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Background. Heartland virus (HRTV) was first described as a human pathogen in 2012. From 2013 to 2017, the Centers for 
Disease Control and Prevention (CDC) implemented a national protocol to evaluate patients for HRTV disease, better define its ge-
ographic distribution, epidemiology, and clinical characteristics, and develop diagnostic assays for this novel virus.

Methods. Individuals aged ≥12 years whose clinicians contacted state health departments or the CDC about testing for HRTV 
infections were screened for recent onset of fever with leukopenia and thrombocytopenia. A questionnaire was administered to 
collect data on demographics, risk factors, and signs and symptoms; blood samples were tested for the presence of HRTV RNA and 
neutralizing antibodies.

Results. Of 85 individuals enrolled and tested, 16 (19%) had evidence of acute HRTV infection, 1 (1%) had past infection, and 
68 (80%) had no infection. Patients with acute HRTV disease were residents of 7 states, 12 (75%) were male, and the median age 
(range) was 71 (43–80) years. Illness onset occurred from April to September. The majority reported fatigue, anorexia, nausea, head-
ache, confusion, arthralgia, or myalgia. Fourteen (88%) cases were hospitalized; 2 (13%) died. Fourteen (88%) participants reported 
finding a tick on themselves in the 2 weeks before illness onset. HRTV-infected individuals were significantly older (P < .001) and 
more likely to report an attached tick (P = .03) than uninfected individuals.

Conclusions. Health care providers should consider HRTV disease testing in patients with an acute febrile illness with either 
leukopenia or thrombocytopenia not explained by another condition or who were suspected to have a tickborne disease but did not 
improve following appropriate treatment.

Keywords.  phlebovirus; tickborne diseases; Heartland virus.

Heartland virus (HRTV) is a novel phlebovirus that was first 
isolated in 2009 from 2 residents of Northwestern Missouri hos-
pitalized for acute onset of febrile illness with fatigue, anorexia, 
diarrhea, leukopenia, and thrombocytopenia [1]. They received 
doxycycline; however, no significant improvement was noted. 
Following 10 to 12 days in the hospital, the patients were re-
leased home. Both reported multiple tick exposures in the days 
before their illness.

Human pathogens of the genus Phlebovirus are predomi-
nantly transmitted by arthropod vectors (eg, ticks, mosqui-
toes, sandflies) [2]. Field and laboratory work performed 
following the documentation of the original 2 cases identified 
Amblyomma americanum ticks as a vector for HRTV [3–5]. 
A. americanum ticks are widely distributed across the Eastern 
and Central United States, and HRTV antibodies have been de-
tected in wild animals in 13 Eastern and Central states [6].

In 2013, the Centers for Disease Control and Prevention 
(CDC) implemented a national protocol to evaluate patients 
throughout the United States for evidence of HRTV disease, 
better define its geographic distribution, describe its epidemi-
ology and clinical characteristics, and develop diagnostic as-
says for this novel virus. This report summarizes the findings of 
HRTV disease cases identified through this protocol.

METHODS

From June 2013 to December 2017, individuals were identified 
for possible enrollment when a clinician or health department 
anywhere in the United States contacted the CDC to request 
testing for a possible HRTV infection. CDC personnel reviewed 
the patient’s clinical history to ensure they met the eligibility 
criteria: (1) aged ≥12 years; (2) recent onset of fever (≥38°C); 
(3) leukopenia (white blood cells <4500 cells/µL); (4) throm-
bocytopenia (platelets <150  000 cells/mL); and 5)  having a 
sample collected within 4 weeks of their illness onset available 
for testing. Patients were excluded if they had a known nonin-
fectious etiology or condition (eg, cancer or chemotherapy) that 
could explain their clinical findings or had been seen at 1 of the 
6 institutions in Missouri taking part in a separate protocol [7]. 
Children aged <12 years were excluded due to potential limita-
tions of obtaining assent.
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If an individual met the enrollment criteria, they, their 
parent/guardian, or their legal health care proxy was contacted, 
provided with information about HRTV and protocol proced-
ures, and asked to provide oral consent/assent. After obtaining 
consent, a standardized questionnaire was administered to 
collect information on demographics, possible risk factors for 
HRTV exposure, and clinical signs and symptoms occurring 
from illness onset to enrollment. In 2016, no individuals were 
consented and enrolled due to the Zika virus outbreak, which 
limited CDC staff time and laboratory resources. The study was 
reviewed and approved annually by the CDC’s Institutional 
Review Board.

One EDTA tube of whole blood was collected at the time of 
enrollment. A  convalescent serum sample was requested 3‒6 
weeks after the initial blood specimen. All specimens were 
stored at 4°C and shipped cold to the CDC Arboviral Diseases 
Branch. At the CDC, an aliquot of the whole-blood specimen 
was spun to separate serum. Both the acute whole blood and 
serum separated from the same sample were tested for HRTV 
RNA using a real-time reverse transcriptase polymerase 
chain reaction (rRT-PCR) assay, per the RNA virus detection 
methods and primer sequences previously described [5]. Acute 
whole blood also was placed into cell culture for potential virus 
isolation. If the patient was noted to be immunocompromised, 
convalescent serum samples were also tested for HRTV RNA 
using rRT-PCR assay.

Acute and convalescent serum samples were tested for 
HRTV-specific neutralizing antibodies using plaque reduction 
neutralization testing (PRNT) with a 90% plaque reduction cri-
terion. Standard PRNT methods were used as previously de-
scribed with use of Vero E6 cells, which based on experience in 
the laboratory lead to the best plaques for Heartland virus [8, 9]. 
Starting in 2015, all prospectively collected samples also were 
tested for anti-HRTV immunoglobulin (Ig) M antibodies using 
a newly developed microsphere-based immunoassay (MIA) 
technology, which involves the identification of a microsphere 
set (bead set) and measurement of the fluorescence associated 
with the reaction when antibody is coupled to the beads, as pre-
viously described [10].

For the purpose of this evaluation, acute HRTV infection was 
defined as (1) HRTV RNA detected in a whole-blood or serum 
specimen or (2) a ≥4-fold increase in HRTV-neutralizing anti-
bodies measured by PRNT between acute and convalescent 
serum specimens. Past HRTV infection was defined as detec-
tion of HRTV-neutralizing antibodies but a <4-fold increase in 
titers between acute and convalescent specimens. Participants 
were considered to have no evidence of HRTV infection if their 
specimens were negative for HRTV RNA and neutralizing anti-
bodies. HRTV IgM antibody results were not used to classify 
cases, as the assay was being validated at the time samples were 
tested and not all individuals had IgM antibody testing per-
formed on their samples.

Electronic case report forms and data management were per-
formed using the REDCap Study Data Management System 
[11]. Categorical variables were summarized using counts and 
proportions, and continuous variables were summarized using 
median and range or interquartile range (IQR). Mapping was 
performed using ArcGIS, version 10.3 (ESRI, Redlands, CA, 
USA). The Fisher exact, chi-square, and Kruskal-Wallis tests 
were used to evaluate for differences in the demographics, ex-
posure history, and clinical signs and symptoms between indi-
viduals with and without evidence of acute HRTV infection.

RESULTS

From June 2013 to December 2017, 85 patients were en-
rolled and provided ≥1 specimen for testing. Patients were 
seen at 63 medical institutions by 72 providers. Of the 85 pa-
tients, 56 (66%) were male, and their median age (range) was 
53 (18–89) years. Enrolled subjects were residents of 23 states, 
with 56 (66%) residing in 5 states (Arkansas, Kansas, Kentucky, 
Missouri, and Oklahoma).

Of the 85 enrolled patients, 16 (19%) had laboratory evidence 
of acute HRTV infection, 1 (1%) had evidence of past infection, 
and 68 (80%) had no evidence of infection. Of the 16 partici-
pants with acute HRTV infection, 12 (75%) were male and their 
median age (range) was 71 (43–80) years (Table 1). The acutely 
infected individuals were residents of 7 states (Figure 1); how-
ever, 2 patients reported traveling out of state in the 2 weeks be-
fore their illness onset, 1 to a state where another acute HRTV 
infection was confirmed and the second to a state without iden-
tified cases. The 16 participants with acute HRTV infection 
were at 14 medical institutions attended by 15 providers. When 
the demographic features were compared, patients with acute 
HRTV infection were significantly older than patients without 
evidence of acute infection (P < .001) (Table 1).

Participants with evidence of acute HRTV infection 
had onset of illness from April through September, with 8 
(50%) occurring in June (Figure  2). All individuals reported 
spending ≥1 hour outside per day, and 6 (38%) spent an av-
erage of ≥8 hours outside per day (Table 1). Seven (44%) of the 
participants with acute infection were not employed (eg, retired 
or disabled). Of those reporting an occupation, 3 (19%) worked 
predominantly outdoors (ie, farmer, lawn care, construction). 
The most commonly reported outdoor activities in the 2 weeks 
before illness onset included gardening or yard work (12, 75%), 
walking (5, 32%), or hunting (3, 19%). Fourteen (88%) partici-
pants reported either finding a tick attached to them (n = 13) 
or crawling on them (n = 10) in the 2 weeks before their ill-
ness onset. The 2 individuals without known tick exposure also 
did not have reported mosquito or midge bites; for both, their 
spouses were interviewed as they were too sick to provide a his-
tory. When exposures histories were compared, patients with 
acute HRTV infection were significantly more likely to report 
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an attached tick than patients without evidence of acute infec-
tion (P = .03) (Table 1).

Per enrollment criteria, all cases had fever (median [IQR], 
38.9°C [38.5°C–39.3°C]), thrombocytopenia (median [IQR], 
48  000 [37  750–77  250] cells/mL), and leukopenia (median 
[IQR], 1750 [1400–2400] cells/µL). Of solicited clinical signs 
and symptoms, the majority of patients reported fatigue, ano-
rexia, nausea, headache, confusion, arthralgia, myalgia, or di-
arrhea (Table  1). Two (13%) individuals reported a localized 
rash. When compared with patients without acute HRTV infec-
tion, patients with evidence of infection had significantly lower 
white blood cell counts (median, 1750 cells/µL vs 2700 cells/µL; 
P = 0.04) and lower platelet counts (median, 48 000 cells/mL vs 
83 000 cells/mL; P = 0.05) at enrollment. The patient’s temper-
ature at enrollment was not different between those with acute 
HRTV infection and those without evidence of infection. Of 
the various solicited and unsolicited clinical characteristics, pa-
tients with acute HRTV infection were significantly more likely 
to have confusion (P = .03), gait disturbance (P = .04), dizzi-
ness (P = .03), and altered taste (P = .03) than patients without 
evidence of acute HRTV infection.

Of the 16 patients with acute HRTV infection, 14 were tested 
for evidence of ehrlichiosis, usually with a combination of PCR 
and antibody testing. All 14 were either negative (n = 10) or 
had evidence of prior infection (n = 4). For the 2 remaining pa-
tients, it was unknown if they were tested for ehrlichiosis based 
on the information provided; however, 1 was RT-PCR-positive 
for HRTV during acute infection, and the second had a 4-fold 
increase in titers and no response to 14  days of doxycycline. 
Participants were not routinely asked about underlying med-
ical conditions other than if they were immunocompromised or 
were taking an immunosuppressing medicine. Among the acute 
HRTV infection patients, 3 (19%) individuals reported being 
immunosuppressed. Fourteen (88%) patients were hospitalized, 
and 12 (75%) required a proxy to be interviewed as they were 

Table 1. Demographics, Clinical Characteristics, and Exposures for 
Participants With and Without Evidence of Acute Heartland Virus Infection

  HRTV-Infected Noninfected

  n = 16 n = 69

  No. (%) No. %

Demographics

Male sex 12 (75) 44 (64)

Age groups, y

 <40 0 (0) 24 (35)

 40–49 1 (6) 12 (17)

 50–59 2 (13) 11 (16)

 60–69 4 (25) 14 (20)

 70–79 8 (50) 7 (10)

 ≥80 1 (6) 1 (1)

State of residence

 Missouri 6 (38) 18 (26)

 Arkansas 2 (13) 4 (6)

 Indiana 2 (13) 1 (1)

 Kentucky 2 (13) 3 (4)

 Oklahoma 2 (13) 3 (4)

 Kansas 1 (6) 15 (22)

 North Carolina 1 (6) 2 (3)

 Illinois 0 (0) 4 (6)

 Iowa 0 (0) 3 (4)

 Tennessee 0 (0) 3 (4)

 Othera 0 - 12 -

Exposures

Average number of hours outside per day

 <1 0 (0) 10 (14)

 1–4 6 (38) 28 (41)

 5–8 4 (25) 17 (10)

 >8 6 (38) 13 (19)

 Unknown 0 (0) 1 (1)

Outdoor activities

 Yard work/gardening 12 (75) 45 (65)

 Walking 5 (42) 37 (54)

 Hunting 3 (25) 14 (20)

 Hiking/camping 1 (8) 14 (20)

Vector exposure

 Attached tick 13 (81) 34 (49)

 Crawling tick 10 (63) 33 (48)

 Mosquito bite 5 (31) 23 (33)

 No known exposure 2 (13) 13 (20)

 Sandfly/midge bite 1 (6) 3 (4)

Clinical characteristics

Solicited

 Feverb 16 (100) 69 (100)

 Leukopeniab 16 (100) 69 (100)

 Thrombocytopeniab 16 (100) 69 (100)

 Fatigue 15 (94) 69 (100)

 Anorexia 13 (81) 57 (83)

 Nausea 12 (75) 45 (65)

 Headache 11 (69) 58 (84)

 Confusion 11 (69) 26 (38)

 Arthralgia 10 (63) 39 (57)

 Myalgia 9 (56) 48 (70)

 Diarrhea 8 (50) 26 (38)

 Cough 5 (31) 23 (33)

  HRTV-Infected Noninfected

  n = 16 n = 69

  No. (%) No. %

 Rash 2 (13) 24 (35)

 Easy bruising 1 (6) 14 (20)

Unsolicitedc

 Chills 3 (19) 27 (39)

 Gait disturbance 3 (19) 2 (3)

 Dizziness 2 (13) 0 (0)

 Vomiting 2 (13) 4 (6)

 Altered/lost taste 2 (13) 0 (0)

aOther includes 1 individual each for Colorado, Florida, Georgia, Louisiana, Massachusetts, 
Nebraska, North Dakota, Ohio, Texas, Virginia, and West Virginia; percentage not calculated 
but would be 1% for each of the 12 states.
bRequired signs and symptoms for testing.
cOnly symptoms reported by >1 individual with acute Heartland virus infection are listed.

Table 1. continued
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considered too sick to be interviewed. Two (13%) died after 
enrollment, including 1 of the individuals who was immuno-
compromised. The rates of hospitalization and death were not 
significantly different between those with and without evidence 
of acute HRTV infection.

Of the 16 participants with evidence of acute HRTV infec-
tion, the diagnosis was made by detection of viral RNA in 10 
(63%) individuals and by serology in 6 (38%) (Supplementary 

Table 1). Of the 10 participants who had evidence of HRTV 
RNA, 6 had a convalescent sample submitted >14 days after ill-
ness and all 6 seroconverted between their acute and convales-
cent samples.

Of the 18 specimens tested by rRT-PCR from the 15 indi-
viduals, 13 (72%) were positive and 1 (6%) was equivocal 
(Table  2). Specimens positive by rRT-PCR testing were col-
lected 5 to 23  days after illness onset, with 10 (77%) positive 

Figure 1. State of residence for participants with acute Heartland virus disease (n = 16).
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Figure 2. Month of illness onset for participants with acute Heartland virus disease (n = 16).
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samples collected from 7 to 11  days post–illness onset. One 
rRT-PCR-positive specimen was collected 23 days after onset of 
illness from a patient who died and was immunocompromised 
due to receipt of a monoclonal antibody therapy. Virus was iso-
lated from 5 individuals whose samples were collected from 5 to 
9 days post–illness onset.

Of 30 samples tested by PRNT, 18 (60%) were positive (Table 2). 
HRTV-specific neutralizing antibodies were detected in samples 
collected 8 to 173 days after illness onset. All samples tested be-
yond day 12 had detectable neutralizing antibody titers. Of the 
26 samples tested for anti-HRTV IgM antibodies, 20 (77%) were 
positive from 13 individuals. Samples with detectable IgM anti-
bodies were collected 2 to 94 days post–illness onset. All samples 
tested >10 days after onset had detectable IgM antibodies.

DISCUSSION

We report the demographics, geographic distribution, clinical 
features, initial outcomes, and laboratory results for 16 HRTV 
disease cases. Overall, the signs and symptoms for these patients 
were similar to those described in previous HRTV disease case 
reports and also to other tickborne diseases (eg, ehrlichiosis, 
anaplasmosis, and Colorado tick fever) [1, 7, 12–17]. However, 
we did identify cases in a broader geographic range than pre-
viously described and identified a higher proportion of cases 
in females. We were also able to confirm that older adults are 
most likely to be cases and that ticks appear to be the main if not 
the only vector for the virus. Laboratory findings from patients 
with evidence of acute HRTV disease demonstrated viremia for 
1–2 weeks after illness onset with IgM, and neutralizing anti-
bodies were detected consistently by 10 and 12 days after illness 
onset, respectively.

The current distribution of HRTV disease cases closely 
mirrors the distribution of A. americanum, and most patients 
we identified reported either finding a tick attached to or 
crawling on their body in the 2 weeks before illness onset [18, 
19]. Several states with A. americanum have not yet identified 

HRTV disease cases. Although this might be due to differences 
in where the pathogen is located, it also could be due to differ-
ences in enrollment and testing of residents of their states for 
the disease. Currently, no other tick species have been found to 
be infected, and no other mode of transmission has been identi-
fied for HRTV [5, 20]. However, as several of these patients had 
culturable virus detected until 9 days post–illness onset, unpro-
tected exposure to infected blood could represent a potential 
transmission risk, as has been reported with severe fever with 
thrombocytopenia syndrome (SFTS) virus, a closely related 
tickborne virus found in Asia [21–23].

All patients had illness onset from April to September, with 
the majority of patients developing symptoms in June. This sea-
sonal distribution is consistent with other tickborne diseases and 
suggests that either nymphal or adult ticks are likely the source 
of human infection [17, 24–28]. This is supported by field inves-
tigations in Missouri and Kansas, where HRTV was identified in 
nymphal and adult ticks but no infection was identified in larval 
ticks, which tend to occur in mid- to late summer [4, 5, 20].

The majority of patients with HRTV disease were older 
adult males with no cases identified in persons aged <40 years. 
The finding of older adult males accounting for the majority 
of case patients has been reported for several other arboviral 
diseases (eg, West Nile and Powassan viruses). Higher rates 
of disease in older adults are also seen with SFTS virus, where 
96% (5126/5360) of the cases identified in China from 2011 to 
2016 were aged ≥40 years [29]. Although this might reflect in-
creased exposure to the vectors that transmit the virus, there 
also is likely an increased risk of symptomatic infection in this 
group due to underlying medical comorbidities or differences 
in the immunologic response to the virus by sex and age [30]. 
The proportion of asymptomatic HRTV infections is currently 
unknown.

Clinical signs and symptoms previously have been reported 
for 10 cases of HRTV disease, including 2 of the 16 patients 
in our cohort [1, 7, 12–14, 31]. All published cases presented 

Table 2. Number and Proportion of Samples Positive for Heartland Virus, Viral RNA, and Neutralizing Antibodies for Heartland Virus Disease Case 
Patients by Number of Days the Specimen Was Collected After Onset of Illnessa

Virus by Culture RNA by RT-PCR Neutralizing Antibodies by PRNT

Days Post–Illness Onset No. Positive/No. Tested (%) No. Positive/No. Tested (%) No. Positive/No. Tested (%)

1–7 2/4 (50) 4/5b (80) 0/5 (0)

8–14 3/7 (45) 9/12 (75) 7/14 (50)

15–21 0/0 (0) 0/1 (0) 3/3 (100)

>21 0/0 (0) 1/1c (100) 8/8 (100)

Abbreviations: PRNT, plaque reduction neutralization test; RNA, ribonucleic acid; RT-PCR, reverse transcriptase polymerase chain reaction.
aImmunoglobulin M antibody test results are not presented, as the assay was developed during enrollment of participants.
bThree were RT-PCR-positive, 1 equivocal, and 1 negative; note that 1 patient had positive RT-PCR results for 2 specimens collected on days 5 and 7 post–illness onset. Data from only 1 
sample are included in the table, as the results were the same.
cPostmortem whole-blood sample collected at 23 days from an individual who was immunocompromised due to receipt of monoclonal antibody therapy; PRNT could not be performed on 
the whole-blood sample.
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with or had a history of fever. This is similar to our cases, but 
fever was an inclusion criterion for testing in our evaluation. 
Additional symptoms reported by our case patients were sim-
ilar to other published cases and included fatigue, nausea, head-
ache, myalgia, and arthralgia. Rash is typically not reported, 
though some case patients describe a localized rash associated 
with their original tick bite. Several published cases and our 
cases reported confusion or mental status changes. However, 
the 2 cases who underwent lumbar punctures had no evidence 
of inflammation in their cerebrospinal fluid [13, 14]. Although 
there were higher rates of confusion, gait disturbance, and diz-
ziness in patients with acute HRTV infection, it is likely that 
these are all related and in part due to the older ages of the pa-
tients with acute HRTV infection compared with those who 
were not acutely infected.

All individuals with acute HRTV disease identified through 
this protocol had thrombocytopenia and leukopenia per enroll-
ment criteria. Of the 10 other published cases, all had thrombo-
cytopenia at presentation and 9 had leukopenia. The case without 
leukopenia was noted to have leukocytosis when measured later 
in their illness [13]. At least 1 additional case with initial leuko-
penia also developed leukocytosis later in the second week of their 
illness [12]. Anemia typically has not been reported with HRTV 
infections. For cases where liver function tests were measured, 
all had elevated aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT), usually peaking later in the second week 
of illness with AST levels at least 2 times higher than ALT [1, 12–
14]. Other noted laboratory abnormalities, particularly in more 
severe cases, include hyponatremia, elevated bilirubin, elevated 
creatinine kinase, elevated lactate dehydrogenase, and mark-
edly elevated ferritin. Of the cases with elevated ferritin, 1 met 
the diagnostic criteria for hemophagocytic lymphohistiocytosis 
(HLH), and another was noted to have hemophagocytosis in their 
bone marrow with immunostaining of viral antigens in mononu-
clear cells [13, 14]. One additional fatal case did not have ferritin 
measured but had hemophagocytosis seen in a lymph node on 
autopsy [12]. HLH and hemophagocytosis also have occurred 
with SFTS virus infections as well as other tick-borne pathogens 
such as Ehrlichia chaffeensis [15, 32, 33].

The majority of HRTV disease cases reported here were hos-
pitalized, and 2 (13%) died. Of the additional 10 published cases, 
8 were hospitalized and 2 died. All deaths identified to date have 
been in adult males aged >60 years, with death occurring 2–3 
weeks after their illness onset from multisystem organ failure 
[12–14]. All 4 fatal cases had a history of multiple underlying 
medical comorbidities. We suspect that the case fatality ratio 
for HRTV disease is lower than what is currently seen for docu-
mented cases (16%), as there is likely a case ascertainment bias 
with physicians requesting testing for patients with more severe 
illness where the etiology is unknown; 4 (6%) of the patients 
enrolled in our study without evidence of acute HRTV infec-
tion also died.

There are no known antiviral medications available to treat 
HRTV infection, and management consists of supportive care. 
Antipyretics and analgesics can be used to reduce fever and pain. 
More severe cases might need intravenous fluids, ventilator sup-
port, vasopressors, blood products, or dialysis. For SFTS virus, a 
number of therapeutics (eg, ribavirin, steroids) have been admin-
istered in attempts to lower disease morbidity and mortality, with 
limited success, particularly in a case–control trial [34–36].

The majority of cases were diagnosed by detection of viral 
RNA, which was present in many individuals’ samples into the 
second of week of their illness. Neutralizing antibodies were not 
consistently detectable until week 2 of illness; IgM antibodies 
were detected roughly 2  days before neutralizing antibodies. 
This pattern of prolonged viral RNA detection and delayed de-
velopment of neutralizing antibodies is similar to that seen with 
Colorado tick fever virus, which is an intracellular red blood cell 
pathogen. The initial discovery of HRTV and subsequent animal 
and laboratory work suggest that the virus likely infects white 
blood cells that initially present immunodominant nucleocapsid 
protein, which is not projected on the surface, and the immune 
responses against this protein are non-neutralizing [2, 37, 38].

Although these cases represent the largest cohort of HRTV 
disease cases reported to date, they likely are not representative 
of all potential HRTV disease. First, all cases were identified by a 
clinician who considered HRTV infection and contacted public 
health officials about testing their patient. Most of the cases were 
hospitalized, and many were too ill at the time of enrollment to 
provide a history of their signs and symptoms. As noted above, 
all case patients described here had fever, leukopenia, and throm-
bocytopenia, as this was necessary for protocol inclusion. This 
provided some increased sensitivity to detect HRTV infections, 
particularly as the assays to diagnose the disease were being de-
veloped and validated. However, these inclusion criteria likely 
excluded individuals with milder disease and those who did not 
have a complete blood count performed. Finally, comprehensive 
testing was not performed for other pathogens, particularly those 
also transmitted by A. americanum, such as Spotted Fever Group 
Rickettsiae. Given this, some of the signs and symptoms noted for 
the individuals with evidence of acute HRTV infection could be 
caused by other pathogens if co-infection occurred.

CONCLUSIONS

Based on the data described here and elsewhere for HRTV dis-
ease, health care providers should consider HRTV testing in 
patients presenting with an acute febrile illness with either leu-
kopenia or thrombocytopenia not explained by another condi-
tion or who were suspected to have a tickborne disease but did 
not improve following appropriate treatment (eg, doxycycline) 
[7]. Testing should be limited to patients who either resided in 
or traveled to an area with previous evidence of HRTV or had 
a known tick exposure [6, 19]. Because the virus is transmitted 
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by infected ticks, prevention likely will depend on using insect 
repellents, wearing long sleeves and pants, avoiding bushy and 
wooded areas, and performing tick checks after spending time 
outdoors. Future research is needed to understand the clinical 
spectrum and further geographic distribution of HRTV disease, 
including determination of whether asymptomatic infections 
can occur.
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