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Objectives
By the end of this session, participants will be able to identify tickborne 
infections endemic to the SE and determine appropriate diagnostic 
and therapeutic management in HIV and non-HIV infected individuals.

 Identify tickborne infection occurring in the SE

 Determine the most appropriate diagnostic test for tickborne 
infections

 Choose a therapeutic approach based on IDSA Guidelines and 
CDC recommendations
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Invasion of the Ticks!

https://www.cdc.gov/vitalsigns/vector-borne/May2018 

https://www.cdc.gov/vitalsigns/vector-borne/May


N=476,000/year



 Ixodes spp:  Black-legged or Western Deer ticks 
 Most cases transmitted by nymphs
 Less than 50% of patients with Lyme recall a tick bite
 Attachment of >36 hours required for transmission



Ixodes scapularis Distribution, 1996-2020

1996 2020

https://www.cdc.gov/ticks/surveillance/BlackleggedTick.html

http://www.cdc.gov/ticks/surveillance/BlackleggedTick.html


Lyme Incidence, 2001-2019

https://www.cdc.gov/lyme/stats/maps.html

http://www.cdc.gov/lyme/stats/maps.html


https://www.tn.gov/health/cedep/vector-borne-diseases/tick-borne-diseases/tick-borne-diseases-of-
concern/lyme-disease.html

TN:  Low incidence state 
2021—58 cases total (imported and locally acquired) 



Lyme Disease Cases by Age and Sex–United States, 2001-2016

https://www.cdc.gov/lyme/stats/graphs.html



We are Here



A Timely Talk…





Case

 A 25-year-old woman
presents with a 1-day 
h/o rash

 Two weeks ago she was 
camping in the 
Smokies, but denies tick 
or mosquito bites

 She denies fevers or 
other constitutional 
symptoms

Is this Lyme Disease?



Clinical Manifestation of Lyme Disease at 
Diagnosis



Erythema migrans

▪ 7-14 days after attachment

▪ Expansile lesion > 5 cm

▪ Bull’s eye or target lesion

▪ Painless and nonpruritic

▪ Systemic symptoms rare

▪ Identified in 60-80% of cases 



Atypical Erythema Migrans is Typical

Smith RP et al.  Ann Intern Med 2002



Erythema Migrans Mimickers
 Hypersensitivity to tick saliva

 Insect bite

 Nummular eczema

 Granuloma annulare

 Ringworm

 Cellulitis

 STARI



Southern Tick Associated 
Rash Illness (STARI)
 Associated with Lone Star Tick

 B burgdorferi serology and PCR negative

 No laboratory testing available

 Not associated with late sequelae

 Per CDC:  It is not known whether antibiotic treatment is 
necessary or beneficial for patients with STARI. 
Nevertheless, because STARI resembles early Lyme 
disease, physicians often treat patients with the same 
antibiotics recommended for Lyme disease.



Case Revisited

 A 25-year-old woman
presents with a 1-day 
h/o rash

 Two weeks ago she was 
camping in the 
Smokies, but denies tick 
or mosquito bites

 She denies fevers or 
other constitutional 
symptoms

Is this Lyme Disease?



What is the Most Appropriate 
Diagnostic Test?

1. B. borgdorferi EIA total

2. B. borgdorferi Western blot IgM

3. Skin biopsy for PCR

4. B burgdorferi Western blot IgG

5. No test needed



Detection of Antibodies  in Early 
Localized Lyme Disease Following 
Onset of EM
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% seropositive

Smith RP et al.  Ann Intern Med 2002

Time’s a-wasting!



Diagnostic Testing for EM

 Typical lesion (s), 
appropriate epidemiology:  
clinical dx no lab testing 
neededtreat

 Atypical lesion/Epi: 
 Treat, or
 Acute (and if negative con)  

antibodies
IDSA Guidelines, Nov 2020



Therapy for erythema migrans

Treatment Duration

Doxycycline 10-21 days

Amoxicillin 14-21 days

Cefuroxime axetil 14-21 days 

IDSA Guidelines, 20062020



Doxycycline
 No interactions with ART
 Binds to Ca, Fe, Mg (incl MVI)
 Adverse effects:
 GI upset (take with food)
 Pill esophagitis (>30 degrees 

for 30 min)
 Photosensitivity
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Clinical Manifestation of Lyme Disease 
at Diagnosis



When to Consider 
Neuroborreliosis
 Plausible exposure to vector tick, 

and:
 Meningitis
 Radiculitis/radiculopathy
 Mononeuritis multiplex
 Acute CN palsy (esp VII and 

VIII)
 Unlike localized disease, 

lab confirmation is 
essential!



Lab Confirmation of Lyme Disease



Two-Step Testing for Lyme 
Disease

http://www.cdc.gov/lyme/healthcare/clinician_twotier.html



Two-Step Testing for Lyme 
Disease

http://www.cdc.gov/lyme/healthcare/clinician_twotier.html



What is a Positive Western Blot?
 IgM: 
 >2/3 bands or proteins
 Turns positive EARLY
 Converts to negative in 1-2 months
 An isolated IgM after >1 month is 

almost certainly a false positive

 IgG:  
 >5/10 bands or proteins present
 Turns positive after IgM (within first 

month
 Stays positive for prolonged periods
 Not useful to trend over time



Newer diagnostic approaches
 C6 Lyme ELISA 
 FDA approved for initial test in 2-tiered approach  
 Highly conserved protein from invariant region of bacterial lipoprotein
 When to use:  Foreign travel, concern for other Borrelia species

 Modified  2-tier test 
 FDA approved 2019
 2 sequential or concurrent EIAs
 Less work intensive, cheaper, and more objective



Pitfalls in Laboratory Testing
 Early infection, often seronegative

 After >1 month of symptoms, isolated IgM 
response likely a false positive

 Antibodies stay positive for life…don’t retest 
or re-treat based on persistently elevated or 
rising titers

 Likelihood of a false positive goes up in a 
non-endemic area or with nonspecific 
symptoms





Testing for Lyme Disease: SUMMARY



BEWARE THE UNVALIDATED TEST



Clinical Manifestation of Lyme Disease 
at Diagnosis



Lyme Carditis

 Conduction abnormalities
• Rarely myocarditis, pericarditis
• Reports of sudden death

 Despite this, routine EKG not recommended
 Hospitalization indicated for:

• 2nd or 3rd degree HB
• 1st degree HB with PR >300 milliseconds or 

symptomatic
 IV treatment until resolution of heart block
 Permanent pacer not indicated as reversible



Clinical Manifestation of Lyme Disease 
at Diagnosis



Clinical Presentations of Lyme Arthritis

Occurs months to years after 
infection

Mono or oligoarticular arthritis

60% of untreated patients

Migratory (10% persistent)

Steere, Ann Intern Med, 1987



Therapy for Patients with Disseminated Lyme disease

IDSA Guidelines2006 vs 2020

Indication 2006 Guidelines 2020 Guidelines

Route Duration Route Duration

Meningitis IV 14 (10-28) Oral or IV 14-21

CN palsy Oral 14 (14-21) Oral 14-21

Cardiac Oral/IV 14 (14-21) Oral/IV 14-21

Arthritis Oral 28 Oral 28
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“Chronic” Lyme Disease

Chronic Lyme Disease Post-Lyme Disease Syndrome



Post-Lyme Disease Syndrome
 Persistent symptoms >2 months after appropriate treatment
 Occurs in 10-15% of cases
 Constellation of real but nonspecific symptoms
 Arthralgias, myalgias, fatigue, headaches, dizziness, paresthesia
 Sound familiar????

 Frequency decreases over time
 6 months-6%
 12 months-4%

 Etiology--? Immunologic; NOT due to latent infection
 No improvement with prolonged antibiotic therapy

Berende, A et al, NEJM 2016



Borrelia and HIV Co-Infection 
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Lyme Co-infections

 Anaplasmosis
 Babesiosis
 Powassan virus
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An Illustrative Case



An Illustrative Case
44 yo man with HIV (CD4 220/19%, VL <40) on ART
 Admitted to ICU June 24th with 4 days of fever and HA
 Noted recent tick bites
 Labs: WBC=1.2, plt=26, AST/ALT=424/222
 Ferritin=21,116, LDH=1296, sol IL-2R 8978
 Ehrlicha PCR positive
 Diagnosis:  Severe Ehrlichia complicated by HLH
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Ehrlichiosis Incidence per million, 2019



Ehrlichiosis, 2000-2019

https://www.cdc.gov/ehrlichiosis/stats/index.html
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Laboratory Findings 
Suggestive of 
Ehrlichiosis

 Laboratory clues:
 Leukopenia
 Thrombocytopenia
 Elevated Transaminases

 Buffy coat smear ~20%



Diagnosis:  Time is of the Essence!



Diagnosis:  Time is of the Essence!

PCR

• Sensitivity 70-90% on WHOLE BLOOD
• Decreases with even one dose of 

doxycycline
• Decreases after first week of illness



Diagnosis:  Time is of the Essence!
Preferred Assay is IFA IgG

• Acute sensitivity: ~30%
• Convalescent sensitivity: >90%



Diagnosis of 
Ehrlichiosis

PCR is imperfect

Serology confirmatory late

Treat regardless of test 
results if clinically consistent

Treatment:  Doxycycline x 7-
14 days



Mortality of Ehrlichiosis

Case Fatality Rate of Ehrlichia chaffeensis 
by Age Group, 2008-2013

Treatment delay 
increases mortality



Doxycycline Use in 
Children

https://www.cdc.gov/rmsf/doxycycline/index.html


HIV and Ehrlichia Co-Infection

60



A patient with fever, low WBC, low 
platelets, high LFTs but Ehrlichia
PCR is negative and no response 
to doxycycline at day 3?



Heartland Virus Disease

McMullan et al., 2015



HRTV Lone Star Tick

Savage et al., 2013; http://www.cdc.gov/stari/disease/

http://www.cdc.gov/stari/disease/




Annual Incidence Spotted Fever Rickettsiosis, 2019

 RMSF
 R. parkeri
 Pacific Coast tick fever
 Rickettsial pox

https://www.cdc.gov/rmsf/stats/index.html



SFR Incidence Rate (per 100k) in TN (2011–2021)

Incidence Rate 
(per 100,000 people)



Cases of SFR, 2000-2019

http://www.cdc.gov/rmsf/stats/

Vs 30,000+/year for Lyme



RMSF: The Vector
• American dog tick

• Tick attachment >6 hours 
required for transmission

• Symptom onset 7 days 
(range, 2-14 days) after 
tick bite



RMSF:  A Diagnostic Challenge
Classic triad

 Fever-98-100%
 Headache 60-90%
 Rash-80-95%

Days from 
onset

Signs and symptoms 
(untreated) 

1-2 • Fever
• Headache, myalgias, 

malaise (flu-like)
2-4 • Rash

• Abdominal pain, n/v
• Cough
• Edema

5-7 • High grade fever
• Rash becomes petechial

7-9 • Purpura fulminans
• Sepsis, AKI, ARDS
• Meningoencephalitis, 

coma



Early Macular Rash of RMSF (d2-4)



Petechial Rash of RMSF (day 5-6)
Palms & soles involved in ~50%

Gangrene in ~5% of cases

Absence of rash:  Elderly and dark-skinned patients

Atypical or absent rash associated with treatment delay and 
increased mortality



• Serologic diagnosis pitfalls
– Serology may be negative early
– IgM less specific and less sensitive 

(Isolated IgM >1 month false positive)
– Titers can remain elevated for months or

longer (no role for trending)
– Paired serum samples, 2–4 weeks apart

are the most sensitive confirmatory test

Test SFGR
Acute Serology 15%

Convalescent
serology

>90%

Skin biopsy 
IHC/PCR

70-90%



Empiric Treatment for SFR
Age <10 years:  6% cases, 22% deaths

National tx survey of RMSF, 2012
80% rx doxycycline to patients >8 years vs 
35% patients <8 years due to concern for 
dental toxicity

Time to death of untreated RMSF is 8 
days

EMPIRIC treatment with doxycycline can be 
life-saving at any age!!!

Case Fatality Rate of Spotted Fever 
Rickettsiosis by Age Group, 2008-13



Not all Tick-borne Disease is Infectious….



Tick-Associated Red Meat Allergy
 Galactose-alpha 1,3-galactose 

(alpha gal) present in tick saliva and 
red meat
 Human IgE production stimulated by 

meat consumption
 Symptoms:
 Hives or skin rash
 GI: nausea, stomach cramps, 

indigestion, vomiting, diarrhea
 Stuffy/runny nose, sneezing
 Bronchospasm/anaphylaxis



Diagnosis of Alpha-Gal Allergy

IgE Alpha Gal 
immunoassay, 
or…..



Treatment Alpha-Gal Allergy



Summary of Tickborne Disease in SE
 Lyme:
 Emerging infection
 EM rash:  No test needed (just treat)
 Neuro/cardiac/rheum findings: 2-stage test (EIA +/equivWB or 2nd EIA)
 WHO to test (and not test) is as important as HOW to test
 No ”test of cure” with repeat titers

 Ehrlichiosis
 Nonspecific presentation, low WBC/plt, high LFTs
 Early:  Whole blood PCR (ideally pre-antibiotics)
 >1 week: Serology by IgG (ideally paired—4-fold increase diagnostic)
 IgM insensitive and nonspecific
 No “test of cure” with repeat titers
 If on differential, treat empirically (don’t wait for lab confirmation)
 Doxycycline for all ages!



Summary of Tickborne Disease in SE
 SPR/RMSF
 Nonspecific presentation—RASH 3-5 days after onset of fever
 Rash may be absent in dark skinned/elderly
 Suggestive labs:  Low plts, high LFTs
 >1 week: Serology by IgG (ideally paired—4-fold increase diagnostic)
 IgM insensitive and nonspecific
 No “test of cure” with repeat titers
 If on differential, treat empirically (don’t wait for lab confirmation)
 Doxycycline for all ages!



Questions?
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