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Laboratory example from practice: 
Negative EIA but positive Western blot 
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Application of Bayesian decision-making to laboratory 
testing for Lyme disease and comparison with testing 
for HIV

In this study, Bayes’ theorem was used to determine the probability of a patient having Lyme 
disease (LD), given a positive test result obtained using commercial test kits in clinically diagnosed 
patients. In addition, an algorithm was developed to extend the theorem to the two-tier test 
methodology. Using a disease prevalence of 5%–75% in samples sent for testing by clinicians, 
evaluated with a C6 peptide enzyme-linked immunosorbent assay (ELISA), the probability of 
infection given a positive test ranged from 26.4% when the disease was present in 5% of referrals to 
95.3% when disease was present in 75%. When applied in the case of a C6 ELISA followed by a 
Western blot, the algorithm developed for the two-tier test demonstrated an improvement with the 
probability of disease given a positive test ranging between 67.2% and 96.6%. Using an algorithm to 
determine false-positive results, the C6 ELISA generated 73.6% false positives with 5% prevalence 
and 4.7% false positives with 75% prevalence. Corresponding data for a group of test kits used to 
diagnose HIV generated false-positive rates from 5.4% down to 0.1% indicating that the LD tests 
produce up to 46 times more false positives. False-negative test results can also influence patient 
treatment and outcomes. The probability of a false-negative test for LD with a single test for 
early-stage disease was high at 66.8%, increasing to 74.9% for two-tier testing. With the 
least sensitive HIV test used in the two-stage test, the false-negative rate was 1.3%, indicating that 
the LD test generates ~60 times as many false-negative results. 
For late-stage LD, the two-tier test generated 16.7% false negatives compared with 
0.095% false negatives generated by a two-step HIV test, which is over a 170-fold 
difference. Using clinically representative LD test sensitivities, the two-tier test generated 
over 500 times more false-negative results than two-stage HIV testing.

Michael J Cook,Basant K PuriInt J Gen Med. 2017; 10: 113–123.
Published online 2017 Apr 10. doi: 10.2147/IJGM.S131909
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Round bodies (pleomorphic forms) and biofilm-like 
colonies of Borrelia burgdorferi in vitro: Antibodies?

…pleomorphic B. burgdorferi should be taken into
consideration as being clinically relevant and
influence the development of novel diagnostics and
treatment protocols…
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
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Antibodies by Tickplex Basic incl. round bodies
www.tezted.com
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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
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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
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Elispot LTT: Methodology (I)
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Elispot LTT: Methodology (II)
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Example Borrelia EliSpot laboratory test report
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Borrelia antigens in the Borrelia EliSpot

 Borrelia burgdorferi full antigen: Borrelia burgdorferi
B31-reference strain (Borrelia burgdorferi sensu stricto)

 Borrelia burgorferi peptide mix: OspA from Borrelia b. 
sensu stricto, Borrelia afzelii, Borrelia garinii + OspC
native + DbpA recombinant

 Borrelia burgdorferi LFA-1 (Lymphocyte Function
Antigen 1): Own body protein + Borrelia burgdorferi
sensu stricto (shared epitope). Often associated with
autoimmune diseases: collagenosis, Rheumatoid 
Arthritis, vasculitis (ANA, CCP antibodies, ANCA)

Explanation: Native = cultured antigens; Recombinant: produced using genetic technology
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ELISA vs. EliSpot in Lyme stage I

100%

75%

45%

EliSpot ELISA 
(IgM/IgG)

ECM pos. cases 
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Months after start of antibiotic therapy
3 6 9 12

EliSpot during antibiotics: "Staging" process 

Antibody titer

T-cells

VP13



Folie 14

VP13 dont you want to align format of legends between 98 and 99? 
Vanessa Priss; 03.03.2017
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3 6 9 12

EliSpot during antibiotics: 
“Staging” process of activity

Unsuccessful 
therapy

Successful therapy

Months after start of antibiotic therapy
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Borrelia Elispot (IGRA: Interferon-Gamma-Release Assay)

… The ELISPOT assay showed … a specificity of 82 % in 
Neuroborreliosis...

Nordberg et al.: Can ELISPOT be applied to a clinical setting as  a diagnostic utility for 

Neuroborreliosis?, Cells 2012, I, 153-167

… Borrelia antibody positive asymptomatic children (n=20), children 
with previous clinical LB (n=24), and controls (n=20). Blood 
samples were analyzed for Borrelia-specific interferon-gamma…by 
ELISPOT…We found no significant differences in cytokine secretion 
between groups… 

Skogman et al.: Adaptive and Innate Immune Responsiveness to Borrelia burgdorferi sensu lato

in Exposed  Asymptomatic Children and Children with Previous Clinical Lyme Borreliosis, 

Clincal and Development Immunology, Vol. 2012, Article ID 294587, 10 pages



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

ELISPOT: New T-Cell Test a "Game Changer" for Lyme 
Disease

… The sensitivity of the ELISPOT is estimated at 84%, and the specificity 
is 94%...

… ELISPOT assays provide robust, highly reproducible data… 

… ELISPOT can be retested to gain additional information in follow-up 
assays…

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

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

94 %          Specificity of Borrelia-Elispot

84 %          Sensitivity of Borrelia Elispot
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Comparing Lyme Testing 
Key terms:  
ELISA – Enzyme Linked Immuno Sorbent Assay 
Specificity - True negative rate 
Sensitivity - True positive rate 
 
 

Borrelia 
Testing 
Method 

Summary Testing 
accuracy 

Clinical 
application 

 

ELISA IgG / 
IgM 

Tests B-cell 
imunmune 
response 
against Borrelia 

Poor sensitivity 
Poor specificity 

Screening for 
Borrelia 
antibodies 

 

ELISA C6 Tests part of B-
cell immune 
response 
against Borrelia 

Poor sensitivity 
Poor specificity 

Alternative 
partly screening 
for Borrelia 
antibodies 

 

IgG/IgM 
Seraspot  

Tests B-cell 
immune 
response 
(modern 
Westernblot) 

Poor sensitivity 
High specificity 

Confirmation 
test for Borrelia 
antibodies 
(modern 
Westernblot) 

 

Tickplex Basic Tests B-cell 
immune 
response 
including 
“roundbodies” 

High 
sensitivity 
High 
specificity 

Screening for 
Borrelia 
antibodies 
including 
“roundbodies” 

 
Recommended 

Western blot Tests B-cell 
immune 
response 

Poor sensitivity 
High specificity 

Confirmation 
test for Borrelia 
antibodies 

 

PCR Assesses 
presence of 
DNA of Borrelia 
in blood 

Poor sensitivity 
High specificity 

Reflects current 
presence of 
Borrelia 

 

Elispot Tests T-cell 
activity against 
Borrelia 

High 
sensitivity 
High 
specificity 

Reflects current 
activity last 6-8 
weeks 

 
Recommended 

Borrelia 
culture 

Asseses 
presence of 
Borrelia in 
blood 

Poor sensitivity 
High specifictiy 

Reflects current 
presence of 
Borrelia  
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EliSpot is available for:

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

 Borrelia myamotoi
 Bartonella
 Babesia
 Chlamydia pneumoniae
 Chlamydia trachomatis
 Mycoplasma pneumoniae
 Ehrlichia/Anaplasma
 Yersinia enterocolitica
 Epstein Barr Virus (EBV)
 Cytomegalovirus (CMV)
 Herpes Simplex Virus 1 / 2
 Varicella Zoster Virus (VZV)
 HHV-6, HHV-7

Also:
Candida
Aspergillus niger

Brand-New available:

Corona Virus EliSpot
current infection?
cellular immunity?



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

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
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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
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