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T icks are responsible for most vector-
borne infections in the United States. 

Most infections occur between April and Oc-
tober, when tick populations peak.1 However, 
infections can occur year-round.2,3 
	 Tick bites are often unnoticed because the 
ticks are small when they are at the infective 
stage of their life cycle, and their attachment 
is characteristically painless and often in inter-
triginous body sites.1 Therefore, absence of a 
known tick bite never precludes the diagnosis 
of a tickborne infection.1,4,5 
	 Although rural outdoor activities are rec-
ognized risk factors, tickborne infections also 
occur in urban areas.6 Thus, the lack of classic 
epidemiologic clues does not rule out a diagno-
sis of tickborne infection.  
	 In most cases, tickborne illnesses present 
with nonspecific symptoms such as fever, mal-
aise, headache, nausea, and myalgia. Accurate 
diagnosis of tickborne diseases can be chal-
lenging due to the similar clinical manifesta-
tions and overlapping geographic distributions 
of potential tick vectors.1 
	 This review summarizes the epidemiology, 
clinical features, treatment, and prevention of 
the most prevalent non-Lyme tickborne dis-
eases of the United States: Rocky Mountain 
spotted fever (RMSF), other spotted fever 
group rickettsial (SFGR) infections, ehrlichio-
sis, babesiosis, tickborne relapsing fever, Bor-
relia miyamotoi infection, southern tick-asso-
ciated rash illness (STARI), tularemia, and 
tickborne viral infections.

■■ ROCKY MOUNTAIN SPOTTED FEVER

RMSF (Table 1) is caused by Rickettsia rick-
ettsii, an obligate intracellular gram-negative 
coccobacillus.7,8 
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ABSTRACT
Tickborne diseases are increasing in the United States, 
and the geographic range of tick vectors is expanding. 
Tickborne diseases are challenging to diagnose, as they 
present with vague symptoms such as fever, constitution-
al symptoms, and nonspecific laboratory abnormalities. 
A high degree of clinical suspicion is required to make a 
diagnosis, as patients often do not recall a tick bite. The 
availability of laboratory testing for tickborne diseases is 
limited, especially in the acute setting. Therefore, if a tick-
borne disease is suspected, empiric therapy should often 
be initiated before laboratory confirmation of the disease 
is available. This article summarizes the most common 
non-Lyme tickborne diseases in the United States.

KEY POINTS
Tickborne illnesses should be considered in patients with 
known or potential tick exposure presenting with fever or 
vague constitutional symptoms in tick-endemic regions.

Given that tick-bite history is commonly unknown, 
absence of a known tick bite does not exclude the 
diagnosis of a tick-borne illness.

Starting empiric treatment is usually warranted before 
the diagnosis of tickborne illness is confirmed.

Tick avoidance is the most effective measure for prevent-
ing tickborne infections.
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	 Dermacentor variabilis, the American dog 
tick, is the major vector in the southern and east-
ern United States, and D andersoni, the Rocky 
Mountain wood tick, is the most common vec-
tor in the western United States.4,7,8 Rhipicepha-
lus sanguineus, the brown dog tick, has also been 
found to transmit RMSF in Arizona.9,10 
	 While most infections in humans are 
transmitted by tick bite, rare cases of RMSF 
are contracted through exposure to infective 
tick hemolymph during tick removal, paren-
teral inoculation or infectious aerosols in lab-
oratory settings, and blood transfusion.7,8

	 The geographic distribution of RMSF is 
restricted to the Western Hemisphere. Within 
the United States, cases of RMSF have been 
reported in nearly every state.4 However, 
RMSF is most prevalent in North Carolina, 
Tennessee, Missouri, Arkansas, and Oklaho-
ma (Figure 1).1 
	 RMSF is both the most common and the 
most likely cause of death among rickettsial 
infections in the United States.4,7,8 Most cases 
occur in children ages 5 to 9.10,11 The case-fa-
tality rate is over 20% without antimicrobial 
therapy but less than 1% with timely and ap-
propriate antibiotic treatment.7,8

Clinical manifestations  
of Rocky Mountain spotted fever
RMSF is transmitted after only 2 to 20 hours 
of tick attachment, and symptoms begin 3 to 
12 days after inoculation.1,7,8 Unlike many 
other species that cause SFGR infection, R 
rickettsii does not cause an eschar at the site of 
inoculation.7,12

	 The classic triad of RMSF is fever, head-
ache, and a rash. This triad is present in only 
3% of early infections, but the prevalence in-
creases to 60% to 70% by 2 weeks after the 
tick bite.1,7 Other common initial symptoms 
include generalized malaise, weakness, and 
myalgia.7,8,12 Gastrointestinal symptoms are 
common, and RMSF can be misdiagnosed as 
gastroenteritis, particularly in children.8

	 A rash usually occurs. It is due to systemic 
vasculitis and endothelial injury and often 
presents 2 to 5 days after the onset of fever, 
which can delay diagnosis.7,12,13 It usually pro-
gresses from macular to petechial and begins 
on the ankles, forearms, and wrists, spreading 
centripetally to the trunk and face and often 
including the palms and soles.7 Large areas of 
ecchymosis, ulceration, and (uncommonly) 
gangrene may occur as lesions coalesce.7,8 The 
10% of patients who do not develop a rash 
(“spotless” fever) tend to have a poorer prog-
nosis due to delayed diagnosis.8

	 Risk factors for severe disease include de-
lay or lack of appropriate treatment, extremes 
of age, Native American descent, glucose-
6-phosphate dehydrogenase deficiency, and 
immunocompromised states.1,10,11,13 Complica-
tions from the widespread Rickettsia-induced 
vasculitis may include a septic or toxic shock-
like syndrome and neurovascular, cardiac, re-
spiratory, and renal damage.7,11 Without ap-
propriate therapy, death occurs 7 to 15 days 
after symptom onset.8 
	 Laboratory evaluation may reveal thrombo-
cytopenia and anemia.7 Leukocytosis or leuko-
penia may be present.8 Hyponatremia, elevated 
aminotransferase levels, elevated creatine ki-
nase levels, prolonged coagulation times, and 
decreased fibrinogen may also be present.7,8

Diagnosis of Rocky Mountain spotted fever
No diagnostic studies are available for the 
acute phase of RMSF. Therefore, a high sus-
picion of RMSF is essential, and treatment 

Absence 
of a known 
tick bite  
never precludes  
diagnosis 
of a tickborne  
infection

TABLE 1

Rocky Mountain spotted fever

Pathogen: Rickettsia rickettsii

Tick vectors: Dermacentor variabilis, Dermacen-
tor andersoni, Rhipicephalus sanguineus

Geographic distribution: Widespread; most 
common in south-central and south-Atlantic 
regions

Classic presentation: Fever, headache, rash, 
weakness, malaise, myalgia, thrombocytopenia, 
anemia, hyponatremia, increased aminotransferase 
levels

Diagnosis: Serologic antibody testing with a 
4-fold increase between acute and convalescent 
serology with a minimum peak titer ≥ 1:64; poly-
merase chain reaction assay with low sensitivity; 
immunohistochemistry and cell culture rarely used  

Treatment: Doxycycline, typically for 7 days 
(range 5–10 days)
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should be started as soon as RMSF is suspect-
ed. Confirmatory testing can retrospectively 
validate a clinical diagnosis.4,7,11

	 Serologic testing with an immunofluores-
cence antibody assay remains the principal 
diagnostic test for RMSF, and paired testing 
(during the acute and convalescent phases) 
has a sensitivity of 94%.4 A 4-fold or greater 
increase in antibody titer (with a minimum 
titer of 1:64) between acute and convalescent 
samples is considered diagnostic of acute in-
fection.4,7,8 Serology is often negative early in 
the disease course.4,7,8 The assay cross-reacts 
with other SFGR species, however.4,8

	 Amplification of R rickettsii DNA by poly-
merase chain reaction (PCR) from blood or 
biopsy sites can be done in some research set-
tings, but its utility is limited because of low 
sensitivity early in the course of the infection.4,7 
	 Immunohistochemical staining of a skin 
biopsy or autopsy specimen is a highly specific 
diagnostic test performed at a limited number 
of laboratories, though it has a sensitivity of 
only 60% to 92%.4,7,8 
	 Cell culture can also be performed, but 
only in biosafety level 3 (scale of 1 to 4) labo-
ratories.1

Treatment of Rocky Mountain spotted fever
Prompt initiation of antibiotic therapy greatly 
improves prognosis.1,13,14 
	 Doxycycline for 7 days is the treatment 
of choice for RMSF, including in pregnant 
patients with life-threatening disease and in 
children.4,7,8,15,16 
	 Tetracycline can also be used. 
	 Chloramphenicol is an alternative treat-
ment for pregnant patients with mild to moder-
ate disease or those patients with a severe hyper-
sensitivity reaction to doxycycline.1,4,7,9,15,16 In 
the United States, chloramphenicol is currently 
available only in an intravenous formulation.
	 Fever typically subsides within 24 to 48 
hours of starting treatment.4,8 Failure to clini-
cally improve within 48 hours suggests an alter-
native diagnosis.1,4 Long-term complications 
of severe infection may include hearing loss, 
blindness, and amputation of digits or extremi-
ties due to gangrene.1,8 Persistence of disease 
beyond acute infection has not been observed.1

■■ OTHER SPOTTED FEVER GROUP  
RICKETTSIAL INFECTIONS

Two other SFGR infections, uncommon in 
the United States, are caused by R parkeri (Ta-

The case- 
fatality rate 
of RMSF  
is > 20% 
without  
treatment,  
< 1% with  
treatment

Each dot represents a reported case in the county of residence 

FIGURE 1. Geographic distribution of nationally notifiable tickborne diseases, 2015.
Eisen R. Emerging tickborne diseases. CDC Public Health Grand Rounds, March 21, 2017. 

www.cdc.gov/cdcgrandrounds/archives/2017/March2017.htm. Accessed June 7, 2017.

 on August 19, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


558  CLEVELAND CLINIC JOURNAL OF MEDICINE    VOLUME 84  •  NUMBER 7    JULY  2017

TICKBORNE DISEASES

ble 2) and Rickettsia species 364D (Table 3). 
	 Both infections are characterized by an 
inoculation eschar. Symptoms include fever, 
headache, myalgia, and regional lymphade-
nopathy.1 Rash (most often maculopapular or 
vesicopustular) is characteristic of R parkeri, 
but it is not common in Rickettsia species 
364D rickettsiosis.17,18 Mild thrombocytope-
nia, leukopenia, and elevated aminotransfer-
ase levels are common in R parkeri infection.1 
Both infections appear to be milder than 
RMSF. 
	 Diagnosis of the specific infection is chal-
lenging due to the cross-reactivity of SFGR 
serologic tests. Additional testing with PCR, 
immunohistochemistry, and culture at special-
ized laboratories may aid in diagnosis. Because 
RMSF cannot be ruled out, all cases of SFGR 
should be treated the same as R rickettsii with a 
course of doxycycline.17

■■ EHRLICHIOSES:  
EHRLICHIOSIS AND ANAPLASMOSIS

“Ehrlichiosis” is the generic name for infec-
tions caused by both the Ehrlichia and Anaplas-
ma genera,19,20 which are small, gram-negative 
obligate intracellular bacterial pathogens.21 In 
the United States, infections are most com-
monly caused by A phagocytophilum, the caus-
ative organism of human granulocytic ana-
plasmosis (HGA) (Table 4), and E chaffeensis, 
the causative organism of human monocytic 
ehrlichiosis (HME) (Table 5). The incidence 
rates of these 2 infections have increased over 
the past decade, in part due to increased clini-

cal awareness and improved diagnostic capa-
bilities.3,22,23 
	 E ewingii (Table 6) and E muris-like agent 
(Table 7) are lesser known causes of human 
ehrlichiosis in the United States.20,23–25 Initially, 
E ewingii was believed to primarily affect immu-
nocompromised patients, but it was later recog-
nized in immunocompetent hosts.23 E muris-like 
agent was first discovered as a cause of infection 
in 2009, and cases have been limited to Wiscon-
sin and Minnesota.24,25

	 Human granulocytic anaplasmosis. A 
phagocytophilum is transmitted by Ixodes scapu-
laris (the deer tick or blacklegged tick) in the 
northeastern and upper-midwestern regions of 
the United States, and I pacificus (the western 
blacklegged tick) along the northern Pacific 
coast.1,19,20,26 The 6 states accounting for most 
cases are New York, Connecticut, Massachu-
setts, Rhode Island, Minnesota, and Wiscon-
sin.27 The white-footed mouse serves as the 
primary reservoir for A phagocytophilum, and 
humans are an accidental, “dead-end” host.21 
Cases have also been reported to be transmit-
ted via blood transfusion and transplacental-
ly.20,26,28,29

	 Human monocytic ehrlichiosis. E 
chaffeensis is transmitted by Amblyomma amer-
icanum (the Lone Star tick).20 It is most com-
monly found in the southeastern, south-cen-
tral, and mid-Atlantic regions of the United 
States.19,20,30 The 5 states with the most cases 
are Missouri, Oklahoma, Tennessee, Arkan-
sas, and Maryland.1,4,27 White-tail deer are the 
primary reservoir for E chaffeensis.

Treatment  
should be 
started 
as soon as RMSF  
is suspected

TABLE 2

Rickettsia parkeri infection

Tick vector: Amblyomma maculatum

Geographic distribution: Eastern and southern 
regions

Classic presentation: Inoculation eschar, fever, 
headache, myalgia, rash, thrombocytopenia, leuko-
penia, increased aminotransferase levels

Diagnosis: Same as for Rocky Mountain spotted fever

Treatment: Same as for Rocky Mountain spotted 
fever

TABLE 3

Rickettsia species 364D infection

Tick vector: Dermacentor occidentalis

Geographic distribution: Northern California, 
Pacific coast

Classic presentation: Inoculation eschar, fever, 
headache, myalgia

Diagnosis: Same as for Rocky Mountain spotted fever

Treatment: Same as for Rocky Mountain spotted 
fever
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Clinical manifestations of ehrlichiosis
After an incubation time of 5 to 21 days, eh-
rlichiosis typically presents as a febrile viral-
like illness with nonspecific symptoms that in-
clude fever, chills, sweats, myalgia, headache, 
malaise, and cough.1,26,27,31 
	 Gastrointestinal symptoms, arthralgia, 
photophobia, and nervous system involve-
ment may also occur.1,20,29,32 Gastrointestinal 
symptoms tend to be more common in HME 
than HGA.20 
	 Rash occurs in up to one-third of patients 
with HME, but it is rare in HGA.4,19,20,27 HME 
presents with more central nervous system 
involvement (such as meningitis or seizures) 
than HGA, in which central nervous system 
involvement is rare.
	 Severe complications of HME and HGA 
occur in a minority of cases and may include 
acute respiratory distress syndrome, renal fail-
ure, disseminated intravascular coagulopathy, 
and spontaneous hemorrhage.19 In general, 
HME is more severe than HGA and is more 
likely to progress to fulminant toxic or septic 
shocklike syndrome in rare instances.19

	 Laboratory tests may reveal leukopenia, 

lymphopenia, thrombocytopenia, and elevat-
ed liver-associated enzyme levels.1,19,20,26 Ane-
mia and hyponatremia may also be present.4,30

Diagnosis of ehrlichiosis
The most rapid diagnostic method is exami-
nation of Wright- or Giemsa-stained periph-
eral blood smears for morulae, which are cy-
toplasmic intravacuolar inclusions of bacteria 
within leukocytes.20 However, its sensitivity is 
as low as 20% and declines even further after 
the first week of infection.4,20 
	 PCR testing is the most sensitive and rapid 
tool available during acute infection.1,20,26,30,31 
However, due to waning of the bacteremic 
phase, its sensitivity decreases after the first 
week of infection and after treatment is start-
ed.19,20 
	 Serologic detection of antibodies with 
an indirect immunofluorescence assay is the 
most frequently used test for diagnosis of ehr
lichiosis, and paired serology demonstrating 
seroconversion (at least a 4-fold increase in 
titer, with a minimal titer of 1:64) is most sen-
sitive (82% to 100%).4,19,20,26 Cross-reactivity 
can occur, so testing for antibodies to both A 
phagocytophilum and E chaffeensis might assist 

Ehrlichiosis 
is the generic 
name 
for infections 
caused by both 
the Ehrlichia 
and Anaplasma 
genera

TABLE 4

Human granulocytic anaplasmosis 

Pathogen: Anaplasma phagocytophilum

Tick vectors: Ixodes scapularis, Ixodes pacificus

Geographic distribution: Northeast and upper 
Midwest, northern Pacific coast

Classic presentation: Fever, headache, myalgia, 
malaise, cough, opportunistic infections in severe 
cases, thrombocytopenia, leukopenia, lymphope-
nia, elevated aminotransferase levels; laboratory 
abnormalities may no longer be present after 1 
week of symptoms

Diagnosis: Polymerase chain reaction assay avail-
able; 4-fold increase between acute and convales-
cent serology with a minimum peak titer ≥ 1:64; 
morulae in granulocytes on Giemsa- or Wright-
stained peripheral smear; cell culture rarely used 

Treatment: Doxycycline, typically for 10 days 
(range 7–14 days)

TABLE 5

Human monocytic ehrlichiosis 

Pathogen: Ehrlichia chaffeensis

Tick vectors: Primarily Amblyomma americanum

Geographic distribution: Southeastern,  
south-central, and mid-Atlantic regions

Classic presentation: Fever, headache, myalgia, 
malaise, cough, gastrointestinal symptoms, rash, 
meningitis, thrombocytopenia, leukopenia, lympho-
penia, anemia, hyponatremia, elevated amino-
transferase levels; laboratory abnormalities may no 
longer be present after 1 week of symptoms

Diagnosis: Polymerase chain reaction assay avail-
able; 4-fold increase between acute and convales-
cent serology with a minimum peak titer  
≥ 1:64; morulae in monocytes on Giemsa- or 
Wright-stained peripheral smear; cell culture rarely 
used

Treatment: Doxycycline, typically for 7–14 days
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If ehrlichiosis 
is suspected, 
treatment 
should not 
be delayed

in a more accurate diagnosis in areas where 
tick vectors overlap.4,19,20,26 
	 HGA and HME can be isolated through 
cell culture in blood or cerebrospinal fluid. 
However, this is labor-intensive and performed 
in only a few specialized laboratories.4,19,20,27,31

Treatment of ehrlichiosis
If ehrlichiosis is suspected, treatment should 
not be delayed; the disease can be life-threat-
ening and the ability to diagnose acute infec-
tion is often limited.20,26,32 
	 Doxycycline is the treatment of choice, 
even in pregnant patients with severe infec-
tion and in children.1,19,26,27 Antibiotics are 
given for 5 to 10 days and continued for at 
least 3 days after the fever subsides.19,20,26,27,30 
In HGA, a 10-day course of doxycycline is 
recommended to also provide the appropriate 
length of treatment for Borrelia burgdorferi.1,31

	 Rifampin is an alternative for those with 
severe tetracycline allergy, as well as those 
with mild to moderate infection during preg-
nancy.1,20,26,29–32

	 Fever typically resolves within 24 to 48 
hours of starting treatment, and persistence of 
fever over 48 hours after starting antibiotics 
suggests an alternative diagnosis or possible 
coinfection.1,4,19,20,26,27,30,32

	 Persistence of chronic A phagocytophilum 
or E chaffeensis infection in humans beyond 
2 months has not been demonstrated.20,26,30,33 
Therefore, antibiotic treatment beyond the 

acute stage of infection is not indicated.30 
Long-term prognosis is favorable, and patients 
are expected to make a full recovery.26,30

■■ BABESIOSIS

Babesiosis (Table 8) is a malaria-like illness 
caused by intraerythrocytic protozoan para-
sites of the genus Babesia. Most cases in the 
United States are caused by Babesia microti. 
	 Babesiosis occurs in the northeastern and 
upper midwestern states, with most cases re-
ported in Massachusetts, Connecticut, Rhode 
Island, New York, New Jersey, Minnesota, 
and Wisconsin.31,32,34–36 Outbreaks have also 
been documented in Washington, California, 
and Missouri.31,32,35 The spread mimics that of 
Lyme disease, though it can be slower.34,36–39

	 Most cases in the Northeast and upper 
Midwest are caused by Babesia microti, while 
Babesia duncani has sporadically caused disease 
along the Pacific coast and Babesia divergens 
has been found in the Midwest and North-
west.34,36,39 
	 Though babesiosis is usually a tickborne 
illness, it can also be transmitted through 
blood transfusion and, rarely, transplacental 
spread.31,32,34,36,39–41 The I scapularis tick is the 
host vector for Babesia microti, and transmis-
sion of disease requires 24 to 72 hours of at-
tachment to a host.34,35 The primary reservoir 
for Babesia microti is the white-footed mouse, 
and humans are accidental hosts.32,34–36,39

TABLE 7

Ehrlichia muris-like agent infection

Tick vector: Ixodes scapularis (most likely)

Geographic distribution: Limited to Wisconsin 
and Minnesota

Classic presentation: Similar to human granulo-
cytic anaplasmosis and human monocytic erhlichi-
osis; laboratory abnormalities may no longer be 
present after 1 week of symptoms

Diagnosis: Polymerase chain reaction assay

Treatment: Doxycycline, typically for 7–14 days

TABLE 6

Human Ewingii ehrlichiosis

Pathogen: Ehrlichia ewingii

Tick vector: Primarily Amblyomma americanum

Geographic distribution: Southeastern and 
south-central regions

Classic presentation: Similar to human granulo-
cytic anaplasmosis and human monocytic erhlichi-
osis; laboratory abnormalities may no longer be 
present after 1 week of symptoms

Diagnosis: Polymerase chain reaction assay

Treatment: Doxycycline, typically for 7–14 days
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Clinical manifestations of babesiosis
Babesia species cause illness by lysing erythro-
cytes, with resultant cytokine release.34 
	 Symptoms typically appear 1 to 4 weeks af-
ter inoculation, after which most cases present 
as a viral-like illness with gradual onset of fe-
ver, chills, sweats, fatigue, malaise, headache, 
arthralgia, myalgia, nausea, anorexia, and 
nonproductive cough.32,34–36,39 
	 Physical findings may include splenomega-
ly, hepatomegaly, jaundice, petechiae, and ec-
chymosis.32,34–36,39 Rash is seldom present and 
is not a characteristic feature of babesiosis.35,36

	 Laboratory features may include throm-
bocytopenia, hemolytic anemia, and elevated 
liver enzyme levels.32,34,36,39

	 Severe disease can occur in elderly, im-
munocompromised, or splenectomized indi-
viduals and can be life-threatening.34,39 Com-
plications of severe infection can include 
acute respiratory distress syndrome, diffuse 
intravascular coagulation, and liver or renal 
failure.31,32,34–36,39 Splenic infarction or rupture 
may occur at lower levels of parasitemia in 
those without other manifestations of severe 
disease.31 The course can be prolonged and 
relapsing despite standard antibiotic therapy, 
typically in the setting of severe immunocom-
promise.32,34,42,43 Death occurs in up to 10% of 
severe cases.34

Diagnosis of babesiosis
Babesiosis should be considered if a patient 
presents with a febrile illness and nonspecific 
symptoms and comes from an endemic area 
or has received a blood transfusion within 6 
months.34,35

	 The diagnosis of babesiosis is most com-
monly made by finding the intraerythrocyt-
ic ring form of the organism (trophozoite) 
on Giemsa- or Wright-stained thin blood 
smears.34,36,39 Babesia can be distinguished from 
Plasmodia (the agent of malaria) by the rare 
presence of tetrads of merozoites arranged in 
a cross-like pattern (the Maltese cross); the 
absence of hemozoin (brownish deposits) in 
the ring form; and the occasional presence of 
extracellular ring forms.34,36 
	 The level of parasitemia (representing the 
number of parasites per microliter of blood) is 
generally between 1% and 10%, although it 
can be as high as 80%.36,39 Because parasitemia 

is often low early in disease (< 1%), multiple 
blood smears should be examined.34–36,39

	 Several real-time PCR assays are available 
to detect low-grade Babesia microti parasitemia 
in patients with negative blood smears during 
early infection.31 These assays have high di-
agnostic sensitivity and specificity and do not 
cross-react with other Babesia or Plasmodium 
species.34–36,39 
	 Paired serology (immunoglobulin G) can 
confirm infection, although antibody may be 
absent early in the course of illness.31,34–36,39

Treatment of babesiosis
Current guidelines recommend antimicrobial 
therapy only for patients with symptoms and 
positive test results for Babesia.32 Treatment 
of asymptomatic patients should addition-
ally be considered if parasitemia (not positive 
PCR or serology) persists for 3 months or lon-
ger.32,34–36,39 
	 For mild to moderate babesiosis, the com-
bination of oral atovaquone and azithromycin 
for 7 to 10 days has similar efficacy and a lower 
incidence of adverse effects than clindamycin 
plus quinine.31,32,34,44 For immunocompromised 

Babesiosis  
is a malaria-like  
illness caused  
by protozoan  
parasites in  
red blood cells

TABLE 8

Babesiosis

Pathogen: Babesia microti  (most likely)

Tick vector: Ixodes scapularis

Geographic distribution: Northeastern region 
and upper-midwestern states

Classic presentation: Fever, fatigue, malaise, 
headache, myalgia, arthralgia, nausea, anorexia, 
cough, hemolytic anemia, thrombocytopenia, 
leukopenia, elevated aminotransferase levels

Diagnosis: Babesia microti intraerythrocytic ring 
form (trophozoites) or merozoites in tetrads (Mal-
tese cross) identified on Giemsa- or Wright-stained 
peripheral smear; polymerase chain reaction assay; 
serology 

Treatment: Atovaquone with azithromycin for 
mild to moderate disease and clindamycin with 
quinine for severe disease; consider exchange 
transfusion in severe disease; typical treatment 
course is 7–10 days and at least 6 weeks in highly 
immunocompromised patients
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patients, higher doses of azithromycin can be 
used.31,32

	 For severe babesiosis or those with risk fac-
tors for severe disease, intravenous clindamy-
cin and oral quinine are recommended for 7 
to 10 days based on expert opinion.31,32,34–36,39,43 
Adverse effects of this regimen include diar-
rhea, tinnitus, and hearing deficits.35,39 If nec-
essary, intravenous quinidine can be used, but 
the patient should receive cardiac monitoring 
for possible prolongation of the QT inter-
val.34,39 As quinine therapy is often interrupt-
ed due to the above side effects, alternative 
regimens such as intravenous azithromycin or 
clindamycin in combination with oral atova-
quone should be considered for severe cases.31 
However, these regimens are not well stud-
ied.31 
	 Partial or complete exchange transfu-
sion of whole blood or packed red blood cells 
should be considered in patients with a high 
level of parasitemia (≥ 10%), severe anemia 
(hemoglobin < 10 g/dL), or renal, hepatic, 
or pulmonary compromise.31,32,34–36,39 In criti-
cally ill patients, parasitemia should be moni-
tored daily until it has decreased to less than 
5%.32,34,39

	 Generally, symptoms improve within 48 
hours of antimicrobial therapy initiation; 

however, parasitemia may take up to 3 months 
to resolve.32,34,39 In severely immunocompro-
mised patients, babesiosis may persist or re-
lapse despite appropriate therapy.34,39,42,43 In 
these cases, at least 6 weeks of antimicrobial 
therapy is recommended, including 2 weeks of 
therapy after Babesia organisms are no longer 
seen on blood smear.31,33,36,39,42

■■ TICKBORNE RELAPSING FEVER

Relapsing fever, as the name implies, is char-
acterized by recurring episodes of fever and 
nonspecific flulike symptoms (Table 9). 
	 The illness is transmitted by either ticks 
or body lice. The tick-borne illness is caused 
by spirochetes of the genus Borrelia and trans-
mitted to humans by the bite of an infected 
Ornithodoros soft tick.45 Approximately 70% 
of reported cases in the United States occur 
in California, Washington, and Colorado.46 
Most cases are caused by Borrelia hermsii and 
are linked to sleeping in rodent-infested cab-
ins in mountainous areas.46 Remarkably, tick-
borne borreliae are transmitted within about 
30 seconds of tick attachment.47,48

	 The hallmark of tickborne relapsing fever 
is febrile episodes lasting 3 to 5 days, with re-
lapses after 5 to 7 days of apparent recovery.49 
If untreated, several episodes of fever and non-

Consider  
exchange  
transfusion 
for patients 
with a high 
level of  
parasitemia,  
severe anemia,  
or with renal,  
hepatic, 
or pulmonary 
compromise

TABLE 10

Borrelia miyamotoi infection

Tick vectors: Ixodes scapularis, Ixodes pacificus

Geographic distribution: Northeastern, north-
central, and far western regions

Classic presentation: Fever, headache, myalgia, 
arthralgia, gastrointestinal symptoms, meningo-
encephalitis, thrombocytopenia, elevated amino-
transferase levels

Diagnosis: No validated test available, though 
culture, polymerase chain reaction, and serology 
are performed in research settings

Treatment: Doxycycline for 2–4 weeks (based on 
expert opinion)

TABLE 9

Tickborne relapsing fever 

Pathogen: Borrelia hermsii

Tick vectors: Ornithodoros hermsi; less commonly 
Ornithodoros parkeri and Ornithodoros turicata

Geographic distribution: Pacific coast, north-
western and southwestern regions

Classic presentation: Relapsing fever, headache, 
myalgia, arthralgia, gastrointestinal symptoms

Diagnosis: Detection of spirochetes on peripheral 
smear with either Wright or Giemsa stain or darkfield 
microscopy; fourfold increase between acute and con-
valescent serology with a minimum peak titer ≥ 1:64; 
polymerase chain reaction assay in research settings.

Treatment: Tetracycline for 10 days (based on 
expert opinion)
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specific symptoms will occur before illness re-
solves spontaneously. Overall mortality rates 
are very low (< 5%).50

	 Laboratory confirmation of tickborne re-
lapsing fever is made by detecting spirochetes 
in a blood smear during a febrile episode or 
serologic antibody confirmation. However, se-
rologic testing is unhelpful in the acute setting 
and can yield false-positive results with prior 
exposure to other Borrelia species (eg, Lyme 
disease) or other spirochetes. Serologic anti-
body testing with a 4-fold increase between 
acute and convalescent samples or PCR can 
aid in diagnosis, though the latter is available 
only in research settings.47

	 The preferred treatment regimen for adults 
is an oral tetracycline for 10 days. Erythromy-
cin is recommended when tetracyclines are 
contraindicated.51 
	 When starting treatment, all patients 
should be monitored closely for the Jarisch-
Herxheimer reaction (rigors, hypotension, 
and high fevers), which develops in over 50% 
of cases as a result of rapid spirochetal killing 
and massive cytokine release.52

■■ BORRELIA MIYAMOTOI INFECTION

Borrelia miyamotoi (Table 10) is a spirochete 
closely related to those causing tickborne relaps-
ing fever, recently identified as a human patho-
gen and transmitted by the same tick species 
that transmit Lyme disease—I pacificus ticks in 
the far western United States and I scapularis in 
northeastern and north-central United States. 
The reservoir hosts are poorly known, but the 
organism has been detected in small rodents as 
well as birds and larger animals.53,54 
	 The most common clinical manifestations 
are similar to other tickborne relapsing fever 
infections, although a true “relapsing fever” 
itself is not usually present.53 The character-
istic erythema migrans rash often found in 
Lyme disease is typically absent in B miyamotoi 
infection; however, when present, it should 
prompt investigation into coinfection.54 Cases 
of meningoencephalitis have been reported in 
immunosuppressed hosts.55 
	 There is currently no validated test avail-
able for diagnosis of B miyamotoi; however, 
PCR and serology are available in a few spe-
cialized laboratories.31,53 

	 The treatment of choice is doxycycline for 
2 to 4 weeks. Amoxicillin and ceftriaxone also 
appear effective.53

■■ SOUTHERN TICK-ASSOCIATED  
RASH ILLNESS

Southern tick-associated rash illness (STARI) 
(Table 11) is associated with the bite of the 
Lone Star tick, A americanum. Most cases are 
diagnosed in the southeastern and south-cen-
tral United States where the tick is endemic; 
however, its range is expanding. It was origi-
nally speculated that Borrelia lonestari caused 
STARI, though more recent evidence has not 
supported this.56 At this time, the cause of 
STARI is unknown. 
	 Infection can present similarly to Lyme 
disease with an erythema migrans-like rash 
and associated flulike symptoms, although 
systemic symptoms and multiple erythema 
migrans lesions are less likely with STARI. 
Also, the erythema migrans-like lesions tend 
to be smaller and more likely to have central 
clearing than those in Lyme disease.57 Never-
theless, it is difficult to distinguish the 2 ill-
nesses, especially in mid-Atlantic states such 
as Maryland or Virginia, where both diseases 
coexist. The most reliable method of distin-

STARI 
can present  
similarly  
to Lyme disease

TABLE 11

Southern tick-associated rash illness 

Pathogen: Unknown 

Tick vector: Amblyomma americanum

Geographic distribution: Southeastern, south-
central, mid-Atlantic, and midwestern regions

Classic presentation: Fever, headache, fatigue, 
myalgia, erythema migrans rash (similar to Lyme 
disease) 

Diagnosis: No diagnostic tests are available since 
the pathogen is unknown; diagnosis based on 
symptoms, geographic location, and possibility of 
a tick bite; a known tick bite by A americanum is 
helpful in distinguishing from Lyme disease. 

Treatment: Doxycycline is often given, though it 
is unknown whether antibiotics are necessary or 
beneficial
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guishing STARI from Lyme disease is demon-
strating that the patient was bitten by a Lone 
Star tick rather than an Ixodes tick. Numerous 
questions remain unanswered about the caus-
ative organism, pathophysiology, definitive di-
agnosis, geographic range of illness, and most 
effective treatment for STARI. 
	 Most reported cases have responded prompt-
ly to doxycycline, though it is not known 
whether antibiotic treatment is necessary.58

■■ TULAREMIA

Tularemia (Table 12) is a zoonotic infection 
caused by the gram-negative bacterium Fran-
cisella tularensis. The organism is one of the 
most virulent bacteria currently known; the 
high rate of infectivity has led to its classifica-
tion as a category A biowarfare agent. F tular-
ensis infects more than 200 species of animals 
and invertebrates.
	 Ticks are thought to be the most important 
vectors, and most cases occur in the south-
central United States.59 The geographic dis-
tribution of disease is gradually shifting north-
ward due to spread of the major tick vectors, 
A americanum, D variabilis, and D andersoni. 
Approximately 100 to 200 cases of tularemia 

are diagnosed each year in the United States, 
with most concentrated in Kansas, Oklahoma, 
Missouri, and Arkansas.60

	 Humans can acquire F tularensis by several 
routes, and the route of infection ultimately 
dictates the clinical syndrome. Ulceroglan-
dular and glandular forms of the disease are 
the most common in the United States, and 
both frequently result from a tick bite. A few 
days after tick exposure, an erythematous, 
often painful papuloulcerative lesion with a 
central eschar manifests at the site of the tick 
bite. Additional symptoms may include fever, 
chills, headache, myalgia, malaise, and suppu-
rative lymphadenitis.61 
	 Diagnosis can be made by identifying F 
tularensis in blood, fluid, or tissue culture per-
formed under biosafety level 3 conditions; 
however, serology is used in most cases.62 
	 Streptomycin and gentamicin are consid-
ered drugs of choice and should be continued 
for at least 10 days. For relatively mild disease, 
oral doxycycline or ciprofloxacin can be con-
sidered for at least 14 days, although the latter 
is not approved for treatment.59,63

■■ TICKBORNE VIRAL INFECTIONS

While most arboviruses are transmitted by 
mosquitoes, 2 tickborne viruses can cause 
infection in specific regions of the United 

Francisella 
tularensis  
is one of the  
most virulent  
bacteria known

TABLE 13

Powassan virus infection

Tick vectors: Lineage I: Ixodes cookei; lineage II 
(also known as deer tick virus): Ixodes scapularis

Geographic distribution: Great Lakes and 
northeastern regions

Classic presentation: Fever, confusion, seizures, 
focal neurologic deficits, rash, gastrointestinal 
symptoms

Diagnosis: Cerebrospinal fluid testing for virus-
specific IgM and neutralizing antibodies; serum 
antibody testing; nucleic acid amplification; im-
munohistochemistry on autopsy tissue and viral 
culture are options

Treatment: Supportive care

TABLE 12

Tularemia

Pathogen: Francisella tularensis

Tick vectors: Amblyomma americanum,  
Dermacentor variabilis, Dermacentor andersoni

Geographic distribution: South-central region

Classic presentation:  
Ulceroglandular: Red painful papule at the site of 
  tick exposure that evolves into a black eschar; fever,  
  headache, myalgia, malaise, lymphadenopathy 
Glandular: Same as ulceroglandular except primary 
  lesion not recognized

Diagnosis: 4-fold increase between the acute and 
convalescent sera or a single titer ≥ 1:160; culture 
may also be performed

Treatment: Streptomycin or gentamicin for at 
least 10 days; for less severe disease, ciprofloxacin 
or doxycycline for 14 days
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States: Powassan virus (Table 13) and Heart-
land virus (Table 14). 
	 Powassan virus, an uncommon flavivirus, 
is found in the Great Lakes region and north-
east United States. In the Great Lakes region, 
I cookei ticks transmit the traditional lineage 
of this virus. However, more recent cases have 
been identified in the Northeast and Midwest, 
where Powassan virus lineage II (or deer tick 
virus) is transmitted by I scapularis.31,64

	 The classic presentation is a viral enceph-
alitis. Rash (most often maculopapular) and 
gastrointestinal symptoms have been reported 
as well. A high index of suspicion is needed for 
diagnosis because clinical features and labora-
tory findings resemble those of other arboviral 
infections. 
	 Treatment for Powassan viral encephalitis 
is supportive, although corticosteroids have 
been used with some success.64 While asymp-
tomatic infection has been documented, the 
reported mortality rate of Powassan virus en-
cephalitis is 10% to 15%, and focal neurologic 
deficits can persist among survivors.65

	 Heartland virus is a newly identified 
phlebovirus that has been reported only in ru-
ral Missouri and Tennessee to date. Infection 
is presumed to be transmitted by A america-
num.66 An animal reservoir has not been es-
tablished. 
	 Clinical and laboratory features appear to 
be very similar to those of the ehrlichioses.1 
A clinical diagnosis should be considered in 
patients with A americanum exposure, fever, 
and cytopenias who lack PCR or serologic 
evidence for ehrlichiosis infection or who fail 
to respond to doxycycline therapy.24

■■ COINFECTION

Some tick vectors transmit more than 1 type 
of infection, and therefore, coinfection with 
multiple pathogens may occur. For example, I 
scapularis transmits Borrelia burgdorferi (Lyme 
disease), HGA, Babesia microti, B miyamotoi, 
E muris-like agent, and Powassan virus lineage 
II, while A americanum transmits HME and 
Heartland virus.24,26,31,34,36,67 Coinfection may 
increase the severity of disease, often due to 
a delay in diagnosis, though more research is 
needed to understand the clinical manifesta-
tions of coinfection.31,35,67

■■ PREVENTION

Unfortunately, there are no available human 
vaccines for tickborne illnesses in the United 
States, and the effectiveness of single-dose 
prophylaxis with doxycycline for non-Lyme 
infections has not been evaluated.4,7,26 
	 Illness is best prevented by minimizing 
skin exposure to ticks, use of tick repellents 
containing DEET, use of long-legged and 
long-sleeved clothing impregnated with an 
acaricide such as permethrin, and conducting 
timely body checks for ticks after potential 
exposure.1,31,32 Light-colored clothing is sug-
gested, since it allows for better visibility of 
crawling ticks.4,32 Bathing or showering within 
2 hours of tick exposure helps prevent attach-
ment of ticks.4,31,68 If camping outside, use of a 
bed net is recommended.68 
	 Ticks are most easily removed by grasping 
the head of the tick as close to the skin sur-
face as possible with fine-tipped tweezers.32,68 
Removing or crushing ticks with bare hands 
should be avoided to prevent potential con-
tamination, and hands should be washed thor-
oughly after tick removal.1,4

	 Blood donors are screened for a history 
of symptomatic tickborne disease; however, 
asymptomatic donors who are not identified 
at screening pose the greatest risk to the blood 
supply. Babesia microti is the most common re-
ported transfusion-transmitted parasite in the 
United States, and transmission of R rickett-
sii, A phagocytophilum, and E ewingii have also 

Illness 
is best 
prevented  
by minimizing  
skin exposure  
to ticks

TABLE 14

Heartland virus infection

Tick vector: Amblyomma americanum  (most 
likely)

Geographic distribution: Limited to Missouri 
and Tennessee

Classic presentation: Fever, fatigue, headache, 
myalgia, gastrointestinal symptoms, leukopenia, 
thrombocytopenia

Diagnosis: No diagnostic tests are currently 
available; rule out ehrlichioses 

Treatment: Supportive care
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been reported infrequently.28,40,69 Currently, 
no test is approved to screen blood for tick-
borne illnesses, though such a test would help 
prevent transmission of tickborne illnesses by 
blood transfusion in areas where these diseases 
are endemic.40,41

■■ TAKE-HOME POINTS

Tickborne illnesses are increasing throughout 
the United States as a result of vector expan-
sion and changes in human ecology. 
	 It is essential that primary care clinicians 
consider tickborne illnesses in the differential 
diagnosis for any patient presenting with a 
fever and constitutional symptoms when the 
cause of symptoms is unclear and tick expo-
sure is possible or known. 

	 All the diseases discussed are nationally 
notifiable conditions, and confirmed cases 
should be reported. 
	 Knowledge of the geographic locations of 
potential exposure is paramount to determin-
ing which tickborne infections to consider, 
and the absence of a tick bite history should 
not exclude the diagnosis in the correct clini-
cal presentation. 
	 In addition, it is important to recognize 
the limitations of diagnostic testing for many 
tickborne infections; empiric treatment is 
most often warranted before confirming the 
diagnosis. 
	 Tick avoidance is the most effective way to 
prevent these often severe infections.	 ■
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