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Learning Objectives

* Describe the presentation, diagnosis, and treatment of localized
and disseminated Lyme disease in pediatrics

» Improve understanding of diagnostic approach for potential
Lyme disease cases, including pre-test probability, evidence-
based laboratory testing, and test interpretation

» Examine available evidence regarding prolonged symptoms after
Lyme disease treatment

« Explore strategies to care for individuals with prolonged,
unexplained symptoms and concern for Lyme disease

Lyme Disease Pathogens

+ Caused by the spirochete (spiral-shaped
bacteria) Borrelia burgdorferi

* B. burgdorferi sensu stricto is primary species that
causes Lyme disease in the US

* Borrelia mayonii recently identified - rare,
currently localized to Wl and MN

+ Additional Borrelia species in Eurasia that may

present with distinct features
« Bacteria transmitted through the bite of
infected ticks

« Blacklegged tick (or deer tick, Ixodes scapularis) in
the Northeast, Mid-Atlantic and North Central
states

+ Western blacklegged tick (Ixodes pacificus) on the
West Coast
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Where is Lyme Disease?

FcoC

Areas with HIGH INCIDENCE
of Lyme disease

. Some local transmission
of Lyme disease

How big of a problem is Lyme disease?

* ~476,000 individuals are diagnosed and treated each year, based
on recent insurance claims data from 2010-2018 '
» ~62,000 cases of Lyme disease in 2022 via surveillance systems
« Revised surveillance case definition in 2022
* Report Lyme disease to local/state health department if you live
in an area of emergence or low incidence
« Cases in high incidence areas are now based on laboratory reporting
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Early Lyme Disease Erythema Migrans

» Most common manifestation is erythema migrans (EM)
« Expanding, erythematous, often annular lesion at site of inoculation

» May also have constitutional symptoms such as fatigue,
arthralgia, myalgia, headache

« Early Lyme disease is a clinical diagnosis 2

« Patient has lesion(s) consistent with EM and a potential tick exposure in a
Lyme endemic area

« Serology testing may be negative at this early stage even if patient is
infected
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Disseminated Lyme Disease Presentations Disseminated Lyme Disease Presentations

« Early disseminated (avg. 1-2 months after
untreated infection) 2
« Carditis

« Typically presents as atrioventricular nodal block, can
progress to complete heart block

* Meningitis
« Similar to enteroviral and other aseptic meningitis a s
« Cranial neuritis

- -
* Unilateral or bilateral, usually facial nerve but can include \ -
other nerves

« Late disseminated (3+ months after
initial untreated infection) 2
« Arthritis
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The Basics of Clinical Testing

« Clinicians order clinical tests to either :
« Screen for a disease before symptoms are present (e.g. cholesterol screens)
 Diagnose a disease (e.g. EBV serology in a child with infectious mononucleosis)

Clinical Testi ng For diagnosis or confirmation of the presence of

disease, the clinician must also consider the child's

symptoms, risk history, results of other tests, and
clinical experience
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Pretest Probability

» The probability that a patient has the disease before the
diagnostic test is performed or the result is known

* Pretest and posttest probabilities take into account test
performance (sensitivity and specificity), as well as disease and
community context (likelihood ratios, prevalence)

* The probability of the patient having the suspected disease
should be known prior to testing

Understanding Test Results for Infectious Diseases

Consider the likelihood of disease before performing laboratory testing

The likelihood that a patient has a e
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Sensitivity & Specificity Predictive Value
« Sensitivity - If patient has disease, what is the likelihood patient will * Positive predictive value -If patient has a positive test, what is the
test positive for it? likelihood that patient has the disease?
« If a test has high sensitivity, it correctly identifies patients with the « Proportion of those with a POSITIVE blood test that have the disease
disease

« However, some people who do not have the disease will also test positive

« Specificity - If patient does not have disease, what is the likelihood
patient will test negative for it?"

« If a test has high specificity, it correctly identifies patients without the
disease

» Negative predictive value - If patient has a negative test, what is the
likelihood that patient does not have the disease?
« Proportion of those with a NEGATIVE blood test that do not have the
disease
« Positive and negative predictive values are affected by the
population prevalence of the disease in question
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Testing for Lyme disease

« Consider serology testing if patients have moderate to high pre-
test probability of disseminated Lyme disease:

QOReside in or have traveled to a geographic area where Lyme disease is
common,

QHave risk factors for a tick bite (outdoor activities, pets who go outside),
and

QHave characteristic symptoms of disseminated Lyme (neurologic or
cardiac symptoms, arthritis)

« Serologic testing is highly sensitive in disseminated Lyme disease

Testing in early localized Lyme disease

« Patients presenting with an erythema migrans rash and an
appropriate epidemiologic history consistent with early localized
Lyme disease do not require serologic testing

« Antibodies take several weeks to develop, so clinical diagnosis and
treatment is recommended

« If testing is performed, it may be negative initially- consider retesting in
2-3 weeks
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Lyme Antibody (Serology) Testing

«» Two serologic tests are meant to be used in a tiered approach to
improve the specificity of the overall result 4

« An isolated serologic test has a higher risk of false positivity

« Standard 2-tiered testing protocol
» Enzyme immunoassay (EIA) or rarely, indirect fluorescent antibody (IFA)

Lyme Antibody (Serology) Testing

» Modified 2-tiered testing
protocol 4
« Two different FDA- approved
EIAs are performed
sequentially or concurrently

Figure 2 Modtied Two-Tieed Testing QUTTT) 1 - Tao Total AWIGG immumoasaay

IgMgG Tors
L

ﬁ Tier 1
[PoskiiEquvocal]

Tier 2

test & &=
« If positive or equivocal, followed by IgM and IgG immunoblots (Western
blot)
p— p—
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Lyme Disease Serology Testing
(gl Ereyme Immuncassay (ELA) OR ancther test
RSN cicared by the FOA as a first test

Lyme Serology

Algorithm l
+ Recommend use of tests cleared by EELLLY  Western blot assay OR another test dleared
the FDA TEST by the FDA as a second test

+ Two step process currently

——

-

Overall Test Negative

+ Do not recommend the use of
alternative or laboratory-specific J’
criteria for interpretation of
serologic test results

+ Generally caution against tests that oy men
tests ove positme (o forsome.
have not been cleared by the FDA s, equivocol vae s L
erytherna mugrans, may test

Used with permission: Centers for Disease Control and Prevention,
httgs: i wove e govrlymelresources/pdfi/Lyme- 1532_Poster. Prior
Pretest-Probobility-Testing. digital-508.pdf

Western Blot

‘ S NAPNAP
Interpretation of LD Western Blot Results LYME

Positive IgM 23/24, 39, 41 kDa
At least 2 of these 3 bands

The IgM Western blot is only useful if symptom onset was in

the last 30 days. If symptoms have been present for more than
30 days, consider ONLY the IgG Western blot. This is because the
IgM result is more prone to false-positive results than the 1gG.
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Table &, Treatment of Specific Manifestations of Lyme Disease
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Asthitis
Initial treatment . N
Recurment or refractory arthritis onl =
Acrodermatitis chronica atrophicans Onl - -
Borralial lymphocytoma Oral Duxycychine, amaricilin, or cefuroxime axe
) > e x .
— TDSA-AAN-ACR Lyme Discase Guidelines « CID 202172 (1 January) + €11 —

Prolonged Symptoms

A study overview
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Postantibiotic Lyme arthritis

» Majority of children have resolution after initial course of
antibiotics >
* For patients with no or minimal improvement, a second course of
treatment with IV ceftriaxone is recommended ?
* 14 to 28 days
« Patients with persistent joint inflammation exhibit immune-
mediated proliferative synovitis
« Persistent infection has not been documented in this subgroup

« Consider scheduled NSAIDS, intraarticular steroid injections or disease-
modifying antirheumatic drugs ©

Post treatment symptoms

« Longitudinal studies (retrospective and prospective cohorts)

« Persistent or recurrent fatigue, musculoskeletal pain, neurocognitive and
other nonspecific subjective symptoms in 10-20% or more 1 year after
treatment 7-8

« Fatigue rarely identified long-term- if present, due to other identified
etiologies °

« Mean physical and mental health scores at 11-20 years after presentation
of culture confirmed Lyme disease were similar to those of the general
population °

* Mean physical and mental health scores after 3 years of follow up
increased to just above the national average "
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Interestingly...

* Prospective controlled trials

« Prior to antibiotic treatment, fatigue and pain statistically higher than
controls; after treatment, there are no group differences '2

« The frequency of non-specific symptoms in patients was similar to that in
controls without a history of Lyme borreliosis '3

« The frequency of nonspecific symptoms in patients did not exceed that of
a control group at > or =6 months after enrollment 4
* Longitudinal and age matched cohort study

« Frequencies of reports in symptoms were similar to the frequencies of
such reports among age-matched controls without Lyme disease '>

Anchoring bias

« A cognitive bias that places excessive weighting of initial
information
« Inability to adjust the initial diagnostic hypothesis
« Additional information becomes irrelevant
« Even irrelevant or incorrect details can serve as anchors
« Media literacy and medical literacy become crucial

« Both patients and providers can have anchoring bias
« Internet based self-diagnosis of Lyme disease leading to death 2
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“Chronic” Lyme disease

« Undefined diagnosis given to patients with a variety of symptoms
« Sometimes it is used to describe untreated late disseminated disease
« More commonly it is used by a small subset of practitioners to describe patients
whom they believe have persistent B. burgdorferi infection, despite the lack of
evidence that this occurs
« Often without clear evidence of prior B. burgdorferi infection
« Or based on private laboratory Lyme disease testing that is not FDA cleared or
is used incorrectly
« Risk of harm due to:
« Treatment plan
« Missed diagnosis of other treatable conditions

MNational Asseciarion ¢
Pediatric Nurse Pracritioners

MNational Associat
Pediatric Nurse Pr

29

30



2/23/2024

“Chronic” Lyme disease

23

Category 1 Category 2 Category 3 Category 4
Symptoms of unknown Awell-defined illness Symptoms of unknown Post-Lyme disease
cause, with no evidence unrelated to B. burgdorferi <ause, with antibodies syndrome
of Borrelia burgdorferi infection against B. burgdoeferi but
infection history
4
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Antibiotic retreatment studies

* Previously treated Lyme disease patients with persistent
musculoskeletal pain, neurocognitive symptoms, fatigue, or
dysesthesias 1617

« Randomized to receive 30 days of IV ceftriaxone followed by 60 days of
oral doxycycline, compared to IV placebo and oral placebo

« At 30, 60, and 180 days there was no difference in symptom severity and
neurocognitive functioning between the treatment and placebo arms

* 1.6% incidence of life threatening complications

National Assocition of
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Antibiotic retreatment studies

* Single-center randomized double-masked placebo-controlled trial
on 55 patients with Lyme disease with persistent severe fatigue
at least 6 or more months after antibiotic therapy '8

« Randomly assigned to receive 28 days of ceftriaxone or placebo

« Ceftriaxone therapy in patients with severe fatigue associated

with an improvement in fatigue but not with cognitive function

« Difference in fatigue scores between those who received antibiotics and
those who did not was not statistically significant at 6 months (p = 0.08)

« Study losses of >20%
» 7.3% incidence of life threatening complications

Antibiotic retreatment studies

» Randomized double-masked placebo-controlled trial of IV ceftriaxone
(23 subjects) to IV placebo (14 subjects) for 10 weeks '°

+ A cognitive index score at 24 weeks did not differ between treatment
and placebo groups

« Fatigue at 24 weeks did not differ between treatment and placebo
groups

« Secondary outcome measure for pain and physical functioning
improved at 24 weeks
« Post-hoc analysis, no information regarding the use of pain medications

* 26.1% incidence of severe adverse events in antibiotic arm

Pediatric Nurse Practitioners 3
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Antibiotic retreatment studies

» Randomized, double-blind, placebo-controlled trial of 280
patients 2°
+ 89% of whom had previously received antibiotic treatment for the
diagnosis of Lyme disease
+ 14 days of IV ceftriaxone then 3 arms of 12 weeks of either: doxycycline,
clarithromycin plus hydroxychloroquine, or placebo
» Health-related quality of life scores did not differ significantly
among the 3 groups at 52 weeks

Antibiotic retreatment studies

« In all studies, antibiotic-treated subjects improved- but so did the
placebo-treated subjects
» Adverse events reported in all studies
« Serious antibiotic allergic reaction
« IV catheter complications

« Ceftriaxone-associated gallbladder pseudolithiasis requiring
cholecystectomy

« Persistent diarrhea

35
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Listen, really listen

Caring for patients

« Utilize active listening
» The symptoms are real
« Listen to their concerns
« Patients want answers

+ Many have spent a long time looking
for an explanation for their symptoms

« It is reassuring to have a diagnosis
« Bacterial infections can be “fixed”

38
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It starts with the history

TAKING MEDICAL NOTES

Db You Hare A
HeTeay oF FArmY
AMENTS,

Inherent bias

« Physicians are taught from a disease-centric model

* Nurse practitioners are taught from a nursing model

« Iliness with disease, and disease without illness are given greater

authority
« If there is not a diagnosis, symptoms may be questioned

« Focus on the whole person- patient centered model
« Initial emphasis on diagnosis focuses on how symptoms/conditions will

affect the individual
« Considers how the plan and implementation of care will affect the

individual holistically
39

» Take a complete history

« Understand the chronology of

symptoms
« Alleviating and aggravating
factors
« How are these symptoms affecting
their quality of life?
* What would an improved quality
of life look like for them

40
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Plan of care

Diagnostic evaluation
* Review previous laboratory testing, imaging

« Expand your differential
« Avoid anchoring bias
« Systematically go through your differential

« What is needed to rule in or out a diagnosis
» Determine what specialist referrals may be helpful for further workup

« If a diagnosis is unclear, return the focus to care of the patient

« Utilize shared decision making
« Utilize a multidisciplinary approach
« Symptom-based referrals
« Mental health care

« Support groups
» The end goal may not be recovery but improvement

a2
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“Good news.
Your cholesterol has stayed the same,
but the research findings have changed.”

——
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Pedtiatric Nurse Practitioners 43l

R

eferences

Schwartz AM, Kugeler K), Nelson CA, et al. Evaluation of commercial insurance claims as an annual data source for Lyme disease diagnoses. Emerg Infect
Dis. 202127(2)

Lantos et al., Clinical Practice Guidelines by the Infectious Diseases Society of America (IDSA), American Academy of Neurology (AAN), ar
American College of Rheumatology (ACR): 2020 Guidelines for the Prevention, Diagnosis and Treatment of Lyme Disease. (2021) ('/mrrn/ln[ertrous
Diseases, Volume 72, Issue 1, Pages e1-ed8.

Centers for Disease Control and Prevention. (2024, February 15). Understanding Test Results for Infectious

Diseases. https://www.cdc.gov/lyme/ resources/testresults_remediated.pdf

Association of Public Health Laboratories. 2021. Suggested reporting language, interpretation, and guidance regarding Lyme disease serologic test
results.

Tory HO, Zurakowski D, Sundel RP. Outcomes of children treated for Lyme arthritis: results of alarge pediatric cohort. } Rheumatol2010; 37:1049-55.
Horton D, Taxter A, Davidow A. Intra-articular glucocorticoid injection as second-line treatment for Lyme arthritis in children. ] Rheum2019.

Nancy A. Shadick, Charlotte B. Phillips, Eric L. Logigian, et al. Ann Intern Med.1994;121:560-567.

NowakowskiJ, Nadelman RB, Sell R, McKenna D, Cavaliere LF, Holmgren D, Gaidici A, Wormser GP. Long-term follow-up of patients with culture-
confirmed Lyme disease. Am | Med. 2003 Aug 1:115(2):91-6. doi: 10.1016/50002-9343(03)00308-5. PMID: 12893393

Wormser GP, Weitzner E, McKenna D, Nadelman RB, Scavarda C, Nowakowski ). Long-term assessment of fatigue in patients with culture-confirmed Lyme.
disease. Am ) Med. 2015 Feb;128(2):181-4. doi: 10.1016/j.amjmed.2014.00.022. Epub 2014 Oct 15. PMID: 25447620,

Wormser GP, Weitzner E, McKenna D, Nadelman RS, Scavarda C, Molla I, Dornbush R, Visintainer P, NowakowskiJ. Long-term assessment of health-
related quality of life in patients with culture-confirmed early Lyme disease. Clin Infect Dis. 2015 Jui 15:61(2):244-7. do: 10.1093/cid/civ277. Epub 2015 Apr
17. PMID: 25888674,

Wills AB, Spaulding AB, Adjemian J, Prevots DR, Turk SP, Williams C, Marques A. Long-term Follow-up of Patients With Lyme Disease: Longitudinal Analysis
of Clinical and Quality-of-iife Measures. Clin Infect Dis. 2016 Jun 15:62(12):1546-1551. doi: 10.1093/cid/ciw189. Epub 2016 Mar 29. PMID: 27025825
PMCID: PMC4885655.

Bechtold KT, Rebman AW, Crowder LA, teN.
Time. Arch Clin Neuropsychol. zm7Mar| 32(2)129-141. ol 10.1093/arcin/ w0 PAND: 28365751

of Individuals with Early Lyme Disease Over

National Association of
Pediatrc Nurse Practifioners

43

44

References

13 Stupica D, Veluscek M, Blagus R, Bogovic P, Rojko T, Cerar T, Strle F. atment of
J Antimicrab Chemother. 2018 May do: 10. PMID: 29385444,

14, Cerar D, Cerar T, Ruzic-Sabljé £, Wormser GP, Strle F. of Am) Med, dot
10.1016/}.amjmed.2009.05.01 1. PMID: 20102996,

15 seter £, Gerber M, Carer L, Feudigman . Shapro 0, JA ol 10.1001/jama.283.5.609.
PMID: 10665700.

16 Klempner Ms, Hu LT, Evans, Schrmid CH, Johnson GM, Trevino RP, Norton D, Levy L, Wl D, McCall , Kosinski M, Weinstein A. Two controlled tials of antibiotc treatmentin
patients with persistent symptoms and a history of Lyme disease. N EnglJ Med. 2001 Jul 12:345(2/85-92. doi: 10.1056/NEJM200107123450202. PMID: 11450676,

7. Kaplan 6 Trevin R, Jonson . Ly L Dorbush  HuLT.Evan . Wlnstin . Sctmid i e 5. dditional

PMID: 12821733,

18 L8, HymanLG, Grimson R, Coyle PK, Melvlle P, Ahni, Dauwy\erw, Chandler B. Study LDk il
Nerology. 2003 Jun 24;60(12):1923-30. doi: 10.1212/01 wnl.0000071227.23769.9e. PMID: 12821734.

19 Fallon8h KelpJG,Corbers K etkovo . o CB Duyer v Cheng . Dotkin Nelson R Sacen domized,

Neurology. 2 0.1212/01 WL 160.20. Epub 2007 Oct 10. PMID: 17928580,

20 Berende ter Hofstede H, Vos Vogelaar ML, Tror ders AR, Evers AW, Kullberg BJ. Randomized Trial of Longer-Term Therapy
hrSympmmsAﬂnhuledm Lymz aeaseN Engl e 2015 ar 31-STAC 31120520, ok 10,1 0SS NENoa 150435 FAND: 703601

21 Lowry, Yabes), i Mil Med. 2020 Aug 14 doi
RS mirediosan 30, I 3518878

22 SizovaZ, PatekO, Vitova L, Horackova M, Bartunkoval, Joint
Bone Spine, 2010 GELSEGHES0.651- Aot 10.1016)bspin 201812011 Epub 2010 Jon 17, PUID:

I3 Feder . Johnson ), 0 Connels,Shai €0, Steere AC, Wormser G Ad o tematonal Ly Disease Groups Agger WA At At Dumler 5, Balenis,
Bockensted: LK, Green], Dattwyler R), MunozJ, N Klempner S, Krause L. Wead P, Morshed M. porvarcher . Fadolf
1o, Smith ) Sood, Weinsten & Wong i el e 3007 Erratum
in: N Engl) Med. 2008 = H  loded) Dumier I odded) Boken s aded) Gmckensieat, LA aded rean.)
{added] 3 i ageimon, 1 [added); McSweegan, PMID: 17914043 30660803

National Association of
Pediatric Nurse Praciitioners i

Questions?

Ashley.Gyura@childrensmn.org

45

46




