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Origins and prevalence

Symptoms

Testing
Two - tier testing system
EliSpot (LTT - Interferon Gamma Release Assay)
Other tests for Borrelia
Coinfections

CD3/CD57 assay

How to decide what to test for

Ä Checklists

Ä Tailored testing protocols
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A bacterium uniquely able to burrow its way through 
tissue

Spiral -shaped bacteria able to 
penetrate the tissue of other organisms 
by boring their way through like a 
corkscrew. Motility due to their strong 
flagella. Avg. 20 -30 µm in length and 
0.2 -0.5 µm in width. 
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Borrelia: Millions of years old...

"Zinkôs team found almost 
two - thirds of the genome of 
Borrelia burgdorferi , a 
bacterium that causes Lyme 
disease.ò 

... and in 5,300 
year - old 
"Iceman" Ötzi/
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Source: https://www.scoop.it/topic/amazing-science/p/4032773469/2014/12/01/design-and-development-of-a-novel-vaccine-for-protection-
against-lyme-disease-borreliosis

The microscopic bacteria settle in the mid gut of a tick
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Lyme Disease: How is it transmitted?

Lyme Disease is caused by the  pathogen transmitted (primarily) 

by infected ticks, when they bite and feed from a host.

~900 species exist. 1 Larvae, nymphs, and adults are 
highly skilled at detecting carbon dioxide, host odours, 
vibrations, and warm, moist air currents. Nymphs are 
tiny, but they can be more virulent than adult ticks

Source: 1. https://www.msd-animal-health.ie/species/dogs/ticks/

https://www.msd-animal-health.ie/species/dogs/ticks/
https://www.msd-animal-health.ie/species/dogs/ticks/
https://www.msd-animal-health.ie/species/dogs/ticks/
https://www.msd-animal-health.ie/species/dogs/ticks/
https://www.msd-animal-health.ie/species/dogs/ticks/
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The infectious agent is a bacterium: "Borrelia"

https://medlineplus.gov/ency/article/001319.htm

Ä Development:

      Larvae Ą Nymph Ą 

Adult

Ä Each stage of 
development needs 
one blood feed

Ä Ticks can survive 
~ 9 years

Ä 1 female tick has 
around 9,000 
progeny

https://medlineplus.gov/ency/article/001319.htm
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Many natural reservoirs of ticks and Borrelia

Ä Mice , rats
Ä Birds          
Ä Foxes
Ä Deer  
Ä Rabbits
Ä Hedgehogs
Ä Snakes

Domestic
animals:

Ä Dogs
Ä Cats
Ä Cows
Ä Goats
Ä Horses
Ä Guinea pigs
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Source: https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000050

Its flagellum needs vast amounts of energy for 
propulsion ï which it gets from its hostôs blood and 
metabolites

Huge need for ATP ïwhich it 
steals from its hosts, and 
particularly from mammals, in 
the form of purines (ATP)

https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3000050
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How the name "Lyme Disease" originated

1975: a cluster of children and adults in the Lyme, 
Connecticut area experienced uncommon arthritic 
symptoms. Murray and her family were plagued 
by a range of baffling and debilitating symptoms 
in the 1960s and early ó70s; the doctors they 
consulted were mostly unhelpful, uninterested. 
Armed with dozens of case histories of other sufferers, 
which she had been compiling to convince the state of 
Connecticut that something serious was happening in Lyme, 
she was finally able, in 1975, to interest a Yale researcher 
into studying what was by then called Lyme arthritis. 

In 1979, doctors at Yale identified the tick that transmits the 
disease

In 1982 the entomologist William Burgdorfer and colleagues 
isolated the infectious agent that causes Lyme Disease and now 
bears his name, Borrelia burgdorferi, in hundreds of Ixodes ticks 
that they analysed.
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Fastest - growing vector - borne disease in the UK, 
Europe and USA 1,2

Ä US: The Global Lyme Alliance says m ost recent estimates are of 
427,000 new cases of Lyme in the US every year, and that cases of 
Lyme continue to outpace other infectious diseases in the US by 
significant margins 3

Ä UK: Medlock et al (2018) in a major study published in the 
International Journal of Environmental Research and Public Health 
stated that ñLyme borreliosis is already a significant and growing public 
health concern for the UKò, with the records of Ixodes ricinus having 
more than doubled between 2010 and 2017. 4

Ä Recent draft guidelines from NICE (the UKôs National Institute for 
Health and Care Excellence ) state: ñInfected ticks are found 
throughout the UK and Ireland é particularly high- risk areas are the 
south of England and Scottish Highlands, but infection can occur in 
many areas ò5

Ä A 2017 study by scientists in Edinburgh affirms: "Lyme Borreliosis is é 
the most common zoonotic infection in Western Europe, approaching 
endemic proportions in many European countries.ñ6

Source: 1. https://www.ncbi.nlm.nih.gov/books/NBK52945/2. http://www.ticktalkireland.org/whatislyme.html3. https://globallymealliance.org/about-lyme/; 4. 
Assessment of the Public Health Threats Posed by Vector-Borne Disease in the United Kingdom (UK).https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6210260/pdf/
ijerph-15-02145.pdf; 5. https://www.nice.org.uk/guidance/indevelopment/gid-ng10007/documents; 6. https://www.eea.europa.eu/data-and-maps/figures/ 
european-distribution-of-borrelia-burgdorferi-1; 6.An estimate of Lyme borreliosis incidence in Western Europe https://www.ncbi.nlm.nih.gov/pubmed/26966194

https://www.nice.org.uk/
https://www.nice.org.uk/
https://www.theguardian.com/commentisfree/2017/aug/22/lyme-disease-matt-dawson-diagnose-doctors
https://www.theguardian.com/commentisfree/2017/aug/22/lyme-disease-matt-dawson-diagnose-doctors
https://www.ncbi.nlm.nih.gov/books/NBK52945/
http://www.ticktalkireland.org/whatislyme.html
https://globallymealliance.org/about-lyme/
https://globallymealliance.org/about-lyme/
https://globallymealliance.org/about-lyme/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6210260/pdf/ijerph-15-02145.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6210260/pdf/ijerph-15-02145.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6210260/pdf/ijerph-15-02145.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6210260/pdf/ijerph-15-02145.pdf
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European distribution of Ixodus ricinus ticks

Source: https://www.eea.europa.eu/data-and-maps/figures/european-distribution-of-borrelia-burgdorferi-1/map4.13_hh07_

borrelia_burgdorferi.eps/image_large

An official European 
Economic Union map 
of the European 
distribution of Ixodes 
ricinus ticks reveals 
them across almost 
the entire EEU 
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Borrelia: 15 million - year - old bacteria

Source: http://www.ticscotland.org.uk/incidence#:~:text=A%20study%
20in%202019%20concluded,to%202023%20cases%20per%20year.

Abundant especially in Scotland, in parks ...

Note: ñPositive serology 
among blood donors é 8.6% 
around Invernessò

ñThe abundance of ticks and the acaro -
logical risk, particularly at Richmond Park, 
highlight the need for appropriate commu -
nication of the associated risk to the general 
public frequenting these recreational areas.ò

http://www.ticscotland.org.uk/incidence#:~:text=A%20study%20in%202019%20concluded,to%202023%20cases%20per%20year.
http://www.ticscotland.org.uk/incidence#:~:text=A%20study%20in%202019%20concluded,to%202023%20cases%20per%20year.
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é in Ireland

International Association for Medical 
Assistance warns ñRisk of Lyme Disease is 
present throughout Irelandò

Prof. Jack Lambert , who set up 
Irelandôs first Lyme disease 
resource centre in Dublin in Nov. 
2018, believes the number of 
cases is being underestimated, 
as many are being misdiagnosed 
as other disorders.
ñItôs more common than weôre 
aware of. I think there may be 
thousands of cases of Lyme in 
Ireland,ò he says, adding that he 
sees about five new or chronic 
cases of the disease each week.

https://www.irishtimes.com/topics/topics-7.1213540?article=true&tag_person=Jack+Lambert
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Source: Lyme disease: Global Status: 2019 edition, Gideon Infomatics

ñOverall mean prevalence of infection among 
ticks in Europe 13.7% - 18.6% of adults and 
10.1% of nymphsò

Prevalence of infection high in Europe 
(Gideon 2019)
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Ä Global ecosystems: Intercontinental air travel, global shipping transport: 
new opportunities for invasive vectors and pathogens.

Ä Climate change: Expansion of the tick population as well as their habitat; 
more outdoor recreation when it is warmer, increasing the risk of infection.

Ä Suburbanisation, reforestation : Infected ticks introduced by migratory 
birds to gardens/urban areas, surviving and thriving far better than in the past.

Ä Pets: Dogs and cats are hosts; rising levels of pet ownership. In 2017, 44% of 
UK households had at least one pet, = 12 million households. ~24% of UK 
households owned at least one dog; UK cat population ~8 million 1

Ä Underreporting, but now broader awareness : Lyme not notifiable disease 
in UK = official figures far too low, but social media has broadened awareness

Ä Better testing: it is well recognised that a bullôs eye rash only occurs in 
around a third of those infected, traditional two - tier antibody testing misses at 
least 40% of cases. As testing methods improve, the number of cases 
identified rises 2

Ä Greater susceptibility due to EMFs etc.: Firm evidence of how the expon -
ential rise in EMFs as well as chemicals and heavy metals in our environment 
make us more liable to succumb to Lyme Disease, as well as other infections 3

Sources: 1. Dr.Jean Monro, Environmental medicine aspects of chronic ill health due to Lyme disease and co-infections, AONM Annual Conference, 17/11/2019, 
https://aonm.org/wp-content/uploads/2019/11/Monro.pdf; 2. Lyme Disease: Finding a Path Through the Labyrinth. https://aonm.org/wp-content/uploads/
2017/02/CAM-Mag-Feb-2017-.pdf; 3. EMFs: The potentiation of Borrelia and other pathogens,  https://aonm.org/wp-content/uploads/2019/11/AONM-Newsletter-
September-2019-1.pdf

Why the growing prevalence?
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Source: https://palyme.org/wp-content/uploads/2018/04/Lyme-Disease-Myth-vs-Fact.pdf

Can be transmitted by other arthropods, too
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https://palyme.org/wp-content/uploads/2018/04/Lyme-Disease-Myth-vs-Fact.pdf
https://palyme.org/wp-content/uploads/2018/04/Lyme-Disease-Myth-vs-Fact.pdf
https://palyme.org/wp-content/uploads/2018/04/Lyme-Disease-Myth-vs-Fact.pdf
https://palyme.org/wp-content/uploads/2018/04/Lyme-Disease-Myth-vs-Fact.pdf
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One sign of infection that sometimes occurs is a gradually 
expanding lesion called erythema migrans (ñEM rashò), 
which may appear 5 - 7 days after a tick bite (latest 7 -
10 weeks later). Only 30 - 40% of Lyme patients actually 
develop this rash (and only 30 - 40 % remember being 
bitten). 1

1. Dr.Armin Schwarzbach, Parliamentary Meeting on Lyme Disease at the Houses of Parliament, 19th January 2015, http://lymediseaseuk.com/wp-
content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf

EM rash ïbut only appears 30 - 40% of the time

http://lymediseaseuk.com/wp-content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf
http://lymediseaseuk.com/wp-content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf
http://lymediseaseuk.com/wp-content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf
http://lymediseaseuk.com/wp-content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf
http://lymediseaseuk.com/wp-content/uploads/2015/03/arminschwarzbachpresentationlondonarmin19thjan-2015.pdf


Sources:
1. Textbook of Clinical Neuropsychiatry and 
Behavioral Neuroscience, D. Moore and B. 
Puri , 2012. Hodder Arnold
2. https://www.nhsinform.scot/illnesses -and -
conditions/infections -and -poisoning/lyme -
disease

https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
https://www.nhsinform.scot/illnesses-and-conditions/infections-and-poisoning/lyme-disease
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Source:Bransfield RC. Neuropsychiatric Lyme Borreliosis: An Overview with 
ŀ CƻŎǳǎ ƻƴ ŀ {ǇŜŎƛŀƭǘȅ tǎȅŎƘƛŀǘǊƛǎǘΩǎ /ƭƛƴƛŎŀƭ tǊŀŎǘƛŎŜΦ IŜŀƭǘƘŎŀǊŜΦ нлмуΤсόоύΥмлпΦ ŘƻƛΥмлΦоофлκƘŜŀƭǘƘŎŀǊŜслолмлпΦ

ñLB causes immune and metabolic effects that result in a gradually 
developing spectrum of neuropsychiatric symptoms, usually 
presenting with significant comorbidity which may include 
developmental disorders, autism spectrum disorders, 
schizoaffective disorders, bipolar disorder, depression, 
anxiety disorders (panic disorder, social anxiety disorder, 
generalized anxiety disorder, posttraumatic stress disorder, 
intrusive symptoms), eating disorders, decreased libido, sleep 
disorders, addiction, opioid addiction, cognitive impairments, 
dementia, seizure disorders, suicide, violence, anhedonia, 
depersonalization, dissociative episodes, derealization and 
other impairments .ò

Lyme Borreliosis can underlie a vast number of 
neuropsychiatric disorders too é



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

Lyme Disease is a chameleon é

Ä CFS/ME

Ä Fibromyalgia

Ä Chronic EBV 

Ä Rheumatoid arthritis 

Ä Polymyalgia rheumatica 

Ä Polymyositis/dermatomy
ositis 

Ä Lupus

Ä Multiple Chemical 
Sensitivity 

Ä Bipolar disorder

Ä Schizoaffective disorder

Ä MS

Ä ALS (Amyotrophic lateral 
sclerosis 

Ä Alzheimer's disease 

Ä Parkinson's Disease 

Ä Thyroid disease 

Ä Addison's disease 

Ä Hyperparathyroidism

Ä ADHD 

Ä Autism

Ä Etc. é. ~300 diseases
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+ Babesia

+ Bartonella

+ Ehrlichia / Anaplasma

+ Chlamydia

+ Rickettsia/Coxiella

+ Mycoplasma

+ Viruses (EBV, CMV, HSV)

Borrelia 
burgdorferi

Worth remembering though that Lyme Disease rarely 
occurs alone .... Ticks are ñnatureós dirty needleñ
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Babesia haemangiomata
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Clinical presentation of Babesia

Ä Headaches 

Ä Night sweats 

Ä Fevers 

Ä Dry cough 

Ä Air hunger 

Ä Easy bruising 

Ä Tinnitus 

Ä Rage 

Ä Despair 

Ä Chills 

Ä Flushing 

Ä Sleep disturbance

Ä Vivid or violent dreams 

Ä

Ä Dysphagia 

Ä Psychic phenomena 

Ä Severe neurological 
illnesses 

Ä Thirst/Polydipsia 

Ä Fatigue 

Ä Rheumatoid arthritis 

Ä Nausea (severe) 

Ä Malaise 

Ä Anaemia, thrombocytosis, 
thrombocytopenia 

Ä Abdominal pain 
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Striae/stretch marks characteristic of Bartonella
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Clinical presentation of Bartonella

Ä Brain Fog 

Ä Fever 

Ä Headaches (ice pick) 

Ä Photophobia 

Ä Tachycardia 

Ä Bowel problems IBS>>>>IBD 

Ä Swollen glands 

Ä OCD behavior

Ä Anxiety 

Ä Endocarditis 

Ä Retinitis 

Ä Peripheral neuropathy 

Ä Psychiatric issues

Ä Plantar pain, costal 
margin pain 

Ä Rapid mood shifts

Ä Abdominal tenderness 

Ä Subcutaneous nodules 

Ä Anxiety 

Ä Swollen joints 

Ä Swollen lymph nodes 

Ä Purple non -blanching 
abdominal striae 

Ä
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Mycoplasma: vectors/nutrition

Source: RazinS et al. Molecular Biology and Pathogenicity of Mycoplasmas. Microbiol Mol Biol Rev. 1998 Dec; 62(4): 1094ς1156; Yang J et al. Regulation of 
Proinflammatory Cytokines in Human Lung Epithelial Cells Infected withMycoplasma pneumoniae. Infect Immun. 2002 Jul; 70(7): 3649ς3655

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 
hostôs resources. 

Drawn to ciliated structures: 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/PMC98941/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC128054/
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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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Symptom checklists can be helpful

Link to symptom lists 
for coinfections is on 
the webpage:

https://aonm.org/symptoms - list -of-
lyme -disease -and -co- infections/
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Agenda

Pitfalls of the traditional two - tier testing 
system for Lyme
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Traditional ñtwo-tierñ testing, developed by the CDC
and still used worldwide
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Specificity and sensitivity of Borrelia antibodies
by ELISA and Western Blot

Year    Author / Literature                                                                                  
                                                                                                     Specificity / Sensitivity
(1993) Schmitz et al. Eur  J Clin  Microbiol  Infect  Dis 12,419.424              100% / 66%
(1995) Engstrom  SM, Shoop  E et al. J Clin  Microbiol  33, 419 ï27.              96% / 55%
(1996) Ledue  TB, Collins MF, Craig WY J Clin  Microbiol  34, 2343 ï50.       100% / 44%
(1999) Trevejo  RT, Krause PJ et al. J Infect  Dis 179, 931 -8.                    100% / 29%
(2001) Nowakiwski  et al. Clin  Infect  Dis 33, 2023 -2027                            99% / 66%
(2003) Bacon RM, Biggerstaff  BJ et al. J Infect  Dis 187, 1187 -99.              99% / 67%
(2005) Coulter  P, Lema  C et al. J Clin  Microbiol . 43(10), 5080 ï5084.            -    / 25%
(2008) Steere  AC, McHugh  G et al. Clin  Infect  Dis 47,188 -95.                   99% / 18%
(2008) Binnicker  MJ, Jespersen DJ et al. J Clin  Microbiol  46, 2216 ï21.     100% / 49%
(2009) Klemann W, Huismans  BD.        
             Umwelt -Medizin -Gesellschaft; 22(2) 132 -138                                 -    / 60%
(2010) Schwarzbach A. ( unpublished )                                                     92% / 60% Blot
                                                                                                                             
                                                                                                             -    /32 -42% ELISA

Ä Average                                                                                    ~99% /  ~43%
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ñDetection 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.ò1

___________

___________

Source: 1 https://www.genscript.com/IgM-antibody.html

Example of a Borrelia IgG/IgM antibody test; 
the difficulties of serology

https://www.genscript.com/IgM-antibody.html
https://www.genscript.com/IgM-antibody.html
https://www.genscript.com/IgM-antibody.html
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Sarcoidosis: 

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

103 articles in this 
collection alone
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Agenda

EliSpot tests (LTT - Interferon Gamma Release 
Assay)
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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 techniqu e reflects the current T - cellular 
activity of bacteria and viruses

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

ñThe quantification of single cell interferon- gamma 
(IFN -Ȃ) release for assessing cellular immune 
responses using the Enzyme - linked immunospot
(ELISPOT) assay is an invaluable technique in 
immunology.ò1

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
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Lymphocytes are isolated

Y

YY Y

YY

Elispot well coated with 

monoclonal, cytokine -
specific antibodies  ( IFNy , 
IL10, etc.) 

Y

Y

Y
Y

+

Elispot LTT: Methodology (I)
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Elispot LTT: Methodology (II)

Y

Y

Y Y
Y

Y

Add Streptavidin -
enzyme conjugate

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Add substrate to develop colour

Y

Y

Analysis
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Example: Borrelia Elispot

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

¶Navarrete MA ELISpot and DC-ELISpot Assay to Measure Frequency of Antigen-Specific LCbʴ-Secreting 
Cells, in HnaskoR (Editor), Elisa Methods and Protocols 2015.
¶Navarrete MA, Bertinetti-LapatkiC, MichelfelderI et al (2013) Usage of standardized antigen-presenting 
cells improves ELISpot performance for complex protein antigens. J Immunol Methods 391:146ς153
¶CzerkinskyCC, 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 65:109ς121
¶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 ï460. 
¶Callister, Steven & Jobe, Dean & Stuparic -Stancic , Aleksandra & Miyamasu , Misato & Boyle, Jeff & 
Dattwyler , Raymond & Arnaboldi , Paul. (2016). Detection of IFN -Ȃ 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 , Ewoud & Gauw , Stefanie & Joosten, Leo & Kullberg, B. & Wijngaard , Cees & 
Hovius , J.. (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. 319:1441 1446
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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 ï519
¶Warncke M, Dodero A, Dierbach H et al (2006) Murine dendritic cells generated under serumfree
conditions have a mature phenotype and efficiently induce primary immune responses. J Immunol 
Methods 310:1 ï1
¶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 ï1501
¶Janetzki , S. & Britten, C.M. The impact of harmonization on ELISPOT assay 
performance. Methods Mol. Biol. 792 , 25 ï36 (2012)
¶Zhang, W. & Lehmann, P. Objective, user - independent ELISPOT data analysis based on 
scientifically validated principles. Methods Mol. Biol. 792 , 155 ï171 (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 ï138 
¶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 ï226
¶Sedegah M. The Ex Vivo IFN -Ȃ 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 ï73

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
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Round bodies  ( pleomorphic  forms ) and biofilm - like 
colonies  of  Borrelia  burgdorferi  in vitro: Antibodies ?

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

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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Tickplex : Highly sensitive multiplex methodology ï
only test in the world that can identify ñround bodiesò
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More sensitive ñWestern Blotñ equivalent available ï 
can also request Western Blot if you need it

VlsE = Variable major protein - like 
sequence expressed
OSP = outer surface protein
DbpA = decorin - binding protein A
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Coinfections: Babesia, Bartonella and 
Ehrlichia / Anaplasma
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Chlamydia pneumoniae/Mycoplasma
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Rickettsia/Yersinia/Toxoplasma
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Enteroviruses
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Herpes viruses: EBV, CMV (HSV1/2, 
VZV, HHV - 6/HHV - 7)
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EliSpot is available for:

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

Ä Borrelia  myamotoi

Ä Bartonella

Ä Babesia

Ä Chlamydia  pneumoniae  

Ä Chlamydia  trachomatis

Ä Mycoplasma pneumoniae

Ä Ehrlichia/Anaplasma

Ä Yersinia enterocolitica

Ä Epstein Barr Virus (EBV)

Ä Cytomegalovirus  (CMV)

Ä Herpes Simplex Virus 1 / 2

Ä Varicella Zoster Virus (VZV)

Ä HHV-6, HHV -7

Also:
Candida
Aspergillus niger
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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 SaveleyPhD, 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
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
http://www.publichealthalert.org/everything-you-always-wanted-to-know-about-the-cd-57-test-but-were-too-sick-to-ask.html
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

ñPatients with chronic LD and predominant 
neurologic symptoms had significantly 
lower mean CD57 levels than patients with 
predominant musculoskeletal symptoms 
(30 Ñ21 vs. 58 Ñ37 cells per ȉl, P=0.002). 
CD57 levels increased in chronic LD 
patients whose symptoms improved, while 
patients with refractory disease had 
persistently low CD57 counts.ò

ñConclusions : 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 diseaseò é.

ñThe CD57 lymphocyte 

subset appears to be a 
useful marker of long - term 
infection with the Lyme 
disease spirochete.ò 
(Stricker, Burrascano , 2002)
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CD57+ numbers tend to rise in patients with viral 
burdens ...

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

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

ñSimilar skewing of NK cells 
toward the CD57 + phenotype is 
now reported in a variety of viral 
infectionsò

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/#B104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/#B105
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/#B106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3856678/#B107
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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 can be analysed using the CMV 
Elispot , EBV Elispot , HSV 1/2 Elispot , VZV 
antibodies, Coxsackie Virus antibodies.
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Agenda

Origins and prevalence

Symptoms

Testing
Two - tier testing system
EliSpot (LTT - Interferon Gamma Release Assay)
Coinfections

CD3/CD57 assay

How to decide what to test for

Ä Checklists

Ä Tailored testing protocols
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Checklists help decide which infections to test for; 
history and physical signs/symptoms also vital (1/2)



62
This document is intellectual property of Armin Schwarzbach MD PhD. 
Reproduction only with permission. Please note the copyright.

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 ï
draw for first 
place here: 
Chlamydia 
pneumoniae 
(CPN) and 
Coxsackie
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ñHis groundbreaking research 
reveals how Lyme Disease 
causes psychiatric diseaseò

IHCAN summary of Dr. Bransfieldôs AONM interview on 
the links between Lyme Disease, COVID - 19, and 
psychiatric disease


