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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 for
prophylaxis in the past, don’t work any more at all, or less efficiently, in the context of the
new VoCs.

This means that even prophylactic agents that seemed to be quite or very effective so far,
may fail now. Until evidence specifically for Delta, Gamma or Lambda becomes available,
all prophylactics mentioned here have to be regarded as experimental in the context of
these variants. Effectively, one would have to start research (and trials) on COVID-19 PREP
and PEP right from the beginning again.

Vorbemerkung fiir deutsche Plagiatsjager:

Ja, dies ist ein Plagiat und keine eigene Studie oder Abhandlung. Es handelt sich 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
“Kernsatze” wortlich zitiert werden, insbesondere dann, wenn eine Umformulierung zu einer
unnotigen Verlangerung des Textes oder zu einem Verlust an Prazision and Pragnanz gefiihrt
hatte. Es wird daher ausdriicklich nicht der Anspruch erhoben, dass es sich hier in
irgendeiner Weise um eine eigene wissenschaftliche Leistung handele.




Introduction

Whereas first results about the efficacy of the COVID vaccines, particularly the mRNA-based
vaccines, from late 2020 gave some reason for hopes that the SARS-CoV-2 pandemic can be
overcome by these vaccinations, it became evident until the middle of 2021 that the

vaccines of the first generation, including the mRNA vaccines, are definitely unable to do so.

There are several reasons for these disappointments. All vaccines of the first generation are
based on the Wuhan sequence of SARS-CoV-2, and meanwhile there are several variants of
concern that partially escape from the immunity generated by these vaccines. Very critical
variants with regard to immune escape are (as of July 2020) Beta (see MADHI et al. for
Vaxzevria) and Lambda. But also Delta causes a lot of problems and breakthrough infections,
combined with its high infectiousness and high viral load in the upper respiratory tract of
infected people, whether vaccinated or not. Moreover, during the first days of the infection,
the nasopharyngeal (NP) viral load of the Delta variant is exactly the same in fully vaccinated
and unvaccinated people, proving that there is no sterilizing effect at all. It is only since
about day 5-6 that the NP viral load declines more quickly in vaccinated infected people
compared to unvaccinated, but at that point of time, most of the infected people will
already be isolated. This points to the high infectiousness of the Delta variant even in
vaccinated people once they got infected.

Whereas the vaccines still offer a relatively good (but already reduced) protection against
very serious outcomes like deaths, there are now many breakthrough infections even in fully
vaccinated people with the Delta variant, even in the case of mRNA vaccines, and the
incidence data from Israel clearly demonstrate that even high vaccination rates exclusively
with mRNA vaccines are unable to prevent a new large and quickly rising wave of infections.

Based on experiments with Rhesus macaques, it was clear from the beginning that Vaxzevria
won’t be able to generate sterilizing immunity in the upper respiratory tract (VAN
DOREMALEN et al.), whereas in similar experiments with the mRNA vaccines from Moderna
and Biontech/Pfizer, the sterilizing effect of two doses was not perfect, but close to perfect
(VOGEL AB et al., CORBETT et al.). So the hope was that at least a full vaccination (2x) with
mMRNA vaccines will offer nearly-sterilizing immunity, at least with virus loads so low that one
would no longer be infectious in case of a breakthrough infection.

But the experiences with early breakthrough infections with Alpha und Beta destroyed the
hopes of a nearly sterilizing immunity, and meanwhile, Delta made it very evident that all of
the vaccines, not only the vector-based ones, lack sterilizing immunity. As a consequence,
someone with a complete vaccination series may get infected (though the risk is lower than
for an unvaccinated person), and he may also be infectious to others, particularly in the case
of Delta with its high viral loads also in vaccinated people.



Sterilizing vaccines aren’t expected on the market in the near future. It is assumed that
vaccines have to be administered intranasally in order to generate a sterilizing effect in the
uppermost respiratory tract. Such vaccines are under development, but until early August
2021, only 9 of 110 vaccines in clinical phases involve intranasal administration: 2 of them
were in clinical phase 2, 1 in phase 1 /2, the remainder all in phase 1. The two vaccines from
phase 2 are from China and Iran and thus improbable for quick approval and access in
Europe even if they finally succeed. As a consequence, it will take a long time until intranasal
vaccinations will become available. And it is also not guaranteed that they will really offer
fully sterilizing immunity; they only may have the potential to do so.

Such vaccines of the second generation would need much more financial and governmental
support to accelerate their development. 2020 has shown what is possible if there is enough
political power and financial support, and that it is possible to generate a new vaccine within
one year until its delivery to the first people. Now the pressure is gone (exactly spoken: felt
to be gone), politicians and stakeholders feel good amidst the AstraZeneca, Moderna and
Biontech/Pfizer vaccines and hope (at best) for their updates e.g. based on the Beta variant
(the vaccine generation 1.2), but new vaccines (generation 2) will get less support and will
need much longer time until approval, production and delivery to people. But life and
society won'’t be able return to full normality until fully sterilizing vaccines are available.
That’s why the pressure is still there (not much less than in 2020), but it is harder to
understand and feel now.

The aim of the currently available vaccines is no longer to prevent infection (with a relative
high grade of confidence), and it is no longer to prevent the spread of the infection (once
acquired), but the aim of the vaccines is now primarily to prevent severe cases of COVID-19,
ICU, intubation, death. But even the latter is now less sure than it was before Delta, and the
number of severe cases, hospitalizations and deaths of fully vaccinated people is rising. Of
course, the risk of very severe disease or death in fully vaccinated people is dominated by
very old or immunocompromised people, but not exclusively limited to them. This is not
unsurprising since MUELLER L et al. showed that about one third of inhabitants of a care
facility for old people, most of them > 80 years, were unable to develop neutralizing
antibodies following 2 doses of Biontech/Pfizer. Moreover, it is clear now that people with
certain immunosuppressive or immunomodulating therapies fail to develop antibodies at all,
or only very low titers.

Another important aspect that is not limited to very old or immunocompromised people is
waning immunity. Starting a few weeks after the second dose, the strength of the protection
wanes from month to month, and this process is accelerated in the elderly (> 60 years) and
was demonstrated very well in studies from Israel. That’s why Israel decided to give
everybody from 60 years on a third dose — just 7-8 months after vaccinations had started.

In summary, (partial) escape variants, the lack of sterilizing immunity (particularly with
regard to Delta), and quickly waning protection in the elderly (and originally low or missing
protection in some special subgroups like very old or immunocompromised people) limit the
efficacy of the vaccines, and the situation increasingly worsens with the rise of the Delta
variant and the elapsed time since the last vaccination dose.

So no one can be sure to be really protected by the vaccine, even if fully vaccinated.
Whereas healthy younger people may accept the risk of a breakthrough infection, because



they know that they won’t get severe disease (but maybe Long Covid?), older people or
those with relevant comorbidities must take a lot of care to avoid breakthrough infections,
because they can be dangerous and life-threatening for them. There is no return to “normal
life” for them. Of course, the risk is still (much) lower as if they were unvaccinated, but the
risks in case of breakthrough infections in older people are substantial: In Germany, RKI
reported in July 2021 that 26 — 27 % of all breakthrough infections in people of 60years +
had to be hospitalized — compared to about 2 % of the younger breakthrough patients (RKI,
weekly reports from Thursday).

Since non-pharmacological protections are lifted and fully vaccinated people get their full
freedom back, the situation becomes now risky particularly for older (fully) vaccinated
people and — of course — everybody who is unvaccinated or only partially vaccinated.

With the lifting of many restrictions, whether for all people or only for the vaccinated and
cured people, the governments withdraw from the protection of the people, including the
vulnerable people (and people who are vulnerable despite full vaccination), and it is now the
responsibility of each person on its own, how many risks he/she will accept, and to care for
own protection. Moreover, it will be much more difficult to avoid certain contacts, events
and meetings in the future than it was during “protected” lockdown-like times.

In this situation, chemoprophylaxis becomes an important second pillar for protection —
besides vaccination. In some way, it must become a substitute for the loss of protection by
legal restrictions from the government. Vaccinated people will now attend mass gatherings
with many other vaccinated people (without any testing before) — but in the absence of
sterilizing immunity, this is just a gradual difference to mass gatherings between
unvaccinated people (it may be statistically substantial, but in principle, it is only gradual).
The difference is, that the risk of infection is gradually smaller, and, once infected, the risk of
severe disease is substantially smaller — but it still exists and it cannot be neglected,
particularly for the elderly.

This new situation makes chemoprophylaxis now much more important than it was before.
As already mentioned, prophylaxis must reduce and close the gap that is generated by the
lifting of the legal restrictions and lockdown measures. Everybody is now responsible for
himself. Even if fully vaccinated with the “top” vaccines (or “cross vaccination”), the risk of
COVID-19 is real, and the risk of severe disease despite full vaccination increases with age,
comorbidities and elapsed time since the last dose of the vaccine.

Chemoprophylaxis may have many faces. It may be permanent / long-time (e.g. for
professional reasons in highly exposed professions, interrupted only by holidays) or short-
time and situation-dependent for protection in the context of a special risky event that may
last only a few minutes or a few days. It may be preexposure prophylaxis and peri-exposure
prophylaxis (PREP + PEP for a few days) if the risky situation is foreseeable, or post-exposure
prophylaxis, if it was not foreseeable, e.g. if someone is suddenly informed to be a contact
person of an index case, or in case of being a household contact of an index case, or in case
of a spontaneous decision to join a mass event.

Chemoprophylaxis may be systemic (like tablets of even non-COVID heterologous
vaccinations), local (nasal/oropharyngeal), or a combination of both.



If there is effective chemoprophylaxis, this will give some degree of freedom back to both
unvaccinated and vaccinated people. For unvaccinated people who have the chance to get
vaccinated, vaccination should always have priority compared to chemoprophylaxis. Nobody
should forego vaccination because he feels protected well enough by chemoprophylaxis.
Vaccination (with the current “top” vaccines) should always have priority, and situation-
dependent chemoprophylaxis would then be an adjunct in the sense of a double protection
strategy particularly for those who need this second protection (like elderly).

However, there are people with contraindications against COVID vaccines. Beside the need
to adhere to non-pharmacological restrictions, now self-generated and no longer installed by
the government, chemoprophylaxis is their only chance if they cannot avoid contacts. This is
now (in Delta times) even more important because it is evident now that even vaccinated
people can be infectious (with high viral load and high infectious dose). For example, one can
no longer feel absolutely “safe” in a hospital (as a patient) because all of the staff is
vaccinated.

Moreover, convalescent people may get reinfected by new variants, particularly when
immunity from the first infection wanes. DHILLON et al. performed a systematic review and
meta-analysis about 577 cases of reinfections published until March 16, 2021, including 81
studies (72 of them with good quality) with 577 cases from 22 countries and mean age of
46.2 years (males: 45.8 %; 31.0 % comorbidities). Average duration between first infection
and reinfection was 63.6 days. Most worrying, there were 10 cases of ICU admission because
of reinfection instead of 3 in case of first infection; 9 vs. 2 of 577 needed mechanical
ventilation following reinfection. There were ten death among the 577 reinfections;
respiratory failure was the most common reason for death (7/10). It must be noted that
these are “historical” data from the time before the arrival of the Delta variant. It is probable
that the situation worsened since then.

As already pointed out, even fully vaccinated people are still endangered not only by simple
infection (asymptomatic or more often symptomatic), but also severe disease particularly if
they are older or suffer from relevant comorbidities. To this group, the vaccinations don’t
give so much freedom back as originally expected in late 2020 and very early 2021. The latter
group has still to think about every step they take: can | accept the (residual) risk?

If this (residual) risk can be substantially diminished by situation-dependent
chemoprophylaxis, this would offer a lot of freedom to these groups of vaccines. Protected
by short-time prophylaxis, even older people with residual risks for severe disease despite
full vaccination may be free to attain celebrations, mass gatherings, events; they may
resume travelling and meeting their old contacts.

In summary, since it is clear now that the once-celebrated vaccines are suboptimal, at least
for the elderly and particularly in the context of Delta, there is a need for “double
protection”, at least for some groups of people, not necessarily for the whole society.

Besides individual protection both for unvaccinated people and vaccinated people with
residual risks (e.g. because of age), chemoprophylaxis may have an effect on the whole
society and the course of the epidemic within a country:



For example, when the Delta wave started to rise in Germany in July and early August 2021,
the R value, as calculated by the RKl in its daily reports, oscillated around 1.10. This was of
course enough to start exponential growth and the fourth wave.

If chemoprophylaxis (e.g. used by contacts of index cases) could reduce the number of new
cases only by about a little more than 10 %, this would have been enough to keep the R
value in such a situation below 1.0 and to avoid an exponential growth and a new wave. This
may no longer work with high R values like 1.5 or 2.0, but with R values just a little above
1.0, the avoidance of some cases by chemoprophylactic procedures may be sufficient to
bring the R value down to less than 1.0, particularly if chemoprophylaxis is practiced in the
context of outbreaks or in contact settings (as a sort of PEP), or in association with risky mass
gatherings.

As will be mentioned below (see Table 3 in BEN-ZUK et al.), it is a pity that Europe, and
particularly the European Union with its EMA, ignores the field of chemoprophylaxis nearly
completely. EU and EMA rely completely on vaccines. What do they have to offer to their
inhabitants if there is a fully vaccine-resistant variant of COVID-19? How do they want to
avoid the overload of the health system and triage in such a situation?

Everybody knows that new variants come so quickly and generate new waves so fast that it
is impossible to adapt the vaccines to that variant, to approve these vaccines by the EMA,
and to deliver them so quickly to the whole population, before this escape variant hits the
population.

So in case of a vaccine-resistant variant, the EU and EMA have nothing to protect the
population, except for the reintroduction of the non-pharmacological restrictions with all of
their limitations, particularly in the context of highly infectious variants that can be catched
by simply “passing by”.

Many scientists meanwhile assume that vaccine-resistant variants will arise; this is no longer
regarded as a panic scenario or worst case scenario, but it is accepted meanwhile that it is
well plausible that something like that will happen earlier or later. High vaccine hesitancy in
countries where enough vaccines for everybody are available, and lack or paucity of vaccines
in poor countries (with their low vaccination rates) both offer an ideal ecosystem for the
evolution of fully resistant variants.

It is a scandal and irresponsible that EU and EMA don’t prepare for such a situation.

What about chemoprophylaxis in a situation with vaccine-escape variants, one must be
aware that it may happen that a few agents of chemoprophylaxis may work not or less
effective against such a new variant (see the WARNING on page 1). It depends on the exact
mechanism how a prophylactic agent acts against the virus. If the vaccine escape variant can
also escape from that special mechanism, then that special chemoprophylactic agent won’t
work in the context of that variant. Thus it is important to have several methods of
chemoprophylaxis available which act differently on the virus, its entry or its replication.
Nevertheless, local antiseptic measures (like povidone-iodine or CPC) or local measures
based on physical protection (barriers) like iota-carrageenan or clay-based methods like
Bentrio® will be effective in any case; they don’t depend on the sequence of the virus. Thus
it is too simplistic to pretend that chemoprophylaxis may also fail in the case of a vaccine-



escape variant. If one has a portfolio of chemoprophylactic agents, the majority of them will
still be effective then, and one has only to take care to avoid single chemoprophylactic
agents that can be circumvented by the variant virus.

Vaccination and PREP are not competing with one another; they have to complement one
another. It is time that politicians and those who decide about strategies and financial funds
for research do recognize this reality, and that the field of chemoprophylaxis research is
supported and acknowledged to the same extent as the field of vaccination research.

In this situation, it is hard to understand that impressive results from chemoprophylactic trials like —
for example — Sepsivac (see JAISWAL et al.) or Umifenovir (ZHANG et al.) are ignored. For example,
the impressive results for Umifenovir PEP were already published on February 26™ in 2020. Of course
there is an obvious need to replicate them in an animal model, maybe mouse, hamster, ferret or
macaque, because animal models allow a more detailed analysis of the underlying mechanisms and
how it works in vivo, and whether there is a rationale to explain the high protective effectiveness
found in the study. Nothing of that happened within more than a full year. No one is interested in a
cheap and well tolerated agent (old enough to be no longer protected by patent laws) that has the
potential to prevent symptomatic disease by 90 % and more in a PEP situation.

The same applies to Ambroxol that was never tested in an animal model for COVID prophylaxis or a
clinical trial of PREP/PEP, though the in vitro background for its effectiveness in prophylaxis is
excellent and much better than for Bromhexine, though the latter already proved to be successful in
PREP (MIKHAYLOV et al.). Moreover, ambroxol is very safe (safer than bromhexine) and better suited
for long-term intake (PREP) and also available for inhalation. Ambroxol has the potential of a top
agent for prophylaxis (at least as an interim until new COVID-specific prophylactics are developed by
the industry), but was ignored so far.

In an own analysis of the WHO registered trial database (ICTRP) until May 13 2020, 88
prophylactic trials (PREP or PEP), including unspecific vaccinations (like BCG or measles), but
not COVID vaccines, were found, with about 200.000 participants altogether (German paper,
available: http://freepdfhosting.com/bedd8b1c79.pdf ; shortened english version:
http://freepdfhosting.com/9686575098.pdf ).

86.4 % of the 88 trials were randomized, 56.8 % restricted to health care workers (HCWs)
and another 19.3 % included HCWs and other risk groups (e.g., household contacts). 34 trials
were planned to be finished until end of October 2020.

Most worrying, 65.9 % of all trials were about CQ/HCQ, followed by BCG vaccination (6.8 %).
The strong focus on CQ/HCQ poses a high risk if CQ/HCQ fails in prophylaxis, because
alternatives are subject only of 1 — 3 trials each, many of them small or of low quality (e.g.,
not RCTs), and many other agents which are suggested to be potential candidates for
PREP/PEP are not investigated in clinical trials at all.

MANOHARAN et al. analysed registered chemoprophylaxis trials in a similar time interval,
including about two additional weeks (until May 26, 2020). They found 76 chemoprophylatic
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study registrations that planned to enroll altogether 206,367 people with a median size of
490. 82.9 % of the trials were randomized (altogether 197,010 patients with a median size
of 600 for the RCTs). 97 % of trials were underpowered to detect a 30 % effect size at the 80
% level. Only one study had an adaptive design. Outcomes were tested in 46 % of the trials
by PCR, in 6.6 % by serological testing and in 14.5 % by both methods. 65.8 % of the trials
were dedicated to HCWs (n = 52; 49 x PREP, 3 x PEP), 20.3 % to PEP in close contacts. Older
adults were subject only of 3 (3.8 %) of the studies (long-term care facilities), while only 2
(2.5 %) of the studies in the general population included older adults. 59 of the prophylactic
trials study HCQ or CQ (77.6 %). This proportion is higher than in the own analysis (65.9 %)
because the MANOHARAN study didn’t include vaccinations like BCG. Lopinavir/ritonavir
was the second most frequently studied agent in their analysis.

MANOHARAN et al. criticized underpowering of many studies and their inability to detect
clinically meaningful protection, making many trials of marginal importance. They see a need
for international coordination mechanisms and collaboration and the use of adaptive
platform trials “that will allow structured entry and exit of candidate agents and rapid stand-
up of trial infrastructure.”

SALLARD et al. chose a very similar approach for their review about clinical trials for
prophylaxis (PREP or PEP), but they also included EudraCT repository, the anticovid platform
and the covid-nma platform in their search. Until July 5th, 112 prophylactic trials were
registered according to the review by SALLARD et al., but the authors also included trials
with convalescent plasma or monoclonal antibodies (contrary to the own analysis from May
13t).

88 % of the 112 trials were randomized. Again, it was found that 62 % were still about
(hydroxy)chloroquine, followed by BCG (11 %) (non-specific vaccines altogether: 13 %). The
proportion of trials with CQ/HCQ decreased only slightly from 68 % before May 2020 to 52 %
for trials registered in May or June, in spite of many doubts with regard to the effectiveness
and risks of CQ/HCQ. SALLARD et al. suppose that many of these “late” trials were designed
before evidence and opinions with regard to CQ/HCQ became much more critical and
cautious.

A more recent overview about ongoing and registered prophylactic trials with HCQ is given
by MONTI et al., also including details about dosing regimes. Until October 15%, there were
77 registered trials about HCQ prophylaxis, 92 % of them randomized and 71 % recruiting
health care workers. 58.5 % of the trials plan to use a loading dose.

A systematic review by SMIT et al. (2) analysed clinical trials of PREP or PEP from two clinical
trial registries (ICMJE, ICTRP) up to December 13™ 2020, but restricted their search to RCTs.
117 RCTs met their inclusion criteria, 85 on PREP, 29 on PEP and 3 on both PREP and PEP. 72
trials targeted HCWs alone, 15 RCTs targeted close contacts of index cases alone.

Only 7 of the trials were completed so far, 57 either recruiting or ongoing, 38 not yet
recruiting and 5 suspended or prematurely ended. The low number of completed trials is



disappointing, since the own analysis from May 13 found that 34/88 prophylactic trials
(RCTs and non-RCTs) were planned to be completed until the end of October 2020.

Similar to former analyses of trial registries (see above), HCQ or CQ was still dominant (n =
69 =59 %: n = 63 about HCQ/CQ alone = 53.8 %, n = 6 in combination with antivirals,
antibiotics, antiseptics or anthelmintic drugs).

18 trials (15.4 %) study non-COVID-vaccines, among them 12 about BCG. 10 RCTs study
antivirals/antiretrovirals, 7 study vitamin D or supplements like lactoferrin, probiotics,
quercetin, and 7 study anthelmintic or antiprotozoal drugs.

From 7 completed RCTs, 5 already reported results until December 13th, and all of them
focused on HCQ (ABELLA, BARNABAS, BOULWARE, MITJA, RAJASINGHAM). All of these trials
will be discussed in the HCQ section of this paper. SMIT et al. conclude that none of the 5
studies established a prophylactic effect of HCQ against COVID-19. As will be discussed
below in the HCQ section, there may be special subgroups who may profit from HCQ
prophylaxis, but these are not the people who need chemoprophylaxis at most (=the
elderly).

The study from SMIT et al. (2) offers an opportunity to compare their results with the own
analysis from May 13™, looking for the progress with regard to “new” prophylactic agents
introduced into “new” prophylactic trials within the 7 months between May 13t (own
analysis) and December 13% (SMIT et al.).

Besides HCQ/CQ, BCG (including VPM1002), nitazoxanide, ivermectin and antibodies, the
following drugs, vaccines or supplements were subjects of RCTs (excluding suspended RCTs)
in the analysis from SMIT et al. (2) (REC = recruiting; NYR = not yet recruiting):

e Azithromycin + HCQ (PREP, Jordan, 200 HCW, NYR // PEP, USA, 5000 contacts; NYR)

e BACMUNE (MV130) (PREP, Mexico, 3321 HCW, NYR) [BACMUNE (MV130) is a bacterial preparation
that contains a mixture of Gram + and Gram - inactivated bacteria]

e Bromhexine + HCQ (PREP, Mexico, 140 HCW, enrolling)
e Bromhexine alone (PREP, Russia, 50 HCW, completed) (see below: MIKHAYLOV et al.)
e Darunavir/cobistat (PEP, Spain, PEP CoV-2 Study, 3040 contacts; ongoing)

e Emtricitabine/tenofovir (CoViPrep, PREP, Argentinia, 1378 HCW, NYR // PREP, Columbia, 950 HCW,
NYR // PREP, Spain, 4000 HCW including HCQ arm and combined arms; REC)

e Favipiravir (PEP, Canada, outbreaks in long-term care, n = 760, REC)

® GLS-1200 nasal spray (PREP, USA, 225 HCW, REC) [quinine topical nasal spray; G protein-coupled
receptor agonists]

® |cosapent ethyl (PREP, Montevideo, 1500 HCW, NYR) [a special omega 3 fatty acid]
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® |nosine-glutamyl-cysteinyl-glycine disodium inhalation (PREP, Russia, 100 HCW, completed, results
see below)

e lota-Carrageenan nasal spray (PEP, Argentinia, 400 HCW, REC // “PREVICHARM” PREP/PEP, Spain,
nursing homes: staff and residents; n = 1930; NYR)

e Lactobacillus coryniformis K8 (Probiotic) (PREP, Spain, 314 HCW, REC)
e Lactoferrin (PREP, Egypt, 200 HCW, NYR // PREP, Peru, 336 HCW, NYR)
® Levamisole, Isoprinosine or both (PREP, Egypt, 100 HCW, NYR)

e Lopinavir/ritonavir (PEP, Canada, 1220 HCW/contacts, REC // PREP, France, 1200 HCW incl. HCQ
arms; active trial // PEP, Switzerland, 300 contacts/HCW, REC)

e Mefloquine (PEP, Spain, 200 contacts, ongoing)

® MMR vaccine (Crown Coronation and a small trial with 200 HCW in Egypt; Crown Coronation: PREP,
USA and international; 30000 HCW; REC)

o Nitric oxide releasing solution (PREP, Canada, 200 HCW/contacts, REC)
e NO (nitric oxide) inhalation (PREP, USA, 470 HCW, REC)

e Oral Polio vaccine or NA-831 or combination (PREP, USA, general population, enrolling) [NA-831 is
a small neuroprotective molecule]

e Peginterferon lambda alpha-1a s.c. (PEP, USA, 164 contacts, REC)

e PUL-042 Inhalation (PEP, USA, general population; 200; REC)

e PVP-lodine nasal decolonization (Swab) + 1.2 % CHX gluconate oral rinse (PREP, USA, 84 HCW, REC)
® PVP-iodine nasal spray and gargle (PREP, USA, 250 HCW/patients, REC)

e Quercetin (PEP, Turkey, 50 contacts; REC)

e RUTI vaccine (PREP, Spain, 315 HCW, NYR) [made of detoxified, fragmented Mycobacterium
tuberculosis cells, delivered in liposomes]

® Sepsivac (Mycobacterium w) (PREP, India, 4000 HCW/contacts, NYR)
e Sofosbuvir/Daclatasvir (PREP, South Africa, 1950 HCW, NYR)
e Tranexamid acid (antifibrinolytic) (PEP, USA, 100 contacts, NYR)

e Vitamin D (PREP, Canada, 2414 HCW, NYR // PREP, Iran, 1500 HCW/contacts, 1500, REC // PREP,
UK, 4400 young adults, NYR)

® Zinc + HCQ (PREP, Tunisia; 660 HCW, NYR)
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Only the agents that are marked in yellow were newly introduced into prophylactic trials within the
seven months between May 13" and December 13" (this doesn’t exclude that they were already
subject of therapeutic trials in May, e.g. Favipiravir). For 6 of them, recruitment hasn’t started until
December 13,

A more recent paper (BEN-ZUK et al.), submitted in May 2021, adds a trial with doxycycline +
zinc (100 mg/day doxycycline + 15 mg/day zinc) from Tunisia to the list (NCT04584567) and
mentions a few more trials with interferons (n = 5), nitazoxanide (n =5) and NO (n = 5).

Including completed trials and a trial in combination with iota-carrageenan, there are now
10 prophylactic trials about ivermectin. Since HCQ (alone) was not subject of this paper,
ivermectin took the top position of prophylactic trials (n = 10), followed by nitazoxanide,
interferons, NO (each n = 5) (immunizations like BCG or MMR were not part of their
statistics). But as already mentioned above, HCQ is a combination partner with bromhexine
in a prophylactic trial from Mexico.

Interestingly, from the 36 identified prophylactic studies in Table 3 of BEN-ZUK et al. (some
including both prophylaxis and early treatment), only 2 are from EU countries (LPV/R from
France, Emtricitabine/Tenofovir from Spain) and 4 are from non-EU-countries (the
completed and published Bromhexine trial from Russia [MIKHAYLOV et al.], 2 x NO from UK,
1 x LPV/R from Switzerland).

This exemplifies what EU and EMA think about COVID prophylaxis and what may happen
when a vaccine-resistant strain arrives and once again — like in 2020 — one has nothing but
non-pharmacological methods of which it is wellknown that they are not sufficient in many
settings (household settings, work places etc.) and may fail in case of the new highly
infectious variants.

The first version of the Living Guideline to Prevent COVID-19 from the WHO was published
on March 2", 2021. It discusses only (!) HCQ for prophylaxis and mentions no other agent in
a prophylactic context. It concludes with a strong recommendation not to administer HCQ
prophylaxis, based on 3 RCTs about PREP and 3 RCTs about PEP. Based on these trials, WHO
calculated 1 fewer death (2 instead of 3) per 1000 who take HCQ PREP/PEP and 1 fewer
hospitalization (4 instead of 5) per 1000, but no fewer cases of lab-confirmed COVID-19 and
34 instead of 15 /1000 cases of discontinuation because of adverse effects (but see
correction by SCHILLING et al., making this difference insignificant).

These recommendations and results are not surprising and are in general accordance with
the “HCQ chapter” below, except that there are some hints that very young HCW
populations (like those in India) may profit a little more from HCQ PREP with regard to the
outcome “lab-confirmed infection”. However, due to the extreme low COVID mortality and
hospitalization rate in these young HCW populations (in many studies with mean ages of less
than 30 years), this must not put in question the conclusions of the WHO with regard to
mortality and hospitalization.
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Nevertheless, there is also serious criticism against this guideline (see SCHILLING et al.), but
this is not based primarily on the efficacy results for HCQ as such (SCHILLLING et al.: “It is
reasonable to conclude already that hydroxychloroquine does not provide high prevention or
early treatment efficacies. Vaccines are rightly the priority”) but the insufficient evidence on
which the recommendations were based (6 very heterogenous RCTs with different
outcomes), and the very high grading of certainty for this recommendation (that is based on
so weak evidence), and because of the recommendation to stop all already ongoing trials of
HCQ prophylaxis immediately.

Nevertheless, the WHO guideline is mentioned here primarily not because of HCQ (that will
be discussed in detail below), but to demonstrate that the WHO was unable at that point of
time to recommend any (!) prophylactic agent. The guideline from March 2" was still valid
on August 16%™, 2021. According to WHO, there is no (evidence-based) prophylaxis (sensu
PREP or PREP) available so far.

This paper will summarise already available evidence from trials for chemoprophylaxis in the
sense of preexposure prophylaxis (PREP), postexposure prophylaxis (PEP) or both (“peri-
exposure prophylaxis”). It will be restricted to finished and published trials or similar
informations with the aim to analyze the effects of a given agent on chemoprophylaxis. It is
not primarily about candidates for chemoprophylaxis because of indirect evidence, e.g.,
retrospective analysis of COVID prevalence or severity in people who took some prescribed
agents for other reasons in large health system databases. Such data may provide very
precious hints on candidates for chemoprophylaxis; however, they are no trials on
chemoprophylaxis, and the underlying disease (because of that the agent was prescribed)
may have influenced the outcome (like COVID incidence or severity) as a confounder. This
doesn’t exclude the possibility that some results from such studies are mentioned here, but
it is not the intention to collect data from such studies systematically. Some aspects and
candidates are also discussed elsewhere in a separate paper:

Chemoprophylaxis against COVID-19 is needed more urgently than ever before
available from: http://freepdfhosting.com/9686575098.pdf

(no longer updated since August 2020) (!)

and some of them also in:

Early unspecific systemic and local therapeutic options in COVID-19 disease

available from: http://freepdfhosting.com/35f285c9f2.pdf
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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.

available from: http://freepdfhosting.com/66b45bc8cl.pdf

A potential strategy to overcome COVID-19: combination of COVID vaccines with type-1-
biased immunomodaulation, e.g. by inactivated mycobacteria — a strategy of “double
protection”

available from: http://freepdfhosting.com/437d9e1634.pdf

There is an important multinational ongoing project with more than 40 highly specialized
authors that will continuously monitor the evidence for prophylactic drugs in the form of a
living systematic review and network meta-analysis:

BARTOSZKO JJ et al., Prophylaxis for covid-19: living systematic review and network meta-
analysis.

The first version was published on February 26" as a preprint. Updates will be published
from time to time and there is also a website:

https://www.covid19Inma.com/

That project is a very high-qualitative approach to the subject of chemoprophylaxis with
very strict inclusion criteria: any included trial MUST be a RCT; it must randomize at least
100 persons or have at least 20 events of the pre-defined outcomes (laboratory-confirmed
infection; composite endpoint of suspected, probable or laboratory-confirmed infection;
hospitalization, death).

Until January 19t 2021, only 9 RCTs met the inclusion criteria; 6 about HCQ and 3 about
ivermectin (IVM) alone or in combination with local carrageenan administration.

For HCQ, no important preventive effect was found, but it probably increases adverse
effects.

For IVM (with and without carrageenan), favorable effects were reported from each of the
three RCTs, but the authors “are very uncertain if lvermectin with or without iota-
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carrageenan reduces the risk of SARS-CoV-2 infection and mortality because of serious risk
of bias, very serious imprecision and the effect estimates are likely to change substantially
with additional evidence from ongoing trials”. (BARTOSZKO et al. preprint).

In the final publication (in BIM) BARTOSZKO wrote about IVM: “Because of serious risk of
bias and very serious imprecision, it is highly uncertain whether ivermectin combined with

iota-carrageenan and ivermectin alone reduce the risk of SARS-CoV-2 infection”.

Moreover, “no other drug has been studied in large enough trials to make any inferences
regarding effects of prophylaxis for covid-19.” (BARTOSZKO et al.)

Content of this paper

(List of potential chemoprophylactic agents in the same order as they are
mentioned here):

(RCTs are mentioned if available)

Umifenovir (Arbidol)
Interferon alpha nose drops and thymosin alpha 1 s.c.
Lactoferrin

Inosine-glutamyl-cysteinyl-glycine disodium solution (Molixan) inhalation
lota-carrageenan nasal spray (RCT: FIGUEROA et al.)

Povidone-iodine throat spray (RCT: SEET et al.)

Hydroxychloroquine (several RCTs)

Ivermectin  (RCTs: SHOUMAN, ELAGAZZAR et al., NCT04701710, SEET et al.).

Bromhexine

BCG (booster) vaccination (RCTs: TSILIKA et al. = ACTIVATE-2; BCG-Prime trial)
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Mycobacterium w (Mycobacterium Indicus pranii) injection
Prolectin-M (food supplement, galectin antagonist)
Neem capsules (Azadirachta indica)  (RCT: NESARI et al.)
Withania somnifera (Ashwagandha) (RCT: CHOPRA et al.)
Cannabidiol
Supplemental: No protective effect of HIV PREP?

Supplemental: various common nutritional supplements  (RCT: SEET et al.)
Supplemental: Influenza or MMR vaccination?

Supplemental: Bamlanivimab (RCT: Blaze )

Informational: intravenous ozonized saline therapy

Informational: Ramipril (RAAS inhibitor) (no effect)

Informational: preexisting aspirin prescription

Informational: Vitamin D prophylaxis?

Discussion

Subjective ranking

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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e 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

e 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 replication and thus expansion to the
lungs and dissemination into the body).

GUO K. et al. observed that emerging SARS-CoV-2 variants evolved to resist the antiviral IFN-I
and IFN-IIl 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 K 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, 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. 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 its
clinical efficacy in the context of VoCs, or not.

With regard to drugs that influence the early interferon response or act as
immunomodulators on the early immune response following infection, animal models



http://freepdfhosting.com/437d9e1634.pdf

17

should be used (e.g. hamsters, ferrets) to examine whether these drugs act differently in
animals infected by VoCs compared to conventional variants.

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.

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
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.
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Interestingly, remdesivir was more effective against B.1.1.7 and B.1.351 in low
concentrations compared to the wild type, 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 some smaller 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.

Umifenovir (Arbidol)

Apart from COVID vaccines themselves, non-COVID vaccines like Mycobacterium w
(Sepsivac, see below) and some evidence about Ivermectin, especially if administered locally
(oral mucosa) in combination with carrageenan nose spray, the most impressive results
about chemoprophylaxis have been presented so far by ZHANG et al., using umifenovir in
therapeutic doses for PEP in exposed HCWs and household contacts of infected people.

The paper from ZHANG J et al. was already published on February 26 2020 on the ChinaXiv
Server. Though it was the most successful study for a long time, and the first proof of
concept that chemoprophylaxis may actually work, it got no recognition and reception in the
western world (e.g., no citation in other early papers about that subject). It was eventually
published online on May 30th in “Current Medical Science”.

The ZHANG preprint from ChinaXiv is a historical paper, because it was the first paper about
successful chemoprophylaxis of COVID-19 — posted on ChinaXiv about two weeks before
WHO accounced the COVID-10 outbreak a pandemic.

In their retrospective, non-randomized trial, ZHANG et al. compared the incidence of new
symptomatic COVID-19 infections among exposed HCWs and household contacts of infected
people who took either Arbidol or oseltamivir for prophylaxis in a PEP setting. Compared to
taking oseltamivir or nothing, HCWs who took umifenovir reduced their risk of COVID-19
infection by 95 % (point estimate; OR: 0.049; CI: 0.003-0.727; p = 0.0276) and household
contacts of infected people by 99 % (point estimate; OR: 0.011; KI: 0.001 —0.125; p =
0.0003). Compared to umifenovir, intake of oseltamivir was associated with an OR of 20.446
(Cl: 1.407 — 297.143; p = 0.0271) (data from the ChinaXiv Paper).

Though the trial involved only 124 HCWs and 66 members from 27 families, the results
became significant (HCWs) or even highly significant (household contacts). The usual dose
for Arbidol was 200 mg TID, and household contacts took it for 4 — 14 days (mean: 7.1 days).

In their final publication in Current Medical Science, ZHANG et al. calculated Hazard Ratios
instead of Odds Ratios. The HR for household contacts was 0.025 (Cl 0.003-0.209; p =
0.0006), offering 97.5 % protection, and for HCWs the HR was 0.056 (Cl: 0.005-0.662, p =
0.0221), offering 94.4 % protection.
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Meanwhile, oseltamivir was found to be ineffective against COVID-19 (TAN and JIN). Thus
retrospectively, one can argue that oseltamivir was a sort of placebo. Then this trial was
“pseudo”-placebo controlled. Moreover, during the early phase of the epidemic in China,
people didn’t know what helps better against COVID-19. Both oseltamivir and umifenovir
were expected to have some preventive effect against the influenza-like disease, based on
past experiences with influenza. Therefore it is improbable that there was a systematic bias
between those who chose umifenovir and those who chose oseltamivir. They possibly
decided to take what they had already available at home, or they bought it according to their
personal preferences. This mimics a sort of randomization. In summary, with the knowledge
we have meanwhile about umifenovir and oseltamivir, one may call this trial retrospective,
“pseudo”-placebo-controlled, “pseudo”-randomized.

In another retrospective trial, even low doses of Arbidol (200 mg per day) and less consistent
use (6.7 days on average during the last two weeks before COVID onset) proved to be very
successful (p < 0.001) for prophylaxis in HCWs (YANG C et al.), but the effect was smaller
than in the study of ZHANG et al. where most participants took 600 mg per day (200 mg TID):

Among the 82 infected HCWs from the YANG study, 23.2 % had taken any Arbidol within the
last two weeks before disease onset, whereas among 82 uninfected HCWs, this quote was
56.5 % (OR =0.214, KI: 0.109 — 0.420, p < 0.001).

Bearing in mind that the thresholds for hospitalization were extremely low in China, 36.8 %
of the infected 19 HCWs who had taken Arbidol prophylactically (and then therapeutically,
with higher dose) were hospitalized, compared to 65.1 % (41/63) infected who had not
taken Arbidol (OR = 0.313, sign.). After age-matching, this difference lost significance, but
became a strong trend (p = 0.091), probably as a consequence of underpowering. Four of the
63 infected HCWs without Arbidol and none of the 19 infected HCWs with Arbidol
prophylaxis developed severe pneumonia. Arbidol didn’t delay viral clearance after age-
matching (duration of positive throat swab: r = - 0.240; p = 0.056).

Whereas oseltamivir is recognized meanwhile to be ineffective with any regard to COVID-19,
the effectiveness of Arbidol in the treatment of manifest infections is still open to debate.
Among six early trials, one small trial showed no effect (LI Y et al.), one trial showed
favorable effects only in patients with non-severe disease (XU K et al.), and four trials
showed favorable effects (ZHU Z et al., DENG L et al., CHEN W et al., LIU Q et al.). LIU Q et al.
found a reduction in mortality of 81 % following adjustment. Taken together, these data are
far from any “breakthrough” which may be interesting for the media, but the results are
more favorable than what was heard about HCQ or Lopinavir/ritonavir during the last
months, and even Remdesivir is regarded now as uneffective or only a little effective, at least
for patients that progressed so far that they needed hospitalization.

However, in a systematic review and meta-analysis, HUANG et al. found no advantages of
umifenovir except that it’s safe and offered a higher viral clearance rate at day 14. In
particular, there was no advantage with regard to the combined endpoint [death or ICU
transfer] (RR 1.20; Cl: 0.61 — 2.37). However, for unknown reasons, the large retrospective
trial from LIU Q et al. was not included. Since it is also not mentioned in the discussion or
reference section, it was probably overlooked. LIU Q et al. don’t report about ICU transfers,
but about death. Combining (ICU + death) cases from six studies from the meta-analysis
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from HUANG et al. (n =283 Arbidol, n = 301 controls) with death cases from LIU Q et al., the
combined endpoint from these seven studies is evidently in favor of Arbidol (bad outcome:
33/540 = 6.1 % in the Arbidol group vs. 75/548 = 13.7 % in the control group).

JOMAH et al. analysed the results of 8 therapeutic trials with Arbidol and found that 5 of the
8 trials showed favorable results, including reduced mortality and earlier viral clearance.

WANG Z et al. reported lower mortality (0/36 instead of 5/31 = 16.1 %) in hospitalized
patients who got 400 mg Arbidol TID for a median of 9 days. Moreover, their discharge rate
from hospital at the time of the study was higher. NOJOMI et al. compared Arbidol
monotherapy (200 mg TID) with Lopinavir/Ritonavir monotherapy (but both groups got 400
mg HCQ once at day 1) in a RCT with hospitalized patients in Iran, and Arbidol was found to
be superior with regard to clinical, laboratory, virological and radiological outcomes;
however, the study was underpowered to examine mortality (1/50 death in the Arbidol
group, 2/50 in the L/R group).

FANG et al. compared “Lianhuagingwen without Arbidol” with “Lianhuaqgingwen + Arbidol”
in hospitalized patients from Wuhan with moderate and severe disease. Whereas there were
no significant differences for outcomes like PCR conversion, CT improvement and hospital
stay in severe patients between both groups, the differences became significant (p < 0.01)
for all three outcomes in moderate patients in favor of the combination.

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.

With regard to recurrence (re-positivity), a study with 23 re-positive patients from China
found that treatment of the primary COVID-19 infection with Arbidol was associated with a
significantly lower likelihood of testing re-positive (adjusted HR: 0.178; 95% Cl: 0.045-0.709;
p = 0.0144) (ZHOU et al.). In a meta-analysis of two other studies with altogether 86 cases of
recurrence and 426 cases without recurrence, HOANG found a significantly reduced risk of
recurrence in patients who had gotten arbidol (OR 0.48; Cl: 0.25 — 0.92). The same applied to
steroid (OR 0.48, sign.), but not to lopinavir/ritonavir (OR 1.17, n.s.) and chloroquine/HCQ
(OR1.24, n.s.).

Surprisingly, in a retrospective study with hospitalized patients from China, early umifenovir
—in contrast to early hydroxychloroquine — was not associated with prevention of
aggravation and shortening of improvement time (SU et al.). However, that study focused on
HCQ and the authors didn’t even discuss the seemingly unfavorable results for umifenivor.
As shown in their Fig. 1, umifenovir was preferentially given to severe or critical patients;
(about 64 % of all patients who got early umifenovir were in a severe/critical stage, in
contrast to about 8-9 % who got early HCQ).

Finally, 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,
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cough alleviation, hospital stay. Serious outcomes like ICU, intubation or mortality were not
subject of their analysis, but it was 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.
Interestingly and in contrast to their disappointing results about therapy, AMANI et al. also
mention that “recent findings from two studies have suggested its efficacy and safety for
prophylaxis”.

But one has to respect that most of these studies were about early experiences with Arbidol
with the “early” SARS-CoV-2 at the beginning of the pandemic in China when it was
dominated by the Wuhan strain. It is completely unknown how Arbidol would act now at the
times of more aggressive variants. With regard to these limitations, the data on Arbidol have
to be regarded as “historical”. There are so far no in vitro data about the antiviral activity of
Arbidol against VoCs.

WANG X et al., based on their own in vitro results, concluded that umifenovir must be very
effective against (early, wild-type) SARS-CoV-2; however, the doses which were given in
most trials (200 mg TID) might have been too small (they recommend at least 800 mg per
day) and this may explain why some clinical results were not as favorable as expected from
laboratory data.

In 2020, there wre three registered trials about Arbidol prophylaxis, one large, but only
observational trial with 1000 participants (ChiCTR20000295920; PEP; high-risk contacts and
HCWs), one small randomized trial which compares HCQ and Arbidol (CHICTR2000029803;
PEP, 320 participants, close contacts) and a non-randomized trial with 500 HCWs with
Arbidol in combination with Jinyebaidu granules (CHICTR2000029728). Thus all three trials
have serious limitations (two are not randomized and the randomized one is rather small),
and since all three trials are from China, it is doubtful whether they can be completed
successfully.

In summary, whereas the role of Arbidol/Umifenovir in therapy of manifest COVID-19 or
hospitalized patients is still unclear and evidence is limited, two retrospective trials found
umifenovir as highly effective in post- or periexposure prophylaxis in HCWs (two trials) and
household contacts (one trial). Since both trials reached results of high statistical
significance, there cannot be any doubt any more that umifenovir is effective in
chemoprophylaxis. Of course, the first retrospective cohort study (ZHANG et al.) with a
hazard ratio of 0.056 (Cl: 0.005-0.662, p = 0.0221) and OR of 0.049 (Cl: 0.003-0.727; p =
0.0276) showed better results for HCWs than the second one (YANG C et al.) with its OR of
0.214, KI: 0.109 — 0.420, p < 0.001). However, this difference is plausibel with regard of the
dosage. Whereas most participants in ZHANG et al. took 600 mg per day (200 mg TID), the
prophylactic dose in YANG C et al. was only 200 mg per day, and only infected (symptomatic)
people took the therapeutic dose of 600 mg. Thus the difference between the more
favorable results of ZHANG et al. compared to YANG et al. seems to be due to a simple dose-
effect relationship, and the therapeutic dose of 200 mg TID seems to be more effective than
200 mg once a day, though also the latter showed a highly significant protective effect, but
inferior to 200 mg TID. Thus, in spite of these differences, the results of ZHANG et al. and
YANG et al. are very well compatible with one another, and one should be satisfied that even
low dose umifenovir shows significant prophylactic effectiveness. Moreover, the results from
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ZHANG et al. are highly transparent because they present individual data (including dose and
duration of Arbidol intake and family situation) for each participant, as far as the household
contacts are concerned.

The molecular mechanisms of the anti-COVID activity of umifenovir (as an inhibitor of viral
entry) were analysed by PADHI et al.. Unfortunately, there are no reports about umifenovir
in animal models as far as COVID-19 is concerned (until October 4%, 2020). It was found in a
ferret model that Arbidol down-regulates proinflammatory cytokines induced by influenza
(IL-10, TNF-alpha, IL-8, IL-6) and alleviates influenza-induced lung lesions (WANG Y et al.).

DADRAS et al. describe how Umifenovir can be synthesized cheaply in large amounts.

Interferon alpha nose drops and thymosin alpha 1 s.c.

2944 HCWs from a hospital in Hubei province applied interferon a Type 1b nose drops four
times a day (2-3 drops/nostril) during the peak of the local COVID epidemic. Among them,
529 HCWs were exposed to high COVID risks (isolation wards, fever clinics), and they got
weekly injections (s.c.) of 1.6 mg thymosin-al alongside of interferon nose drops. The other
HCWs were of low risk of exposure to COVID-19. At the end of the trial (28 days), none of
them had acquired confirmed or presumed COVID infection or any other respiratory
infection (MENG et al.). However, there was no control group. Furthermore, the authors
didn’t estimate or model how many infections would have to be expected without that
intervention, based on experiences from other hospitals in this epidemic region und during
that time frame. This makes it very difficult to evaluate the effect of this intervention.

In a clinical trial with hospitalized patients, thymosin alphal 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 the clinical trial mentioned above, thymosin alphal (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.).

Taken together, in the absence of a control group it remains doubtful whether the MENG
trial demonstrated a prophylactic effect of the regimen at all. There are no clues how many
infections would have been expected without the prophylactic intervention. However, if
there is a real protective effect, it is more probable that it is a consequence of interferon
administration in all participants than of thymosin injection in the high risk participants. On
the other hand, since this study didn’t rely on COVID PCR but on symptomatic disease, it is
still possible that thymosin inhibited the development of symptomatic disease in participants
who got infected, so that their infection remained undetected. In the absence of PCR testing
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and retrospective antibody testing, too many questions remain unanswered and it is
impossible to draw any valid conclusions from that early trial.

The rationale for nasopharyngeal administration of type-1-interferon for prophylaxis and
early treatment is decribed in detail by LEE AC et al.

What about interferon spray, there is already some good experience with interferon alpha
2b from an old RCT where participants who used interferon alpha 2b nasal spray and a
control group without interferon were inoculated with common human coronavirus (a
human challenge trial) (TURNER et al. 1986). There were less symptomatic infections in the
interferon group (41 vs. 73 %), and, more importantly, the mean total symptom score was
much lower (9.2 vs. 23.4) (p = 0.003). And interferon beta (SNG001) inhalation was proved to
have a strong beneficial effect in the treatment of COVID-19 patients at various stages of the
disease (MONK et al.).

In vitro, interferon beta and interferon lambda pretreatment decreased SARS-CoV-2
replication in a reconstructed bronchial epithelium model. A too weak natural early
interferon response following SARS-CoV-2 infection of ciliary epithelia seems to play a
central role in the pathogenesis of COVID-19 (ROBINOT et al.) and may be a rationale for
local interferon administration for chemoprophylaxis and early treatment.

However, it was suggested that interferon increases ACE2 expression. This would make a
possible role in prophylaxis and early treatment very doubtful. But ONABAJO et al. found
that interferon induces a novel, transcriptionally independent truncated isoform of ACE2
(called deltaACE2), which is unable to bind the SARS-CoV-2 spike protein. In contrast to
deltaACE2, ACE2 is not an interferon-stimulated gene.

Impaired type | 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-a 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-a
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.
Since 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), 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” treatment group that simulated PREP or PEP
settings. The hamster study supports the concept that intranasal IFN administration is
effective in PREP or PEP.

With regard to thymosin, a retrospective study with 435 hospital staff in China (January 25%
— March 25%,2020) found that use of thymosin (different products and different dosages) as
preexposure or postexposure prophylaxis was not significantly associated with reduced
COVID risks (LIU X et al.). There was 1 confirmed infection in 57 staff members without
thymosin prophylaxis (1.8 %), 2 infections in 101 persons in the PREP group (2.0 %) and 3
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infections in 277 persons in the PEP group (1.1 %). Some participants had side effects
including fever for 1 — 2 days, and side effects were more common in persons who also used
interferon for prophylaxis.

According to in vitro studies, it cannot be expected that thymosin has significant effects on
normal peripheral blood lymph cells (e.g., the number of T cells) in healthy people. As long
as the healthy person’s own immunity levels maintain a dynamic balance and T cells play
normal cellular immune functions, thymosin seems to be without effect in agreement with
laboratory data (LIU X et al.). This may explain why thymosin seems to be quite successful in
therapy (see above), but seems to fail in prophylaxis.

However, the thymosin prophylaxis study from LIU X et al. has a lot of limitations. Nearly all
of the hospital staff was young (18 — 40 years, only few participants > 40 years) and
dominated by young nurses. Moreover, between 66 and 81 % took Jinyebaidu Granules,
between 60 and 69 % took Abidor (Umifenovir), between 12 and 25 % took Lianhuagingwen
Capsules, between 8 and 10 % alpha interferon, and between 7 and 10 % took Oseltamivir,
and more rarely some other drugs which were also supposed to be of some prophylactic
effectiveness. Thus this study doesn’t allow conclusions about a possible role of thymosin for
chemoprophylaxis in older people when the immune system is no longer as well balanced as
in people under the age of 40 who dominated the LIU X trial.

The PROTHYMOS RCT will study the role of thymosin alpha 1 prophylaxis of severe COVID-19
in cancer patients undergoing active cancer treatment (Eudract 2020-006020-13)
(BERSANELLI et al.). The rationale behind the use of thymosin in that context is described in
detail in that paper. The study will examine the incidence of serious COVID-19 within

8 weeks from randomization.

In the era of vaccinations, thymosin may also increase efficacy of vaccines, particularly in
frail individuals. It is already known from RCTs that thymosin al enhances the
immunogenicity of influenza vaccines in immunocompromised patients.

Lactoferrin

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).

SERRANO et al. reported about a sort of ring prophylaxis in 256 contacts (family members)
of 75 infected people with moderate or severe disease. Contacts got liposomal lactoferrin
(Lactoferryn TM Forte drinkable, Sesderma laboratories), 64 mg 2 — 3 times a day (128 — 192
mg/d). This is half of the dose that was given to infected patients who were treated by
lactoferryn- and zinc-based agents as outpatients (including lactoferrin mouthspray and nose
drops for patients with nasal congestion, dry cough and headache and lactoferrin aerosol
using the Nanomist Nebulizer SES for those with breathing difficulties).
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None of the 256 contacts was reported to be infected; however, there are no informations
whether any examinations (PCR, antibody testing) were performed. Follow up was 30 days,
so the results probably relied on the absence of symptoms until then. More details were not
given with regard to the contacts.

Whereas the results are impressive for a PEP setting, even if they document only the
absence of symptomatic disease and not necessarily absence of infection, one has to be
careful since treatment of the symptomatic infected outpatients (as index patients) and their
family members started after the index patients had a positive IgM/IgG test. The index
patients were heavily symptomatic (but not as severely that they had to be hospitalized), but
with a positive IgM/1gG result, the index patients were probably already beyond the phase of
high infectiousness when their own treatment (and the prophylactic treatment of their
family contacts) began. Maybe they were already progressed beyond the stage of
infectiousness when LF therapy and prophylaxis started. However, some contacts may
already have been infected at the time of start of LF prophylaxis, and within their incubation
period, and LF may have prevented progress to symptomatic disease?

In a study with 36 patients from Sweden, virus culture both from nasopharyngeal and
sputum samples was unsuccessful in all patients with SARS-CoV-2 specific IgG-titers above 1 :
40, neutralizing titers above 1 : 10, or negative PCR (GLANS et al.). No antibody titres were
mentioned in the SERRANO trial, and treatment didn’t start directly following positive
IgG/IgM-diagnosis but in a time frame within the next two days (“Day 0: treatment had not
yet begun”). It is therefore probable that most or all index patients were no longer infectious
at the time when lactoferrin treatment was started. This is a serious limitation of that study
with regard to PREP, but it may still indicate effectiveness of the regimen in PEP.

Without a control group, it is impossible to estimate how many (symptomatic) infections
among family members would have occurred without the lactoferrin intervention. It is
urgently necessary to repeat a lactoferrin trial in a prophylaxis setting at a time when the
infectiousness of index persons is still higher. Also lactoferrin treatment of the patients
themselves might have reduced their infectiousness.

Moreover, liposomal lactoferrin was applied in the trial. This is difficult to access in other
countries, because it is not yet available on the local markets. But it is unknown whether
normal lactoferrin without liposomalization will be helpful too and to a similar extent? It was
found that liposomalization enhanced the anti-inflammatory effects of lactoferrin (ISHIKADO
Aetal.).

Thus there is a need for more trials with liposomal lactoferrin and also with non-liposomal
lactoferrin (which is much more easy to access in an acute situation). The SERRANO et al.
trial was performed by SESDERMA, the producer of the liposomal lactoferrin products.
However, all 75 moderate or severe patients were treated successfully, their symptoms
improved quickly, there are no hints that anyone had to be brought to hospital, and all were
alive 30 days after treatment start. This is an excellent starting point for further
(independent) (!) research.

As WANG Y et al. pointed out in their detailed review about different mechanisms how
lactoferrin may act against COVID-19, the assumed effects of LF “on SARS-CoV-2 are based
on the effects of LF on other viruses, and there is currently a lack of direct research on the
effects of LF on SARS-CoV-2.” They also hint to problems in applying LF in the clinical setting:



26

“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 ...”

Inosine-glutamyl-cysteinyl-glycine disodium solution (Molixan) inhalation

A controlled trial (registered: ISRCTN34160010) from a Russian hospital showed preventive
effectiveness of inhalation of Molixan solution (inosine-glutathione; for parenteral use for
the treatment of viral hepatitis) mixed with 4 % potassium chloride solution in HCWs, four
times a day for five minutes, every 4 hours, for 14 days (DUBINA et al.).

1.0 ml inosine-glutathione solution (produced for parenteral use) and 0.25 ml potassium
chloride solution were mixed before each inhalation to yield a solution with a content of
21.3 mg/ml glutathione, 8.7 mg/ml inosine in 107 mM potassium solution, administered as
aerosol by a personal handheld nebulizer (Nebzmart, MicroBase Technology, Taiwan).

99 HCWs who were highly exposed to COVID-patients performed this procedure for 14 days,
whereas a control group of 268 similarly exposed HCWs from the same hospital did not. The
participants were selected randomly. Mean age was 27 years; 69 % female, 51 % nurses.

All participants and controls were PCR- and sero-negative at baseline.

During the study period, 2/99 (2 %) HCWs of the inhalation group and 24/268 (9 %) from the
control group were found to have been infected either by PCR or IgG/IgM testing (p = 0.02).
Among the two positive cases in the inhalation group, one was detected as positive on day 6
of the intervention and the other one 6 days after the intervention was stopped (it was
confined to a time frame of 14 days).

10.5 % of HCWs were already SARS-CoV-2-positive when the study started; they were not
included in the study.

No serious side effects were reported. It is suggested that inosine inhalation has antiviral
effects through the incorporation of inosine into the double-stranded viral RNA and through
potentiation of immune system sensing (DUBINA et al.). The authors assume that this
procedure may be also very effective for treatment.

Though the procedure is time-consuming (20 minutes per day + time for preparation of the
final solution for nebulization) and thus not easy to replicate, it is a proof of principle for the
effectiveness of nebulization procedures in PREP (or PEP). A serious limitation of that study
is that the mean age of the participants was quite young (27 years) and it would be
interesting to see whether the procedure is also effective in elder persons and when
administered over a longer period of time.
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lota-Carrageenan nasal spray

Carrageenan forms a protective gel-like layer on top of the mucosal lining and inactivates
most of the viral particles which settle down on the mucosal surface, but without damaging
the normal physiological microbiota there (since carrageenan is no antiseptic/
decontaminant), but providing a sort of physical barrier against viral entry into the cells.
Carrageenan is a sulphated polysaccharide which cannot penetrate mucosal membranes
(HUI KK). Its efficacy against SARS-CoV-2 was already shown in vitro (MOROKUTTI-KURZ et
al., VEGA et al., JANG et al.; for these references and a more detailed discussion about
carrageenan see the “early therapy paper”).

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 both 60 mg/ml and 600 mg/ml with at least 4 orders
magnitude.

lota-Carrageenan (I-C) nasal spray was studied for prophylaxis in a placebo-controlled
double-blind RCT from Argentinia (FIGUEROA et al., NCT04521322, CARR-COV-02). The trial
was performed in late summer 2020 before the start of vaccinations and before the
occurrence of VoCs in Argentinia.

The spray contained 1.7 promille I-C (in 0.9 % NaCl) (the product is available on the market in
Argentinia). Participants were hospital personnel (~ 49 % physicians) dedicated to care of
COVID-19 patients (working in a “COVID hot zone”). I-C sprays was administered four times a
day (1 puff for each nostril) over a period of 21 days. Primary endpoint was clinical COVID-
19, confirmed by PCR.

The RCT encompassed 394 participants with similar baseline characteristics between I-C and
placebo group. Placebo was nasal spray 0.9 % NaCl. Mean age of participants: 38.5 years.

12 of the 394 participants developed symptomatic, PCR-confirmed COVID-19, 2/196 vs.
10/198 (1.0 vs. 5.0 %, I-C vs. placebo). Incidence of PCR-confirmed COVID-19 was 1.0 % vs.
5.0 % (OR 0.19; Cl: 0.05—0.77; p = 0.03).

40 participants underwent a PCR test because of symptoms that were compatible with
COVID-19. 31 tests were negative (7.6 % of all participants in the I-C group and 8.6 % of the
placebo group).

Business day losses were lower in the I-C group (0.5 % vs. 2.0 %, p < 0.0001, censored at day
21). No hospitalization. There were no differences in side effects like headache or rhinorrhea
or suspension because of intolerance between the I-C and the placebo group.
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In a sensitivity analysis, individuals who presented symptoms < 7 days after randomization
(i.e. who may have been infected before the first carrageenan administration) were
excluded. In that calculation, risk reduction was 95 % (Cl: 6.0 —99.7 %, p = 0.04; OR 0.05; Cl:
0.003 - 0.9, p = 0.04). This may be explained because the first case in the I-C group
developed symptoms 2 days after randomization, the other one 4 days after randomization,
what makes it highly probable that at least one individual and maybe also the second
individual catched the infection prior to randomization.

However, there are some limitations of that study. Asymptomatic participants were not PCR
tested; thus this study doesn’t allow conclusions about prevention of asymptomatic
infections. Antibody testing was not performed. Only one PCR test was performed between
48 and 72 hours after symptom onset. Altogether, 8.6 % vs. 13.6 % had symptoms that might
be associated with COVID-19, but only 1.0 % vs. 5.0 % had PCR-confirmed COVID-19. In
summary, there was a reduction of symptomatic disease by 37 %, and this consists of 12 %
reduction of PCR-negative symptomatic disease and 80 % (or even 95%) reduction of PCR-
positive disease.

In 2014, KOENIGHOFER et al. demonstrated in two randomized double blind placebo
controlled trials that iota-carrageenan nasal spray had significant effects in acute common
cold. It shortened the duration of the disease, the number of relapses and accelerated virus
clearance. 46 % of the patients in that study suffered from human rhinovirus, 25 % from
human coronavirus, and 14 % from influenza A virus. Most important, the protective effects
of iota carrageenan were much more pronounced against coronavirus infections compared
to other infections. This may offer a possible explanation why I-C spray reduced SARS-CoV-2-
PCR negative symptomatic disease only a little (12 %), compared to PCR+ symptomatic
disease.

Finally, it was already shown that iota and kappa carrageenan in saline irrigation solutions
are safe and non toxic and have no detrimental effects on epithelial barrier structure and
ciliary beat frequency. Moreover, kappa carrageenan increased the transepithelial electrical
resistance and suppressed IL-6 secretion (RAMEZANPOUR et al.). There are already nasal
sprays available with both iota and kappa carrageenan — a combination which seems to
make sense.

Povidone-iodine throat spray

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 (Cl:
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0.48 — 0.88), absolute risk reduction in case of the use of the PVP-I throat spray was 24 % (Cl:
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.

See also AREFIN; not a study, but a personal report about an extremely exposed doctor and
his also extremely exposed colleagues in a hospital in India of whom no one catched COVID-
19 following routinely PVP-I prophylaxis several times a day from a simple nose spray bottle.
A study of the group had found that PVP-1 0.6 % is more effective than 0.5 % or 0.4 % to
achieve a negative PCR result 15 minutes later in COVID patients.

Hydroxychloroquine

The first report about potential chemoprophylactic effectiveness came from South Korea
and was originally posted on April 11" on Medxriv. LEE et al. reported from a long-term care
facility from South Korea where two employees were found to be infected: a social worker
who worked some time in spite of her symptoms before COVID diagnosis, and a caregiver
who possibly got her infection on a different pathway since she had no close or relevant
contact to the infected social worker. 189 inhabitants of the long-term care facility (mean
age: 80 years) and 22 staff members took 400 mg HCQ a day (without a loading dose
because there were many small people there, many of them about 40 kg). Within the next
two weeks, there were no new infections among the 211 people who got HCQ. Again, there
was no control group, and both infected women worked usually with face masks, but it is not
sure whether they wore them all of the time at work. So maybe the inhabitants and the
other staff were protected solely because of the face masks, therefore it is hard to guess
whether (and how many) infections would have occurred in the absence of HCQ PEP. The
authors point to these limitations and that’s why they regard their paper only as a sort of
communication and not as a trial.

And the seemingly favorable results could not be replicated during a serious outbreak of
COVID-19 in a home care facility in Northern Italy in spring 2020. 42 PCR-negative
inhabitants got HCQ prophylaxis as PEP (AGOSTINIS et al.), but 15 of them became PCR
positive and 5 died. In contrast, none of 15 patients who got amiodarone prophylaxis
became PCR +. During April, HCQ was used as prophylaxis (200 mg 2 times a day for 5 days);
but from May 6™, prophylaxis was done with amiodarone (200 mg twice a day for 10 days).

However, there is no control group for inhabitants with the same risk of infection without
prophylaxis. And whereas the results seem to suggest a favorable effect of amiodarone
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compared to HCQ, it is important to note that amiodarone started to be administered as
prophylaxis at a time when the outbreak was already under control, thus it is impossible to
base any conclusions about amiodarone prophylaxis upon these data.

(Amiodarone was chosen as a substitute after the dispense of HCQ because it is “a cathionic drug that
accumulates in the lumen of organelles with an acidic interior and increases lumenal pH similarly to
hydroxychloroquine, a property that explains its interference with the processing of Ebola virus spike protein”.
It also “inhibited SARS-CoV-1 infection acting after the delivery of the viral genome into the cytoplasm of the
target cell, a property not known for hydroxychloroquine”, it inhibits “the expression of tissue factor by
endothelial cells and has displayed antithrombotic activity in an animal model”) (AGOSTINIS et al.).

Moreover, many papers were published where COVID prevalence or severity were reported
from patients who took HCQ for autoimmune or rheumatic disease in the COVID era. Most
of the studies point against a protective effect of HCQ from acquiring symptomatic COVID
disease or hospitalization.

For example, MACIAS et al. reported about the 7-week incidence of COVID-19 during the
peak of the first wave of COVID epidemic in Spain in 722 patients with
autoimmune/rheumatic disease. 290 of them got HCQ as regular treatment for their
underlying disease, mimicking a chemoprophylaxis setting. 1.7 % of patients who took HCQ
and 1.2 % of those who didn’t take HCQ were infected during these 7 weeks, and 1 of the
290 HCQ patients and 2 of the 432 non-HCQ patients were transferred to hospital (none of
them needed ICU). However, there were no serological tests and not all of the presumed
COVID 19 cases could be confirmed by PCR testing because of lack of material.

An update for the same study population of 722 patients after 17 instead of 7 weeks of
observation (MACIAS et al. (2)) found an incidence of 3.4 % of clinically diagnosed COVID-19
in the HCQ group and 3.0 % in the group without HCQ. PCR-confirmed COVID-19: 1.4 % vs.
1.4 %. Hospitalization: 1.0 % (HCQ) vs. 0.9 %. No ICU, no death. Median age was 56 vs. 58
years.

In a retrospective cohort study from Spain with 919 individuals with autoimmune disease
with HCQ treatment and 1361 controls without HCQ, there was no difference with regard to
confirmed COVID-19 (1.7 % vs. 1.9 % in the control group) and hospitalization (0.4 vs. 0.3 %).
Suspected COVID-19 was more common in the HCQ-group (6.1 vs. 4.3 %) (LOPEZ DE LA
IGLESIA et al.). This study has the same limitations like that of MACIAS et al.

In another study from Spain, encompassing 319 patients with autoimmune disorders
regularly taking chloroquine or HCQ and matched control patients without CQ/HCQ, COVID-
19 prevalence was even higher in the CQ/HCQ group (5.3 % vs. 3.4 %), indicating a lack of
protection of regular administration of CQ/HCQ (LAPLANA M et al.).

In a retrospective population-based cohort study from South Korea, attack rates of COVID-19
in patients with RA or SLE were compared between those who underwent HCQ therapy
within 14 days before a COVID test and non-users (JUNG SY et al.). Among 2066 patients
with RA or SLE, 31.4 % were treated with HCQ, most of them got 200-400 mg/day as
recommended for the treatment of their underlying rheumatic disease. COVID 19 attack rate
was 2.3 % (15/649) in HCQ users and 2.2 % in non-users (31/1417). Interestingly, there was
an insignificant trend for a lower attack rate (compared to non-users) in patients < 60 years
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(uOR 0.66; Cl: 0.26-1.69; adjusted OR: 0.69; 0.25-1.92) and for a higher attack rate
(compared to non-users) in patients 60 years or older (UOR 1.61; 0.69 —3.75; aOR: 1.37; 0.54
—3.47), an observation that was recapitulated in HCQ PREP trials (see below).

In another study from South Korea, nationwide health-insurance data were used to correlate
results from COVID testing from 20 January 2020 to 15 May 2020 with pretreatment with
HCQ for at least 30 days until the date of SARS-CoV-2 testing (total of 216,686 adult
individuals who had been tested; 743 were pretreated with HCQ; among them: 695 >= 3
months, 611 >= 6 months) (BAE et al.). Median daily dose of HCQ was 200 mg, range 100 —
800 mg.

Prevalence of positive tests was 2.2 % in HCQ users and 2.7 % in non-users (OR 0.79; Cl: 0.48
—1.20). Following propensity score matching: 2.2 % vs. 3.1 % (p = 0.18; aOR 0.69; ClI: 0.40 -
1.19; but after adjusting for region, aOR was 0.80 (0.42 — 1.52)). Mortality was 0/16 among
HCQ users (0 deaths, 16 infections) compared to 140/5865 infected non-users (2.4 %), but
after propensity-score matching, mortality was 0 % vs. 0 %.

Long-term intake of HCQ was associated with an insignificant trend for a small protective
effect (>= 3 months: aOR 0.69; Cl: 0.39 — 1.22; p = 0.20; >= 6 months: aOR 0.59; Cl: 0.32
1.07; p = 0.08).

Interestingly, the patients who took HCQ for rheumatic disease did worse compared to the
total group who took HCQ: OR 0.93, aOR 0.85; aOR adjusted for region 1.07; aOR >=3
months: 0.85; aOR >= 6 months 0.88; all ORs n.s.). This may suggest that patients who took
HCQ for other reasons than rheumatic disease may profit from HCQ, but this is not discussed
in BAE et al. Moreover, it is not given how many of the 743 patients who took HCQ did that
because of rheumatic disease; this makes it impossible to calculate the effect for those who
took HCQ for other reasons than rheumatic disease.

In summary, this study shows that HCQ doesn’t reduce the risk of a positive SARS-CoV-2 test
in people who take HCQ for rheumatic disease; however, there may be a signal that there
may be a prophylactic effect in those who take HCQ for other reasons, but this was not
further examined in that study. One may argue that the kind of indication for HCQ may be
independent of its prophylactic effect on SARS-COV-2 testing. However, different indications
may result in different dosing regimens, and, as will be shown below, there are hints that
dosing has some influence on its prophylactic effect, but not in a simple way of “the more
the better”.

In contrast to the disappointing results for CQ/HCQ (like for example in the study from BAE
et al.), rheumatic patients who received biologicals had a reduced risk of severe disease in a
large study from Spain (0.48 % severe disease instead of 2.75 % in the general population;
hospitalization: 0.48 % vs. 3.7 %), and IL-6-inhibitors were especially effective to reduce the
risk of COVID-19 infection (OR 0.10; p = 0.05) whereas some other agents increased the risk
(Rituximab beyond the limits of significance; IL-12/23 inhibitors) (SANTOS et al.). This study
shows that some medications for people with rheumatic disease may actually decrease the
risk of symptomatic COVID-19 infection or severe disease, but, based on other studies from
Spain, this doesn’t apply to CQ/HCQ.
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Based on data from a health administration database from Catalonia between January 1%
and April 30%" 2020, no effect of chronically taking CQ/HCQ on COVID risk was found (based
on 6746 patients with active prescriptions for CQ/HCQ and 13492 controls). The COVID
incidence was 1.4 % in the exposed cohort and the same in the control cohort. Incidence
rates: 12.05 vs. 11.35 cases/100,000 person days; HR of infection: 1.08; CI: 0.83 — 1.44). The
risk of hospitalization showed a trend to be higher in the exposed cohort (0.6 % vs. 0.4 %; HR
1.46; Cl: 0.91 — 2.34; p = 0.10) (VIVANCO-HIDALGO et al.).

Results from an Israeli healthcare database confirmed a null effect of continuous
hydroxychloroquine or colchicine treatment with regard to the results of COVID PCR testing:
among 14.520 people tested, 13.203 were negative and 1317 were positive. 0.25 % of all
test participants took HCQ (0.23 % positive, 0.25 % negative) und 0.49 % took colchicine
(0.53 % positive, 0.48 % negative) (GENDELMAN et al.).

In a study from South Korea with 219961 subjects tested for COVID-19 (HUH et al.) (7341
COVID-19 positive, matched with 36705 controls; 878 patients with severe COVID-19,
matched with 1927 mild-to-moderate patients), pre-diagnostic use of HCQ (for any reason)
was not associated with risk for COVID-19 (aOR 0.94; Cl: 0.53-1.66), but with an insignificant
trend for more severe disease (aOR 3.51: Cl: 0.76 — 16.22), but the latter may be confounded
by underlying diseases. The same applied to Azithromycin (aOR for test positivity: 0.58 [CI:
0.30-1.12], but aOR for severe disease: 2.03 [0.39 — 10.60]).

Another study from Spain compared the probability of hospital admission because of COVID
19 in 3951 patients with inflammatory rheumatic diseases; 16.8 % (666) of them got CQ or
HCQ. Their risk of hospitalization because of COVID-19 was not smaller than the risk for
patients without CQ/HCQ (HR for CQ/HCQ: 0.95; Cl: 0.5 — 2.1). CQ/HCQ doesn’t seem to
reduce the risk of infection or the severity of the disease in people with inflammatory
rheumatic disease, at least with regard to the endpoint “hospital admission” (FERNANDEZ-
GUTIERREZ et al.).

KONIG et al. reported about COVID-19 infected patients with SLE from the Global
Rheumatology Alliance Registry. Until April 17t, 80 patients with SLE were reported to be
infected with COVID-19, 51 of them used HCQ/CQ. There was no difference in the
proportion of hospitalization between users (57 % = 29/51) and non-users (55 %; 16/29). 33
% of the SLE patients on CQ/HCQ and 45 % of those without CQ/HCQ needed any form of
oxygen support.

Based on a large health care data set, 0.29 % of 26.815 SARS-CoV-2-positive people in
Portugal were found to be chronically treated with HCQ (at least 2 g per month on average),
compared to 0.36 % of 333.489 negative persons (p = 0.04). After adjustment for age, sex,
chronic corticosteroids/ immunosuppressants, the aOR for SARS-CoV-2 infection in people
with chronic HCQ treatment was 0.51 (0.37 — 0.70) (FERREIRA et al.). But the authors didn’t
examine dose-effect relationships which would be interesting in a study which found such a
protective effect. In China, a retrospective study of 27 patients with autoimmune rheumatic
disease in families where COVID-19 was diagnosed found a strong protective effect for
patients who took HCQ (OR 0.09; p = 0.044; Cl: 0.01 — 0.94, p = 0.044) instead of other anti-
rheumatic medications. However, this analysis is based on very small numbers of patients
taking HCQ, explaining the extremely large Cl (ZHONG et al.). Mean age of the rheumatic
patients who took HCQ was 49 years.
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A retrospective cohort study with 32.109 rheumatic patients (US Veterans Health
Administration) found only small effects of chronic HCQ use (COVID-19 incidence: 0.3 % in
users vs. 0.4 in non-users; OR 0.79; Cl: 0.52 — 1.20; p = 0.27), whereas overall mortality
(COVID and NON-COVID) was decreased significantly (OR 0.7; p = 0.0031) (GENTRY et al.).
There were 31 active COVID infections in rheumatic patients taking HCQ (what corresponds
to the portion of 0.3 %) and 78 in patients not taking HCQ. Rates of hospitalization (29.0 %
vs. 24.4 %) and ICU care (22.4 vs. 21.1 %) were similar; but there were no deaths in the HCQ
group compared to 9 % (7/78) deaths in the non-HCQ group, but this difference is not
significant (p = 0.19).

In a study with 159 patients with COVID-19 from U.S. (22 % SLE, 80.5% rheumatoid arthritis,
1.5 % both), there was no reduced risk among HCQ users compared to other
immunosuppressants (SINGER et al.). And data from the NHS of the UK showed that people
with SLE/rheumatoid arthritis/psoriasis have a slightly increased risk of death from COVID-19
(HR=1.19; CI: 1.11 — 1.27) compared with people without one of these diseases. UGARTE-
GIL et al. conclude: “antimalarials neither prevent severe acute respiratory syndrome
coronavirus 2 infection nor reduce its severity”. The data from the NHS are independent from
the mode of treatment; however, since many of these people take HCQ, a protective effect
of HCQ would not be in accordance with a significant Hazard Ratio of 1.19.

Finally, a large study examined the influence of HCQ on COVID mortality in people with
rheumatic arthritis or Lupus in England (RENTSCH et al.), based on a large dataset
representing 40 % of the general population in England. Among 194.637 patients with RA or
SLE, 15.7 % received at least 2 prescriptions of HCQ in the six months before March 1%, 2020.
There were 547 COVID deaths in that group, 70 among HCQ users. Cumulative mortality was
0.23 % (HCQ users) and 0.22 (non-users), and adjustments didn’t change the result (HR for
death: 1.03; Cl: 0.80 — 1.33). A case report from Turkey showed that even young adults
under HCQ treatment because of rheumatic arthritis may develop severe COVID-19 and
need mechanical ventilation quite early (day 6 after start of fever and muscle pain) (GURSOY
etal.). In a small study from New York with patients with rheumatic disease who were
hospitalized because of COVID-19, chronic HCQ use (because of the underlying disease) was
not associated with less severe presentation and better outcomes (aOR for mechanical
ventilation: 1.5; Cl: 0.34 — 6.38; aOR for in-hospital mortality: 0.77; Cl: 0.13 — 4.56) (PHAM et
al.).

Taking into account the large sample size of the RENTSCH trial, there is now overwhelming
evidence that CQ/HCQ treatment for autoimmune diseases has no protective effect with
regard to COVID-19 infection or COVID-19 outcomes/mortality in people with that
underlying disease. This warns that the chances of a successful role of HCQ in COVID PREP
are probably small; however, the studies with RA or SLE patients didn’t analyse different
dosages, and there may be still a small chance that dose or age may matter (for age, see the
age signal in JUNG SY et al. mentioned above).

These results were also corroborated by a large study from Denmark that encomprised all
persons (!) in Denmark who got HCQ prescriptions in 2020 and 2019, matched by age and
sex with controls, based on complete health data from the Danish national health registries
(KAMSTRUP et al.). Databases of that size, collecting all health informations from a patient,
are rare worldworde. Most countries would be unable to perform such a study. Study period
was February 27% until November 27", 2020.
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Altogether, there were 5488 HCQ users who were matched with 54486 non-users as
controls. 3.43 % of the HCQ group and 3.72 % of the control group had a positive test result.
82.11 % of the HCQ group and 78.74 % (p < 0.1) had at least one SARS-CoV-2 test during the
study interval.

After adjustments, HCQ use (for non-COVID-19 indication) was not associated with
confirmed SARS-CoV-2 (HR 0.90; ClI: 0.76 — 1.07).and the result remained robust in
propensity-score matched sensitivity analysis. uHR was 0.92 (Cl: 0.79 — 1.07). Sensitivity
analysis: HR 1.01 (Cl: 0.92 — 1.31).

There were 175 hospital admissions within 14 days of a positive test among the ~ 60000
participants. OR was 1.44 (0.78 — 2.65) for HCQ users.

This well-designed study shows clearly that HCQ prescriptions have a null effect on the risk
of SARS-CoV-2 positivity and hospitalization. It is noteworthy that the mean age of the study
participants was 57.4 years. Thus this study doesn’t exclude the possibility that HCQ may
have some prophylactic effect in very young populations.

There are many ongoing prospective trials about HCQ/CQ in PREP or PEP for HCWs, and
some of them are very large. If there are impressive and significant interim results that
clearly show a high protective effect (not necessarily 100 %), one would expect that such
results would have already been announced and celebrated by conventional and social
media as “big breakthrough”. Beside of high media coverage, it would also be necessary for
ethical reasons to communicate such results to the public, provided that they are actually
statistically robust, in order to give other exposed HCWs the chance to protect themselves
by such methods, given that millions of HCWs are under high risk worldwide. Moreover, if
the success is definitely evident, it could be possible to unblind the trials and allow
participants in the placebo arm to switch to the verum.

Nothing of that happened so far; instead, as will be described below, one large trial was
prematurely stopped (BOULWARE et al.). However, according to an online questionnaire to
asymptomatic physicians, Indian physicians preferred the recommended (ICMR) HCQ
regimen; it appears to be safe and associated with a high level of adherence. Adverse effects
were similar in those who took the ICMR regimen (5.9 %) compared to those without
prophylaxis (6.5 %) (BAVDEKAR et al.).

The first hints for favorable effects of HCQ prophylaxis came from an undated paper from
the Indian Ministry for Health and Welfare. HCWs in three hospitals in New Delhi who cared
for COVID patients experienced fewer infections with SARS-CoV-2 themselves if they took
HCQ for prophylaxis. The protective effect is reported to be smaller in HCWs who cared for
the general population. Moreover, another observational study mentioned in that paper
found that, among 334 HCWs altogether, those 248 who took HCQ for prophylaxis showed
lower incidence of SARS-CoV-2 infection after median 6 weeks of follow-up than those who
didn’t take HCQ.

However, no precise results were given there or published in a scientific paper. It is not
possible to estimate the quantity of protection and the statistical significance of the results
from this paper from the Ministry (for critics, see also: BMJ India correspondent, and
TANDON et al. with regard to HCQ use for prophylaxis in the general population).
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In the first half of June 2020, there was a first published report about PREP in HCWs in an
Indian hospital (BHATTACHARYA R et al.). Following an outbreak among HCWs in that
hospital (altogether 28 infections among HCWs), quarantine and COVID testing, there was a
chance to compare PCR positivity rates between 54 HCWs who had opted voluntarily for
HCQ PREP according to the recommendations of the Indian Ministry, and 52 HCWs who
didn’t take HCQ during the critical time interval. 7.5 % of the HCWs who took HCQ were
found to be infected, compared to 38.5 % who didn’t take HCQ (p < 0.001). Among the 55
HCWs who had contact with symptomatic infected people (staff), these quotes are 9.38 %
vs. 54.55 %, and among 92 HCWs with face-to-face contacts, they were 7.84 % vs. 39.02 %.

In spite of the impressive and highly significant results, one has to be careful because this
was not a randomized trial and one cannot exclude selection and recall bias; for example,
one cannot exclude the possibility that HCWs who opted for HCQ were more fearful and
thus more careful in their behavior or use of protection. Moreover, both cohorts were very
young (mean age: 26.5 years in die HCQ group, 27.7 years in the control group) and
comorbidities were rare. The authors themselves warn that they cannot prove a causal
relationship between HCQ PREP and COVID incidence in their cohort.

In a second case-control study among Indian HCWs, CHATTERIEE et al. found an adjusted OR
of 0.44 (Cl: 0.22 — 0.88) in HCWs who took at least 4 maintenance doses of HCQ (following
loading dose). In India, a loading dose of 400 mg BID and then 400 mg weekly were
recommended to HCWs. The trend between the number of maintenance doses and risk
reduction of COVID-19 was highly significant (p < 0.001). Six or more maintenance doses
were associated with a risk reduction of more than 80 %.

Adjusted ORs: only loading dose ,,and irregular recall of maintenance”: aOR 1.87 (Cl: 0.82 —
4.24); 2 — 3 maintenance doses (MDs): aOR 2.34 (Cl: 1.23 —4.83), 4 — 5 MDs: aOR 0.44 (sign.)
and more than 5 MDs: aOR 0.04 (0.01 —0.16).

Taken together, 45.5 % of 378 COVID cases among HCWs and 51.75 % of 373 controls had
taken any HCQ (OR 1.28, n.s., p = 0.087). Unadjusted ORs: loading dose ,,and irregular recall
of maintenance”: OR 1.27 (n.s.); 2—3 MDs: OR 1.65 (n.s.), 4 — 5 MDs: OR 0.55 (sign.), more
than 5 MDs: OR 0.19 (sign.).

Among the combinations, HCQ + vitamins was most successful (OR 0.21; Cl: 0.08 — 0.52),
whereas there was a trend that HCQ + azithromycin + vitamins is unfavorable (OR 1.36; CI:
0.71 - 2.64) (for comparison: HCQ alone: OR 0.85; Cl: 0.62 — 1.17).

The participants of that study were quite young (mean age of cases and controls: 34.7 vs.
33.5 years). Compared to HCWs > 50 years (Ref., OR = 1.00), the protective effect was more
pronounced in the youngest group (18 — 25 years; OR 0.62; n.s.) and the following age group
(26 — 33 years; OR 0.81; n.s.).

KHURANA et al. reported about a COVID-19 outbreak among HCWs in a tertiary hospital in
Delhi. 94 HCWs were infected (mean age: 36 years), 87 were not infected (mean age: 34.3
years). Only 52.1 % of infected HCWs had any symptoms. The authors compared the 22
HCWs who had taken a full course of prophylactic HCQ to the 159 who had taken either an
incomplete course or no HCQ at all and found a significant risk reduction for those who took
the full course (p = 0.012).
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However, there was no plausible dose-effect relationship: the proportion of infections was
27.3 % among the 22 HCWs who took the full course, 70.6 % among 68 HCWs who took an
incomplete course of HCQ, but only 44 % among the 91 HCWs who hadn’t taken any HCQ at
all. The risk of exposure to infected patients was similar for infected and uninfected HCWs,
but infected HCWs more often preferred surgical face masks instead of N95 respirators.
With this confounder and without multiple logistic regressions, the results from KHURANA et
al. are difficult to interprete. There are no informations whether HCQ impacted the severity
of the disease; however, there were only three hospitalizations (one ICU, no death) in the
quite young cohorts at all. It remains unclear whether HCQ may have contributed to that
favorable outcome.

The first randomized placebo-controlled PREP trial with HCQ was disappointing (COVID-PREP
study) (RAJASINGHAM et al.). It dealt with PREP in HCWs with ongoing exposure in US and
Canada who were randomized to 400 mg HCQ once or twice weekly for 12 weeks (n = 494
and 495; placebo: n = 494). Placebo was folic acid.

Primary endpoint was confirmed or probable COVID-19. Compliance was controlled by HCQ
whole blood concentrations. The trial included 1483 HCWs (79 % reported aerosol-
generating procedures). Median age 41 years, follow up: 311 years; 97 persons developed
confirmed or suspected COVID-19.

Incidence rates for either laboratory-confirmed or symptomatic compatible illness were 0.27
events per person-year (HCQ once weekly) or 0.28 events (HCQ twice weekly) compared to
0.38 events in the placebo group (Hazard Ratios: 0.72; Cl: 0.44 — 1.16 for once weekly and
0.74, Cl: 0.46 — 1.19 for twice weekly; % of participants with confirmed or suspected COVID-
19: 5.9%, 5.9 % and 7.9 %).

Median blood HCQ concentration was 98 ng/ml in the ,,once-weekly group” and 200 ng/ml
in the ,,twice-weekly group”, and HCQ concentrations did not differ significantly between
those who developed COVID-19 (154 ng/ml) and those who did not (133 ng/ml, p = 0.08).

Because of its strict methodology, the randomized, double-blind and placebo-controlled trial
design, the high number of highly exposed participants and laboratory control of
compliance, this single trial outcompetes the combined evidence from all Indian PREP
reports taken together.

A limitation of that study is that among the 97 ,,cases”, only 18 had a positive PCR test, 38 a
negative PCR test (but most of them tested before occurence of symptoms) and 42 no PCR
test at all.

The point estimates of the hazard ratios were only a little lower in those who reported full
adherence at 80 % or more of the surveys (once weekly: 0.66, twice weekly: 0.68; both
without significance; 5.7 % vs. 5.7 % vs. 8.5 %). Side effects were more frequent in the HCQ
arms and dose-dependent.

There were nine hospitalizations in the placebo arm, three in the low-dose arm and eight in
the high-dose arm. No ICU, no death.
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The authors calculated that plasma concentrations of HCQ were too low, and they calculate
that even daily dosing might be not enough, but suggested that daily dosing may still be an
option that may be worth trying.

One important limitation of that study was that enrollment was stopped early after the
interest of participation in the trial declined following negative reports about HCQ, resulting
in inadequate power of the trial. The risk reduction of 0.11 per person-year means that nine
highly exposed HCWs would have to take HCQ prophylaxis for one full year to avoid one case
of COVID-19.

There were no subanalyses for different age-groups. Such sub-analyses would be important
with regard to the age-dependent trends seen in CHATTERIJEE et al. (PREP) and BOULWARE
et al./WISEMAN et al. (PEP, see below).

Though the results from the COVID PREP trial (= RAJASINGHAM et al.) are disappointing,
they are still better than those from PEP trials of similar quality (placebo-controlled RCTs)
like BOULWARE et al. and MITJA et al. (see below) as long as one looks at the point
estimates. Both the COVID PREP trial and the BOULWARE PEP trial were stopped
prematurely and didn’t include as many participants as originally planned and calculated as
necessary for statistical robustness. Thus, statistical insignificance of the trends found in
COVID PREP and BOULWARE et al. doesn’t mean that they represent a true null effect;
instead, the insignificance of the trends may simply be a result of underpowering because of
the early stop of recruitment.

Taking this into account and based on the point estimates, the risk reduction of 28 % in the
once-week group in the RAJASINGHAM trial (which rises to 34 % in participants with very
good adherence) is still superior to the relative risk reduction of 16.8 % in the BOULWARE
PEP trial, and 11 % risk reduction in the MITJA PEP trial. Though all results are very
disappointing, PREP seems to work still better than PEP (in accordance with theoretical
assumptions). This difference seems to be even stronger if one considers that the HCQ doses
were much higher in the PEP trials compared to COVID PREP, including a high loading dose
and daily intake. Taking the different doses into account, it becomes even more evident that
PREP works better than PEP, and this is well in accordance with HIV PREP vs. HIV PEP and
seems to be a general phenomenon which applies to chemoprophylaxis of viral infections. If
so, this may have consequences for other methods (agents) of COVID chemoprophylaxis
which were shown to work in PEP (like umifenovir/Arbidol) and for which it can be assumed
now that it is probable that they may work even better in a PREP setting.

Finally, a possible limitation of the RAJASINGHAM study has to been considered. Folic acid
was given as a placebo. However, there are hints that folic acid supplementation (like in
pregnant women) has a protective effect on its own (see ACOSTA-ELIAS and ESPINOSA-
TANGUMA), and folic acid is already subject of a prophylactic trial
(PACTR202005599385499). If folic acid has really a prophylactic effect, even if it is small, the
effect of HCQ prophylaxis would be stronger than suggested by the COVID PREP trial. Folic
acid binds to furin-protease and the spike:ACE2 interface of SARS-CoV-2, and its level was
lowest among severe patients compared to mild or moderate patients (KAUR et al.).
However, SKIPPER and BOULWARE discuss the use of folic acid as a placebo in a separate
paper and see no problem, e.g. because of its low dose in placebo tablets.
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A second placebo-controlled PREP RCT was reported from Mexiko (ROJAS-SERRANO et al.).
In contrast to RAJASINGHAM et al., participants took 200 mg HCQ daily for 60 days (or
placebo). In spite of ist favorable results, the trial was terminated early because of the lack
of new participants after the reputation of HCQ was damaged in July 2020. Participants were
highly exposed HCWs who cared for severe COVID patients. Only 127 participants (PCR-
negative at baseline) could be included (62 HCQ, 65 placebo) (originally, 400 participants
were planned to be randomized). Median age was only 31.5 years (31.0 years in the HCQ

group).

1.6 % from the HCQ group and 9.2 % from the placebo group developed symptomatic, PCR-
proven COVID-19 (1 : 6), but this difference missed significance (p = 0.09; aHR 0.18; n.s.).
There was no case of severe disease and no hospitalization in that study. As will be discussed
later, the favorable results from that study may have been associated with the young age of
the participants. In the HCQ group, one individual initially sero-negative became sero-
positive during the study period in the absence of a positive PCR test, suggesting a case of
asymptomatic infection.

A third placebo-controlled PREP RCT was reported from Pakistan (CHEER trial, SYED et al.). In
that trial with exposed HCWs, HCQ prophylaxis showed no favorable effect at all. In two
dosing regimens, there was even a trend for higher risks. About 200 HCWs (exposed to
COVID patients to a similar, but not identical extent) were randomized to three dosing
regimens (group 1: 400 mg twice a day at day 1 as loading dose, then 400 mg weekly; group
2: 400 mg once every 3 weeks without a loading doese; group 3: 200 mg once every 3 weeks
without a loading dose; group 4: placebo; n = 48; 51; 55; 46). The medication or placebo was
given for 12 weeks. As common in that region of the world, the mean age of the participants
was quite young (range: 28.2 to 32.0 years in the four groups).

Group 1/ group 2 / group 3 / controls

PCR + during the study time 31.3 37.3 14.5 15.2 %
PCR + at the end of week 12 6.3 5.9 1.8 6.5 %
Symptoms compatible with COVID 333 54.9 23.6 304 %
Iliness with outpatient observation 20.8 27.5 10.9 13.0%
Positive serology at the end of 29.2 41.2 16.4 23.9%

12 weeks (IgM+ or 1gG+ or both)

In direct comparions, the lowest dose regimen (200 mg/3 weeks) fared a little better than
the controls, but both 400 mg regimens fared worse, without a plausible dose-effect
relationship. No participant developed severe or critical disease or needed hospitalization
(however, this is not surprising because of the young age). Enrolment began on May 1st,
2020, thus the study was performed before the arrival of VoCs.

The 200 mg regimen was tolerated as well as placebo, whereas side-effects were more
prevalent in the 400 mg regimens. One cannot exclude the possibility that the 200 mg
regimen has a small protective effect, but the study was underpowered to show this with
certainty.



39

REVOLLO et al. reported about HCQ PREP in a hospital from Badalona/Spain; frontline HCWs
were invited to participate in PREP (day 1: 400 mg BID; day 2-5: 200 mg BID, thereafter
maintenance dosing of 200 mg weekly). HCWs were classified as high-, moderate- and low-
risk occupational exposure according to their contacts to COVID-19 patients. PCR was
performed in case of suspicious symptoms; all hospital HCWs were screened by SARS-CoV-2
serology at the end of the local epidemic.

69 HCWs received HCQ PREP, 418 did not (all worked in the same hospital at the same time).
Altogether, 16.6 % of the 487 HCWs had positive nasopharyngeal PCR during the study
period and 17.9 % had IgG antibodies after the epidemic. No one had received antiviral or
immunomodulatory treatment. HCWs with HCQ PREP had higher crude rates for positive
PCR (23.2 % vs. 15.6 %) and positive serology (28.3 % vs. 15.4 %). Median time from PREP
initiation to PCR-based diagnosis was 14 days (IQR: 7 — 23 days).

After risk stratification (COVID-19 cases had an average higher exposure than controls), the
rates of PCR positivity were 22.9 %, 22.5 % and 15.3 % in the high, moderate and low risk
PREP group (no PREP: 15.6 %). The rates of seropositivity were 23.8, 15.8 and 16.4 % in the
three PREP groups (no PREP: 15.4 %).

A propensity-score analysis with 1:1 matching allowed complete adjustment and resulted in
an aOR (PREP vs. non-PREP) of 0.77 (Cl: 0.35 — 1.68) for positive PCR and 1.43 (Cl: 0.62 —
3.38) for positive serology. Covariate imbalance did not remain after matching (REVOLLO et
al.).

Since there are suggestions that HCQ inhibits trained immunity and the expression of IFN-
stimulated genes, REVOLLO et al. point out that their ,,results are very robust in the
identification of an absence of PrEP efficacy of hydroxychloroquine”, but that “the possibility
of increasing the risk of infection is not concordant and the interpretation must be very
cautious.”

Unfortunately, the authors didn’t report whether there was any association between HCQ
PREP and the severity of symptoms or severity of the disease. Though insignificant, the lower
aOR (0.77) for PCR positivity (PCR tests were performed only in case of suspicious symptoms)
compared to the aOR (1.43) for seropositivity (IgG test was performed for all hospital staff at
the end of the epidemic) might hint to the possibility of a lower risk of symptomatic COVID-
19 in PREP users in case of infection (as demonstrated by IgG some time later), thus it would
have been interesting to look closer on symptoms and severity grades of the disease in that
study. Interestingly, the MITJA PEP trial (see below) found also that people on HCQ had an
increased risk of seropositivity following adjustment. In MITJA et al., the phenomenon nearly
reached significance (aRR 1.6; Cl: 0.96 — 1.69).

Combining the MITJA and REVOLLO trial, the effect would probably become significant, and
then raise the question why people on HCQ PREP/PEP have a higher risk of seropositivity,
but not of symptomatic infection/PCR positivity? Is this a result of the immunomodulatory
effect of HCQ, maybe the downregulation of IFN-stimulated genes or the inhibition of
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trained immunity? If trained immunity (which creates no antibodies) is inhibited to some
extent, the antibody response may be stronger, or the possibility may rise that antibodies
will be produced even in the case of a mild, asymptomatic or subclinical infection? HCQ
seems to influence the balance between trained immunity and the induction of IgG response
(in favor of the latter). Maybe the reduced response of trained innate immunity and the
reduced expression of IFN-stimulated genes decrease the chance that the infection is
stopped before the induction of IgG production, i.e. more cases of early infection progress
until a stage when IgG production is induced?

It is also suggested that the high prevalence of IgG in the HCQ group is the consequence of
early activation of adaptive immune response (YANG A et al. 2

Beside these hypotheses, considering both the REVOLLO and the MITJA results, the
increased risk of seropositivity doesn’t seem to be a chance finding.

In a placebo-controlled RCT of HCQ PREP from three hospitals in Barcelona with 269 HCWs
(142 HCQ group, 127 control group), there was 1 confirmed COVID infection after one month
in each group (GRAU-PUJOL et al.). There were 3 suspected cases during that time interval
in each group. The study was underpowered because it was performed at a time when
incidence decreased. HCQ was given 400 mg daily during the first four days, then 400 mg
once weekly. Though insignificant because of the very small number of cases, this trial was
unable to demonstrate any protection by HCQ. It is mentioned here only for the purpose of
completeness, but not really helpful.

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 HCQ (400 mg at day 1, then 200 mg daily
for altogether 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) (ICQ: n = 432). Confirmed
SARS-CoV-2 by PCR or serology: 49.1 % (HCQ) vs. 70.0 % (Vit. C). Relative risk ratio 0.70 (Cl:
0.44 — 0.97), absolute risk reduction in case of the use of HCQ was 21 % (Cl: 2 — 42 %).

Point estimates for adjusted ORs (depending on model, 6 different models were taken into
account: between 0.34 and 0.39, some of them significant).

Symptomatic COVID-19: 6.7 % (HCQ) vs. 10.3 % (Vit. C) (- 35 %). Symptomatic disease among
those diagnosed with SARS-CoV-2:13.7 % vs. 15.0 % (- 8.7 %). No hospitalization, no death in
any study arm (young age!). Whereas the mean age in the whole study was 33 years, it was
only 30.6 years in the HCQ arm because of the exclusion of participants who were assumed
to have contraindications against HCQ (e.g., because of ECG results).

In a small retrospective study of HCWs in a gastroenterology department from a tertiary-
care hospital in India (based on PCR and IgG), 6 of 117 participants had taken HCQ in
adequate doses (according to the Indian recommendations); none of these 6 HCWs tested
positive for COVID-19. Among the 111 participants who didn’t take any HCQ prophylaxis, or
in inadequate doses, COVID positivity by PCR and/or I1gG was 34.2 % (no p value calculated)
(KUMAR GOENKA et al.). No median or mean age is given, but 78.6 % of the 117 HCWs were
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<= 40 years old and 48.7 % were <= 30 years, thus the HCW population was quite young, as
common in India. Because of the low number who took HCQ according to the Indian
recommendations, this study has little impact on the issue of HCQ PREP.

In a retrospective case-control study among altogether 3100 HCWs at a tertiary care centre
in India, 506 tested positive for SARS-CoV-2 (16.3 %; 45 % of them asymptomatic), and 253
who tested negative were matched as controls (DEV et al.). Among other factors of
increased or reduced risk, HCQ intake was associated with lower risk of COVID infection.
Fewer cases took HCQ prophylaxis than controls (31 % vs. 42 %; RR: 0.74; Cl: 0.61 —0.90, p =
0.003, NNT =9). Moreover, the difference in the number of HCQ doses between both groups
was significant (p = 0.0009). The adjusted OR according to the number of doses of HCQ was
0.92 (0.86 —0.99), though it is not clear how this was calculated.

But it is important to note that the HCW population was quite young (cases: mean 32 years,
controls: 30 years). There was no subgroup analysis for the efficacy of HCQ PREP in different
age groups. The small, but significant preventive effect of HCQ in this study is in accordance
with some other studies that found modest preventive effects in HCW populations
dominated by very young HCWs.

In an observational study from India, HCQ as PREP in HCWs at high-risk of exposure was
studied between June and October 2020. Dosing: loading dose 400 mg twice a day, followed
by 400 mg once weekly up to 16 weeks (BHATT et al.). There were 927 full-time hospital-
based HCWs, of whom 731 initially started HCQ; 196 did not. Mean age: 27.5 years (range:
20 — 52 years).

22.8 % of the HCQ group and 15.3 % of the non-HCQ group tested positive (PCR +) (p =
0.220).

All COVID positive HCWs irrespective of use of HCQ were either asymptomatic or had mild
disease and fully recovered, but the study population was quite young.

Though there were no grade 3 or 4 adverse effects, many participants discontinued taking
their weekly HCQ. At week 16, there were only 5 participants in the HCQ group. Many
infections in the HCQ group (n = 32) occurred in week 1 (n = 731 participants on HCQ) and
week 2 (18 infections, 565 HCW on HCQ); the incidence was low in weeks 4 — 6 (4
cases/week, when 470 — 432 HCWs were on HCQ) and rose then up to 64 cases in one week
after many HCWs had given up HCQ.

Even if one takes the bad adherence into account, HCQ doesn’t seem to have any preventive
effect in that study then otherwise the SARS-CoV-2 rate must have been smaller in the HCQ
group (who took HCQ at least part of the 16 weeks) than in the control group wjo never took
HCQ. But the serious lack of adherence didn’t allow to calculate exact RRs or HRs.

PEP:

Whereas all Indian , results”, the US/Canadian COVID-PREP trial (RAJASINGHAM et al.) and
the REVOLLO and GRAU-PUJOL trials from Spain mentioned above are about PREP,
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BOULWARE et al. reported on June 3rd the first ever results of a randomized, placebo-
controlled trial with HCQ for PEP. High-dose HCQ (800 mg loading dose, 600 mg 6 — 8 hours
later, then 600 mg/day for the next four days) was started within 4 days following exposure
as PEP for highly or moderately exposed HCWs (exposed to infected patients or infected
staff without adequate PPE) or household contacts or partners of infected people. The index
persons had to be proven COVID-19-positive by PCR. COVID-19 incidence of the participants
was based on reported symptoms within 14 days; PCR testing was performed only in a few
of them, so the calculations are based mainly on symptoms (and thus cannot exclude the
possibility of asymptomatic infections). Placebo was folic acid too.

The trial was stopped following the third interim analysis on May 6th, when 11.8 % of
participants in the HCQ group and 14.3 % in the placebo group were assumed (by the criteria
mentioned above) of being infected. The risk difference of — 2.4 % (i.e. 16.8 % relative risk
reduction) was insignificant and not in an acceptable relation to the side effects (40.1 % vs.
16.8 %), so the trial was stopped. Infected people in the HCQ group didn’t profit from milder
disease; instead, they had on average more symptoms, but this may be due to the adverse
effects of HCQ. The risk of hospitalization was the same for both groups (each: 1 person).
The median symptom-severity score (on a scale from 0 to 10; higher scores indicating
greater severity) was 2.8 in the HCQ group and 2.7 in the placebo group.

However, there was an association between risk reduction and the time between exposure
and first intake of HCQ. Day 1: 6.5 % vs. 12.7 % (HCQ vs. placebo), relative risk: - 49 %; day 2:
12.0 % vs. 17.0 %, relativ risk: - 29 %; day 3:12.2 % vs. 14.5 %; relative risk: - 16 %: day 4: no
risk reduction at all. None of these differences reached statistical significance, but the
tendency is striking. Thinking backwards in time, these results still offer the chance that an
earlier start of HCQ_ (like in the case of PREP) may possibly offer better results. Thus the
possibility of better results with regard to PREP (compared to PEP) would not be absolutely
incompatible with the results of BOULWARE et al., though experiences with HCQ in people
with rheumatic or autoimmune diseases point to the opposite (see above). But it has to be
noted again that none of the associations mentioned above reached significance because
the trial was underpowered to analyse the associations between COVID incidence and the
latency time from exposure to first HCQ intake.

The combination of HCQ with zinc or vitamin C intake showed no better outcome than zinc
or vitamin C alone. Increased risks for this combination (HCQ + zinc: RR 1.23, n.s.; HCQ +
vitamin C: RR 1.60, Cl: 1.12 — 2.28) may be confounded if participants with the highest risk of
infection had a higher probability to take zinc or vitamin C.

Moreover, there is a striking age gradient: young participants (18 — 35 years) profited more
from HCQ (11.9 % vs. 18.6 % placebo) than middle-aged (36 — 50 years: 11.9 vs. 15.2 %), and
older participants (> 50 years) had an increased risk of COVID-19 in the HCQ group (11.5 %
vs. 5.5 %). Though none of these differences was significant and the trial was underpowered
to resolve this question, the trend is very obvious.

Interestingly, household contacts did profit much more (14.4 % vs. 20.8 %) than HCWs (11.3
vs. 12.2 %), though the overall risk for household contacts was higher. Again, there was no
significance.
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Unfortunately, in spite of these striking (though insignificant) differences between
subgroups, no multivariate analysis was performed. Maybe there are subgroups who may
profit a lot from HCQ PEP and others who get harmed by it (aside of harms from adverse
effects)? Or the striking trends are simply the result of confounding by uneven distribution
of the other variables and would get attenuated by multivariate statistics? Of special interest
is the question of an increased risk for people above 50 years.

Future studies and papers about HCQ in PREP and PEP should perform similar sub-analyses,
but combine them with multivariate calculations to resolve these urgent questions which
suggest that HCQ PEP may be (very?) helpful to some people and (very?) harmful to others.
If only young people profit from HCQ, this wouldn’t help a lot because older people need
PEP much more because of their higher risk of severe or critical disease in the case of
infection.

The ,age effect” is especially striking because it was found in PREP (CHATTERJEE et al.) and in
PEP (BOULWARE et al.). In both trials, the ,,age effect” didn’t reach statistical significance.
However, since the trends in both trials point to the same direction, this has to be seen as a
warning that those who need PREP/PEP at most (the elderly), will profit less (or not at all)
from HCQ chemoprophylaxis, and the profit — risk ratio of HCQ chemoprophylaxis may be
age-dependent at the expense of those with the highest need of protection. There may be
also some associations between the effect of HCQ and the ageing of the mitochondria;
mitochondria of young people are more adaptable and resilient (SHEAFF RJ).

In a prospective open label (not-randomized) control trial from India, HCQ PEP showed
moderate effectiveness (DHIBAR et al.). The trial participants were “asymptomatic non-HCW
individuals who had direct contact with laboratory confirmed COVID-19 cases (family
members, friends, colleagues, relatives; contacts without personal protective precautions) or
who had undertaken international travel in last 2 weeks”. They were given the option for
taking HCQ prophylaxis (800 mg on day 1, divided into 2 doses of 400 mg 12 hours apart,
followed by 400 mg once weekly for 3 weeks). Total cumulative dosis was 2000 mg. PEP: n =
132, controls: n = 185. Home quarantine (2 weeks), social distancing and personal hygiene
were identical in both groups. Follow-up was 4 weeks (by telephone or physically if
required). 7 patients were not fully compliant to take all HCQ tablets. But they were included
in the analysis for the HCQ group. However, from originally 325 patients, 8 were lost from
follow-up. They were not included in the analyses.

Altogether, there were 50/317 (15.8 %) cases of new onset COVID 19 (including ,probable
COVID-19“ without a positive COVID-19 test): 10.6 % in the PEP group and 19.4 % in the
control group (p =0.033; RR 0.59; Cl: 0.33 — 1.05); number needed to treat to prevent one
case was 12. There were no serious adverse reactions in the HCQ group.

Definitive COVID (i.e. PCR-positive, with or without symptoms) were 7.6 % vs. 15.1 % (p =
0.041) of participants; NNT = 14. Probable COVID (symptoms suggestive of COVID-19 but
negative PCR or no PCR performed) were 3.0 % vs. 4.3 % (p = 0.552).

In 17 of 317 participants, no PCR could be performed. If they are excluded, the incidence of
definitive COVID-19 was 7.7 % vs. 16.5 % (p = 0.023).
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42 % of all 50 new onset COVID cases (including probable cases) were symptomatic.
Incidence of new onset symptoms: 4.5 % (HCQ) vs. 8.1 % in the control group (p = 0.209). No
one needed oxygen or life support. Symptoms were not significantly different between HCQ
and control group.

This was not a placebo-controlled study but dependent on the voluntary consent of people
who met the criteria of the study as mentioned above either to take HCQ or to take not;
people with contraindications for HCQ were directly assigned to the control group. All
asymptomatic patients who fulfilled the criteria and were in contact to the medical institute
participated in the study. There was no self-selection about study participation, only about
HCQ intake for those who had no contraindications. PCR was performed in all symptomatic
participants, but also in asymptomatic participants after 5 — 14 days. COVID-19 cases were
defined as PCR-positive, whether symptomatic or not. Only 3.1 % of participants had a
history of international travel. Mean age was 37.2 years, only 8.7 % had relevant
comorbidities. The authors point to important differences between HCWs and non-HCWs (all
participants in their study were non-HCWs), because HCWs usually wear some sort of PPE
when they are in contact with patients, whereas private contacts don’t. Thus they see a need
to distinguish between HCWs and non-HCWs in PEP studies. Whereas the study design of
BOULWARE et al. excluded the possibility to detect asymptomatic COVID infections (PCR
only in symptomatic cases), the DHIBAR trial allowed to do so. This is an important
difference, because 58 % of all PCR-proven infections in DHIBAR et al. were asymptomatic.

However, in contrast to these comparatively favorable results of DHIBAR et al., MITJA et al.
showed in their large controlled trial of PEP and preemptive therapy as “ring prophylaxis”,
that neither PEP nor preemptive therapy are successful. With its trial design and large
number or participants, this trial is even more important than the trial of BOULWARE et al..

MITJA’s trial encompassed 2314 participants, among them 2000 PCR-negative when the trial
started (PEP participants) und 314 with positive PCR, but without significant symptoms
(preemptive therapy). The verum participants got HCQ (800 mg at day 1, 400 mg the
following six days); for the control group, there was no placebo (in contrast to BOULWARE et
al. who used folic acid as placebo). Participants were exposed health care workers or
household contacts of infected people (in the sense of ring prophylaxis), and workers and
residents of nursing homes.

Altogether (n = 2314), 6.2 % of participants in the control arm and 5.7 % of participants in
the HCQ arm developed PCR-confirmed symptomatic COVID-19 (adjusted RR: 0.89; Cl: 0.54 —
1.46).

If one restricts analysis to the 2000 participants who were PCR-negative in the beginning
(1042 in the control arm and 958 in the HCQ arm), the rates for PCR-confirmed symptomatic
COVID-19 were 4.3 % (control) and 3.0 % (HCQ). Whereas these data look like a little success,
the adjusted risk ratio shows the opposite (aRR 1.45; Cl: 0.73 — 2.88). And if one considers a
more inclusive outcome (either symptoms compatible with COVID 19 or PCR positivity), the
risk was a little higher in the HCQ compared to the control arm (18.7 % vs. 17.8 %; aRR 1.04;
0.77 — 1.81). Finally, at day 14, 14.3 % of the participants in the HCQ group, but only 8.7 % of
the control group were seropositive (IgM and/or 1gG), and this difference became nearly
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significant (aRR 1.6; Cl: 0.96 — 1.69) (the same effect was observed in the REVOLLO PREP trial;
see above).

If one looks at the 313 persons who were PCR-positive at the beginning (about half of them
got HCQ as preemptive therapy), 22.2 % of the HCQ group and 18.6 % of the control group
got PCR-confirmed symptomatic COVID-19 (aRR 0.96; Cl: 0.58 — 1.58).

Altogether, 12 persons from the control arm and 11 from the HCQ arm were taken to
hospital. 8 vs. 5 died. However, there are no informations how many of them were from the
PEP vs. therapy arm.

Among PEP participants, the median time lag between exposure and assignment to HCQ or
standard care was 4 days. The RR was 0.89 if HCQ started until day 3, 0.93 if started on day
4-6 and 4.09 if started at day 7 or later. All these RRs are insignificant. Unfortunately, the
time interval up to 3 days is not divided into shorter intervals; this would have been helpful
to compare with the results of BOULWARE et al./WISEMAN et al. which suggested that very
early PEP on day 1 or 2 may have some protective effect, and the results of BOULWARE et
al./WISEMAN et al. showed a time effect that was reminiscent of HIV PEP.

Except for the open question of the effect of very early PEP (especially on day 1), the results
from MITJA et al. destroy all hopes about HCQ PEP in a real word setting (a possible
favorable effect on day 1 would not meet the requirements of a real word PEP setting, but
would be of academic interest).

Whereas the results from BOULWARE et al. and MITJA et al. are regarded as disappointing, it
is understood meanwhile that these are valuable data which may still offer the chance to
identify subgroups or situations where HCQ PEP may be effective, and that there is a need
for a more detailed analysis of the datasets. Thus, a re-analysis of the datasets from
BOULWARE was planned in a separate study (see WISEMAN et al. (2)), and as soon as the
datasets from MITJA et al. are made available, the MITJA data will also be re-analysed by the
same methods (WISEMAN et al.). Maybe some aggregation of both datasets, as far as
possible, may help to understand more about HCQ PEP or the principles of COVID-19 PEP in
general. The new study will address all the critical aspects and open questions mentioned
above and will allow much deeper understanding about the chances and limits of HCQ PEP.

A re-analysis of the supplementary data from BOULWARE et al. by YANG et al.(2,3), based on
Cochran-Armitage analysis of trend, found a significant protection of HCQ against
symptomatic COVID-19 in a time-dependent manner (p = 0.0496), taking into account the
time lag for the delivery of the drug of about 2 days because of mailing.

Another re-analysis of the original BOULWARE dataset was reported by WISEMAN et al. (2).
After requesting additional data, WISEMAN et al. found that 52 % of participants received
the HCQ medication 1 - 2 days after intended overnight delivery, and 19 % of all participants
received it outside the four-day window calculated from exposure (i.e. they are outside the
original inclusion criteria for the study). Taking that into account, many participants started
taking HCQ later than originally calculated by BOULWARE et al. If there is a time-dependent
effect, this difference could have attenuated the calculated preventive effect in the original
dataset from BOULWARE et al. significantly.
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For participants who started HCQ really within 1 — 3 (elapsed time) days after exposure,
COVID incidence was 9.6 % vs. 16.5 % (placebo), RR 0.58 (0.35-0.97), p = 0.044, NNT 14.5. If
HCQ started > 3 days, there was no risk reduction (RR 1.22; Cl: 0.72 — 2.04). A separate
analysis with HCQ given within 2 (elapsed time) days of exposure found an ever stronger
effect (RR 0.35, 95%Cl: 0.13 — 0.93; p=0.0438).

With regard to an age-dependent effect, early start of HCQ was preventive in younger
people (18 — 45 years; RR 0.53; Cl: 0.29-0.97; p = 0.0448, NNT 11.5), but late start (>3 days)
was not (RR 1.02; CI: 0.55 — 1.89). In older adults (> 45 years), the effect of early HCQ was
small and insignificant (RR 0.75; Cl: 0.27 — 2.05) (early cohort).

The RRs in the early cohort were 0.53 (18 — 35 years), 0.52 (36 — 50 years) and 2.8 (> 50
years), but all insignificant. The authors discerned a boundary between 42 and 48 years and
found the significant result (RR 0.53, as shown above) for the younger adults (18 — 45 years).

There was significant reduction with early prophylaxis (days 1-3) in household contacts (RR
0.35; Cl: 0.13-0.89, p = 0.025, NNT 5.7), but insignificant in HCWs (RR 0.74; CI: 0.4-1.38).

A higher protective effect in household contacts may be associated with the lack of
advanced PPE, hygiene training and multiple high-risk exposures in household contacts.

Gender, folate, zinc or vitamin C intake had no effect on the results. While folate as a
placebo seemed to be “neutral” and thus suited as a placebo, the use of zinc and vitamin C
was balanced between verum and placebo group so even if their effect is not neutral, it
would not confound the study results. WISEMAN et al. note, “At earlier stages, any effect
associated with HCQ appears independent of zinc, evidenced by the lack of synergy we
observed between HCQ and zinc.”

The effect of HCQ was more pronounced in people who had no comorbidities. Among the
comorbidities, asthma attenuated the preventive effect of HCQ at most. There were no
differences in the severity of symptoms in infected participants between early and late
prophylaxis cohorts.

RRs in subgroup analyses from WISEMAN et al.:

Early HCQ*, 18 — 45 years: RR 0.54 (0.29 - 0.97), p = 0.0448
Early HCQ, 46 — 90 years: RR 0.75 (0.27 — 2.05), n.s.

Late HCQ, 18 — 45 years: RR 1.02 (0.55 —1.89), n.s.

Late HCQ, 46 — 90 years: RR 1.87 (0.68 — 5.13), n.s.

Early HCQ, household contacts: RR 0.35 (0.13 - 0.89), p = 0.025

Early HCQ, HCWSs: RR 0.74 (0.40 — 1.38)
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Late HCQ, household contacts: RR 1.17 (0.55 — 2.49)
Late HCQ, HCWs: RR 1.23 (0.61 — 2.49)
*Early HCQ: day 1-3 (elapsed time), late: day 4-6; all results from the ITT population

In summary, young household contacts (up to 45 years) profited most from HCQ prophylaxis
if started within 3 days after exposure. HCQ starting > 3 days was useless and possibly risk-
enhancing. However, there was no significant preventive effect even in the case of early
start for those who need prophylaxis at most: the elderly and those with comorbidities.
Most worrying, though insignificant, there was an increased risk (RR 2.8) for participants >
50 years, even in case of early start of HCQ.

Though insignificant, this has to be communicated as a warning not to use HCQ for
prophylaxis in the middle-aged and elderly (50 years and beyond), and this is in accordance
with other trials as already mentioned above. The reason for that difference is not clear and
speculative. It is improbable that it may be related to the antiviral effect of HCQ, because the
target of the antiviral activity is the virus itself or its life cycle. However, as already
mentioned, HCQ impacts the innate immunity, may cause lymphopenia (KELLENI) and
reduces the expression of interferon-stimulated genes. It inhibits trained immunity at the
functional and epigenetic level (ROTHER A et al.)

Maybe these immunosuppressive effects are more pronounced in elderly, increasing the risk
of getting infected after exposure. Both “trained” innate immunity and interferon | response
act as very early defense against viral infections of the respiratory tract. If they are
suppressed by HCQ, the risk of an active infection (that is diagnosed by PCR and may
provoke symptoms) may rise. This may be the mechanism how HCQ enhances COVID-19
risks, even if given early. However, the balance between a favorable antiviral effect and an
unwanted immunosuppressive effect seems to be age-dependent, and starting somewhere a
little below 50 years (maybe between 42 and 48 years as suggested by WISEMAN et al.), the
immunosuppressive effects start to dominate. From that age on, HCQ prophylaxis must be
avoided. It is tempting to speculate that age-dependent epigenetic changes either in the
“trained” innate immune system pathway or the interaction between HCQ and interferon-
stimulated genes may be the reason. Interestingly, the “age window” shortly before 50 years
or between 42 and 48 years (when HCQ prophylaxis turns from being preventive to
increasing risks) is exactly the age when age-dependent COVID incidence rates start to
increase again (after a first maximum in young adults). The same mechanisms that make
people more susceptible to COVID-19 starting at the end of the 40’s may be responsible for
the effect why early HCQ PEP, though preventive in younger adults, may increase the risk of
COVID-19 infection in older adults.
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age-dependent COVID-19 incidence in Germany, 1-year-intervals, until
Dec. 2nd, 2020

2500

2000

1500

1000

500

Age-dependent COVID-19 incidence in Germany; range: 0 — 79 years (80 years and more not
shown); source: RKI, survstat@rki 2.0 (analysis from Dec. 3rd, 2020).

The graph shows two maxima; whereas the first maximum may be related to lifestyle and
behavioral aspects in young adults, it is unplausible to explain the rise of the incidence in the
second half of the 40’s and early 50’s by lifestyle aspects. A similar bimodal curve is found
for other viral infections with complex interactions with immunity, e.g. oral HPV 16/18 in the
US (like NHANES study). Thus it is improbable that it is only by chance that early HCQ
prophylaxis turns from favorable to unfavorable (risk-enhancing) at exactly the same age
when COVID incidence starts to increase again in the general (i.e. not ,,HCQ-protected”)
population.

Moreover, the difference between the (comparatively) more favorable effect of HCQ PEP in
the BOULWARE trial (especially after critical re-analysis by WISEMAN et al.) compared to
MITJA et al. (where the overall preventive effect of HCQ was found to be smaller with a RR
of 0.89) may be associated with older mean age in the MITJA trial (48 years vs. 42 years in
BOULWARE). Eventually, the null-effect (or even unfavorable effect) of late start of HCQ PEP
(RR>1.0in all subgroups of WISEMAN et al. for day 4 — 6; RR 4.09 in MITJA et al. for > 6
days, though insignificant) is well in accordance with the disappointing effects of HCQ in the
treatment of COVID-19, at least if given alone.

Meta-analyses about prophylactic/early HCQ

GARCIA-ALBENIZ et al. combined the results from the three prospective RCTs in a meta-
analysis: the PREP trial from RAJASINGHAM et al. and the PEP trials from BOULWARE et al.
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and MITJA et al.. They found a significant protection with a pooled risk ratio estimate of 0.78
(95% Cl: 0.61-0.99).

With regard to MITJA et al., they took the unadjusted rates of 4.3 % (control arm) and 3.0%
(HCQ arm) from table 2 in MITJA et al. (resulting in a RR of 0.69 for the HCQ arm compared
to the control arm in MITJA et al.), instead of the adjusted RR of 1.45 from the last row in
table 2 of the MITJA paper. GARCIA-ALBENIZ et al. conclude: “The available evidence
indicates that HCQ reduces the risk of COVID-19 by about 20%. Yet the findings from the
randomized trials were widely interpreted as evidence of lack of effectiveness of HCQ, simply
because they were not statistically significant when taking them individually.”

LADAPO et al. included in their meta-analysis RCTs concerning PREP, PEP and early
treatment of outpatients. Besides of the three prophylaxis trials mentioned above and
already meta-analysed by GARCIA-ALBENIZ et al., they also included a second MITJA trial
(early treatment) and the SKIPPER trial (early treatment too; references see in LAPADO et
al.). Endpoints were different in these five studies, what makes it doubtful whether it makes
sense to combine them in a meta-analysis (endpoints: new COVID-19 infection in
BOULWARE et al. and RAJASINGHAM et al., hospitalization in the MITJA early treatment trial,
death in the MITJA prophylaxis trial, hospitalization or death in the SKIPPER early treatment
trial). Median or mean ages ranged from 40-42 years except for the MITJA prophylaxis trial
(49 years). Altogether, 5577 patients were included, and BOULWARE et al. and
RAJASINGHAM et al. contributed most of all participants. The risk reduction associated with
HCQ use was 24 % (RR 0.76; Cl: 0.59 — 0.97) with regard to COVID-19 infection,
hospitalization or death, similar to the results from GARCIA-ALBENIZ et al.

Though not a RCT, the aOR for PCR positivity (as a proxy for symptomatic disease according
to the study design) of 0.77, though insignificant, in the retrospective control study of HCQ
PREP from REVOLLO et al., following propensity score matching without evidence for
residual confounding, is in very good agreement with the results (RR 0.78 and RR 0.76) from
the two meta-analyses from GARCIA-ALBENIZ et al. and LAPADO et al., and strengthen their
results by adding 487 more participants.

The meta-analysis of KASHOUR Z et al., limited to prophylactic RCTs (PREP and PEP) until
October 6™, found only an insignificant effect of HCQ on the risk of COVID-19 infection
(pooled RR: 0.85; 0.69 — 10.4), based on 5 RCTs (ABELLA, BOULWARE, MITJA, GRAU-PUJOL,
RAJASINGHAM) and 2725 participants who took HCQ and 2287 controls. In contrast to other
meta-analyses, KASHOUR et al. looked also for the risk of hospitalization in the prophylactic
trials. The pooled RR was 0.81 (Cl: 0.45 — 1.44) based on 2806 patients on HCQ and 2389
controls in the same five RCTs. Moreover, in three RCTs with COVID-19 outpatients, HCQ was
associated with a similar risk reduction for hospitalization (pooled RR 0.80; Cl: 0.46 — 1.39).
Combining prophylactic trials with outpatients trials (n = 8) didn’t change the overall result
(pooled RR 0.80; CI: 0.54 — 1.20).

KUMAR J et al. based their meta-analysis on only 3 prophylactic studies (ABELLA et al.,
BOULWARE et al. and RAJASINGHAM et al.) and found a RR of 1.04 (Cl: 0.58 - 1.88) for the
risk of infection.



50

HERNANDEZ et al. performed a systematic review and meta-analysis until December 8,
2020 and included 5 RCTs (n = 5579; 4 of them placebo-controlled) and one cohort study (n =
106).

PCR-posivitity: RR 1.01 (Cl: 0.88-1.16)
COVID-19 infection: RR 0.98 (Cl: 0.78-1.22)
all-cause mortality: RR 0.73 (0.27-1.99)

No different effects were found if distinguished between HCQ as PEP or PREP. However,
quality of evidence was judged as low for all outcomes. The meta-analysis included the
following RCTs: RAJASINGHAM and ABELLA for PREP, MITJA, BOULWARE, BARNABAS for PEP
and BHATTACHARYA as cohort study.

The qualitatively very high-grade network meta-analysis from a large study group of more
than 40 specialists (BARTOSZKO et al.) found no “important” effect of HCQ prophylaxis.
They included 6 RCTs (ABELLA, BARNABAS, BOULWARE, GRAU-PUJOL, MITJA,
RAJASINGHAM) (until January 19t 2021, published February 26t 2021):

e HCQ had no effect on laboratory-confirmed infection (OR 1.03; Cl: 0.71 — 1.47); risk
difference per 1000: + 2 (Cl: -18 - + 20); moderate certainty

e HCQ had no significant effect on suspected, probable or laboratory-confirmed infection
(OR 0.90; CI: 0.58 — 1.31); risk difference per 1000: -15 (Cl: -64 - + 41); low certainty

e HCQ had no significant effect on hospitalization (OR 0.87; Cl: 0.42 — 1.77; risk difference
per 1000: - 2 (Cl: -3 - + 4); high certainty

e HCQ had no important effect on mortality (OR 0.70; Cl: 0.24 — 1.99; risk difference per
1000: - 1 (Cl: -2 - + 3); high certainty

e HCQ was associated with increased adverse effects (OR 2.34; Cl: 0.93 — 6.08; risk
difference per 1000: +19 (Cl: -2 - + 70); moderate certainty.

It is noteworthy that this network meta-analysis differed from all meta-analyses mentioned
above by an aggregated control group (standard care or placebo), aggregated from all
included 9 RCTs (including the ivermectin RCTs). This may explain the differences between
the ORs from other meta-analyses that included nearly the same studies. A sort of “universal
control group” from all 9 included studies (HCQ + IVM) was created that is characterized by
the following probability of events:

e laboratory-confirmed infection: 65 / 1000
e suspected, probable or laboratory-confirmed infection: 167 / 1000

e hospitalization: 5 /1000



o1

e death:3 /1000
e adverse effects: 15 / 1000

However, one may ask whether such an aggregation of control groups from individual
studies to an universal control group is actually a progress compared to conventional meta-
analyses? In the case of COVID-19, this results in mixing of controls from very different
epidemiological backgrounds (e.g. risk factors, PREP or PEP, HCWs of different extents of
exposure, community contacts, family members; background incidence etc.).

According to the conventional meta-analyses (excluding BARTOSZKO et al. with their
different methodology), there may be a true significant or borderline significant effect for
prophylactic or early HCQ. However, it is very small and probably too small to be balanced
with side effects and risks. Nevertheless, after statistical significance was shown in the meta-
analyses, it is a proof of principle that chemoprophylaxis does actually work (at least to some
extent) even under the strict conditions of a RCT. Moreover, the protective effect would
have been larger if the WISEMAN analysis of the BOULWARE trial had been taken into
account, which was not possible since the re-analysis was published later.

This knowledge allows two consequences:

e this may be a starting point for combination prophylaxis: what combination partner may
improve the outcome of HCQ: zinc? low dose doxycyclin (25 mg/day)? or both? interferon
inhalation (to compensate for the anti-interferon effect of HCQ)? Quercetin (or ECGC, green
tea polyphenols) and zinc? antiparasitic agents?

® since we now have a proof of principle that chemoprophylaxis actually works under RCT
conditions (though weakly, but in principle it works), the results of the retrospective non-
RCT PEP trials with umifenovir (Arbidol) (ZHANG et al., YANG et al.) should be reconsidered
more seriously. They seem to be discarded because of their retrospective and non-
randomized design. However, if one considers that HCQ inhibits the early natural interferon
response following viral infection, whereas umifenovir promotes interferon (FAN et al.), it is
now absolutely plausible to assume that umifenovir can outcompete HCQ in
chemoprophylaxis. Compared to retrospective HCQ trials with a similar design like ZHANG's
Arbidol trial, i.e. the HCQ trials of BHATTACHARYA et al., CHATTERJEE et al. and KHURANA et
al., the ZHANG trial was the most effective. If umifenovir outcompetes HCQ in retrospective
non-RCTs, why shouldn’t it outcompete HCQ in a RCT? Based on general experiences with
comparions between retrospective control studies vs. RCTs, it is well probable that the
protective effect of umifenovir in a RCT would be lower than expected from ZHANG et al.,
but it is likely that the results will be better than those from the HCQ trials.

At the same time of these meta-analyses, which showed a small, but significant effect of
HCQ in prophylaxis and early treatment, another placebo-controlled RCT of HCQ PREP was
published, confined to HCWs at risk, which showed a null effect of HCQ PREP in spite of the
high dose regimen of 600 mg daily for eight weeks (ABELLA et al.). Because of futility
following an interim analysis, the RCT was discontinued, so that only 64 participants in the
HCQ group and 61 participants in the placebo group could be evaluated.
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Compared to BOULWARE et al., the method of ABELLA et al. was more rigorous because it
included nasopharyngeal PCR testing at baseline, at week 4 and 8 and at any time in case of
relevant symptoms. Altogether, there were 4 cases of PCR-proven infection in the HCQ
group (6.3 %) and also 4 cases in the placebo group (6.6 %). 6 of the 8 cases were
symptomatic (2 placebo cases, 4 HCQ cases), no one needed hospitalization. However, the
participants were quite young (mean age: 33 years), so the benign outcome is not
unexpected. No further cases of infections during the study period were found by antibody
testing. Interestingly, infections in the HCQ group were detected on average earlier (weeks
1, 4,5, 6) than in the placebo group (weeks 1, 8, 8, 8). This may be a chance finding, or may
point to some effects of accumulating doses of HCQ over time because of its long half-life.
On the other hand, there is a fundamental difference to the PREP trial of RAJASINGHAM et
al., which showed a moderate success: in RAJASINGHAM et al., the doses were 400 mg or
800 mg weekly, and 800 mg/week was not superior to 400 mg. In ABELLA et al., the weekly
dose was 4200 mg, more than tenfold compared to the most successful dose regimen in
RAJASINGHAM et al.

With regard to a mere antiviral, one might suggest that higher doses must be able to
increase efficacy. However, since HCQ is not a mere antiviral but also an immunomodulating
agent which suppresses some pathways of the immune system, including the interferon |
response which is so important in the earlier phases of the disease (e.g., HADJADI et al.),
there is no automatism that higher doses might be more effective. Depending on a possibly
dose-dependent balance between wanted antiviral effects and unwanted
immunosuppressive effects (unwanted in a prophylactic setting! — this is very different from
treatment of advanced disease when immunosuppression may become important), it is not
implausible that low dose HCQ may be more efficient in prophylaxis than high-dose HCQ.

Thus the RAJASINGHAM trial and the ABELLO trial are so extremely different from one
another that it is not justified to combine them in a meta-analytic manner. Because of their
rigorous methodology, ABELLO et al. show that a daily dose of 600 mg cannot be
recommended for prophylaxis. However, this doesn’t mean that much lower dose regimens
like that of RAJASINGHAM et al. must be completely ineffective too.

For comparison:
RCTs:

RAJASINGHAM PREP (HCWs) 400 mg/week moderate effect
800 mg/week moderate effect, not better than
400 mg/week (minimally worse)

ROJAS-SERRANO PREP (HCWs) 200mg/day (60 days) strong effect (1.6 vs. 9.2 % COVID-
19, but underpowered and
Insignificant). Median age
only 31.0 years in HCQ arm.

ABELLO PREP (HCWs) 4200 mg/week null effect
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PREP (HCWs) 400 mg weekly or null/bad effect (despite young age:
400 mg every 3 weeks  30.6 years); trend for more
or 200 mg every 3 wks. infections in the 400 mg
regimes; possibly small
protective effect of the
200 mg regimen (unsure,
underpowered)

PEP 800 mg day 1,
400 mg day2-5 moderate effect (PCR-confirmed)
null effect for “PCR-confirmed or
symptoms compatible with
with COVID-19”
more cases of seropositivity in HCQ

group

PEP 1400 mgday 1,
600 mg day2-5
small effect (based on symptomes,
regular PCR tests only in some
cases)
moderate effect if started on days 1
or 2 (day 1 >day2)
moderate effect in subgroups (young
participants, household contacts)
negligible effect in HCWs, no
protection in older participants

WISEMAN et al. re-analysis:

Moderate — strong effect if starting
within three (better: two) days of
exposure (up to 65 % protection),
particularly in younger adults (up
to 45 yrs), household contacts and
people without comorbidities;

no protective effect > 3 days

warning:

probably increased risk of infection in
older adults, even if started early
(age limit seemingly somewhere
between 45 and 50 years)

PEP 400 mg day 1-3 slightly increased risk of infection
200 mg next 11 (aHR ~ 1.2). Very rigorous study
days design with daily swabs

PEP 400 mg day 1 slightly, but significantly reduced risk
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200 mg days 2-42 (relative risk reduction: 30 %).
Young men, mean age 33 years in
the whole study, 30.6 years in the
HCQ arm. Relative risk reduction
of symptomatic disease: 35 %.

Prospective non-randomized open label trials

DHIBAR

PEP 800 mg day 1 41 % risk reduction of probable or
(non-HCWs) 400 mg per week confirmed COVID-19
(week 1-3) 53 % risk reduction of PCR positivity
total 2000 mg 44 % risk reduction of new onset of
symptoms

Retrospective observational PREP studies for HCWs from India (high risk of bias)

(recommended dose regimen: 400 mg BID loading dose, then 400 mg/week):

CHATTERJEE

KHURANA

BHATTACHARYA

KUMAR GOENKA

DEV

BEHERA

BHATT

highly effective in case of optimal compliance (> 80 % risk
reduction). Predominantly young participants. Age-dependent
effect (the younger, the more effective).
But: paradoxical effect in case of irregular intake (increased risk),
no plausible dose-effect relationship (making also the favorable
results mentioned above more questionable)

moderate effect (HR ~ 0.62) in case of optimal compliance, but
unplausible dose-effect relationship in participants with
less compliance (higher risk in participants who didn’t take
the full course of HCQ compared to control group)

highly effective (HR ~ 0.20), but very young HCW population
(mean age < 28 years)

(highly?) effective; 0 % vs. 34.2 % infections in HCWs; however,
only 6 HCWs in the HCQ group (thus not significant);
comparatively young HCW population

small protective effect (RR 0.74; Cl: 0.61 — 0.90) in a young
population of HCWs (mean age: 30 — 32 years);

but significant dose-effect relationship

retrospective case-control study; young HCWs (mean: 29 years).
uOR 0.58, aOR 0.56 (but not significant); endpoint: PCR positivity

prospective observational study; young HCWs (mean: 27.5 years);
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OR/HR could not be calculated because of bad adherence during
the study time, but more PCR-confirmed infections in the HCQ
group, thus RR/OR/HR must be > 1.0

Retrospective observational PREP study for HCWs from Spain
(recommended dose regimen: 400 mg BID loading dose, then 200 mg BID for
day 2-5, then 200 mg once weekly as maintenance dose)

REVOLLO higher crude rates of PCR positivity and seropositivity in the PREP
group due to differences in the risk of exposure; after robust
propensity-score matching:

aOR for PCR positivity: 0.77 (Cl: 0.35 — 1.68) (PREP vs. no PREP)
aOR for IgG positivity: 1.43 (Cl: 0.62 — 3.38)

Retrospective observational PEP study from Bulgaria
(HCQ 200 mg qd + Zinc up to 50 mg qd for 14 days)

SIMOVA symptomatic disease: 0/156 in HQ+Zinc group vs. 3/48 in
those who refused to take the proposed prophylaxis
(all: HCWs with close contact to COVID-19 patients)

Interestingly, there seems to be no or even a negative dose-effect relationship. In ABELLO et
al., the high dose (4200 mg/week) was associated with a null effect, whereas in
RAJASINGHAM et al., 800 mg/week were not superior (and even a little bit less effective)
than 400 mg/week. Similar effects were observed for the treatment of COVID-19: In a meta-
analysis of 26 studies, DI CASTELNUOVO et al. found a small, but significant reduction of
mortality in HCQ-treated patients (pooled risk ratio: 0.79; Cl: 0.67 — 0.93) which vanished
when daily dose was > 400 mg/day (pooled risk ratio: 1.10) or total dose was > 4400 mg
(pooled risk ratio: 1.10).

At the end of September 2020, LEWIS et al. performed a meta-analysis about the 4
prophylactic RCTs (!) that were available at that point of time (ABELLA et al., BOULWARE et
al., MITJA et al., RAJASINGHAM et al.) and found

e a relative risk (RR) of developing COVID-19 of 0.82 (Cl: 0.65 — 1.04; moderate certainty) (if
only those patients with proven PCR+ were analyzed, the RR for infection was 0.97, Cl: 0.64
1.47),

® a RR of 0.72 (0.34 — 1.50; moderate certainty) for hospitalization (the favorable trend is
mostly based on RAJASINGHAM et al. with their RR of 0.61, whereas the RR for
hospitalization in BOULWARE and MITJA are close to 1.0)

e and a RR of 3.26 (Cl: 0.13 — 79.84) for mortality (low certainty; only based on MITJA et al.
with one death among 322 persons in the HCQ group and no death among 350 persons in
the control group),
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e whereas the risk of adverse effects was increased for those who took HCQ (RR 2.76; Cl:
1.38 — 5.55, moderate certainty), though there was no evidence for increased risk of
arrhythmia (RR 0.71; CI: 0.29 — 1.73).

These results are based on a total of 4921 participants, an aver