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Summary

In humans, hantaviruses can cause haemorrhagic fever with
renal syndrome (HFRS) or hantavirus cardiopulmonary
syndrome (HCPS). Currently it is estimated that 150,000
to 200,000 cases of hantavirus disease occur each year,
the majority being reported in Asia. However, human hant-
avirus infections are increasingly reported in the Americas
and Europe. Although many of the underlying pathogenic
mechanisms still remain unclear, recent evidence rather ar-
gues against a purely immune-mediated pathophysiology
of human disease. Despite the high morbidity and case-
fatality rates of HFRS and HCPS, respectively, no vaccine
or drug is currently proven to be preventive or therapeutic.
This review summarises clinical features and current epi-
demiological findings, as well as concepts regarding the
immunology, pathogenesis and intervention strategies of
human hantaviral diseases.
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Introduction

Hantaviruses can cause two distinct illnesses in humans:
haemorrhagic fever with renal syndrome (HFRS) caused

Figure 1

Geographical distribution of pathogenic hantaviruses and principal
associated pathologies in humans.
HCPS = hantavirus cardiopulmonary syndrome; HFRS =
haemorrhagic fever with renal syndrome; NE = nephropathia
epidemica

by so-called “Old World hantaviruses”, or hantavirus car-
diopulmonary syndrome (HCPS) caused by “New World
hantaviruses”. Figure 1 demonstrates the geographical dis-
tribution of pathogenic hantaviruses and principal associ-
ated pathologies in humans.
Human disease caused by hantaviruses has been recognised
for more than 80 years. However, the various causative
hantaviruses were mostly identified decades later, and the
first virus isolate, from the field mouse Apodemus agrari-
us, was achieved only in 1976 by Lee et al., who named it
Hantaan virus (HTNV) [1]. Nephropathia epidemica (NE)
had already been described in Sweden in the 1930s and was
later shown to be due to Puumala virus (PUUV) infection.
In the early 1950s, Hantaan virus caused HFRS in more
than 3,000 United States troops in Korea [2, 3]. In 1993,
a previously unrecognised syndrome characterised by res-
piratory failure and shock (HCPS) was reported in the
south-western United States (Four Corners region). Sub-
sequently, Sin Nombre virus (SNV) and the deer mouse,
Peromyscus maniculatus, were identified as the aetiolo-
gical agent and natural reservoir, respectively [4, 5]. In
1995, South American hantaviruses with genetic similarity
to SNV were identified. The Oligoryzomys-borne hantavir-
us, Andes virus (ANDV), was implicated in the first recog-
nised HCPS cases in Argentina [6]. Later, other pathogen-
ic hantaviruses and their associated rodent reservoirs were
discovered in Central and South America [7, 8]. Currently,
it is estimated that 150,000 to 200,000 cases of hantavirus
disease occur per year, of which 70% to 90% correspond
to HFRS cases in China. However, reported cases in the
known endemic areas in Asia, Scandinavia and the Amer-
icas seem to be on the rise. For instance, in Germany an all-
time peak of hantavirus infections was noted during 2012
[9]. Also, the 2012 outbreak in Yosemite Park, a formerly
unaffected area, involved ten patients, three of whom died
[10]. Additionally, the number of countries in which hant-
avirus in rodents and HCPS cases in humans have been
identified has progressively increased [11–15]. Thus, clini-
cians should be reminded to consider hantavirus infections
among the possible diagnoses in patients with fever, throm-
bocytopenia, respiratory symptoms and/or signs of renal
failure.
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Virus and epidemiology

Hantaviruses are negative-sense single-strand ribonucleic
acid (RNA) viruses, which belong to the family of Bun-
yaviridae. In contrast to the other members of the Bunyavi-
ridae family, the genus hantavirus is not transmitted to hu-
mans by arthropods (e.g., mosquitos), but directly by small
mammals that are the natural reservoir. In total, over 40
hantavirus species are currently known and 22 of them are
considered pathogenic for humans. Each of these is strictly
associated with a unique rodent host, which belongs to one
of three rodent subfamilies. Consequently, the geographical
distribution of the different hantavirus strains is determined
by the distribution of the respective rodents.
Importantly, moles, shrews and bats are also increasingly
described as natural hosts of new members of the hant-
avirus genus (e.g., Huangpi virus, Lianghe virus, Longquan
virus, Yakeshi virus, Seewis virus). However, the patho-
genicity of these viruses for humans is unclear. Also, there
are reports of seropositive domestic animals such as dogs
and cats, suggesting that these become infected from con-
tact with infected primary hosts. However, there is neither
evidence of disease in these species nor of a role as a reser-
voir for human infection.
Chronically infected rodent hosts show substantial levels of
viral replication despite the presence of neutralising anti-
bodies, but no clinical signs of illness; however, the virus
may affect their lifespan [16]. It is believed that the incid-
ence of infected rodents is influenced by several factors, in-
cluding climate and land cover, both of which affect food
availability and, in turn, changes in population density. In-
creases in the rodent population density usually lead to an
increase in hantavirus infection and transmission among
rodents, followed by an increase of human infections [17].
Transmission to man occurs via inhalation of aerosols de-
rived from the vector’s urine, faeces or saliva, but may
possibly also be due to bites by infected animals [18, 19].
Hantavirus survival in the environment is very important
for transmission. Wild-type PUUV remains infective in
contaminated bedding at room temperature for 12–15 days
and is inactivated after 24 hours at 37 °C [20]. Globally, the
main factors that affect survival of hantavirus outside the
rodent host are temperature, humidity, exposure to ultravi-
olet light and sunlight, and the organic content of the con-
taminated fluid. Optimal conditions for survival in the en-
vironment may vary for different hantaviruses and explain
the differential infection dynamics in rodents and humans.
Peridomestic exposure occurs in human settlements in rural
areas close to natural reservoirs of the rodents. Exposure
may also occur when humans invade the rodent’s natural
habitat (e.g., forestry workers, camping tourists, soldiers).
Conversely, reservoir rodents may enter abandoned human
housing (e.g., summer residences) in their search for food
and leave contaminated droppings, urine and nesting ma-
terial to which humans are exposed upon their return. In
Chile, approximately 25% of the cases of HCPS are asso-
ciated with recreational activities and 75% are acquired by
residents in rural areas through peridomestic or occupation-
al exposure. Importantly, very recent reports indicate Seoul
virus (SEOV) infection in United Kingdom-derived pet rats
of the Rattus norvegicus species [21–23]. Thus, distribu-

tion of infected pets may further extend the risk of expos-
ure even to persons who did not cross the rodent’s natural
habitat. In the future, testing of pet rats before sale could
become necessary in order to diminish such cases.
In the case of the South American ANDV, an additional
risk factor has to be considered: ANDV is the only hant-
avirus for which person-to-person transmission has been
consistently documented [24, 25], albeit with limited effi-
ciency and accounting for a low proportion of cases. An
elegant study by Ferres et al. showed that, among 476
household contacts of 76 ANDV-infected index cases, 16
contacts (3.4%) developed HCPS [26]. It was shown that
being a sex partner of, or sleeping in the same room as a
patient, as well as exposure to a patient’s body fluids, were
significant risk factors for secondary infections. Import-
antly, an earlier study did not find increased incidences of
ANDV infection among healthcare workers who had been
in contact with acutely ill ANDV-infected patients [27].
However, one report from Argentina and one from Chile
suggest that patient care during the prodromal phase of the
infection may be a risk factor for hantavirus acquisition
[28, 29].
Seroprevalence in endemic Chilean regions was found to
be 1.9% [27] and could be as high as 7.5% in certain areas
and populations (e.g., farmers and forestry workers) with
elevated risk for exposure [30]. However, the highest re-
ported seropositivity rates of 15% to 60% come from rural
areas of Panama, Paraquay and Argentina [31–33]. In the
Four Corners region, the United States’ endemic site for
SNV infections, studies have revealed up to 1% seropos-
itivity, whereas the general United States population prob-
ably shows less than 0.1%. In China, the world’s most en-
demic region for hantavirus diseases, it is estimated that
seroprevalence in the general population is <5%. In a re-
cent study in German forestry workers, 8.2% of men and
15.6% of women were seropositive [34], mostly specific-
ally for Tula virus and Dobrava virus.
In Switzerland, in Canton St. Gallen the first survey of
hantavirus-specific immunoglobulin G (IgG) in popula-
tions of eastern Switzerland revealed low seroprevalence
rates which did not differ significantly between populations
at higher risk for hantavirus infection (0.0%–1.9%) and
the average adult population (0.5%) [35]. In addition, in
Switzerland, infection with PUUV was shown in a patient
without a history of travel during the incubation period,
suggesting that infection may be endemic and independent
of migration [36]. In the future, incidences in Switzerland
may, become similar to those in neighbouring countries.
For instance, in 2012 in Germany, reports of hantavirus in-
fections reached an all-time high, with more than 2,800
cases [9]. The majority of these cases had been reported
in the federal state of Baden-Württemberg, neighbouring
Switzerland, with PUUV being the most prevalent strain
[37]. Thus, although exposure to hantaviruses is currently
not perceived to be a public health problem, these numbers
indicate that it may be or become more frequent than sug-
gested by the low incidence of reported cases and the low
seroprevalence.
The clinical expression of the infection may vary with dif-
ferent hantaviruses, and in areas with high seroprevalence a
high proportion of infections may be asymptomatic or have
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only mild symptoms (febrile illness without HCPS). In one
prospective study in Panama, the ratio of infection detected
by seroconversion to infection resulting in HCPS was 14:1
[31].
Incidence rates of infection and HCPS may vary signific-
antly in different areas: in rural areas of Panama the finding
of 70 seroconversions in 857 person-years of observation
was equivalent to 8 infections per 100 person-years [31]. In
contrast, in Chile, which represents the most endemic re-
gion for HCPS, the mean incidence rate is 0.29 cases per
100,000 inhabitants/year and in the United States the rate is
0.009/100,000.

Clinical characteristics

Following infection of target cells, hantaviruses may lead
to two zoonotic diseases in humans: haemorrhagic fever
with renal syndrome (HFRS) or hantavirus cardiopulmon-
ary syndrome (HCPS). Both clinical entities are caused by
subsequent breakdown of the endothelial barrier function
in capillary vessels, but clinical development and fatality
rates are very different.
For HFRS, as well as NE, an incubation period ranging
from 10 days to 6 weeks followed by a febrile phase with
nonspecific signs, such as myalgia, headache, abdominal
pain and malaise, and also neurological, cardiovascular and
gastrointestinal symptoms [38]. In addition, ocular symp-
toms such as refraction abnormalities, which do not seem
to occur as a result of central nervous system involvement,
may occur during PUUV infection [39]. Haemorrhage may
occur as injection of the conjunctiva and mucosa. Subse-
quently, patients enter a hypotensive phase with symptoms
of vascular leakage, which is often associated with throm-
bocytopenia, shock and, in a proportion of cases, mental
confusion. The following oliguric phase may last up to 5
days with risk for hypertension, pulmonary oedema and
renal insufficiency, and often determines the patient’s fate,
with approximately 50% of all fatalities occurring in this
phase. After the subsequent diuretic phase, which may last
months, the convalescent phase starts. Severity and case-
fatality rates of HFRS depend on the causative strain, with
DOBV and HTNV reaching approximately 10% and 5%,
respectively [40, 41]. HFRS due to SEOV may reach a
case-fatality rate of 2%, whereas PUUV-induced NE leads
to death in 0.08% to 0.4% [41] of patients.
For HCPS, the incubation period is usually up to 17 days
for SNV infection, but may be as long as 38 days for
ANDV [42]. As with HFRS, the febrile phase may last up
to 5 days and mostly consists of nonspecific, influenza-
like symptoms: fever, myalgia, headache, malaise and arth-
ralgia. Gastrointestinal and neurological signs may also
occur in this phase. Abdominal pain may be severe and
is occasionally missdiagnosed as an acute abdomen, with
some patients undergoing surgery. Laboratory findings in-
clude thrombocytopenia, leucocytosis or leucopenia, a high
haematocrit (due to extravasation of fluid), peripheral im-
munoblasts (a sign of massive immune stimulation), usu-
ally a differential lymphocyte count of over 10%, abnormal
liver function tests, a mild increase in creatinine, hy-
ponatraemia and proteinuria [43–47].

When patients present at the hospital with more specific
symptoms, such as cough and dyspnoea, tachycardia and
hypotension, HCPS is usually already at an advanced stage.
Even though disease expression may vary with different
viruses, approximately 50% of the infections evolve to a
cardiopulmonary phase characterised by dyspnoea, cough,
tachycardia and hypotension, which reflect rapidly pro-
gressive pulmonary oedema caused by capillary leakage
and low cardiac output. Consequently, cardiogenic shock is
the main cause of death. Thrombocytopenia and intravas-
cular coagulation syndrome are commonly reflected in
haemorrhagic manifestations in various sites (haematuria,
intestinal bleeding, metrorrhagia) and indicate negative
prognosis. Renal failure may occur in up to 50% of the pa-
tients. Elevation of pancreatic enzymes may occur in some
patients and encephalitis has also been reported incident-
ally [48].
Severity and case-fatality rates of HCPS vary considerably
between geographical regions; acute infection by most
New World hantaviruses, including Sin Nombre, Andes,
Araraquuara and Juquitiba, result in case-fatality rates of
25% to 40%, whereas in Panama (Choclo virus) the case-
fatality rate is 10%, and in Paraguay (Laguna Negra virus)
it is 15%. It should be noted that these lower mortality rates
occur in areas of unusually high seroprevalence [49]. One
hallmark of HCPS is the fulminant development of respir-
atory failure, followed by shock, which often makes mech-
anical ventilation, vasoactive drug support or extracorpor-
eal membrane oxygenation necessary. Owing to the rapid
onset and progression of the disease most deaths (90%)
occur during the first 48 hours of the clinical course of
HCPS [46, 50]. In contrast to the adult acute respiratory
distress syndrome seen in other systemic infections, respir-
atory failure in HCPS resolves within a few days and is
followed by a polyuric phase. Of note, patients may not
fully recover from symptoms associated with hantavirus in-
fection (fatigue, myalgia, dyspnoea) for months; one study
reported that survivors remained with exertional dyspnoea
for 1 to 2 years after acute infection in 43% (Panama) and
77% (New Mexico) of cases [51].
Because of the high mortality, the absence of any proven
antiviral treatment or vaccine and the virtual absence of
protective immunity in the general western population,
HCPS-causing hantaviruses are considered Biodefense
Category A pathogens within the antibioterrorism pro-
gramme of the National Institutes of Allergy and Infectious
Diseases (NIAID). Consequently, major research funding
had been invested in the search for preventive and thera-
peutic methods during the last two decades. In Chile, this,
in combination with large national programmes and exten-
ded research, has led to improved prevention, faster dia-
gnosis and optimised intervention. As a consequence, the
fatality index has been lowered from 60% to around 30%
among the approximately 60 HCPS cases per year. Simil-
ar learning-curve phenomena with significant reductions of
case-fatality rates have been observed in other countries.
As disease awareness and availability of diagnostic tests in-
crease, earlier diagnosis, prompter transportation to centres
with intensive care units and more aggressive management
of the complications are pursued.
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Diagnosis

IgG/IgM responses against hantavirus nucleocapsid anti-
gen (N-antigen) represent the standard diagnostic tool. B-
cell N-antigen epitopes are largely conserved among hant-
aviruses, thus often not allowing differentiation between
the various hantavirus strains. However, sensitivity and
specificity of clinical serological assays for detection of
hantaviruses in specific areas may vary according to the
virus N-antigen used as capture antigen. Assays for simul-
taneous detection of antibodies against clinically important
Old and New World hantaviruses have been developed, as
well as assays for viruses circulating in specific areas using
homologous N-antigen to improve the detection and dia-
gnostic capabilities [52–57].
Most of the tests currently use recombinant nucleocapsid
protein, and the most common types of tests are based on
an enzyme-linked immunosorbent assay, indirect immuno-
fluorescence or strip immunoblot. Close to 100% of the pa-
tients have IgM and IgG antibodies detected upon onset of
the symptoms of vascular leakage (acute phase); however,
sensitivity to detect these antibodies may be lower during
the prodromal phase of the infection, thus hindering early
diagnosis.
Antibody responses against glycoproteins Gn and Gc
(formerly known as G1 and G2) are not considered of
major diagnostic importance, as they develop later in the
course of infection and are much less conserved among
different strains. Because of the low seroprevalence in the
population in Europe and the United States, diagnosis is
usually made by detection of IgM and IgG against hant-
aviral N-antigen in these countries. Reverse tran-
scriptase‒polymerase chain-reaction (RT-PCR) not only
offers direct detection of the viral genome, but also allows
identification of the underlying hantaviral genotype, thus
bypassing limitations of serological tests. On the other
hand, RT-PCR technology is technically more complex and
its availability, therefore, is limited. Most interestingly,
testing of whole blood samples rather than serum may
provide an important advantage. In a prospective study on
household contacts of ANDV-infected index cases, Ferres
et al showed that quantitative PCR on whole blood samples
turned positive up to 5 to 15 days (median 11) before ser-
ological diagnosis and onset of HCPS, whereas seroposit-
ivity coincided with clinical symptoms [26]. Thus, in cases
with high pretest probability (e.g., a contact of an index pa-
tient or documented source of exposure) quantitative RT-
PCR testing of nucleated peripheral blood cells may be
more suitable than antibody detection.
In Switzerland, patients are most likely to be either PUUV-
infected residents or returning travellers who are already
symptomatic. Thus, testing for anti-N antibodies should be
sufficient to confirm the diagnosis in most cases. However,
in Switzerland samples can be referred to “Zentrum für
Labormedizin” in St. Gallen for both serological and PCR
(PUUV) testing.

Immunology and pathogenesis of
human disease

The primary target cells of hantavirus infection are en-
dothelial cells of capillaries of various organs, primarily of
the lung and kidneys, although infection occurs in a vari-
ety of other organs and cell types (endothelial and epithelial
cells, macrophages, follicular dendritic cells, lymphocytes,
neutrophils and platelets). The main receptor in endotheli-
al cells for pathogenic hantavirus is beta-3-integrin. Infec-
tion is followed by impairment of the barrier function of
endothelial cells, fluid extravasation and subsequent organ
failure. However, although appearance of neutralising ant-
bodies (NAbs) seems to impair the development of disease
(see below), the mechanisms for the so-called “vascular
leak” are largely unknown. Notably, infection of endotheli-
al cells by hantavirus is noncytopathic in vitro and in vivo,
which has led to the hypothesis that a strong cellular im-
mune response, elicited by cytotoxic CD8+ T cells, may be
responsible for hantavirus pathogenesis in man. However,
the absence of necrotic endothelial cells despite presence
of inflammatory T cells in lung tissue of HCPS patients
[58] seemed to argue against T-cell mediated organ dam-
age. A recent paper showing that the N-antigen of hant-
aviruses protects infected cells from caspase-3–dependent
apoptosis [59] may explain this discordant finding. In line
with the hypothesis of T-cell mediated immunopathogen-
esis, early studies in a small number of acute HCPS pa-
tients (with SNV infection) pointed towards human leuco-
cyte antigen (HLA) B*35 as a risk factor for a severe HCPS
outcome [60]. Likewise, analysis of peripheral blood cells
showed higher frequencies of SNV-specific CD8+ T cells
in patients with a severe outcome, as compared with those
with a mild/moderate outcome. However, the differences
between severely and mildly/moderately affected patients
were based on data from two out of seven patients and
on frequencies of tetramer-positive cells only. Furthermore,
Ferrer et al. and investigations at our lab on the T-cell
memory pool of Chilean survivors of ANDV seem to argue
against a T-cell mediated immunopathogenesis: firstly, the
HLA-B*35 allele was more frequent in patients with mild
HCPS [61]; secondly, HLA-B*35 associated memory T-
cell responses were stronger in patients with mild outcome
of HCPS [62]; thirdly, T-cell dynamics and differentiation
in a prospectively studied patient emphasised the role of T
cells in viral clearance after the acute phase of HCPS [63].
Finally, compelling evidence arguing against a T-cell medi-
ated pathogenesis of HCPS derives from two recent studies
in ANDV-infected Syrian hamsters, the sole animal mod-
el of HCPS [64, 65]. Both studies showed that depletion of
T cells (either before or 6–8 days after ANDV infection,
respectively) did not impact disease onset or outcome of
HCPS.
As cellular immune responses may not be sufficient to ex-
plain hantavirus pathogenesis, mechanisms based on direct
virus-cell interactions come more into focus. In this regard,
important contributions come from the group of Mackow
et al., who compared pathogenic and nonpathogenic hant-
aviruses [66, 67]. Whereas pathogenic hantaviruses seem
to inhibit innate type I interferon (IFN) responses by infec-
ted cells, nonpathogenic viruses, such as Prospect Hill vir-
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us, are not capable of doing so. This may be relevant for
the pathogenicity of hantaviral infections, since IFN-beta
protects from vascular leakage by upregulation of CD73
on endothelial cells [68]. This finding was recently be con-
firmed in an in-vitro model of Dengue 2 virus infection
[69]. Moreover, in vitro pathogenic hantaviruses initiate
viral entry by binding to the alphaVbeta3 integrin, whereas
nonpathogenic viruses use alphaVbeta1 [67, 70]. Since in-
activation of virus-bound beta-3-integrins contributes to
deregulation of vascular endothelial growth factor recept-
or-2 (VEGFR2) and diminished antagonism of vascular en-
dothelial growth factor (VEGFA), this may lead to impair-
ment of vascular endothelial (VE) cadherin expression and
subsequent loss of endothelial barrier function.
However, direct virus-cell interactions may not explain
why onset of clinical symptoms occurs so late during infec-
tion, usually at a time-point when viral load is already fall-
ing, at least in plasma. Likewise, the aetiology of thrombo-
cytopenia, a common feature in hantaviral diseases, is far
from being clarified. Several authors have suggested that
thrombocytopenia could be due to platelet consumption in
response to the damage to the endothelial layer. Others sug-
gested that this may be the direct consequence of the virus
interaction with beta-3-integrin receptor on platelets [71].
During the acute phase, the dynamics of the development
of neutralising antibodies against the surface antigens Gn
and Gc is considered to be of crucial importance for clinical
outcome. Bharadqwaj et al showed that SNV-infected pa-
tients with mild HCPS showed significantly higher NAb
titres at the time of disease onset than those patients with
severe HCPS [72]. Similar results have been found for
patients with acute ANDV infection [7]. After convales-
cence from hantaviral disease, humans are considered to
be protected for life against reinfection and to date there
are no reports of reinfection. Immunity is mediated by
NAbs at high titres, which can readily be detected up to
35 years after infection. Conversely, passive immunisation
with both patient-derived or vaccine-induced NAbs was
capable of protecting Syrian hamsters from HCPS even 5
days after otherwise lethal ANDV infection [73].
It is, however, unclear how NAb titres can be maintained
for decades if one assumes that hantaviruses are usually
cleared within days at the time of clinical presentation [74].
As shown by Pinschewer et al. titres of NAbs usually re-
quire permanent stimulus in order to be maintained [75].
Intriguingly, our study in convalescent ANDV-infected pa-
tients showed that even in patients who had never returned
to ANDV endemic areas since their primary infection, NAb
titres were either maintained or even rising up to 11 years
after acute infection [62]. These findings, together with
those of high frequencies of nonproliferative, terminally
differentiated CD8+ T cells, suggest latent antigen expos-
ure in ANDV patients, which may not be explained by ex-
trinsic re-exposure. In this context, it is noteworthy that
prospective follow-up data from Ferres et al. [26] and Vial
et al. [29] in patients with severe HCPS indicate that viral
genome can be detected in blood cells as early as 15 days
before and as late as 90 days after the onset of clinical
symptoms. These data alter our previous view that in hu-
mans hantaviruses are present and cleared within several
days. In fact, it may indicate the propensity of the virus to

establish latency in certain tissues. However, to date, and
despite several attempts, virus could not be cultivated from
convalescent patients. Nevertheless, to our knowledge
immune-privileged sites (such as testes, brain) of convales-
cent patients are not being systematically examined post
mortem for viral antigens.
Although the importance of NAbs for immunity to hant-
aviruses is being extensively investigated in several stud-
ies, the protective role of antiviral T cells is much less
defined. As pointed out above, there is probably more evid-
ence against than in favour of the hypothesis of T-cell me-
diated immunepathogensis. Indeed, indirect evidence of the
memory T cell pool of ANDV-infected patients as well as
T-cell dynamics in a prospectively studied patient, seem
rather to emphasise a role of T cells in viral clearance
and survival after HCPS [62, 63]. An association between
strong T-cell responses and favourable disease outcome
was especially true in HLA-B*35–positive survivors of
ANDV infection. Interestingly, the same association has re-
cently been confirmed in HTNV infected patients, espe-
cially when they were HLA-A*2 and HLA-B*35–positive
[76].
Given that the fatality rate of ANDV infection in Syrian
hamsters is much higher than in humans, it is rather diffi-
cult to study what impact T cells have on viral clearance
and survival. However, data from Martinez et al. in the
Syrian hamster model showed that T cells might be able to
confer protective, not sterilising, immunity. Hamsters vac-
cinated with the ANDV N-antigen were protected from ho-
mologous challenge with ANDV but less towards Seoul
Virus [77]. Since NAbs against glycoproteins Gn and Gc
were not detected, these data suggest that a preventive T-
cell based vaccine might be possible.

Current treatments, trials and outlook

Several studies have indicated that ribavirin is capable of
inhibiting replication of SNV and ANDV in vitro, as well
as in in-vivo models. However, although in a randomised
study of HFRS patients ribavirin led to decreased morbid-
ity and mortality [78], acute HCPS patients (with SNV in-
fection) did not benefit from the treatment [79, 80]. This
is consistent with observations in a recent study, in which
ribavirin was capable of protecting 100% of ANDV-infec-
ted Syrian hamsters if administered either before or up to
3 days after infection with ANDV [81], whereas protec-
tion was markedly decreased when it was administered 5
or 7 days after infection. Given that the clinical present-
ation (and earliest possible treatment with ribavirin) of
HCPS usually occurs 1–5 weeks after the supposed infec-
tion, these data may explain why ribavirin was not effect-
ive in acute HCPS patients. Nevertheless, it is tempting to
speculate that prospective treatment of household contacts
of index cases with acute HCPS could benefit from ribavir-
in treatment [81].
As outlined above, pathogenic hantaviruses may disrupt the
VE-cadherin-VEGFR2 interaction by both binding to al-
phaVbeta3 integrins and inducing VEGF. Consistent with
this finding, in-vitro inhibitors of the VEGFR2 or Src
kinase could abolish ANDV-induced hyperpermeability
[82]. It will be interesting to see which effects small or
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large molecules blocking the VEGF-VEGFR interaction
or downstream signalling pathways (e.g., vandetanib or
aflibercept) may show in future in-vitro and in-vivo studies.
However, even if significant effects were seen in these
models, it remains doubtful whether therapeutic interven-
tion along the VEGF-VEGFR2 pathway will lead to clin-
ically relevant improvement in patients who are already
symptomatic.
Based on the hypothesis that HFRS and HCPS are caused
by an exaggerated host immune response, there have been
attempts to prevent severe HCPS by the use of steroids dur-
ing the acute phase. However, only recently it was shown
in a randomised trial in ANDV-infected patients that the
use of high doses of methylprednisolone upon hospitalisa-
tion is not beneficial and therefore not recommended [50].
The basis for these disappointing results is not clear, but it
is likely that the underlying immune mechanisms of HCPS
are already too advanced to be influenced by steroids once
patients become symptomatic.
Given the importance of NAbs for disease outcome, pass-
ive immunotherapy could represent a possible treatment for
acute HCPS. Currently one clinical trial is underway to as-
sess safety and efficacy of transfusion of serum from con-
valescent patients (containing high titres of NAbs) into pa-
tients with acute HCPS. Despite the currently small sample
size of around 40 patients, preliminary results are encour-
aging, as they indicate a markedly reduced fatality index
in the treatment group as compared with usual fatality of
around 30% [83].
In addition to minimisation of the risk of exposure and ro-
dent control as prevention strategies, the demand for pre-
ventive vaccines for hantavirus infections is steadily in-
creasing. In Chile alone, around 5 million people live in
endemic areas. It is estimated that the demand for vaccines
lies in the tens of millions in Europe and probably more
than 100 million in Eurasia [84]. Vaccine development
needs to take the different epidemiological settings and
causative hantaviruses into account. However, there are
attempts to develop a “one-size-fits-all” solution by pan-
hantavirus vaccines covering both HCPS- and HFRS-caus-
ing hantaviruses [85].
Taken together, very different concepts are currently pur-
sued to either prevent or treat human hantavirus infections.
It remains challenging and interesting to see which of the
current concepts will finally prevail.
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Figures (large format)

Figure 1

Geographical distribution of pathogenic hantaviruses and principal associated pathologies in humans.
HCPS = hantavirus cardiopulmonary syndrome; HFRS = haemorrhagic fever with renal syndrome; NE = nephropathia epidemica
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