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Learning objectives

Learning objectives

e To understand the limitations of conventional testing
for stealth infections, especially when chronic

e To gain insight into principles that can be helpful in deciding which
infection-related tests to use for your patients



What types of infection are the focus in this presentation?

Vector-borne infections

Borrelia

Babesia : : :
Bartonella Primarily chronic
Ehrlichia/Anaplasma rather than acute
Rickettsia

Opportunistic infections
Bacteria:

Chlamydia

Mycoplasma

Yersinia

Campylobacter

Viruses:

Herpes viruses: EBV, CMV, HSV 1/2, VZV, HHV6. HHV7, HHVS8
Enteroviruses

SARS-CoV-2



Agenda

e Limitations of conventional testing for infections, especially when chronic:
example Lyme Disease

e Principles for selecting helpful tests
1. In-depth history
2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources
linking the p/t’‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes
7. Make sure the laboratory is fully accredited

e Resources



Borrelia/Lyme Disease — shortcomings of NHS testing

s GOV.UK
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Guidance

Lyme disease services Michigan, 1994

Still using the “two-tier” testing system
established at a conference in Dearborn,

Diagnostic and advisory services for Lyme disease.

From: UK Health Security Agency
Published 1July 2014
Last updated 14 April 2022 — See allupdates

Diagnostic services

First line laboratory testing for suspected Lyme disease may be available
through local NHS service providers. Where this is not available, and for all
confirmatory testing, the UK Health Security Agency (UKHSA) Rare and
Imported Pathogens Laboratory (RIPL) at Porton Down, provides a Lyme
disease diagnostic service.

Lyme disease is usually diagnosed by serology. RIPL uses a modified 2-tier
testing approach. The initial screening test Is a combined IgG and IgM ELISA
that detects antibodies against 2 Borrelia burggorien antigens - VISEl and
pepC10. For positive or indeterminate results this is followed by separate IgG
and IgM confirmatory assays using ViraChip microarray immunoblots.

PCR is also available and may be usefulin testing joint fluid and biopsies of
skin rashes. It has poor sensitivity on CSF and antibody detection is the
preferred first line test on CSF. PCR is not usually performed on blood as the
duration of bacteraemia is short.

See sample testing advice forinformation on the tests available, how to

submit samples for Lyme disease testing, and guidance on test interpretation.

RIPL can also perform further tests for other tick-borne diseases. Please
contact the laboratory to discuss.

LyIme aisedse lestL request iorm

Collection

Rare and imported pathogens laboratory

(RIPL)

Lyme disease: resources and guidance

No distinction between IgG
and IgM in the first-tier test

2"d-tjer test only carried out
if the 1stis +ve or
“indeterminate”

Source: https://assets.publishing.service.gov.uk/media/672ceffc3b601d048796addc/RIPL-user-manual-November-2024-version-29.pdf




Two-tier testing offered by the NHS

Lyme disease: laboratory investigations and diagnosis

Use clinical presentation and laboratory testing to guide diagnosis. If there is a high clinical suspicion of Lyme disease:
e consider starting treatment while waiting for test results

* do not rule out Lyme disease even if results are negative

Lyme
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This is a summary of the recommendations an tests for Lyme disease from NICE's guideline
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The initial test offered by the NHS is called an ELISA test which is usually performed at your local hospital laboratory ... It can produce false positive and
false negative results. If the ELISA test is positive or equivocal, the blood sample is usually sent to the National Reference Laboratory at Porton Down in
England or the NHS Highland National Lyme Borreliosis Testing Laboratory at Raigmore Hospital in Scotland. The Western blot (sometimes called an
Immunoblot) is then performed. This test may still miss cases for various reasons. It's important to be aware that a negative result cannot rule out
Lyme disease, especially as it can take up to 4-6 weeks after being infected by the bacteria for antibodies to develop, if at all. 2

Source: 1. https://www.nice.org.uk/guidance/ng95/resources/visual-summary-pdf-4792272301?UID=3337718872023121492215;

2. https://lymediseaseuk.com/lyme-disease-testing/
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IgM antibodies generally = recent exposure, but dissipate
swiftly; 1gG antibodies only show past exposure

“Detection of IgM antibodies tends to indicate a recent initial exposure to an
antigen, whereas detection of total or IgG antibodies indicates exposure some
time ago.”

IgM Antibody Functions and its Role in Disease

During infection, innate or “natural immunity” is provided by poly-reactive IgM antibody made by (B1a) B cells. IgM antibody acts to quickly
recognize and initiate an immune response by directly neutralizing pathogens or clearing novel antigens. The three components of the IgM
antibody-mediated immune response are activation of complement (C1gR and Fca/pR), recruitment of phagocytic cells, and opsonization.
Current research suggests that B1b B cells which make IgM antibodies may provide memory to certain pathogens and support T-cell
independent immune responses. IgM antibody also acts as an educator of the immune system by transporting antigens to lymph tissues

where memory is induced. Read more »

“The time required for the development of IgG antibodies following HSV infection varies from 21
to over 42 days with most individuals having detectable IgG 21-28 days after exposure to the
infection and probably lasting for life.”-,” IgM antibodies are usually detectable 9-10 days
after exposure and last 7-14 days, although they may remain detectable for up to 6 weeks in
a minority of individuals.”-,"* IgM antibodies may be detectable during recurrences of the
infection, particularly with some of the commercial ELISAs.”2

Source: 1. 2.
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The Tier 1 ELISA detects “early, acute Lyme disease”

i GOV.UK

Blog

UK Health Security Agency

Organisations: UK Health Security Agency

What is Lyme disease and
why do we need to be tick-
aware?

Blog Editor, 21 March 2024 - Health Protection

If you have a classic bullseye rash, then you should be treated for Lyme
disease without the need for a test. If you have a recent tick exposure and
symptoms of Lyme disease (but no bullseye rash), guidance to NHS
doctors in England is to take a blood sample and send it for testing at an
NHS or UKHSA laboratory.

The tests work by looking for antibodies that a person infected with Lyme
disease would produce.

The antibodies take some time to reach levels that can be detected,
therefore, tests carried out within the first 4 weeks of infection may be

negativeﬁﬂ?ﬂ*ﬂan may need 10 be repeated on a fresh blood sample 1aken 4 to

6 weeks after the first test.

Surface Protein Expression of
Borrelia burgdorferi

ZEUS ELISA™ Borrelia
VIsE1/pepC10 IgG/IgM Test System

mmmmmwm

As seen from this depiction, the ZEUS ELISA™ VIsE1/pepC10 IgG/igM assay utilizes
BOTH VisE and OspC antigen derivatives, which offers greater potential for detecting
Lyme disease-associated antibodies relative to other assays containing only VisE-derived antigens.

Other Description

e Achieves superior clinical sensitivity for detecting early, acute Lyme disease

e Achieves superior clinical specificity, reducing talse positive results
* Yields excellent assay reproducibility using highly purified synthetic,

recombinant antigens

Source: https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/



https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/
https://ukhsa.blog.gov.uk/2024/03/21/what-is-lyme-disease-and-why-do-we-need-to-be-tick-aware/

Often such a long meandering process that even early, acute
cases are missed

National Institute for L
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Lyme disease
NICE guideline [NG95] Published: 11 April 2018  Last updated: 17 October 2018

1.215  If the ELISA is positive or eguivocal:
Guidance Tools and resources Information for the public Evidence History

* perform an immunoblot test for Lyme disease and

Overview 1
Guidance * consider starting treatment with antibiotics while waiting for the results if there is a high

clinical suspicion of Lyme disease.

Recommendations for
research 1.2.16  If the ELISA for Lyme disease is negative and the person still has symptoms, review their history

Recommendations and symptoms, and think about the possibility of an alternative diagnosis.

Rationale and impact

1.217  If Lyme disease is still suspected in people with a negative ELISA who were tested within 4 week:
from symptom onset, repeat the ELISA 4 to 6 weeks after the first ELISA test.

1.218 If Lyme disease is still suspected in people with a negative ELISA who have had symptoms for
12 weeks or more, perform an immunoblot test.

1.219 Diagnose Lyme disease in people with symptoms of Lyme disease and a positive immunoblot
test.

1.2.20 If the immunoblot test for Lyme disease is negative (regardless of the ELISA result) but symptoms
persist, consider a discussion with or referral to a specialist, to:

* review whether further tests may be needed for suspected Lyme disease, for example,
synovial fluid aspirate or biopsy, or lumbar puncture for cerebrospinal fluid analysis or

* consider alternative diagnoses (both infectious, including other tick-borne diseases, and
non-infectious diseases).

Choose a specialist appropriate for the person's history or symptoms, for example, an
adult or paediatric infection specialist, rheumatologist or neurologist.

1.2.21  If the immunoblot test for Lyme disease is negative and symptoms have resolved, explain to the
person that no treatment is required.

Source: https://www.nice.org.uk/guidance/ng95/chapter/recommendations
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“Could indicate early infection if there has been recent

exposure”

LYME DISEASE STUDIES
Specimen: BLOOD (CLOT)
Provider Specimen Comments:

Investigation Normality Result
LYME DISEASE STUDIES
BORRELIA IGG/AGM (EIA ZEUS BOR POSITIVE

LABORATORY COMMENT

Taken together, this positive EIA and single OspC
lgM band may be a non-specific reaction (due to
cross reaction with, for example, EBV) but could
indicate early infection if there has been recent
exposure. Note that erythema migrans should always
be treated on clinical suspicion

LYME DISEASE STUDIES
Specimen: BLOOD (CLOT)
Provider Specimen Comments:

[ Investigation Normality [Result

LYME DISEASE STUDIES

IGG TO BORRELIA P83 ANTIGEN Negative
IGG TO BORRELIA P58 ANTIGEN MNegative
IGG TO BORRELIA P43 ANTIGEN Negative
IGG TO BORRELIA P39 ANTIGEN Negative
IGG TO BORRELIA P30 ANTIGEN Negative
IGG TO BORRELIA OSPC ANTIGEN Negative
IGG TO BORRELIA P21 ANTIGEN Negative
IGG TO BORRELIA OSP17 ANTIGEN Negative

IGG TO BORRELIA DBPA ANTIGEN

|Negative




“..inadequate for the diagnosis of the disease”

International Journal of General Medicine Dove

ORIGINAL RESEARCH

Commercial test kits for detection of Lyme
borreliosis: a meta-analysis of test accuracy

Michael | Cook!
Basant K Puri?

Independent researcher, Dorset,

UK; 2Department of Medicine,
Hammersmith Hospital, Imperial
College London, London, UK

This article was published in the following Dove Press journal:
International journal of General Medicine

18 November 2016

Number of times this article has been viewed

Abstract: The clinical diagnosis of Lyme borreliosis can be supported by various test meth-
odologies; test kits are available from many manufacturers. Literature searches were carried
out to identify studies that reported characteristics of the test kits. Of 50 searched studies, 18
were included where the tests were commercially available and samples were proven to be posi-
tive using serology testing, evidence of an erythema migrans rash, and/or culture. Additional
requirements were a test specificity of 285% and publication in the last 20 years. The weighted
mean sensitivity for all tests and for all samples was 59.5%. Individual study means varied from
30.6% to 86.2%. Sensitivity for each test technology varied from 62.4% for Western blot kits,
and 62.3% for enzyme-linked immunosorbent assay tests, to 53.9% for synthetic C6 peptide
ELISA tests and 53.7% when the two-tier methodology was used. Test sensitivity increased
as dissemination of the pathogen affected different organs; however, the absence of data on
the time from infection to serological testing and the lack of standard definitions for “early”
and “late” disease prevented analysis of test sensitivity versus time of infection. The lack of
standardization of the definitions of disease stage and the possibility of retrospective selection
bias prevented clear evaluation of test sensitivity by “stage”. The sensitivity for samples clas-
sified as acute disease was 35.4%, with a corresponding sensitivity of 64.5% for samples from
patients defined as convalescent. Regression analysis demonstrated an improvement of 4% in
test sensitivity over the 20-year study period. The studies did not provide data to indicate the

“A meta-analysis of Lyme test

accuracy published by Prof B. Puri

and M. Cook in November

2016 concluded that the weighted mean
sensitivity of all ELISA tests (over a 20-year
period) was 62.3%, and 62.4% for the
Western Blot. With a mean sensitivity

(the probability that a positive sample will
be defined as positive by the test) of only
53.9% for synthetic C6 peptide ELISAs
according to the meta-analysis above, 46%
of cases are being missed and not even
being referred for the confirmatory Western
Blot, where a further 37.5% (on average)
remain undetected.

Puri and Cook concluded: “These results
lend support to the recently published
conclusion of Stricker and Johnson to

the effect that ‘FDA-cleared commercial
serological testing for Lyme disease is
inadequate for the diagnosis of the disease’.”

SourceCook MJ, Puri BK. Commercial test kits for detection of Lyme borreliosis: a meta-analysis of test accuracy. Int J
Gen Med. 2016 Nov 18;9:427-440; https://aonm.org/wp-content/uploads/2017/02/CAM-Mag-Feb-2017-.pdf 11




Other real examples: How possible chronic cases fall
between the cracks

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

ENDOCRINOLOGY

Cytomegalovirus Ab(IgG)

@ AU/m]
6.0 Au/mL is considered non-reactive

=b.0 At/mL is considered reactive

Negative ) ) ) )

Result _sdggestive of previous CMV infection.
IMMUNOLOGY

Epstein-Barr virus screen
EBNA IgG antibody u/ml (< 5 u/ml
Negative)
<5

Cytomegalovirus Ab(IgM)
comment

EBV Early Ag ab.(IgG) u/ml (<10 u/ml
Negative)

EBV VCA ab.(IgM) <10 u/ml (<20 u/ml
Negative)

Comment Results suggestive of past ( latent )

EBV infection.

“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.”

Source:


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

Agenda

e Limitations of conventional testing for infections, especially when chronic:
example Lyme Disease

e Principles for selecting helpful tests
1. In-depth history
2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources
linking the p/t’‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes
7. Make sure the laboratory is fully accredited

e Resources

13



1. In-depth history may well suggest possible
pathogen triggers

Grew up on a farm?

Hiking in long grass, the hills, woods?
Camping?

Cats/dogs?

Horse riding? (when young?)

Foreign travel: which countries exactly?
Around young children?

COVID?




2. Use questionnaires/checklists to home in on the most likely

infections

Short Symptom Checklist for Lyme Borreliosis
Mame, first name Date:

» Actual and Former symptoms: Please mark with a cross | X |
1 Former or recent tick bite e
2 Former or recent bull s eye rash - > ~ .
3T SummerFlu eer ok bie Coinfections-Checklist
4 Fatique,/Malaise/Lethargy
5 Loss of physical/mental capacity, general weakness Name, FIrst NaMe .........ooooiieiiiii e Date DD/MM/YYYY) toooiiiieie .
& Meck-pain, neck stffness DaAi
- Actual and former symptoms Score-Points .
7_| Headache Please mark with a cross X {ilecliniby Ranking
8 Painful joints, swollen joints physician/naturopath)

3 General aches and pains, tendon problems 1 |Stomach ache, gut problems Ehrlichia&Anaplasma.S........ 4
10 Muscle pain, muscle weakness A i

: 2 |Anaemia . 4
11 Fever, feverish feeling, shivering = . . l:' Babesia: oot 5
12 Ears: intermittent red, swollen earlap 3 |Diarhoea intermittent l:I Rickettsia: 4 5
13 Heart problems, disturbance of cardiac rhythm 4 |Fever or feverish feeling Baitonalis: T 2
14 | Cough expectoration, breathiessness 5 |Lack of concentration, memory disturbance, 5 3
12 Sghtlmea" - ] Forgetfulness Chl.pneumoniae: .............
leeplessness, waking up around p.m. - prs : :

o R— 6 |Encephalitis/Inflammation of the brain (NMR) D — 7
18 | Swollen ymph nodes 7 | Yellowish colour of the skin/eyes D — 6
19 | Mumbness of the skin g |Painful joints, swollen joints D S ) 5 4
20 "Burning” or “pins and needles” skin sensations, painful sole or fi C Yach g . tend bl PSS, S
21 Back pain, back stiffness 9 Eperatdchesahd palis, tendan groniems [:' Coxsackie-/Echo-Virus: 8 1
22 Ograsional muscle twitching in the face, arms, legs 10 Flu-like symptoms intermittent EBV/CMV/HSVAZV: 8 1
23 Shivering, chill 1 Rash(es)

24 Blurred, foggy, doudy, Aickering, double vision -
25 Aggressiveness, drowsiness, panic attacks, anxiety, mood swings 12 Small red/purple SpOtS of the skin [:‘
26 | Concentration problems, short-term memory loss, Forgetfulness 13 | Heart problems, disturbance of cardiac rhythm

7| ski ly thil ~like, rent, dry i

27 in partly thin, paperike, transparent, dry 12 |Cough, expectoration |:|

Total number of symptoms |

Antibiotics? When? Which one(s)? How long? 15 Headache
16 |Impaired liver function/ liver laboratory values

17 |Pneumonia, bronchitis |:|

18 |Swollen lymph nodes

19 | Tonsilitis

20 |Enlargement of the spleen E‘




2 cont.: Checklist for potential reactivation of infections

post Covid can also indicate the most likely tests to perform

Mame, first name XXXXXX

Date {DD/MM/YYYY) XXHXX

_ Your current and Former symptems X 30 [Back pain, pelvic pain L
Please click on the boxes next to the symptoms that you suffer from 31 |Sleeplessness L |
Stomach ache, gut problems Y 32 | Might sweat, sometimes between 2 and 4 am. :
2 | Anzemia ] 33 (Sare throat, throat pain <
3 | Diarhoea intermittent, intestinal crampings/pain |:| 34 | Tinnitus, hearing loss l;‘
4 |Fever or Feverish Feeling X 35 | Dry skin L
5 | Lack of concentration, memory loss, Forgetfulness Z 36 | Conjuncrivitis, inflammiation of the 2yes L
& | Encephalicis/Inflammation oF the brain |:| 7 Pahi{ attacks, depression, psychosis, mood swings ||
7 |'vellowish colour of the skin/eyes D iz z:j:re fremors L
Painful joints or swollen joints < — - —
9 | General aches and pains, tendon problems ? Be.c,.\-‘ \u'C!J'|. F'!ﬂ::l I:‘n_e I":.IT berof the si-'mp:o_'rs for each of the infections that we test for and the
L] ranking, in which order you should test for them
10 | Flwlike symptoms é 'Ranking of the infections Mo. of symptoms Rank
11 | Rash(es), striae, exanthema L | Chlamydia preumaniae 12 1
12 | Small red/purple spoks of the skin : Mycoplasma pneumoniae 12 1
13 |Heart problems, disturbed cardiac rhythm [ ] Yersinia 6 5
14 | Cough, expectoration, "air-hunger” L | [amp},;[czacte- 5 ]
15 |Headache, dizzinass Z :;: 112 g g
16 |Impaired liver function/ liver laboratony values || oy g 7
17 | Pneumenia, bronchitis D vz 7 4
18 |Swollen lymph nodes < HHV & g 2
19 | Enlargement of the spleen : Parvovins 9 2
20 | Fatigue / exhausticn, intermittent or chronic CFS B Coxsackie-Virus 12 1
21 | Muscle pain, muscle weakness z Edhovirus 8 3
22 | Shivering, chill Z
23 | Blurred, Fogay, cloudy, fickering, double vision Z
24 | Mausea, vomiting :
25 | Dark urine :
26 | Itching or pain when urinating :
27 | Tingling, numbness, “burning" sensations Z
28 |Meck pain, meck stiffness | | e
26 | shoulder pain [ ] .E':ém cp;:;;e
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3. Correlate your choice with references if possible

Refer to resources linking the patient‘s diagnosis to infections —
does the lab have any? Or can you do a search linking the most
likely stealth pathogens to his/her condition?

International Consensus Primer
for

Medical Practitioners
International Consensus Panel

Editors: Bruce M. Carruthers, MD, CM, FRACP(C)
Marjorie 1. van de Sande, B Ed *

\ ¥ oK

Example: ME/CFS - International Consensus Primer for
Medical Practitioners lists infections under “Causal Factors” —
well referenced:

. Phases

Factors

e Causal

ON

active lifestyles prior to the onset of ME. Widely dispersed epidemics support an

MYALGIC ENCEPHALOMYELITIS — Adult & Paediatric:

e blood transfusions e anaesthetics ® toxic chemicals ® heavy metals ® severe physical trauma:
whiplash/spinal injury/surgery ® undue psychological stress*”

Onset Survey

1,000" patients
75.6%: infection alone or
infectious cause. Symptoms at onset are usually consistent with an infectious | infection + 1 or more factors:

Precipitating Events and Causal Factors: Most patients enjoyed healthy,

process. environmental exposure,
1. Infectious agents associated with ME physical trauma,
. . - . . . vaccinations,
Viruses: ® Enterovirus®*® e Epstein Barr virus (EBV)"’ ® Human herpes virus

HHV 6 and 7Y* ® e C lovirus®™ e P . B19* other stressors
( and7) ® Cytomegalovirus © @ Parvovirus Vernon 5D. CFIDS of America

Bacteria: Chlamydophila pneumonia® ® Mycoplasma® e Coxiella burnettii®’
It is unclear whether these infectious agents initiated ME or are opportunistic and developed due to an
impaired immune system. No one virus has been universally implicated for all patients. A prospective study
reported that six months following acute infections of Epstein-Barr virus, Coxiella Burnetii, or Ross River
virus, 11% of the patients had CFS.>® This supports the presence of ME subtypes. Antibody testing for a
number of viruses revealed subtype-specific relationships for Epstein Barr virus and enterovirus, two of the
most common infectious triggers for ME.*

2. Possible etiological process: A growing body of evidence suggests that a primary cause of ME is neuropathic
viruses that may infect neurological and immune cells and damage the capillaries and micro-arteries in the
CNS bed causing diffuse brain injury. The initial infection may cause profound dysregulation of immune
system pathways that may become chronic or cause autoimmunity even when the level of the infectious
agent is reduced.®

https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis®%20lnternational%20Consensus%20Primer%20-

2012-11-26.pdf



https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf
https://www.investinme.org/Documents/Guidelines/Myalgic%20Encephalomyelitis%20International%20Consensus%20Primer%20-2012-11-26.pdf

Selection

Example: Type 1 Diabetes and Cytomegalovirus
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Example: Type 1 Diabetes and Enteroviruses

Isaacs SR, Roy A, Dance B, Ward EJ, Foskett DB, Maxwell AJ, Rawlinson WD, Kim KW, Craig ME.
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(2011). Echovirus Epidemics, Autoimmunity, and Type 1 Diabetes.
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Selection | MS

Example: Multiple sclerosis and viruses (1/2)

Bjornevik K et al. Longitudinal analysis reveals high prevalence of Epstein-Barr virus associated with
multiple sclerosis. Science. 2022 Jan 21;375(6578):296-301.

Gilden DH. Infectious causes of multiple sclerosis. Lancet Neurol. 2005 Mar;4(3):195-202.

Kus, Sumeyye et al. (2024). Enterovirus Radiculomyelitis in a Relapsing-remitting Multiple Sclerosis Patient
(P3-6.002). Neurology. 102.

Lundstrom W et al. Human Herpesvirus 6A Is a Risk Factor for Multiple Sclerosis. Front Immunol. 2022 Feb
10;13:840753.

Voumvourakis Kl et al. Human herpesvirus 6 infection as a trigger of multiple sclerosis: an update of recent
literature. BMC Neurol. 2022 Feb 15;22(1):57.

Pumphrey CM et al. Acute Presentation of Newly Diagnosed Multiple Sclerosis Associated With
Polymerase Chain Reaction-Proven Human Herpesvirus 6 Central Nervous System Infection. Cureus. 2022
Apr 20;14(4):e24319.

Lucas RM et al and the Autoimmune Investigator Group. Risk of a first clinical diagnosis of central nervous
system demyelination in relation to human herpesviruses in the context of Epstein-Barr virus. Eur J Neurol.
2023 Sep;30(9):2752-2760.

Grut V et al. Human herpesvirus 6A and axonal injury before the clinical onset of multiple sclerosis. Brain.
2024 Jan 4;147(1):177-185.

Cermelli C, Jacobson S. Viruses and multiple sclerosis. Viral Immunol. 2000;13(3):255-67.

Lundstrom W, Gustafsson R. Human Herpesvirus 6A Is a Risk Factor for Multiple Sclerosis. Front Immunol.
2022 Feb 10;13:840753.

Jeanne Billioux B et al. HHV-6 and Multiple Sclerosis. Human Herpesviruses HHV-6A, HHV-6B & HHV-7.
2014:123-42.

Santiago O et al. Relation between Epstein-Barr virus and multiple sclerosis: analytic study of scientific
production. Eur J Clin Microbiol Infect Dis. 2010;29:857-66
https://hhv-6foundation.org/multiple-sclerosis/hhv-6a-can-travel-through-the-nose-to-the-brain
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Example: MS and viruses (2/2)
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Example: Multiple sclerosis and bacteria (1/2)

Borrelia
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Example: MS and bacteria (2/2)
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Multiple Sclerosis: Possible pathogen involvement

From searches of the scientific
literature:
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Example: Crohn’s/Ulcerative Colitis and | Selection || 18D

viruses (1/2)
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Example: Crohn’s/UC and viruses (2/2)
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diagnosis and treatment. Expert Rev Gastroenterol Hepatol. 2022 Feb;16(2):109-120.
Schreiner P et al. Varicella zoster virus in inflammatory bowel disease patients: what
every gastroenterologist should know. J Crohns Colitis. 2020 Jun 27:jjaal32.
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IBD: Possible pathogen involvement
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So then the question is: what test/s to use for chronic
conditions, as we have seen how patients can fall
between the cracks with standard (NHS) tests, and
IgG tests only show past infection?



Source:

4. The most useful antibody in a chronic infection is

Immunoglobulin A

IgA is an excellent immunoglobulin as it indicates ongoing infection (whether recent or

chronic), as well as reactivation/reinfection

“IgA antibody is the most abundant
antibody class in human serum and has
a unique role in mediating immunity. IgA
is a polyvalent antibody that is
translocated to mucosal surfaces as the
first line of defense against infections.
Most of the secreted IgA lines the
mucosal surfaces including respiratory,
digestive and genitorurinary tracts to
protect against pathogens while
maintaining gut homeostasis.”

The persistence of IgA antibodies in
Yersinia, as an example —)

JOURNAL ARTICLE
Persistence of IgM, IgG, and IgA Antibodies to
Yersinia in Yersinia Arthritis

Kaisa Granfors &, Matti Viljanen, Anja Tiilikainen, Auli Toivanen

The Journal of Infectious Diseases, Volume 141, Issue 4, April 1980, Pages 424-429,
https://doi.org/10.1093/infdis/141.4.424
Published: 01 April 1980  Article history v

¢ Cite M Permissions =g Share v

Abstract

IgA antibodies to Yersinia enterocolitica were demonstrated in the sera of 13
patients with severe yersinia arthritis who were studied six to eight months
after an acute infection with Yersinia. Four of the patients were monitored for
two to three years, and they continued to demonstrate these antibodies. Only
one of 12 control patients (individuals with yersinia infection without arthritis)
had IgA antibodies specific to Yersinia six to eight months after the acute
infection. The persistence of Ig0 antibodies was also in direct correlation to the
occurrence of arthritis, but not as clearly as was the persistence of IgA
antibodies. Antibodies of the IgM class persisted in most cases for only one to
three months and always disappeared during the first six months after the
onset of the infection. Thus, the demonstration of IgA antibodies to Yersinia is
important in the diagnosis of yersinia arthritis, and the occurrence of IgM

; Granfors K, Viljanen M, Tiilikainen A, Toivanen A. Persistence of IgM, IgG, and IgA antibodies to
Yersinia in yersinia arthritis. J Infect Dis. 1980 Apr;141(4):424-9.
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4 cont.: IgA antibodies very helpful as they indicate active
infection along the mucosal membranes

VZV IgG-/IgA-/IgM-antibodies

4 VZV IgG antibodies (ELISA)

positive
4643,8 IE/1

<80 IE/1 negative
=80 - < 110 IE/1 weak
>110 IE/1 positive

4 VZV IgA antibodies (ELISA)

Ratio < 0O,

g8

Ratio 0,8 - 1,1

Ratio >= 1,1 = positive
4 VZV IgM antibodies (ELISA) negative
0,306 Rati
Ratio < 0,8 = negative
Ratio 0,8 - 1,1 = weak
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Chlamydia pneum. IgG-/IgA-AB
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Analysis Result Units Reference Range Chart
Coxsackie IgG-/IgA-antibodies
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A7/Bl-IgG-/IgA-antibodies indicate current humoral immune
responses against Coxsackie-virus Type A7 and
Coxsackie-virus Type Bl (recent infection with
Coxsackie-vVirus Type A7/Bl?).
Analysis Result Units Reference Range Chart
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5. There is also the T cell arm of the immune system:
tests of cellular immunity

Immunoglobulin A is not available when the infection does not live in the mucosal
membranes: EBV (Epstein Barr Virus, glandular fever), CMV (Cytomegalovirus),
Parvo Virus B19, etc.

So how to test chronic infection in infections where there is no IgA available?

There is another arm to the immune system that can be tested, too: not just B cells,
but T cells. Tests of cellular T-cell immunity are called EliSpots (enzyme-linked
immunosorbent spot).

Using T-cells to show a cellular response against antigens is much more sensitive,
and is more likely to indicate active infection in contrast to IgG antibodies, which
can remain for months or years long after an infection is gone, and IgM a/bs, which
generally do not persist very long. EliSpot technology quantifies T-cells that secrete
signature proteins (such as a given cytokine) against a specific antigen by evaluating
the number of spot-forming units using a stimulation index (SI). This is a type of
lymphocyte transformation test using an Interferon Gamma Release Assay.



“Accuracy, sensitivity, reproducibility, and robustness —
a gold standard”

Home > Cytotoxic T-Cells > Protocol

CTLELISPOT Assay

Protocol | First Online: 01 January 2014

SPRINGER NATURE

pp 75-86 | Cite this protocol

“Enzyme-linked immune absorbent spot (Elispot) is a quantitative method for
measuring relevant parameters of T cell activation. The sensitivity of Elispot
allows the detection of low-frequency antigen-specific T cells that secrete
cytokines and effector molecules, such as granzyme B and perforin. Cytotoxic T
cell (CTL) studies have taken advantage with this high-throughput technology by
providing insights into quantity and immune kinetics. Accuracy, sensitivity,
reproducibility, and robustness of Elispot resulted in a wide range of applications
in research as well as in the diagnostic field. Actually, CTL monitoring by Elispot
is a gold standard for the evaluation of antigen-specific T cell immunity in clinical
trials and vaccine candidates where the ability to detect rare antigen-specific T
cells is of relevance for immune diagnostic.”

Source: Ranieri E, Popescu |, Gigante M. CTL ELISPOT assay. Methods Mol Biol.
2014;1186:75-86.



New "Springer Protocols" book (2024)

with a chapter on EliSpots

e;u?' Chapter 6

Adaptive Inmune Response Investigation in Lyme
Borreliosis

Mihail Pruteanu, Armin Schwarzbach, and Markus Berger

Abstract

To diagnose Lyme Borreliosis, it is advised touse an enzyme-linked immunosorbent test to check for serum
antibodies specific for Lyme and all tests with positive or ambiguous enzyme-linked immunosorbent assay
(ELISA) mesults being confirmed by immunoblot. This method of measuring the humoral immunity in
human fluids { e.g., by ELISA) has provided robust and reproducible resuhs for decades and similar assays
have been validated for monitoring of B cell immunity. These immunological tests that detect antibodies to
Borrelia bnygdorferd are useful in the diagnosis of Borreliosis on a routine basis. The variety of different
Borrelin species and their different geographic dismbutions are the man reasons why standards and
recommendations are not identcal across all geographic regions of the world. In conrast to humoral
immunity, the T cell reaction or cellular immunity t© the Berrelia infection has not beenwell elucidated, but
owver time with more studies a novel T cell-based assay (EliSpot) has been developed and vahidated for the
sensitive deteaion ofantige n-specific T cell responses to B, keygdoryferd. The EliSpot Lyme assmay can be used
to study the T cell response elicited by Boyrelia infections, which bridges the gap between the ability to
detedt humoral immunity and cellular immunity in Lyme disease. In addition, detecting cellular immunity
may be a helptul laboratory diagnostic test for Lyme discase, especially for seronegative Lyme pagents.
Since serodiagnostic methods of the Borelia infection frequendy provide false positive and negarive results,
this T cell-based diagnostic test (cellular assay) may help in confirming a Lyme diagnosis. Many clinical
laboratories are convinced that the cellular assay 15 superior to the Western Blot assay in terms of sensitivity
for detecting the underlying Borrelfa infecoion. Rescarch also suggests that there is a dissocation between
the magnitude of the humoral and the T cell-mediated cellular immune responses in the Borrelia infection.
Lastly, the dataimplies that the EhSpot Lyme assay may be helpful to identify Boreelia nfected individuals
when the serology-based diagnostc fails to do so. Here in this chaprer the paring of humoral and cellular
immunity is emploved to evaluate the adaptive response in patients.

Cf. 3 pages of references for these T-cell tests
at the end of the presentation

Book | ® 2024

“The EliSpot Lyme assay can be used to study
the T cell response elicited by Borrelia
infections, which bridges the gap between the
ability to detect humoral immunity and
cellular immunity in Lyme disease. Many
clinical laboratories are convinced that
the cellular assay is superior to the
Western Blot assay in terms of
sensitivity for detecting the underlying
Borrelia infection.. Research also suggests
that there is a dissociation between the
magnitude of the humoral and the T cell-
mediated cellular immune responses in the
Borrelia infection.”




Three parameters for Borrelia in the T-cell test —
LFA-1 is a marker of autoimmune activity

Borrelia burgdorferi Elispot

Borrelia burgdorferi Full Antigen + 32 S|
Borrelia b. OSP-Mix (OSPA/OSPC/DbpA) + 29 Sl
Borrelia burgdorferi LFA-1 (+) 2 S

>3 = positive
2-3 = weak positive

<2 = negative

The results of the EliSpot-Tests indicate current cellular activity against Borrelia burgdorferi.

Immunodominant proteins: OSP = outer surface protein
DbpA = decorin-binding protein A

LFA = Lymphocyte Function Antigen 1

S| = stimulation index

Borrelia-burgdorferi LFA-1 (Lymphocyte
Function Antigen 1)

Own body protein + Borrelia burgdorferi
sensu stricto (shared epitope). LFA1 can be
associated with autoimmune

diseases: collagenosis, Rheumatoid Arthritis,
vasculitis. If positive or borderline positive

1 Borrelia burgdorferi LFA-1 ! ST
0-1 - negative look at: ANA, CCP-antibodies, ANCA
2-3 = weak positive
> 3 = positive Example: “Borrelia burgdorferi has been shown to have protein

homology with TSH receptor and therefore plays a role as an
antigenic trigger for autoimmune thyroid disease”*

* Kharrazian D, Herbert M, Vojdani A. Immunological Reactivity Using Monoclonal and Polyclonal Antibodies of Autoimmune Thyroid

Target Sites with Dietary Proteins. ) Thyroid Res. 2017;2017:4354723.




Examples: Epstein Barr virus/Mycoplasma

EBV ElisSpot (lytic+latent)

1 EBV Elispot (lytic) ! 657 SI
0-1 = negatiwve
2-3 = weak positive
> 3 = positive

1 EBV EliSpot (latent) ! 65 SI
0-1 = negative
2-3 = weak positive
> 3 = positive

The result of the EliSpot test indicates current celluar
activity against Epstein-Barr-vVirus (EBV).

Explanation of EBV antigens:

EBV-1lytic antigen: sign for replication of infectious EBV
virions

EBV-latent antigen: sign for EBV latency with no production
of infectious EBV wvirions

Mycoplasma pneum.EliSpot

1 Mycoplasma pneum. EliSpot ! 7 SI
ST = Stimulation Index

The result of the EliSpot test indicates current cellular
activity against Mycoplasma pneumconiae.



T-cell tests (EliSpots) for Epstein Barr Virus and
Cytomegalovirus show both lytic and latent values

CMV EliSpot

CMV i ! . . .

L lytio ' 359 ST Lytic = currently replicating
0-1 = negative
2=3 = weak positive
> 3 = positive Latent = dormat, but

suppressing immunity, and

1 CMV Latent ! 106 SI can unfold again with any
i R i new assault to the immune
2=3 = weak positive

_ . system

> 3 = positive

The result of the EliSpot test indicates current celluar
activity against Cytomegalo Virus (CMV).

Explanation of CMV antigens:

CMV-lytic antigen: sign for replication of infectious CMV
virions

CMV-latent antigen: sign for CMV latency with no production
of infectious CMV virions



What type of testing to select for these “stealth infections”
in (likely) chronic conditions?

Vector-borne infections

Borrelia: T-cell test,

and/or very sensitive 1gG/IgM that can detect the “round body” (different
signature)

Babesia: T-cell test

Bartonella: T-cell test

Ehrlichia/Anaplasma: T-cell test

Rickettsia: T-cell test

Opportunistic infections

Bacteria:

Chlamydia pneumoniae/trachomatis: 1gG/IgA, T-cell test
Mycoplasma: 1gG/IgA, T-cell test

Yersinia: 1gG/IgA, T-cell test

Campylobacter: IgG/IgA

Viruses:

Herpes viruses: EBV, CMV, HSV 1/2, VZV, HHV6. HHV7, HHVS8 — differentiated (see
next page)

Enteroviruses: IgG/IgA

SARS-CoV-2: 1gG/IgA, iSpot



Immunoarrays for EBV very useful if they have the full array
of markers

9 markers including viral capsid antigen (VCA), early antigen (EA), & Epstein-Barr
Nuclear Antigen (EBNA)

Epstein-Barr-Virus Immuno-Array

EBV VCA p18 1gG + positive negative
EBV VCA p23 1gG + positive negative
EBV EA p54 1gG negative negative
EBV EA p138 + positive negative
EBV EBNA-1 1gG + positive negative
EBV VCA p18 IgM negative negative
EBV VCA p23 IgM negative negative
EBV EA p54 IgM + positive negative
EBV EA p138 IgM negative negative

The specific EBV-1gG/IgM-, EBV-Early Antigen-antibodies and EBV-EBNA-antibodies indicate humoral immune response
against Epstein Barr Virus (former or reactivated or EBV-infection in convalescence?).

Lab needs to provide interpretation guidelines for each marker



Round bodies (pleomorphic forms) and biofilm-like colonies of

Borrelia burgdorferi in vitro

Biofilm of Borrelia burgdorferi
Granular borrelia forms
predominate in the bioflilm
community
--Extracellular Matrix=green
Viable organisms=red--
Note: partial segmentation
of spiral borrelia at 7 o'clock.
DNA segmentation is a
precusrsor to the emergence
of Granular (round/coccoid)
Viable forms of borrelia
burgdorferi

W

“...pleomorphic B. burgdorferi should be taken into

consideration as being clinically relevant and influence the
development of novel diagnostics and treatment protocols...“

See references at the end of the presentation for the existence of these

Source: 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



Test for “round bodies” (cyst form)

Basic Test/Tickplex Plus

7 Basic Test (new)

7 B.burg.+afz.+gar.IgG positive nagative
! 1,135 Ratile
Ratio 0,01 - 0,89 = negative
Ratic 0 ¥ 90 - 0 ¥ 99 = weak Journal of Neuroinflammation 2008, 5:40 hitp:/iwww jneurcinflammation.com/content/5/1/40
Ratio == 1,00 = posltive
7 B.burg.+afz.+gar.IgM positive negative
! 1,525 Ratie
Ratio 0,01 - 0,89 = negative
Ratio 0,90 - 0,99 = weak
Ratio == 1,00 = positive
7 B.burg.+afz.+gar+round bod.Ig> negatiwve negative
0,456 Ratio
Ratio 0,01 - 0,89 = negative
Ratio 0,90 - 0,99 = weak
Ratio == 1,00 = positive

7 B.burg.+afz.+gar+round bod.IgM pos

1,044 Rajio

negative
1

Ratio 0,01 - 0,89 = negakti
Ratio 0,90 - 0,99 = weak
Ratio == 1,00 = poeltive

The antibodies indicate humoral immune responses against

Borrelia burgdorferili sensu strictec + B.b. afzelii + B.Db. Figure 3

Rolled and cystic forms of Borrelia burgdoferi spirochetes observed after one week of culture in medium to
11 q 1 = SR Bri P T 31 = which Thioflavin S had been added. A: Observation by Thioflavin S fluorescence. Arrows point to rolled cystic forms at
garinil + Borrelia bur ng rferi round bodies. the periphery of an agglomerated mass of spirochetes from strain B31. Rolled (B) and cystic (C) forms observed by dark field
- Ml ' T T ' - - F - = microscopy (strain B31). D and E: Cyst forms of Borrelia burgdorferi (strains ADBI and B31, respectively) following immunos-
The Tickplex Basic ELISA is a screening test for Borrelia {aining with the manoclonal ant-OspA antbody. FAH Ao force micrascopy (AFM) images of Borrai crats. Rolled spiro-
- . o - i o - . _ chetes are clearly visible in F (strain B31) and G (strain ADBI). Arrow in G shows that the cyst is formed by two spirochetes
pathogen-specific IgG and IgM antibodies and contains an rolled together. H: The cystic form is entirely covered by a thickened external membrane masking the content of the cyst
. . (strain B31). Bars: AD =6 um; E= 5 pm; F = | um; G = 2.5 pm; H = 0.5 um.
antigen for persisted forms (round bodies) of Borrelia
burgdorferi. 1

Please cross-reference this with the results of

EliSpots/i-Spote tests and the CDET+ NE cell test that you

may have done.
Source: 1. Miklossy J, Kasas S, Zurn AD, McCall S, Yu S, McGeer PL. Persisting atypical and cystic forms of Borrelia burgdorferi and local
inflammation in Lyme neuroborreliosis. ] Neuroinflammation. 2008 Sep 25;5:40.



6. Consider using an immune panel alongside the viral and
bacterial axes

Immunosuppression evident from the CD3+/57+ cells — both viral and
bacterial

CD3-/CD57+ Cells

2 CD3-/CD56+ Flow Cytometry

2 T cells CD3+ (%) - 47,83 % 59,70 - 82,00 <* ........
2 T cells CD3+ (absolute) - 398 /ul 900 - 2600 <k L L......
2 NK cells CD56+ CD3- (%) 11,07 % 5,40 - 30,90 [ .*......
2 NK cells CDbe+ CD3- (absolute) 92 /ul 77 — 427 [ *evennn.
2 CD57+ NK-cells (%) 46,25 % 2,00 - 77,00 [ ....%*...
2 CD57+ NK-cells (absolute) - 43 /ul 100 - 360 <k L.

The result of the CD57-cell count indicates chronic
immune-suppression, which can be caused by Borrelia
burgdorferi or other bacteria like Chlamydia pneumoniae or
Mycoplasma pneumoniae.



7. Accreditation

¢ If a German laboratory, make sure they have a “DAkkS” certificate that is constantly
renewed (DAKKS - - the national
accreditation authority of the Federal Republic of Germany)

e CE certification

¢ |VD (In-Vitro Diagnostics) registration

e Certificate of UKAS-equivalence: The UK accreditation system (UKAS) does not have
the mandate to determine tests carried out in another country but “has confidence in
the accreditation system operated by Deutsche Akkreditierungsstelle GmbH (DAKkS)
and considers that the accreditation system operated by DAkKkKS is equivalent to UKAS'’
own accreditation system.”

e Any European lab should have ISO 15189, and its test producers should have

ISO 13485:2016

If a US laboratory, or also serves the USA, ensure that it is
e Accredited by the College of American Pathologists (CAP) and
e CLIA (Clinical Laboratory Improvement Amendments)


https://www.dakks.de/en/home-en.html
https://www.dakks.de/en/home-en.html
https://www.dakks.de/en/home-en.html

Agenda

e Limitations of conventional testing for infections, especially when chronic: example
Lyme Disease

e Principles for selecting helpful tests
1. In-depth history
2. Use a questionnaire/checklist driven by an evidence-based algorithm

3. Correlate your choice with references if possible; refer to resources
linking the p/t’‘s diagnosis to infections

4. Choose tests where you either have IgA available ...

5. ... or T-cell tests (and ideally both)

6. Consider using an immune panel alongside the viral and bacterial axes
7. Make sure the laboratory is fully accredited

e Resources

44



References for the Elispot (T-cell testing): examples (1/3)

e Ji N, Forsthuber TG. ELISPOT Techniques. Methods Mol Biol. 2016;1304:63-71.

e Navarrete MA ELISpot and DC-ELISpot Assay to Measure Frequency of Antigen-Specific IFNy-Secreting
Cells, in Hnasko R (Editor), Elisa Methods and Protocols 2015.

e Navarrete MA, Bertinetti-Lapatki C, Michelfelder | et al (2013) Usage of standardized antigen-presenting
cells improves ELISpot performance for complex protein antigens. J Immunol Methods 391:146-153

e Czerkinsky CC, 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 65:109-121

e Nordberg et al.: Can ELISPOT be applied to a clinical setting as a diagnostic utility for Neuroborreliosis?,
Cells 2012, I, 153-167

e 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.

e Forsberg, P, Ernerudh, J., Ekerfelt, C., Roberg, M., Vrethem, M., & Bergstrom, 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), 453-460.

e Callister, Steven & Jobe, Dean & Stuparic-Stancic, Aleksandra & Miyamasu, Misato & Boyle, Jeff &
Dattwyler, Raymond & Arnaboldi, Paul. (2016). Detection of IFN-y Secretion by T Cells Collected Before and
After Successful Treatment of Early Lyme Disease. Clinical Infectious Diseases. 62. ciw112.
10.1093/cid/ciw112.

e Schoor, F. & Baarsma, et al (2019). Validation of cellular tests for Lyme borreliosis (VICTORY) study. BMC
Infectious Diseases. 19. 10.1186/s12879-019-4323-6.

e 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. 319:14411446



References for the Elispot (T-cell testing): examples (2/3)

® Moller I, Michel K, Frech N et al (2008) Dendritic cell maturation with poly(l:C)-based versus PGE2-
based cytokine combinations results in differential functional characteristics relevant to clinical
application. J Immunother 31:506-519
e Warncke M, Dodero A, Dierbach H et al (2006) Murine dendritic cells generated under serum-free
conditions have a mature phenotype and efficiently induce primary immune responses. J Immunol
Methods 310:1-1
e 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
e Moodie Z, Price L, Gouttefangeas C et al (2010) Response definition criteria for ELISPOT assays
revisited. Cancer Immunol Immunother 59: 1489-1501
e Janetzki, S. & Britten, C.M. The impact of harmonization on ELISPOT assay performance. Methods Mol.
Biol. 792, 25—-36 (2012)
e Zhang, W. & Lehmann, P. Objective, user-independent ELISPOT data analysis based on scientifically
validated principles. Methods Mol. Biol. 792, 155-171 (2012)
° . Enumeration and characterization of human memory T cells by enzyme-linked
immunospot assays. 2013;2013:637649
e 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
e 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
° . The Ex Vivo IFN-y Enzyme-Linked Immunospot (ELISpot) Assay

2015;1325:197
e 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. ] Med Primatol 32:67-73


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

References for the Elispot (T-cell testing): examples (1/3)

Clinical Infectious Diseases

MAJOR ARTICLE @

Detection of IFN-y Secretion by T Cells Collected Before
and After Successful Treatment of Early Lyme Disease

Steven M. Callister,’ Dean A. Jobe,' Aleksandra Stuparic-Stancic,” Misato Miyamasu,® Jeff Boyle,® Raymond J. Dattwyler,"* and Paul M. Arnaboldi®*

EIDSA

Infectious Diseases Society of America  hiv medicine association

"Microbiology Research and Molecular Diagnostics Laboratory, and “Department of Urgent Care, Gundersen Health System, La Crosse, Wiscansin; *Qiagen, Inc, Germantown, Maryland;
“Biopeptides Corporation, East Setauket, and *Department of Microbiology and Immunology, New York Medical Callege, Valhalla, New York

Background.
response. We evaluated an assay based on QuantiFERON technology utilizing peptide antigens derived from Borrelia burgdorferi
to stimulate interferon-gamma (IFN-y) release as an alternative to serodiagnosis for the laboratory detection of Lyme disease.

Methods. Blood was obtained from patients with erythema migrans before (n = 29) and 2 months after (n = 27) antibiotic ther-
apy. IFN-y release was measured by enzyme-linked immunosorbent assay (ELISA) following overnight stimulation of whole blood
with the peptide antigens, and compared to the results of standard serological assays (C6, ELISA, and Western blot).

Results. IFN-y release was observed in pretreatment blood of 20 of 29 (69%) patients with Lyme disease. Following antibiotic
treatment, IFN-y was significantly reduced (P =.0002), and was detectable in only 4 of 20 (20%) initially positive patients. By con-
trast, anti-Cé antibodies were detected in pretreatment sera from 17 of 29 (59%) subjects, whereas only 5 of 29 (17%) patients had
positive Western blot seroreactivity. Antibody responses persisted and expanded following treatment.

Conclusions. Our findings suggest that measurement of IFN-y after incubating blood with Borrelia antigens could be useful in

Current serodiagnostics for Lyme disease lack sensitivity during early disease, and cannot determine treatment

the laboratory diagnosis of early Lyme disease. Also, after antibiotic treatment, this response appears to be short lived.

Keywords.

Borrelia burgdorferi; IFN-v; Lyme disease; T cell; cytokine release assay.

The detection of antibodies to Borrelia burgdorferi is the standard
method for the laboratory diagnosis of Lyme disease. Whether
using lysates of whole Borrelia species, mixtures of recombinant
proteins, or specific peptide antigens (eg, C6, PepC10) as assay
targets [1-6], current serological assays rarely exceed a sensitivity
of 50% in the positive detection of antibody in early disease. In
addition, these antibody detection assays do not provide accurate
information concerning treatment response, as antibody levels
often remain elevated for years after the infection has been
cleared [5-7]. New approaches are therefore needed to overcome
the shortcomings of current serologic assays.

Antigen-specific T-cell activation is typically initiated shortly
after infection. The expanding cell population secretes cytokines
that, among other activities, drives the development of a mature

adjunct to traditional serologic testing methods, especially be-
cause the results may provide more accurate information on
the presence of active infection compared to antibody responses.

Early attempts to evaluate the utility of monitoring T-cell
responses in patients with Lyme disease yielded inconclusive
results [11-14]. However, these studies relied prominently on
T-cell proliferation as a measurement of T-cell activity, and
this approach can suffer from a significant lack of specificity
[13]. Furthermore, cytokines, including interferon gamma
(IEN-v), have been shown to inhibit T-cell proliferation under
certain conditions [14], which would in turn reduce the useful-
ness of proliferation as a marker of infection. On the other
hand, antigen-induced cytokine release may be a more reliable
(albeit indirect) method to confirm T-cell activation [15, 16].

Callister SM, Jobe DA, Stuparic-Stancic A, Miyamasu M, Boyle J, Dattwyler RJ, Arnaboldi PM. Detection of IFN-y Secretion by T Cells Collected
Before and After Successful Treatment of Early Lyme Disease. Clin Infect Dis. 2016 May 15;62(10):1235-1241,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845790/



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4845790/

References for the persister forms of Borrelia burgdorferi
and chronicity, including in its “round-body” (cystic) form (1/2)

At least three morphologic forms of persistent B. burgdorferi have been observed in experimental studies,
these being: spirochete, spheroplast (or L-form), and cystic or round-body forms. These persistent forms
have been found to be highly resistant to conventional antibiotic treatment.

The following references provide extensive evidence of the pleomorphism of B. burgdorferi, with frequent
reference to the round-body or cystic form:

1. Al-Robaiy S, Dihazi H, Kacza J, et al. Metamorphosis of Borrelia burgdorferi organisms — RNA, lipid and
protein composition in con text with the spirochetes’ shape. J Basic Microbiol. 2010;50(Suppl 1): S5-
S17.

2. Brorson @, Brorson SH, Scythes J, MacAllister J, Wier A, Margulis L. Destruction of spirochete Borrelia
burgdorferi round-body propagules (RBs) by the antibiotic tigecycline. Proc Natl Acad Sci U S A. 2009
Nov 3;106(44):18656-61.

3. Brorson @, Brorson SH. In vitro conversion of Borrelia burgdorferi to cystic forms in spinal fluid, and
transformation to mobile spirochetes by incubation in BSK-H medium. Infection. 1998;26:144-150.

4. Brorson @, Brorson SH. Transformation of cystic forms of Borrelia burg dorferi to normal mobile
spirochetes. Infection. 1997;25:240-246.

5. Corak N, Anniko S, Daschkin-Steinborn C, Krey V, Koska S, Futo M, Siroki T, Woichansky |, Opagi¢ L, Kifer
D, TuSar A, Maxeiner HG, Domazet-LoSo M, Nicolaus C, Domazet-LoSo T. Pleomorphic Variants
of Borreliella (syn. Borrelia) burgdorferi Express Evolutionary Distinct Transcriptomes. Int J Mol Sci. 2023
Mar 15;24(6):5594.

6. Diterich |, Rauter C, Kirschning CJ, Hartung T. Borrelia burgdorferi-induced tolerance as a model of
persistence via immunosuppression. Infect Immun. 2003;71:3979-3987.

7. GargK, Jokiranta TS, Filén S, Gilbert L. Assessing the Need for Multiplex and Multifunctional Tick-Borne
Disease Test in Routine Clinical Laboratory Samples from Lyme Disease and Febrile Patients with a
History of a Tick Bite. Trop Med Infect Dis. 2021 Mar 17;6(1):38.



References for the persister forms of Borrelia burgdorferi and
chronicity, including in its “round-body” (cystic) form (2/2)

8. Herranen, Anni. “Unraveling the pleomorphic forms of Borrelia burgdorferi.” (2014).

9. Karvonen K, Nykky J, Marjomaki V, Gilbert L. Distinctive Evasion Mechanisms to Allow Persistence

of Borrelia burgdorferi in Different Human Cell Lines. Front Microbiol. 2021 Oct 12;12:711291.

10. Merildinen L, Brander H, Herranen A, Schwarzbach A, Gilbert L. Pleomorphic forms of Borrelia
burgdorferi induce distinct immune responses. Microbes Infect. 2016 Jul-Aug;18(7-8):484-95.

11. Merildinen L, Herranen A, Schwarzbach A, Gilbert L. Morphological and biochemical features of
Borrelia burgdorferi pleomorphic forms. Microbiology (Reading). 2015 Mar;161(Pt 3):516-27.

12. Miklossy J, Kasas S, Zurn AD, McCall S, Yu S, McGeer PL. Persisting atypical and cystic forms of Borrelia
burgdorferi and local inflammation in Lyme neuroborreliosis. ] Neuroinflammation. 2008 Sep 25;5:40.

13. Murgia R, Cinco M. Induction of cystic forms by different stress condi tions in Borrelia burgdorferi.
APMIS. 2004;112:57-62.

14. Rudenko N, Golovchenko M, Kybicova K, Vancova M. Metamorphoses of Lyme disease spirochetes:
phenomenon of Borrelia persisters. Parasit Vectors. 2019 May 16;12(1):237.

15. Sapi E, Kaur N, Anyanwu S, Luecke DF, Datar A, Patel S, Rossi M, Stricker RB. Evaluation of in-vitro
antibiotic susceptibility of different morphological forms of Borrelia burgdorferi. Infect Drug Resist.
2011;4:97-113.

16. Sloupenska K, Koubkova B, Horak P, Dolezilkova J, Hutyrova B, Racansky M, Miklusova M, Mares J,
Raska M, Krupka M. Antigenicity and immunogenicity of different morphological forms of Borrelia
burgdorferi sensu lato spirochetes. Sci Rep. 2024 Feb 18;14(1):4014.

17. Vancova M et al. Pleomorphism and Viability of the Lyme Disease Pathogen Borrelia burgdorferi
Exposed to Physiological Stress Conditions: A Correlative Cryo-Fluorescence and Cryo-Scanning Electron
Microscopy Study. Front Microbiol. 2017 Apr 11;8:596.

18. Xi D, Thoma A, Rajput-Ray M, Madigan A, Avramovic G, Garg K, Gilbert L, Lambert JS. A Longitudinal
Study of a Large Clinical Cohort of Patients with Lyme Disease and Tick-Borne Co-Infections Treated
with Combination Antibiotics. Microorganisms. 2023 Aug 24;11(9):2152.



References available for viral/bacterial associations with
specific conditions

e SARS-CoV-2

e Type 1 Diabetes

e Multiple Sclerosis

e Rheumatoid arthritis
e Hashimoto‘s/Graves
e |BD

e Sjogren’s Syndrome
e Myasthenia Gravis

e PANS/PANDAS

e ALS/Motor Neurone Disease
e Fibromyalgia

e M.E.



Thank you very much!

0786 772 6387


mailto:gilian@aonm.org
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