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Abstract
Purpose of review This review describes mosquito- and tick-borne diseases found in the Western Hemisphere. It focuses on
emerging diseases and recent geographic shifts in the presence of disease vectors.
Recent Findings Mosquito and tick vectors have become more widespread as environmental conditions have become more
favorable. Zika recently has emerged as a concern for fetal anomalies.West Nile Virus has becomewidespread. Lyme disease and
other tick-borne diseases are more prevalent in areas previously inhospitable to these ticks.
Summary Healthcare providers must consider the possibility of mosquito- and tick-borne diseases in broader geographic areas
and council patients traveling to endemic areas on precautions against these diseases. Treatment for suspected cases of serious
tick-borne illnesses should not be delayed pending culture results.
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Introduction

Vectors are organisms that spread diseases between humans
and from animals to humans. Diseases transmitted may be
bacterial, viral, or parasitic. Worldwide, 1.7 million people
are affected annually by vector-borne illnesses [1]. In the
USA, ticks and mosquitos are the primary disease vectors,
with tick-borne illnesses accounting for 75% of cases [2••].
The incidence of vector-borne illnesses in the USA increased
threefold between 2004 and 2016 and nine new vector-borne

diseases were reported in the USA and its territories [2••]. The
geographic range of many tick and mosquito vectors has also
increased, a trend that will likely continue in conjunction with
a rise in average temperatures.

The increasing prevalence of these diseases is concerning as
there are very few vaccines against vector-borne diseases and no
specific treatment for many of the vector-borne illnesses. In ad-
dition, for some tick-borne illnesses, early antibiotics are life-
saving. It is critical that healthcare providers consider vector-
borne illnesses in the differential for patients with rash and/or
febrile illnesses and any potential vector exposure, including
travel within and outside the USA. Healthcare providers must
also actively instruct patients in the awareness and prevention of
vector-borne diseases. Table 1 provides a summary of prevention
strategies for tick- and mosquito-borne diseases.

In the USA, the predominant tick-borne diseases are Lyme,
spotted fever rickettsiosis (including Rocky Mountain spotted
fever), ehrlichiosis, anaplasmosis, tularemia, and babesiosis
[3]. Emerging diseases include Powassan, Heartland, and
Bourbon viruses [2••]. The most widespread mosquito-borne
illnesses are West Nile Virus (WNV) and Zika; chikungunya
and dengue have also been recently reported in the USA [2••].

This article provides updates in the epidemiology, clinical
presentations, current diagnostic methods, and recommended
treatment for the major and emerging tick- and mosquito-
borne illnesses present in the USA.
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Tick-Borne Diseases

There are nine tick species found in the USA, several of which
commonly bite humans: the black-legged tick (Ixodes
scapularis), the dog tick (Dermacentor variabilis), the lone star
tick (Amblyomma americanum), and the soft tick (Ornithodoros
spp.). The black-legged tick is found throughout the easternUSA
and is responsible for the transmission of Lyme disease, anaplas-
mosis, babesiosis, ehrlichiosis, and Powassan fever, as well as a

form of relapsing fever. The dog tick is widely distributed east of
the Rocky Mountains and in isolated areas on the Pacific Coast.
This tick transmits RockyMountain spotted fever and tularemia.

The lone star tick was originally found only in the southeast
but is now widely distributed in the entire eastern USA and
transmits ehrlichiosis, tularemia, and southern tick-associated
rash illness (STARI). In addition, bites from this tick have been
associatedwith the development of an allergy to galactose-α-1,3-
galactose (α-gal), a type of sugar found in beef, pork, lamb, and
other red meats [4]. Soft ticks are found throughout the western
states including Texas. They transmit tick-borne relapsing fever.
A discussion of the epidemiology, clinical presentation, diagno-
sis, and treatment of each of themajor diseases is presented in the
following sections. Table 2 provides a guide to the tick-borne
diseases covered, including their associated vectors, current geo-
graphic range, signs and symptoms, and treatment.

Lyme Disease

Epidemiology

Lyme disease is the most common vector-borne illness in North
America, withmore than 300,000 cases reported annually and an
upward trend [5]. It is caused by the spirochete Borrelia
burgdorferi. Disease prevalence follows a geographic pattern
based on the distribution of its primary vector, the Ixodes tick,
and its mammalian life cycle hosts, the white-tailed deer and
white-footed mouse [6]. Recent studies have concluded that cli-
mate change may have sizeable effects on its epidemiology [7••,
8]. A 2018 study employed fixed effects analysis to examine the
impact of climatic variables such as temperature and precipitation
in 15 North American states with the highest incidence of Lyme
disease. These results were used to project a greater than 20%
increase in Lyme disease cases in the USA, assuming a mid-
century 2 °C increase in temperature as predicted by the U.S.
National Climate Assessment [8].

Clinical Presentation

Lyme infection typically progresses through three discrete stages:
early localized, early disseminated, and late disease. Early local-
ized diseasemanifests as erythema chronicummigrans otherwise
known as a “bull’s eye rash” due to the characteristic central
clearing; however, this lesion may appear uniformly erythema-
tous (see Fig. 1). If left untreated, this is followed by early dis-
seminated disease, which typically causes inflammation of the
heart and nervous systems. The most common cardiac presenta-
tion is an AV nodal heart block, although peri- and myocarditis
may also occur [9]. The most common neurologic presentations
are nerve palsies and meningitis [9]. Late disease, which occurs
months to years after a tick bite, most commonly presents as
mono- or polyarticular arthritis. Rarer manifestations of late

Table 1 Vector-borne disease prevention strategies

Strategy Ticks Mosquitos

EPA-approved
repellants

DEET
Picaridin
IR3535
Oil of lemon eucalyptus (OLE)
Para-menthane-diol (PMD)
2-Undecanone

DEET
Picaridin
IR3535
Oil of lemon eucalyptus

(OLE)
Para-menthane-diol

(PMD)
2-Undecanone

Clothing Wear long-sleeved shirts and
pants, socks, and shoes

Tuck socks into shoes

Wear permethrin-treated
clothing

Wear long-sleeved shirts
and pants, socks, and
shoes

Wear permethrin-treated
clothing

Environment Expect ticks in woodland,
brushy, or grassy areas

Inspect clothes, gear, and pets

Conduct a full body scan for
ticks, especially in the hair, in
and behind the ears, the axilla,
navel, waistline, perineum, and
popliteal fossa

Shower after potential exposure

Empty containers of
standing water at least
weekly

Use mosquito larvicide in
ponds and other water
features

Dwellings Avoid rodent-infested cabins

Inspect pets coming into the
house

Use window and door
screens

Repair holes in screens
Use air conditioning when

possible

Vector removal Grasp the tick as close to the
skin as possible with tweezers
and pull straight out with steady
pressure. Do not twist or jerk.
Clean the area with soap and
water or rubbing alcohol

N/A

Novel
interventions

Bacterial infection of
mosquitos to prevent
propagationa

a O’Neill, SL, Ryan PA, Turley AP,WilsonG. et al. Scaled deployment of
Wolbachia to protect the community fromAedes transmitted arboviruses.
Gates Open Research 2018. Available at http://www.eliminatedengue.
com/library/publication/document/publications/scott_oneill_082018.pdf.
Updated August 1, 2018. Accessed May 22, 2019. THIS ARTICLE IS
STILL AWAITING PEER REVIEW.
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disease comprise a variety of neurologic symptoms such as
memory loss, pain, and paresthesias [5, 6, 9].

Diagnosis and Treatment

Current CDC guidelines call for two-tiered laboratory testing
for accurate diagnosis [10]. Initially, an enzyme immunoassay
or immunofluorescence assay is performed. If either yields a
positive or equivocal result, immunoblot is performed as con-
firmation. However, this method may have poor sensitivity in
cases of localized and early infections. It is important to re-
member that patients can remain immunoblot positive from
past infections [11]. A 2015 systematic review and meta-
analysis was unable to find evidence proving superiority of a
two-tiered approach when compared to single tests [11, 12].

Treatment options for early localized disease include doxy-
cycline, amoxicillin, or cefuroxime. Doxycycline (100 mg
twice daily for 10–21 days) is recommended for most patients
based on its efficacy against co-infections transmitted through
Ixodes subspecies such as anaplasmosis [9]. Amoxicillin,
50 mg/kg daily divided into three daily doses, is recommend-
ed as first-line treatment in pediatric patients with early dis-
ease. For early disseminated disease presenting with Bell’s
palsy, oral doxycycline is recommended. For other neurologic
manifestations such as meningitis, symptomatic carditis, or
AV block, patients should be admitted to hospital for moni-
toring and IV antibiotics [9]. Two to 3 weeks of an IV ceph-
alosporin with cerebrospinal fluid (CSF) penetration is recom-
mended for meningitis [9]. Late Lyme disease is typically
treated with IV ceftriaxone, cefotaxime, or penicillin G for
28 days.

Babesiosis

Epidemiology

Babesiosis is a parasitic, tick-borne infection of the red blood
cells, primarily caused by Babesia microti in North America.

Transmission tends to occur in the spring and summer months
in the Northeast and Upper Midwest. The primary vector is
the Ixodes tick, which is also responsible for spread of Lyme
disease and anaplasmosis [13]. This makes the possibility of
co-infection a critical consideration, particularly for Lyme dis-
ease, because doxycycline is ineffective for treatment of ba-
besiosis [14•]. It is important to note that while concurrent
infection with Lyme disease can increase the severity of the
acute illness, complications arising from chronic Lyme dis-
ease are not affected by co-infection with babesiosis [14•,
15]. There has also been a recent recognition of transfusion-
transmission in the USA by the American Association of
Blood Banks, which launched a risk-based decision-making
assessment of “Babesia donation testing” intervention. As a
result, RNA-based nucleic acid test assays are currently being
employed in endemic areas with a goal of further expansion
[16].

Clinical Presentation

Babesiosis has a varied clinical presentation, ranging from a
complete lack of symptoms to multi-organ failure; this is often
dependent on the patient’s immunocompetence, with severe
disease more often in asplenic patients [13, 17]. Although
most cases of babesiosis in otherwise healthy individuals have
a benign course, healthcare providers should be aware of risk
of progression to fulminant disease. Multiple recent case stud-
ies have demonstrated significant morbidity and mortality
from ARDS, hemolysis and thrombocytopenia, hypotension,
and nosocomial infections [18, 19]. Splenic rupture is another
severe complication of babesiosis, with a higher incidence in
younger, healthy patients with a lower degree of parasitemia,
possibly due to a strong immunologic splenic response to
infection [20].

Diagnosis and Treatment

Diagnosis of babesiosis is typically done by a peripheral thin
blood smear along with PCR testing. Serology can be used to
confirm infection. However, a single positive test cannot dis-
tinguish between acute and previous undiagnosed infections.
A 2018 retrospective study found a false negative peripheral
smear in more than 25% of infections, demonstrating the im-
portance of patient history and other clinical indicators in
these patients [21]. Treatment of choice is atovaquone and
azithromycin for 7 to 10 days [17]. Another option is quinine
and clindamycin; this regimen is associated with a higher rate
of adverse reactions but is required for severe disease requir-
ing hospitalization and for immunocompromised patients
[17]. Exchange transfusion is reserved for severe cases of
hemolysis.

Fig. 1 Courtesy of David Effron, MD
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Rocky Mountain Spotted Fever

Epidemiology

Rocky Mountain spotted fever (RMSF) is a bacterial tick-borne
infection caused by Rickettsia rickettsii, which is responsible for
the most severe and fatal outcomes of all the spotted fever group
rickettsioses [22, 23]. Due to the inability to accurately and rap-
idly differentiate between RMSF and its typically less serious
mimics (Pacific coast fever, Rickettsia parkeri rickettsiosis, and
rickettsial pox) early in its course, RMSF cases are reported by
the CDC under a broad category of spotted fever rickettsiosis
(SFRs) as of 2010 [24]. The majority of RMSF cases in the
USA occur in the following five states: North Carolina,
Oklahoma, Arkansas, Tennessee, and Missouri. Certain areas
of Arizona have recently hosted an increasing number of cases
with case fatality of 10% [22].

Clinical Presentation

Signs and symptoms of RMSF typically appear 3 to 12 days after
the initial tick bite with the incubation period being inversely
proportional to severity of disease [23]. Patients can present with
a range of non-specific symptoms including fever, chills, head-
ache, and fatigue. The trademark petechial rash on the palms and
soles that often leads to diagnosis does not appear until the fifth
or sixth day of infection. If left undiagnosed, the disease pro-
gresses to renal failure, meningoencephalitis, acute respiratory
distress syndrome, and shock and may result in death in more
than 20% of untreated cases [22, 23].

Diagnosis and Treatment

There is no widely available rapid confirmatory testing for SFRs
in acutely infected patients soRMSF should always remain in the
differential in patients with fever of unknown origin in the spring
and summer months, with an elevated suspicion in patients who
may have been exposed to ticks or those who reside in lower
midwestern/southeastern states [25]. The current gold standard
diagnostic method is via indirect immunofluorescence antibody
assay, which should always be performed using paired serum
samples from acute and convalescent phases. It is important to
note that single or inappropriately timed samples are easily
misinterpreted and should be avoided. Polymerase chain reaction
(PCR) is a highly specific test; early stages of infection often test
negative and treatment should not be withheld in clinically sus-
picious patients with negative PCR testing [26].

Antibiotics are administered based on clinical suspicion alone.
Treatment should not be delayed until the appearance of a rash or
other characteristic symptom in cases with a high clinical suspi-
cion for RMSF. While the incidence of SFR continues to rise,
mortality and morbidity have decreased since the mid-1900s due
to the availability of tetracyclines and a recent push for early

antibiotics in suspected cases [22, 27]. The leading predictor of
fatality in RSMF is a delay in antibiotics. Doxycycline is the
preferred antibiotic for all ages and regardless of pregnancy status
[28]. For adults and children weighing over 45 kg, 100 mg
should be administered twice daily either intravenously or orally.
For children under 45 kg, the recommended doxycycline dose is
2.2mg/kg/dose twice daily. Treatment should be continued for at
least 3 days following resolution of fever, which can range from
42 h to 5 days depending on the severity of illness [29].
Doxycycline has been shown to prevent severe morbidity and
mortality if given within 5 days of symptom onset [22, 29].
Despite this recommendation, as recently as 2014, only 35% of
healthcare providers were willing to use doxycycline in
suspected pediatric RMSF cases due to occurrences of dental
staining caused by older generations of tetracyclines [30•].
However, studies by the CDC and Indian Health Services failed
to show any dental discoloration or enamel hypoplasia in chil-
dren under 8 years of age who received short-term courses of
doxycycline [31, 32].

Ehrlichiosis

Epidemiology

Ehrlichiae are obligate intracellular rickettsia that replicate in
human and animal leukocytes. The predominant strains impli-
cated in causing ehrlichiosis are Ehrlichia chaffeensis,
Ehrlichia ewingii, and Ehrlichia muris eauclairensis [33,
34]. The lone star tick (A. americanum) has been directly
linked to 80–90% of cases of ehrlichiosis, with the remainder
of cases associated with the black-legged tick, which carries
E. muris eauclairensis in the Wisconsin/Minnesota area [33,
34]. Only E. chaffeensis has been associated with fatal ill-
nesses [35]. The incidence of ehrlichiosis in the USA has
increased fourfold since 2000 [35]. Most cases occur in the
spring and summer months throughout the south-central and
eastern USA [33, 34]. Even with improved reporting of cases,
serologic studies suggest the incidence of unreported and like-
ly asymptomatic cases is significant [33].

Clinical Presentation

Ehrlichiosis typically presents as an acute illness but, less com-
monly, has a more prolonged subacute course. Symptoms typi-
cally follow an incubation period of 5–14 days and consist of flu-
like symptoms: fevers, malaise, myalgias, headache, vomiting
(25–50%), cough (25–50%), and less commonly rash (36%)
[33]. Altered mental status may be seen in more severe cases
[35]. Of note, in rare transfusion acquired cases, the donors were
noted to be asymptomatic [33]. There has been one case report of
rapidly progressive myocarditis attributed to ehrlichiosis [33].
The elderly and immunocompromised tend to have a more se-
vere course of illness [33, 35].
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Diagnosis and Treatment

Laboratoryworkup is non-specific. Leukopenia, thrombocytope-
nia, transaminitis, and elevated LDH and alkaline phosphatase
are seen in 50–90% of cases [33]. Definitive diagnosis can be
accomplished through rapid PCR DNA testing. This test is most
sensitive during the first week [35]. Alternative testing is through
the demonstration of a fourfold rise in Ig-G using paired samples
drawn during the first week of illness and 2–4 weeks later [35].

Treatment of ehrlichiosis should not be delayed for confirma-
tory testing. First-line treatment for all patients, including chil-
dren and pregnant women, is doxycycline, IVor PO, depending
on disease severity [35]. Treatment should continue for 3 days
after fever subsidence and for a minimum of 5–7 days. Rifampin
is recommended as a second-line agent for those with severe
allergies, and chloramphenicol is a distant third choice [33].
There is no vaccine against ehrlichiosis.

Anaplasmosis

Epidemiology

Anaplasmosis is caused by the bacterium Anaplasma
phagocytophilum. Anaplasmosis was formerly known as human
granulocytic ehrlichiosis (HGE), and A. phagocytophilum was
Ehrlichia phagocytophilum [36]. The disease is transmitted pri-
marily through the bite of the black-legged tick (I. scapularis)
and the western black-legged tick [37]. The black-legged tick is
found throughout the eastern USA from Texas to North Dakota
and the western black-legged tick is found along the west coast
from Southern California to Washington State with extension as
far east as Utah [37]. Most cases occur during the summer and
late fall seasons with peaks in June/July and October/November.
The number of reported cases has increased from 348 in 2000 to
5762 in 2017, and the number of states with cases has increased,
corresponding to the increased range of the black-legged tick
[38]. In 2017, 90% of reported cases occurred in eight states
(Vermont, Maine, Rhode Island, Minnesota, Massachusetts,
Wisconsin, New Hampshire, and New York) [38]. In addition
to transmission by infected ticks, anaplasmosis has been trans-
mitted through blood and organ transfusion [37].

Clinical Presentation

The incubation period for anaplasmosis is 5–14 days. However,
patients may not provide a history of a tick bite as the bite is
usually painless and the tiny nymphal ticks feeding during the
summer months may not be detected. Early anaplasmosis pre-
sents as an acute febrile illness. Common symptoms include
fever, chills, malaise, myalgias, and less commonly vomiting
and diarrhea (20%) [37, 39]. A rash is present in about 10% of
cases andmay present co-infectionwith Lyme disease [39]. Even
more rarely reported is CNS involvement with meningitis,

paralysis, and encephalitis [39]. Serious disease is rare, but un-
treated or late stage disease may result in renal or respiratory
failure, peripheral neuropathies, disseminated intravascular coag-
ulation (DIC)-like coagulopathies, rhabdomyolysis, and hemor-
rhage [37, 38]. As with many diseases, more serious complica-
tions occur more often in the elderly, pregnant, and immunocom-
promised patients.

Diagnosis and Treatment

Basic laboratory evaluation may reveal anemia, leukopenia with
lymphopenia and a left shift, thrombocytopenia, and a mild
transaminitis [37, 39]. Definitive testing for anaplasmosis may
be accomplished with the detection of DNA by PCR. This test is
most sensitive in the first week of illness. A negative test does not
rule out the diagnosis [39]. The definitive diagnosis is completed
with serologic immunofluorescence antibody (IFA) testing for
IgG completed 2–4 weeks apart. Positive testing is determined
by a fourfold increase from initial testing to the repeat at 2–
4weeks. IFA testing is poorly sensitive in the first week of illness
and should be repeated if negative and a high suspicion remains
for anaplasmosis [38].

Treatment of suspected anaplasmosis should not be delayed
pending DNA or culture results. Doxycycline remains the treat-
ment of choice for anaplasmosis in patients of all ages and re-
gardless of pregnancy status [34, 36, 38, 39]. The dose is 100mg
twice daily for adults and 2.2 mg/kg daily in two doses for
pediatric patients either IV or PO depending on the severity of
illness. Recommended course of treatment is 10–14 days [38].
For patients with serious allergies to doxycycline, rifampin has
been documented as an alternative [37].

Tick-Borne Relapsing Fever

Epidemiology

In North America, tick-borne relapsing fever (TBRF) is caused
by two related spirochetes, Borrelia turicatae in the non-
mountainous regions of the southwest and Borrelia hermsii
(most common) in the Mountainous regions of the western
USA [40]. Most cases are transmitted through the bite of
Ornithodoros spp. (soft ticks) [40]. A total of 504 cases of
TBRF were reported between 1990 and 2011. Most cases oc-
curred in 14western states: Arizona, California, Colorado, Idaho,
Kansas, Montana, Nevada, New Mexico, Oklahoma, Oregon,
Texas, Utah, Washington, and Wyoming [41]. More recent data
is not available. However, there was outbreak of TBRF in
Arizona in 2014 with 11 cases [42, 43]. It is likely that total cases
are under-reported as mild cases may not be reported and there is
no standard surveillance case definition in the 12 states where
reporting is required [41].

Soft ticks generally live in rodent-infested houses or caves.
Rodents, including chipmunks and squirrels, are the usual
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reservoir for the disease [41]. These ticks are remarkably hardy,
with a lifespan of 20 years and the ability to survive without a
blood meal for several years [40]. The risk of acquiring relapsing
fever after a bite is approximately 50% [40]. Due to the short
feeding period (less than 30 min), the majority of people are
unaware they were bitten [44].

Clinical Presentation

The onset of TBRF follows an incubation period of 3–12 days.
The syndrome begins with a sudden onset of high fever and
progresses to a “crisis” phase [44, 45]. The crisis manifests as
rigors, tachycardia, and hypertension, soon followed by deferves-
cence with associated diaphoresis and hypotension. The crisis
may last several hours. After the initial febrile episode, there
are recurrent febrile periods lasting 1–3 days, with 4–14 fever-
free days in between [44, 45]. In addition to fevers, a wide
breadth of symptoms may occur due to the spread of spirochetes
throughout the organ systems: neurologic: encephalopathy, my-
elitis, andmeningitis; cardiopulmonary:myocarditis; pulmonary:
ARDS; hematologic: thrombocytopenia and coagulopathy [45].
As with many diseases, pregnant, elderly, and immunocompro-
mised often have a more severe and prolonged course.

Diagnosis and Treatment

Laboratory workup may reveal thrombocytopenia, elevated
erythrocyte sedimentation rate (ESR), elevated bilirubin, and
slightly elevated thrombin and prothrombin times. If CSF studies
are performed, a mononuclear pleocytosis and elevated protein
level are usually seen [45]. Definitive diagnosis is made through
manual peripheral blood smear analysis during the febrile stage
of illness when spirochetes are found in the bloodstream [45].
PCR can be performed if initial smears are negative, but suspi-
cion is high. PCR may be performed on blood, CSF samples, or
other culture medium [45]. Cultures are possible but limited as
few labs have the capability to perform the studies [45].

TBRF is treated with tetracycline or erythromycin 500 mg,
four times daily for 10 days with the exception of CNS disease
which requires 2G IV ceftriaxone daily for 10–14 days. Children
weighing less than 100 kg may be treated with erythromycin,
12.5 mg/kg daily. During the initial few hours, treatment of
TBRF patients must be monitored for Jarisch-Herxheimer reac-
tion as this has been found to occur in 54% of cases [45].

Southern Tick-Associated Rash Illness

Epidemiology

Southern Tick-Associated Rash Illness (STARI) is an enigma.
The STARI syndrome has been described in the southern states
of Mississippi, Missouri, Maryland, Georgia, and the Carolinas
with one case on Long Island [46, 47]. It was postulated that the

syndrome is caused by transmission of Borrelia lonestari
through the bite of the lone star tick (A. americanum) given
the presence of this tick in these southern states. However, the
bacteria have not been isolated from a human with STARI. Even
positive PCR testing has been limited to one case [46]. In addi-
tion, testing of 31 patients with presumed STARI in Missouri
failed to yield evidence of infection by B. lonestari so the cause
of STARI remains unknown [48]. As with many ticks, the lone
star tick’s range has expanded, with the ticks found as far west as
central Texas and as far North as Maine [49]. It will be interest-
ing to see if the range of STARI cases expands as well.

Clinical Presentation

STARI is a clinical syndrome based on the presence of an ery-
thema migrans-like rash following a history of tick bite in an
area where Lyme disease is uncommon or unknown or where
Lyme testing is negative. The EM-type rash is associated with a
flu-like illness of headache, myalgias, malaise, and/or nausea. In
comparison to patients with Lyme disease, patients with STARI
were more likely to recall a tick bite, have a shorter onset of skin
lesion (6 days on average), less likely to have other symptoms,
less likely to have multiple skin lesions, and to improve more
rapidly following antibiotic treatment [46, 47].

Diagnosis and Treatment

There is no laboratory test to confirm the diagnosis of STARI.
However, in patients with STARI, laboratory testing for Lyme is
negative. Case series have demonstrated successful treatment
with doxycycline or amoxicillin for patients allergic to doxycy-
cline [46]. However, the actual necessity and duration of antibi-
otic treatment are not clear.

Tularemia

Epidemiology

Tularemia is a relatively well-known zoonotic infection caused
by Francisella tularemia, an aerobic, gram-negative bacterium.
In the past, most cases occurred in the summer months and
originated in south-central states [50]. However, the disease is
now widespread with cases reported in all states except Hawaii.
The increase in cases in the North-central region of the country
is suspected to be related to warmer temperatures in this area
[51, 52•].

Tularemia is transmitted through multiple routes. Most
commonly, it is spread through insect bites, usually ticks and
deer flies. The most common tick vectors are the dog tick, the
wood tick, and the lone star tick [50]. Rarely, the disease is
caused by the bite of infected animals or through ingestion of
contaminated food/water from infected animal tissue [50]. It
can also be transmitted through skin contact with an infected
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animal tissue. Airborne transmission was documented in the
2000 Martha’s Vineyard tularemia outbreak [53]. Of note, the
ability of F. tularemia to be aerosolized has led to concern of it
being used as a bioterrorism agent [54].

Clinical Presentation

The clinical presentation of tularemia varies depending on
several factors, including the route of inoculation [55]. The
usual incubation period is 3–5 days, with a range of 1–21 days
[55]. Tularemia typically presents with an abrupt onset of non-
specific flu-like symptoms including fever, headache, sore
throat, cough, myalgias, abdominal pain, nausea/vomiting,
and diarrhea. The ulceroglandular form presents with local-
ized lymphadenopathy and, variably, a cutaneous ulcer at the
inoculation site. The oculoglandular form features photopho-
bia, conjunctivitis, lacrimation, and pre-auricular or cervical
lymphadenopathy. Oropharyngeal cases present with severe
throat pain, exudative pharyngitis, and cervical, pre-parotid,
and/or retropharyngeal adenopathy. The pneumonic form pre-
sents with pleuritic chest pain, cough, and findings of hilar
adenopathy, infiltrate, and/or effusion on CXR. The typhoid
form is characterized by any combination of the generalized
symptoms without the localizing symptoms of the other
forms.

Diagnosis and Treatment

General laboratory studies are non-diagnostic and may reveal
leukocytosis, thrombocytopenia, elevated ESR, hyponatremia,
elevated transaminases, elevated CK,myoglobinemia, and sterile
pyuria. Definitive diagnosis is made through the isolation of
F. tularemia in a clinical specimen or detection of tularemia in
a specimen by PCR or DFA. Additionally, the diagnosis may be
made through a demonstrated fourfold increase in F. tularemia
titers drawn at presentation and again 2–4 weeks later or a single
positive antibody titer in a clinical specimen to the tularensis
antigen [55].

Treatment consists of aminoglycoside (gentamicin or strep-
tomycin) IVor IM for a minimum of 10 days for severe dis-
ease. Doxycycline or ciprofloxacin may be used for
mild/moderate disease, although new evidence demonstrates
increased resistance to fluoroquinolones [55]. Post-exposure
prophylaxis is limited to only bioterrorism events and con-
firmed or highly suspected exposure events in high-risk indi-
viduals (lab workers, autopsy workers, exposure to cases with
non-intact skin).

There is no tularemia vaccine as the previously offered live
vaccine is no longer available. Avaccine developed by the US
army underwent a phase 2 trial showing similar safety and
superior antibody responses compared to the older
USAMRIID vaccine but is not yet available [55].

Powassan Disease

Epidemiology

Powassan virus is a neurovirulent flavivirus which causes
meningio-encephalititis [56••]. Infections are rare but increas-
ing in number. From 1958 to 1998, there were 27 cases, and
from 1999 to 2016, there were 98, representing an increase of
671% over the last 18 years [56••]. Cases have been reported
in the Northeast and Great Lakes region [57]. Powassan infec-
tion is transmitted primarily by the black-legged tick
(I. scapularis) in the East and Ixodes cookei in the Midwest
and Canada [56••].

Clinical Presentation

The incubation period is 1–4 weeks. Presenting symptoms
include fever, headache, vomiting, and generalized weakness.
However, the disease can progress to encephalitis, meningo-
encephalitis, or aseptic meningitis. Patients with encephalitis
may develop altered mental status, seizures, cranial nerve
palsies, aphasia/dysarthria, paresis or paralysis, or movement
disorders [56••]. Powassan disease should be considered in the
differential along with herpes, enteroviruses, and other arbo-
viruses for patients with fever and neurologic symptoms [57].
The case fatality rate is about 10% and 50% of survivors have
long-term neurologic symptoms [57].

Diagnosis and Treatment

CSF findings usually include lymphocytic pleocytosis. However,
neutrophils can predominate early in the disease. CSF protein is
usually normal or slightly elevated, and glucose is normal.
Definitive diagnosis can be made through ELISA-based IgM
and IFA assay [58]. Electroencephalography (EEG) may be con-
ducted and show generalized slow wave activity (similar pattern
seen in herpes simplex virus encephalitis) [57]. Magnetic reso-
nance imaging (MRI) of the brain may reveal hyperintensities in
both superficial and deep white matter [57].

There is no specific treatment for Powassan virus. There is
no vaccine. Severe cases require hospitalization. Supportive
measures include IV fluids, ventilatory support, and treatment
for increased ICP.

Heartland and Bourbon Viruses

Epidemiology

More than 40 cases of Heartland virus and several cases of
Bourbon virus have been reported in midwestern and southern
states as of 2018 [59•, 60•]. These viruses were unknown in
the USA prior to approximately 2010. The Heartland virus is
one of the Phleboviridae, known to be transmitted by several
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insect vectors [59•]. Bourbon virus belongs to a group of
viruses called thogotoviruses which are widespread world-
wide [60•]. Heartland virus is thought to be spread by the lone
star tick but may be carried by others as well [61]. Bourbon
virus is suspected to be transmitted by ticks but which species
is unknown.

Clinical Presentation

Both diseases present with symptoms typical of tick-borne
illnesses: high fever, malaise, headache, nausea and vomiting,
and myalgias. A maculopapular rash has also been described
in cases of Bourbon fever. Most victims recall a tick bite
within 2 weeks of the onset of disease. Most patients recover
but there have been several case fatalities from both of these
viruses [62, 63].

Diagnosis and Treatment

Routine laboratory testing may reveal leukopenia and throm-
bocytopenia [59•, 60•]. Most institutions do not have the ca-
pability to test for these viruses, but state health departments
have protocols for diagnosing both these viruses. Healthcare
providers with suspected cases should notify their state health
department. Treatment is supportive with IV fluids, pain med-
ications, antipyretics, and antiemetics.

Mosquito-Borne Diseases

There are two types of mosquito-borne disease transmission:
anthroponotic, meaning humans are the primary vertebrate
host, and zoonotic, where there is at least one animal host
and humans are a secondary host.

Anthroponotic mosquito-borne illnesses, including malaria
and yellow fever, were once common in the USA but efforts to
eradicate mosquitos as well as improved sanitation and chang-
es in social lifestyles led to near complete disappearance of
these diseases by 1962 [64••]. However, one of the mosquito
vectors, the Aedes aegypti, was not completely eradicated and
has re-established its presence in large areas of the USA.
Mathematical models predict the continued spread of Ae.
aegypti in North America due to a variety of factors including
human population expansion, mosquito spread to densely
populated urban areas, and theoretically climate change [65].

Ae. aegypti and to a lesser extent Aedes albopictus are
thought to be primarily responsible for the resurgence of den-
gue and introduction of Zika and Chikungunya in the USA
[64••]. Most cases of these diseases are travel related, but
autochthonous (local) transmission of all three viruses has
been reported [64••]. The continued spread of these diseases
will depend on mosquito control and social lifestyle changes.

WNV and other zoonotically transmitted mosquito-borne
viruses raise more concern for widespread outbreaks, as it is

all but impossible to eliminate the animal host. Since its ap-
pearance in New York State in 1999, WNV has spread
throughout the continental USA and southern Canada [64••].

The epidemiology, clinical presentation, diagnosis, and
treatment of each of the major mosquito-borne illnesses cur-
rently found in the USA are provided in the following sec-
tions. See Table 1 for information on mosquito-borne illness
prevention.

West Nile Virus

Epidemiology

WNVis the most commonmosquito-borne illness in the USA.
WNVwas a known cause of febrile illnesses in parts of Africa,
Asia, and Europe between 1937 and 1998. However, the first
case in theWestern Hemisphere was not reported until 1999 in
NewYork. Since then, the virus has spread to every state in the
continental USA and Alaska with continually increasing num-
bers [66]. In 2018, 2544 cases were reported, with the highest
incidences in Nebraska, California, North Dakota, and Illinois
[66]. Human cases occur most frequently during the summer
and fall months.

WNVis a small, enveloped viruswithin the Flaviviridae family
that is typically transmitted via infectedmosquitoswho acquire the
virus by feeding on birds.Culexmosquitos are the primary vector,
but other mosquito species are also implicated [67]. Transmission
has been known to occur through blood transfusion, donated or-
gans, during pregnancy, and breast feeding [67, 68•].

Clinical Presentation

Although most WNV cases are asymptomatic, approximately
20% of those infected develop a febrile illness and less than
1% develop serious illness [68•]. WNV should be considered
in anyone with a febrile or acute neurological illness with
recent exposure to mosquito or other means of transmission.

Following an incubation period of 2–6 days, WNV infec-
tion manifests as fever, headache, weakness, and myalgias/
arthralgias; gastrointestinal symptoms and a maculopapular
rash sometimes occur as well. Neuroinvasive disease may
manifest as meningitis, encephalitis, or acute flaccid paralysis.
WNV meningitis presents similarly to other types of aseptic
meningitis. However, WNVencephalitis is a more severe dis-
ease with AMS, seizures, and focal neurological deficits.
Acute flaccid paralysis resembling polio may occur and prog-
ress to respiratory paralysis. Older and immunocompromised
patients are more likely to develop severe disease [68•, 69].
Most patients recover completely, but those with more severe
disease may have persistent neurological deficits. Among pa-
tients with neuroinvasive disease, the overall mortality rate is
10%, with higher death rates in cases of encephalitis or flaccid
paralysis [68•].
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Diagnosis and Treatment

Routine laboratory testing is generally not helpful in diagnos-
ing WNV. In neuroinvasive disease, CSF analysis exhibits a
lymphocytic pleocytosis, though neutrophils may predomi-
nate early on. Definitive testing is accomplished through stud-
ies of blood or serum for WNV-specific IgM. There is some
incidence of cross-reaction with other viruses, and confirma-
tory testing with neutralizing antibody testing comparing
acute and convalescent specimens should be performed [69].

Treatment of WNV is generally supportive for mild dis-
ease. There is no proven treatment for neuroinvasive disease.
Small studies have looked at treatment of WNV and other
flaviviruses with immunoglobulins, interferon, ribavirin, and
corticosteroids; however, none of these treatments have
shown to be clearly beneficial [70]. In addition, there are no
vaccines available against WNVor other flaviviruses though
several vaccines are under development [71].

Prevention ofWNVis accomplished through local mosqui-
to control programs and personal protective measures.
Healthcare providers should remind patients to use mosquito
repellants, wear long sleeve shirts and long pants, and limit
being outdoors from dusk to dawn to help prevent mosquito-
borne illnesses. Mosquito repellants with known efficacy
against WNV vectors include DEET, Picardin, and Oil of
Lemon Eucalyptus (https://wwwnc.cdc.gov/travel/
yellowbook/2018/the-pre-travel-consultation/protection-
against-mosquitoes-ticks-other-arthropods) (see Table 2).

Zika

Epidemiology

Zika is an arbovirus of the Flaviviridae family. It is related to
dengue and was first documented in Africa in 1947 [72••]. It is
associated with severe congenital neurologic abnormalities in-
cludingmicrocephaly, brainmalformation, eye anomalies, neural
tube defects, arthrogryposis, and congenital deafness [73]. While
previously endemic to only Southeast Asia, there have been sev-
eral recent outbreaks in the Dominican Republic, Brazil, and
Miami since March 2015 when several Brazilian infants were
born with microcephaly [72••, 74, 75]. Zika was declared a
WHO global public health emergency in 2016 [72••]. Humans
and non-human primates serve as the reservoir, with humans
living in densely populated urban centersmost relevant to disease
prevalence in North America [72••].

The natural vector in North America is the Ae. aegypti
mosquito, although other mosquito species have been identi-
fied as less efficient carriers [72••, 76]. In addition to vertical
transmission and mosquito-borne infection, sexual transmis-
sion, blood exposure, and laboratory transmission have been
reported [77]. Current WHO recommendations advise absti-
nence from sexual activity for 6 months for men and 2 months

for women returning from areas of active outbreak [78]. The
incubation period is 3–14 days, so non-mosquito-borne trans-
mission or alternative diagnoses must be considered in pa-
tients presenting outside this window [79].

Clinical Presentation

The typical clinical presentation involves two or more of the
following: rash, joint pain, fever, and conjunctivitis within 3–
4 days following exposure [72••, 80, 81]. Severe sequelae are
rare but include severe thrombocytopenia, Guillain-Barre, and
Dengue-like hemorrhagic shock syndrome [77, 81–85]. These
cases have typically been in immunocompromised individuals
including pregnant patients and older adults with multiple
comorbidities. Most infections are subclinical with an estimat-
ed incidence of 9.1% in healthy children living in endemic
regions [75]. The actual incidence in the west is likely
underestimated [80].

The risks of Zika infection to the developing fetus persist
well past organogenesis with serious complications arising at
all stages of pregnancy [73]. Postmortem pathologic analysis
of fetal tissue demonstrates viral replication in both placental
and fetal brain tissue [86]. However, a longitudinal study of
107 French Polynesian children during early childhood did
not demonstrate increased incidence of developmental delay
if obvious neurodevelopmental defects were absent at birth
[87]. While found in the breast milk of infected mothers for
up to 33 days, limited data has not demonstrated transmission
to breastfeeding infants. Current recommendations do not dis-
courage breastfeeding although this may change in the future
[88].

Diagnosis and Treatment

Several nucleic acids and immunopeptide-based commercial
assays are available although none have been identified as
superior [89]. Active virus or viral RNA have been detected
in blood samples for up to 81 days and inmosquito isolates for
up to 30 days. Storage of whole blood prolongs detection
window [90, 91]. IgM has been detected up to 19 months in
those exposed [92, 93]. It has also been detected in semen,
vaginal fluid, and breast milk [88, 90, 94]. Given the inherent
limitations of passive surveillance and the lack of a reliable
screening assay, it may be more practical to monitor spikes in
incidence of Zika-related sequela to guide further investiga-
tion [85].

The treatment of Zika is supportive and symptom specific.
Zika is susceptible to classic disinfectants present in the emer-
gency department and is inactivated by UV radiation.
Healthcare workers are protected with standard handwashing
and barrier precautions [95]. Since the initial outbreaks in the
West, there has been significant investigation of the molecular
biology of Zika, and while a commercial vaccine does not yet
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exist, several recent studies in animal models appear promis-
ing [96, 97]. The global impact of arboreal disease continues
to increase [72••, 98]. Until such time that successful vaccina-
tion protocols have limited the impact of Zika, it will be im-
portant for emergency providers to understand the signs,
symptoms, and risk factors to appropriately guide disposition
and counsel patients presenting with concern for Zika.

Dengue

Epidemiology

Dengue virus (DENV) is a single-stranded RNA virus and
member of the Flaviviridae family [99, 100•]. Dengue fever
is the most prevalent arboviral disease globally with inci-
dences continuing to trend up [99, 100•]. Like Chikungunya
and Zika viruses, the primary DENV vector of concern is the
Ae. aegypti mosquito [99, 100•]. The year to date number of
cases in the continental USA as of May 1, 2019 is 82, all of
them being travel associated [101]. However, since 2010,
multiple local outbreaks have occurred in southern Texas
and southern Florida, as well as in US territories including
American Samoa, US Virgin Islands, and Puerto Rico [101].

Clinical Presentation

During the 3–10-day incubation period, the virus replicates in
cutaneous immune cells, then spreads to regional lymph nodes
where subsequent replication leads to viremia [99]. Clinical
presentation ranges from subclinical disease to dengue hem-
orrhagic shock syndrome (DSS) [99]. Dengue infection typi-
cally occurs in three phases: febrile, critical, and convalescent.
The febrile phase lasts 2–7 days and may include headache,
myalgias/arthralgias, and mild hemorrhagic symptoms (pete-
chiae, ecchymosis, purpura, epistaxis) [101]. Some dengue
patients develop Herman’s rash, a diffuse erythematous rash
with circular blanched foci, which is considered pathogno-
monic for the disease [99]. During the critical phase (24–
48 h), patient’s defervesce and plasma leakage occur resulting
in effusions, ascites, and hemoconcentration [101]. Most pa-
tients will progress to the convalescent phase when the extrav-
asated fluid is resorbed and hemodynamics stabilize.

One in 10 patients progresses to severe dengue or DSS near
the onset of the critical phase. DSS is the result of a sudden
increase in systemic vascular permeability, leading to rapid
extravasation of plasma and hypovolemic shock [99, 100•].
It is crucial to recognize the warning signs of progression—
vomiting, severe abdominal pain, pulmonary edema, hepato-
megaly, and increasing hematocrit—as aggressive supportive
care significantly reduces mortality with DSS [99, 101]. A
highly concerning feature of DENV is the substantial increase
in the likelihood of severe symptoms in subsequent infections

[99]. Approximately 95% of all dengue patients requiring in-
patient treatment have had prior infections [101].

Diagnosis and Treatment

Routine laboratory derangements include leukopenia, throm-
bocytopenia, and mild transaminitis [99]. Definitive diagnosis
may be made with PCR or any number of immunoassays
recognized by the CDC [101].

Treatment of dengue is entirely supportive. Mild cases may
be treated with oral hydration and acetaminophen. Aspirin and
non-steroidal anti-inflammatory medications should be
avoided due to their antiplatelet effects. Patients with severe
dengue should be admitted to an intensive care setting. IV
fluids and respiratory support may be required. Prophylactic
platelet infusions and corticosteroids have not been demon-
strated to be useful [101].

There is a vaccine available for patients age 9–45 world-
wide. The WHO recommends routine vaccination only for
only those patients with confirmed prior dengue infection as
people who have not been previously infected seem to be at
risk for severe dengue if infected after being vaccinated [101].
The US Food and Drug administration recently approved a
vaccine for use in patients age 9–16 who have laboratory-
confirmed previous dengue infection and live in endemic
areas [102]. As with other arboviruses, comprehensive pre-
vention at the population level must focus on vector control
strategies (see Table 1).

Chikungunya

Epidemiology

Chikungunya virus (CHKV) is a single-stranded, positive-
sense RNA virus of the Togaviridae family [103]. It was first
characterized in 1952 in Tanzania and has since become en-
demic in Africa and Southeast Asia [103, 104]. CHKV drew
public attention in the Western hemisphere after emerging in
2013 in St. Martin [104, 105]. In 2014, approximately one
million cases were reported in the Western Hemisphere, in-
cluding 2811 in the USA, 12 ofwhich were locally transmitted
[106]. Like other arboviruses (dengue and Zika), the primary
vector in North America is the Ae. aegypti mosquito [103,
107, 108]. Mathematical models of the effect of climate
change on Ae. aegypti distribution in North America indicate
the incidence of chikungunya may continue to increase [108].

Clinical Presentation

After an incubation period of 1–7 days, the virus disseminates
to the skin, muscle, and connective tissue accounting for the
classic presentation of fever, symmetric incapacitating
polyarticular arthralgias, and diffuse maculopapular rash
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[104]. Clinical presentation ranges from subclinical to inca-
pacitating disease. CHKV is perhaps best known for causing
severe polyarthralgias, which typically resolve within 3 weeks
but can linger for months to years and eventually result in
severe disability [104, 107].

Uncommon sequela includes myelitis, retinitis, meningo-
encephalitis, conjunctivitis, epistaxis, and subconjunctival
hemorrhage [104, 107]. Cardiac complications include ar-
rhythmias, murmurs, myocarditis, and cardiomyopathy
[109••]. Compared to adults, children are less likely to have
arthralgias and data is conflicting regarding predilection for
neurologic sequela [106, 107]. Older adults are at risk for the
more severe cardiac and neuro-inflammatory complications
[107]. Vertical transmission occurs but infants with CHKV
infection generally have uncomplicated mild infections re-
solving by the second week of life [107].

Diagnosis and Treatment

Laboratory studies generally reveal non-specific findings in-
cluding elevation in inflammatory markers and blood counts.
Definitive diagnosis can only be made by immunologic or
nucleic acid studies [103]. Imaging is useful to exclude other
etiologies of joint pain and neurologic symptoms.
Echocardiography is non-diagnostic but may assist in evalu-
ating cardiac manifestations.

Treatment of chikungunya is primarily supportive; patients
with persistent arthropathy may benefit from NSAIDs and/or
physical therapy [103]. No vaccine currently exists but recent
murine models have produced encouraging results [103, 110].
Until effective vaccines are available, experts agree that con-
trol of CHKV and emerging arboviruses is reliant upon pre-
ventive measures including robust surveillance and mosquito
control programs [103, 111•]. See Table 1 for mosquito con-
trol strategies.

Conclusion

The ticks are on the march and the mosquitos are coming!
Even with significant intervention, it is likely that the inci-
dence of known vector-borne diseases will continue to in-
crease, and novel diseases will continue to emerge. In addi-
tion, current weather trends suggest that many communities
are at risk for breakdowns in the systems which prevent the
local transmission of viruses like Zika, dengue, and
chikungunya. As clinicians, what is our role going forward
in preventing, identifying, and treating vector-borne borne
diseases?

First, clinicians must educate patients in both the tech-
niques and the importance of tick and mosquito bite avoid-
ance. Many healthcare providers were trained when mosquito
bites were mostly an inconvenience, but this is no longer the

case. We must teach the dangers of bug bites, just as we teach
the dangers of tobacco and alcohol.

Second, cliniciansmust increasingly consider vector-borne
diseases in the differential diagnosis for patients with rashes
and febrile illnesses. While these diseases must particularly be
considered during warmweather months, any history of travel
to endemic areas must also be included. Early treatment of
Lyme, RMSF, and other tick-borne diseases is critical to re-
duction in morbidity and mortality. Making the diagnosis first
requires its consideration in the differential. Considering
vector-borne diseases may also assist in identification of
new and emerging diseases.

Third, clinicians can be advocates at the local, state, and
national level for vector-borne disease prevention programs.
Public funding and commitment will be required to meet the
increasing threat from vector-borne diseases.
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