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Learning objectives

• To understand the limitations of conventional testing 

for stealth infections, especially when chronic

• To gain insight into principles that can be helpful in deciding which

infection-related tests to use for your patients

Learning objectives



What types of infection are the focus in this presentation?

Vector-borne infections
Borrelia
Babesia
Bartonella
Ehrlichia/Anaplasma
Rickettsia

Opportunistic infections
Bacteria:
Chlamydia
Mycoplasma
Yersinia
Campylobacter

Viruses:
Herpes viruses: EBV, CMV, HSV 1/2, VZV, HHV6. HHV7, HHV8 
Enteroviruses
SARS-CoV-2

Primarily chronic 
rather than acute



Agenda
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• Limitations of conventional testing for infections, especially when chronic: 
example Lyme Disease 

• Principles for selecting helpful tests

1. In-depth history

2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources 
linking the p/t‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes

7. Make sure the laboratory is fully accredited

• Resources
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Borrelia/Lyme Disease – shortcomings of NHS testing

5Source: https://assets.publishing.service.gov.uk/media/672ceffc3b601d048796addc/RIPL-user-manual-November-2024-version-29.pdf 5

No distinction between IgG 
and IgM in the first-tier test

2nd-tier test only carried out 
if the 1st is +ve or 
“indeterminate”

Still using the “two-tier” testing system 
established at a conference in Dearborn, 
Michigan, 1994



Source: 1. https://www.nice.org.uk/guidance/ng95/resources/visual-summary-pdf-4792272301?UID=3337718872023121492215; 
2. https://lymediseaseuk.com/lyme-disease-testing/

Two-tier testing offered by the NHS

The initial test offered by the NHS is called an ELISA test which is usually performed at your local hospital laboratory … It can produce false positive and 
false negative results. If the ELISA test is positive or equivocal, the blood sample is usually sent to the National Reference Laboratory at Porton Down in 
England or the NHS Highland National Lyme Borreliosis Testing Laboratory at Raigmore Hospital in Scotland. The Western blot (sometimes called an 
Immunoblot) is then performed. This test may still miss cases for various reasons. It’s important to be aware that a negative result cannot rule out 
Lyme disease, especially as it can take up to 4-6 weeks after being infected by the bacteria for antibodies to develop, if at all.
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IgM antibodies generally = recent exposure, but dissipate 
swiftly; IgG antibodies only show past exposure

Source: 1. https://www.labtestsonline.org.au/learning/test-index/antibody-tests; 2. https://www.genscript.com/IgM-antibody.html

“The time required for the development of IgG antibodies following HSV infection varies from 21 

to over 42 days with most individuals having detectable IgG 21–28 days after exposure to the 

infection and probably lasting for life.7–,9 IgM antibodies are usually detectable 9–10 days 

after exposure and last 7–14 days, although they may remain detectable for up to 6 weeks in 

a minority of individuals.9–,11 IgM antibodies may be detectable during recurrences of the 

infection, particularly with some of the commercial ELISAs.”2

“Detection of IgM antibodies tends to indicate a recent initial exposure to an 

antigen, whereas detection of total or IgG antibodies indicates exposure some 

time ago.”2
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The Tier 1 ELISA detects “early, acute Lyme disease“

88Source: https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
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Often such a long meandering process that even early, acute 
cases are missed

99Source: https://www.nice.org.uk/guidance/ng95/chapter/recommendations

https://www.nice.org.uk/guidance/ng95/chapter/recommendations


“Could indicate early infection if there has been recent 
exposure”



“...inadequate for the diagnosis of the disease“

11
SourceCook MJ, Puri BK. Commercial test kits for detection of Lyme borreliosis: a meta-analysis of test accuracy. Int J 
Gen Med. 2016 Nov 18;9:427-440; https://aonm.org/wp-content/uploads/2017/02/CAM-Mag-Feb-2017-.pdf 11

“A meta-analysis of Lyme test
accuracy published by Prof B. Puri
and M. Cook in November
2016 concluded that the weighted mean
sensitivity of all ELISA tests (over a 20-year
period) was 62.3%, and 62.4% for the
Western Blot. With a mean sensitivity
(the probability that a positive sample will
be defined as positive by the test) of only
53.9% for synthetic C6 peptide ELISAs
according to the meta-analysis above, 46%
of cases are being missed and not even
being referred for the confirmatory Western
Blot, where a further 37.5% (on average)
remain undetected.
Puri and Cook concluded: “These results
lend support to the recently published
conclusion of Stricker and Johnson to
the effect that ‘FDA-cleared commercial
serological testing for Lyme disease is
inadequate for the diagnosis of the disease’.”



In chronic disease, IgG may be there, but will be discounted as “past”; IgM 

probably will not be present

“IgG is produced in a delayed response 

to an infection and can be retained in the 

body for a long time …. Detection of IgG 

usually indicates a prior infection or vaccination.”

Other real examples: How possible chronic cases fall 
between the cracks

Source: http://www.microbiologybook.org/mayer/Ab%20formation2000.htm

http://www.microbiologybook.org/mayer/Ab%20formation2000.htm
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• Limitations of conventional testing for infections, especially when chronic: 
example Lyme Disease 

• Principles for selecting helpful tests

1. In-depth history

2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources 
linking the p/t‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes

7. Make sure the laboratory is fully accredited

• Resources
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1. In-depth history may well suggest possible 
pathogen triggers

1414

Grew up on a farm?
Hiking in long grass, the hills, woods?
Camping?
Cats/dogs?
Horse riding? (when young?)
Foreign travel: which countries exactly? 
Around young children?
COVID?



2. Use questionnaires/checklists to home in on the most likely 
infections



2 cont.: Checklist for potential reactivation of infections 
post Covid can also indicate the most likely tests to perform
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3. Correlate your choice with references if possible

Refer to resources linking the patient‘s diagnosis to infections – 

does the lab have any? Or can you do a search linking the most

likely stealth pathogens to his/her condition?

https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-
2012-11-26.pdf

Example: ME/CFS – International Consensus Primer for 
Medical Practitioners lists infections under “Causal Factors” –
well referenced:
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Example: Type 1 Diabetes and Cytomegalovirus

Pak CY, Eun HM, McArthur RG, Yoon JW. Association of cytomegalovirus infection with autoimmune type 1 

diabetes. Lancet. 1988 Jul 2;2(8601):1-4.

Osame K, Takahashi Y, Takasawa H, Watanabe S, Kishimoto M, Yasuda K, Kaburagi Y, Nakanishi K, Kajio H, 

Noda M. Rapid-onset type 1 diabetes associated with cytomegalovirus infection and islet autoantibody 

synthesis. Intern Med. 2007;46(12):873-7.

Aarnisalo J, Veijola R, Vainionpää R, Simell O, Knip M, Ilonen J. Cytomegalovirus infection in early infancy: 

risk of induction and progression of autoimmunity associated with type 1 diabetes. Diabetologia. 2008 

May;51(5):769-72.

Hjelmesaeth J, Sagedal S, Hartmann A, Rollag H, Egeland T, Hagen M, Nordal KP, Jenssen T. Asymptomatic 

cytomegalovirus infection is associated with increased risk of new-onset diabetes mellitus and impaired 

insulin release after renal transplantation. Diabetologia. 2004 Sep;47(9):1550-6.

Zanone MM, Favaro E, Quadri R, Miceli I, Giaretta F, Romagnoli R, David E, Perin PC, Salizzoni M, Camussi G. 

Association of cytomegalovirus infections with recurrence of humoral and cellular autoimmunity to islet 

autoantigens and of type 1 diabetes in a pancreas transplanted patient. Transpl Int. 2010 Mar 1;23(3):333-7.

Ekman I, Vuorinen T, Knip M. Early childhood CMV infection may decelerate tne progression to clinical type 1 

diabetes. Pediatr Diabetes. 2019;20:73-77.

Batchy AA et al. Human Cytomegalovirus Infection Associated with Low Insulin Secretion in a Type 1 Diabetic 

Population in Pointe Noire . Med Clin Res Open Access. 2022; 3(1):1-5.

Selection



Example: Type 1 Diabetes and Enteroviruses

Isaacs SR, Roy A, Dance B, Ward EJ, Foskett DB, Maxwell AJ, Rawlinson WD, Kim KW, Craig ME.
Enteroviruses and risk of islet autoimmunity or type 1 diabetes: systematic review and meta-analysis 
of controlled observational studies detecting viral nucleic acids and proteins. Lancet Diabetes 
Endocrinol. 2023 Aug;11(8):578-592.

King ML, Shaikh A, Bidwell D, Voller A, Banatvala JE. Coxsackie-B-virus-specific IgM responses in 
children with insulin-dependent (juvenile-onset; type I) diabetes mellitus. Lancet. 1983 Jun 
25;1(8339):1397-9.

Krogvold L, Genoni A, Puggioni A, Campani D, Richardson SJ, Flaxman CS, Edwin B, Buanes T, Dahl-
Jørgensen K, Toniolo A. Live enteroviruses, but not other viruses, detected in human pancreas at the 
onset of type 1 diabetes in the DiViD study. Diabetologia. 2022 Dec;65(12):2108-2120.

Yeung WC, Rawlinson WD, Craig ME. Enterovirus infection and type 1 diabetes mellitus: systematic 
review and meta-analysis of observational molecular studies. BMJ. 2011 Feb 3;342:d35.
Diaz-Horta, Oscar & Sarmiento, Luis & Baj, Andreina & Cabrera-Rode, Eduardo & Toniolo, Antonio. 
(2011). Echovirus Epidemics, Autoimmunity, and Type 1 Diabetes.

Carré A, Vecchio F, Flodström-Tullberg M, You S, Mallone R. Coxsackievirus and Type 1 Diabetes: 
Diabetogenic Mechanisms and Implications for Prevention. Endocr Rev. 2023 Jul 11;44(4):737-751.

Diaz-Horta, Oscar & Sarmiento, Luis & Baj, Andreina & Cabrera-Rode, Eduardo & Toniolo, Antonio. 
(2011). Echovirus Epidemics, Autoimmunity, and Type 1 Diabetes.
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1. CMV

2. Coxsackie B Virus

3. Echovirus

4. SARS-CoV-2

Diabetes Type 1: Possible pathogen involvement
T1D

From searches of the scientific 
literature:



Example: Multiple sclerosis and viruses (1/2)

Bjornevik K et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with 
multiple sclerosis. Science. 2022 Jan 21;375(6578):296-301.
Gilden DH. Infectious causes of multiple sclerosis. Lancet Neurol. 2005 Mar;4(3):195-202.
Kus, Sumeyye et al. (2024). Enterovirus Radiculomyelitis in a Relapsing-remitting Multiple Sclerosis Patient 
(P3-6.002). Neurology. 102.
Lundström W et al. Human Herpesvirus 6A Is a Risk Factor for Multiple Sclerosis. Front Immunol. 2022 Feb 
10;13:840753.
Voumvourakis KI et al. Human herpesvirus 6 infection as a trigger of multiple sclerosis: an update of recent 
literature. BMC Neurol. 2022 Feb 15;22(1):57.
Pumphrey CM et al. Acute Presentation of Newly Diagnosed Multiple Sclerosis Associated With 
Polymerase Chain Reaction-Proven Human Herpesvirus 6 Central Nervous System Infection. Cureus. 2022 
Apr 20;14(4):e24319.
Lucas RM et al and the Autoimmune Investigator Group. Risk of a first clinical diagnosis of central nervous 
system demyelination in relation to human herpesviruses in the context of Epstein-Barr virus. Eur J Neurol. 
2023 Sep;30(9):2752-2760.
Grut V et al. Human herpesvirus 6A and axonal injury before the clinical onset of multiple sclerosis. Brain. 
2024 Jan 4;147(1):177-185.
Cermelli C, Jacobson S. Viruses and multiple sclerosis. Viral Immunol. 2000;13(3):255-67.
Lundström W, Gustafsson R. Human Herpesvirus 6A Is a Risk Factor for Multiple Sclerosis. Front Immunol. 
2022 Feb 10;13:840753.
Jeanne Billioux B et al. HHV-6 and Multiple Sclerosis. Human Herpesviruses HHV-6A, HHV-6B & HHV-7. 
2014:123–42.
Santiago O et al. Relation between Epstein-Barr virus and multiple sclerosis: analytic study of scientific 
production. Eur J Clin Microbiol Infect Dis. 2010;29:857–66
https://hhv-6foundation.org/multiple-sclerosis/hhv-6a-can-travel-through-the-nose-to-the-brain
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Example: MS and viruses (2/2)

Najafi S, Ghane M, Poortahmasebi V, Jazayeri SM, Yousefzadeh-Chabok S. Prevalence of 
Cytomegalovirus in Patients With Multiple Sclerosis: A Case-Control Study in Northern Iran. 
Jundishapur J Microbiol. 2016 Jul 3;9(7):e36582.
Forteza, Francisco & Quinaz, C.. (2023). Post-COVID-19 multiple sclerosis with concomitant 
herpes simplex virus type 1 meningoencephalitis. Neurology Perspectives. 4.
MacDougall M, El-Hajj Sleiman J, Beauchemin P, Rangachari M. SARS-CoV-2 and Multiple 
Sclerosis: Potential for Disease Exacerbation. Front Immunol. 2022 Apr 22;13:871276.
Bellucci G, Rinaldi V, Buscarinu MC, Reniè R, Bigi R, Pellicciari G, Morena E, Romano C, Marrone
A, Mechelli R, Salvetti M, Ristori G. Multiple Sclerosis and SARS-CoV-2: Has the Interplay 
Started? Front Immunol. 2021 Sep 27;12:755333.
Lake CM, Breen JJ. Sequence similarity between SARS-CoV-2 nucleocapsid and multiple 
sclerosis-associated proteins provides insight into viral neuropathogenesis following infection. 
Sci Rep. 2023 Jan 8;13(1):389.
Sarwar S, Rogers S, Mohamed AS, Ogula E, Ayantayo RA, Ahmed A, Shahzadi I, Kataria S, Singh 
R. Multiple Sclerosis Following SARS-CoV-2 Infection: A Case Report and Literature Review. 
Cureus. 2021 Oct 25;13(10):e19036.
Shalaby NM, Shehata HS. Could SARS-CoV-2 herald a surge of multiple sclerosis? Egypt J Neurol
Psychiatr Neurosurg. 2021;57(1):22.
Palao M, Fernández-Díaz E, Gracia-Gil J, Romero-Sánchez CM, Díaz-Maroto I, Segura T. Multiple 
sclerosis following SARS-CoV-2 infection. Mult Scler Relat Disord. 2020 Oct;45:102377.
Langer-Gould A, Wu J, Lucas R, Smith J, Gonzales E, Amezcua L, Haraszti S, Chen LH, Quach H, 
James JA, Barcellos LF, Xiang AH. Epstein-Barr virus, cytomegalovirus, and multiple sclerosis 
susceptibility: A multiethnic study. Neurology. 2017 Sep 26;89(13):1330-1337.
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Example: Multiple sclerosis and bacteria (1/2)

Borrelia
Fritzsche M. Chronic Lyme borreliosis at the root of multiple sclerosis--is a cure with 
antibiotics attainable? Med Hypotheses. 2005;64(3):438-48.
Marshall V. Multiple sclerosis is a chronic central nervous system infection by a spirochetal
agent. Med Hypotheses. 1988 Feb;25(2):89-92.
Murray R, Morawetz R, Kepes J, el Gammal T, LeDoux M. Lyme neuroborreliosis 
manifesting as an intracranial mass lesion. Neurosurgery. 1992 May;30(5):769-73. PMID: 
1584393
Kurtz SK. Relapsing fever/Lyme disease. Multiple sclerosis. Med Hypotheses. 1986 
Nov;21(3):335-43.
2000 (Poland): Lyme borreliosis and Multiple sclerosis: Any Connection? A Seroepidemic
study. Ann Agric Environ Med. issue 7, 141-143
2001 (Norway): Association between Multiple sclerosis and Cystic Structures in 
Cerebrospinal Fluid. Infect 29:315
2004 (Switzerland): Chronic Lyme borreliosis at the root of Multiple sclerosis – is a cure 
with antibiotics attainable?
Meier, C., F. Grahmann, A. Engelhardt, and M. Dumas. 1989. Peripheral nerve disorders in 
Lyme-borreliosis: nerve biopsy studies from eight cases. Acta Neuropathol. 79:271–278; 
Sigal, L. H., and A. H. Tatum. 1988. Lyme disease patients’ serum contains  IgM antibodies 
to Borrelia burgdorferi that cross-react with neuronal antigens. Neurology 38:1439–1442; 
Garcia-Monco JC, Coleman JL, Benach JL (1988) Antibodies to myelin basic protein in Lyme 
disease. J Infect Dis 158 : 667- 668
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Mycoplasma
Libbey JE et al. Role of pathogens in multiple sclerosis. Int Rev Immunol. 2014 Jul-Aug;33(4):266-83.
Maida E. Immunological reactions against Mycoplasma pneumoniae in multiple sclerosis: 
preliminary findings. J Neurol. 1983;229(2):103-11.
Cossu D, Yokoyama K, Hattori N. Bacteria-Host Interactions in Multiple Sclerosis. Front Microbiol. 
2018 Dec 4;9:2966.
“Autoimmune diseases caused by mycoplasmas” Harold W. Clark, PhD, Mycoplasma Research 
Institute Florida
“Detection of Mycoplasma pneumoniae and Chlamydia pneumoniae in ruptured atherosclerotic 
plaques”; Higuchi ML, et.al., Braz J Med Biol Res. 2000 Sep;33(9):1023-6
Neurological symptoms in patients whose cerebrospinal fluid is culture- and/or polymerase chain 
reaction-positive for Mycoplasma pneumoniae”; Socan M,. Clin Infect Dis. 2001 Jan 15;32(2):E31-5.
“Neurologic manifestations of Mycoplasma pneumoniae infections: diverse spectrum of diseases.”; 
Smith R, et.al., Clin Pediatr (Phila). 2000 Apr;39(4):195-201.
Taylor L.N.D. Mycoplasma – Stealth Pathogens. Amer Soc Microbiol. 182, 5238-5250 (2001)
Chlamydia pneumoniae
Detection of Mycoplasma pneumoniae and Chlamydia pneumoniae in ruptured atherosclerotic 
plaques”; Higuchi ML, et.al., Braz J Med Biol Res. 2000 Sep;33(9):1023-6
Contini C et al. Chlamydophila pneumoniae Infection and Its Role in Neurological Disorders. 
Interdiscip Perspect Infect Dis. 2010;2010:273573.
Bartonella
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2546763/, 
https://www.lymeneteurope.org/forum/viewtopic.php?t=2445

Example: MS and bacteria (2/2)
Selection MS

https://www.lymeneteurope.org/forum/viewtopic.php?t=2445


1. EBV

2. HHV6

3. SARS-CoV-2

4. Coxsackie Virus

5. Echovirus

6. Borrelia

7. Chlamydia pneumoniae

8. Mycoplasma

Multiple Sclerosis: Possible pathogen involvement
MS

From searches of the scientific 
literature:



Nyström N et al. Human enterovirus species B in ileocecal Crohn's disease. Clin Transl
Gastroenterol. 2013 Jun 27;4(6):e38.
Asadzadeh Aghdaei H et al. Virus in the pathogenesis of inflammatory bowel disease: 
role of Toll-like receptor 7/8/3. Gastroenterol Hepatol Bed Bench. 2021 Fall;14(4):295-
303. PMID: 34659656; PMCID: PMC8514217.
Adiliaghdam F et al. Human enteric viruses autonomously shape inflammatory bowel 
disease phenotype through divergent innate immunomodulation. Sci Immunol. 2022 
Apr 8;7(70):eabn6660.
Dehghani T et al. Association Between Inflammatory Bowel Disease and Viral Infections. 
Curr Microbiol. 2023 Apr 27;80(6):195.
Chia, J. et al. (2019) Echovirus 18 Infection Is Associated with Crohn’s Disease. Open 
Journal of Gastroenterology, 9, 174-183. 
Riemann JF. Viral agents in Crohn's disease. Acta Hepatogastroenterol (Stuttg). 1977 
Dec;24(6):403-4. PMID: 602615
Craviotto V et al. Viral infections in inflammatory bowel disease: Tips and tricks for 
correct management. World J Gastroenterol. 2021 Jul 21;27(27):4276-4297.
https://www.sciencedaily.com/releases/2022/10/221005111916.htm
Matsuzawa-Ishimoto Y et al. The γδ IEL effector API5 masks genetic susceptibility to 
Paneth cell death. Nature. 2022 Oct;610(7932):547-554.
Mehrabani-Khasraghi S, Ameli M, Khalily F. Investigation of Ulcerative Colitis for Herpes 
Simplex Virus and Cytomegalovirus Genomic Sequences by the Polymerase Chain 
Reaction. Gene Cell Tissue. 2015;2(4):e32846.

Example: Crohn’s/Ulcerative Colitis and 
viruses (1/2)

Selection IBD

https://www.sciencedaily.com/releases/2022/10/221005111916.htm


Mourad FH et al. Ulcerative Colitis and Cytomegalovirus Infection: From A to Z. J Crohns
Colitis. 2020 Sep 7;14(8):1162-1171.
Pillet S et al. Cytomegalovirus and ulcerative colitis: Place of antiviral therapy. World J 
Gastroenterol. 2016 Feb 14;22(6):2030-45.
Jentzer A et al. Cytomegalovirus and Inflammatory Bowel Diseases (IBD) with a Special 
Focus on the Link with Ulcerative Colitis (UC). Microorganisms. 2020 Jul 20;8(7):1078.
Garrido E et al. Clinical significance of cytomegalovirus infection in patients with 
inflammatory bowel disease. World J Gastroenterol. 2013 Jan 7;19(1):17-25.
Nissen LH et al. Epstein-Barr virus in inflammatory bowel disease: the spectrum of 
intestinal lymphoproliferative disorders. J Crohns Colitis. 2015 May;9(5):398-403.
Zhang H et al. Impact of Epstein-Barr virus infection in patients with inflammatory bowel 
disease. Front Immunol. 2022 Oct 28;13:1001055.
Jena A et al. Cytomegalovirus in ulcerative colitis: an evidence-based approach to 
diagnosis and treatment. Expert Rev Gastroenterol Hepatol. 2022 Feb;16(2):109-120.
Schreiner P et al. Varicella zoster virus in inflammatory bowel disease patients: what 
every gastroenterologist should know. J Crohns Colitis. 2020 Jun 27:jjaa132.
Ham M et al. Varicella zoster virus infection in patients with inflammatory bowel disease. 
Gastroenterol Hepatol (N Y). 2013 Jan;9(1):56-8. PMID: 24707238; PMCID: PMC3975982.
Wang, Lin. (2016). Crohn’s disease with recurrent herpes zoster: A case report. World 
Chinese Journal of Digestology. 24. 1618. 10.11569/wcjd.v24.i10.1618.
Zou M et al. Causal association between inflammatory bowel disease and herpes virus 
infections: a two-sample bidirectional Mendelian randomization study. Front Immunol. 
2023 Jul 3;14:1203707.

IBDSelection

Example: Crohn’s/UC and viruses (2/2)



1. Coxsackievirus

2. Echovirus

3. Norovirus

4. EBV

5. CMV

6. VZV

7. Campylobacter

IBD: Possible pathogen involvement
IBD

From searches of the scientific 

literature:



So then the question is: what test/s to use for chronic 
conditions, as we have seen how patients can fall 
between the cracks with standard (NHS) tests, and 
IgG tests only show past infection?



4. The most useful antibody in a chronic infection is 
Immunoglobulin A

Source: https://www.genscript.com/IgA-antibody.html; Granfors K, Viljanen M, Tiilikainen A, Toivanen A. Persistence of IgM, IgG, and IgA antibodies to 
Yersinia in yersinia arthritis. J Infect Dis. 1980 Apr;141(4):424-9.

IgA is an excellent immunoglobulin as it indicates ongoing infection (whether recent or 
chronic), as well as reactivation/reinfection

“IgA antibody is the most abundant 
antibody class in human serum and has 
a unique role in mediating immunity. IgA 
is a polyvalent antibody that is 
translocated to mucosal surfaces as the 
first line of defense against infections. 
Most of the secreted IgA lines the 
mucosal surfaces including respiratory, 
digestive and genitorurinary tracts to 
protect against pathogens while 
maintaining gut homeostasis.”

The persistence of IgA antibodies in 

Yersinia, as an example

https://www.genscript.com/IgA-antibody.html
https://www.genscript.com/IgA-antibody.html
https://www.genscript.com/IgA-antibody.html


4 cont.: IgA antibodies very helpful as they indicate active 
infection along the mucosal membranes



5. There is also the  T cell arm of the immune system: 
tests of cellular immunity

Immunoglobulin A is not available when the infection does not live in the mucosal 
membranes: EBV (Epstein Barr Virus, glandular fever), CMV (Cytomegalovirus), 
Parvo Virus B19, etc. 

So how to test chronic infection in infections where there is no IgA available?

There is another arm to the immune system that can be tested, too: not just B cells, 
but T cells. Tests of cellular T-cell immunity are called EliSpots (enzyme-linked 
immunosorbent spot). 

Using T-cells to show a cellular response against antigens is much more sensitive, 
and is more likely to indicate active infection in contrast to IgG antibodies, which 
can remain for months or years long after an infection is gone, and IgM a/bs, which 
generally do not persist very long. EliSpot technology quantifies T-cells that secrete 
signature proteins (such as a given cytokine) against a specific antigen by evaluating 
the number of spot-forming units using a stimulation index (SI). This is a type of 
lymphocyte transformation test using an Interferon Gamma Release Assay.



“Enzyme-linked immune absorbent spot (Elispot) is a quantitative method for 
measuring relevant parameters of T cell activation. The sensitivity of Elispot
allows the detection of low-frequency antigen-specific T cells that secrete 
cytokines and effector molecules, such as granzyme B and perforin. Cytotoxic T 
cell (CTL) studies have taken advantage with this high-throughput technology by 
providing insights into quantity and immune kinetics. Accuracy, sensitivity, 
reproducibility, and robustness of Elispot resulted in a wide range of applications 
in research as well as in the diagnostic field. Actually, CTL monitoring by Elispot
is a gold standard for the evaluation of antigen-specific T cell immunity in clinical 
trials and vaccine candidates where the ability to detect rare antigen-specific T 
cells is of relevance for immune diagnostic.”

Source: Ranieri E, Popescu I, Gigante M. CTL ELISPOT assay. Methods Mol Biol.
2014;1186:75-86.

“Accuracy, sensitivity, reproducibility, and robustness –
a gold standard”



“The EliSpot Lyme assay can be used to study 
the T cell response elicited by Borrelia 
infections, which bridges the gap between the 
ability to detect humoral immunity and 

cellular immunity in Lyme disease. Many 
clinical laboratories are convinced that 
the cellular assay is superior to the 
Western Blot assay in terms of 
sensitivity for detecting the underlying 
Borrelia infection.. Research also suggests 
that there is a dissociation between the 
magnitude of the humoral and the T cell-
mediated cellular immune responses in the 
Borrelia infection.” 

New "Springer Protocols" book (2024) 
with a chapter on EliSpots

Cf. 3 pages of references for these T-cell tests
at the end of the presentation



Three parameters for Borrelia in the T-cell test –
LFA-1 is a marker of autoimmune activity

Immunodominant proteins: OSP = outer surface protein
DbpA = decorin-binding protein A
LFA = Lymphocyte Function Antigen 1
SI = stimulation index

Borrelia-burgdorferi LFA-1 (Lymphocyte 
Function Antigen 1)
Own body protein + Borrelia burgdorferi 
sensu stricto (shared epitope). LFA1 can be 
associated with autoimmune
diseases: collagenosis, Rheumatoid Arthritis, 
vasculitis. If positive or borderline positive 
look at: ANA,  CCP-antibodies, ANCA

Example: “Borrelia burgdorferi has been shown to have protein 
homology with TSH receptor and therefore plays a role as an 
antigenic trigger for autoimmune thyroid disease”*

* Kharrazian D, Herbert M, Vojdani A. Immunological Reactivity Using Monoclonal and Polyclonal Antibodies of Autoimmune Thyroid
Target Sites with Dietary Proteins. J Thyroid Res. 2017;2017:4354723.



Examples: Epstein Barr virus/Mycoplasma



T-cell tests (EliSpots) for Epstein Barr Virus and 
Cytomegalovirus show both lytic and latent values

Lytic = currently replicating

Latent = dormat, but 
suppressing immunity, and 
can unfold again with any 
new assault to the immune 
system



What type of testing to select for these “stealth infections“ 
in (likely) chronic conditions?

Vector-borne infections
Borrelia: T-cell test, 
and/or very sensitive IgG/IgM that can detect the “round body” (different                                                    
signature)
Babesia: T-cell test
Bartonella: T-cell test
Ehrlichia/Anaplasma: T-cell test
Rickettsia: T-cell test

Opportunistic infections
Bacteria:
Chlamydia pneumoniae/trachomatis: IgG/IgA, T-cell test
Mycoplasma: IgG/IgA, T-cell test
Yersinia: IgG/IgA, T-cell test
Campylobacter: IgG/IgA

Viruses:
Herpes viruses: EBV, CMV, HSV 1/2, VZV, HHV6. HHV7, HHV8 – differentiated (see 
next page) 
Enteroviruses: IgG/IgA
SARS-CoV-2: IgG/IgA, iSpot



9 markers including viral capsid antigen (VCA), early antigen (EA), & Epstein-Barr 
Nuclear Antigen (EBNA)

Immunoarrays for EBV very useful if they have the full array 
of markers

Lab needs to provide interpretation guidelines for each marker



Round bodies (pleomorphic forms) and biofilm-like colonies of 

Borrelia burgdorferi in vitro

“…pleomorphic B. burgdorferi should be taken into 
consideration as being clinically relevant and influence the 
development of novel diagnostics and treatment protocols…“

Source: Merilainen L., Herranen A., Schwarzbach A., Gilbert L. Morphological and biochemical features of B.b. pleomorphic forms, 
Microbiology, published online ahead of print January 6, 2015, doi: 10/mic.0.000027

See references at the end of the presentation for the existence of these



Test for “round bodies” (cyst form)

Source: 1. Miklossy J, Kasas S, Zurn AD, McCall S, Yu S, McGeer PL. Persisting atypical and cystic forms of Borrelia burgdorferi and local 
inflammation in Lyme neuroborreliosis. J Neuroinflammation. 2008 Sep 25;5:40.

1



6. Consider using an immune panel alongside the viral and 
bacterial axes

Immunosuppression evident from the CD3+/57+ cells – both viral and 
bacterial



7. Accreditation

• If a German laboratory, make sure they have a “DAkkS” certificate that is constantly 
renewed (DAkkS - https://www.dakks.de/en/home-en.html - the national 
accreditation authority of the Federal Republic of Germany)
• CE certification
• IVD (In-Vitro Diagnostics) registration 
• Certificate of UKAS-equivalence: The UK accreditation system (UKAS) does not have 
the mandate to determine tests carried out in another country but “has confidence in 
the accreditation system operated by Deutsche Akkreditierungsstelle GmbH (DAkkS) 
and considers that the accreditation system operated by DAkkS is equivalent to UKAS’ 
own accreditation system.” 
• Any European lab should have ISO 15189, and its test producers should have 
ISO 13485:2016 

If a US laboratory, or also serves the USA, ensure that it is 
• Accredited by the College of American Pathologists (CAP) and 
• CLIA (Clinical Laboratory Improvement Amendments)

https://www.dakks.de/en/home-en.html
https://www.dakks.de/en/home-en.html
https://www.dakks.de/en/home-en.html


Agenda

44

• Limitations of conventional testing for infections, especially when chronic: example 
Lyme Disease 

• Principles for selecting helpful tests

1. In-depth history

2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources 
linking the p/t‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes

7. Make sure the laboratory is fully accredited

• Resources

44



References for the Elispot (T-cell testing): examples (1/3)

• Ji N, Forsthuber TG. ELISPOT Techniques. Methods Mol Biol. 2016;1304:63-71.
• Navarrete MA ELISpot and DC-ELISpot Assay to Measure Frequency of Antigen-Specific IFNγ-Secreting 
Cells, in Hnasko R (Editor), Elisa Methods and Protocols 2015.
• Navarrete MA, Bertinetti-Lapatki C, Michelfelder I et al (2013) Usage of standardized antigen-presenting 
cells improves ELISpot performance for complex protein antigens. J Immunol Methods 391:146–153
• Czerkinsky CC, Nilsson LA, Nygren H et al (1983) A solid-phase enzyme-linked immunospot (ELISPOT) assay 
for enumeration of specific antibody-secreting cells. J Immunol Methods 65:109–121
• Nordberg et al.: Can ELISPOT be applied to a clinical setting as a diagnostic utility for Neuroborreliosis?, 
Cells 2012, I, 153-167 
• Jin, Chenggang & Roen, Diana & Lehmann, Paul & Kellermann, Gottfried. (2013). An Enhanced ELISPOT 
Assay for Sensitive Detection of Antigen-Specific T Cell Responses to Borrelia burgdorferi. Cells. 2. 607-20. 
10.3390/cells2030607.
• Forsberg, P., Ernerudh, J., Ekerfelt, C., Roberg, M., Vrethem, M., & Bergström, S. (1995). The outer surface 
proteins of Lyme disease borrelia spirochetes stimulate T cells to secrete interferon-gamma (IFN-gamma): 
diagnostic and pathogenic implications. Clinical and experimental immunology, 101(3), 453–460. 
• Callister, Steven & Jobe, Dean & Stuparic-Stancic, Aleksandra & Miyamasu, Misato & Boyle, Jeff & 
Dattwyler, Raymond & Arnaboldi, Paul. (2016). Detection of IFN-γ Secretion by T Cells Collected Before and 
After Successful Treatment of Early Lyme Disease. Clinical Infectious Diseases. 62. ciw112. 
10.1093/cid/ciw112.
• Schoor, F. & Baarsma, et al (2019). Validation of cellular tests for Lyme borreliosis (VICTORY) study. BMC 
Infectious Diseases. 19. 10.1186/s12879-019-4323-6.
• Raymond J. Dattwyler, M.D., David J. Volkman, M.D., Ph.D., Benjamin J. Luft, M.D., John J. Halperin, M.D., 
Josephine Thomas, B.S., and Marc G. Golightly, Ph.D. N Engl J Med (1988). Seronegative Lyme Disease. 
NEJM. 319:14411446



• Moller I, Michel K, Frech N et al (2008) Dendritic cell maturation with poly(I:C)-based versus PGE2-
based cytokine combinations results in differential functional characteristics relevant to clinical 
application. J Immunother 31:506–519
• Warncke M, Dodero A, Dierbach H et al (2006) Murine dendritic cells generated under serum-free 
conditions have a mature phenotype and efficiently induce primary immune responses. J Immunol 
Methods 310:1–1
• Malyguine A, Strobl SL, Shafer-Weaver KA et al (2004) A modifi ed human ELISPOT assay to detect 
specifi c responses to primary tumor cell targets. J Transl Med 2:9
• Moodie Z, Price L, Gouttefangeas C et al (2010) Response definition criteria for ELISPOT assays 
revisited. Cancer Immunol Immunother 59: 1489–1501
• Janetzki, S. & Britten, C.M. The impact of harmonization on ELISPOT assay performance. Methods Mol. 
Biol. 792, 25–36 (2012)
• Zhang, W. & Lehmann, P. Objective, user-independent ELISPOT data analysis based on scientifically 
validated principles. Methods Mol. Biol. 792, 155–171 (2012)
• Calarota SA. Enumeration and characterization of human memory T cells by enzyme-linked 
immunospot assays. Clin Dev Immunol. 2013;2013:637649
• Keilholz U, Weber J, Finke JH et al (2002) Immunologic monitoring of cancer vaccine therapy: results of 
a workshop sponsored by the Society for Biological Therapy. J Immunother 25:97–138 
• Scheibenbogen C, Lee KH, Mayer S et al (1997) A sensitive ELISPOT assay for detection of CD8+ T 
lymphocytes specifi c for HLA class I-binding peptide epitopes derived from infl uenza proteins in the 
blood of healthy donors and melanoma patients. Clin Cancer Res 3:221–226
• Sedegah M. The Ex Vivo IFN-γ Enzyme-Linked Immunospot (ELISpot) Assay
Methods Mol Biol. 2015;1325:197
• Nehete PN, Gambhira R, Nehete BP et al (2003) Dendritic cells enhance detection of antigen-specifi c 
cellular immune responses by lymphocytes from rhesus macaques immunized with an HIV envelope 
peptide cocktail vaccine. J Med Primatol 32:67–73

References for the Elispot (T-cell testing): examples (2/3)

https://www.ncbi.nlm.nih.gov/pubmed/?term=Calarota%20SA%5bAuthor%5d&cauthor=true&cauthor_uid=24319467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calarota%20SA%5bAuthor%5d&cauthor=true&cauthor_uid=24319467
https://www.ncbi.nlm.nih.gov/pubmed/24319467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sedegah%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26450390
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sedegah%20M%5bAuthor%5d&cauthor=true&cauthor_uid=26450390
https://www.ncbi.nlm.nih.gov/pubmed/26450390


Callister SM, Jobe DA, Stuparic-Stancic A, Miyamasu M, Boyle J, Dattwyler RJ, Arnaboldi PM. Detection of IFN-γ Secretion by T Cells Collected 
Before and After Successful Treatment of Early Lyme Disease. Clin Infect Dis. 2016 May 15;62(10):1235-1241, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845790/

References for the Elispot (T-cell testing): examples (1/3)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845790/


At least three morphologic forms of persistent B. burgdorferi have been observed in experimental studies, 

these being: spirochete, spheroplast (or L-form), and cystic or round-body forms. These persistent forms 

have been found to be highly resistant to conventional antibiotic treatment.

The following references provide extensive evidence of the pleomorphism of B. burgdorferi, with frequent 

reference to the round-body or cystic form:

1. Al-Robaiy S, Dihazi H, Kacza J, et al. Metamorphosis of Borrelia burgdorferi organisms – RNA, lipid and 

protein composition in con text with the spirochetes’ shape. J Basic Microbiol. 2010;50(Suppl 1): S5–

S17.

2. Brorson Ø, Brorson SH, Scythes J, MacAllister J, Wier A, Margulis L. Destruction of spirochete Borrelia 

burgdorferi round-body propagules (RBs) by the antibiotic tigecycline. Proc Natl Acad Sci U S A. 2009 

Nov 3;106(44):18656-61.

3. Brorson Ø, Brorson SH. In vitro conversion of Borrelia burgdorferi to cystic forms in spinal fluid, and 

transformation to mobile spirochetes by incubation in BSK-H medium. Infection. 1998;26:144–150. 

4. Brorson Ø, Brorson SH. Transformation of cystic forms of Borrelia burg dorferi to normal mobile 

spirochetes. Infection. 1997;25:240–246. 

5. Čorak N, Anniko S, Daschkin-Steinborn C, Krey V, Koska S, Futo M, Široki T, Woichansky I, Opašić L, Kifer 

D, Tušar A, Maxeiner HG, Domazet-Lošo M, Nicolaus C, Domazet-Lošo T. Pleomorphic Variants 

of Borreliella (syn. Borrelia) burgdorferi Express Evolutionary Distinct Transcriptomes. Int J Mol Sci. 2023 

Mar 15;24(6):5594.

6. Diterich I, Rauter C, Kirschning CJ, Hartung T. Borrelia burgdorferi-induced tolerance as a model of 

persistence via immunosuppression. Infect Immun. 2003;71:3979–3987. 

7. Garg K, Jokiranta TS, Filén S, Gilbert L. Assessing the Need for Multiplex and Multifunctional Tick-Borne 

Disease Test in Routine Clinical Laboratory Samples from Lyme Disease and Febrile Patients with a 

History of a Tick Bite. Trop Med Infect Dis. 2021 Mar 17;6(1):38.

References for the persister forms of Borrelia burgdorferi
and chronicity, including in its “round-body” (cystic) form (1/2) 



8.   Herranen, Anni. “Unraveling the pleomorphic forms of Borrelia burgdorferi.” (2014).

9.   Karvonen K, Nykky J, Marjomäki V, Gilbert L. Distinctive Evasion Mechanisms to Allow Persistence 

of Borrelia burgdorferi in Different Human Cell Lines. Front Microbiol. 2021 Oct 12;12:711291.

10. Meriläinen L, Brander H, Herranen A, Schwarzbach A, Gilbert L. Pleomorphic forms of Borrelia

burgdorferi induce distinct immune responses. Microbes Infect. 2016 Jul-Aug;18(7-8):484-95. 

11. Meriläinen L, Herranen A, Schwarzbach A, Gilbert L. Morphological and biochemical features of

Borrelia burgdorferi pleomorphic forms. Microbiology (Reading). 2015 Mar;161(Pt 3):516-27. 

12. Miklossy J, Kasas S, Zurn AD, McCall S, Yu S, McGeer PL. Persisting atypical and cystic forms of Borrelia

burgdorferi and local inflammation in Lyme neuroborreliosis. J Neuroinflammation. 2008 Sep 25;5:40.

13. Murgia R, Cinco M. Induction of cystic forms by different stress condi tions in Borrelia burgdorferi.

APMIS. 2004;112:57–62.

14. Rudenko N, Golovchenko M, Kybicova K, Vancova M. Metamorphoses of Lyme disease spirochetes:

phenomenon of Borrelia persisters. Parasit Vectors. 2019 May 16;12(1):237.

15. Sapi E, Kaur N, Anyanwu S, Luecke DF, Datar A, Patel S, Rossi M, Stricker RB. Evaluation of in-vitro

antibiotic susceptibility of different morphological forms of Borrelia burgdorferi. Infect Drug Resist.

2011;4:97-113.

16. Sloupenska K, Koubkova B, Horak P, Dolezilkova J, Hutyrova B, Racansky M, Miklusova M, Mares J,

Raska M, Krupka M. Antigenicity and immunogenicity of different morphological forms of Borrelia

burgdorferi sensu lato spirochetes. Sci Rep. 2024 Feb 18;14(1):4014.

17. Vancová M et al. Pleomorphism and Viability of the Lyme Disease Pathogen Borrelia burgdorferi

Exposed to Physiological Stress Conditions: A Correlative Cryo-Fluorescence and Cryo-Scanning Electron

Microscopy Study. Front Microbiol. 2017 Apr 11;8:596.

18. Xi D, Thoma A, Rajput-Ray M, Madigan A, Avramovic G, Garg K, Gilbert L, Lambert JS. A Longitudinal

Study of a Large Clinical Cohort of Patients with Lyme Disease and Tick-Borne Co-Infections Treated 

with Combination Antibiotics. Microorganisms. 2023 Aug 24;11(9):2152.

References for the persister forms of Borrelia burgdorferi and 
chronicity, including in its “round-body” (cystic) form (2/2) 



References available for viral/bacterial associations with 
specific conditions

50

• SARS-CoV-2 

• Type 1 Diabetes

• Multiple Sclerosis

• Rheumatoid arthritis

• Hashimoto‘s/Graves

• IBD

• Sjögren’s Syndrome

• Myasthenia Gravis

• PANS/PANDAS

• ALS/Motor Neurone Disease

• Fibromyalgia

• M.E.
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Thank you very much!

gilian@aonm.org

0786 772 6387

mailto:gilian@aonm.org

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: IgM antibodies generally = recent exposure, but dissipate swiftly; IgG antibodies only show past exposure
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30: 4. The most useful antibody in a chronic infection is Immunoglobulin A
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45:  References for the Elispot (T-cell testing): examples (1/3)
	Slide 46
	Slide 47:  References for the Elispot (T-cell testing): examples (1/3)
	Slide 48
	Slide 49
	Slide 50
	Slide 51

