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Simple Summary

Mammarenaviruses are significant zoonotic pathogens long believed to be restricted to
muroid rodents. However, recent metagenomic and surveillance studies have challenged
this long-standing paradigm by discovering highly divergent mammarenaviruses in non-
rodent hosts, specifically within the orders Eulipotyphla (hedgehogs and shrews) and
Lagomorpha (pikas). This review synthesizes the epidemiology of mammarenaviruses in
rodents, and the latest discoveries concerning the complex ecology of mammarenaviruses
in other unconventional mammal hosts.

Abstract

Mammarenaviruses are enveloped, ambisense, single-stranded RNA viruses capable of
causing fatal hemorrhagic fevers and severe neurological disorders in humans. Although
muroid rodents have historically been recognized as the primary reservoirs for major
pathogens like Lassa virus, recent surveillance has revealed a significant expansion of their
host range. This review aims to synthesize current global data regarding the epidemiology
of mammarenaviruses in conventional reservoirs and the emergence of novel arenaviruses
in non-traditional mammalian hosts. To achieve this, we comprehensively analyzed recent
molecular and metagenomic surveillance data, evolutionary studies, and epidemiological
reports published worldwide. Key discoveries include Wenzhou virus in Asian house
shrews, Plateau Pika virus in plateau pikas, and an independent, geographically clustered
of hedgehog-associated arenaviruses across Europe. Ultimately, this review underscores
the global distribution of these pathogens and the critical need for continued, multi-host
surveillance worldwide.

Keywords: Arenaviridae; zoonoses; novel mammarenaviruses; wild animals; non-rodent
small mammal hosts; spillover risk

1. Introduction
Mammarenaviruses are important zoonotic pathogens recognizing the muroid ro-

dents as the primary virus natural reservoir. Mammarenaviruses are classified into the
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genus Mammarenavirus within the family Arenaviridae, along with the genera Antennavirus,
Hartmanivirus, Innmovirus and Reptarenavirus [1]. These viruses infect mammals (mam-
marenaviruses), fish (antennaviruses), snakes (hartmaniviruses and reptarenaviruses), and
unknown hosts (innmoviruses).

Several mammarenaviruses including Lassa Virus (LASV), Lujo Virus (LUJV), Junin
Virus (JUNV), Machupo Virus (MACV), Guanarito Virus (GTOV), and Chapare Virus
(CHAPV), are causative agents of viral hemorrhagic fever (VHFs) in humans, posing
significant public health problems in their endemic regions [2].

Traditionally, mammarenaviruses were considered to be restricted to specific rodent
reservoirs, following a strict codivergence paradigm resulting from long-term evolutionary
adaptation [3–5]. A notable historical exception was the Tacaribe Virus (TCRV), isolated
from phyllostomid bats (Artibeus spp.) [6]. Consequently, the geographical distribution
of individual mammarenaviruses was thought to be dictated by the limited range of their
cognate hosts, with the sole exception of the Lymphocytic Choriomeningitis Virus (LCMV),
which achieved a worldwide spread primarily through its natural host, the common house
mouse (Mus musculus Linnaeus, 1758, M. musculus) [7]. However, the rapid accumulation of
recent metagenomic and comparative phylogenetic data has dismantled this strict codiver-
gence model. Some evidence demonstrates that the host range of mammarenaviruses is
significantly wider than previously suspected, and that host-switching, rather than codi-
vergence, is the predominant driver of mammarenavirus evolution [8–10]. The apparent
association of some mammarenavirus species with certain rodent subfamilies appears
to be shaped by geographical sympatry rather than phylogenetic relatedness [9,11]. The
discovery of highly divergent novel mammarenaviruses in non-rodent small mammals
highlights this evolutionary plasticity, revealing a host-range expansion from Rodentia
to distinct taxonomic orders such as Eulipotyphla and Lagomorpha [5,12–14]. Together,
these findings underscore a high potential for cross-species transmission, redefining the
ecological boundaries and zoonotic risk assessment of emerging arenaviruses. In this
context, it could be hypothesized that high viral genomic adaptability, coupled with close
ecological sympatry among small mammals, enables mammarenaviruses to successfully
colonize and establish stable, self-sustaining transmission cycles in phylogenetically distant
mammalian taxa, rather than resulting in transient, dead-end spillover infections.

This review aims to comprehensively evaluate the expanding host range of mam-
marenaviruses, with a specific focus on newly identified non-rodent species as potential
reservoirs. Understanding these dynamics is of high practical significance for refining
veterinary surveillance frameworks, providing actionable insights to update zoonotic risk
maps where human–wildlife interfaces overlap, and supporting One Health frameworks
in predicting and preventing future spillover events.

2. Review Methodology
2.1. Literature Search and Study Selection

This structured narrative review analyzes mammarenavirus epidemiology, host as-
sociations, and potential zoonotic implications. The literature search primarily targeted
evidence of mammarenavirus infection or exposure in non-traditional mammalian hosts,
such as non-muroid rodents and non-rodent mammals. Additional targeted searches re-
trieved information on virus taxonomy, established reservoirs, transmission, and zoonotic
potential. The literature search was conducted on 30 March 2026 and updated on 28 June
2026 using PubMed, Scopus, Web of Science Core Collection, CAB Abstracts (CABI Digital
Library), and Google Scholar. No restrictions were applied regarding publication year or
geographic area, and only English-language publications were included. Search terms
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comprised Mammarenavirus, Arenaviridae, individual virus names, and terms concerning
wildlife, reservoirs, host range, and relevant mammalian taxa.

2.2. Eligibility Criteria and Data Synthesis

Peer-reviewed primary studies reporting naturally occurring mammarenavirus in-
fection or exposure were considered eligible. Both initial descriptions of virus–host asso-
ciations and subsequent studies providing data on prevalence, geographic distribution,
genetic diversity, tissue tropism, or epidemiological significance were included. Direct
molecular or virological detection was distinguished from serological evidence of prior
exposure. Experimental and in vitro studies were included only if they provided relevant
information on susceptibility, viral replication, or zoonotic potential. Reviews, taxonomic
reports, textbooks, and institutional sources were used solely for contextual information.
Relevant information was extracted regarding host species, geographic origin, biological
matrices, diagnostic methods, virus identity, and prevalence or population-level circulation.
Findings were synthesized narratively and organized by virus, host taxonomy, geographic
distribution, and type of evidence. Because of substantial heterogeneity in study design,
sampling, diagnostic methods, and outcome reporting, prevalence estimates were not statis-
tically pooled. The PubMed search retrieved 1536 records. Records from all databases were
exported to EndNote 21, and duplicates were removed. Titles and abstracts were screened
to exclude publications outside the scope of the review, such as studies not addressing
mammarenavirus natural host associations, wildlife reservoirs, host range expansion, or
such ecological and zoonotic implications. Full texts of potentially relevant publications
were assessed against the eligibility criteria. Reference lists of relevant articles were also
examined to identify additional studies.

3. Aetiology
Mammarenaviruses are enveloped, ambisense, single-stranded RNA viruses, spherical

or pleomorphic in shape, 50–200 nm in diameter, surrounded by a dense lipid envelope
derived from the plasma membrane of the host cell [1,15]. Club-shaped glycoprotein (GP)
projections of 8–10 nm in length and 10 nm apart, are evenly distributed on the virion
surface [16]. Each GP projection is a trimer of heterodimers comprising the distal subunit
GP1, the transmembrane subunit GP2, and a stable signal peptide (SSP) [17,18]. GP1 is
responsible for binding to the host cell receptor, GP2 mediates the fusion between the virus
envelope and the endosomal membrane at low pH [19–21], while the SSP represents an
essential component in glycoprotein maturation [22] (Figure 1).

Figure 1. Schematic representation of mammarenavirus structure. Figure was created by using
Inkscape, version 1.4.3.
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The mammarenaviruses genome is bisegmented, consisting of a Large (L) segment
(~7.2 kb) and a Small (S) segment (~3.5 kb), encoding the zinc-binding matrix protein (Z)
and the viral RNA-dependent RNA polymerase (L) and a Small (S) segment (~3.5 kb)
that encodes the envelope GP pre-cursor. Both segments present conserved reverse-
complementary untranslated regions (UTRs) of 19 to 30 nucleotides at their 5′ and 3′

ends, promoting the formation of non-covalently closed “panhandle” structures that serve
as replication promoters [23–25]. Using an ambisense coding strategy, each segment en-
codes two non-overlapping genes in opposite orientations, separated by highly structured
intergenic regions (IGRs) that fold into stable hairpin loops to terminate transcription
(Figure 2).

Figure 2. Schematic representation of mammarenavirus genome organization. Illustration was
created by using Inkscape, version 1.4.3.

4. Epidemiology and Host Reservoirs
Based on their geographic distribution, antigenic and phylogenetic relationships,

mammarenaviruses are splitted into Old World (OW) and New World (NW) arenaviruses,
also known as the LASV-LCMV and the TCRV serocomplex, respectively [2,3].

The members of the OW group are endemic in the Eastern Hemisphere, while the
NW in the Western Hemisphere. The OW and NW groups are polyphyletic and contain
both human-pathogenic and non-pathogenic viral strains, comprising more than 50 species
along with recently discovered, unclassified mammarenaviruses found in bats, hedgehogs,
and pikas [5,13,26]. The OW group includes the prototypic LASV and LCMV, as well as the
newly emerged LUJV. LASV causes Lassa fever (LF), a disease with significant mortality
that is highly prevalent in West Africa, especially Nigeria, Liberia, Guinea, and Sierra
Leone. Recent computational models estimate that LASV infects more than 900,000 people
each year [27,28]. LF is listed by the World Health Organization (WHO) as one of the
diseases posing the greatest risk to public health due to its epidemic potential and the
absence of effective countermeasures [29]. The second zoonotic African OW arenavirus,
LUJV, was identified in 2008 following an outbreak of human hemorrhagic fever in South
Africa, which was imported from Zambia [30]. Although LUJV was associated with high
case fatality rates in humans, its specific host range and geographical distribution remain
unknown [30,31]. While the OW viruses described above are generally geographically
confined to the African continent, LCMV circulates globally, making it a public health
concern on every continent except Antarctica [32].

The clinical spectrum of human LCMV infection is highly variable, ranging from
mild, self-limiting febrile illness to severe neurological diseases, including meningitis and
encephalitis. Furthermore, infection during pregnancy is associated with severe teratogenic
outcomes, such as congenital hydrocephalus and chorioretinitis [32,33]. Seroprevalence
studies in the general population have reported LCMV antibody prevalence rates of up
to 15%. Nevertheless, due to its nonspecific clinical manifestations, limited physician
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awareness, suboptimal diagnostic tools, and inconsistent reporting, LCMV remains a
largely underrecognized public health threat [32].

NW arenaviruses are geographically restricted to the Americas and include several
highly pathogenic agents responsible for severe hemorrhagic fevers [18]. These include
JUNV, the causative agent of Argentine Hemorrhagic Fever [34]; MACV and CHAPV
viruses, causing Bolivian and Chapare Hemorrhagic Fevers [35,36]; GTOV, responsible
for Venezuelan Hemorrhagic Fever [37]; and SABV, the agent of Brazilian Hemorrhagic
Fever [38]. While the epidemiology of Argentine Haemorrhagic Fever is well-documented,
the prevalence rate of the other South American diseases remains largely unknown [2].
Among the zoonotic NW arenaviruses, Whitewater Arroyo Virus represents a North Amer-
ican mammarenavirus of potential zoonotic concern that has also been linked to fatal
hemorrhagic illnesses in the United States [39,40]. The primary reservoirs of most known
mammarenaviruses are rodents of the superfamily Muroidea [1]. In particular, the reservoir
hosts for OW mammarenaviruses are mainly members of the subfamily Murinae in the
family Muridae [41,42]. In West Africa, the endemic circulation of LASV is sustained by
the Natal multimammate mouse, Mastomys natalensis Smith, 1834 (M. natalensis) [43]. These
commensal animals are one of the predominant rodent species throughout Sub-Saharan
Africa [44] and are usually found close to rural human dwellings [45,46].

The epidemiology of LASV exhibits a profound seasonal rhythm correlated with macro-
climate shifts and landscape management practices. During the dry season, widespread
agricultural bush-burning and the subsequent depletion of wild foraging matrices compel
M. natalensis populations to undergo massive domestic migrations, significantly acceler-
ating the viral contamination of domestic food storehouses and water supplies [47]. In
contrast to the tropical, localized endemicity of LASV, LCMV manifests a cosmopolitan
distribution reflecting the widespread presence of its primary reservoir, the common house
mouse, M. musculus [32].

NW arenaviruses are predominantly associated with rodents of the family Cricetidae,
with the subfamily Sigmodontinae acting as the primary reservoirs in South America and
Neotominae in North America [35,42,48–52]. JUNV is thought to be maintained primarily
in Calomys musculinus Thomas, 1913, the drylands vesper mouse or corn mouse, and
Calomys laucha Fischer, 1814, the small vesper mouse [34]. Zygodontomys brevicauda (J. A.
Allen & Chapman, 1893) the short-tailed cane mouse, appears to be a reservoir host for
GTOV, although it is also found occasionally in Sigmodon alstoni Thomas, 1881 (Alston’s
cotton rat) [53]. Calomys callosus Rengger,1830, the large vesper mouse, is known to carry
MACV [54]. This mouse can also become chronically infected with JUNV after experimental
inoculation [55]. Whitewater Arroyo virus has been found in Neotoma albigula Hartley, 1894
(white-throated wood rat), Neotoma mexicana Baird, 1855, Neotoma micropus Baird, 1855,
and Neotoma cinerea Schreber, 1776 [48,49,56]. The natural hosts for CHAPV and SABV
are not yet known, but they are assumed to be rodents as well [30,31,57]. An exception
is the TCRV, isolated from Artibeus bats and mosquitoes in Trinidad and Tobago [6], and
lone star ticks (Amblyomma americanum) in Florida [58]. Although evidence suggests its
circulation among bats throughout tropical America, its reservoir and geographic range are
still debated [58–64].

Mammarenaviruses typically establish asymptomatic infections in their natural reser-
voir hosts, marked by chronic viremia and prolonged shedding of high viral titers through
all secreta and excreta [42]. Horizontally infected adult rodents usually clear the virus and
mount lifelong immunity [65–67], whereas vertical transmission early in ontogeny often
results in a lifelong persistent infection that is crucial to the maintenance of the virus in
nature [65–70]. Humans primarily acquire infection through the inhalation of aerosolized
droplets or dust particles contaminated with rodent urine or feces, as well as via the in-
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gestion of contaminated food and water or direct contact between excreta/secreta and
abraded skin [2]. These exposures typically occur when human activities overlap with the
natural habitats of reservoir rodents. Additionally, the handling and consumption of rodent
meat represents a notable route of transmission, particularly in low-resource communities
reliant on bushmeat [71–73]. Transmission may also occur through rodent bites, although
considered a less common source of exposure [74]. Horizontal human-to-human transmis-
sion is rare; however, it has been documented following organ transplantation [75–77] and
within healthcare settings characterized by inadequate infection prevention and control
practices [30,78–80]. Furthermore, vertical transmission of LCMV from infected pregnant
women to their fetuses is well-established [81,82], whereas sexual transmission remains
exceedingly rare [83]. Finally, Olayemi et al. [84] performed a phylogenetic analysis based
on a combination of partial GP and NP sequences of LASV in West Africa, which revealed
that human LASV strains are ancestral to those found in rodents. This suggests that human-
to-rodent spillback might occur through environmental contamination, particularly when
rodents are exposed to infectious human waste or sewage.

5. Newly Discovered Mammarenaviruses and Novel HSosts
Recent metagenomic and wildlife surveillance studies allowed the identification of

several novel mammarenaviruses, expanding the known host range of the genus far beyond
its traditional rodent limits (Table 1).

Table 1. Host range, sample types, and geographic distribution of novel mammarenaviruses in
non-muroid species.

Viral Species Virus Name Non-Muroid
Host Order/Family Sample Type Geographic Area Reference

Mammarenavirus
wenzhouense

Wenzhou virus
(WENV)

Asian house shrews
(Suncus murinus)

Eulipotyphla/
Soricidae

Feces, heart, liver,
spleen, lungs,

kidneys

Wenzhou
region

of China
[12]

Mammarenavirus
alashanense Alxa virus Three-toed jerboas

(Dipus sagitta)
Rodentia/
Dipodidae Anal swabs Inner

Mongolia, China [11]

Mammarenavirus
mecsekense

Mecsek
Mountains

virus
(MEMV)

Northern
white-breasted

hedgehogs
(Erinaceus roumanicus)

Eulipotyphla/
Erinaceidae Feces Hungary [13]

Mammarenavirus
batangense

Plateau Pika Virus
(PPV)

Plateau pikas
(Ochotona curzoniae)

Lagomorpha/
Ochotonidae Feces Yushu, Qinghai

Province, China [5]

Unclassified
Erinaceus

Arenaviruses
(EriAreV)

Erinaceus spp. Eulipotyphla/
Erinaceidae

Oral and anal
swabs

European
Russia and

Central Siberia
[85]

Unclassified

Erinaceus
Europaeus

Arenaviruses
(EEAVs)

European
hedgehogs

(Erinaceus europaeus)

Eulipotyphla/
Erinaceidae

Liver,
duodenum

Northwestern
Italy [14]

Unclassified
Pannonia

mammarenavirus
(PANV)

Northern
white-breasted

hedgehogs
(Erinaceus roumanicus)

Eulipotyphla/
Erinaceidae Feces Hungary [86]

Originally identified in 2013 in the Wenzhou region of China, Wenzhou Virus (WENV,
species Mammarenavirus wenzhouense) represents the first evidence of cross-order mammare-
navirus [12]. Li et al. [12], by molecular testing 351 rodents for mammarenaviral infections,
found viral RNA in a total of 42 samples collected from rodents of the genus Rattus and Ni-
viventer (12.0%), and from Asian house shrews (Suncus murinus Linnaeus, 1766, S. murinus)
(4.4%) belonging to the order Eulipotyphla. Considering the complete genome sequencing,
the new virus clustered with other known OW mammarenaviruses. Experimental WENV
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infection reveals strong systemic tissue tropism, with viral RNA recovered from fecal
samples and from the liver, lungs, heart, kidneys, and spleen of rodents or shrews [12].
Subsequent studies in small mammals have demonstrated that WENV and several genetic
variants are widely distributed across Asia, exhibiting an exceptionally broad host range,
infecting multiple Rattus species, M. musculus and Apodemus agrarius Pallas, 1711 [87–94].
However, due to the significantly lower viral prevalence and lack of longitudinal shedding
data in S. murinus, the ecological role of shrews in WENV epidemiology remains uncertain.
Interestingly, following the identification of the WENV genetic variant, named Cardamones,
in peridomestic brown rats (Rattus norvegicus Berkenhout, 1769) and Pacific rats (Rattus
exulans Peale, 1848) in Cambodia, Blasdell et al. [95] analyzed human clinical samples to
establish the potential for zoonotic transmission and if the infection is associated with clini-
cal disease [95]. Using a WENV IgG enzyme-linked immunosorbent assay, seropositivity
was detected in 17.4% of patients presenting with flu-like symptoms but tested negative for
dengue and influenza infections, and in 13.2% of healthy individuals, indicating human
exposure to WENV or closely related mammarenaviruses. In addition, viral RNA was
detected in the respiratory specimens of 0.6% of Cambodian patients presenting with mild
or severe respiratory symptoms. However, a definitive causal link could not be established
due to the mild and non-specific symptoms, the presence of co-infections with other res-
piratory pathogens in half of the positive patients, and the small sample size [95]. In a
subsequent study, Guo et al. [96] investigating 830 serum samples from healthy individuals
(aged 0–70 years) in two Chinese provinces found seroprevalences of 1.5% in children and
4.6% in adults. Compared with findings from Southeastern Asia [95], these lower rates
were attributed to the higher specificity of the detection method, as well as to geographical
or temporal differences [96]. All these findings raise awareness about this emerging virus,
encouraging further studies.

The discovery of Jerboa arenavirus (JEAreV), subsequently classified in the species
Mammarenavirus alashanense (Alxa virus) provided the first evidence of host-range expan-
sion from traditional muroid families to non-muroid rodents (family Dipodidae), highlight-
ing that mammarenavirus divergence can occur within isolated ecological niches. Identified
from the three-toed jerboa (Dipus sagitta Pallas, 1773), in 2014 in Inner Mongolia (China),
this novel mammarenavirus exhibited an overall prevalence of 8.0% and strict host speci-
ficity, remaining absent in sympatric jerboa species such as Euchoreutes naso Sclater, 1891,
and Allactaga sibirica Forster, 1778. Phylogenetic analyses based on the L and S segments
placed JEAreV within the OW complex but on highly independent branches [18]. This
distinct topological position, coupled with the absence of alternative rodent hosts in the
environment, suggests that JEAreV evolved separately within desert rodent niches as a
stable, species-specific resident rather than an accidental spillover from sympatric muroid
rodents [11].

The paradigm of mammarenaviruses as strictly rodent-borne pathogens has been
further challenged by discoveries in other Eulipotyphla beyond shrews. Robust evidence
of mammarenavirus circulation in this order has emerged from studies on hedgehogs
(Family Erinaceidae). Specifically, the detection of the highly divergent Mecsek Moun-
tains Virus (MEMV) in Northern white-breasted hedgehogs (Erinaceus roumanicus Barrett-
Hamilton, 1900) in Hungary marked the first confirmed association of arenaviruses with
erinaceids [13]. Although the virus showed high genetic relatedness with Alxa virus [11],
pairwise sequence identities were below the ICTV demarcation cut off values [1], lead-
ing to its classification as a novel species, Mammarenavirus mecsekense, within the OW
group [13]. In 2025, Takáts et al. [86] screened additional faecal specimens collected from
Northern white-breasted hedgehogs across different sampling areas in Hungary, character-
izing five novel mammarenavirus strains. Although their closest relative was the known
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OW MEMV [13], sequence and phylogenetic analyses showed that these new strains pos-
sess unique genome motifs, likely representing a second novel species, tentatively named
Pannonia mammarenavirus (PANV) [86]. Consequently, Erinaceus roumanicus in Hun-
gary hosts at least two different mammarenavirus [86]. Parallel investigations indicated
that the relationship between hedgehogs and mammarenaviruses extends beyond a sin-
gle country, revealing a complex viral co-circulation across Europe. In European Russia,
Lukina-Gronskaya et al. (2024) [85] identified highly variable strains in oral and anal
swabs from Erinaceus species, collectively designated as Erinaceus Arenaviruses (EriAreV).
Despite grouping into the hedgehogs mammarenavirus clade, their high genetic diversity
warrants classification as another distinct species [85]. In 2025, the identification of an addi-
tional mammarenavirus in liver and duodenal samples of necropsied European hedgehogs
(Erinaceus europaeus Linnaeus, 1758) collected in Italy was also reported [14]. On pairwise
sequence comparison, the four obtained Erinaceus Europaeus Arenaviruses (EEAVs) were
more closely related to the white-breasted hedgehog MEMV [13], but according to the
species criteria were to be considered a separate species [14]. As reported in the study of
Takáts et al. (2025), S and L segments phylogenetic analyses of hedgehog sequences from
Hungary [13,86], Russia [85] and Italy [14], including two Chinese hedgehogs (Erinaceus
amurensis Schrenk, 1859 sequences from databases (OP899820–OP899821, unpublished
data)), showed that all strains were grouped in an independent clade, within the OW
complex, alongside the MEMV and Alxa Virus [86]. Within this clade, hedgehog mammare-
navirus sequences were clustered by geographic origin, representing at least five potentially
distinct hedgehog-related mammarenavirus species [86].

All these findings confirm that erinaceids are not accidental spillover hosts, but they
could represent species-specific evolutionary reservoirs for multiple distinct mammare-
navirus species. The reservoir status could also be supported by the detection of viral RNA,
in addition to duodenum and liver, in multiple organs, including the brain, spleen, kidney,
and lungs, of the positive Italian Erinaceus europaeus, which suggests a systemic infection
despite the lack of associated histopathological lesions [14]. Moreover, the identification of
positive Russian hedgehogs among both active and captive hibernating individuals, kept
under strict, long-term isolation, demonstrated the virus’s long-term persistence [85]. Taken
together, these findings are highly consistent with the ability of arenaviruses to persist
in hedgehogs, closely mirroring the chronic, asymptomatic shedding dynamics typically
observed in their natural rodent host [97].

Finally, the discovery of Plateau Pika Virus (PPV, species Mammarenavirus batangense)
by Luo et al. [5] in plateau pikas (Ochotona curzoniae Hodgson, 1858) on the Qinghai–Tibet
Plateau represents the first identification of a mammarenavirus in the order Lagomorpha.
PPV RNA was detected in 6.3% of intestinal samples, and high viral loads also in internal
organs, as lungs, kidneys, heart, liver, and spleen, established pikas as natural hosts of
PPV [5]. Although PPV displayed the typical genomic organization, phylogenetic analyses
demonstrated that it is highly divergent from both OW and NW mammarenaviruses,
potentially representing an ancient lineage that diverged from classical mammarenaviruses
approximately 77 to 88 million years ago, thereby far preceding the estimated divergence of
classical OW and NW groups [5]. In the same study, by linking wildlife surveillance directly
to human clinical risk, a retrospective serological survey in the high-altitude Qinghai–Tibet
region revealed a seropositivity rate of 2.4% among human patients [5]. Coupled with
in vitro evidence showing that PPV efficiently infects and replicates in human and non-
human primate cell lines, these findings provided preliminary clues to the possibility of
cross-species transmission to humans [5,98].
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6. Discussion
The identification of novel arenaviruses and new hosts highlights that the true di-

versity of the Mammarenavirus genus remains largely unknown, likely extending to many
understudied mammalian species. Prior to the discovery of MEMV in Hungary [13], the
epidemiological distribution of mammarenaviruses in Europe was believed to be restricted
to a single circulating species, the cosmopolitan LCMV [32]. The subsequent identifica-
tion of a complex, geographically clustered network of distinct mammarenavirus species
endemic to erinaceids across the continent, including PANV in Hungary, EriAreV in Rus-
sia [85], and EEAV in Italy [14], has reshaped our understanding of mammarenavirus,
host co-evolution and, consequently, their epidemiology on the European continent [86].
Importantly, rather than representing accidental, transient spillover events from sympatric
rodents, the systemic tissue tropism and long-term viral persistence observed either in
necropsied or in hibernating hedgehogs strongly suggest that these insectivores serve as
stable, species-specific evolutionary reservoirs [14,85].

The expansion of the host range into non-rodent small mammals, including other
eulipotyphla such as shrews [12] and members of the order Lagomorpha such as pikas [5],
may carry critical public health implications. For instance, significant seroprevalence rates
and the detection of viral RNA in human respiratory specimens have been linked to WENV
exposures in Southeastern Asia [95,96]. Similarly, retrospective serological surveys have
demonstrated human exposure to the newly discovered PPV [5]. While systemic replication
points to a reservoir status of plateau pikas, the absolute risk of zoonotic spillover remains
speculative and needs to be further investigated [5,98].

In addition, besides discovering new mammarenaviruses, recent research highlights
the increasing detection of well-known viral species in unexpected animal hosts. A clear
example is LCMV, historically associated almost exclusively with its reservoir M. mus-
culus [32]. However, viral RNA and antibodies have also been detected in other rodent
species [99–104]. In a wild rodent survey in the United Kingdom [99], LCMV RNA and
antibodies were detected in wood mice (Apodemus sylvaticus Linnaeus, 1758). Serological
evidence was also found in Sciurus vulgaris Linnaeus, 1758, Microtus agrestis Linnaeus,
1761, Micromys minutis Pallas, 1771, even in captive-housed Cynomys ludovicianus Ord,
1815, and in Rattus norvegicus [99]. More recently, in a surveillance study conducted in
Gabon [105], the viral RNA was detected in the rodent, Lophuromys sikapusi Temminck,
1853, and in the porcupine, Atherurus africanus J. E. Gray, 1842, while anti-LCMV-like
antibodies were detected in three African pigmy mice (Mus minutoides Smith, 1834), in one
African soft-furred mice (Praomys missonei Van der Straeten & Dieterlen, 1987) and in three
Goliath shrews (Crocidura goliath Thomas, 1906) [105]. Similarly, reservoir expansion has
been documented for LASV. Beyond the primary reservoir M. natalensis [43], LASV has
been detected in other rodent species, including the closely related Mastomys erythroleucus
Temminck, 1853 (Guinea multimammate mouse), and less commensal rodents such as Mus
baoulei (Vermeiren & Verheyen, 1980), and Hylomyscus pamfi (Nicolas, Olayemi, Wendelen,
& Colyn, 2010) [106,107]. Similarly, viruses of different natures were detected in mammals
that were completely atypical for them [108,109]. In light of these findings, epidemiological
investigations on mammarenaviruses should extend beyond rodents, their primary known
reservoirs, to encompass alternative wildlife hosts with comparable depth.

7. Conclusions
In conclusion, the growing evidence of an expanding mammarenavirus host range

raises concerns regarding their zoonotic potential, particularly considering that these
viruses are already known to infect humans. Looking ahead, critical research gaps must be
addressed to comprehensively evaluate the zoonotic and spillover risks associated with
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these emerging mammarenaviruses. Furthermore, expanding surveillance beyond tradi-
tional rodent populations is essential to identify novel reservoirs, elucidate the molecular
mechanisms driving host adaptation, and fully understand the true evolutionary diversity
of the genus Mammarenavirus. More specifically, a primary epidemiological priority is to
definitively determine whether these newly identified non-rodent small mammal hosts
act merely as incidental hosts or as competent natural reservoirs capable of sustaining
intra-species transmission. Resolving this fundamental question will require long-term
longitudinal ecological monitoring of wildlife populations in tandem with metagenomic
screening of alternative hosts. Furthermore, the documented 2.4% seroprevalence of PPV-
specific antibodies among humans in the Qinghai–Tibet Plateau underscores the need for
expanded serological surveillance studies in human populations sharing habitats with
these novel wildlife hosts. Ultimately, as anthropogenic environmental encroachment and
climate-driven ecological shifts increasingly blur the interfaces between wildlife and hu-
man settlements [110,111], integrating molecular, ecological, and serological data within a
cohesive One Health framework will be paramount to predicting, detecting, and mitigating
the emergence of novel zoonotic mammarenaviruses.

Author Contributions: Conceptualization, B.D.M.; literature search and data collection, B.D.M., M.C.,
L.C. and F.D.P.; writing—original draft preparation, B.D.M., M.C., L.C. and F.D.P.; writing—review
and editing, B.D.M., V.M., V.S., F.P., C.S., A.P. and F.M.; supervision, B.D.M., F.M. and V.M. M.C. and
L.C. contributed equally to this paper. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding. V.M. is supported by the National Research,
Development and Innovation Office, Hungary under grant RRF-2.3.1-21-2022-00001 (National Labo-
ratory for Infectious Animal Diseases, Antimicrobial Resistance, Veterinary Public Health and Food
Chain Safety).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Radoshitzky, S.R.; Buchmeier, M.J.; Charrel, R.N.; Gonzalez, J.-P.J.; Günther, S.; Hepojoki, J.; Kuhn, J.H.; Lukashevich, I.S.;

Romanowski, V.; Salvato, M.S.; et al. ICTV Virus Taxonomy Profile: Arenaviridae 2023. J. Gen. Virol. 2023, 104, 001891. [CrossRef]
[PubMed]

2. Hastie, K.M.; Melnik, L.I.; Cross, R.W.; Klitting, R.M.; Andersen, K.G.; Saphire, E.O.; Garry, R.F. The Arenaviridae Family:
Knowledge Gaps, Animal Models, Countermeasures, and Prototype Pathogens. J. Infect. Dis. 2023, 228, S359–S375. [CrossRef]
[PubMed]

3. Bowen, M.D.; Peters, C.J.; Nichol, S.T. Phylogenetic Analysis of the Arenaviridae: Patterns of Virus Evolution and Evidence for
Cospeciation between Arenaviruses and Their Rodent Hosts. Mol. Phylogenet. Evol. 1997, 8, 301–316. [CrossRef] [PubMed]

4. Hugot, J.P.; Gonzalez, J.P.; Denys, C. Evolution of the Old World Arenaviridae and Their Rodent Hosts: Generalized Host-Transfer
or Association by Descent? Infect. Genet. Evol. 2001, 1, 13–20. [CrossRef] [PubMed]

5. Luo, X.-L.; Lu, S.; Qin, C.; Shi, M.; Lu, X.-B.; Wang, L.; Ga, S.; Jin, D.; Ma, X.-L.; Yang, J.; et al. Emergence of an Ancient and
Pathogenic Mammarenavirus. Emerg. Microbes Infect. 2023, 12, e2192816. [CrossRef] [PubMed]

6. Downs, W.G.; Anderson, C.R.; Spence, L.; Aitken, T.H.G.; Greenhall, A.H. Tacaribe Virus, a New Agent Isolated from Artibeus
Bats and Mosquitoes in Trinidad, West Indies. Am. J. Trop. Med. Hyg. 1963, 12, 640–646. [CrossRef] [PubMed]

7. Burrell, C.J.; Howard, C.R.; Murphy, F.A. Fenner and White’s Medical Virology; Academic Press: San Diego, CA, USA, 2016;
ISBN 0-12-375157-8.

https://doi.org/10.3390/ani16142263

https://doi.org/10.1099/jgv.0.001891
https://www.ncbi.nlm.nih.gov/pubmed/37698490
https://doi.org/10.1093/infdis/jiac266
https://www.ncbi.nlm.nih.gov/pubmed/37849403
https://doi.org/10.1006/mpev.1997.0436
https://www.ncbi.nlm.nih.gov/pubmed/9417890
https://doi.org/10.1016/S1567-1348(01)00003-X
https://www.ncbi.nlm.nih.gov/pubmed/12798046
https://doi.org/10.1080/22221751.2023.2192816
https://www.ncbi.nlm.nih.gov/pubmed/36939609
https://doi.org/10.4269/ajtmh.1963.12.640
https://www.ncbi.nlm.nih.gov/pubmed/22324073
https://doi.org/10.3390/ani16142263


Animals 2026, 16, 2263 11 of 15

8. Coulibaly-N’Golo, D.; Allali, B.; Kouassi, S.K.; Fichet-Calvet, E.; Becker-Ziaja, B.; Rieger, T.; Ölschläger, S.; Dosso, H.; Denys,
C.; Meulen, J.T.; et al. Novel Arenavirus Sequences in Hylomyscus Sp. and Mus (Nannomys) Setulosus from Côte d’Ivoire:
Implications for Evolution of Arenaviruses in Africa. PLoS ONE 2011, 6, e20893. [CrossRef] [PubMed]

9. Forni, D.; Pontremoli, C.; Pozzoli, U.; Clerici, M.; Cagliani, R.; Sironi, M. Ancient Evolution of Mammarenaviruses: Adaptation
via Changes in the L Protein and No Evidence for Host–Virus Codivergence. Genome Biol. Evol. 2018, 10, 863–874. [CrossRef]
[PubMed]

10. Irwin, N.R.; Bayerlová, M.; Missa, O.; Martínková, N. Complex Patterns of Host Switching in New World Arenaviruses. Mol. Ecol.
2012, 21, 4137–4150. [CrossRef] [PubMed]

11. Wu, Z.; Du, J.; Lu, L.; Yang, L.; Dong, J.; Sun, L.; Zhu, Y.; Liu, Q.; Jin, Q. Detection of Hantaviruses and Arenaviruzses in
Three-Toed Jerboas from the Inner Mongolia Autonomous Region, China. Emerg. Microbes Infect. 2018, 7, 1–3. [CrossRef]

12. Li, K.; Lin, X.-D.; Wang, W.; Shi, M.; Guo, W.-P.; Zhang, X.-H.; Xing, J.-G.; He, J.-R.; Wang, K.; Li, M.-H.; et al. Isolation and
Characterization of a Novel Arenavirus Harbored by Rodents and Shrews in Zhejiang Province, China. Virology 2015, 476, 37–42.
[CrossRef] [PubMed]

13. Reuter, G.; Boros, Á.; Takáts, K.; Mátics, R.; Pankovics, P. A Novel Mammarenavirus (Family Arenaviridae) in Hedgehogs
(Erinaceus Roumanicus) in Europe. Arch. Virol. 2023, 168, 174. [CrossRef] [PubMed]

14. Di Martino, B.; Di Profio, F.; Capucchio, M.T.; Prandi, I.; Robetto, S.; Quaranta, G.; La Rosa, G.; Suffredini, E.; Marsilio, F.; Martella,
V.; et al. Detection and Genomic Characterization of Novel Mammarenavirus in European Hedgehogs, Italy. Emerg. Infect. Dis.
2025, 31, 155–159. [CrossRef] [PubMed]

15. Perez, M.; Craven, R.C.; de la Torre, J.C. The Small RING Finger Protein Z Drives Arenavirus Budding: Implications for Antiviral
Strategies. Proc. Natl. Acad. Sci. USA 2003, 100, 12978–12983. [CrossRef]

16. Jay, M.T.; Glaser, C.; Fulhorst, C.F. The Arenaviruses. J. Am. Vet. Med. Assoc. 2005, 227, 904–915. [CrossRef] [PubMed]
17. Hepojoki, J.; Hepojoki, S.; Smura, T.; Szirovicza, L.; Dervas, E.; Prähauser, B.; Nufer, L.; Schraner, E.M.; Vapalahti, O.; Kipar,

A.; et al. Characterization of Haartman Institute Snake Virus-1 (HISV-1) and HISV-like Viruses—The Representatives of Genus
Hartmanivirus, Family Arenaviridae. PLoS Pathog. 2018, 14, e1007415. [CrossRef] [PubMed]

18. Radoshitzky, S.R.; Bào, Y.; Buchmeier, M.J.; Charrel, R.N.; Clawson, A.N.; Clegg, C.S.; DeRisi, J.L.; Emonet, S.; Gonzalez, J.-P.;
Kuhn, J.H.; et al. Past, Present, and Future of Arenavirus Taxonomy. Arch. Virol. 2015, 160, 1851–1874. [CrossRef] [PubMed]

19. Mann, C.J.; Yang, P.; Olal, D.; Fan, X.; Smith, K.N.; Clark, L.E.; Krammer, F.; Bian, Y.; Abraham, J. Molecular Organization of the
New World Arenavirus Spike Glycoprotein Complex. Nat. Microbiol. 2025, 10, 2207–2220. [CrossRef] [PubMed]

20. Nunberg, J.H.; York, J. The Curious Case of Arenavirus Entry, and Its Inhibition. Viruses 2012, 4, 83–101. [CrossRef] [PubMed]
21. Schlie, K.; Maisa, A.; Lennartz, F.; Ströher, U.; Garten, W.; Strecker, T. Characterization of Lassa Virus Glycoprotein Oligomerization

and Influence of Cholesterol on Virus Replication. J. Virol. 2010, 84, 983–992. [CrossRef]
22. Bederka, L.H.; Bonhomme, C.J.; Ling, E.L.; Buchmeier, M.J. Arenavirus Stable Signal Peptide Is the Keystone Subunit for

Glycoprotein Complex Organization. mBio 2014, 5, e02063-14. [CrossRef] [PubMed]
23. Auperin, D.D.; Galinski, M.; Bishop, D.H.L. The Sequences of the N Protein Gene and Intergenic Region of the S RNA of Pichinde

Arenavirus. Virology 1984, 134, 208–219. [CrossRef] [PubMed]
24. Iwasaki, M. Multifunctional Noncoding Regions in the Mammarenavirus Genome. Virology 2025, 605, 110464. [CrossRef]
25. López, N.; Franze-Fernández, M.T. A Single Stem-Loop Structure in Tacaribe Arenavirus Intergenic Region Is Essential for

Transcription Termination but Is Not Required for a Correct Initiation of Transcription and Replication. Virus Res. 2007, 124,
237–244. [CrossRef] [PubMed]

26. Cui, X.; Fan, K.; Liang, X.; Gong, W.; Chen, W.; He, B.; Chen, X.; Wang, H.; Wang, X.; Zhang, P.; et al. Virus Diversity, Wildlife-
Domestic Animal Circulation and Potential Zoonotic Viruses of Small Mammals, Pangolins and Zoo Animals. Nat. Commun.
2023, 14, 2488. [CrossRef] [PubMed]

27. Basinski, A.J.; Fichet-Calvet, E.; Sjodin, A.R.; Varrelman, T.J.; Remien, C.H.; Layman, N.C.; Bird, B.H.; Wolking, D.J.; Monagin, C.;
Ghersi, B.M.; et al. Bridging the Gap: Using Reservoir Ecology and Human Serosurveys to Estimate Lassa Virus Spillover in West
Africa. PLoS Comput. Biol. 2021, 17, e1008811. [CrossRef] [PubMed]

28. Smith, D.R.M.; Turner, J.; Fahr, P.; Attfield, L.A.; Bessell, P.R.; Donnelly, C.A.; Gibb, R.; Jones, K.E.; Redding, D.W.; Asogun, D.;
et al. Health and Economic Impacts of Lassa Vaccination Campaigns in West Africa. Nat. Med. 2024, 30, 3568–3577. [CrossRef]
[PubMed]

29. World Health Organization. Prioritizing Diseases for Research and Development in Emergency Contexts. Available online:
https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts (accessed on 23
June 2026).

30. Briese, T.; Paweska, J.T.; McMullan, L.K.; Hutchison, S.K.; Street, C.; Palacios, G.; Khristova, M.L.; Weyer, J.; Swanepoel, R.;
Egholm, M.; et al. Genetic Detection and Characterization of Lujo Virus, a New Hemorrhagic Fever–Associated Arenavirus from
Southern Africa. PLoS Pathog. 2009, 5, e1000455. [CrossRef] [PubMed]

https://doi.org/10.3390/ani16142263

https://doi.org/10.1371/journal.pone.0020893
https://www.ncbi.nlm.nih.gov/pubmed/21695269
https://doi.org/10.1093/gbe/evy050
https://www.ncbi.nlm.nih.gov/pubmed/29608723
https://doi.org/10.1111/j.1365-294X.2012.05663.x
https://www.ncbi.nlm.nih.gov/pubmed/22693963
https://doi.org/10.1038/s41426-018-0036-y
https://doi.org/10.1016/j.virol.2014.11.026
https://www.ncbi.nlm.nih.gov/pubmed/25506671
https://doi.org/10.1007/s00705-023-05804-8
https://www.ncbi.nlm.nih.gov/pubmed/37291370
https://doi.org/10.3201/eid3101.241084
https://www.ncbi.nlm.nih.gov/pubmed/39714420
https://doi.org/10.1073/pnas.2133782100
https://doi.org/10.2460/javma.2005.227.904
https://www.ncbi.nlm.nih.gov/pubmed/16190589
https://doi.org/10.1371/journal.ppat.1007415
https://www.ncbi.nlm.nih.gov/pubmed/30427944
https://doi.org/10.1007/s00705-015-2418-y
https://www.ncbi.nlm.nih.gov/pubmed/25935216
https://doi.org/10.1038/s41564-025-02085-6
https://www.ncbi.nlm.nih.gov/pubmed/40781447
https://doi.org/10.3390/v4010083
https://www.ncbi.nlm.nih.gov/pubmed/22355453
https://doi.org/10.1128/JVI.02039-09
https://doi.org/10.1128/mBio.02063-14
https://www.ncbi.nlm.nih.gov/pubmed/25352624
https://doi.org/10.1016/0042-6822(84)90286-1
https://www.ncbi.nlm.nih.gov/pubmed/6324469
https://doi.org/10.1016/j.virol.2025.110464
https://doi.org/10.1016/j.virusres.2006.10.007
https://www.ncbi.nlm.nih.gov/pubmed/17125871
https://doi.org/10.1038/s41467-023-38202-4
https://www.ncbi.nlm.nih.gov/pubmed/37120646
https://doi.org/10.1371/journal.pcbi.1008811
https://www.ncbi.nlm.nih.gov/pubmed/33657095
https://doi.org/10.1038/s41591-024-03232-y
https://www.ncbi.nlm.nih.gov/pubmed/39198710
https://www.who.int/activities/prioritizing-diseases-for-research-and-development-in-emergency-contexts
https://doi.org/10.1371/journal.ppat.1000455
https://www.ncbi.nlm.nih.gov/pubmed/19478873
https://doi.org/10.3390/ani16142263


Animals 2026, 16, 2263 12 of 15

31. Ishii, A.; Thomas, Y.; Moonga, L.; Nakamura, I.; Ohnuma, A.; Hang’ombe, B.; Takada, A.; Mweene, A.; Sawa, H. Novel Arenavirus,
Zambia. Emerg. Infect. Dis. 2011, 17, 1921–1924. [CrossRef] [PubMed]

32. Vilibic-Cavlek, T.; Savic, V.; Ferenc, T.; Mrzljak, A.; Barbic, L.; Bogdanic, M.; Stevanovic, V.; Tabain, I.; Ferencak, I.; Zidovec-Lepej,
S. Lymphocytic Choriomeningitis—Emerging Trends of a Neglected Virus: A Narrative Review. Trop. Med. Infect. Dis. 2021, 6, 88.
[CrossRef] [PubMed]

33. Ferenc, T.; Vujica, M.; Mrzljak, A.; Vilibic-Cavlek, T. Lymphocytic Choriomeningitis Virus: An under-Recognized Congenital
Teratogen. World J. Clin. Cases 2022, 10, 8922–8931. [CrossRef] [PubMed]

34. Gómez, R.M.; Jaquenod De Giusti, C.; Sanchez Vallduvi, M.M.; Frik, J.; Ferrer, M.F.; Schattner, M. Junín Virus. A XXI Century
Update. Microbes Infect. 2011, 13, 303–311. [CrossRef] [PubMed]

35. Cajimat, M.N.B.; Milazzo, M.L.; Rollin, P.E.; Nichol, S.T.; Bowen, M.D.; Ksiazek, T.G.; Fulhorst, C.F. Genetic Diversity among
Bolivian Arenaviruses. Virus Res. 2009, 140, 24–31. [CrossRef] [PubMed]

36. Delgado, S.; Erickson, B.R.; Agudo, R.; Blair, P.J.; Vallejo, E.; Albariño, C.G.; Vargas, J.; Comer, J.A.; Rollin, P.E.; Ksiazek, T.G.; et al.
Chapare Virus, a Newly Discovered Arenavirus Isolated from a Fatal Hemorrhagic Fever Case in Bolivia. PLoS Pathog. 2008,
4, e1000047. [CrossRef] [PubMed]

37. Tesh, R.B.; Jahrling, P.B.; Salas, R.; Shope, R.E. Description of Guanarito Virus (Arenaviridae: Arenavirus), the Etiologic Agent of
Venezuelan Hemorrhagic Fever. Am. J. Trop. Med. Hyg. 1994, 50, 452–459. [CrossRef] [PubMed]

38. Nastri, A.C.; Duarte-Neto, A.N.; Casadio, L.V.B.; Souza, W.M.D.; Claro, I.M.; Manuli, E.R.; Selegatto, G.; Salomão, M.C.; Fialkovitz,
G.; Taborda, M.; et al. Understanding Sabiá Virus Infections (Brazilian Mammarenavirus). Travel Med. Infect. Dis. 2022, 48, 102351.
[CrossRef] [PubMed]

39. Centers for Disease Control and Prevention (CDC). Fatal Illnesses Associated with a New World Arenavirus--California, 1999-2000.
MMWR Morb. Mortal. Wkly. Rep. 2000, 49, 709–711. [PubMed]

40. Enserink, M. New Arenavirus Blamed for Recent Deaths in California. Science 2000, 289, 842–843. [CrossRef] [PubMed]
41. Emonet, S.; Lemasson, J.-J.; Gonzalez, J.-P.; De Lamballerie, X.; Charrel, R.N. Phylogeny and Evolution of Old World Arenaviruses.

Virology 2006, 350, 251–257. [CrossRef] [PubMed]
42. Gonzalez, J.P.; Emonet, S.; Lamballerie, X.D.; Charrel, R. Arenaviruses. In Wildlife and Emerging Zoonotic Diseases: The Biology,

Circumstances and Consequences of Cross-Species Transmission; Childs, J.E., Mackenzie, J.S., Richt, J.A., Eds.; Current Topics in
Microbiology and Immunology; Springer: Berlin/Heidelberg, Germany, 2007; Volume 315, pp. 253–288, ISBN 978-3-540-70961-9.

43. Monath, T.P.; Newhouse, V.F.; Kemp, G.E.; Setzer, H.W.; Cacciapuoti, A. Lassa Virus Isolation from Mastomys natalensis Rodents
during an Epidemic in Sierra Leone. Science 1974, 185, 263–265. [CrossRef] [PubMed]
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