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Learning Objectives
• Describe the etiology and epidemiology of Lyme disease

• Discuss the diagnostic testing and management for Lyme disease

• Elucidate anticipatory guidance regarding prevention methods of tickborne 
infections

• Dispel myths surrounding Lyme disease including “chronic lyme disease”
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Lyme Disease

• Borrelia burgderfori   

• Gram negative spirochete

• Vector: Black-legged (deer) tick

– Ixodes scapularis (NE & Midwest US)

• Reservoir: white-footed mice & small mammals

• Spring & Summer – most cases occur in June & July

• Most common Vectorborne infection in the US



Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases (NCEZID), Division of Vector-Borne 
Diseases (DVBD)

Lyme Disease: Epidemiology
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Lyme Disease: Epidemiology

• Most cases are transmitted by nymphs 
• Most active during spring/summer & 

most prevalent

• Adult females are more likely to be 
detected and don’t stay attached for long 
enough to transmit infection

• Transmission requires tick to be attached 
for >72 hours



Lyme Disease: Stages

Early

• Onset: < 3 months

• Localized: 1 – 2 weeks

– Localized EM

• Disseminated: 2 – 12 weeks

– Multiple EM, Neurologic & 
Cardiac disease

Late

• Onset: >3 months

• Arthritis

• Uncommon in children: acrodermatitis 
chronicum atrophicans, borrelial 
lymphocytoma, & late Lyme 
encephalopathy
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Lyme Disease: Systemic Symptoms
• May also have systemic symptoms

– Fever

– Headache

– Myalgia

– Fatigue

– Lymphadenopathy

– Conjunctivitis

• May be present during early stages WITH other Lyme symptoms
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Erythema migrans: Localized
• Present in 67% of symptomatic children

• 1-2 weeks after infection (3-32 days)

• Single lesion at the bite site

• Patch with central clearing around bite site (targetoid)

– Can be incomplete and/or have central necrosis

– Can also have ecchymosis

• Size ≥ 5cm

• Expands over days to weeks, then disappears (1-4 weeks)
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Disseminated Erythema migrans

• 25%

• Smaller than 5 cm (most often)

• Multiple patches

• May appear targetoid, annular with central clearing 
or as red patches that later develop central clearing

• May occur with other early disseminated forms 
(CNS, Cardiac)





Lyme Carditis

• Chest pain, pre-syncope or syncope, or acute heart failure

• AV-block: 1⁰, 2⁰ or 3⁰

– 3⁰ AV block is rare, i.e., <1%

• Pericarditis, myocarditis  

• 3rd AV-block + EM = Lyme disease *
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Neuroborreliosis: Early Disseminated

• Cranial nerve palsies: VII, VIII, III, V, VI, etc…

• Lyme-Related Facial nerve palsy
– 3 – 5%
– Unilateral or bilateral (facial diplegia)
– Hyperacusis 
– ↓ taste sensation in the anterior 2/3 of tongue (chorda tympani)
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Lyme-Related Facial nerve palsy
• ↓ ability to wrinkle forehead

• ↓ ability to close eyelid +/- 
– Bell’s phenomenon: eye rolls 

backwards during attempt at eyelid 
closure

• Asymmetric smile

• Loss of infraorbital & nasolabial folds

Loss of 
infraorbital fold

Loss of nasolabial 
fold
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Neuroborreliosis: Early Disseminated

• Radiculoneuritis: radicular pain with motor and sensory abnormalities of peripheral 
nerves

• Lymphocytic meningitis
– < 2%
– Subacute/chronic
– Can present with or lead to pseudotumor cerebri 
– Pseudotumor due to doxycycline is often delayed by 3 months

• Peripheral neuropathy, i.e., Mononeuropathy multiplex (at least two different PNs 
involved)

– Occurs with meningitis
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Lyme arthritis
• 7% of children

• Large effusion(s)
– Pain is usually underwhelming for size of effusion
– Erythema usually absent 

• Oligoarthritis: large joints affected
– >90% knee
– Hip, ankles, shoulder, elbows

• Initially episode improves over 4-7 days; resolves over 4-6 
weeks

– Waxes and wanes until treated
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Lyme arthritis

• Baker cyst is a complication of Lyme arthritis and can occur:

– Uni- or bilateral

– Can occur with or without arthritis

– Before, during or after therapy

• 10 - 20% recurs or persists

– Small effusions can be monitored or re-treated
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Lyme arthritis

• < 1% developed antibiotic-refractory arthritis (HLA-associated) → requires 
steroid injections and/or immunosuppression

– VERY uncommon in children

• Worsening arthritis (pain, effusion) or development of new joint 
involvement on effective antibiotic therapy is suggestive of an alternative 
diagnosis (JIA, etc…)



Lyme Disease: Diagnosis

Western blot: 

• > 2 IgM bands (2/3)

• > 5 IgG bands (5/10)

Lyme Disease Training Module, Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID), Division of Vector-Borne Diseases (DVBD), 2023

http://www.cdc.gov/
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid/dvbd/index.html


Lyme Disease: Diagnosis - Serology

Stage Presentations Sensitivity

Early Localized Single EM lesion Poor (50%)

Early Disseminated Multiple EM rashes, 

meningitis, bell’s palsy, 

neuritis or carditis

Very Good (>90%)

Late Disseminated Arthritis Excellent (~100%)

Lyme Disease Training Module, Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID), Division of Vector-Borne Diseases (DVBD), 2023

http://www.cdc.gov/
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid/dvbd/index.html


Lyme Disease: Diagnosis

Lyme Disease Training Module, Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious 
Diseases (NCEZID), Division of Vector-Borne Diseases (DVBD), 2023

http://www.cdc.gov/
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid
http://www.cdc.gov/ncezid/dvbd/index.html


Lyme Disease: Diagnosis
• Early: IgM or IgG

– Localized or Disseminated EM patients may not have IgG seroconversion if 
treated – blunts the immune response

• Late: IgG only

• IgM: Ignore if symptoms present for > 1 month can be considered a false positive

• IgG seropositivity persists for many years
– Lyme IgG concentrations or WB bands do not correlate with treatment response



Lyme Disease: Diagnosis
• False positives (screening serology) are due to cross-reactivity:

• Oral flora (spirochetes)

• Infections with other spirochetes: syphilis, yaws, leptospirosis, 
tickborne-relapsing fever

• Non-specific antibody production: EBV, VZV or autoimmune disorders 
(SLE)

• PCR from Synovial fluid reserved for recurrent arthritis

• CSF PCR is rarely helpful



Lyme Disease: When Not to Test
• After attached tick found

• Systemic symptoms (fever, myalgia, fatigue) WITHOUT typical Lyme 
symptoms

• Localized erythema migrans – except for atypical EM lesions

• Psychiatric symptoms or disorders

• Chronic neurologic disorders – ALS, MS

• Developmental disorders/delays: autism or developmental delay



Lyme Disease: Treatment

Drug Dosage Max Dose (mg) Frequency

Amoxicillin 50mg/kg/DAY 500 TID

Doxycycline 2.2 mg/kg/DOSE 100 BID

Cefuroxime 10 mg/kg/DOSE 500 BID

Ceftriaxone 50mg/kg/dose 2000 daily

Azithromycin 10 mg/kg/dose 500 daily



Erythema Migrans: Treatment

Antibiotic Duration (days)

Doxycycline 10

Amoxicillin, Cefuroxime 14

Azithromycin
5 - 10
Avg: 7

• Jarisch-Herxheimer reaction may occur within 48 hours of starting antibiotics 
• Fever, chills & myalgia
• Duration: 1 – 3 days
• Treatment: NSAIDs



Lyme Disease: Treatment

Dz Manifestation Antibiotic Duration (days)

Meningitis, 
Radiculopathy, or 
Lyme-related FNP

Doxycycline
Ceftriaxone

14-21

Carditis
Ceftriaxone

Until symptomatic AV block 
resolves

Doxycycline, Amox or Cefuroxime 14-21

Amoxicillin & Cefuroxime are NOT indicated for CNS/PNS infection



Lyme Disease: Treatment

Dz Manifestation Antibiotic Duration (days)

Arthritis – 1st episode Doxycycline, Amoxicillin or 
Cefuroxime

28

Recurrent or refractory Doxycycline, Amoxicillin or 
Cefuroxime

28

Ceftriaxone 14



Lyme Disease: Management

• Lyme-related FNP: PT not usually needed

• Carditis: 3⁰ AV block resolves with treatment so permanent pacemakers are not 
indicated

– EKG is NOT indicated they are symptomatic (syncope, palpitations, chest pain)

• Arthritis: Arthrocentesis not indicated unless unable to differentiate between Lyme and 
pyogenic arthritis; OR recurrent arthritis



Lyme Disease: Finding Tick Attached

• We recommend submitting the removed tick for species identification (good practice 
statement)

• We recommend against testing a removed Ixodes tick for B. burgdorferi (strong 
recommendation, moderate-quality evidence)

– The presence or absence of B. burgdorferi in an Ixodes tick removed from a 
person does not reliably predict the likelihood of clinical infection

• Diagnostic testing of patients who are asymptomatic after an attached tick was 
found is NOT recommended

IDSA guidelines 2021



Lyme Disease: Post-Exposure Prophylaxis
Determine if tick meets high-risk criteria: 
a. Identified as Ixodes scapularis
b. Bite occurred in a highly endemic area 
c. Attached for ≥36 hours

• Consider initiating prophylaxis if a, b, 
and c are met, AND within 72 hours of 
tick removal

• Doxycycline 4.4 mg/kg/dose x 1
• Max dose: 200 mg



Tick Prevention

• Feel free to email me for my EPIC SmartPhrase on this topic



Post-Treatment Lyme Disease Symptoms

• Onset with 6 months of the diagnosis of Lyme disease & persistence of continuous or 
relapsing symptoms for at least a 6-month period after completion of antibiotic therapy:

– Fatigue

– Widespread musculoskeletal pain

– Complaints of cognitive difficulties

– Subjective symptoms are of such severity that, when present, they result in 
substantial reduction in previous levels of occupational, educational, social or 
personal activities

• RCTs have not shown benefit of additional antibiotics

Wormser GP, Dattwyler RJ, Shapiro ED, et al. The clinical assessment, treatment, and prevention of Lyme disease, human granulocytic 

anaplasmosis, and babesiosis: clinical practice guidelines by the Infectious Diseases Society of America. Clin Infect Dis 2006;43(9):1121



Lyme Disease: Follow up

• Post-lyme disease syndrome: Brain fog, arthralgia & fatigue can take 
months to resolve 

– Extending antibiotics does not speed up resolution of symptoms

• Repeat serologies are not recommended except for select circumstances:

– Early disseminated disease (Carditis, Meningitis or FNP) that is initially 
seronegative or only IgM +

– Atypical EM-like rash: IgG seroconversion may not occur



Lyme Disease: Follow up

• Repeat infections are rare except for those with localized EM treated early

– Especially in patients with lyme arthritis



Co-infections

• Depends on area where infection occurred

• Bartonella is NOT co-transmitted with B burgderfori

• Testing for these in patients without symptoms is not indicated



Co-infections: Not endemic to Ohio (yet)

• Babesia microti –  fever, chills & myalgia

– anemia, thrombocytopenia

– NE & Midwest

• Anaplasma phagocytophilum – fever, headache & myalgia; 

– ↓ Na & PLT; ↑ transaminases; neutropenia or lymphopenia

– Upper Midwest, NE & Northern Cali



Co-infections: Not endemic to Ohio (yet)

• Powassan virus – encephalitis

– Great lakes region

– One case reported in Ohio (by me ☺)

• Borrelia miyamotoi – tickborne relapsing fever

– Western US



“Chronic Lyme Disease”
• AKA “seronegative” lyme disease

• International Lyme and Associated Diseases Society (ILADS) produced 
diagnostic criteria & management

• Persistent symptomatology most of which are non-specific or ascribed to 
an alternative disorder

• There is no data to support that Borrelia burgderfori establishes chronic 
infection



“Chronic Lyme Disease”
• Does not cluster to Lyme-endemic regions

• Many patients who received this diagnosis go on to be diagnosed with a 
rheumatologic (SLE, Fibromyalgia), neurologic (ALS, MS) or other disorder 
(Chronic Fatigue syndrome)



“Chronic Lyme Disease”
• Testing should NEVER be sent to IGeneX for use of assays that are not approved by 

CDC

– These assays (Urine antigen) have been externally validated

– High false positive rates among patients with no exposure or symptoms 12

– ILADS criteria for positivity includes western blot bands used that are very non-
specific

• Do not refer these patients to a “Lyme specialist” or “Lyme-literate” provider
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5-year-old female presents with fever, myalgia and a rash. He lives in Western PA in a 
suburban neighborhood. No pets. Deer are common in the area. He does spend time in the 
woods in their backyard. Photo of the rash is shown below. Which of the following would be 
the best next step in management?

A. Provide reassurance

B. Send Lyme serology

C. Start doxycycline

D. Tell the family “its not a tumah”



2-year-old female presents with left facial weakness. Family lives in NE Ohio. No recent 
travel. No recent URI, AOM or sinusitis. Vaccinations up to date including Varicella. No 
history of a rash in the past few months. Parents noticed facial asymmetry this morning. In 
addition, he would spill water when drinking from a cup. Lyme serology was sent. Physical 
exam significant for the findings shown (Photo). Her grip strength is 5/5; shoulder & elbow 
strength (flexion & extension) are 5/5. Which of the following would be the best next step 
in management?

A. Provide reassurance

B. Start amoxicillin

C. Start doxycycline 

D. Start doxycycline + prednisolone
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