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What are stealth pathogens?

► Expert at hiding from the immune system
► Disable/interfere with the cytokine system (immune system’s

chemical messengers)
► Chronic infection associated with chronic immune dysfunction
► Symptoms often vague and non-specific: extremely difficult 

to diagnose
► Highly sophisticated persistence mechanisms: state of

“reversible quiescence” 
► Can alter their genotype in response to changes in their

environment
► Preferred location mostly intracellular; frequently try to shift 

the host’s immune response from Th1 (intracellular) towards 
Th2 (extracellular) to distract attention from their location

► Initiate processes to stop infected cells from dying, so their

habitat is kept alive
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Stealth pathogen symbiosis

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

The emergence of the Lyme group of 
pathogenic microbes is deeply related to 
ecosystem disruption. Stealth microbes 
are a stronger force together than when 
alone. In other words, Mycoplasma (for 
example) may not be a problem unless other 
stealth microbes are present. 

And no mistake: these stealth pathogens are 
highly intelligent. 
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Multiple stealth pathogens associated with Lyme 
Disease

► Mycoplasma

► Bartonella

► Babesia

► Ehrlichia/Anaplasma

► Chlamydia pneumoniae

► Yersinia

► Coxsackie viruses (B1, A7, A16)

… & many others. The archetypal stealth pathogen 
is Borrelia itself, in all its forms
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Agenda for today′s presentation

► Deep-dive into a few stealth pathogens commonly 

associated with Lyme Disease

● Mycoplasma

● Bartonella

● Babesia

● Ehrlichia/Anaplasma

● Yersinia

► How to test for active infection, even if chronic
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Mycoplasma: 

Source: Nicolson GL et al. Chronic Fatigue Syndrome Patients Subsequently Diagnosed with Lyme Disease Borrelia burgdorferi: Evidence 
for Mycoplasma Species Coinfections. Journal of Chronic Fatigue Syndrome, Volume 14, 2007 - Issue 4

Mycoplasmas are the stealthiest of all stealth microbes. They are the 
smallest free-living organisms on the planet (150 – 250 nm), and 
lack a cell wall. No. 1 coinfection in Lyme patients – ~ 70%. As far 
back as 2002, Professor Nicolson found that 70% of a 
cohort of ME patients were 
infected with at least one 
strain of Mycoplasma.
They generally prefer low-
oxygen environments, and 
stimulate reactive oxygen
species (ROS), which cause 
damage to cell membranes –
membrane potential is lost.

Mycoplasma on the surface of a fibroblast
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Vectors/nutrition

Source: Razin S et al. Molecular Biology and Pathogenicity of Mycoplasmas. Microbiol Mol Biol Rev. 1998 Dec; 62(4): 1094–1156; Yang J et al. Regulation of 
Proinflammatory Cytokines in Human Lung Epithelial Cells Infected with Mycoplasma pneumoniae. Infect Immun. 2002 Jul; 70(7): 3649–3655

Spread by biting insects (ticks, mosquitoes, fleas, biting 
flies), contaminated food, and human to human via 
airborne droplets.

Mycoplasma have lost almost all the genes required for 
making nucleotides, amino acids, etc., so they scavenge 
everything they need for survival from their host 
(vitamins, minerals, fats, carbohydrates, and amino acids). 

To gain access to needed resources, mycoplasma 
generate inflammation by manipulating the signalling 
mechanisms of the immune system (cytokines). 
Inflammation breaks down tissues and allows the bacteria 
to gain access to the host’s resources. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC98941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC128054/
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Drawn to ciliated structures

Source: Ciliary and Flagellar Membranes. Bloodwood, E (Ed.), 1990, Springer; Prince OA et al. 
In Vitro Spatial and Temporal Analysis of Mycoplasma pneumoniae Colonization of Human Airway 
Epithelium. Infect Immun. 2014 Feb; 82(2): 579–586

Most mycoplasma have a huge affinity for mucous membranes 
and ciliated cells/cellular structures. Various mucous membrane 
systems associated with ciliary structures:
1) Small intestine
2) Entire respiratory system
3) Vagina, fallopian tubes and uterus
4) Vesicles of the brain that

circulate cerebrospinal fluid, 
cilia of the eyes’ photoreceptors

5) Synovial tissues in the joints
… etc. 

Most mycoplasmal symptoms come 
from infection and damage of cilia. Mycoplasma use 
inflammation to make epithelial and endothelial 
structures more porous, penetrating to deeper 
cilia, giving access even to the mitochondria.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3911394/
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Mycoplasma: symptoms

Neurological: Myelitis, Guillain-Barré syndrome, encephalitis, 
meningitis, polyradiculopathy, peripheral facial paresis optical 
neuritis, hemorrhagic leukoencephalitis, peripheral polyneuropathy, 
cranial nerve neuritis, radiculitis

Source: Berghoff W. Chronic Lyme Disease and Co-infections: Differential Diagnosis. Open Neurol J. 2012; 6: 158–178. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/table/T3/; Kashyap S, Sarkar, M. Mycoplasma pneumonia: Clinical features and management. 
Lung India. 2010 Apr-Jun; 27(2): 75–85. 

Pulmonary: Pneumonia, bronchitis, pharyngitis, rhinitis, 
earaches, sinusitis
Gastrointestinal: Hepatitis, pancreatitis
Rheumatic: Arthritis, arthralgias, myalgias, polyarthritis
Kidneys: Glomerulonephritis
Ocular: Uveitis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/table/T3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2893430/
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Mycoplasma and autoimmunity

 

Source: Nicolson, G. Rheumatoid Arthritis, Multiple Sclerosis, Lupus, Inflammatory Bowel Diseases, Scleroderma and other Autoimmune and Degenerative 
Diseases, http://www.immed.org/illness/autoimmune_illness_research.html; A M Ercolini and S D Miller. The role of infections in autoimmune disease. Clin

Exp Immunol. 2009 Jan; 155(1): 1–15; http://www.immed.org/illness/fatigue_illness_research.html

As Mycoplasma
replicate within cells 
and are eventually 
released, they 
capture antigens
from the surface of
the host cell and 
incorporate these 
antigens into their
own membranes. 
This makes it almost
impossible for the 
body to tell the
difference between 
human and microbe.
As a result, the
immune system may 
create autoimmunity 
against them and
attack “self” tissue.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ercolini%20AM%5bAuthor%5d&cauthor=true&cauthor_uid=19076824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ercolini%20AM%5bAuthor%5d&cauthor=true&cauthor_uid=19076824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20SD%5bAuthor%5d&cauthor=true&cauthor_uid=19076824
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665673/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2665673/
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Laboratory tests for Mycoplasma pneumoniae

Mycoplasma pneumoniae IgA because of its presence on 
mucosal membranes (the cilia!)

Mycoplasma pneumoniae IgG antibodies 
(half-life of local IgA antibodies: 2 weeks)

Mycoplasma pneumoniae EliSpot

Mycoplasma pneumoniae PCR or bacterial culture in 
blood/sputum/secretion

NEW
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Babesia: a parasite that targets host erythrocytes 

Source: Lynne Garcia LSG and Associates; https://www.cdc.gov/dpdx/babesiosis/index.html; http://www.sciencedirect.com/science/article/pii/S2213224412000077 

Babesia parasites infect 
red blood cells, forming a 
“Maltese Cross”: 
babesiosis can cause 
haemolytic anaemia (from 
the destruction of red 
blood cells)

https://www.cdc.gov/dpdx/babesiosis/index.html
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“Lyme′s Cruel Cousin”

Source: Schaller, James, “The Diagnosis and Treatment of Babesia”, 2006, Hope Academic Press; Vannier E. et al. Human Babesiosis.
Infect Dis Clin North Am. 2008 Sep; 22(3): 469–ix.

Immediately enters the erythrocytes, similar to 
malaria. Is slow growing and occurs in low 
concentrations in the body, so is harder to 
eradicate than malaria. Can be a silent infection 
– may persist for many years.
Most common strains are microti, divergin and 
duncanci (WA-1).

Forms erythrocyte clusters (= increases clotting) 
as a source of food, and for protection from the 
immune system. Enlarged red blood cells, 
swollen with organisms, can impede passage 
through capillaries; can result in spontaneous 
rupture of small blood vessels, causing 
bruising/ petechiae (small red spots on the 
skin); intravascular coagulation can greatly 
slow/reduce transcutaneous oxygen 
penetration 

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18755385
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18755385
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18755385
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18755385
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18755385
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Babesia: Symptoms

Source: Vannier E. et al. Human Babesiosis. Infect Dis Clin North Am. 2008 Sep; 22(3): 469–ix.; Akel T, Mobarakai, N. Hematologic manifestations of 
babesiosis. Annals of Clinical Microbiology and Antimicrobials201716:6

Commonly associated with severe Babesia:
• High fever (105° F)

• Severe fatigue and malaise
• Shaking chills
• Recurrent severe drenching sweats, esp. at night
• Severe headache
• Muscle aches (myalgia)
• Joint pain (arthralgia)
• GI: nausea, abdominal pain, diarrhea
• Decreased blood pressure
• Jaundice (probably due to lysis of red blood cells)
• Bruising
• Petechiae
• Decreased cognition (from intravascular coagulation)
• Dark urine
• Pulmonary oedema
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Babesia: Signs/abnormal labs

Source: Rosenblatt JE et al. Laboratory Diagnosis of Infections Due to Blood and Tissue Parasites. Clinical Infectious Diseases, Volume 49, Issue 7, 1 October 
2009, Pages 1103–1108

Thrombocytopenia (decreased platelets)
• Enlarged spleen and liver
• Anaemia (low haemoglobin)
• Evidence of haemolysis (destruction of red
blood cells)

• Elevated liver function
• Mild neutropenia/leukopenia (decreased
white blood cells)

• Low or unstable blood pressure
• Organ malfunction (heart attack, stroke,
respiratory distress, kidney failure)   
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Immune system manipulation

Source: Jeong Y et al. Induction of IL-10-Producing CD1dhighCD5+ Regulatory B Cells following Babesia microti-Infection. 
https://doi.org/10.1371/journal.pone.0046553; Dede S et al. Oxidation Products of Nitric Oxide and the Concentrations of Antioxidant Vitamins
in Parasitized Goats. ACTA VET. BRNO 2002, 71: 341–345; Stich RW et al. Stimulation of nitric oxide production in macrophages by Babesia bovis. Infect 
Immun. 1998 Sep;66(9):4130-6.

Like other stealth microbes, Babesia manipulates 
cytokines (chemical messengers) of the immune system 
to its own benefit. 

At initial infection, Babesia immediately stimulates 
IL-10. This has the effect of downregulating all of the Th1 
cytokines, reducing l-arginine (Babesia creates a state of 
l-arginine depletion), therefore inhibiting nitric oxide (NO) 
production. IFN-gamma also stimulates NO 
production. Decreasing NO is one of the major actions 
of the organism in the body.

https://doi.org/10.1371/journal.pone.0046553
https://www.ncbi.nlm.nih.gov/pubmed/9712758
https://www.ncbi.nlm.nih.gov/pubmed/9712758
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Laboratory tests for Babesia

Babesia microti IgG/IgM antibodies

Babesia microti EliSpot

Babesia DNA PCR or FISH in blood (EDTA blood)

Blood smear

Less commonly:

◼ Haemolytic anaemia (erythrocytes, haptoglobin)

◼ Thrombocytopenia

◼ Leucocytopenia

◼ Elevated liver enzymes (ALT, AST, GGT)

◼ Elevated creatinine, urea

◼ Haemoglobinuria

NEW
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Bartonella: A gram-negative stealth bacterium 

“Bartonella is one of the most serious infections 
in the world … a profoundly dangerous stealth 
infection … and unknown to 99.9% of the world’s 
clinical and academic health care workers”
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Bartonella: action on endothelial tissue 

Source: Dehio C. Bartonella interactions with endothelial cells and erythrocytes. Trends Microbiol. 2001 Jun;9(6):279-85. Kempf VA. Evidence of 
a leading role for VEGF in Bartonella henselae-induced endothelial cell proliferations. Cell Microbiol. 2001 Sep;3(9):623-32

As soon as the bacteria enter the bloodstream, they immediately colonise 
4 sites: the red blood cells, the spleen, the liver, and the bone marrow. 
From the bone marrow, it enters CD34+ cells generated there which are 
the progenitors of endothelial and red blood cells. 

Bartonella live primarily inside the lining of the blood vessels: endothelial 
cells, and its prime aim is to scavenge nutrients from blood cells. The 
CD34+ cells immediately take the Bartonella to locations throughout the 
body where endothelial inflammation is already occurring. This means of 
course that it tends to go to areas that are already weak. The bacteria 
use epidermal growth factor (VEGF) to cause endothelial overgrowth in 
order to make the largest possible area for themselves. But 
hyperprofusion of endothelial tissue can lead to narrowing of the arteries, 
similar to in atherosclerosis – it can even block blood vessels.

https://www.ncbi.nlm.nih.gov/pubmed/11390243
https://www.ncbi.nlm.nih.gov/pubmed/11553014
https://www.ncbi.nlm.nih.gov/pubmed/11553014
https://www.ncbi.nlm.nih.gov/pubmed/11553014
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Bartonella: Etiology of the symptoms

Source: Buhner, SH. Healing Lyme Disease Coinfections: Complementary and Holistic Treatments for Bartonella and Mycoplasma. Healing Arts Press; 
McCord AM et al. Autocrine Role for Interleukin-8 in Bartonella henselae-Induced Angiogenesis. Infect Immun. 2006 Sep; 74(9): 5185–5190

Where the endothelial growth occurs in the body is where 
symptoms occur. In the eye: ocular bartonellosis. Kidneys: renal 
bartonellosis. Heart: cardiac bartonellosis. It also uses IL-8 to 
decrease circulating neutrophils, causing neutropenia. This gives 
the bacteria time to enter into specific cells and hide from the 
immune system. The IL-8 also causes a clumping together of 
infected cells. 

What they want specifically from the red blood cells is their heme –
they cause oxidisation of the haemoglobin in the red blood cells to 
methemoglobin. While this feeds the Bartonella the heme and iron 
they so crave, for the host, this can cause severe symptoms 
because methemoglobin cannot bind oxygen, unlike haemoglobin. 
So you can imagine the repercussions: air hunger, headache, 
fatigue, anxiety, dizziness, palpitations, arrhythmias and seizures. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1594831/
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Bartonella: Manifestations

Source: Berghoff W. Chronic Lyme Disease and Co-infections: Differential Diagnosis. Open Neurol J. 2012; 6: 158–178. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/table/T3/; Buhner, SH. Healing Lyme Disease Coinfections: Complementary and Holistic Treatments 
for Bartonella and Mycoplasma. Healing Arts Press

Lymph: Frequently the cardinal symptom – enlargement, 
tenderness, leukocytosis, fever
Ocular: Redness, blurred vision, retinitis, uveitis, optic neuritis, etc.
Ear: Otitis media, vertigo, labyrinthitis
Neurological issues: Headaches, encephalopathy, seizures, facial 
nerve paralysis, neuralgia, panic attacks, muscle spasms, 
unexplained rage, multiple other symptoms
Hepatosplenic issues: Hepatosplenomegaly, 
abscesses/granulomas in liver/spleen, gallbladder may be involved
Renal issues: Glomerulonephritis, microabscesses, urogenital pain, 
proteinuria, dark urine
Orthopaedic: Bone infection: pain, osteomyelitis, arthritis. Knee, 
wrist, elbow, ankle, bunion; spine and pelvic girdle. Myalgia, 
tendonitis.
Skin: Rashes, striae, non-healing ulceration, purpuras, vasculitis

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/table/T3/
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Bartonella: Striae

Source: Identification of Novel Zoonotic Activity of Bartonella spp., France. Emerging Infectious Disease Journal – CDC. Volume 22, Number 3 –March 2016.
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Bartonella: Vectors

Source: https://www.cdc.gov/bartonella/transmission/index.html; Billeter SA et al. Vector transmission of Bartonella species with emphasis on the potential 
for tick transmission. Med Vet Entomol. 2008 Mar;22(1):1-15.

Transmitted by any biting insects such as fleas, Ixodes
ricinus ticks (Germany/Europe: up to 40% of ticks are 
contaminated), mosquitoes, sandflies, lice, chiggers, 
biting flies, scabies, mites, and even louse-eating spiders), 
but can also be transmitted by contaminated bites 
(of animals), scratch (cat scratch), and ingestion.

Beyond cats, B. henselae is also carried by dogs and other 
mammals including humans.

B. quintana, spread by body lice, B. quintana has also 
been found in cats, dogs, monkeys, gerbils, rats, and can 
also be transmitting by other insect vectors. 

https://www.cdc.gov/bartonella/transmission/index.html
https://www.cdc.gov/bartonella/transmission/index.html
https://www.ncbi.nlm.nih.gov/pubmed/18380649
https://www.ncbi.nlm.nih.gov/pubmed/18380649
https://www.ncbi.nlm.nih.gov/pubmed/18380649
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Laboratory tests Bartonella

Bartonella henselae IgG/IgM antibodies

Bartonella quintana IgG/IgM antibodies

Bartonella henselae EliSpot

Bartonella PCR in blood (EDTA)

Histology: PCR on biopsies (striae/haemangioma/lymphadenitis)

Elevated vascular endothelial growth factor (VEGF): seldom 
increased, but if it is, it can be used as an activity marker for 
monitoring

NEW
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Ehrlichia/Anaplasma: rod shaped bacteria that live 
inside white blood cells

Source: https://en.wikipedia.org/wiki/Ehrlichia_chaffeensis; 

Small intracellular 
gram-negative 
bacteria that cannot 
exist outside 
host cells. 

Ehrlichia prefers 
mononuclear 
phagocytes, while 
Anaplasma prefers 
neutrophils

https://en.wikipedia.org/wiki/Ehrlichia_chaffeensis
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Ehrlichia: spread/symptoms 

Most commonly infects monocytes and macrophages.
The bacteria increase granulocytes in the spleen tenfold –
this swells the spleen. The natural killer cells are 
disproportionally distributed to the liver where they produce 
inflammation, so the liver enzymes AST are elevated in 
90% of cases/ALT in 84%. Cholestasis is quite common, 
sometimes with bile duct injury.

Vectors: Ticks, possibly fleas (cats/dogs)

Symptoms: (incubation time: days up to 4 weeks): rapid 
onset of beginning illness with fever, headache and 
prostration, headaches are "sharp, knife-like and often 
located behind the eyes", muscle pain, not joint pain, 
neurological symptoms, psychiatric symptoms, rarely: 
diffuse vasculitic rash, including palms and soles (<10%)
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Anaplasma: spread/symptoms 

Most commonly infects neutrophils.
Most commonly affected organs/tissues: bone marrow, 
erythrocytes, liver, spleen, lymph system, lungs 
Men more commonly affected than women (2:1).
Markers: Leukopenia (72%), thrombocytopenia (73%), 
raised AST/ALT, anaemia (55%)

Symptoms: Similar to Ehrlichia, but central nervous 
system involvement less common than with HME

Vectors: Ticks (Ixodes, Dermacentor, Rhipicephalus, 
Haemaphysalis Amblyomma), person to person 
transmission, through respiratory secretions (& through 
blood transfusion/bone marrow transfer)

Source: Buhner, SH. Healing Lyme Disease Coinfections: Complementary and Holistic Treatments for Bartonella and Mycoplasma. Healing Arts Press



28
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

Diagnosis of Ehrlichia/ Anaplasma

Ehrlichia/Anaplasma Elispot-LTT

Ehrlichia/Anaplasma DNA-PCR in blood (EDTA blood): direct 
detection

Bacteria detection in Giemsa blood smear

Ehrlichia-IgM and Ehrlichia-IgG antibodies

Leucopenia / Thrombocytopenia / Anaemia

Elevated liver enzymes
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Yersinia enteropathica 

Yersinia is an enteropathic bacterium. It penetrates the intestinal 
wall and the mesenteric lymph nodes. Several ectoparasites 
including ticks have been found to be infected with Yersinia – the 
most common vectors are rodents and fleas.
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Yersinia: Destruction of Peyer‘s 
Patches

Source: Autenrieth IB1, Firsching R. Penetration of M cells and destruction of Peyer’s patches by Yersinia 
enterocolitica: an ultrastructural and histological study. J Med Microbiol. 1996 Apr;44(4):285-94

The follicle-
associated 
epithelium (FAE) 
is the primary site 
of host-pathogen 
interaction. …  At 
day 7 after 
infection, the 
cytoarchitecture 
of the
infected PP was 
almost completely 
destroyed and
yersinia-induced 
abscesses often 
replaced the 
lymphoid
follicles entirely

https://www.ncbi.nlm.nih.gov/pubmed/?term=Autenrieth%20IB%5bAuthor%5d&cauthor=true&cauthor_uid=8606357
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autenrieth%20IB%5bAuthor%5d&cauthor=true&cauthor_uid=8606357
https://www.ncbi.nlm.nih.gov/pubmed/?term=Firsching%20R%5bAuthor%5d&cauthor=true&cauthor_uid=8606357
https://www.ncbi.nlm.nih.gov/pubmed/8606357
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Yersinia pestis – e.g. Madagascar

Since August 2017, Madagascar is experiencing a large outbreak of plague 
affecting major cities and other non-endemic areas. 
From 1 August through 30 October 2017, a total of 1801 confirmed, 
probable and suspected cases of plague, including 127 deaths, have been 
reported by the Ministry of Health of Madagascar to WHO. …

Distribution of the plague, caused 
by the bacterium Yersinia pestis,
in 2016
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Symptoms of Yersinia

Source: Berghoff W. Chronic Lyme Disease and Co-infections: Differential Diagnosis. Open Neurol J. 2012; 6: 158–178

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3565243/
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Diagnosis of Yersinia

Yersinia Elispot-LTT

Ehrlichia/Anaplasma-DNA-PCR in blood (EDTA blood): direct 
detection

Yersinia IgM and IgG antibodies
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The Elispot 

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

The benefits of enzyme-linked 
Immunospot (Elispot) testing
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Evidence-based literature on false seronegativity

False seronegativity is a
significant issue with antibody 
testing (humoral/adaptive 
immune system)
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Sarcoidosis: 

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

103 articles in this 
collection alone
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Sarcoidosis: 

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

Using T-cells to show a cellular response against antigens 
is very 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 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

Source: 1 Sedegah M. The Ex Vivo IFN-γ Enzyme-Linked Immunospot (ELISpot) Assay Methods Mol Biol. 2015;1325:197-205

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
https://www.ncbi.nlm.nih.gov/pubmed/26450390
https://www.ncbi.nlm.nih.gov/pubmed/26450390
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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 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

94 % Specificity of Borrelia Elispot-LTT

84 %          Sensitivity of Borrelia Elispot-LTT
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ELISpot assay

Fig. 1. The standard ELISPOT 
is used to measure antigen-
specific effector T cells. The 
membrane's plate is coated 
with an antibody (Ab) speci-
fic for the cytokine of interest 
(capture Ab). Peripheral 
blood mononuclear cells 
(PBMCs) are added and 
incubated overnight. The 
cytokine released by the cells 
binds to the capture Ab. After 
washing, an anti-cytokine 
biotinylated detection Ab is 
added followed by 
streptavidin conjugated with 
an enzyme. Finally, an 
enzyme substrate is added to 
produce coloured spots.
Source: Calarota SA. Enumeration and characterization of human memory T cells by enzyme-linked immunospot assays. 
Clin Dev Immunol. 2013;2013:637649

Spots are counted 
using an auto-
mated ELISPOT 
reader

PBMCs

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/24319467
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Technique: further details

Source: 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. https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8

“The enzyme-linked immunosorbent spot (ELISpot) assay is 
commonly used for the identification and enumeration of cytokine-
producing cells with exquisite sensitivity at the single-cell level.

ELISpot is a highly sensitive method in immunology to enumerate 
cells producing a given cytokine. Cells are stimulated in a microtiter 
plate pre-coated with a specific anti-analyte antibody. In response to 
the stimulation, T cells specifically release IFNγ, that are bound to 
the anti-analyte antibody. After a washing step, which removes the 
cells from the wells, the location of the cytokine-releasing cell is 
visualized by an enzyme-labeled detection antibody and its 
corresponding chromogenic substrate. The end result is a set of 
coloured spots, each of which represents an area where a cell 
secreting IFNγ had been located.”

https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
https://link.springer.com/protocol/10.1007/978-1-4939-2742-5_8
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References on the Elispot: examples
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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
https://www.ncbi.nlm.nih.gov/pubmed/26450390
https://www.ncbi.nlm.nih.gov/pubmed/26450390
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Elispot references (contd.)
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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/24319467
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Currently the EliSpot is available for:

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

 Borrelia myamotoi

 Ehrlichia/Anaplasma

 Bartonella henselae EliSpot 

 Babesia microti EliSpot

 Chlamydia pneumoniae

 Chlamydia trachomatis

 Mycoplasma pneumoniae

 Yersinia species

 Epstein Barr Virus (EBV)

 Cytomegalovirus (CMV)

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

 Varicella Zoster Virus (VZV)

NEW

NEW

NEW

NEW
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Armin Schwarzbach Ph.D.  

Medical Doctor and                  

Specialist for laboratory medicine                

Thank you very much for your attention !
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