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Hantaviruses in Southeast Europe: Climate change,
rodent reservoirs, and One Health challenges
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Hantaviruses are not emerging pathogens in the strict sense, but their public health relevance is being reshaped by climate change,
environmental disruption, land-use change, and increasing human mobility. In Southeast Europe, where Dobrava-Belgrade virus and
Puumala virus remain endemic, these infections should no longer be viewed only as sporadic rodent-borne diseases of rural or forested
environments. Changing ecological conditions can alter reservoir abundance, virus circulation, and human exposure, while fragmented
surveillance and variable diagnostic capacity may obscure the true burden of disease. Although human infection is still driven primarily
by environmental exposure to infected rodent excreta, rare person-to-person transmission of Andes virus and recent travel-associated
clusters illustrate how traditionally localized zoonoses can acquire wider international relevance. This Opinion argues that
hantaviruses should be approached as a climate-sensitive One Health challenge, requiring closer integration of human, veterinary,
ecological, and meteorological surveillance. Strengthening regional preparedness is essential before environmental change further

expands the conditions for transmission.
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Introduction
Hantaviruses, though not novel pathogens, are gaining
increased public health relevance. Traditionally, these zoonotic
viruses were considered geographically restricted, maintained
in specific rodent reservoirs, and primarily associated with
sporadic human cases or localized outbreaks [1]. However, esca-
lating climate variability, ecological disturbances, increased
human-wildlife interaction, and recent reports of hantavirus
infections linked to expedition travel have renewed interest in
hantaviruses as climate-sensitive zoonotic pathogens [2].
Hantaviruses are enveloped, single-stranded RNA viruses
belonging to the family Hantaviridae. The human pathogenic
hantaviruses discussed herein are classified within the genus
Orthohantavirus and are characterized by a strong ecologi-
cal association with small mammal reservoirs, predominantly
rodents [3]. Clinically relevant species include Hantaan virus,
Puumala virus (PUUV), Dobrava-Belgrade virus (DOBV), Sin
Nombre virus, and Andes virus. The latter is particularly note-
worthy due to documented epidemiological evidence support-
ing rare human-to-human transmission during a 1996 outbreak
in Argentina [4, 5]. Southeast Europe represents a historically
significant region for hantavirus circulation, where the epi-
demiology of human disease is primarily driven by DOBV and
PUUV. These viruses are responsible for most cases of hem-
orrhagic fever with renal syndrome (HFRS) reported in the
region [6]. While DOBV predominates in much of the southern
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Balkan Peninsula and is generally associated with more severe
disease, PUUV substantially contributes to the burden of infec-
tion in northern parts of the region and is typically linked to
milder clinical presentations [7]. Given the close link between
hantavirus transmission and reservoir ecology, these infections
reflect the increasingly complex interplay among wildlife, envi-
ronmental change, and human exposure.

Transmission and epidemiology of hantaviruses
Hantaviruses are rodent-borne viruses that establish per-
sistent, typically asymptomatic, infections in their natural
reservoir hosts [8]. Most hantavirus species exhibit a strong
association with specific rodent reservoirs, which largely define
their ecological niche and geographic distribution. Viral trans-
mission among rodents commonly occurs through aggressive
interactions, biting, and exposure to contaminated excreta.
Humans, conversely, are incidental hosts infected through
environmental exposure. Unlike many directly transmitted
viral pathogens, the most common route of human infection
is inhalation of aerosolized particles contaminated with urine,
feces, or saliva from infected rodents [9]. Human-to-human
transmission is exceptionally rare and has been primarily doc-
umented for Andes virus [4, 5].

The epidemiology of hantavirus infections is profoundly
influenced by ecological and climatic factors affecting rodent
population dynamics [10, 11]. Climate variability, food avail-
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Table 1. Distinctions between Old World and New World hantaviruses
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Feature Old World Hantaviruses

New World Hantaviruses

Geographic distribution Europe and Asia

North and South America

Main clinical syndrome HFRS

HPS

Organ involvement

Predominantly renal involvement

Predominantly pulmonary involvement

Major viruses (typical endemic regions)

(worldwide)

Puumala (Northern Europe), Dobrava-Belgrade
(Southeast Europe), Hantaan (East Asia), Seoul

Sin Nombre (North America), Andes (South
America)

Typical disease severity

Usually mild to severe renal disease

Frequently severe cardiopulmonary disease

Mortality Generally lower

Often higher

Reservoir hosts
species

Diverse rodent hosts, including Murinae and Arvicolinae

Primarily Sigmodontinae rodents

Human-to-human transmission Extremely rare

Documented mainly for Andes virus

Relevance in Southeast Europe High

Minimal

Abbreviations: HFRS, hemorrhagic fever with renal syndrome; HPS, hantavirus pulmonary syndrome.

ability, habitat disturbances, and seasonal changes all impact
rodent population density, migration patterns, and breeding
activity, thereby increasing the risk of zoonotic transmission.
Milder winters can prolong rodent survival and reproductive
activity, while increased precipitation and vegetation growth
often enhance food availability and support the expansion of
reservoir populations [12]. Flooding events can also increase
contact between humans and displaced rodents. This is partic-
ularly relevant in Southeast Europe, where extensive forested
habitats and established rodent reservoir populations con-
tribute to the endemic circulation of hantaviruses [7]. The
principal hosts include rodents of the genera Apodemus and
Myodes, particularly Apodemus flavicollis (yellow-necked mouse)
and Myodes glareolus (bank vole), which serve as primary reser-
voirs for DOBV and PUUV and play a central role in hantavirus
transmission dynamics in the region [13].

Long-term epidemiological observations indicate that HFRS
remains endemic throughout much of the Balkan Peninsula,
with both sporadic cases and epidemic outbreaks reported for
decades [7, 13]. Regional patterns are not uniform; in southern
Balkan countries, including Greece, Albania, Romania, North
Macedonia, Serbia, and Montenegro, most reported HFRS cases
are associated with DOBV. In contrast, PUUV substantially con-
tributes to the disease burden in Slovenia, Bosnia and Herze-
govina (BiH), and Croatia [7, 14].

Human infections are commonly associated with
occupational and recreational exposure to contaminated
environments, such as forests, rural households, storage facil-
ities, agricultural settings, military training areas, and poorly
ventilated buildings. Consequently, high-risk groups include
forest workers, farmers, hunters, soldiers, and individuals
frequently engaged in outdoor activities [15, 16].

However, disparities in surveillance systems, laboratory
capacity, clinical awareness, and reporting practices com-
plicate direct comparisons between countries. Furthermore,
the relatively low incidence of reported hantavirus infec-
tions in Southeast Europe may contribute to reduced clinical
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suspicion, suggesting that the true burden of infection remains
underestimated [6].

Clinical manifestations of hantavirus infections

Clinical manifestations of hantavirus infections vary consider-
ably, depending on the viral species, host factors, and severity
of endothelial dysfunction. Human disease presentation can
range from mild febrile illness to rapidly progressive multior-
gan failure [15]. Clinical severity differs substantially between
hantavirus species, generally categorized into Old World and
New World hantaviruses based on their geographic distribution
and associated clinical syndromes (Table1). Old World han-
taviruses circulating in Europe and Asia are primarily associ-
ated with HFRS, whereas New World hantaviruses are linked to
hantavirus pulmonary syndrome (HPS) [16].

Although these syndromes differ in their dominant organ
involvement, both reflect the capacity of hantaviruses to cause
severe disease through vascular dysfunction, capillary leak-
age, and systemic inflammatory responses. While PUUV infec-
tions are generally associated with milder forms of HFRS (often
termed nephropathia epidemica in Northern Europe), DOBV
infections, which account for a substantial proportion of HFRS
cases in parts of Southeast Europe, are typically associated with
more severe renal and hemorrhagic manifestations and higher
reported case-fatality rates [16]. In contrast, HPS caused by New
World hantaviruses can rapidly progress to severe respiratory
failure and shock [15].

An additional challenge is the nonspecific clinical pre-
sentation of hantavirus infections, particularly during the
early stages of disease. Initial manifestations often resem-
ble influenza-like illnesses or other acute febrile syndromes,
while severe forms may mimic leptospirosis, atypical pneu-
monias, sepsis, or viral hemorrhagic fevers [17]. Consequently,
mild and moderate cases may remain undiagnosed, whereas
severe infections are often recognized only retrospectively or
during outbreak investigations. These diagnostic challenges
underscore the importance of clinical awareness and access
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Table 2. Environmental and ecological factors influencing hantavirus emergence and transmission

Environmental or Ecological Factor

Potential Impact on Hantavirus Transmission Dynamics

Mild winters

Increased rodent survival and prolonged breeding activity

Increased precipitation and vegetation growth

Improved food availability for reservoir hosts

Flooding events

Greater human exposure to displaced rodents

Deforestation

Altered reservoir habitats and increased wildlife-human interaction

Agricultural expansion

Increased occupational exposure in rural environments

Urban encroachment into natural habitats

Closer contact between humans and rodent reservoirs

Climate warming

Potential expansion of reservoir geographic range

Biodiversity and ecosystem disturbances

Altered host-pathogen dynamics and transmission patterns

Environmental and ecological factors may variably affect transmission risk depending on local ecological conditions, reservoir
species composition, and patterns of human exposure. Therefore, these factors should not be interpreted as uniformly increasing

transmission risk across all settings.

to appropriate laboratory diagnostics, particularly in endemic
regions.

Environmental change and One Health implications

Beyond climatic influences, increasing human mobility, defor-
estation, agricultural expansion, and urban encroachment into
natural habitats may further facilitate zoonotic transmission
of hantaviruses [18] (Table 2). Such interactions among envi-
ronmental change, wildlife reservoirs, and human exposure
may be particularly relevant in Southeast Europe, where exten-
sive forested habitats and shared ecological landscapes across
national borders create favorable conditions for the circula-
tion of hantaviruses and their rodent reservoirs [7, 19]. Reser-
voir population dynamics provide a clear example of these
interactions. Environmental conditions influencing reservoir
abundance and population dynamics can directly affect oppor-
tunities for viral transmission, and fluctuations in reservoir
populations have been associated with variations in hantavirus
outbreak occurrence and human infection risk [20]. This rela-
tionship has been particularly well documented for PUUV in
Europe, where increased food availability following mast events
can promote population growth of bank voles, leading to subse-
quent rises in human infections [21-23].

The growing recognition of hantaviruses as zoonotic infec-
tions shaped by environmental change further reinforces the
relevance of the One Health approach [24] (Figurel). Since
transmission depends on interactions among reservoir hosts,
environmental conditions, and human exposure patterns, pre-
vention and surveillance strategies relying exclusively on
human disease monitoring are insufficient. Therefore, envi-
ronmental monitoring, rodent population studies and control,
avoidance of exposure to rodent excreta, and epidemiologi-
cal surveillance represent complementary components of risk
assessment and prevention. Such an integrated approach may
be particularly valuable in Southeast Europe, where differences
in diagnostic capacity, surveillance strategies, and reporting
systems between neighboring countries continue to compli-
cate accurate assessment of hantavirus epidemiology and dis-
ease burden. Recent outbreaks in the region demonstrate the
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dynamic nature of hantavirus epidemiology. For example, a
large PUUV outbreak reported in Croatia in 2021 involved trans-
mission in areas not previously considered endemic, suggesting
that human activity, reservoir dynamics, and environmental
factors may alter the spatial distribution of infection risk [25].

The increasing confluence of climate change, land-use mod-
ification, and expanding human activity is altering contact pat-
terns between humans, wildlife reservoirs, and their habitats.
Consequently, integrated approaches are becoming progres-
sively vital. The implementation of integrated surveillance sys-
tems, which combine epidemiological, veterinary, ecological,
meteorological, and socioeconomic data, could facilitate ear-
lier recognition of transmission risks and enhance outbreak
preparedness.

Evolving contexts of hantavirus public health relevance

While hantaviruses have traditionally been regarded as
zoonotic pathogens with limited epidemic potential, specific
outbreaks have underscored their broader public health
relevance in an increasingly interconnected world. In Southeast
Europe, endemic hantaviruses such as DOBV and PUUV con-
tinue to be of paramount public health importance, accounting
for the majority of reported human infections. However,
reports involving other hantavirus species have revealed
epidemiological features that extend beyond the conventional
reservoir-to-human transmission model.

Unlike the hantaviruses prevalent in Southeast Europe,
Andes virus is not endemic to the region. Nevertheless, it has
garnered substantial scientific and public health attention due
to its rare capacity for person-to-person transmission. Epi-
demiological investigations from Argentina and Chile have doc-
umented clustered infections among household contacts and
those with close interpersonal exposures, including suspected
nosocomial transmission in certain contexts [26, 27]. Molecular
sequencing studies have further substantiated the possibility of
person-to-person transmission during selected outbreaks [27].

The international significance of hantavirus preparedness
was recently further emphasized by a multinational Andes
virus cluster linked to cruise ship travel, reported by the
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Figure 1.

One Health framework for hantavirus epidemiology and risk dynamics in Southeast Europe. The diagram illustrates the interconnected

environmental, animal, and human health domains that shape hantavirus emergence, transmission, and preparedness. Environmental drivers, including
climate variability, extreme weather events, land-use change, habitat disturbance, forest ecosystems, and other determinants of human exposure, influence
reservoir ecology and opportunities for virus spillover. Animal health components include monitoring of key rodent reservoirs, particularly Apodemus
flavicollis and Myodes glareolus, assessment of reservoir population dynamics, and detection of DOBV and PUUV circulation at the wildlife-human interface.
Human health components include HFRS surveillance and outbreak detection, clinical recognition and differential diagnosis, laboratory confirmation,
regional data sharing, and preparedness. Together, these domains emphasize the need for integrated ecological, veterinary, epidemiological, and clinical
surveillance to support earlier risk recognition and coordinated public health responses. Abbreviations: DOBV, Dobrava-Belgrade virus; HFRS, hemorrhagic

fever with renal syndrome; PUUV, Puumala virus.

World Health Organization (WHO) in 2026 [2,28]. Accord-
ing to WHO reports, 13 cases, including three fatalities, were
identified among international travelers [2]. Epidemiological
and sequencing data additionally suggested potential onboard
person-to-person transmission. While sustained community
transmission remains highly improbable, such events illustrate
how international travel and population mobility can compli-
cate outbreak investigations and expand the geographical scope
of public health responses to traditionally localized zoonotic
infections.

While endemic hantaviruses remain the primary con-
cern in Southeast Europe, increasing human mobility and
global connectivity underscore the importance of maintaining
diagnostic awareness and supporting timely international

Arapovic et al.
Hantaviruses in Southeast Europe

information sharing. These measures are crucial for
recognizing local transmission patterns and preparing for
potential imported cases during unusual epidemiological
events.

Conclusion

Hantaviruses persist as an important yet often underrec-
ognized zoonotic threat in Southeast Europe, where DOBV
and PUUV remain endemic and account for most reported
human infections. Although the epidemiology of hantaviruses
in the region is predominantly characterized by tradi-
tional rodent-to-human transmission, recent outbreaks and
international investigations highlight the dynamic nature
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of hantavirus emergence within a changing environmental
and epidemiological landscape. Continued research, regional
collaboration, and interdisciplinary surveillance are essential
for enhancing our understanding of transmission dynamics and
supporting effective public health preparedness.
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