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Presentation Objectives:

1) Describe the presentation and sequelae of tick-borne diseases in the U.S.

2) Identify ticks associated with tick-borne illnesses and their distribution in the U.S.

3) Determine the best treatment plan for each tick-borne illness.

4) Recommend practices that will prevent tick-borne illnesses.
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Objectives

Recommend Recommend practices that will prevent tick-borne illnesses

Determine Determine the best treatment plan for each tick-borne illness

Identify Identify ticks associated with tick-borne illnesses and their distribution

Describe
Describe the presentation and sequellae of tick-borne diseases in the US, especially 

Tennessee



Tick-borne 

Illnesses in 

Tennessee

Common

• Ehrlichiosis

• Rocky Mountain Spotted Fever

Less Common

• Lyme Disease

• Anaplasmosis

• Babesiosis

• Tularemia

Alpha-gal Syndrome



When were these diseases first 

identified?

• Rocky Mountain Spotted Fever—19th Century; In 1906 Howard 

Ricketts identif ied ticks as the vector 

• Lyme Disease—1977 

• Ehrlichiosis—1986

• Alpha-gal allergy (Mammalian meat allergy)—2002 



An 

Interesting 

Case Series 

from 

Tennessee

Standaert SM, Dawson JM, Schaffner 

W, Childs JE, Biggie KS, Singleton J, 

Gerhardt RR, Knight ML, Hutcheson 

RH. Ehrlichiosis in a Golf-Oriented 

Retirement Community, NEJM, 1995; 

333:420-425



June 1993

Four men were hospitalized with 

similar symptoms

Severe headache, nausea, vomit ing and fever

Laboratory studies: leukopenia, 

thrombocytopenia, and mi ld hepat i t is.

All four l ived in a golf community in 

Crossvil le, TN

Diagnosed with Ehrliciosis

Two required extensive ICU 

treatment

All survived



Standaert SM, Dawson JM, Schaffner W, Childs JE, Biggie KS, 
Singleton J, Gerhardt RR, Knight ML, Hutcheson RH. Ehrlichiosis in a 
Golf-Oriented Retirement Community, NEJM, 1995; 333:420-425

Figure purchased from NEJM for use in this presentation



All remaining pictures are from:

Center for Disease Control, 

Tickborne Diseases of the United 

States—A Reference manual for 

Healthcare Providers, Fifth Edition, 

2018.

Used in this presentation with 

permission



Ehrlichiosis

Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia muris

eauclairensis

Southeast and South Central US

Lone Star Tick

Centers for Disease Control and Prevention. Diagnosis and management of tickborne rickettsial diseases: Rocky Mountain spotted fever and other spotted fever group 
rickettsioses, ehrlichioses, and anaplasmosis—United States: a practical guide for health care and public health professionals. MMWR 2016; 65 (No.RR-2).



Ehrlichiosis





Tick bite with localized reaction



Ehrlichiosis

Incubation period 5-14 days

Signs and Symptoms

• Fever/chills

• Headache

• Malaise

• Myalgias

• Nausea, vomiting, diarrhea

• Altered mental status

• Rash is less common in Ehrlichiosis, but can 

occur in children

Centers for Disease Control and Prevention. Diagnosis and management of tickborne rickettsial diseases: Rocky Mountain spotted fever and other spotted fever group 
rickettsioses, ehrlichioses, and anaplasmosis—United States: a practical guide for health care and public health professionals. MMWR 2016; 65 (No.RR-2).



Ehrliciosis

Potential Complications

Seizures

Coma

Respiratory failure

Heart failure*

Pericardial effusion leading to tamponade**

*Vanek NN, Kazi S, Cepero NM, et al. Human ehrlichiosis causing left ventricular dilatation and dysfunction. Clin Infect Dis 1996; 22:386.
**Goodman JL, Nelson C, Vitale B, et al. Direct cultivation of the causative agent of human granulocytic ehrlichiosis. N Engl J Med 1996; 334:209.



Ehrliciosis

Diagnosis

PCR of whole blood shows Ehrlicia

DNA early in the infection

Immunofluorescence Antibody Assay

• Frequently negative in f i rst 7 -10 days

Thrombocytopenia, leukopenia and 

anemia

Mild l iver transaminase elevation



Ehrlichiosis

Treatment

Doxycycline 100mg twice daily for 10 days, and at least three 

days fever-free

Doxycycline is safe in pregnancy*

Doxycycline is drug of choice for children**

• Risk of tooth staining is minimal for a shor t course to treat t ick -borne 

diseases

*Cross R, Ling C, Day NP, et al. Revisiting doxycycline in pregnancy and early childhood--time to rebuild its reputation? Expert Opin Drug Saf 2016; 15:367.
**American Academy of Pediatrics. Tetracyclines. In: Red Book: 2018 Report of the Committee on Infectious Diseases, 31st ed, Kimberlin DW, Brady MT, Jackson MA, 
Long SS (Eds), American Academy of Pediatrics, Itasca, IL 2018. p.905.



Rocky 

Mountain 

Spotted 

Fever

Rickettsia rickettsii is the most common Rickettsial 

infection in the US. Other Rickettsia species also cause 

infection

Most cases in Spring and early Summer

Most common age group infected is 40-64*

Living near wooded areas or high grass areas are risk 

factors**

*Hopkins RS, Jajosky RA, Hall PA, et al. Summary of notifiable diseases--United States, 2003. MMWR Morb Mortal Wkly Rep 2005; 52:1.
**Thorner AR, Walker DH, Petri WA Jr. Rocky mountain spotted fever. Clin Infect Dis 1998; 27:1353.



Rocky 

Mountain 

Spotted Fever



Rocky 

Mountain 

Spotted Fever

• Incubation period: 3-12 days

• Signs and Symptoms

• High fever

• Nausea /vomiting

• Headache

• Myalgia



Rash

• Early

• Maculopappular

• Wrist, forearms, ankles and then spread to 

trunk (centripetal  spread)

• Late

• Petechiae—sign of progression to severe 

disease

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



RMSF 

Diagnosis

Appearance of rash

Thrombocytopenia

Elevated hepatic transaminases

Hyponatremia

IgG-specific antibody titer by indirect immunofluorescence 

antibody (IFA) demonstrating a four-fold rise in titer in 2-4 weeks

Detection of DNA by PCR



RMSF 

Treatment

Doxycycline twice daily for at least 7 

days, but lasting until three days after 

effervescence

Clinical suspicion is sufficient to 

prescribe doxycycline

Delay in treatment can result in severe 

illness or death



Back to the 

golfers

• Investigators performed a 

retrospective study AND a 

prospective study for cases of 

confirmed or presumed 

Ehrlichiosis

• Also performed a case control 

study in the community

• Questionnaire regarding golf 

habits

• What do you think they found?



Lyme 

Disease

Borellia 

burgdorferi

Incubation 

period 3-30 days



In 2015, 95% of Lyme disease cases were reported 

from 14 states: Connecticut, Delaware, Maine, 

Maryland, Massachusetts, Minnesota, New 

Hampshire, New Jersey, New York, Pennsylvania, 

Rhode Island, Vermont, Virginia, and Wisconsin



Lyme 

Disease



Lyme Disease 

Presentation

Early localized disease—Erythema Migrans rash 

occurring within one month of infection

Early disseminated disease—Multiple Erythema 

Migrans rashes, flu-like symptoms, lymphadenopathy, 

potential neurological and cardiac abnormalities 

occurring with in days to weeks of infection

Late Lyme disease—arthropathy in large joints and 

neurological findings (encephalopathy, 

polyneuropathy) a few months to a few years after 

infection



Lyme Disease Rash

Erythema Migrans



Lyme Disease

Rheumatologic 

Manifestations

• Migratory arthropathy and joint 

effusions

• Pain in tendons, bursae, muscles 

and bones

• Baker’s cyst common



Lyme Disease

Cardiac 

Manifestations

• Conduction abnormalities—AV 

nodal block common

• Myocarditis

• Pericarditis



Lyme Disease

Neurological 

Manifestations

• Cranial neuropathies (Bell’s Palsy 

common)

• Meningitis

• Motor and sensory radicular 

neuropathy

• Encephalitis



Lyme Disease

Other 

Manifestations

• Conjunctivitis, Keratitis

• Hepatitis

• Splenomegaly



Lyme 

Disease 

Diagnosis

Elevated erythrocyte 

sedimentation rate

Mildly elevated hepatic 

transaminases

Microscopic hematuria or 

proteinuria



Lyme 

Disease 

Diagnosis—

Serolology

Serology insensitive early on—diagnose based on 

presentation

For illness duration more than a month, order IgG 

and IgM

Antibodies persist, so a single test cannot be used 

to differentiate between active and past infection

Antibodies cannot be used to gauge treatment 

success

Some other tick-borne and some autoimmune 

diseases can cause a false positive



Lyme Disease Treatment

• Doxycycline 100mg twice daily for 10 days 

(early disease) up to 21 days (disseminated or 

late disease)

• Amoxicil l in 500mg three times daily for 14-21 

days

• Pediatric dosing for amoxicil l in is 50 mg/kg/d in 

three daily doses, for doxycycline 4mg/kg/d in 

two daily doses



Post-

treatment 

Lyme Disease 

Syndrome

Nonspecific symptoms lasting 

for months after treatment

Most improve gradually within 

6 months to a year

5-15 percent of treated Lyme 

Disease patients

Klempner MS, Hu LT, Evans J, et al. Two controlled trials of antibiotic treatment in patients with persistent symptoms and a history of 
Lyme disease. N Engl J Med 2001; 345:85.



Chronic 

Lyme 

Disease

Has not been clearly defined

Includes Post-treatment Lyme Disease 

Syndrome

Also includes symptoms and illnesses that have 

no evidence of relationship to Lyme Disease

Many have other diagnosable diseases or 

syndromes

Many diagnosed with Chronic Lyme Disease fit 

the pattern of Fibromyalgia

Feder HM Jr, Johnson BJ, O'Connell S, et al. A critical appraisal of "chronic Lyme disease". N Engl J Med 2007; 357:1422.



Anaplasmosis

Anaplasma phagocytophilum

Less likely to cause severe 

illness and death than RMSF

Incubation period 5-14 days



Anaplasmosis



Anaplasmosis—

Symptoms 

Fever, chills, rigors

Severe headache

Malaise

Myalgia

Nausea, vomiting, diarrhea, anorexia

Rash (<10%)



Anaplasmosis—

Treatment 

• Doxycycline 100mg twice daily 

for 10-14 days

• Doxycycline is also preferred 

treatment in children



Babesiosis

Babesia microti, a 

parasite that infects RBC

Incubation period 1-9 

weeks

Vannier E, Krause PJ. Human babesiosisExternal. N Engl J Med 2012;366:2397–407.



Babesiosis



Babesiosis—

Signs and 

Symptoms

Fever, chills, sweats Malaise, fatigue

Myalgia, arthralgia, 

headache

Gastrointestinal 

symptoms

Dark urine

Less common: cough, 

sore throat, photophobia, 

conjunctival injection

Mild splenomegaly, mild 

hepatomegaly, or 

jaundice may occur in 

some patients

Vannier E, Krause PJ. Human babesiosisExternal. N Engl J Med 2012;366:2397–407.



Babesiosis—

Lab findings 

and 

Diagnosis 

Decreased hematocrit due to hemolytic anemia

Thrombocytopenia

Elevated serum creatinine and BUN

Mildly elevated hepatic transaminase values

Identification of Babesia parasites in RBC by light-

microscopic examination of a peripheral blood smear

Positive Babesia PCR

Vannier E, Krause PJ. Human babesiosisExternal. N Engl J Med 2012;366:2397–407.



Babesiosis—

Microscopic 

Diagnosis



Babesiosis—

Treatment

• Atovaquone 750 mg orally every 12 

hours, and Azithromycin

OR

• Clindamycin 300–600 mg IV every 

6 hours OR 600 mg orally every 8 

hours, and Quinine 650 mg orally 

every 6–8 hours

Vannier E, Krause PJ. Human babesiosisExternal. N Engl J Med 2012;366:2397–407.



Tularemia

• Francisella tularensis

• Dog tick, wood tick, lone star tick

• Incubation period: 3-5 days



Tularemia



Tularemia—

Signs and 

Symptoms

• Fever, chi l ls

• Headache

• Malaise, fatigue

• Anorexia

• Myalgia

• Chest discomfort, cough

• Sore throat

• Vomiting, diarrhea

• Abdominal pain

• Conjunctivit is



Tularemia—

Laboratory 

Findings

• Leukocyte count and sedimentation 

rate

• Thrombocytopenia

• Hyponatremia

• Elevated hepatic transaminases

• Elevated creatine phosphokinase

• Myoglobinuria or sterile pyuria



Tularemia—

Diagnosis 

Isolation of F. tularensis from a clinical specimen 

Four-fold or greater change in serum antibody titer 

between acute and convalescent specimens.

Detection of F. tularensis in a clinical specimen by 

direct immunofluorescence assay or PCR

Single positive antibody titer to F. tularensis 

antigen.



Tularemia—

Treatment 

• Streptomycin or gentamycin are 

preferred

• Ciprofloxacin or doxycycline can 

also be used



Which golfers are at risk for Ehrlichiosis?

Insect repellent was 

protective

Golfers in community A were 

at higher risk

Golfers who routinely 

retrieved balls from the 

woods and did not use insect 

repellent were at higher risk

Golfers who did not retrieve 

balls from woods had much 

lower risk

Non-golfers had much lower 

risk



Standaert SM, Dawson JM, Schaffner W, Childs JE, Biggie KS, 
Singleton J, Gerhardt RR, Knight ML, Hutcheson RH. Ehrlichiosis in a 
Golf-Oriented Retirement Community, NEJM, 1995; 333:420-425

Figure purchased from NEJM for use in this presentation



Alpha-gal 

allergy

Galactose-α-1,3-galactose—found in most 

mammals

Not found in fish, birds, reptiles or primates

Also found in some cosmetics, gelatin, and milk

Found in saliva of some ticks

After tick bite, allergy to mammalian meats 

(beef, pork, lamb) develops



Alpha-gal 

allergy: 

Signs and 

Symptoms

Rash/urticaria
Nausea and 

vomiting

Dizziness
Respiratory 

distress



Alpha-gal 

allergy: 

Signs and 

Symptoms



Alpha-gal 

allergy

Black legged tick or lone star tick 

suspected

Higher prevalence in Southeastern US

Lifelong after sensitization to alpha-gal

Prevention: avoid tick bites



Other tick-borne illnesses that are rare 

to Tennessee

• Tick-borne relapsing fever—treat with doxycycline, 

erythromycin or ceftriaxone

• Powasan disease—supportive care

• Colorado tick fever—suportive care

• Borrelia miyamotoi Disease—doxycycline 

• Rickettsia parkeri Rickettsiosis—doxycycline 



Tick bite 

prevention

Use insect 

repellent on skin 

and clothing

Treat pets for ticks

Check for ticks 

daily if frequently 

outdoors

Shower soon after 

outdoor activities

Lawn treatments 

for ticks are 

available



Tick removal



Tick bite 

prophylaxis

In areas of endemic Lyme Disease, a single 200mg 

dose of doxycycline can be given if I. scapularis is 

identified and has been present for >36 hours

Antibiotic treatment for other tick-borne diseases is 

not recommended. 

Monitor for symptoms of fever, rash, etc. and 

return for re-evaluation if they occur



Golf advice 

from someone 

who has never 

played golf:

If you are a good player, you are 

less likely to get a tick-borne 

disease

If you are a bad player, there are 

two possibilities:

• If you get a new bal l  when you hit into 

the woods, your r isk is low

• If you are cheap and go af ter your bal l  

in the woods, you are more at r isk of 

t ick-borne i l lness

• Wear insect repellent!



Reference, 

unless 

otherwise 

stated:

Center for Disease Control, Tickborne 

Diseases of the United States—A 

Reference manual for Healthcare 

Providers, Fifth Edition, 2018.




