, oxygen saturation etc., and it seems to be contraindicated in the 
early, viral, prae-inflammatory phase of the disease. The right timing of the start (and end) of 
corticosteroids seems to be very critical, and if given at the wrong point of time, they may be 
harmful. This is different from many other agents mentioned here that may also have a 
time-dependent effect, but if they are taken too early or too late (like nutritional 
supplements), their effect is probably a zero effect, but not seriously deterious as may be 
the case with steroids.   
 
The right timing of steroids in COVID-19 outpatients (if given to outpatients at all) is a very 
difficult matter, and there is a need for a systematic review about this matter that goes far 
beyond the possibilities of this paper here. There is no doubt an urgent need for such a 
systematic review, but this would be a very large project. The best one can say here is to use 
simple und less contested early therapeutic options as early as possible in order to try to 
avoid to progress into a stage of the disease where steroids might be indicated or when the 
decision whether to give steroids or to avoid them might be life-saving of life-threatening.  
 
A large study from US (based on 9058 patients) warns from early corticosteroids, including 
dexamethasone that was analyzed in a subanalysis (CROTHERS et al.; observational cohort 
study setting). In the stratified analysis, patients on „no oxygen“ experienced an 89% 
increased risk for 90-day mortality (HR 1.89; CI: 1.33 – 2.68) if they got corticosteroids 
compared to those who did not. For patients on low-flow nasal cannula oxygen, HR with 
corticosteroids was 1.21 (0.94 – 1.57). Corticosteroids were initiated within the first 48 hours 
of hospitalization. 
 
 
 
 
 
 
Important note on new COVID-19 variants (VoCs) 
 
Note on antibody treatment (monoclonal antibodies) 
 
Note on early Remdesivir (“Why wait another day?”) 
 
Note on antipyretic therapy in general and on paracetamol (WARNING) 
 
Vitamins, nutritional supplements (vitamin D, magnesium, vitamin B12) 
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Acetic acid inhalation 
 
Povidone-iodine for nasal and throat irrigation 
 
Herbal TCM 
 
Zinc supplementation 
 
Extract from Tinospora cordifolia – Guduchi Ghan Vati (ayurvedic) 

Liposomal Lactoferrin 
 
Quercetin and combinations with quercetin 
 
Bromhexine and ambroxol 
 
Ivermectin (and combinations) 
 
Nitazoxanide 
 
Nigella sativa + honey 

Fluvoxamine (antidepressant) 

Indomethacin 
 
Clarithromycin 
 
Doxycycline or minocycline 
 
Budesonide inhalation  
 
Propolis 
 
Sequential multidrug regimes  
 
Outpatient treatment of respiratory failure 
 
BCG injection 
 
[N-Acetyl-Cysteine  (no trial results for early treatment)] 
 
[Ubiquinone / Mitoquinone]    (no results from clinical treatment trials) 
 
Prolectin-M (food supplement, galectin antagonist) 
 
Probiotic formulation 
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KB109 (synthetic glycan) 
 
Curcumin 
 
Early convalescent plasma 
 
Note on colchicine (not recommended at least in hospitalized patients) 
 
Note on aspirin (useless at least in hospitalized patients) 
 
Short note on Iranian herbal combination 
 
Dutasteride and proxalutamide 
 
Note on Azithromycin  (not recommended) 
 
Short note on Lopinavir/Ritonavir (not recommended)  
 
Short note on Favipiravir 
 
Short note on metformin (for diabetic patients) and hyperglycemia 
 
 
Discussion 
 
Conclusions 
 
 
 
 
 
 
 
 

Important note on new COVID-19 variants (VoCs) 
 
The studies about prophylaxis and/or (early) COVID treatment that were published so far 
preferently refer to COVID-19 disease and infection associated with the virus variants that 
were circulating in 2020 and persisted to do so in some regions of the world in early 2021. 
 
While studies from China may be dominated by patient populations infected by the original 
Wuhan virus and its sequence, most of all studies from the world are expected to refer to 
populations and cohorts infected by the virus variants that became dominant worldwide in 
2020 (with the D614G mutation).  
 
However, there are concerns now that some drugs may be less efficient (or even inefficient) 
in people infected with VoCs. This applies particularly to two different groups of drugs: 
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●  Entry inhibitors that may – in the worst of all cases – lose their efficacy because of 
changes (e.g., conformational changes) of the Spike, particularly the RBD of the Spike   
 
● immunomodulators that enhance the early innate immune response to viral infections, 
particularly the early interferon response in the respiratory tract (important for the early 
control of the local infection, to reduce and prevent viral replication and thus its expansion 
to the lungs and its dissemination into the body).    
 
GUO et al. observed that emerging SARS-CoV-2 variants evolved to resist the antiviral IFN-I 
and IFN-III response and confirmed the evasion of innate immunity for B.1, B.1.1.7 and 
B.1.351 isolates. This weakens or eliminates the interferon pathway, i.e. the early interferon 
reponse, of the innate immune response.  
 
As a consequence, drugs (or vaccines) that strengthen the early innate immune reponse or 
stimulate early interferon production may become inefficient with regard to the prevention 
(prophylaxis) or early treatment of infections with VoCs like those examined by GUO et al.. 
  
There are already first hints that MMR vaccination in young children had a small to 
moderate effect to protect these children from COVID-19 in 2020, thanks to their 
strengthening effect on the early (trained) innate immune response, but that this protective 
effect was completely lost after the rise and dominance of B.1.1.7 in Germany (see 
Supplement in: http://freepdfhosting.com/437d9e1634.pdf).  
 
Heterologous vaccinations, particularly with live or live-attenuated vaccines (like BCG, MMR 
or oral polio), are expected to train the innaty immunity and therefore to stimulate the very 
early local interferon response in the respiratory tract immediately after viral infection. But 
beside vaccinations, there are also drugs that stimulate interferon production in the 
respiratory tract (e.g. umifenovir), and this may contribute to their prophylactic and/or early 
therapeutic efficacy besides of a direct antiviral effect.  
 
It is questionable now whether these drugs or heterologous vaccinations retain their 
prophylactic or early therapeutic effectiveness in the presence of the new VoCs. For 
example, umifenovir could be affected both because of its function as an entry inhibitor and 
because of its effect on early interferon release, if VOCs resist to the latter.  
 

As a consequence, all drugs that act either as an entry inhibitor or on the early innate 
immune response/early interferon response in the respiratory tract, should be re-
examined in the context with the VoCs, particularly Delta, Gamma, Lambda, Beta. Until 
then, it is doubtful whether they act still as well as some studies mentioned here in this 
paper showed in the past. 

 
It is not necessary and would be too time-consuming to replicate the clinical studies. As far 
as their function as entry inhibitors is concerned, in vitro studies with cell cultures, 
particularly human epithelial cells, should be performed – both with the VoCs and the 
conventional virus variants. The direct comparison between the effect of the drug on VOCs 
vs. conventional variants may allow conclusions whether there is need for concern about 
their clinical efficacy in the context of VoCs, or not.  
   

http://freepdfhosting.com/437d9e1634.pdf
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With regard to drugs that influence the early interferon response or act as 
immunomodulators on the early immune response following infection, animal models 
should be used (e.g. hamsters, ferrets) to examine whether these drugs act differently in 
animals infected by VoCs compared to conventional variants, besides laboratory assays on 
innate immunity / interferon release e.g. in epithelial cell cultures.   
 

Only after studies of that kind are published one will be able to understand what drugs 
and methods for prophylaxis or early treatment can still to be used in an epidemic context 
that is dominated by VoCs (or, as far as individual treatment is concerned, in cases when it 
is proven or probable that the patient is infected by a VoC), or whether these drugs and 
methods have to be discarded now in the context of the VoCs, even if they were shown to 
be successful or very successful in the past. 

 
As a result, many data from clinical studies reported in this paper have to be regarded as 
historical.  
 
 
LEE J et al. studied the effects of viral entry/TMPRSS2 inhibitors and viral RNA-dependent 
RNA polymerase inhibitors (RdRp inhibitors) on B.1.1.7 and B.1.351 in direct comparison to 
early SARS-CoV-2, both on Vero E6 cells (missing TMPRSS2 expression) and Calu-3 cells 
(highly expressing TMPRSS2).  

They studied four different TMPRSS2 inhibitors (camostat, nafamostat, aprotinin, 
bromhexine), two RdRp inhibitors (remdesivir, EIDD-2801 = molnupiravir) and EIDD-1931 (an 
active form of EIDD-2801), niclosamide and ciclesonide. 

In summary, this “in vitro analysis of viral replication showed that the drugs targeting 
TMPRSS2 and RdRp are equally effective against the two variants of concern.” 

As expected, TMPRSS2 inhibitors showed no antiviral effects in the Vero cell assay. No 
substantial changes in the antiviral effectiveness on Calu-3 cells were found. This is explained 
because TMPRSS2 cleaves the Spike protein at the S2’ cleavage site, and B.1.1.7 and B.1.351 
have no sequence changes at this site or close to it, i.e. the original sequence of this region is 
conserved in both VoCs from that study.  

Moreover, the efficacy of the two representative RdRp inhibitors (remdesivir and 
molnupiravir) was also not affected by the VoCs. The same applied to niclosamide and 
ciclesonide, suggesting “that the potential targets of these drugs lie outside of the 
substituted amino acids in the two variants.” (LEE J et al.). 

However, looking at the results of the Calu-3 cell assay in detail (Fig. 3 in Lee et al.), some 
differences can be noted, but all of them were too small to reach the level of significance: 

Camostat and EIDD-2801 were a little less effective against B.1.351 at higher concentrations, 
nafamostat and aprotinin at lower concentrations, ciclesonide at middle concentrations. 
Bromhexine was generally less effective than all of the other agents with regard to inhibition 
of infection (with 50 – 60 % inhibition at the highest tested concentration compared to 80 – 
100 % for all other agents at the highest concentration), and the efficacy of bromhexine 
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against B.1.351 was a little lower across the whole spectrum of tested concentrations (e.g., 
50 vs. 60 % at the highest concentration) compared to the wildtype and to B.1.1.7, whereas 
no difference was found between wildtype and B.1.1.7. Nevertheless, the difference with 
regard to B.1.351 was insignificant. 

Interestingly, remdesivir was more effective against B.1.1.7 and B.1.351 in low 
concentrations compared to the wildtype, whereas no difference at high concentrations is 
visible. The same seems to apply to niclosamide in the middle of the spectrum of tested 
concentrations.  

Taken together, there are subtle differences with regard to the variants and it remains 
unclear whether they are by chance or whether they are of true, but small relevance, but 
missed significance just because of statistical power. Most importantly, there is no general 
trend that VoCs are less sensitive to the wide spectrum of drugs from that study.  

Meanwhile, camostat was also found to be effective against the Indian variant B.1.617 
(HOFFMANN et al.). 
 
 
 
 
 

Note on antibody treatment (mAbs = monoclonal antibodies) 
 
Rating: ++++ for Casirivimab + Imdesivimab and Sotrovimab, but variant-sensitive 
 
 
Though early treatment of infected people with increased risks for severe COVID with mABs 
seems very promising (for short overview, see both COHEN MS and LEDFORD H), and its 
potential may increase if different antibody formulations are combined (see NCT04427501 
for combination of bamlanivimab and etesevimab), antibody treatment is not subject of this 
paper here because it seems very unrealistic that health systems that were unable so far to 
recommend or deliver simple and cheap oral or inhalative treatments to early outpatients, 
will soon be able to deliver expensive antibody infusions to those people who were affected 
so far by therapeutic nihilism – though the results are highly promising with reductions of 
combined endpoints of hospitalization and death between 85 and 87 % in case of early 
therapy as pointed out by LEDFORD. For more details, see the “chemoprophylaxis paper”  
(http://freepdfhosting.com/863ed84c7f.pdf). 
 
DHAND et al. reported about a case series of 12 solid organ transplant recipients (SOT) who 
got Bamlanivimab infusion at a time when the COVID symptoms were still mild or moderate 
and when there was still no reason for hospitalization, on average 3.3 days after symptom 
onset (range: 1-10 days). Asymptomatic patients were excluded. None of the 12 patients 
progressed, needed hospitalization or died, compared to hospitalization rates of 63 % and 
death rates of 12 % for SOT recipients (n = 59) in the same Medical Center before the 
approval of Bamlanivimab, and quotes of 78 % and 20.5 % in a prior study of 482 SOT 
recipients from more than 50 centers. But the DHAND study is from US and included patients 

http://freepdfhosting.com/863ed84c7f.pdf
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were treated in November and early December 2020 at a time when VoCs were still 
unimportant in that area. Meanwhile, Bamlanivimab would be ineffective. 
 
WEBB et al. reported about the effectiveness of a single infusion of monoclonal antibodies 
(either bamlanivimab [Eli Lilly] 700 mg or casirivimab/imdevimab [Regeneron] 1200 
mg/1200 mg) to “ambulatory patients with early symptomatic COVID-19 at high risk for 
hospitalization” (within 7 days of symptom onset) in a quasi-experimental observational 
cohort study from Utah. Infusions were performed in “infusion centers” and urgent care 
clinics. The study included 13534 high-risk adults. Patients who received an infusion were 
compared to weigthed contemporaneous controls and to a propensity-weighted pre-
implementation cohort. Antibody infusion was implemented on November 28th. 594 patients 
received antibody treatment (80.6 % bamlanivimab). 
 
Primary outcome (defined as emergency department visit or hospitalization within 14 days 
of positive test) occurred in 12.6 % of antibody recipients, 20.6 % of patients in the pre-
implementation cohort and 18.4 % of contemporaneous controls (OR for primary outcome 
in case of antibody treatment: 0.69; CI: 0.60 – 0.79; OR for hospitalization: 0.43; CI: 0.35 – 
0.53). Antibody treatment was well tolerated and only 0.3 % of antibody recipients 
experienced serious side effects, but with good outcomes. Casirivimab/imdevimab showed 
an insignificant trend to be superior to bamlanivimab (OR 0.52; CI: 0.17 – 1.63; p = 0.26), but 
this combination was only used in 19.4 % of all patients who got antibodies.  
 
The results in detail (mAbs vs. contemp. controls vs. pre-implementation controls): 
 
Mean age: 65 vs. 62 vs. 60 years 
Emergency department visit (14 days)*: 12.0 % vs. 17.1 % vs. 19.3 %  
                (EliLilly: 12.9 %; Regeneron: 7.8 %) 
Hospitalization (14 days)*: 3.9 % vs. 9.7 % vs. 11.5 % 
                (EliLilly: 4.6 %; Regeneron: 0.9 %) 
Death (14 days)*: 0.2 % vs. 1.0 % vs. 1.0 % 
                (EliLilly: 0.2 %; Regeneron: 0.0 %)   
 
*after testing 
            
      
However, the study ended on January 28th, so it is unclear how the dominance of VoCs might  
influence the results meanwhile. At the time of the study, VoCs were still very rare or absent 
in Utah. WEBB et al. note that bamlanivimab may show reduced activity against variants 
with E484K mutations, in contrast to the Regeneron formulation. Bamlanivimab was 
substituted by casirivimab/imdevimab as soon as the latter became available in the infusion 
centers which participated in this study, whereas urgent care centers continued to 
administer bamlanivimab. Altogether, it is improbable that VoCs influenced the results 
during the time of that study significantly. 
 
Of note, patients who got mABs were (mean) 4 years older than controls, and obesity was 
more prevalent (66.8 vs. 61.2 %). Patients with advanced disease (e.g. already in hospital) 
were excluded from the study. It is only about early treatment of ambulatory patients with 
(still) mild or moderate disease, but high risk of hospitalization/progression. 
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In a retrospective study from a single medical center in US that initiated mAbs 
(Bamlanivimab) infusions for outpatients in January 2021, the risk of E.D. visit (“medical 
visit”) or hospitalization within 30 days of laboratory-confirmed COVID-19 (by PCR or antigen 
test) was 82% lower in Bamlanivimab-treated patients compared to untreated patients (CI: 
66 – 94 %), adjusted for age, gender, and comorbidities (RAINWATER-LOVETT et al.) (n = 
598; 45 % got Bamlanivimab, 55 % untreated). Unadjusted ED presentation or hospitalization 
(combined): 1.9 % vs. 12 % (p < 0.001) (uOR 0.14, aOR 0.18).   
 
Only patients were treated with Bamlanivimab or taken as (historical) comparator 
population (before initiation of Bamlanivimab treatment) who had a high risk of progression 
to severe disease or hospitalization (i.e., all patients >= 65, younger patients in case of 
relevant comorbidities). The historical comparator population fulfilled exactly the same 
criteria for Bamlanivimab treatment, but were treated at a time when Bamlanivimab was 
not yet available in that setting. Untreated patients were on average three years younger, 
but more often obese or overweight. No adverse effects were reported from Bamlanivimab 
infusions. Bamlanivimab was given once within 10 days of symptom onset or positive test 
result; however, there are no data about the mean or median delay of Bamlanivimab 
infusion compared to symptom onset, and no subgroup analysis was performed to compare 
early Bamlanivimab vs. later Bamlanivimab. However, with only 5 events (medical visits or 
hospitalizations) in the Bamlanivimab group, the study was underpowered for such analyses. 
 
Like the study of WEBB et al., this study reported about a time when the VoCs like B.1.1.7 
were still very rare or absent in the US. Thus it remains unclear how Bamlanivimab would 
have performed later.  
 

 

GANESH et al. reported about 2335 mild to moderate outpatients who were treated with 
bamlanivimab (BLV) between November 12, 2020 to February 17, 2021 and who were 
compared to 2335 propensity-matched controls with mild to moderate COVID-19 in a 
retrospective study (no RCT) (Mayo Clinics). Median age of the BLV cohort was 63 years. 
Inclusion criteria were either age of 65 or beyond, or age of at least 55 years in association 
with hypertension, CVD or chronic lung disease; not currently hospitalized at the time of PCR 
test or BLV infusion; oxygen saturation at least 93 %. 
 
Time from PCR date to infusion was 2.8 days (mean); median: 2.0 days; range: 0 – 10. No 
subgroup analyses were done with respect to the time interval between onset of symptoms 
and infusion or between PCR test and infusion. 
 
Primary outcome was hospitalization rate (all-cause hospitalization): 
 
until day 14: 1.5 % vs. 3.5 % (OR 0.38) 
until day 21: 1.9 % vs. 3.9 % (OR 0.46)  
until day 28: 2.5 % vs. 3.9 % (OR 0.61) 
 
ICU admission (all-cause, not only COVID-specific): 
 
until day 14: 0.14 % vs. 1.0 % (OR 0.12) 
until day 21: 0.25 % vs. 1.0 % (OR 0.24)  
until day 28: 0.56 % vs. 1.1 % (OR 0.52) 



39 

 

 
Mechanical ventilation: one of 10 ICU-admitted patients in the BLV-group and 2 of 19 ICU-
admitted patients in the control group. 
 
All-cause mortality:  
At day 21: 0.05 vs. 0.4 % (OR 0.08) 
At day 28: 0.11 vs. 0.44 %  
 
Only two BLV-treated patients died among the 1789 BLV-patients within at least 28 days of 
follow up; deaths occurred on days 20 and 25 for causes unrelated to COVID-19. In the 
matched untreated cohort, 7 of 8 deaths were attributable to COVID-19. 
 
 
Adverse effects were rare (19/2355: fever, n = 6; nausea, n = 5; lightheadedness: n = 3). 
 
GANESH et al. conclude: “Based on this study, it is estimated that, in the first 28 days of 
follow up of 1789 patients, there were 358 hospital days, 179 ICU days, and 6 lives saved.” 
At the time of the preprint (May 2021), bamlanivimab was no longer authorized for use as 
monotherapy in US because of the evolution of new variants.  
 

In a study from California, 175 patients with risk factors were treated with mAbs 
(Casirivimab/imdevimab: 83.4 %: bamlanivimab: 16.6 %) between November 1, 2020 and 
February 28, 2021. There were 442 controls, but the mAbs group was older, had more men, 
more comorbidities, and a higher risk score. 94 % of the patients received mAbs within 5 
days of symptom onset (JENKS et al.).  

Hospitalization: 1.7 % vs. 24 % (p < 0.005); aOR: 0.0466 (p < 0.0001)                                                                                                 
Deaths: 0 % vs. 2.7 % (p = 0.024)                                                                                                                      
NNT to prevent one hospitalization: 4.5                                                                                                             
hospital stay if hospitalized: 4.3 vs. 7.04 days (n.s.) 

JENKS et al. concluded: “The significant reduction in COVID-19 related hospitalizations and 
deaths with early mAb administration should prompt more widespread use and development 
of dedicated outpatient COVID-19 centers to treat patients with COVID-19 infection, and this 
strategy may serve as a model in future infectious disease outbreaks.” 

 
 
JARRETT et al. reported about mABs infusion for outpatients with symptomatic COVID-19 
between November 20th, 2020 and January 31st, 2021 in New York. They used Bamlanivimab 
(88.8 %) or Casirivimab/Imdevimab (11.2 %). Median days from symptom onset to therapy 
was 6 days (IQR: 4 – 8), median age: 67 years. 
 
Hospitalization rate according to the time interval between symptom onset and mABs 
therapy: 
0-4 days: 4.4 % (n = 720) 
5-7 days: 4.6 % (n = 1229) 
8+ days: 6.0 % (n = 772)            (but n.s., p = 0.15)  
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There was no control group available that would have allowed to calculate if (and how 
much) mAB infusion prevented hospitalization. 
 
Mortality: 0.6 % (16 patients), not stratified according to the time of infusion and 
formulation of the mAB treatment.  
 
However, there was no difference in in-hospital mortality between those who had to be 
hospitalized despite prior mAB infusion (n = 145) compared to 200 hospitalized controls who 
hadn’t gotten mABs (11 % mortality vs. 10.5 % in controls). 
 
Comparing Bamlanivimab with Casirivimab/Imdevimab, the latter was associated with a 
trend to less inpatient visits (though 11.2 % of all patients received that combination, they 
contributed only 8.3 % of all inpatient visits).  
 
The results might suggest that early administration of Casirivimab/Imdevimab provides the 
highest protective effect, but no regression analysis or modelling was performed about that 
subject. 
 
 

A meta-analysis from XIANG HR et al. (up to August 5, 2021), restricted to RCTs (n = 3) and 
observational studies with a control group (n = 7), including altogether 14461 patients, 
reported the following outcomes for bamlanivimab alone or the combination of 
bamlanivimab + etesevimab: 
 
●  Outpatients: prevention of hospitalization or emergency department visit: RR 0.41 (CI 0.29 
– 0.58)  (n = 11 trials, 14152 patients) 
●  … ICU admission: RR 0.47 (CI: 0.23 – 0.92)  (2 trials, 5073 patients) 
●  … mortality: RR 0.32 (CI: 0.13 – 0.77) (9 trials, 13298 patients); after exclusion of one study 
that included also patients who got Bamlanivimab after hospitalization RR was 0.20 (CI: 0.10 
– 0.40) and heterogeneity decreased significantly. 
 
Some of the included studies concerned the combination of bamlanivimab and etesevimab. 
This combination reduced risks more than 700 mg of single antibody (RR 0.29). What about 
mortality, XIANG et al. found a RR of 0.33 (CI: 0.18 – 0.58) for 700 mg bamlanivimab and a RR 
of 0.05 (0.00 – 0.91) for 2800 mg bamlanivimab + 2800 mg etesevimab. 
 
 
In a large study from US and Mexico, WEIDENREICH et al. reported about the use of REGEN-
COV (casirivimab and imdevimab) in a phase III trial (placebo-controlled RCT) including 4057 
outpatients with one or more risk factors for severe disease. Two different doses of REGEN-
COV were studied (2400 mg [1200/1200mg] and 1200 mg [600/600 mg]), each given as a 
single treatment. Follow-up was 28 days, endpoints were hospitalization, death and time to 
symptom resolution. Placebo was saline. Patients were enrolled between September 24th 
2020 and January 17th, 2021, i.e. before VoCs started to play an important role in the 
epidemic in North America. Median age was 50 years; 69 % of patients were seronegative at 
baseline. Patients had a median of 3 days (IQR: 2 – 5) of symptoms at randomization 
(infusion was performed at the day of randomization), and the high viral load of about 
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10.000.000 copies/ml (nasopharyngeal swab) is in accordance with the suggestion that the 
patients were enrolled during the early course of their infection. 
 
In the placebo group, higher viral load at baseline (> 1.000.000 copies/ml) was associated 
with increased risk of hospitalization or death (combined endpoint: 6.3 vs. 1.3 %). The 
combined endpoint was reached in 5.3 % of the seronegative patients at baseline and 4.0 % 
of the seropositive patients. Patients who were initially seropositive but progressed to 
hospitalization or death had high viral load at baseline and at day 7 (probably due to an 
ineffective immune response despite their own antibodies), similar to seronegative patients 
with the same bad outcomes. 
 

REGEN-COV vs. placebo:  
 
2400 mg: Hospitalization or death: 1.3 % vs. 4.6 % (71.3 % reduction, p < 0.0001)                                                                                                                                                                           
1200 mg: Hospitalization or death: 1.0 % vs. 3.2 % (70.4 % reduction, p = 0.0024) 
2400 mg and also 1200 mg:  Median time to resolution of symptoms: 10 vs. 14 days (p < 
0.0001). 
ICU: 0.4 %* vs. 1.1 % 
Mechical ventilation: 0.1 %* vs. 0.4 %  
All-cause death: 0.1 %* vs. 0.2 %   
 
(* 1200 mg and 2400 mg combined) 

 
The reduction of the risk of hospitalization and all-cause death, compared to placebo, 
started at day 1 – 3 after the infusion. From day 4, the reduction was 89.2 % in the 2400 mg 
group an 71.7 % in the 1200 mg group. 
 
The efficacy was consistent across subgroups and also found in patients who were already 
SARS-CoV-2 seropositive at baseline. Viral load was reduced more quickly compared to the 
placebo group, and serious side effects were more frequent in the placebo group (4.0 % vs. 
1.1 % or 1.3 %).  
 
Importantly, WEIDENREICH et al. point out that serological testing at baseline is not critical 
for the decision in favor or against REGEN-COV treatment. This offers the possibility to 
consider this treatment also in the case of breakthrough infections in vaccinated people e.g. 
in the case of VoCs. Breakthrough infections may indicate an insufficient natural immune 
response.  
 
WEIDENREICH et al.: “This is important given the prevalence of vaccine utilization, which will 
result in baseline serum antibody-positive status that may not effectively prevent severe 
infection in patients with ineffective natural immunity (…) or in the setting of emerging 
VOC/VOIs.” 
 
This sentence is so important because it offers a first idea how breakthrough infections can 
be treated in vaccinated patients with risk factors for severe disease.  
 
Moreover, 1200 mg and 2400 mg had similar clinical and antiviral efficacy. This may offer the 
chance to reduce the thresholds for REGEN-COV administration (since more patients can be 
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treated in case of limited availability of REGEN-COV). In the subgroup analyses, there is no 
clear evidence that one dose is superior to the other dose. 
 
The WEIDENREICH study was the largest randomized phase III outpatient trial with COVID-19 
patients published so far (as of May 21st, 2021). 
 
In June 2021, WEIDENREICH et al. (2) reported about the final results of the phase I/II 
portion of the NCT04425629 REGEN-COV trial. They found that REGEN-COV treatment in 
outpatients significantly reduced SARS-CoV-2 viral load and COVID-19-related medically-
attended visits (2.8 % vs. 6.5 %, relative risk reduction = 57 %), and the latter was more 
pronounced in patients with at least one risk factor for hospitalization (RRR 71 %). 
 
 
REGEN-COV can also be administered subcutaneously. O’BRIEN et al. reported about phase 
3 results “of early treatment of asymptomatic, SARS-CoV-2-positive adults and adolescents 
with subcutaneous REGEN-COV” (1200 mg) (Part B arm of their study). In that RCT, 
“individuals ≥12 years of age were eligible if identified [as SARS-CoV-2-positive; added] 
within 96 hours of a household contact being diagnosed as SARS-CoV-2-positive” (n = 155 
Regen-COV and 156 placebo). Thus this study was not about PEP, but about already SARS-
CoV-2-positive, but still asymptomatic family members identified within 96 hours of a 
positive index case in the household. PEP was subject of another arm of the study (Part A), 
but this is not published in the O’BRIEN paper mentioned before. 
 
“The primary endpoint was the proportion of infected participants without evidence of prior 
immunity (i.e., SARS-CoV-2-RT-qPCR-positive/seronegative) who subsequently developed 
symptomatic Covid-19 during a 28-day efficacy assessment period”. 
 
In individuals seronegative at baseline (n = 207; 66 %), subcutaneous REGEN-COV reduced 
progression from asymptomatic to symptomatic disease (29.0 % vs. 42.3 %; 31.5 % relative 
risk reduction) and the aggregated symptomatic time by 45.3 % (-5.6 % days per 
symptomatic patient). 
 
Hospitalization or emergency visits: 0 vs. 6 (3.8 %) 

 

Subcutaneous REGEN-COV was well tolerated. 
 
 
 
 

However, there is a need to adapt the antibody treatment to new variants and one can only 
hope that mABs like Ly-CoV1404 become available quickly that was found to neutralize 
many variants including B.1.1.7, B.1.351, B.1.427/B.1.429, P.1, and B.1.526 (WESTENDORF K 
et al.).  

But WEIDENREICH et al. reported that REGEN-COV retains activity against variants with the 
mutation E484K like B.1.351, P.1 and 1.526, besides other VoCs like B.1.1.7 and B.1.429, 
according to in vitro evidence. 
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With regard to the Indian variant B.1.617, Bamlanivimab was found to be completely 
ineffective and Casirivimab showed reduced efficacy. Etesevimab alone, Imdevimab alone 
and the combination of Imdevimab and Casirivimab were found to be effective, whereas the 
combination of Etesevimab and Bamlanivimab showed reduced effectiveness. In summary, 
monotherapies with Casirivimab and particularly Bamlanivimab are not suited for patients 
infected with B.1.617 (HOFFMANN et al.), or in a PEP setting where B.1.617 is circulating. 
The effectiveness against B.1.351 was similar to the effectiveness against B.1.617, except for 
the important difference that both Etesevimab alone and the combination of Etesevimab 
and Bamlanivimab are ineffective against 1.351 (HOFFMANN et al.). 

 
Effectiveness of four different antibodies according to PLANAS et al.: 
 

                  Bamlanivimab   Etesivimab     Casirivimab      Imdevimab 

 

D614G                 +                        +                         +                       + 

B.1.1.7                  +                        -                          +                       + 

B.1.351                 -                         -                          +                       +  

B.167.2                 -                         +                         +                       +   

 
Effectiveness according to POGUE et al.: 
 

 
                                           Bam              Bam+Ete          Casi+Imde 
 
D614G                                    +                      +                      + 
 
501Y                                        +                      +                      +  
 
E484K                                      -                       +                     + 
 
K417N,E484K,N501Y            -                        -                     +    
 
L452R                                      -                        +                     +     
 

 
Moreover, it is of essential importance to understand that monoclonal antibodies are only 
effective if given very early. The RECOVERY trial (RCT) studied REGEN-COV (casirivimab + 
imdevimab) in 9785 hospitalized patients (HORBY et al. (6)). Despite the high dose of 8 g for 
REGEN-GOV (4 g of each antibody), there was no significant effect on 28-day mortality (20 % 
vs. 21 % in controls, i.e. RR 0.94; 0.86 – 1.03).  
 



44 

 

In the subanalyses, patients who were seronegative at baseline (32 %; but 14 % with 
unknown baseline antibody status) profited a little (mortality: 24 % vs. 30 %, RR 0.80; CI: 
0.70 – 0.91). In contrast, patients who were already seropositive at randomization didn’t 
profit from REGEN-COV et all (RR 1.09; CI: 0.95 – 1.26). The same applied to a composite 
endpoint of mechanical ventilation or death (seronegative: RR 0.83, CI: 0.75 – 0.92; 
seropositive at baseline: RR 1.10; CI: 0.97 – 1.24). This is in contrast to the results from 
WEIDENREICH et al. for REGEN-COVID in outpatients; in outpatients, REGEN-COV was 
effective even if the patients were already seropositive at baseline. 
 
 
PAYNE et al. recommended casirivimab/imdevimab or bamlanivimab/etesevimab for early 
outpatients in combination with a supportive therapy consisting of 
●  zinc gluconicum  13.4 mg PO every 6 hours 
●  melatonin 3 mg PO nightly 
●  vitamin D 2000 IU PO daily 
 
 
GUPTA et al. (2) reported first results about the treatment of early outpatients with the pan-
sarbecovirus-monoclonal antibody Sotrovimab (500 mg i.v.; multicenter double-blind phase 
3 trial; NCT04545060, COMET-ICE study). The placebo-controlled RCT included 
nonhospitalized symptomatic patients with mild or moderate disease with at least one risk 
factor for disease progression. The interim analysis included 291 patients who got sotrovimab 
and 292 who got placebo (saline). Progression was defined as hospitalization longer than 24 
hours or death through day 29. Study interval: August 27, 2020 to March 4, 2021. Symptom 
onset was demanded to be within 5 days before screening for study participation; Sotrovimab 
or placebo was then administered within 24 hours. Participants had to be either at least 55 
years old, or had to have risk factors (independent of age) like BMI > 30 or diabetes requiring 
medication. Patients with severe disease (e.g. shortness of breath at rest, oxygen demand) 
were excluded. Median age: 53 years. 
 
Progression: 3/291 vs. 21/292; 1 % vs. 7 %; risk reduction: 85 % (CI: 44 – 96 %; p = 0.002) 
       (one of the three hospitalizations in the verum group probably unrelated to COVID-19) 
ICU: 0/291 vs. 5/292 
Need for mechanical ventilation: 0/291 vs. 3/292 (1 refused intubation and died) 
Death: 0/291 vs. 1/292 
Adverse effects: 17 % vs. 19 % 
Serious adverse effects: 2 % vs. 6 % 
 
It is supposed that an antibody that neutralizes all sarbecoviruses would target a highly 
conserved epitope that remains stable during the evolution of SARS-CoV-2, and it was 
already shown that Sotrovimab retained activity against B.1.1.7, B.1.351, P.1 and the 
Californian variants B.1.427/B.1.429. Thus the effectiveness of this antibody is independent 
from mutations in the RBD.   
 
Another very interesting concept for the future might include nanobodies (e.g., LI D et al., 
SANG Z et al., XU J et al.), particularly with respect to critical (e.g.vaccine escape) variants. 
Because there are so far no results from clinical studies, this very promising concept is not 
discussed here in detail.  
 

https://www.medrxiv.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT04545060&atom=%2Fmedrxiv%2Fearly%2F2021%2F05%2F28%2F2021.05.27.21257096.atom


45 

 

 
 
 
 
 

Note on early Remdesivir (“Why wait another day?”) 
 
Rating: more evidence for early treatment needed; limitation: i.v. administration 
 
Because administration of remdesivir needs infusion, early remdesivir treatment has the 
same limitations like antibodies or convalescent plasma. It is well established from primate 
models (WILLIAMSON et al.) that remdesivir should be administered as early as possible in 
the course of the disease in order to reduce the viral load as quickly as possible. Instead of 
establishing ambulant infusion centers or (to avoid transport of highly infectious people) 
home-based infusions, Remdesivir was used in hospitalized patients – with disappointing 
results (as expected), so that WHO eventually recommended not to use Remdesivir in 
hospital any more.  
 
In March 2021, a meta-analysis based on 4 RCTs from peer-reviewed literature with 7333 
hospitalized patients found an OR of 0.89 (CI: 0.65 – 1.21, p = 0.30) for mortality among 
patients who got Remdesivir instead of usual care alone or placebo (ROBINSON R et al.). 
 
As a mere antiviral, Remdesivir has to be used in the early, viral phase of the disease that is 
characterized by strong viral replication and quick rise of viral load (doubling every ~ 6 hours; 
and probably still more quickly in Delta); it is not an agent that is directed against 
hyperinflammation, cytokine storms, ARDS, hypercoagulation or inflammation of the 
endothelium – the problems why COVID patients are hospitalized. Remdesivir in hospital 
may possibly still make sense as an adjunct to immunosuppressive therapy to avoid the 
resurgence of viral load, but it doesn’t seem to be life-saving there.  
 
Based on theory, pharmacology, stage-specific course of the disease, it is absolutely 
plausible that Remdesivir is an agent for early/very early treatment in risk patients, but the 
need for i.v. administration prevents its use in a way that would be adequate and necessary 
and in line with its pharmacology and mode of action. As a result, there are no high-grade 
trials about its “true” early use shortly after the emergence of symptoms or a positive test 
result in persons with risk for severe disease. At best, one can compare “early” vs. “late” use 
after hospital admission, but in most cases, hospital admission occurs in a more progressed 
stage of the disease (stage 2 or beyond) and not in the stage 1 that is dominated by strong 
viral replication before the emergence of first IgM antibodies, pneumonia, cytokine storms 
and immunopathologies. As MEHTA et al. showed in their trial based on 346 patients (as 
mentioned above), Remdesivir reduced mortality with an OR of 0.44 (CI: 0.25 – 0.76) (fixed 
effect model) or 0.42 (CI: 0.25 – 0.75, random effect model) if started within 9 days after 
onset of symptoms, compared to start of Remdesivir after 10 days or more. This applied 
even to severe patients (OR 0.40, sign.) and (as a trend) to those who were mechanically 
ventilated (OR 0.51, n.s.). However, 9 days vs. 10 days is still a “late” cut-off and at that time, 
the disease already progressed beyond Stage I, thus a (much) earlier start of Remdesivir at 
the beginning of stage I is expected to yield better results. 
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CUBEDDU and CUBEDDU (“Why wait another day”?) presented a single case of a 77-yr old, 
highly comorbid man who got the first dose of Remdesivir (200 mg) about 48 hours after 
onset of his symptoms. Symptoms improved markedly within 24 hours, and he got 100 mg 
daily during the next three days; the fifth dose was withheld because of his excellent course, 
and he was discharged after three days and could resume all of his physical activities, only 
limited by home isolation. 
 
CUBEDDU and CUBEDDU: “While blanket use of remdesivir in COVID-19 positive subjects is 
neither desirable nor expectedly cost-effective, in higher-risk patients, early inhibition of viral 
replication may be clinically impactful and lifesaving.“ 

 
DÖLKEN et al. suggested to test antivirals like Remdesivir at first in very early settings like 
PEP or in high-risk individuals with a positive test results who still don’t have symptoms. This 
would allow much more quickly to understand whether the antiviral is efficacious against 
SARS-CoV-2 or not. DÖLKEN et al.: “We suggest in conclusion that any novel antiviral agent 
that enters human trials should first be tested in a post-exposure setting to provide rapid and 
solid evidence for its clinical efficacy before initiating further time-consuming and costly 
clinical trials for more advanced disease. In the COVID-19 pandemic this might have 
established remdesivir early on as an efficient antiviral agent at a more suitable disease 
stage which would have saved many lives, in particular in large outbreaks within residential 
care homes.“ 

 
Moreover, one may consider a combination of Remdesivir and Ivermectin, because in vitro 
data point to a strong synergism (JEFFREYS et al.), but also nitazoxanide and umifenovir can 
be considered as partners for remdesivir (BOBROWSKI et al.) based on in vitro evidence of 
synergism and antagonism. WEINBERGEROVA et al. already reported about the successful 
treatment of a high-risk population of COVID-19 patients with hematological malignancies by 
early (!) combination of remdesivir and high-titer convalescent plasma.  
 
The same applies to the antifungal itraconazole and the antidepressant fluoxetine (RESCHER 
et al.) and monoclonal antibodies (MARTINEZ et al.), the latter based on a mouse model of 
severe COVID-19, but also in accordance with the successful treatment and quick 
improvement of COVID-19 of Donald Trump. 

Importantly, PACL et al. showed both in silico and in vitro that the antiviral activity of 
Remdesivir can be “dramatically enhanced” by water soluble alpha-tocopherol derivatives. 

 
Thus there is a big arsenal for (very) early antiviral treatment for risk patients as long as the 
course of the disease is confined to the early stage I (viral replication stage), but this chance 
is systematically ignored and it is one of the big dramas of COVID-19 that this early antiviral 
treatment is not amenable to self-treatment and self-management of the risk patients. Of 
course, there may be no need for such expensive intervention in young and otherwise 
healthy subjects (but remember Long COVID), but in an ideal health system, every risk 
patient should have access to early antiviral treatment regimens like Remdesivir or 
combined regimens including Remdesivir, and, e.g., monoclonal antibodies. And even in 
young und otherwise healthy individuals, the risk of Long Covid and other long-term 
sequelae should be considered. 
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In a study from Hong Kong, early remdesivir in hospitalized moderate patients [not requiring 
oxygen at admission] (n = 352; propensity-score matched controls: n = 1347) was associated 
with quicker clinical improvement, quicker reduction of viral load, lower risk of in-hospital 
mortality (HR 0.58; CI: 0.34 – 0.99; p = 0.045) and shorter hospital stay (-2.56 days) (WONG 
CHK et al. (2)). 

In a retrospective study from India (658 COVID-19 patients hospitalized from May 5 to 
August 31, 2020; 398 got Remdesivir = RDV, 260 comparable patients didn’t get RDV since 
RDV was not available at the time of their hospitalization but would have fulfilled the criteria 
to get RDV if available), mortality was 5.8 % in the RDV group and 10.4 % in the non-RDV-
group. In the subgroup analysis, mortality was 3.6 %, 4.0 % and 16.7 % when RDV was 
started within 5 days, 5 to 10 days or after 10 days of symptom onset. Fewer patients from 
the RDV group needed mechanical ventilation (4.0 % vs. 8.2 %), and early initiation of RDV 
was associated with shorter hospital stay (MADAN et al.). 

 

 

 
 
 
 

Note on antipyretic therapy in general and on paracetamol 
(acetaminophen) (WARNING!) 
 
Rating: Warning, not recommended! 
 
 
STEINER recommends to avoid antipyretic treatment (like paracetamol) in the early course 
of the COVID disease; patients should let fever run because it is part of early host-defence 
mechanisms against the infection, aiding the immune system in the clearance of pathogens. 
According to animal studies, the benefits of raised body temperature to immunity far 
exceeds its costs to the host. Human RCTs with rhinovirus-infected individuals showed that 
aspirin, acetaminophen (paracetamol) or ibuprofen are associated with increased or 
prolonged viral shedding, and aspirin and acetaminophen even suppressed the neutralizing 
antibody response. Thus suppression of fever may increase risk of long-lasting infection and 
possibly viral shedding and infectiousness.  
 
STEINER also considers the possibility that the higher risk of complications in COVID-19 in 
older people may be related to the suppression of fever in elderly patients; 20-30 % of 
elderly patients with serious infection have no fever at all. In animal experiments, old rats 
regained the ability to develop fever if they got the chance to move to a warmer 
environment. STEINER sees the possibility of a therapeutic opportunity if the same 
thermoeffector pattern occurs to humans: an elderly person with respiratory symptoms 
who complains of chilliness (an indicator for developing fever) should be provided with 
warmth instead of antipyretics. 
 
STEINER explains in detail that fever is self-limiting and that there is no need to be afraid that 
fever is dangerous itself (only the underlying condition might be so). The situation may be 
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different in hospitalized patients with severe stages of infection; in cases of compromised 
physiological fitness like sepsis, the energetic costs of fever may be too much, and it may 
promote the maladaptive inflammation. But this doesn’t apply to early outpatients; thus “it 
may be proper to break cultural habits and advise against the use of antipyretic drugs for at 
least a few days after the onset of symptoms” (STEINER). 
 
NSAID may impair immunity including antibody production. REESE et al. reported about 
increased severity of COVID-19 and statistically significant increase of mortality in COVID-19 
patients who took paracetamol because of osteoarthritis, pain or rheumatoid arthritis at the 
time before and when they were diagnosed with COVID-19, based on 14006 COVID patients 
from an US clinical data registry (encompassing more than 250.000 COVID patients 
altogether) who took paracetamol for one of these three reasons, and 14006 matched 
COVID patients who didn’t take paracetamol at that point of time. ORs for more severe 
disease (compared to the “no intake” matched patients) was 6.4 in case of osteoarthritis, 6.7 
in case of rheumatoid arthritis and 9.1 for pain (possibly representing a dose-effect 
relationship if the pain group took the highest dose).  
 
One may argue now that pre-COVID intake of paracetamol because of pain may be the 
consequence of undiagnosed COVID-19 at that point of time. However, this cannot apply to 
patients who took paracetamol because of osteoarthritis or rheumatoid arthritis. Moreover, 
if pain because of undiagnosed COVID-19 might be a confounder in that study, then also 
COX2 inhibitors who were taken because of pain (pre COVID diagnosis) would have to be 
expected to show similar associations, but this is not true. In fact, diclofenac had an OR of 
0.9 (0.8 – 1.1) if used for “pain” and an OR of 1.0 (0.8 – 1.3) if used for osteoarthritis.  
 
Similar effects were seen for all COX inhibitors (except for selective COX2 inhibitors), but 
paracetamol showed the most pronounced effect. The recommendation not to take 
ibuprofen in case of COVID-19 was also confirmed in this study.  
 

In summary, the results from REESE et al. suggest that paracetamol and all COX inhibitors 
(except for selective COX2 inhibitors) should be avoided in case of COVID-19, at least as long 
as the results from REESE et al. are not rejected by better evidence.   

 
 
Meanwhile, drugs with antipyretic potential (e.g. paracetamol) are proposed to be taken in 
association with COVID vaccinations in order to reduce harmless, but unpleasant side 
effects. Taking into accout the association between fever and immunity and the potential 
suppression of the neutralizing antibody respone by some of these drugs in animal 
experiments as reported by STEINER, it seems better to accept these side effects (that seem 
to be limited to 1-3 days) without pharmacological intervention. It seems wise to relax after 
vaccination and to take a few free days (and to sleep more than 6 hours a day) than to hurry 
to work with pain and fever that must be controlled by antipyretics or analgetics in order to 
be able to “work” and “function”. 
 
 
What about paracetamol in particular, PANDOLFI et al. discuss several reasons why 
paracetamol as home therapy may increase the risk of worsening and hospitalization, 
particularly in elderly and those with comorbidities or metabolic syndrome. Paracetamol 
induces or worsens glutathione consumption in elderly with COVID-19, enhancing the risk of 
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COVID exazerbation. Paracetamol is often used by outpatients because fever is a frequent 
symptom of COVID-19. In a study from Italy with two different protocols for home 
treatment, 13.1 % of those with a paracetamol-based protocol had to be hospitalized, in 
contrast to 1.2 % with the other protocol without paracetamol (p = 0.007)  (PANDOLFI et al.). 
Activation of pro-thrombotic mechanisms by paracetamol, also mediated via GSH-
dependent pathways, may be on reason for that. 
 
Fulltext:  
 
https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmv.27158 
 
 
 
 
 
 

Vitamins, nutritional supplements (vitamin D, magnesium, vitamin 
B12) 
 
Rating: more evidence needed; maybe helpful as adjuvant (but not sufficient as single 
treatment)   
 
 
Vitamin D supplementation (alone or in combination) is subject of a few trials of COVID 
chemoprophylaxis. It is estimated that up to 15 % of all COVID-19 infections can be avoided 
by vitamin D supplementation (DANESHKHAH A et al.). However, it is presumed that 
predominantly only people with real vitamin D deficiency will profit from it, whereas it 
seems less probable that people with vitamin D levels in the normal range will profit from 
additional supplementation. To know more, one has to wait until the results from ongoing 
trials are available (details about the trials see http://freepdfhosting.com/9686575098.pdf 
[engl.] and http://freepdfhosting.com/bedd8b1c79.pdf [german], more details about a 
possible role in chemoprophylaxis see http://freepdfhosting.com/863ed84c7f.pdf). 
  
 
TAN et al. reported about their observational cohort study on hospitalized patients (≥ 50 
years) in Singapore. They started “DMB”-treatment directly after admission to hospital. 
DMB: Vitamin D 1000 IU/day, 150 mg magnesium/d and 0.5 mg vitamin B12/d (all per os). 
Only patients were included who didn’t need oxygen support at the time of admission. This 
offered the possibility to choose a later demand for oxygen support as one of their 
endpoints. Median duration of DMB intake was 5 days (interquartile range: 4 – 7 days). 
 
Unfortunately, the trial was very small. 17 patients got DMB, 26 not. In the beginning, the 
characteristics of both groups were very similar. In the course of hospitalization, 3/17 
(17.6%) of the patients from the DMB group, but 16/26 (61.5 %) from the control group 
progressed to demand for oxygen support (p = 0.006). In univariate analysis, the odds ratio 
for the combined endpoint of oxygen support and/or ICU admission was 0.13 (CI: 0.03 – 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/jmv.27158
http://freepdfhosting.com/9686575098.pdf
http://freepdfhosting.com/bedd8b1c79.pdf
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0.59) in the DMB group. Significance persisted in the multivariate analysis (OR: 0.15; CI: 0.03 
– 0.93).  
 
This trial was confined to early treatment following hospitalization; however it is obvious to 
assume that outpatients may profit from early intake of DMB too, starting as soon as 
possible after diagnosis or symptoms which are suggestive of COVID-19, or even as a sort of 
PEP.   
 
In a small trial from Cordoba, 532 microgram Calcifediol (as soft capsule) given at the day of 
hospital admission, followed by 266 microgram on day 3 and 7, was associated with a 
reduced risk of ICU admission (1/50 = 2 % vs. 13/26 = 50 %). Calcifediol was chosen in the 
trial “because of its reliable intestinal absorption and rapid restoration of serum 
concentration”. Odds ratio for ICU admission after correction for imbalances: 0.03 (0.003 – 
0.25). Mortality was 0 vs. 8.0 % (p = 0.11) (JUNGREIS and KELLIS). Though the trial was small 
and its first report suffered from several limitations, JUNGREIS and KELLIS re-analyzed the 
data with robust statistical methods.  
 
In contrast to these favorable results, a placebo-controlled RCT from Brazil with 240 
hospitalized patients with severe COVID-19 who got a single oral dose of 200.000 IU of 
vitamin D3 or placebo as an adjuvant treatment (mean 56 years, 56 % men) found no 
significant effects on hospital stay (7.0 vs. 7.0 days, HR 1.12), mortality (7.0 % vs. 5.1 %), ICU 
admission (15.8 % vs. 21.2 %), mechanical ventilation (7.0 % vs. 14.4 %) and duration of 
mechanical ventilation (18.1 vs. 11.4 days), though vitamin D supplementation significantly 
increased serum 25-hydroxyvitamin D levels by 24.0 ng/ml without side effects. Cox 
regression did not show significant associations between secondary outcomes and potential 
confounders (MURAI et al.). Only 6.7 % of patients in the vitamin D3 group still had vitamin 
D3 deficiency after the intervention, compared to 51.5 % in the placebo group.  
 
If one restricts the analysis to the 116 patients with vitamin D deficiency at baseline (in both 
groups), serum level increased by 22.7 ng/ml after vitamin D supplementation. Mortality 
was 7 % vs. 1.7 %, ICU admission 17.5 vs. 15.5 %, need for mechanical ventilation 7.0 vs. 
8.6%, duration of mechanical ventilation 15 vs. 12.6 days (vitamin D group vs. controls) (all 
n.s.) (MURAI et al.). 
 
Thus the effect of vitamin D supplementation as a therapeutic adjuvant in COVID-19 remains 
unclear and may be zero. On the other hand, differences may also be due to the time of 
administration or effects of geographical latitude or ethnicity. In the MURAI trial, vitamin D 
was given to hospitalized patients who had already developed severe disease. Maybe this 
was too late.   
 
In January 2021, NIKNIAZ et al. reported about a systematic review and meta-analysis of 
vitamin D supplementation on clinical outcomes and mortality rate of COVID-19 patients 
(search until December 16th, 2020). After excluding observational studies, case-control 
studies, case series and cohort studies, only four studies (2 RCTs and 2 quasi-experimental 
studies) with 259 patients (139 with vitamin D intervention) were available (2 x France, India, 
Spain). Two studies were conducted among aged patients (mean ages 87.7 and 88 years), 
one in vitamin D deficient patients (25(OH)D < 20 ng/ml). In three of the studies, vitamin D 
was given as bolus (single oral dose of 80000 IU for one day) or 60000 IU daily for 7 days. The 
populations of the studies were very heterogenous: (i) asymptomatic or mildly symptomatic 
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PCR+ patients with vitamin D deficiency; (ii) elderly PCR+ nursing home residents, (iii) 
hospitalized patients in a geriatric unit and (iv) hospitalized patients with a mean age of 53 
years. All studies included co-treatments (e.g., antibiotics, HCQ, corticosteroids and others), 
and the variable was supplementation (or no supplementation) of vitamin D in addition to 
standard care/co-treatment.  
 
The pooled analysis showed a significantly lower mortality rate in the intervention group 
(10.56 % vs. 23.88 %, OR 0.264: p = 0.008); moreover, two studies reported a significant 
clinical improvement compared to the control group, and one study reported about a lower 
rate of ICU admissions. NIKNIAZ et al. conclude: „Prescribing vitamin D supplementation to 
patients with COVID-19 infection seems to decrease the mortality rate, the severity of the 
disease, and serum levels of the inflammatory markers.“ 
 
 
A small retrospective controlled trial from Spain showed favorable results for the adjuvant 
administration of a very complex nutritional supplement “ImmunoFormulation TF” in 
patients from mild to severe disease. The formulation included transfer factors from porcine 
spleen (Imuno-TF; 100 mg); 800 mg anti-inflammatory natural blend, 60 mg zinc orotate, 48 
mg selenium yeast (= 96 microgram Selenium), 20000 IU cholecalciferol, 300 mg ascorbic 
acid, 480 mg ferulic acid, 90 mg resveratrol, 800 mg spirulina, 560 mg N-acetylcysteine, 610 
mg glucosamine sulphate potassium chloride, 400 mg maltodextrin-stabilized orthosilicic 
acid (total daily dose that may be divided into 3 subdoses each 8 hours apart) (HERNANDEZ 
et al.). However, because of the small number of patients (20 got the supplement, 19 
controls), large differences in mean age (54.25 vs 81.16 years in controls) and time lag 
between onset of symptoms and first consultation (and start of ImmunoFormulation in the 
verum group and start of standard care in the control group: 6 vs. 15 days), the results of this 
study (supported by the producer of Imuno TF) are not discussed here in detail. In short, the 
formulation had an advantageous effect und shortened the duration of symptoms, and there 
were no adverse drug reactions. A much larger and better designed trial is needed to analyse 
the effects of the complex supplement. It looks interesting, but the study design is highly 
insufficient.      
 
SAHEBNASAQH A et al. gave a detailed overview about potential anti-COVID mechanisms 
and ongoing trials including Vitamin C, Vitamin D, selenium, zinc, melatonin and 
acetylcysteine for treatment (as adjuvant or main treatment strategy) for COVID-19. They 
also noted the combination of quercetin and zinc since quercetin is an ionophor for zinc. 
However, there were no results from such trials at the time when this paper was completed. 

 
 
 

Acetic acid inhalation  
 
Rating: weak recommendation, much more evidence needed; there may be better 
alternatives for inhalation  
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PIANTA et al. reported about their small controlled trial of acetic acid inhalation in mild 
COVID outpatients at home. 35 ml of vinegar (with a content of 6 % acetic acid) was given 
into 500 ml of boiling water and inhaled for 10 minutes twice a day, either with a simple 
apparatus for inhalation or with head and nose above a saucepan and some cover over the 
head (in that case, one needs protection for the eyes). The authors calculated a 
concentration of 0.34 % acetic acid in this situation.  
 
There were two groups; all patients got hydroxychloroquine. The control group, who didn’t 
inhale acetic acid, got lopinavir/ritonavir. Thus this trial compared acetic acid inhalation to 
lopinavir/ritonavir in patients who got HCQ as basic treatment. Again, this was only a very 
small trial. There were 14 patients in the acetic acid group and 15 patients in the 
lopinavir/ritonavir group. No side effects of acetic acid inhalation were reported. 
 
 
 

                                                                                                 Acetic acid        Lopinavir/Ritonavir 
                                                                                                      N = 14                     N = 15 
__________________________________________________________________________ 
hospitalization                                                                              0                              1 
improvement of symptoms after 15 days                             100 %                       92,9 % 
PCR-negative at day 15                                                              80 %                       53.8 %* 
 
total number of symptoms 
  (cumulative for all patients)                                                     47                            50 
symptoms still present on day 15                                            17 %                       38 % 
dto., but calculated without symptoms 
   associated with smell and taste**                                      12.5 %                    34.1 %                      
                                                                                                                                *of 13 patients 
**which may take some time to recover because they are neurological symptoms 

 
 
The numbers of participants were too small for statistical testing; however, taking all results 
together, there is an obvious trend that acetic acid inhalations are superior to 
lopinavir/ritonavir – a medicine which is well-known for its unpleasant side effects (mostly 
gastrointestinal) in the case of short term treatment; in larger clinical trials with 
lopinavir/ritonavir, there are usually some patients who stopped taking it because of these 
side effects. Meanwhile, L/R is regarded as ineffective in COVID-19, at least as far 
hospitalized patients are concerned (RECOVERY). 
 
 
 
 

Povidone-iodine for nasal and throat spray and/or irrigation 
 
Rating: promising as prophylaxis or adjuvant to treatment, but much more evidence needed  
 
See also: http://freepdfhosting.com/66b45bc8c1.pdf 
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LIANG et al. assume that povidone-iodine (PVP-I) as nasal spray and nasal irrigation (nasal 
wash, lavage) reduces the viral load in the nasal cavity and the nasal tract. This doesn’t only 
reduce infectivity with regard to contacts, but it is believed that this will reduce or avoid the 
expansion of the local (nasal/nasopharyngeal) infection towards the lower respiratory tract 
(e.g., prevention of pneumonia or lesser severity of pneumonia). Early antiseptic treatment 
of the nasal tract may thus result in milder disease.  
 
PELLETIER et al. found that PVP-I in concentrations as low as 0.5 % was able to inactivate 
SARS-CoV-2 completely (100 %) in vitro within 60 seconds, and 0.5 % PVP-I was not inferior 
to 1.0 or 1.5 % PVP-I. However, they didn’t examine concentrations of less than 0.5 %. They 
used nasal antiseptic and oral rinse solutions. BIDRA et al. found that 0.5 % PVP-I (as oral 
rinse/gargle solution) inhibits SARS-CoV-2 completely within 15 seconds; 70 % alcohol was 
less effective and needed 30 seconds for complete inactivation. 
 
According to PARHAR et al., PVP-I concentrations between 1 and 10 % are considered as safe 
in the oropharynx. However, with regard to the nasal epithelium, ciliotoxicity was shown in 
vitro in concentrations between 5 and 10 %. One cannot exclude the possibility that this may 
enhance the susceptibility for viruses. Concentrations between 0.5 and 5 % were found to be 
safe and free of side effects for the sinonasal mucosa (however, as will be mentioned below, 
the limit for safety for the activity of cilia may be lower, somewhere between 2.5 % and 1.25 
%). Moreover, PVP-I was found to be highly effective against SARS-CoV-1 and MERS-CoV in 
concentrations as low as 0.23 % within 15 seconds (> 99.99 % reduction). 
 
PARHAR et al. recommend a dilution of 1 : 3 if the available PVP-I-solution contains 7.5 % 
PVP-I, e.i. ¼ PVP-I-solution and ¾ saline solution. After dilution, PVP-I is a little less than 2 %. 
 
However, MADY et al. recommended lower concentrations, as a precautionary measure to 
avoid any possible negative influences on mucociliary functions or local immunity:  
 

Nasal irrigation: 
0.4 % PVP-I;  10 ml of  10 % aqueous PVP-I in 240 ml saline solution (for usual nasal wash 
devices/nasal douche bottle) 
 
Oropharyngeal gargle: 
0.5 % PVP-I;  10 ml of 1 : 20 diluted 10 % aqueous PVP-I-solution  

 
 
MADY et al. discuss PVP-I for chemoprophylaxis for health care workers. They recommend 
the procedure before and after critical exposure to infected patients (“peri-exposure 
prophylaxis”). In the case of repeated critical contacts, they recommend this procedure 
every 2 or 3 hours up to four times a day (work shift). 
 
FRANK et al. consider the safety of nasal and oral PVP-I in their detailed review (based on 
Pubmed and Cochrane). They recommend concentrations up to 1.25 % for the nose and up 
to 2.5 % for the mouth for up to 5 months. However, in their discussion they mention that 
concentrations up to 5 % can be used daily for 5 months orally, but they eventually 
recommended: 
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● 0.5 – 2 ml of 1.25 % PVP-I for nasal decontamination 
 
● up to 10 ml of 2.5 % PVP-I for oral rinse 
 
„as frequently as needed for decontamination“. 

 
For the ciliated epithelium, FRANK et al. suggest a limit of less than 2.5 % (instead of 5 %). 
While concentrations of 2.5 % and more completely inhibited ciliary beat frequency in vitro, 
there was no effect with 1.25 %. Thus, the limit of safety with regard to the activity of cilia 
lies somewhere below 2.5 % and above 1.25 %.   
 
Chronic mucosal contact of concentrations up to 5 % didn’t result in clinical thyroid disease. 
In children, intermittent oral use of 10 % PVP-I for months was safe too (FRANK et al.). 
 
As CHOUDHURY et al. noted, PVP-I has not only a direct virucidal effect, but PVP-I of  0.5-
10% solution inactivates the ACE2 and CD147 receptors of host cells. 
 
  
NCT04364802 is a registered clinical trial about PVP-I (nasal spray and gargle; 10 % PVP-I 
solution, diluted 1 :  30) in highly exposed health care workers, practiced at the beginning, in 
the middle and at the end of the shift. But no results are available since completion is 
expected in April 2022. 
 
In Australia, a nasal spray with 0.5 % PVP-I was developed (Nasidine) and it was found to be 
safe for the nasal epithelium in vitro (RAMEZANPOUR et al. 2020).  

In a study from a secondary care ENT (ear nose throat) center from India, all 6692 patients 
had to gargle with 0.5 % PVP-I and got nose drops (0.5 % PVP-I) prior to ENT examination. 
None reported any serious reactions or adverse effects following use of 0.5% PVP-I (KHAN 
and PARAB). 

KIRK-BAYLEY et al. proposed to proceed as follows (quoted here because most papers don’t 
give detailed recommendations for PVP-I procedures): 

“The 0·5% PVP-I solution is administered in a dose of 0·28–0·3 ml into each nostril, preferably using 

an atomising device (2 sprays for an average device) …. The contralateral nostril is occluded and the 

recipient … sniffs (with mouth closed) during the atomisation/instillation in order to maximise 

coverage of the nasal cavity and nasopharynx. This will give a total dose of 0·33 mg of iodine. … 

9 mL of the 0·5% PVP-I solution is then introduced into the oral cavity and used as a mouthwash. 

Care is taken to ensure the solution is distributed throughout the oral cavity for 30 seconds and then 

gently gargled or held at the back of the throat for another 30 seconds before spitting out. It is 

assumed that at most 1 mL of the solution will be retained … and absorbed, giving an anticipated 

maximum total dose of 0·55 mg of iodine. If a nasal pump atomising device is used, 7 sprays are used 

aimed in different directions and then ‘licked’ around the inside of the oral cavity, yielding 0·54 mg of 

iodine …”  
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Whereas most papers about local application of PVP-I in the context of COVID-19 deal with 
the use of PVP-I as a means of (pre-/peri-/immediate post-)exposure prophylaxis in order to 
avoid infections via the epithelium of the nasal cavity, the nasopharynx or the oropharynx 
and to kill the virus directly at the place of its entry where it was deposited by inhaled 
aerosol or droplets, LIANG et al. assume also important relevance for early COVID therapy: 
the virus is supposed to enter the body in most cases within the upper respiratory tract (e.g., 
nasal cavity, nasopharynx, maybe oropharynx). Only later the local infection of the upper 
respiratory tract will expand downwards, resulting in the involvement of the lungs, 
eventually severe pneumonia or even ARDS. LIANG et al. hope that it is possible to stop this 
downward expansion of the local infection by local antiseptic treatment of the uppermost 
respiratory tract.  
 
 
In a registered trial from Malaysia (NCT04410159), gargling (for 30 seconds, 3 times a day) 
with 1 % PVP-I (Betadine, 10 ml/portion) resulted in viral clearance in 100 % of 5 COVID-19 
stage 1 patients on day 6, compared to 80 % (4/5) with essential oils (Listerine Original, 20 
ml/portion), 20 % (1/5) with tap water (100 ml pro action) and 0 % in the controls (0/5) 
(MOHAMED et al.).  

All of the patients were “early” patients, since stage 1 was defined as “an asymptomatic 
state start at the beginning of the first two days of infection”. Mild symptoms were already 
classified as stage 2. At the time of inclusion, the patients were asymptomatic and less than 
5 days from diagnosis. In this study, 4 days after start of the intervention corresponded to 5-
6 days after diagnosis.  

Nasopharyngeal and oropharyngeal swabs were taken at day 4, 6 and 12 in the morning 
before the early morning gargle. In detail, among PVP-I users, all were negative at days 4, 6 
and 12. Among essential oil users, one individual was still positive at day 4 and 6 and 
indeterminate at day 12. In the tap water group, three were positive or indeterminate at 
each of the days 4, 6 and 12. In the control group, 4, 5 and 4 were positive or indeterminate 
on days 4, 6 and 12. The difference between 1 % PVP-I group and control group was 
significant at all three time points (p = 0.048 or less).  

Ct-values from positive PCR were not documented. The authors propose Listerine for those 
with contraindications against PVP-I. It is important to note that this study didn’t involve any 
method of nasal decontamination. It is therefore surprising to see such an effect simply as a 
consequence of gargling.    

 
The most impressive results for local PVP-I administration were reported so far by 
CHOUDHURY et al., based on 606 patients. In the RCT with outpatients from 
Dhaka/Bangladesh, treated by telemedicine, 303 patients underwent mouthwash/gargle, 
nasal drops and eye drops with 1% PVP-I 4 hourly for 4 weeks (in combination with 
symptomatic treatment as needed). The control group (303 patients) was advised to do the 
same, but with lukewarm water instead of PVP-I. PCR was done on day 3, 5 and 7 after 
randomization, and thyroid hormone levels (TSH, T3, T4, FT4) were determined during the 
4th week. 80 % of patients were males. 
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Patients were treated as outpatients because of hospital phobia. Thus there may have been 
a selection against severe symptomatic cases at randomization because hospitalization 
would have been unevitable for them. Thus the RCT is about patients who were still able to 
manage themselves at home at the time of randomization.  

The procedure was instructed as follows: 

“Care is taken to ensure the solution is  distributed  throughout  the  oral  cavity  for  30  
seconds  and then gently  gargled  or,  held  at  the  back  of  the  throat  for another 30 
seconds before spitting out. Then 4-5 drops of 1%  PVP-I  is  introduced  to  wash  the  nostrils  
by  dropper  and  2 drops  in  each  eye.  This  application  is  done  4  hourly  for  4 weeks.“ (4 
times a day).  (CHOUDHURY et al.) 

 

Results PVP-I vs. lukewarm water: 

● Hospitalization without oxygen support: 0.66 % vs. 4.62 % 

● Hospitalization with oxygen support:  3.3 % vs. 20.79 % 

● Death: 0.66 % vs. 5.61 % 

● PCR + on day 3: 11.6 % vs. 96 % 

● PCR + on day 5: 7.9 % vs. 88.4 % 

● PCR + on day 7: 2.64 % vs. 70.3 % 
 

Risk reductions for hospitalization, hospitalization with oxygen support and death were 84%, 
84 % and 88 %.  

No change in serum levels of THS, T3, T4 and FT4 were observed after 4 weeks.  

 
STATHIS et al. proposed to use antiseptic agents (like PVP-I) alternating with hypersaline 
solutions, based on theoretical and in vitro considerations. They pointed out that saline 
solutions and iota-carrageenan were so far the only “antiseptics” that showed efficacy 
against common coronavirus infections. They explain the efficacy of saline in the upper 
respiratory tract by increased availability of local chloride ions (from NaCl) that support the 
production of hypochlorous acid in epithelial cells. In vitro, the entry of chlorid ions into the 
cells and their conversion to hypochlorous acid (by peroxidase) was found to be necessary to 
achieve antiviral activity, pointing against a direct virucidal effect of saline solution (STATHIS 
et al.). If so, the high salt-tolerance of SARS-CoV-2 (which might point in question the 
usefulness of saline solutions) may be irrelevant in that context. Hypochlorous acid in the 
cells halts virus replication. “But once HOCl is used up, the virus will start to replicate again” 
(STATHIS et al.). Thus STATHIS et al. proposed to combine or alternate between antiseptic 
and saline nasal and oral rinses, because antiseptics and saline solutions depend on different 
mechanisms: NaCl suppresses viral replication (via HOCl) inside the cell, whereas antiseptics 
have a direct virucidal effect. They may work together – when used alternating – in the way 
that antiseptics inactivate free virus before its entry into the cells, or after its release from 
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infected cells, whereas hypersaline solutions may suppress viral replication inside infected 
cells for some time. 
 
A proof of principle for the effectiveness of PVP-I is demonstrated in a prophylaxis trial (SEET 
et al.): 
 
An open-label parallel RCT among healthy male migrant workers (100 % men; mean age: 33 
years; seronegative at baseline) quarantined in a large multi-storey dormitory in Singapore 
found a small, but significant protective effect of povidone-iodine (PVP-I) throat spray (3 
times a day; 0.45 % Betadine; 270 microgram/day), administered for 42 days (SEET et al.). 
SARS-CoV-2 infection was confirmed by PCR (at any time) or antibody test on day 42.  
 
Controls (n = 619) got 500 mg vitamin C per day (for 42 days) (PVP-I: n = 735).  Confirmed 
SARS-CoV-2 by PCR or serology: 46.0 % (PVP) vs. 70.0 % (Vit. C). Relative risk ratio 0.66 (CI: 
0.48 – 0.88), absolute risk reduction in case of the use of the PVP-I throat spray was 24 % (CI: 
7 – 39 %). 
 
Point estimates for adjusted ORs (depending on model, 6 different models were taken into 
account: between 0.36 and 0.40, some of them significant). 
 
Symptomatic COVID-19: 5.7 % (PVP) vs. 10.3 % (Vit. C) (- 45 %). Symptomatic disease among 
those diagnosed with SARS-CoV-2: 12.4 % vs. 15.0 % (-17.3 %). No hospitalization, no death 
in any study arm (young age!). Since the swabs for PCR testing were taken from the 
nasopharynx, the results cannot be confounded by possible effects of the throat spray on 
PCR performance.   
 
Unfortunately, PVP-I was applied only as a throat spray. It would have been interesting to 
see the effect of a more complex PVP-I procedure encompassing also nasal spray and 
mouthwash/gargle.   
 

BLASI reported a single case of a 70-year old woman with COVID-19 with fever (38 C), 
intense headache; a profound asthenia confined her to bed. Subsequently, she suffered 
from muco-hematic nasal secretions and continuous non-productive cough, and her general 
condition worsened progressively. Treatment started with 1 % aqueous solution of PVP-I 
(inhalation through each nostril until the liquid is perceived in the throat; then gargling with 
the same solution für 60 s, twice a day). After 24 h, her fever started to decrease until body 
temperature normalized. After further 24 hours, all other systems disappeared except for 
the cough with progressively diminishing intensity. At day 3, she was fully recovered except 
for slight asthenia.   

 
Nasal saline irrigation with alkalinization (bicarbonate) or PVP-I immediately since 
diagnosis 

BAXTER et al. report about a prospective cohort trial from Georgia/USA with patients aged 
at least 55 years who initiated nasal irrigation within 24 hours of a positive PCR test (patients 
with symptoms longer than 7 days before testing were excluded). Median 3.3 days of 
symptoms (IQR: 2-5) before enrollment.   



58 

 

Primary outcome was 28-day hospitalization for COVID-19. Patients were randomized either 
to 2.5 ml povidone-iodine or a half tea-spoon (betadine) or 0.5 teaspoon sodium 
bicarbonate, used with a pressure-based nasal irrigation system (either NAVAGE from 
Rhinosystems Inc. or Neilmed Sinus Rinse from Neilmed Inc). Patients should perform 2 nasal 
irrigations daily for 14 days (with another 14-day follow-up). The packages included saline 
pods/packets to prepare isotone solution with distilled water (the distilled was made 
available separately). In the study, all of the material was brought to the door of the patients 
at home) 

The total content of the nasal rinse bottle was 240 ml. 2.5 ml of betadine (10 %) in 240 ml 
would thus correspond to only 0.1 % PVP-I concentration in the final solution. 

37 patients were assigned to PVP-I, 42 to bicarbonate. There was no hospitalization in the 
PVP-I group and 1 in the bicarbonate group (altogether: 1/79 = 1.26 %). No death. Moreover, 
one patient in the bicarbonate group had a COVID-19 related ED visit but was not admitted.  

During the time of the study, 19.33 % of all patients 50+ years had to be hospitalized 
according to the CDC. Taking this proportion as a control, the OR for hospitalization following 
the irrigation procedure was 0.054 (CI: 0.0074 – 0.38; p = 0.0036). Full diaries were only 
available from 62 patients; they reported about 1.79 irrigations on average by day. 

Comparing PVP-I and bicarbonate, there were no statistical differences in symptoms and  
outcomes; however, symptom resolution in 14 days was more likely in the PVP-I group (77.8 
% vs. 48.6 %, p = 0.0199).  

The results are very impressive; however, it should be noted that this no RCT and there is 
also no real control group, matched by age and comorbidities, though the age limit for the 
CDC controls was 5 years lower in order to compensate some of these deficiencies. Testing 
occurred at a single location with a high proportion of minority and economically at-risk 
patients. 

Originally, 158 matched controls (matched 1 : 2) were “enrolled and identified respectively in 
Augusta, Georgia from September 23 to December 21, 2020 and followed 28 days. Due to 
contracting issues rendering control information unavailable, the COVID-19 Case Surveillance 
Public Use Data collected by the Centers for Disease Control was used as a control group for 
hospitalization outcomes.”  (BAXTER et al.). Thus, originally the trial was planned as a RCT 
with 79 patients in the intervention group and 158 controls, but the concept of a direct 
control group could not be realized, and thus CDC data were taken as controls. This is of 
course a very serious limitation of that study. It would have been extremely interesting to 
know what happened to the 158 matched controls. 

 

There are generally concerns that nasal irrigations in case of early COVID-19 infection may 
remove many important protective substances from the mucosal surface, e.g. interferons, 
defensins, lysozymes, antibodies (if already there), a problem that can be overcome by nasal 
spray though nasal spray may be less effective to contact all niches of the nasal tract. 
BAXTER et al.: “The size variations in entire nasal cavity, rather than just anterior nares, 
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supported the concept that full nasal cavity irrigation rather than just spray was worth 
testing.” 

The BAXTER study now suggests that there is no need for such concerns; however, only a 
head-to-head comparison between pressured irrigation and nasal spray may answer this 
question, in a 7-arm RCT: PVP-I, bicarbonate and isotonic saline (as control) both as irrigation 
and as nasal spray, and a 7th arm without any of such intervention. 

It is also surprising that PVP-I was so effective (and superior to bicarbonate with regard to 
symptom resolution) despite its very low concentration in the solution. According to LIANG 
et al., the lower bound of virucidal effectiveness lies between 0.10 % and 0.17 %, and such 
low concentrations would demand longer contact times than can be achieved by irrigiation.  

This is another study that supports the idea that early reduction of the viral load in the 
uppermost respiratory tract (e.g., by antiseptics) may result in favorable outcomes, similar 
like the concepts of LIANG et al. and MADAS et al.. BAXTER et al. write: “Finally, the number 
of asymptomatic cases and the correlation of illness severity with viral load implied that even 
after PCR positivity, a window existed wherein lowering the viral load through irrigation 
could be clinically advantageous. The theory that pulmonary spread results from micro-
aspiration of newly replicated viral particles is supported by the higher correlation between 
infection and obstructive sleep apnea than obesity, despite the increased ACE2 receptors in 
obese patients.” 

 
 
 
 

Local antiseptic measures (nose, nasopharynx, oropharynx) are described in more detail in a 
separate paper: 
 
Results of clinical trials of nasal or oropharyngeal decontamination procedures for 

prophylaxis of COVID-19 infection, for treatment of COVID-19 patients and for 

reduction of their infectivity – a living review. 

Downloadable from:    http://freepdfhosting.com/66b45bc8c1.pdf 

 
 
 
 

Herbal TCM   
 
Rating: more evidence needed; difficult to replicate in western countries. For this reason, it is 
mentioned here only in brief. Meanwhile, there are many papers and reviews about herbal 
TCM and COVID-19, but it makes no sense to report about the details due to the 
unavailability of most of the formulations in the western world.  
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For the sake of completeness, herbal TCM is mentioned here only briefly, since the complex 
treatment regimes which are suggested for COVID-19 (or symptoms which are compatible 
with COVID-19) are essentially inaccessible outside China. Treatment with herbal TCM is 
complex, because it is strictly stage- and symptom-dependent, much more than western 
medicine. Different stages or symptoms of the disease need different TCM preparations or 
compounds. Meanwhile, there is a lot of literature and recommendations with regard to 
TCM in COVID 19; to give but one example, LI C et al. recommended:  
 
“Observational”: Huoxiang Zhengqi capsules (pills, liquid, or oral solution), Jinhua Qinggan 
granules/capsules, Lianhua Qingwen capsules/granules, Shufeng Jiedu capsules/granules, 
Fangfeng Tongsheng pills/granules, and Yupingfeng San 

Mild infection: Qingfei Paidu Decoction (QFPD), Sangju yin, and Yinqiao 

Severe/critical Infection: Xuebijing Injection, Maxing Shigan tang, and Baihe Gujin tang 

“Observational” would comply largely with “early unspecific therapy” in the sense of this 
paper. 
 
 
For the observational stage, the first four recommendations from LI C et al. are identical to 
those given by the detailed paper from ZHANG D et al.. However, ZHANG et al. gave more 
recommendations specific to the severe and critical stage of the disease, and they 
distinguish strictly between both stages. All recommendations in the severe and critical 
stage are based on injections, and they point out that TCM in the critical stage is only 
adjuvant.  
 
 
In their review, LI Q et al. reported about Lianhua Qingwen capsules; they improve the 
symptoms, shorten the time to recovery and prevent the aggravation from moderate to 
severe disease, based on three retrospective studies with 129 patients from Wuhan. 
 
The same applies to Jinhua Qinggan capsules. In a controlled study with outpatients, 11.0 % 
of those who took Jinhua Qinggan, but 24.4 % from the control group had to be hospitalized. 
Besides typical clinical symptoms, the capsules also alleviated psychological anxiety.  
 
However, treatment with both Lianhua Qingwen and Jingua Qinggan capsules was combined 
with routine treatment like antivirals or if necessary antibiotics. Since antivirals are available 
in China also for outpatients (e.g., umifenovir), the situation is not fully comparable to 
western countries where outpatients don’t have simple access to antivirals. So it is a 
problem to find out whether these TCM capsules work so well on their own or only as an 
adjuvant to classic antivirals (for example, see KHAN S et al. for favorable outcomes for the 
combination of Lianhua Qingwen and Arbidol).  
 
FANG et al. compared Lianhua Qingwen alone (n = 49) with Lianhua Qingwen + Arbidol (n = 
113) in moderate and severe patients from Wuhan. With regard to severe patients, there 
was no significant difference between LQ alone versus LQ + Arbidol (only a very small trend 
in favor of this combination for PCR conversion and CT improvement, but not for hospital 
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stay). With regard to moderate patients, the combination therapy was significantly (p < 0.01) 
better with regard to all three outcomes.  
 
With regard to death, no significant differences were found, maybe because of the small 
number of deaths. However, there was a trend in favor of the combined therapy. There 
were 3/49 deaths in the LQ group and 3/113 deaths in the combined group (moderate + 
severe patients combined). With regard to severe patients only, there were 3/18 (16.7 %) 
deaths in the LQ group and 2/45 (4.4 %) in the combined group.  
 
Thus this study favors the combination of western medicine and TCM. Most important, as 
already mentioned above, this study found a strong relationship between the timing of 
treatment start in moderate patients (no data were presented for the smaller number of 
severe patients). The earlier treatment started after onset of symptoms, the earlier PCR 
conversion, CT improvement and the shorter hospital stay. 

Lianhua Qingwen has antiviral and anti-inflammatory activity. It is known to effectively 
suppress the release of cytokine factors such as TNF-α, IL-6, CCL-2/MCP-1, and CXCL-10/IP-
10 in host cells infected with SARS-COV-2 in a dose-dependent manner (LIU L et al.)  

In another study from China, 40 patients got Arbidol and 68 got Arbidol + Lianhuaqingwen 
(LH) (200 mg Arbidol TID and 1400 mg LH TID). Both groups were similar in baseline 
characteristics, but patients in the combined group were older (59.5 vs. 54.8 years and thus 
had a little more risk factors). On day 7 after admission, combined therapy was associated 
with higher lymphocyte counts, lower CRP (p < 0.05); it also resulted in shorter time to PCR 
negativity (p = 0.006) and better extinction of lung inflammation. No patient was transferred 
to ICU and no patient needed mechanical ventilation (in either group) (LIU L et al.). 

As mentioned above, ZHANG X et al. (2) showed favorable results of a combination of 
western antiviral medicine like arbidol or ribavirin and TCM (Lianhua Qingwen) if started 
very early during the incubation period in contacts as soon as they tested positive (details 
see above in the „Introduction“ section). However, the study was underpowered to compare 
directly the efficacy of different combinations like arbidol+LQ vs. ribavirin+LQ and others. 
But the study points to the need of an early start of antiviral interventions.    
 
In a controlled trial from China, CHEN et al. compared the combination of umifenovir (3 x 
200 mg daily) and Shufeng Jiedu capsules (4 capsules 3 times a day) for 14 days with 
umifenovir alone and found a stronger decrease of IL-6 and CRP and faster improvement of 
CT results in the combined group.  

In a retrospective study from China (JIE et al.), based on 252 hospitalized patients (median 
age 65 years) with common, severe or critical COVID-19 (most of them common or severe; 
mild patients were not included because mild patients had not been hospitalized), Arbidol 
treatment showed higher improvement rates than treatment without Arbidol (improvement 
rate: common disease: 95.6 vs. 66.6 %; severe disease: 81.7 vs. 53.8 %). There was no effect 
of Arbidol in patients with critical disease (16.7 % vs. 0 %, n.s.; there were only 8 critical 
patients altogether among the 252 patients).  
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Improvement was defined as either relief of pneumonia (CT images) independent of PCR 
result; or no change in CT images but PCR turned negative. Progression of pneumonia was 
judged as “not improved” independent of PCR results. 
 
It was also found that longer duration of Arbidol (200 mg tid), particularly > 10 days, was 
associated with higher rates of improvement. Laboratory results that point to 
hyperinflammation (lymphocytopenia, high CRP, D-dimer, LDH, IL-6, IL-10) may indicate a 
poor therapeutic efficacy of Arbidol, as expected for an antiviral.  
 
However, the combination of Arbidol + TCM (not specified) seems to be more favorable 
than Arbidol alone: Among the 228 patients who got Arbidol, 198 improved and 30 did not. 
From those who improved, 81.1 % had also taken TCM, compared to only 63.3 % of those 
who did not improve on Arbidol (p = 0.0197). 
 
Improvement as defined above: 
 
No arbidol (but 66.7 % TCM):  54.2 %  (n = 24)  
Arbidol but no TCM:   76.6 % (n = 47) 
Arbidol + TCM:    89.5 % (n = 181) 
 
It must be noted that nearly all patients of that study (93.7 % without significant differences 
between the three groups) got also antibiotics (not specified). There were 14 deaths (5.6 %), 
all of them among the 41 patients who did not improve; however, the deaths were not 
specified according to treatment groups. In summary, this is another study that favors the 
combination of umifenovir and TCM (+ antibiotics), and this combination seems to be 
effective until (but including) the stage of severe (but not critical) disease. 
 
 

Note on umifenovir (antiviral, not TCM, but often used as combination partner for TCM) 
 
Umifenovir (Arbidol) is not discussed in this paper as a single treatment because its efficacy 
in COVID-19 is highly controversary. During the early pandemic in China, it was given nearly 
routinely (dose: 200 mg TID) in combination with many other drugs what makes it so difficult 
to distentangle its effect and contribution to the treatment of COVID-19, whereas it is only 
very rarely studied in other countries outside China and has no approval by EMA or FDA, 
limiting its availability for studies outside of China. The low number of new cases in China 
following the first peak of the pandemic in China stopped the chance to perform more and 
better planned prospective trials about Arbidol.    
 
AMANI et al. performed a systematic review and meta-analysis about Arbidol in patients 
with COVID-19 until May 2021. They included 16 studies (14 from China, 2 from Iran; only 5 
are RCTs) and found no significant benefit of Arbidol compared to other antiviral treatments 
with regard to PCR negativity or secondary outcomes like CT improvement, cough 
alleviation, hospital stay.  Serious outcomes like ICU, intubation or mortality were not 
subject of their analysis, but it is mentioned that Arbidol is associated with lower mortality 
compared to oseltamivir. Though not analyzed in detail, the combination of Arbidol and 
TCM, particularly Lianhuaquinwen and Shufeng Jiedu capsules seems promising. 
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In contrast to treatment, it is comparatively well established that umifenovir is effective for 
post-exposure or peri-exposure prophylaxis (described in detail in the chemoprophylaxis 
paper, http://freepdfhosting.com/863ed84c7f.pdf ), and also mentioned by AMANI et al., 
but it is unknown now whether this still applies to VoCs since umifenovir acts as an entry 
inhibitor and as a stimulator of the early innate immune response (interferon response), but 
the latter seems to be suppressed by VoCs like B.1.1.7. 
 
In summary, the therapeutic role of Umifenovir (alone) in established COVID-19 remains 
unclear and is not superior to other antivirals that were used during the early phase of the 
pandemic in China, but it seems to work synergistically with herbal TCM formulations, e.g. 
Lianhua Qingwen. That’s why Umifenovir is mentioned herein only in the TCM section. There 
is in the moment not enough evidence to recommend Umifenovir for early treatment alone, 
without combination with special TCM formulations. 

 
 
Xuebijing injections are effective against the hyperinflammatory syndrome and are 
proposed for severe or critical patients. Combined with western medicine, they increase 
recovery and discharge rates of severe or critical patients and reduce the risk of progression 
from „severe“ to „critical“.  
 
Herbal decoctions like Huashi Baidu or Qingfei Paidu are even more difficult to be replicated 
in non-chinese countries, so they aren’t mentioned here in detail. In particular Qingfei Paidu 
has to be regarded as very promising and comparatively well studied. None of 57 patients 
with severe symptoms experienced a deterioration (LI Q et al.).  
 
SHI et al. showed that Qingfei Paidu Decoction is the more effective the earlier it is started 
in the course of the disease, including outcomes like median course of the disease, median 
duration of hospital stay, faster recovery and shorter time of viral shedding. The multicenter 
retrospective study was based on 782 patients; there was an evident trend for higher 
likelihood of recovery with earlier start of Qingfei Paidu with an adjusted HR of 3.81 (2.65-
5.48) during the first week since symptom onset, HR 2.63 (1.86-3.73) during the second 
week and HR 1.92 (1.34-2.75) during the third week, compared to > 3 weeks. 
 
However, KAGEYAMA Y et al. showed that Qingfei Paidu Tang (QFPDT) elevated the plasma 
levels of IL-1β, IL-18, TNF-α and IL-8 in healthy individuals even at doses lower than the usual 
therapeutic doses. These cytokines are important mediators of hyperinflammation. These 
results are in contrast to the favorable experiences with QFPDT in different stages of the 
disease (from mild to critically ill) and must be considered as a warning until the reasons for 
this obvious paradoxon and their consequences are known. 
 
However, ZHANG L et al. found in a large observational study that QFPDT use reduced in-
hospital mortality by 50 % (adjusted HR 0.50; CI: 0.37-0.66, p < 0.001). The crude mortality 
rate was 1.2 % (QFPDT) vs. 4.8 % in controls among 8939 hospitalized patients of whom 28.7 
% had received QFPDT. The association was consistent across subgroups by age and sex, and 
neither acute liver injury nor acute kidney injury were significantly associated with QFTDT 
use. 
 
Unfortunately, many original trials with herbal TCM are published only in chinese language 
so that’s impossible to analyse the details of the trial, and one can only rely on reviews and 

http://freepdfhosting.com/863ed84c7f.pdf


64 

 

summarizing articles by chinese authors. To analyse these studies critically and to find out 
what can possibly be transferred to or replicated in western medicine, it would be inevitably 
necessary to access the original papers with all of their details and primary data.  
 
 
 
 

Essential Oils  
 
Rating: much more evidence needed 
 
 
There is a first report that a mixture of essential oils from Cretan aromatic plants (Thymbra 
capitata, Salvia fruticosa, Origanum dictamnus), available in Greece as CAPeo, has 
remarkable antiviral activity in a Vero cell assay. In a pilot study, 17 infected people with 
mild symptoms showed a significant amelioration of general and local symptoms; however, 
there was no control group, and the authors don’t propose CAPeo as a primary treatment 
but “as a valuable addition for the prevention and/or treatment of mild COVID-19 
ambulatory patients” (LIONIS et al.). In the small trial, the CAPeo mixture (two soft capsules 
of 0.5 ml, with a concentralion of 15 mg/l in olive oil) were administered daily for two weeks.  
 

Mouthwash containing essential oils was also found to have strong antiviral activity, and 
there are first promising clinical data about the use of such mouthwash. They are discussed 
in another paper:  http://freepdfhosting.com/66b45bc8c1.pdf 
 
 
 
 
 

Zinc supplementation 
 
Rating: much more evidence needed; possibly a role as an adjuvant in combined therapy 
regimes in high doses (for a few days) particularly as lozenges and in formulations that yield 
ionic Zinc2+ like zinc-acetate  
 
 
There are first hints that supplementation of high doses of zinc may have favorable effects 
on the course of COVID disease. The theoretical background is described by RAZZAQUE 
(reduction of viral replication, reduced viral attachment to mucosa, improved immune 
response/enhanced host resistance) and PAL et al.. For example, zinc supplementation 
increases interferon alpha production by leucocytes for elderly persons (compared to 
younger persons), an important first defense mechanism against viral infection (PAL et al.).  
 
In common cold, zinc lozenges reduced the mean duration of the disease by 33 % (CI: 21 – 45 
%) according to a meta-analysis from 7 RCTs (FINZI). There are several ongoing trials which 
examine the role of zinc supplementation in COVID-19. 
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FINZI himself reported of a small case series of four patients who experienced quick 
improvement of their COVID symptoms following start of zinc therapy; in one case, regular 
measurements of oral temperature, and in another case, regular measurements of oxygen 
satuation (which was fallen to 93.5 %) showed quick improvements directly (i.e. within 24 
hours) after starting the use of zinc lozenges.   
 
FINZI recommended a careful selection of zinc lozenges so that sufficient ionic zinc is 
released from them. Based on experiences with common cold, zinc acetate is superior: zinc 
acetate > zinc gluconate > zinc citrate. However, two of the patients used citrate, one took 
citrate and gluconate, and only one patient used zinc acetate. Thus, also citrate seems to be 
effective in COVID-19. There were no side effects except for a chalky taste. 
 
FINZI recommended a daily dose close to 200 mg/day, frequent dosing (one lozenge every 2 
– 4 hours) and a very slow dissolution on the tongue (20 – 30 min). The effectiveness 
appears to be dependent on the time course of dissolution of the lozenge. 
 
The doses mentioned by FINZI refer to elemental (ionic) zinc; this is important since, for 
example, 220 mg of zinc sulfate contain only 50 mg elemental zinc. Since zinc is not 
accumulated and stored in the body, the free zinc content is directly related to recent 
nutrition and supplementation.  
 
 
In a subsequent retrospective case series of 28 patients (without control group, mean age: 
40 years), FINZI and HARRINGTON found that improvement of symptoms started a mean of 
1.6 days after start of zinc treatment (zinc gluconate/citrate lozenges with 23 mg of 
elemental zinc or zinc acetate lozenges, 15 mg of elemental zinc); total dose was 2-2.5 
mg/kg/day. Lozenges were placed on the tongue quod 2-4 hours while awake for a minimum 
of 10 days; depending on the weight of the patient and the lozenge formulation, this meant 
6 – 12 lozenges daily. Median number of days since symptom onset and start of zinc 
treatment: 4 days (range: 1 – 21). Daily contact for evaluation.  

However, start of improvement of symptoms was delayed in patients > 40 years (2.1 days 
instead of 1.4 days for < 40 years, p < 0.05); time to improvement did not correlate with the 
number of days since symptom onset. No patient needed hospitalization (there were 5 
patients 56-59 years, and one patient each of 60, 63, 69, 72 and 89 years).  Three weeks 
after zinc treatment, 2 patients were still fatigued, whereas all other patients were 
asymptomatic. If zinc was associated with vomiting when ingested on an empty stomach (2 
patients), this problem could be overcome when used after food. Zinc gluconate was found 
to be better tolerated in this case series compared to acetate. 

FINZI and HARRINGTON chose the high dosing regimen since the direct effect of zinc on 
SARS-CoV-2 replication requires frequent dosing, and zinc failed in trials for common cold if 
underdosed.  2 weeks of 200 mg zinc daily were reported to have negligible toxicity.  

“The mechanisms by which zinc may help COVID‐19 patients are unknown, but include direct 
inhibition of viral replication, improvement of mucociliar clearance of SARS‐Cov‐2, reduction 
of secondary bacterial infection, improvement of lung and kidney tissue healing after 
ischemia, modulation of T and B lymphocytes, and restoration of interferon‐alpha production 
… . In addition, mild zinc deficiency is often present in those groups at highest risk from 
COVID‐19; namely, the elderly, diabetic, obese, and hypertensive.” (FINZI and HARRINGTON). 
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Though there is no control group, the authors stated that “In mild cases of COVID‐19 about 
80% of patients begin improving after Day 10; 20% worsen the second week” (without the 
zinc treatment). Though patients > 40 years started to recover slightly later, their outcome at 
day 7 was the same as for younger participants. 9 of the 28 patients had shortness of breath 
when treatment started; all improved after 2 days, and none had any shortness of breath 
after 7 days, whereas CDC reported that one-third of adult COVID-patients with shortness of 
breath still suffer from these symptoms weeks later (FINZI and HARRINGTON). 

FINZI treated his patients with zinc alone; there were no ionophores like HCQ or doxycycline 
like in the case of CARLUCCI et al., who reported favorable results for the combination of 
„HCQ + azithromycin + zinc sulfate“ (220 mg zinc sulfate BID = 100 mg elemental zinc per 
day, for 5 days) compared to „HCQ + azithromycin alone“ in hospitalized patients with 
regard to endpoints like transfer to ICU, mechanical ventilation or death (death only as far as 
patients weren’t at ICU at baseline). Patients already at ICU didn‘t profit from this 
combination any more. However, because of the risk of cardiac complications, it is 
controversary whether this combination therapy is suited for outpatients in home isolation 
(though this was reported by DERWAND et al. with purported favorable results, see above), 
and the results from the case series of FINZI show now that the favorable effect of high zinc 
doses don’t seem to be restricted to the presence of ionophores. If so, one may ask whether 
the favorable results from the DERWAND study are preferentially due to the zinc component 
of the treatment regimen. Of note, this study is often cited in favor of HCQ+AZI in 
outpatients, but the FINZI results may put this now in question. DERWAND et al. reported 
about a quite successful triple therapy with zinc (50 mg elemental zinc), HCQ (200 mg BID) 
and azithromycin (500 mg once daily) for 5 days, starting on average four days after 
symptom onset (details see above). However, this was not a RCT.  
 
But such high doses of zinc as recommended by FINZI should not be taken for a longer time; 
they are more than 10 times beyond the daily need of 8 – 16 mg (men a little more than 
women). Thus high-dose zinc is no concept for COVID PREP.  
 
In July 2020, DOBOSZEWSKA et al. published a detailed review about the potential role of 
zinc and zinc-ionophores in prophylaxis and treatment of COVID-19, including an overview 
about all registered trials that involve administration of zinc. But since no results from such 
trials were available at the time of their report, they concluded: „Currently, there is no 
evidence that administration of zinc will be beneficial with regard to COVID-19, in terms of 
prophylaxis and treatment“. The same applies to the rapid review of ARENTZ et al.; 
moreover, there is a lot of uncertainty about the dose. Whereas 50 mg/day are considered 
as „no observed adserve effect level (NOAEL)“, daily doses of > 75 mg were needed to 
shorten the duration of common cold. But higher doses above the NOAEL are critical; for 
example, permanent loss of smell was reported. ARENTZ et al. conclude that „a daily dose 
higher than 100 mg of elemental zinc in a lozenge is probably not advisable.“, whereas FINZI 
recommends to take nearly 200 mg per day for a few days. 
 
Another rapid systematic review and meta-analysis of zinc in upper respiratory tract 
infections and common cold is reported by HUNTER et al.; however, they found no 
completed trials in the context of COVID-19 and concluded: „Zinc is a potential therapeutic 
candidate for preventing and treating SARS-CoV-2, including older adults and adults without 
zinc deficiency (very low certainty). Zinc may also help to prevent other viral RTIs during the 
pandemic (moderate certainty) and reduce the severity and duration of symptoms (very low 
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certainty)”. HUNTER et al. discuss the problem of the daily supplemental zinc dose, based on 
the recommendation of the NIH not to exceed 8 – 14 mg/day (adults) of elemental zinc for 
prevention of COVID-19 because of the risk of copper deficiencies. Two RCTs found that 
neither 15 mg oral zinc supplementation for 7 months nor 45 mg for 12 months decreased 
copper levels, but both RCTs were small and underpowered. They recommend future studies 
about 45 mg/day (in a divided dose) of prophylactic zinc in older adults and people in 
residential care and nasal zinc spray in younger adults with high risk of exposure (HCWs, 
contacts of COVID-19-infected people). For short-term use for acute treatment of COVID-19, 
HUNTER et al. recommend to investigate at least 50 mg (perhaps even 75 mg) daily zinc (oral 
or sublingual), preferentially as gluconate or acetate, in future studies. 
 
SANTOS et al. considered oral doses of vitamin C (1-3 g/d) and zinc (80 mg/d elemental zinc) 
as promising “at the first signs of symptoms of COVID-19 as well as for general cold”. 
 
ECGC (epigallocatechin gallate) and quercetin are ionophores for zinc (BREWER et al.). Both 
agents are supposed to have an own effect against COVID-19 disease, thus combination with 
zinc may be synergistic. Green tea inhibits COVID-19 in vitro (CONZELMANN et al).  
 
Moreover, LEBLANC and COLPITTS showed that EGCG inhibits infectivity of murine, bat, and 
human CoVs by blocking cell surface binding. This suggests that EGCG inhibits “a conserved 
step in CoV attachment, such as initial binding to glycans. These findings demonstrate that 
blocking primary attachment is a potential antiviral strategy to prevent infection by diverse 
CoVs” Unfortunately, “EGCG does not accumulate at high levels, is unstable under 
physiological conditions, and is rapidly metabolized”. Thus the authors suggest EGCG as the 
basis for the development of pharmacological entry inhibitors as an effective antiviral 
strategy to protect against future coronavirus infections.  

Thus beside of its function as an ionophore for zinc, EGCG has an antiviral effect on CoV on 
its own. 
 
Use of ionophores improves zinc intake into cells and may avoid the need for high daily 
doses of zinc which may be regarded as critical.  
 
Proposed doses of quercetin and vitamin C from COLUNGA BIANCATELLI et al.: 

                            Quercetin:              Vitamin C: 

                 

Prophylaxis 250–500 mg BID 500 mg BID 

Mild cases 250–500 mg BID 500 mg BID 

Severe Cases 500 mg BID 3 gr q6 for 7 days 

  
 
Dietary phytates (like whole grain, legumes, seeds, nuts) inhibit zinc resorption; thus zinc 
supplements should be taken separately.  
 
In a retrospective study from Spain with 249 hospitalized patients (median age: 65 years),  
low zinc levels on admission (< 50 microgram/dl, = 7.6 mikroMol) “correlated with worse 
clinical presentation, longer time to reach stability and higher mortality”, and a study of 
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SARS-CoV-2 replication in Vero E6 cells by the same group showed that low zinc levels 
favored viral expansion in infected cells (VOGEL et al.).  Mortality was 21 % in 58 individuals 
with zinc levels < 50 microgram/dl on admission, and 5 % in 191 individuals with zinc levels 
above this threshold (p < 0.001). Adjusted OR for in-hospital death was 3.2 (1.01 – 10.12, p = 
0.047) for zinc serum level < 50 microgram/dl. Median time to reach clinical stability was 25 
vs. 8 days (p < 0.001). Patients who died had a mean zinc level of 49 microgram/dl on 
admission, compared to 62 microgram/dl in survivors (p < 0.001). Low zinc levels were also 
associated with higher CRP and IL-6.  
 
The authors suggested serum zinc levels as a novel biomarker to predict COVID-19 outcome 
and proposed clinical trials about zinc supplementation for prophylaxis and treatment “with 
people at risk of zinc deficiency” like elderly or people with chronic diseases. The prevalence 
of zinc deficiency in older adults is 15 – 31 % in developed countries (VOGEL et al.). 
Moreover, in their in vitro study, they found that chloroquine doesn’t act as ionophore for 
zinc. VOGEL et al. didn’t recommend a concrete zinc dose for prophylaxis or treatment. 
 
In a small prospective observational study from India, COVID patients (n = 47) showed 
significantly lower zinc levels than healthy controls (n = 45) (median 74.5 microgram/dl vs. 
105.8 microgram/dl). 57.4 % of the COVID patients were found to be zinc-deficient. 
Compared to the patients without zinc deficiency, these patients had increased mortality 
(18.5 % vs. 0 %) and an OR for developing complications of 5.54, among them significantly 
higher risks for ARDS and prolonged hospital stay (JOTHIMANI et al.). 
 
Contrary to the suggested positive effects of zinc in COVID-19, SINGH S et al. found increased 
COVID mortality in European countries with high zinc sufficiency (based on data for zinc 
sufficiency from 2005) when comparing them at a comparable stage of the epidemic on a 
country level until June 2020. They suppose that zinc sufficiency didn’t change a lot until 
2020. 
 
On the other hand, the study and the mortality rates did not take into account different age 
structures in different countries. Zinc sufficiency and COVID mortality were lower in eastern 
European countries; however, these countries have a lower portion of very old people. For 
example, the percentage of the ”male population of 80 years and above” (as % of the whole 
male population) was (in 2019) on average 4.23 % in 9 European countries with high zinc 
sufficiency and high COVID mortality (per million inhabitants, not: CFR) (UK, France, Spain, 
Netherlands, Belgium, Italy, Ireland, Sweden, Switzerland; range: 2.6 – 5.7 %), whereas it 
was only 2.98 % in 8 European countries with less zinc sufficiency and less COVID mortality 
(Poland, Czechia, Slovak Republic, Croatia, Serbia, Estonia, Ukraine, Bulgaria; range: 2.1 – 
3.7%). (Souce: https://data.worldbank.org/indicator/SP.POP.80UP.MA.5Y). Thus age 
structure has to be regarded as an important confounder in the SINGH study. BCG status 
(biased in favor of eastern countries) may be another confounder, though its role is not 
clarified so far and still very controversary.  
 
Moreover, an own re-analysis in a more progressed stage of the pandemic (February 11th, 
2021) found no differences in cumulative incidence and mortality until that date in European 
countries with different zinc sufficiency rates (each country counted equally, independent of 
its number of inhabitants):  
 
Very high zinc sufficiency (> 95 %; 5 countr.): 47020 / 1033  (cases per mill./deaths per mill.) 

https://data.worldbank.org/indicator/SP.POP.80UP.MA.5Y
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                                                                                            (mean of the countries) 
High zinc sufficiency (>92.5 – 95 %; 9 countries): 46803 / 964 
Middle zinc sufficiency (>90 – 92.5 %; 3 countries): 45905 / 1099 
Low/very low zinc sufficiency (>80 – 90 %; 8 countries): 48583/1109  
 
So there is no signal that increased zinc sufficiency is associated with increased COVID risks 
(cases or mortality). Taking into account that countries with (very) low zinc sufficiency have a 
lower proportion of very old people, the results might be very cautiously interpreted as a 
small signal in the opposite direction. 
 
However, in a retrospective study with app users (of a COVID symptom app) in the UK, 
supplementation of zinc or vitamin C was not associated with a reduced risk of a positive 
COVID-19 PCR test result or seropositivity, in contrast to vitamin D, omega-3 fatty acids, 
probiotics or multivitamins (LOUCA et al.). There was even a slightly (but significantly) 
increased risk for COVID infection (diagnosed by PCR or serology) for men > 60 years who 
took zinc or vitamin C. But this study was not about symptomatic disease or severity, so it 
remains unclear whether zinc or vitamin C supplementation had any impact on the outcome 
of the infection. The study is discussed in more detail in the chemoprophylaxis paper:  
http://freepdfhosting.com/863ed84c7f.pdf. Unfortunately, LOUCA et al. didn’t look for the 
effects of zinc in the three others substudies (though such data must have been available to 
them) in order to find out whether they can replicate the negative results from the UK 
cohort. 
 
Interestingly, ROSENTHAL et al. reported about increased in-hospital mortality for patients  
who got zinc (aOR 1.16; CI: 1.05 – 1.28; p = 0.03), in contrast to a small protective effect of 
vitamin C or (!) D (aOR 0.89; CI: 0.82 – 0.97, p = 0.05). The results are based on 64781 
patients from US (45.5 % outpatients). Since only 0.5 % of the outpatients, but 17.1 % of the 
inpatients got zinc, it seems probable that zinc was given in many cases in combination with 
HCQ or HCQ+AZI. In fact, 9 % of all inpatients got HCQ+AZI+zinc. The portion of those who 
got HCQ+zinc without AZI is not given in the tables from the study, as are aOR for death for 
these combinations. Thus it remains unclear whether Zinc is harmful on its own, or whether 
the unfavorable results for zinc are only a secondary consequence of the harmful effects of 
HCQ and (more pronounced) HCQ+AZI in hospitalized patients? Unadjusted OR for zinc 
intake was 0.94 (0.88 – 1.01) in ROSENTHAL et al.  

In an observational study with 3473 adult hospitalized patients in New York (median age 64 
years, 56 % male, 15 % ventilated, 16 % died), the combination of zinc with an ionophore 
(HCQ) was associated with a 24 % reduction of in-hospital mortality (12 % vs. 17 %, aHR 0.76, 
CI: 0.60-0.96, p = 0.023) (FRONTERA et al.). Propensity score-matched sensitivity analysis 
resulted in an aHR (for mortality) of 0.63 (CI: 0.44-0.91, p = 0.015). No significant interactions 
for Zn+HCQ with other COVID-19 medications were detected. 

1006 patients (29 %) had received the combination Zn + HCQ.  Zinc was given as 220 mg zinc 
sulfate (= 50 mg elemental zinc) once or twice daily, typically for four days (like HCQ) or until 
discharge (cumulative dose: mean 250 mg elemental zinc; median duration of treatment: 3 
days; median start of Zinc: 0.5 days from admission). 

Neither Zn alone nor the ionophore (HCQ) alone were associated with decreased mortality: 
Compared to the aHR for hospital death for the combination Zn+HCQ of 0.76 (without 

http://freepdfhosting.com/863ed84c7f.pdf
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propensity score matching), zinc alone (N = 1097) had no effect on mortality rate (aHR 1.14; 
CI: 0.90 – 1.44), and treatment with HCQ alone appeared to be harmful (aHR 1.60; CI: 1.22-
2.11; p = 0.001). There was no significant difference between 1 vs. 2 daily doses of zinc in the 
zinc+HCQ group (aHR 0.90; CI: 0.56-1.45). 

Following propensity score matching, the aHRs for mortality were 0.63 (0.44-0.92) for 
Zn+HCQ, 1.11 (0.77 – 1.60) for Zn alone and 0.97 (0.59-1.60) for HCQ alone, transforming the 
supposed harmful effect of HCQ in the non-matched data to a null effect of HCQ. 

There was a greater benefit for Zn+HCQ among males (HR 0.68, 0.50 – 0.92, vs. 0.90; 0.63-
1.41 in females, p for interaction: 0.067) (not propensity score matched).  

However, only older patients (65 years or more) profited from that combination (HR 0.69; 
0.51-0.93), compared to HR 1.04 (0.55 – 1.62) in patients < 65 years (p for interaction: 0.145) 
(men + women combined).  

With regard to other medications, “no corticosteroids” (HR 0.66; 0.48 – 0.91), “no 
lopinavir/ritonavir” (HR 0.75; 0.59 – 0.96), but “azithromycin” (HR 0.71; 0.54 – 0.94) were 
significantly associated with reduced risks of mortality in combination with HCQ+Zinc 
(compared to: no HCQ+Zinc), well in agreement with the study of HCQ+AZI+Zinc in 
outpatients from DERWAND et al. (see above). 

However, the only ionophore used in this study was HCQ. Though the effect of HCQ on 
hospitalized patients is about zero (and possibly a little unfavorable), it is probably not fully 
neutral, leaving the question open whether zinc in combination with other ionophores (like 
doxycycline, green tea polyphenols/EGCG, quercetin, hinokitiol, resveratrol) may have 
similar or more or less pronounced favorable effects. FRONTERA et al. conclude that their 
results support “the biological hypothesis that an ionophore may be required to increase 
intracellular zinc levels to achieve therapeutic efficacy.” 

In a multicenter RCT (NCT04447534) with hospitalized patients from Egypt, the addition of 
zinc to HCQ showed no advantage (96 patients got HCQ+zinc, 95 patients only HCQ) (ABD-
ELSALAM et al.). Clinical recovery after 28 days: 79.2 vs. 77.9 % (controls); mortality: 5.2 vs. 
5.3 %; need for mechanical ventilation: 4.2 vs. 6.3 % (but p = 0.538), hospital stay: 13.5 vs. 
14.0 days. 
 
SEET et al. reported about favorable effects of zinc (80 mg zinc oxide daily) + vitamin C (500 
mg daily; both divided into 2 or more daily doses) compared to 500 mg of vitamin C alone in 
a prophylactic setting, but participants were preferentially young men (mean age 33 years) 
(for details and discussion, see the “chemoprophylaxis paper”). 
 
COSTELLO proposed 3 % clioquinol cream as ionophore for zinc; massaged into skin, it is 
absorbed into the blood plasma and produces ZnClioquinol. Clioquinol’s zinc binding 
formation constant is suggested to be about 2 - 3 orders of magnitude higher than that of 
HCQ (logKf 7-8 instead of 4-6). HCQ binds with about 5 – 10 % of the exchangeable zinc 
ligands (COSTELLO). Besides its function as a highly effective zinc-ionophore, OLALEYE et al. 
(2) found clioquinol as potent inhibitor of SARS-CoV-2 infection-induced cytopathic effect in 
vitro, and as an inhibitor of the binding between ACE2 and the SARS-CoV-2 RBD protein with 
the highest potency in the low micromolar range.  
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Another open question that it is still unclear what zinc formulation should be preferred? 
FINZI recommended acetate > gluconate > citrate, but gluconate is better tolerated (FINZI 
and HARRINGTON), and HUNTER et al. recommended either gluconate or acetate.   
 
PANCHAIRIYA et al. showed in vitro that ionic zinc (Zinc2+) inhibits SARS-CoV-2 main 
protease and viral replication. But their results suggest that only the ionic form of zinc is 
capable of inhibiting the enzyme by forming a stable complex at the active site. Zinc 
complexes like zinc glycinate and zinc gluconate failed to produce any antiviral effects in 
vitro, and PANCHAIRIYA et al. also mentioned a clinical trial where zinc gluconate had no 
significant effect on the clinical outcome of COVID-19 patients (discussed in more detail 
below; see THOMAS S et al. in the context of vitamin C that was another subject of the 
THOMAS RCT). 
 
PANCHAIRIYA et al. propose the combination of a zinc salt (which provides ionic zinc) with 
ionophores like quercetin (quercetin aids in inhibition of SARS-CoV-2 replication because it 
increases the intracellular concentration of zinc). As a consequence, zinc acetate (instead of 
gluconate or glycinate) should be used since it it water-soluble and generates ionic Zinc. 
PANCHAIRIYA et al. concluded “that constant doses of Zinc-ionophore combination may be 
required for effective inhibition of SARS-CoV-2 Mpro.” 
 
 
 
 
 
 

Extract from Tinospora cordifolia – Guduchi Ghan Vati (ayurvedic) 

Rating: much more evidence needed; seems to have a strong anti-SARS-CoV-2 effect 
 
 
In India, even asymptomatic people with COVID-19 were hospitalized for reasons of isolation 
during early stages of the pandemic. KUMAR et al. reported retrospectively about 91 
asymptomatic hospitalized people (18 – 75 years) (hospitalization within 48 hours after 
diagnosis); among them, 41 patients took Guduchi Ghan Vati (GGV), an aqueous extract 
from Tinospora cordifolia (500 mg twice a day), and 50 patients did not. Both groups are 
comparable (mean age: 47.3 and 46.7 years) except for worse pulsoxymetric data at the 
time of admission (92.2 vs. 94.4 %, in spite of the absence of symptoms) in the group who 
subsequently got GGV, but there were no relevant differences with regard to laboratory data 
from blood.  
 
Noone from the 40 persons who took GGV developed any symptoms in contrast to mild 
symptoms in 11.7 % of the control group (and one of them was brought to ICU). Much more 
impressive are the results of nasopharyngeal swab PCR:   
 
3 days after admission, 70 % of the GGV participants had negative PCR, compared to 9 % of 
the controls (p = 0.000). 7 days after admission, the quotes were 97.5 and 11.7 % (p = 0.000), 
and 14 days after admission, 100 % and 82.3 % (p > 0.001). 
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Since hospitalization was for the purpose of isolation, patients who took GGV had to stay 
half as long in hospital (6.4 vs. 12.8 days, p = 0.0002). The median time to virus clearance 
according to Kaplan-Meier analysis was 5 instead of 12 days (p = 0.001) if calculated from 
time of diagnosis (not: admission). 
 
There were no side effects or adverse effects. However, pregnancy, breastfeeding, 
scheduled surgery, autoimmune disorders and immunosuppressants are considered as 
contraindications. NAGRAL et al. reported about a series of six cases of autoimmune-like 
hepatitis probably due to Tinospora (in most cases, self-cooked preparations, 1 x capsules, 1  
x syrup); five of the patients were cured or improved following discontinuation of Tinospora. 
4 of the 6 patients had pre-existing autoimmune disorders. 
 
In another small study with 46 asymptomatic adults in a hospital setting, all patients 
received two 1000 mg Guduchi Ghan Vati tablets twice daily for 2 weeks, and 40 patients 
completed the 14-day follow-up period. None developed symptoms, 32.5 % achieved viral 
clearance on day 3 post-treatment, and 95 % at the end of day 7. At day 14, all patients 
tested negative (tests were performed on days 3, 7 and 14). Unfortunately, there was no 
control group of untreated asymptomatic patients (KUMAR et al. 2). 
 
It is believed that GGV acts antimicrobial and immunomodulatory. However, in a molecular 
docking study KRUPANIDHI et al. showed that tinosponone, a compound of GGV/Tinospora 
cordifolia, may act as a potent inhibitor of CL3 pro main protease of SARS-CoV-2; thus, a 
direct antiviral effectiveness of GGV seems now probable beyond the effects which are 
traditionally attributed to GGV. 
 
In a molecular docking study it was indicated that an interruption of electrostatic 
interactions between the RBD of the virus and ACE2 by Tinocordiside (from Tinospora 
cordifolia) weakens or blocks SARS-CoV-2 entry and its subsequent infectivity (BALKRISHNA 
et al.). This offers also a rationale to test Guduchi in a prophylactic setting. 
 
With regard to the interpretation of the KUMAR results, one has to respect that there seems 
to be an U-shaped relationship between the severity of COVID-19 and the duration of viral 
shedding as measured by nasopharyngeal swab PCR. Both asymptomatic/very mild patients 
and very severe/critical patients seem to shed the virus longer (in nasopharyngeal 
specimens) than patients with moderate disease. Thus, such a quick virus clearance in 
asymptomatic people who kept being asymptomatic is surprising. Even agents which proved 
to be very successful in PEP like Umifenovir/Arbidol are unable to clear SARS-CoV-2 so 
quickly, and the same applies to “famous” agents like hydroxychloroquine and 
lopinavir/ritonavir that are regarded meanwhile as ineffective, at least in hospitalized 
patients. This raises the question whether GGV may be helpful in chemoprophylaxis 
(PREP/PEP), and a first large trial (12000 participants) for GGV prophylaxis was recently 
planned in India (CTRI/2020/05/025488). KUMAR et al. point out that the quick virus 
clearance reduces infectiousness and the risk of infections e.g. for household contacts of 
quarantined people.  
 
However, the KUMAR trial was about asymptomatic infected people and the effectiveness of 
starting GGV in people who already have symptoms is still unknown, including the important 
question whether GGV prevents progression in symptomatic patients. More trials are 
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needed before one can decide whether GGV is also useful in the early treatment of 
symptomatic outpatients and for chemoprophylaxis. Unfortunately, measurements of viral 
load (ct values) were not reported in the KUMAR paper. They would be important to 
understand better the antiviral effects of GGV. From a theoretical and pathophysiological 
viewpoint, an agent that reduces viral load should be able to avoid cytokine storm syndrome 
in the later course of the disease if taken early (since the time of diagnosis or earlymost 
symptoms). If viral load is reduced early, before reaching its maximum, the response of the 
immune system will be milder and its inadequate overreaction may be avoided. As a natural 
product with only rare side effects, GGV (500 mg BID) can be administered as soon as 
COVID-19 is suspected, even before testing or test result, and this offers the chance to start 
GGV in a time window before the peak of the viral load, i.e. at a time when the course of the 
viral load can still be influenced significantly.     
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DEVPURA et al. reported about a placebo-controlled RCT with a complex ayurvedic 
treatment regimen that included also Tinospora cordifolia. The trial included only patients 
with asymptomatic or mild disease; mean age was 33.4 years in the treatment group (n = 45) 
and 35.4 years in the placebo group (n = 50). There were no clinical endpoints in this study, 
only laboratory-based endpoints (RT-PCR; hsCRP, TNF-alpha, IL-6). The complex treatment 
regimen resulted in a quicker conversion to PCR negativity in oropharyngeal and 
nasopharyngeal swabs (negative at day 3: 71.1 % vs. 50 %; negative at day 7: 100 %  

https://pubmed.ncbi.nlm.nih.gov/32762511/
https://pubmed.ncbi.nlm.nih.gov/32762511/
https://pubmed.ncbi.nlm.nih.gov/32627715/
https://pubmed.ncbi.nlm.nih.gov/32627715/
https://www.medrxiv.org/content/10.1101/2020.07.23.20160424v1.full.pdf
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vs. 60 %) and much lower levels of hsCRP, IL-6 and TNF-alpha at day 7 compared to the 
placebo group (12.4, 2.5 and 20 times lesser). No adverse effects were reported. 
 
Ayurvedic regimen: 1 g of Giloy Ghanvati (Tinospora cordifolia); 2 g of Swasari Ras (traditional herbo-
mineral formulation); 0.5 g of Ashwagandha (Withania somnifera), 0.5 g of Tulsi Ghanvati (Ocimum 
sanctum); twice per day (Swasari Ras 30 min before breakfast and dinners, all other tablets 30 min 
post-meals); + 4 drops of Anu taila (traditional nasal drops) per nostril one daily 1 h before breakfast 
(DEVPURA et al.). 

 

In a small RCT with 57 patients (hospitalized patients with mild COVID-19) from Thailand, 
another ayurvedic plant extract (alcoholic extract of Andrographis paniculata; 60 mg TID for 
5 days; Thai Herbal Products Co. Ltd.) showed favorable results compared to placebo 
(WANARATNA et al.). Pneumonia occurred in 0/20 from the verum group and 10.7 % (3/28) 
from the control group (p = 0.029), nasopharyngeal PCR positivity on day 5 was 34.5 % vs. 
58.1 % (n.s.). The three patients with pneumonia had high CRP on day 5.  High CRP (> 10 
mg/l at day 5 was 0 % vs. 17.9 % (p = 0.023). This suggests that Andrographis paniculata 
extract is able to prevent progression and rise of CRP.  

But the mean age of that study was only 39.3 years; patients > 60 years were excluded. Most 
importantly, standard care for both verum and placebo group are not well defined: „with 
similar standard supportive care in both groups following the national clinical practice 
guideline“ (WANARATNA et al.). This makes it impossible to decide whether the extract is 
efficient on its own or only as a combination partner.  

 

 
 
 
 

Liposomal lactoferrin 

Rating: very promising theoretical and in vitro background, but much more clinical evidence 
needed 

 

Lactoferrins disrupt the primary attachment of coronaviruses, mediated by heparan sulfate 
interactions, and may have the potential for a pan-coronavirus inhibitor (LEBLANC and 
COLPITTS). 

In Spain, 75 patients with moderate or severe symptoms were treated as outpatients with 
liposomal lactoferrin (LLF) products (SERRANO et al.): 
 
● 64-96 mg LLF (20 – 30 ml) every 6 h (256 – 384 mg/day); doses can be increased to 128 
mg/every 6 h (512 mg/day) 
 
● Zinc Defense Syrup: 10 mg/10 ml, 2 – 3 x /day 
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● in case of headache, nose congestion, dry cough: LLF nose drops and LLF mouth spray 4 x 
/day 
 
● in case of difficulties with breathing: SES Nanomist 
 
Within 48 hours, many symptoms improved, and at day 5, most oft the symptoms were gone 
or only mild. The recovery from smell or taste loss is known to take longer. There are no 
hints that any of the patients had to be taken to hospital, and all patients were alive 30 days 
after start of the treatment (treatment duration: 10 days). 
 
27.8 % of the patients suffered from mild respiratory distress at day 0; this was cured in all 
patients within 48 hours.  A symptom score (mild symptoms: x 1, moderate symptoms: x 3, 
severe symptoms: x 5) improved from 1094 (day 0) to 339 (48 hours) to 144.5 (day 5) if smell 
and taste are not included since they cannot recover so quickly.    
 
Though the results are impressive, one has to take into account serious limitations; (i) the 
study was performed by the producer of the LLF products; (ii) there was no control group 
without LLF; (iii) all patients had a positive IgM/IgG test before inclusion. This means they 
were no “early” patients and some or many of them might have already been on the way of 
their natural recovery, another reason for the urgent need for a control group in such a trial. 
So it remains open whether LLF prevented unfavorable outcomes (e.g., hospitalization, ICU), 
or whether it only accelerated natural recovery in patients who were already recovering 
spontaneously? 
 
Moreover, a complex mix of LLF formulations was applied which makes sense in order to 
combat COVID-19 both systemically and locally. However, outside Spain, it will be impossible 
to get access to these preparations in an acute situation. This rises the question whether 
usual (non-liposomal) preparations of LF are helpful too. However, ISHIKADO et al. showed 
that liposomalization of LF enhanced its anti-inflammatory activity. Thus, it is unclear 
whether “normal” LF (which is much more easily available on the market) is also helpful. 
Much more clinical research is necessary to resolve these question, including (producer-) 
independent research which may also involve LF preparations which are already easily and 
quickly accessible for patients on the local markets. WANG Y et al.: “For example, it remains 
unknown which state of LF is more effective in treating SARS-CoV-2, namely unsaturated vs. 
saturated, human-derived vs. bovine-derived, whereas the combined metal, specific dosage 
and route of administration have yet to be clearly determined, and these issues must be 
considered and resolved before applying LF in the clinical setting for the treatment of COVID-
19.” 
 
But there are many papers meanwhile, including in vitro evidence, which suggest that 
lactoferrin is helpful in the context of COVID-19 without pointing to a mandatory demand of 
liposomalization. However, it should be administered orally in an enteric coated form so that 
lactoferrin is protected during the passage of the stomach and is released slowly later in the 
intestine. It is necessary to take this capsule empty-stomached and to wait a while (at least 
half an hour) before the next meal so that the capsule can passage the stomach quickly 
enough before gastric acid destroys the outer coating.   
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Quercetin and combinations with quercetin 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7664603/
https://dx.doi.org/10.3892%2Fetm.2020.9402
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Rating: very promising as adjuvant therapy/combination partner (and possibly due to strong 
antiviral effect also for prophylaxis), but much more evidence needed. 

In a study from Saudi Arabia (AHMAD A et al.), quercetin 800 mg, bromelain 165 mg, zinc 
acetate 50 mg and ascorbic acid 1 g were given once daily as supplements for 3 to 5 days to 
22 hospitalized patients with not-mild disease (indicated by increased D-dimer) and the 
levels of several critical blood parameters were analysed before and after taking that 
combination. Mean age was 49.3 years; 68 % men; 13 % chronic comorbidities. About half of 
them got antibacterial (55 %) or antiviral (41 %) medications and 63.6 % got anticoagulants. 
There was no evidence for hyperinflammation and cytokine storms. The authors assume that 
this combination prevented poor prognosis. Mean hospital stay was 9 days. No patient 
needed ICU, all stayed at normal isolation wards, and there was no death (personal comm.).  

Quercetin blocks COX and LOX (lipoxygenase) enzymes, reduces TNF alpha and macrophages 
levels (altogether anti-inflammatory), bromelaine reduces TNF alpha, IL-8, bradykinin and 
TLR4 (altogether anti-inflammatory). AHMAD A et al. assume that their combination with 
zinc and vitamin C may inhibit the progression from COVID phase I (early infection stage) to 
phase II (pulmonary stage) and phase III (hyper-inflammation stage). 

DI PIERRO et al. reported about a placebo-controlled RCT with a daily dose of 1000 mg of 
Quercetin Phytosome (a formulation with sunflower phospholipids that increase the oral 
absorption up to 20-fold) for 30 days from Pakistan (Sept. 2020 – March 2021).  

152 outpatients, non-severe at baseline, but symptomatic and SARS-CoV-2 positive. Two 
Quevir tablets daily, taken 12 hours apart (single dose: 500 mg Quercetin Phytosome = QP). 
1000 mg QP correspond to 400 mg pure quercetine.  

Of note, standard care for patients at home was noted to include steroids and antibiotics 
(see below). If possible, participants should avoid dietary supplements containing lactoferrin, 
zinc, vitamin C and vitamin D for the duration of the study. 

Endpoints were need of hospitalization, length of hospitalization, need of non-invasive 
oxygen therapy, progression to intensive care units, and death, besides tolerability and side 
effects. No median/mean age given; dominant age groups: 41-60 years. 

QP vs. placebo: 

Hospitalization: 9.2 % vs. 28.9 %                                                                                                    
Duration of hospitalization: 1.57 vs. 6.77 days                                                                               
need for oxygen: 1.3 % vs. 19.7 %                                                                                                    
need for ICU: 0 % vs. 10.5 %                                                                                                            
death: 0 vs 3.9 % 

Since the QP group encompassed more patients without comorbidities, the analysis was 
repeated only for the participants without comorbidities (47 vs. 31): 

Hospitalization: 8.5 % vs. 22.6 %                                                                                                 
Duration of hospitalization: 1.25 vs. 5.14 days                                                                               
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need for oxygen: 0 % vs. 12.9 %                                                                                                       
need for ICU: 0 % vs. 6.5 %                                                                                                               
death: 0 vs 6.5 % 

QP was very well tolerated. It was also reported by subjects to be beneficial against chronic 
fatigue, tiredness and appetite loss.  

Whereas standard care was defined as steroids and antibiotics in the DI PIERRO paper, these 
agents were only given in case of hospitalization (DI PIERRO, pers. comm.). Outpatients only 
got acetaminophen. Thus the study is effectively about Quevir monotherapy as long as the 
patients stayed at home. 

A second RCT from the same group involved 42 COVID-19 outpatients (21 only SC, 21 SC + 
Quevir; mean age 49.3 years) from Pakistan. The study focused on viral clearance and 
symptoms (DI PIERRO et al. (2)). In this study, also with non-severe outpatients, standard 
care was acetaminophen + azithromycin (500 mg for 3 days). Quevir: first week 500 mg 
capsule TID, second week 500 mg capsule BID.  

After 1 week of treatment 16/21 (Quevir) vs. 2/21 (SC) patients tested negative. Symptom 
improvement was 12/21 vs. 4/21. 

After 2 weeks of treatment, 21/21 (Quevir) vs. 19/21 (SC) patients tested negative; one 
patient, still positive, expired by day 20 (69 years, female, comorbid). 

Hospitalizations: 0 vs. 1, ICU: 0 vs. 1; death: 0 vs. 1. 

Among the blood parameters, Quevir reduced LDH by 35.5 %, Ferritin by 40 %, CRP by 54.8 
% and D-dimer by 11.9 %. (Because of the small study size, the last two results didn’t reach 
significance). 

 
 
 
 
 

Bromhexine and ambroxol 
Rating: doubts about bromhexine; ambroxol seems more promising, but much more evidence 
needed 
 
 
Bromhexine is another candidate that is associated with some hopes, based on in vitro data.  
However, HÖRNICH et al. warned to be careful: in cell culture, bromhexine acted 
paradoxically. Though bromhexine is an inhibitor of TMPRSS2 like camostat, it activated the 
fusion of infected and uninfected cells to promote transfection and may thus contribute to 
infection, in contrast to camostat. As a consequence, use of bromhexine in prophylaxis or 
therapy may possibly increase SARS-CoV-2 related risks.  
 
Ambroxol is another TMPRSS2 inhibitor which may thus be a better alternative to 
bromhexine.  
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But there is already a small RCT from Iran with 78 hospitalized patients; all of them got 200 
mg HCQ/day, but 39 patients also got Bromhexine 8 mg 3 times a day (ANSARIN et al.). 
Bromhexine group and standard care group were similar in baseline characteristics. The 
bromhexine group was a little younger (-2.7 years) and had a lower Apache score (9.3 vs. 
10.2), but there were more diabetic patients (41.0 % vs. 25.6 %), oxygen saturation was a 
little lower (87.8 vs. 88.5 %). Altogether, baseline risks were balanced. Diagnosis were made 
by CT or clinical features since PCR tests were not available at the time of this study. Thus 
there are no results with regard to PCR conversion. Hospital admission happened on average 
8 days after symptom onset (7.7 vs. 8.3 days). 
 
2 patients from the bromhexine group and 11 from the control group had to be brought to 
ICU, 1 instead of 9 needed mechanical ventilation, and 0 instead of 5 died. All results were 
significant (p = 0.006, p = 0.007 p = 0.027; ICU: 5.8 vs. 28.2 %; mechanical ventilation: 2.6 vs. 
23.1 %; mortality 0 vs. 12.8 %). 
 
Secondary outcomes after 2 weeks: dyspnea (3.4 % vs. 48.3 %), cough (6.9 % vs. 40 %), 
lassitude (6.9 % vs. 34.5 %), increased CRP (0 % vs. 81.8 %; baseline: 87.9 vs. 91.7 %); LDH 
levels: (363 vs. 445; baseline: 507 vs. 470; difference: - 144 vs. – 25).  
 

In a non-randomized comparative clinical trial from Russia, bromhexine (8 mg 4 times a day 
for 10 days) and spironolactone (50 mg per day for 10 days) in hospitalized patients with 
mild or moderate COVID-19 (stage I+II, oxygen saturation 92 – 98 %), the combination 
treatment was associated with faster normalization of the clinical condition, fever (-2 days 
after matching), reduction of viral load and duration of hospitalization (9 vs. 10.4 days; PS-
matched: 9.0 vs. 9.8 days) (MAREEV et al.). 33 patients were in the bromhexine/ 
spironolactone group, 70 in the control group; mean age: 52.4 vs. 53.0 years. No side effects 
were reported. Nearly all patients got also antibiotics and all got anticoagulants, whereas 
colchicine or HCQ were used rarely and less frequently in the bromhexine/spironolactone 
group. 

OR for a positive PCR more than ten days after hospitalization was 0.07 (CI: 0.008 – 0.71) in 
the bromhexine/spironolactone group. The treatment was also found to be effective in 
patients with more severe symptoms and those for whom treatment was started later (2.5 
days from hospitalization instead of day 1). 

However, though this study offers an obvious signal for a favorable effect of bromhexine/ 
spironolactone, there are several limitations (e.g., a lot of missing PCR tests), and there are 
no informations about progression, oxygen support, ICU admission, mechanical ventilation 
or death in that mild to moderate patient population.  

 
In a very small randomized controlled pilot study from China, among 18 mild/moderate 
patients, 12 were treated with 32 mg bromhexine hydrochloride TID (32 mg TID after meal) 
for 14 days and 6 patients were the control group (LI et al.). 96 mg/day of bromhexine is the 
maximal allowed dose for adults in China. The authors propose the possibility of a higher 
loading dose, but didn’t practice that in the trial. 
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Bromhexine treatment showed advantages with regard to improvement of chest CTs (66.7 
vs. 33.3 %), need for oxygen therapy (16.7 vs. 33.3 %) and discharge rates at 20 days (83.3 vs. 
33.3 %) and the effect seemed to be more pronounced in those with lung or hepatic injury. 
However, the trial was underpowered for statistically significant results. All patients also got 
antiviral treatment including Arbidol (200 mg TID) and interferon spray. Baseline 
characteristics were similar. There was no deterioration in either group.   
 
One important limitation of both trials is the combination of bromhexine with HCQ or 
antivirals like arbidol and interferon spray. Since there may be some synergistic effects 
between these agents, results for bromhexine alone may differ in patients without 
additional medications. 
 
In a small RCT from Russia, bromhexine hydrochloride prophylaxis (8 mg 3 times a day for 8 
weeks) for highly exposed HCWs was associated with 100 % reduction of a symptomatic 
infection (0/25 vs. 5/25), whereas bromhexine was unable to prevent asymptomatic 
infections (2/25 vs. 2/25). PCR positivity (weekly testing) was 2/25 vs. 7/25 (MIKHAYLOV et 
al.).  
 
In a second RCT from Iran, also confined to hospitalized patients (n = 100), bromhexine (8 
mg four times a day) in addition to standard care (lopinavir/ritonavir + interferon beta 1a 
s.c.) showed no advantage compared to standard care alone at all (TOLOUIAN et al.). There 
was also no favorable trend; it was absolutely useless. Outcomes were very similar in the 
bromhexine group vs. placebo group (mortality: 4.2 % vs. 3.9 %; time to hospital discharge: 
9.1 vs. 9.2 days; ICU admission: 10.4 vs. 9.6 % etc.). At day 7, PCR positivity was even lower in 
the placebo group (34.6 % vs. 60.4 %). Patients in the bromhexine group were a little 
younger (mean 50.7 vs. 53.1 years), and there were no obese patients in the bromhexine 
group, compared to 90.4 % in the placebo group. This is a serious confounder and one may 
ask how this could have happened in a RCT with 100 patients, that all 47 obese patients 
were randomized to placebo. One may speculate whether the outcome of the bromhexine 
group might have been worse than the outcome of the placebo group if the risk profile of 
both groups with regard to obesity would have been better balanced?  
 
TOLOUIAN et al. compare their own RCT with the ANSARIN trial from Iran mentioned above 
(n = 78 patients) that showed favorable results for bromhexine. Despite many similarities, 
they differ with regard to the standard therapy. In ANSARIN et al., bromhexine was 
combined with low dose HCQ (200 mg/day). „It is plausible that the combination of HCQ and 
bromhexine is the key to improvement, but studies need to evaluate and assess this 
hypothesis” (TOLOUIAN et al.). 
 
In vitro data suggest that bromhexine has a paradoxical effect on COVID-19 risks and that in 
some concentrations, it may have the potential to ease COVID infection under certain 
conditions (HÖRNICH et al., OLALEYE et al., TOLOUIAN and MULLA, TOLOUIAN et al.) and 
may moderately enhance fusion and thus infection of cells. Bromhexine is the precursor of 
Ambroxol, and Ambroxol doesn’t show this paradoxical effect in vitro and thus it seems to be 
safer in the context of COVID 19 and it is also regarded as safer in general (OLALEYE et al.). 
Unfortunately, there are so far no clinical trial results about Ambroxol in COVID-19 patients. 
However, in their detailed paper presenting own in vitro data both on ambroxol and 
bromhexine, OLALEYE et al. see both drugs as promising, but eventually they favor Ambroxol 
in their conclusions, and they also see the possibility that ambroxol may work in prophylaxis. 
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Taking bromhexine as benchmark, there is now an urgent need to directly compare 
bromhexine and ambroxol with one another in a controlled trial.  
 
There are two remarkable sentences in ANSARIN et al. that seem to be so important that 
they are quoted here directly: “It has been observed that there is usually rapid deterioration 
of the general condition within the first 24 hours of intubation and mechanical ventilation in 
patients with COVID-19 infection, having a direct correlation with poor outcomes. …  It is 
prudent to consider ICU admission and intubation/ mechanical ventilation in this patient 
population as going into the danger zone rather than a bridge to recovery. Therefore, any 
intervention that prevents ICU admission, may have a high impact on mortality rates.” 
 
Moreover, ALKOTAJI proposed to use ambroxol for inhalation instead of oral administration 
as tablets in order to accomplish high concentrations at the respiratory epithelium and for 
cellular targeting of the virus in acidic vesicles (endosomes and lysosomes). The same applies 
to azithromycin which can also be inhaled, prepared as dry powder using spray drying 
technology with the aid of suitable diluent. However, whereas this is technically more 
demanding, ambroxol for inhalation is already available on the market. KUMAR P proposed 
co-aerolization of a pulmonary surfactant and ambroxol for patients with ARDS. 
 
NABAVI et al. proposed “to test the prophylactic potential of combination therapies of 
TMPRSS2 inhibitors (such as ambroxol, leupeptin, camostat mesylate, and nafamostat 
mesylate), Aloxistatin (E64d) (as potent inhibitor of cathepsin L and calpain) in association 
with FURIN inhibitors (e.g., luteolin) that may lead to complete abrogation of SARS‐CoV‐2 
entry into host cells.” Among these combinations, ambroxol is available OTC and luteolin as 
a nutritional supplement, so the access to such a treatment regimen would be easy. One 
may also consider ambroxol as inhalation to achieve higher concentrations in the target 
areas. Though the concept sounds plausible and a very promising antiviral strategy, there are 
so far no study results in the context of COVID-19. The strategy should be tested urgently in 
an animal model. If it works, it could be an ideal strategy for antiviral self-management of 
early outpatients directly after diagnosis or suspected diagnosis.  

With regard to VoCs, LEE J et al. demonstrated that bromhexine is not statistically 
significantly less effective against B.1.1.7 and B.1.351 compared to wildtype SARS-CoV-2. 
However, there was an insignificant trend that it may be a little less effective against 
B.1.351, whereas no difference was found between wildtype and B.1.1.7. In general, viral 
inhibition on Calu-3 cells was much less pronounced by bromhexine compared to other 
TMPRSS2 inhibitors like camostat, nafamostat or aprotinin (50 – 60 % vs. 80 – 100 % at 
highest tested concentration). 
 
Surprisingly, bromhexine hydrochloride was found to to be completely ineffective in a 
TMPRSS2 peptidase or HexaPro210 cleavage assay; contrary to nafamostat and camostat, it 
showed no inhibition and was ineffective to block SARS-CoV-2 pseudovirus entry (FRASER et 
al.). This study raises now a lot of doubts whether bromhexine has any anti-SARS-CoV-2 
effect at all. 

In contrast, CARPINTEIRO et al. showed that ambroxol prevents SARS-CoV-2 entry into 
epithelial cells by inhibiting acid sphingomyelinase.  Entry of the spike of the virus requires 
activation of acid sphingomyelinase and release of ceramide; all of these events were 
prevented by pretreatment of the cells with ambroxol. This mechanism was also 
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recapitulated in nasal epithelial cells from human volunteers prior to and after inhalation of 
ambroxol, inoculated with pseudotyped SARS-CoV-2 ex vivo. The volunteers inhaled an 
approximately 20 mM solution of ambroxol. Since 20-25 μM ambroxol were sufficient to 
block infection with the pseudotyped SARS-CoV-2, CARPINTEIRO et al. expect a very broad 
therapeutic window. 

Moreover, escape mutants would still be inhibited by ambroxol treatment, since all mutants 
require ACE2 for infection. “Thus, targeting the acid sphingomyelinase/ceramide system 
might be a very interesting approach to prevent infection with SARS-CoV-2 mutants”. Taking 
into account the study of OLALEYE et al., ambroxol may prevent infections at different levels 
(blocking the binding of the S protein to its human receptor and inhibition of acid 
sphingomyelinase/ceramide system). “This suggests that inhalation of ambroxol may 
prevent SARS-CoV-2 infection and spread in the human respiratory epithelium.” 
(CARPINTEIRO et al.). 

In a similar way like Myrtol, Ambroxol improves mucociliary clearance. Coughing is regarded 
as a secondary mechanism that indicates that mucociliary clearance has failed (WITTIG). 
WITTIG proposed drugs for mucociliary clearance as “a symptomatic approach to stabilize 
the airway barrier” in the early outpatient phase of COVID-19. With regard to mucociliary 
clearance, Myrtol is about as effective as Ambroxol (MATTHYS H et al.). 

Antidepressants like fluoxetine, amitriptyline and others also inhibit the acid 
sphingomyelinase and act very similar to ambroxol, but have to be given systemically and 
have a variety of side effects and contraindications. As CARPINTEIRO et al. pointed out, in 
contrast to antidepressants, ambroxol is very safe, well tolerated “and can in principle 
applied with no temporal limitation” … “ for example, prophylactically in persons at risk to 
develop severe Covid-19 infections, such as elderly individuals, or after contact with an 
infected individual or after testing positive for SARS-CoV-2 without symptoms of COVID-19. 
However, ambroxol is very likely not effective at later stages when the viral infection 
becomes systemic” (CARPINTEIRO et al.). 
 
 
 
 

Ivermectin 
 
Rating: a lot of promising evidence for its role as a combination partner for early treatment 
(and also for prophylaxis); however, there are still many uncertainties about the optimal 
dosing regimen and the optimal combinations (e.g., see FLCCC recommendations). Much 
more evidence from well-designed RCTs needed, but the general trend is promising 
particularly when used in combinations. 
 
 
 
Ivermectin + aspirin 
 
There are already some promising results for ivermectin, but some of them are restricted to 
hospitalized patients (RAJTER et al., GORIAL et al.; besides PATEL et al., based on the 
contested Surgisphere data:  PATEL AN et al.: Usefulness of Ivermectin in COVID-19 Illness). 
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The PATEL study should be ignored completely because of doubtful data base or even fraud. 
Meanwhile, also the ELGAZZAR study of ivermectin from Egypt was removed from a preprint 
server and their results are contested, but the situation is less clear so far (REARDON).  

 

A clinical trial was planned where outpatients take ivermectin within the first 48 hours after 
symptom onset (CHACCOUR et al.). In the pilot RCT with 24 young patients without risk 
factors who got a single dose of 0.4 mg/kg IVM within 72 hours of symptom onset, no 
difference in the proportion of PCR positives at day 7 (RR 0.92 at day 7, CI: 0.77 – 1.09) was 
found, but a tendency to lower viral loads and lower IgG titers and an earlier recovery from 
cough and hyposmia/anosmia (CHACCOUR et al. (2)).  

What about the combination of ivermectin and anticoagulation, promising data come from 
an uncontrolled study from Argentinia (CARVALLO et al.):  
 
Mild patients were treated as outpatients and got 24 mg Ivermectin as oral solution (day 0 
and 7) and 250 mg aspirin daily;  
moderate patients were hospitalized, got 36 mg Ivermectin as oral solution (day 0 and 7), 4 
mg dexamethasone (daily, injected), 250 mg aspirin daily and oxygen support,  
severe patients were brought to ICU immediately, got 48 mg Ivermectin via gastric cannulae 
(day 0 and 7), 4 mg dexamethasone, enoxaparin (100 IU/kg) and mechanical ventilation. 
 
Among the mild group (n = 135), there was no worsening and no need for hospitalization. 
Most of them recovered within 3 days. 
 
Among 32 moderate and severe patients, one patient died (initially classified as “severe”);  
the remaining 31 patients did not worsen under treatment. 
 
Mortality was 0.59 % compared to 2.1 % overall mortality for the disease in Argentinia, and 
3.1 % for the hospitalized patients in that study in contrast to 25 % in COVID patients 
hospitalized in the same hospital at the same time who did not receive the so-called IDEA 
treatment regimen. The authors suggest to start this regimen as early as possible in the mild 
stage to prevent progression. 
 
Based on the outcomes of this study, CARVALLO et al. suggested a possible preventive 
strategy “in communities of high viral circulation” with an oral dose of ivermectin lower than 
24 mg (proposed: 12 mg) once a week for a limited period of time. They consider the 
following concept: “This dose might be enough to reduce viral load at a low level to keep 
COVID-19 at a mild stage, without eliminating SARS-CoV-2 completely, so that immunity 
against SARS-CoV-2 is developed individually to finally reach herd immunity”. However, 
though such a concept may be examined in order to avoid severe disease, one may question 
the quality and persistence of immunity which is generated under antiviral prophylactic 
treatment.   
 
On the other hand, a large retrospective study with hospitalized patients from Peru (among 
them: 2630 standard care, 203 ivermectin, 358 azithromycin + ivermectin) found no 
advantage for ivermectin with regard to mortality (SOTO-BECERRA P et al.). There was a 
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trend for higher mortality with ivermectin (wHR 1.39) and ivermectin + azithromycin (wHR 
1.37) which was insignificant with regard to the weigthened Hazard Ratio (wHR).  
 
One may ask whether the combination of ivermectin + aspirin and/or an earlier start of 
treatment (on average) in the study from CARVALLO et al. explain its favorable results 
compared to the unfavorable results from the retrospective trial of SOTO-BECERRA et al. 
 
On the other hand, aspirin might have contributed a lot to the favorable results of that 
combination (see below; OSBORN et al., CHOW et al.).  
 
 
In a cluster assigned clinical trial (2:1; NCT04784481; CHAHLA et al.) in mild outpatients 
(PCR+) from Argentinia, subjects were divided into an early ivermectin group (n = 110; orally 
4 drops of 6 mg = 24 mg every 7 days for 4 weeks) and a control group (n = 62). Baseline 
characteristics were similar (ivermectin group: median age 40 years; risk factors a little more 
prevalent; control group: 37.5 years). Symptomatic treatment for both groups:  500mg 
paracetamol every 6 or 8h, no more than 4 tablets daily; 100mg aspirin, 1 tablet per day with 
breakfast; 150mg Ranitidine, 1 tablet in the morning, and 1 tablet at night). IVM started 
about 2 days after onset of symptoms or diagnosis. 
 
Ivermectin + standard care, compared to standard care alone, accelerated clinical 
improvement/resolution of symptoms, and this effect was more pronounced at days 5-9 (-51 
% of symptoms in the IVM group and -18.5 % in the control group compared to baseline) 
than on day 10-14 (-75 % vs. -65.7 %) (patients were evaluated only once, either after 5-9 
days or after 10-14 days, thus these proportions refer to different subgroups of patients). 
Follow-up was by personal examination in Primary Health Centers. 
 
28 days of start of treatment, 1.2 % of the IVM group, but 12.9 % from the control group 
were not yet medically released (aOR for medical release in the IVM group: 10.37; CI: 2.05 – 
52.04; p = 0.005). Medical release was defined as uninfected; no clinical or virological 
evidence of infection. There seemed to be no influence of age on the effect of IVM. No 
adverse effects, no deaths; no progression to critical hospitalization in the IVM group (but no 
information about total hospitalizations and about critical hospitalizations in the control 
group). Of note, this study compared IVM + paracetamol + aspirin + ranitidine vs. 
paracetamol + aspirin + ranitidine. However, compliance to these medications (and whether 
all patients got them) is not clear.  
 
 
 
 
Ivermectin + doxycycline 
 
In a RCT from Baghdad, 70 patients (48 mild-moderate, 11 severe, 11 critical) were treated 
with 0.2 mg/kg PO of Ivermectin per day for 2-3 days and 100 mg PO doxycycline twice per 
day for 5-10 days, and were compared to 70 patients (48 mild-moderate, 22 severe, 0 
critical) on standard therapy (HASHIM et al.); the study included inpatients and outpatients 
who were recruited at two hospitals (hospitalization according to the severity of the 
disease): 
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progression to a more advanced stage, all patients: 4.28 % vs. 10 % 
progression to a more advanced stage, severe patients: 9 % vs. 31.8 %   (p > 0.05) 
 
mortality rate, mild-moderate: 0 % (0/48) vs. 0 % (0/48) 
mortality rate, severe: 0 % (0/11) vs. 22.3 % (6/22) 
mortality rate, critical: 18.2 % (2/11) – no control group with standard care only  
(p = 0.052) 
 
mean time to recovery, mild-moderate: 6.34 vs. 13.66 days 
mean time to recovery, severe: 20.27 vs. 24.25 days 
mean time to recovery, critical: 24.13 days – no control group only with standard care  
(p < 0.01) 
 
The authors concluded: “the earlier administered Ivermectin with doxycycline, the higher 
rate of successful therapy.” 
 
 
 
 
Ivermectin + Azithromycin  
 
MORGENSTERN et al. reported about compassionate use of Ivermectin in outpatients and 
hospitalized patients from two Centers in the Dominican Republic. 
 
In their observational retrospective study without control group, there were 3.099 patients 
with definitive or highly probable diagnosis of COVID-19; 2.706 were discharged for 
outpatient treatment (mild or moderate disease), of whom 18 (0.7 %) had to be taken back 
to hospital (16 normal ward, 2 ICU; one of the 2 ICU patients died). Among the 2.688 
patients who had not to be re-hospitalized, there was no progress to warrant further 
hospitalization and no outpatients died outside the hospital. Thus the ICU rate for the 
primary outpatient group was 0.07 % and the death rate was 0.04 %.  
 
Among the 411 hospitalized patients (393 primary hospitalizations and 18 re-hospitalizations 
from the outpatient group), there were 37 deaths (9.0 %): 3 death (1 %) among 300 patients 
on normal wards and 34 deaths (30.6 %) among 111 patients on ICU. 
 
Overall mortality of the 3.099 COVID patients was 1.2 %, compared to 1.8 % according to 
WORLDOMETER for the Dominican Republic (November 2nd, 2020: 2.251/127.048).  
 
However, this study has serious limitations since there was no control group and no 
demographic data of the patients are given except for the average age of patients 
hospitalized in rooms (52 years) and in ICU (58 years), gender (all patients: 50 % male;  
hospitalized patients: 63.5 % male) and the time lag between onset of symptoms and visit of 
the Emergency Department (outpatients: 3.6 days, hospitalized patients in isolation rooms: 
6.9 days; ICU patients: 7.8 days).  
 
Therapy regimen: 
Outpatients: 0.4 mg/kg Ivermectin orally (once) + 500 mg/day Azithromycin for 5 days 
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Hospitalized patients: 0.3 mg/kg Ivermectin orally (day 1, 2, 6, 7) + 500 mg/day Azithromycin for 7 
days; if necessary: Enoxaparin, Dexamethason, Tocilizumab, Methothrexate (TCZ and MTX in critically 
ill patients). 

 
CADEGIANI et al. reported favorable results from the treatment of outpatients in the Pre- 
AndroCOV trial for the combination of Azithromycin with either ivermectin, nitazoxanide or 
optionally HCQ. They discuss the ethical problems of a placebo-controlled RCT following the 
favorable preliminary results for such treatment regimens and compare the results of early 
treatment according to the Pre-AndroCOV regimens with untreated patients from the same 
population (control group 1) or literature (Pubmed, Medline and others; control group 2). 
Treatment of mild to moderate stage early patients according to one of the combination 
regimens resulted in a reduction of 31.5 to 36.5 % in viral shedding (p < 0.0001), 70 – 85 % 
reduction of the duration of clinical symptoms including anosmia and ageusia (p < 0.0001) 
and 100 % in respiratory complications (p < 0.0001). Furthermore, CADEGIANI et al. 
calculcated that “for every 1000 confirmed cases for COVID-19, a minimum of 140 patients 
were prevented from hospitalization (p < 0.0001), 50 from mechanical ventilation, and five 
deaths, when comparing to age-, sex- and comorbidity-matched non-treated patients with 
similar initial disease severity at the moment of diagnosis.” However, this study didn’t 
compare different regimens with one another, so it remains unclear how much ivermectin 
contributed to the favorable results.  
 
SEN GUPTA and RANA proposed and provided the rationale for the combined and 
simultaneous use of famotidine, Ivermectin und doxycycline. However, as SEN GUPTA 
pointed out in an online comment to their study, the combination of these three drugs had 
not been used to far. High dose of famotidine is required at least if given separately. The 
three drugs act at different levels of the virus infection: famotidine, a histamine-2 receptor 
blocker, inhibits polyprotein processing and ubiquination during COVID-19 infection (in the 
sense of a first-level barrier), ivermectin stops replication of the virus inside infected cells 
(second-level barrier), and doxycycline reduces inflammation caused by the virus (third level 
barrier). However, a large study from China showed that famotidine may worsen the risk for 
severe COVID-19 (ICU, ventilation or death) with a HR of 1.98 (CI: 1.47 – 2.66, p < 
0.001)(ZHOU J et al.; for details about PPIs and famotidine, see the “indomethacine” 
chapter). 
 
In outpatients from Brazil who immediately got antiviral drugs prescribed at the time of 
presentation (N = 717), addition of Ivermectin (47.4 % of 717) to HCQ, prednisone or both 
didn’t reduce the risk of hospitalization further beyond the risk decrease which was already 
achieved by early HCQ, prednisone or HCQ+prednisone (50 – 60 %) (FONSECA et al.). In fact, 
the OR for hospitalization was 1.17 (CI: 0.72 - 1.90) in those who took Ivermectin and 0.93 
(CI: 0.60 – 1.45) in those who took Azithromycin. However, no separate results for individual 
combinations (like HCQ + IVM, PR + IVM, HCQ + PR + IVM, IVM alone) were presented.  
 
In a Syrian hamster model (with intranasal inoculation of SARS-CoV-2), Ivermectin was not 
associated with viral load, but attenuated SARS-CoV-2- associated pathology greatly (DE 
MELO et al.). Ivermectin prevented clinical deterioration, reduced olfactory deficits in 
infected animals, and reduced the IL-6/IL-10 ratio in lung tissue. The latter effect is regarded 
as a reason for the more favorable clinical presentation of IVM-treated animals. There were 
differences between sexes, and IVM was more effective with regard to the cytokine profile 
in the nasal turbinates of females compared to males. Fortunately, there was no such 
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difference in the lungs, where both sexes profited from favorable effects of IVM. However, 
IVM was administered in this study (once) at the time of intranasal inoculation with SARS-
CoV-2, thus this animal trial reproduced a prophylaxis setting rather than a treatment 
setting.  
  

However, in spite of some reports about favorable results of Ivermectin alone or in 
combination with other agents with regard to prophylaxis (see the “chemoprophylaxis 
paper”) or therapy of COVID-19, it seems improbable that the recommended and allowed 
oral doses of Ivermectin are high enough to elicit efficient antiviral activity. In vitro data 
point to the need for oral doses about 10 times higher than common and allowed (MITTAL 
and MITTAL). For that reason, MITTAL and MITTAL recommend to study the use of an 
inhaled formulation of Ivermectin, because drug accumulation in the lungs following 
inhalation may reach levels of potent antiviral activity. But so far, no inhalable formulation of 
Ivermectin is available so far.  

Thus all studies which demonstrated a favorable effect of Ivermectin have to be assessed 
very critically (e.g. with regard to potential bias and undetected confounders), especially if 
Ivermectin is the only active agent. Also the exact mechanism of its anti-COVID action is not 
established so far, but it is hypothesized “to  exert  its  effect  by  inhibiting importin (IMP) 
α/β Integrase and thereby preventing the propagation of viruses” (PADHY et al.). 

PADHY et al. conducted a systematic review and meta-analysis about the therapeutic 
potential of ivermectin as add on therapy. Among 629 COVID-19 PCR-positive patients in 4 
studies, 397 received ivermectin along with usual therapy. The pooled OR for all-cause 
mortality was 0.53 (CI: 0.29-0.96, p = 0.04), and the OR for clinical improvement was found 
to be 1.98 (1.11-3.53, p = 0.02) for Ivermectin as add on therapy. Nevertheless, PADHY et al. 
regarded the evidence in favor of Ivermectin as “very low”. After adding a fifth, more 
recently published study (HASHIM et al.) with 140 patients (70 Ivermectin + doxycycline, 70 
controls), the pooled OR for mortality became 0.50 (0.29-0.88, p = 0.02), strengthening the 
original finding. Time to viral clearance was significantly shorter in one study, the same in 
another study, and not determined in the other studies.  The safety profile of IVM was 
reported as favorable in all of the included studies.  

 

Comedication (both in IVM and non-IVM-group) in the four studies of the primary analysis:  

GORIAL et al. (Iraq; 16 IVM, 71 non-IVM): HCQ + AZI 

RAJTER et al. (US; 173 / 107): HCQ + AZI 

CHOWDHURY et al. (Bangladesh; 60 / 56): Doxycycline in the IVM group, HCQ+AZI in the non-IVM-
group) 

BHATTACHARYA et al. (India; 148 / 0): N-Acetylcysteine + Atorvastatin 

In BHATTACHARYA et al., there was no control group. 148 patients (mean: 57.6 years; 81 % 
with at least one comorbidity; 5 % severe, 27.5 % moderate) were treated with one dose 
IVM, 10 mg Atorvastatin daily and N-Acetylcysteine injection (no dose given). Mortality was 
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1.35 %, “well below the national average”. Now details were given about the two patients 
who died under that regimen. Given the high proportion of mild patients in that cohort, it is 
questionable whether 1.35 % mortality is actually favorable.     
 
 
KALFAS et al. reviewed in detail the mechanisms of action of Ivermectin, but they also gave 
an overview about results from clinical studies.  
 
Besides three prophylactic studies with favorable results (which won’t be mentioned here, 
but are all included and discussed in the “chemoprophylaxis paper” available: 
http://freepdfhosting.com/863ed84c7f.pdf), KALFAS et al. identified five trials that 
investigate IVM treatment: 
 
● RAJTER et al., retrospective multicenter analysis; ICON study (US); hospitalized patients; 
many patients got also HCQ and/or AZI; 173 IVM, 107 controls; overall mortality: 15 % vs. 
25.2 % (p = 0.03), mortality severe disease: 38.8 vs. 80.7% (p = 0.001); no significant 
differences with regard to extubation rates or hospital stay. Absolute risk reduction after 
propensity score matching was 11.7 % and thus similar to the 12.1 % for dexamethasone in 
the Recovery Trial. 
 
● GORIAL et al., matched case control study; hospitalized patients; standard therapy: HCQ, 
AZI; 16 IVM, 71 controls. Mortality 0 vs. 2.8 %; time to viral clearance: 7 vs. 12 days; hospital 
stay: 7.6 vs. 13.2 days (p = 0.0005)   
 
● CARVALLO et al. (see above; no direct control group; combination treatment regimens) 
 
●  NCT04523831; double-blind RCT; IVM + Doxycycline + standard vs. standard; 
mild+moderate patients; 183 IVM, 180 controls. Mortality: 0 vs. 1.6 %. Clinical deterioration: 
8.7 vs 17.8 % (p = 0.013), viral clearance within 12 days: 92.3 vs. 80 %; clinical recovery 
within 7 days: 60.7 vs. 44.4 % (p = 0.03) 
 
● HASHIM et al. (see above), RCT, IVM + Doxycycline + standard vs. standard; mild – severe; 
70 IVM, 70 controls. Mortality: mild + moderate: 0 vs. 0 %; severe: 0 vs. 27.27 % (p = 0.052); 
critical: 18.2 % in the IVM+DOXY arm, no controls available. Lower than the mortality rate 
that is usually reported for critical patients. Progression in severe cases: 9 % vs. 31.8 %, p = 
0.15. Time to recovery: 10.6 vs. 17.9 days  (p < 0.01) 
 
 
As KALFAS et al. point out, the potential benefits of IVM or IVM combination therapy seem 
to be relevant to all stages of the disease from prophylaxis to critically ill patients, probably 
due to multi-pronged effects of IVM like antiviral activity, anti-inflammatory effects and 
immunomodulation. 
 
However, contrary to that conclusion from KALFAS et al., CAMPRUBI et al. found no 
advantage of IVM (single dose, 200 microgram/kg) in severe patients; they also got many 
other medications (tozilicumab or steroids or both; HCQ + AZI, lopinavir/ritonavir; some 
patients: remdesivir or interferon beta). Outcome was even worse (ICU admission: 69 % vs. 
38.5 in controls without IVM), though this difference was not statistically significant. Start of 
IVM was median 12 days (IQR: 8 – 18 days) after onset of symptoms. The authors discuss 

http://freepdfhosting.com/863ed84c7f.pdf
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that the dose may be too low for severe patients and suggest a dose of 800 microgram/kg 
that was found to be safe for the treatment of parasitic infections. A recent meta-analysis 
quoted by them had found that “doses up to 800 μg/kg… (have) a safety profile comparable 
to lower doses of 200 or 400 μg/kg.” On the other hand, one should consider the possibility 
that IVM was simply started too late in that study. The study allows no conclusions about an 
early use of IVM in the course of the disease. 
 
Not yet included in KALFAS et al., KHAN et al. reported about a retrospective controlled 
study in hospitalized patients from Bangladesh; 115 patients got 12 mg Ivermectin (once!)  
within 24 hours after hospital admission, 133 were controls. There was no other antiviral 
treatment, but patients in both groups got antibiotics or anti-histamines if necessary. Mean 
age was 34 or 35 years, only 6 patients in each group were older than 50 years.  
 
IVM vs. control group: 
 
Need for oxygen inhalation: 9.6 vs. 45.9 % (p < 0.001) 
Progression to moderate respiratory distress: 2.6 % vs. 15.8 % (p < 0.001) 
Progression to pneumonia: 0 vs. 9.8 % 
Need for antibiotic treatment: 15.7 vs. 60.2 % 
ICU admission: 0.9 vs. 8.3 % (p < 0.001) 
Viral clearance: median 4 vs. 15 days  (p < 0.001) 
Hospital stay: median 9 vs. 15 days  (p < 0.001)  
Death: 0.9 vs. 6.8 %  (p < 0.05) 
 
61 of the surviving 114 patients who got IVM were randomly assigned to follow-up 
assessment 10 and 20 days after discharge, and none reported any complications. 
 
KHAN et al. conclude: “Appropriate rapid management of those who are asymptomatic-to-
mildly/moderately symptomatic (about 90% of all patients) is essential to prevent disease 
progression and community spread. … the present findings suggest that ivermectin can be 
considered as a first-line treatment for containing SARS-CoV-2 to prevent severe irreversible 
respiratory complications and community transmission.” 
 
It is noteworthy that KHAN et al. used Ivermectin without combination with other antivirals. 
It is often considered that common and safe doses of Ivermectin are too low for an effective 
antiviral activity if given alone (see MITTAL and MITTAL), thus IVM is regarded usually only as 
a combination partner with another antiviral agent. This makes the results so surprising.  
 
Interestingly, AHMED S et al. found no advantage for the combination of IVM + doxycycline 
compared to IVM alone in a RCT with 72 hospitalized patients from Bangladesh with regard 
to the endpoint of viral clearance (mean duration: IVM 9.7 days; IVM + Doxy: 11.5 days; 
control: 12.7 days; p = 0.02 for IVM alone vs. controls). Though insignificant (only 24 patients 
per arm), symptom improvement showed the same trend: IVM alone > IVM + Doxy > 
control. 
 
However, the reason that “IVM alone” was superior to IVM+Doxy (as trend) might depend 
on the IVM dose: In the IVM group, IVM was given daily (12 mg daily for 5 days, i.e. 
cumulative dose 60 mg), while in the IVM+Doxy group, there was only a single dose of IVM 
(12 mg at day 1), and doxycycline was given daily (200 mg per day). Thus it remains unknown 

https://www.sciencedirect.com/topics/medicine-and-dentistry/disease-exacerbation
https://www.sciencedirect.com/topics/medicine-and-dentistry/disease-exacerbation
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whether the combination of IVM+Doxy is less effective than “IVM alone” in general, or 
whether the higher cumulative dose (60 mg vs. 12 mg) of IVM outcompeted the combination 
with doxycycline.  
 
Though IVM as a partner for combinations – and possibly also taken alone – looks very 
promising, and meanwhile more promising than HCQ both in prophylaxis and treatment at 
different stages of the disease, there are lots of open questions. First, IVM doses in the 
different trials varied a lot, but there seems to be no evident profile of a dose-effect 
relationship. For example, KHAN et al. gave only 12 mg once without an antiviral 
combination partner, and their results are among the most favorable of all IVM trials. 
Second, many IVM trials are from countries with younger populations so that only few old 
people were included in the studies. Thus it is less clear whether IVM may also help elder 
patients to the same extent as it does in younger populations.   
 
 
LIMA-MORALES et al. assessed the effectiveness of a combination of IVM, azithromycin, 
montelukast and aspirin (TNR4 therapy) in 768 outpatients with confirmed COVID-19 and 
mild or moderate symptoms (18 – 80 years) from Mexico. Endpoints were prevention of 
hospitalization and death. 481 patients received the TNR4 regimen, 287 received other 
therapies (comparison group). Evaluation by home visits and/or phone calls during the 14 
days after enrollment. Patients who initiated the treatment on the same day or one day 
before they were hospitalized or died were excluded (LIMA-MORALES et al.). Patients from 
the control group “had already been offered another treatment, they had self-medicated for 
cold and flu symptoms or were asymptomatic, so they did not think any further treatment 
was necessary” (LIMA-MORLES et al.). 
 
The molecular and immunological rationale behind the TNR4 regimen is described in detail 
by LIMA-MORALES et al. Doses: “(1) Ivermectin, 12 mg single dose; (2) Azithromycin 500 mg 
for 4 days; (3) Montelukast, 60 mg on the first day and then 10 mg between days 2–21; and 
(4) acetylsalicylic acid, 100 mg for 30 days.” The time between onset of symptoms and start 
of treatment was 7 days in both groups. 
 
Unfortunately, the groups were not well balanced. Participants in the TNR4 group were 4.9 
years younger (41.3 vs. 46.2 years); less males, lower prevalence of any comorbidity, more 
health workers. However, subgroup analyses were performed (see below): 
 
85 % of patients who received TNR4 recovered within 14 days, compared to 59 % in the 
control group. Risk of hospitalization was reduced by 75 %, risk of death by 81 %. 
 
Hospitalization:  
All: 9.1 % vs. 31.0 % 
With comorbidities: 15.1 vs. 46.6 % 
49-80 years old: 19 vs. 42.9 % 
Males: 7.5 vs. 29.8 % 
HCWs: 4.8 vs. 18.4 % 
 
Death: 
All: 3.1 vs. 18.1 % 
With comorbidities: 6.5 vs. 29 % 
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49-80 years old: 10.2 vs. 34.5 % 
Males: 3.5 vs. 21.1 % 
HCWs: 1.0 vs. 7.9 %  
 
All differences are significant (most of them highly significant). Of note, only 90.3 % of the 
481 patients from the TNR4 group took all four drugs (8.3 % took three drugs, 1.4 % only 
one). These 9.7 % were not excluded from the calculations. In the comparison group, “19% 
did not take any medications, 61.4% used NSAIDs, 14.4% combined antibiotics with NSAIDs 
or corticosteroids, and 5.2 % took antiviral drugs along with NSAIDs or corticosteroids”. 
 
It is noteworthy that therapy started on average 7.1 days after onset of symptoms. This 
cannot be regarded as early treatment. Unfortunately, no subgroup analysis was done with 
regard to the interval between onset of symptoms and start of TNR4. Moreover, patients 
were followed for 14 days after inclusion, but hospitalization or death were censored 14 
days after onset of symptoms, while therapy started on average about 7 days after symptom 
onset. This is another serious limitation of the study.  
 
 
 
 
Ivermectin – complex combination (doxycycline, zinc, vitamin C, vitamin D) 
 
HAZAN et al. reported about a small trial from US with patients who didn’t qualify to 
participate in a RCT because of an oxygen saturation of less than 90 %, but they didn’t want 
to be hospitalized for personal reasons, thus were treated at home by telemedicine. 
 

Their treatment protocol was: 
 
● 12 mg IVM at day 1, 4, 8 
● 100 mg doxycycline twice daily 
● 25 mg zinc twice daily 
●  vitamin D3 1500 IU twice daily 
●  vitamin C 1500 mg twice daily 

 
All 24 patients (mean age: 66 years) had moderate-severe symptoms averaging 9.2 days 
beside hypoxia (the four worst cases: 74 %, 77 %, 84 %, 85 % oxygen saturation) and high risk 
features. Only one patient was already on Remdesivir and three on HCQ when the combined 
regimen started. 
  
All participants resolved symptoms in 11 days on average; oxygen saturation improved from 
87.4 to 93.1 % (p = 0.001) with 24 hours. There were no direct controls without that therapy. 
All 24 patients survived and there was no hospitalization. In a database with 313.805 
comparable patients from US, 14.4 % died and 30.6 % had to be hospitalized. From originally  
26 patients to who this outpatient regimen was offered, 2 didn’t consent to the therapy 
regimen; both patients died. 
   
HAZAN et al. point out: 
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„The rationale for using combination antiviral therapy is based on our growing 

understanding that intracellular infections – bacterial or viral, cannot be reliably cured using 

a single drug. It is also based on our knowledge that IVM resistance is common. Hence, there 

is no single ‘silver bullet’ for COVID-19, and the indiscriminate use of IVM alone could 

induce COVID-19 resistance by generating drug-resistant strains. Resistance to IVM was the 

case when used alone in scabies, nematodes, strongyloidiasis, microfilaridermias, 

onchocerca and volvulus“. 

 

This is the big dilemma since pharmaceutical regulators like EMA want to see results for 
single agents in order to decide whether they accept and recommend them or whether they 
reject them. The negative statement of the EMA about IVM is a typical example. 
 
With this simple, one-dimensional and narrow-minded thinking of pharmaceutical 
regulators, we will never see a victory over COVID, and instead, the dying in the hospitals will 
go on – first from unvaccinated patients, but now also starting in the case of breakthrough 
infections. 
 
 
 
 
 
Ivermectin alone (or + zinc) 
 
In a double-blind 3-arm RCT with 62 mild to moderate PCR+ patients from Nigeria (average 
age: 44.1 years; BABALOLA et al.), 6 mg IVM (twice a week, Q84hrs; altogether 2 doses) was 
compared to 12 mg IVM (Q84hrs for 2 weeks; altogether 4 doses) and to daily 
Lopinavir/Ritonavir for 2 weeks as control. Standard care included Azithromycin, vitamin C, 
vitamin D and zinc on an individual base. At the beginning of the study, all patients were 
hospitalized, whereas later, new study participants were treated as ambulatory patients due 
to a change in the local strategy (BABALOLA OE, pers. comm.). Thus hospitalization cannot 
be regarded as an indicator for severity of the disease in this RCT.   
 
Days to PCR negativity were 6.0 vs. 4.8 vs. 9.1 (IVM 6 mg vs. 12 mg vs. control); IVM induced 
PCR negativity by day 5  3.45 times more likely than Lopinavir/Ritonavir. IVM tended to 
increase oxygen saturation (p = 0.073), platelet and lymphocyte counts. Low platelet count is 
a negative prognostic factor, and an association between increase in platelets and faster 
resolution and inhibition of viral proliferation was observed in this study. 
 
No serious side effects were reported. 12 mg IVM regimen had superior efficacy compared 
to 6 mg IVM; there was a dose-effect relationship. „Symptomatic improvement was seen in 
all patients, with resolution of fever, dyspnea and other signs. There was no mortality and 
the patients remained well on follow up.“ (BABALOLA et al). The authors point out that IVM 
was found to be effective against SARS-CoV-2 „at the doses that were initially considered 
inadequate based on pharmacokinetic simulations“. 
 
Most important, the favorable effects in the IVM arms have to be attributed to IVM alone (or 
its combination with zinc, since most of all patients in all three arms took also zinc), whereas 
dexamethasone and enoxaparine were used only rarely (1 or 2 per study arm). The same 
applies to Azithromycin (2 patients altogether) (BABALOLA OE, pers. comm.).  
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On the other hand, a double-blind, placebo-controlled RCT from India with 112 hospitalized 
patients with mild to moderate COVID-19 showed only a few significant effects of IVM 
(RAVIKIRTI et al). Dosing: IVM 12 mg on day 1 and again on day 2 of admission. No 
significant difference in baseline characteristics, no significant difference with regard to 
negative PCR status at day 6 (23.6 % in IVM arm; 31.6 % in placebo arm; n.s.) and some 
clinical outcomes (symptom-free on day 6: 83.6 % vs. 89.5 %; discharged at day 10: 80.0 % 
vs. 73.7 %; admission to ICU: 9.1 % vs. 10.5 %) except for mortality: there were 4/57 (7.0 %) 
deaths ins the placebo arm, but no in-hospital mortality in the IVM arm (0/55). All patients 
of the intervention arm, but only 93.1 % from the control arm were successfully discharged 
(RR 1.1, p = 0.019). There was also a trend for lower risk of mechanical ventilation in the IVM 
arm (1.8 % vs. 5.8 %, p = 0.088). 
 
In summary, despite some disappointing results, IVM was still very effective in that trial: 
whereas it was unable to accelerate viral clearance and symptom improvement compared to 
placebo, it was effective to avoid critical outcomes like mechanical ventilation (1 vs. 5) and 
death (0 vs. 4). Of note, no repeat PCR was done so it is impossible to calculate the median 
or mean time to PCR negativity. No severe cases on admission were included. Thus IVM 
effectively reduced risk for mechanical ventilation and death in mild to moderate patients.  
 
Mean age in that study was 50.7 years in the IVM arm and 54.2 years in the placebo arm; 
however, diabetes and hypertension were about 5-7 % more prevalent in the IVM arm so 
that the risk profile for bad outcomes seems to be well balanced.   
 
But it is very important to note that this study was not about IVM alone, but about the 
addition of IVM to standard therapy that included HCQ + steroids + antibiotic for all (!) 
patients, enoxaparin to nearly all patients (about 96 %), remdesivir to about 20 %, 
convalescent plasma to about 13 % and tocilizumab to about 6 % without large differences 
between IVM and placebo arm. Thus the ability of IVM to reduce severe risks like mechanical 
ventilation or death may be attributed to the addition of IVM to complex regimens, and this 
must not necessarily apply to IVM given alone. It should be noted that even standard care 
was very intense in that trial since all patients were mildly or moderately ill at the time of 
admission – in western countries with EU- or FDA based strategies, many of these patients 
would have been sent home to stay in isolation without any specific treatment (see 
McCULLOUGH et al. (2)). 
 
 
 
BIBER et al. studied the antiviral effects of early IVM (0.2mg/kg for 3 days vs. placebo) in 
non-hospitalized patients (mild, moderate) in a placebo-controlled double-blind RCT in 
Israel. Main outcomes were duration of viral shedding until Ct level >30 (regarded as non-
infectious level) and viral culture viability. Because the study focused on viral instead of 
clinical outcomes, the number of participants was comparatively small (47 IVM, 42 placebo; 
median age 35 years; 16.8 % asymptomatic at recruitment; median time from symptom 
onset was 4 days; but maximal time allowed for inclusion: 7 days from onset of symptoms or 
in asymptomatic patients 5 days from PCR diagnosis). The patients lived in hotels that were 
used as isolation facilities for mild to moderate patients without need for oxygen support. 
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IVM dose: 40 – 69kg: 12 mg/day;  >= 70 kg: 15 mg/day; the tablets had to be taken one hour 
before meal. 
 
Ct>30 (or negativity) was reached by 72 % vs. 50 % (IVM vs. placebo) on day 6 (OR 2.62; CI: 
1.09 – 6.31). Cultures at days 2 to 6 were positive in 13.0 % of IVM patients compared to 
48.2 % from the placebo group (p = 0.008). Day zero: 81.2 % culture-positive.  
 
At day 4 (one day after the end of IVM treatment), 86 % of IVM patients and 59 % of controls 
reached a composite endpoint of Ct>30 and/or culture-negative and are thus supposed to be 
not infectious any more (p = 0.04). 
 
There were three hospitalizations in the placebo group and one in the IVM group, but the 
hospitalization in the IVM group occurred at the day of recruitment because of respiratory 
problems; the patient kept on taking IVM and was sent back to hotel in good condition the 
next day. 
 
 
 
Interestingly, in vitro data demonstrated a strong synergism between ivermectin and 
remdesivir (JEFFREYS et al.). Since remdesivir can only be given i.v. so far, this combination is 
not available to outpatients. But it may become an interesting option for outpatients as soon 
as remdesivir will become available as oral drug or inhalation. 
 

However, the suggestion that IVM is favorable independent of the stage of the disease is 
questionable. In a RCT with patients who had to be hospitalized because of pneumonia (but 
non-critical on admission), IVM was not superior to HCQ or placebo (BELTRAN-GONZALEZ et 
al.). Neither IVM nor HCQ was effective (mortality: 12.2 % vs. 13.8 % vs. 16.2 % for HCQ, 
IVM, placebo; n = 33, 36 and 37; respiratory deterioration: 18.1 % vs. 22.2 % vs. 24.3 %; 
hospital stay: 5 vs. 6 vs. 7 days). However, IVM patients were older (56 years vs. 48.9 years 
for HCQ and 53.8 years for placebo) and had worse laboratory results for lymphocytes, 
neutrophils, D-Dimer, CRP and ferritin. Only patients with a QT interval > 500 mg were 
randomized to IVM or placebo (those < 500 mg were randomized to HCQ or placebo) what 
may introduce some additional bias. Moreover, IVM was only given once (12 mg for < 80 kg 
and 18 mg for > 80 kg). The results are in accordance with a study with severe patients from 
CAMPUBRI et al. (see above) where 0.2 mg/kg given once had no favorable effect too. More 
than one dose of 0.2 (or more) mg/kg IVM seems to be more favorable (see BABALOLA et al., 
AHMED S et al.; RAVIKIRTI et al. with regard to mortality). In a trial of IVM prophylaxis, 
BEHERA et al. directly compared a single dose of 0.3 mg/kg IVM with two doses given 72 
hours apart, and only the 2-dose regimen had a significant effect on COVID-19 risk (uOR and 
aOR both 0.27), whereas the 1-dose regimen had no effect at all. So the efficacy of IVM may 
be dependent on the number of doses, and the efficacy of 1-dose regimens may be 
questionable independent of the stage of the disease. If a single dose doesn’t work in 
prophylaxis, why should if work for therapy? 

 

 

Meta-analysis of RCTs from the International Ivermectin Project Team (HILL et al.) 
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A systematic review and meta-analysis included 18 RCTs with altogether 2282 patients 
(available RCTs until December 14th, 2020, but also including unpublished trials from 
contacted research groups). Among 6 RCTs with moderate or severe patients, HILL et al. 
found a 75 % reduction of mortality (RR 0.25; CI: 0.12 – 0.52; p = 0.0002; 2.1 % vs. 9.5 % 
based on 650 vs. 597 patients). The 75 % survival benefit is based on altogether 71 deaths.  

11 trials were about mild/moderate patients.  

In summary, IVM was associated with reduced duration of hospitalization, reduced 
inflammatory marker (CRP, D-dimer, ferritin), a slight increase in lymphocytes, a slight 
reduction of LDH, and faster viral clearance. Viral clearance was dependent on dose and 
treatment duration. Reduction of D-dimer and ferritin was more pronounced in patients 
with severe disease at baseline. 

9 trials studied a single dose regimen, 9 trials multi-day dosing up to seven days. What about 
dosing, higher doses (0.4 mg/kg instead of 0.2 mg/kg) or multi-days dosings were associated 
with larger effects on viral clearance.  

HILL et al. recommend to conduct larger RCTs with higher doses (at least 0.4 mg/kg) for 3 – 5 
days. The maximum effective dosis is not yet clear; ongoing trials evaluate doses up to 1.2 
mg/kg for 5 days.  

The data from the tables from HILL et al. were re-analysed in order to detect effects of multi-
dose regimens vs. a single dose beyond the effects on viral clearance that were already 
mentioned by HILL et al.. With regard to “time to clinical recovery”, there were 7 RCTs. 6 
showed shorter recovery with IVM (one trial only marginally), 3 of them significantly (p < 
0.05), but the highest significance (p < 0.001) was reported from the sole trial with a multi-
dosing regimen (0.2 mg/kg for 2 – 3 days; HASHIM et al.) among these seven trials; all other 
trials had only a single dose of 0.2 mg/kg (n=5) or 0.4 mg/kg (n = 1). 

With regard to duration of hospitalization or risk of hospitalization among outpatients, 6 
trials were included (3 with one dose and 3 with multi-dose regimens). All 6 RCTs showed 
highly significant results with p = 0.01 or less. All 3 multi-dose regimens had p values of 0.006 
or below. 

The mortality analysis in Table 5 from HILL et al. was reanalyzed based on single and multi-
dose regimens with data from the original study from NIAEE (0/60 deaths in the one-dose 
group and 4/60 deaths in the multi-dose group). This resulted in 0/243 deaths among one-
dose regimens (MAHMUD and 2 arms from NIAEE, ranging vom 0.2 to 0.4 mg/kg) and 
14/415 deaths in the multi-dose groups (3.4 %) instead of 9.5 % in controls. However, this 
difference of 0.0 % vs. 3.4 % has to be interpreted with caution because the favorable result 
for the one-dose group is dominated by far by the MAHMUD study where IVM (single dose) 
was combined with doxycycline treatment, what might have been associated with a 
favorable synergistic effect. Thus these findings don’t justify to regard a single dose regimen 
of IVM as superior to multi-dose regimens since the latter seem to be associated with better 
outcomes in other aspects that are regarded as indicators of a more favorable prognosis (like 
viral clearance, shorter time to recovery). 

 

Meta-analysis from KARALE et al. 
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KARALE et al. performed a systematic analysis and meta-analysis about IVM studies 
published between February 1, 2020 and March 27, 2021; their analysis focused on very bad 
outcomes like overall mortality, ICU admission, mechanical ventilation and adverse effects. 
 
They included 38 studies with 15,002 participants, but only 30 studies with 11,291 patients 
(IVM: 2996, controls:  8295) could be included in the quantitative analysis (22 about 
mortality, 5 about ICU admission, 9 about mechanical ventilation, 17 about adverse effects).  
 
OR for mortality was 0.39 (CI: 0.22 – 0.72) (22 studies). Subgroup analysis of 12 RCTs 
confirmed the result (OR 0.33; CI: 0.15 – 0.72) for all patients and for the mild/moderate 
subgroup (OR 0.10; CI: 0.03 – 0.33) in the RCTs (evidence grade: high certainty). There was 
only an insignificant benefit for the severe/critical subgroup in the RCTs (OR 0.53; CI: 0.23 – 
1.23; p = 0.14) (evidence grade: moderate). 
 
In the 7 observational studies, OR for mortality was 0.61 (CI 0.30 – 1.22), but evidence from 
these studies was graded as very low. 
 
In the subgroup analysis for hospitalized patients (N = 15 studies, including non-RCTs), OR for 
mortality as 0.48 (CI: 0.28 – 0.83). If one restricts this subgroup analysis to RCTs (N = 8), OR 
was 0.36 (CI: 0.15 – 0.87) (moderate grade evidence), whereas OR was 0.63 (0.31 – 1.29) 
from 6 observational studies (very low evidence). 
 
There was no separate subgroup analysis for outpatients. 
 
ICU admission: OR 0.48 (CI: 0.17 – 1.37) (5 studies) 
Mechanical ventilation: OR 0.64 (CI: 0.40 – 1.04)  (9 studies) 
Adverse effects: OR 0.92 (0.64 – 1.33)  (17 studies) 
 
KARALE et al. concluded: “In summary, Ivermectin may have a role as an adjuvant treatment 
in decreasing mortality in mildly/moderately ill COVID-19 patients. Also, lower odds of ICU 
admissions and use of mechanical ventilation with Ivermectin use were noted but with very 
low evidence.”  

 

 

Meta-analysis from ROMAN et al. and BRYANT et al. 
 
ROMAN et al. restricted their systematic review and meta-analysis to RCTs published until 
March 15, 2021. They included 10 RCTs; however, only 5 of them could be used for the 
outcome “mortality” (BELTRAN, CHACCOUR, LOPEZ-MEDINA, NIAEE, RAVIKIRTI), and all of 
these studies were preferentially about mild or moderate patients. There were 9/425 deaths 
in the IVM group and 22/365 in the control groups, giving a RR of 0.37 (CI: 0.12 – 1.13), the 
anticipated absolute effects on all-cause mortality (follow-up 5 to 28 days) were 2 /100 (CI: 1 
– 7/100) in the IVM group and 6/100 in the control group. There was no effect on viral 
clearance (RR 0.96, 4 studies) and hospital stay. Despite the favorable trend on mortality, 
ROMAN et al. don’t see IVM as a viable option to treat COVID-19 outside a clinical trial 
context. 

 

In contrast, BRYANT et al. included 13 RCTs with mild or moderate patients in their meta-
analysis and found a significant reduction of mortality (average RR 0.32; CI: 0.14 – 0.72) 
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based on 1892 patients. The evidence was classified as low to moderate. Most importantly, 
the results were not sensitive to the exclusion of studies with high risk of bias (aRR 0.28; CI: 
0.09 – 0.85; 11 studies, 1697 participants) or an active comparator. BRYANT et al. calculated 
the risk of death without IVM to 91/1000 (all disease severity) (“assumed risk”), whereas 62 
deaths (range: 25 – 78) can be prevented by IVM treatment. They suggest that early use of 
IVM may reduce the number of people who progress to severe disease. Evidence quality for 
other outcomes is graded as low or very low and based only on very few studies (for most 
outcomes, only 1 – 3 studies).  
  
It is interesting to see how the inclusion of only a few more studies (BRYANT et al. vs. 
ROMAN et al.) yielded nearlyt the same risk reduction (68 vs. 63 %), but that the crossing of 
the border to statistical significance changed the basic conclusions from negative to positive 
recommendations. 

The final publication (BRYANT et al. 2) included two additional studies (n = 15); the average 
risk ratio of mortality rose from 0.32 to 0.38 (CI: 0.19 – 0.73) by that, but the evidence is now 
qualified as “moderate to certainty”, instead of “low to moderate”. The result is based on 
1300 patients on IVM and 1138 controls and included this time also severe patients (the RR 
of 0.51 for severe patients (CI 0.22 – 1.14) might explain the increase of the total RR 
compared to the analysis of 13 studies with only mild to moderate patients as mentioned 
above). In fact, the RR for mild to moderate patients is now 0.24 (0.06 – 0.94), based on 945 
patients on IVM and 774 controls: 

RR (death) mild/moderate:    0.24  (0.06 – 0.94), 11 studies, 945 IVM, 774 controls 

RR (death) severe:  0.51 (0.22- 1.14). 5 studies, 235 IVM, 304 controls 

RR (death) unpecified (mild to severe): 0.18 (0.06 – 0.55), 1 study IVM 120, 60 controls 

RR (death) all:  0.38 (0.19 – 0.73), 15 studies*, 1300 IVM, 1138 controls    

*(2 studies contributed both to “mild to moderate” and to “severe”) 

After the exclusion of an outlier study (FONSECA et al.) that was responsible for 
heterogenity, the RR for “severe” became 0.37 (CI: 0.14 – 0.98) and the RR for “all” became 
0.31 (CI: 0.17 – 0.58), based on 1248 patients on IVM and 1023 controls. 

After exclusion of studies with high risk of bias, the RR (death) for “mild to moderate” kept 
on to be 0.24 (0.06 – 0.94), for “severe”, it became 0.36 (0.04 – 3.59) and for “all”, the RR 
was reduced to 0.28 (0.10 – 0.78), based on 1169 patients on IVM and 1001 controls. 

For prophylaxis of infection, the risk reduction was found to be 86 % (CI: 79 – 91 %), but the 
evidence was still qualified as “low certainty”. 

 

The final paper from BRYANT et al. (quoted here as “BRYANT et al. 2”) is very 
comprehensive and offers a detailed and precise analysis of the IVM study data and the 
paper is highly recommended here to read for those interested in IVM. It would be too 
comprehensive to recapitulate here the wealth of their results.  
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Based on IVM studies from the “Early treatment” group from the IVMMETA site (accessed 
July 27th, 2021), mortality data were available for 7 studies: 

LOPEZ-MEDINA et al.  (RCT)  (0.3 mg/kg days 1-5, low risk. pop.): 0 / 200   vs.    1/198 

CADEGIANI et al. (0.2 mg/kg days 1-3): 0 /110   vs.    2/137 

CARVALLO et al. (24 or 36 mg days 1 + 8; only moderate/severe cases): 1*/33  vs.   3/12    
(*already in ICU before start of IVM treatment, thus not compatible with “early treatment”) 

RAVIKIRTI et al. (RCT) (12 mg days 1 + 2): 0 / 55   vs.  4 / 57 

LOUE et al.: 1/ 10 vs. 5 / 15  (14 mg) 

VALLEJOS et al. (RCT):  4/250 vs. 3/251  (24 mg)** 

MAHMUD et al. (RCT):  1/183 vs. 3/183  (12 mg) 

 

Total: 6 / 841 in the IVM group vs. 21 / 853 in the control group (RR 0.36; CI: 0.15 – 0.85) 

*However, the only death case in the IVM group in this study cannot be regarded as “early 
therapy” because he was already at ICU when IVM treatment was given to him.  

** See the critical discussion of that study on the IVMMETA site, 
https://c19ivermectin.com/vallejos2.html 

 

 

 

FLCCC Recommendations 

In their meta-analysis for Ivermectin treatment on the outcome “mortality”, KORY et al. 
found an OR of 0.451 (CI: 0.258 – 0.789) based on 4 observational studies (RAJTER, KHAN, 
GORIAL, BUDHIRAJA) and an OR of 0.134 (CI: 0.065 – 0.277) for 6 RCTs (ELGAZZAR, 
MAHMUD, HASHIM, NIAEE, CADEGIANI, RAVIKIRTI). Overall result for mortality based on the 
10 studies: OR 0.288 (CI: 0.185 – 0.448). 
 
In a comparison of single vs. multi dose regimens for the endpoint “time to recovery”, based 
on 4 studies each, multi dose regimens were found to be more effective than a single dose 
of ivermectin. 
 

Recommendations for Ivermectin-based early treatment of outpatients from the FLCCC 
Alliance: 

 

FLCCC Alliance = Front Line COVID-19 Critical Care Alliance 
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https://covid19criticalcare.com/ 

 

I-MASK+ Protocol of the FLCCC Alliance (accessed April 15th, 2021) for early 

outpatient treatment:  

● Ivermectin: 0.2 – 0.4 mg/kg per dose — one dose daily, minimum of 2 days, continue 

daily for 5 days or until recovered; taken with or after meals 

Upper dose range:  regions with aggressive variants; treatment start on day 5 of symptom 

onset or later or in the pulmonary phase; multiple comorbidities/risk factors                                                                                                                                                

 

● fluvoxamine 50 mg twice daily for 10-14 days  

In addition to IVM if there is minimal reponse to IVM after 2 days; in regions with more 

aggressive variants; if treatment started 5 or more days after symptom onset or in the 

pulmonary phase; numerous comorbitidies/risk factors 

 

● nasopharyngeal sanitation: steamed essential oil inhalation 3 x a day and/or 

chlorhexidine/benzydamine mouthwash gargles and Betadine nasal spray 2-3 times a day 

 

● Vitamin D3 4,000 IU/day  

● Vitamin C 500 - 1000 mg twice a day 

● Quercetin 250mg twice a day  

● Zinc 100mg/day  

Melatonin 10mg before bedtime  

Aspirin 325mg/day (unless contraindicated)  

Pulse Oximeter Monitoring of oxygen saturation is recommended  

(may become updated) 
(KORY P et al.)    accessed; July 26th, 20221 

 

 
Highly recommended for further reading about IVM: 
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KORY P et al., Review of the Emerging Evidence Demonstrating the Efficacy of Ivermectin 
in the Prophylaxis and Treatment of COVID-19. Doi: 10.31219/osf.io/wx3zn 
 
https://covid19criticalcare.com/ 

The history of the I-MASK+ concept and the ideas and studies behind that concept are 
decribed by TURKIA M. 
 
 
 

In the EU, Ivermectin was approved for prophylaxis and treatment of COVID-19 in Czechia 
and also Slovakia on January 26th, 2021 (first for six months): 
 
https://ockbgkekw6vfmhahzvs46a7ewy-adwhj77lcyoafdy-www-health-gov-
sk.translate.goog/Clanok?covid-19-27-01-2021-ivermectin 

 
 
 

EMA statement: 
 
EMA advises against use of ivermectin for the prevention or treatment of COVID-19 outside 
randomised clinical trials 
  
22/03/2021 

EMA has reviewed the latest evidence on the use of ivermectin for the prevention and treatment of 
COVID-19 and concluded that the available data do not support its use for COVID-19 outside well-
designed clinical trials. 

In the EU, ivermectin tablets are approved for treating some parasitic worm infestations while 
ivermectin skin preparations are approved for treating skin conditions such as rosacea. Ivermectin is 
also authorised for veterinary use for a wide range of animal species for internal and external 
parasites. 

Ivermectin medicines are not authorised for use in COVID-19 in the EU, and EMA has not received 
any application for such use. 

Following recent media reports and publications on the use of ivermectin, EMA reviewed the latest 
published evidence from laboratory studies, observational studies, clinical trials and meta-analyses. 
Laboratory studies found that ivermectin could block replication of SARS-CoV-2 (the virus that causes 
COVID-19), but at much higher ivermectin concentrations than those achieved with the currently 
authorised doses. Results from clinical studies were varied, with some studies showing no benefit 
and others reporting a potential benefit. Most studies EMA reviewed were small and had additional 
limitations, including different dosing regimens and use of concomitant medications. EMA therefore 
concluded that the currently available evidence is not sufficient to support the use of ivermectin in 
COVID-19 outside clinical trials. 

Although ivermectin is generally well tolerated at doses authorised for other indications, side effects 
could increase with the much higher doses that would be needed to obtain concentrations of 

https://doi.org/10.31219/osf.io/wx3zn
https://ockbgkekw6vfmhahzvs46a7ewy-adwhj77lcyoafdy-www-health-gov-sk.translate.goog/Clanok?covid-19-27-01-2021-ivermectin
https://ockbgkekw6vfmhahzvs46a7ewy-adwhj77lcyoafdy-www-health-gov-sk.translate.goog/Clanok?covid-19-27-01-2021-ivermectin
https://www.ema.europa.eu/en/glossary/clinical-trial
https://www.ema.europa.eu/en/glossary/clinical-trial
https://www.ema.europa.eu/en/glossary/clinical-trial
https://www.ema.europa.eu/en/glossary/indication
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ivermectin in the lungs that are effective against the virus. Toxicity when ivermectin is used at higher 
than approved doses therefore cannot be excluded. 

EMA therefore concluded that use of ivermectin for prevention or treatment of COVID-19 cannot 
currently be recommended outside controlled clinical trials. Further well-designed, randomised 
studies are needed to draw conclusions as to whether the product is effective and safe in the 
prevention and treatment of COVID-19. 

This EMA public health statement has been endorsed by the COVID-19 EMA pandemic Task 
Force (COVID-ETF), in light of the ongoing discussions on the use of ivermectin in the prevention and 
treatment of COVID-19. 

 

Statement of the BIRD Panel as reponse to the EMA recommendation: 
 
https://b3d2650e-e929-4448-a527-
4eeb59304c7f.filesusr.com/ugd/593c4f_c12195d52477491a9bd070ca0b702837.pdf 
 
(BIRD = Britisch Ivermectin Recommendation Development) 
 

 
 
 

Cochrane Review on IVM  (July 28th, 2021) (POPP M et al.) 
 
At the end of July 2021, the first systematic Cochrane Review on IVM for treatment and 
prophylaxis was published. It included studies published until May 26th, 2021. 
 
Fulltext:  
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD015017.pub2/full 
 
Due to the very strict inclusion criteria of Cochrane, only 13 studies were included in their 
quantitative analysis (meta-analysis): 9 on inpatients, 3 on outpatients and 1 on prevention. 
 
They included RCTs “comparing ivermectin to no treatment, standard of care, placebo, or 
another proven intervention for treatment of people with confirmed COVID-19 diagnosis, 
irrespective of disease severity, treated in inpatient or outpatient settings, and for prevention 
of SARS-CoV-2 infection. Co-interventions had to be the same in both study arms. We 
excluded studies comparing ivermectin to other pharmacological interventions with 
unproven efficacy.“ (POPP et al.). 
  
As a result of the low numbers of studies that were compliant to their inclusion criteria, 
confidence intervals became quite large due to the small numbers of participants for each 
item that was analyzed separately by POPP et al.. For example, POPP et al. found a RR for 
mortality up to 28 days if IVM was used in outpatients of 0.33 (well in accordance with the 
meta-analyses mentioned above), but this RR is based only on two studies and the CI ranges 
from 0.01 to 8.05 (422 participants, „low-certainty evidence“). With regard to inpatients, RR 
for mortality was 0.60 (CI: 0.14 – 2.51) based on 2 studies with only 185 participants („very 
low-certainty evidence). 

https://www.ema.europa.eu/en/glossary/clinical-trial
https://www.ema.europa.eu/en/documents/other/mandate-objectives-rules-procedure-covid-19-ema-pandemic-task-force-covid-etf_en.pdf
https://www.ema.europa.eu/en/documents/other/mandate-objectives-rules-procedure-covid-19-ema-pandemic-task-force-covid-etf_en.pdf
https://b3d2650e-e929-4448-a527-4eeb59304c7f.filesusr.com/ugd/593c4f_c12195d52477491a9bd070ca0b702837.pdf
https://b3d2650e-e929-4448-a527-4eeb59304c7f.filesusr.com/ugd/593c4f_c12195d52477491a9bd070ca0b702837.pdf
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD015017.pub2/full
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As a consequence, trends in favor of IVM missed statistical significance possibly just because 
of statistical power, but POPP et al. had to conclude:  
 
„Based on the current very low- to low-certainty evidence, we are uncertain about the 
efficacy and safety of ivermectin used to treat or prevent COVID-19. The completed studies 
are small and few are considered high quality. Several studies are underway that may 
produce clearer answers in review updates. Overall, the reliable evidence available does not 
support the use ivermectin for treatment or prevention of COVID-19 outside of well-designed 
randomized trials.“ 
 
 
 

IZCOVICH review 
 
Much more concerns than the Cochrane review are caused by the review from IZCOVICH et 
al., that included 29 RCTs with 5592 cases up to July 6, 2021. 
 
Though restricted to RCTs, they analysed all RCTs in detail for risk of bias or reasons for 
concern. They compared RCTs with high or some concerns (of bias) to RCTs with low risk of 
bias. 
 
For example, they found a RR for mortality of 0.33 (CI: 0.15 – 0.73) for 6 RCTs with some or 
high concerns (MAHMUD, HASHIM, ELGAZZAR, NIAEE, OKUMUS, BELTRAN), whereas the RR 
for mortality was 0.96 (CI: 0.58 – 1.59) for 6 RCTs with low risk of bias (KIRTI, 
SHAHBAZNEJAD, LOPEZ-MEDINA, BERMEJO GALAM, ABD-ELSALAM, VALLEJOS). Taking all 12 
RCTs together, the RR is 0.50 (CI: 0.28 – 0.88).  
 
Similar results were obtained for other outcomes, with the exclusion of hospitalization, 
where IVM may be associated with a reduced risk even if if one restricts the analysis to the 
studies with low risk of bias: 
 
Mechanical ventilation (low risk of bias): 6 RCTs, 1046 patients, RR 1.05 (CI: 0.64 – 1.72) 
 
Symptom improvement/resolution (low risk of bias): 8 RCTs, RR 1.02 (CI: 0.96 – 1.10) 
         For comparison: 11 RCTs including concerns of bias: RR 1.17 (CI: 1.05 – 1.30) 
 
Hospitalization (low risk of bias): 2 RCTs, RR 0.67 (CI: 0.37 – 1.19) 
         For comparison: 3 RCTs including concerns of bias: RR 0.62 (CI: 0.36 – 1.07)   
 
Increase of viral clearance (low risk of bias): 3 trials, RR 0.97 (CI: 0.79 – 1.19) 
         For comparison: 13 RCTs including concerns of bias: RR 1.19 (CI: 1.02 – 1.38) 
 
Severe adverse effects (low risk of bias): RR 0.99 (CI: 0.14 – 6.96) 
         For comparison: 4 RCTs including concers of bias: RR 1.04 (0.32 – 0.38) 
 
In their discussion, IZCOVICH et al. point out, with regard to all RCTs (i.e. ncluding those with 
some or a lot of concerns):  “Overall, the body of evidence suggests that ivermectin may 
reduce mortality, may increase symptom resolution or improvement, may decrease 
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hospitalizations, may increase viral clearance, and may decrease symptomatic infection in 
exposed individuals.“ 
 
However, after IZCOVICH et al. excluded all RCTs with significant methodological limitations, 
their results changed substantially. They conclude: “We found low certainty, due to 
imprecision, that ivermectin may not significantly reduce mortality, nor reduce invasive 
mechanical ventilation, and moderate certainty evidence that ivermectin probably does not 
significantly increase viral clearance or symptom resolution or improvement. Regarding 
hospitalizations, results did not change significantly suggesting that ivermectin may modestly 
reduce hospitalizations. However, certainty of the evidence remained low due to very serious 
imprecision.“ 
 
One may assume that the IZCOVICH study may put an end now to the discussion about 
ivermectin and that ivermectin has to be regarded as “failed” like lopinavir/ritonavir, 
convalescent plasma or hydroxychloroquine. 
 
On the other hand, IZCOVICH et al. chose a very conservative approach; they write about 
that:  
“Reporting was poor for a significant number of included trials. For risk of bias assessment, 
we adopted a conservative approach and rated as low risk of bias only those trials for which 
it was clearly reported that no significant methodological limitations existed. Hence, we may 
have inappropriately classified some well executed trials as “some concerns” or “high risk of 
bias” due to their suboptimal reporting methods. Although for some trials we intended to 
contact the authors for clarification, most did not answer.“ 
 
Taking this limitation into account, it is probably too early to pretend that IVM has definitely 
failed. The only hope is to wait for more trials with low risk of bias, or that RCTs with poor 
reporting that are not definitely published until now, may improve their reporting in the final 
publication. That said, the role of IVM is still open, but the perspective looks much worse 
than it was before.  
 
On the other hand, IVM was regarded as a combination partner from the beginning, based 
on the observation that its antiviral effect is not strong enough in vitro in the common and 
tolerable doses. The sort of comedication (or no comedication at all) may influence the 
results of the trials. This aspect was not subject of the review of IZCOVICH et al.. The 
recommendations of the FLCCC are an example how complex comedication may be. 
Moreover, it is not surprising that there is no evidence that IVM shortens viral clearance 
because it has to be regarded more as an immunomodulator than as an antiviral in the doses 
used.  
 
 
Of note, IVM was able to inhibit SARS-CoV-2 in Vero cells, but not in human-derived airway 
epithelial cells (DINESH KUMAR et al). Thus any prophylactic or therapeutic effect that was 
seen in studies with IVM cannot be attributed to a direct antiviral activity, suggesting an 
immunmodulatory mechanism against SARS-CoV-2 and COVID-19. 
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Nitazoxanide 
 
Rating: unclear or possibly promising, but much more evidence needed.  
 
 
In a double-blind RCT from Brazil, the antiparasitic drug nitazoxanide (500 mg TID for five 
days) was compared with placebo in mild adult patients who presented up to 3 days after 
onset of symptoms, but the median time until the first dose of the study drug was 
administered was 5 days (because of waiting for the results of PCR testing) (ROCCO et al.; n 
= 194 nitazoxanide, n = 198 placebo). Primary outcome was complete resolution of 
symptoms. Most participants were young and without comorbidities. Only 6 % of patients in 
both groups were 60 years old or older.  
 
There were no differences in symptoms after 5 days of treatment between verum and 
placebo group. One week later, 78 % of patients from the verum group and 57 % in the 
placebo arm were free of symptoms (p = 0.048). PCR negativity at day 5 was 29.9 vs. 18.2 % 
(p = 0.009), and, compared to baseline, virus load was lower in 55 % of the verum group 
compared to 45 % of the placebo group (p = 0.006). There were no differences in the 
laboratory parameters between baseline and day 5 both in the verum group and placebo 
group. 5 patients from each arm needed hospitalization because of deterioration; among 
them two from each arm needed ICU care. There was no death.  
 
There were no serious side effects and the therapy was safe. But most important, 
nitazoxanide didn’t prevent hospitalization and didn’t effect complete blood count, CRP 
levels and inflammation biomarkers.  
 
In summary, the results are quite disappointing. Though the therapy is considered as “early” 
compared to other COVID trials, it should be noted that the delay (median time) between 
onset of symptoms and first intake of the study drug or placebo was 5 days (IQR: 4 – 5 days), 
what may reflect a typical real-world early therapy setting, but may be suboptimal for a drug 
which is taken because of its antiviral effects. This may also explain why there was no effect 
on inflammatory markers in the blood. As AGUILAR et al. showed, blood markers (like 
inflammatory markers) predict the fate of the patient since day 4 after onset of the disease 
(i.e. day 4 after onset of symptoms). If antiviral therapy starts at day 5, it may already come 
too late since the fate of the patient is already fixed. This assumption fits well with the 
results that participants from the nitazoxanide group had the same risk for hospitalization 
and ICU care than participants from the control group. The absolute risk was low for both 
groups, but that may be the consequence of the comparatively young age and few 
comorbidities. It might be interesting to see whether nitazoxanide is more effective if it is 
started immediately after a positive rapid antigen test in spite of a time-consuming PCR test 
somewhere in a laboratory, i.e. if started ~ 2 days earlier.      
 
SILVA et al. reported a trend for a quicker reduction of viral load in a small RCT from 
Argentinia (500 mg Nitazoxanide every six hours) that became significant at one point of 
time (>= 35 % reduction from baseline until day 7). Altogether, 46 mild/moderate patients 
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were randomized to NTX (n = 33) and 13 to placebo. There was one death because of COVID 
19 in each group. No other clinical parameters were reported except for viral load. Beside 
the observation that NTX has some (small to moderate) effect on viral load (as a proof of 
principle that it is not complete inefficacious), the study is not very helpful to decide about 
the clinical relevance of NTX. The authors point to the observation that it was found in other 
studies that a lower viral load is associated with a better outcome. 
 
In a placebo-controlled multicenter RCT from US and Puerto Rico, 5-day treatment with 
nitazoxanide (300 mg extended release tablets; 600 mg twice daily) was studied in 379 
outpatients with mild or moderate laboratory-confirmed symptomatic COVID-19 
(ROSSIGNOL et al.). Inclusion occurred at latest 72 hours after onset of symptoms. No other 
COVID-relevant medications were allowed except for Paracetamol (acetaminophen) and/or 
dextromethorphan. All participants got also vitamin B complex supplement to mask any 
potential chromaturia because of nitazoxanide. Mean age: 39.5 (nitazoxanide) vs. 41.0 years 
(placebo). 
 
Whereas nitazoxanide was unable to reduce the time to sustained response (median 13.28 
vs. 12.35 days in the control group; but: in case of mild illness at baseline: 10.4 vs. 14.3 days) 
and also unable to reduce the proportion of PCR-positivity at day 4 and 10, it prevented the 
progression to severe disease by 85 % (1/184 vs. 7/185, 0.5 vs. 3.6 %).  
 
Among high-risk individuals, progression occurred in 1/112 vs. 7/126 patients (0.9 vs. 5.6 %). 
 
Hospitalization: 1/184 vs. 5/195 (0.5 vs. 2.6 %)  
 
However, two patients died during the study; both in the nitazoxanide group, “one due to 
severe COVID-19 and the other (SARS-CoV2 negative) secondary to aspiration, 19 days after 
completing therapy”.  
 
Nitazoxanide was well tolerated. 
 
There was no subgroup analysis done for different age groups or time interval since 
symptom onset.  
 
For details about the rationale of the use of nitazoxanide in COVID-19, see STACHULSKI et al.. 
 
In vitro experiments with Vero cells found synergism between nitazoxanide and remdesivir, 
amodiaquine and umifenovir (BOBROWSKI et al.), suggesting nitazoxanide as a combination 
partner. However, Vero cells don’t express TMPRSS2 (and 4) what may limit the clinical 
relevance of such in vitro results. 
 
It was shown in vitro that nitazoxanide blocks the spike maturation of the B.1117 and P.1 
variants with the same efficacy as for the ¨Wuhan¨ strain and strains with the D614G 
mutation (see ROSSIGNOL et al.). 
 
 
 
Note on niclosamide:  
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In a small trial from Iraq with 25 mild, 25 moderate and 25 severe patients, add-on therapy 
of niclosamide to ivermectin, favipiravir, doxycycline, azithromycin, steroids, high-dose zinc 
and vitamin D was associated with quicker recovery in moderate and severe patients (5 and 
3 days shorter), but not in mild patients, but didn’t reduce mortality (4 % vs. 4 %) 
(ABDULAMIR et al.). 
 
 
 
 
 
 

Nigella sativa + honey 
 
Rating: much more evidence needed, particularly for aged western populations. Risks in 
diabetic or pre-diabetic people. 
 
 
In a multicenter RCT from Pakistan, encompassing PCR-confirmed COVID-19 patients with 
moderate or severe disease, all patients received standard care and patients of the 
treatment arm received NHS (honey + Nigella sativa) for up to 13 days (ASHRAF et al.). 
NHS treatment reduced the time until symptom allevation by 3 and 7 days for moderate and 
severe patients compared to controls without NHS (HR 6.11 and 4.04 for moderate and 
severe patients) and the median viral clearance time by 4 days in both groups (HR 5.53 and 
4.32). In severe patients, 30-day mortality was 4 % in the NHS group and 18.9 % in the 
control group (OR 0.18 CI: 0.02 – 0.92). In moderate patients, there was one death in the 
control group (1.37 %) and no death in the NHS group. Altogether, there were 11 deaths in 
the control group (7.1 %) and 2 deaths in the NHS group (1.3 %). 5 of the control group 
patients (3.2 %) and 1 of the NHS patients (0.6 %) needed mechanical ventilation.  
 
The demographic features of the 313 patients were well balanced between the NHS group (n 
= 157) and control group (n = 156) (34 % severe patients in the control group vs. 31.9 % in 
the NHS group; ARDS: 18.0 vs. 16.9 %). Patients > 80 years: 3.2 % (control) vs. 4.45 %. 
Randomization by lottery.  
 
Asymptomatic or mild patients were not included in that study; the same applies to patients 
who immediately needed mechanical ventilation or had septic shock or multiorgan 
dysfunction. 
 
NHS therapy was well tolerated. The rationale for the use of this combination is given by 
ASHRAF et al.; it is already known from cell culture experiments that Nigella sativa decreases 
SARS-CoV-2 replication. 
 
Treatment in the NHS group: 1 g/kg honey + 80 mg/kg Nigella sativa seeds (per kg body 
weigth) per day, divided into 2 or 3 daily doses, for up to 13 days. Standard care included 
paracetamol (95 %), azithromycin (74 %), multivitamins (47 %), Ivermectin (36 %), 
Montelukast (34 %), supplemental oxygen (34 %), hydrocortison (27 %) and others without 
large differences between NHS and control group. 
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A small study from Egypt demonstrated favorable results for TaibUVID, a self-made 
nutritional supplement containing Nigella sativa powder, chamomile powder and natural 
honey (EL SAYED et al.), both in postexposure prophylaxis and treatment. A modified 
combination can also be prepared for inhalation/nebulization. A detailed description of the 
recommended doses and the preparation of the inhalation therapy is given by EL SAYED et 
al.    

 
However, whereas these studies were from Pakistan and Egypt, one may ask whether the 
consumption of such high amounts of honey can be recommended to elderly in western 
populations with their high percentage of diabetic or pre-diabetic people? Hyperglycemia 
was observed in some participants in the study from EL SAYED et al.. Though it is not sure 
that hyperglycemia in these patients was a side effect of TaibUVID (probably of the honey 
component), one has to consider that risk in aged western populations, and hyperglycemia 
should be avoided in people with COVID-19 since it is associated with worse prognosis both 
in diabetics and non-diabetics. Nevertheless, the TaibUVID inhalation therapy is independent 
from the honey component and not affected by the fear of possible hyperglycemic episodes. 
 
RAHMAN proposed the use of Nigella sativa black seeds combined with Zinc for adjuvant 
treatment. Though the theoretical (mechanistic) background for this combination is very 
promising, there are no recommendations for dosage nor any clinical experience with COVID 
patients reported in this paper. The authors warned to increase zinc intake above the 
recommended daily allowance (8 – 11 mg in adults), but didn’t differentiate between zinc 
use in short-term treatment because of acute illness (like COVID-19) versus long-term 
(prophylactic) intake. There is an ongoing trial about Nigella sativa oil supplementation in 
mild COVID-19 patients (KOSHAK et al.) (500 mg softgel capsules, twice a day for ten days) 
(NCT04401202), but without the combination with Zinc. 
 
Nigella sativa is known to improve asthma and several lung diseases and can inhibit COVID-
19 receptors (SHIRVANI H et al.). 

 

 

Fluvoxamine (antidepressant) 

Rating: very promising, one of the top candidates for outpatients; but more evidence from 
larger RCTs needed 

 

In a double-blind RCT with 152 patients, the antidepressant fluvoxamine (a selective 
serotonin reuptake inhibitor SSRI) was found to be effective in the prevention of clinical 
deterioration (LENZE et al.). Via its influence on the sigma1-receptor, fluvoxamine influences 
the regulation of cytokine production. It was given to symptomatic (mild) outpatients with 
confirmed infection within 7 days of symptom onset and oxygen saturation of 92 % or more. 
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Treatment started median 4 days after symptom onset. Randomization was stratified by age 
and sex. 

Dose: 100 mg fluvoxamine TID (N = 80);  starting with 50 mg in the evening of day 1 (day of 
randomization), then for 2 days 100 mg BID as tolerated, and then 100 mg TID as tolerated 
until day 15, then stopped. Placebo:  N = 72. Mean age: 46 years.   

Clinical deterioration within 15 days occurred in 0/80 patients from the verum group and 
6/72 (8.7 %) of patients in the placebo group (p = 0.009). 4 of the 6 patients were 
hospitalized (1 mechanical ventilation); no death. Serious and other adverse effects were 
more prevalent in the placebo group (pneumonia and gastrointestinal symptoms occurred 
more often in the placebo group). 

Because of the limitations of that study (e.g., study size), the authors state that “these 
findings need to be interpreted as hypothesis generating rather than as a demonstration of 
efficacy.” However, though this was a study without direct contacts, “the study required 
approximately 4500 hours of staff time and 30 hours of time per participant”, indicating 
close monitoring and contributing to the quality of evidence generated by that study. This 
study is also a proof of principle that RCTs with outpatients are well possible, even in the 
absence of personal contacts between patients and medical/trial staff. The extraordinary 
trial design in a contact-free outpatient setting was acknowledged in an editorial of JAMA 
(SEYMOUR et al.).  

The exact mechanisms how fluvoxamine seems to avoid deterioration are still 
unknown/hypothetical. “The potential advantages of fluvoxamine for outpatient treatment 
of COVID-19 include its safety, widespread availability, low cost, and oral administration. 
Fluvoxamine does not promote QT prolongation unlike other SSRIs.” (LENZE et al.).  

For possible mechanisms of action, see BONNET et al.. Morever, in cell culture (HEK293T 
cells), GLEBOV found that “a sub-therapeutic concentration (80 nM) of fluvoxamine rapidly 
upregulated fluid-phase endocytosis, resulting in enhanced accumulation of the spike-ACE2 
complex in enlarged early endosomes. Diversion of endosomal trafficking provides a simple 
cell biological mechanism consistent with the protective effect of antidepressants against 
COVID-19 … “. 

 

SEFTEL and BOULWARE reported about real-world experience using fluvoxamine in a 
prospective cohort among a mass outbreak; 65 persons opted for fluvoxamine (50 mg twice 
daily after a 50-100 mg loading dose), 48 declined. Median 42 years (5 vs. 2 > 65 years). 
Status at the time of testing: asymptomatic: 38 vs. 58 %; moderate disease: 25 % vs. 23 %. 
Hospitalization (fluvoxamine vs. control): 0 % vs. 12.5 %; 2 ICU cases in the control group 
(among them one death). At 14 days, 0 of 65 persons from the fluvoxamine group had still 
residual symptoms in contrast to 60 % of the control group. No serious adverse effects of 
fluvoxamine, no case of early discontinuation. 

Later, 12 additional patients of the facility got 50 mg fluvoxamine twice daily; there was 
again no hospitalization and no ongoing symptoms at 14 days (SEFTEL and BOULWARE). 
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Except from the finished trial (NCT04342663) described above, there are two further 
registered trials about fluvoxamine (EUCTR2020-002299-11-HU from Hungary) (200 mg daily 
as add-on therapy to standard care in moderate patients; IRCT20131115015405N4: effects 
on cytokines/CRP; dose escalation up to 300 mg/day, starting with 50 mg/day). In some 
other studies, treatment with fluvoxamine belongs to the exclusion criteria.  

On December 17, 2020, an US-wide, internet-based phase III randomized trial began to 
confirm these initial results of fluvoxamine treatment for those with ≤6 days of COVID-19 
symptoms (SEFTEL and BOULWARE).  

 

TOGETHER trial (REIS et al.) 
 

This placebo-controlled, randomized, adaptive, platform trial (NCT04727424) was conducted 
among symptomatic Brazilian outpatients with confirmed COVID-19. Included patients had 
to have a known risk factor for progression to severe disease or were at least 50 years old; 
they had to be unvaccinated. Fluvoxamine dose was 100 mg twice a day for 10 days. Follow-
up was until 28 days after randomization. Participants were included within 7 days of 
symptom onset; mean number of days between start of symptoms and randomization: 4 
days. 
 
The current study reports about randomization from January 15, 2021 to August 6th 2021; 
follow-up is not yet completed (“Data capturing all 28 days of follow-up will be reported 
after August 26th, 2021.”). 
 
The trial arms were then stopped for superiority on August 6th. Mean age was 50 years, 57 % 
females. 739 patients got fluvoxamine, 733 got placebo. 
 
Primary outcome: 
Emergency room for > 6 hours or admission to hospital*: 10.4 % vs. 14.7 %, RR 0.71 (CI: 0.54 
– 0.93) (ITT)  (modified ITT: RR 0.68; per protocol analysis: RR 0.34; 0.20 – 0.54).                         
Per protocol was defined:> 80 % treatment adherence (504 fluvoxamine, 609 placebo). 
*of the primary outcome was hospital admission 
  
Subgroup analyses showed no different effects for special subgroups with regard to this 
primary outcome. But females (HR 0.53 vs. 0.81 in males, n.s.) and diabetics (HR 0.63 vs. 
0.84 in non-diabetics) showed an insignificant tendency that they might profit more. There 
was also a very small tendency that those who started fluvoxamine at days 0-3 of symptom 
onset profited a little more than those who started at day 4-7 (HR 0.73 vs. HR 0.83, n.s.).  
 
Secondary outcomes: 
Viral clearance on day 7: 21 % vs. 26 %; OR 0.73 (CI: 0.47 – 1.14) 
Hospitalized (COVID-19): 10.0 % vs. 12.3 % (OR 0.79; CI: 0.57 – 1.10) 
Time to hospitalization: 5 days vs. 5 days 
Number of days of hospitalization: 7 vs. 6 days 
Mortality: 2.3 % vs. 3.3 %; OR 0.70 (CI: 0.36 – 1.30) 
Number of days on mechanical ventilator: 7 vs. 6.5 days 
Adherence: 73.2 % vs. 83.1 %  
 

https://www.medrxiv.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT04727424&atom=%2Fmedrxiv%2Fearly%2F2021%2F08%2F23%2F2021.08.19.21262323.atom


110 

 

Unfortunately, no per protocol analysis is given for the secondary outcomes. Because of the 
low to moderate adherence to fluvoxamine and the large difference between the strength of 
the protective effect for the per protocol population and the ITT population with regard to 
the combined primary endpoint (RR 0.34 vs. RR 0.71), it would have been interesting to see 
the effects of PP analysis also for the other outcomes. 

 

NCT04668950 is another large RCT (880 - 1100 participants) for early treatment of 
outpatients with mild symptoms with fluxovamine, initiated by the LENZE group.  

Fluvoxamine may also exert beneficial effects in COVID patients by a substantial increase 
(~2-3-fold) of nighttime plasma levels of melatonin (by inhibiting melatonin-metabolizing 
liver enzymes). Timed co-administration of melatonin might increase the favorable effects of 
fluvoxamine (ANDERSON GM). 

Fore a detailed review of fluvoxamine in COVID-19 and possible underlying mechanisms of 
its mode of action, see REJDAK and GRIEB. 

Unfortunately, the XIANG et al. database (UK biobank) didn’t study fluvoxamine (ATC code: 
N06AB08) on its own. They summarized all selective serotonine uptake inhibitors (N06AB). 
For persons who got prescriptions of N06AB within 6 months before COVID diagnosis, COVID 
risks (infection, severity, mortality) were either neutral or increased (ORs between 0.90 and 
1.93 depending on the model). 

 

 

Indomethacin (and the controversy about PPIs and famotidine) 

Rating: (very?) promising for early treatment; however, gastric protection is highly 
recommended in the case of indomethacin therapy, and there is still controversy whether 
PPIs have a deleterious or neutral effect on COVID-19 outcomes, whereas for famotidine, the 
uncertainty ranges from “favorable” to “unfavorable”. Much more results are needed for 
indomethacin, but also for the possible role of PPIs or famotidine for gastric protection in the 
context of COVID-19. 

 

In a trial from India, Indomethacin, a NSAID, was compared to paracetamol in addition to 
standard protocol for COVID-19 patients (RAVICHANDRAN et al.) (ISRCTN 11970082).  
Indomethacin was combined with a proton pump inhibitor (20 mg). The study was no RCT 
but an open-labelled single arm study (for ethical reasons). On admission, patients opted for 
indomethacin, or did not and got paracetamol instead. Propensity score matching was 
performed to compensate for missing randomization. Standard care for both groups 



111 

 

included HCQ, Ivermectin, Azithromycin, vitamins (and corticosteroids in some cases of 
hypoxia).    

In the subgroup of mild and moderate patients (without hypoxia on admission), 
indomethacin was given as 25 mg twice daily or 75 mg SR (sustained release) daily, whereas 
severe patients with hypoxia on admission got 75 mg SR indomethacine once daily and 
Remdesivir (for 5 days). The endpoints were development of hypoxia for the first group and 
need for ICU or mechanical ventilation for the second group.  

Group 1: number of days to become afebrile, until reduction of cough and myalgia were half 
as much as in the paracetamol group (4 vs. 7 days, 3 vs. 8 days, 3 vs. 6.5 days). Many patients 
felt symptomatic relief after only two doses. Only 1 of the 72 patients from the 
mild/moderate indomethacin group needed mild oxygen (2 l/min for 2 days), compared to 
28/72 matched controls who needed oxygen support. Prolonged stay in hospital: 0 vs. 23 (of 
72 patients each). Whereas all patients in the indomethacin arm were discharged after 6 
days (no case of prolonged stay in hospital), patients in the paracetamol arm stayed in 
hospital for 10 – 14 days. Discharged indomethacin patients were followed by phone calls for 
14 days;  none of them reported any significant symptoms. 

Group 2 (n = 22 in the indomethacin group; no control group): no one needed mechanical 
ventilation. 21 were discharged until day 14, one patient (with acute pancreatitis on 
admission) at day 17 (delay of discharge because of pancreatitis and not because of 
respiratory problems). No need for steroids. 

No adverse effects (no nausea, vomiting, gastro-intestinal bleeding), no deterioration of 
renal or liver function.   

The authors propose to replace paracetamol by indomethacin “to provide faster 
symptomatic relief and prevent progression to pneumonia”. The rationale for the use of 
indomethacin in COVID-19 is described in detail by them. However, since indomethacin (or 
paracetamol) was used in combination with drugs for standard care as mentioned above, it 
is not possible to analyse whether its favorable role is based on synergisms or on its own.  

Moreover it is noteworthy that the comparator paracetamol might not be neutral; it seems 
to have a deleterious effect in COVID-19 (see REESE et al.; PANDOLFI et al., STEINER et al.). If 
so, the favorable effect of indomethacin would be overestimated in that study or may even 
be the consequence of the non-use of paracetamol. 

Moreover, KANAKARAJ and RAVICHANDRAN reported about a small case series of 12 kidney 
transplant recipients with mild COVID-19 disease (median age: 40.5 years; 11 men; highly 
comorbid; at inclusion: no need for hospitalization, oxygen saturation  93 % or more) who 
got 25 mg indomethacin (immediate release) twice daily (in combination with 20 mg 
omeprazole twice daily) while they continued their immunosuppressive therapy. In spite of 
the latter, only 4 of them were hospitalized in the further course of the disease; in hospital, 
they got methylprednisolone and remdesivir (while continuing indomethacin and 
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omeprazole). No one needed mechanical ventilation, and all 12 patients recovered 
(outpatients within a median of 4 days, inpatients median 12 days). 10 patients got 
indomethacin for only 5 days and 2 patients (with persistent symptoms) for 10 days. The 
authors found three reports about hospitalized kidney transplant recipients with COVID-19 
in the literature, and among these 52 patients, 15 (28.8 %) had died.  

In another case series with 17 outpatients (including 4 kidney transplant recipients who 
were also included in the former study, 13 outpatients without kidney transplant; 2 patients 
> 80 years, 5 patients between 63 and 70 years) who got the same regimen of indomethacin, 
14 patients showed relief from symptoms (fever, cough, musculoskeletal pain) after two 
doses, whereas one patient required dose escalation (to 75 mg); he became asymptomatic 
after 5 days. Two patients developed hypoxaemia, needed hospitalization and got 
methylprednisolone i.v. (RAVICHANDRAN R et al. 2). 

A retrospective analysis of 738.933 COVID-19 positive people, among them 244 new/recent  
indomethacin users and 474 new/recent celecoxib users, showed that new use of 
indomethacin (compared to new use of celecoxib as comparator) in outpatients reduced the 
need for hospitalization or hospital visits of outpatients with ORs between 0.25 and 0.4 
(depending on the model and extent of matching). The OR of 0.25 reached significance 
(GORDON et al.). In contrast to celecoxib, indomethacin is an inhibitor of prostaglandin E 
synthase type 2 (PGES-2), what may explain its favorable effect compared to celecoxib. 
Indomethacin has no direct antiviral activity in vitro at relevant concentrations (GORDON et 
al.; contra: GOMENI et al.).  

For the theoretical background of the use of indomethacin, see also MARINELLA or 
KODIDALA et al.. MARINELLA recommends to monitor IL-6 levels or CRP in non-critical 
patients and to start indomethacin when IL-6 or CRP begin to rise, and to use it as an adjunct 
to antiviral therapy (e.g. remdesivir). He also regards the possibility to use lower doses of 
indomethacin (like 25 mg TID) at first sign of infection (“in outpatients after a positive 
nasopharyngeal swab”) in combination with gastric protective agents like H2 blockers. Based 
on experiences with the treatment of canine CoV in dogs and pharmacodynamic 
modellations, GOMENI et al. proposed higher doses:  50 mg TID for intense release 
formulation and (preferred) 75 mg BID for SR formulations. In Iran, there is an ongoing 
randomized trial using 75 mg indomethacin daily (for five days) in hospitalized patients 
(IRCT20200427047215N1), whereas NCT04344457 studies the combination of HCQ (200 mg 
BID for 7 days), AZI (500 mg for 3 days) and indomethacin (50 mg TID for 14 days) in patients 
with mild symptoms from US. Unfortunately, no other trials employing indomethacin were 
registered (December 16th,2020). 

There is a press report from New York with experience of using Indomethacin in more than 
60 patients. It is reported there that the drug “is useful in the management of respiratory 
symptoms – relieving the pain on taking a deep breath and the incessant (and exhausting) 
coughing”. The effect becomes evident after one or two doses of 25-50 mg, and 90 % of 
patients respond to that treatment. The effect seems to be specific to Indomethacin and 
doesn’t apply to other NSAIDs like ibuprofen [1]. ROTHSTEIN et al. reported that they didn’t 
see similar beneficial effects with HCQ or ibuprofen. They propose 25-50 mg twice daily for 
patients “who have passed the early stage of COVID-19 and who are experiencing intractable 
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coughing.” But in contrast to ROTHSTEIN et al., RAVICHANDRAN recommends early start of 
indomethacin “as early as possible in the course of the disease” with low dose (25 mg BID) 
and dose escalation (up to 75 mg daily) if necessary [2].  

RAVICHANDRAN et al. (3) reported about a RCT in a hospital setting. Mild-to-moderate 
hospitalized patients were randomized to either Indomethacin (75 mg once if BMI < 30, 75 
mg twice daily if BMI > 30) (+ proton pump inhibitor: pantoprazole 40 mg twice daily) or 
paracetamol; all patients got also standard care with ivermectin (12 mg daily), doxycycline 
(100 mg twice daily) and other adjuvant therapy (vitamin C 500 mg twice daily, zinc 50 mg 
daily). Thus the difference in the therapy regimen was indomethacin + pantoprazole vs. 
paracetamol (650 mg four times a day). 
 
Endpoint was development of hypoxia/desaturation, secondary endpoints involved 
resolution of fever, cough, myalgia. 102 patients in the indomethacin and 108 in the 
paracetamol arm. Mean age: 47 years. At inclusion, patients from the indomethacin group 
suffered more from cough. 
 
Noone needed high-flow oxygen; desaturation (93 % or less) occurred in 0/102 patients in 
the indomethacin group and 20/108 (18.5 %) of the paracetamol group. In the indomethacin 
arm, oxygen saturation improved after 1-2 doses. Indomethacin reduced CRP much more 
quickly than paracetamol until discharge, particularly in those with higher CRP at 
admission(> 41 mg/l). 
 
Symptom relief in the indomethacin arm was approximately half the time of the controls (3-
4 instead of 7 days). The action of indomethacin was found to be almost independent of the 
patient condition on admission. 
 
On day 7, 56/108 from the paracetamol group, but 0/102 of the indomethacin group had still 
a fever. There were no adverse effects in either arm. On day 14, some participants from the 
indomethacin arm where still tired, whereas patients from the control arm reported also 
myalgia and joint paint. Full recovery at day 14: 50 % vs. 28 %.  
 
With regard to viral load, there was only an insignificant trend for a stronger reduction in the 
indomethacin group. However, this is not surprising since indomethacin has to be regarded 
as a strong anti-inflammatory agent, but not primarily as an antiviral (GORDON et al). 
 
On the other hand, it must be noted that this study is not about indomethacin alone but a 
complex combination including ivermectin and doxycycline; moreover, paracetamol at the 
high dose of 2600 mg/day is not necessarily a “neutral” comparator; it may have deleterious 
effects in COVID-19 (see above: STEINER et al., REESE et al., PANDOLFI et al.) what may 
overestimate the favorable effects of indomethacin. 

However, a critical issue is the question of combination with H2 blockers. In RAVICHANDRAN 
et al., patients got 20 mg of PPIs per day. Both MARINELLA and KODIDALA et al. mentioned 
that it is prudent to use indomethacin “along with gastric protective agents (e.g. H2 
blockers)” (KODIDALA et al.). The hospitalized patients in RAVICHANDRAN et al. (3) got 80 
mg pantoprazole per day in addition to indomethacin. 
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A meta-analysis found that current or regular use of proton pump inhibitors (but not past 
use) is associated with a trend for an increased risk of COVID-19 infection (OR 1.33; CI: 0.86 – 
2.07), based on 5 included studies (LI GF et al.). In contrast, the large dataset from the UK 
Biobank showed a reduced risk of COVID-19 infection/positive PCR test in PPI users (XIANG 
et al.).  However, significant protective associations were only found in models for risk of 
infection (OR 0.77) and severity of the disease (up to OR 0.66), not mortality.  

Much more worrying, ZHOU J et al. found in a large study from China that use of PPIs was 
associated with a HR of 6.32 (5.02 – 7.95) for severe disease (defined as ICU, mechanical 
ventilation, death) after propensity score matching. The HR for famotidine use was 1.98 
(1.57 – 2.66). The study was based on 524 users of PPI, 519 users of famotidine, and 3921 
(3926) COVID-patients without PPI or famotidine as controls. Other statistical analyses of the 
dataset confirmed the results; whereas the HR for PPI was sensitive for the method of 
analysis and ranged from 2.65 to 11.76 (but always highly significant, p < 0.0001), the HR for 
famotidine remained stable in the small range between 1.81 to 1.98 (always highly 
significant, p < 0.0001). So far, two studies (FREEDBERG et al., MATHER et al., cited in ZHOU J 
et al.) found significantly reduced risks of either death or “death and ventilation” in 
hospitalized COVID patients who took famotidine. However, a very large trial with 1127 
hospitalized patients who used famotidine and 6031 controls who didn’t take famotidine 
found (after matching) a 30 day mortality of 15.1 % in the famotidine users, compared to 9.5 
% in non-users (p = 0.007); aOR 1.59 (0.94 – 2.77). If one restricted the analysis to patients 
who used famotidine in hospital (but not at home), the association became significant (aOR 
1.77; CI: 1.03 – 3.03) (YERAMANENI et al.). In a smaller study from Hong Kong with 952 
patients (among them 23 who took famotidine), the aOR for severe disease was 1.34 (n.s.) 
(CHEUNG et al.).  SINGH VP et al. consider the possibility that the high calcium content in 
common OTC formulations of famotidine (like Pepcid) might be responsible for the favorable 
effects attributed to famotidine in FREEDBERG et al., since severe COVID is associated with 
hypocalcemia, thus severe patients may profit from calcium supplementation.  

YAN et al. performed a meta-analysis to clarify the outcome in patients who take PPIs, based 
on 8 articles with more than 268.683 participants. There was a significant add risk of severe 
infection (OR 1.54; CI: 1.20-1.99, p < 0.001) and secondary infection (OR 4.33; CI: 2.57-7.29). 
There was also a trend for increased risk of infection (OR 3.16; CI: 0.74-13.42, p = 0.12) and 
mortality (OR 1.91; CI: 0.86-4.24; p = 0.11). Of note, the study from ZHOU J et al. (see above) 
with its very unfavorable results were not yet included in this meta-analysis which was 
performed in November 2020.  

SHAH et al. compared severe COVID19 outcomes in a retrospective propensity score-
weighted analysis of a national cohort of SARS-CoV-2-positive US veterans as outpatients 
(outpatient PPI use) (time: until January 2021; follow-up: 60 days). Endpoints were 
hospitalization, ICU, MV or death.  
 
N = 14958 veterans with a positiv test result; 6262 of them were current PPI users, mean age 
64.4 years; 8696 were non-users, mean age 60.5 years. In the weighted cohort, no difference 
of the primary outcome (death or MV) was found (8.2 % vs. 8.0 %, OR 1.03; CI: 0.91 – 1.16); 
the rates for a composite outcome of hospitalization, ICU admission, VM or death were 23.4 
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% vs. 22.9 % (but unweighted analysis: 9.3 vs. 7.5 %; OR 1.27; CI: 1.13 – 1.43 for death or 
MV; if including also hospitalization and ICU admission: 25.8 vs. 21.4 %; OR 1.27).  
 
non-users vs. users: 
Death alone: 6.9  vs. 6.7 % (weigthed); 6.5 vs. 7.7 % (unweighted) (OR 0.97 vs. 1.20) 
MV: 2.7 vs. 3.2 %; 2.4 vs. 3.6 %  (OR 1.31 vs. 1.51) 
ICU: 7.3 vs. 8.1 %;  6.7 vs. 8.9 % (OR 1.13 vs. 1.37) 
Hospitalization: 19.0 vs. 19.9 %; 17.7 % vs. 21.8 %   (OR 1.05 vs. 1.29). 
 
The frequency of use of dexamethasone was similar between both groups (12.7 vs. 11.5 %). 
In subgroup analyses, there was no significant interaction between age and PPI on COVID 
outcomes. In summary, PPI use in outpatients seems to have a neutral effect, at least in a 
male-dominated patient population (users: 89.1 % male; non-users: 84.9 %). 
 
There seem to be no concerns that users of PPI (as outpatients) may continue their PPI use 
once they are diagnosed with COVID-19.  
 

 

 

ZHANG B et al. reopened the question of the role of acid suppression (by PPIs or H2-receptor 
antagonists) with a multi-center case-control study from California (based on 900 clinical 
records; 450 COVID PCR+ and 450 COVID PCR-) that found no association between chronic 
acid suppression and incident risk of COVID-19 (aOR 1.04; CI: 0.92 – 1.17) after controlling 
for medical and sociodemographic predictors of COVID risks. The study suggests that 
associations between chronic acid suppression and COVID-19 risk may be mediated by 
behavioural factors. Interestingly, gastroesophageal reflux disease (GERD) was associated 
with a small reduction of COVID risk (OR 0.91; CI: 0.84 – 0.99). 

In summary, there is no consensus about the role of PPIs in COVID-19. Maybe there are 
differences between outpatients and inpatients, and the continuation of an established use 
and a de novo use e.g. for gastric protection in the context of anti-inflammatory medications. 
Maybe there are also differences with regard to the risk of COVID infection on one side and 
the severity of the disease/mortality, if infected, on the other side. 

 

Besides PPI, the role of famotidine is also disputed. 

JANOWITZ et al. had reported about a small case series (10 outpatients) who experienced 
favorable results after taking famotidine at high doses (up to 80 mg TID); symptoms 
improved within 24 – 48 hours after the first dose, no one deteriorated. However, there was 
no control group. FREEDBERG et al. had shown favorable effects of early famotidine 
treatment in hospitalized patients (not yet in ICU) in their retrospective cohort study; 
however, in that trial, the combination of hydroxychloroquine with famotidine seemed to be 
more favorable than famotidine alone.  
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On the other hand, SHOAIBI et al. found no effect of famotidine in a large retrospective 
study of hospitalized patients from US (1.816 users and 26.820 non-users of famotidine) with 
Hazard Ratios (after stratification) of 1.03 for death and 1.03 for death or intensive services 
(like mechanical ventilation or ECMO) and matched Hazard Ratios of 1.03 and 1.00. 

This study didn’t analyse the combined use of famotidine and hydroxychloroquine and not 
high dose regimens of famotidine (like 80 mg TID), but it indicates that real world use of 
famotidine is without any effect on the risk of bad outcomes in hospitalized patients.  

Since patients who got both famotidine and hydroxychloroquine at the day of their 
admission were excluded from that study, the study doesn’t allow any conclucions about this 
combination that was found most promising by FREEDBERG et al.   

In the context of a meta-analysis of two cohort studies with patients with moderate or 
severe disease (FREEDBERG et al., MATHER et al.), SETHIA et al. found a statistically 
significant decrease in the composite outcome of death or intubation in the famotidine 
group (HR 0.44; CI: 0.27 – 0.73). However, there may be a lot of confounding by additional 
treatments (e.g., 50 % HCQ/AZ/steroids in the MATHER trial) or age (patients on famotidine 
were younger than the control group in MATHER et al., and this difference nearly reached 
significance). The certainty of the effect of famotidine was regarded as “very low” by SETHIA 
et al. (GRADE approach). There were large differences in dosing regimens between and also 
within the analysed trials. The mechanism how famotidine may act in the case of COVID-19 
is not well understood yet, though there are some hypotheses (see SETHIA et al.).   

Since the studies from ZHOU J et al. and YERAMANENI et al. were much larger than those of 
FREEDBERG et al. and MATHER et al., and allowed better control of confounders by exact 
matching among the larger number of patients, they outweight the favorable evidence from 
FREEDBERG and MATHER by far. In conclusion, famotidine doesn’t seem to be as deleterious 
as PPI in COVID-19 in ZHOU et al., but it seems to worsen the prognosis too, and it is wise to 
avoid both drugs if possible according to this study. However, it is important so note that the 
favorable results for indomethacin in the studies from RAVICHANDRAN et al. were achieved 
in spite of intake of 20 mg to 80 mg PPIs per day for protection of the stomach mucosa.   

Moreover, a closer look at the data from ZHOU et al., including the supplementary data, may 
indicate that there might have been some degree of residual confounding, in spite of 
propensity score matching (PSM). With regard to famotidine, as shown in Fig. 2, propensity 
score matching reduced the deleterious effect of famotidine with regard to the endpoint 
ventilation and/or death by more than a half. There was also some attenuation by PSM for 
PPIs, but to a much smaller relative extent. With regard to famotidine, median age of the 
famotidine group was 60.4 years, while it was 42.3 years in the control group before and 
58.1 years after PSM. Thus even after PSM, the famotidine group was still about two and a 
half year older than the controls, and besides a direct age effect, this corresponded to a 
higher proportion of past comorbidities in the famotidine group (for cardiovascular disease: 
+ 3.85 % absolute and + 26 % relative; for diabetes mellitus: + 2.7 % absolute and + 13 % 
relative; for stroke: + 5.4 % absolute and + 51 % relative). Thus residual confounding might 
have contributed to the deleterious effect for famotidine as reported by ZHOU et al., but it is 
much less likely that this applies to PPI (with a similar age difference and differences in the 
frequency of comorbidities) too, because the residual differences between the matched 
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cohorts after PSM appear to be too small to explain such a strong effect as was found for 
PPI. But this is in strong contrast to the results from SHAH et al. from US who found a neutral 
effect of PPIs on COVID outcomes, but the latter study was confined to outpatients.    

A meta-analysis based on four studies with 46435 total patients and 3110 patients treated 
with famotidine (including: MATHER et al., FREEDBERG et al., YERAMANENI et al. and 
SHOAIBI et al.) found no deleterious effect of famotidine (CHIU L et al (2)). 3 studies were 
about famotidine during hospitalization (n = 45557), only MATHER et al. included famotidine 
before and during hospitalization (n = 878). The risk for a composite endpoint of bad 
outcomes was (HR) 0.63 (CI: 0.35 – 1.16). With regard to mortality, HR was 0.67 (0.26 – 1.73) 
and OR was 0.79 (0.19 – 3.34), dependent on whether the study reported HR, OR or both. 
However, the evidence for mortality in case of famotidine use during hospitalization is 
scarce: The HR of 0.67 is based on two studies (MATHER et al., HR 0.39; SHOAIBI et al., HR 
1.03), and the OR of 0.79 is also based on only two studies (MATHER et al., OR 0.37; 
YERAMANENI et al., OR 1.59). 
 
However, it is noteworthy that the ZHOU study was not included in the meta-analysis “as the 
study included patients diagnosed with COVID-19 in the ambulatory and emergency settings” 
(CHIU et al.(2)). With a HR of 1.84 (CI: 1.16 – 2.92) for a composite outcome of ICU 
admission, intubation and all-cause mortality, its inclusion would have worsened the results 
of the meta-analysis of CHIU et al. (2) and would have weakened or eliminated the 
insignificant trends in favor of famotidine.  
 
With regard to early therapy, CHIU et al. (2) point out that there are nearly no data on the 
efficacy of oral famotidine in outpatients or patients with mild to moderate disease except 
for a small case series of 10 patients mentioned above (JANOWITZ et al.); a survey study of 
otolaryngology patients taking famotidine had found that chronic famotidine use was not 
associated with COVID-19 incidence (aOR 0.735, 95% CI: 0.307–1.759, p = 0.489) (BALOUCH 
et al.), but similar associations were found for ranitidine (aOR 0.684; n.s.), omeprazole (aOR 
0.829, n.s.) and pantoprazole (aOR 0.605, n.s.), but not for reflux disease (aOR 1.905, CI: 
0.85-4.27, p = 0.117). 

In their study based on data from the UK Biobank, XIANG et al. reported significant 
protective effects of drugs with the ATC code A02BA (histamin H2 receptor antagonists) with 
regard to the the risk of infection (OR 0.671 for prescription within last 6 months and OR 
0.738 within last year; both sign.). There were no significant protective or harmful 
associations with mortality, however, they found some significant harmful associatons with 
severity in some of their models.    

Based on 250.000 COVID cases from the international TriNetX network, among them 22560 
COVID cases taking H1/H2 receptor antagonists and 1379 severe cases requiring respiratory 
support by ventilation, famotidine use was associated with lower mortality among those 
who had progressed to respiratory support by ventilation (OR: 0.73; CI: 0.57 – 0.94; HR: 0.75; 
number of patients in cohort after matching: n = 563) (MURA et al.). In contrast, the OR for 
the H1 blocker loratadine was 1.00 (HR 0.84; but n was only 88). Of note, the combination of 
famotidine and aspirin was particularly favorable (OR 0.55; CI: 0.39 – 0.78; HR: 0.53; n = 
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305), whereas aspirin alone showed a trend that nearly reached significance (OR 0.79; CI: 
0.61 – 1.02; HR 0.71; n = 527).  

MURA et al. suppose that famotidine attenuates pro-inflammatory pathways like cytokine 
storms. Since cytokine storms activate pro-fibrotic pathways (which may result in lung 
damage), famotidine, and particularly its combination with aspirin, may have a favorable 
impact on the prognosis. However, it must be noted that this study was not about early 
treatment, but only about patients who had already reached the need for respiratory 
support (by any sort of ventilation). Thus it remains unclear from this study whether H2 
receptor antagonists or aspirin influence the probabiliy to progress to that stage that makes 
ventilation necessary, and it was not analysed whether famotidine and/or aspirin were given 
de novo in hospital, or if they were given for the continuation of a pre-existing treatment.   

 

 

(Early) clarithromycin 

Rating: very promising theoretical background, but much more clinical evvidence needed. 
Based on its effect on Th1 vs. Th2 immunity, the lack of studies with clarithromycin might be 
one of the “lost chances” for early COVID therapy  

In an unrandomized propensity-score matched control trial from Greece (ACHIEVE trial), 
Clarithromycin (500 mg every 12 hours for 7 days) was compared with HCQ+AZI (mean age: 
56.8 years). 90 patients got Clarithromycin and 90 patients were chosen for matching from a 
larger cohort who got HCQ+AZI. A complex composite endpoint of favorable outcomes was 
measured at day 8 (URTI patients at baseline: no re-admission in case of earlier discharge, no 
progression to LRTI; LRTI patients at baseline: reduction of the Respiratory Symptoms Score 
by at least 50 % at day 8). 

86.7 % of all patients from the Clarithromycin group compared to 73.3 % in the HCQ+AZI 
group (uOR 2.36; CI: 1.08-5.08; aOR: 3.30; CI: 1.10-9.87) reached the favorable endpoint at 
day 8. Incidence of severe respiratory failure up to day 14 after treatment start was 12.2 % 
vs. 26.7 % (OR 0.38; CI: 0.17 – 0.84, CLAR vs. HCQ+AZI). Altogether, there were 4 cases of 
mechanical ventilation and 3 deaths (that may, or may not, include MV), but the authors 
didn’t state the distribution of these cases between both groups.  

Compared to HCQ+AZI, Clarithromycin accelerated reduction of viral load in swabs and 
elicited a strong reduction of TNF alpha, CRP, IL-6, but not IL-10. 

In a subanalysis, early treatment start (days 1 – 5 after symptom onset) was compared to 
late treatment start (> 5 days). The favorable primary endpoint was attained by 91.7 % who 
started Clarithromycin early, 81.4 % who started Clarithromycin late, 72.9 % who started 
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HCQ+AZI early and 73.8 % who started HCQ+AZI late. The authors also analysed whether the 
effect of Clarithromycin was influenced by different virus variants. Whereas the effects of 
early administration of Clarithromycin didn’t so, late administration resulted in differences 
with regard to the primary endpoint dependent on the strain.  

Both the different effectiveness between early and late treatment start and the 
independence from the viral strain in case of early treatment (but not late treatment) are 
well in accordance with the observation that Clarithromycin strengthened the Th1 cell 
response of the PBMCs (=peripheral blood mononuclear cells), e.g. increase of IFN gamma 
production by circulating lymphocytes. IFN gamma is responsible for the host defense 
against the virus. At the same time, the Th2 cell reponse of PBMCs (e.g. IL-6 production in 
circulating lymphocytes) was attenuated. There was no change in monocyte functions.  

A greater Th1/Th2 response ratio was associated with lower viral load at the end of 
treatment (day 8). Th1 cell responses are responsible for the containment of viral 
replication; in COVID-19, the inhibition of Th-1-mediated immune response has a critical 
impact on viral replication, viral load and severity of the disease.  

Th1 cells produce large amounts of IFN gamma that also activate and induce M1 polarization 
of macrophages; activated macrophages produce IL-12, that stimulates the production of 
Th1 cells and supports the continuous production of IFN gamma. IFN gamma also inhibits the 
proliferation of Th2 lymphocytes that produce IL-4, IL-6 and IL-10 

CD4+ helper cells:   

Th1 cells: interferon (IFN)-gamma, interleukin (IL)-2 and tumor necrosis factor (TNF)-beta; 
evoke cell-mediated immunity and phagocyte-dependent inflammation.  

Th2 cells: produce IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13, evoke strong antibody responses                                                                               
(ROMAGNANI S) 

In summary, the balance between Th1 and Th2 CD4+ helper cell response is a critical matter 
in COVID 19 since SARS-CoV-2 suppresses the Th1 response. This question is also addressed 
in early phases of vaccination trials because it is mandatory that vaccines elicit a Th1-biased 
immune response, beside the generation of neutralizing antibodies. A vaccine with a Th2 -
biased T cell reponse would be dangerous in case of infection and result in enhanced 
immunopathology and disease. The ratio between Th1 and Th2 cell response in the early 
stage of COVID-19 disease seems to be the critical factor that affects prognosis, and this is 
also the rationale behind the D2Dx immunity test described above.  

The results from TSIAKOS et al. indicate that Clarithromycin is not only a drug that can be 
added to the list of drugs that improve viral clearance and have some favorable effects 
based on antiviral or unspecified anti-inflammatory mechanisms, but that its early 
administration influences directly the Th1/Th2-ratio of the CD4+ helper cell response, a ratio 
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that is very critical for early recovery vs. progression and bad outcome of COVID-19 and the 
immunopathologies elicited by SARS-CoV-2. Thus Clarithromycin seems to generate 
therapeutic effects that go far beyond simple antiviral and anti-inflammatory mechanisms.  

Whereas it is unclear whether baricitinib should already be administered very early in the 
course of the disease (see below), it is evident from the ACHIEVE trial that Clarithromycin 
might be administered early. This offers also the option for a treatment regimen starting 
early with Clarithromycin, and to add baricitinib only later if the situation didn’t improve or 
even worsened under Clarithromycin. Moreover, it could be wise to combine early 
Clarithromycin with pure antivirals like umifenovir (if available for outpatients) or favipiravir 
(if available) or remdesivir (if available orally or as inhalation for outpatients in the future), 
while there is already evidence that the combination of baricitinib with remdesivir is 
favorable in hospitalized patients (see ZHANG C et al.). The combination of Clarithromycin 
with antivirals (like oseltamivir in the case of influenza) was already shown to decrease 
hospital mortality and duration of hospitalization in pneumonia cases due to influenza 
(YOUSEFIFARD et al.). 

Unfortunately, except for a single favorable case report in an already progressed COVID 
case, there are no more studies about early Clarithromycin until July 2021. 

 

Doxycycline or minocycline 

Rating: much more clinical evidence needed; may more probably have a chance as a 
combination partner compared to monotherapy, e.g. with IVM   

SZOLNOKY proposed the combination of doxycycline and vitamin C to prevent or dampen 
the development of cytokine storms. Though doxycycline is an antibiotic which has to be 
prescribed, it is much less-threshold than antibiotics like azithromycin. SZOLNOKY presents 
the rationale for this combined use.  Based on experiences with cancer cells 
(coadministration of vitamin C and doxycycline resulted in robust eradication of cancer stem 
cells in vitro by blocking mitochondrinal protein translation and ATP production from 
glycolysis), SZOLNOKY expects that doxycycline with the amplifier vitamin C will result in 
mitochondrinal damage of virally compromised cells and the attenuation of immune 
response by the inhibition of glycolysis in pro-inflammatory immune cells. SARS-CoV-2 is 
suggested to prefer chronologically aged and senescent lung cells for binding and replication 
what results in stormy inflammation and subsequent fibrosis. Senolytic drugs like 
doxycycline could also prevent postinflammatory fibrotic transformation. 

Doxycycline, even without vitamin C, was already found to be successful in a very small trial 
where respiratory symptoms and anosmia resolved quickly within 2.5 days after first 
administration of doxycycline (200 mg/day) (BONZANA C et al.). The rationale for the use of 
doxycycline in COVID-19 is also described in detail in FAROUK and SALMAN, CONFORTI et al., 
SARGIACOMO et al., MALEK et al. (as combination partner with other antivirals). However, 
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controlled clinical trials are still missing though there is a promising report from AHMAD et 
al. about the combination of doxycycline and hydroxychloroquine in a long-term care facility.  

However, subsequently, because of the unfavorable reports about HCQ (despite favorable 
own experiences), the AHMAD group eventually abandoned HCQ and instead started to give 
doxycycline (100 mg for 7 days) alone or, if necessary, in combination with other antibiotics 
very early (within 12 hours of symptom onset) (ALAM et al.). Most patients also got zinc and 
calcium supplementation. Among the 89 highly comorbid patients (median age: 78 years; 
range: 43 – 101 years) under this early treatment regime in the long-term care facility, 3 had 
to be brought to hospital, and 10 (11 %) died. There was no direct control group, but in a 
comparable long-term care facility with a similar structure of infected inhabitants (median 
age: 81 years; range: 54 – 100 years), 56.8 % (instead of 3 %) of the infected residents had to 
be hospitalized, and 27.2 % (instead of 11 %) died. No subgroup analysis with/without zinc 
supplementation was reported.    

YATES et al. described a small case series of four patients with preexisting pulmonary 
disease for whom doxycycline proved to be successful in usual dose (200 mg/day). 

In a multicenter prospective study with dermatological patients from Italy, conducted by 
telemedicine, 38 proven or suspected adult COVID patients with dermatological diagnoses 
that were compatible with dermatological indications for tetracyclines, got doxycycline 200 
mg/day (n=15) or 100 mg/day (n =10) or minocycline (n=13, 50 – 200 mg/day) (GIRONI et 
al.). 

Tetracycline was well tolerated. All patients had mild disease; symptoms completely 
resolved within 10 days (range: 3-10 days), fever waned within 4 days (median 2.5 days), 
cough and dyspnea improved rapidly (significant reduction within 3 days from the beginning 
of tetracycline). Higher doses (200 mg/day for doxycycline or minocycline) showed faster 
responses of relevant symptoms, but ageusia and anosmia disappeared in all patients within 
7 days. 

The report from GIRONI et al. presented the first real‐life experience regarding the potential 
use of doxycycline or minocycline as monotherapy in nonhospitalized mild COVID‐19 
patients. “In fact, TetraC are easy to handle drugs, which can be used on also large cohorts of 
home patients without special precautions, except for pregnant and breastfeeding women 
and in children less than 8 years” (GIRONI et al.). GIRONI et al. also describe in detail the 
effect of tetracycline on cytokine profiles and the prevention of cytokine storms.  

A serious limitation of that study is the lack of a control group; however, at least a dose-
effect-relationship with regard to the time until symptoms disappeared was found that 
favors high doses of 200 mg/day.  

GAUTAM et al. recommended the combination of another tetracycline, minocycline, with 
HCQ, but only in moderate or severe patients, not for prophylaxis, asymptomatic or mild 
patients because of safety concerns, but there are so far no trial data for that combination. 
Minocycline has antimicrobial and anti-cytokine effects. 

Based on theoretical arguments, SINGH H et al. propose the combination of tetracycline 
(either doxycycline or minocycline) and dexamethasone in severe patients and expect 
additive immunomodulatory effects. However, this concept isn’t based on clinical trials with 
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COVID-19 patients so far. And as mentioned above, SEN GUPTA and RANA suggested the 
combination of Ivermectin, doxycycline and famotidine, but without reporting any clinical 
experience with that special combination. 

AL-KURAISHY et al. reported about a small case series (5 patients) with COVID-19 
pneumonia who developed acute lung injury. They got DOXY in the first week and DOXY + 
colchicine in the second week and improved following that sequential therapy in clinical, 
laboratory and radiological parameters. However, due to the small number of cases, the 
authors are cautious: “we cannot sketch any definitive conclusion from our observation, 
despite we hypothesize that this combination therapeutic regimen may attenuate and treat 
COVID-19“. (AL-KURAISHY et al.). 

CAG et al. reported seemingly favorable results for doxycycline + HCQ in outpatients and 
doxy + lopinavir + ceftriaxone in moderate and severe hospitalized patients (the more severe 
cases also got favipiravir). However, only 23 % of all patients treated as COVID-19 patients 
were proved to be SARS-CoV-2-positive. The study has many very serious limitations and 
uncertainties (see CAKIR et al.) and is thus not discussed here in detail. 

BHOWMICK et al. performed a systematic review and meta-analysis about IVM 
monotherapy, DOXY monotherapy or IVM + DOXY (until February 16th, 2021). According to 
their inclusion criteria, they found 19 studies (6 retrospective cohort studies, 7 RCTs, 5 NRTs, 
1 case series with four patients); 7 papers were from Bangladesh, 3 from US. 12 studies 
involved patients with mild or mild-moderate COVID-19, 3 studies included hospitalized 
patients without stage-specific informations,1 study severe patients. IVM monotherapy was 
given in 8 studies, DOXY monotherapy in 5 studies and IVM + DOXY in another 5 studies. Of 
note, three studies had “HCQ + AZI” as comparator, only two studies were placebo-
controlled. The structure of the studies is extremely heterogeneous what makes it extremely 
difficult or impossible to combine them or to analyse them quantitatively in a meta-analytic 
manner. 

What about IVM monotherapy, BHOWMICK et al. found no clear evidence in favor of that 
monotherapy; benefits of IVM were not consistent across all studies. There are studies that 
point to favorable effects including reduced mortality, while others don’t. Among this 
heterogeneous collection of 8 studies, there is no unambiguous signal in favor of IVM 
monotherapy.  

However, this is not very surprising. From early 2020 on, IVM has been proposed by many 
authors primarily as a combination partner, not as a monotherapy, because the common 
and tolerable doses of IVM and the concentrations that can be achieved in the lungs are 
much lower than the doses that yielded anti-SARS-CoV-2 activity according to in vitro results 
in cell cultures. Taking that into account, it is not really surprising that there is no 
unambiguous signal in favor of IVM monotherapy, and any favorable effect of IVM 
monotherapy seen in a study might be due to other effects than antiviral activity, e.g. 
immunomodulatory effects (own comment).  

Among the five studies about DOXY monotherapy, a study among hospitalized patients 
found no benefit with regard to death, severe ARDS and all-cause mortality (FALCONE et al.). 
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However, this was the result of a regression analysis because many patients got also other 
agents and the FALCONE study doesn’t report separately about DOXY monotherapy because 
there are no separate results shown for patients who got only DOXY. The HRs and aHR 
calculated for DOXY are the results of regression analyses that also took other medications 
into account; HR for 30-day mortality for DOXY was 0.57 (0.34 – 0.94) and aHR was 0.92 
(n.s.). HR for a composite endpoint of death and severe ARDS was 0.89 (n.s.; no aHR given). 
Interestingly, all other medications (macrolides, L/R, remdesivir, steroids, HCQ, LMW 
heparin, tocilizumab, baricitinib) performed better in that study than DOXY with regard to 30 
day mortality (HR or aHR if given), whereas with regard to the composite endpoint, only 
macrolides, remdesivir, LMW heparin and baricitinib performed better than DOXY, whereas 
steroids were significantly worse. This study from Italy from March and April 2020 raises 
many questions and was probably underpowered with 315 patients to analyse so many 
medications and their combinations. In fact, the FALCONE study should not have been 
included in the BHOWMICK paper because it is unclear how many patients got truly DOXY 
monotherapy and what was their outcome.  

Most of the other “DOXY alone” studies from BHOWMICK et al. were already mentioned 
above. Again, the 5 studies are so heterogeneous that it is impossible to find an 
unambiguous signal about DOXY monotherapy. 

5 studies explored IVM + DOXY (3 of them RCTs), but used different dosing regimens (ALAM 
et al. reported favorable outcomes/no ICU admission; RAHMAN et al. found earlier viral 
clearence compared to HCQ+AZI, MAHMUD et al. reported earlier symptom improvement 
within 7 days, HASHIM et al. reported less average days to symptom resolution and clinical 
recovery compared to standad care, and CHOWDHURY et al. found the same compared to 
HCQ + AZI). Thus all five studies reported about favorable signals; but there were also some 
limitations: HASHIM et al. found no benefit for IVM+DOXY in severe pateints (compared to 
standard care). In CHOWDHURY et al., days to PCR negativity in IVM+DOXY were similar to 
HCQ+AZI. 

 

Taken togehter, the signals in favor of the combination of IVM + DOXY seem to be a little 
stronger than for monotherapy of either IVM or DOXY (own comment). Nevertheless, 
HASHIM et al. reported about 9/183 patients with erosive esophagitis (n = 2) and non-ulcer 
dyspepsia (n = 7) though the causality to the treatment is uncertain, but associations 
between esophagitis and doxycycline are described in the literature (BHOWMICK et al.). 
Apart from that, „there appears to be no significant safety concerns with the IVM + DOXY 
combination; however, the efficacy of the combination in COVID-19 is also not unequivocally 
established.“ (BHOWMICK et al.).  

BHOWMICK et al. suppose that suboptimal results for the combination of IVM + DOXY can 
be explained by „non-compatible pharmacokinetics and an inadequate dosing/route of 
administration.“ This includes too low concentrations of IVM in the lungs (compared to the 
doses for antiviral activity in vitro) and would favor to administer IVM by inhalation (if 
possible and available).  

BHOWMICK et al. concluded: 
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„Existing evidence is not sufficient to strongly advocate the usage of IVM and DOXY, either as 
monotherapy or as a combination therapy, in the treatment of COVID-19. However, it should 
be considered that both of these drugs have several advantages associated with them, such 
as viable mechanism of action, easy availability, acceptable safety profile, experience of long-
term use and inexpensiveness. Because a lack of evidence for efficacy does not necessarily 
mean evidence for lack of efficacy, and also because the prophylactic role of IVM has been 
recently reported in the literature, further studies are essential to explore if this combination 
has the potential to manage patients with COVID-19, and to find out if this combination is a 
solution for the long-sought drug of choice for COVID-19 management.“ 

Not yet included in BHOWMICK et al., SOBNGWI et al. reported about an open-label, 
randomized, non-inferiority trial (RCT) from Cameroon that compared DOXY (100 mg twice 
daily for 7 days) with HCQ (400 mg daily for 5 days) + Azithromycin (500 mg at day 1 and 250 
mg from day 2 through 5) in mild COVID outpatients. Primary outcome was clinical cure at 
day 3, 10 and 20. 97 patients were randomized to DOXY, 97 to HCQ+AZI. 

Asymptomatic at day 3 (DOXY vs. HCQ+AZI): 80.4 % vs. 81.1 %                                      
asymptomatic at day 10: 95.7 % vs. 97.9 %                                                                                   
asymptomatic at day 20: 100 % vs. 100 %                                                                                     
PCR-negativity at day 10: 65.2 % vs. 66.3 %                                                                                        
Admission to hospital: 0 % vs. 0 %                                                                 

The mean age of the study participants was 38 vs. 39 years. 54.3 % vs. 61.1 % were 
asymptomatic at baseline, all others had mild illness. 

In fact, the study found non-inferiority of DOXY compared to HCQ+AZI, but one may ask 
what would have been the spontaneous course of the disease without any treatment in that 
young and predominantly asymptomatic population? The study would have been much 
more informative if there was a third arm without any treatment or with placebo.  

 

 

 

(Early) Budesonide inhalation 

Rating: promising results particularly on wellbeing, but effect against serious outcomes still 
ambiguous (PRINCIPLE contra STOIC); much more clinical results are needed. Right timing of 
the intervention? 
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Final results of the PRINCIPLE trial may improve the knowledge about the role of budesonide 
in early COVID-19.  

 

STOIC trial 

Whereas early administration of oral or i.v. steroids in outpatients, particularly “early” 
outpatients, has to be regarded as critical and possibly dangerous, RAMAKRISHNAN et al. 
reported about favorable results for budesonide inhalation (with the dry powder inhaler 
Pulmicort Turbohaler) in a RCT from UK (0.8 mg twice daily for median 7 days; range: 4 – 
10.5 days; participants were asked to administer budesonide until symptom resolution) 
(STOIC trial; University of Oxford). Treatment started within 7 days of the onset of mild 
COVID-19 symptoms (onset of cough and fever or anosmia or both). Home visits were 
performed at day 0 (randomization), 7 and 14 by trained nurses; visit in the trial center at 
day 28 for antibody testing. Daily telephone calls until recovery. 

Median time from symptom onset to randomization: 3 days (range: 1 – 7 days). Median age 
was 44 and 45 years (budesonide vs. controls). 5 participants (7 %) reported self-limiting 
adverse effects (4 x sore throat, 1 x dizziness). 

Primary endpoint for the outpatients were COVID-19 related urgent care visit, emergency 
department assessment or hospitalization.  The per protocol population included 139 
patients, primary outcome occurred in 1/69 patient of the budesonide group (1.4 %) (that 
case: at least two visits at an out of hours general practitioner) and 10/70 patients of the 
standard care group (14.3 %; p = 0.004; NNT = 8). Clinical recovery was 1 day shorter in the 
budesonide group (7 vs. 8 days, p = 0.007). Quicker resolution of fever (fever is regarded as a 
poor prognostic marker), less need for antipyretics. Fewer participants had persistent 
symptoms at day 14 (10 % vs. 30 %) and at day 28. No differences for days with oxygen 
saturation of 94 % or less and PCR results (Ct values). 

The trial was stopped earlier than originally planned because of its favorable results and 
epidemiological circumstances in UK. Statistical analyses rejected the null hypothesis with 
a certainty of 99 %. 

As the authors point out, “this effect, with a relative reduction of 91% of clinical deterioration 
is equivalent to the efficacy seen after the use of COVID-19 vaccines and greater than that 
reported in any treatments used in hospitalised patients and patients with severe COVID-19”. 

According to in vitro studies, glucocorticoids reduce replication of SARS-CoV-2 in airway 
epithelial cells and downregulate ACE2 and TMPRSS2 genes. Use of inhaled glucocorticoids 
in patients with asthma or COPD may explain why patients with these conditions are under-
represented among hospitalized patients with COVID-19. The study was done from July 16th 
to December 9th 2020, i.e. before the rise of VoCs in UK. But it is unlikely that the efficacy of 
budesonide may be affected by VoCs.  
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Standard care in the STOIC trial: if needed, paracetamol (but see WARNING by PANDOLFI et 
al. and STEINER et al.) or non-steroidal anti-inflammatories like aspirin and ibuprofen; honey 
for symptoms of cough. 

However, there was no difference in the proportion of days with oxygen saturation of less 
than 94 % between budesonide and control group, and there are some concerns of bias due 
to the study design and the reasons why people from the control group seeked more 
medical care (e.g., reasons that seemed to be unrelated to COVID-19) (ZEITLINGER and 
IDZKO) including “vague” outcomes (CHOI and KIM), but see reply from RAMAKRISHNAN and 
BAFADHEL. See also KLIMEK et al. for criticism of the STOIC trial and RAMAKRISHNAN paper. 

 

PRINCIPLE trial 

In contrast to the STOIC trial, a larger trial about budesonide inhalation (same dose) in the 
community from UK found only minor effects on severe outcomes, whereas it confirmed an 
important role of budesonide to shorten the time to recovery (PRINCIPLE trial; YU LM et al.). 
This was a multicenter, open-label, multi-arm RCT. Similar to STOIC, it included people with 
suspected COVID-19 and high risk of severe disease/hospitalization in the community, either 
>= 65 years old or >= 50 years with comorbidities. People had to feel unwell <= 14 days. 
Participants were randomized to (i) usual care, or (ii) usual care + inhaled budesonide for 14 
days, or (iii) usual care plus other interventions (e.g., doxycycline, azithromycin, colchicine). 
Primary endpoints were time to first self-reported recovery or hospitalization/death within 
28 days from randomization. Randomization to budesonide inhalation started on November 
27th und was stopped on March 31st, 2021. The YU study is not about the final results, but an 
interim analysis from March 25th, 2021.  

Only participants who tested SARS-CoV-2 positive contributed to this interim analysis (n = 
2617: 751 budesonide, 1028 usual care, 643 other interventions). Follow-up was by 
symptom diary and telephone calls on day 7, 14 and 28, i.e. less tightly than in STOIC. 

Time to first recovery was shorter in the budesonide group (HR 1.208; CI: 1.976 – 1.356; 
probability of superiority: 99.9 %) with an estimated benefit of median 3.011 (CI: 1.134- 
5.41) days. Budesonide had also significant effects on wellbeing indices. During 28 day 
follow-up, there were 8.5 % COVID-19 related hospitalizations/deaths (not specified) in the 
budesonide group vs. 10.3 % in the usual care group (59/692 vs. 100/968), resulting in a 
probability of superiority of only 92.8 % with regard to this combined endpoint. 

Whereas the PRINCIPLE trial confirmed the quicker recovery in budesonide users as already 
shown in the STOIC trial, the effects on unfavorable outcomes are quite disappointing:  

Budesonide vs. only usual care (not: usual care + other treatment):                                                     
Hospitalization or death (not specified): 8.5 % vs. 10.3 %                                                             
Hospital assessment without admission: 2.7 % vs. 2.3 %                                                                   
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Oxygen administration: 5.8 % vs. 8.4 %                                                                                
Mechanical ventilation: 1.5 % vs. 1.4 %                                                                                              
ICU admission: 1.2 % vs. 2.2 %              (all n.s.) 

In the final publication of the PRINCIPLE trial in LANCET, the number of patients had 
increased only a little (inhaled budesonide + usual care: 833; usual care alone: 1126). Mean 
age rose to 64.2 years, 81 % had comorbidities. 
 
Self reported recovery: 11.8 vs.  14.7 days in controls (- 2.94 days) 
Hospital admission or death: 9.1 % vs. 10.9 %; modeled estimate (modeled from a Bayesian 
logistic regression model): 6.8 % vs. 8.8 % (OR 0.75; CI: 0.55 – 1.03). 
 
With regard to secondary outcomes, “using the concurrent randomisation and eligible SARS-
CoV-2-positive population (787 in the budesonide group and 799 in the usual care group),” 
the following results were reported (YU et al: ”There was no clear evidence of benefit for any 
other secondary outcomes.”): 
 
Hospital admission: 9.1 % vs. 12.3 %                                                                                                  
hospital admission without need for oxygen: 2.2 % vs. 2.6 %                                                                                                             
hospital admission with need for oxygen: 4.6 % vs. 7.0 % 
… non-invasive positive pressure ventilation or high-flow nasal cannula: 0 % vs. 0.1 %  
… mechanical ventilation or ECMO: 1.7 % vs. 1.3 % 
Death: 0.8 % vs. 1.25 %  
 
In the prespecified subgroup analyses, there was no evidence that subgroups profited more 
from budesonide than others with regard to time to first recovery. Particularly, neither age, 
comorbidities or severity score seemed to have any influence on time of first recovery.  
 
In contrast, with regard to hospitalization or death, older age (65years +), longer duration of 
illness at start of Budesonide (> 7days), higher severity score and particularly presence of 
asthma, COPD or other lung disease showed trends for a more favorable effect of 
budesonide than in the complementary subgroups, but all of these associations missed 
significance when compared to the complementary group (p for interaction > 0.05). 
 
Significant differences compared to usual care for the same subgroup and outcome 
hospitalization/death were reported for 65years+ (aOR 0.60; CI: 0.40 – 0.90 ); illness > 7 days 
(aOR 0.42; 0.22 – 0.82; for comparison: illness <= 7 days: aOR 0.88; CI: 0.60 – 1.29); symptom 
severity score (>=6: aOR 0.66; CI: 0.45 – 0.97).  
 
While the results on hospitalizations and deaths are quite disappointing, YU et al. point out: 
“The budesonide group did not meet the prespecified superiority threshold for the COVID-19-
related hospital admission or death outcome before data cutoff, but this might have been 
due to the rapid decrease in rate of hospital admissions or deaths in March and April, 2021, 
in the UK, because of the vaccination programme and lockdown measures.” 
And they concluded: “Our study provides evidence that inhaled budesonide is an effective 
and safe treatment for people with COVID-19 in the community who are at increased risk of 
adverse outcomes.“ 
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However, one important aspect was not subject of their discussion. With regard to oral or 
i.v. corticosteroids, it is generally accepted that they should not be given too early (in the 
viral phase of the disease). In PRINCIPLE, median time from symptom onset to 
randomization was 6 days. Those who started budesonide on day 8 or later, had a small 
trend for a quicker recovery (aOR 1.32 instead of 1.22), but a stronger (though still 
insignificant) trend to avoid hospitalization or death (aOR 0.42 vs. aOR 0.88 for <= 7 days). 
This raises the question when to start Budesonide, and that a too early start might be of null 
effect? The Lancet paper cannot answer this question because of the insignificant results 
and its single cut-off for the duration of illness when Budesonide started. A longitudinal 
analysis of day-by-day effects (from start of symptoms) might have been able so find out  
whether there is such a trend.  

Thus while it is well established now from both STOIC and PRINCIPLE that budesonide 
inhalations accelerate recovery and wellbeing, it remains an open question why severe 
outcomes were reduced strongly in STOIC, but only to a small extent in PRINCIPLE?  

The daily dose of budesonide and the formulation was exactly the same (Pulmicort 
Turbohaler). The average age in PRINCIPLE (64.2 years) was more than 20 years more than in 
STOIC. This might explain the difference, but a subgroup analysis of PRINCIPLE with a cut-off 
of 65 years found a trend that Budesonide was even more effectively in the elderly to 
prevent hospitalization and death than in the younger groups (< 65 years), though this 
difference didn’t reach significance. Thus there is no signal that younger patients profit more 
from Budesonide.  

Besides the large age difference, budesonide inhalation started on average earlier in STOIC 
(median 3 days; range: 1 – 7 days) compared to PRINCIPLE (median 6 days; IQR 4 – 9 days). 
But as already pointed out above, those who started later with Budesonide in PRINCIPLE (8 
days or more from symptom onset) profited more.  

Finally, it must be noted that the STOIC trial has several serious limitations, as discussed in 
detail by KAREEMI et al., including small size and particularly a composite endpoint that 
summarizes severe events (like hospitalization) and less severe events (e.g., emergency care 
visit without hospitalization). There are no data on hospitalization on its own. 

Nevertheless, both trials point to a favorable effect of budesonide inhalations on recovery 
and wellbeing so that it seems plausible to recommend them to outpatients as long as there 
are no contraindications. However, the PRINCIPLE trial doesn’t suggest that budesonide 
inhalations can become a true “game changer” in the treatment of COVID-19, as has been 
assumed after the final publication of the STOIC trial in many press reports. And it is still an 
open question when Budesonide treatment should start? STOIC showed favorable results for 
early Budesonide, whereas in PRINCIPLE, those who started with Budesonide on day 8 or 
later profited at most. 
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Fortunately, there are a few more ongoing trials about Budesonide (PATEL SK et al.). 

 

 

Propolis (as adjunct) 

Rating: interesting result, but product-specific and may not be reproduced by other propolis 
formulations from the local markets 

A RCT from Brazil studied the effect of a standardized propolis product (EPP-AF, a green 
propolis extract from southeast Brazil) on hospitalized patients in addition to standard care 
(SILVEIRA et al.; NCT04480593). The RCT had three arms: oral dose of 400 mg/day (n = 40), 
800 mg/day (n = 42) (each for 7 days), or standard care alone (n = 42). Propolis was given 
four times a days as 1 or 2 capsules of 100 mg. 

Mean age: 50 years; about half of all patients needed any form of oxygen supply at 
randomization. All patients had some degree of pulmonary involvement and were classified 
as moderate or severe on admission. 

Primary endpoints were time to clinical improvement (defined as length of hospital stay) or 
oxygen therapy dependency. Nearly all patients got also Azithromycin, about 80 % got 
corticosteroids, about 60 % got oseltamivir and only very few got CQ/HCQ (3.2 %).   

Median time of hospital stay: 7 days (400 mg/d) and 6 days (800 mg/d) compared to 12 days 
for standard care alone; mean time: 9.5 vs. 8.2 vs. 12.6 days (sign.). 

There were also favorable, but insignificant trends with regard to the demand for oxygen 
support with a dose-effect relationship (400 mg: median 3 days, 800 mg: 2 days, control: 5 
days; mean: 6.3 vs. 5.0 vs. 7.4 days) and a significant reduction for the risk of kidney injury in 
the 800mg/day group, also associated with a plausible dose-effect relationship. There was 
also a trend for reduced risk of mechanical ventilation after randomization (excluding those 
already mechanically ventilated at randomization), but without a dose-effect relationship 
(400 mg: 5.3 %, 800 mg: 7.3 %, controls: 19.5 %; n.s.). The same applies to ICU admission 
after randomization (400 mg: 0 %, 800 mg: 20.8 %; control: 27.3 %). There were no deaths at 
all. 

The figures show an interesting phenomenon: with regard to the endpoints “discharge” and 
“free of need for oxygen supply”, the effect of both 400 mg and 800 mg propolis was similar 
during the first 5-6 days after randomization, and evidently superior to standard care. In the 
further course of the disease, the situation changes and 800 mg propolis remains superior, 
whereas the curves for 400 mg propolis and standard care become nearly identical from 

https://www.medrxiv.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT04480593&atom=%2Fmedrxiv%2Fearly%2F2021%2F01%2F09%2F2021.01.08.20248932.atom
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about day 12. Since propolis was given only for 7 days, one may ask whether these changes 
in the curves (starting around the stop of propolis) may be associated with the stop of 
propolis administration.   

It is important to note that there are enormous differences between different propolis 
products; the product used in that study was standardized, chemically and biologically 
reproducible, and clinical studies had shown efficacy and minimal interactions with 
medications. As SILVEIRA et al. note, start of administration of propolis in the earlier course 
of the disease might even have a greater impact on the disease. Propolis was safe and 
without side effects.   

 

 

Complex sequential treatment regimes (sequential multidrug 

approach) 

 

PROCTER et al. reported about early ambulatory treatment regimes for patients > 50 years 
or (if younger) with at least one comorbidity (320 patients; no mean or median age given). 
97.8 % of the 320 patients were treated successfully at home (based on telemedicine), 2.2 % 
had to be hospitalized, 0.3 % died.  The regimen included empiric therapy with “at least two 
agents with antiviral activity (zinc, hydroxychloroquine, ivermectin) and one antibiotic 
(azithromycin, doxycycline, ceftriaxone)”. In case of high severity of symptoms, the patients 
got in-clinic administration of albuterol nebulizer, inhaled budesonide, i.v. volume expansion 
with supplemental parenteral thiamine 500 mg, magnesium sulfate 4 g, folic acid 1 g, 
vitamin B 12 1 mg before they were sent home. Moreover, severely ill patients got 8 mg 
dexamethasone and 1 g ceftriaxone i.m. before returning home. 

Of note, this report doesn’t represent a fully ambulatory or self-manageable setting. The 
patients came to the clinic with symptoms, got their diagnosis there, a 12-lead 
electrocardiogram to evaluate the QTc interval if HCQ treatment was planned, and, if 
necessary (as mentioned above), inhalations and/or  i.v. or i.m. administrations of drugs 
before they were sent home for in-person or telemedicine follow-up. Overall follow-up was 
> 90 days, thus excluding the possibility of “late” mortality in contrast to many “high-grade”  
RCTs with 10-, 15- or 28-day mortality as endpoint that cannot exclude the possibility that 
some patients died later from COVID-19.  

Thus the ambulatory regimen depended on patients actively visiting a clinic because of 
symptoms that were suspective of COVID-19. PROCTER et al. also reported that the 
execution of this program was heavily dependent on telemedicine technology. 

There was no control group without such an ambulatory multidrug regimen; however, a 
mortality rate of 0.3 % is much lower than would be expected for a cohort of patients > 50 
years or with at least one comorbidity in the US. PROCTER et al. calculate the reduction of 
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mortality of > 90 % “among the high risk compared to community rates of death associated 
with therapeutic nihilism in ambulatory patients who are subsequently hospitalized”. Of 
note, this comparison applies only to those who would have needed hospitalization in the 
absence of the early multidrug regimen.  

In a separate paper, the same group reported about the rationale behind their sequential 
multidrug treatment of early ambulatory patients in detail (McCULLOUGH et al. 2).  

As McCULLOUGH et al. pointed out (in full accordance with the results that are reported in 
this paper here), “no single therapeutic option thus far has been entirely effective and 
therefore a combination is required at this time”. 

The strategy in McCULLOUGH et al. (2) is in some aspects a little more advanced in the 
meantime (submitted: November 28, 2020) compared to the report from PROCTER et al. 
from the same group that is based on early experience from spring and summer 2020;  the 
strategy consists of the following steps: 

 

● Basic treatment (that may already start before confirmation of diagnosis in case of 
suspective symptoms) is proposed as a “nutraceutical bundle”: zinc sulfate 220 mg, vitamin 
D3 5000 IU, Vitamin C 3000 mg, Quercetin 500 mg BID, all for 5 – 30 days.     

 

● Whereas this basic treatment is recommended for all patients, the following steps are 
recommended only for patients 50 years or older or with a single comorbidity or BMI > 30 
kg/m2  . They are also recommended for other patients (< 50 years and without 
comorbidities) if symptoms worsen.  

●● In an ideal world, all of these patients (>= 50 years or at least one comorbidity) should 
receive antibody infusion directly after diagnosis.  

●● with or without antibody infusion, they should start immediately (!) with a combination 
of antiviral and antibiotic treatment;  

Antivirals: HCQ 200 mg BID  

                   or Ivermectin 6 – 24 mg QD (1 – 5 doses) 

                   or Favipiravir (1800 mg BID as loading dose, then 600 mg BID) 

 

Antibiotics:  Azithromycin 250 mg BID  

                   or Doxycyclin 100 mg BID 

In this concept, antibody infusion is not an alternative to antiviral+antibiotic, but an add-on. 
This is justified because the antibody treatments that were available at the time of writing of 
McCULLOUGH et al. (2) were unable to avoid the risk of hospitalization or other unfavorable 
outcomes with certainty; the reported risk reductions were between 58 and 71 %. Even if 
antibody infusion is possible, there is still a need for additional drugs to reduce the residual 
risks of progression. Antibodies alone don’t seem to be sufficient, but they can become an 
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important element in a multi-drug concept. A short overview about the state of antibody 
treatment at that time is given by COHEN et al. 

However, new variants of SARS-CoV-2 may evade from therapeutic mABs, see the 
“monoclonal antibody chapter” of this paper above. Both the South-african variant (501Y.V2 
/ B.1.351) and the Brazilian variant (501Y.V3 / P.1) already evaded from early mABs 
treatments (see WIBMER et al., HU J et al., LIU H et al.).   

 

● At day 5 of illness, or earlier if moderate or greater respiratory symptoms develop:  

Inhaled budesonide 1mg/2ml nebulization or Dexamethasone 6 mg or Prednisone 1 mg/kg (x 
5 days)**, or Colchicine 0.6 mg BID 

Since cough and difficult breathing are attributable to inflammation and cytokine activation, 
corticosteroids (inhalation or oral) should be started as soon as these symptoms appear. 

 

●  In case of underlying serious medical conditions, increased VET risk or suspected 
thrombosis: thromboprophylaxis (at least 325 mg Aspirin QD + LMW heparin or other 
anticoagulants). 

The concept also includes oxygen support at home if necessary. 

For more details about dosing regimens, see McCULLOUGH et al. (2). 

 

Though details of this concept may have to be re-evaluated from time to time in the light of 
some new studies that were not available until November (e.g. Clarithromycin as another 
antibiotic candidate; addition of bromelaine to the nutraceutical bundle etc.), and while 
there is still a lot of uncertainty about the dosing of Ivermectin, some general suggestions 
from the concept seem to be valuable and important even if the individual drugs change 
over time: 

• an immediate nutraceutical approach directly at symptom onset or at diagnosis  (step 1)  

(• if possible: antibody infusion once immediately after diagnosis*) (step 2a) 

• an immediate antiviral and antibiotical approach (starting immediately after diagnosis*) 
(step 2b)  

• corticosteroids from day 5 of the illness (or earlier if moderate or severe respiratory 
symptoms develop) (step 3)** 

• anticoagulation whenever it is necessary (at least 325 mg aspirin QD) 

*including suspected false-negative COVID test results (considering symptoms and risks for infection) 

 
** It is noted here that WHO expressed concern about early steroid use (cited in LEPERE et 
al.), thus the precise timing of the start of steroids may be a critical issue. In the Recovery 
Trial, dexamethasone was associated with a trend for increased in-hospital mortality in 
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patients who didn’t need any sort of oxygen support at the time of admission (increased risk: 
+ 19 %; 1.19; CI 0.91 – 1.44) (RECOVERY Collaboration Group), and only those with any need 
for oxygen support profited from dexamethasone. But see PEREZ et al. for the effect of 
glucocorticoids on acetylcholine levels. On the other hand, TANG et al. reported that early 
use of corticosteroids could suppress immune cells and may prolong viral shedding 
significantly. Based on a case report, ARORA and PANDA warned not to take steroids during 
the early, viraemic phase of the disease; this may deteriorate the condition.  
Altogether, the recommendation of steroids for outpatients is extremely doubtful. See also 
CROTHERS et al. for harmful effects of corticosteroids in early hospitalized patients (< 48 
hours) who didn’t need any oxygen or only low-flow nasal cannula oxygen. 
 
If corticosteroids are administered, reduction of CRP seems to be an indicator for the 
response to corticosteroids. A reduction by at least 50 % within 72 hours of the start of 
corticosteroid treatment in admitted patients was associated with a significant reduced risk 
of death (25.2 % vs 47.8 %, uOR 0.37, p < 0.001; aOR 0.27; p < 0.001) compared to less than 
50 % drop in CRP (CUI et al.). 
 
In contrast to oral or injected steroids, budesonide inhalation seems to be more promising 
for outpatients (see above), but there is also a strong discrepancy between the very good 
results from STOIC and the comparatively small effect in PRINCIPLE. 
 
CABANILLIAS et al. reported favorable results of preemptive treatment with 
methylprednisolone (MP) in patients (most of them outpatients) with indicators for 
progression and high the risk of respiratory failure. But methylprednisolone started at 
earliest on day 7 after symptom onset, or later, and was given for 5 days (i.v.). They strictly 
avoided to start MP during the first six days of illness. Among the 76 patients at risk of ARDS 
who got MP, it was calculated that 30 are expected to develop ARDS without the 
intervention. In fact, only 4 developed ARDS. 28-day mortality was 1/76, 2-months mortality 
was 2/76. 

 

Outpatient treatment of respiratory failure 
 
ZEBALLOS et al. reported about a treatment regimen in outpatients with respiratory failure 
in response to the collapse of the Belem do Para Health System in Brazil. 210 patients were 
diagnosed with respiratory failure but could not be hospitalized because of the lack of beds 
and other ressources, despite the clinical indication for hospital care. Thus they were treated 
with prednisolone, enoxaparin and macrolides as outpatients. 208 patients had excellent 
response and two patients (1.0 %) died. 
 
This is the first study with patients with severe disease who were treated at home.  
At inclusion, the patients were in stage II pulmonary inflammation (with respiratory failure 
according to the SIDDIQI classification), but without fungal infection of the lungs. At 
inclusion, 67.6 % of the patients fulfilled the criteria for moderate disease (but 71.1 % of 
them had risk factors for severity), and 32.4 % were already classified as severe. 27.3 % of all 
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patients had already extensive tomographic impairment at inclusion (ground glass or diffuse 
consolidations). About 30 % of all patients were 60 years or older; obesity: 46.7 %. 
 
Stage II a: 142; II b: 67; III: 1 
 
Treatment regimen: 
Prednisolone 40 mg once a day for 7 days 
Clarithromycin 500 mg once a day for 7 days 
Enoxaparin 40 mg SC one a day for 7 days 
Axetylcefuroxime 500 mg every 12 hours for 7 days 
 
Supportive measures like pronation, supplemental oxygen and respiratory physiotherapy 
were used “when available and necessary”. 
 
ZEBALLOS et al. reported that more than 500 patients were treated with this protocol during 
the collapse of the health system, with only two registered deaths. 210 patients from this 
series were auditable and included in their study. Because of the success of this treatment 
regimen for patients in the early pulmonary (inflammatory) stage (as outpatients according 
to this protocol), it was continued when the situation improved and free hospital beds 
became available again. As a consequence hospitalization became an exception.  
  
The authors recommend the early use of prednisolone in the initial pulmonary phase to 
prevent severe pneumonitis. They recommended the following clinical procedures: 
 
● Patients should be submitted to Chest CT Scan, d-dimer, LDH, complete blood count, when 
seen for the first time.  
 
● The same should be done on symptom day 7 (note: not 7 days later, but 7 days after 
symptom set). When positive results with ground-glass pattern are found on CT Scan  “the 
protocol should be introduced on an outpatient basis”. 
 
This means that corticosteroid therapy is started not earlier than 7 days after symptom 
onset, i.e. at a stage when the illness is no longer dominated by the viral replication phase; 
thus there is no or little concern that steroids can promote viral replication. Once the 
inflammatory phase is established, viral replication is no longer prevalent since the 
occurrence of the inflammatory stage indicates that development of a competent antiviral 
immune response is already present (ZEBALLOS et al.).    
 

 

Of note, the patients were treated in April and May 2020, thus long before the arrival of 
VoCs in Brazil. 
 
 
 
 

BCG injection 
 
Rating: unclear; many more results needed; may also depend on the BCG strain and the 
whether this is the first BCG injection or a booster for childhood BCG 
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Though there is so far no evidence from clinical trials or primate experiments for that, it is 
probable based on theoretical considerations that COVID vaccination may come too late if 
someone is already infected, symptomatic or ill, since generation of vaccine-induced 
antibodies takes too long. Moreover, it cannot be excluded that COVID vaccination during 
infection and disease may have a deleterious effect; for example, there are reports from 
phase I/II studies that mRNA-based vaccines may result in a reduction of lymphocyte counts 
for a few days, indicating a sort of immune suppression (MULLIGAN et al.). In fact, an 
increased risk for COVID-19 infections, indicated by positive PCR tests, was found both in 
Israel (HUNTER and BRAINARD) and in Germany (http://freepdfhosting.com/938b8bf3cd.pdf) 

during the first days after mRNA-based vaccinations, and the timing of the PCR tests suggests 
that the underlying infections were acquired around day 0 – 3 after vaccination, i.e. exactly 
in the time window when lymphocyte counts are low (they are low not because the 
lymphocytes are destroyed; instead, they move from the blood into the tissue and return 
into the blood a few days later. Nevertheless, this dislocation of the lymphocytes seems to 
be associated with an immune depression, otherwise there would be no increasted risk to 
acquire a SARS-CoV-2 infection during that time window).   
 
However, contrary to these assumptions about COVID vaccines, there is already a report that 
BCG vaccination may also be helpful for the treatment of COVID patients, both in those who 
already got BCG in childhood and those who didn’t (PADMANABHAN et al.). In a trial from 
Mumbai (India), 60 hospitalized COVID patients with pneumonia and requirement for 
oxygen therapy were randomized 1 : 1 to receive a single adult dose of intradermal BCG or 
normal saline (beside standard of care in both groups). Compared to the control group, 
there was a reduction in oxygen requirements from day 3-4 and improved radiological 
resolution from day 7-15 in the BCG group. There were 4 ICU admissions and 2 deaths in the 
control group (affecting altogether 5 patients), but only 1 ICU admission and no death in the 
BCG group. Whereas specific IgG levels increased in the BCG group, there was no evidence 
that BCG induced cytokine storms. Only four patients showed localized inflammatory 
response at the BCG injection site. Of note, a third of the patients were naive for childhood 
BCG vaccination.  

Median age was higher in the BCG group (49 vs. 41.5 years), and there were more obese 
patients (11 vs. 3) and more males (20 vs. 16) in the BCG group, thus basic risk for worse 
outcomes was a little higher in the BCG group. 

PADMANABHAN et al. concluded, “that BCG is a safe, cost-effective treatment that can be 
introduced as a standard of care in patients with moderate Covid-19 that can reduce 
requirement of oxygen supplemented beds and disease burden in low resource countries…” 

Moreover, CHUMAKOV et al. (co-authored by R. GALLO) presented the rationale for a 
possible therapeutic use of live-attenuated vaccines (like BCG, OPV, MMR) in COVID-19, if 
given early after detection of the infection, in order to strengthen the trained innate 
immune response.   
 
However, not all BCG strains and vaccines are the same. KLEEN et al. point out that there are 
differences with regard to the immune responses they elicit; some are more type-1-biased 
(as favored) than others. Favorable results which are achieved by a special strain/vaccine are 

http://freepdfhosting.com/938b8bf3cd.pdf
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not necessarily replicated by other BCG strains. In the Mumbai trial, there were no 
unfavorable consequences of the BCG vaccine on cytokine profiles and storms. However, 
one cannot be sure that other BCG vaccines may elicit unwanted consequences (e.g., with 
regard to cytokine release) in patients who are already ill because of COVID-19.    
 
 
 
 

[N-Acetyl-Cysteine  (no trial results for early treatment)] 
 
Rating: theoretical background promising, but missing clinical results for early treatment 
 
 
Several theoretical papers (e.g., DE FLORA et al.) propose the utilisation of N-acetyl-cysteine 
(NAC) for treatment and also for prophylaxis. There are several mechanisms which make 
NAC a very promising candidate also in the context of early treatment, including experience 
with influenza and influenza-like infections (for details see DE FLORA et al.). However, 
without any results from clinical trials in the context of COVID-19, it could not be included in 
the recommendation section above. But since its use in COVID-19 disease is compatible with 
its general indications in the context of a respiratory infection, it is worth to be tried (2 x 600 
mg per day).  
 
N-Acetylcysteine (NAC) is a prodrug of glutathione. Thus glutathione is expected to have 
similar effects like Acetylcysteine. HOROWITZ et al. reported about two patients with cough, 
dyspnea and radiological findings consistent with COVID-19. 2g of glutathione per os 
improved their dyspnea within 1 hour of use, and this was followed by repeated use of 2000 
mg of PO and IV glutathione, resulting in further relief of respiratory symptoms. However, 
the patients got a lot of other medications and supplements what makes it difficult to assess 
the contribution of glutathione, except for the immediate improvement of dyspnea within 
one hour. 

In a double-blinded RCT from Brazil, 135 patients with severe COVID-19 (blood oxygen < 94 
%, respiratory rate > 24/min) were randomized to NAC 21 g (divided into 2 doses: 14 g in the 
first 4 hours and 7 g in the next 16 hours;  diluted in 500 mL dextrose 5%) or dextrose 5 % 
alone (GARCIA DE ALENCAR et al.). Baseline characteristics were similar, including laboratory 
tests and CT scan findings. Intubation rate: 20.6 % (NAC) vs. 23.9 % in the placebo group; no 
difference in secondary endpoints. High dose NAC was unable to prevent progression of 
severe disease to the need for mechanical ventilation. Death rates were 13.4 % and 14.7 % 
(NAC vs. control), admission to ICU 43 % vs. 47 %, ICU stay (median) 9 vs. 8 days.  

Altogether, the results showed that NAC is ineffective in severe patients. However, this 
doesn’t mean that it also ineffective in early treatment; GARCIA DE ALENCAR et al. speculate 
“that earlier NAC prescription could be more effective at the start of the symptoms; however, 
we know that most of these patients would recover spontaneously”. 

In contrast, IBRAHIM et al. presented a case series of 10 ventilator-dependent patients who 
got NAC infusions. NAC significantly reduced CRP, ferritin and improved lung functions. No 
patient died, eight patients were already discharged at the time of the report, the two 
remaining patients showed improvement. 
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In a small prospective case-control study with hospitalized patients from Russia (34 NAC, 22 
controls; mean age: 66 vs. 57 years), NAC was given in a dose of 1200 – 1800 mg i.v. daily 
(AVDEEV et al.). Time from symptom onset was 7.5 vs. 7.0  days.  

The NAC group showed quicker improment of CRP and oxygen saturation;  

ICU admission: 4.2 % vs. 18.2 %                                                                                                        
intubation/mechanical ventilation: 4.2 % vs. 18.2 %                                                                                
28-day-mortality: 4.2 % vs. 13.6 %                                                                                               
length of hospital stay: 11 vs. 13 days  

However, due to the small study size, these differences in the poor outcomes didn’t reach 
statistical significance. 

In contrast, a RCT with hospitalized patients with mild-to-moderate COVID-19 associated 
ARDS (NAC: n = 47; placebo: n = 45; mean age: 59.4 vs. 55.4 years) found no definitive 
favorable effect of 40 mg/kg/day NAC (i.v.) versus placebo (TAHER et al.). 28-day mortality 
was 25.5 % vs. 31.1 %, mechanical ventilation: 38.3 vs. 44.4 %, ventilator-free days: 17.4 vs. 
16.6 days, ICU days: 8 vs. 10 days; hospital stay: 10 vs. 15 days. However, many of the 
patients also got dexamethasone and the authors mention the possibility “that 
dexamethasone as a potent anti-inflammatory modality treatment in COVID-19-associated 
respiratory failure obscured the effects of NAC and NAC adds nothing further to its effect.“ 
They also consider the possibulity that NAC may work better if given earlier in the disease. 
The optimal timing of the administration of NAC is regarded as critical, whereas the 
theoretical background for the use of NAC in COVID-19 (discussed in detail by TAHER et al.) is 
very promising despite the disappointing results from that small RCT. 

Of note, acetylcysteine is also available for inhalation/nebulization. For the indication to 
loosen mucus, “MAYO clinic suggests inhaling 3 to 5 milliliters (mL) of a 20% solution or 6 to 
10 mL of a 10% solution using a nebulizer, three or four times a day. For NAC, 10% is 
equivalent to 613 mM. Highly concentrated NAC can effectively reduce viral replication and 
significantly alleviate pneumocyte damage, as well as excessive immune responses.” (SHI and 
PUYO). 

JAIN and PARSANATHAN suggested co-supplementation with vitamin D and L-cysteine. They 
reported “a better efficacy in improving levels of GSH and VitaminD-regulatory genes at the 
cellular/tissue level, increasing 25(OH) vitamin D levels, and reducing inflammation 
biomarkers in the blood in mice studies.” This combination may prevent the cytokine storm, 
and they proposed randomized trials with special reference to populations who suffer most 
from vitamin D deficiency. Low cellular glutathione levels epigenetically impair vitamin D 
biosynthesis pathway genes.  
 
 
 
 

[Ubiquinone / Mitoquinone]    (no results from clinical treatment 
trials) 
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In a population-based study among members of the largest health care provider in Israel 
(Clalit Health Service) (ISRAEL et al.), with over 4.5 million members, there were 8681 
hospitalized COVID-patients (aged between 18 and 95 years), among them 3777 in severe 
conditions. In a case-control with matched cohorts (1 case : 5 uninfected matched controls), 
it was found that patients who got ubiquinone precriptions in the month before their 
positive COVID test, had a reduced risk of COVID hospitalization (OR 0.25; p < 0.001). The 
effect was even stronger when combined with a statin (OR 0.122; p = 0.008, for 
hospitalization in moderate condition). 
 

Also other agents which are related to the cholesterol synthesis/ubiquinone pathway 
(ezetimibe, rosuvastatin, risedronic acid) showed significant protective effects, but not as 
much as ubiquinone, and they are less suited for prophylactic intake in people who usually 
have now medical indication to take them, whereas ubiquinone is available as a nutritional 
supplement for everybody. RNA viruses need cholesterol to enter cells, both for virion 
assembly and also to maintain structural stability, which may explain the preventive effect 
found in this study. ISRAEL et al.: “The fact that ubiquinone protects against severe disease, 
suggests that SARS-CoV2 may tilt the mevalonate pathway towards cholesterol synthesis and 
away from ubiquinone synthesis. Such a pathway imbalance would ultimately result in 
deficiency of ubiquinone that could lead to cell death unless counteracted by ubiquinone 
supplementation.” 
 
“MitoQ may alleviate cytokine storm and restore the function of exhausted T cells in COVID-
19 patients through improving mitochondrial dysfunction.” (OUYANG and GONG).  Since it 
was shown that the mitochrondrial complex I is downregulated by SARS-CoV-2 infection, it is 
suggested that the virus may use the strategy to attack the host cells by disruption of 
mitochondria. OUYANG and GONG assume that mitochondrial dysfunction plays a significant 
role in the development of COVID-19, and that it may be partly responsible for dysregulated 
immune responses against COVID-19 too. Based on that, they propose MitoQ as a 
mitochondrial-targeted antioxidant. Though there are no studies with COVID-19, there were 
positive effects with regard to other infections (e.g., liver protection in Hepatitis C patients) 
and improved vascular function in older people after chronic low dose supplementation. 
 
If mitochondrial dysfunction is an early trigger for subsequent cytokine storm and T cell 
exhaustion, the administration of MitoQ “may alleviate cytokine storm and restore the 
function of exhausted T cells in COVID-19 patients through improving mitochondrial 
dysfunction” (OUYANG and GONG).  
 
There are so far (until July 25th, 2021) no clinical studies about ubiquinone in the context of 
COVID-19 except for a theoretical suggestion to combine coenzyme Q10 as a cofactor with 
selenium supplementation (ALEXANDER et al. ) and a theoretical paper that proposes 
mitochondrial-targeted ubiquinone (Mitoquinone) as a potential treatment for COVID-19 
(OUYANG and GONG); MiToQ enables mitochondrial specific delivery of a CoQ10 antioxidant 
via its triphenylphosphonium bromide (TPP+) cation. There are also no registered trials of 
ubiquinone or mitoquinone in the WHO trial registry for COVID-19, neither for treatment nor 
for prophylaxis. 
 
However, in the absence of clinical trials with COVID-19, no dose recommendations were 
given for mitoquinone. In the hepatitis C trial (GANE et al.), MitoQ was administered at 40 
and 80 mg once daily, and significant effects were found in the 40 mg group (with regard to 



139 

 

ALT levels as proxy for liver damage by HCV). In the “vascular trial” in healthy older adults, 
MitoQ was given at a dose of 20 mg/day for longer times (ROSSMAN et al.). 
 
After administration of common vitamin Q10, highest blood concentrations are expected 
after 6 – 8 hours, while half-life is about 34 hours. 
 
In detail, Ubiquinone 10 was taken in the ISRAEL study by 5 of 6202 hospitalized patients, but by 100 
from 31.010 matched controls from the general population (0.08 vs. 0.32 %; OR 0.249; CI: 0.079 – 
0.602, p = 0.00033) 
 
Comparing hospitalized patients with COVID-infected patients who were not hospitalized (ratio: 1 : 2, 
6919 vs. 13838 controls), 5 vs. 54 took ubiquinone (0.07 vs. 0.39 %; OR 0.185, CI: 0.058 – 0.458, p = 
0.0001).  
 
This indicates that ubiquinone intake reduces the risk for hospitalization because of COVID-19 both 
for the general population and for persons which are known to be infected by COVID-19. The data 
don’t allow to decide whether ubiquinone intake reduces the risk of a diagnosis of COVID-19 
positivity as such, but it reduces the severity of the disease as indicated by the risk of hospitalization 
as a proxy for a more severe disease. However, since the ORs are not very different in both 
comparisons (healthy controls; non-hospitalized infected persons), this may hint that ubiquinone 
intake doesn’t reduce the risk of COVID positivity, but only the risk of hospitalization. Otherwise, the 
OR compared to healthy controls would be smaller than the OR compared to non-hospitalized 
infected people. This is well in accordance with the assumption that ubiquinone is no antiviral, thus it 
is not very plausible that it should be able to reduce the risk of infection and diagnosis. 
 
The odds ratios (compared with SARS-CoV-2 negative controls 1 : 5) for ubiquinone for “hospitalized 
at all” were 0.249 (p < 0.001), for “hospitalized serious”  0.254 (p = 0.007), for “hospitalized severe” 
0.355 (p = 0.079), and for death 0.708 (p = 1); in combination with statins the ORs were 0.224 (p = 
0.003), 0.122 (p = 0.008) and 0.179 (0.054) and < 0.001 (p = 0.384), for ubiquinone without statins 
0.303 (p = 0.109), 0.554 (P = 0.566), 0.699 (P = 1.000) and 1.632 (p = 0.384). 
 
The odds ratios (compared with non-hospitalized SARS-CoV-2 positive controls 1 : 2) were 0.185 (p < 
0.001)(“hospitalized at all”), 0.171 (p < 0.001),  0.239 (p = 0.09) and 0.800 (p = 1.000) (“death”) for 
ubiquinone (with or without statins); they were 0.205 (p < 0.001), 0.174 (p = 0.005), 0.222 (p = 0.030) 
and 0.5 (p = 0.670) for the combination of ubiquinone and statin and 0.133 (p = 0.030), 0.166 (p = 
0.073), 0.286 (p = 0.283) and 2.001 (p = 1.000) for ubiquinone without statins. 
 
Though some of the results are favorable, one should bear in mind that this was not a prospective 
study and that the agents were not taken for the intention of COVID prophylaxis or treatment. There 
may be a lot of confounding, and since ubiquinone is available OTC in Israel (like elsewhere), it may 
well be that not all patients who took ubiquinone on their own choice had been identified.  

 

 
Interestingly, also some trace elements (which are mentioned elsewhere in this paper) were 
found to have some purported protective effect in the ISRAEL study. Calcium-zinc was taken 
by none of the hospitalized patients, but 24 of the controls from the general population 
(0.00 vs. 0.08 %; OR 0.000, CI: 0.000 – 0.830, p = 0.0243), but there was no significant 
association in the second cohort (hospitalized vs. non-hospitalized infected people). 
Magnesium citrate was taken by 0.35 % of the hospitalized patients and 0.57% of the non-
hospitalized infected people (OR 0.606; CI: 0.367 – 0.969, p = 0.03553), but there was no 
significant association in the first cohort (general population). 
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Prolectin-M (food supplement, galectin antagonist) 
 
 
In a very small pivotal trial (5 participants who got Prolectin-M and 5 controls; hospitalized 
because of COVID-19, symptoms < 72 hours) from Bangalore/India (SIGAMANI et al., 
NCT04512027), Prolectin-M, an orally administered polysaccharide [(1-6) -alpha-D-
Mannopyranose], reduced viral replication by blocking N terminal domain (NTD) of S1 
subunit, resulting in significantly lowered viral gene expression. All five participants on 
verum were found to show a rapid drop by day 3 in copies/µL of Nucleocapsid protein gene. 
The absence of glycosylation sites on the N protein as a consequence of Prolectin-M 
administration resulted in an early production of N-specific neutralizing antibodies. Without 
any side effects, this trial showed that Prolectin-M (i) lowered viral infectiousness, (ii) had an 
ability to block viral replication, and (iii) has a „potential role as a Post Infection 
Immunisation“ (SIGAMANI et al.). 
 
The SIGAMANI trial studied high doses of Prolectin-M; it „was administered orally once every 
hour up to a maximum dose through the day of 40 gram or 10 tablets a day. The intention 
was to mimic the viral replication cycle of 8 –10 hours and also to ensure the participant is 
consuming the tablets during the day …“ The tablet had to be kept in the mouth for 1- 2 
minutes before it dissolved and was swallowed, and after meal, subjects had to wait for 30 
minutes before taking the next tablet in order to avoid any potential drop in blood glucose 
because tablets could block absorption of carbohydrates from the meal. 
 
Of course larger trials are needed to study the effects on clinical outcomes and also its 
possible role in PEP. 
 

 

 

 

 

Probiotic formulation (Lactiplantibacillus, Pediococcus) 

 
GUTIERREZ-CASTRELLON et al. reported about a RCT with symptomatic COVID-19 (PCR +) 
outpatients (18 – 60 years) from Mexiko who received probiotic strains Lactiplantibacillus 
plantarum KABP022, KABP023 and KAPB033 (syn. Lactobacillus plantarum), plus strain 
Pediococcus acidilactici (KABP021) (both lactic acid bacteria) (n=150) or placebo (n=150) for 
daily intake (capsules) for 30 days (20 min before breakfast) (NCT04517422). The probiotic 
capsules were supplied by KANEKA AB-Biotics SA (Barcelona, Spain). 
 
There was no other intervention except for allowance of oral acetaminophen (controlled as 
co-intervention). For enrollment, at least one COVID-19 symptom (cough, fever >= 37.5 
degrees, muscular pain, shortness of breath or headache) had to be present, oxygen 
saturation had to be 90 % or more, and onset of symtoms was not allowed to be more than 
7 days ago.  Detailed analyses including PCR and blood draw were done at study visits (days 

https://www.medrxiv.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT04517422&atom=%2Fmedrxiv%2Fearly%2F2021%2F05%2F24%2F2021.05.20.21256954.atom
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0, 15, 30; fecal samples for microbiome analysis at day 0 and 30); there were also phone calls 
every 5 days.  
 

There was no hospitalitzation or death in that study (neither in the intervention nor in the 
control arm); the reason for that observation may be the low median age of the study 
participants (37.0 years); moreover, COVID patients > 60 years were excluded trom the 
study. Nevertheless, 42 % of participants had metabolic risk factors. 97.7 % (293 
participants) completed the study.  
 
Complete remission at day 30 (!) was achieved by 53.1 % of the intervention group 
compared to 28.1 % of the control group (p < 0.0001, ARR = 25.0 %, OR 2.90), and this 
association remained significant after multiple corrections. Complete remission was defined 
in that study as both symptom clearance and PCR negativity. 
 
Patients in the intervention group experienced a quicker resolution of symptoms, a larger 
reduction of viral load in the nasopharyngeal PCR, and higher increases of SARS-CoV-2-
specific IgM and IgG in serum at day 15 and 30, whereas D-dimer and CRP were lower in the 
intervention group at day 15, and use of acetaminophen was less. In patients with lung 
anomalies, CT results improved more quickly in the intervention group. All these differences 
were highly significant. The results retained significance in subgroup analyses (e.g. age, 
comorbidities, initial viral load, time since symptom onset). There were no serious adverse 
effects.  
 

Importantly, intake of the probiotic supplement was associated with a doubling of the IgG 
titer at day 30. This raises the question whether intake of such supplements may also be 
advantageous following COVID vaccination in order to increase post-vaccination antibody 
titres?  

 
 
A study with ferrets found favorable effects of two probiotic combinations (LEHTINEN M et 
al.).; they reduced viral load, modulated immune response und regulated viral receptor 
expression. The probiotics stimulated anti-viral immunity in ferrets. In an assay with human 
cells in vitro, critical genes and cytokines for anti-SARS-CoV-2 immunity were stimulated too. 
 
 

 

 

KB109 (synthetic glycan) 

Because it is not yet available on the market, it is mentioned here only briefly as a proof of 
principle. KB109 (from Kaleido Biosciences) is a novel synthetic glycan that was developed to 
modulate the gut microbiome that plays a role in host immune response to infections 
(HARAN et al.). In a RCT, KB 109 was given for 14 days to 176 outpatients with mild or 
moderate COVID-19 in addition to self-supportive standard care, whereas 174 controls only 
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performed self-supportive standard care. Follow-up was 35 days since start of KB109 or 
control status. 

KB 109 accelerated significantly the resolution of symptoms (overall symptoms and cardinal 
symptoms) both in patients with and without comorbidities. It reduced medically-attended 
visits (ie, hospitalization, emergency room visits, or urgent care visits) by 50.0% in the overall 
population and by 61.7% in patients with ≥1 comorbidity. There was one hospitalization in 
the KB 109 group and 3 in the control group. There was one death in the control group (but 
2 weeks after withdrawal from the study in the standard care-alone group), so, formally, 
there were no deaths in the per-protocol analysis. 

 
 
 
 

Curcumin  
 
Rating: promising for adjuvant therapy, but many more results needed. Probably special 
formulations (nano, liposomal, + piperine) necessary to overcome limitations of intestinal 
absorption 
 

Curcumin is another candidate which may dampen cytokine storms, because it inhibits the 
release of cytokines and chemokines like IL-1beta, IL-6, IL-10, TNF alpha and others. ROY et 
al. suggested the combination of curcumin and zinc for prophylaxis and therapy, but without 
any dose recommendations. Whereas curcumin has direct antiviral activity by inhibiting virus 
entry into the cells, zinc inhibits RNA polymerase. QUILES et al. recommended the 
combination of curcumin, vitamin C and glyzyrrhizic acid (from litoric roots).  

 
ZAHEDIPOUR et al., SONI et al. and DHAR and BHATTACHARJEE were among the first who  
described in detail the mechanisms how curcumin is expected to be helpful in the fight 
against COVID-19. Meanwhile, there is wealth of theoretical or laboratory-based papers 
about that subject. Since bioavailability of curcumin is a big problem, SHETTY et al. and 
MIRYAN et al. recommended the combination with piperine to enhance resorption. PETER 
AE and MIRYAN et al. reported that piperine may have an own effects, e.g.  against cytokine 
storms (like luteolin and resveratrol), beside its function as an enhancer of the resorption of 
curcumin.   
 
ROCCA and DE ASSIS found a negative correlation between countries with high consumption 
of curcumin and COVID mortality.     
 
However, NUGRAHA et al. warn that curcumin may have some risks in COVID-19. They admit 
that “curcumin has well-defined anti-inflammatory properties. Some studies showed that the 
anti-inflammatory effect of curcumin via inhibition on the toll-like receptor (TLR-4), 
phosphatidylinositol-3 kinase (PI3K), nuclear factor-kappa B (NF-κB), and others resulted in 
decreased production of IL-6, tumour necrosis factor (TNF-α), and interleukin (IL-1β), which 
are proinflammatory cytokines in both in vitro and in vivo studies” (NUGRAHA et al). 
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But “another study had contradictory results and showed that curcumin had an 
immunostimulatory effect by increasing IL-6 and TNF-α”, and a further study showed that 
curcumin acts “as an immunomodulator for both immunostimulation and 
immunosuppression”. NUGRAHA et al. conclude that the results are inconsistent and that 
curcumin can increase or decrease proinflammatory cytokines: “Administration of curcumin 
may increase the production of proinflammatory cytokines that may worsen the condition of 
COVID-19 patients with a cytokine storm.” Morever, curcumin acts as RAAS inhibitor and 
may increase the expression and production of ACE2, which may result in increased 
susceptibility to SARS-CoV-2 if used for prevention (NUGRAHA et al.). However, the same 
was suggested for ACEIs and ARBs until many large trials showed that these agents didn’t 
increased the risk of COVID-19 infection and didn’t worsen their outcome; instead there may 
even be a small trend to less infections or less severe disease in people to take these tablets 
regularily.    

Many other authors regard curcumin as an important treatment option (e.g. BABAEI F et al., 
DHAR and BHATTACHARJEE), and there is meanwhile a wealth of theoretical papers in favor 
of curcumin. Nevertheless, only clinical trials can offer a definitive answer. 
 
VALIZADEH et al. showed a significant decrease in both IL-6 expression and IL-1beta gene 
and secretion level in serum after treatment with Nano-Curcumin (in nano-micellar form; 
160 mg per day; 4 x 40 mg, for 14 days; 20 patients verum, 20 placebo). IL-18 mRNA 
expression and TNF-alpha concentrations were not influenced by Nano-Curcumin. (In that 
trial, all COVID-19 patients including the placebo groups received Betaferon 300 μg 
subcutaneously every other day until 5 days, Bromhexine 8 mg tablets every 8 h, and 
Atorvastatin 40 mg daily). 

SABER-MOGHADDAM et al. studied the efficacy of nano-curcumin oral formulation in 
hospitalized patients with mild-moderate COVID-19 in a non-randomized trial (41 patients; 
21 got Sinacurcumin 40 mg capsules, two capsules twice a day; 20 controls; treatment 
duration: 2 weeks; mean age: 53.5 vs. 58.5 years). Other therapies: HCQ (~ 76 – 80%; 
Azithromycin (52 – 55 %), broad-spectrum antibiotics (62 – 80 %), protease inhibitors (29 – 
40 %), corticosteroid (57 – 45  %) (curcumin group vs. control group). 

Most of symptoms (fever, chills, tachypnea, myalgia, cough) resolved significantly faster in 
the curcumin group, and oxygen saturation was significantly higher in that group after 2, 4, 
7, and 14 days of follow-up compared to the control group. The same applies to lymphocyte 
count after 7 and 14 days. Whereas 40 % of the control group experienced deterioration 
during follow-up period, there was no deterioration in the curcumin group. Duration of 
oxygen support and hospitalization was shorter in the curcumin group. Complete recovery 
after 14 days: 47.6 vs 15 %; partial recovery: 52.4 vs. 45 %; deterioration: 0 vs. 40 %. No 
deaths. 

Increased frequency and overactivation of Th17 cells and subsequent production of large 
amounts of proinflammatory cytokines result in hyperinflammation and disease progression 
(TAHMASEBI et al.). In a double-blind, placebo-controlled RCT with 40 mild patients (20 : 20) 
and 40 severe patients (ICU patients) (20 : 20), the effect of nanocurcumin and placebo on 
the frequency of Th17 cells, mRNA expression of Th17 cell-related factors including IL-17, IL-
21, IL-23 and the serum levels of cytokines were measured before and after treatment 
(mean 54.2 years both in the mild and severe group). In the curcumin group, a significant 
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decrease in the number of Th17 cells, downregulation of Th17 cell-related factors and 
decreased levels of Th17 cell-related cytokines were found both in mild and severe COVID-19 
patients. TAHMASEBI et al. consider curcumin “as a potential modulatory compound in 
improving the patient's inflammatory condition.”  

In that trial, curcumin was administered to patients as two doses of Sinacurcumin (Exir 
Nano) 80 mg capsules two times a day for 21 days. The soft gelatine capsule contains 80 mg 
curcuminoids (C3 complex) as nanomicelles.  

Mortality was 0 vs. 5 % in mild patients with and without nanocurcumin and 5 % vs. 25 % in 
severe patients (n = 20 in each group) (p < 0.0001). 100 % of mild patients with 
nanocurcumin and 70 % of mild placebo-treated patients were discharged with general 
improvement. Among the severe patients, 80 % vs. 45  % were discharged (p < 0.0001). A 
limitation of that study is that there is no information whether the patients got other drugs, 
or curcumin as monotherapy. 

PAWAR et al. (CTRI/2020/05/025482) reported about a RCT with curcumin (525 mg) and 
piperine (bioperine; 2.5 mg) as tablet twice a day from India. All patients got conventional 
treatment (not specified; “defined by the Maharashtra state COVID-19 task.”). The control 
group got probiotics (lactic acid Bacillus, vitamin B) twice a day as a sort of placebo. 
Curcumin/Bioperine or probiotics were given for 14 days from the day of admission. All 
patients were hospitalized and ranged from mild to severe symptoms, but both groups were 
well balanced: 30 mild, 25 moderate, 15 severe [ICU] = 70 per group. 

Patients of the curcumin/piperine group showed early symptomatic recovery, better clinical 
outcomes, reduced hospital stay in patients with moderate or severe symptoms and reduced 
mortality. The authors point particularly to the prevention of thromboembolic events (no 
oral aspirin was given to any of the patients). 

Deaths (curcumin vs. no curcumin): mild 0 vs. 1; moderate: 0 vs. 5; severe (ICU) 2 vs. 5 (from 
15 per group);  

Non-Invasive mechanical ventilation: mild: 0 vs. 1; moderate: 0 vs. 6; severe: 1 vs. 6;  

Invasive mechanical ventilation; mild: 0 vs. 0; moderate: 0 vs. 0; severe: 1 vs. 0 

 
 
 
 

Early convalescent plasma with high IgG titers 

Though rather unrealistic in a real world setting where one is absolutely unable to deliver 
even simple tablet- or inhalation-based therapy regimens to outpatients (see McCULLOUGH 
2 et al.), and where therapeutic nihilism is prevailing, only for reasons of completeness and 
academic interest, a study about convalescent plasma (CP) for very early patients from 
Buenos Aires is mentioned here. The rationale behind the study of LIBSTER et al. was the 
observation that CP administered to hospitalized patients is often unsuccessful (for 
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systematic review and meta-analysis, see TORTOSA et al. and HORBY et al. (3)), suggesting 
that antibodies should be administered earlier in the course of the disease.  

In their double-blind and placebo-controlled RCT,  CP (250 ml) with high IgG titers was given 
to older adult patients within 72 hours after the onset of mild symptoms. 160 patients 
underwent randomization (80/80).  

16 % of patients in the CP group and 31 % of patients in the control group developed severe 
respiratory disease (defined as a respiratory rate of 30 breaths per minute or more, and/or 
oxygen saturation of less than 93%) (RR 0.52; CI: 0.29 – 0.94, p = 0.03; NNT: 7). However, 
after exclusion of 6 patients who suffered from the primary endpoint before infusion of CP 
or placebo could be managed, RR was 0.40 (CI: 0.20 – 0.81; 11.8 vs. 29.5 %). 

Life-threatening respiratory disease occurred in 5 % vs. 12 % of the patients, critical systemic 
illness in 6 vs. 8 %; 2 patients from the CP group and 4 patients from the control group died. 
Combining these three secondary endpoints, 9 % vs. 15 % patients reached this combined 
endpoint. 

After exclusion of the patients who had reached the primary endpoint before infusion due to 
delays in the management of the strategy, the combined secondary endpoint was reached 
by 7.9 vs. 14.1 % (RR 0.56; CI: 0.22 – 1.44), and there were 1 vs. 3 deaths. Mechanical 
ventilation in that modified ITT group was 1 vs. 4, ICU admission 1 vs. 5. 

The risk reduction for the primary endpoint was 73 % (RR 0.27; CI: 0.08 – 0.68) if the IgG titer 
of the CP was higher than median (median: 1: 3200), but only 31 % if it was lower (RR 0.69; 
CI: 0.34 – 1.31). 

For inclusion, patients had to be 75 years or older if they had no comorbidity. In case of at 
least one coexisting condition (including obesity and hypertension), inclusion started with 65 
years. Mean age was 77.2 years, 62 % women. Infusion was performed in hospital, but some 
of the patients were later discharged and treated as outpatients. No patient got other 
experimental therapies except for CP or placebo infusion. Time from onset of symptoms was 
on average 39.6 hours in the CP arm.  

What about age, the risk reduction for the primary endpoint in the ITT group was only 20 % 
for participants between 65 and 74 years (RR 0.80; CI: 0.34 – 1.90; 20 vs. 25 %), but 65 % for 
75 years or beyond (RR 0.35; CI: 0.14 – 0.87; 12.5 vs. 35.4 %). However, this interaction 
between both age groups was not significant (p = 0.2). Nevertheless, the results are far 
better than those of the meta-analysis from TORTOSA et al. that found a null effect for 30 
day mortality (RR 1.02, based on 5933 patients who got CP and 5921 controls) and a 
marginal increase for mechanical ventilation (RR 1.17; CI: 0.80 – 1.70). 

Thus early infusion of CP with high IgG reduced the risk of progression up to 73 %. However, 
as also shown in that study, one has to act quickly; even patients with mild symptoms at the 
first examination may progress fast: though the inclusion criteria were mild symptoms, 6 
patients had already progressed to the primary endpoint of severe respiratory disease 
before CP infusion could be started, and these patients worsened the secondary outcomes 
(that’s why the results for the modified ITT group are better than for the original ITT group).  



146 

 

The authors conclude: “Our findings underscore the need to return to the classic approach of 
treating acute viral infections early, and they define IgG targets that facilitate donor 
selection” (LIBSTER et al.).  

Very early administration of CP seems to be the possibly remaining indication for CP in 
COVID-19. In fact, the large RECOVERY trial eliminated all hopes about CP in hospitalized 
patients (HORBY et al. (3)). Only CP with high antibody titres was given in that trial. Mortality 
was 24.1 % in the CP group and 24.4 % in the control group (RR 1.00; CI: 0.03 – 1.07). There 
was also no influence on the risk of mechanical ventilation (RR for mechanical ventilation or 
death: 0.99; CI: 0.93 – 1.05).  
 
HORBY et al. (3) also performed a meta-analysis and combined their own RECOVERY data 
with nine smaller trials, giving a total of 6492 patients who got CP and 6443 controls. RR for 
mortality was 0.99 (0.92 – 1.06; 23.0 % vs. 23.4 %). Thus, it is evident now that CP is useless 
in hospitalized patients, even in case that CP with high titres is selected (in RECOVERY, 
patients got CP from two different donors in the hope to optimize the effect of CP). 
 
As HORBY et al. point out themselves, this doesn’t exclude the possibility that CP may help if 
given early after infection and “before onset of significant disease”. In fact, the RECOVERY 
trial found a very small signal into that direction: if administered within 7 days after 
symptom onset, RR for mortality was 0.92 (0.83 – 1.03), whereas when administered more 
than 7 days after symptom onset, RR for mortality was 1.06 (0.96 – 1.07). Of note, all the 
patients were already hospitalized and thus had significant disease. Mean time between 
symptom onset and administration of CP in RECOVERY was 9 days (mean 2 days after 
hospitalization). A re-analysis of the dataset of RECOVERY from HAMILTON et al. found a 
probability between 84 and 87 % that seronegative patients may profit from CP by a 
reduction of the mortality risk by at least 0.5 % (NNT 200) and a probability between 73 and 
76 % for a reduction of the mortality risk by at least 1 % (NNT 100). HAMILTON et al. 
concluded that it is premature to pretend that CP has a null effect, at least in seronegative 
patients. It would be interesting to study the combination “seronegative + <= 7 days after 
symptom onset” vs. all other cases, but this has not been done so far.     
 
In full accordance with the results from the RECOVERY trial, a study from Turkey found that 
CP is needless once patients are hospitalized at ICU; in that study, early administration of CP 
(mean 3 days after hospitalization) was compared to late administration (mean 8.5 days) 
(KOCAYIGIT et al.). But even “early” administration didn’t show any benefit; mortality was 
51.2 % (“early”) vs. 50.9 % , invasive mechanical ventilation was 52.4 vs. 52.7 %, 
tracheostomy 8.3 vs. 8.8 %. The study is based on 141 ICU patients with severe disease (all 
patients were already admitted to ICU at baseline). “Early CP” was defined until the fifth day 
of hospitalization (not: ICU), “late CP” after the fifth day. Baseline characteristics were 
similar, but the “early” group was 2.9 years younger (64.8 vs. 67.7 years). 
 
In contrast, a large study from US found that CP within 3 days after hospitalization is 
associated with reduced mortality compared to 4-7 days (aHR 0.53; CU: 0.47 – 0.60, p < 
0.001). Time frame of the study was March 2 to October 7, 2020, and the study is based on 
3774 CP recipients and 10687 comparison patients.  Overall reduction of mortality was 29 % 
(aHR 0.71; CU: 0.59 – 0.86; p < 0.001) (EGLOFF et al.). BRIGGS et al reported also about lower 
mortality in hospitalized patients with moderate to severe COVID-19 who got CP earlier 
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(within 6 days admission) than later (> 6 days). Late CP showed no improvement compared 
to propensity-matched patients who didn’t get CP at all.  
 
 
Even in patients from US who were hospitalized early or directly after diagnosis, CP 
administration during the first days of hospitalization (studied in a day-by-day manner; day 
0,1,2,3,4 “after diagnosis”) showed no association with hospital stay and mortality, except 
for a trend for a reduced risk for mortality if given at day 0 of diagnosis (HR 0.45; CI: 0.19 – 
1.03) (ALAMGIR et al.). With 48 treated patients in the day-0 group and 48 matched controls, 
the study was probably underpowered to find a significant effect for that subgroup. Of note, 
the starting point for counting the days was the day of diagnosis, not the start of symptoms. 
Since all included patients where hospitalized either already at the time or diagnosis, or 
within the next few days, it is probable that start of symptoms may have preceded the 
diagnosis by several days. Time of diagnosis is no objective criterion because it may depend 
on the time lag (i) between onset of symptoms and seeking for a COVID test or medical care; 
(ii) the time lag between swabbing and the availability of the test result. Time of onset of 
symptoms might have been a better starting point for such a study. 
 
CONSADEVALL et al. found statistical associations between the use of CP in hospitalized 
patients and mortality within two weeks after admission in US; more than 40 % of all 
hospitalized patients received CP between late September and early November 2020. After 
RCTs failed to show a clear benefit (e.g., HORBY et al.), CP use steadily decreased to less than 
10 % of newly hospitalized patients. Since the CONSADEVALL study is preferentially based on 
a time interval before new variants (associated with higher mortality) were established in 
US, these results cannot be confounded by VoCs. CONSADEVALL et al.  “estimate that the 
retreat from CP usage … termed plasma hesitancy, might have resulted in 29,000 to 36,000 
excess deaths in the period from mid-November 2020 to February 2021.” 
 
BIERNAT et al.  reported about early use of CP in a cohort of 23 patients with hematological 
malignancies and COVID-19; they received CP 48 -72 hours after diagnosis and were 
compared to a historical group of 22 patients with the same background who had received 
other therapy. CP was associated with improved survival, milder couse of infection, less 
severe symptoms and faster recovery (mortality: 13 vs. 41 %; severe disease: 22 vs. 59 %; 
mechanical ventilation: 13 vs. 18 %). 

In US veterans (age span: 21-80 years, but mean age 65.0 years; 92 % male) with non-severe 
COVID at baseline, convalescent plasma within the first two days of hospital admission and a 
positive test result, was not associated with an improvement of 30-day mortality (6.5 % vs. 
6.2 % in controls, mean age of controls: 64.1 years) (CHO K et al.). CP was associated with a 
slightly reduced mortality until day 18, but after that time frame the cumulative mortality 
(cumulated since day 0) was even a little higher in the CP group, resulting in a HR of 1.04 
after 30 days. 

In the time of vaccinations, CP from vaccinated donors with very high antibody levels should 
be used (LEON et al.). In their small case series, LEON et al. found that such CP increases 
patient antibody levels much more than 1 or 2 units of CP from unvaccinated donors. 
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A multicenter, placebo-controlled RCT from US was unable to find any favorable effect for 
early CP in acutely ill, high-risk patients with COVID-19 as outpatients (KORLEY et al). 
Patients were “either 50 years of age or older or had one or more risk factors for disease 
progression. In addition, all the patients presented to the emergency department within 7 
days after symptom onset and were in stable condition for outpatient management.” 

257 patients received CP, 254 were controls: median age was 54 years, median duration of 
symptoms 4 days (mean 3.7 days). Donor plasma with high neutralizing titers was given.  

Disease progression: 30 % vs. 31.9 % in controls                                                                        
worsening of symptoms within 15 days: 41.6 vs. 45.7 %                                                                                                 
hospital admission: 19.8 % vs. 22.0 %                                                                                         
Death: 5 vs. 1 in controls  (1.9 vs. 0.4 %)                                                                                     

Subgroup analyses identified no subgroup who profited significantly from CP, and there 
were also no large, but insignificant differences in the effectiveness of CP between 
subgroups, including days after symptom onset (cut-off between 3 and 4 days). Those who 
were enrolled <=3 days didn’t profit more than those who were enrolled later. 

Whereas the results or KORLEY et al. are in accordance with many studies on hospitalized 
patients, they discuss also the RCT with 160 older outpatients from Argentinia (see above, 
LIBSTER et al.) where CP was found to be successful. They point to the differences between 
the trials: in Argentinia, patients received plasma or placebo within 72 hours after the onset 
of symptoms (i.e. earlier), and mean age was 77.2 years. Also different titers and assays 
were used in the screening of donor convalescent plasma.  New variants emerged during the 
period of enrollment in the US (KORLEY) study; “donations that are temporally and 
geographically proximate to their point of use may be more effective.” (KORLEY et al.). 

 
As already mentioned in the Remdesivir chapter, the combination of early Remdesivir and 
early high-titer CP was found to be highly effective in high-risk patients (hematological 
malignancies) with COVID-19 (WEINBERGOVA et al.). 
 
 
 
 
 

Note on colchicine (useless at least in hospitalized patients!) 
 
Colchicine may inhibit inflammasome signaling and reduce proinflammatory cytokines that 
may result in COVID-19 pneumonia (CHIU et al). 
 
In the international COLCORONA trial (NCT04322682), 4159 outpatients with PCR confirmed 
COVID-19 were randomized to either colchicine (0.5 mg twice daily for 3 days and once daily 
thereafter) or placebo for 30 days (TARDIF et al.). The patients were enrolled a mean of 5.3 
days after symptom onset, and the study medication was delivered to the patient’s home 
within 4 hours after enrollment. Clinical evaluation occurred by telephone at day 15 and 30. 
Mean age was 54.7 years. 
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Evaluation at day 30: The OR for hospitalization was 0.75 (CI; 0.57 - 0.99; 4.5 vs. 5.9 %); OR 
for mechanical ventilation: 0.50 (CI: 0.23 - 1.07; 0.5 vs. 1.0 %); OR for death: 0.56 (CI: 0.19 – 
1.66; 0.2 vs. 0.4 %). Colchicine treatment was not associated with more serious adverse 
effects (4.9 % vs. 6.3 % in the placebo group); pneumonia occurred more often in the 
placebo group (4.1 vs. 2.9 % in the colchicine group), but, as expected, diarrhea was 
reported more often in the treatment group (13.7 vs. 7.3 %) since it is a typical side effect of 
colchicine. Pulmonary embolism was reported more often in the colchicine group (11 vs. 2 
cases).  
 
However, in subgroup analyses, only men profited from colchicine (composite endpoint of 
hospitalization and death: men: 5.8 vs. 8.4 %, OR 0.67 (CI: 0.48 – 0.95); women: 3.4 vs. 3.5 %; 
OR 1.07 (CI: 0.70 – 1.65)).  Moreover, there was a trend that colchicine is unfavorable for 
active smokers, but this result is highly insignificant because of their small number (OR 1.73; 
CI: 0.50 – 6.01; 3.2 vs. 1.9 %). Higher age (>= 70 years) showed a trend for a more favorable 
effect of colchicine (OR 0.72 vs. 0.82 for < 70 years), but this difference is not significant. BMI 
(< or > 30) had no effect on the results. (Died: 5 vs. 9; lost to follow up: 4 vs. 8; colchicine vs. 
placebo). 
 
CHIU et al. did a systematic review and meta-analysis about the effect of colchicine in 
COVID-19 patients with regard to bad outcomes. 6 studies with 5033 patients were included, 
including the COLCORONA RCT mentioned above. HR for mortality with colchicine was 0.25 
(CI: 0.09 – 0.66), OR was 0.36 (CI: 0.17 – 0.76) (studies reporting OR and HR were analysed 
separately). In the observational studies (n = 3), HR was 0.25 (CI: 0.09 – 0.66) and OR was 
0.21 (CI: 0.06 – 0.71). However, the OR for mortality in the placebo-controlled RCTs was 0.49 
(CI: 0.20 – 1.24) and thus insignificant. 
 
In the two studies that reported about the risk of ICU admission, there was also only a trend 
in favor of colchicine (OR 0.4; CI: 0.10 – 1.68). Two studies reported about the risk of 
mechanical ventilation with insignificant ORs of 0.53 in one study and 0.90 in the other. 
However, there is an important difference. The first study reported about patients who used 
colchicine before hospitalization (OR 0.53; CI: 0.25 – 1.09), whereas the second study 
reported about patients who started colchicine after hospitalization (OR 0.90; CI: 0.49 – 
1.67) what may indicate that early use of colchicine may be more advantageous to avoid 
mechanical ventilation.  
 
Circulating myeloid cells show increased expression of the NOD-, LRR- and pyrin domain-
containing 3 (NLRP3) early in the infection. Increased NLRP3 gene expression in myeloid cells 
correlates with IL-1β gene expression and elevated circulating IL-1β levels. MARCHETTI et al. 
conclude “that early in SARS-CoV-2 infection, NLRP3 activation takes place and initiates” the 
cytokine release syndrome (CRS). They propose to treat infected patients early in the course 
of the disease with a “specific NLRP3 inhibitor to arrest the progression of IL-1b-mediated 
CRS” in order to reduce the need for hospitalization and supplemental  oxygen, “particularly 
in subjects with high risk co-morbidities”. Unfortunately, dapansutrile is the only orally 
active specific NLRP3 inhibitor and unavailable for the public. Colchicine also reduces IL-1b-
mediated inflammation, but by another mechanism. Colchicine doesn’t inhibit NLRP3 
directly, but effects integrins, cell migration and microtubule assembly. Thus colchicine is no 
direct alternative to a true NLRP3 inhibitor, and it is unable to act on IL-18 (MARCHETTI et 
al). 
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However, McCARTHY et al. propose that nutraceuticals can do the job of NLRP3 inhibition. 
“Inflammasomes are intracellular protein complexes that form in response to a variety of 
stress signals and that serve to catalyze the proteolytic conversion of pro-interleukin-1β and 
pro-interleukin-18 to active interleukin-1β and interleukin-18, central mediators of the 
inflammatory response; inflammasomes can also promote a type of cell death known as 
pyroptosis” (MCCARTY et al.). The NLRP3 inflammasome is associated with the cytokine 
storm phase of COVID-19. McCARTHY et al. propose that some nutraceuticals have the 
clinical potential to suppress inflammasome activity: phycocyanobilin, phase 2 inducers 
(lipoic acid, ferulic acid, melatonin, sulforaphane), N-acetylcysteine, berberine, 
glucosamine, zinc and nutraceuticals that support generation of hydrogen sulfide.  
 
KEVORKIAN et al. reported about an observational cohort study (COCAA-COLA study) 
including all successive non-critically ill COVID-19 patients with need for more than 1 l/min 
of oxygen during the second COVID wave in France. The study included 68 patients (mean 
age: 66 years); 28 of them got a 5-drug-regimen; 40 were controls (treated with 6 mg 
dexamethasone once daily up to 10 days and with LMWH). The 5-drug-regimen was as 
follows:  

● a 5-day course of 1 mg/kg/day prednisone,  

● + 80 mg/day furosemide 

● + 75 mg/day aspirin 

● colchicine “(1 mg loading dose followed by 0.5 mg one hour later then 0.5 mg every 8 h as 
recommended to treat acute gout)”  

● anti-Xa inhibitor (rivaroxaban or apixaban) (prophylactic dose; therapeutic dose in case of 
VTE or very high D-dimer >= 5000 ng/ml that is regarded as a predictor for increased VTE risk 
in COVID-19 patients). 

Standard care for both groups of patients included oxygen, proton pump inhibitor, 
antibiotics, insulin, potassium supplementation, loperamide if needed, but no antiviral or 
additional immunomodulatory therapy was used. 

Predicted mortality on admission was ~ 30 % based on the 4 C Mortality Score. Both groups 
were similar at baseline, the Mortality Score was insignificantly higher (10 vs. 9 points) in the 
5-drug group.  Symptom duration on admission was 8 days in either group. In the control 
group, 20 % got also aspirin and 10 % got furosemide.  

The 5-drug regimen was associated with a smaller risk of invasive mechanical ventilation (4 
% vs. 15 %), non-invasive mechanical ventilation (0 % vs. 13 %) and death (0 % vs. 5 %). The 
composite outcome of “invasive or non-invasive mechanical ventilation, high-flow oxygen 
therapy or 28-day death“ was highly significant (45 % vs. 7 %; p = 0.0009). There was no 
difference in hospital stay (7 days vs. 7 days). 
 
However, the five-drug regimen was associated with a significant reduction in the primary 
composite endpoint only in males. But there were only 15 females in that study (among 68 
participants), thus missing significance may simply be a matter of lower power of the study 
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with regard to females. There were no remarkable adverse effects except mild diarrhea 
(caused by colchicine) that resolved with loperamide.  
 

 
Meanwhile, colchicine was found to be absolutely useless in hospitalized patients in the 
large RECOVERY trial (HORBY et al. (4)). 5610 patients received colchicine, 5730 patients 
received usual care alone. 28-day mortality was 21 % vs. 21 % (RR 1.0; CI: 0.93 – 1.10). There 
was also no effect on the duration of hospital stay (10 days vs. 10 days) and the risk of 
progression to invasive mechanical ventilation or death (combined endpoint: 25 % vs. 25 %, 
RR 1.02) (for those not on IMV at baseline). The mean age in that trial was 63.4 years, 
median time since symptom onset was 9 days (IQR: 6 – 12 days). Of note, 94 % of the 
patients received corticosteroids at the time of randomization; about one-quarter received 
remdesivir, about one-eight received tocilizumab. Moreover, colchicine was ineffective in 
those who received corticosteroids and also in those who did not. It also didn’t matter 
whether colchicine was initiated up to 7 days since symptom onset (RR for 28-day mortality: 
1.00) or > 7 days (RR 1.03). 
 
 
 
 

Note on aspirin (useless at least in hospitalized patients) 

With regard to aspirin, OSBORN et al. reported about a retrospective analysis from the US 
Veterans Health Administration, including 28,350 patients for whom 14-day mortality data 
are available, and 26,346 patients with 30-day mortality data (89 % men, mean age 58.4 
years, both for aspirin users and non-users). 6842 and 6342 patients from both cohorts had 
gotten aspirin prescriptions. Following propensity score matching, preexisting aspirin 
prescription was associated with an OR of 0.38 (CI: 0.32 – 0.46) for 14-day mortality and 0.38 
(CI: 0.33 – 0.45) for 30-day mortality. The unadjusted OR was 0.68 (0.57 – 0.80) for 14-day 
mortality and 0.68 (0.59 – 0.77) for 30-day mortality. OSBORN et al. suggest that aspirin 
mitigates thrombotic and inflammatory pathways that contribute to the severity of COVID-
19 (see also MOHAMED-HUSSEIN et al. with regard to aspirin for prophylaxis of COVID-19-
induced coagulopathy).  

CHOW J et al. reported about a retrospective analysis of 412 hospitalized patients from US 
(median: 55 years; non-aspirin: 52 years; aspirin: 61 years); aspirin intake even in common 
prophylactic doses either within 24 hours of admission or in the 7 days prior to admission 
(together: n = 98) was associated with an adjusted HR of 0.56 (0.37 – 0.85, p = 0.007) for risk 
of mechanical ventilation, 0.57 (0.38 – 0.85, p = 0.005) for risk of ICU admission and 0.53 
(0.31 – 0.90; p = 0.02) for in-hospital mortality. Major bleeding (unadjusted): 6.1 % vs. 7.6 %; 
overt thrombosis: 8.2 % vs. 8.9 %. Surprisingly, the protective effect was most pronounced in 
those who got aspirin only within the first 24 hours after admission (risk of ICU admission: 
aHR 0.36; 0.15 – 0.89); there was no significant effect for those who took aspirin in the 7 
days before admission, but not after admission (aHR 0.78; CI: 0.32 – 1.95) or those who took 
aspirin both before and after admission (aHR 0.71; 0.44 – 1.16). CHOW J et al. don’t discuss 
the reasons for these differences.   

LIU Q et al. studied the effect of low-dose aspirin (100 mg/day) on mortality and duration of 
SARS-CoV-2 shedding in 24 pairs of propensity score-matched patients (case-control study) 
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with 2 months follow-up (selected from 204 non-aspirin users and 28 aspirin users). Median 
age was 69 vs. 74 years (aspirin vs. controls). 92 – 83 % of patients got also TCM, 100 % got 
antivirals (not specified), 71 – 75 % systemic corticosteroids.  

30-day and 60-day mortality were significantly lower in the aspirin group (30 days: 4.2 vs. 
29.2%; 60 days: 8.3 vs. 33.3 %), whereas aspirin had no significant effects on viral shedding.  

However, it is an important and unresolved question whether this simple medication of 100 
mg/day is able to elicit its enormous effect on mortality alone, or only as an adjunct to the 
highly complex standard care treatment in the background, including corticosteroids? 

In contrast, a study from Cleveland (SAHAI et al.) found no significant effect of aspirin or 
NSAIDs (continuing or started use; 81 mg/day) on the mortality in symptomatic COVID 
patients. In propensity score matched patients (n = 248 for aspirin/no aspirin and n = 444 for 
NSAIDs/no NSAIDs), OR for mortality was ~0.92 (CI: 0.51 – 1.41) (0.52 in the original paper 
must be a mistake, see fig. 4) for aspirin use and 0.97 (0.58 – 1.62) for NSAIDs use. 
Thrombotic complications were more prevalent in the aspirin group (9.3 % vs. 2.8 %, p = 
0.005), driven mostly by stroke, and also in the NSAIDs group (3.8 % vs. 1.6 %, p = 0.046).  

As pointed out by SAHAI et al., aspirin (at least in the low dose given in that study) may not 
only be inefficient with regard to mortality, but may even cause harm, possibly because of 
an altered platelet phenotype in COVID-19 patients that may have these paradoxical, 
unexpected thrombotic consequences. There are no informations about other COVID 
medications, the “background therapy” or “standard care”, in that study. This is an 
important limitation, since similar small doses of aspirin showed very favorable outcomes in 
the study from LIU Q et al. in patients who got aspirin as an adjunct to a complex treatment 
regimen.     

In a retrospective population-based cross-sectional study with data from the Leumit Health 
Services database from Israel, the proportion of patients treated with aspirin was 
significantly lower among the COVID-19-positive group (11.03 % vs. 15.77 %; p = 0.001; aOR 
0.71; CI: 0.52 - 0.99; p=0.041) (MERZON et al). Statins were found to have a similar effect 
(aOR 0.70; CI: 0.53 – 0.92) (aOR: adjusted for age, sex, smoking, medications, 
comborbidities). Disease duration (based on PCR test results until PCR -) was shorter among 
aspirin users (19.8 vs. 21.9 days, p = 0.045). There was also an insignificant signal of better 
survival among hospitalized patients who used aspirin or statins, but the study was probably 
underpowered with regard to deaths. Age groups between 45 and 75 years seem to profit at 
most from aspirin or statins with regard to the the risk of COVID infection.  

In contrast, the risk of hospitalization in COVID-patients who took aspirin (aOR 1.00, CI: 0.47 
– 2.57) or statins (aOR 0.98; CI 0.45 - 2.14) was not smaller compared to those who didn’t 
take aspirin or statins, whereas ARBs showed an insignificant trend in a favorable direction 
(aOR 0.62; CI: 0.15 – 1.82). 

Eventually, a large arm of the RECOVERY trial (RCT) clarified that aspirin has an absolute zero 
effect, at least in hospitalized patients (HORBY et al. 5). In RECOVERY, aspirin was given at 
the dose of 150 mg once daily to hospitalized patients, and primary outcome was 28-day 
mortality. Mean age was 59.2 years, median time from symptom onset 9 days. 
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7351 patients received aspirin, 7541 patients did not. Mortality was 17 % vs. 17 % (RR 0.96; 
CI: 0.89 – 1.04). There was also no difference for the composite endpoint of invasive 
mechanical ventilation or death (21 % vs. 22 %, RR 0.96, CI: 0.90 – 1.03). The absolute 
reduction of thrombotic events by 0.6 % by aspirin was compensated by the absolute 
increase of major bleeding events by 0.6 %. 
 
Most important, the zero effect on 28-day mortality was replicated in all subgroup analyses.  
With regard to early therapy, it is important to note that hospitalized patients who started 
aspirin within 7 days of symptom onset had no better survival than those who started aspirin 
later (<=7 days: RR 0.93; CI: 0.82 – 1.05; >7 days: RR 0.100; CI: 0.90 – 1.11). 
 

 
However, it must be noted that the RECOVERY trial with its very clear result was restricted to 
hospitalized patients, and 93 % of them got thromboprophylaxis. Thus it remains open if 
aspirin has some profit in outpatients who have no access to thromboprophylaxis and may 
thus profit at least a little from the antithrombotic effects of aspirin? In that sense, it is also 
important to note that the RECOVERY trial didn’t show any deleterious effect of aspirin on 
COVID mortality (also for subgroups), but just a zero effect.  
 
There are ongoing trials of low-dose aspirin in early COVID-19 (see RIZK et al), and RIZK et al. 
summarize the evidence why this is a promising concept. However, they point out that high-
dose Aspirin can be potentially detrimental in COVID-19 patients since aspirin in doses of 
160 mg per day (and above) inhibits COX-2 in endothelial cells and synthesis of prostacyclin, 
thus aggravating endothelial dysfunction. On the other hand, “aspirin dose of 81 mg per day 
but not higher are most effective in stimulating synthesis of resolvins …, the potent anti-
inflammatory lipids that could prevent or mitigate the long COVID syndrome” (RIZK et al.).  
 
SAVARAPU et al. performed a systematic review and meta-analysis until June 6, 2021 and 
found favorable effects of aspirin on mortality. They included five retrospective cohort 
studies (14065 patients; 6797 aspirin, 7268 no aspirin). Adjusted HR for mortality for aspirin 
use was 0.47 (CI: 0.35 – 0.63, p < 0.0011). 4 of the 5 studies showed significant results with 
RRs between 0.25 and 0.53, only one study a nearly zero result with a RR of 0.94 (overall-
mortality). 
 
If the analysis was restricted to hospitalized patients, aHR was 0.51 (CI: 0.33 – 0.80; p = 
0.004) (4 studies: significant RRs between 0.04 and 0.53; one study: RR 0.94). 
 
However, a serious limitation is (as the authors note themselves), that there was no RCT 
available at the time of writing. The inclusion of the RECOVERY RCT whould have changed 
the results a lot at least as far as hospitalized patients are concerned. Moreover, SAVARAPU 
et al. didn’t analyse the results for outpatients separately and didn’t give numbers for out- 
and inpatients so that it is not possible to calculate the HR for outpatients from the HR for all 
patients and the HR for inpatients.  
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Short note on Iranian herbal combination 
 
HASHEMI SHIRI et al. reported about a small double-blinded RCT (n = 72 hospitalized 
patients, mean age: ~ 42 years) with an Iranian herbal combination (sugarcane, black 
myrobalan, mastic; altoghether 3 g of herbal supplements twice a day) as supplementary 
treatment in addition to standard care as was recommended in Iran at the time of the study 
(May to July 2020; standard care according to the treatment protocol approved by the 
Ministry of Health of Iran). Details of the production of the herbal preparation are given by 
HASHEMI SHIRI et al.. Patient characteristics were comparable at baseline. 
 
Standard care at that time (protocol DTFC6 and DTFC7) encompassed CQ/HCQ and possibly 
lopinavir/ritonavir or atazanavir/ritonavir. Later, CQ/HCQ was given up and replaced by L/R 
or atazanavir/ritonavir, both in combination with interferon beta-1a (RAHMANZADE et al.). 
 
The herbal supplement was associacted with a quicker resolution of symptoms (cough, 
fever, dyspnea, myalgia; p < 0.05), a stronger decrease of CRP levels during 7 days, shorter 
duration of hospitalization (4.12 instead of 8.37 days, p = 0.001). Both ICU admission and 
death occurred in 3 (= 8.6 %) of the patients from the control group, but no such case in the 
intervention group (p = 0.110). However, it is not analysed in the study whether differences 
in the standard care (that changed over time, but varied also between different patients at 
the same point of time) may have influenced the outcome.  
 
 
 
 
 

Dutasteride and proxalutamide 
 
(Rating: proxalutamide is very promising for men and women) 

 

CADEGIANI et al. (2) reported from a placebo-controlled RCT with 87 men with mild or 
moderate COVID-19 from an outpatient clinic in Brazil. In that RCT, the addition of 
dutasteride (0.5 mg/day), a 5-alpha-reductase inhibitor,  for 30 days or until full remission to 
azithromycin (for 5 days) and nitazoxanide (for 6 days) (compared to azithromycin and 
nitazoxanide with placebo) was associated with quicker recovery, better oxygen saturation, 
quicker virological remission and improvement of inflammatory laboratory parameters. 
Mean age: 40 years (dutasteride) vs. 43.8 years (controls). Treatment started on average 4.3 
days after symptom onset. About 15 % of patients in both groups also got dexamethasone.   

Time to full remission was 9.2 vs. 16.3 days (7.0 vs. 11.7 days after exclusion of 
ageusia/anosmia). Recovery started already at day 1 after the first dutasteride 
administration. This is in accordance with the observation that changes in serum 
testosterone and dihydrotestosterone occur one or two days after dutasteride initiation.  

After seven days, three times fewer men from the dutasteride group remained symptomatic 
(compared to placebo). No hospitalization, no ventilation, no death in either group. 
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It is uncertain whether dutasteride is effective against COVID-19 when used alone, but 
CADEGIANI et al. assume that this is likely, since chronic use of dutasteride among 
hospitalized men with COVID-19 reduced the risk of ICU admission in an earlier study from 
the same group, suggesting a protective role of dustasteride in reducing COVID-19 severity.  

CADEGIANI et al. further suppose that start of dutasteride may be particularly useful for men 
between day 4 and 7 after symptom onset (= late stage of early COVID-19) because 
detection of COVID-19 at this relative late point of time (relative to symptom onset) needs 
therapeutic interventions that “provide faster responses to avoid progression to 
inflammatory stages and acute lung injury.” 

CADEGIANI et al. don’t propose the use of dutasteride in women (in the absence of 
evidence).  

However, the men in the dutasteride group were quite young (mean: 40 years). CADEGIANI 
et al. don’t discuss the question whether short-time dutasteride (for 30 days or less until 
complete remission) may have long-term consequences for prostate health particularly in 
older men. Any intervention on the level of sex hormones has to be regarded in the context 
of genital cancers. Dutasteride is well known to reduce the risk of non-aggressive prostate 
cancer, while its effect on aggressive prostate cancer (null effect or increase of risk?) is less 
clear. If dutasteride is continued after recovery from COVID-19, this doesn’t seem to be a 
problem. However, one may ask whether the withdrawal of dutasteride after recovery from 
COVID-19 may have negative effects on prostate health in older men, particularly for the 
numerous men with premalignant lesions, undetected or silent prostate cancer (rebound 
effects? associated with a growth impulse?). Nevertheless, the CADEGIANI study shows that 
men who take dutasteride may profit from it in the case of COVID-19, and they should 
continue to take it also if they are admitted to hospital. Sudden and emergency admissions 
to hospitals, like in the case of worsening COVID-19 and ARDS, pose always a high risk of 
disruption of the established medication regimen. 
 
Subsequently, CADEGIANI et al. studied a stronger antiandrogen (proxalutamide, a novel 
non-steroidal antiandrogen) (NSAA) in a double-blind, placebo-controlled RCT. 
 
In June 2021, the results from the proxalutamide trial (NCT04728802) with hospitalized 
patients (not requiring mechanical ventilation at baseline) from Brazil were published 
(CADEGIANI et al.(2), NCT04728802). Dose: 300 mg per day for 14 days or placebo. Median 
age was 50 years vs. 49 years, 58 % males (the trial included both men and women) (317 
proxalutamide, 328 placebo). Randomization: February 1st – March 17th, 2021 (virus strain: 
preferentially P.1). 
 
28-day all cause mortality was 11 % vs. 49.4 % (HR 0.16; CI: 0.11 – 0.24; RR 0.22, CI: 0.16 – 
0.31), 14-day recovery rate 81.4 % vs. 35.7 %, median post-randomization time to recovery 
was 5 days (IQR: 3-8) vs. 10 days (IQR 6-15).  
 
However, not all patients of that trial completed the 14 day course of proxalutamide and the 
mortality rate in these patients was high. This „raised the hypotheses of the existence of non-
neglectable differences between ITT and on-treatment (OT) analysis in terms of drug 
efficacy.“ (ZIMERMAN et al.). For that reason, ZIMERMAN et al. performed a post-hoc 
exploratory analysis of the trial mentioned above (CADEGIANI et al. (2)) restriced to the on-
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treatment population, „i.e., excluding patients that did not complete treatment or 
interrupted at least 24 hours before death.“ This reduced the number of patients in the 
proxalutamide arm from 317 to 288 and in the placebo arm from 328 to 292. 
 
28-day all-cause mortality in the verum arm was 4.2 % compared to 49.0 % in the placebo 
arm (RR 0.08; CI: 0.05 – 0.15; NNT 2.2 to prevent one death). Median hospital stay was 5 vs. 
9 days. 
 
In contrast, the 28-day all-cause mortality rate for patients that received proxalutamide but 
interrupted the treatment before 14 days was 79.3 % (interrupted placebo: 52.8 %; p = 0.054 
between groups). 
  
The increased mortality after interruption of proxalutamide (nearly significant compared to 
early cessation of placebo) is a question of high concern. Whereas non-completers in the 
placebo arm had no worse prognosis than completers of the placebo-arm, this was not the 
case in the verum arm; non-completers of the verum arm had a more than 10-fold higher 
mortality than completers of the verum arm, but also a higher mortality than both 
completers and non-completers of the placebo arm. Abrupt and early interruption of 
proxalutamide obviously doesn’t only remove all of its favorable effects down to a zero 
effect, but it causes real harm so that it would have been better not to start proxalutamide 
at all in these cases.  
 
ZIMERMAN et al. reported that the initial protocol for their trial of proxalutamide in male 
outpatients (see below) was a 3-day treatment. But after a few cases of disease relapse after 
discontinuation, they increased the treatment duration to 7 days in outpatients. All 3 
hospitalizations in the outpatient trial occurred after the end of the treatment. So once 
proxalutamide is started, it is essential to continue the treatment regimen, and this means 
14 days (at least) in hospitalized patients. Any early cessation, for whatever reason, would 
be very dangerous, and, at least in hospitalized patients, close to a death sentence.  
 
In the first outpatient study from the same group mentioned above, proxalutamide (200 
mg/day) was studied in male outpatients. In the RCT with 268 males (134 proxalutamide, 
134 placebo; mean age: 44.2 vs. 45 years), hospitalization within 30 days occurred in 2.2 % 
vs. 26.1 %. All-cause mortality was 0 % vs. 1.5 % (NCT04446429). (Clinicaltrials.gov site, 
accessed June 23, 2021). (Standard care not described, but putatively the same like in 
CADEGIANI et al. (4)). 
 
In a third RCT from Brazil, this time with 236 outpatients with mild to moderate COVID-19 
and including both men and women (128 men) and a proxalutamide dose of 200 mg/day (n = 
171) or placebo (n = 65), CADEGIANI et al. (4) found that the average clinical remission time 
was 4.2 ±5.4 days versus 21.8 ±13.0 days in the placebo arm (p < 0.001). On day 7, 82 % vs. 
31 % of the patients were PCR-negative. By day 7, 82.5 % vs. 24.4 % of patients had fully 
recovered (did not report any symptoms of COVID-19) (p < 0.001), 95.9 % vs. 48.5 % had fully 
recovered except for disturbances of smell and taste. Mean age: 44.5 vs. 46.1 years. 
 
Standard care for all participants: nitazoxanide 500 mg twice a day after meal for six days 
and azithromycin 500 mg/day one hour before meal for five days. 
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Another placebo-controlled RCT from CADEGIANI et al. (5) with only female outpatients 
randomized 177 women with mild – moderate COVID-19 (mean age: proxalutamide: 45.5 
years; placebo: 43.2 years) to either proxalutamide (200 mg/day; n = 75) or placebo (n = 102) 
for 7 days in addition to usual care (study interval: January and February of 2021 in Brazil). 
 
Standard care for all patients: azithromycin 500 mg for 5 days, nitazoxanide 500 mg BID for 6 
days, dipyrone or paracetamol in case of high-grade fever, ondansetron in case of nausea, 
Dexamethasone 6 mg qd in case of reduced oxygen saturation (< 94 %). 
 
30-day hospitalization rate: 2.7 % vs. 18.6 % (placebo) (p < 0.001), RR 0.14 (CI: 0.03 – 0.59)   
High-flow oxygen use: 0 vs. 9.8 % 
Non-invasive ventilation: 0 vs. 13.7 %  
Invasive mechanical ventilation: 0 vs. 4.9 % 
Death: 0 vs. 1.0 %  
 
Eventually, CADEGIANI et al. (6) reported about the biochemical markers of the joint analysis 
of 445 mild- to moderate outpatients (268 males, 177 females) who had been enrolled to 
either 200 mg/day proxalutamide for 7 days or placebo. In brief, testosterone levels were 
higher in men at day 1 and 7 compared to placebo; in females, testosterone levels were 
higher at day 7 and estradiol levels higher at day 1. Oxygen saturation was higher at day 1 
and day 7.  “The substantial improvements observed in immunologic, inflammatory, 
thrombotic and oxygen markers with proxalutamide may support the reduction of 
hospitalization rate observed in both females and males with COVID-19 using proxalutamide, 
compared to standard of care.” (CADEGIANI et al. 6).  
 
 
 
 
 

Note on Azithromycin (not recommended, neither for outpatients nor for 
inpatients)  (abbreviation: AZI) 
 
Based on a review of literature and a detailed discussion of the rationale behind their 
concept, LEPERE et al. recommended early therapy with Azithromycin + Zinc (without HCQ) 
by family practitioners for patients with mild or moderate symptoms (AZI: day 1: 250 mg 
BID, then 250 mg QD). They also assume that the antibacterial action of AZI may help to 
disrupt the bacteria/virus cooperation. But with regard to their research question: “Can early 
home treatment with Azithromycin alone or with zinc help prevent hospitalisation, death, 
and long- COVID-19?”, LEPERE et al. found no published or preprint study (until November 
5th) about ambulatory therapy with AZI alone or AZI+zinc (for at least 5 days). They 
identified 5 ongoing studies with Azithromycin alone (but not AZI + zinc) in outpatients, but 
these studies won’t be very helpful because of limitations like small sample size, very 
different dose regimens (including a single dose – see below), or rather unimportant 
endpoints like viral clearance or resolution of fever instead of “hard” outcomes like 
hospitalization, ICU, ventilation, death. 

In vitro data using different cell types including human airway cells support the rapid and 
synergistic suppression of ACE2 expression following treatment with Azithromycin plus zinc 
(CHEN YK et al.). CHEN et al. suggested a treatment regimen with a loading dose.  
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Outside the inclusion criteria of LEPERE et al., SCHWARTZ and SUSKIND reported about a 5-
day course of AZI (doses as mentioned above) in “more than fifty patients with flu-like 
symptoms without virologic testing”, but including a man of 82 years and two women of 80 
and 75 years with positive tests. All patients improved within 24 – 48 hours and there were 
no complications or hospitalizations. However, more data are not given, and it is uncertain 
whether all patients had COVID-19. 

But in a large RCT with hospitalized patients from UK from the RECOVERY trial, Azithromycin 
(AZI) 500 mg once daily for 10 days or until discharge, plus usual standard care, compared to 
standard care alone, was absolutely useless (2582 patients AZI + standard care; 5182 
patients standard care without AZI) (HORBY et al.). 28-day mortality was 19 % vs. 19 % (rate 
ratio 1.0; CI: 0.90 – 1.12), median duration of hospital stay 12 vs. 13 days, proportion of 
patients discharged home alive within 28 days 60 % vs. 59 %; mechanical ventilation or 
death for those not on invasive ventilation at baseline: 21 % vs. 22 %. The authors conclude 
that AZI should be used in hospitalized patients only if there is a clear antimicrobial 
indication. Subgroup analyses showed no obvious different results; there was a small 
insignificant trend that AZI might be deleterious in younger patients (< 70 years) (RR for 
mortality: 1.16, n.s.), men (RR 1.05, n.s.) and those with a lower baseline risk (RR 1.18, n.s.). 
Most important with regard to the question of early vs. late treatment is the observation 
that mortality was independent of whether AZI started within the first 7 days after symptom 
onset (RR 1.01) or > 7 days (RR 1.01).  

Since this study was confined to hospitalized patients, the results don’t reject the possibility 
that AZI might have some effect in the early treatment of outpatients, but the missing 
temporal trend between earlier and later start of AZI makes this less likely. LEPERE et al. 
recommended the start of AZI within 7 days of symptom onset, but this question was also 
addressed in the subgroup analysis of HORBY et al. and had no impact on the outcome in 
hospitalized patients. The HORBY study was not available at the time of the review of LEPERE 
et al..  

Thus the role of early ambulatory therapy with AZI (+ zinc) remains controversary. More 
results from studies of early treatment of ambulatory patients are needed, but cannot be 
expected in the future as shown by the analysis of study registries by LEPERE et al., since 
only few registered studies address this question, and their study designs are not very 
promising or helpful. Moreover, it may be criticial to distinguish strictly between studies of 
“AZI without zinc” versus “AZI + zinc” instead of aggregating both treatments. Due to the 
synergistic effects demonstrated by CHEN YK et al., it seems inappropriate to merge both 
treatments in outcome analyses.       

The Atomic2 trial found no evidence in favor of Azithromycin (HINKS et al., NCT04381962). 
In this RCT from UK, AZI was studied in outpatients with mild-moderate disease (less than 14 
days after symptom onset). Dose was 500 mg daily orally for 14 days; controls got standard 
care without macrolides. 298 participants (mean age: 45.9 years) were enrolled from June 
3rd 2020 tro January 29th 2021 (292 of them available for primary outcome). Mean duration 
of symptoms was 5.8 days at inclusion. Primary outcome was defined as death or hospital 
admission; aOR for that combined endpoint was 0.91 (CI: 0.43 – 1.92) (ITT+ve population: 
aOR 1.02). Subgroup analyses found seemingly favorable effects in older people (>= 65 
years: OR  0.59) and females (OR 0.56), but with very large CIs  
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The findings do not support the use of AZI in patients with mild-moderate COVID-19. It is 
noteworthy that 34.6 % of all participants were non-compliant (taking a median of 6 instead 
of 28 tablets), while compliance is unknown for 13.6 %. 

Hospitalization or death: 10.3 % vs. 11.6 %   (AZI vs. controls)                                                       
Level 2/3 ventilation or death: 1.4 % vs. 1.4 %                                                                                       
death: 0.7 % vs. 0.7 %   (all cause mortality) 

The results are in accordance with RCTs with hospitalized patients (COALITION I, COALITION 
II, RECOVERY) that failed to find any significant advantage of AZI, the PRINCIPLE trial and two 
trials with outpatients where AZI was compared to HCQ+AZI (references see HINKS et al.). 

 
In a RCT from US (May 2020 – March 2021), a single dose of 1.2 g azithromycin (n = 171; 
matched placebo controls: 92; median age: 43 years), azithromycin was also found to be 
absolutely ineffective in outpatients. Patients were included if they had a positive COVID test 
within 7 days and not yet hospitalized. There was no effect on the proportion of participants 
who were symptom-free at day 14 (50 % vs. 50 %). By day 21, 5 patients from the verum 
group (4 %) had to be hospitalized, compared to 0 % of the control group (p = 0.16) 
(OLDENBURG et al.).  

 
AYERBE et al. performed a systematic review and meta-analysis until July 5th, 2021. They 
included 16 studies (5 RCTs, 11 observational studies) with altogether 22984 patients. 4 
studies were about outpatients, 11 about hospitalized patients and 1 study about both. All 
studies were multi-dose regimens with AZI for 3 – 14 days and a minimal cumulative dose of 
1500 mg (no single dose regimen; OLDENBURG et al. not included). 

Risk of death: OR 0.95 (for AZI) (CI: 0.79 – 1.13)                                                                             
only observational studies: OR 0.90 (0.66 – 1.24)                                                                          
only RCTs: OR 0.97 (0.87 – 1.08) 

With regard to the four studies about outpatients (FONZECA, HINKS, PRINCIPLE, GUERIN), 
none could be integrated in the meta-analysis for death  except for the HINKS study with a 
combined outcome for death or admission (OR 0.91), and that OR was used as a proxy for 
death in the metaanalysis. 

Thus the three ORs mentioned above are effectively about AZI in hospitalized patients. 
Exclusion of the “problematic” HINKS study (problematic because of its combined endpoint) 
would not change the results substantially because OR in HINKS et al. was 0.91. 

AYERBE et al. presented no metaanalytic data about death in outpatients. Looking separately 
at the four outpatient trials, the results are as follows: 

GUERIN et al. compared no therapy (n = 34) to AZI alone (n = 34) and AZI+HCQ (n = 20). Both 
AZI alone and AZI+HCQ shortened the time to clinical recovery (AZI+HCQ a little more than 
AZI alone), but there was no effect on the risk of hospitalization:  
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No therapy: 2/34   (1 death, 82 years)                                                                                                
AZI alone: 3/34  (no death)                                                                                                                
AZI+HCQ: 2/20  (no death). 

HINKS et al.: described already above; death: 0.7 % vs. 0.7 % (all-cause mortality) ; 
mechanical ventilation or death: 1.4 vs. vs. 1.4 %; hospitalization or death: 10.3 vs. 11.6 %. 

FONSECA et al.: see above: need for admission: OR 0.93 (0.60 – 1.45) 

PRINCIPLE: Admission to hospital: 2.9 % vs. 3.2 % (RR 0.91)   (16/540 vs. 28/875) 

Thus the separate analysis of the four studies that were confined to outpatients shows no 
signal of a favorable effect of AZI. Whereas the data base is too small to make conclusions 
about mortality, there seems to be no or only a minimal effect on hospital admission in the 
range of > 0.90 – < 1.0.      

 
 
 
 
 
 

Short note on Lopinavir/Ritonavir (LPV/r) (not recommended) 

 

In a large retrospective multi-center study from Spain,  the largest study assessing the 
efficacy of LPV/r against COVID-19 so far, neither “overall use” nor “early use” of LPV/r 
(median 5 days after symptom onset) was associated with reduced mortality (LORA-TAMAYO 
et al.). Following propensity score matching (PSM), the aOR for mortality for the use of LPV/r 
was 0.932 (CI: 0.799-1.087; p>0.05) in the whole patient population (early and later start of 
LPV/r), based on 8553 patients (+/- LPV/r) and 5068 PSM-matched patients (2534 : 2534). Of 
note, about 83 % of all PSM-matched patients got also HCQ; so this study is more about the 
addition of LPV/r to HCQ than about LPV/r alone.  

Of the 6099 patients who were admitted to hospital within 8 days since symptom onset 
(median time to admission: 5 days after symptom onset; IQR: 3-7 days), 55 % were 
prescribed LPV/r (defined as “early LPV/r”). In these cases, LPV/r started directly after 
admission, i.e. median 5 days after symptom onset. “Early LPV/r” was not associated with 
lower mortality (aOR 1.110 and aOR 1.105 depending on the method of regression; n.s.). 
However, since LPV/r started about 5 days after symptom onset, the study doesn’t allow 
definite conclusions about LPV/r starting immediately after symptom onset.  

 
Moreover, PATEL et al. performed a systematic review and meta-analysis confined to RCTs 
with LPV/r based on 7 studies with LPV/r alone (n =5) or combined with novaferon (n = 1) or 
interferon+ribavirin (n = 1). There was no effect on mortality (risk difference: 0.00; CI: -0.01 
to 0.02), virological cure (RR 1.06; n.s.), radiological improvement (RR 0.81; CI 0.62 – 1.05), 
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but a trend for more adverse effects (RR 2.59, n.s.). The risk of adverse effects was 
significantly higher compared to umifenovir (RR 2.96; CI: 1.42 – 6.18).  
 
In hospitalized patients in RECOVERY, 28 day mortality was 23 % (374/1616) in the LPV/r 
group and 22 % (767/3424) in the control group (RECOVERY website). 
 
 
 
 
 

Short note on Favipiravir 

Favipiravir (FVP) is regarded sometimes as an alternative to Remdesivir, but it has the 
advantage that it can be administered orally so that it is only a matter of regulatory and legal 
questions whether it can be made available for outpatients (as it is already in Russia). 

A systematic review and meta-analysis (up to December 31st, 2020; HASSANPOUR et al.) 
found only small favorable effects of favipiravir. 9 studies were included in the meta-
analysis, encompassing 827 patients; 4 studies were from China, only one study was non-
randomized. Not all studies were about FVP monotherapy (e.g., combinations with 
interferon or “standard care”). 

Clinical improvement at day 7 after hospitalization was a little more pronounced in the FVP 
group (RR 1.24; CI: 1.09 – 1.41; p = 0.001; day 14: RR=1.10; CI: 0.97-1.25), and the chance of 
viral clearance at day 14 was a little higher (RR 1.11; CI: 0.98 – 1.25; p = 0.094; but day 7: RR 
1.07; day 10: RR 1.02; n.s.) 

 Need for oxygen supplementation was minimally and insignificantly lower (RR 0.93; CI: 0.67 
– 1.28, p = 0.664, based on 5 studies), and there was no effect on the risk of ICU transfer 
(RR=1.13, CI: 0.49-2.59, based on only 2 studies). Mortality rate was about 30 % less, but this 
was statistically insignificant (RR=0.70, 95% CI: 0.26 - 1.28; P=0.664, based on 3 studies), and 
no effect on mortality was found in patients with mild or moderate COVID-19. HASSANPOUR 
et al. consider the possibility that the use of FVP is too late once a patient has symptoms.  

However, there are hints that Favipiravir should be given very early. FUJII et al. found that 
the time until defervescence was the shorter the earlier Favipiravir was started after onset 
of fever, with a cut-off of four days. But according to their regression diagram, every day 
counts, and the best results were obtained when Favipiravir was started within one day of 
onset of fever. 
 
One problem associated with favipiravir are different serum concentrations in patients who 
got the same dose regimen, and higher concentrations are more often associated with 
cholestatic and hepatocellular injury. KAWASUJU et al. propose personalized optimal dosing 
strategies for safe use. However, such strategies may limit its use in outpatients.   
 
However, a study from Turkey reported more favorable results if Favipiravir (loading dose: 2 
x 1600 mg; followed by maintenance dose of 2 x 600 mg for 5 days) was given early in 
hospitalized patients, in addition to standard care (KARATAS et al.). Whereas the overall 
mortality of the 180 patients who got Favipiravir was 26.1 %, it was 17 % in those who 
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initiated Favipiravir within 72 hours of hospitalization, and 38 % in those who started FPV 
later. 
 
 
 
 
 

Short note on metformin (for diabetic patients) and hyperglycemia 

Though it is outside the scope of this paper to deal with the special demands of diabetic 
patients, it should be noted that there is an ongoing controversy whether continuation of a 
pre-COVID metformin treatment is favorable or unfavorable. Whereas KOW et al. reported 
significantly reduced mortality (pooled OR 0.62, CI: 0.43 – 0.89) in diabetic COVID-patients 
with pre-admission metformin based on a meta-analysis with 8121 patients, GAO et al. 
found a higher risk of progression (adjusted OR 3.964; sign.) and of life-threatening 
complications in hospitalized diabetic patients who took metformin compared to those who 
took other anti-diabetic medications  (28.6 vs. 7.4 %).  

PEREZ-BELMONTE et al. found no favorable effect of metformin or in combination with 
glucose-lowering drugs including insulin, compared to other glucose-lowering drugs, in a 
nation-wide cohort study with hospitalized COVID-19 patients from Spain. BRAMANTE C et 
al. reported about a significantly reduced mortality in hospitalized women with obesity or 
diabetes (T2) in an observational study, but no effect in men (OR in women, depending on 
the statistical model: 0.759 or 0.785; OR in men: OR 0.967 or 1.035) They argue that 
metformin reduces TNF-alpha more in women than in men. In contrast to that, a study with 
775 predominantly male nursing home residents (97.4 % male; mean age: 75.5 years) with 
COVID 19 from US found metformin to be associated with a reduction of mortality by 52 % 
(aHR 0.48; CI: 0.28 – 0.84) during the first 30 days from COVID-19 diagnosis, whereas there 
was no association with insulin (aHR 0.99; CI: 0.60 – 1.64) or other diabetes medications 
(aHR 0.71; 0.38 – 1.32) (LALLY et al.). Maybe the sex difference in the protective 
effectiveness of metformin (at the expense of men) wanes when men become older or so 
fragile that they need to live in a nursing home.  

In a large study from South Korea, pre-diagnostic use of metformin was not associated with 
risk of COVID-infection (aOR 0.96; CI: 0.82 – 1.12) or severity among COVID-infected patients 
(aOR 1.01; CI: 0.75 – 1.37) (HUH et al. 2).    

Eventually, HAN et al. performed a systematic review and meta-analysis about metformin. 
They included 10 studies and found a reduced mortality for diabetic patients who took 
metformin (pooled OR 0.56; CI: 0.39 – 0.82, p = 0.002; after adjustment: pooled OR 0.41, CI: 
0.19 – 0.91, p = 0.03). Home use of metformin: pooled OR 0.60 (CI: 0.40 – 0.88, p = 0.01), in-
hospital use of metformin: pooled OR 0.44 (CI: 0.15 – 1.33). However, no effect of 
metformin on a composite endpoint of other poor outcomes was found (OR 0.93; CI: 0.79 – 
1.11), including ARDS, DIC, mechanical ventilation, ICU, disease progression. HAN et al. 
assume that metformin is more effective to prevent mortality in severe or critical patients 
than to prevent progression to severe or critical disease.  

Moreover, in a retrospective study with 1035 hospitalized patients from Pune/India (overall 
mortality: 7.73 %), 270 patients were diabetics. Their mortality was 17.4 %. Mortality in 
metformin users (n = 53) was 9.4 % (GHOOI et al.).  
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A large study from US analysed 1356 hospitalized patients with pre-existing type 2 Diabetes 
mellitus by multiple regression, propensity score matching or inverse probability of 
treatment weighting (MA et al.). Metformin therapy prior to admission in diabetic patients 
reduced the risk of a combined endpoint of worst outcomes (either in-hospital mortality or 
hospice care enrollment) with an aOR of 0.25 (CI:  0.06-0.74; prevalence of the endpoint: 
0.83 % vs. 4.02 %) and shortened hospital stay compared to the non-metformin group. The 
effect of metformin on mechanical ventilation were less pronounced (3.3 % vs. 6.7 % in the 
original cohort and 3.3 % vs. 4.4 % in the matched cohort).  

Moreover, MA et al. performed a meta-analysis including five additional studies, giving a 
total of 4235 diabetic patients who took metformin and 14589 controls without metformin. 
In that meta-analysis, metformin was asscociated with reduced mortality with an OR of 0.73 
(CI: 0.65-0.82) in the fixed effect model and 0.58 (CI: 0.42-0.80) for the random effect model 
(MA et al.). ORs in the individual studies ranged from 0.38 to 0.80 (besides MA’s own study). 

It was shown in vitro that “pre-treatment of monocytes with metformin strongly suppressed 
spike protein-mediated cytokine production in monocytes, and abrogated glycolytic and 
mitochondrial metabolism”. Metformin pre-treatment “blocked cytokine induction by SARS-
CoV-2 strain WA1/2020 in direct infection experiments in monocytes” (CORY et al.). In 
summary, metformin suppresses the pro-inflammatory immunometabolic response in 
monocytes that is induced by SARS-CoV-2 (CORY et al.). This offers a rationale for the 
favorable effects of metformin in diabetic patients. 

 
Though it is outside the scope of this paper to discuss treatment of hospitalized patients or 
special needs of diabetics, it is important to note that it is established that COVID-19 patients 
with hyperglycemia on admission have a worse prognosis and need immediate treatment 
with insulin that may improve their prognosis (SINGH and SINGH). Thus diabetic outpatients 
with COVID-19 must monitor their blood glucose level very strictly and closely and adapt 
their treatment regimen if necessary because it is very important for them to avoid 
hyperglycemic episodes while they suffer from COVID-19. 

 

 
 
Supplemental information (in association with hypoxia) 
 
Only to mention here for short, since this is outside pharmacological treatment, prone 
positioning for some time (median: 180 minutes) seems to be favorable also in patients who 
are hypoxic but not intubated (PONNAPA REDDY et al.); this may possibly apply also to those 
with suboptimal blood oxygen saturation or breathing difficulties. So this may possibly be 
relevant for symptomatic outpatients too, though the systematic review and meta-analysis 
of PONNAPA REDDY et al. was unable to define subgroups of patients who really profit from 
prone positioning outside ICU. The paper didn’t discuss prone positioning in outpatients with 
respiratory problems.  
 
LIU X et al. (3) reported about a retrospective observational study from Wuhan where early 
prone position in patients with mild disease within 24 hours of hospital admission, 
performed as (>=) 2 h prone position in the morning, (>=) 2 h in the afternoon and (>=) 6 h at 
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night (total: 10 – 14 h/day), resulted in greater oxygenation after 1 day of treatment, less 
total time spent in prone position and reduced hospital stay (-11 days: 12.2 vs. 23.3 days). 
The study was based on 29 patients (13 early PP; 16 controls). All patients were cured and 
there were no deaths, but 3 patients from the control group progressed to severe disease 
and needed non-invasive ventilation.  
 
Moreover, the APRONOX study confirmed that awake prone position reduces mortality and 
need for mechanical ventilation (PEREZ-NIETO et al.).  Less patients in the “awake prone 
position group” required intubation (23.6 % vs 40.4 %) or died (20 % vs 37.9 %). Most of the 
patients were managed with low-flow nasal cannula while in prone position or in the control 
group. The study was done in Ecuador and Mexico. 
 
TONELLI et al. confirmed in their multicenter cohort study with 114 patients that prone 
position in awake and spontaneously breathing patients is associated with reduction of 
intubation rate, particularly for patients with High Flow Nasal Cannulae (HR 0.34; CI: 0.12 – 
0.84). OR for mortality was 0.5, but insignificant (CI: 0.2 – 1.6; p = 0.4). 
 
 
 
 
 

Discussion 
 
So far, more than a dozen different options for unspecific or semispecific early treatment of 
outpatients have been described (besides herbal TCM). Because of different starting points, 
some of them may also be combined with one another in order to achieve some additive or 
synergistic effects.  
 
Roughly sorting the results, the role of hydroxychloroquine as a combination partner for 
early outpatients is still not completely resolved (e.g. DERWAND et al.), but it cannot be 
recommended to older people (of 50 years and beyond) because there are meanwhile a lot 
of signals that it has zero or even deleterious effects in older people, and this may be 
associated with its dampening effect on the early innate immune response, including is 
suppressive effect on interferon-stimulated genes. Moreover, though less famous, colchicine 
seems to be a better alternative to HCQ for the treatment of outpatients if directly 
compared to HCQ.  
 
Remdesivir was found to be disappointing in hospitalized patients (e.g., SOLIDARITY) and is 
no longer recommended by the WHO for patients in hospital. Remdesivir doesn’t seem to 
have an unfavorable effect like HCQ seems to have at least in some subgroups of patients, 
but its favorable effects seem to be very small (though it might be an interesting 
combination partner for baricitinib and many other agents). As a mere antiviral, and in 
accordance with primate models, Remdesivir should be used in the earliest stage of COVID-
19 when the disease is characterized by strong viral replication. However, there is need for 
infusion, thus it cannot be made easily available to outpatients. There is an urgent need to 
make Remdesivir available as oral drug or for inhalation. 
 



165 

 

Favipiravir, sometimes regarded as a competitor to Remdesivir, is available as oral drug; 
however, trial data refer to hospitalized patients. Like Remdesivir, it has no unfavorable 
effect on hospitalized patients, but its favorable effects in that setting are very limited. There 
is an urgent need to study the role or Favipiravir in early outpatients starting directly after 
diagnosis or symptom onset in well-designed trials.  
 
Lopinavir/ritonavir, another antiviral drug that would be amenable to early outpatients, was 
found to be completely or largely ineffective, and this is well in accordance to animal models 
so that it wouldn’t make much sense to study that drug any more.  
 
In contrast, Umifenovir (Arbidol) seems to be promising if started early in stage I of COVID-
19 disease particularly when it is combined with herbal TCM formulations like 
Lianhuaqingwen. The favorable effect seems to be the larger, the early that therapy is 
started.  
 
Ivermectin is another very promising agent, though there are some uncertainties about the 
correct dosing for COVID-19. Though there are some studies that show that IVM is effective 
alone, theoretical evidence based on limited antiviral efficacy in common doses in vitro 
suggests that IVM should be used as a combination partner with other antiviral agents or 
antibiotics.  However, Ivermectin may not be regarded as an antiviral agent at all; it was able 
to inhibit SARS-CoV-2 in Vero cells, but not in human-derived airway epithelial cells (DINESH 
KUMAR et al.).  Thus any prophylactic or therapeutic effect that was seen in studies with IVM 
cannot be attributed to a direct antiviral activity. This suggests that the effects of IVM are 
based on immunomodulatory mechanisms, and this is well in accordance with experiences 
from trials that the effects of IVM (e.g. in prophylaxis) last much longer than its half-life in 
the body. If it doesn’t work antivirally in vitro, if may reduce viral loads in vivo by 
immunomodulatory pathways.  
 
Among antibody-based treatment, the role of convalescent plasma in hospitalized patients 
is controversary and many reports are disappointing. For such treatment, the situation is 
similar to antivirals. They should be administered at the beginning of the disease, during 
early stage I. Both convalescent plasma with high (above median) antibody titers (at best, 
tested for its neutralizing capacity) or antibody formulations like Bamlanivimab or REGEN-
COV2 seem to be promising if administered early. Escape mutations may limit the efficacy of 
antibody-based treatment, and thus Bamlanivimab can no longer be given alone. Because 
such treatments cannot guarantee protection from progression, it is better to use them only 
as an add-on to other therapy regimens as a second line of protection, but administered as 
early as possible. This may become even more important if escape mutants become more 
prevalent.  
 
Whereas steroids like dexamethasone are the only medicine that was recognized to be 
really effective against more severe stages of COVID-19 so far based on high-grade trials with 
hospitalized patients (RECOVERY trial), their use in early disease and outpatients has to be 
regarded as critical and probably dangerous as far as the steroids are administered orally or 
by injection. In contrast, budesonide inhalation seems to be promising, but the strength of 
the advantageous effect is still controversary since the very good STOIC results could not be 
reproduced in an arm of the PRINCIPLE trial.  
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In contrast to steroids, indomethacin seems to be promising for the anti-inflammatory 
treatment of outpatients. However, it should be combined with agents for the protection of 
the gastric mucosa, and there is still an ongoing controversy whether proton pump inhibitors 
or famotidine worsen the course of the disease. Contrasting study results present a major 
problem to this subject. But despite the combination with PPIs in the reported trials, the 
effect of indomethacin was favorable and there were no hints that the PPI component of the 
treatment regimen had any critical impact. 
 
The antidepressant fluvoxamine showed very favorable results in a qualitatively high-grade 
RCT with outpatients, treated by telemedicine. This study by LENZE et al. is not only a proof 
of principle that contact-free RCTs of high quality with outpatients are actually possible and 
may generate valuable results; fluvoxamine was found to be as one of the most promising 
candidates for early COVID-19 therapy in an outpatient setting so far. 
 
Bromhexine, a TMPRSS2 inhibitor, was also found to have some favorable effects. But 
Ambroxol may be better suited (avoiding a paradoxical effect that was found for 
Bromhexine in vitro that might increase the risk of COVID infection in some situations), and 
Ambroxol is available both as tablet and for inhalation.  
 
Among supplements, vitamin D, magnesium, vitamin B12, zinc at high doses (100 mg 
elemental zinc or even up to 200 mg per day, but in such high doses only acceptable for a 
few days), Guduchi (Tinospora cordifolia extract), Lactoferrin (at least in liposomal 
formulations), green propolis, Nigella sativa seeds (combined with honey) and Prolectin-M 
were found to be advantageous in some smaller studies.    
 
Interestingly, even BCG injection for already ill patients improved their clinical situation 
within a few days and improved their outcomes, independent of whether this was their first 
BCG injection or a booster of childhood BCG vaccination.     
 
Among anticoagulants in outpatients, there are favorable results for Sulodexide from a RCT 
from Mexico (for the early use of Sulodexide, see also SCHULMAN and HARENBERG). There 
are also suggestions to take aspirin if not contraindicated. 
 
Antipyretic treatment like paracetamol (acetaminophen) should be avoided (see REESE et 
al., PANDOLFI et al.). It is better for the early immune reaction to accept a fever. 
Pharmacological measures to reduce fever might increase the risk of progression of COVID-
19 (in contrast to its use in common cold and other URTIs).  
 
Among antibiotics, azithromycin failed both in outpatients and inpatients. It is not harmful, 
but it seems to be useless, even in association with HCQ. Clarithromycin is possibly better 
suited, but evidence is scarce. In contrast, doxycycline seems to be an interesting antibiotic 
in the case of COVID-19. In general, antibiotics should be regarded only as combination 
partner with other agents (like antivirals). 
 
In the SOLIDARITY trial, where hydroxychloroquine, remdesivir, interferon and 
Lopinavir/ritonavir were found to be ineffective in hospitalized patients, three other drugs 
are now under investigation: infliximab (so far used in autoimmune disorders like Morbus 
Crohn or rheumatoid arthritis), imatinib (known from the treatment of CML) and the 
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antimalarial drug artesunate. However, the SOLIDARITY trial is confined to hospitalized 
patients and not about early therapy for outpatients.   
 
Local antiseptic treatment may include acetic acid inhalation and oral or nasal PVP-iodine 
administration, but the concentration of PVP-I should not exceed 1.25 % (otherwise, it may 
impair the function of the cilia of the nasal epithelium). In case of oral administration of 
antiseptic agents, mouthwash and gargle should be combined with throat spray because 
gargling is not sufficient to reach the dorsal parts of the oropharynx. Among mouthwash, 
CPC-containing formulations seem to be much more effective against SARS-CoV-2 than 
chlorhexidine (see below).   
 
 
 
Supplements (vitamins, minerals) 
 
The purpose of vitamin D, magnesium and vitamin B 12 (DMB) supplementation is a more 
indirect one, whereas zinc supplementation seems to be a little more direct. Vitamin D is 
known to have some protective effects against infections of the upper respiratory tract and 
has inhibitory effects on the delivery of some proinflammatory cytokines. Magnesium 
enhances the effects of vitamin D since it is involved in synthesis and activation of vitamin D; 
it acts also as a broncho- and a vasodilatator. Vitamin B 12 has favorable effects on the 
intestinal microbiome and hence for the immune system (innate and acquired immunity), 
and severe COVID-19 disease is associated with intestinal dysbiosis (TAN et al.).   
 
Taken together, DMB is a sort of quite indirect immunomodulation with different favorable 
effects on immune function, but without the direct and possibly “hard” effects on the 
immune system like immunostimulants or –suppressants. The use of DMB may thus be 
helpful in any stage of the disease, including prevention. Though the trial of TAN et al. was 
performed with hospitalized patients and very small, an earlier start of DMB (also as PEP or 
even as PREP) may be reasonable given the long half-life of its agents. Starting early with 
DMB may help to compensate possible pre-existing deficiencies for one or all of these agents 
and to refill and saturate the depots which may have been more or less empty or 
unsaturated at the time when DMB was started.  
 
None of the three doses of the DMB components are excessive; supplementation of these 
doses for some time is not expected to cause hypervitaminosis or side effects. However, 
larger randomized trials are needed to replicate these promising first results, and they must 
include more critical endpoints like need for ICU, need for mechanical ventilation, death. It 
seems to be too incredibly and too easy that such simple and common supplements may 
have such a strong influence on the course and prognosis of this dangerous and frightened 
disease (dangerous and frightened at least for some large groups of the population like 
elderly or those with comorbidities). However, since the results of the TAN trial were 
statistically significant with regard to their chosen endpoint, there are good reasons why 
research should be interested in this simple, cheap and easily available intervention, also 
easily amenable to clinical trials, retrospective analyses of the COVID fate of people who 
take such supplements for daily routine, and animal experiments.  
 
 
Acetic acid inhalation 
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Inhalation of water-based acetic acid solution (as intranasal aerosol) as described by 
PIANTA et al. is based on a common folk remedy in Italy to treat the symptoms of the 
common cold (PIANTA et al.). Acetic acid has anti-bacterial and anti-viral activities, it causes 
conformational changes of viral glycoproteins because of its low pH and destroys the viral 
envelope e.g. of influenza viruses, thus inhibiting viral transmission. However, a simple pH-
based mechanism may not be sufficient to explain the results of PIANTA et al., since SARS-
CoV-2 was found to be extremely stable under low pH conditions down to pH 3.0 (CHIN et 
al.). Lower pH than 3.0 was not examined in that study.   
 
However, based on experiments with SARS-CoV, RABENAU et al. showed already in 2005 
that vinegar works as a sort of disinfectant. In their experiments with vinegar from Germany 
(6 % acid, 5 % sugar) they found a reduction factor of ≥3.0log10 (factor 1000 or more) within 
60 seconds. The effect was similar to that of several “classic” disinfectants within the 30 – 
120 seconds time frame. They concluded that vinegar might be used as a (hand) disinfectant 
or as a spray for inhalation. 
 
Beside acetic acid, hot vapors in general may stimulate immunity in the respiratory tract by 

various heat-related mechanisms (e.g. heat shock proteins). That’s why studies of steam and 
sauna treatments showed efficacy in other viral respiratory diseases (NORDEN et al.). There 
is an urgent need to examine the effect of acetic-acid containing vapors on SARS-CoV-2 
infected cells in vitro. 
 
PIANTA et al. recommend this inhalation to early-stage cases of COVID-19 in order to 
influence the course of the disease in a favorable manner. Because of the antiseptic effect of 
acetic acid, it is expected that it reduces the viral load in the upper airways. As a 
consequence, also the viral load in the aerosol generated by exhalation or in the 
microdroplets generated while speaking may be reduced, resulting in less infectivity. 
 
The antiviral effectiveness of povidone-iodine as a sort of disinfectant, even if highly diluted, 
is well documented, including meanwhile SARS-CoV-2. Cells from the nasal epithelium (like 
nasal cavity or nasopharynx) are supposed to be the main ports of viral entry, since they 
express ACE2 and TMPRSS2 proteins at high levels. This also applies to the cornea. 
 
However, since there is only a short time of contact between aqueous PVP-I-solutions with 
the nasal mucosa or the eye, LIANG et al. developed a gel-forming formulation for use as 
nasal spray and eye drops (IVIEW 1201 and 1503, containing 1.0 % and 0.6 % PVP-I) and 
tested their inhibitory effect on SARS-CoV-2 on Vero cells. The formulations were prepared 
by the authors themselves and are not yet available on the market. Their aim was to create a 
depot effect for a sustained release of PVP-I in order to avoid the need for frequent 
repetitions of PVP-I application in the daily (work) life, i.e. to simplify the use of PVP-I. 
 
Depending on the formulation (IVEW 1201 or 1503), complete virus inactivation was 
achieved by concentrations between 0.54 and 0.9 % PVP-I. 0.3 – 0.5 % PVP-I reduced virus to 
near or below the limits of detection. 0.28 and 0.17 % PVP-I reduced virus substantially too. 
However, 0.10 and 0.05 % (each: IVEW 1201 and 1503) reduced the virus only by 1 – 2 log10, 
even after longer contact. All concentrations of 0.17 % and more were able to inhibit SARS-
CoV-2 below the limit of detection within 10 minutes. However, to achieve complete 
inactivation within 30 seconds, 0.9 % PVP-I was needed. There is an obvious dose-time-
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relationship: the longer the contact time, the lower the concentration may be to achieve 
inactivation below the limit of detection; however, this principle doesn’t work any more 
below a threshold somewhere between 0.17 and 0.10 %. 
 
To avoid damage to the cilia (like reductions of their beat frequency), nasal use of PVP-I 
should be restricted to concentrations of up to 1.25 %. On the other hand, high 
concentrations of PVP-I don’t mean that they are more efficient antimicrobially. As far as 
bacteria are concerned, studies showed that antibacterial activity of full-strength 10 % PVP-I 
increased exponentially with dilutions between 10 % and 1 %, reaching a plateau between 
1.0 % and 0.1 %, and then decreased from 0.1 % zu 0.001 % (FRANK et al.). Whereas 0.1 % 
are surely too less with regard to SARS-CoV-2, this example shows that “more” (higher 
concentration) doesn’t mean inevitably “better” (more effective).  
 
KHAN et al. proposed a concentration of 0.5 % PVP-I for nasal drops, nasal douche and 
mouth rinse and gargle; they believe that PVP-I inactivates SARS-CoV-2 in that area for at 
least 20 minutes. It was well tolerated by patients and health care workers, and no allergies 
were noted.   
 
AREFIN proposed 0.6 % PVP-I both for nasal spray and throat spray, applied by a nose spray 
bottle. Following a study with COVID-19 patients, they found that 0.6 % PVP-I is more 
effective than 0.5 % or 0.4 % to reduce the viral load so much that the patients are PCR-
negative 15 minutes after the procedure (what doesn’t mean that they are cured; this was 
only a dose-finding study to compare the efficacy of different concentrations of PVP-I in vivo 
under physiological conditions).  
 
LIANG et al. discuss PVP-I for reduction of the viral load in the early course of the disease; 
first, to reduce infectivity for contacts, second, in the hope that local application of PVP-I 
may reduce or suppress the expansion of the virus and the infection towards the middle and 
lower parts of the respiratory tract. The idea is to keep the infection restricted locally to the 
uppermost tract and to avoid infection of the lungs, thus preventing pneumonia and disease 
progression.   
 
However, this is only a theoretical concept and clinical trials are urgently needed to examine 
the effectiveness of such local antiseptic strategies with regard to many different outcomes 
including pneumonia und progression. The case report from BLASI, decribed in the 
povidone-iodine section above, is a hint that this concept may work well, but much larger 
studies are needed about that.  
 
Since gel-forming formulations aren’t yet available on the market, PVP-I can be applied only 
by means of short-time applications like nose drops, nasal spray, nasal irrigation as aqueous 
solutions and as throat spray or oral rinse/throat gargle with concentrations suggested to be 
in the range of 0.5 - 1.0 %. For throat gargling, dissolution of PVP-I in normal drinking water 
is sufficient, whereas in the case of nasal irrigation, isotonic saline solution (0.9 %) is 
sometimes recommended. 
 
In a small trial with four patients, it was shown for the first time that PVP-iodine rinse 
actually reduces viral load in saliva (MARTINEZ LAMAS et al.). Among the four patients, two 
patients with low baseline viral load in saliva (100 - < 1000 copies/ml) didn’t profit from PVP-
I (except for a very small short-living decline around 2 hours later), whereas patients with 
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high baseline viral load  (> 10.000 and < 1.000.000 copies/ml) showed reductions between 
factor ~ 10 and nearly 1.000.000 after three hours.  
 
The effect was not seen immediately after rinsing (5 minutes), but was evident after one 
hour and became stronger after two and three hours when the examinations were stopped. 
The course of the viral load curves from both patients suggests that the effect of PVP-I lasts 
much longer than 3 hours, but the available data don’t allow any estimation.  
 
However, since these results are from saliva, it is not clear whether the same would apply to 
PVP-I administration in the nasal tract. The time course of viral load following PVP-I 
application like nose drops, nasal spray or nasal douche is still unknown. There was no 
correlation between viral load in nasopharyngeal and saliva samples at baseline in this study.   
 
One may wonder about the missing short-term effect of PVP-I (after 5 min). Maybe the RNA 
copies found at that point of time were from inactivated virus (there was no cell culture in 
this trial to assess the viability of virus from saliva). But the long-term effect of PVP-I, 
increasing with time (> 3 hours), suggests that PVP-I impairs viral load in saliva for several 
hours, though there is no depot effect of PVP-I expected in the mouth after rinsing (contrary 
to agents that may adhere very well to the mucosal surface like chlorhexidine or 
carrageenan). However, since the results depend on only four patients, more results are 
needed until definite conclusions can be drawn. 
 
 
Based on modellations in their Stochastic Lung Deposition Model, MADAS et al. found that it 
is very improbable that the lower respiratory tract is infected by aerosol or small droplets 
(e.g., speech droplets) in a direct manner, even if a bystanding person coughs. In their 
model, about ten times more pathogens were deposited in the extrathoracal airways 
compared to intrathoracal airways. MADAS et al. assume that most cases of COVID-19 
pneumonia are secondary cases, caused by infections that were primarily limited to the 
upper airways. Without the propagation of the virus in the upper airways and 
expansion/secondary infection of the lower airways, COVID-19 would be less dangerous 
(MADAS et al.). 
 
The time interval between the onset of the very first symptoms and a possible clinical 
deterioration because of expansion of the infection to the lower airways and pneumonia 
offers the chance, according to MADAS et al., to impede or restrict the transport of viral 
particles towards the lower airways. MADAS et al. suggest non-pharmacological measures 
and recommend to cough into a tissue or cloth even alone at home in order to absorb the 
emitted aerosol to avoid continuous re-inhalation of the own cough (MADAS et al.). 
However, it may also be helpful to hold the breath for a while (after coughing into a tissue or 
cloth as MADAS et al. suggested) and to move quickly 1.5 or 2.0 meters away until one takes 
the next breath. Moreover, it may be important to establish good ventilation and to provide 
draft in the room. 
 
The rationale of this concept from MADAS et al. is similar to the concepts of PIANTA et al. 
and LIANG et al.:  avoidance of expansion of the infection towards the lower airways, e.g. 
lungs; reduction of the viral load which enters the lower airways. PIANTA et al. and LIANG et 
al. also aim to reduce the viral load in the uppermost airways (by antiseptics), and all three 
concepts aim to reduce infectivity to contacts.  
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However, in COVID patients who suffer from cough, the infection has already progressed 
beyond the uppermost airways. Acetic acid inhalation or PVP-I can be used in an earlier 
stage of the disease, and the coughing behavior described by MADAS et al. may then be an 
additional measure in the case of cough to reduce the risk of pneumonia or its severity if the 
infection already had descended to an area where it provokes cough and cannot be reached 
by throat gargling/spray any more (because it is located too „deep“). Deep inhalations of 
acetic acid may still work at that „cough“ stage of the disease to reduce the viral load in the 
area where the cough is generated. Ambroxol inhalations may be a better choice, but 
unfortunately, there are no study results available for that.  
 
But without randomized trials, the effectiveness of the described methods with regard to 
the protection of the lungs is mainly based on theoretical considerations or models (like 
MADAS et al.), and it remains to be only speculation. The only proof of principle is the small 
trial from PIANTA et al.. This is promising, but far from „good evidence“. The results of a 
registered US trial (NCT04364802) about PVP-I chemoprophylaxis for HCWs are eagerly 
awaited. However, with only 250 participants and non-randomized trial design the 
expectations shouldn’t be high. Moreover, the trial won’t be completed before May 2021. 
late. At a time when early pharmacological treatment with antivirals is so difficult (or 
impossible) to access, any results concerning different methods of local treatment and 
prevention are eagerly awaited too.  
 
Contraindications to note: allergy to iodine, pregnancy, active thyroid disease, patients 
undergowing radioactive iodine therapy (TESSEMA et al.). 
 
 

Local antiseptic measures (nose, nasopharynx, oropharynx) are described in more detail in a 
separate paper: 
 
Results of clinical trials of nasal or oropharyngeal decontamination procedures for 

prophylaxis of COVID-19 infection, for treatment of COVID-19 patients and for 

reduction of their infectivity – a living review. 

Downloadable from:    http://freepdfhosting.com/66b45bc8c1.pdf 

 
 
 
 
 
 

Accessibility of different areas of the upper respiratory tract by antiseptics 
 
In the case of local antisepsis to kill the virus, reduce viral load, reduce infectivity and 
suppress expansion of the infection beyond the area of its entry, it is important to cover all 
possibly infected or virus-carrying/-shedding mucosal areas of the upper respiratory tract by 
the disinfectant/antiseptic, independent of whether this is PVP-I, acetic acid, carrageenan (as 
discussed below) or something else (e.g., hypertonic saline solution?, xylitol? astodrimer?, 
beta-chitosan? lactoferrin?). 
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As far as the epithelium of the nasal cavity and nasopharynx is concerned, nose drops, nasal 
spray and nasal irrigation (nasal lavage, nasal douche) are simple methods. Because of 
expression of high levels of ACE2 and TMPRSS2 proteins in this area, treatment of the nasal 
area seems to be most important, both for early treatment and also in the case of 
prophylaxis/PEP. 
 
The role of the oropharynx as the primary area of infection and port of entry seems to be 
less clear; however, one should not forget about mouth breathing. Anyway, the oropharynx 
has to be passed when virus particles or mucosal infection expands downwards from the 
nasal area/nasopharynx. Thus, beside the nose, the oropharynx is another area which is 
accessible to local interventions. It can be reached by gargling or throat spray. Antiseptic 
treatment of the oropharynx may also reduce infectivity, particularly with regard to 
speaking, for some (as yet unknown) time.  
 
The regions of the respiratory tract below the oropharynx cannot be reached directly by 
home-based methods. Lozenges (and swallowing saliva with the contents of lozenges) may 
reach only a limited area below the anatomical borders which can be reached by direct 
contact during gargling (see LIMB et at), and PVP-I cannot be recommended to be swallowed 
(whereas carrageenan could be). Therefore, at the moment, the only possibility to reach the  
respiratory epithelium below the pharynx are deep inhalations e.g. of acetic acid as 
described by PIANTA et al., but there are some other very promising candidates for 
inhalation for which so far no study results are available.  
 
So it is an important matter which methods for the application of antiseptics/disinfectants 
are most suited in order to reach as much mucosal area of the oropharynx and nasal tract as 
possible.  
 
These questions are reviewed in detail in a German paper (accessible: 

http://freepdfhosting.com/1c7f0ba1e1.pdf).  
 
To shorten this here, only the final results are reported:  
 
 
 
Oropharynx 
 
In order to reach the posterior parts of the oropharynx well, throat spray is more effective 
than gargling in most people. However, due to differences in the individual capabilities to 
gargle deeply, and also for anatomical differences (e.g. size and position of the tongue, 
individual differences in the shape of the pharyngeal area), there are some people for whom 
gargling is superior to spraying. As a consequence, though throat spray seems to be superior 
for most cases, the combination of gargling, followed by spray (to create a small „depot“ of 
the agent which is not spit out directly) seems to be the most effective method (included in 
the review were: PATEL et al., LIN et al., LIMB et al.). Moreover, since ACE2 expression at 
comparatively high levels was also found in the oral mucosa (SRINIVASAN et al.), 
gargling/mouthwash combined with spray might be most effective to reach the oral and 
oropharyngeal area as far as possible with agents which are not suitable to be used as a 
lozenge.  

http://freepdfhosting.com/1c7f0ba1e1.pdf
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Effectiveness in the oral cavity during the first 10 minutes after application: 
Lozenges, chewable tablets   >>>   spray    >>>    gargle 
 

Effectiveness in the oral cavity, cumulated over 120 minutes: 
lozenges  >>  chewable tablets  >>  spray    >>>   gargle    
 

Effectiveness in the oropharynx during the first 10 minutes: 
spray   >>    lozenges, chewable tablets  >>>   gargle 
 

Effectiveness in the oropharynx, cumulated over 120 minutes: 
spray  >>    chewable tablets   >>>    gargle, lozenges 

        (according to LIMB et al., based on scintigraphic measurements, cumulated over time) 

 
 
 
MEISTER et al. studied the virucidal activity of 8 mouthwash preparations against SARS-CoV-
2 in vitro. They used Vero cells and three different strains of SARS-CoV-2 (but no VoCs 
because they were still unavailable at the time of the study). Three products showed a 
virucidal activity of about factor 1000 or more, i.e. maximal virucidal activity within the limits 
of the test system, against all tested SARS-CoV-2 strains:  
 
●   Dequonal (dequalinium chloride, benzalkonium chloride) 
●   Iso-Betadine (PVP-iodine) 
●   Listerine Cool Mint (ethanol, essential oils) 
●   Octenisept (octenidine 0.1 %, phenoxyethanol 2.0 %)  (STEINHAUER et al.) 
 

Octenisept is not very recommendable because of bitter taste for many hours and high 
potential of mucosal irritation; not suited for long-term use; should not be aspirated into the 
lungs 

 
 
The in vitro assay of STATKUTE et al. adds to the list: 
●  CPC (0.05 – 0.10 %) 
●  Listerine Advanced Gum Treatment 
 
and even indicates that Listerine Advanced and some (but not all) CPC formulation are even 
superior to 0.5 % PVP-Iodine (after 30 seconds of exposure) and Listerine Cool Mint by about 
2 log10 additional SARS-CoV-2 reduction.  
 
In contrast, chlorhexidine 0.2 % (the hightest concentration available as mouthwash), 
octenidol (in Octenident), hydrogen peroxide (in Cavex Oral Pre Rinse) und polyhexanide 
(Pront Oral mouthwash) were evidently inferior with reductions around 90 %, and the 
virucidal activity of ProntOral and Cavex Oral Pre Rinse was heavily dependent on the sort of 
virus strain. Based on the strain which was affected by least virucidal activity, the latter was 
only about 50 % for Cavex Oral Pre Rinse, 83 % for Chlorhexamed forte, 68 % for Dynexidine 
forte, 75 % for both Octenident and ProntOral, compared to ~ 99,9 % or possibly more in the 
three products mentioned above. Exposure time was 30 sec. 
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21 or 23 % ethanol is absolutely ineffective (STATKUTE et al.).  

Meanwhile “Listerine Cool Mint Mild” (without alcohol) was also found to be effective 
against SARS-CoV-2 in vitro (MEISTER et al., unpublished results, mentioned in KRAMER et 
al.).   

 
The in vitro assay of DAVIES et al. adds to the list: 

● Listerine Advanced Defence Sensitive (1.4% dipotassium oxalate; alcohol-free formulation)  

● Listerine Total Care (Eucalyptol, thymol, menthol, sodium fluoride, zinc fluoride) 

● OraWize+ Aqualution Systems (0.01-0.02% stabilised hypochlorous acid); highly effective  

● Povident (0.58 % PVP-I)  

Only minimal or insignificant virucidal effects were found for Peroxyl Colgate (1.5 % 
hydrogen peroxide) and two different formulations with 0.2 % CHX with and without 
ethanol. 

MUNOZ-BASAGOITI et al. added two CPC-containing formulations, based on their in vitro 
assay on Vero Cells: 

● Perio Aid Intensive Care (0.05 % CPC, 0.12 % CHX) 

● Vitis CPC Protec (0.07 % CPC). 

For both formulations, they found reductions of 3 log10 after 2 min (1 : 1 ratio with virus-
containing suspension). CPC blocked viral entry and inhibited the fusion of target cells. 
MUNOZ-BASAGOITI et al. proposed also the use of CPC nasal sprays “to fully achieve the 
prophylactic potential of this approach.” Whereas the antibacterial activity of CPC in saliva 
lasts for 3 – 5 hours in vivo, it is not known whether this applies to SARS-CoV-2 too. 

However, all of these studies don’t allow any estimates how long the virucidal activity 
persists in the oral cavity and throat after a 30 s gargle action. 
 
 
ANDERSON ER et al. confirmed the high virucidal acitivity (>4 log10) of two different 
formulations with 0.07 % CPC after 30 seconds, equal to 70 % alcohol. The results were 
confirmed separately (besides wildtype) for the variants Alpha (B.1.1.7), Beta (B.1.351) and 
Gamma (P.1). In that assay, a reduction of >4 log10 was equal to inactivation below the limit 
of detection. Most important, the results were obtained in the presence of human saliva to 
simulate physiological conditions. In contrast, 0.2 % CHX was more than 100 times less 
effective, with a reduction of less than 2log10.  
 
In full accordance with the disappointing results for H2O2-containing mouthwash in MEISTER 
et al., GOTTSAUNER et al. showed that 1 % H2O2 (20 ml, 30 sec gargling) is unable to reduce 
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the viral load in oropharyngeal specimens from COVID-infected patients (obtained by 
gargling with 0.9 % NaCl) 30 minutes later (PCR).  
 
However, the study was underpowered to detect whether H2O2 had an influence on the 
occurrence of viable virus, examined by virus culture on Vero cells (1/5 positive cultures 
from oropharyngeal specimens taken directly before H2O2 administration and 0/5 taken 30 
minutes after H2O2 administration). There is a general methodological problem that viral 
loads below 1000.000 RNA copies/ ml in PCR tests hardly yield successful culture, and in the 
oropharyngeal specimens from this study, viral load was lower except for a single case.  
 
 
 
 

A brief overview over available in vitro data based on MEISTER et al., STEINHAUER et al.,  

STATKUTE et al., DAVIES et al., MUNOZ-BASAGOITI et al., ANDERSON et al. 

suggests the following ranking  

 

First rank  (very high effectiveness, > 5 log 10) 

Listerine Advanced Gum Treatment, some CPC-containing formulations (Dentyl Dual 

Action, Dentyl Fresh Protection); OraWize+ Aqualution Systems (0.01-0.02% stabilised 

hypochlorous acid); 

Possibly also first rank (unsure): Dequonal and Octenisept** (not tested in the extremely 

sensitive assay of STATKUTE et al.), CPC 0.07 % (ANDERSON et al., >4log10 below limit 

of detection)  

 

Second rank    (high effectiveness, > 2.5 log10)  

Other CPC-containing formulations (like SCD Max, Perio Aid Intensive Care, Vitis CPC 

Protec); PVP-Iodine (0.5 %), Povident (0.58 % PVP-I; close to the border of the first rank); 

Listerine Cool Mint and Cool Mint Mild (without alcohol); Listerine Total Care (close to the 

border to the first rank), Dequonal and Octenisept** (if not rank 1), Listerine Advanced 

Defense Sensitive (alcohol-free, 1.4 % dipotassium oxalate) 

 

Low effectiveness   (about ~ 1 log10 or less): 

Octenidol, chlorhexidine 0.12 or 0.2 % (with and without ethanol), formulations with 1 % 

H2O2 or 1.5 % H2O2 (like Peroxyl Colgate) 

 

No effectiveness at all:  

21 % and 23 % ethanol  (even 70 % ethanol needs 30 seconds for complete inactivation of 

SARS-COV-2), possibly: Peroxyl Colgate 

 

 

** not highly recommended (see above) 

 
 
 
 
Nasal cavity, nasopharynx 
 
More studies are published concerning the accessibility of various parts of the nasal tract. 
However, most of them focus on the paranasal sinuses for therapeutic purpose in the 
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context of chronic sinusitis. Taking all available evidence together, nasal irrigation seems to 
be superior to nasal spray in order to better reach the posterior parts of the nasal tract, 
though even nasal spray will reach the nasopharynx. Nasal drops seem to be inferior to both 
nasal spray and nasal irrigation (BLEIER et al., DJUPESLAND et al., JIRAMONGKOLCHAI et al., 
LARN et al., PYNNONEN et al., SMITH and RUDMIK, VAN DEN BERG et al., WORMALD et al.). 
 
Whereas nasal irrigation may reach more parts of the nasal tract better than nasal spray, the 
solution is quickly removed from the body, flowing out through the other nostril. Nasal spray 
will offer a sort of short-time depot for the active agent from the solution. This suggests that 
a combination of irrigation and spray may be optimal. However, contrary to the usual 
procedure in nasal disorders (at first, nasal spray for reduction of the swelling of the nasal 
mucosa followed by irrigation a while later), for the antiseptic procedure, irrigation should 
be followed (at least a few minutes later or at different points of time at all) by nasal spray to 
generate a small depot of the antiseptic agent. 
 
AREFIN et al. compared nasal irrigation with 0.4, 0.5 and 0.6 % PVP-I and nasal spray with 0.5 
% and 0.6 % PVP-I with irrigiation or nasal spray with distilled water in 189 COVID PCR+ 
patients. Endpoint was qualitative PCR (PCR+ or PCR-) 15 minutes after the procedure. 
 
Negative PCR 15 min after nasal irrigation: 
 
Controls (distilled water): 29.6 %; 
PVP-I 0.4 %: 33.2 %; PVP-I 0.5 %: 92.6 %; PVP-I 0.6 %: 85.2 % 
 
Negative PCR 15 min after nasal spray: 
Controls: 7.4 %; PVP-I 0.5 %: 66.7 %; PVP-I 0.6 %: 81.5 % 
 
In summary, nasal irrigation was found to be a little more effective than nasal spray. With 
regard to the 0.5 % concentration, the difference between irrigation and spray became 
statistically significant (p = 0.018). However, for concentrations of 0.6 % nasal spray the 
difference is not large and not significant. For practical reasons (nasal spray is a much 
simpler procedure and can thus be repeated more often), 0.6 % nasal spray can be 
recommended, and that’s what AREFIN and his colleagues decided to use for prophylaxis as 
described in the personal report of AREFIN in a separate paper (see AREFIN MK).  
 
The only adverse event in that study where 189 patients performed the procedure once was 
nasal irritation in two patients (1 x 0.4 % nasal irrigation and 1 x 0.6 % nasal irrigation).  
 
 
Though nasal irrigation seems to be superior to reach all parts of the nasopharyngeal tract, 
there is one problem with regard to COVID-19. Irrigation may weaken the local immune 
defence by removing immunoglobulins (IgA, IgG), lysozyme, defensins and other relevant 
molecules from the surface of the nasal or nasopharyngeal mucosa.  WANG Z et al. 
demonstrated the important role of local mucosal IgA in the respiratory tract. 
  
For this reason, it seems to be reasonable to prefer nasal spray instead of nasal irrigation as 
long as there is no clear evidence for superiority of nasal irrigation in the context of clinical 
outcomes in COVID-19. The situation is special since local immunity is so important to 
prevent or dampen infection with this virus. The study of AREFIN et al. was only about the 
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probability to get a negative PCR result 15 min after the procedure; this doesn’t mean 
anything about the outcome (of course, the patients weren’t cured by that one time 
procedure). 
 
The open question is: is it better to use nasal irrigation or nasal spray (in combination with 
oropharyngeal antiseptic procedures) with regard to the effectiveness of prophylaxis 
(PREP/PEP) or treatment, measured by clinical outcomes.  
 
Moreover, nebulisation was shown to be more effective than spray or irrigation for far-
reaching and more complete  distribution of agents within the nasal tract (LOU H et al., 
MOFFA et al.), especially with regard to the nasopharynx, but also all („hidden“) areas of the 
nasal vestibulum (MOFFA et al.). As already mentioned above, saline-based solutions should 
be used in the nasal area (whereas PVP-I can be diluted with normal drinking water for oral 
rinse and gargle).  
 
As far as nasal drops/spray/irrigation are concerned that have to be prepared individually 
(like in the case of PVP-I dilution), isotonic saline solution (0.9 % NaCl) should be preferred. 
However, AREFIN didn’t report about the use of “special” solutions for the preparation of 
the solution, neither in his personal report nor in the RCT (AREFIN et al.); distilled water was 
used in the RCT for the controls without PVP-I.   
 
 
 
 
 

Possible future options for early treatment (no trial data for outpatients 
available so far) 
 
 
Pentoxifylline and dipyramidole (PTX + DIP)? 
 
DINICOLANTONIO and BARROSO-ARANDA suggested a combination of pentoxifylline (400 
mg TID) and dipyramidole (50 mg TID) for early treatment. “Both PTX and DIP are reasonably 
safe, well-tolerated, widely available, and inexpensive drugs.” They recommend to combine 
them with hydroxychloroquin and azithromycin, but these drugs may be replaced according 
to the authors by doxycycline if there are contraindications for cardiac reasons, since 
doxycycline has no deleterious effect on the heart. (At the time of writing of 
DINICOLANTONIA and BARROSO-ARANDA, HCQ and AZI were still drugs that were associated 
with a lot of hopes). 
 
From a more recent point of view, also with regard to the disappointing results from the 
Barcelona trial of early treatment with HCQ (MITJA O et al. 2020), one should consider 
doxycycline instead of hydroxychloroquine + azithromycin in any case, independent of the 
presence of cardiac comorbidities.   
 
The authors recommend that PTX and DIP can be used in both early and advanced stages of 
COVID 19, and they suggest the concurrent use of nutraceuticals like yeast beta-glucan, zinc, 



178 

 

vitamin D, spirulina, phase 2 enzyme inducers (like sulforaphane), glucosamine, N-
acetylcysteine, quercetin and magnesium to improve the outcomes of COVID-19. 
 
In detail, these nutraceuticals are expected to boost the interferon response (spirulina, 
phase 2 inducers, N-acetylcystein, glucosamine, quercetin), whereas vitamin D and 
magnesium are considered as important for several other reasons. 

In a pilot RCT with moderate and severe patients (n = 38) about PTX, 26 patients received 
400 mg PTX TID (+ standard therapy; mean: 55 years; more comorbidities, more obesity), 12 
patients received only stardard therapy (mean: 62 years) (MALDONADO et al.). 
Comedications (as “standard therapy”) were antibiotics, oseltamivir, enoxaparin, 
tocilizumab, meropenem and/or dexamethasone). 

PTX increased lymphocyte counts by 64.25 % and decreased LDH bei 29.6 %. Probably due to 
the small number of participants, effects on duration of hospitalization, mortality and 
intubation were insignificant, but the trend was in favor of PTX (mortality: 11.5 vs. 33 %; 
intubation: 11.5 % vs. 25 %; hospital days: 11.2 vs. 13.1). 

MALDONADO et al. argue in detail that PTX is an excellent candidate to counteract the 
consequences of lymphopenia; most important, it has no risk of immunosuppression, but 
has “a potential to restore the immune response equilibrium, reduce the impact of the 
disease on the endothelium and alveolar epithelial cells, and improve the circulatory 
function.” 

However, there are so far no results from clinical trials with the combination of PTX and DIP 
(only a small trial with very favorable results for DIP alone in severe and critically ill patients; 
see LIU X et al.). The rationale for this concept of PTX + DIP is not recapitulated here because 
it is available in all detail in the original paper from DINICOLANTONIO and BARROSO-
ARANDA. For the rationale behind dipyramidole, see also ALITER and AL-HORANI.  
  
RAMONFOUR et al. gave an extensive overview about different mechanisms which make PTX 
a very promising candidate; including its antiviral, anti-inflammatory, immunomodulatory, 
haemodynamic and anti-thrombotic properties.   
 
Also MONJI et al. and GHASEMNEJAD-BERENJI et al. describe in detail many ways how 
pentoxifylline is expected to act against COVID 19 disease, including antiviral activity and 
suppression of cytokine storms, reduction of the synthesis of proinflammatory cytokines and 
immune cell migration. Moreover, MONJI et al. argue that similar xanthines like caffeine are 
expected to have comparable effects.  
 
However, the hope that dipyramidole is a strong inhibitor of the main protease, originally 
based on in silico studies, could not be confirmed. The same applies to chloroquine, 
montelukast, oxytetracyclin, candesartan and atazanavir (MA and WANG). Nevertheless, 
dipyramidole may still play a favorable role in COVID-19 as shown by LIU et al., e.g. because 
of its anticoagulanting effects. 
 
WALL et al. described some advantageous effects of pentoxifylline or theophylline in 
hospitalized patients, e.g. with regard to CRP values and oxygen status; however, their data 
on mortality are contradictory (24 % in the theophylline/pentoxyphylline group = n = 58; 26 
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% in the control group, n = 151); but they calculated a HR of 1.69 (0.85 – 3.4) for mortality in 
the control group. CHAVARRIA et al. found favorable effects for the combination of PTX with 
a variety of antioxidants in hospitalized patients needing oxygen support. 
 

However, until July 2021, there are no data for PTX or diyramidole, or a combination of both, 
for outpatients. As far as hospitalized patients are concerned, there are no data about 
dipyramidole and only little experience with PTX. Altogether, PTX showed moderate 
favorable effects in small and mostly non-randomized trials, but it doesn’t seem to be a big 
game changer or a top candidate for the therapy of COVID-19. The most promising study so 
far is the small pilot RCT from MALDONADO et al., but there is a need to replicate these 
results in much larger studies.   

 
 
 
 
Methods to increase CD8+ T lymphocytes or to avoid or dampen cytokine storms 

Whereas local antiseptics serve as a local defence against the virus itself, either as a sort of 
PEP or for early treatment in order to inhibit or limit the expansion of the infection inside 
and outside the respiratory tract, one needs a second line of defence in case this first line 
failed. If the infection cannot be controlled on a local level (i.e. restricted to the uppermost 
respiratory tract), then the second line of defence should prevent severe and critical disease.  

Since severe and critical disease, including need for oxygen support, mechanical ventilation 
or ARDS are consequences of hyperinflammation and excessive reactions of the immune 
system, the second line of defence should act against hyperinflammation and excessive 
reactions (e.g., cytokine storms).   

Decrease of lymphocyte counts and increase of neutrophils (resulting in a sharp increase in 
the neutrophil-to-lymphocyte-ratio NLR) are early markers for the forthcoming development 
of a severe or critical disease. The same applies to the platelet-to-lymphocyte ratio. Among 
lymphocytes, particularly the decrease of CD8+ lymphocytes is associated with an 
unfavorable course of the disease and a bad outcome. As LIU J et al. showed in their 
longitudinal time series of blood parameters of mild and severe patients, NLR and N8R 
(neutrophils-to-CD8+ T cell ratio) were found to be very powerful prognostic markers for 
early identification of severe cases. Moreover, it was found that the peak in the decrease of 
T cells occurred during the first week of the disease, and that T cell counts started to recover 
gradually during the second week and reached the level of mild patients in the third week in 
severe patients who survived. The lowest levels of T cells were found 4 – 6 days after disease 
onset. 

Since T cells dampen overactive innate immune responses during viral infection, the 
decrease of T cells in the beginning of the disease paves the way for aggravated immune 
responses like the massive release of cytokines like IL-6, IL-8, TNF alpha, interferon gamma, 
which may result in serious lung injury and other adverse outcomes.  The kinetic of the T cell 
counts were found to be reversely correlated with most cytokine levels in severe patients. At 
days 4-6, at the minimum of T cells, IL-2, IL-4, IL-10, IFN gamma and TNF alpha reached their 
peaks (at least in patients who survived and were able to overcome that problem). 
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Since the decrease of T cells, particularly CD8+ T cells, is the cause for the release of critical 
cytokines and the cytokine storms (since there are now too few cells which act as 
suppressors of that release), the earliest and most direct way to avoid or reduce these 
unwanted and dangerous sequelae of COVID-19 infection is to battle against the decrease of 
T cells (like CD8+ T cells) early in the disease. As mentioned above, T cells reach their 
minimum already 4-6 days after disease onset, i.e. the fate of the patient is already 
determined at the very beginning of the disease, independent of the mildness or severity of 
his symptoms at that point of time. In reality, it seems that the question whether a patient 
will need mechanical ventilation or similar interventions is determined in the very early 
course of the disease. It may depend in part on his ability to recover from the early 
lymphocyte/CD8+ deficiency himself.  

Moreover, virus-specific CD8+ T cells are key for elimination of virus-infected cells. It is 
hypothesized that inefficient SARS-CoV-2-specific CD8+ T cell responses promote viral 
persistence and – as a consequence – virus-induced inflammatory damage in severe 
patients. CD8+ T cells were found to be monofunctional (i.e. virus-specific), whereas CD4+ T 
cells are usually bi- or trifunctional. Thus, not only the total number of CD8+ cells matters, 
but especially the number of virus-specific CD8+ T cells (PAYEN D. et al.). Independent of 
different mechanisms of the effects of CD8+ T cells in COVID disease described by LIU et al. 
and PAYEN et al., the decrease of CD8+ T cells plays a critical role on the way to severe or 
critical disease. 

It looks meanwhile that there are two important events in the natural history of COVID 
disease which decide about the fate of the patient: (i) a strong decrease of lymphocytes, 
especially CD8+, in the earliest days of the disease is responsible for severe (instead of mild) 
disease; (ii) in these cases, the inability to recover spontaneously (and quickly enough) from 
this drop of lymphocytes/CD8+ cells at the end of “week one” or early in “week two” and 
beyond seems to be responsible for very bad outcomes like death, critical disease and 
prolonged recovery of survivors.   

In an ideal world and health care system, blood should be taken from each risk patient (> 50 
- 55 years in men, > 55 years in women; or any relevant comorbidity independent of age) 
already in the outpatient stage during the first days of the disease and quickly analyzed with 
regard to these blood markers. The D2Dx immunity test may be a simple, quick and low-
threshold option for that if performed early enough in the first days after symptom onset 
(later, its specifity and sensitivity is reduced).  

Patients with bad prognostic markers should immediately start therapies against 
hyperinflammation and cytokine storms, before need for oxygen support or signs of 
dyspnoe, ARDS or coagulation disorders arise. Because patients are still highly infectious 
during the first week of their disease, it should be avoided that they visit doctors for blood 
examinations. Home visits of efficiently vaccinated (e.g.) nurses in order to take blood from 
early patients should be installed instead. 

Beside of this (probably illusionary, but necessary) scenario, measures are urgently needed 
what early patients can do themselves to increase their CD8+ T cell count. Since CD8+ T cell 
decrease reaches its lowest level already 4 – 6 days after disease onset, these methods have 
to be started directly after diagnosis or even after the start of symptoms of suspected 
COVID-19 independent of a diagnosis, since access to testing and waiting for diagnosis may 
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cost too much time in this early phase of the disease when each day, maybe each hour 
counts to avoid or weaken the decrease of CD8+ T cells. 

Thus any method to avoid or weaken that decrease must be low-threshold and unspecific. 
This means that it should have no unfavorable effects in case that the symptoms are not 
from COVID-19 but due to another upper respiratory tract infection. Again, the methods 
must be easily und quickly available; the timeline  

“first unspecific symptoms → waiting for the further course of the symptoms → searching 
access to COVID-19 PCR or antigen test → waiting for the communication of the results in 
case of PCR or confirmation PCR following a positive PoC test → searching contact to a 
doctor → highly difficult access to a medical office as a highly infectious patient, or waiting 
for a home visit (if that happens at all) → prescription of an agent to increase CD8+ → call to 
the pharmacy → waiting until pharmacy delivers the agents at home”  

is much too long for this situation.  

LIU et al. don’t report about methods how to avoid the decrease of CD8+, or how to improve 
already decreased levels of CD8+, in the early course of the disease. In press releases 
associated with that paper, it was suggested that early vitamin C and A may help. However, 
no doses were given. There is an urgent need to perform trials about the early 
administration of vitamins A and C with regard to their effect on T cell/CD8+ count in early 
COVID-19.   

There is some experience with high dose vitamin C (i.v.) in China; however, this applies to 
hospitalized patients and later stages of the disease. In their detailed review INFUSINO et al. 
stress that “it is not known whether a supplemental dose of these vitamins administered to 
patients without their deficiency would result in a benefit”, though different mechanisms 
argue (in theory) for a favorable effect of vitamin C (but what dose in what stage of illness?).  

High doses or short-time pulses of vitamin A have to be regarded critically because vitamin A 
may enhance some cancer risks. A sudden increase of vitamin A (even for a short time) may 
act as a stimulus which induces the growth of pre-cancers or silent cancers. Because of the 
long lag time between pre-cancer/”immunologically controlled” silent cancer and clinical 
detected cancers, it will be impossible to prove a causal relationship, but one cannot exclude 
the possibility that something like that might happen in some people. There are ongoing 
trials with vitamin A (25000 – 50000 IU daily) alone or 25000 IU once in combination with 
other vitamins in Iran (JUNAID et al.). MIDHA et al. discuss the immunomodulatory effects of 
vitamin A in COVID-19 in detail, including the augmentation of innate immune response. 
Beside the reason for caution mentioned above, the rationale behind the use of mega doses 
of vitamin A in COVID-19 looks very promising.  

Thus vitamin C seems to be better suited than vitamin A for the purpose discussed here, 
provided that it works alone and doesn’t need vitamin A as a partner for some sort of 
synergy.  Beside of that, also vitamin B3 (nicotinamide) is suggested as a potential treatment 
and is subject of a RCT in Germany (DRKS00021214; Covit Studie; 1000 mg/day for four 
weeks). Underlying mechanisms of vitamin B3 are described in the study protocol of that 
trial.  
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Vitamin C was found to inhibit 3CLpro in vitro at mmol/concentrations (MALLA et al.); 
however, these comparatively high concentrations may indicate that common oral doses of 
Vitamin C (even a few grams per day) are much too low for antiviral activity. 

 

Results for vitamin C on: https://c19vitaminc.com/     (accessed Mai 4th,2021) 

So far, a meta-analysis about 4 RCTs and 2 non-RCTs of high-dose Vitamin C for “late” treatment 

showed a marginally significant advantage with regard to mortality (5 studies) or ICU (1 study) with a 

RR of 0.76 (CI: 0.58 – 0.98). The 6 studies are based on 698 patients (vitamin C and controls 

combined).  

If one weigths the studies according to the number of participants, RR for the 6 studies is 0.68. 

However, if one restricts the analysis to the 5 studies that reported about death, RR is 0.70 (range: 

0.14 – 1.00). If one restricts the analysis to the 4 RCTs, RR is 0.66 (range: 0.50 – 1.00). If one restricts 

the analysis to the 3 RCTs with outcome “death”, RR is 0.69 (range: 0.50 – 1.00).   

The only study that found no reduction of death at all (RR 1.00), reported about an increased risk of 

ventilation (+25 %) and hospitalization time (+30.8 %) in the vitamin C arm (JAMALI MOGHADAM 

SIAHKALI et al.). This was a small RCT (60 patients), 6 g/day vitamin C was given in addition to HCQ 

and L/R. Maybe the dose was too low (see MALLA et al.). 

One trial with favorable trends administered vitamin C 12 g every 12 hours for 7 days to critically ill 

patients (ZHANG et al. (2); - 50 % 28-day-mortality). In a RCT from Pakistan with 150 hospitalized 

patients, 50 mg/kg vitamin C per day (i.v.) was associated with 36.4 % reduction of death, 20 % 

reduction of ventilation, 26 % reduction of recovery time (p < 0.0001, days to symptom-free) and 

24.3 % reduction of hospitalization time (p < 0.0001, days spent in hospital) (KUMARI et al.). 

In summary, two trials with advanced patients showed favorable trends for mortality and some 

significant outcomes on recovery/hospitalization, whereas another small RCT showed no effect on 

mortality and otherwise unfavorable trends. Thus the role of high dose vitamin C in “late treatment” 

remains unclear.  

 

What about early treatment, only one trial (RCT) is mentioned on the c19vitaminC site (THOMAS et 

al., described in detail below). Vitamin d (8 g/day) was associated with 18 % reduction of recovery 

time (RR 0.82; but very insignificant: CI: 0.23 – 2.91). 

A study of vitamin C for PREP found only a very small favorable trend (RR 0.90, 0.67 – 1.21; aOR 0.82; 

0.45 – 1.57) in a matched case-control-study with 321 HCWs from India (no doses for vitamin C 

given) (BEHERA et al.). This very small effect of vitamin C for prophylaxis is well in accordance with 

the results from LOUCA et al. based on app users in UK, US and Sweden. 

Altogether, the 8 studies about vitamin C (PREP, early or late treatment) yielded a RR of 0.82 (CI: 0.67 

- 0.99). The confidence intervals of 7 of the 8 studies included 1.00. 

 

https://c19vitaminc.com/
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However, most interesting with regard to the purpose of this paper here is the effect of 
vitamin C in (early) outpatients. THOMAS S et al. (NCT04342728) randomized 214 
outpatients 1 : 1 : 1 : 1 to 10 days (i) zinc gluconate (50 mg/day at bedtime), (ii) vitamin C (8 
g/day in 2-3 doses with meals), (iii) both zinc and vitamin C and (iii) standard care without 
supplements (however, at least 26.2 % of all participants took already mineral and/or 
vitamin supplements before the beginning of the study). Mean age: 45.2 years, 61.7 % 
women. The study was stopped prematurely for low power for benefit without statistical 
significance (originally, it was planned to include 520 patients).  

Patients who got no supplementation reached 50 % reduction of symptoms within 6.7 days; 
in the zinc group, this time was 5.9 days, in the vitamin C group, it was 5.5 days and in the 
combined group, it was also 5.5 days.  

4-symptom-score at day 5 was 3.1, 3.2, 3.3 and 3.3. Time until 4-symptom-score was 0: 9.9 
days, 10.8 days, 12.1 days, 9.7 days.  

Whereas there is a small, though insignificant signal in favor of supplementation with regard 
to the reduction of symptoms by 50 %, hospitalization and death outcomes are unable to 
confirm that trend (standard care vs. zinc vs. vitamin C vs. combination: hospitalization: 6.0 
% vs. 8.6 % vs. 4.2 % vs. 12.1 %; death: 0 % vs. 0 % vs. 2.1 % vs. 3.4 %). However, all of these 
associations are insignificant. Vitamin C alone was associated with the lowest risk of 
hospitalization (4.2 %), but, when combined with zinc, the highest risk for both 
hospitalization and death.  

However, 50 mg zinc gluconate contains only 7.2 mg of elemental zinc (14.3 %). Thus zinc 
supplementation was quite low in that study and within the doses that are recommended 
for long-term supplementation. This is not comparable to high-dose zinc like in the papers 
from FINZI or FINZI et al.. In contrast to zinc, the dose of vitamin C was very high, but showed 
no effect. However, the resorption of high doses of vitamin C is very limited. It would have 
been better to administer vitamin C in a liposomal formulation.  

Thus this study is unable to resolve the role of zinc and vitamin C definitely. One should have 
given zinc in much higher doses (that are not acceptable for long-term supplementation, e.g. 
because of copper deficiencies, but can be tolerated for a few days), and one should have 
administered vitamin C in a liposomal formulation in order to increase its resorption. 
Nevertheless, the chance that vitamin C supplementation may play a role in the treatment of 
outpatients became now very small after the study of THOMAS et al.  

 
In fact, a more recent analysis from the IVMMETA site (accessed August 14th, 2021) found 
only a RR of 0.81 (CI: 0.71 – 0.91) for any sort of “improvement” based on 16 studies with 
2221 patients with vitamin C (pooled effects, all stages: PREP, early treatment, late 
treatment), and in this respect vitamin C was even a little less effective than Remdesivir (RR 
0.80), HCQ (0.73) and Favipiravir (0.72). 
 
The top positions in the list held proxalutamide (RR 0.14, 4 studies), iota-carrageenan (RR 
0.20, 1 study), Molnupiravir (RR 0.23, 1 study) and quercetin (RR 0.24, 4 studies) (August 
14th, 2021).. 
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If the analysis is limited to “improvement” following early treatment, vitamin C yielded an 
insignificant RR of 0.45 (0.16 – 1.29) based on only two studies with 209 patients. One study 
found a lower time to recovery by 18 % (see obove, the THOMAS RCT described above) and 
the second study a significantly lower risk of progression in moderate patients (ZHAO et al., 
based on 110 patients; progression from moderate to severe disease in hospitalized 
patients: 7.3 % vs. 21.8 %; a retrospective study with propensity score matching from China 
in moderate hospitalized patients). Patients got intravenous injection of vitamin C, 
100 mg/kg/day, 1 g/h, for 7 days from admission. Other therapies included antiviral therapy, 
LMW heparin (if D-dimer was above the normal value) and antibiotics in cases of suspected 
bacterial infections, but may also have included non-steroidal anti-inflammatory drugs or 
glucocorticoids if the body temperature was above 38°C. 
 
Importantly, vitamin C improved CD4+ T lymphocyte counts for patients with CD4+T 
deficiency (<410/μL) on admission, but not for the patients with deficiencies in 
CD8+ (190/μL) and lymphocytes on admission.  
 
Altogether, the ZHAO study is not about early treatment sensu stricto (for outpatients) but 
already hospitalized patients with moderate disease. 
 
Studies on early treatment of outpatients with vitamin C are still missing.  
 
With regard to mortality (all stages), a RR of 0.80 (0.70 – 0.93) was reported for vitamin C in 
the IVMMETA analysis from August 14th, 2021, based on 11 studies with 1549 patients. This 
in the range of HCQ (0.76), Remdesivir (0.79) and Favipiravir (1.04).  
 

Following ZHAO et al., is remains questionable whether vitamin C – even in high doses – is 
essentially effective to increase lymphocyte and CD8+ T cell counts. But as already 
mentioned above, MOLDONADO et al. showed in a small RCT with hospitalized patients that 
pentoxiphylline increased lymphocyte counts by 64.25 %.  

 

Thymosin alpha1 was found to be very effective to increase the number of CD8+ and CD4+ T 
cells in older patients with COVID-19, and people with lower levels of CD8+ and CD4+ 
profited most from thymosin (LIU Y et al.). This effect is already well known from the 
administration of thymosin alpha 1 in other severe infections, e.g. ARDS because of CMV in 
renal transplant patients (JI et al. 2007).  

In a clinical trial, thymosin alpha1 (10 mg/day for at least 8 days) reduced mortality in severe 
COVID-19 patients from 30 % in the control group to 11.1 % in the intervention group, and 
the need for mechanical ventilation from 22.5 % (9/40) to 0 % (0/36) and for non-mechanical 
ventilation from 27.5 % (11/40) to 5.56 % (2/36) (LIU Y et al.). WU M et al. reported about 
critically ill older patients (> 64 years), where thymosin alpha 1 reduced mortality with a 
Hazard Ratio of 0.11 (CI: 0.02 – 0.63). 

Whereas these trials applied to hospitalized patients who already suffered from severe 
disease, MENG Z et al. reported about thymosin alpha 1 (1.6 mg once a week) combined 
with interferon nose drops for chemoprophylaxis in 529 highly exposed health care workers 
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during the critical phase of the epidemic in China, and no one experienced an infection (at 
least a symptomatic infection). However, since there was no direct control group without 
that intervention, the magnitude of the suggested protective effect cannot be quantified, 
and thus nothing can be said about its statistical significance.  

However, in another retrospective trial from China, thymosin was found to be ineffective 
with regard to chemoprophylaxis in health care workers (LIU X et al. 2); since many HCWs 
took some other agents for prophylaxis (beside of thymosin), the results are difficult to 
interprete and there may be a lot of confounding.  

There is urgent need to examine the early use of thymosin alpha 1 and its effect on 
prognosis and severity of the disease. However, there are important obstacles. First, it has to 
be administered subcutaneously (s.c.). But since other groups of patients (e.g., diabetics) are 
also used to administer medicine s.c. themselves, this is not a principal hindrance for early 
use by outpatients. The biggest obstacle is that thymosin alpha 1 is not available/not 
approved in many countries. 

However, there are also reasons to be careful. Whereas LIU et al. and WU et al. reported 
favorable results with thymosin alpha 1 in later stages of the disease, there may be 
limitations. WESTMEIER et al. conclude from their data (a study with old patients around 80 
years of age) that cytotoxic CD8+ cells play an important role in the control of early 
infections, but may contribute to immune pathogenesis and progression during later stages, 
possibly accelerating decompensation.  

In a multicenter retrospective study based on 771 patients with severe/critical COVID-19 
patients admitted to ICU in January and February 2020 from China (of whom 327 received 
thymosin alpha1), crude results showed a significantly lower mortality in the thymosin group 
(41.3 vs. 60.6 %, p < 0.001), but this advantage was lost after propensity score matching 
(51.0 vs. 52.9 %), though there was still a marginally significant effect in men (aHR 0.673; CI: 
0.454 – 0.998, p = 0.049) (women: aHR 1.145, n.s.; < 66 years: aHR 0.802, n.s.; > 65 years: 
aHR 1.087, n.s.) (SUN et al.). 
 
In contrast to SUN et al., LI X et al. demonstrated gender-specific effects following thymosin 
administration in severe and critical patents with regard to CRP, IL-6 and procalcitonin to the 
disadvantage of men, with CRP and IL-6 levels higher and PCT levels lower in men than in 
women. Thus the cytokine profile after the thymosin intervention was more favorable in 
women (CRP and IL-6 decreased), and the gender-specific difference in favor of females was 
even more pronounced in patients > 65 years. Cure rates were 94.9 % in the thymosin group 
and 93.9 % in the control group, but there were more critical patients in the intervention 
group (16.7 % vs. 12.2 %). Unfortunately, no gender-specific cure rates were reported. 
Moreover, the effect on the increase of CD8+ cells was small in that trial (both in men and 
women), putting into question the use of thymosin as a stimulator for CD8+ rise. Compared 
to gender-specific control groups, CD4+/CD8+ ratio changed in opposite directions between  
men and women, underlining gender-specific effects of thymosin.    
 
On the other hand, these results may be related to the late stage of the disease in that trial. 
The effect of thymosin alpha 1 may be different when given early in the course of the 
disease in order to prevent the decrease of CD8+, or to stimulate a quick recovery of CD8+ 
cell numbers following their initial decrease.  
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Altogether, the evidence for thymosin alpha is too weak and too controversary so that it 
cannot be recommended as an early treatment option so far, and its effects may be gender-
dependent and in some situations (subgroups) even unfavorable.   
 

 
ɑ-lipoic acid ? (combined with high dose vitamin C?) 
 
A very small randomized trial with 17 critically ill patients from Wuhan reported about 
adjuvant alpha lipoic acid (ALA) (1200 mg/day, i.v., for 7 days) (ZHONG et al.). Though it was 
administered i.v., ALA is commercially available as tablets (OTC) or as nutritional 
supplements and thus easily accessible for outpatients. 
 
The RCT included 8 patients who got ALA and 9 controls; median age was 63 years, no 
relevant differences between both groups at baseline. 7 days after the start of ALA 
administration, the average SOFA score was 4.0 in the ALA group and 6.0 in the placebo 
group. However, the difference was less impressive in the days before. At day 0 (baseline, at 
the start of ALA), SOFA was 3.8 and 4.3. SOFA was higher in the ALA group on days 1, 2, 3, 
the same at day 4, lower at day 5, only a little lower at day 6, and lower at day 7 (4.0 vs. 6.0, 
p = 0.36). SOFA change within 7 days: ALA + 0.2, Placebo + 1.7. 
 
There were 3 deaths in the ALA group (day 4, 6 and 28), but 7 in the placebo group within 
the first 19 days. 30-day mortality: ALA: 3/8 (37.5 %), placebo: 7/9 (77.8 %) (p = 0.09). 
 
ALA has antiinflammatory and antioxidant effects, it reduces the systemic inflammatory 
response and inhibits protein glycosylation. It can ameliorate virus-induced organ 
dysfunction by counteracting ROS and reduces the serum levels of inflammatory cytokines.  

 

CURE and CURE recommend ALA especially for patients with diabetes. ALA increases 
intracellular pH and antioxidant levels and reduces oxidative stress, including prevention of 
cell damage by decreasing lactate production. They suppose a synergistic effect with insulin. 
Moreover, it has an inhibitory effect on nuclear factor-kappa B (NF-kB) activation and an 
increasing effect on intracellular glutathione that strengthens the human host defense. 

Besides Coenzym Q10 and carnitine, also alpha lipoic acid is regarded as a mitochondrial 
cofactors (mitochondrial nutrient) that may counteract proinflammatory conditions 
(PAGANO et al.). PAGANO et al. propose the adjuvant use of a combination of mitochondrial 
nutrients since CoQ10 on one side and alpha lipoic acid/carnitine on the other side may have 
different effects that might be synergistic if used together. ROCHETTE and GHIBU 
recommend alpha lipoic acid particularly with regard to the prevention and treatment of 
cardiovascular diseases and complications during COVID-19 disease. 

 
The dose in the trial of ZHONG et al. is not excessive; it is identical with the upper limit of 
recommendations for long-time ALA intake in the case of Alzheimer disease, diabetic 
polyneuropathies or radiation damage (each up to 1200 mg/day), whereas for general 
prevention without underlying disease, 50 – 200 mg/day are recommended (GRÖBER). Thus, 
a daily intake of 1200 mg for a few days in COVID outpatients seems acceptable.  However, 
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because of the small number of participants and the design of the trial of ZHONG et al. (only 
critically ill patients), there is an urgent need to find out whether ALA administration starting 
during the early course of COVID-19 disease (like outpatients) is really helpful. ZHONG et al. 
found favorable effects starting at day 5, thus an early start of ALA during the course of the 
disease may be reasonable to improve the outcomes a few day laters - in people with higher 
risks for severe disease like elderly or those with comorbidities.  
 
Unfortunately, ZHONG et al. didn‘t analyze or report the effect of ALA on critical blood 
parameters.  
 
While more data from ALA in the treatment of COVID patients are still missing, many trials in 
the context of other clinical situations proved that ALA dampens the production of 
proinflammatory cytokines (ZHONG et al.), what suggests an early start of ALA 
administration in COVID patients. HOROWITZ and FREEMAN propose a RCT to examine 
glutathione precursors like alpha lipoic acid or N-acetyl-cysteine for blocking NF-κB and 
cytokine formation.  
 
Since many trials consistently already showed reductions of the levels of proinflammatory 
cytokines (e.g., IL-1beta, IL-6, IL-8, TNF-alpha) after administration of ALA, there is no need 
for a review and discussion about that subject here, except for one trial: in a rat model with 
chemically induced ARDS, ALA (100 mg/kg) and vitamin C (100 mg/kg) were superior to 
other antioxidants like vitamin E (100 mg/kg) with regard to histopathological damage of the 
lungs, several biochemical parameters of lung damage or function, and TNF-alpha and IL-
1beta levels in the blood serum (EROL N. et al.). With regard to some endpoints, ALA was a 
little superior to vitamin C, and vice versa. These results give a hint that it could be helpful to 
combine ALA (1200 mg/day) with high doses of oral vitamin C supplements in outpatients, 
starting in the early stage of the disease (as early as possible) in order to prevent or dampen 
cytokine storms with some synergism between both agents.   
 
Whereas ZHONG et al. gave an ALA dose (1200 mg/day) which is also acceptable for 
outpatients, the dosage of vitamin C (combined with 1200 mg ALA) is less clear. The rat trial 
(EROL et al.) gives a clue (100 mg/kg vitamin C), and both ALA and vitamin C were given 
orally to the rats. Moreover, possible vitamin C overdoses are regarded as essentially 
harmless, excess vitamin C is excreted in urine. Some people may suffer from harmless 
intestinal symptoms like diarrhea with doses of more than 3 g/day. The thresholds may be 
lower in patients with renal problems, kidney or urinary stones, and in the case of renal 
insufficiency, the formation of kidney stones may be promoted. However, in the case of 
COVID disease, high dose vitamin C supplementation would be restricted to a few days 
instead of chronic use. 
 
However, with regard to higher doses, limitations of bioavailability have to be considered. 
When the dose increases, its bioavailability decreases (200 mg: 100 %;  500 mg: 73 %;  1250 
mg 49 %). Bioavailability is enhanced by about 50 % (3 – 4 hours after intake) if vitamin C is 
encapsuled in liposomes. Encapsulation in liposomes also abandons the risks of 
gastrointestinal problems (and the negative effects of proton pump inhibitors on 
bioavailability), so that 4 g/day can be taken without problems (DAVIS et al.). Only i.v. 
administration – not possible in outpatients – allows better bioavailability than liposomal 
encapsulation (DAVIS et al.).   
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As MAYERSOHN showed, doses between 2 and 6 g per day should be divided into 4 or 5 
portions over the day to achieve maximal bioavailability. More than 5 doses don’t improve 
the results in that dose range (2 – 6 g). Furthermore, vitamin C should be taken after food (or 
divided in several doses as suggested above) instead of empty stomach. Surprisingly, “timed-
release” tablets showed the lowest bioavailability compared to tablets, chewable tablets or 
solution in a very small trial, but this result was consistent for each participant individually 
(MAYERSOHN). Based on the results from MAYERSOHN and DAVIS et al., liposomal 
encapsulated vitamin C in 4 – 5 doses per day could be adequate for COVID outpatients. 
 
CHENG ez al. reportet about a family with six adults in Wuhan; the oldest member suffered 
from COVID-19 and the other members cared for him until he had to be brought to hospital 
because of ARDS. The caregivers took 3 – 10 g vitamin C per day (divided into two doses), 
and none fell ill because of COVID-19, which suggests the possibility of high dose vitamin C 
as PEP.  
 
FEYAERTS and LUYTEN recommended 1 – 2 g/day vitamin C for prophylaxis; however, there 
are so far no results from ongoing trials about prophylactic use.  
 
LOUCA et al. found no effect of vitamin C supplementation among British COVID symptom 
app users on the risk of being tested PCR-positive or sero-positive, and even a slightly (but 
significantly) increased risk in men > 60 years, whereas vitamin C supplementation was 
otherwise neutral in any subgroup analysis. However, this study was only about positive 
testing; no analyses were made with regard to symptomatic infection, severity of symptoms 
or outcome of the disease. Thus this study doesn’t allow any conclusions about effects of 
vitamin C as a treatment. Interestingly, multivitamin formulations showed a small, but 
significant effect in that study, but a null effect in the subgroup analysis for older men. 
 
An ongoing RCT in China administered 12 g vitamin C twice a day for 7 days  for treatment 
(NCT04264533). As already mentioned above, SANTOS et al. considered oral doses of 
vitamin C (1-3 g/d) and zinc (80 mg/d elemental zinc) as promising “at the first signs of 
symptoms of COVID-19 as well as for general cold”. 
 
However, as mentioned above, a RCT found no advantageous effect of 8 g vitamin C daily, 
both alone and in combination with ~ 7 mg elemental zinc in outpatients (THOMAS et al.). 
This destroys the hope that high-dose vitamin C alone or in combination with low-dose zinc 
may have a favorable effect in outpatients. However, this study doesn’t rule out the 
possibility that vitamin C may still be helpful in synergistic combinations with other agents. 
 
There is an urgent need to examine the effects of early start of ALA (1200 mg/d) and high 
dose oral vitamin C (e.g. 4 g/day liposomal encapsulated, divided into 4 – 5 portions) directly 
after COVID diagnosis or symptom onset (of suspected or proven COVID-19) on the course 
and prognosis of the disease in a prospective controlled trial.  

Based on a study of common genomic polymorphisms from a large genome wide association 
study (GWAS; mendelian randomization) as proxies for carnitine or acetyl-carnitine 
exposures, KAZMI et al. found that both metabolites protect against severe COVID-19 
disease, whereas there seems to be no effect on infection (susceptibility) by the virus. 
Doubling of carnitine or acetyl-carnitine was associated with ~ 40 % reduction of severe 
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disease, and adjustments for BMI, diabetes or heart disease didn’t substantially change 
these results.  

Doubling of acetyl-carnitine concentration in blood: - 40 % severe disease, - 67 % 
hospitalization risk; but no effect on infection risk (- 6 %, n.s.). It was modelled that 2 g 
supplementation per day would decrease the risk of severe disease by 23 % (OR: 0.77; 0.58 – 
1.01).  

Doubling of carnitine concentration in blood: - 44 % severe disease; - 18 % hospitalization 
risk (but probably much stronger according to sensitivity analyses); - 19 % infection risk 

Carnitine and acetyl-carnitine downregulate proinflammatory cytokines. “Acetyl L-Carnitine 
(LC) positively affects the development and maturation of T lymphocytes, involved in the 
immune response to viral agents. It also contributes to the inhibition of ROS production and 
to the remodulation of the cytokine network typical of the systemic inflammatory syndrome” 
(NCT04623619 site). 

KAZMI et al. concluded that “carnitine and acetyl-carnitine merit further investigation in 
respect to the prevention of severe Covid19.” There is an ongoing RCT about efficacy and 
safety of Acetyl L-Carnitine in COVID-19 patients with mild-to-moderate disease 
(https://clinicaltrials.gov/ct2/show/NCT04623619) but only with 100 participants (dose: 2 g 
Acetyl-L-Carnitine for 14 days). 

   
 
STANCIOIU et al. proposed the combination of arginine and vitamin C. They argue in detail 
that this combination has direct antiviral activitiy, improves leucocyte function and number 
(important for patients with neutrophilia and lymphopenia) and provides essential 
components for / stimulates mechanisms of tissue repair. Thus it seems to be helpful in all 
stages of the disease, from the beginning when antiviral activity is essential, until the late 
recovery stage when damaged tissue has to be repaired. They recommended 1000 mg L-
arginine and 250 – 500 mg “modified release vitamin C” at least 3 times a day each.  

However, in another theoretical paper, GRIMES et al. propose the opposite: arginine 
depletion to disrupt the host-virus relationship through amino acid restriction, since arginine 
is regarded as essential for the life style of many viruses. They also suggest that reduction of 
serum plasma arginine could plausibly attenuate severe inflammatory responses in SARS-
CoV-2 infection. According to this hypothesis, arginine supplementation would “feed” the 
virus.  

REIZINE et al. point out that “COVID-19-associated ARDS share biological and clinical 
features with sepsis-associated immunosuppression since lymphopenia and acquired 
infections associated with late mortality are frequently encountered.” They found “that ARDS 
patients presented with an increased number of myeloid-derived suppressor cells (MDSC) and 
a decreased number of CD8pos effector memory cell compared to patients hospitalized for 
COVID-19 moderate pneumonia”, and MDSC expansion was directly correlated to 
lymphopenia and enhanced arginase activity. Most important, “T cell proliferative capacity in 
vitro was significantly reduced among COVID-19 patients and could be restored through L-
arginine supplementation.” 

https://clinicaltrials.gov/ct2/show/NCT04623619
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They found “a prolonged decrease in plasma arginine levels along with enhanced arginase 
activity among COVID patients, particularly in the most severe forms”, and there was a 
correlation between arginase activity and lymphopenia. This is associated with a “negative 
impact on T cell functions, and T cell proliferation is in particular dependent on arginine 
supply”.  

REIZINE et al. propose arginine supplementation as an adjuvant therapy for ICU patients, 
“aiming to reduce immunosuppression and help virus clearance, thereby decreasing the 
duration of mechanical ventilation, nosocomial infection acquisition, and mortality”. 
However, they didn’t study the effects of ariginine supplementation in vivo in their own 
patients. 

Because of these controversary views about the role of arginine in COVID-19, and in the 
absence of clinical trials that investigated arginine in the context of COVID-19, it seems to be 
better to be reluctant with the use of arginine supplements in COVID-19 until evidence from 
clinical studies is available. Of note, arginine supplementation has also been proposed 
(together with citrulline) to increase NO concentration in the lungs. Thus the question 
remains unsolved whether arginine supplements have favorable or unwanted effects in 
prevention and treatment of COVID-19. There is an urgent need to study the effects of 
arginine in COVID-19 in animal models. Does arginine supplementation really feed the virus? 
Such questions can be easily answered using animal models. If this possibility can be 
excluded, many arguments are in favor of its use as an adjuvant in COVID-19 treatment. 

In Brazil, there is a trial (RBR-7jrxqm) with a supplement that includes L-arginine, but 
because of its complex composition, this trial won’t be able to allow conclusions about 
arginine alone “(100ml, 109kcal, 6.5g of protein, with the addition of L-arginine, nucleotides 
and fatty acids omega-3 (Impact®, Nestlé)”. 

 
There are several ongoing trials about the role of Omega-3 PUFAs in COVID-19.  As 
mentioned above, supplemental intake of Omega-3 PUFAs was associated with lower risk of 
COVID-19 positivity in a retrospective study from UK (LOUCA et al.). But the effect was small 
(OR for all: 0.90) and largely confined to females (OR 0.84; males: 0.96). In males, only the 
middle age group (40-60 yrs) and those with normal weight profited from Omega-3 (OR 
0.88), whereas (unexpectedly) older men (> 60 years; OR 1.1), overweight (OR 0.99) and 
obese men (OR 1.0) didn’t profit, but the last three associations weren’t significant. In a 
comparable database from Sweden, men profited more from omega-3 supplementation 
than women, whereas in US, the situation was opposite. Among the three countries, 
statistically significant protective results were found for women in UK and US, but for men in 
Sweden. However, it is important to note that this retrospective study was about the risk of 
testing positive (PCR), not the severity of the disease. 
 
In a pilot study with 100 hospitalized patients from US, Omega-3 fatty acid (EPA and DHA) 
levels in blood showed a nearly significant inverse trend with mortality (ASHER et al.) (aOR 
for mortality in quartile 4 vs. quartile 1-3 was 0.25; p = 0.07). Overall mortality was 14 %; 4 % 
in the uppermost quartile, 17.3 % in the quartiles 1-3. However, there was no linear dose-
effect relationship (aOR for Q1: 1.00 [ref.], Q2: 0.59; Q3: 2.18; Q4: 0.30; all n.s.). Taken 
together, the protective role of omega-3 fatty acid remains to be uncertain, though both the 
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LOUCA and ASHER trial send a positive signal, and the theoretical (mechanistic) background 
for a favorable effect is plausible (see ASHER et al.).  
 
ZAPATA B et al. also reported about a strong inverse correlation between Omega 3 indices, 
mechanical ventilation and death. DOAEI S et al. reported about favorable effects of omega-
3 supplementation in a RCT with critically ill patients (1000 mg capsule daily, for 14 days), 
particularly with parameters of respiratory and renal function. 
 
 
 A detailed overview about the possible role of omega-3 PUFAs is given by LORDAN et al.  
 
 
 
Another possibility to avoid or dampen cytokine storms might be the combination of orally 
administered cystine and theanine, both available as nutritional supplements. 
Transcriptome analyzes in influenza-A-virus infected mice showed that this combination 
should be able to attenuate viral infection, replication and cytokine storms also in the 
context of COVID-19, since similar or the same genes are involved in both infections (MITSIU 
A et al.). However, since these results are very impressive, but also very indirect, much more 
translational research is needed in this field. Animal experiments (e.g., with rhesus 
macaques, cynomolgus macaques, ferrets or hamsters) should be performed urgently to 
investigate this simple and easily accessible combination quickly in the preclinical stage.  
 
 
Metronidazole is another candidate which may decrease the level of several cytokines like 
IL-8, IL-6, IL-1B, TNFalpha, IL 12, IL-1A and interferon gamma (a pro-inflammatory interferon 
type) and also CRP and neutrophil count. It also decreases neutrophil-generated reactive 
oxygen species during inflammation (GHAREBAGHI R et al.) 
 
 
RAGHAVAN K et al. reported from a small pilor RCT that Beta-1,3-1,6 Glucans produced by 
Aureobasidium pullulans strains reduced IL-6 and D-Dimer and neutrophile-to-lymphocyte 
ratio in COVID-19 patients and increased lymphocytes.  
 
 
Cotrimoxazole (CTX) is another agent with anti-cytokine effects (beside its antibiotic 
effects). In a study from India, critical patients on non-invasive ventilation who got high 
doses of oral CTX (160/800 mg, 8 hourly for 7-10 days) in addition to standard therapy had 
reduced in-hospital mortality (13 % vs. 40 %, p < 0.001), length of hospital stay (mean, 11 vs. 
15 day) and critical care unit stay (6 vs. 11 days), and the need for mechanical ventilation 
was decreased (16 % vs. 42 %, p < 0.001). CRP improved on day 7 (mean 38 mg/l vs. 62 mg/l, 
p = 0.001). The case-control-study was based on 151 patients on CTX + standard care vs. 50 
patients without CTX (SINGH S et al. (3)).   
 
 
MASIELLO et al. suggested Hypericum perforatum (HPF; St. John’s Wort) for protective 
effects against hyperinflammation and cytokines according to various animal models of 
acute inflammation in association with the blockade of JAK/STAT, NF‐κB and MAPK signaling 
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pathways, reduction of TNF-alpha and IL-1beta production, neutrophil lung infiltration, COX 
inhibition and reduction of IL-6 release, among many others. 
 
They propose doses in accordance with established antidepressive therapeutic regimens 
(900 – 1200 mg/day) or slightly higher in order to reach concentrations which were found to 
inhibit cytokine effects in vitro. However, since HPF is not clinically proven to have an 
antiviral effect, they recommend to take the extract “as soon as mild initial symptoms get 
worse” or if blood inflammatory markers increase. Based on animal models, it is expected 
that HPF will prevent “clinical aggravation, including cytokine-dependent thrombotic events, 
halt further rise of biochemical parameters and expedite recover”  (MASIELLO et al.).  
 
On the other hand, drug interactions must be carefully monitored since HPF induces the liver 
P-450 system (especially CYP3A4 isoenzyme), what may result in accelerated clearance and 
reduced effect of other drug treatments. But since IL-6 and other cytokines suppress the 
activity of the P-450 system, HPF could counterbalance such decline and thus avoid the risk 
of over-exposure to these drugs. MASIELLO et al. regard HPF administration as compatible 
with selected antivirals, CQ /HCQ, i.v. immunoglobulins and LMW heparin. 
 
Based on in vitro results, BAJRAI et al. proposed the mixing of Hypericum perforatum 
(containing pseudohypericin, hypericin, hyperforin, adhyperforin, quercetin, quercitrin) and 
Echinacea. This mixture “may empower the inhibition of the virus by upregulating the mRNA 
expression process, lower the viral load, and neutralizing the virus envelop receptor as anti-
viral or/and virucidal activities, respectively; and definitely it is related to the pro-
inflammatory cytokines such as: IL-6, TNF-α, INF-β as anti-inflammatory therapy.” (BAJRAI et 
al). They also suggest that such a combination may protect people who contact infected 
patients, or as early treatment for asymptomatic people who have a positive COVID test. In 
single use regimens, Hypericum perforatum should be preferred to Echinacea (according to 
the in vitro results); however, when used in combination for synergistic effects, both agents 
should be administered at different times.  

Though also some theoretical papers mention hypericin and molecular docking suggests a 
role of hypericin in COVID-19 infection and thus direct or indirect antiviral effects, there are 
no clinical reports or animal studies with HPF/hypericin so far (August 2021) which involved 
COVID-19.  
 
MESRI et al. reported favorable outcomes for the combination of Zingiber officinale and 
Echinacea for seven days in outpatients with suspected COVID-19 in a RCT from Iran (n = 
100; mean age: 46 years): quicker recovery from coughing, dyspnea and muscle pain, but not 
other symptoms; hospitalization: 2 vs. 6 % (but n.sign.). But all patients (intervention group 
and control group) got also HCQ as standard treatment. 

 
In a similar way like curcumin and piperine (see above), also resveratrol, luteolin, allicin, 
gingerol, eugenol and quercetin and some other natural immunosuppressants are 
suggested to dampen the development of cytokine storms (for details, see PETER AE et al.). 
This inhibitory effect on cytokine and chemokine release is mediated by altering signal 
pathways like NF-κB, JAK/STAT, MAPK/ERK. However, PETER AE et al. see the role of these 
herbal supplements only as adjuvants to antiviral or other treatments. They describe in 
detail the underlying mechanisms; however, they don’t give recommendations for dosage or 
the timing when to start administration. Some, but not all of them have direct antiviral 
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effects. Because of their immunosuppressive effects, the correct timing of their 
administration (starting directly after a positive test or at onset of symptoms, or waiting until 
a few days later?) might be critical.    
 
 
Among the agents that are at least theoretically suited for the use by outpatients off label, 
baricitinib, a JAK1/JAK2 inhibitor for the treatment of rheumatoid arthritis, seems to be  
successful to prevent or dampen the cytokine storm syndrome (see BRONTE et al. with 
regard to the use by outpatients). It corrects immune abnormalities, reduces serum levels of 
IL-6, IL-1β and TNFα and promotes a rapid recovery in circulating T and B cell frequencies 
and an increased antibody production against SARS-CoV-2, but also a rapid reduction in 
oxygen flow need. The adjusted odds ratio for mortality was 0.03 (p = 0.02), the crude 
mortality rates 5 % vs. 45 % (BRONTE et al.).  
 

The rationale for the use of baricitinib in COVID-19 is presented in detail by SATARKER et al. 
(see also their section 6.2 for ongoing trials). The dose in the largest trial is 4 mg daily. 
Another trial compares Baricitinib+Remdesivir with Remdesivir alone (NCT04401579). In that 
trial, patients who got Baricitinib+Remdesivir instead of Remdesivir alone recovered a little 
more quickly (7 vs. 8 days, RR 1.16, CI 1.01-1.32) and had a higher chance of improved 
clinical status at day 15 (RR 1.3, CI: 1.0 – 1.6) (KALIL et al.; ACTT-2 trial). 28-day mortality was 
5.1 % vs. 7.8 % (HR 0.65; 0.39 – 1.09), and serious adverse affects were less frequent in the 
combination group (16 % vs. 21 %). However, though statistically not significant because of 
CIs including 1.0, the combination was most effective for hospitalized patients with any 
oxygen support (OR 0.4) or non-invasive ventilation/high flow oxygen devices (OR 0.55), but 
not mechanical ventilation (OR 1.0; all ORs for 28-day mortality). Thus baricitinib should be 
started early enough to prevent mechanical ventilation, otherwise it will come too late. 
 
Favorable results of baricitinib treatment in moderate and severe patients were also 
reported by others (TITANJI et al.; CANTINI et al.; STEBBING et al.). Also the case report of 
CAPUTO et al. and the editorial from LENZ et al. is worth mentioning. 
 
CANTINI et al. treated 113 moderate patients with baricitinib and lopinavir/ritonavir and 78 
similar patients with lopinavir/ritonavir and HCQ instead of baricitinib. After 14 days follow-
up, mortality was 0 % vs. 6.4 % (0/113 vs. 5/78), admittance to ICU care was 0.88 % vs. 
17.9% (1/113 vs. 14/78), and discharge rate was 77.8 % instead of 12.8 %. CANTINI et al. 
started baricitinib within 7 days of symptom onset and this may be one of the reasons why 
they were so successful to avoid ICU admission and mechanical ventilation. 
 
ALBIZANDA et al. reported of a propensity-score matched retrospective cohort study with 
hospitalized patients with moderate-to-severe COVID-19 pneumonia. They defined two 
subgroups (< 70 years; 86 bariticinib and 86 matched controls; mean age: 58.9 years) and >= 
70 years (78 baricitinib, 78 controls; mean age: 79.1 years). In patients >= 70 years, mortality 
was 20.5 vs. 38.5 % (p < 0.001); adjusted 30-day fatality rate: HR 0.21 (0.09-0.47, p < 0.001). 
In the younger cohort, the absolute reduction of the 30-day mortality risk was 8.1 % (54 % 
relative risk reduction; HR 0.14; CI: 0.03 – 0.64).  
 
MARCONI et al. reported about an international multi-center double-blind RCT (COV-
BARRIER), comparing 4 mg baricitinib (once daily for up to 14 days) in hospitalized patients 
with standard care (n = 764 : 761). Randomization: June 11th 2020 – January 15th, 2021. 
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Mean age ~ 58 years. Standard care included systemic corticoids in ~ 79 % of participants 
(dexamethasone ~ 90 %). Remdesivir was given to 18.4 % of the patients in the baricitinib 
group and to 19.4 % in the control group (91.6 % of the participants who got Remdesivir also 
received corticosteroids).   
 
Baricitinib showed no significant effect on a composite endpoint of progression to high-flow 
oxygen, non-invasive or invasive mechanical ventilation or death until day 28 (OR 0.85; CI: 
0.67 – 1.08; p = 0.18), but reduced 28-day all-cause mortality (8.1 % vs. 13.1 %; 38.2 % 
reduction of mortality; HR 0.57; CI: 0.41 – 0.78; p = 0.002). Number needed to prevent one 
additional death: 20. The reduction of mortality was found for all pre-specified subgroups of 
baseline severity. In subgroup analyses, baseline use of corticosteroids was associated with a 
smaller reduction of mortality by baricitinib (HR ~ 0.6 vs. ~ 0.25), though this difference is 
not significant. Disease duration at baseline < 7 days was associated with a HR of ~ 0.3 
compared to disease duration >= 7 days (HR ~ 0.65) (calculated from figures), but this 
difference is insignificant too. Nevertheless, further sufficiently powered studies should 
study whether baricitinib is more efficacious when given early in the disease, as indicated by 
these results. That said, even for the total group (independent of disease duration), 
„baricitinib shows the largest effect size on mortality for any COVID-19 treatment when 
compared to other randomized trials in hospitalized patients (MARCONI et al.). With regard 
to severity at baseline, baricitinib showed the strongest effect on mortality in patients under 
high-flow oxygen or non-invasive ventilation.  
 
Duration of hospitalization was only 0.76 days shorter (12.9 vs. 13.7; baricitinib vs. controls), 
median time to recovery was one day shorter (10 instead of 11 days). 
 
Of note, not all patients seem to respond well to baricitinib treatment. In a small series with 
31 patients, baricitinib was associated with significant reduction in oxygen requirement, CRP 
and IL-6 levels, but there was no such significant reduction in the non-survivor group. In that 
study, 10 % of patients died, all because of secondary sepsis (AMARNATH A et al.). 
In their systematic review and meta-analysis about all RCTs on COVID treatment published 
until December 19th, 2020 (n = 80), ZHANG C et al. found that the combination of baricitinib 
+ remdesivir was among the very few therapy regimens that reduced mortality  (OR 0.58; CI: 
0.33 – 1.00) and need for mechanical ventilation (OR 0.65; CI: 0.43 – 0.99) significantly, 
though the evidence for this combination was classified as „very low“. With regard to 
mortality, even dexamethason was less effective (OR 0.85; CI: 0.76 – 0.95), whereas with 
regard to mechanical ventilation, baricitinib was outcompeted by recombinant Human GCSF 
(OR 0.20; CI: 0.10 – 0.40; moderate evidence) and vitamin D3 (OR 0.42; 0.16 – 1.00, 
moderate evidence), but comparable to dexamethason (OR 0.68; CI: 0.56 – 0.83, low 
evidence). 
 
CALABRESE and CALABRESE regard the combination of baricitinib + remdesivir as an 
alternative therapy to dexamethasone in hospitalized patients with evidence of pneumonitis 
or hypoxia, and they recommend either regimen, but not both together. But it is not clear so 
far what regimen is superior. 
 
Based on the results from ZHANG C et al., the combination of baricitinib, remdesivir and 
recombinant GCSF can be hypothesized as a very promising treatment regiment. However, 
there are meanwhile serious concerns about the use of GCSF in COVID-19 (see ERGUN et al.).  
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Baricitinib seems to be comparatively safe for short time use (people with rheumatoid 
arthritis have to take if for years). However, there are some contraindications (like severe 
lymphocytopenia or more than fivefold rise of transaminases) which may occur during the 
natural course of COVID-19 disease and can only be detected in case of blood examinations 
(ZHANG X et al.). In an early paper, published online on April 4th, PRAVEEN et al. assume 
that baricitinib „may not be an ideal drug of choice for management of COVID-19” because 
baricitinib may trigger reactivation of latent infections (like Varizella zoster, Herpes simplex, 
Epstein Barr) and may cause anemia, and KOTTA et al. suggested Ruxolitinib as an 
alternative. 

In fact, in a whole-blood experimental assay with blood from COVID-19 patients of different 
degrees of severity, it was found that baricitinib decreases critical cytokines like IL-17, IL-1β, 
IL-6, TNF-α, IL-4, IL-13, IL-1ra, IL-10, GM-CSF, FGF, IP-10, MCP-1, MIP-1β particularly in 
patients with mild/moderate COVID-19 in those with lymphocyte count ≥1 × 103/µl 
(PETRONE et al.). This favorable effect was also found in blood of severe and critical patients, 
but it didn’t reach significance there. “These data are in line with clinical studies in which 
baricitinib showed a good clinical efficacy in patients with mild-moderate disease” (PETRONE 
et al.). The in vitro results with blood from patients underlined “that baricitinib acts when a 
massive cytokine release takes place suggesting that clinically, this drug may be useful prior 
the manifestation of an exacerbated immune response.”  

With regard to the risk of thromboembolism in patients taking baricitinib long-term for 
rheumatic disease, PETRONE et al. point out that this risk wasn’t found in the ACTT-2 study 
by KALIL et al., and that this may be “likely due to the prophylaxis with low-weight molecular 
heparin and to the fact that the baricitinib treatment was provided only for 2 weeks.” 
However, PETRONE et al. don’t discuss the question whether baricitinib can or should be 
administered to patients with lymphocyte counts < 1 × 103/µl. 

Moreover, very early treatment with baricitinib may be unfavorable because the JAK/STAT3 
signaling pathway plays an important role in the function of interferon-stimulated genes, 
and the inhibition of this pathway by JAK-inhibitors (like baricitinib) may impair the early 
interferon response which is needed to combat the viral infection (similar like 
hydroxychloroquine which is also known to reduce interferon response) (BOSCH-BARRERA et 
al.). Thus BOSCH-BARRERA et al. recommend to start baricitinib only later in the course of 
the disease, after the maximum of the viral load, in moderate or severe patients, combined 
with antiviral therapy. As a less problematic alternative, they suggest silibinin (from 
silymarin), which is supposed to be very promising with regard to avoidance or dampening of 
cytokine storms and which also inhibits the life cycle of the virus. Contrary to baricitinib, it is 
suggested to be used in prophylaxis and early treatment, especially in elderly > 60 years. 
However, they give no recommendations about the dose, and there are so far no clinical 
results with silibinin in COVID-19 infections. In Spain, there is an ongoing RCT with 
oncological patients with COVID-19 infection who will receive silibinin in a special 
formulation (Eurosil) (trial: SIL-COVID-19).  

See also PALIT et al. for the rationale behind Silymarin in the context of COVID-19. With 
regard to an ongoing trial with 420 mg Silymarin daily in three divided doses, there are no 
results available so far (NCT04394208; accessed August 15th 2021). 

https://clinicaltrials.gov/ct2/show/NCT04394208


196 

 

Back to baricitinib, in a rhesus macaque model, the drug neither had a negative influence on 
interferon I response nor on SARS-CoV-2 specific T-cell activation; it was very successful 
against lung inflammation and lung pathology and resulted in a potent suppression of 
cytokine and chemokine release. No deleterious effect was found. However, it had no direct 
antiviral effect and thus seems to make no sense in the early stage of the disease. The 
authors recommend baricitinib as frontline therapy for severe inflammation (HOANG et al.).  
 
In summary, baricitinib seems to be one of the top candidates for the treatment of 
hospitalized patients who haven’t already progressed to critical disease. There is so far no 
experience with the treatment of outpatients, and it is questionable whether it is suited for 
early treatment in the viral phase. It seems more plausible that baricitinib should be 
considered early once patients are hospitalized. 
 
 
However, there are some other candidates that may have some effects against cytokine 
storms. Only to mention a few of them: 
 
REITER et al. published precise recommendations for the use of melatonin in prophylaxis 
and treatment of COVID 19: 3 – 10 mg/day for individuals with comorbidities and elderly and 
40 mg/day in HCWs (0.5 – 1 h before bedtime) for prophylaxis, and 50 mg BID for seven days 
in mildly symptomatic patients and 200 mg BID for seven days for patients with respiratory 
symptoms or oxygen support. “As there is no time for clinical trials to test the efficacy of 
melatonin at different concentrations”, REITER et al. suggested the use of melatonin (100 or 
400 mg per day) as an adjunct. There are also a lot of hints that melatonin is able to dampen 
cytokine storms (EL-MISSIRY et al.).  
 
Based on (negative) experiences with lower doses of melatonin in H1N1 influenza and 
animal experiments, KLESZCZYNSKI et al. calculate that doses of 8 mg/kg/day are necessary 
for COVID treatment, i.e. 600 mg/day for a person of 75 kg. They consider such high doses as 
safe and pretend “that the safety margin of melatonin for humans is as high as 3750 mg/day 
for a 75 kg individual”. 
 
CARDINALI et al. suggested chronotherapy for elderly during COVID pandemic with 
melatonin administration at a single timepoint at bedtime (noting that 50 – 100 mg per os 
are regarded as safe and proposed for prevention of vulnerable individuals) and bright light 
exposure in the morning.  

In another very detailed paper, ÖZTÜRK et al. describe many favorable effects of melatonin 
which may help to fight against COVID-19, especially in elderly. However, they didn’t discuss 
the question of melatonin dosage at all. In the MeCOVID trial, a prospective trial about 
melatonin for chemoprophylaxis in health care workers, melatonin is administered with a 
dose of only 2 mg/day (Circadin).  
 
In a study from New York, melatonin exposure both during intubation and in the time frame 
between hospital admission and start of intubation was associated with much better 
outcome (survival: HR 0.127, p < 0.001) compared to “no melatonin” (RAMLALL et al.). This is 
a COVID-specific effect, since no significant association was found between melatonin 
exposure and ventilated non-COVID-19 patients during the same time in 2020 or ventilated 
patients from 2018.  
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Whereas it seems that there is a lot of consensus that melatonin is a very promising agent 
for prevention and treatment of COVID-19, there is a lot of uncertainty about its dose. This is 
very reminiscent of the recommendations for zinc. Only clinical trials can give an answer to 
these questions. GIMENEZ et al. proposed the use of nano-formulated melatonin due to 
many advantages compared to conventional melatonin described in detail in their paper. 
 
Beside a detailed descriptions of the mechanisms how melatonin is supposed to act against 
COVID-19 and some clinical experience outside COVID-19, VLACHOU et al. gave an overview 
about ongoing trials of melatonin for prophylaxis and treatment. While both prophylactic 
trials administered 2 mg of melatonin per day, therapeutic trials range from 8 mg/day (for 
hospitalized patients) and 10 mg/day (for outpatients) up to 100 mg/day for early patients 
and 5 mg/kg i.v. for patients at ICU. This large spectrum of doses by more than two orders of 
magnitude (2 mg - ~ 500 mg) illustrates the uncertainties about melatonin dosing. 
 
In contrast to these high-dose recommendations, CROSS et al. proposed “to administer 
melatonin at 2.5mg-10mg nightly to all adults diagnosed with SARS-CoV-2 as early as the 
first day of diagnosis, especially for those at increased risk for morbidity or mortality.” The 
CROSS et al. paper is highly recommended here for further reading about the anti-COVID 
mechanisms of melatonin. 
 
In a small RCT with 44 mild to moderate hospitalized patients from Iran (April to June 2020), 
24 patients received 3 mg melatonin three times daily for 14 days (and 20 controls got only 
standard care). (Standard of care was defined as “at the discretion of treating physicians and 
according to the Iranian national COVID-19 treatment protocol”). Mean age: 51 vs. 53 years; 
time from symptom onset to randomization: 7 vs. 7 days) (FARNOOSH et al.).  
 
Adjuvant melatonin accelerated the improvement of clinical symptoms such as cough, 
dyspnea, fatigue, CRP levels and pulmonary involvement and shorted the time of hospital 
discharge (4.65 vs. 8.15 days) and return to baseline health (15.09 vs. 29.60 days). No deaths 
and adverse effects in both groups, nut 2 ICU admissions in the control group. 
 
This study shows that at least in mild and moderate patients – and thus in case of early 
treatment – no extremely high doses of melatonin are necessary as suggested in some of the 
papers mentioned above. The dose of 9 mg is close to the FLCCC recommendation (10 mg); 
however, in the Iranian study, it was divided into three subdoses over the day.  
 
 
 
 
 
Bromelain is another agent which looks promising as an antiviral agent according to in vitro  
data, but there are no animal or clinical trials so far (SAGAR et al.). There is an ongoing trial 
in combination with Montelukast (IRCT20150725023332N3). NCT04468139 investigates the 
combination of zinc, vitamin C, quercetin and bromelain (see above, AHMAD et al.).   
 
ACTRN12620000788976 an intranasal administration of a formulation including bromelain 
and acetylcysteine. 
 



198 

 

KRITIS et al. propose a combination of Bromelain (a cysteine protease) and curcumin for the 
inhibition of transcription factors and subsequent downregulation of proinflammatory 
mediators in combination with fibrinolytic and anticoagulant properties. Synergism is 
expected because curcumin prevents entry of SARS-CoV-2 into cells as well as viral 
replication, while bromelain also inhibits viral entry, and bromelain substantially increases 
absorption of curcumin. Based on a detailed rationale of mechanisms, KRITIS et al. assume 
that this combination may be able to prevent severe disease, “making this a perfect 
combination of immune-boosting nutraceuticals with synergistic anti-inflammatory and 
anticoagulant actions“ (KRITIS et al.). 
 
 
 
Montelukast (a cysteinyl leukotriene (cysLT) receptor antagonist) is regared as another 
promising candidat for the prevention and treatment of cytokine storms. The drug, which is 
known from the treatment of chronic asthma, is supposed to suppress NF-κB activation. This 
will result in an attenuation of proinflammatory mediators and a decrease in cytokine 
production (SANGHAI and TRANMER, BARRE et al.), but it also has a strong anti-SARS-CoV-2 
effect in vitro (inhibition of entry of the virus into cells and inhibition of 3C-like protease 
needed for functional protein maturation), even stronger than Favipiravir (DURGASI et al.). 
Based on theoretical/mechanistic assumptions, Montelukast was already suggested 
particularly for obese patients or those with metabolic syndrome, e.g. with regard to the 
heigthened cytokine activity in obese people (ALMERIE and KERRIGAN).  

Whereas there is already a wealth of theoretical papers about montelukast, study results are 
scarce. KHAN AR et al. reported about a significant reduction of clinical deterioration (based 
on the COVID-19 Ordinal Scale: 10 % deterioration instead of 32.2 %, p < 0.022; aOR 0.28; CI 
= 0.072–1.04) in hospitalized patients in their retrospective analysis, based on 92 patients, 
30 of whom had received montelukast, 62 not (mean age: 67 vs. 59 years in the controls). 
Nearly all patients got anticoagulants; there was no antiviral therapy; azithromycin, 
corticosteroids, statins or ARBs ranged from 13.3 to 46.8 %. No report about deaths. 

A study with Montelukast as part of a combination therapy with IVM, azithromycin and  
aspirin was already mentioned above (see LIMA-MORALES et al.). 

 
 
ALTAY et al. reported about advantages in mild and moderate ambulatory patients with 
“combined metabolic cofactors supplementation” (CMCS: L-Carnitine tartrate, 7.46 g/day;  
N-Acetylcysteine, 5.1 g/day; Nicotinamide riboside, 2 g/day; Serine 24.7 g/day; “as water 
soluble powders in disposable bottle containing the entire one dose”), given orally twice/day 
for two weeks. In their placebo-controlled phase 2-trial with 93 patients, all patients got 
hydroxychloroquine; 71 of them got CMCS, 22 got placebo. Plasma samples were collected 
on day 0 and 14, clinical status was evaluated by phone.  
 
The combined treatment (CMCS + HCQ) shortened the average complete recovery time from 
9.3 days (HCQ + placebo) to 6.6 days in a significant manner, and levels of AST, ALT and LDH 
were significantly lower on day 14 in the combination treatment group. On day 14, 2 of 71 
patients from the combined treatment group and 3 of 22 patients from the HCQ+placebo 
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group still had symptoms. There were no reports about hospitalizations or bad outcomes in 
both groups after the start of treatment.   
 

 

Based on theoretical considerations, VERRALL suggested HMG CoA reductase inhibitors 
(statins) in a medium dose for their immunomodulatory and anti-inflammatory properties, 
and COX-2 inhibitors like Diclofenac (anti-inflammatory, antiviral) at high doses in the early 
course of the disease, i.e. post infection and/or symptom presentation.  

However, REESE et al. found no evidence of a protective effect of COX-2 inhibitors in COVID 
patients. They compared use of different COX inhibitors before COVID diagnosis for different 
indications is a large clinical data base (N3C) from more than 250.000 COVID patients from 
US, 1 : 1 matched with controls who didn’t use that drug at the time of diagnosis. Whereas 
all unselective COX inhibitors including aspirin, but also paracetamol, showed a deleterious 
effect (increased severity of COVID-19 and, in case of aspirin and paracetamol, statistically 
significant increase of mortality), selective COX-2 inhibitors, particularly Diclofenac, had a 
neutral effect on severity and a trend for decreased mortality (results for total subcohort, all 
indications for that drug taken together): 

Aspirin: increased severity, increased mortality**                                                                              
Ibuprofen: increased severity, no effect on mortality                                                         
Naproxen: ~ no effect on severity (weak increase?); trend for reduced risk of mortality                              
Acetaminophen (paracetamol): strong increase of severity, slight increase of mortality     
(see also: PANDOLFI et al.) 

Ketorolac: increased severity; ~ no effect on mortality                                                              
Meloxicam* neutral effect on severity; slight reduction of mortality                                     
Diclofenac*: neutral effect on severity; slight reduction of mortality                                 
Celecoxib*:  ~ neutral effect on severity; strong reduction of mortality                                                             

* COX-2 selective  

** for aspirin, see more details in the chapter “preexisting aspirin prescription” in the 
chemoprophylaxis paper: http://freepdfhosting.com/863ed84c7f.pdf 

 

With regard to statins, QIAN J et al. found that Simvastatin blocks direct activation of 
endothelial cells by SARS-CoV-2 nucleocapsid protein, suggesting a protective effect of 
statins for the endothelium. ZAPATO-CARDONA et al. reported that atorvastatin effectively 
inhibits late replicative cycle steps of SARS-CoV-2 in vitro. 
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VERRALL sees a need to start statins “with as much time prior to the viral infection as 
possible if this is to alter any underlying prevalent lung inflammation”, i.e. as a sort of PREP: 
“The anti-inflammatory and immunomodulatory properties of statins need to be established 
prior to the host being infected.” But if chronic treatment with statins is really effective with 
respect to COVID-related outcomes in a PREP-like manner, this would already have become 
evident because many older people take statins. In a meta-analysis from five studies (3 x 
China, 1 x USA, 1 x Italy), statin use was associated with a reduced pooled “mortality/severe 
disease risk” of 0.70 (HR; CI: 0.53 – 0.94) (KOW and HASAN). In a large study from the UK 
Biobank (XIANG et al.), statin use within the last 12 months was associated with significant 
reduction of severe COVID-19: OR 0.50 (CI: 0.42 – 0.60) among those infected, OR 0.63 (0.54 
– 0.73) among tested subjects, and OR 0.49 (0.42 – 0.57) in the whole population. OR for 
fatality was 0.51 (0.31 – 0.74), but OR for infection was 0.83 (0.77 – 0.91). The results 
suggest that statin intake reduces the risk of infection to a small extent, but once infected, it 
also improves the outcome of COVID-19. 

In a retrospective study from Hubei Province on 13981 patients with COVID 19 (among 
which 1219 received statins), 28-day all-cause mortality was 5.2 % in statin users vs. 9.4 % in 
non-users (aHR 0.58; CI: 0.43 – 0.80) after propensity score matching (ZHANG XJ et al.). Most 
of the statin users in that study had taken atorvastatin. 
 
LEE HY et al. reported about a population-based propensity matched study of 10448 patients 
with COVID-19 from Korea (median age: 45 years; 5.1 % were statin users). After adjusting 
for age, sex, and comorbidities, aHR for death was 0.637 (CI: 0.425 – 0.953; p = 0.0283) for 
statin users. In a retrospective cohort of hospitalized pneumonia patients, the use of statins 
showed similar benefits. 
 
Gupta et al. performed a retrospective propensity matching analysis of 1,296 hospitalized 
patients with COVID-19 from US (matched 1 : 1); antecedent statin use was associated with 
an OR of  0.47 (0.36 – 0.62, p < 0.001) for mortality. 
 

FEDSON points out that in some studies mentioned by KOW and HASAN, some patients took 
statins as outpatients but discontinued as inpatients. Withdrawal is followed by a rebound 
effect, i.e. increase of cytokine levels and mortality, thus the pooled hazard ratio of 0.70 may 
even underestimate the effect of statins as far as their intake is continued after admission.  

FEDSON reported in his own review about 6 studies with the endpoint “28-30-day 
mortality”. 3 studies had significant results (p < 0.05) with adjusted HRs of 0.38, 0.58 and 
0.49. But two of the six studies had adjusted HRs of 0.98. The three largest studies had aHRs 
of 0.58 (p = 0.001; inpatients), 0.98 (p = 0.87; outpatients) and 0.49 (p < 0.001, outpatients). 

CHOW R et al. performed a systematic review and meta-analysis about statin use in COVID-
19 patients (until December 2020). They distinguished between statin usage before and after 
COVID-19 hospitalization. Studies that reported ORs or HRs were analysed separately. They 
included 13 cohorts with altogether 110.078 patients in their meta-analysis. 
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Mortality: 

Statin use before hospitalization: HR 0.80 (CI: 0.50 – 1.28); OR: 0.62 (CI: 0.38 – 1.03) 

Statin use after hospitalization: HR 0.53 (CI: 0.46 – 0.61); OR: 0.57 (CI: 0.43 – 0.75); but use 
of statins didn’t reduce mortality significantly in patients admitted to ICU (OR 0.65; CI: 0.26 – 
1.64), whereas statin use in non-ICU patients was associated with a lower risk of mortality 
(HR 0.54 and OR 0.64, both significant). 

CHOW et al. concluded that patients who got statins after COVID-19 diagnosis or non-ICU 
patients have a lower risk of dying from COVID-19. However, one serious limitation of that 
meta-analysis is the observational and predominantly retrospective design of all 13 included 
studies. RCTs are needed to investigate whether statins are an effective treatment. 
Moreover, the comparison between “statin use before” vs. “after” hospitalization cannot 
discriminate between four different situations: (i) statin use before and after hospitalization; 
(ii) no statin use at all; (iii) statin use before hospitalization, stopped for any reason on 
admission; (iv) statin use started after hospitalization (probably because of cardiovascular 
complications, because statins were not regarded as a therapy for COVID-19 so far). If statins 
were started in hospital due to cardiovascular deterioration, the “after hospitalization” 
group may be biased towards higher risks and thus the analysis may underestimate the 
protective effects of statins. This bias may also explain the non-significant effect in ICU 
patients. 

A study from Korea compared the outcomes of hospitalized COVID patients who continued 
to use statins (that were started long before COVID hospitalization) to patients who did not 
receive statins (CHOW R et al. 2). The study is from the early phase of the pandemic, using a 
nationwide healthcare database as of May 15, 2020. Among 4349 patients hospitalized with 
CoVID-19 aged 40 years or older, 1115 patients (mean age: 65.9 years, 60 % females) were 
statin users; non-users (n = 3234) were younger (mean age 58.3 years). Statin use was only 
weakly and insignificantly protective with regard to a composite endpoint of serious 
outcomes (weigthed OR 0.82; CI: 0.60  1.11), but favorable for individuals with hypertension 
(weighted OR 0.40; CI: 0.23-0.69). 

But after propensity score matching, the OR for the composite endpoint of bad outcomes 
was 0.74 (CI 0.56 – 0.98), for all-cause death 0.67 (0.46 – 0.98), for mechanical ventilation 
1.03 and for ICU admission 0.77 (0.54 – 1.11).  

In a study based on 959 hospitalized patients from Belgia, BYTTEBIER et al. reported an 
adjusted OR for 28-day-mortality of 0.56 (CI: 0.39 – 0.93, p = 0.24) in case of statin use 
without ACEIs/ARBs use (177 matched sets) and 0.52 (0.23 – 1.17, p = 0.11; 93 matched sets) 
for combined use of statins and ACEIs/ARBs. 

In a single center cohort study from US with 1179 hospitalized patients (MEMEL et al.), 360 
patients were never on a statin, 311 newly initiated a statin, 466 continued statin, and 42 
had discontinued a pre-existing statin intake. Altogether, 13.1 % of the patients died within 
28 days. aHR of 28-day mortality for statin users was 0.566 (CI: 0.372 – 0.862; p = 0.008). 
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Reduced mortality was found both for new initiation of statins (aHR 0.493; CI: 0.253 – 0.963; 
p = 0.038; “newly vs. never”) and continuing statin therapy (aHR 0.270; CI: 0.114 – 0.637; p = 
0.003, “continued vs. discontinued”). However, statin use was only associated with lower 
mortality for patients > 65 years (> 65 years: aHR 0.477; <= 65 years: aHR 1.175, but wide CI: 
0.520 – 2.655). But since these findings were generated from a sensitivity analysis, the 
authors hesitate to provide age cut-offs for the initiation of statins in COVID-19. 

Despite its effect on mortality, statin use during hospitalization had only a small and 
insignificant impact on a composite outcome of death or ICU admission (HR 0.846; CI: 0.600 
– 1.192; subgroup “newly initiated”: HR 1.052, n.s.; subgroup “continued vs. discontinued”: 
HR 0.592; n.s.). Atorvastatin was the most prevalent statin, and 40 mg was its most 
prevalent dose.  

LI S et al. found no effect of statin use (any statin, unspecified) as inpatient on in-hospital 
mortality in men > 45 years hospitalized with COVID-19 (aOR 0.903 to 0.999, depending on 
regression method and model), in contrast to alpha-1 blockers (see above, aOR 0.607 to 
0.751, sign., and calcium channel blockers, aOR 0.613 to 0.710, sign.). 

SANDERS et al. demonstrated that SARS-CoV-2 requires cholesterol for vitral entry and 
pathological syncytia formation and provided a molecular basis for favorable outcomes in 
COVID-19 patients taking statins. 

But if statins are administered, they must be lipophilic (like Atorvastatin, Simvastatin), not 
hydrophilic; the latter may even be counterproductive compared to “no statins” (ROSSI et 
al.). In a large study from South Korea, pre-diagnostic use of statins was not associated with 
risk of COVID-infection (aOR 0.95; CI: 0.86 – 1.05) or severity among COVID-infected patients 
(aOR 0.89; CI: 0.72 – 1.10) (HUH et al. 2).    

Whereas VERRALL recommends to start statins long before infection occurs (as a sort of 
“PREP”), FEDSON notes that statins downregulate inflammatory cytokines and other 
biomarkers of inflammation “in a matter of a few hours or a day or 2”. 

This rises the question whether there is actually a need to start statins prophylactically (as 
suggested by VERRALL), or only in the case of infection? This is an important difference that 
should be addressed in further trials or reviews. In contrast to the study from XIANG et al. 
based on data from the UK Biobank, there seemed to be no protective effect of statins with 
regard to the risk of COVID infection/PCR positivity in another study (aOR 0.99 in a 
nationwide study from South Korea) (HUH et al.). In a retrospective study from Israel, intake 
of statins seems to be associated with a risk reduction of about 30 % for a positive COVID 
PCR test, but no reduction of hospitalization and an insignificant signal for reduced mortality 
in COVID-19 patients (MERZON et al., see below).     

RODRIGUEZ-NAVA et al. reported about lower mortality in ICU patients with COVID-19 who 
received 40 mg Atorvastatin per day (adjusted HR: 0.38; CI: 0.18 – 0.77; p = 0.008), and 
Atorvastatin was more effective with regard to that endpoint than steroids, HCQ, 
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tocilizumab or Azithromycin (all insignificant). However, it is not absolutely evident from this 
study whether they were steady users of Atorvastatin or whether Atorvastatin was a short-
term adjuvant intervention for treatment of COVID-19, though the direct comparison with 
steroids, HCQ, AZI etc. suggests the latter. 

FLORENCIO et al. reported favorable results in a case series of COVID patients who got a 
combination of aspirin (200 – 300 mg loading dose, followed by 100 mg daily, or 
continuation of preexisting aspirin prophylaxis), combined with atorvastatin (10-20 mg/day) 
in those with any vascular or other risk factors. This may indicate that even short-term 
atorvastatin started following symptom onset and hospitalization may be effective.  

ROSENTHAL et al. reported from a large database of 64781 COVID-19 patients from US (45.5 
% outpatients, 54.5 % inpatients) with a median age of 46 years for outpatients and 65 years 
for inpatients and an in-hospital mortality of 20.3 %. Receipt of statins (aOR 0.60; CI: 0.56-
0.65, p < 0.001) decreased the risk of death (as did ACE inhibitors and, to a lesser extent, 
calcium channel blockers), whereas the combination of HCQ + AZI increased the risk of death 
(aOR 1.21; CI: 1.11-1.31, p < 0.001). However, the protective effect of statins became visible 
only after multiple regression (unadjusted OR 0.99; CI: 0.94 – 1.04). 

 
 
 
What about COX-2 inhibitors, VERRALL proposes Diclofenac for pharmacokinetic reasons 
and because of its strong selective effect on COX-2 (instead of less selective Ibuprofen). With 
regard to PREP, he writes: “It is not known whether taking COX-2 inhibitors taken prior to 
infection would attenuate the COX-2 inhibition when it is required.” 

Thus the concept of VERRALL includes statin use starting (long) before infection as a 
preventive measure and COX-2-inhibitors, especially Diclofenac in high doses, following 
infection or as early treatment. 

However, high doses of COX-2- inhibitors (as recommended for the early stage of the disease 
by VERRALL) are usually recommended to be combined with proton pump inhibitors for 
protection of the stomach and to avoid serious gastrointestinal complications. But some 
studies reported that the use of proton pump inhibitors like omeprazole is associated with a 
worse outcome in COVID patients (see below; e.g. LUXENBURGER et al., FREEDBERG et al.).  
Thus the possible need for comedication with proton pump inhibitors makes the proposal 
for COX-2-inhibitors problematic, even if their own effect is beneficial, as long as the role of 
proton pump inhibitors in COVID-19 is not well established. And with regard to the total 
group of NSAIDs, SAHAI et al. found no reduction of mortality in symptomatic COVID 
patients (see above). The role of COX-2-inhibitors remains unclear.  

SUTER et al. reported about a simple home therapy based particularly on COX-2 inhibitors 
(but also some other anti-inflammatory agents) from Bergamo/Italy. The academic matched-
cohort study compared outcomes of 90 consecutive patients with mild COVID-19 who were 
treated at home by their family physicians (Oct 2020 – Jan 2021) by a recommended 
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schedule primarily based on COX-2 inhibitors (Nimesulide or Celecoxib, combined with 
proton pump inhibitors), to 90 matched patients (matched by age, sex, comorbidities) who 
received other therapeutic regimens. Outcomes were resolution of major symptoms and 
prevention of hospitalization. 

All patients achieved complete remission; median time to resolution of major symptoms was 
longer in the “recommended schedule group” compared to controls (18 vs. 14 days; p = 
0.033), but minor symptoms persisted in a lower percentage (23.3 vs. 73.3 %; p < 0.0001) 
and for a shorter period (p = 0.0107). Hospitalization: 2.2 % vs. 14.4 % (p = 0.0038).   

In summary, the “recommended schedule” was unable to accelerate the resolution of major 
symptoms (and the need for home oxygen), and this difference was even more pronounced 
in older patients (> 65 years), but it highly effectively prevented hospitalization.  There were 
44 cumulative days of hospitalization in the “recommended schedule” cohort (n = 2; mean: 
22 days; one of them associated with a trauma that was secondarily associated with COVID-
19) and 481 days (mean: 32.5 days, n = 13) in the control cohort.  

The main difference in the therapy regimen between the “recommended schedule” group 
and the matched control group was the use of selective COX-2 inhibitors (in most cases: 
nimsulide or celecoxib) compared to no COX-2 inhibitors (73.3 % vs. 0 %). Other medications 
were allowed in both groups. Corticosteroids were given more often in the “recommended 
schedule group” (30 % vs. 9.21 %), and the same applied to anti-coagulants (16.7 % vs. 2.6 
%) and antibiotics (56.7 % vs. 29.9 %), dominated by Azithromycin. Need for home oxygen 
was identical in both groups (7.8 %). Interestingly, the control group took much more often 
paracetamol (58.4 vs. 7.0 %).  Indomethacin was used only by 2.3 % in the “recommended 
schedule group” (control group: 0 %). Aspirin: 8.1 vs. 1.3 %.  

14.4 % of the patients from the “recommended schedule group” took no anti-inflammatory 
therapy at all due to non-adherence, but 85.6 % took at least one anti-inflammatory agent. 
In the control group, only 7 patients took anti-inflammatory agents (not counting 
paracetamol und corticosteroids) and (up to) 14 including corticosteroids.  

Time from symptom onset to start of anti-inflammatory therapy was 2 days (IQR: 1-3 days) 
in the “recommended schedule” group. 

The details (including doses and indications) for the “recommended schedule” are decribed  
on page 35 and 36 of the original paper from SUTER et al. Of note, in some cases (e.g. fever > 
37.3 degrees) the selective COX-2 inhibitors should be replaced by aspirin (500 mg BID after 
meal). Both the COX-2 inhibiting and the aspirin treatment should be combined with PPIs 
(e.g. omeprazole or pantoprazole 20 mg/day, lansoprazole 30 mg/day).  

Blood parameters should be examined approximately 3 days from onset of symptoms. 
Dexamethasone was recommended in case of persistent fever or musculoskeletal pain, 
cough, reduced oxygen saturation < 92 – 94 % or any case of increased inflammatory 
markers in blood. Anticoagulants (4000 I.U. enoxaparin daily s.c. = 40 mg) were given in case 
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of any (even mild) increase of D-dimers (for 7 -14 days depending on the recovery of 
mobility). Antibiotics (in mose cases Azithromycin) were given in cases of bacterial 
pneumonia, suspected secondary upper respiratory tract infection, fragile patients or 
marked increase of inflammatory markers in blood. Alternatives to azithromycin were 
cefixime or amoxicillin/clavulanic acid.   

As PANDOLFI et al. pointed out (see above), the frequent use of paracetamol in the control 
cohort, compared to its rare use in the “recommended schedule group”, might be a reason 
for the high risk of hospitalization in the control cohort. 

  

Sulforaphane (SFN) has both antiviral and anti-inflammatory properties against 
coronaviruses (ORDONEZ et al.). It inhibited in vitro replication of SARS-CoV-2 and seasonal 
coronavirus HCoV-OC43. It also interacted synergistically with remdesivir in vitro.  
“Prophylactic administration of SFN to K18-hACE2 mice prior to intranasal SARS-CoV-2 
infection significantly decreased the viral load in the lungs” by 1.5 orders of magnitude, 
similar to that reported for remdesivir in the same mouse model 2 (ORDONEZ et al.). It also 
reduced viral load in the upper respiratory tract, lung injury and pulmonary pathology 
“compared to untreated infected mice. SFN treatment diminished immune cell activation in 
the lungs, including significantly lower recruitment of myeloid cells and a reduction in T cell 
activation and cytokine production.”  

50 to 400 μM Sulforaphane from SFN-rich broocoli sprouts daily were found to be well 
tolerated (~ 9 – 71 mg sulforaphane). A single daily dose of 200 μM Sulforaphane resulted in 
a peak plasma concentration of 1.9 μM Sulforaphane, whereas the inhibition of SARS-CoV-2 
replication in vitro in human cells (IC50) needed 2.4 μM Sulforaphane. Since doses of 100 μM 
Sulforaphane twice daily led to higher steady-state concentrations in the plasma, it might be 
better to consume Sulforaphane twice daily (see ORDONEZ et al.). Nevertheless, dosing may 
be critical to reach the antiviral activity against viral replication. 

 
Probenecid was found to be a strong inhibitor of SARS-CoV-2 replication in vitro (including 
normal human bronchoepithelial cells) and in vivo in Syrian hamsters in common 
pharmacologically used doses/concentrations (MURRAY et al.). Simulations were performed 
with doses that correspond to 600 mg twice daily, 900 mg twice daily and 1800 mg daily in 
humans, and the plasma concentrations were found to be high enough to exceed the 
protein binding adjusted IC90 value at all time points (MURRAY et al.). Probenecid was also 
effective in a PREP setting in hamsters (24 hours before inoculation).  
 
Unfortunately, probenecid (ATC code M04AB01) is not subject of the database from XIANG 
et al. (UK Biobank).    
 
 
In experiments with mice, gamma-aminobutyric acid (GABA) proved to be very successful if 
started to be administered immediately after inoculation with a mouse coronavirus (MHV-1) 
(TIAN J et al.). Whereas > 60 % of control mice succumbed to the infection, infected mice 
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that received GABA directly after infection became only mildly ill; all of them recovered. If 
GABA started three days after inoculation, i.e. after appearance of illness in mice, it was still 
advantageous because it reduced the severity of the disease score and increased the 
frequency of recovery (only 11 % died).  
 
 
Homotaurine is regarded as an alternative to GABA. GABA-receptor-agonists like GABA and 
homotaurine act anti-inflammatory, but not as antivirals. Thus the authors were surprised 
about the much more pronounced effect of GABA when given immediately after inoculation, 
much better than if GABA was started after 3 days. This is a paradoxon because anti-
inflammatory instead of antiviral effects are suggested to be unwanted in the earliest phase 
of the coronavirus disease. TIAN et al. suppose that GABA may have an indirect antiviral 
effect: the activation of GABA receptors may limit the influx of calcium ions into the 
epithelial cells, but many viruses (including coronaviruses) elevate intracellular calcium ion 
concentration to enhance the replication of the virus.   In a potentially lethal mouse model 
with a murine coronavirus (MHV-1), GABA treatment reduced viral load in the lungs, lung 
damage and inflammatory infiltrates in the lungs, making it a promising candidate for the 
treatment of COVID-19 (TIAN et al. (2)). 

However, the authors warned (TIAN et al.): 
“until clinical trials are completed and GABA and/or homotaurine are approved for use in the 
treatment of COVID-19 by relevant governing bodies, GABA and homotaurine should not be 
consumed by COVID-19 patients as they may pose health risks, such as dampening beneficial 
immune or physiological responses.” Of note, this study was not about SARS-CoV-2 but 
another (murine) coronavirus. In their second paper (TIAN et al. (2)), they pointed out that 
dosing of GABA-R agonists need to be carefully studied and optimized for different stages of 
coronavirus infection. (Until October 5th, no registered clinical trials with GABA or 
homotaurine in the context of COVID-19 were reported).    
 
 
Alpha-1 adrenergic receptor antagonists were also proposed to prevent cytokine storms 
and to dampen ARDS, as demonstrated in experiments with mice (VOGELSTEIN et al.). Thus 
it was concluced “that alpha-1-adrenergic receptor antagonists (α1-blockers) can abrogate 
pro-inflammatory cytokines and may improve outcomes among patients with respiratory 
infections.” (LI S et al.). 
 
In a retrospective study of patients with ARDS (n = 13.125) or pneumonia (n = 108.956), 
those who took alpha-blockers for an underlying disease had a reduced risk for requiring 
ventilation (by 35 % and 16 %) or ventilation and death (by 56 % and 20 %), while beta-
adrenergic blockers had no significant effect. Tamsulosin was used as alpha-blocker in about 
half of the patients who took any alpha-blocker, and tamsulosin showed the strongest effect, 
compared to “all alpha blockers”.  
 
Results for tamulosin: 
ARDS: n= 409 patients with tamsulosin among 13.125 patients with ARDS 
Progression to ventilation: 10.5 vs 16.1 %, OR 0.62 (sign.) 
Progression to ventilation and death: 1.7 vs. 3.8 % OR 0.41 (sign.) 
 
Pneumonia: n= 3.321 patients with tamsulosin among 108.956 patients with pneumonia 
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Progression to ventilation: 7.4 vs. 8.9 %, OR 0.79 (sign.) 
Progression to ventilation and death: 1.7 vs. 2.1 %, OR 0.71 (sign.) 
 
However, this study was not about COVID-19 and there is a need to find out whether these 
results can be replicated in COVID-19 patients. VOGELSTEIN et al. hope that early 
administration of alpha-blockers can prevent severe disease, ARDS and cytokine storms. 
There is an urgent need to examine such effects in a randomized clinical trial (see also KONIG 
et al.).  
 
However, the results could be replicated in a retrospective cohort study with COVID-19 
patients from the Department of Veterans Affairs (US); having an active prescription for 
alpha1-AR antagonists on admission was associated with a relative risk reduction of in-
hospital mortality of 14 % and a matched OR of 0.75 (CI: 0.66 – 0.86, p < 0.001: aOR: 0.76; CI: 
0.66 – 0.87) (for: tamsulosin: matched  OR 0.84; CI: 0.72 – 0.98; aOR 0.83; CI: 0.73 – 0.96) 
(age: 70.6 vs. 67.4 years in controls) (ROSE et al.) 
 
LI S et al. analyzed the effect of alpha-1 blockers on COVID-19 mortality in a real-world 
evidence study based on 8442 laboratory-confirmed cases from 5 hospitals in the New York 
City metropolitan area. Participants were 2627 men aged 45 or older admitted to hospital 
with COVID-19 (February 24th – May 31st, 2020). 436 of these men used alpha-blockers as an 
outpatient or while admitted (median age: 73 vs. 64 years in non-uers; more likely to have 
comorbidities than non-users.) Crude data: in-hospital mortality: 32.3 vs. 28.2 %; ICU: 27.7 
vs. 19.7 % (users vs. non-users). 
 
Whereas outpatient exposure to alpha-blockes was not significantly associated with hospital 
outcomes (only trend: OR 0.749; CI: 0.527 – 1.064; p = 0.106), inpatient use was associated 
with reduced in-hospital mortality (aOR 0.633, CI: 0.434 – 0.921 or aHR 0.721, CI: 0.572 – 
0.908, p = 0.006; both after multiple adjustments). However, age-stratified analyses 
suggested greater benefit of inpatient alpha-blocker use in younger age groups (45-65 years: 
aOR 0.384, sign.; 55 – 75 years: aOR 0.511; sign.,; 65 – 89 years: aOR 0.810; CI: 0.509 – 1.289; 
p = 0.374). 
 
Based on several large data bases of electronic health records from Spain and US with 2.6 
million users of alpha-1 blockers and 0.46 million users of other BPH medications (ARI or 
PDE5), NISHIMURA et al. found a null effect of alpha-1 blockers even after large-scale 
propensity score matching and stratification. 

The meta-analysis from the data bases yielded a calibrated HR of 1.02 (CI: 0.92 – 1.13) for 
COVID diagnosis, 1.00 (0.89 – 1.13) for hospitalization and 1.15 (0.71 – 1.88) for 
hospitalization requiring intensive services (but the latter HR is only based on two of the six 
electronical health records and thus less robust with large CI). Mortality was not subject of 
that study. The study was confined to men with BPH, and use of ARI or PDE5 instead of 
alpha-1 blockers for BPH therapy were used as active comparators (= controls) to minimize 
confounding by indication. On the other hand, the conclusions of the study results would be 
biased if finasteride (ARI), dutasteride (ARI) or tadalafil (PDE5) have no neutral effects on 
COVID risk or outcome. This is not certain because sex hormones (that are influenced by 
ARIs) or effects of PDE inhibitors (like increased NO) may influence COVID-related risks, e.g. 
susceptibility or outcomes. If one looks at the supplementary data from XIANG et al., based 
on the UK Biobank, there is a trend that ARIs have a protective effect and PDE5 a risk-
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increasing effect, and some of the associations became significant. However, since the 
XIANG data are not restricted to men with BPH, PDE5 inhibitors use may be influenced by 
risk-increasing confounding (PDE5 inhibitors may also be used a life style drug, positively 
associated with sexual contacts). Nevertheless, confounding by life style cannot be assumed 
for ARIs, thus the risk-reducing effect of ARIs is better established than the risk-enhancing 
effect of PDE5 inhibitors, based on the data from the UK Biobank.   

With theses serious limitations with regard to the choice of the comparator group, the 
NISHIMURA study only shows that men with BPH should not worry about their BPH therapy 
and there is no need to change the BPH therapy in order to modify COVID-related risks. This 
is still an important result for men with BPH, what makes the study very valuable, but it 
remains unclear whether alpha-blockers are truly effectless as long as it is not proven that 
ARIs or PDE5 inhibitors are also effectless.   

 
 
Remdesivir may have more potential than what has been realized so far. Remdesivir for 
inhalation is in an early stage of clinical trials (phase I started in August 2020) and won’t be 
available soon. In vitro results demonstrated that the combination of remdesivir with the 
antifungal itraconazole and the antidepressant fluoxetine has synergistic effects und are 
“promising therapeutic options to control SARS-CoV-2 infection and severe progression of 
COVID-19” (RESCHER U et al.). For fluoxetine pharmacokinetics and dose recommendations, 
see EUGENE AR. Moreover, it was found in vitro that fluoxetine remained effective against 
pseudo viruses with N501Y, K417N, and E484K spike mutations and the VoC-1 (B.1.1.7) and 
VoC-2 (B.1.351) variants of SARS-CoV-2 (FRED et al.). 

 

 
Natural interferon induction (or its lack) after viral infection seems to be of fundamental 
influence on the early course of the disease. In mild cases of COVID-19, IFN I and III 
activation of the innate and adaptive immune response prevents progression of disease. In 
contrast, patients with severe COVID-19 have low production of IFN I alpha/beta and IFN III 
lambda leading to decreased activation of the adaptive immunity (YANG A et al. (3)).  All 
three interferon types coordinately induce inhibition of viral reproduction through 
stimulation of interferon-stimulated genes. “Failure to mount an IFN response leads to 
suboptimal activation of adaptive immune response and increased viral load. The increased 
viral load causes severe tissue damage, inducing a late wave of IFNs and an exacerbated 
inflammatory response” (YANG A et al. (3)). Both obesity and aging (as risk factors for severe 
disease) “lead to the activation of inflammasome NLRP3, which stimulates transcription 
factor NFKB and the production of inflammatory cytokines. Type I IFNs inhibit activation of 
NRLP3. Taken together, an early deficient IFN response and the following hyperinflammatory 
state are the hallmarks of severe COVID-19.” (YANG A et al. (3)). This offers a rationale for 
the use of type I and III IFNs as prophylaxis and treatment at the early stage. 

 

Inhalative interferon beta (SNG001) was found to be highly effective to prevent progression 
to bad outcomes like ventilation or death (OR 0.21), and was able to shorten the time of 
hospitalization and recovery in a placebo-controlled trial (MONK et al.). The interim results 
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reported of 101 patients (outpatients and hospitalized patients) who used nebulized SNG001 
or placebo once daily for 14 days. OR for death or ventilation was 0.21 (CI: 0.04 – 0.97). 
Hazard ratio for full recovery, defined as unlimited ability for activities, was 2.19 (CI: 1.03 – 
4.69) under IFN inhalation. There were 6% deaths in the placebo group and no deaths in the 
SNG001 group. According to the producer, SYNAIRGEN, SNG001 was effective independent 
of the duration of the disease until the inhalations were started.  

And interferon kappa inhalation was also found to be quite effective in patients with 
moderate COVID-19, at least if combined with TFF2 , “a small secreted polypeptide that 
promotes the repair of mucosal injury and reduces the inflammatory responses” (FU et al.). 
In a trial with 80 patients (40 got IFN + TFF2, 40 only standard care), PCR conversion 
happened after a mean of 3.80 days vs. 7.40 days, CT improvement after a mean of 6.21 vs. 
8.76 days. No discomfort or complications were reported. 

In vitro results showed that interferon gamma and lambda 1 were much more effective 
than interferon alpha 2 and beta, and that their effect is synergistic with regard to the 
reduction of SARS-CoV-2 RNA. Whereas a single dose of each IFN gamma and IFN lambda 1 
reduced SARS-COV-2 RNA production 50-100 fold, the combination reduced it 1000-fold. 
Thus the combination treatment may allow to reduce the dose of each IFN partner what is 
important since interferons have pro-inflammatory effects, so the aim of IFN therapy must 
be to achieve maximal viral reduction with minimal IFN dose and minimal pro-inflammatory 
side effects. Furthermore, administration of rapamycin may be useful; while reducing viral 
replication 4- to 6-fold on its own, it counteracts the proinflammatory effects of IFN (HAYN 
et al.).  In vivo, both prophylactic and therapeutic administration of pegylated IFN lambda-1a 
diminished viral replication in mice (DINNON et al.). 
 
FELD et al. showed in a double-blind RCT that a single s.c. injection of peginterferon-lambda 
(180 microgram) within 7 days of symptom onset (mean: 4.5 days) in outpatients 
accelerated virus clearance (interferon treatment resulted in a 4.12-fold higher likelihood of 
viral clearance at day 7 after controlling for baseline viral load; p = 0.029). The reduction was 
most pronounced in those with high initial viral load.  

In contrast to the favorable results of IFN beta like SNG 001 as described above, IFN alpha 2 
b inhalation treatment starting after admission to hospital in a Chinese study was less 
impressive (HAO et al.). The inhalations shortened shedding time of SARS-CoV-2 significantly 
(10 vs. 13 days, p = 0.014), but this association became insignificant after propensity-score 
matching (12 vs. 15 days, p = 0.206). Among patients who did not use glucocorticoids, virus 
shedding time was 13 vs. 12 days (IFN vs. control); in mild cases, virus shedding was 9 vs. 12 
days (p = 0.089).  

The outcomes showed a trend to be more favorable both in the unmatched and matched 
IFN groups compared to the controls, but the control groups had a higher portion of critical 
patients on admission. Even after propensity-score matching (n = 32 IFN and n = 32 control), 
the percentage of critical patients was 12.5 % in the IFN group, but 28.1 % in the control 
group. The percentage of mild patients was similar (56.3 vs. 53.1 %). Thus lower rates of 
ARDS (43.8 % vs. 59.4 %, p = 0.211), mechanical ventilation (25.0 % vs. 37.5 %, p = 0.281), 
ECMO ( 12.5 % vs. 18.8 %, p = 0.491), ICU admission (21.9 % vs. 50 %, p = 0.019) and higher 
discharge rates (78.1 % vs. 62.5 %, p = 0.171) and lower hospital time of discharged patients 
(16 vs. 21 days; p = 0.084) in the IFN group (after matching) may be in part due to 
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confounding by a smaller portion of critical patients on admission among those who got IFN. 
However, the difference between ICU admission rate between both groups is so large that 
this cannot be explained solely by the portion of critical patients, indicating a true preventive 
effect of IFN alpha-2b inhalation for this outcome. Altogether, the results for IFN alpha 2b 
inhalation are rather disappointing.  

In another study from China with hospitalized patients, combination of IFN-alpha2b 
inhalation with arbidol was superior to arbidol alone with regard to accelerated viral 
clearance, lung abnormalities (by CT images), circulating levels of IL-6 and CRP, TNF alpha, 
whereas the percentage of CD8+ T cells was higher (like high CRP and IL-6, low CD8+ T cells 
are a predictor for the development of lung abnormalities, as are low albumin and high 
platelet counts and high IL-10) (ZHOU Q et al.). 

In a RCT from France, belonging to the Discovery trial series, IFN beta-1a (44 micrograms of 
subcutaneous IFN-beta-1a on days 1, 3, and 6) in combination with lopinavir/ritonavir was 
not superior to L/R alone, HCQ, remdesivir or no antiviral treatment (controls) (ADER et al.). 
All treatments showed insignificant effects. Comparing the insignificant trends, L/R + IFN 
didn’t perform better than L/R alone. However, with 583 patients and 6 arms, the power of 
that trial is not large. Inclusion criteria was an oxygen saturation <= 94 % in combination with 
pulmonary rales or crackles, or requirement for supplemental orxygen. Unfortunately, the 
trial results were not stratified according to the time interval between onset of symptoms 
and start of treatment in the hospitalized patients. This may be a critical factor, especially 
with regard to the efficacy of interferon.   

In a study with two cohorts of mostly mild to moderate hospitalized cohorts from China 
(WONG CKH et al.), IFN-beta-1b alone or in combination with oral ribavirin was associated 
with reduced risk of a composite outcome of ICU admission, mechanical ventilation and 
death (OR 0.50; CI: 0.32 – 0.78) and earlier discharge (-2.35 days) (results for combined 
therapy), whereas IFN-alpha 2b had no significant favorable effect.  

However, IFN-beta-1b was only used in the larger cohort (Hong Kong, n = 4771; worse 
outcomes: 1.8 % death, 3.2 % mechanical ventilation, 6.4 % severe patients, 3.2 % ARDS), 
whereas IFN-alpha-2b was only used in the Anhui cohort (n = 648; cohort with a better risk 
profile: less patients >65 year; deaths: 0.3 %, mechanical ventilation: 0.3 %;  severe disease: 
4.9 %; ARDS: 0 %). Thus the power for bad outcomes of the Anhui cohort is much lower than 
for the Hong Kong cohort. Taking that into account, both IFN-beta-1b and IFN-alpha-2b seem 
to be favorable if given during the first 7 days after symptom onset, whereas IFN-alpha-2b 
has no effect when given later, in contrast to IFN-beta-1b: 

IFN-alpha-2b: inhalation “50 mcg (5 million units) 2 times per day for 14 days; atomising 
inhalation” 

IFN-beta-1b: “250mcg (8 million units) on alternate day for max. of 3 doses; subcutaneous” 

●  OR for bad outcomes (ICU, mechanical ventilation, death): 

IFN-alpha-2b:  0.57 (CI: 0.21 – 1.59)     IFN-beta-1b: 0.55 (0.38-0.80) 

●  OR if started within 7 days of symptom onset: 
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IFN-alpha-2b: 0.30 (0.07 – 1.31)      IFN-beta-1b: 0.60 (0.41-0.88)  

●  OR if started > 7 days of symptom onset: 

IFN-alpha-2b: 1.08 (0.34 – 3.44)      IFN-beta-1b: 0.39 (0.16 – 0.91) 

ORs were calculated following propensity score matching and linear regression. 

Thus the “failure” of IFN-alpha-2b seems to be attributable in part to the comparatively 
small size and generally very good outcome of the Anhui cohort. There is a signal that IFN-
alpha-2b might be ar least as effective as IFN-beta-1b when started within the first 7 days of 
symptom onset, but not later, whereas IFN-beta-1b is efficacious independent of the time of 
symptom onset. 

Addition of lopinavir/ritonavir to IFN-beta-1b alone or IFN-beta-1b + ribavirin had no 
additional effect; in fact, the outcomes worsened compared to IFN-beta-1b (+ ribavirin) 
alone.  

As WONG et al. pointed out, “Timing of administration (of IFN) is likely critical given that its 
effect goes from anti-viral to pro-inflammatory if used beyond 7 days after symptom onset. 
An integrated immune analysis identified a unique phenotype of highly impaired interferon 
type I response (i.e. no interferon-beta and low interferon-alpha production) among cases of 
severe COVID-19 illness”. 

 

A detailed overview about the anti-COVID potential of different IFN types (alpha-2b, beta-1a, 
beta-1b, gamma, lambda) for treatment or even for PEP (alpha-2b) is given by ABDOLVAHAB 
et al.. In short these are the main conclusions:   

● IFN-α: can decrease the number of viruses in the early phase of COVID-19 what may 
relieve symptoms and shorten disease duration. Whereas nebulization is usually 
recommended, PEP or early treatment of patients with symptoms that are restricted only to 
an upper respiratory tract infection may use IFN-alpha 2b spray (“1-2 times on each side of 
the nose, 8-10 times on the throat, every 1-2 h, for 5-7 days”). It is suggested that IFN-
alpha2b reduces the period of viral flaking, resulting in a decline of markers of inflammation 
like IL-6 and CRP. In a clinical trial from China, early use of IFN-alpha 2b decreased in-hospital 
mortality compared to no IFN-alpha 2b, whereas IFN-alpha 2b given in late stages increased 
mortality. IANVEVSKI et al. (2) reported about a strong synergistic effect on the suppression 
of SARS-CoV-2 of IFN alpha (as injection) in combination with nafamostat in their Syrian 
hamster model.  

● IFN-beta-1a: antiviral function; less amenable to home treatment since i.v. or s.c. 
administration are considered as suitable for therapy. SYNAIRGEN reported favorable results 
about a new formulation (SNG001) for nebulization for the treatment of lower respiratory 
tract infections (see above). 

● IFN-beta-1b: antiviral effectivity against SARS-CoV-2 in vitro; it was used in China 
(administered s.c.) in combination with other antivirals (like HCQ, lopinavir/ritonavir) what 
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makes it difficult to analyze its own effectiveness. IFN beta (1a and 1b) are regarded as more 
effective than IFN-alpha in case of COVID-19, and this is explained by the defensive function 
of IFN-beta in the lung (by preservation of endothelial barrier activity and increasing anti-
inflammatory adenosine). Like IFN-alpha, early start of IFN-beta is suggested. 

● IFN-gamma: immunoregulatory; broad-spectrum antiviral and antimicrobial functions; 
antiviral activity at multiple stages, but it also stimulates cytokine expression. While there 
are few side effects of that IFN type and its safety is already approved, efficacy against 
COVID-19 “needs to be confirmed”. (It must be noted that IFN-gamma is regarded as 
proinflammatory, thus the right timing of its administration might be even more critical than 
in other IFNs). 

● IFN-lambda: ”stimulates epithelial cells and decreases the macrophage-mediated activity 
of IFN-α and β“; induction of antiviral genes in epithelial cells. It also inhibits the 
employment of neutrophils to the location of inflammation, a critical step in the 
pathogenesis of COVID-19 (e.g. in the lungs). It is regarded as a “proper candidate for an 
effective treatment”, but only available as pegylated IFN-lambda1. An important advantage 
of IFN-lambda compared to type I interferons is the lack of proinflammatory activity in the 
lungs. However, there are concerns that the antiproliferative effect of IFN-lambda “could 
hamper recovery procedures of epithelial cells and virus-induced apoptotic cell death”. Taken 
together, ABDOLVAHAB et al. assume that IFN lambda may be more suitable than type I IFNs 
for the therapy of COVID-19, but there is a need for more studies to analyze probable 
negative effects of that IFN type.  

Meanwhile, using a well-differentiated primary nasal epithelial cell (WD-PNEC) model from 
multiple adult donors, BROADBENT et al. showed individual variability in the susceptibility to 
SARS-CoV-2 infection, and one of the four donors was resistant to SARS-CoV-2. “High 
baseline IFNλ expression levels and associated interferon stimulated genes correlated with 
resistance to SARS-CoV-2 infection.” (BROADBENT et al.). Prophylactic treatment of the 
susceptible spesimens resulted in reduced viral titers. The authors conclude that “an 
endogenously activated IFNλ response, possibly due to genetic differences, may be one 
explanation for the differences in susceptibility to SARS-CoV-2 infection in humans” and see a 
possible pharmacological role of IFNλ in SARS-CoV-2. Moreover, inhibition of the JAK/STAT 
pathway in specimens “with high endogenous IFNλ secretion resulted in higher SARS-CoV-2 
titres.”  
 
This may indicate that JAK/STAT inhibitors (like Baricitinib) should not be given in the early, 
viral phase of the disease.    

As a conclusion, ABDOLVAHAB et al. suggested that “IFN-β-1 may consider as a safe and 
effective treatment against SARS-CoV-2 in the early phases of the disease”; “… combination 
therapy with IFN-γ and a type I IFN might stimulate synergistic effects. However, more 
comprehensive studies are required …” 

With regard to IFN-α, IANEVSKI et al. studied potential synergisms in human lung epithelial 
Calu-3 cells. Whereas IFN-α2a alone was unable to completely abolish SARS-CoV-2 
replication in that assay, its combinations with camostat, remdesivir, EIDD-2801, 
cycloheximide or convalescent serum were able to do so and showed strong synergism. 
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LI C et al. (2) showed in a randomized trial (n = 94 moderate-to-severe patients) that novel 
genetically engineered recombinant super-compound interferon (rSIFN-co) is superior to 
traditional interferon alpha (both as inhalation) with regard to many clinical endpoints 
(clinical improvement, radiological improvement, PCR conversion). There was no death in 
that study. Interferon was combined either with umifenovir (52.2 – 58.3 %) or 
lopinavir/ritonavir (41.7 – 47.8 %).  
 
Impaired type I IFN production or signaling is associated with severe COVID-19, offering a 
rationale for the treatment with recombinant IFNs. In a Syrian Hamster Model, intranasal 
IFN-α administration was only effective if administered very early, i.e. one day pre-infection 
or one day post-infection (BESSIERE et al.). In that case, weight loss (as a proxy for disease 
severity in hamsters) and viral lung titers were decreased, compared to hamsters without 
IFN administration. In hamsters, symptoms appear three days after inoculation. IFN-α 
administration starting at the onset of symptoms (three days) had no impact on the clinical 
course of the infection; however, there were no signs of enhanced disease with late IFN. This 
study doesn’t support the use of intranasal type I IFN in patients who already have 
symptoms. However, the clinical course of COVID-19 progresses much more quickly in 
hamsters than in humans (viral replication, lung pathology progress; peak of virus replication 
in the lungs of hamsters on day 2 or 3), thus IFN treatment at day 3 in hamsters correlates 
with „late“ treatment that was associated with upregulation of IL-6, CCL2 and TNF alpha, 
whereas such upregulations were not observed in the early therapy group. This is supported 
by results from clinical trials: whereas IFN-beta-1a administration (s.c.) in the SOLIDARITY 
trial (progressed/more severe patients) was ineffective, IFN-beta-1a inhalation in milder and 
“earlier” patients (see above, SNG001) showed benefits. BESSIERE et al. suppose “that  
type I IFN treatments may only be beneficial in patients with mild symptoms at the early 
stages of the disease, while they are likely to provide no benefit in COVID-19 patients 
requiring hospitalization”. 

Based on measurements of IFN concentrations in different areas of the respiratory tract, 
SPOSITO et al. highlighted „the importance of the timing of production and/or administration 
of IFNs during COVID-19. It has been proposed … and experimentally proven … that early 
administration of IFNs may prevent infection and/or favor SARS-CoV-2 clearance”, consistent 
with mouse models. SPOSITO et al. propose that early administration (before infection or 
early after symptom onset) of exogenous IFN-IIIs should target the upper airways, while 
systemic administration should be avoided.  
 
According to their data, IFN-III, not IFN-I, plays a key role at mucosal surfaces during life-
threatening viral infections. SPOSITO et al. found that IFNs, especially IFN-III, are over-
represented in the lower airways in severe patients; in contrast, high levels of IFN-III (and, to 
as lesser extent, IFN-I) are found in the upper airways of patients with high viral burden, but 
reduced risk or severity. 
 

 
However, a serious concern with regard to early interferon therapy is the observation that 
emerging SARS-CoV-2 variants evolved to resist the antiviral IFN-I and IFN-III response. GUO 
et al. confirmed the evasion of innate immunity for B.1, B.1.1.7 and B.1.351 isolates. 
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In vitro and also in vivo in a hamster model, ranitidine bismuth citrate was found effective 
against COVID-19; it suppressed virus replication, resulting in decreased viral loads in upper 
and lower respiratory tract specimens, and relieved virus-associated pneumonia (YUAN et 
al.). However, ranitidine bismuth citrate is not the ranitidine compound that is commonly 
available on the pharmacological market. 

 

H1 antihistamines like hydroxyzine seem to be another interesting option according to 
retrospective data from 7345 hospitalized patients in France, of whom 138 took hydroxyzine 
(HR for mortality: 0.42; CI: 0.25 – 0.71, p = 0.001) with a significant dose-effect relationship 
(HR 0.10; CI: 0.02 – 0.45; p = 0.003) (HOERTEL et al.). In vitro, hydroxyzine inhibits the 
binding of the RBD of the spike protein to ACE2, offering an explanation for the benefits of 
hydroxyzine on COVID-19 patients (RIVAS et al.). Moreover, it has anti-inflammatory 
properties 

Beside its favorable direct effect on COVID-19, hydroxyzine should also be regarded as a 
substitution for benzodiazepine derivatives for COVID patients who need tablets for 
sleeping, sedation or anxiety. HOERTEL et al. (2) reported about increased mortality in 
hospitalized COVID-19 patients who got benzodiazepine receptor agonists (crude HR: 3.20; p 
< 0.01; weigthed analysis: HR 1.61, p < 0.01) with a significant dose-dependent relationship 
(HR 1.55; p = 0.02).    

The results from HOERTEL et al. (2) are in accordance with data from the UK Biobank (XIANG 
et al.) that showed a strong association between benzodiazepine derivatives with the ATC 
coding N05CD for infection, severity and very particularly mortality. The same applies, 
though to a lesser extent, to benzodiazepine derivatives with the code N05BA; nearly all of 
their associations were significant. Benzodiazepine derivatives with the N05CF code like Z 
drugs showed a less unfavorable profile; associations with mortality were insignificant, but 
there were some significant associations with infection risk and severity. There is an obvious 
gradient that N05CD are worse than N05BA, and both are worse than N05CF, but any of 
them should be avoided in the case of COVID-19 (though Z drugs are least critical). HOERTEL 
et al. [2] didn’t analyse Z drugs separately; but Z drugs contributed to results for 
benzodiazepine receptor agonists. 

As a consequence, hydroxyzine seems to be a favorable alternative that should be used in 
situations when one would habitually prescribe benzodiazepines to COVID-19 patients. 
Deleterious effects of benzodiazepine derivatives might be caused by respiratory depression 
or through immune activation. (Immune activation in later stages of the disease, i.e. in 
hospitalized patients, seems to be unfavorable).  

Moreover, a study from Japan found that intake of antihistamines (H1 receptor antagonists) 
for allergies (probably cedar pollen allergy) was associated with a stronger humoral immune 
(higher antibody titres) following two doses of Cominarty vaccine (KAGEYAMA T et al.). 

The following table is shown as a warning not to use benzodiazepine derivatives in the case 
of COVID-19 (possibly with the exception of Z drugs).  

ORs for benzodiazepine derivatives and melatonin receptor agonists selected from the 
supplementary material from XIANG et al.: 
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https://docs.google.com/spreadsheets/d/15LJf3VOrGtBZhQpE0eCli7iEyKf5SBNz/edit#gid=519059269 

    

Risk Model time N05BA N05CD N05CF N05CH 

  From      Z drugs Melatonin  

  XIANG   OR OR OR 
rec. 
agonists 

infection E 6mo 3.42  6.33 2.02   

  E 12mo 2.10 3.92 1.44 1.16 n.s. 

  E 2y 1.66 3.23 1.30 1.58 n.s. 

  E 5y 1.40 2.43 1.23 1.34 n.s. 

infection F 6mo 
1.24 (0.97-
1.58) 2.35 0.91 n.s.   

  F 12mo 2.10 3.92 1.44 1.16 n.s. 

  F 2y 0.98 n.s. 1.89 
0.84 (0.69-
1.02) 0.99 n.s. 

  F 5y 0.94 n.s. 1.52 0.85 (sign.) 0.92 n.s. 

severity A 6mo 
1.50 (0.94-
2.40) 2.30 1.36 n.s.   

  A 12mo 1.62 2.35 1.32 n.s.   

  A 2y 1.45 1.94 1.31 n.s. 1.53 n.s. 

  A 5y 1.16 n.s. 2.05 1.61 1.40 n.s. 

severity C 6mo 4.20 8.37 2.10   

  C 12mo 2.70 5.33 1.60 2.31 s. 

  C 2y 2.17 4.22 1.49 2.20 s. 

  C 5y 1.62 3.40 1.58 1.83 s 

severity G 6 mo 1.59 3.39 1.05 n.s.   

  G 12mo 1.42 3.12 0.97 n.s. 1.30 n.s. 

  G 2y 1.31 2.59 0.98 n.s. 1.38 n.s. 

  G 5y 1.10 n.s. 2.17 1.10 n.s. 1.22 n.s. 

mortality B 6mo 2.71 12.95 x   

  B 12mo 2.68 10.48 1.22 n.s.   

  B 2y 2.38 7.84 1.20 n.s.   

  B 5y 1.58 7.69 1.37 n.s.   

mortality D 6mo 10.39 41.11 x   

  D 12mo 5.60 20.81 1.40 n.s.   

  D 2y 4.35 16.69 1.56 n.s.   

  D 5y 2.53 13.66 1.45 n.s.   

mortality H 6mo 4.05 16.71 x   

  H 12mo 3.22 12.47 0.80 n.s.   

  H 2y 2.75 10.64 0.98 n.s.   

  H 5y 1.75 9.03 0.95 n.s.   

OR (point estimates) from XIANG et al.     

x = no data available     

no color: not sign.     

very light color: nearly significant    

 

https://docs.google.com/spreadsheets/d/15LJf3VOrGtBZhQpE0eCli7iEyKf5SBNz/edit#gid=519059269
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Interestingly, benzodiazepines improved prognosis in hospitalized patients from the 
RAMLALL study, but not as strong as melatonin (HR for benzodiazepines: 0.585; CI: 0.439 – 
0.778; p < 0.01), but the authors didn’t give the subtype of benzodiazepine that was used in 
that study. Favorable results for Zopiclon (1 mg/day) were reported in the study from HU et 
al. with 323 hospitalized patients. Zopiclon is known to enhance autophagy by the GABA 
pathway (HU et al.), and GABA has already been suggested for the treatment of COVID-19 
based on experiments with mice (see below; TIAN et al.). 

 

Potential other local (antiseptic) options  
 
Whereas povidone-iodine was already mentioned above, including its potential role in early 
therapy to reduce the viral load in the upper respiratory tract and thus prevent the 
expansion of the infection, PVP-I has some disadvantages in real life, e.g. irreversible 
discoloration of clothes and laundry, especially in the case of nasal irrigation, and some not 
very rare contraindications (particularly thyroid diseases). And since gel-forming 
formulations aren’t yet available, there is only a short contact time between PVP-I and the 
mucosa and no longer-lasting depot effect. 
 
 
Iota-Carrageenan would be a „clean“ alternative to PVP-I if it inhibits SARS-CoV-2 as 
effective as PVP-I. NAIDOO et al. found that the binding energy score of carrageenan is 
suggestive of an inhibitory effect against SARS-CoV-2 Mpro. 
 
Its good adherence to the surface of the mucosa and its ability to form a thin gel-like 
protective barrier on the top of the mucosa generates a sort of „depot effect“ which would 
make carrageenan suitable for „periexposure prophylaxis“ in advance of an expected 
exposure (i.e. application directly before exposure and then again after exposure). At first, to 
generate the protective barrier; and after the exposure, to inactivate viral particles which 
deposited on the mucosa resp. the gel-like barrier that was established before. (Of course 
such methods will never justify to refrain from PPE or reduce the level of PPE, but there may 
be situations where PPE is not possible, e.g. participating in a meeting with many persons).  
 
The gel-forming layer of carrageenan overcomes the problem of the short-time effectiveness 
of PVP-I in aqueous solution and the lack of a depot effect for PVP-I. The gel-like barrier is a 
physical barrier which acts as a mechanical barrier against infections of the epithelium. 
Furthermore, as a poly-anion, carrageenan directly inhibits interactions between viral 
particles and cells (KENNY et al., RODRIGUEZ et al., HOSEINI-TAVASSOL et al.).  Thus, a 
potential effect of carrageenan against COVID-19 in vivo would not be dependent solely on 
its inhibition of viral proteases like Mpro. 
 
BUCK et al. showed in 2006 that carrageenan (iota-carrageenan better than kappa- and 
lambda-carrageenan) inactivates many different viruses, including mucosa-infecting viruses 
like HPV 16/18. The latter are known to be very difficult to inactivate; common antiseptics 
like alcohol or aldehyds in high concentrations are not effective. There is a need for strong 
oxidizers to inactivate these HPV types (and PVP-I, as an oxidizer, is supposed to do so, but 
probably not in the very low concentrations discussed here). However, carrageenan, though 
not an oxidizer, was successful (iota-carrageenan in very low concentrations, lower than 
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those for kappa or lambda versions), and meanwhile carrageenan is applied in some 
formulations to reduce HPV risks, e.g. in sliding gels. BUCK et al. laid the foundation for this 
success. 
 
In 2014, KOENIGHOFER et al. reported about two randomized double blind placebo 
controlled trials „assessing the therapeutic effectiveness of carrageenan nasal spray in acute 
common cold“. 25 % of the infections were caused by human coronaviruses. Though 
carrageenan was significantly effective in the total cohort, subgroup analyses showed the 
highest effectiveness in human coronavirus-infected patients where carrageenan reduced 
the duration of the disease by 3 days (p < 0.01), the number of relapses was three times less 
(p < 0.01). Carrageenan was more effective against coronavirus than against influenza A virus 
or rhinovirus.  
 
The safety of iota- and kappa-carrageenen on human nasal epithelial cell monolayers 
delivered in saline irrigation solutions was already shown in vitro (RAMEZANPOUR et al. 
2017). It was non toxic, had no detrimental effects on epithelial barrier structure and ciliary 
beat frequency. Moreover, kappa-carrageenan significantly increased transepithelial 
electrical resistance and suppressed interleukin 6 secretion (RAMEZANPOUR). Though the 
antiviral effects of iota-carrageenan seem to be more pronounced (BUCK et al. 2006), these 
special effects of kappa-carrageenan may suggest the combination of both types of 
carrageenan for purposes in the context of COVID prevention or treatment. This 
combination is already available in a nasal spray.  
 
Given the good adherence of carrageenan on the mucosa and its depot effect as a 
consequence of the former, one may consider carrageenan for nasal spray, nasal irrigation, 
throat spray, throat gargle, but there are already tests underway for inhalation. It was shown 
that it stays at least 4 hours in the nasal cavity (VEGA et al.). 
 
If successful, carrageenan may be used for peri- and postexposure prophylaxis (see below) 
but also for early treatment in the manner described by LIANG et al. and MADAS et al. to 
avoid the descent of a primarily nasal, nasopharyngeal or oropharyngeal infection down 
towards the lower airways and the lungs. 
 
In a prospective controlled trial (IVERCAR study; source: NCT04425850) from Argentinia with 
229 HCWs (131 treatment, 98 control), the following combined prophylaxis regimen was 
studied: 
 
„1 drop IVM buccal drops (6mg/ml) + 5 sprays iota-carrageenan nasal spray (0·17mg/spray) 
(nasal + buccal) both repeated 5 times per day + PPE“ vs. „PPE only“ in the control group 
 
There were 0 vs. 11.2 % PCR-positive COVID-19 infections within 28 days (p < 0.0001). No 
adverse effects (serious + non-serious) in the intervention group. 
 
Also VEGA et al. announced to start a clinical trial with carrageenan nasal spray in health 
staff, COVID-19 patients and contacts of these patients, i.e. for PREP, PEP and therapy. 
 
On July 16th, the Austrian Marinomed Biotech AG announced on its homepage that its 
product Carragelose was found to reduce the infection of cells by SARS-CoV-2 in a dose-
dependent manner. The results were published on July 28 on Bioxriv (MOROKUTTI-KURZ et 
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al.). Working with a SARS-CoV-2 pseudotype virus, iota-carrageenen started to inhibit the 
virus in concentrations as low as 1 microgram/ml. Inhibition increased until it reached a 
plateau between 80 und 90 %. Concentrations around 1 mg/ml like in available products 
(nasal sprays like Algovir Effect or Bisolviral with 1.2 mg/ml iota-carrageenan) are sufficiently 
dosed to reach this plateau. Kappa- and lambda-carrageenan were also found to be 
effective; however, they needed much higher concentrations compared to iota-carrageenan, 
and the preparations were found to contain a significant portion of iota-carrageenan. Thus, 
the dose-effect-relationship could be explained by the content of iota-carrageenan. But 
meanwhile, JANG et al. showed in vitro that lambda-carrageenan is also very effective 
against SARS-CoV-2 even in very low concentrations, and the same lambda carrageenan 
preparation proved to be very effective in vivo in a hamster model of influenza. However, 
there are no informations about the purity of their lambda carrageenan. Nevertheless, if 
lambda carrageenan is as effective against SARS-CoV-2 as iota-carrageenan even in very low 
concentrations, this would be advantageous because of its better solubility in cold water (it 
can be easily dissolved in an aqueous solution when it is formulated for a nasay spray). 
(JANG et al.). 
 
Another in vitro study (Vero cells) with real SARS-CoV-2 (not pseudotyped virus) found a very 
high effectiveness of iota-carrageenan against SARS-CoV-2 (VEGA et al.). They found 
reductions of at least 4.25 log (i.e. more than 1 : 10.000) by a concentration of 0.6 mg/ml. 
The lower limit for strong reduction (at least 2.5 log) was between 0.6 and 6 microgram/ml.  
 
Thus carrageenan concentrations in available nasal sprays (like 1.2 mg/ml) are sufficiently 
dosed if one considers the surface area of the nasal area between 100 und 250 cm2 and 0,1 
ml sprayed into each nostril. 
 
Moreover, VEGA et al. found that xylitol (50 mg/ml) inhibited SARS-CoV-2 completely (i.e. at 
least 4.25 log) too in their cell culture assay, even in the absence of carrageenan. They 
suggest the combination of iota-carrageenan und xylitol in nose sprays for synergistic 
effects. Nasal sprays with xylitol are also already available (but not the combination of 
carrageenan and xylitol). 
 
VARESE et al. studied the antiviral activity of iota-carrageenan (in 0.9 % NaCl) against SARS-
CoV-2 on Calu-3 cells (that are very similar to human respiratory epithelial cells and thus 
provide a much more adequate assay compared to Vero cells). Whereas 0.06 microgram/ml 
was inefficient, 0.6 microgram/ml was associated with a reduction of SARS-CoV-2 replication 
by a little more than one order of magnitude, 6 microgram/ml with a reduction between 2 
and 3 orders of magnitude, and 60 mg/ml and 600 mg/ml with at least 4 orders magnitude. 
 
 
The long-lasting effect of carrageenan (because of its good adherence to the mucosal 
surface) offers the idea of a concept for periexposure prophylaxis: 
 
Though iota-carrageenan is not commercially available as a gargle solution or a throat spray, 
it is of course possible to spray it into the throat from the nose spray bottle, to mimic the 
dual application of povidone-iodine.  
 
If any exposure risk to COVID-19 is expected (and maybe only because of residual risks of 
PPE), one may consider to administer carrageenan nasal spray to the nose and into the 
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throat before exposure risk. This may be superior to the application of povidone-iodine at 
that point of time because of the long-time adhesion at the mucosa, and carrageenan 
doesn’t damage the normal, physiological microbiome of the nasal mucosa. However, since 
iota-carrageenan, according to the laboratory results from MOROKUTTI-KURZ et al., is 
unable to kill all of the virus (but contra: VEGA et al.), it may make sense to apply PVP-I (into 
the nose and into the throat) after the potential exposure event in the hope that PVP-I 
inactivates those (minor) amounts of the virus that survived in spite of the presence of the 
carrageenan-based mucosal barrier.  
 
Eventually, FIGUEROA et al. demonstrated high efficacy (80 – 95 %) of iota carrageenan nasal 
spray (1.7 promille) for the prevention of PCR-confirmed symptomatic COVID-19 in highly 
exposed healthcare workers in a PREP study (for 21 days), administered four times a day 
(described in detail in the “chemoprophylaxis paper”).  
 
 
 
Another potential option is hypertonic saline solution for nasal irrigation or gargle (CASALE 
et al., RAMALINGAM et al.). RAMALINGAM et al. demonstrated a modest effect in a RCT with 
66 patients with infections of the upper respiratory tract (in part caused by alpha or beta 
coronaviruses). The treatment reduced the duration of the infection by 1.9 days (p = 0.01), 
use of OTC medication by 36 % (p = 0.004), transmission within household contacts by 35 % 
(p = 0.006) and viral shedding by at least 0.5 log10/d (p = 0.04) compared to controls.  
 
SINGH et al. suggest the chlorite ion as the possible mechanism of action of hypertonic saline 
gargles and nasal wash. In the nasal and pharyngeal mucosa, this ion is converted to 
hypochlorous acid (HOCl) with known anti-viral properties. This is in agreement with the use 
of bleaching powder for disinfection for SARS-CoV-2 (HOCl is an active component of this 
powder). Moreover, halide salts were found to inhibit RNA viruses in cell cultures (SINGH et 
al.).  
 
With regard to COVID-19, it was found meanwhile that 1.5 % NaCl inhibited SARS-CoV-2 in 
vitro by 100 % in Vero cells, not by destroying the virus itself, but by rapid depolarization of 
the cell membrane. Since the membrane potential is critical for viral entry, hypertonic saline 
impairs one or several steps of the viral intracellular cycle. The effect is dose-dependent;  
1.2 % NaCl inhibited SARS-CoV-2 by 90 %, so 1.5 % have to be regarded as the minimal 
concentration for complete inhibition (MACHADO R et al.). The authors recommend 
inhalation of hypertonic saline solutions of 1.5 % NaCl or greater for treatment of COVID-19.  

On the other hand, it is unclear whether saline solutions can be really efficacious against 
SARS-CoV-2, because this virus is very salt-tolerant. Due to a strong negative electrostatic 
potential, SARS-CoV-2 RBD binds even stronger to ACE2 receptors at higher salt 
concentrations, and the SARS-CoV-2-RBD-ACE2-complex is stabilized independent of the salt 
concentration (PETER and SCHUG).  Until there is clear evidence for a real benefit of 
hypersaline solutions for nasal or pharyngeal spray or wash, it seems wise to prefer other 
methods of local antiseptic treatment.  

Moreover, it is questionable whether nasal irrigation with hypertonic solutions can be 
recommended for prevention or treatment. Nasal irrigations remove immunoglobulins (like 
IgA and IgG), lysozyme, alpha- and beta-defensins from the mucosal surface, and hypertonic 
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solutions (and hypotonic as well) may damage the function of the cilia and influence ciliary 
beat frequency. However, the BAXTER trial showed that nasal irrigations seem to be very 
successful and without harm.   
 
SARS-CoV-2 itself damages motile cilia both in vitro and in vivo (Syrian hamster model), and 
cilia loss may play a role in COVID-19 pathogenesis, because it impairs the clearance at the 
site of viral replication what could facilitate viral spread within the airways. For example, 
decreased cilia movements in the trachea are suggested to slow transport of released virions 
towards the pharynx and instead facilitate viral access to deeper regions of the bronchial 
tree. If this process self-perpetuates, the virus will eventually reach the alveoli and trigger 
pneumocyte damage (ROBINOT et al.). Thus any damage of cilia as a consequence of 
antiseptic procedures has to be strictly avoided. (For that reason, PVP-I concentrations 
should not exceed 1.25 %i in the nasal or nasopharyngeal area).  
 
 
 
Hydrogen peroxide: Whereas 1 % H2O2 seemed to have little effect on SARS-CoV-2 in vitro 
(Vero cells, see MEISTER et al.) and in vivo (GOTTSAUNER et al.), CAPETTI et al. reported 
about longer lasting effects of 3 % H2O2 in patients with long-lasting or reactivated 
nasopharyngeal PCR positivity (median time from exposure or symptom onset: 111 days). All 
patients were seropositive, though with comparatively low titers. The authors suggested 3 % 
H2O2 as “the most fit for mucosal cleaning”, and it promotes destruction of RNA within 5 
minutes through activation of free radicals (CAPETTI et al.).  

At first, all seven PCR-positive patients cleaned both choanae with a micro-pump and 
hypertonic saline solution with pH 6 (Atomix; using the Atomix Wave kit). After that, they 
repeated the procedure with pure 3 % H2O2. Finally, they had to wash their mouth and 
gargle for 2 minutes with 3 % H2O2. During the following 14 days, they had to clean the nose 
with Atomix Wave (hypertonic solution). The H2O2 procedure was done only once at the 
beginning of the study. Swabs were taken at 24, 48, 72 hours and, if still negative, at 7 and 
14 days.  

None of the patients was PCR positive after 24 hours and 48 hours; one was weakly positive 
after 72 hours, four were still negative after 72 hours but weakly positive at day 7 and two 
remained negative all the time and were still negative after 14 days. 

Though the results are impressive, a lot of questions remain. Since all patients applied 
hypertonic saline solution daily to the nose, it remains unclear whether the favorable effect 
can be attributed to H2O2 alone, to Atomix solution, or the combination of both (once H2O2, 
then daily hypertonic solution). Second, the relevance of the results may be small in a 
population which is probably no longer infectious (they all had antibody titres); residual PCR 
positivity may be indicative of problems of the immune system to clear the virus completely, 
but may be without any clinical relevance or need for containment.  

It would be very interesting to repeat the same procedure with COVID-infected patients 
during active infection in the early, infectious stage of the disease. Moreover, it would make 
sense to establish a control group who only uses hypertonic saline solution without a single 
H2O2 procedure, and another group with neither H2O2 nor hypertonic solution.  Maybe 
hypertonic saline solution alone is able to show the same favorable results? This may also 



221 

 

answer open questions whether hypertonic saline solutions can be recommended in COVID-
19 despite the concerns about the health of the cilia as mentioned above.   

However, if the 3 % H2O2 procedure is obligatory to achieve the aim of long-lasting PCR 
negativity, one should consider its possible side effects on the nasal epithelium. The effect of 
H2O2 on the nasal epithelium hasn’t been studied in detail so far, but the study of FELDMAN 
et al. gives cause for some concern. On the other hand, CARUSO et al. (2) showed that “no 

damage was observed on oral mucous membranes or their microvilli after ongoing gargling 
treatment with H2O2 3%”. However, this is difficult to interprete since oral mucosa has no 
microvilli, thus it is unclear which mucosal location with microvilli had been examined. 

Beside of these open questions, CARUSO et al. (1,2) present a lot of mechanistic evidence 
why H2O2 administration is promising, and they proposed as starting dose for clinical trials 
which are urgently needed “two puffs (about 0.28 ml) of 1.5% H2O2 nasal spray into each 
nostril two times daily combined with a mouth wash and gargling for 1 min with a 3% H2O2 
solution two times daily.” (CARUSO et al. 1). 

Thus there is a fundamental difference between the concepts of CAPETTI et al. and CARUSO 
et al.. Whereas CAPETTI et al. administered 3 % H2O2 only once (and suggest that it may be 
repeated 14 days later in accordance with the renewal time for the nasal epithelium), 
CARUSO et al. propose two daily administrations, but only with half of that concentration 
(1.5 %).  

CARUSO et al. don’t differentiate between nasal wash and nasal spray; sometimes they write 
about “nasal wash” and then they eventually propose nasal spray. However, the difference 
between nasal wash and nasal spray may not be unimportant if one considers the possibility 
that nasal wash may wash out protective agents like immunoglobulines (IgA), defensines, 
interferon, lysozyme etc. from the mucosal membranes and may thus enhance susceptibility 
for infections for some time.    

 
As an alternative to PVP-iodine, HERRERA et al. proposed cetylpyridinium chloride (CPC) for 
mouth rinse and gargle, because it had been found to be effective in the prevention of other 
upper respiratory tract infections (usually caused by influenza, RSV, metapneumovirus, 
rhinovirus, adenovirus, human coronavirus) in a RCT with a CPC-based formulation for 
inhalation (HALOTM; intraoral spray 3 x daily for 75 days) (MUKHERJEE et al.). CPC was found 
to be effective against MERS-CoV in vitro.  
 
Based on mechanistic considerations (destroying the virus capsid), quarternary ammonium 
compounds (like CPC) are promising candidates against COVID-19 (BAKER et al.). The 
envelope of SARS-CoV-1 and -2 has been described as “unusually stable” (SCHELLER et al.), 
so favorable experience with CPC with regard to other viruses may not apply necessarily to 
COVID-19.  
 
However, a very small clinical trial from Singapore gave first hints that CPC (0.075 %) may be 
effective to reduce viral load in saliva to a similar extent like povidone-iodine and for at least 
6 hours (SENEVIRATNE et al.). But this trial has a lot of methodological limitations discussed 
elsewhere (http://freepdfhosting.com/66b45bc8c1.pdf). 
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On the other hand, laboratory data are meanwhile very promising and suggest that CPC-
containing mouthwash may be one of the top formulations against SARS-CoV-2 (STATKUTE 
et al., MUNOZ-BASAGOITI et al.), possibly even more effective than 0.5 % PVP-iodine 
(STATKUTE et al.), and MUNOZ-BASAGOITI et al. proposed the use of CPC also as a nasal 
spray. ANDERSON ER et al. found that 0.07 % CPC for 30 seconds reduced SARS-CoV-2 below 
the limit of detection (>4 log10), similar to 70 % alcohol, and this result could be replicated 
separately for the variants Alpha, Beta and Gamma. In contrast, chlorhexidine 0.2 % was 
more than 100 times less effective in that assay (< 2 log10).    
 

 

 

Eventually, SHEN et al. proposed nocturnal oxygen therapy as an option for early COVID-19. 
They assume that virus replication is increased at night, and that oxygen therapy “could 
inhibit virus replication, regulate autoimmunity and decrease ACE2 expression in tissues.” At 
night, the virus may speed up invasion (e.g. into the deep lung via gastro-oesophageal reflex-
associated aspiration), and the decrease of the cortisol level at midnight correlates with an 
increased over-production of inflammatory cytokines in the night and early morning. Thus 
nocturnal oxygen therapy is regarded as a therapeutic option for patients under home 
isolation. SHEN et al. propose the use of a common home oxygen concentrator, and this 
concept is already widely used by COPD patients, safe and easy to use. The rationale for this 
concept is given in detail by SHEN et al.  

In contrast to the concept of SARDESAI et al. who suggest oxygen therapy at home for 
people with asymptomatic or mild COVID-19 who already have an oxygen saturation of less 
than 93 % (to avoid hospitalization of these otherwise non-severe patients), SHEN et al. 
propose oxygen therapy independent of oxygen saturation as a sort of “preventive” early 
treatment in order to inhibit viral replication and its invasion (at night) into the lungs. In the 
situation described by SARDESAI et al., the infection had probably already invaded the lungs, 
otherwise oxygen saturation would be >> 93 %.  

Unfortunately, there are so far no trial results and clinical data from early COVID-19 patients 
which support the “preventive” early oxygen therapy concept. Though prospective studies 
would be optimal (but placebo-controlled trials impossible), also retrospective analyses of 
the course of COVID-19 disease in COPD patients who use such nocturnal oxygen therapy 
concept, compared to those who don’t use it, may offer first hints whether this concept 
works.  

 

But in the absence of results from prospective clinical trials, nothing of these interventions 
can be recommended without serious doubts so far. There were already too many 
disappointments and pitfalls in the context of COVID-19, where promising data from in vitro 
studies or theoretical concepts were unable to be replicated in trials or retrospective 
analyses of COVID incidence or severity in patients who took these agents at the time of 
their infection for the treatment of an underlying disease.  Only to give three examples for 
that:  
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● hydroxychloroquine; highly celebrated in the beginning of the epidemic, it is still 
impossible to draw final conclusions about it. However, it is obvious meanwhile that it is not 
a simple and promising medicine for everyone who is infected. The favorable results on its 
antiviral activity on Vero cells could not be replicated on human airway epithelial cells 
because Vero don’t express TMPRSS2, but TMPRSS2 attenuates the inhibition of SARS-CoV-2 
by HCQ. 
 
At best, there may be special subgroups of patients who may profit from it (if any at all), or 
there may be some combinations with other agents which may be able to yield some profit 
of HCQ. RUGHINIS et al. analysed all RCTs with HCQ which were published until August 30th 
(n = 7), and found “none of the 7 RCT published until now have found any benefit.”, whereas 
there are still “more than 250 RCT registered on ClinicalTrials.gov with HCQ in COVID 
patients, and more than 150 of them are "still recruiting" or "not yet recruiting" patients.” 
(RUGHINIS et al.). 
 

And except for some minor (but significant) advantages with regard to the symptom score in 
rhesus macaques, it was found ineffective in Syrian hamsters (even in extremely high doses) 
and in rhesus macaques as far as lung lesions and viral parameters were concerned 
(ROSENKE et al.). In direct comparion with high doses of favipiravir in a Syrian hamster 
model, high dose favipiravir reduced infectious virus titers in the lungs, improved lung 
histopathology markedly, and decreased virus transmission by direct contact, whereas HCQ 
failed to do so (KAPTEIN et al.). The authors conclude that the animal data (macaques, 
ferrets, hamsters) “provide no scientific base for the use of this drug (= HCQ) in COVID-19 
patients”, whereas they see “marked protective effects” of nontoxic doses of favipiravir in 
their small animal model. The reason for this discrepancy must be independent from lung 
concentration of both drugs; total lung exposure to HCQ was unable to explain its failure 
(KAPTEIN et al.). In fact, in a study about the pharmacokinetic profiles of different drugs it 
was found that hydroxychloroquine, chloroquine and Favipiravir are highly distributed in the 
lungs, in contrast to remdesivir, lopinavir/ritonavir or umifenovir (WANG Y and CHEN L). This 
may also explain the discrepancy between the success of umifenovir in chemoprophylaxis, 
but its weak or disappointing results in some (but not all) studies with hospitalized patients, 
and is also well in accordance with the disappointment about lopinavir/ritonavir.  
     
 
Nevertheless, there are a few studies that HCQ may be helpful if started in the early course 
of the disease (see IP et al., also for references of other studies which point to the same 
effect). And since the antiviral effect of HCQ may be compensated by its anti-interferon 
activity (which is unwanted in the early course of the disease because one needs a strong 
mucosal interferon response to fight against the local infection in the respiratory tract), one 
may consider the combination of HCQ and interferon nose spray/inhalation in the early 
disease to overcome the deleterious effect of HCQ on interferon production.  
 
● proton pump inhibitors were found to be a potent inhibitor of SARS-CoV-2 replication in 
vitro (Vero cells) in a similar manner like hydroxychloroquine or azithromycin (TOURET et 
al.), but in a clinical trial with hospitalized patients with common COVID-19, they showed no 
effect at all (ZHANG XY et al.). LUXENBURGER et al. found that proton pump inhibitors 
increase the risk of secondary infections and ARDS due to microaspiration, resulting in much 
more secondary infections during hospitalization (48.4 vs. 20 %), ARDS (48.4 vs. 12.2 %) and 
deaths (19.4 vs. 5.6 %). On the other hand, they may reduce the risk on infection (see XIANG 
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et al. for UK Biobank), but this doesn’t contradict necessarily to the results from 
LUXENBURGER et al.  XIANG et al. found significant reductions in models of infection and 
severity, but not mortality in UK Biobank participants. This study based on data from the UK 
Biobank found a protective effect in people who take PPIs (XIANG et al.) with significant 
effects (OR 0.72 in case of intake during the last 6 months, OR 0.77 in tested persons in case 
of intake during the last 12 months). But since there was no significant reduction of 
mortality, the data from XIANG et al. are compatible with higher mortality in infected or 
severely ill patients (more about PPIs see in the “indomethacin” section).  
 
● many anti-HIV agents (e.g., tenofovir) were found to be a promising agent against SARS-
CoV-2 in silico in a molecular docking study (ELFIKY AA) or in vitro. But in a ferret model, only 
tenofovir/emtricitabine showed a small effect on viral load in nasal washes and reduction of 
symptoms (like fever and weight loss), in contrast to both lopinavir/ritonavir and 
hydroxychloroquine (PARK SJ et al.). The ferret results are well in accordance with a clinical 
trial where early administration of lopinavir/ritonavir and hydroxychloroquine showed no 
better results than its comparator, late administration of the same drug combination 
(GIACOMELLI et al.). 
 
Moreover, experiences with HIV-infected people on antiretroviral therapy didn’t show a lot 
of evidence in favor or protection by these antivirals, and HIV-infected people seem to suffer 
a higher mortality from COVID-19 than the general populations. Whereas there are still 
some hints that tenofovir disoproxil fumarate (TDF) may be advantageous (especially from a 
large study from Spain), this doesn’t apply to other anti-HIV medications which are 
prescribed more often (for details and references, see “no protective effect of HIV PREP” in 
http://freepdfhosting.com/863ed84c7f.pdf or also 
http://freepdfhosting.com/9686575098.pdf). 
 

In an observational study from Peru, Tenofovir DF (TDF) proved to be surprisingly successful 
(CORNEJO-GIRALDO et al.). This study compared TDF to HCQ in hospitalized patients with 
evidence of pulmonary compromise (the vast majority requiring supplemental oxygen). 

Comparators: HCQ 400 mg 12 hourly at day 1, then 200 mg every 8 – 12 hours for 5 – 10 
days (n = 36 patients); or TDF 300 mg per day for 7 – 10 days (n = 68 patients). 

Unadjusted outcomes (HCQ vs. TDF): length of hospital stay 16.6 vs. 12.2 days (p = 0.0102), 
ICU admission or mechanical ventilation: 61.1 % vs. 11.8 % (p = 0.000); mortality: 50.0 % vs. 
8.8 % (p = 0.000). However, there were differences in baseline characteristics at admission, 
and the HCQ group had more risks and worse prognosis markers on average. 

After adjusting for these confounders and multiple regression, TDF decreased hospital stay 
by 6.10 days (p = 0.042); OR for ICU/mechanical ventilation was 0.15 (CI: 0.03 – 0.76, p = 
0.022), and HR for mortality was 0.16 (CI: 0.0.3 – 0.96; p = 0.041). In another model 
(“estimation model of the treatment effects by regression adjustment”), the decreased stay 
in hospital was calculated to – 6.38 days, the decreased need for ICU/MV at 41.74 % and 
decreased mortality at -35.22 % (p = 0.001). 

 
 
 

http://freepdfhosting.com/863ed84c7f.pdf
http://freepdfhosting.com/9686575098.pdf
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In the future, it should become standard to examine the inhibitory effects of any agent on 
SARS-CoV-2 not only (as usually) on Vero E6 cells, but also on other cell types, including for 
example HUH7 (human hepatocarcinoma cell line) with high expression of ACE2, but most of 
all in the primary human nasal epithelial cell line (hNEC), the in vivo target of SARS-CoV-2 
(MOK et al.), or human airway epithelial cells. Some promising results in Vero E6 cells or 
HUH7 cells could not be replicated in hNEC lines (MOK et al.). Trying several cell lines in vitro, 
with special reference to hNEC lines, could avoid expensive and unnecessary clinical trials 
with disappointing results, and may help to select agents with the highest chance of clinical 
success.    
 
As a consequence, there is no way around clinical trials. In the meantime, retrospective 
analyses of patient data or animal experiments (ferrets, hamsters, rhesus macaques) may 
help to understand more about options for early and low-threshold therapies/agents and 
may shorten the timeline until they can be recommended to the public.  However, in rhesus 
macaques, the age structure of the animal cohort has to be considered thoroughly since 
they show an age gradient similar to humans (YU et al.). However, the limited availability 
and high costs of rhesus and cynomolgus macaques may suggest serious limitations for 
PREP, PEP and early treatment research. However, these limitations can be overcome now 
since also hamsters and ferrets are well suited for that purpose (MONCHATRE-LEROY et al., 
ROSENKE et al.). Thus one can take hamsters or ferrets as primary animal models for studies 
of potential prophylactic antivirals (and their combinations), and only the most successful 
candidates or combinations would be selected for investigation in primate models because 
of the limited availability of primates.   
 
A serious limitation of animal models for COVID-19 is their inability to recapitulate the 
severe and sometimes lethal disease in humans. Infections in the model animals are 
commonly mild or moderate and without life-threatening cytokine storms, and this problem 
can only be attenuated a little bit, but not overcome, by using aged macaques (YU et al.). But 
it was found that Syrian hamsters offer a model for severe and even lethal disease if their 
adaptive immunity is disrupted, either transient by Cyclophosphamide-mediated 
immunosuppression, or lasting by using RAG2 knockout hamsters (BROCATO et al.). In 
normal hamsters, high dose of virus is needed to produce disease, and the disease resolves 
quickly spontaneously. Immunosuppressed hamsters get sick following inoculation with low 
doses and develop more severe and prolonged disease and higher viral loads in swabs and 
organs, mimicking the situation in humans, including older people and those with 
comorbidities.  
 
With regard to mice, a mouse-adapted SARS-CoV-2 was created which causes severe disease 
(including ARDS) and lethality in standard laboratory mice (LEIST et al.). The same applies to 
human-angiotensin-converting enzyme 2 transgenic mice with regard to common SARS-CoV-
2 (GOLDEN et al.) or ACE2-deficient mice as a model for cytokine storm-driven inflammation 
(WANG J et al.). 
 
 
Especially for agents which are already available and for which there is a very low threshold 
for their administration in humans, like nutritional supplements and pharmacological agents 
which are well tolerated, OTC and without serious side effects, animal experiments can 
shorten the time until they can be recommended for prophylactic or therapeutic use (at 
least as an adjuvant) in the context of COVID-19.   
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To avoid disappointments, one can follow this pathway: 
 
in silico, in vitro (Vero cells, HUH 7 cells and others)  
 
↓ 
 
in vitro, primary human nasal epithelial cell line (hNEC)     
 
↓ 
 
hamster or ferret model     (immunosuppressed hamsters!)  
 
↓         selection of the most promising candidates/combinations 
 
rhesus or cynomolgus macaques (PREP, PEP or early treatment) 
 
↓ 
 
clinical trial  
 
 
In summary, there is an urgent need for early treatment for people with a very recent 
diagnosis of COVID-19 or early symptoms which are suggestive of COVID-19. While such a 
diagnosis or symptoms may not be worrisome to many young people without comorbidities 
who suspect that this infection may be a little unpleasant, but not actually dangerous for 
them, the situation is very different for older people or those with relevant comorbidities. 

 

Meanwhile, there are some hints that knowledge about the infection (or suspected 
infection) may worsen the course and prognosis by pycho-neuro-immunological pathways. 
Stress and fear, whether they are associated with the disease itself or the circumstances and 
problems of quarantine and possible external controls and restrictions, may result in 
immunosuppression by different ways, e.g. increased cortisol levels or impaired sleep, only 
to mention two out of many possibilities. HU et al. showed that Zopiclon in the small dose of 
1 mg/d was the „most successful“ drug in hospitalized patients of any degree of severity of 
COVID 19 with regard to the endpoint mortality. The effect was most pronounced in patients 
with more severe disease.     

Moreover, even non-diabetic people may suffer stress hyperglycaemia. Hyperglycaemia, 
whether of diabetic origin or not (e.g., stress-induced), enhances glycosylation of ACE2 
receptors in the lungs, resulting in enhanced susceptibility to infection by supporting viral 
entry into the cells. Thus, hyperglycaemia may support the expansion of the primary 
infection from the nasal tract down towards the lungs. Beside of this, hyperglycaemia 
increases the production and release of interleukin 2, an important contributor to the 
dangerous cyokine storms (CERIELLO A). Hyperglycaemia at the time of hospital admission is 
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a bad prognostic factor associated with mechanical ventilation and death, independent of 
whether the patient is a diabetic or not (CARRASCO-SANCHEZ et al.), pointing to a dangerous 
role of stress- or infection-induced hyperglycaemia even in patients who are not known to 
be diabetics.  

Thus, fear and stress (including legal demands and restrictions) associated with documented 
or suspected COVID infection may have a negative impact on the course of the disease and 
its prognosis. One may also wonder about so many HCWs in Italy, Spain or US who are now 
found to be seropositive but remember no symptoms or only minor symptoms which didn’t 
had worried them so that they continued to work and live their normal life instead of testing 
or self-quarantine. One may ask whether they had a better outcome because of the absence 
of all of the fears, stress reactions, legal demands etc. which are inevitably associated with 
COVID-19 diagnosis? For some, it may be better not to know that they are infected.  

Though the role of psycho-neuro-immunology for the course and prognosis of COVID-19 
disease is only hypothetical so far, it stresses the urgent need for help for people with a new  
COVID diagnosis or suspected COVID disease because of suggestive symptoms. It is 
important for those people to understand that they can do something themselves what may 
influence the course of their disease – and their fate – in a favorable manner, at least for 
persons with increased risks like elderly or those with comorbidities. Young people without 
comorbidities probably don’t need anything at all and may accept their COVID disease as if it 
is a common cold, as long as the disease is mild or moderate; however, they still have to 
respect the risk of Long Covid.   

Hospitalization is a stressful event for patients; it changes their daily rhythm, may impair 
sleep rhythm (important during an infection!), causes additional stress, causes fear, maybe 
interruption of medication or self-administered supplements, and one may hypothesize that 
its influence on the psycho-neuro-immunological axis may have a detrimental effect on the 
further course of the disease. This may also apply to many hospitalizations for other reasons; 
however, other diseases that may need hospitalization might not be so sensitive to 
disturbances of the psycho-neuro-immunological axis like an infectious and inflammatory 
disease in association with immune dysregulation.  

It is often communicated that some or many patients worsen quickly after hospitalization 
and progress to ventilation or death. Following the concept of psycho-neuro-immunology, 
this is not surprising. ZEBALLOS et al. reported surprisingly high survival rates (99 %) in 
patients with respiratory failure in Brazil who were treated as outpatients though they had 
an evident indication for hospitalization; however, the health system had collapsed and 
there were no beds available. They were so successful with their outpatient regimen (based 
on prednisolone, macrolides and enoxaparin; started not earlier than day 7 after symptom 
onset) that they continued to practice it at later times when enough hospital beds had 
become available again – hospitalization became an exception. The ZEBALLOS paper is 
revolutionary and has the potential to become a gamechanger; however, it is much more 
likely that it will be ignored – because it is so progressive.  

Clinical research is dominated by hospitalized patients, especially those with bad prognosis, 
on ICU or mechanical ventilation (in a systematic review, ALMESHARI et al. found the 
mortality rate of COVID patients under mechanical ventilation between 50 and 100 %). Even 
formerly top-rated new treatments like Remdesivir and Tocilizumab proved to be very 
disappointing when administered to people already under mechanical ventilation. In spite of 
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these unfavorable outcomes, the availability of ICU and mechanical ventilation units drives 
political decisions about lockdowns or their termination.  

 

 

Concluding remarks 

In research and publications, there is a strong focus how to reduce the harm at the later or 

final stages of the disease, i.e. tertiary prevention. But there is much less interest in research 

and politics for primary (pharmacological) prevention (chemoprophylaxis), and secondary 

prevention in freshly infected or diagnosed people. Everybody looks what happens in ICUs 

and ventilation wards, but there is very little interest in people who have just gotten their 

diagnosis or symptoms, except for the legal and regulatory aspects of the disease 

(quarantine, lists of contacts, control etc.).  

As soon as someone is actually infected, primary prophylaxis (non-pharmacological or 

pharmacological) has failed. Now there is an urgent need for secondary prophylaxis, at least 

for older people or those with relevant comorbidities. Secondary prophylaxis might, at best, 

be early antiviral treatment (if available), and, as an alternative (if early antiviral treatment is 

not accessible) or as an adjuvant, local antiviral/antiseptic treatment (like PVP-I, 

carrageenan, lactoferrin or acetic acid inhalation) and systemic measures to influence 

immunity like DMB, zinc, beta-glucans and many others as mentioned above. 

Since the need for such simple measures is high, but the scientific evidence for their 

effectiveness still poor (e.g., because the trials were too small or the recommendations are 

only based on in-vitro-data), there is an urgent need for more research in this field. But since 

this field is not of economical interest for the pharmaceutical industry, only public research 

can enter this field, without the need to yield profit except the profit for the society as a 

whole and saved money for the health care systems if secondary prophylaxis works well. 

In the absence of high-grade research about secondary prophylaxis and early treatment of 

outpatients (except for some trials with hydroxychloroquine for outpatients, which yielded 

contradictory results), nobody is able to estimate the effectiveness of the methods described 

in this paper, the possible costs for the health system or the society as a whole which could 

be saved that way, and the effects on the R-value (because of reduced infectiousness or use 

of these methods for chemoprophylaxis), including the political and economic consequences 

of R-values.  

One may wish or hope for the near future 

● more research in the field of early therapy for outpatients, including both systemic and 

local antiseptic therapy, with special reference to therapies which can be accessed quickly 

and easily without time-consuming obstacles and legal regulations/restrictions  
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● that we get better evidence for the effectiveness of the methods described here, and 

more precise recommendations how to use them (e.g. dose, in what stage of the disease 

should they be started? When are they contraindicated?). 

● that we get evidence for more and other agents or therapies which can be applied by early 

outpatients (especially older patients or those with comorbidities) with low thresholds and 

easy access, which can influence the course of the disease and prognosis in a favorable 

manner  

and finally 

● that we can transform early COVID-19 into a self-manageable disease, at least if disease 

management starts early enough, with predictable good outcome  (but this won’t be 

possible if one misses the chances which are possibly present in the very beginning of the 

disease as long as there is no pneumonia, no hyperinflammation and no immune 

dysregulation).   

 

It is commonly claimed that there is no effective treatment for outpatients in isolation at 

home, except for paracetamol for antipyresis (contra: PANDOLFI et al). Moreover, it is 

communicated to the public that outpatients don’t need any specific therapy, and that there 

is no therapy option for them. The former is very probably true for most young or middle-

aged patients without relevant comorbidities (though one should not overlook the 

consequences of “long COVID” that may also affect young people or those with mild 

disease). It is thought too short to consider only severe disease, ICU, ventilation or death, 

and to forget about the long-term consequences.   

However, elder patients or those with comorbidities have a risk of severe and critical disease 

because of hyperinflammation, cytokine storms and coagulation disorders; thus there is an 

urgent need to establish measures to avoid or dampen this unfavorable progression already 

at the beginning of the disease, i.e. after diagnosis or symptom onset. This may be the time 

window when it might still be possible to prevent hospitalization, ICU or intubation in the 

future (i.e. a few days later). 

Meanwhile, there are several candidates of pharmacological agents which might be able to 

be more or less effective in this respect if given early, and they are suitable for outpatients 

isolated at home. Some of them have to be prescribed, others are available OTC or even as 

nutritional supplements. As far as they are pharmacological products, they are approved by 

FDA and EU authorities, but maybe their use in COVID disease may be off label.  

They can be taken orally, there is experience with most of these agents since a long time, 

and the safety profile (at least in the case of short term use) is much more favorable than for 

HCQ/CQ or lopinavir/ritonavir, especially for elder people or those with cardiac 

comorbidities.  
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However, none of these candidates will probably be able to have a very strong and sufficient 

effect on the parameters mentioned above (hyperinflammation, cytokine storm syndrome 

etc.) on its own, maybe except for baricitinib. Combinations will be obligatory thus. But even 

based on the limited number of promising candidates (like doxycycline, metronidazole, 

azithromycin, high dose vitamin C, alpha lipoic acid, cystine + theanine, curcumin, 

lactoferrin, Guduchi, baricitinib, ivermectin and many others) and regarding different dose 

regimens, thousands of combinations would have to be considered to address the 

prevention or reduction of hyperinflammatory parameters, beside the need for antiviral 

activity of the components. The most effective combinations would then have to be 

selected. 

Whereas synergisms with regard to antiviral/inhibitory activity can be examined (with some 

limitations) in vitro, this is not possible as far as the effect of single agents and their 

combinations on complex immune responses is concerned. Animal models are inevitably 

necessary for that, in order to select the most effective combinations in a sort of selective 

and evolutionary process. This means that one has to select animals which are not only able 

to recapitulate the viral course of the disease similar to humans, but also the more severe 

disease of older and comorbid patients, such as older individuals of rhesus macaques (YU et 

al.). However, animal models aren’t yet able to represent the full spectrum of COVID-19 

disease like serious cytokine storms and hyperinflammation. They are better suited as 

models for early or mild disease. This is a serious limitation for the preclinical optimization of 

therapies against the cytokine storm syndrome. But in a study which compared several 

species of primates with regard to their utilization of a COVID model, it was also found that 

at least rhesus macaques (Macaca mulatta) can produce high levels of hyperinflammatory 

cytokines in the course of COVID 19 disease (LU et al.). This is not a cytokine storm like in 

severe or critical patients, but it would still be suited to examine the effect of agents which 

may act prophylactically against the release of such cytokines, or which may dampen their 

release. Since the study of LU et al. it cannot be argued any longer that there is no adequate 

animal model to test prophylactics or early therapeutics against COVID-induced 

hyperinflammatory cytokine release. Moreover, as mentioned above, there are transgenic 

mice, ACE2-deficient mice, RAG2 knockout hamsters, immunosuppressed hamsters and 

other alternatives that allow to test agents and their combinations without the need for 

macaque models.    

But the biggest problem with regard to early treatment of outpatients at risk is translational 

research. In the absence of a standardized and routinely home visit/care system for COVID-

patients (with increased risks because of age or comorbidities), it is essentially impossible to 

perform clinical trials with outpatients in isolation at home which fulfill the strict criteria of 

high-grade evidence-based medicine, ethical commissions, journals and peer reviews. 

Among others, there will be problems with randomization, control group, placebos, control 

of regular intake of medicine per protocol, regular control of medical parameters (instead 

there would be a need for self control/measurements, telephone calls, telemedicine, self-

reported symptoms etc.) and many confounders which cannot be controlled at home. 

Eventually, the study results won’t be published at all, or if published, the results won’t be 

accepted or will be disputed because of lack of control group or insufficient randomization 
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or because of a high risk of bias. This explains the strong focus on HCQ/CQ, 

lopinavir/ritonavir, favipiravir, remdesivir, tocilizumab, glucocorticoids and convalescent 

plasma, usually given in hospitals, whereas candidates for outpatient therapy seem to be 

“very exotic” and are considered only rarely. The fluvoxamine trial (LENZE et al.) or the 

BARNABAS HCQ PREP trial are examples and proofs of concept that contact-free high-grade 

trials with outpatients are possible; however, as pointed out by LENZE et al., they are very 

time-consuming. 

As a consequence, it seems to be settled that there is no effective pharmacological 

treatment for outpatients (“except for paracetamol”; contra: see REESE et al., PANDOLFI et 

al.), and that outpatients (including those with increased risk) would have to wait in isolation 

and quarantine until their situation becomes so bad that they have to be brought to hospital. 

Ultimately, the high requirements of high-standard evidence-based medicine, journals, ethic 

commissions and peer reviewers are responsible that there is no therapy for outpatients 

with increased risks in home isolation, so that these patients suffer from strictly limited 

access to medical care, instead of an early chance of preventing or reducing the risk of 

subsequent hospitalization, ICU care or intubation by early pharmacological interventions.  

Large RCTs like SOLIDARITY and RECOVERY guide the development of therapies and set the 

standards for COVID trials that deserve recognition. This is invaluable for hospitalized 

patients and “late” therapy. However, large trials of the same size and quality cannot be 

performed with outpatients and for “early therapy” starting directly after diagnosis or 

symptom onset. Since evidence below the level of SOLIDARITY or RECOVERY is not accepted, 

outpatients and early patients are told that there is no therapy for them. They have to wait 

in isolation until their situation worsens so much that they have to call the ambulance for 

hospital admission. 

 

 

Local antiseptic measures (nose, nasopharynx, oropharynx) are described in more detail in a 
separate paper: 
 
Results of clinical trials of nasal or oropharyngeal decontamination procedures for 

prophylaxis of COVID-19 infection, for treatment of COVID-19 patients and for 

reduction of their infectivity – a living review. 

Downloadable from:    http://freepdfhosting.com/66b45bc8c1.pdf 

 

 

List of candidates mentioned above: 

 

# Acetic acid inhalation (results from a small clinical trial) 
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* Alpha lipoic acid + *vitamin C (result from a small trial with progressed disease for alpha 
lipoic acid) 

Ambroxol (as alternative to bromhexine) (also as inhalation) 

* Arginine + vitamin C 

Aspirin 

* Baricitinib (results from small trials) 

* Bromelain 

Bromhexine (results from a trial) 

# Carrageenan (local) 

# Cetylpyridinium chloride (PCP) (local) 

Clarithromycin 

* Curcumin 

* Cystine + *theanine  

§ Dequonal (dequalinium chloride, benzalkonium chloride)  (in vitro results) 

Diclofenac  (problem: concomitant need for proton pump inhibitors may worsen outcome)  

DMB (vitamin D, magnesium, vitamin B 12)  (results from a small clinical trial) 

Doxycycline + vitamin C (+ zinc)  (case series)  

* Fluvoxamine (including RCT results)  

GABA   (see TIAN et al.)    (mouse model experiments) 

Glutathione  (see HOROWITZ et al.) 

Herbal TCM  (e.g. favorable trial results in combination with Arbidol)  

Homotaurine   (see TIAN et al.) 

# Hydrogen peroxide (local)  (trial results: §)  

* Hypericum perforatum 

# Hypertonic saline solution (local)   (trial results: §)    (but see: PETER and SCHUG) 

Indomethacine 

# Inhalative Interferon beta (e.g. SNG001 or Russian interferon sprays)  (trial results) 

# Inhalative interferon kappa 
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# Inhalative inosine-glutathione (favorable trial results for prophylaxis, also proposed for 
treatment by DUBINA et al.). 

# Inhalative remdesivir (Phase I)   

Ivermectin as combination partner 

Ivermectin + aspirin (trial results) 

Liposomal lactoferrin (trial results) 

§  Listerine (classic) (essential oils, ethanol)  (trial result) 

* Melatonin 

Metabolic cofactor supplementation (see: ALTAY et al.) 

* Metronidazole 

Minocycline  

Monoclonal antibodies 

* Montelukast 

Mycobacterium w injection (vaccine: Immunovac)   (see SINGH SHGAL et al.) 

* Nigella sativa (see also: TaibUVID: EL SAYED et al.) 

* N-acetyl-cysteine (and glutathione) 

* Omega 3 PUFAs (see ASHER et al.)  

* Pentoxifylline + Dipyramidole (results from a small trial for dipyramidole) 

# Povidone-iodine (nasal, throat)   (in vivo results) 

# Prolectin-M 

(Green) Propolis 

Ranitidine bismuth citrate (not: ranitidine) 

# inhalative Remdesivir 

Remdesivir + fluoxetine 

Remdesivir + itraconazole  

* Silibinin 

* Statins (lipophilic statins like atorvastatin, simvastatin) 

* Thymosin alpha (trial results in progressed disease) 
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# Tinospora cordifolia (Guchuchi Ghan Vati)  (results from small trials) 

* Ubiquinone / Mitoquinone 

(Vitamin A)  (but consider potential cancer-promoting potential) 

Vitamin B3 (nicotinamide) 

* Vitamin C 

Vitamin D 

Zinc (case series) 

 

 

* agents which are supposed to have effects against hyperinflammation or 
hyperinflammatory cytokines  

# agents which are supposed to have a primarily antiviral effect  

§ local desinfectants found to be effective, but discussed only in the “local decontamination 
paper”: http://freepdfhosting.com/66b45bc8c1.pdf 

 

 

 

For many agents, combination partners are proposed to increase effectiveness by some sort 
of synergism.  

 

 

 

List of some proposed combinations (mostly based on theoretical or in vitro 
evidence) 

 

Alpha lipoic acid + vitamin C (as adjuvant) 

Alpha lipoic acid (or/and carnitine) + Coenzym Q10 (as adjuvant) 

Ambroxol + Luteolin 

Arbidol + Lianhuaqingwen  
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Azithromycin + zinc 

Bromelain + curcumin (+ piperin to enhance resorption); + quercetin 

Carrageenan + xylitol (local administration) 

Cystine + theanine 

Famotidine + aspirin 

Favipiravir + doxycycline, azithromycin, ivermectin 

Fluvoxamine + melatonin 

Hypericum perforatum + Echinacea 

Interferon alpha + camostat; or remdesivir; of molnupiravir (EIDD-2801); or cycloheximide; 
or convalescent serum 

Interferon gamma + interferon lambda 1 

Ivermectin + doxycycline or azithromycin; + aspirin 

mAbs + zinc gluconium (13.4 mg PO every 6 hours) + melatonin 3 mg (nightly) + vitamin D 
2000 IU daily (PAYNE et al.). 

Nafamostat + alpha-interferon (IANEVSKI et al. 2) 

Nigella sativa + zinc 

Nitazoxanide + remdesivir; + umifenovir; + amodiaquine 

Pentoxifylline + dipyridamole 

Propolis as adjunct 

PVP-I (or other antiseptics) + hypersaline solution (local therapy) 

Remdesivir + ivermectin; remdesivir + baricitinib; remdesivir + itraconazole + fluoxetine; 
Remdesivir + Umifenovir (but see below); Remdesivir + nitazoxanide 

Remdesivir + water-soluble alpha-tocopherol derivatives (PACL et al.)  

Remdesivir + mAbs  (see MARTINEZ et al.). 

Remdesivir + high-titer convalescent plasma (see WEINBERGEROVA et al.) 

Vitamin C + arginine; + curcumin (+ piperin to enhance resorption) + glyzyrrhicic acid; + 
bromelain + zinc + quercetin 

Vitamin D + vitamin K2: + L-(Acetyl-)-Cysteine  

Vitamin D 1000 IU/day, 150 mg magnesium/d and 0.5 mg vitamin B12/d (DMB regimen) 
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Zinc + hydroxychloroquine, doxycycline, quercetin, EGCG, resveratrol 

Zingiber officinale + Echinacea 

 

 

 

Important antagonistic associations in vitro: (BOBROWSKI et al.): 

 

● Remdesivir + antimalarials, particularly remdesivir + HCQ; remdesivir + low 

concentration of mefloquine; remdesivir + low concentration of amodiaquine (but 

synergism at high concentrations of both mefloquine and amodiaquine) 

“A statement issued by the FDA on June 15, 2020 warned that combinations of 

chloroquine/hydroxychloroquine with remdesivir may reduce the antiviral effectiveness of 

remdesivir against SARS-CoV-2” (BOBROWSKI et al.)  

 

● Remdesivir + low concentration of umifenovir (but synergism at high concentrations). 

Since the antimalarials mentioned above are lysosomotropic, and umifenovir is a lipophilic 

weak base, it is suggested that the antiviral efficacy of remdesivir is reduced by 

lysosomotropic amines.  

 

Synergistic associations in vitro:  

● Nitazoxanide + remdesivir, + amodiaquine, + umifenovir 

 

Limitation: the Vero E6 cells in the underlying experiments do not express TMPRSS2/4, two 

proteases crucial for viral entry through the early membrane fusion pathway. But they 

express P-glycoprotein, and the synergy could be simply due to inhibition of that 

glycoprotein which enhances exposure of Remdesivir (BOBROWSKI et al.).  

Thus the results from the in vitro studies need to be confirmed in animal experiments. There 

are also doubts whether the high concentrations needed for some of the synergisms (e.g. for 

umifenovir to achieve the synergism between remdesivir and umifemovir) can be reached in 

vivo. 
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