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Assay)



Source: http://www.microbiologybook.org/mayer/Ab%20formation2000.htm; 
http://www.microbiologybook.org/mayer/ab1-8.jpg

IgM (Immunoglobulin M) vs. IgG (Immunoglobulin G)

http://www.microbiologybook.org/mayer/Ab%20formation2000.htm
http://www.microbiologybook.org/mayer/ab1-8.jpg
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IgM antibodies are the first type of antibody produced, 
and usually do not persist

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

https://www.labtestsonline.org.au/learning/test-index/antibody-tests
https://www.genscript.com/IgM-antibody.html
https://sti.bmj.com/content/79/4/276
https://sti.bmj.com/content/79/4/276
https://sti.bmj.com/content/79/4/276
https://sti.bmj.com/content/79/4/276
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The difficulties of evidencing chronic (continuing) 
disease using IgG and IgM

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

“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.”

In chronic disease, IgG may be there, but will be discounted as “past”; 
IgM probably will not be

http://www.microbiologybook.org/mayer/Ab%20formation2000.htm
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Studies can be found using “at least fivefold rise” in 
IgG level as a sign of viral reactivation

Source: 1. Rondaan, Christien & C van Leer, C & van Assen, S & Bootsma, H & de Leeuw, K & Arends, S & Bos, Nicolaas & Westra, J. (2018). Longitudinal 
analysis of varicella-zoster virus-specific antibodies in systemic lupus erythematosus: No association with subclinical viral reactivations or lupus disease 
activity. Lupus. 27. 2. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.858.3795&rep=rep1&type=pdf;

“…reactivation of VZV (defined as 
a fivefold increase in the IgG 
antibody titer)”2

“Reactivation of VZV was defined as an 
at least fivefold rise in VZV-IgG or 
presence of VZV-IgM or VZV DNA.”1

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.858.3795&rep=rep1&type=pdf
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Example: Varicella Zoster Virus reactivation? (The 
shingles virus, from former chicken pox)

This is around 10x the 
upper reference range
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Titres are used in some antibody tests

Titres indicate increasing dilution. Dilution of less than 
one to ten for HHV6 IgM means negative, over (e.g. 
1:100) would be positive



10This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Some antibody tests show IgA status: this does 
show current activity

“The major antibodies found on mucous membranes are 
secretory IgA, which function primarily by binding 
microorganisms and thereby preventing their contact with the 
host tissues.”2

Source: 1. Mucosal Immunity, Stephen P. James, in Encyclopedia of Immunology (Second Edition), 1998, 
https://www.sciencedirect.com/topics/neuroscience/immunoglobulin-a; 2. Hanson, L., Andersson, B., Carlsson, B. et al. Infection (1985) 
13(Suppl 2): S166.

“IgA is quantitatively the most important of the 
immunoglobulins, having a synthetic rate 
exceeding that of all other immunoglobulins 
combined when secretory as well as circulating 
IgA is taken into account.”1

https://www.sciencedirect.com/science/article/pii/B012226765600459X
https://www.sciencedirect.com/science/referenceworks/9780122267659
https://www.sciencedirect.com/topics/neuroscience/immunoglobulin-a
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IgA is available for CPN, HSV1/2, VZV, Coxsackie, 
Echovirus, and various others (always worth asking)
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Testing the other arm of the immune system: T-cells

Using T-cells to show a cellular response against 
antigens is much more sensitive, and indicates 
active infection (in contrast to antibodies, 
which can remain for months or years long 
after an infection is gone). EliSpot (enzyme-linked 
immunosorbent spot) technology has long been used 
in Germany to do exactly this: it quantifies T-cells 
that secrete signature proteins (such as a given 
cytokine) against a specific antigen. The Borrelia 
EliSpot evaluates the number of spot-forming units 
using a stimulation index (SI) based on IGRA 
(Interferon Gamma Release Assay).

Humana Press; 3rd ed. 2018 edition (14 July 2018)
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The Elispot technique

Source: 1 Sedegah M. The Ex Vivo IFN-γ Enzyme-Linked Immunospot (ELISpot) Assay Methods Mol Biol. 2015;1325:197-205; Humana Press; 3rd ed. 2018 
edition (14 July 2018)

“The quantification of single cell interferon-gamma 
(IFN-γ) release for assessing cellular immune 
responses using the Enzyme-linked immunospot
(ELISPOT) assay is an invaluable technique in 
immunology.”1

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
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EliSpot (Interferon-Gamma Release Assay)

Reflects the current T-cellular activity of bacteria and viruses

§ T-Cell-Spot/IGRA was approved by the FDA in 
May 2011 for M. tuberculosis

§ "… A positive result suggests that an 
infection is likely, a negative result suggests
that an infection is unlikely…." 
"…Results can be available within
24 hours…" 

… ELISPOT assays provide robust, highly reproducible data, and can 
be retested to gain additional information in follow-up assays…

… the tests in the two-assay system (ELISPOT + CD57 cell count) 
complement each other in the quest to understand T cell-mediated 
immunity in vivo….

Source: Lehman PV et al.: Unique Strengths of ELISPOT for T Cell Diagnostics in: Kalyuzhny AE. Handbook of ELISPOT: Methods and Protocols, Methods in 
Molecular Biology, Vol. 792. 2nd Ed: Springer; 2012: 3-23.
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Lymphocytes are isolated

Y
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Elispot well coated with 
monoclonal, cytokine-
specific antibodies  (IFNy, 
IL10, etc.) 

Y
Y
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+

Elispot LTT: Methodology (I)



17This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Elispot LTT: Methodology (II)
Y

Y
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Add Streptavidin-
enzyme conjugate
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Add substrate to develop colour

Y
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Currently the EliSpot is available for:

Also new:
Candida
Aspergillus 
niger

o Borrelia burgdorferi (3 subspecies: B.b. sensu stricto + 
B.b. garinii + B.b. afzelii)

o Borrelia myamotoi
o Bartonella henselae (new)
o Babesia microti (new)
o Chlamydia pneumoniae
o Chlamydia trachomatis
o Mycoplasma pneumoniae (new)
o Ehrlichia
o Yersinia species
o Epstein Barr Virus (EBV)
o Cytomegalovirus (CMV)
o Herpes Simplex Virus 1 / 2
o Varicella Zoster Virus (VZV) (new)
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Examples: Borrelia/EBV
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References on the Elispot: examples

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 specifi c antibody-secreting cells. J Immunol Methods 65:109–121 

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

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
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Elispot references (contd.)

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 
serumfree conditions have a mature phenotype and effi ciently 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 defi nition 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

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
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CD57 is a stable marker of human natural killer (NK) 
cell subsets

Source: Differential activation of CD57-defined natural killer cell subsets during recall responses to vaccine antigens. White MJ, Nielsen CM,   
McGregor RH, Riley EH, Goodier MR - Immunology (2014)
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A low CD57+ indicates chronic immune suppression 

Source (partly, rest Dr. Schwarzbach): Ginger Saveley PhD, http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-
to-ask.html

Suppression = generally bacterial causes: Borrelia, 
Chlamydia pneumoniae, Mycoplasma

http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
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A low CD57+ count has particularly been observed in 
patients with neurological symptoms

“Patients with chronic LD and predominant 
neurologic symptoms had significantly 
lower mean CD57 levels than patients with 
predominant musculoskeletal symptoms 
(30±21 vs. 58±37 cells per µl, P=0.002). 
CD57 levels increased in chronic LD 
patients whose symptoms improved, while 
patients with refractory disease had 
persistently low CD57 counts.”

“Conclusions: A decrease in 
the CD57 lymphocyte subset 
may be an important marker of 
chronic LD. Changes in the 
CD57 subset may be useful to 
monitor the response to 
therapy in this disease” ….

“The CD57 lymphocyte 
subset appears to be a 
useful marker of long-term 
infection with the Lyme 
disease spirochete.” 
(Stricker, Burrascano, 2002)



26This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

CD57+ numbers tend to rise in patients with viral 
burdens ...

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/Source:

“Chronic viral infections such as 
HCMV (104), human 
immunodeficiency virus (HIV) 
(105), hepatitis C virus (106), and 
Epstein–Barr virus (EBV) (107) 
infections offer some of the clearest 
examples of expansion of 
CD57+CD8+ T cells, presumably as a 
result of persistent antigenic 
stimulation”

“Similar skewing of NK cells 
toward the CD57+ phenotype is 
now reported in a variety of viral 
infections”

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
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... whereas the CD3+ count tends to be low

There is also one sign for a viral infection, 
this can be seen with the low CD3+cells, 
which should be looked at with CMV-
Elispot, EBV-Elispot, HSV 1/2-Elispot, 
VZV-antibodies, Coxsackie Virus 
antibodies.
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Checklists help decide which infections to test for; 
history and physical signs/symptoms also vital (1/2)
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Basic testing panel for Borreliosis

1. Borrelia SeraSpot (modern Western blot)
2. Borrelia-EliSpot (current T-cell activity)
3. CD57-cells (chronic immune suppression)
4. New option: Tickplex Basic, includes round bodies (persisters)
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Checklists help decide which infections to test for; 
history and physical signs/symptoms also vital (2/2)
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Electronic version fills automatically

Ranked in order
of priority –
draw for first 
place here: 
Chlamydia 
pneumoniae 
(CPN) and 
Coxsackie
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Where to find the checklists:
www.aonm.org – ArminLabs tab
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Suggestions on what to test for have been collated
for a large number of conditions (1/2)

Testing protocols with substantiation from peer-reviewed 
medical journals exist for:

Conditions labelled CFS and ME
Fibromyalgia
Alzheimer‘s
Parkinson‘s Disease
ASD/Autism
Ehlers Danlos Syndrome (EDS)
Mast Cell Activation Syndrome (MCAS/MCAD)
Schizophrenia
Bipolar Disorder
Anxiety/panic attacks
OCD
Tourette‘s 
PANS/PANDAS



36This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Associations have been found in the scientific 
literature for autoimmune disorders and cancers, too 

Autoimmune disorders:
Multiple Sclerosis
SLE
Ulcerative colitis
Sarcoidosis
Diabetes Type 1
Autoimmune thyroid disease/Hashimoto‘s, Grave‘s Disease
Vasculitis
Rheumatic fever/reactive arthritis/rheumatoid arthritis

Cancers:
Myelodysplastic syndrome
Leukaemia
Monoclonal gammopathy of undetermined significance (MGUS)
Non-Hodgkin‘s/Hodgkin‘s Disease/Mantle Cell Lymphoma
Breast/lung/prostate/brain cancer, glioblastoma
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Fibromyalgia/Rheumatoid Arthritis: possible lab tests 
(correlate with checklist, history & symptoms)

1. Borrelia EliSpot
2. Chlamydia pneumoniae EliSpot
3. Mycoplasma pneumoniae EliSpot
4. Ehrlichia/Anaplasma EliSpot
5. Rickettsia Elispot
6. Yersinia EliSpot
7. Coxsackie Virus IgG/IgA antibodies
8. ANA (antinuclear antibodies) + CCP (cyclic citrullinated peptide) 

antibodies
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Multiple Sclerosis: Laboratory tests suggested

1. Borrelia SeraSpot + Borrelia EliSpot + CD57-cells
2. Chlamydia pneumonia IgG/IgA antibodies + Chlamydia 

pneumoniae EliSpot
3. Mycoplasma pneumoniae IgG/IgA antibodies + EliSpot
4. Bartonella IgG/IgM antibodies + EliSpot
5. Coxsackie Virus IgG/IgA antibodies
6. EBV EliSpot
7. CMV EliSpot
8. HHV6 IgG/IgM antibodies



39This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

OCD/Tourette’s Syndrome

1. Borrelia SeraSpot + Borrelia-EliSpot + Tickplex Basic + 
CD57-cells

2. Toxoplasma IgG/IgM
3. Mycoplasma pneumoniae IgG/IgA antibodies + Mycoplasma 

EliSpot
4. Toxoplasma IgG/IgM antibodies
5. Anti-streptolysin titer
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For further information on testing: lots of downloadable 
presentations available on the AONM website
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Presentations by Dr. Schwarzbach at each of the 
“Lifting the Veil” conferences, available as downloads
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ME, MS, Fibromyalgia, Alzheimer’s, Parkinsonism, Autism… 
Tailored Testing Protocols

Holiday Inn Regents Park, 15th November 2015, London, UK

“Lifting the Veil II” – my presentation is all about tailored 
protocols for numerous conditions, with full substantiation

http://www.arminlabs.com/
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“Arminlabs Training” 
on the “Events” dropdown 
menu
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All presentations and video recordings from AONM’s 2017 
and 2018 Annual Conferences downloadable, too
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AONM also has its own YouTube channel where previous
conference videos are available free of charge
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ArminLabs
Laboratory for tick-borne diseases 
Tel. 0049 821 2182879 
info@arminlabs.com
www.arminlabs.com

Thank you very much!

Helpline +44 333 121 0305

www.aonm.org

http://www.arminlabs.com/
http://www.aonm.org/

