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Simple Summary: Heartland virus is a tick-borne disease that was first identified in the Midwest United States 

in 2009. Since then, over 60 human cases of disease, and several deaths, have been reported. The true prevalence 

of disease in humans, and domestic animals, is not well understood.  Though the disease is presumed to have 

an animal reservoir, specific infected animal hosts have not yet been identified. Several diagnostic approaches 

for Heartland virus infection have been developed, though there are currently no specific treatment or 

prevention options available. More research needs to be done on this newly emerging virus to better 

understand disease transmission, disease progression and treatment, and facilitate the development of effective 

vaccines.  

Abstract: Heartland virus (HRTV) is an emerging tick-borne bandavirus that is capable of causing severe 

disease characterized by acute thrombocytopenia and lymphopenia. The virus is endemic to the eastern United 

States, and is carried by the Lone Star tick (Amblyomma americanum). Since its discovery in 2009, at least 60 

human infections have been recorded across this area, with an overall 5-10% estimated mortality rate. All 

infections reported thus far have occurred following a known tick bite or exposure to tick-infested areas, but 

the possibility of nosocomial transmission has not been ruled out. Despite relatively high rates of 

seroprevalence among certain wildlife species such as white-tailed deer, the reservoir species for HRTV 

remains unknown, as the virus has never been isolated from any mammalian wildlife species. Furthermore, 

how the virus is transmitted to its vector species in nature remains unknown, though laboratory studies have 

confirmed both horizontal and vertical transmission of HRTV in A. americanum. In addition, the recent 2017 

introduction of the Asian longhorned tick (Haemaphysalis longicornis) to the US has raised concerns about 

possible spillover of HRTV into a new tick species that has been confirmed to be a competent vector for HRTV 

in the laboratory. Thus, an increased awareness of its clinical presentation is needed, and further research is 

urgently required to establish the natural transmission cycle and develop new countermeasures for this novel 

zoonotic pathogen. 

Keywords: Heartland virus; bandavirus; Amblyomma americanum; Haemaphysalis longicornis; severe fever with 

thrombocytopenia syndrome virus 

 

1. Introduction 

In June of 2009, two men independently presented to Heartland Regional Medical Center in 

northwestern Missouri with fever, fatigue, and anorexia [1]. Both men were hospitalized, and over 

the following two weeks, they both developed severe thrombocytopenia and leukopenia. Because 

both men had reported a tick bite in days preceding clinical symptoms, Ehrlichia chaffeensis infection 

was initially suspected, and both patients were empirically treated with doxycycline. Symptoms 

failed to improve, and samples sent to the Centers for Disease Control & Prevention were negative 

for known tick-borne bacterial species. Electron microscopy and next-generation sequencing revealed 

the presence of a novel virus similar to severe fever with thrombocytopenia syndrome virus (SFTSV), 

another virus that was, coincidentally, first isolated in early 2009 in central China [2]. 
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Since then, dozens of cases of HRTV infection have been reported in the United States, resulting 

in severe illness and several deaths. Because of its high morbidity and mortality, HRTV has been 

classified as a Category C Priority Pathogen by the National Institute of Allergy and Infectious 

Diseases (NIAID), and there are presently no approved treatments or vaccines for HRTV. 

Nevertheless, much remains unknown about HRTV, its animal reservoirs and susceptible hosts, and 

its transmission cycle. In this review, we summarize what is currently known about HRTV virology, 

clinical presentation, epidemiology, and transmission, and present several future directions for 

research. 

2. Viral Etiology 

Originally classified as a Phlebovirus, HRTV was recently re-classified in the new Bandavirus 

genus alongside other similar viruses such as severe fever with thrombocytopenia syndrome virus 

(SFTSV), Bhanja virus (BHAV), and Lone Star virus (LSV) [3]. Among these, the most closely-related 

virus to HRTV is SFTSV, sharing 65-69% sequence homology. As a member of the Phenuiviridae family 

in the order Bunyavirales, HRTV is a single-stranded negative-sense RNA virus with a tri-segmented 

genome comprised of small (S), medium (M), and large (L) segments (Figure 1). The L segment 

encodes the RNA-dependent RNA polymerase (RdRp), the M segment encodes the structural 

glycoproteins Gn and Gc, and the S segment encodes the nucleocapsid (N) and the nonstructural NSs 

protein. All three genome segments feature distinct 5’ and 3’ untranslated regions (UTRs) that form 
secondary structures which act as promoters for viral genome replication and transcription. 

Interestingly, though these UTR sequences differ between viruses, the RdRp and N proteins of HRTV 

can recognize SFTSV UTR sequences and initiate replication and transcription in a minigenome 

system [4]. This raises the possibility that reassortment of HRTV with other bandaviruses could lead 

to the emergence of novel pathogenic virus species. 

The majority of antibodies generated against HRTV bind to either the N protein or the Gn/Gc 

proteins, and though most of these are specific for HRTV, at least one has been found to cross-react 

with SFTSV [5]. As Gn/Gc proteins are expressed on the surface of virions and are responsible for 

binding host cells and facilitating viral entry, antibodies generated against Gn/Gc are able to 

neutralize free-floating viruses. However, as with the related phleboviruses, the N protein is likely 

the immunodominant protein for HRTV [5]. Experimental HRTV inoculation in Ag129 mice, which 

lack both α/β and γ interferon (IFN) receptors, does lead to the generation of a low-level neutralizing 

antibody titer. However, of nine different hybridoma clones created from these mice, all nine 

produced non-neutralizing monoclonal antibodies targeting N protein [5]. Many studies of the 

seroprevalence of HRTV in both human and animal populations have measured only neutralizing 

antibody titers [6–8], thus likely underestimating the true extent of exposure to HRTV. 

Though not a major target of antibodies, the nonstructural NSs protein of HRTV likely plays a 

role in virulence, and could therefore be a target for the development of novel antiviral compounds 

or rationally-designed vaccines. Similarly to the related phleboviruses, HRTV NSs acts as an IFN 

antagonist, inhibiting both Type I and Type III IFN responses [9]. HRTV NSs has been demonstrated 

to block phosphorylation of TANK-binding kinase 1 (TBK1) and signal transducer and activator of 

transcription 2 (STAT2), both important contributors in the IFN signaling pathway [10,11]. This leads 

to a downstream loss of expression of IFN-inducible antiviral effector genes. By comparison, NSs 

from the related, nonpathogenic Uukuniemi virus only weakly antagonizes the IFN response [11]. 

Deletion of the NSs of the related Rift Valley fever virus (RVFV) does not compromise viral 

replication in vitro but leads to attenuation in vivo [12,13]. Most recently, an HRTV mutant lacking 

NSs was successfully rescued, and this mutant demonstrated reduced replication kinetics in vitro 

and attenuation in vivo, indicating the importance of NSs for HRTV replication and pathogenesis 

[14]. 
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Figure 1. Structure of Heartland virus (HRTV), and the phylogeny and percent identity of reported 

isolates based on the S segment. (A) The structure of HRTV is similar to other members of the 

Bunyavirus order, including a tri-segmented genome coding for Gn and Gc glycoproteins, an RNA-

dependent RNA polymerase (RdRp), and nucleocapsid (N) proteins. The S segment is highlighted in 

red. (B) HRTV S segment nucleotide sequences, denoted by Genbank accession numbers were aligned 

using MAFFT, and trees were inferred by PhyML and plotted using Newick Display. The tree was 

rooted using the earliest HRTV clinical isolate. The workflow was performed by ngphylogeny.fr [15].  

Letters in parentheses following accession numbers indicate isolate identification in panel C. (C) 

Source locations and year of recovery for isolates analyzed in panel B. Where known, specific isolate 

sources are shown as a red dot, while states where isolates were recovered without location data are 

shown in pink. 

3. Epidemiology 

As of November of 2022, at least 60 cases of HRTV have been reported in the United States, 

primarily east of the Mississippi River [16]. These cases have occurred across 14 states, all within the 

geographical range of the lone star tick, Amblyomma americanum (Figure 2). Cases of HRTV infection 

in humans have been reported as far north as New York and as far south as Georgia. In addition, 

vertebrate animals with HRTV-specific neutralizing antibodies have been found in the southern 

states of Texas, Louisiana, and Florida, and as far north as Maine, though no human cases have been 

recorded in these states [7,17]. Infections have been reported from April to September, with most 

occurring in the summer months, particularly June [18]. All known cases of HRTV infection have 

likely occurred following a tick bite. Most patients report removing a tick in the weeks leading up to 

their illnesses [19]. Those who do not remember a specific tick bite have reported spending time 

outdoors, and no infections have occurred in the winter months. 

In contrast, the related SFTSV has been reported exclusively in a parts of Asia, including China, 

Japan, Vietnam, and South Korea, with thousands of cases reported in these countries since its initial 

discovery in China in 2009 [2,20]. Like HRTV, SFTSV is transmitted primarily via tick bite, though 

direct animal to human and human to human transmission via blood and other bodily fluids has also 
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been demonstrated, raising concerns for the potential for direct anthropozoonotic and nosocomial 

transmission of HRTV as well [21–24]. 

 

Figure 2. Geographical distribution of Heartland virus and its vectors. Fourteen eastern and 

midwestern states have reported clinical cases of Heartland virus infection in humans (hatched lines) 

[16]. Distribution of the known vector, Amblyomma americanum [25], is shown in green, while reported 

locations of another competent vector, Haemaphysalis longicornis, is shown in red [26]. 

4. Host Range 

Evidence for either natural or experimental susceptibility to HRTV has been documented in a 

number of terrestrial mammalian and avian species – though no evidence for clinical infection has 

been reported in any species apart from humans. Based on serologic surveillance studies, several 

potential amplification hosts have been identified, including raccoon, white-tailed deer, coyotes, 

domestic dogs, and opossum (Figure 3). In HRTV endemic areas, seroprevalence ranges widely, with 

rates sometimes approaching 40-50% in select cases in raccoon, white-tailed deer, and coyotes [6,17]. 

Importantly, however, experimental challenge studies have failed to show any evidence of viremia 

or clinical symptoms in raccoons or white-tailed deer [27,28]. Several routes of inoculation have been 

pursued, including intradermal, intracranial, subcutaneous, and intraperitoneal inoculation. To date, 

though, experimental challenge using infected ticks has not yet been attempted. Thus, further studies 

are needed to take into account tick factors in disease transmission, which may influence transmission 

dynamics in susceptible host species [29]. Experimental infection in dogs, cats, coyotes or avian 

species has so far not been evaluated. While several immunodeficient laboratory species do develop 

clinical disease upon experimental challenge, further discussed below, no evidence for viremia or 

clinical symptoms have been reported in challenge studies involving chickens and goats, though each 

of these species exhibited at least some evidence of seroconversion [6,27]. It may be possible that 

Amblyomma (or Haemophysalis) tick species themselves are the sole reservoir – as is the case for 

Crimean Congo Hemorrhagic Fever Virus, a related bunyavirus in the family Nairoviridae [30]. 

Though absent of clinical symptoms, deer and other species showing evidence of seroconversion may 

serve, in some respect, as facultative amplification hosts as a result of tick-to-tick transmission during 

co-feeding [18].  
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Figure 3. Life cycle of Amblyomma americanum and putative transmission cycle of Heartland virus. 

Amblyomma americanum are known to be multi-host parasites, feeding on a range of mammalian and 

ground-dwelling avian hosts across its life stages. Heartland virus (HRTV) has been shown to be 

passaged both transovarially, from adult females to eggs, and transstadially, between life stages of an 

individual tick, as well as through co-feeding on a given host. Clinical HRTV disease has been 

reported in humans, though to date has not been observed in domestic animals. Suspect reservoirs - 

animals shown to be HRTV seropositive in surveillance studies - include deer, coyotes, and raccoon, 

while additional potential reservoir species known to host A. americanum may include small rodents, 

turkeys, and other ground-dwelling birds. 

The lone exceptions to an apparent lack of infectivity and clinical diseases in animals include 

several immunodeficient laboratory species, with detection of viremia in Ag129 mice, IFNAR−/− mice 

lacking type I interferon receptors, and STAT2 knockout hamsters which are unresponsive to type I 

IFN signaling [27,31,32]. The immunodeficient mouse lines show various signs including weight loss, 

poor hair coat, and hematochezia, though appear to lack many of the hematologic disturbances seen 

in human cases of HRTV. The STAT2 knockout hamsters infected with HRTV, in contrast, had 

elevated liver enzymes and leukocytosis, though notably lacked any evidence of thrombocytopenia 

[31], a primary finding in humans as discussed in more detail in later sections.    

The current findings of HRTV in wild and domestic animals are, to a degree, in contrast with 

those reported for SFTS virus, where comparatively high rates of seroprevalence as well as viral RNA 

have been reported in small ruminants, cattle, dogs, chickens, rodents, pigs, and a range of laboratory 

species [33,34]. Clinical disease resulting from SFTSV infection has also been reported in several 

animal species, including cats [24,35], cheetahs [36], dogs [37], and laboratory rodents [34], and 

importantly resulted in likely exposure and infection in veterinary professionals. Further 

investigations are warranted to determine whether SFTSV truly has an expanded host range 

compared to HRTV. 

5. Viral Pathogenesis 

 Very little is known about the pathogenesis of HRTV infections in animal or human hosts. Due 

to the absence of wild-type animal models, much of the data available has been collected from 
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immunocompromised rodent systems, introduced above. To date, the focus of most of these studies 

has been terminal in nature, centered on susceptibility or therapeutic development, however a study 

in STAT2 knockout hamsters has provided some important insight into viral pathogenesis. 

Fortunately, additional insight into HRTV pathogenesis may be drawn from the more prolific studies 

available on SFTSV infections in various model systems.   

 In immunocompromised Ag129 or IFNAR–/– mice inoculated intraperitoneally (IP) with 

HRTV, viremia typically began at 2-3 days post infection (dpi) and peaked at roughly 4-5dpi, waning 

by 7-9dpi [27,32]. Fatality rates in HRTV-infected Ag129 mice corresponded with inoculation dosage, 

and ranged from 20-85%. Terminal pathology in these mice included enlarged, pale spleens, hepatic 

hemorrhage, and enlarged gall bladders. Immunohistochemistry also revealed HRTV antigen 

diffusely within splenic mononuclear cells, Kupfer cells, and renal interstitial cells. Postmortem 

analyses were not reported in IFNAR–/– mice. 

 Comparatively more is known about HRTV pathogenesis from a study utilizing STAT2 

knockout hamsters, where timepoint studies allowed more details on the kinetics of viral distribution 

in blood and other tissues [31]. In these hamsters, a low level of viremia was detected in IP inoculated 

animals by 5dpi, though no virus was detectable in tissues at this time. By 7dpi, infectious virus was 

detectable via cell culture at low levels in spleen, liver, lymph nodes, among other tissues, though 

viremia at that time had begun to wane. A single animal with a pronounced infection was euthanized 

at day 9 in this study, with infectious virus and viral antigen (based on IHC) present in various tissues 

including spleen, kidney, heart, lung, small intestine, and lymph node. Notably, bone marrow in 

HRTV inoculated hamsters in this study was apparently normal, outside of an increased myeloid to 

erythroid ration, evidence of a response to increased demand for inflammatory cells elsewhere in the 

body in response to the infection.  

In contrast to the sparsity of information available on HRTV pathogenesis, much more is known 

about the pathogenesis of SFTSV in a range of wild-type and immunodeficient model systems. 

Though many of the species investigated were of limited value for better understanding SFTSV 

infections in humans, lacking some key features of the disease process (summarized in a recent 

review by Sun et al. [34]), studies in ferrets [38], cats [39] and non-human primates [40–42] have found 

that these species may share some key features of disease in humans. Studies in rhesus macaques, for 

example, revealed that they have patterns of viremia, tissue distribution, and pathology which mirror 

those observed in human SFTSV infections [40,42]. Similar studies using HRTV are needed to 

establish an effective immunocompetent animal model for future research into HRTV pathogenesis 

and vaccine development. 

6. Transmission and Vector Ecology 

Transmission of HRTV likely relies heavily on the Lone Star tick, A. americanum, a vector known 

to transmit a wide range of diseases to both humans and animals, including Bourbon virus, canine 

and human ehrlichiosis, and Cytauxzoon felis [43], and HRTV has shown no evidence for direct animal 

to human transmission. Amblyomma americanum is a multi-host tick with an ever-expanding 

distribution that strongly overlaps the geographical presentation of human cases of HRTV, and 

surveillance studies have identified HRTV-infected ticks in areas proximal to known human cases 

and across the range of A. americanum occurrence. Virus or viral nucleic acids have been recovered 

from both nymph and adult stages of A. americanum [18,44–49], though to date, the virus has not been 

recovered from tick larvae collected in the field. Experimental studies have found larvae to be 

susceptible, however, with both transovarial and transstadial viral transmission reported [50]. These 

studies have also shown that naïve larvae may become infected when co-feeding on a host along with 

infected ticks in the nymph stage. Thus, ticks may become infected through vertical transmission via 

transovarial transmission, through co-feeding with other infected ticks, or very likely through 

feeding on an infected host – though, as noted above, an effective animal model for proper tick 

feeding studies has yet to be identified. Based on our understanding of the life cycle of A. americanum, 

it seems likely that these ticks become infected either after feeding on an infected white-tailed deer – 

a frequent host for nymph and adult A. americanum with well-documented HRTV seroprevalence 
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[6,8,27,28,43] – or other, as-yet unidentified reservoir species, or through transovarial transmission or 

co-feeding, as noted above. Ticks remain infected across life stage transitions, with the potential for 

persistence in ticks overwintering in suitable environments, ultimately transmitting the virus as they 

molt and find new, naïve hosts. The expanding range of this tick species, influenced by ongoing 

changes in climate [51] and urban interface dynamics [52,53] highlight the continued public threat of 

exposure to A. americanum and other tick species and the vector-borne zoonoses they may carry.      

While A. americanum is likely the primary vector responsible for zoonotic transmission of HRTV, 

recent concern over invasive tick species has led to studies on the vector competence of the Asian 

longhorned tick (Haemaphysalis longicornis). This species of tick, native to Southeast Asia, was first 

reported in the United States in 2017 and has since been found in 18 different states – primarily those 

along the Appalachian Mountain range [26] – and is known to be a vector for the closely-related SFST 

virus [54]. Though field studies have so far failed to find any evidence of natural HRTV infection in 

this species [55], these ticks have been found to be experimentally susceptible and competent vectors, 

capable of horizontal transmission to mice (as evidenced by seroconversion), as well as transovarial 

transmission [56].  Like A. americanum, H. longicornis is a multi-host tick capable of overwintering 

under appropriate conditions [57], and thus should continue to be considered as a potential vector 

for HRTV. 

Perhaps not surprisingly, H. longicornis is the principal vector for SFTS virus in Asia, though 

other potential vectors include Amblyomma testudinarium, Ixodes nippoensis, and Rhipicephalus 

microplus [58] – suggesting there may be other potential tick vectors for HRTV across North America 

as well. As with HRTV, transovarial and transstadial transmission of SFTSV are likely to be important 

factors in its seasonal persistence in the tick host [59], though the wide range of susceptible 

mammalian hosts is certainly as important in this virus’s natural life cycle.   

7. Clinical Findings, Differential Diagnosis, Treatment, and Prognosis 

The typical signalment for HRTV cases is an adult male over the age of 40 – though most cases 

are over the age of 60, often with preexisting comorbidities – an outdoor lifestyle including farming, 

camping, or hunting, and very likely a history of tick exposure [1,19,44,60–67]. Clinical presentations 

are those which may mimic other regional tick-borne diseases most commonly seen in the summer 

months, such as Ehrlichia, Rickettsia, and Babesia, and include a short history of fever (≥38° C), 
headache, fatigue, myalgia, nausea, anorexia, and non-bloody diarrhea. A localized rash, as may be 

seen with some other tick-borne diseases, has been reported in just a subset of cases, though a patient 

with a more diffuse maculopapular rash has also been reported [19,44,62]. Purpura has been reported 

on occasion as well [60]. Lymphadenopathy is also rare, and often only detected via radiographic 

means [62,67]. Symptoms often present within 2 weeks of known tick exposure, often in summer 

months, though may vary based on geographic location and seasonal duration of tick activity [19]. 

Initial clinical evaluation often uncovers a mild to moderate leukopenia (1000-3000 cells/μl), 
influenced primarily by low neutrophil counts, and a mild thrombocytopenia (60-120,000/μl) 
[1,19,44,60–67]. Mild hyponatremia may be evident on metabolic panels, as well as mildly elevated 

alanine and aspartate aminotransferase levels. Packed cell volumes and red blood cell counts are 

usually normal to low-normal, with normal hemoglobin levels. Patient comorbidities often dictate 

additional clinical pathologic findings. Heartland virus RNA may be identified in blood samples 

collected in the first 7-10 days of symptoms [63,64], with IgM antibodies appearing after roughly 8-

10 days of symptoms [19,63,68]; IgG antibodies are thought to appear within a similar timeframe [68]. 

In some cases, both IgM and IgG can be detected as early as 1 day after the onset of symptoms. 

Patients may require hospitalization for 1-2 weeks, and over that course leukopenia and 

thrombocytopenia may continue to worsen, with nadir in both parameters often seen by the eighth 

day of symptoms. Red blood cell counts and hemoglobin most often remain stable, though low, and 

begin to recover along with other hematologic and metabolic parameters by two weeks following the 

onset of symptoms.   

Primary differential diagnoses for HRTV infection would include other regionally endemic tick-

borne diseases, including human monocytotropic ehrlichiosis (Ehrlichia chaffeensis) and related 
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Ehrlichial agents, Rocky Mountain Spotted Fever (Rickettsia rickettsii), human granulocytic 

anaplasmosis (Anaplasma phagocytophilum), Lyme disease (Borrelia burgdorferi), Bourbon virus and 

potentially Powassan, Colorado tick fever, and SFTS viruses as well – pending clinical presentation 

and travel history. Potential, though less likely, differentials may include influenza, COVID-19, 

locally endemic fungal (e.g., Blastomyces and Histoplasma) or bacterial (e.g., Coxiella or Francisella) 

infections, and bone marrow neoplasia/dysplasia/aplasia syndromes. Molecular or serologic 

diagnostics targeting these agents and processes, including bone marrow aspirate [1,62,66], can be 

helpful in ruling in or out HRTV infection. Based on the wide range of differentials, treatment often 

begins empirically with tetracyclines or other antibiotics that effectively target bacterial tick-borne 

agents [1,60,63,69]. There are no specific treatments available specific for HRTV, although favipiravir, 

a nucleoside analogue and selective inhibitor of RNA-dependent RNA polymerases with in vitro 

activity against HRTV [31], has also been found to be ameliorate disease in immunodeficient mice 

and hamsters [31,32].  This has likewise shown some promise for treating SFTSV infections in 

humans [70,71], indicating there may be some potential for using this drug in an off-label, emergency 

setting. Supportive therapy, including blood and/or platelet transfusions and intravenous fluids are 

often necessary, as well as treatments addressing any underlying comorbidities. 

The prognosis for HRTV infections is generally guarded and relies heavily on managing pre-

existing conditions. Fatal infections have been reported and make up roughly 5-10% of published 

cases – most with serious underlying conditions [60,62,67]. Short-term fatigue, memory deficits, and 

anorexia following discharge, 4-6 weeks in duration, may be expected, with long-term sequelae 

reported on occasion as well [1]. 

To date, there have been no reports of symptomatic HRTV infections in domestic animals, 

though as noted above, some have been found to be seropositive. Idiopathic or immune-mediated 

cases of thrombocytopenia are occasionally reported in dogs [72,73], and only rarely in cats [74,75], 

cattle [76], and horses [77], with primary differentials mirroring those noted above for humans – 

including regional tick-borne diseases and bone marrow disorders. Diagnostic approaches also 

follow those listed above for humans, and in areas where the disease has been reported in human 

populations it would be important to consider adding HRTV screening to conventional testing 

protocols for tick-borne agents, especially when tests for more prevalent agents are negative. 

As with HRTV, clinical cases of SFTSV most commonly present in elderly men, mainly in rural 

areas in individuals with links to farming and agriculture [58]. Clinical symptoms likewise include 

fever, with the addition of gastrointestinal and CNS signs. Blood profile and metabolic panel findings 

mirror those of HRTV, including thrombocytopenia and elevated liver enzymes [78]. Conservative 

treatment addressing underlying conditions is often applied, though both ribavirin and favipiravir 

have shown some potential for treatment in a clinical setting [79]. Additional prospective, 

randomized trials may help reveal the utility of antiviral treatments – though the importance of early 

differentiation and diagnosis in the evaluation of various treatment options cannot be understated 

[79]. Fatality rates are similar between cases of HRTV and SFTSV, with regional variation from 5-

50%; patients most commonly succumb as a result of multiple organ failure [78,80]. Poor prognostic 

indicators in cases of SFTSV include age, CNS symptoms and other comorbidities, and higher viral 

loads [80] – the latter a potential avenue to explore in cases with HRTV.      

8. Diagnosis and Surveillance 

Several approaches have been developed to diagnose and detect HRTV infections in humans, 

animals, and vector species, and largely mirror those used in the diagnosis of SFTSV. Perhaps the 

most widely used approach is nucleic acid-based testing approaches like quantitative reverse 

transcriptase-PCR (qRT-PCR), though antibody-based assays and virus isolation relying on the 

virus’s ability to replicate in Vero E6 cells have also been used to effectively diagnose and detect 
HRTV infections in a range of species. Other cell lines may be useful for virus isolation, though have 

thus far only been used in propagation experiments [9,14,81].   

Two different sets of primers and probes, targeting the S segment of the HRTV genome, have 

been developed for qRT-PCR and have been used extensively in both human diagnosis and pooled 
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tick surveillance [19,44–46,48,49,82,83]. A third primer and probe set has been developed for use as 

part of a panel for screening insects for several different vector-borne diseases, though to date has 

not been used in field studies or to detect infections in humans [84]. Conventional RT-PCR, targeting 

each of the three segments of the HRTV genome, has also been described as a diagnostic option for 

humans [65]. Finally, an isothermal recombinase polymerase amplification with lateral flow (RPA-

LF) assay, a rapid nucleic acid detection assay that permits amplification and product observation 

without the need for expensive instrumentation, has been developed to allow a more convenient 

point-of-care approach for diagnosing infections, though its use in field cases of HRTV infection has 

not yet been examined [85]. 

Immunologic assays have also been developed and employed to detect present HRTV infection 

or past exposure in both humans and animals. The simplest of these is a standard serum 

neutralization assay, whereby serially diluted serum samples are assessed for plaque reduction-

based neutralization (PRNT) ability in Vero E6 cell culture. The PRNT assay has been used to screen 

both human and animal serum as part of surveillance studies, though is not capable of differentiating 

recent and past exposure without paired samples [6,7,17,19,61]. A second approach, using 

microspheres capable of differentiating IgG and IgM antibody classes that target HRTV, has been 

developed which can help distinguish cases with recent or historical exposure [68]. Finally, 

experimental enzyme-linked immunoadsorption (ELISA, targeting general anti-HRTV antibodies) 

and immunohistochemistry (IHC, recognizing HRTV nucleoprotein) approaches have been 

developed for use in evaluating experimentally challenged animals and human post-mortem 

samples, though have not seen wide-scale use [5,27,31,62].   

9. Prevention 

At present, prevention of HRTV infections in humans relies on general tick avoidance practices. 

Preventing tick bites in people is best achieved through common measures including (1) avoiding 

tick-endemic areas, e.g., tall grasses or heavily brushy or wooded areas, (2) tick repellants, including 

synthetic options like permethrin or DEET, or natural products like oil of lemon eucalyptus, and 

importantly (3) performing a full body check and thoroughly examining clothes and pets when 

returning from areas where ticks are known to be found [86]. Effective tick preventatives and 

acaricides are also widely available for use in large and small domestic species, though pet owners 

should consult their veterinarian to identify the most appropriate product for a given species [87].   

Given the relatively sparse numbers of HRTV cases, motivation for the development of a vaccine 

has been lacking. A recent study, however, has identified an effective expression platform for HRTV-

like particles which may be useful in future vaccine testing and production [88]. This platform, used 

to develop constructs for a range of different arboviruses, employs a vaccinia virus backbone with 

two HRTV gene segments of interest – the Gn/Gc polyprotein and N protein genes – under an 

inducible promoter, a control mechanism that restricts viral production in the absence of tetracycline. 

This allows for the efficient production of virus-like particles in vitro, while restricting in vivo 

replication.  Without suitable animal models, this construct has not yet been evaluated for efficacy 

in preventing HRTV infections. 

Several approaches to vaccine development for SFTSV have recently been reported, including 

DNA vaccines targeting Gn and Gc proteins, attenuated recombinant viral vaccines, and recombinant 

vesicular stomatitis virus-based vaccines [89]. Each of these have shown in vitro and, more 

importantly, in vivo effectivity in animal model species, with some evidence for the potential for 

cross-protection against HRTV infection [90], affording optimism for the future development of 

effective vaccines against HRTV, where necessary. 

In addition, a reverse genetics system for HRTV has recently been established that may provide 

a valuable tool for the development of rationally-designed live-attenuated vaccines [14]. Deletion of 

the NSs gene of HRTV produced a virus that was fully attenuated in Ag129 mice. Furthermore, 

inoculation of mice with this mutant provided 100% protection from subsequent wild-type challeng. 

The addition of other key attenuating mutations to the HRTV genome using this reverse genetics 

platform may provide even safer, more efficacious vaccine candidates.  The success of live-
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attenuated vaccines for related RVFV highlights the need for the continued development of such 

vaccines for bandaviruses like HRTV.         

10. Conclusions and Future Directions 

Much has been learned about Heartland virus since its initial discovery in the United States over 

a decade ago. Cell culture systems have been developed which have allowed for effective isolation 

of the virus, which have also proven useful in serum neutralization assays. Sequencing of the 

segmented RNA genome has allowed for comparison to known viruses – including the closely-

related severe fever with thrombocytopenia syndrome virus, as well as for the crucial development 

of nucleic acid-based testing assays. Identification of the viral vector(s) responsible for transmission, 

as well as potential reservoir species, has given us a better understanding of disease ecology, potential 

geographic range, and approaches to prevention. Case numbers since its discovery have fortunately 

been rare, though have provided clinicians with a general understanding of the typical clinical 

presentation and possible treatment protocols.      

Though much has been learned about HRTV, there remain a number of unanswered questions. 

Perhaps the most pressing knowledge gap that needs to be addressed is the confirmation of true 

reservoir or amplification species, as well as identification of an immunocompetent animal model 

system. Although several wild animal hosts have been found to be seropositive, as noted above, none 

so far have demonstrated viremia and thus a potential for transmitting the virus to naïve ticks. 

Additional serosurveillance studies in areas where HRTV infections have been reported, as well as 

where the A. americanum vector are prevalent, are warranted, and should include additional targets 

such as rodent and avian species – species that are intricately involved in the transmission cycle of a 

range of historic and emerging arboviruses and are known or suspected hosts for A. americanum 

[91,92]. Identification of reservoir species would also assist in the establishment of suitable animal 

model systems, where more could be learned about viral pathogenesis, treatment and prevention 

options – including vaccine development following important groundwork laid by SFTSV research, 

and vector transmission factors. Fundamental research on the viral protein structure/function and 

virulence determinants is importantly lacking as well, though the recent development of a reverse 

genetics system should aid future studies once more suitable animal model systems are identified.    

Serosurveillance studies should likewise continue in human and domestic animal populations, 

with additional consideration for the development of screening assays (ELISA +/- indirect 

fluorescence assays) for non-neutralizing antibodies directed against the N protein, to better assess 

the distribution and clinical impact of HRTV infection. An important target to consider would be 

healthcare providers responsible for caring for HRTV-infected patients, to help rule out the potential 

for nosocomial transmission. Cases of idiopathic or immune thrombocytopenia (ITP) are occasionally 

encountered in both human and veterinary practice [73,93,94], and addition of HRTV nucleic acid 

amplification tests to common screening protocols for cases with ITP is also warranted, along with 

investigations into the relationship between viral load and clinical outcomes. Although a multiplex 

qRT-PCR has been developed for screening insect vectors for HRTV and other arboviruses, a panel 

that incorporates HRTV would also be important to help differentiate causes of thrombocytopenia 

and fever in humans and other species. Agents to include in such a multiplex might include Ehrlichia 

chaffeensis and ewingii, Rickettsia rickettsii, Babesia species, and perhaps SFTSV, as they are important 

differentials with overlapping clinical symptoms. Seroprevalence and infection rates may be low 

across humans and domestic species, suggesting some level of barrier to natural infection, however 

it seems likely that exposures greatly exceed the frequency of clinical cases, as is the case with many 

arboviruses [95].  

Finally, continued surveillance for closely related viruses in wild species would also help clarify 

the origin and evolutionary trajectory of HRTV, as it has with the related SFTS virus [96]. Additional, 

closely related bandaviruses may be uncovered that would allow a more complete understanding of 

species susceptibility, disease transmission, and evolution of this genus. Because of the propensity of 

segmented bunyaviruses to reassort in vivo [97,98], it would be worthwhile to consider investigations 
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into pathogenic properties of HRTV reassortments with related viruses, including SFTSV, to better 

predict future potential for bandavirus-related zoonoses. 
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