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Agenda

The shortcomings of antibody testing

 CD3/CD57+

 EliSpot (Interferon Gamma Release Assay)

Specific viruses/associated conditions

 Herpes viruses: EBV, CMV, HSV 1/2, VZV, HHV6

 Enteroviruses: Coxsackie A&B, Echovirus

 Parvovirus

Checklists: Aid in test selection
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Agenda

The shortcomings of antibody testing
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Falling “between the cracks” with IgM and IgG testing

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.”

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


In the primary response, the major class of antibody 
produced is IgM, whereas in the secondary response it is 
IgG (or IgA or IgE). The antibodies that persist in the 
secondary response are the IgG antibodies.

“Decline phase
The decline phase is 
not as rapid and 
antibodies may persist 
for months, years or 
even a lifetime.”

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

Falling between the cracks with IgM and IgG testing

http://www.microbiologybook.org/mayer/Ab%20formation2000.htm
http://www.microbiologybook.org/mayer/ab1-8.jpg
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Studies can be found using “at least fivefold rise” in 
IgG levels as a sign of viral reactivation – take max rr

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: VZV reactivation
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Titers – a different perspective, also suspected 
reactivation
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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…" 
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Laboratory tests for Cytomegalovirus

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

Using T-cells to show a cellular response against Lyme 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), 

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

Y

YY Y

YY

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

Y

Y

Y
Y

+

Elispot LTT: The principle (I)

Incubation with cells and 
antigen: specific cells 
release cytokines
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Elispot LTT: The principle (II)
Y

Y

Y

Y Y
Y

Add Streptavidin-
enzyme conjugate

YYYYYYY

Add substrate for colour 
development

Y

Analysis

Add biotinylated secondary 
antibody  complex: 
pr.AB/Cytokine/sec.AB
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The EliSpot (T-cell) test is currently available for:

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

 Borrelia myamotoi

 Bartonella

 Babesia

 Chlamydia pneumoniae and trachomatis

 Mycoplasma pneumoniae

 Ehrlichia/Anaplasma

 Yersinia enterocolitica

 Epstein Barr Virus (EBV): lytic and latent

 Cytomegalovirus (CMV): lytic and latent

 Herpes Simplex Virus 1 / 2

 Varicella Zoster Virus (VZV)

 HHV-6, HHV-7, HHV-8

Also:
Candida
Aspergillus niger
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Epstein Barr Virus (EBV)

Virus: Epstein Barr Virus, (obligate intracellular) double-
stranded DNA virus, one of the Herpes viruses, also known 
as glandular fever, Mononucleosis/“Mono”

Transmission: “kissing disease”, saliva, drinking from the same 
glass, toothbrush, blood, sex, blood transfusion, organ 
transplants

Symptoms (incubation period of several weeks): fatigue, fever, 
flu-like symptoms, nausea, loss of appetite, lymphadenitis 
(swollen lymph nodes in the neck), rash, sore throat, 
weakness, sore muscles

Complications: enlarged spleen, swollen liver, association with 
Non-Hodgkins Lymphoma, Multiple Sclerosis (MS)
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EBV and SLE

Source: McClain MT, Heinlen LD, Dennis GJ, Roebuck J, Harley JB, James JA. Early events in lupus humoral 
autoimmunity suggest initiation through molecular mimicry. Nature Medicine 2005;11(1):85-89
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Epstein-Barr virus, cytomegalovirus, and multiple 
sclerosis susceptibility

A multiethnic study
1.Annette Langer-Gould, MD, PhD, Jun Wu, MD, MS, Robyn Lucas, PhD, Jessica Smith, MPH, Edlin Gonzales, MA, Lilyana Amezcua, MD, MS, Samantha Haraszti, 
MS, Lie Hong Chen, DrPH, Hong Quach, BA, Judith A. James, MD, Lisa F. Barcellos, PhD and Anny H. Xiang, PhD

ABSTRACT

Objective: To determine whether Epstein-Barr virus (EBV) or cytomegalovirus (CMV) seropositivity is
associated with multiple sclerosis (MS) in blacks and Hispanics and to what extent measures of the hygiene
hypothesis or breastfeeding could explain these findings. EBV and CMV have been associated with MS risk in 
whites, and the timing and frequency of both viruses vary by factors implicated in the hygiene hypothesis.
Methods: Incident cases of MS or its precursor, clinically isolated syndrome (CIS), and matched controls
(blacks, 111 cases/128 controls; Hispanics, 173/187; whites, 235/256) were recruited from the membership
of Kaiser Permanente Southern California. Logistic regression models accounted for HLA-DRB1*1501 status, 
smoking, socioeconomic status, age, sex, genetic ancestry, and country of birth.
Results: Epstein-Barr nuclear antigen-1 (EBNA-1) seropositivity was independently associated with an 
increased odds of MS/CIS in all 3 racial/ethnic groups (p < 0.001 for blacks and whites, p = 0.02 for Hispanics). 
In contrast, CMV seropositivity was associated with a lower risk of MS/CIS in Hispanics (p = 0.004) but not in 
blacks (p = 0.95) or whites (p = 0.96). Being born in a low/middle-income country was associated with a lower
risk of MS in Hispanics (p = 0.02) but not after accounting for EBNA-1 seropositivity. Accounting for
breastfeeding did not diminish the association between CMV and MS in Hispanics.
Conclusions: The consistency of EBNA-1 seropositivity with MS across racial/ethnic groups and between
studies points to a strong biological link between EBV infection and MS risk. The association between past
CMV infection and MS risk supports the broader hygiene hypothesis, but the inconsistency of this association
across racial/ethnic groups implies noncausal associations.
•Received November 10, 2016.
•Accepted in final form June 30, 2017.
•© 2017 American Academy of Neurology

“The consistency of EBNA-1 sero-
positivity with MS across racial/ 
ethnic groups and between studies 
points to a strong biological link 
between EBV infection and MS risk.“
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Myasthenia Gravis and EBV
“Dysregulated EBV infection in the 
pathological thymus appears 
common in Myasthenia Gravis”
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Graves′ Disease and EBV

“In Graves' disease patients with TSH 
receptor antibodies (TRAb) levels ≥ 10%, EA 
antibody levels, which indicate EBV 
reactivation, were moderately but 
significantly correlated with the levels of 
TRAb”
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Laboratory tests for Epstein Barr Virus (EBV)

Epstein Barr Virus IgG/IgM antibodies

Epstein Barr Virus Anti-EBNA antibodies 

Epstein Barr Virus Early Antigen antibodies (reactivated or 
chronic)

Epstein Barr Virus Elispot

- EBV lytic antigen: sign of replication

- EBV latent antigen: sign of latency
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Cytomegalovirus (CMV)

Virus: Cytomegalovirus (obligate intracellular organism), 
double-stranded DNA virus, one of the Herpes viruses

Transmission: body fluids (urine, saliva, breast milk, sexual 
transmission), organ transplantation, blood transfusion

Symptoms (incubation period several weeks): fatigue, fever, flu-
like symptoms, lymphadenitis (swollen cervical lymph 
nodes), sore throat, splenomegaly

Complications: congenital infection with hearing loss, vision loss, 
seizures, mental disabilities, lack of coordination; immune 
suppressed patients: hepatitis, colitis, retinitis, pneumonitis, 
esophagitis, polyradiculopathy, transverse myelitis, subacute 
encephalitis; arterial hypertension, artheroscleroris, aortic 
aneurysms; association with Non-Hodgkins Lymphoma
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Laboratory tests for Cytomegalovirus

CMV IgG/IgM antibodies

CMV Elispot – both lytic and latent



22
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Herpes Simplex Virus 1/2 (HSV 1/2)

Virus: Herpes Simplex Virus (Human Herpes Virus HHV 1/2) 
(obligate intracellular organism), double-stranded DNA virus

Transmission: Saliva, sharing drinks, sexually transmitted

Symptoms (incubation time 2-20 days): Watery blisters on the 
skin or mucous membranes of the mouth, lips, genitals, 
anus, flu-like symptoms (fever, muscle aches, swollen lymph 
nodes, problems urinating, herpes keratitis (pain, light 
sensitivity, discharge)), fatique

Complications: Multiple Sclerosis (neurovirulent), loss of vision, 
encephalitis, latent infection; reactivation by organ 
transplantation or HIV: encephalitis, pneumonitis, bone 
marrow suppression
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Laboratory tests for HSV 1/2

Herpes Simplex Virus 1/2 – IgG/IgA/IgM antibodies

(half-life time of localised IgA antibodies: 2 weeks)

Herpes Simplex Virus 1/2 - EliSpot
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Varicella Zoster Virus (VZV)

Virus: Varicella Zoster Virus  (Human Herpes Virus HHV 3) 
(obligate intracellular organism), double-stranded DNA virus

Transmission: airborne, touching shingles blisters

Symptoms (incubation time 10-21 days): “Chickenpox” in 
younger people, “Herpes Zoster” in adults: Watery blisters on 
the skin, fever, tiredness, loss of appetite, headache

Complications: Encephalitis, pneumonia, bronchitis, 10-20% 
reactivation from nerve ganglia (Herpes Zoster), post-
herpatic neuralgia, Mollaret´s meningitis, Zoster multiplex, 
“Ramsay Hunt syndrome” (painful blisters on tongue/ear, 
facial weakness, hearing loss), 

Inflammation of arteries (new study Journal of the American 
College of Cardiology, Vol. 70, Issue 2, July 2017, “Herpes 
Zoster increases risk of stroke and myocardial infarction” 
23,233 patients had a higher risk of apoplectic stroke (35%) 
and myocardial infarction (59%) after Herpes Zoster 



25
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Laboratory tests for Varicella Zoster Virus (VZV)

Varicella Zoster Virus (VZV) – IgG/IgA/IgM antibodies

(half-life time of localised IgA antibodies: 2 weeks)

Varicella Zoster Virus (VZV) - EliSpot
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Coxsackie Virus 

Virus: Coxsackie Virus (obligate intracellular), belongs to 
Picornaviridae/enterovirus family, is a single-stranded RNA 
virus divided into group A and group B

Transmission: fecal-oral contamination, droplets, body fluids, 
utensils, toys, nappy-changing table

Symptoms: Group A: Herpangina, AHC (acute hemorrhagic
conjunctivitis, HFM (hand-foot-and-mouth disease), Group B: 
myocarditis, pericarditis, pleurodynia, hepatitis; Group A and 
B: fever, rashes, sore throat, diahorrea, cough, fatigue, 
conjunctivitis, loss of appetite, headache, night sweats, 
aseptic meningitis

Complications: CNS disease similar to poliomyelitis, systemic 
neonatal disease, IDDM (insulin-dependent diabetes 
mellitus), Group A: generalized myositis with flaccid 
paralysis, Group B: focal muscle injury, degeneration of 
neuronal tissue with spastic paralysis
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Diabetes Type 1: B1 strain of Coxsackie B has antigens 
similar to those in pancreatic beta cells

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody reactivity to OspA and OspB of 
Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M et al. Identification of LFA-1 as a candidate autoantigen in 
treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.
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Association with Cytomegalovirus ...

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.

“the results indicate significant association (P
value 0.025) of cytomegalovirus IgG antibodies 
with type I diabetes mellitus in children. The 
study reveals significant relation (P value 0.003) 
of cytomegalovirus IgG antibodies with type I 
diabetes mellitus in age group (5-9 years).”
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... and with other enteroviruses: Echovirus (enteric 
cytopathic human orphan virus)

“This study shows the association 
between Type 1 diabetes and the 
presence of neutralizing antibodies 
to Echovirus 4, suggesting the 
possible participation of this virus 
as an environmental trigger of this 
autoimmune disease.”
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Laboratory tests Coxsackie Virus / Echo Virus

Coxsackie Virus Type A7/B1 – IgG/IgA antibodies

Echo Virus – IgG/IgA antibodies

(half-life time of local-standing IgA antibodies: 2 weeks)
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SLE: Parvovirus B19, CMV, HSV 1/2, VZV

Source: Kalish RA, Leong JM, Steere AC. Association of treatment-resistant chronic Lyme arthritis with HLA-DR4 and antibody 
reactivity to OspA and OspB of Borrelia burgdorferi. Infect Immun 1993; 61: 2774–2779; Gross DM, Forsthuber T, Tary-Lehmann M 
et al. Identification of LFA-1 as a candidate autoantigen in treatment-resistant Lyme arthritis. Science 1998; 281: 703–706.

“The most common viral infections in patients 
with SLE are parvovirus B19 (predominantly 
mimicking SLE presentation) and CMV 
(predominantly presenting in severely 
immunosuppressed patients).”
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EBV / CMV and SLE: Practical example
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Ulcerative colitis: CMV, HSV and EBV

“….the importance of 
herpes virus, as an 
exacerbating factor of 
UC, has been neglected 
by many clinicians.” 
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Sarcoidosis: EBV, CMV, HSV  ...

Source: http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/pulmonary/sarcoidosis/



35
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

MULTIPLE SYMPTOMS = MULTIPLE INFECTIONS 
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Model: “Peeling the onion″
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stress
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Environ-
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Heavy 
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Differential 
diagnosis
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cellular 
infections

Environment

Personal 
history

Acci-
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Past/
present 
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Dental status
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intoler-
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Genetics

Epigenetics Bacteria and 
viruses
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For tests, please contact
www.aonm.org
https://aonm.org/arminlabs

or call the AONM helpline 
on 0333 121 0305

Thank you very much for your attention!

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

