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Learning Objectives 

• Review the etiology and epidemiology of Lyme disease in the 
United States 
• Recognize presentations of disseminated Lyme disease in 

pediatrics, including Lyme cranial neuritis, meningitis, carditis, 
and arthritis
• Improve understanding of the diagnostic approach for 

potential disseminated Lyme disease cases, including 
laboratory testing
• Review appropriate treatment plans based on clinical 

presentation of Lyme disease
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Lyme Disease Pathogenesis  

• 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 
WI and MN  

• Additional Borrelia species in Eurasia that may present with 
distinct features
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Vectors  

• Transmitted by infected 
ticks

• The blacklegged tick (or 
deer tick, Ixodes scapularis) 
spreads the bacteria in the 
Northeast, Mid-Atlantic and 
North Central states

• The Western blacklegged 
tick (Ixodes pacificus) 
spreads the bacteria on the 
West Coast
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Reported Cases of Lyme Disease — United States, 
2019
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Reported 
cases of Lyme 

disease-
United States, 

2020

*Due to the coronavirus disease 2019 (COVID-19) pandemic, 2020 data from some jurisdictions 
may be incomplete

Case Estimate 

• Approximately 476,000 individuals are diagnosed and treated 
each year, based on recent insurance claims data from 2010-
2018 (2, 3)

• Approximately 35,000 cases of Lyme disease are actually 
reported to the CDC each year via surveillance systems

• Lyme disease is nationally notifiable – if you diagnose a patient 
with Lyme disease, please report it to your local/state public 
health agency (especially if you practice in a low-incidence 
state)
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Antibody (Serology) Testing 

• Conventional 2-tiered testing protocol
• Enzyme immunoassay (EIA) or indirect fluorescent antibody (IFA) test 
• If positive or equivocal, followed by IgM and IgG immunoblots (Western blot)

• Modified 2-tiered testing protocol 
• Two different EIAs are performed sequentially or concurrently 

• Specific EIAs that have been cleared by the FDA

• No Western blot

• Does have limitation in testing for Lyme arthritis 

• Two serologic tests are meant to be used in a tiered approach to improve 
the specificity of the overall result
• An isolated serologic test has a higher risk of false positivity
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Serology 
Algorithm
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Seasonal Distribution of Lyme Disease Cases 

Kwit et al., 2017   

12
©2023 NAPNAP

10

11

12



2/13/2023

5

Disseminated Lyme Disease 

• Occurs when untreated B. burgdorferi disseminates in the blood 
and establishes infection in other tissues, most commonly 
heart, nervous system, or joints
• Carditis and neuroborreliosis most commonly seen in the early 

disseminated phase
• Most within 2 months of initial untreated infection 

• Arthritis typically seen as a late finding
• Months after initial untreated infection  
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Erythema Migrans Rash 

• Expanding, erythematous, often annular 
lesion(s) 
• Patients with disseminated Lyme disease 

may have…
• Recent history of localized EM (single lesion at 

site of inoculation)
• Recent history of disseminated EM (multiple 

lesions anywhere on body) 
• Concurrent disseminated EM 
• No known history of rash            
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Multiple EM- Early Disseminated  
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Multiple EM- Early Disseminated  

16Photo credit to Dr. Emily Harrison ©2023 NAPNAP

Lyme Neuroborreliosis

• Early disseminated disease (late disease is rare) 
• Occurs within the first few months of infection (majority 3 -10 weeks)
• Symptom onset over hours to days 

• Peripheral nervous system
• Cranial neuritis 
• Radiculoneuritis, mononeuropathy, mononeuropathy multiplex (rare in 

children)
• Central nervous system

• Meningitis
• Encephalitis and myelitis – rare in all age groups 

• Patients can have alteration of concentration, memory, cognitive 
function without parenchymal involvement (Lyme 
encephalopathy) (5)
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Kwit et al., 2017   

Incidence per 100000 persons and odds ratios for arthritis (A and B), facial palsy (C and D), carditis (E and F), and meningitis (G and H) among patients diagnosed with Lyme disease 
from high-incidence states in MarketScan databases, by age group (years) and sex, during 2005–2014 (n = 2440). The y-axis (incidence) values differ between arthritis/facial palsy 
and carditis/meningitis. For all odds ratio calculations, the referent group was the 55–59 year age group of both sexes combined.
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Lyme Facial Palsy Incidence and Odds Ratios By Age Group and Sex
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Lyme Cranial Neuritis

In patients with facial palsy who are unable to close one or both eyes, eye drops 
or an eye patch may be needed to prevent dry eyes 19
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Lyme Cranial Neuritis 

• Usually involves facial nerve (CN VII)
• Less often trigeminal (CN V), oculomotor and 

abducens (CN III, VI), and vestibulocochlear (CN 
VIII)

• Can be unilateral or bilateral 
• Difficult to distinguish from other etiologies 

for peripheral nerve palsy
• Differential diagnosis may include otitis media, 

local trauma, post-surgical complication, 
reactivated VZV, HSV, idiopathic facial nerve 
palsy (6)
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Lyme Cranial Neuritis

• Distinguishing clinical factors between Bell’s palsy and Lyme 
cranial neuritis may include:
• Seasonality- occurrence during expected seasonal distribution (7, 8)
• Systemic prodrome precedes the onset of Lyme cranial neuritis more 

often than in Bell's palsy
• Presence of fever, history of headache reported (8)
• Fever, headache, malaise, arthralgias, or myalgias in the 6 weeks preceding the 

onset of the palsy (7)
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Lyme Cranial Neuritis

• Corticosteroids recommended for idiopathic facial nerve palsy 
within 72 hours of symptom onset
• IDSA Lyme guidelines make no recommendation for or against 

corticosteroids 
• Often the diagnosis of Lyme cranial neuritis is not obvious or cannot 

be confirmed within 72 hours 
• If high risk for Lyme disease, consider initiating antimicrobial 

monotherapy therapy while awaiting serology results 
• If moderate or unclear risk, consider initiating both corticosteroids and 

antimicrobial therapy while awaiting serology results 
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Incidence per 100000 persons and odds ratios for arthritis (A and B), facial palsy (C and D), carditis (E and F), and meningitis (G and H) among patients diagnosed with Lyme disease 
from high-incidence states in MarketScan databases, by age group (years) and sex, during 2005–2014 (n = 2440). The y-axis (incidence) values differ between arthritis/facial palsy 
and carditis/meningitis. For all odds ratio calculations, the referent group was the 55–59 year age group of both sexes combined.

Kwit et al., 2017   
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Lyme Meningitis Incidence and Odds ratio By Age Group and Sex
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Lyme Meningitis 

• Presentation is similar to enteroviral and other aseptic 
meningitis
• Headache, photophobia, neck stiffness, nausea, vomiting, fever
• Often more indolent symptom onset than bacterial meningitis -

symptoms of longer duration prior to presentation to care  
• May have concurrent facial nerve palsy

• "Rule of 7's" classifies children at low risk for Lyme meningitis 
when each of the following 3 criteria are met (9):
• <7 days of headache,
• <70% cerebrospinal fluid (CSF) mononuclear cells, and
• absence of seventh or other cranial nerve palsy
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Lyme Meningitis 

• CSF is not necessarily required for the diagnosis of Lyme 
meningitis, but may assist with: 
• Rule out bacterial, viral, other etiologies
• If a CSF pleocytosis is present, provides a baseline for comparison 

if needed
• Potential for a more definitive diagnosis 
• Allows for assessment of intracranial pressure 

• Lyme disease in children can be a/w pseudotumor-like presentation (10)

• CSF studies may reveal mononuclear pleocytosis, slightly 
elevated protein, normal glucose (11)
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Testing for Lyme Cranial Neuritis/Meningitis

• Two-tiered serum antibody testing is the preferred diagnostic 
test
• Exposure/symptoms <4 weeks, IgM only may be positive

• If IgG negative, consider repeat serology in 2-3 weeks to confirm seroconversion
• Exposure/symptoms >4 weeks IgG should also be positive

• If CSF is obtained, can consider performing CSF : Serum 
antibody index 
• Elevated antibody index can support the diagnosis – highly specific 
• Normal antibody index does not rule out the diagnosis 
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Testing for Lyme Cranial Neuritis/Meningitis

• Not recommended due to very poor sensitivity:
• CSF antibody testing (without CSF : Serum antibody index) 
• PCR of CSF or serum 
• Culture of CSF or blood
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Parenchymal Lyme Neuroborreliosis

• Parenchymal involvement of brain or spinal cord 
• Extremely rare 
• Evident by MRI imaging or focal neurologic exam findings 

• Treatment has not been systematically studied
• Recommend parenteral therapy rather than oral 
• Typical duration is 2-4 weeks 
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Lyme Carditis 

• Early disseminated disease
• Most cases occur within 

several days to a month 
after the initial untreated 
infection 

• Most often in summer and 
fall

• Incidence increases in 
older adolescence and 
young adults with a male 
predominance (12)

31
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Tissue sample from a patient who died 
of Lyme carditis. Image taken using 
Warthin-Starry stain at 158X. 
CDC

FIGURE. Odds ratios for carditis among Lyme disease patients, by age group and sex — United States, 2001–2010

Forrester, et al., (2014) 32
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Incidence per 100000 persons and odds ratios for arthritis (A and B), facial palsy (C and D), carditis (E and F), and meningitis (G and H) among patients diagnosed with Lyme disease 
from high-incidence states in MarketScan databases, by age group (years) and sex, during 2005–2014 (n = 2440). The y-axis (incidence) values differ between arthritis/facial palsy 
and carditis/meningitis. For all odds ratio calculations, the referent group was the 55–59 year age group of both sexes combined.

Kwit et al., 2017   
33
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Lyme Carditis Incidence and Odds Ratio By Age Group and Sex
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Lyme Carditis 

• May present with cardiac symptoms alone or in conjunction with 
other manifestations of disseminated Lyme disease 
• All patients with other early disseminated presentations of Lyme 

disease  ask specifically about symptoms of carditis
• Dyspnea, edema, palpitations, presyncope, syncope, chest pain, 

shortness of breath, exercise intolerance
• If symptoms present, an ECG should be performed 

• In the absence of symptoms suggesting Lyme carditis, severe 
ECG abnormalities are uncommon, and minor/nonspecific 
abnormalities are relatively common
• Routine ECGs in asymptomatic patients may result in unnecessary 

referrals or hospital admissions 

34
©2023 NAPNAP

Lyme Carditis 

• Most typically presents as atrioventricular nodal block 
• Varying degrees of heart block
• Can progress to or fluctuate between complete heart block 

• Atrial and ventricular arrhythmias may be present 
• Pericarditis and myocarditis can occur with associated ventricular 

dysfunction  
• Hospitalization with continuous ECG monitoring for those who have 

or are at risk for severe cardiac complications – MEDICAL 
EMERGENCY
• Significant PR prolongation (PR>300ms), arrhythmias, clinical myopericarditis
• If high suspicion, start antibiotics immediately; can discontinue if serology 

results are negative.
35
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Testing for Lyme Carditis

• Two-tiered serum antibody testing is the preferred 
diagnostic test
• Exposure/symptoms <4 weeks, IgM only may be positive
• If IgG negative, consider repeat serology in 2-3 weeks to 

confirm seroconversion
• Exposure/symptoms >4 weeks IgG should also be positive

• Consider in children who present with carditis of unknown 
cause with appropriate epidemiologic history (5)
• Testing is not recommended for children with chronic 

cardiomyopathy (5)
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Lyme Arthritis 

• Usual manifestation of late disease in 
children

• Marked joint swelling; primarily affects 
large joints (>90% knee)

• May present with low grade fever, 
elevated inflammatory markers

• “Looks worse than it feels” 
• Often (but not always) children may be able 

to bear some weight with an antalgic gait 
due to knee swelling and stiffness 

• Baker cyst (popliteal cyst) can occur 
• Ruptures can look very similar to calf deep 

vein thrombosis 
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Lyme Arthritis 

• Can be difficult to differentiate from septic arthritis 
• Predictors of Lyme arthritis include known history of tick bite, isolated 

knee involvement, lack of fever (13)
• Predictors for septic arthritis include absolute neutrophil count >10k, 

ESR >40, hip involvement, pain with short arc motion (14)
• Synovial fluid white blood cell counts can overlap, neutrophil 

predominance
• New pediatric monoarthritis algorithm from CDC 

• https://www.cdc.gov/lyme/healthcare/index.html
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Incidence per 100000 persons and odds ratios for arthritis (A and B), facial palsy (C and D), carditis (E and F), and meningitis (G and H) among patients diagnosed with Lyme disease 
from high-incidence states in MarketScan databases, by age group (years) and sex, during 2005–2014 (n = 2440). The y-axis (incidence) values differ between arthritis/facial palsy 
and carditis/meningitis. For all odds ratio calculations, the referent group was the 55–59 year age group of both sexes combined.

Kwit et al., 2017   
41
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Lyme Arthritis Incidence and Odds Ratios By Age Group and Sex

Testing for Lyme Arthritis 

• Serum antibody testing is preferred 
• Sensitivity is 95-100%
• IgM can be positive or negative; IgG must be positive 
• Reconsider the diagnosis if IgM only is positive, or IgG has <5/10 bands  

• In addition, may consider PCR testing of synovial fluid or tissue 
• Sensitivity >70% 

• Not recommended
• Culture of synovial fluid or tissue 
• Blood PCR or culture 
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Treatment of Lyme Arthritis 

• Initial therapy is an appropriate oral antibiotic x 28 days
• Children <8y should not use doxycycline for more than 21 days 

• Children with partial response (mild residual joint swelling) 
• Consider observation 
• Consider a second course of antibiotic therapy for up to one month 

(particularly when family prefers a second trial of oral antibiotic over 
IV)

• Children with no or minimal response, worsening of arthritis, 
new joint involvement  
• A course of IV ceftriaxone is preferred over a second course of oral abx
• Duration is 2-4 weeks based on response 
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Refractory Lyme Arthritis 

• Children with persistent synovitis or effusion after one course 
of oral antibiotics and one course of IV antibiotics 
• Immune-mediated proliferative synovitis can lead to significant joint 

damage and dysfunction
• Antibiotic therapy for more than 8 weeks is not expected to provide 

additional benefit (as long as this has included a course of IV)
• Consider referral to rheumatology for additional treatment modalities  

45©2023 NAPNAP

43

44

45



2/13/2023

16

Persistent Symptoms After Lyme Disease 
Treatment
• Persistent or recurring fatigue, musculoskeletal pain, 

neurocognitive, and other nonspecific subjective symptoms 1+ 
years after treatment 
• Symptoms appear to subside over time

• Additional antibiotic therapy is not recommended unless there 
is objective evidence of treatment failure or reinfection 
(arthritis, meningitis, neuropathy)

• IDSA Guidelines, Section XXV for a great review of available 
evidence 
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“Chronic” Lyme Disease

• Diagnosis given to patients with a variety of symptoms but currently 
lacks accepted definition for clinical use or scientific study 
• Often without clear evidence of prior B. burgdorferi infection

• Or based on private laboratory Lyme testing that is not FDA cleared or is used 
incorrectly

• Long-term antibiotics:
• Have not been shown to be effective in alleviating symptoms
• High risk of side effects 
• Cost patients thousands of dollars

• Risk of harm due to missed diagnosis of other treatable conditions 
(lupus, cancer, etc.)
• Continue investigation for other medical conditions that might be causing 

the symptoms 
• Continue to offer supportive care and symptom management
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Questions? 
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Resources 
https://napnapknowslyme.org/for-providers/ 
https://www.cdc.gov/lyme/healthcare/index.html 
https://www.cdc.gov/ticks/tickbornediseases/index.html
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