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Tickborne Illnesses

Introduction
Tickborne illnesses are a large and growing group of diseases that all provid-

ers will see in clinical practice regardless of geographic location. Blood-feeding 
ticks can transmit a wide variety of pathogens to people, which can result in 
significant infection and morbidity. During the past 10 years, the incidence of 
these diseases has increased rapidly, and the geographical regions where they 
occur has expanded. Recognizing symptoms that often are nonspecific and ini-
tiating appropriate treatment are critical to patient outcomes.  

This article will cover the identification of the vectors of transmission, pre-
sentation for the diseases that are transmitted, and the appropriate treatment. 
Important diseases transmitted by ticks include Lyme disease, anaplasmosis, 
ehrlichiosis, and Rocky Mountain spotted fever (RMSF). Less prevalent tick-
borne diseases are babesiosis, tularemia, and Powassan virus.  

Epidemiology
The most recent data collected by the Centers for Disease Control and 

Prevention (CDC) show that the reported yearly number of tickborne diseases 
doubled from 2004 to 2016.1 Lyme disease accounts for 82% of the reported 
tickborne diseases. The incidences of anaplasmosis, ehrlichiosis, and babesiosis 
also have been on the rise. In 2016, 22 cases of Powassan virus were reported, a 
significant increase from previous years.1

There are many different types of ticks, but only a few carry the pathogens 
that infect humans. Ixodes scapularis is by far the largest culprit of disease trans-
mission. (See Figure 1.) This tick is widely distributed across the eastern United 
States and transmits the pathogens that cause Lyme disease, anaplasmosis, 
ehrlichiosis, babesiosis, and Powassan virus disease. It is identifiable by its black 
legs and dark, round scutum (central body) and is commonly known as the 
deer tick. Amblyomma americanum (the Lone Star tick) is widely distributed 
in the eastern United States, but is more common in the South. (See Figure 
2.) It is identified by a light center dot located on its body. This tick can trans-
mit ehrlichiosis, tularemia, and southern tick associated rash illness (STARI). 
Dermacentor variabilis (American dog tick) is found to the east of the Rocky 
Mountains and in areas along the Pacific coast. (See Figure 3.) It transmits tula-
remia and RMSF. (See Table 1.)

The life cycle of a tick occurs over a two-year period. The I. scapularis 
tick begins as a six-legged larva and hatches in the early summer.2 In the 
late summer, the tick has its first blood meal, usually from mice or other 
small mammals. This is when the tick acquires the infection. Then the tick 
will molt and reemerge the next spring as a nymph. The infected nymph 
can spread the organism to a second host to carry on the disease cycle. The 
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EXECUTIVE SUMMARY
 z Although Lyme disease is the most common tickborne infec-

tious disease, all tickborne diseases are increasing, and the 
geographic area of infected ticks is expanding.

 z Lyme disease is transmitted by tick bites, but the tick must be 
attached for about 36 hours in general to transmit the disease.  
The rash erythema migrans is the first symptom.

 z Doxycycline is the first-line treatment for many tickborne dis-
eases for both adults and children. Staining of the teeth is not 
seen in children.

 z In general, treatment of acute tickborne disease should be 
started when the disease is suspected, and should not be 
withheld pending confirmation by laboratory testing.

nymphs are small and hard to detect, 
making this stage the most likely 
time when infection is transmitted to 
humans. Once the tick feeds, it drops 
off the host and molts to become an 
adult in the autumn. Adult ticks seek 
a blood meal that autumn and into the 
next early spring, then will lay eggs 
and complete the cycle.  

Transmission of the disease occurs 
during the tick bite. The disease invades 
the salivary glands of the tick and is 
transmitted via saliva, which is injected 
alternately with blood uptake during the 
tick bite.3

In addition to the transfer of bacte-
rial and viral illness, tick bites have 
been found to result in subsequent 
meat allergy. Multiple tick bites may 
result in the development of an allergy 
to alpha-gal, which is a carbohydrate 
found in meats and also found in the 
medication cetuximab. The charac-
teristics of the IgE-mediated allergic 
reaction are different from typical 
allergic reactions.4 Symptoms do not 
start until two hours after ingestion of 
mammalian meat, with many reactions 
delayed three to five hours after inges-
tion. Many patients develop nausea 
and diarrhea as the first symptoms, 
and the most common symptom is 
itching. Typical anaphylaxis symp-
toms, including hives, angioedema, 
and respiratory distress, occur. In the 
United States, this allergy has been 
found predominately in the Southeast 
and is associated with tick bites by 
the Lone Star tick (A. americanum). 
Cases have been reported in Europe, 
Australia, and Asia as well and are 
attributed to several other tick species. 
Unlike the reaction after meat expo-
sure, the allergic reaction after first 
exposure to intravenous (IV) cetux-
imab is immediate in onset.  

Lyme Disease
The etiology of Lyme disease was 

unknown until the early 1980s; Lyme 
disease rapidly has become the most 
common tickborne illness in the 
United States and Europe.5 The dis-
ease was discovered clinically in 1977 
in Connecticut and was found to be 
caused by a spirochete in the early 
1980s. Lyme disease is associated 
with Borrelia burgdorferi, with a less 
common genospecies Borrelia mayo-
nii found in the midwestern United 
States. In Europe and Asia, Borrelia 
afzelii, Borrelia garinii, and B. burgdor-
feri cause Lyme disease. Transmission 
requires 36 hours of tick adherence, 
and the incubation period is three to 
20 days.6 The rapid increase in the 
number of cases during the past 10 
years is thought to be driven partly by 
environmental factors. Changes in land 
use practices and a marked increase 
in the deer population have increased 
the exposure to ticks in many regions.6 
Most cases of Lyme disease occur in 
New England, the mid-Atlantic states, 
and the northern Midwestern states.7 
The incidence of Lyme disease is high-
est in children 5 to 14 years of age and 
middle-aged adults.7 Ixodid ticks that 
carry Lyme disease also are vectors for 
other infectious agents, such as ana-
plasmosis, ehrlichiosis, Powassan dis-
ease, and babesiosis, that may result in 
a coinfection with Lyme disease.  

Clinical Presentation

Early, localized infection usually 
begins with a rash. (See Figures 4 and 
5.) Erythema migrans is the most 
common and characteristic sign, seen 
in 80% of cases of Lyme disease. 
Immediately after a tick bite, there 
may be a local reaction that must be 
differentiated from erythema migrans. 

The local reaction results in swelling, 
warmth, and erythema rapidly after the 
bite. Erythema migrans will develop 
three to 20 days after the bite. It starts 
as an erythematous papule or macule 
at the site of the tick bite and expands 
to a large erythematous patch up to 
20 cm in diameter. The lesion may have 
central vesicles or necrotic areas. It may 
be pruritic or asymptomatic. The clas-
sic teaching is that it will have a bull’s 
eye appearance, but a review of the 
literature found central clearing occurs 
only 19% of the time in the United 
States.8 Often, it will be uniformly ery-
thematous or have an enhanced central 
erythema. The most common associ-
ated symptoms were fever, headache, 
neck stiffness, arthralgia, myalgia, or 
fatigue.9,10 

STARI often is mistaken for Lyme 
disease and is associated with a bite 
from the Lone Star tick. It presents 
with a similar bull’s-eye rash, fever, 
fatigue, headache, and myalgia. STARI 
is diagnosed based on the symptoms 
and geographical location. Most 
patients will receive doxycycline because 
of the similarity of STARI to Lyme dis-
ease, but it is unknown if this treatment 
hastens recovery.11

Early disseminated Lyme disease infec-
tion can present with multiple smaller 
erythema migrans lesions, Lyme carditis, 
or neurologic findings such as cranial 
nerve palsy or lymphocytic meningitis. 
Lyme carditis presents as an atrioventricu-
lar block or, less commonly, as myocarditis. 
The heart block is of varying degrees and 
may alternate from hour to hour. It is 
transient and rarely requires a permanent 
pacemaker. Heart block occurs in 1-5% of 
cases of Lyme disease and begins three to 
six weeks after illness.12 

The most common cranial nerve 
affected by palsy is the facial nerve. 



ReliasMedia.com Emergency Medicine Reports / September 1, 2018     203

Lyme disease is one of a few causes of 
bilateral facial nerve palsy.  

Late disease includes arthritis, cuta-
neous findings, encephalopathy, and 
polyneuropathy. These symptoms occur 
several months to years after infection. 
Lyme arthritis presents as intermit-
tent episodes of joint pain and swelling 
that mostly affect one or a few joints 
at a time.9 Recurrent attacks decrease 
every year; however, a small number 
of patients have chronic synovitis. 
Acrodermatitis chronica atrophicans 
is rare in the United States but occurs 
in up to 10% of cases in Europe. It 
manifests as a blue-red erythema and 
swelling of the extensor surfaces of the 
hands and feet. Nodules may develop 
later, particularly on the knees and 
elbows.  

Diagnosis and Treatment

The diagnosis is made clinically in 
patients with an erythema migrans 
rash and who have been in an endemic 
area. Serologic testing does not help 
in these patients because of the poor 
sensitivity. However, serologic testing 
can be helpful as an adjunct to clinical 
diagnosis.13 The CDC recommends a 
two-tiered method of serologic testing. 
First, an enzyme immunoassay is used 
to screen for antibodies. If that is nega-
tive, testing is performed. If it is posi-
tive or equivocal, then a Western blot 
is completed for immunoglobulin M 
(IgM) and immunoglobulin G (IgG); 
if it has been more than four weeks 

since symptom onset, Western blot is 
completed only for IgG. Sensitivity 
increases as the duration of symptoms 
lengthens. Only one-third of patients 
with an erythema migrans rash will 
test positive, but this increases greatly 
in patients with early disseminated dis-
ease and late disease.14 If test results are 
negative but suspicion remains high, 
repeat testing should be conducted in 
two to four weeks.  

Treatment for early disease is with 
doxycycline, amoxicillin, or cefu-
roxime, according to the Infectious 
Diseases Society of America (IDSA) 
guidelines.15 Doxycycline has the 
additional advantage of covering 
anaplasmosis as well if there is coin-
fection. The second-line option is 
macrolide antibiotics. Patients with a 
tick attached for 36 hours or more can 
receive a single prophylactic dose of 
doxycycline 4 mg/kg up to 200 mg for 
children and 200 mg for adults. See 
the section on prophylaxis at the end 
of this monograph for more informa-
tion. Those with symptoms should 
be treated for 10-21 days, although a 
recent study found the same effective-
ness with 15-day and 10-day courses 
of doxycylcine.16 The CDC guide-
lines recommend either amoxicillin 
or doxycycline for treatment of early 
Lyme disease in pediatric patients. A 
2015 study in the Journal of Pediatrics 
found no tetracycline-like staining in 
children younger than 8 years of age 
who received doxycycline for a typi-
cal treatment course.17 (See Table 2.) 
Later manifestations of Lyme disease 
require IV medication treatment, typi-
cally with ceftriaxone.  

Table 1. Tick Species and the Diseases They Transmit

Tick Disease

Ixodes scapularis (black legged 
tick or deer tick)

Lyme disease
Anaplasmosis
Ehrlichiosis
Babesiosis
Powassan virus disease

Amblyomma americanum 
(Lone Star tick)

Ehrlichiosis
Tularemia
Southern tick associated rash illness (STARI)

Dermacentor variabilis 
(American dog tick)

Tularemia
Rocky Mountain spotted fever

Rhipicephalus sanguineus 
(brown dog tick)

Rocky Mountain spotted fever in the 
Southwest United States and Mexico

Figure 1. Ixodes  
scapularis Tick

Source: CDC/ Michael L. Levin, PhD; photo: 
James Gathany

Figure 2. Lone Star Tick

Source: CDC/Dr. Amanda Loftis, Dr. William 
Nicholson, Dr. Will Reeves, Dr. Chris Paddock; 
photo: James Gathany

Figure 3. American Dog 
Tick

Source: CDC/DVBID/Gary O. Maupin; photo: 
James Gathany
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Anaplasmosis
Human granulocytotropic ana-

plasmosis (HGA) is caused by the 
bacterium Anaplasma phagocyto-
philum. Ehrlichia phagocytophia and 
Ehrlichia equi were found to be the 
same organism and were renamed A. 

phagocytophilum. The disease is spread 
by a tick bite from the I. scapularis tick 
in the Northeast and Midwest (the 
same tick that transmits Lyme disease, 
babesiosis, and Powassan virus), or the 
Ixodes pacificus tick on the West Coast. 
A. phagocytophilum can be transmitted 
through blood transfusion. Since 2007, 
at least eight cases of HGA acquired 
from transfusions of leuko-reduced 
blood products have been reported.18 
The number of cases reported to the 
CDC has steadily increased from 348 
cases in 2000, to 4,151 cases in 2016. 
The cases occur predominantly during 
the summer months and peak in June 
and July. It is most frequently reported 
in the upper Midwestern states and 
Northeastern United States.  

Initial symptoms start one to two 
weeks after a tick bite and include high 
fever, headache, myalgias, chills, nau-
sea, and abdominal pain. Rash is a very 
infrequent finding in anaplasmosis, and 
the occurrence of a rash should lead 
toward a different diagnosis such as 
Lyme disease or RMSF. The diagnosis 
of anaplasmosis should be suspected 
in patients who are in an endemic area 
and have a viral-like illness. Laboratory 
findings may show leukopenia, throm-
bocytopenia, or elevated liver function 
tests. During the acute phase of HGA, 
diagnosis is made by polymerase chain 
reaction (PCR) testing.19 It is most 

sensitive in the initial seven days of 
infection. Do not delay treatment while 
awaiting test results; the initial, pre-
sumptive diagnosis is made clinically. 
A negative PCR does not exclude the 
diagnosis of HGA. During infection, 
antibodies are detectable in seven to 10 
days and remain elevated for months 
after illness resolution. At that time, 
serological immunofluorescence assay 
(IFA) tests and enzyme-linked immu-
nosorbent assay (ELISA) tests are use-
ful in diagnosis. Another option to help 
make the diagnosis is a peripheral blood 
smear. In 20% of patients, microcolonies 
of Anaplasma known as morulae are 
found in the cytoplasm of white blood 
cells on blood smear.20 

Treatment of HGA in adults is 
doxycycline 100 mg twice a day orally 
or IV for 10-14 days.21 This will pro-
vide treatment for possible coinfection 
with Lyme disease as well. In pediatric 
patients, the treatment is doxcycyline 
2.2 mg/kg per dose twice a day orally 
or IV for 10-14 days. (See Table 3.) As 
noted, evidence has not shown any 
staining of teeth in children younger 
than 8 years of age who receive a course 
of doxycycline. When patients are 
treated with doxycycline, fever generally 
subsides within 24-48 hours.   

Ehrlichiosis
Human monocytic ehrlichiosis 

(HME) is reported most frequently 
in the Southeastern and south-central 
United States. Missouri, Arkansas, 
New York, and Virginia account for 
50% of all reported cases. The first case 
of ehrlichiosis was described in the 
late 1980s, and it became a reportable 
disease in 1999. The number of cases 
reported to the CDC has increased 
from 200 in the year 2000 to more than 
1,377 cases in 2016. As is typical for 
tickborne illnesses, the months of great-
est transmission are during the summer. 
It is spread by a tick bite from the Lone 
Star tick (A. americanum). The white-
tailed deer is the host for the tick in all 
of its stages. The main bacteria respon-
sible for infection is Ehrlichia chaffeensis, 
with some cases by Ehrlichia ewingii. In 
addition, since 2009, cases of ehrlichi-
ois caused by Ehrlichia muris eauclar-
ensis have been identified in patients 
from the upper Midwest (Wisconsin 

Figure 4. Erythema Migrans Rash

Source: CDC

Figure 5. Bull’s Eye Rash

Source: CDC/James Gathany
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and Minnesota).23 This broadens the 
locations where HME is seen. These 
bacteria are obligately intracellular 
gram-negative bacteria that replicate 
and form microcolonies called morulae, 
similar to Anaplasma bacteria.24 HME is 
a more severe disease than anaplasmosis, 
with 42% of cases requiring hospitaliza-
tion, and it has a mortality rate of 3%.25 
The initial presentation is similar to that 
of anaplasmosis.  

Symptoms typically begin a week 
after a tick bite. Fever is the most com-
mon symptom, and most patients have 
headaches, myalgias, and arthralgias.25 
A skin rash is not a common symp-
tom in adults, and is reported in fewer 
than 30% of cases. Rash is more com-
mon in children, occurring in 60% of 
cases. Laboratory abnormalities may 
include leukopenia, thrombocytopenia, 
or elevated liver enzymes. Although 
not always seen, these laboratory 
abnormalities are quite common. 
Thrombocytopenia is a hallmark of 
HME and is found in 70-90% of cases. 
Meningitis is a severe complication of 
HME. It is not common, but is poten-
tially fatal.26 

The diagnosis of HME is based 
primarily on clinical suspicion, as 
culturing ehrlichiosis is extremely 
difficult. The prognosis worsens with 

a delay of treatment, so treatment 
should begin promptly based on 
clinical suspicion and initial labora-
tory abnormalities. PCR assay is the 
most useful test to determine if a 
patient has ehrlichiosis. This test is 
most sensitive during the first week 
and then quickly loses sensitivity 
following antibiotic administra-
tion. Serologic testing using indi-
rect immunofluorescence assay is 
performed on serial samples. The 
first sample is taken as early as pos-
sible, and the second sample is taken 
two to four weeks later. A fourfold 
increase in IgG antibody levels is 
diagnostic. It is important to note 
that titers do not become detectable 
until two to three weeks after the 
infection began. A blood smear look-
ing for morulae, which are present 
in 20% of cases, also can be used to 
confirm diagnosis. 

Treatment for HME is the same 
as for anaplasmosis. (See Table 3.) 
Doxycycline is given in both adults 
and children for 10 days. If treatment 
begins within the first five days of 
the disease, the fever typically sub-
sides within one to three days. Lack 
of response to treatment suggests 
the patient’s condition is not due to 
ehrlichiosis.  

Rocky Mountain Spotted 
Fever

RSMF is one of the oldest and most 
severe tickborne illnesses. It was first 
described in the early 1900s, when it 
had a fatality rate of 70%.27 Rickettsia 
rickettsii was found to be the bacteria 
that causes the disease. It is a gram-
negative, obligate intracellular bacteria 
that causes an infection resulting in 
small-vessel vasculitis. RMSF has been 
a reportable condition since the 1920s. 
Since 2010, cases of RMSF are reported 
under a general category of spotted 
fever rickettsiosis (SFR). This includes 
multiple Rickettsia species that cannot 
be differentiated by commonly used 
serological tests. The incidence of SFR 
increased during the last decade from 
two cases per million persons in 2000, 
to 11 cases per million in 2014. During 
this same period, the fatality rate 
decreased to less than 0.5%. Inclusion of 
the less severe rickettsiosis in the num-
bers gathered over that time likely led to 
the lower fatality rate.  

Cases of RMSF have been reported 
throughout the United States, although 
five states (North Carolina, Oklahoma, 
Arkansas, Tennessee, and Missouri) 
account for more than 60% of the cases.  
D. variabilis (the American dog tick) is 
the main vector for RMSF in the east-
ern and south central United States. It 
is associated most frequently with the 
transmission of RMSF. Dermacentor 
andersoni (the Rocky Mountain wood 
tick) is the main vector for RMSF 
in the mountain states west of the 
Mississippi River.27

More recently, the brown dog tick 
(Rhipicephalus sanguineus) has been 
found as a vector along the United 
States-Mexico border. (See Figure 6.) 
It has been a known vector in Mexico 
since the 1940s, but it was not discov-
ered as a vector in the United States 
until 2003, when it was confirmed in 
Arizona.28 The outbreak in Arizona 
with this novel new vector had a fatal-
ity rate of 12%. Domestic dogs are the 
preferred host for the brown dog tick, 
and humans are incidental hosts. The 
climate allows R. sanguineus to remain 
active year-round in Arizona, and the 
regions most affected had a lot of free-
roaming dogs.29 RMSF occurs in several 
northern and central Mexican states 

Table 3. Treatment of Anaplasmosis and Ehrlichiosis

Adults Children

Doxycycline 100 mg IV or PO twice a 
day for 10 to 14 days

Doxycycline 2.2 mg/kg per day divided 
twice a day IV or PO for 10 to 14 days

Table 2. Treatment of Lyme Disease

Early Lyme 
Disease Adults Children

Doxycycline 100 mg PO or IV 
twice a day for 10 to 21 days

Doxycycline 4 mg/kg/day PO or 
IV, divided, twice a day for 10 to 
21 days

Amoxicillin 500 mg PO or IV 
three times a day for 14 to 21 
days

Amoxicillin 50 mg/kg per day 
PO or IV, divided, three times a 
day for 14 to 21 days (max 500 
mg per dose)

Cefuroxime axetil 500 mg PO 
or IV twice a day for 14 to 21 
days

Cefuroxime 30 mg/kg per day 
PO or IV, divided, twice a day
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because of similar weather conditions 
and dogs as carriers of R. sanguineus. 
Beginning in the mid-2000s, there has 
been a surge of RMSF cases in these 
areas. There were 1,394 cases from 
2003-2016, including 247 deaths, in 
the Sonara region (northern Mexico). 
This was an aggregate case fatality rate 
of 18%.30 Fifty-eight percent of all cases 
and 60% of the deaths were in patients 
younger than 18 years of age. The 
regions associated with outbreaks were 
economically depressed and had a high 
dog population carrying many ticks.  

Early signs and symptoms of RMSF 
are not particularly specific. The dis-
ease can progress rapidly and become 
very severe, so quick identification is 
key. Symptoms begin two to 14 days 
(average seven days) after the tick bite. 
Unfortunately, half of the time there 
is no known history of a tick bite.31 
Common signs and symptoms include 
fever, headache, rash, nausea and vomit-
ing, and myalgia. The rash is a common 
sign in people with RMSF, but it usu-
ally develops three to four days after the 
fever begins, with less than one-half of 
patients having the rash before three 
days.32 (See Table 4 and Figure 7.) The 
result is that many patients do not have 
the rash at first visit with a healthcare 
provider. The appearance of the rash 
varies over the course of the disease. It 
can be macular and blanching or pete-
chial. The rash usually begins on the 
ankles and wrists and spreads centrally. 
A rash on the palms and soles of the 
feet usually occurs later in the disease 
process. Interestingly, 10% of people 

never develop a rash. This is a major 
concern in recognition of the disease.  

Laboratory tests are marginally useful 
in helping to identify RMSF. Typically, 
patients have a normal white blood 
cell count at presentation. As the ill-
ness progresses, thrombocytopenia 
develops as well as elevated liver func-
tion test results. Serological testing is 
necessary to confirm the disease, but, 
unfortunately, antibodies are not detect-
able until seven to 10 days after disease 
onset. The indirect fluorescent antibody 
test is highly sensitive and is recom-
mended by the CDC. Aside from the 
time needed to receive results, the main 
weakness is that the test cannot distin-
guish between R. rickettsii and other 
spotted fever group Rickettsia.  

Treatment should be started within 
five days of symptom onset. A delay in 
treatment results in an increased risk 
of mortality.32 A case review of the 
first 205 cases in Arizona from 2002 

to 2015 found that doxycycline was 
started significantly later in fatal cases 
(seven days) than nonfatal cases (three 
days), despite both groups presenting 
for care early (two days).29 The deci-
sion to treat is based on a careful his-
tory and examination of the patient in 
an endemic area (such as Arizona or 
North Carolina), and there should be 
a low threshold to treat,29 rather than 
relying on the characteristic rash, which 
may not occur until later in the disease 
process. Confirmation is made later 
with serological testing. The treatment 
of choice for most patients, including 
children, is doxycycline. In addition to 
treating RMSF, doxycycline also treats 
other tickborne illnesses that may coin-
fect. The dose for adults is 100 mg twice 
daily for a minimum of one week. If the 
patient is not critically ill, doxycycline 
can be given orally. If the patient is crit-
ically ill or has vomiting, IV doxycycline 
is recommended.33,34 (See Table 5.) As 

Table 4. Rocky Mountain Spotted Fever

Early Clinical Findings in Rocky 
Mountain Spotted Fever Late Findings (5 Days or Later)

• Fever: High fevers
• Headache: Severe
• Rash: Ankles and wrists, spreading 
centrally
• Myalgia
• Nausea and vomiting

• Altered mental status, coma, cerebral 
edema
• Respiratory compromise, adult 
respiratory distress syndrome
• Necrosis requiring amputation
• Multiorgan system damage (central 
nervous system, renal)

Figure 7. Rocky Mountain Spotted Fever Rash

Source: CDC

Figure 6. Brown Dog Tick

Source: CDC/James Gathany; William 
Nicholson
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noted in prior sections, doxycycline is 
not contraindicated in children younger 
than 8 years of age, and a single course 
of antibiotics does not cause the dental 
discoloration historically associated with 
the medication. A study in the Journal 
of Pediatrics found that 80% of provid-
ers correctly identified doxycycline as 
the appropriate treatment for RMSF in 
patients older than 8 years of age, but 
only 35% correctly chose doxycycline for 
patients younger than 8 years of age.35  

Babesiosis
Babesiosis is a parasite that invades 

red blood cells. It is transmitted via 
ticks, via blood transfusion, or trans-
placentally. There are many Babesia 
species, but only a few cause disease in 
humans. The most common organism 
that causes disease in humans is Babesia 
microti¸ and the less common ones are 
B. microti-like, Babesia duncani, Babesia 
divergens, and Babesia venatorum. The 
B. microti genome was sequenced in 
2012,36,37 which helped to increase 
understanding of the biology of the 
parasite and future treatment options. In 
the Northeast and upper Midwest, the 
white-footed mouse is the main reser-
voir host for B. microti. The parasite also 
has been found in chipmunks, voles, and 
rats. The primary vector for transmis-
sion is the tick I. scapularis (which also 
is the vector for transmission of Lyme 
disease, anaplasmosis, ehrlichiosis, and 
Powassan virus). The reported incidence 
of babesiosis is lower than the incidence 
reported for Lyme disease.38 This could 
be because of less severe illness and 
awareness. 

During a blood meal, an infected tick 
transmits sporozoites to the mouse host. 
The sporozooites enter erythrocytes 
and undergo asexual reproduction. In 
the blood, some parasites become male 
and female gametes. A tick again has a 
blood meal from the mouse, ingesting 
the gametes. After the tick ingests the 

gametes, the gametes undergo a sporo-
gonic cycle that results in sporozoites. 
Humans enter the cycle when they are 
bitten by infected ticks as dead-end 
hosts. The Babesia parasites infect and 
destroy red blood cells, resulting in 
hemolytic anemia.  

Babesiosis also may be transmitted 
by transfusion of blood products. The 
incidence of this occurring is 1.1 cases 
per million red blood cell units given, 
although it is more common in endemic 
areas.39 More than 170 cases have been 
reported. Babesiosis is endemic primar-
ily in the Northeast and upper Midwest. 
The incidence of babesiosis has 
increased greatly since reporting began 
in 1986. Both the geographic range 
and the number of cases have increased 
steadily, with 1,744 cases reported in 
2014.40 The infection is transmitted 
most commonly in the summer months, 
increasing in May and tapering off by 
September. 

Babesiosis infections range from 
asymptomatic to severe. Researchers 
who conducted a cohort study in 
Rhode Island found asymptomatic 
infection in 20% of adults and 40% of 
children.41 In mild to moderate illness, 
patients present with fever, fatigue, 
chills, sweats, headache, gastrointes-
tinal symptoms, and myalgia. Rash 
seldomly is noted and, if present, sug-
gests Lyme disease. The examination 
may reveal splenomegaly, hepatomegaly, 
or jaundice. Laboratory abnormalities 
include hemolytic anemia secondary 
to the invasion and lysis of red blood 
cells, thrombocytopenia, and elevated 
liver enzymes. Patients more likely 
to have severe disease are those older 
than 50 years of age, those who are 
immunocompromised, or those who 
have comorbidities such as asplenia. 
Complications resulting from babesiosis 
include acute respiratory distress syn-
drome and disseminated intravascular 
coagulation. 

The clinical diagnosis of babesiosis 
should be considered when a patient is 
in an endemic area and presents with 
symptoms and laboratory findings con-
sistent with babesiosis. A history of a 
tick bite is useful, but often patients will 
not notice this. The diagnosis is con-
firmed by identification of the organism 
on a Giemsa or Wright stained blood 
smear, although it is hard to detect and 
may take multiple smears. PCR also can 
be used for diagnosis and is more sensi-
tive for B. microti infection than a blood 
smear.42 

Treatment depends on the severity 
of the disease. For asymptomatic infec-
tion, the CDC does not recommend 
administering antimicrobial therapy.43 
The CDC recommends consulting the 
agency if there are any questions about 
treatment. For ill patients, babesiosis 
is treated for seven to 10 days with 
a combination of two medications: 
either atovaquone and azithromycin or 
clindamycin and quinine. Patients who 
are severely ill receive the latter treat-
ment and often will require hospitaliza-
tion. (See Table 6.) 

Tularemia
Tularemia is a zoonotic infection 

caused by Francisella tularensis, an aero-
bic gram-negative bacteria. F. tularensis 
is a facultative intracellular pathogen 
that replicates primarily within host 
macrophages. It will multiply locally 
at the site of infection, spreads to the 
regional lymph nodes, and then spreads 
systemically. Human infection most 
often occurs from tick exposure during 
the summer months, but it also is trans-
mitted from contact with contaminated 
animals, a biting insect, contaminated 
meat and water, or inhalation of con-
taminated aerosols.44 The incidence of 
reported cases of tularemia to the CDC 
has declined over the years, with 230 
cases reported in 2016. Tick transmis-
sion is via the dog tick (D. variabilis), 
the wood tick (D. andersoni), and the 
Lone Star tick (A. americanum).  

The CDC has identified F. tularen-
sis as a category A bioterrorism agent 
because of its virulence and ability to 
be aerosolized. A weapon using air-
borne F. tularensis most likely would 
result in an outbreak of inhalational 
tularemia three to five days later 

Table 5. Treatment of Rocky Mountain Spotted Fever  
for Adults and Children
Adults: Doxycycline 100 mg twice 
per day, oral or IV

Children: Doxycycline 2.2 mg/kg per 
dose twice per day, oral or IV  
(max 100 mg/dose)

Treat for three days after the fever subsides and there is evidence of 
improvement. Minimum course of five to seven days
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presenting as an acute febrile illness 
with pneumonia.45

The average incubation period fol-
lowing exposure is three to five days. 
Tularemia presents with fevers, chills, 
anorexia, or malaise. The fever may 
abate after a few days, but then quickly 
returns. Additional signs depend on the 
portal of entry. There are six major clini-
cal forms of tularemia: 

• Ulceroglandular tularemia: This is 
the most common and presents after a 
tick or deer fly bite. A skin ulcer appears 
at the site of infection, with swelling of 
lymph nodes around the area.

• Glandular: Similar to ulceroglandu-
lar, but without the ulcer.

• Oculoglandular: This form occurs 
on exposure of bacteria to the eye. 
Symptoms include eye inflammation 
and swelling of the lymph gland in front 
of the eye.

• Oropharyngeal: This form results 
from consuming contaminated food 
or water. It presents with sore throat, 
mouth ulcers, tonsillitis, and swollen 
lymph nodes in the neck.

• Pneumonic: This is the most seri-
ous form. The symptoms include cough, 
chest pain, and dyspnea. It results from 
breathing aerosolized F. tularensis or 
when other forms are left untreated.

• Typhoidal: This form presents with 
a combination of general symptoms.

Diagnosis of tularemia requires a 
high degree of suspicion, given the 
rarity of the disease. It is based on the 
clinical presentation in association with 
the background information. Routine 
laboratory tests are nonspecific. The 
diagnosis is confirmed serologically by 
detecting antibodies via tube agglutina-
tion or microagglutination assay. These 
antibody titers will not reach detectable 

levels until after two weeks of infection, 
but then will remain elevated for years. 

Treatment of tularemia should begin 
with suspicion of the disease and 
should not wait for the confirmatory 
test. Because of its high cure rate and 
minimal relapses, streptomycin is the 
preferred antibiotic for all forms of tula-
remia except meningitis. Gentamicin 
is an acceptable alternative that can 
be given intravenously and is available 
more readily.46 In children, gentamicin is 
the preferred agent. For milder forms of 
the disease, ciprofloxacin or doxycycline 
can be used.47 (See Table 7.)

Powassan Virus
Powassan virus is a flavivirus that 

causes an extremely rare tickborne 
illness. Approximately 100 cases of 
Powassan virus have been reported in 
the United States during the past 10 
years. Prior to that, there were only 
27 cases from 1958 to 1998, revealing 
a 671% increase in reported cases.48 
Powassan virus results in a very severe 
disease with a high mortality rate and 
significant morbidity. Approximately 
10% of Powassan virus encephalitis 
cases are fatal, and severe long-term 
neurological sequelae are present in 
more than 50% of the survivors.49 Cases 
have been reported in the Northeast 
and north central regions of the United 
States, as well as in western states and 
broadly throughout Canada.  

The vector for Powassan virus is the I. 
scapularis tick (the deer tick) primarily. 
It is the same tick that transmits Lyme 
disease, anaplasmosis, and babesiosis. 
The virus also has been isolated from D. 
andersoni ticks as well as other Ixodes spe-
cies. The incubation period is anywhere 
from one to five weeks, after which fever, 
sore throat, drowsiness, headache, and 
disorientation begin. In more severe 
cases, patients present with meningoen-
cephalitis with symptoms such as altered 
mental status, seizures, aphasia, menin-
geal signs, paresis, movement disorders, 
or cranial nerve palsies.50 Laboratory 
findings include lymphocytic pleocytosis 
in the cerebrospinal fluid, with normal 
or mildly elevated protein and normal 
glucose. There are no commercially avail-
able tests for confirmatory diagnosis, but 
testing is available through the CDC 
and some state health departments. 

Table 7. Tularemia Treatment

Adults Children

Streptomycin 1 g IM or IV twice a day 
for 10 days minimum

Streptomycin 15 mg/kg IM or IV  
(max 2 g per day) for 10 days minimum

Gentamicin 5 mg/kg IM or IV daily for 
10 days minimum

Gentamicin 2.5 mg/kg IM or IV three 
times a day for 10 days minimum

Ciprofloxacin 400 mg IV or 500 to 750 
mg PO twice a day for 10 to 14 days

Ciprofloxacin 15 mg/kg IV or PO twice 
daily (max 800 mg/day) for 10 days

Doxycycline 100 mg IV or PO twice 
daily for 14 to 21 days

Table 6. Babesiosis Treatment in Adults

Babesiosis Treatment Dosing Duration

Atovaquone 750 mg PO every 12 hours 7 to 10 days

and

Azithromycin On the first day, 500 to 1,000 mg 
orally, then 250 to 1,000 mg daily

7 to 10 days

or

Clindamycin 300 to 600 mg IV every 6 hours OR
600 mg orally every 8 hours

7 to 10 days

and

Quinine 650 mg orally every 8 hours 7 to 10 days
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Serum testing for IgM antibodies via 
ELISA and immunofluorescence can 
be performed. Unfortunately, there is no 
specific treatment to cure this infection. 
Supportive care is provided in the hos-
pital, often involving respiratory support, 
IV fluids, and monitoring for cerebral 
edema. The role of antiviral therapy is 
unknown.  

Prevention
Ticks generally are found near the 

ground in woody and weedy areas. They 
cannot jump or fly and are transmitted 
by a potential host rubbing against tall 
grasses or shrubs. To prevent tick bites, 
recommendations are as follows:

• Cover exposed areas, such as legs, 
when walking through woods to prevent 
attachment.

• Use repellant that contains 20% or 
more DEET, picaridin, or IR3535 on 
exposed skin. Wear clothing that con-
tains permethrin.51

• Treat dogs and cats for ticks. 
• Bathe after an outdoor activity.52

• Check for ticks daily, paying par-
ticular attention to hard-to-see areas.51

The CDC recommends using twee-
zers or forceps for tick removal. Using 
fine-tipped forceps, grasp the tick as 
close to the skin surface as possible. Pull 
upward with a steady pressure. After 
removal of the tick, clean the area with 
rubbing alcohol or soap and water. If 
mouth parts remain in the skin and can-
not be removed easily with forceps, they 
should be left in place rather than using 
aggressive methods to remove them.

Prophylaxis
Antibiotic treatment following a tick 

bite is not recommended to prevent 
RMSF, anaplasmosis, babesiosis, or 
ehrlichiosis, according to the CDC rec-
ommendations.53 There is no evidence 
that it is effective, and it has the poten-
tial to just delay the onset of disease. 
Prophylaxis after a tick bite for Lyme 
disease is supported by the Infectious 
Diseases Society of America if the fol-
lowing conditions are met:54

• Doxycycline is not contraindicated.
• The attached tick is an I. scapularis 

tick.
• The estimated time of attachment is 

> 36 hours based on tick engorgement 
or likely time of exposure.

• Prophylaxis can be started within 72 
hours of tick removal.

• Lyme disease is common in the 
state where the patient lives or recently 
traveled.

For adults, the prophylactic dose is 
doxcycyline 200 mg for one dose; for 
children older than 8 years of age, the 
dose is 4 mg/kg up to 200 mg.

Summary
Tickborne illnesses range from those 

commonly seen, such as Lyme disease, 
to those extremely rare but potentially 
increasing, such as Powassan virus. 
Because initial symptoms often are non-
specific, providers should start therapy 
if a tickborne illness is suspected. Often, 
the patient is not aware of a tick bite 
and may not include that in the history. 

The incidence of Lyme disease has 
grown rapidly in the past 10 years, and 
the disease has spread to new regions. 
Left untreated, it can result in serious 
complications. Ehrlichiosis and ana-
plasmosis are less common, but also 
have been increasing during the past 10 
years. RMSF has become an increasing 
problem near the United States-Mexico 
border and into Arizona because of the 
prevalence of the ticks on free-roaming 
dogs. Finally, there are concerns that 
cases of Powassan virus are increasing, 
with severe associated morbidity. Being 
aware of these diseases and educating 
patients on prevention is an important 
task for the clinician. 
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CME/CE Questions
1. A 14-year-old male was playing in 

his yard in Connecticut. When he 
came back inside, he noticed a tick 
on his leg that had black legs and a 
dark central scutum. The most likely 
tick this could be is:
a. Amblyomma americanum (Lone 

Star tick).
b. Rhipicephalus sanguineus (brown 

dog tick).
c. Dermacentor variabilis (American 

dog tick).
d. Ixodes scapularis (black legged or 

deer tick).
2. An 18-year-old male presents to 

the ED in Martha’s Vineyard with 
fevers, body aches, and a rash on his 
abdomen. Which description of the 
rash fits with your working diagno-
sis of Lyme disease?
a. The rash began five days after a 

tick bite and is an erythematous 
patch with a slightly darker cen-
tral region and has been slowly 
getting larger. 

b. The rash began 30 minutes after 
a tick bite, is warm to the touch, 
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and is edematous and erythema-
tous.

c. The rash began five days after a 
tick bite and is a maculopapular 
rash located on his wrists and 
ankles, now starting on his abdo-
men.

d. The rash began on his back 
three days after a tick bite that 
occurred on his leg and is an ery-
thematous patch.

3. Which illness often is confused with 
Lyme disease and presents with 
a similar rash as well as fever and 
body aches?
a. Rocky mountain spotted fever
b. Southern tick-associated rash  

illness (STARI)
c. Anaplasmosis
d. Powassan virus

4. A 7-year-old child presents to the 
ED with erythema migrans rash. 
She is otherwise a healthy child but 
is allergic to amoxicillin. What is the 
appropriate treatment?
a. Azithromycin 5 mg/kg a day PO 

for 14 days
b. Ciprofloxacin 15 mg/kg PO 

twice daily for 10 days
c. Clindamycin 5 mg/kg/dose twice 

a day for 14 days
d. Doxycycline 4 mg/kg/day 

divided twice a day for 10-21 
days

5. Which tickborne illness also 
has been transmitted by blood 
transfusion?
a. Lyme disease
b. Powassan virus
c. Babesiosis
d. Rocky Mountain spotted fever

6. A 55-year-old male presents 10 days 
after a tick bite while traveling in 
upstate New York. He has a high 

fever, headache, and myalgia. You 
do not notice a rash on his body. 
His laboratory tests show a normal 
white blood cell count, but he has 
thrombocytopenia and elevated liver 
function test results. Which tick-
borne illness is likely?
a. Rocky Mountain spotted fever
b. Anaplasmosis 
c. Powassan virus
d. Tularemia

7. You are working in a small ED 
located in South Texas near the 
Mexican border. A patient arrives 
with the complaints of a severe 
headache, body aches, and nausea. 
You note a high fever and a macu-
lar, blanching rash on his wrists, 
not involving his hands. Which of 
the following is the cause of the 
patient’s disease?
a. Babesia microti
b. Francisella tularensis
c. Powassan virus
d. Rickettsia rickettsii 

8. Tularemia after a tick bite often 
presents in which form?
a. Ulceroglandular 
b. Typhoidal
c. Oropharyngeal
d. Pneumonic

9. A 25-year-old patient presents to 
the ED in Pennsylvania with his 
mother, who states he developed a 
fever yesterday and is very drowsy, 
has a headache, and is confused 
today. On exam, you note his altered 
mental status and he has a stiff neck. 
You do not note a rash. The mother 
reports a remote history of a tick 
bite four weeks ago. You perform 
a lumbar puncture, which shows 
a lymphocytic pleocytosis, normal 
glucose, and mildly elevated protein 

level. Which tickborne illness do 
you suspect?
a. Rocky Mountain spotted fever
b. Southern tick associated rash  

illness (STARI)
c. Lyme disease
d. Powassan virus

10. What is the appropriate method 
to remove a tick, according to the 
CDC?
a. Use forceps to grasp the tick and 

twist it off.
b. Use forceps to grasp the tick and 

pull it straight off. 
c. Cover the tick in petroleum jelly 

and then check in a few hours to 
see if it has come out.

d. Heat up a needle and place the 
hot needle on the tick to kill it 
so it will detach from the skin.
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