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Abstract

Background—Heartland virus (HRTV) is a tick-borne phlebovirus recently described in
Missouri that is associated with fever, leukopenia and thrombocytopenia. The virus has also been
detected in Ambylommaamericanum ticks.

Methods and Results—Here we report the first fatal case of HRTV disease in an 80 year-old
Tennessee resident. He was hospitalized with fever, confusion, leukopenia, and thrombocytopenia
and developed multi-organ failure and hemorrhage. A tick-borne illness was suspected and testing
for ehrlichiosis was negative. He died on hospital day 15 and autopsy specimens were tested for
various pathogens as part of an unexplained death evaluation. HRTV antigens were detected in
post-mortem spleen and lymph nodes by immunohistochemistry, and HRTV was detected in pre-
mortem blood by RT-PCR and by isolation in cell culture.

Conclusions—This case demonstrates that HRTV infection can cause severe disease and death
and expands the geographic range of HRTV within the United States.

INTRODUCTION

Heartland virus (HRTV) is a recently described tick-borne phlebovirus [1]. Phleboviruses
are single-stranded RNA viruses in the family Bunyaviridae. The original two cases of
HRTV disease were initially reported in adult males from Missouri. Both case-patients
presented with a non-specific febrile illness with leukopenia and thrombocytopenia and
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history of tick exposure. They were initially diagnosed with ehrlichiosis for which they
received doxycycline. The case-patients required hospitalization for approximately 11 days
before being discharged to home where they eventually recovered. Subsequent field work
identified the virus in Ambylommaamericanum ticks collected on one of the original
patient’s farms and at a nearby site [2]. An additional five non-fatal cases have been recently
identified through active surveillance in Missouri [3].

HRTV is relatively closely related to but distinct from the severe fever and
thrombocytopenia syndrome virus (SFTSV), a virus found in China [4]and neighboring
countries [5, 6]. SFTSV infection also presents with fever, thrombocytopenia, and
leukopenia, but may have severe manifestations including neurological disease and
hemorrhage. Between 6-17% of SFTSV cases are fatal [4, 7, 8]. Most SFTSV deaths in
China have occurred in patients >70 years old [9].

CASE REPORT

An 80-year-old man with a history of chronic obstructive pulmonary disease and heavy
alcohol use presented in July 2013 to a local emergency department for weakness, frequent
falls over the past week, altered mental status, and fevers. He also reported decreased
appetite and an episode of passing dark stool. He lived on a farm in central Tennessee and
was active outdoors. He had a history of multiple tick bites, and his wife found a tick on him
two weeks prior to his illness onset.

On presentation, his temperature was 37.8 °C. Laboratory tests revealed hyponatremia of
129 mmol/L, elevated aspartate aminotransferase (AST) of 184 U/L, elevated alanine
aminotransferase (ALT) of 124 U/L, leukopenia of 1.1x103 cells/uL, and thrombocytopenia
of 59.0 x 103/uL. His hemoglobin (16.8 g/dL) and prothrombin time (13.7 seconds) were
within normal limits. Computed tomography of the head and a chest radiograph showed no
significant acute abnormalities. He was admitted to the hospital with suspected ehrlichiosis
and doxycycline therapy was initiated.

On hospital day 2, the patient was transferred to a quaternary care center for persistent
delirium and worsening tachypnea. Within hours, he was admitted to the medical intensive
care unit for worsening hypoxia and hypotension and antibiotic coverage was broadened due
to concern for sepsis. He was noted to be febrile with a temperature of 39.8°C and purpura
were noted on exam. A lumbar puncture was unable to be performed due to persistent
thrombocytopenia. His clinical laboratory findings during hospitalization included
worsening thrombocytopenia (nadir of 24 x 103/uL on hospital day 8) for which he was
given three units of apheresis platelets (figure 1), persistent leukopenia, decreasing
hemoglobin (nadir of 8.7 g/dL on hospital day 14), increased creatine kinase (844 U/L on
hospital day 2), increased AST and ALT (peaking on hospital day 4 to 626 and 166 U/L,
respectively), elevated lactate dehydrogenase (LDH) (peaking on hospital day 5 at 1801
U/L) and elevated creatinine (peaking on day 12 to 4.1 mg/dL). Prothrombin time and
fibrinogen levels remained within normal limits. The immature platelet fraction was
elevated at 25.2% (normal range, 0.9-7.0%), indicating that thrombocytopenia was due to
platelet consumption rather than decreased bone marrow production. The white blood cell
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count normalized on hospital day 10, and the platelet count began to rise reaching a peak of
116 x 103 when last measured on hospital day 15. Urinalysis showed proteinuria and
microscopic hematuria. Blood cultures showed no bacterial growth. Serology was negative
for spotted fever group Rickesttsia species and both serology and molecular testing for E.
chaffeensis were negative.

His hospital course was complicated by respiratory failure requiring mechanical ventilation
and vasopressors, troponin leak without associated electrocardiogram changes, acute kidney
injury, and upper gastrointestinal bleeding requiring cauterization of gastric ulcers. The
patient was successfully extubated but remained delirious and unable to communicate. His
family opted to transition to comfort measures, and he died on hospital day 15.

An autopsy revealed acute gastritis, gastric and duodenal mucosal ulcers, and focal
transmural hemorrhage in the ascending colon. The spleen was soft and there was no
lymphadenopathy. The bone marrow exhibited trilineage hematopoiesis with myeloid
hyperplasia, and rare hemophagocytosis was seen in a mediastinal lymph node. Acute
pyelonephritis and adrenal cortical atrophy were present. The liver showed macrovesicular
steatosis and portal triaditis. The lungs were emphysematous and there was patchy cardiac
fibrosis, coronary artery and aortic atherosclerosis, and a remote cerebral infarct and
systemic amyloidosis. No vasculitis was identified. Blood and lung cultures obtained at the
time of autopsy were negative. The Infectious Diseases Pathology Branch at Centers for
Disease Control and Prevention (CDC) was consulted for further evaluation of this
unexplained death.

METHODS

Immunohistochemistry

Tissues were fixed in 10% neutral-buffered formalin and processed for routine histological
analysis. Immunohistochemistry (IHC) assays were performed using a polymer-based
indirect immunoalkaline phosphatase detection system with colorimetric detection of
antibody-polymer complex with Fast Red Chromogen (Biocare Medical, Concord, CA).
IHC assays were performed for Ehrlichia, Anaplasma, spotted fever group Rickettsia and
Leptospira species [10, 11]. Tissues were also evaluated with a polyclonal rabbit sera
generated against the HRTV nucleocapsid protein as previously described [1].

RNA detection, characterization and isolation

RNA was extracted from pre-mortem blood and serum samples as well as fixed post-mortem
spleen and lymph tissues. Quantitative real-time RT-PCR for the detection of HRTV RNA
was performed at Arboviral Diseases Branch, CDC, Fort Collins, CO using previously
described methods [2]. HRTV genomic sequencing was conducted using Next Generation
Sequencing methodologies as previously described [12]. Sequences were confirmed through
spot sequencing using traditional Sanger methods and previously published primers [2].
Maximum likelihood phylogenetic analyses were conducted using MEGA version 5
software [13], with 2000 replicates for bootstrap testing. The blood sample was additionally
subjected to standard virus isolation methods. Briefly, 200uL of undiluted and 1071
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preparations of the blood sample were inoculated onto confluent Vero cells in a T25 flask.
The flask was then incubated at 37°C and reviewed for cytopathic effect daily.

RESULTS

IHC assays for Ehrlichia, Anaplasma, spotted fever group Rickettsia and Leptospira species
were negative. White pulp depletion and scattered immunoblasts were observed in the
spleen suggestive of a viral infection (figure 2A). Given the clinical history and negative test
results, HRTV was suspected. IHC for HRTV was performed and demonstrated positive
immunostaining of scattered large hematopoietic cells within the spleen and mediastinal and
mesenteric lymph nodes (figure 2B&C). No other organs stained positive, including bone
marrow, liver, kidneys, adrenal glands and CNS.

The IHC finding was confirmed by detecting HRTV RNA in paraffin embedded tissues and
from whole blood and serum (collected on hospital days 2 and 5, respectively) by RT-PCR

and sequencing. In addition, an isolate was derived from the whole blood sample on day 16
post inoculation and was identified as HRTV by RT-PCR.

Full length phleboviral coding sequences representing all three segments of the phlebovirus
genome, S, M and L (GenBank Accession #s: KJ740146, KJ740147, and KJ740148) were
derived from the patient’s blood. Resultant analyses confirmed HRTV as the source of these
sequences that share ~96.5% nucleotide sequence identity with other HRTV isolates in the
581 bp region of the non-structural protein (NSs) ORF of the S segment for which there is
the broadest diversity of available data in GenBank. Phylogenetic analyses, including a
diversity of phleboviruses as well as representative human and tick HRTV sequences [2],
confirmed this identification (figure 3).

DISCUSSION

This is the first reported case of fatal HRTV infection, which was revealed by autopsy of an
80 year-old man from central Tennessee with unexplained illness. Similar to the current
case, the two index HRTV case-patients from Missouri were older male farmers who
presented with fever, leukopenia and thrombocytopenia. However, the original two HRTV
cases were younger (57 and 67 years), had higher platelet count nadirs at 34—37 x 103/uL,
did not require transfusions, and both survived without hemorrhagic manifestations or multi-
organ failure. HRTV antigen was detected by immunohistochemistry in a bone marrow
biopsy collected from one of the first case-patients on hospital day 2, whereas the current
patient had HRTV antigen detected at autopsy (hospital day 15) in lymph nodes and spleen,
but notably not bone marrow, suggesting that antigen distribution may change over the
disease course.

The elderly age, weakened immune system and co-morbidities of the current patient most
likely predisposed to severity of HRTV infection and fatal outcome. The majority of SFTSV
deaths in China have been in patients >70 years old [9], and occurred more frequently
among patients who had CNS manifestations, hemorrhage and elevated liver enzymes [8].
Death has been associated independently with increasing age, decreased level of
consciousness, elevated LDH levels (>1200 U/L) and elevated levels of creatine kinase

Clin Infect Dis. Author manuscript; available in PMC 2015 October 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Muehlenbachs et al.

Page 5

(>800 U/L)[14]; all of which were present in the current HRTV case. Further, more severe
SFTSV infections have been observed in patients with underlying chronic disease [7].
Disseminated intravascular coagulopathy has been described in some cases of SFTSV
infection, but was not seen in this or in the previous HRTV cases.

The finding of viral antigen positive hematopoietic cells in lymph node and spleen with our
cases is similar to that seen with a fatal SFTSV case from Japan [6]. However the SFTSV
case also described necrotizing lymphadenopathy and extensive hemophagocytosis which
were not seen in the current case. Antigen-positive hematopoietic cells have also been
described in the spleen of mice experimentally infected with SFTSV[15].

This patient lived approximately 340 miles away from the closest case [3]and is the first
HRTYV case outside of Missouri, expanding the known geographic range of the virus. This is
further supported by the percent nucleotide divergence (~4% in the compared region of the
NSs ORF) of the presented strain from Tennessee when compared to previously described
strains in Missouri. This divergence represents a level that is greater than that which has
been previously described among human and A. americanumtick strains of HRTV (~2%).
This suggests that the virus has been naturally circulating in Tennessee for some time and
indicates that the known geographic range of HRTV expands beyond that of the first
described cases and supports additional investigation in surrounding geographic areas.

The clinical differential for HRTV infection includes Ehrlichia, Anaplasma and Rickettsia
rickettsii infection, viral disease and non-infectious entities such as thrombocytopenic
thrombotic purpura or hematological neoplasms. The clinical course of HRTV appeared
indistinguishable from severe infection with Ehrlichia chaffeensis, with the exception that
the patients did not improve with doxycycline therapy [1]. HRTV infection should be
considered in patients with fever, thrombocytopenia and leukopenia occurring in spring-
summer months who report recent tick exposure, following exclusion of other tick-borne
diseases. The reported HRTV patients were residents within the geographic range of the A.
americanumtick, primarily the southeastern and eastern United States [16, 17]. A.
americanum is a likely vector based on the detection of HRTV in these ticks [2]; however,
formal studies on competency of A. americanumand other tick species to transmit HRTV
are needed. Similar to reports from China, this case suggests that older adults or persons
with co-morbidities might be at risk for more severe HRTV disease, but this needs to be
validated with additional case finding and description. Finally, this case highlights the
importance of autopsies for the detection and surveillance of emerging pathogens in
unexplained deaths [18].

Currently, there is no treatment for HRTV disease. The best way to avoid HRTV is to
prevent tick bites through using insect repellents, removing ticks promptly, applying
pesticides, and reducing tick habitat. The CDC is currently working with state health
departments to better define the epidemiology and clinical characteristics of HRTV disease,
to validate how the virus is transmitted to persons (e.g., tick-borne), and to develop
diagnostic assays for HRTV. Clinicians who have a suspect case of HRTV disease are
encouraged to call their state health department to facilitate testing at CDC.
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indicated by arrow heads. AST: aspartate aminotransferase; ALT: alanine aminotransferase;

PLT: platelet count; WBC: white blood cell count; HGB: hemoglobin.
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Figure2.
Pathological features of fatal HRTV case. Spleen demonstrating white pulp depletion and

scattered immunoblasts (A). HRTV antigen detected in large hematopoietic cells of lymph
node (B) and spleen (C) by immunohistochemistry using fast red chromogen. Original
magnifications: 158X(A), 50X (B) and 158X(C)
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Figure 3.

Phylogeny of phleboviruses including Heartland virus isolates. A maximum likelihood tree
that was generated using MEGA version 5 software [8] with 2000 replicates for bootstrap
testing is shown. The phylogeny was constructed from a 581 bp region of the NSs ORF of
the phleboviral S segment for which there is the broadest diversity of available data in
GenBank. Branch lengths are measured in the number of nucleotide substitutions per site.
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