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DISCLOSURES

* | HAVE NO FINANCIAL, COMMERCIAL, OR
NDUSTRY DISCLOSURES

* | PARTICIPATE AS A NON-COMPENSATED INVESTIGATOR IN INDUSTRY-FUNDED RESEARCH ON
ZOONOTIC AND EMERGING INFECTIOUS DISEASES




OBJECTIVES DU JOUR:

 DISCUSS THE RELEVANT TICK-BORNE DISEASES IN WISCONSIN, AND
WHEN THEY SHOULD BE CONSIDERED IN A DIAGNOSTIC WORKUP

* REVIEW WHICH TESTS TO ORDER FOR VARIOUS ZOONOTIC ILLNESSES

e DISCUSS HOW THE MTITT VS STTT PARADIGM HAS CHANGED LYME
DISEASE DIAGNOSTICS (AT LEAST IN MY LOCAL AREA)
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WHAT IS A TICK?

* 8 LEGGED ARTHROPOD (ARACHNID)
* TWO BODY SEGMENTS

e TWO LIFE STAGES (NYMPH, ADULT)
 REQUIRES BLOOD MEAL AT EACH PHASE

e HALLER'S ORGANS (SENSE CO2)
e ABSENT IN MITES




Source: my desk
(previously, the woods)




Anatomy of Hard and Soft Ticks

CAPITULUM [ an PALPUS CAPITULUM
VISIBLE BASIS CAPITULI NOT VISIBEH .

DORSAL SHIELD

Hard Tick
(Family Ixodidae)

Source: http://www.ticktexas.org/ticks/ticks101_anatomy.htm







WISCONSIN TICKS

e 16 SPECIES
e ONLY A FEW KNOWN TO FEED DELIBERATELY ON HUMANS

* THE BIG THREE TICKS:
. (IXODES SCAPULARIS, IXODES COOKEI)

. (DERMACENTOR VARIABILIS, RHIPICEPHALUS
YNNI

. (AMBLYOMMA AMERICANUM)



Adult Adult Nymph Larva
female male

Lone Star Tick (Amblyomma americanum)

& &

American Dog Tick (Dermacentor variabilis)

NOTE: Relative sizes of several ticks at different life stages.

Engorged female Ixodes scapularis tick. Color may vary.

Source: CDC



WHEN ARE THE TICKS "OUT"

e ACTIVITY DEPENDS ON TEMPERATURE
e ACTIVE/BITING AS LOW AS 40 DEG FAHRENHEIT!

* YES, WE SEE REAL LYME CASES IN FEBRUARY, MARCH, ETC...

e NYMPHS ARE MOST ACTIVE IN JUNE/JULY







THE BIG LIST

WHAT ARE THE ZOONOTIC TICK-
BORNE DISEASES IN WISCONSIN@



WISCONSIN TICK-BORNE DISEASES:

* LYME DISEASE (BORRELIA BURGDORFERI SS, BORRELIA MAYONII)
* BORRELIA MIYAMOTOI

« HGA (ANAPLASMOSIS)

e BABESIOSIS

e HME (EHRLICHIOSIS)

« POWASSAN VIRUS

e SPOTIED FEVER RICKETTSIOSIS (RMSF)

e TULAREMIA

e EMERGING INFECTIOUS DISEASES:
« BOURBON VIRUS, HEARTLAND VIRUS, STARI (2)



WHEN CONSIDER A TICK-BORNE DISEASE<¢

e T[HREE V ARIABLES:
* EXPOSURE TO TICKS
e ABSENCE OF PROTECTIVE MEASURES FOR TICKS
e CLASSIC CADRE OF SYMPTOMS



WHEN CONSIDER A TICK-BORNE DISEASE<¢

e THREE VARIABLES:

e EXPOSURE TO TICKS
« CHRONOLOGY — TIME OF YEAR?
o (GEOGRAPHY — HOTSPOTS IN THE STATE?
 HUNTING
* HIKING, TRAIL RUNNING, BICYCLING
* AGRICULTURE
 OCCUPATIONAL — VETERINARY, RURAL WORKERS
* ATTACHED TICKS (> 24 HOURS)






WHEN CONSIDER A TICK-BORNE DISEASE<¢

* [HREE VARIABLES:

* ABSENCE OF PROTECTIVE MEASURES FOR TICKS
* PROTECTIVE CLOTHING
* LONG SOCKS/PANTS, “BLOUSERS", HATS, ETC.
 DEET/PERMETHRIN
e DID THEY CHECK FOR TICKS?¢



Ready for ticks...and to
paint a barn or two




WHEN CONSIDER A TICK-BORNE DISEASE<¢

e [HREE VARIABLES:

e CLASSIC CADRE OF SYMPTOMS

FEVER + RASH (ERYTHEMA MIGRANS)

FEVER + JOINT PAIN

JOINT EFFUSIONS

PALSY (CLASSIC BELL'S PALSY)

“FLU-LIKE" [LLNESS IN HUNTER, HIKER, CAMPER, ETC.
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THE AGE-OLD QUESTION OCCASIONALLY POSED TO THE LAB...
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LYME DISEASE (BORRELIA BURGDORFERI)

CONSIDER ORDERING NO TESTING WHATSOEVER
e NO TESTING IS NEEDED TO “CONFIRM"” AN ECM IN THE RIGHT CLNICAL SETTING

LYME SEROLOGY (STTT VS MTIT)
e IGM, IGG
e WESTERN BLOT

CSF ANTIBODY INDEX

« PCR
e SKIN BIOPSY2¢2¢



Clinical Infectious Diseases Ta—
SIDSA

ria v medicine a

Clinical Practice Guidelines by the Infectious Diseases
Society of America (IDSA), American Academy
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IMMUNOASSAYS

SOCIETY FOR

A AMERICAN Journal of
microsiolocy Clinical Microbiology® .

Check for
updates

Multicenter Clinical Evaluation of Modified Two-Tiered Testing
Algorithms for Lyme Disease Using Zeus Scientific Commercial

Assays

Maroun M. Sfeir,® Jennifer K. Meece,” (*’Elitza S. Theel, Dane Granger,“ Thomas R. Fritsche,” Allen C. Steere,? ' John A. Branda®

aUConn Health, Farmington, Connecticut, USA
sMarshfield Clinic Health System, Marshfield, Wisconsin, USA
<Division of Clinical Microbiology, Department of Laboratory Medicine and Pathology, Mayo Clinic, Rochester, Minnesota, USA

9Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA

Maroun M. Sfeir and Jennifer K. Meece contributed equally to this article. Author order was determined by drawing straws.




Standard Two-tiered Testing (STTT) Algorithm
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Modified Two-tiered Testing (MTTT) Algorithm #1

Positive Poslitive
:'Cl: Eb"; MTTT #1 Positive
otal a
ocal Equivocal
VisE/pepC10 i 3
ELISA (total ab)
MTTT #1 Negative

MTTT #1 Negative

Modified Two-tiered Testing (MTTT) Algorithm #2

Poslitive WCS IgM Positive
or and 1gG ELISAs (elther or both) MTTT #2 Positive
VisE/pepC10 s
ELISA (total ab)

MTTT #2 Negative



TABLE 3 Specificity of individual EIAs compared with MTTT algorithms?

First-tier test Second-tier test(s)

MTTT algorithm Specificity (%) P° Specificity (%) P° MTTT algorithm specificity (%, 95% Cl)
1 (VISE1/pepC10 IgG/IgM EIA f/b WCS IgG/IgM EIA) 180/190 (95) 0.01 177/190 (93) 0.003 188/190 (99, 96-100)
2 (VIsE1/pepC10 IgG/IgM EIA f/b WCS IgM and 1gG EIAs)  180/190 (95) 0.01 161/190 (85) 0.0001  188/190 (99, 96-100)

aMTTT, modified two-tiered testing; Cl, confidence interval; f/b, followed by; WCS, whole-cell sonicate; EIA, enzyme immunoassay.
5P values refer to the comparison between the individual EIA and the relevant MTTT algorithm.

May 2022 Volume 60 Issue 5 10.1128/jcm.02528-21




TABLE 4 Sensitivity of two-tiered testing algorithms for Lyme disease?
No. positive results (sensitivity [%]; 95% Cl)

Paired samples from CDC
repository

Acute EM with
hematogenous All acute EM

EM acute EM conv. dissemination combined Neuritis or
Algorithm Test 1 Test 2 phase (n = 30) phase (n = 30) (n=31) (n=61) carditis (n = 25)

STTT VIsE1/pepC10 IgG/IgM EIA IgM and IgG immunoblots 15 (50; 33-67) 23 (77; 59-88) 10 (32, 18-50) 25 (41,30-54) 24° (96, 79-100)

MTTT 1 VIsE1/pepC10 IgG/IgM EIA WCS EIA (IgG/IgM) 22 (73,55-86), 25 (83, 66-93), 12 (39, 24-56), 34 (56,43-68), 25 (100, 84-100),
P=0.02¢ P=0.48 P=0.68 P=0.03 P=1.0

MTTT 2 VIsE1/pepC10 IgG/IgM EIA WCS IgM and IgG ElAs 23 (77,59-88), 27 (90, 74-97), 22 (71,53-84), 45 (74,61-83), 25 (100, 84-100),
P=0.01 P=0.13 P=10.002 P =0.0001 P=1.0

aCl, confidence interval; EM, erythema migrans; conv., convalescent; STTT, standard two-tiered testing; MTTT, modified two-tiered testing algorithm; EIA, enzyme immunoassay; WCS, whole-cell sonicate.

50One sample was negative by IgM immunoblot (strong 23-kd band, weak 41-kd band, absent 39-kd band) and IgG immunoblot (only 41-kd and 45-kd bands present).
<All P values refer to comparison with standard two-tiered testing (VIsE1/pepC10 polyvalent EIA followed by IgM and IgG immunoblots).

Lyme arthritis

(n =50)

50(100,91-100)

50 (100, 91-100),
P=1.0

50 (100, 91-100),
P=1.0



Diagnostic Microbiology and Infectious Disease
Volume 105, Issue 1, January 2023, 115837

Clinical evaluation of a Borrelia modified two-
tiered testing (MTTT) shows increased early
sensitivity for Borrelia burgdorferi but not other

endemic Borrelia species in a high incidence
region for Lyme disease in Wisconsin
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High Prevalence of Borrelia mayonii (Spirochaetales:
Spirochaetaceae) in Field-Caught Tamias striatus

(Rodentia: Sciuridae) From Northern Wisconsin
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Multiplex High-Definition Polymerase Chain Reaction
Assay for the Diagnosis of Tick-borne Infections in
Children

Lise E. Nigrovic,"” Desiree N. Neville,” Laura Chapman,’ Fran Balamuth,’ Michael N. Levas,” Amy D. Thompson,® Anupam B. Kharbanda,” Derek Gerstbrein,®
John A. Branda,’ and Blake W. Buchan,® for Pedi Lyme Net

"Division of Emergency Medicine, Boston Children’s Hospital, Boston, MA, USA, Division of Emergency Medicine, UPMC Children’s Hospital of Pittsburgh, Pittsburgh, MA, USA, IDepartment of
Emergency Medicine, Rhode Island Hospital, Providence, Rl, USA, *Division of Emergency Medicine, Children’s Hospital of Philadelphia, Philadelphia, PA, USA, “Division of Emergency Medicine,
Children’s Wiscansin, Milwaukee, Wi, USA, ®Division of Emergency Medicine, Nemours Children’s Health, Wilmington, DE, USA, "Department of Emergency Medicine, Children’s Hospitals

and Clinics of Minnesota, Minneapolis, MN, USA, ®Department of Pathology, Children’s Wisconsin, Milwaukee, W1, USA, and *Department of Pathology, Massachusetts General Hospital, Boston,
MA, USA

Background. Ixodes scapularis ticks can carry Borrelia species as well as other pathogens that cause human disease. The
frequency of tick-borne infections and coinfections in children with suspected Lyme disease is unknown, creating clinical
uncertainty about the optimal approach to diagnosis.

Methods. We enrolled children aged 1-21 years presenting to 1 of 8 Pedi Lyme Net emergency departments for evaluation of
Lyme disease. We selected cases with serologically or clinically diagnosed Lyme disease (erythema migrans or early neurologic
disease) matched by symptoms, age, gender, and center to control subjects without Lyme disease. We tested whole blood
samples collected at the time of diagnosis using a multiplex high-definition polymerase chain reaction (HDPCR) panel to
identify 9 bacterial or protozoan pathogens associated with human disease. We compared the frequency of tick-borne
coinfections in children with Lyme disease to matched controls.

Results. Of the 612 selected samples, 594 (97.1%) had an interpretable multiplex HDPCR result. We identified the following
non-Borrelia tick-borne infections: Anaplasma phagocytophilum (2), Ehrlichia chaffeensis (1), and Babesia microti (12). Children
with Lyme disease were more likely to have another tick-borne pathogen identified than matched controls (15/297 [5.1%] Lyme
cases vs 0/297 [0%]; difference, 5.1% [95% confidence interval, 2.7%-8.2%]).

Conclusions. Although a substantial minority of children with Lyme disease had another tick-borne pathogen identified, either
first-line Lyme disease antibiotics provided adequate treatment or the coinfection was subclinical and did not require specific
treatment. Further studies are needed to establish the optimal approach to testing for tick-borne coinfections in children.

Keywords. children; coinfections; Lyme disease; tick-borne infection.




SHOULD WE PCR THIS TICK SOMEONE SUBMITTED?

« NOI
e TOTALLY USELESS IN ROUTINE CLINICAL PRACTICE

» DISCOURAGE THIS PRACTICE AMONG PATIENTS/PROVIDERS!

e “SHOULD WE TEST IT FOR CO-INFECTIONSS"
e NO. ABSOLUTELY NOT.



BORRELIA MIYAMOTO)I

* FUNDAMENTALLY DIFFERENT THAN BORRELIA BURGDORFERI
e THINK OF IT LIKE A RELAPSING FEVER SPIROCHETE

 PROMINENT BLOODSTREAM PHASE, ELICITING FEVER
« PCR






ANAPLASMA

SEROLOGY (IFA)

* PAIRED IGM/IGG 3-4 WEEKS APART
MORULAE IN GIEMSA BLOOD SMEAR

* (BACKUP TO SECOND METHOD)

PCR (DAYS 1-7)
« HE1/HE3 TARGET

» CULTURE (CSF, BLOOD)...RARELY DONE









Comparison of a Real-Time PCR Method with Serology and Blood
Smear Analysis for Diagnosis of Human Anaplasmosis: Importance of
Infection Time Course for Optimal Test Utilization

2 J. K. Meece,® L. C. Ivacic,® P. D. Bertz,® K. Zhang,® T. Weiler,” T. S. Uphoff,” T. R. Fritsche™*

ation, Marshfield, Wisconsin, USA?; Marshfield Clinic, M eld, Wisconsin, USA"; University of Wisconsin, La Crosse, Wisconsi

Anaplasmosis and ehrlichiosis are emerging tick-borne diseases with clinically similar presentations caused by closely related
pathogens. Currently, laboratories rely predominantly on blood smear analysis (for the detection of intracellular morulae) and
on serologic tests, both of which have recognized limitations, for diagnostic purposes. We compared the performance of a pub-
lished real-time PCR assay that incorporates melt curve analysis to differentiate Anaplasma and Ehrlichia species with blood
smear and serologic methods in an upper Midwest population. Overall, 38.5% of the specimens selected for evaluation had one
or more tests that were positive for anaplasmosis. The PCR positivity for all specimens was maximal (21.2%; 29/137) during the
early acute phase of illness (0 to 4 days since illness onset) and significantly less frequent (11.5%; 20/174) during later phases (>4
days since illness onset). All positive specimens were Anaplasma phagocytophilum; no Ehrlichia species were identified. The real-
time PCR detected 100% of infections that were detected by blood smear analysis (14/14) and broadened the detection window
from a maximum of 14 days for smear positivity to 30 days for PCR. Additional infections were detected by real-time PCR in
12.9% (11/85) of smear-negative patients. There was poor agreement between the real-time PCR assay and serologic test results:
19.8% (19/96) and 13.7% (29/212) of seropositive and -negative patients, respectively, were PCR positive. Seropositivity in-
creased with increasing days of illness, demonstrating that serologic detection methods are best utilized during presumed conva-
lescence. Our results indicate that the optimal performance and utilization of laboratory tests for the diagnosis of anaplasmosis
require knowledge regarding time of symptom onset or days of illness.




Early acute

00
o

B PCR positive
@ PCR negative

Number of patients

NEG POS NEG POS NEG POS
Blood smear test result

ov)

Early acute

[@ PCR positive
@ PCR negative

v
—
e
2
-
©
Q.
~—
o
—
Q
K]
£
=]
4

NEG POS NEG POS NEG POS
Serologic test result

FIG 2 Comparisons of positive and negative blood smear (A) and serologic
(B) tests with that of the real-time PCR assay for detecting A. phagocytophilum
infection in all patients, and for those in the early acute (0 to 4 days since illness
onset) and later (>4 days since illness onset) phases of infection.




Rate Per
100,000

0

0.1-15
16 - 30
31-60

61-100
> 100

Figure 4. Annual county level incidence rate for positive laboratory cases of combined tick-borne
diseases caused by human granulocytic anaplasmosis, babesiosis, ehrlichiosis per 100,000 patients,
2000-2016 for the Marshfield Clinic Health System.




BABESIA

* BLOOD SMEAR (HISTOPATHOLOGY)

* GIEMSA STAINING
* OCCASIONALLY SEEN IN URINE (HEMATURIA)

.+ IFA
s
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EHRLICHIA

e [ESTING NOT WIDELY AVAILABLE, OR NEEDS TO BE SENT OUT

o TREATMENT FOR LYME/ANAPLASMA OFTEN PRESUMES COVERAGE FOR EHRLICHIA
SPP.

e |FA (4X RISE OVER 3-4 WEEKS)

e SPECIALIZED PCRS
e ORGANISM-SPECIFIC
e (GENUS-SPECIFIC



TULAREMIA (FRANCISELLA TULARENSIS)

« RECOVERY FROM CULTURE

e | ABORATORY HAZARD!
e APPROPRIATE SHIPPING CONSIDERATIONS IF SENDING OUT FOR ID

e SEROLOGY (TOO SLOW...)
 PCR?
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