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Sensitivity-

* Don’t want to miss cases
Specificity-

* Don’t want false positives
Broad coverage-

* Must be able to test for as many potential pathogens as possible-
many new species are being documented



* T-cell response- is the earliest to react and is
most sensitive then; sensitivity drops off but
can increase in late, chronic stages even if
seronegative (T-cell response is independent of I
B-cell response)

* [|gM reacts next, and while its levels usually
iminish, in a subset of patients, IgM response
may persist
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* IgG appears last; may persist or drop off. _
Absent IgG response often seen in late, chronic
infections

* Paradoxically, the more ill, the less likely to
have a positive IgG



Reflect B-cell response
* You need antigens specific to the organism you are testing for

* You create a system that contains these antigens- then you mix the patient
sample with the antigen-containing system

* If the patient sample contains antibodies, they will bind to the antigens

* Design the system to indicate that this has happened- changes color
(ELISA), fluoresces (IFA), or deposits a dark spot on a test strip (blot)

* For this to work, you need highly purified and specific antigens for each
organism

* But you also must deal with background noise and cross-reacting organisms
* Trade-off between sensitivity and specificity



* |[FAs and ELISAs- their antigens come from either whole cell sonicates
or a single specific antigen
* Example- in Lyme, use either a sonicated whole Borrelia (usually lab strain
B31) or use just the flagellin (p41) antigen

* Example- In TBRF, the ELISA for B. miyamotoi targets only one antigen- GLpQ

* Whole cell is too nonspecific and single antigen is too insensitive

* Examples- In Lyme, p41 is not specific as most spirochetes and some other
bacteria express this; C6 ELISA is not present in every case of Lyme so is
insensitive

e Can only reliably test for one species at a time



* Western Blot should be better as it can display multiple antigens, letting us choose
ones that are more specific

 However, several problems:
* Made from cultured lab strains of the organism
* Organisms are lysed- many antigens are released and many are nonspecific
* Are able to detect only one species at a time

* In Lyme disease it is usually based upon only the single lab strain B31 which does not
represent the presence of Bb sl and all of the important TBRF species

* Also, in Lyme the CDC (and insurers, among others) insist upon using “CDC case definition
surveillance criteria” that specifies which bands to include and ignore, and a minimum
number of bands that must be present to call the test positive

* These criteria exclude key Borrelia bands but include several nonspecific bands
* Result is poor sensitivity and poor specificity, plus limited species coverage



It is fundamentally different from the western blot and all
other serologies

* Uses recombinant antigens, not lysed organisms
* Allows lab to choose highly specific antigens

* Eliminates the “noise” created by all the nonspecific antigens
released from lysed organisms

* Antigens are printed on the strip (instead of
electrophoresis)

» At precise locations- so confusion with foreign antibodies far
less likely

* Exacting quantities printed- band intensity is no longer
dependent on culture viability
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Recombinant antigens are lab-created proteins that are identical
to those of the pathogen being tested

* The DNA sequence in the pathogen that codes for this protein is
inserted into and expressed by a host, often E. coli

*The E. coli then produces pure protein antigens for use in the
immunoblot

*In the IGeneX ImmunoBlots, a broad array of carefully chosen
protein antigens are included resulting in increased specificity,
sensitivity, and broad species coverage



ADVANTAGES:

* Highest sensitivity and specificity of any serological test
* Basically, if free antibody is present, you will get a positive result

* Ability to detect multiple species
* In Lyme, can detect all Bb sl

* In TBRF, can detect all major pathogenic species known to exist in
USA patients

* In Bartonella and Babesia, can detect multiple species and name the
major ones



* A positive result means free antibody is present and has been
detected

* However, free antibodies may NOT be present:

1. Antigen excess- all antibodies are bound up in immune complexes
and none are free to be detected

2. Immune deficiency- patient is not making enough antibody to be
detected

3. Stealth organisms/hidden organisms that are not eliciting an
antibody response



* Reflects past exposure to an organism by measuring T-cell response

* Method:

 Patient blood must be handled carefully to keep T-cells viable by the time they
arrive in the lab, and lab must process the specimen promptly

» Antigens of the organism to be tested are introduced into the cell culture

* |f the T-cells had been previously exposed to this organism due to past
infection, then the T-cells will activate

* Activation can be assessed by incorporation of radiopharmaceuticals or by
liberation of interferons (ELISPOT method measures production of
interferon-gamma by the T-cells)

* The IGXSpot is the ELISPOT offered at IGeneX



Clinical features-

 Reactivity appears very early, tapers off, then may reappear late in chronic
illness

* Because T-cell responses are independent of B-cell responses, can be
positive in seronegative patients- in early, chronic and B-cell dysfunction

* Can be designed to offer genus-level detection (IGeneX)- broadens
coverage.

* Sensitivity and specificity each are about 80% when tested within its
desired time window

 When combined with the ImmunoBlot, provides information on the full
spectrum of patient’s immune response to infection and stage of disease



* Direct assay (urine, CSF) to detect presence of antigens from the
organism in question- Lyme disease only

* Can use one or several antigens from the pathogen

* Lyme Dot-blot (IGeneX)- Multispecies (Bb sl); multiple antigens 31, 34, 39, and
93 kDa

* Nanotrap (Galaxy)- Multispecies (Bb sl) but one antigen- Bb OspA (31 kDa)

* Extremely helpful when impractical to draw blood (poor access,
newborns, etc.)



* Antigen spillage is not constant- varies widely

* Spillage and therefore sensitivity tracks symptom severity- symptom
flares, Herxheimers, menses

 To increase sensitivity, some clinicians pre-treat with antibiotics to induce a
Herxheimer

* They usually collect three samples to increase yield

* Specific as long as there is no UTI, so recommend doing a concurrent U/A and
urine culture

* |f only one of several samples is positive, believe the positive one



FISH detects presence of pathogen RNA —is a direct-detection test

* Specific fluorescent RNA stains are applied to a blood smear for direct
visualization

* RNA does not persist post-infection- disappears as soon as pathogen
dies, so a positive means infection is present

* Able to detect pathogens even if embedded in biofilms!!

* |s designed to be genus-specific (IGeneX), increasing breadth of
species detection

 Available for Bartonella and Babesia (IGeneX)



Clinical-

* Pathogenemia is high early in the infection, before effective immunity
develops- positives can appear very early in disease

* Pathogen load also increases very late in the infection as immunity
declines and the organisms adapt to the host- another time when this
test can be very helpful

* Highly specific, so a positive result should not be dismissed, but a
negative does not rule out infection



* PCR is a direct detection assay that looks for presence of nucleic acids
(usually DNA) of the organism in the specimen

* Can test blood, other body fluids and biopsy samples

* If enough DNA is found, then direct sequencing can be done to
confirm identity of the pathogen

* PCRs can be crafted to offer genus-level detection (IGeneX, Galaxy)

* PCR testing is available for most of the TBDs and many viruses
* Borrelia, Babesia, Bartonella, Ehrlichia, Anaplasma, RMSF, others



* In TBD testing, Blood PCR is notoriously insensitive-
* There are PCR-inhibitors in blood- heparin, host DNA, hemoglobin
* Pathogen load is often too low to detect especially with these inhibitors
* Pathogenemia is often intermittent in TBDs

* WWays increase sensitivity:
* Draw and test larger blood volumes and/or collect multiple specimens over time

* Test when pathogenemia is expected to be greatest
* Varies by pathogen, but generally is highest during flares

e Should not be done while on antimicrobials
» Use fluids that do not have lots of inhibitors (CSF ok; urine does have some inhibitors)
* Remove inhibitors- requires careful specimen preparation and pre-culturing
* Test tissues, not fluids



...but there are technical limitations when culturing the TBDs
* TBDs are adapted to thrive in living organisms, not artificial culture media
e Pathogens are not always present in the blood sample

* TBDs all grow very slowly, so culturing may have to be extended many
weeks to get a positive result

* With long culturing intervals, other pathogens which may be present can
overgrow and spoil the culture

* Once cultured, how do you confirm identity of what has grown?

* Lab issues- complex methodology, labor intensive, time consuming,
contamination risk



Available from IGeneX for Lyme Borrelia, TBRF Borrelia, Bartonella,
Babesia, Ehrlichia and Anaplasma

Took over two years of research and development, and many hundreds
of samples were used

* Blood sample is held in proprietary culture medium for two weeks
* After two weeks, sample is tested by sensitive and validated PCR

* Genus level reporting- broadens number of pathogens being
detected, but will not identify species

* Each type of pathogen requires a different culture medium, so tests
must be ordered individually



How did IGeneX validate positive cultures?
*In a clinical lab, PCR is best choice (available; proven technology)

* But PCR needed to be optimized and then validated

* PCR inhibitors in peripheral blood are neutralized or removed
* PCR process is rigidly standardized and controlled

* VValidation of the PCR

* During development, ALL positive samples were sent to an outside
reference lab for sequencing to confirm identity

* |n addition, to further confirm the pathogen was really present, reverse
western blots were performed using recombinant technology



Specificity:

* All sequencing results matched initial PCR determination

* All reverse western blots matched exactly the results of sequencing
Sensitivity:

* Difficult to report sensitivity, as there is no gold standard to compare
It to

Significance:

* If a pathogen grows in culture, it is guaranteed to be active and not a
remnant of a past infection



Genus level diagnosis- broad species coverage

So broad, in fact, that an unusual species of Anaplasma was detected in
a human patient:

Anaplasma platys (formerly Ehrlichia platys)

e |s a tick-borne intracellular bacterium that infects platelets, resulting
in infectious cyclic thrombocytopenia in dogs.

* Report of A. platys in hard ticks in China- Rhipicephalus microplus
* Also reports of this infecting cattle
e Literature: four cases reported of human infection



“FDA Approval” is simply a licensing procedure- it is not intended to be
a sign of test validation

* Test licensing is only needed if the test is made into a “kit” that is sold
to hospitals and other labs

* Lab test validation is performed by others- CLIA, Medicare, individual
states, CAP

LACK OF FDA APPROVAL DOES NOT MEAN AN INFERIOR TEST!!

* In fact, “Laboratory-developed tests” often use methods that are
more accurate than the FDA-approved ones- examples to follow



Indirect tests- serologies and T-cell response assays

Key is to use these when immune response is expected to be highest
* Early disease- T-cell response assay, ImmunoBlot

* Disseminated but not chronic, with intact immunity: ImmunoBlot

* Late, chronic infection: ImmunoBlot + T-cell response assay
* If immune deficiency is suspected, then add direct test(s)

* Even if immunity is compromised, always useful to do an immunoblot
to document antibody response

* With ongoing treatment, can see a paradoxical rise in antibody levels as the
pathogen load decreases and the immune system heals




Direct tests: Culture, FISH, Urine antigen capture, PCR
Key is to use these when pathogen load is expected to be highest
* Higher load early in the infection, before effective immunity develops

* Higher load during symptom flares
* This includes during periodic flare-ups seen in Borrelia infections (g2-4 weeks)

* Higher load at specific times of the day
* Borrelia- early afternoon and during chill phase
e Babesia- during chill phase
e Bartonella- not known

 Antimicrobials

* If on treatment, no meds for long enough for the organisms to re-emerge, but do NOT stop
needed treatment just to do a test!!

* If not already on treatment, some will pre-treat to enhance pathogen release. Others
recommend physical measures such as massage, sauna, etc. (anecdotal and not proven)







THE MOST COMMON VECTOR-BORNE INFECTION IN THE USA

e Can live in tissues, inside cells and transits through the blood
stream

e Evades host immunity: inhibits and kills B- and T-cells; inhibits
maturation of natural killer cells from CD56 to CD57

* Able to shift into multiple morphologic forms that help it to
evade immunity and resist antibiotic treatments

e Capable of reverting into a dormant, “stationary phase” to
further evade immunity and antibiotic treatment

* Can persist and become chronic despite antibiotic treatments
* Lab testing can miss cases



Borrelia rapidly disseminate after the tick bite
* Appear in the CNS within hours to days
But spinal fluid serologies are terribly insensitive-

* Spinal tap- in Lyme meningitis, the most acute form of neurologic
Lyme, only 9% had + CSF antibodies (Coyle, SUNY at Stony Brook)

SUMMARY:
* All cases of disseminated Lyme involve the CNS

* Negative CSF serology does NOT rule out CNS infection

* Neurologic Lyme is being vastly underdiagnosed (case definition vs
clinical reality)



e Borrelia can inhibit, invade and kill B- and T-cells
* May result in weak serological response
* May result in weak T-cell response

* Result:
» Sero-negativity, T-cell test negativity

Borrelia invading a lymphocyte

e Solution:

* Culturing to directly detect presence of Borrelia independent of the immune
response

e ALSO- wise to order immune-based tests anyway (ImmunoBlot- B-cells;
|GXSpot- T-cells) to document vitality of immune response




Immune-based tests (indirect)

e “Standard” serologies- IFA and ELISA- limitations will be
discussed

* Lyme Screen Immunoassay (new)

* Western Blot

* ImmunoBlot

* T-cell response assay

Direct tests

* Culture-enhanced PCR (cePCR) (new)
* Urine antigen capture (CSF too)



e Usually whole cell sonicate; some European labs still use flagellin only
(p41)

* |[FA is seriously nonspecific- false positives with oral flora, syphilis,
DNA viruses (EBV, etc.)

* ELISAs are also poorly specific because the basic technology is the
same as the |IFA

* Both are highly insensitive



Most commercial Lyme ELISAS are based upon lab strain B31

e ELISA- (range 29% to 75%) (Stricker, BMJ 2007;
335(7628): 1008)

66%
55%
50%
75%

29%
66%
68%
18%
14.1%
MEAN TOTAL 49.01%
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NEW TEST!

REPLACED LYME IFA (Immunofluorescence assay) effective 02/01/2023
Why?

Overall Clinical Sensitivity -1gG and/or IgM Clinical Specificity Summary
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Note: Samples used in this study were provided by CDC



Replaced the current Lyme IFA screen in all IGeneX panels at no
additional cost

Example Panels

IB1 - Lyme ImmunoBlot Panel 1
bymeteGHeMAsA-Sereen, Lyme IB IgM & 1gG

TBD6IB - Tick Borne Disease Panel

FISH: Babesia & Bartonella

IFA (IgM & 1gG): bymetecHeMAsA, HME, HGA, R. rickettsii/typhi IgG
ImmunoBlot (IgM & IgG): Lyme, TBRF, Babesia, Bartonella

PCR: Lyme serum & whole blood, TBRF serum & whole blood



* Cultured Lab strains of Borrelia (one species) are lysed, s T
antigens are separated by electrophoresis and then
transferred to a membrane strip

110-KDa

* Patient serum is added, and if antibodies are present they arn— Bekon
will bind to the antigens and a dark band will appear on the 7X0a e
strip where the antigens ended up after electrophoresis 3908

33-KDa 34-KDa
31-KDa

* Interpretation is based upon whether or not a band is 2408
present, its location, and its intensity

.- 22.KDa

. 17-KDa

Band location is migration-dependent- uses electrophoresis
Confusion with nonspecific antibodies is possible

Significant Lyme disease antibodies
detected on Western blot test,

Band intensity is culture-dependent and not always consistent including 31- and 34-kilodalton

bands. Courtesy of IGeneX, Inc.

Single species
Overall sensitivity 50%-70%- not much better than the ELISA




CDC developed interpretation criteria that are for epidemiologic
surveillance and not for clinical diagnosis!

Problems:

* They include bands which are NOT specific to Lyme Borrelia- this
can give rise to false positives

* They EXCLUDE bands that are very specific to Lyme Borrelia-
gives rise to false negatives

* The result is unacceptably low accuracy
Do not use CDC criteria for diagnosis! Only surveillance.



* The idea behind two tier testing is to begin with a very
sensitive screening test- very sensitive, therefore will not
miss any cases, at the cost of some false positives

* If the screening test is positive, then follow it with a very
specific second test to confirm true positives and exclude
false ones

* If the first test is negative, then the whole test is called
negative and the second tier will not be done

* For this to work, the first tier must be 99% sensitive, and
the second tier should be as sensitive but also 95% specific




The CDC Lyme two-tier test must begin with an IFA or ELISA as tier
one, and then use a western blot or another ELISA as tier two

* PROBLEMS

* The sensitivity of the ELISA is no better than a coin toss! IFA may be
WOrse.

e So as many as half of the cases are missed!!

* And because the western blot is interpreted using the faulty CDC
criteria, which limits sensitivity, even if there is a positive ELISA, many
cases are still missed

. Ilrllogfical to use another ELISA as tier two- second one is no better than
the first

* Also for SURVEILLANCE and not for clinical diagnosis



PROBLEM:

* Some insurance companies require two-tier testing to cover
cost of treatment; likewise this is needed for reporting cases

SOLUTION:

* Use the new IGeneX Lyme Screen Immunoassay IgM/IgG as
tier one

* Use the Lyme ImmunoBIlot as tier two

Result is far higher sensitivity and specificity while satisfying
insurance and reporting requirements



B. Burgdorferi
senso lato (Lyme)

B. burgdorferi 297
. californiensis

. mayonii

. afzelii

. garinii

. Spielmanii

I W T T W

. valaisiana

Tick-borne relapsing
fever Borrelia (TBRF)

B. turcica
B. turicatae
B. coriaceae
B. parkeri

B. texasensis

Species in red represent
those that large
commercial labs test for
But the rest are also
infecting USA patients and
must be included when
testing



REPLACES THE WESTERN BLOT

* Recombinant technology makes this method more sensitive and more
specific than other serologies

* Examples-
* Able to detect IgM and even IgG in early Lyme, with a combined sensitivity of 93%
* A positive IgM, even in late disease, is 97% specific- no longer can dismiss late + IgM

e Uses recombinant antigens from multiple species, broadening the number
of Lyme Borrelia that can be detected

* In Lyme, can detect all Bb sl
* In TBRF, can detect all major pathogenic species known to exist in USA patients



Blinded testing using CDC-supplied test samples

* Samples included positives, negatives, other ilinesses, early Lyme and later
stages of Lyme

* Laboratory (IGeneX) criteria were used, not CDC-criteria
RESULTS
* 100% specificity- NO false positives despite using in-house developed criteria

* 90% sensitivity- This includes samples from all stages of infection, males and
females, and a wide age range- good agreement with previous reports

* Vastly superior to standard two tier testing, and better than any other reported
testing method

PERFECT EXAMPLE OF A LABORATORY-DEVELOPED TEST THAT OUTPERFORMS
FDA-LICENSED TESTS




Classic TBRF- an acute illness that includes a high fever and severe

malaise, lasting for just a few days, and ending with severe sweats
and weakness

* This is followed by several days of relative wellness, then the
acute symptoms recur and repeat every 5 to 7 days

However, this is not the case with a large number of patients, who
in fact present as Lyme disease

* Diagnostic uncertainty may result because Lyme tests do not
detect TBRF



543 US patients with suspected Lyme:

* 32% were positive for Antibodies to Lyme Borrelia
* 22% were positive for Ab to Relapsing Fever Borrelia
* 7% were positive for Ab to both LB and RFB

- Clinically, they ALL resembled Lyme patients, not “relapsing
fever” patients

CONCLUSION: Lyme testing must also include TBRF



TBRF




Possibility is that seronegativity may simply be due to testing
for the wrong species!

* NONE of the commercial test-kit Lyme IFAs, ELISAs, western blots, PCRs or
T-cell tests have been validated for all the Lyme Borrelia, or for any TBRF

 Similarly, commercial TBRF serologic testing has only been validated against
two species (hermsii and miyamotoi, and each test has to be ordered
individually)

Solutions-
* For serologies, use ImmunoBlots as they are inclusive of multiple species

* For direct testing, use the Culture (cePCR) as it offers genus-level detection



* Always test for both Lyme and TBRF for initial diagnosis and for
re-evaluations

* Use tests that can detect the broadest range of species

* Lyme- Bb sl (ImmunoBlot, Culture, IGeneX urine antigen capture: Lyme
Dot-blot Assay), IGeneX IGXSpot (T-cell response assay)

* TBRF- maximal species coverage (ImmunoBlot, Culture)

* Often need to combine multiple testing methods (test panels)
* ImmunoBlots + Culture (cePCR)- indirect + direct
* Option to add urine antigen testing and T-cell response
* Synovial biopsy with PCR testing has a reasonably good yield






Extremely common in Lyme/TBD patients
* |s easily confused with Lyme
e Over 45 species known to exist!!

* Many ways to acquire an infection:

« Common vectors: fleas, mosquitos, biting flies, mites,
red ants

 Now demonstrated that ticks may also transmit
Bartonella

* Animal bites and scratches, needle sticks, maternal-fetal

 Worldwide distribution- even found far above the arctic
circle!




* |FA- old technology; designed to detect only B. henselae.

* ImmunoBlot : More sensitive and designed to detect multiple species-
replaces the IFA

* FISH (Fluorescent in-situ hybridization)- Direct visualization via
fluorescent RNA probe; is genus-specific thus offers extended species
coverage.

 Standard PCR — Detects presence of DNA of the organism after
amplification; useful but of limited sensitivity

 Culture (cePCR)- increases sensitivity and overcomes many of the
technical limitations of standard PCRs; genus-level detection allows for
broad coverage- replaces the standard PCR




Notoriously difficult to detect!

* Because of stealth features, no single test is 100% sensitive

* Also, multiple species are infecting our patients

* Therefore need highest sensitivity and broadest species coverage
Testing by multiple methods is recommended

* ImmunoBlot + FISH + Culture (cePCR)

e |If there is a known B-cell functional defect, substitute a T-cell
response assay (IGXSpot) for the ImmunoBlot






Malaria-like intra-erythrocytic parasite
* |s the most common co-infection in Lyme patients

» Causes fever, sweats, headache, air hunger, cough, profound fatigue,
balance issues and cognitive dysfunction

* Many other symptoms overlap with Lyme and TBRF

* Transmitted by the same tick that transmits Lyme

* The two dominant species in the USA are B. microti and B. duncani
* B. MO-1, B. odocoilei, B. divergens- also occasionally seen

 Rarely, atypical apicomplexa can also be found in humans



* Stained blood smear- Done in hospitals- only useful within first
week of infection

* FISH- Qualitative detection of Babesia ribosomal RNA directly in a
blood smear
e Far more sensitive than standard smear; can detect organisms in
biofilms; genus-level test so has broad coverage

* |[FA- Insensitive and outdated; need separate IFAs for B. microti
and for B. duncani; not available for other species

* Immunoblot- Far more sensitive than IFA and offers broad species
coverage

* Culture (cePCR)- is a genus-level test so it can detect at least
microti and duncani-%others have been detected)



Notoriously difficult to detect!

* Because of complex parasite biology, no single test is 100%
sensitive

* Also, now finding atypical species previously not expected

* Therefore need highest sensitivity and broadest species coverage
Testing by multiple methods is recommended

* ImmunoBlot + FISH + Culture (cePCR)

e |If there is a known B-cell functional defect, substitute a T-cell
response assay for the ImmunoBlot






Labs are seeing an increase in incidence of all of

the Rickettsias!

Anaplasma, Ehrlichia and Rocky Mountain Spotted

Fever

* Acute fever, headache, myalgias, malaise

e Often associated with low WBCs, low platelets,
and elevated LFTs

* RMSF rash- vasculitic; blanches with pressure
and refills from center; includes palms and soles

e Rash occasionally seen in the others (<5%)




Ehrlichia and Anaplasma
* Serology (IFA)

Culture (cePCR from IGeneX)-

* |s the first time a culture is available for these organisms
* Replaces standard PCR

RMSF
* Serology (IFA)
e Standard PCR

* culturing not allowed unless lab is certified for Biosafety Level 4!!
Best advice is to use all available methods when testing for these



* TBD test reliability is not optimum, but advances are being made

* Knowing the performance characteristics of each test will help you
choose which ones to order and when

* Knowing pathogen behavior can be helpful too

* Highest yield is obtained when a panel of tests is ordered that
collectively utilizes different methodologies (indirect + direct)

* Always best to use labs that are transparent with their test
performance, have publications and seek acceptance in all states

Bottom line is that clinical judgement must prevail



THANK YOU!
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And best wishes, from Dr. B



