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Seronegativity in Lyme borreliosis and Other Spirochetal Infections

16 September 2003



“If false results are to be feared, it is the false negative result

which holds the greatest peril for the patient.”

Gestational Lyme borreliosis. Implications for the fetus. MacDonald AB. Rheum Dis Clin North Am, 15(4):657-77. 1989.



Author



Year



Title



Journal



Borrelia burgdorferi

1.



2.



Dejmkova H;

Hulinska D;

Tegzova D;

Pavelka K;

Gatterova J;

Vavrik P.



TylewskaWierzbanowska S;

Chmielewski T;



2002



Seronegative Lyme arthritis caused by Borrelia garinii.



Clinical Rheumatology, 21(4):330-4



[From the abstract:] “A case of a female patient suffering from Lyme arthritis (LA) without elevated antibody levels to Borrelia burgdorferi sensu lato is reported.

Seronegative Lyme arthritis was diagnosed based on the classic clinical manifestations and DNA-detected Borrelia garinii in blood and synovial fluid of the patient,

after all other possible causes of the disease had been ruled out. The disease was resistant to the first treatment with antibacterial agents. Six months after the therapy,

arthritis still persisted and DNA of Borrelia garinii was repeatedly detected in the synovial fluid and the tissue of the patient. At the same time, antigens or parts of

spirochaetes were detected by electron microscopy in the synovial fluid, the tissue and the blood of the patient. The patient was then repeatedly treated by antibiotics

and synovectomy has been performed.”

2002



Limiation of serologic testing for Lyme borreliosis: evaluation of ELISA and western blot in comparison

with PCR and culture methods.



Wien Klin Wochenschr, 114(13-14):601-5



[From the abstract:] “No correlation was found between levels of specific B. burgdorferi antibodies detected with a recombinant antigen ELISA and the number of protein

fractions developed with these antibodies by immunoblot. Moreover, Lyme borreliosis patients who have live spirochetes in body fluids have low or negative levels of borrelial

antibodies in their sera. This indicates that an efficient diagnosis of Lyme borreliosis has to be based on a combination of various techniques such as serology, PCR and

culture, not solely on serology.” [Testing was performed on samples from 90 patients.]

3.



Breier F;

Isolation and polymerase chain reaction typing of Borrelia afzelii from a skin lesion in a

2001

Br J Dermatol, 144(2):387-392

Khanakah G;

seronegative patient with generalized ulcerating bullous lichen sclerosus et atrophicus.

Stanek G; Kunz G;

Aberer E;

[From the abstract:] “Spirochaetes were isolated from skin cultures obtained from enlarging LSA lesions. These spirochaetes were identified as Borrelia afzelii

by sodium dodecyl sulphate-polyacrylamide gel electrophoresis and polymerase chain reaction (PCR) analyses. However, serology for B. burgdorferi

Schmidt B;

sensu lato was repeatedly negative."

Tappeiner G.



4.



Brunner M.



2001



New method for detection of Borrelia burgdorferi antigen complexed to antibody in

seronegative Lyme disease.



J Immunol Methods, 249(1-2):185-190



[From the abstract:] "...serologic tests for early Lyme disease can be falsely negative due to lack of sensitivity of ELISAs and Western blots. Most routine antibody tests are

designed to detect free antibodies, and in early, active disease, circulating antibodies may not be free in serum but sequestered in complexes with the antigens which

originally triggered their production. This difficulty may be overcome by first isolating immune complexes (IC) from the serum and using this fraction for testing. Free Borreliaspecific antibodies can then be liberated from the immune complexes which may enhance test sensitivity in patients with active disease. We developed a technique that

captures the antibody component of IC on immunobeads, and subsequently releases the antigen component of IC. Immunoblotting with monoclonal antibody detected at least

one antigen to be OspA, thus definitively demonstrating a Borrelia-specific antigen in circulating IC in early Lyme disease. This test is also useful in demonstrating Bb antigen

in otherwise seronegative Lyme disease patients."
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Wang P;

Hilton E.



2001



Contribution of HLA alleles in the regulation of antibody production in Lyme disease.



Front Biosci, 6:B10-B16



"Of eighteen seronegative LD patients, 14 were OspA PCR positive on mononuclear cells and 5 were positive on CSF. ...The presence of certain HLA alleles with

seronegativity to disease has been reported in malaria (10), HIV (16,17), rheumatoid arthritis (RA) (18) and spondylarthropathies (SpA) (19). ...Our results provide

evidence of a correlation between certain HLA genotypes and the ability to mount an antibody response to Bb. In this study, 9 of 22 (40.9%) seropositive LD patients

and only 1 out of 18 (5.6%) seronegative LD patients had HLA-DR7 alleles. ...

Our study provides evidence that HLA alleles are involved in antibody responsiveness or non-responsiveness to Bb infection. A low frequency of HLA-DR7 alleles

and HLA-DR6 alleles and a high frequency of HLA-DR1 alleles may contribute to non-responsiveness of antibody production in LD patients. Thus, genetic

predisposition may be a critical factor in the regulation of the host immune response and the diagnosis and prognosis of Lyme disease.”

6.



7.



8.



9.



Grignolo MC;

Buffrini L;

Monteforte P;

Rovetta G.



Klempner MS;

Schmid CH; Hu L;

Steere AC;

Johnson G;

McCloud B;

Weinstein A.



2001



Reliability of a polymerase chain reaction (PCR) technique in the diagnosis of Lyme

borreliosis.



Minerva Med, 92(1):29-33



[From the abstract:] "50% of the PCR positive results, obtained with serum and cerebrospinal fluid samples corresponded to patients who were true

positives at clinical examination but negatives at serologic tests. 62.5% of urine samples positive results belonged to tp patients who had negative serologic

and serum PCR RESULTS. CONCLUSIONS: The obtained results suggested a good reliability of positive results obtained with the PCR technique used in

this study and allowed the false negatives of serologic tests to be detected, more specifically when urine samples were used."

2001



Intralaboratory reliability of serologic and urine testing for Lyme disease.



American Journal of Medicine, 110(3):217-19



“In the 21 patients with Lyme disease, the results of the initial western blot analysis were positive in 14 cases and negative in 7. ...

Repeat testing of the 7 seronegative samples showed fewer than 5 reactive bands in all samples.”

2001



[From the abstract:] “In 18 patients with Lyme borreliosis the authors proved the persistence of Borrelia burgdorferi sensu lato by detection of the causal agent by

immune electron microscopy or of its DNA by PCR in plasma or cerebrospinal fluid after an interval of 4-68 months. ...Examination of antibodies by the ELISA method

was negative in 7 of 18 patients during the first examination and in 12 of 18 during the second examination. In all negative examinations the specific antibodies were

assessed by the Western blot or ELISA method after liberation from the immunocomplexes."



Paul A.



2001



[Arthritis, headache, facial paralysis. Despite negative laboratory tests Borrelia can still be

the cause.]



MMW Fortschr Med, 143(6):17



2001



Detection of Borrelia burgdorferi DNA in urine of patients with ocular Lyme borreliosis.



Br J Ophthalmol, 85(5):552-5



10. Pleyer U; Priem S;

Bergmann L;

Burmester G;

Hartmann C;

Krause A.



11. Eldoen G;

Vik IS; Vik E;

Midgard R.



[Persistence of Borrelia burgdorferi sensu lato in patients with Lyme borreliosis].



Epidemiol Mikrobiol Imunol, 50(1):10-6



Honegr K;

Hulinska D;

Dostal V;

Gebousky P;

Hankova E;

et al.



[From the abstract:] "RESULTS: Only four of six uveitis patients suspected for Lyme borreliosis were ELISA positive, while all six subjects showed a positive western blot.

B burgdorferi PCR was positive in all of these six patients. Whereas two of the 30 controls had a positive Lyme serology, B burgdorferi DNA was not detectable by PCR in any

sample from these patients. CONCLUSIONS: PCR for the detection of B burgdorferi DNA in urine of uveitis patients is a valuable tool to support the diagnosis of ocular Lyme

borreliosis. Moreover, these patients often show a weak humoral immune response which may more sensitively be detected by immunoblotting.”

2001



[Lyme neuroborreliosis in More and Romsdal].



Tidsskrift for Den Norske Laegeforening,

121(17):2008-11.



[From the abstract:] "Fourteen of 25 (56%) patients had positive Borrelia burgdorferi-IgM and IgG titres in cerebrospinal fluid despite negative tests in serum."
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12. Brunner M;

Sigal LH.



2000



Immune complexes from serum of patients with Lyme disease contain Borrelia burgdorferi

antigen and antigen-specific antibodies: potential use for improved testing.



Journal of Infectious Diseases, 182(2):534-9



[From the abstract:] "We report sequestration of specific IgM anti-Borrelia burgdorferi (Bb) and Bb antigens within immune complexes (ICs) isolated from serum of patients

with Lyme disease (LD). ...Immunoblot demonstrated that ICs contained antibodies against specific Bb proteins, whereas reactivity was absent or significantly lessened in

unprocessed serum."

13. Kaiser R.



2000



False-negative serology in patients with neuroborreliosis and the value of employing of different

borrelial strains in serological assays.



J Med Microbiol, 49(10):911-5.



[Abstract:] “The risk of obtaining false-negative results in serological assays in serum and CSF specimens with only one strain of Borrelia burgdorferi sensu lato as

antigen was investigated in 79 patients with neuroborreliosis with specimens obtained at initial presentation. Serum antibodies were assessed by immunoblotting; the

criteria of Hauser et al. were used to evaluate the test. The intrathecal synthesis of borrelial-specific IgM and IgG antibodies was examined by enzyme immunoassay

(EIA). Strains of B. burgdorferi sensu stricto (BbZ160), B. garinii (Bbii50) and B. afzelii (PKO) served as sources of antigen in both assays. All patients produced

either a positive IgM or IgG test in serum with at least one strain of B. burgdorferi sensu lato. Reactivity of IgM or IgG antibodies, or both, with antigens of all three

strains was demonstrated in 67 (85%) of 79 sera. The correlation of results of immunoblotting with different strains was significantly better for IgG (85%) than for IgM

antibodies (54%). The variability of positive IgM reactions in 18 specimens was mainly due to the fact that the antibodies were directed to the relevantvariable outersurface protein C (p23). Intrathecal synthesis of IgG antibodies was demonstrated in 58 patients (81%) of 72 and of IgM antibodies in 25 of 58 patients. No patient

had isolated intrathecal synthesis of IgM antibodies. The majority of CSF samples (56 of 58) were assessed as IgG antibody-positive, independent of the borrelial

strain used as antigen in EIA, whereas only 10 of 25 IgM antibody-positive CSF specimens reacted with all three strains. All patients in the study had intrathecal

antibody synthesis demonstrable at 6-week follow-up. From this study it is concluded that there is a small, but real, risk of false-negative serological findings at the

time of initial clinical presentation in patients with typical symptoms of neuroborreliosis. In these patients a negative serological result with one strain should prompt

the repetition of the test with other strains of B. burgdorferi sensu lato.”

14. Kmety E.



2000



[Dynamics of antibodies in Borrelia burgdorferi sensu lato infections.]



Bratisl Lek Listy, 101(1):5-7



[From the abstract:] "...During 1994-1998 at least two serum samples were submitted for serological testing from more than 1200 patients. An

immunofluorescence test was performed paralelly [sic] with two pools of antigen (B. bg.s.s. + B. afzelii, and two serological different strains of B. garinii, all of local origin).

In 92-96% of patients no change of antibody level was found in repeated tests, about 20% of them being negative (&lt; 1:512).

...Only in 9 cases a rise of the titer appeared during 3 weeks after the first negative sample, at contrary in 7 cases no rise of the titer was seen in that time. 2 patients

were still after 1 month, 3 after 3 months and 1 even after 7 months (patient with a positive CSF culture) serologically negative."

15. Wilke M;

Eiffert H;

Christen HJ;

Hanefeld F.



16. Sheets JT; Rossi

CA; Kearney BJ;

Moore GE.



2000



Primarily chronic and cerebrovascular course of Lyme neuroborreliosis: case reports and literature review.



Arch Dis Child, 83(1):67-71.



"In this context, even the complete absence of specific antibodies has been observed; in a girl diagnosed as having focal vasculitis through CNS biopsy, the presence

of B burgdorferi in CSF was confirmed by polymerase chain reaction. No specific antibodies were detectable. In three other children, B. burgdorferi could be cultured

from CSF in the absence of specific antibodies in CSF or blood."

2000



Evaluation of a commercial enzyme-linked immunosorbent assay for detection of Borrelia

burgdorferi exposure in dogs.



J Am Vet Med Assoc, 216(9):1418-22



"The commercial ELISA kit evaluated in this study appeared to lack adequate sensitivity for detecting all potential cases of borreliosis in dogs.”
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Detection of Borrelia DNA in circulating monocytes as evidence of persistent Lyme disease.

17. Wang P;

2000

J Spirochetal and Tick-borne Diseases,

Gartenhaus R;

7(1):16-19

Sood SK; DeVoti J;

[Abstract:] "We report the detection of Borrelia burgdorferi DNA in circulating monocytes in a 31-year-old female who presented with a flu-like syndrome followed by

Singer C; et al.

neurological abnormalities after a trip to Southampton, Long Island, New York. ELISA and Western blot were negative. Lymphocyte proliferation assay to Borrelia

burgdorferi was positive. Borrelia burgdorferi DNA was detected in circulating monocytes using a nested polymerase chain reaction (PCR). Treatment with parenteral

ceftriaxone resulted in clinical improvement and repeat PCR on monocytes was negative. The use of detecting DNA by PCR from circulating monocytes may be

useful in evaluating seronegative patients with a high suspicion of Lyme disease."

18. Brown SL;

Hansen SL;

Langone JJ.



1999



Role of serology in the diagnosis of Lyme disease.

(FDA Medical Bulletin)



JAMA, 282(1): 62-65



"The Food and Drug Administration (FDA) is concerned about the potential for misdiagnosis of Lyme disease based on the results of commonly marketed tests for

detecting antibodies to Borrelia burgdorferi, the organism that causes Lyme disease. It is important that clinicians understand that a positive test result does not

necessarily indicate current infection with B. burgdorferi, and a patient with active Lyme disease may have a negative test result.

The tests should be used only to support a clinical diagnosis of Lyme disease and should never be the primary basis for making diagnostic or treatment decisions.”



19. Bertrand E; Szpak

GM; Pilkowska E;

Habib N; et al.



1999



Central nervous system infection caused by Borrelia burgdorferi.

Clinico-pathological correlation of three post-mortem cases.



Folia Neuropathol, 37(1):43-51



"Case 1: ...Specific borrelia IgM and IgG value in serum and CSF were normal (&lt;250). However, on microscopical examination the spirochete B.

burgdorferi was demonstrated in serum and CSF. The bacteria were cultured both from blood and from CSF, in CSF they were also identified by PCR."

20. Mikkila H, Karma

A, Viljanen M,

Seppala I.



1999



[The laboratory diagnosis of ocular Lyme borreliosis.]



Graefes Arch Clin Exp Ophthalmol,

237(3):225-30



"Seven patients, including two with negative ELISA, had a positive immunoblot. Seven of the 13 patients in whom PCR was examined during clinically active disease

had a positive PCR result. Immunoblot analysis gave a negative result from the sera of five PCR-positive patients. CONCLUSIONS: For efficient diagnosis of ocular

Lyme borreliosis, immunoblot analysis and PCR should be used in addition to ELISA."

21. Oksi J;

Marjamaki M;

Nikoskelainen J;

Viljanen MK.



22. Hudson BJ;

Stewart M;

Lennox VA;

et al.



1999



Borrelia burgdorferi detected by culture and PCR in clinical relapse of disseminated Lyme

borreliosis.



Annals of Medicine, 31(3):225-32



"Three of the 13 patients had only IgM antibodies against B. burgdorferi, and one culture-positive patient was seronegative despite the disseminated stage of the disease.

The reason for the lack of IgG antibodies, or of both IgM and IgG antibodies, was not restriction of the infection to privileged sites, as all these patients had a multiorgan

disease. We have previously shown that patients with late LB with live spirochetes or borrelial DNA in their body fluids may have low or negative serum borrelia antibody

levels."

1998



Culture-positive Lyme borreliosis.



Med J Aust, 168(10):500-2



[From the abstract:] "We report a case of Lyme borreliosis. Culture of skin biopsy was positive for Borrelia garinii, despite repeated prior treatment with

antibiotics.'

"The results of conventional serological and histopathological tests were negative, despite an illness duration of at least two years."
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23. McCaulley,

Mark E., M.D.



1998



Guidelines for the clinical diagnosis of Lyme disease.



Annals of Internal Medicine, 129(5): 422-423



[Letter to the Editor:] "The position paper on laboratory diagnosis of Lyme disease is based on a widely accepted paradigm that is inconsistent with a growing body

of medical literature. According to this paradigm, cases of Lyme disease are overwhelmingly seropositive and are unlikely to be associated with persistent symptoms

after presumed adequate therapy. In addition, any patients remaining persistently symptomatic are presumed to no longer have Lyme disease at all but rather to have

such conditions as fibromyalgia, depression, or the chronic fatigue syndrome and, as a result, to be unlikely to respond to additional antibiotic therapy. Such

presumptions are inconsistent with an increasing number of reports.

A 1994 article reports the increased frequency of multiple symptoms in previously treated patients with Lyme disease compared with controls. Antibodies on ELISA

were found in less than half of the patients with Lyme disease. Re-treatment was associated with improvement in half of re-treated patients. Had the guidelines been

followed in a clinical evaluation of these or similar patients, Lyme disease would have been diagnosed in few of them.

In a 1996 report, Borrelia burgdorferi plasmid DNA was detectable by polymerase chain reaction assay only in a subset of patients with Lyme disease who were

seronegative. Many case reports have described patients with Lyme disease who remain antigen positive and symptomatic despite intensive antibiotic treatment.

I suggest the acceptance of a new paradigm that incorporates the above information. Physicians involved in the treatment of Lyme disease should consider that 1)

Patients with Lyme disease, especially those in late stages of the disease, are frequently seronegative; 2) the persistence of symptoms, which may be vague, is

common and may respond to additional antibiotic therapy; and 3) there is much to be learned about the optimal treatment of Lyme disease at any stage."

24. Petrovic M;

Vogelaers D; Van

Renterghem L;

Carton D; De

Reuck J;

Afschrift M.



25. American

Academy of

Neurology 49th

Annual Meeting

April 12-19.



1998



Lyme borreliosis - a review of the late stages and treatment of four cases.



Acta Clinica Belgica, 53(3):178-83



[From the abstract:] "Difficulties in diagnosis of late stages of Lyme disease include low sensitivity of serological testing and late inclusion of Lyme disease in the

differential diagnosis. Longer treatment modalities may have to be considered in order to improve clinical outcome of late disease stages...The different clinical cases

illustrate several aspects of late borreliosis: false negative serology due to narrow antigen composition of the used ELISA format, the need for prolonged antibiotic

treatment in chronic or recurrent forms and typical presentations of late Lyme disease, such as lymphocytic meningo-encephalitis and polyradiculoneuritis."

1997



Lyme encephalopathy may surface despite antibiotic treatment.



http://www.medscape.com/CPG/ClinReviews/1997

/v07.n06/c0706.cnu/c0706.cnu.html#Lyme



"Of the 8 patients with CNS infection, only 2 were seropositive on both the ELISA and Western blot tests. Four had indeterminate ELISA results and a

negative Western blot, and 2 had negative results on both the ELISA and the Western blot. Neither of the 2 seropositive patients had received antibiotics during the

first month of infection for early localized or disseminated disease," said the Boston researchers. Of the 6 seronegative patients with CNS infection, however, 5 (84%)

had received a recommended course of oral or intravenous antibiotics during the first month of infection.'"



PCR evidence for Borrelia burgdorferi DNA in synovium in absence of positive serology.

26. Branigan P; Rao J; 1997

American College of Rheumatology,

Rao J; Gerard H;

Vol 40(9), Suppl:S270

Hudson A;

Williams W;

"PCR evidence for Borrelia has been identified in synovial biopsies of patients with clinical pictures that had not initially suggested Lyme disease.

Arayssi T; Pando

All 6 PCR-positive] patients were negative for antibodies to Borrelia and some were PCR positive in synovium despite previous treatment with antibiotics."

J; Bayer M;

Rothfuss S;

Clayburne G;

Sieck M;

Schumacher HR.
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27. Donta ST.



Year
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1997



Tetracycline therapy for chronic Lyme disease.



Clin Infect Dis, Jul;25 Suppl 1:S52-6



"Treatment outcomes for seronegative patients (20% of all patients) were similar to those for seropositive patients. Western immunoblotting showed reactions to one

or more Borrelia burgdorferi-specific proteins for 65% of the patients for whom enzyme-linked immunosorbent assays were negative."



28. Hauser U;

Wilske B.



1997



Enzyme-linked immunosorbent assays with recombinant internal flagellin fragments

derived from different species of Borrelia burgdorferi sensu lato for the serodiagnosis of

of Lyme.



Medical Microbiology &amp; Immunology.

186(2-3):145-51



[From the abstract:] "The serodiagnosis of early Lyme neuroborreliosis is hampered by false negative results and one of the reasons could be the heterogeneity of

strains of Borrelia burgdorferi sensu lato."

29. Pradella SP;

Krause A;

Muller A.



1997



Acute Borrelia infection. Unilateral papillitis as isolated clinical manifestation.



Ophthalmologe, Aug;94(8):591-4



[From the abstract:] "Seronegative values in subjects strongly suspected of having Lyme disease do not necessarily exclude the diagnosis of Lyme disease."

30. Schumacher HR.



1997



PCR evidence for Borrelia burgdorferi DNA in synovium in absence of positive serology.



Abstract ACR 61st National Scientific Meeting

November 8-12



31. Aberer E;

Kersten A; Klade

H; Poitschek C;

Jurecka W.



1996



Heterogeneity of Borrelia burgdorferi in the skin.



American Journal of Dermatopathology,

18(6):571-9



"Neuralgias arising 6 months after ECM in spite of antibiotic therapy were evident in a seronegative patient who showed perineural rod-like borrelia structures."

"The morphological forms of borreliae seen in biopsies were correlated with clinical findings. Seropositive patients showed clumped and agglutinated borreliae

in tissue, whereas seronegative patients exhibited borreliae colony formation (n=2). ...the behavior of borreliae within collagen fibers is strongly influenced by

immune recognition by the patient. Borrelia may escape immune surveillance by colony formation and masking within collagen, resulting in seronegativity."

32. Breier P; Klade H;

Stanek G;

Poitschek C;

Kirnbauer R;

Dorda W;

Aberer E.



1996



Lymphoproliferative responses to Borrelia burgdorferi in circumscribed scleroderma.



Br J Dermatol, 134(2):285-91



"These findings show that the pattern of Bb-specific immune responses is more complex than previously thought, and underscore the importance of lymphocyte

function assays in evaluating the diagnosis of potential Bb infection in seronegative patients."
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33. Huppertz HI;

Mosbauer S;

Busch DH;

Karch H.



1996



Lymphoproliferative responses to Borrelia burgdorferi in the diagnosis of Lyme arthritis in

children and adolescents.



Eur J Pediatr, 155(4):297-302



34. Luft BJ.



"In one patient with seronegative LA [Lyme arthritis] specific lymphocyte proliferation and polymerase chain reaction for borrelial fla sequences in

urine were positive."

1996



Chronic Lyme disease: an evolving syndrome.



9th Annual International Scientific Conference on

Lyme Disease &amp; Other Tick-Borne Disorders,

Boston, MA, April 19-20



[From the abstract:] "In the case of the ticks, environmental factors such as temperature, humidity and source of blood meal may alter the major outer surface proteins

(Osp) of the spirochete within the tick vector. ...Humans with chronic arthritis are more likely to show an immune response to Osp A."

[Seronegativity:] "Chronic Lyme disease patients may be seropositive or seronegative with or without a documented history of Lyme disease."

[Diagnosis:] "Since Lyme disease is a clinical diagnosis, research must continue to improve diagnostic assays using recombinant proteins which are more sensitive

and specific than the whole organism sonicate used for both ELISA and Western blots."

35. Luft BJ; Dattwyler

RJ; Johnson RC;

Luger SW; Bosler

EM; Rahn DW;

et al.

36. Mouritsen CL;

Wittwer CT;

Litwin CM; Yang

L; Weis JJ;

Martins TB;

Jaskowski TD;

Hill HR.



37. Mursic VP;

Wanner G;

Reinhardt S;

Wilske B; et al.



1996



Azithromycin compared with amoxicillin in the treatment of erythema migrans.

A double-blind, randomized, controlled trial.



Annals of Internal Medicine, 124(9):785-91



"Fifty-seven percent of patients who had relapse were seronegative at the time of relapse."

1996



Polymerase chain reaction detection of Lyme disease: correlation with clinical

manifestations and serologic responses.



American Journal of Clinical Pathology.

105(5):647-54



[From the abstract:] "...nine serum samples and one synovial fluid from patients with definite clinical features of Lyme disease were found to be negative by EIA and

Western blot analysis for IgG and IgM antibody, but contained B burgdorferi DNA, as detected by PCR. Polymerase chain reaction analysis of serum and synovial

fluid may be of significant diagnostic value in Lyme disease, especially in the absence of a serologic response in early, partially treated and seronegative chronic

disease....This is the first study to report an association between PCR positivity and the absence of a serologic response to Lyme borreliosis."

1996



Formation and cultivation of Borrelia burgdorferi spheroplast L-form variants.



Infection, 24(3):218-26



This study investigated In vitro morphological variants of B. burgdorferi, in an effort to explain the clinical persistence of active Lyme borreliosis despite antibiotic

therapy. The authors suggest that these atypical forms may allow Borrelia to survive antibiotic treatment.

"Penicillin G was the most effective inducer of SL-forms [spheroplast-L-forms). The reversion of this form to the helical parental forms was mostly achieved by

cultivation of isolated SL-colonies in penicillin G-free medium. The atypical forms isolated from patients treated with antibiotics show similar features. The same

effect is probably obtained with all other ß-lactam antibiotics."

"With regard to the polyphasic course of Lyme borreliosis, these forms without cell walls can be a possible reason why Borrelia survive in the organism

for a long time (probably with all beta-lactam antibiotics) [corrected] and the cell-wall-dependent antibody titers disappear and emerge after reversion."

38. Preac Mursic V;

Marget W; Busch

U; Pleterski

Rigler D; Hagl S.



1996



Kill kinetics of Borrelia burgdorferi and bacterial findings in relation to the treatment of Lyme

borreliosis.



Infection, 24(1):9-16



“The patients had clinical disease with or without diagnostic antibody titers to B. burgdorferi."
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39. Pachner A.



1995



Early disseminated Lyme disease.



Am J Med, 98 (suppl 4A):4A-30S-51S – Discussion.



“The correlation between a positive Western blot and Lyme arthritis is probably the best of almost any Western blot and any Lyme disease manifestation. With neurologic

disease, I have had a lot of patients who don't have a positive Western blot; they just have not developed a peripheral antibody response, for whatever reason.”

40. Coyle PK;

Schutzer SE;

Deng Z; Krupp

LB; Belman MD;

Benach JL;

Luft BJ.



1995



Detection of Borrelia burgdorferi-specific antigen in antibody negative cerebrospinal fluid in

neurologic Lyme disease.



Neurology, 45:2010-2014



[From the abstract:] " RESULTS: Of the 35 of 83 (42%) patients who were positive for OspA antigen in their CSF, 15 (43%) were antigen positive despite being

antibody-negative in CSF. Seven of these 15 (47%) had otherwise normal routine CSF analyses. Six of these 15 (40%) patients met strict CDC surveillance criteria

for Lyme disease: four (27%) patients had seroconversion coincident with new neurologic problems; and three (20%) with characteristic syndromes for Lyme disease

were seronegative, but had complexed antibody to B. burgdorferi. The final two patients (13%) were seropositive and had unexplained neurologic problems not

characteristic of Lyme disease. CONCLUSIONS: B. burgdorferi antigen can be detected in CSF that is otherwise normal by conventional methodology, and can be

present without positive CSF antibody. Since CSF antigen implies intrathecal seeding of the infection, the diagnosis of neurologic infection by B. burgdorferi should

not be excluded solely on the basis of normal routine CSF or negative CSF antibody analyses."

[From the article:] "Prompt and precise diagnosis is difficult because basic microbiologic tests such as culture and staining have not been useful, on a broad scale, to

document the presence of the spirochete in a body fluid. Instead, detection of specific antibodies to B burgdorferi in blood and CSF is commonly used to support

or refute a clinical suspicion of infection. Many of the commercially available assays have been plagued by lack of sensitivity, specificity, and reproducibility.

Furthermore, the absence of free antibodies to B burgdorferi components has been documented in well-characterized erythema-migrans-positive cases of Lyme

disease, including those with prominent neurologic involvement."



41. Karma A; Seppala

I; Mikkila H;

Kaakkola S;

Viljanen M;

Tarkkanen A.



42. Lawrence C;

Lipton RB; Lowy

FD; Coyle PK.



1995



Diagnosis and clinical characteristics of ocular Lyme borreliosis.



American Journal of Ophthalmology,

119(2):127-35



[From the abstract:] “Results of ELISA disclosed that five patients [out of ten] were seropositive, two patients showed borderline reactivity, and three

patients were seronegative. Four of the five patients with borderline or negative results by ELISA had a positive result by western blot analysis. ...

CONCLUSIONS: Late-phase ocular Lyme borreliosis is probably underdiagnosed because of weak seropositivity or seronegativity in ELISA assays."

1995



Seronegative chronic relapsing neuroborreliosis.



European Neurology, 35(2):113-7



[From the abstract:] This article reports a Lyme disease patient "who experienced repeated neurologic relapses despite aggressive antibiotic therapy." The patient

was seronegative. "Although the patient never had detectable free antibodies to B. burgdorferi in serum or spinal fluid, the CSF was positive on multiple occasions for

complexed anti-B. burgdorferi antibodies, B. burgdorferi nucleic acids and free antigen."

43. Millner M.



1995



Neurologic manifestations of Lyme borreliosis in children.



Wiener Medizinische

Wochenschrift,145(7-8):178-82



"Our own observations in children which suffered from an acute neuroborreliosis (NB) showed the following:... Indeed, there is a seronegative NB also in children."
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Author

44. Oksi J; Uksila J;

Marjamaki M;

Nikoskelainen J;

Viljanen MK.



Year



Title



Journal



1995



Antibodies against whole sonicated Borrelia burgdorferi spirochetes, 41-Kilodalton flagellin,

and P39 protein in patients with PCR- or culture-proven late Lyme borreliosis.



Journal of Clinical Microbiology, 33(9):2260-4



[From the abstract:] "These results show that antibodies to B. burgdorferi may be present in low levels or even absent in patients with culture- or PCR-proven late LB

[Lyme borreliosis]. Therefore, in addition to serological testing, the use of PCR and cultivation is recommended in the diagnosis of LB."

45. Skripnikova IA;

Anan'eva LP;

Barskova VG;

Ushakova MA.

46. Schubert HD;

Greenebaum E;

Neu HC.



1995



The humoral immunological response of patients with Lyme disease.



Ter Arkh, 67(11):53-6



"Both acute and chronic borreliosis can be seropositive or seronegative."

1994



Cytologically proven seronegative Lyme choroiditis and vitritis.



Retina, 14(1):39-42



[From the abstract:] "RESULTS: Intravitreal spirochetes consistent with Borrelia burgdorferi were found in this seronegative patient. CONCLUSION: Vitreous specimens of

patients with choroiditis and vitritis of unknown cause should be examined cytologically, particularly when serologic results do not corroborate the clinical findings of Lyme

disease."

47. Sigal LH.



1994



The polymerase chain reaction assay for Borrelia burgdorferi in the diagnosis of Lyme

disease.



Annals of Internal Medicine, 120(6):520-521



"Polymerase chain reaction may be more sensitive than antibody detection techniques in human Lyme neuroborreliosis [17,19] and the murine experimental model

[22] and clearly is more sensitive than current culture techniques. Our experience suggests that a few patients may be positive by PCR despite negative

immunologic assay results in inflammatory fluid and blood (Sigal LH and Liebling M. Unpublished observation)."

48. Bojic I;

Mijuskovic P;

Dokic M; Nozic D;

Lako B; et al.



1993



[From the abstract:] "Clinical characteristics of Lyme disease were analysed in 22 patients. Erythema migrans was found in 20 (91%), arthralgia in 18 (81%),

neuralgia in 8 (36%), encephalitis in 3 (13%), carditis in 2 (9%) and arthritis in 2 (9%) patients. The positive antibody titer was found in 14 (63%) patients.



49. Coyle PK.



1993



Clinical characteristics of Lyme disease.



Antigen detection and cerebrospinal fluid studies.



Vojnosanit Pregl, 50(4):359-64



In "Lyme Disease," ed. P. Coyle, p.143



"...spirochetes show a peculiar feature compared to other bacterial neurologic infections: the organisms can be present in CSF without inducing inflammatory

changes. This is well-documented for neurosyphilis, leptospirosis, and relapsing fever, and appears to be occasionally true for Lyme disease as well. In

Europe, B. burgdorferi has been cultured from otherwise normal CSF."

Persistence of Borrelia burgdorferi in ligamentous tissue from a patient with chronic Lyme

50. Häupl T; Hahn G;

1993

Arthritis &amp; Rheumatism, 36(11):1621-6

Rittig M; Krause

borreliosis.

A; Schoerner C;

Schonherr U; et al.

[From the abstract:] "The initially significant immune system activation was followed by a loss of the specific humoral immune response and a

decrease in the cellular immune response to B burgdorferi over the course of the disease." [From the article:] "Interestingly, the cellular immune responses were also

directed against the surface protein OspA during each recurrence of clinical symptoms, even though anti-OspA antibodies were not detectable by immunoblot."
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