New World Arenaviruses: Host Reservoirs, Viral Diversity and Pathogenic Mechanisms


ABSTRACT
Introduction: Arenaviridae can cause diseases such as lymphocytic choriomeningitis, Lassa fever, Argentine hemorrhagic fever, Bolivian hemorrhagic fever, and Brazilian hemorrhagic fevers. Their main etiological agents are Sabiá virus, Flexal virus, Amapari virus, Juquitiba virus, lymphocytic choriomeningitis virus, Lassa virus, Junin virus, and Machupo virus. Objective: Show the degree of infection of New World arenaviruses associated with rodents of the genera Calomys, Necomys, Neotoma, Oryzomys, and Sigmodon, subfamily Sigmodontinae and family Cricetidae, and Old World arenaviruses associated with rodents of the genera Mastomys and Praomys of the subfamily Murinae and family Muridae. The exception is the Tacaribe virus, which was isolated from bats of the genus Artibeus spp. Methodology: Infected urine from various rodent species and person-to-person transmission are the modes of infection for this disease. Results: Infections range from asymptomatic in all cases to fatal in some, or even febrile illness with systemic symptoms generally including headache, myalgia, weakness, sore throat, and gastrointestinal symptoms, as well as hemorrhage and late neurological disease. Differential immune responses, destruction of T cells from infected cells in the central nervous system, can be observed, creating disturbances in the hemostatic system and endothelium, resulting in bleeding and shock. Isolation of the virus from blood, cerebrospinal fluid, or tissues, with evaluation of IgG and IgM antibodies, are specific for virus recognition. Conclusion: LCM occurs throughout the Americas, Europe, and Asia. All result from contact with infected rodent urine, usually through contamination of cuts and scratches on the skin.
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INTRODUCTION
HISTORY OF ARENAVIRIDAE
The first arenavirus, Lymphocytic choriomeningitis virus (LCMV), was isolated in 1933 during a study of a St. Louis encephalitis epidemic. Several arenaviruses have been isolated only in rodents, but few cause hemorrhagic diseases. Tacaribe virus found in 1956 and Junin virus isolated in 1958 were the first to be recognized, later in 1963 Machupo virus was isolated in Bolivia and then Lassa virus in 1969 in Nigeria. The most recent additions to these human pathogenic viruses are Guanarito virus detected in Venezuela in 1989, Sabia virus in Brazil in 1993, Chapare virus in Bolivia in 2004 and Lujo virus in South Africa in 2008.
Currently, according to ICTV, there are around 16,213 species of viruses on the planet1 (https://https://ictv.global/taxonomy) and three to four new species are still found every year. More than 224 viruses that cause human diseases are zoonotic in nature and 88% of these are present in these animal groups2, including Ebola, HIV/AIDS, avian influenza and monkeypox.
The viral species of this family Arenaviridae belong to the order Bunyavirales, Class Ellioviricetes and Phylum Negarnaviricota. Arenaviruses (Arena=sand in Latin), referring to the appearance of mammarenavirus particles observed in thin sections of electron microscopy; the suffix -viridae for taxa of the family1. They are a group of viruses belonging to the Arenaviridae family that generally infect rodents and accidentally infect humans. Infections caused by strains of arenavirus cause viral hemorrhagic fevers (VHFs) of varying severity; in its classic form, the disease caused by Arenavirus, is characterized by insidious onset. In the initial prodromes, the patient presents with high fever, headache, intense chills, muscle pain, epigastric and retro-orbital pain, dizziness, sensitivity to light and constipation3,4. Aseptic meningitis, an infection that causes inflammation in the meninges of the brain and spinal cord, can sometimes be caused by LCMV virus infections.
Divided into five genera: Antennavirus; Reptarenavirus; Hartmanivirus, Innmovirus and Mammarenavirus5, the Arenaviridae family includes viruses that can infect various vertebrate animals such as bats, rodents, shrews, snakes and fish, as well as humans. Hemorrhagic fever syndromes can be derived from infections by viruses of the LCMV, being the prototype of the group and the only Arenavirus cohabiting on both continents in areas of the Old World (Eastern Hemisphere) encompassing Africa, Europe and Asia and the New World (Western Hemisphere) encompassing Brazil, Bolivia, Venezuela, Argentina and the United States, but classified as an Old World virus.
The genus Mammarenavirus (single-stranded, negative-sense RNA virus) is the most important, as it has the ability to infect wild rodents, mammals, and occasionally cause disease in humans, most of which have natural reservoirs in rodents, containing about 50 viral species5, being divided into two subgroups: the New World complex (Tacaribe serocomplex, endemic to the Western Hemisphere) which includes the Tacaribe virus (TACV) prototype of the Caribbean Mammarenavirus group; those indigenous to the Americas, such as Sabia virus (SBAV), Flexal virus (FLEV), Cupixi virus (CUPXV), Amapari virus (AMAV) and Juquitiba virus (JUQV) (Mammarenavirus brasilienses) (Brazilian hemorrhagic fevers); Junin virus (JUNV) (Mammarenavirus junisense) (Argentine hemorrhagic fever); Latino virus (LATV) (Mammarenavirus latinum), Machupo virus (MACV) (Mammarenavirus machupoense) and Chapare virus (CHAV) (Mammarenavirus chapareense) (Bolivian hemorrhagic fevers); Guanarito virus (GTOV) (Mammarenavirus guanaritoense) (Venezuelan hemorrhagic fever); Parana virus (PARV) (Mammarenavirus paranaense) (Paraguayan hemorrhagic fevers), Patawa virus (PATV), Pichinde virus (PICV) (Colombian hemorrhagic fever), Pirital virus (PIRV), Whitewater Arroyo virus (WWAV), Oliveros virus (OLIV) and Tamiami virus (TAMV) (American hemorrhagic fevers); and Allpahuayo virus (Peruvian hemorrhagic fever).
The Old World complex (Lassa-Lymphocytic serocomplex) includes: Lassa virus (LASV), Mopeia virus (MOPV), Mobala virus (MOBV), Ippy virus (IPPYV), Lujo virus (LUJV) (African Mammarenaviruses), Menekre virus (MENV), Kodoko virus (KODV), Luna virus (LUNV), Lunk virus (LUKV), Gairo virus (GAIV), Gbagroube virus (GBGV), Merino Walk virus (MWV), Morogoro virus (MORV), Wenzhou virus (WENV) and Lymphocytic choriomeningitis virus (LCMV).
In recent decades, despite extensive research and enormous efforts by scientific research and modern medicine to eliminate and eradicate infectious diseases, many previously unknown or underestimated pathogens have become major threats to human health, as they have shown their plasticity and adaptability in infections6. In this context, emerging or re-emerging pathogens give rise to new diseases, including zoonotic diseases that are of great concern to the scientific community studying infectious diseases at different spatial and temporal scales7.
Many viruses that spread through nature, affecting wildlife and consequently reaching humans, do not result in pandemics8, and when they encounter a human host, these viruses often result in thousands of infections and fatal cases. It is believed that mammals and birds alone host around 1.7 million undiscovered viruses, which leads to many studies in search of the cause of the next pandemic that could affect our species9. Most viral outbreaks are closely related to wildlife animals, many of which are almost exclusive hosts and geographically sheltered in arthropods, small rodents and even chiropterans. While New World (NW) Arenaviruses, which include viruses indigenous to the Americas, are associated with rodents of the subfamily Sigmodontinae and Neotominae of the family Cricetidae; Old World (OW) arenaviruses, which include viruses indigenous to Africa, are associated with rodents of the subfamily Murinae of the family Muridae.
Despite the importance of arenaviruses as potential pandemic pathogens, there are numerous gaps in scientific knowledge pertaining to this diverse family, leaving a gap in understanding replication, immunosuppression, receptor utilization, and elucidation of neutralizing antibody responses, which in turn hinders the development of medical measures10.
Environmental damage, climate and environmental changes, globalization and anthropogenic actions in the modern world have provided a wide range of opportunities for repercussions and the emergence of zoonotic diseases, as well as the adaptation of microorganisms to their reservoirs and, consequently, their strengthening in new hosts. Surveillance of pathogens at the wildlife-animal/domestic-human interface should constitute the basis for the prevention and control of emerging and reemerging infectious diseases.

BIOLOGICAL CHARACTERISTICS
Members of the genus Arenavirus currently comprise 60 recognized species (https://ictv.global/report/chapter/arenaviridae/arenaviridae). The family Arenaviridae currently comprises five genera: Reptarenavirus (five species) and Hartmanivirus (eight species), whose members infect reptiles; Antenavirus (three species), whose members infect fish; and Mammarenavirus (50 species), whose members infect mammals; and Innmovirus (one species), isolated from river sediment, with no defined animal host5. The geographic distribution of arenavirids overlaps with the distribution of their hosts. Most known mammalian arenavirids infect rodents of one or a few species and are therefore geographically restricted to their hosts, but LCMV, which infects the ubiquitous house mouse (Mus musculus), is globally distributed (Table 1).
Arenavirids are dispersed and ecologically diverse and with a high rate of mutations, which establishes their detection in: ticks11,12, (Ambliomma americanum/Ixodidae)13; in mosquitoes14 to the infection of rodent varieties15-19 and squirrels (Paraxerus cepapi and Geosciurus inais/sciuridae)16, hedgehogs (Erinaceus roumanicus/erinaceidae), jerboas (Dipos sagitta/dipodidae)20, (Stylodipus sungorus/dipodidae) in Mongolia21 and shrews (Suncus murinus/Soricidae)18,19. Each virus species is more or less associated with a rodent species (the only exception known to date is Tacaribe virus, which is associated with a species of bat (Artibeus jamaicensis/Phillostomidae)14,22,23 and ticks24 and more recently the description of another mammarenavirus (Mammarenavirus alashanense), isolated from a non-rodent, identified from an anal swab of a three-toed jerboa (Dipus saggita/Dipodidae) in China21.
Regarding reptile arenaviruses, the following have currently been isolated: in snakes25-27, serpents (Boa constrictor and Corallus annulatus/Boidae)28, recently in indigenous snakes in captivity and wild in the wild, in Boa constrictor in Costa Rica29 and also, a recent description of a possible arenavirid in an Anolis allogus/Polychrotidae lizard discovered in Cuba30 (reptarenavirus, hartmanivirus); in fish (antenaviruses)31 and eels and river sediment samples (innmoviruses), in which group there are still questions that need to be clarified.
 
ARENAVIRUS AND ITS RESERVOIRS
The host reservoir of arenaviruses is preferably rodents. Each viral species is transported geographically restricted by a definitive host species (Table 1). The rodent's ability to survive viral infections is interpreted as the result of a long evolutionary process of adaptation between the virus and its host. It is believed that each mammarenavirus is predominantly associated with a particular reservoir, and therefore the geographic distribution of the virus is conditioned by the presence of its reservoir32.
Old World arenaviruses are found in rodents of the Muridae family and Murinae subfamily, while New World arenaviruses have been detected in rodents of the Sigmodontinae and Neotominae subfamilies of the Cricetidae family. The reservoir hosts for the viruses that cause FHV are Mastomys natalensis, Calomys callosus for MACV virus and Zygodontomys brevicauda for GTOV. Calomys musculinus is the main host for JUNV virus. Evidence for JUNV virus infections has also been reported in other rodents, including C. laucha, Akodon azarae and Necromys obscurus, as well as in the predatory carnivore Galictis cuja. The mammalian hosts for CHAPV, SABV and LUJV viruses are not yet known33.
Rodents of the species Mus musculus are considered the only cosmopolitan hosts of arenavirus that causes Lassa lymphocytic choriomeningitis (LCMV). Studies show that there are exceptions and that a rodent can be a reservoir of more than one mammarenavirus, such as, for example, Mastomys natalenses in the African continent, but it is also hosted to other rodents species, Hylomyscus pamfi and Mastomys erythroleucus, in different geographic regions of Africa34. In fact, Mastomys natalenses can harbor both the Luna mammarenavirus (LUAV) and the Lassa mammarenavirus (LASV) viruses, just as an arenavirus can have more than one reservoir, as is also the case with the Bear Canyon mammarenavirus (BCNV), which can infect the rodents Neotoma macrotis and Peromyscus californicus.
The Old World group, which for many years was composed of Lassa mammarenaviruses (LCMV) composed of viral serotypes Ippy (IPPYV), Mobala (MOBV), Mopeia (MOPV), Lujo (LUJV) and Luna (LUAV), has been expanding due to the discovery of new members of the group in the Asian and African continents, now including Gairo mammarenaviruses (GAIV), Loei River (LORV), Lunk (LNKV), Mariental (MRLV), Merino Walk (MWV), Okahandja (OKAV), Solwezi (SOLV), Wenzhou (WENV) which are mainly related to rodents of the family Muridae, subfamily Murinae5.
New World arenaviruses are phylogenetically divided into four lineages, known as Clade A, B, C and A/Rec (Clade D). While Clade C includes only Oliveros (OLV) and Latino (LATV) viruses, the situation is more complex for the other clades. Clade B has eight members (MACV, JUNV, TCRB, SABV, GTOV, AMPV, CPXV and CHAPV). Clade A can be divided into A and A-recombinant (A-rec or D), due to the chimeric origin of the S segment of North American arenaviruses. This clade includes the viruses Pichinde (PICV), Pirital (PIRV), Paraná (PRAV), Flexal (FLEV), Allpahuayo (ALLV), in Clade A and Tamiami (TAMV), Whitewater Arroyo (WWAV), Bear Canyon (BCNV) which are part of Clade A-rec (or D), and are related to rodents of the subfamilies Sigmodontinae and Neotominae.
African researchers35,36 emphasize that few arenaviruses are known in Central African rodents; however, LCMV, Souris, Mobala and Ippy viruses have been described in rodents of the genera Mus, Praomys, Mastomys and Arvicanthis in Gabon, Cameroon and the Central African Republic.
More recently, Tchetgna and collaborators37 related the rodent species present in the subfamilies Murinae, Neotominae and Sigmodontinae, identifying the Mobala (MOPV) and Souris (SOUV) viruses, isolated from hosts of the genus Praomys sp.; the Gairo (GAIV), Luna (LUAV), Moro-goro (MORV), Mopeia (MOPV) viruses isolated from Mastomys natalenses; Gba-groube viruses (GBAV), isolated from M. setulosus; Lassa (LASV), Dande-nong (DANV) and Lujo (LUJV) viruses, isolated from human species; Wenzhou viruses (WENV), isolated from Rattus norvegicus; Ippy virus (IPPYV), isolated from Arvicanthis spp.; Mariental virus (MRLV) and Okahandja virus (OKAV) isolated from M. namaquensis; Menekre virus (MEKV), isolated from Hylomyscus spp.; Loei River virus (LORV), isolated from Bandicota spp.; Merino Walk virus (MRWV), isolated from M. unisulcatus; Lunk virus (LNKV), isolated from M. minutoides and LCMV isolated from Mus musculus. As we can see, the natural host reservoirs and geographic distributions of mammarenaviruses appear to be quite diverse and complex.
The importance of arenaviruses in Brazil is due much more to the potential risk of localized outbreaks, similar to what has already occurred in neighboring countries (Argentina, Bolivia and Venezuela). Currently, nine Indigenous Mammarenaviruses have been isolated in Brazilian States, identified and their respective rodents are: Amapari virus (AMPV) associated with Neocamys guinea and Cupixi virus (CPXV), associated with Oryzomys (Hylaeamys) megacephalus, both in Amapá (AMAV); Aporé virus (APOV) having Olygoryzomys mattogrossae (= O. fornesi) and Oliveros (OLVV), isolated in Necromys lasiurus, in Mato Grosso do Sul; Latino virus (LATV), associated with Calomys callosus and C. callidus species, isolated in Mato Grosso and Mato Grosso do Sul; Flexal virus (FLEV), associated with reservoirs of rodents of the genus Oryzomys, in Pará; the Pinhal virus (PIRV), having Calomys tener as reservoir and the Sabia virus (SABV), with no identification of an animal reservoir, in São Paulo and the Xapuri virus (XAPV), having Neocomys musseri as reservoir, in Acre5,38-40  (Table 1). Arenaviruses are responsible for causing serious diseases in humans with high fatality rates; the infection promotes clinical manifestations similar to those of dengue, yellow fever and malaria.
American arenaviruses belong to the same group, known as the Tacaribe complex. Some arenaviruses have been isolated only from human patients, which makes it impossible to identify the host of the virus, as is the case of the SABV virus and, more recently, the CHAPV and LUJV viruses. The SABV virus, isolated from a patient in the state of São Paulo, has been associated with the human disease. After the identification of the first and only case of Brazilian hemorrhagic fever in 1990, no study has yet identified the reservoir of the SABV virus, which is still unknown, but it is certainly known that it is wild, non-urban rodents.
McCormick41 emphasizes that the Arenaviridae, evolutionarily speaking, are probably descended from an ancestral virus that subsequently differentiated in parallel with the evolution of the rodents of the family Cricetidae persistently infected by arenaviruses. It seems likely, therefore, that the current distribution and evolution of these viruses are directly related to the distribution and evolution of the first Cricetidae rodents and their descendants, which now constitute the natural hosts of most of this family of viruses. The coevolution of these viruses will undoubtedly continue and will depend mainly on mutations, selected by the immunological pressure of the persistently infected host, and perhaps on reassortment in the rodent host.

ARENAVIRUSES AND OTHER HOSTS
Bats are prominent hosts of zoonotic RNA viruses due to immunological, physiological, and ecological factors42. The natural reservoirs of Mammarenaviruses are mostly highly divergent rodents, with the exception of the Tacaribe mammarenavirus (TCRV), identified in Trinidad, in the Caribbean in 1950, found in bats of the Phyllostomidae family of the species Artibeus lituratus, one of the largest bats in Brazil, and in Amblyomma americanum ticks of the Ixodidae family38, native to the USA and Mexico City, opening the possibility of viral evolution aimed at adaptation to arthropod hosts, as well as viruses of the Flaviridae family (Arboviruses).
According to Moreno et al.43, TCRV is phylogenetically related to pathogenic arenaviruses that cause viral hemorrhagic fever (VHFs). The viral properties of this viral entity are associated with serious diseases, such as cell tropism and evasion of immune responses, and may be conserved in genetically related animal arenaviruses.
In 2017, Malmlov and collaborators44 presented serological evidence of arenavirus circulation among fruit bats in Trinidad, from four captured species Artibeus lituratus, A. planirostris, Carolia perspicillata and Sturnira lillium. In the same year, Gerrard and collaborators45 developed a laboratory model to study the infection of Jamaican fruit bats (Artibeus jamaicensis) by a natural bat pathogen, the TCRV virus.
In a recent study carried out in the Southeast region of Brazil, Brazilian researchers46 detected arenavirus RNA in four Artibeus lituratus bats, one in A. planirostris, confirming the isolation of this viral agent in this species of chiropterans44 and 12 strains isolated from a new host of the bat species Carollia perspicillata, indicating that all three bat species positive for arenavirus are abundant in tropical environments and well adapted to urban landscapes, indicating potential for dispersal and spread to humans and other animals and which they called Tietê virus (TETV) (Tiete mammarenavirus), named after the river in that region.
Experimental infections with LASV, JUNV, and MACP have been established in non human primates. Some species that are susceptible to Lassa virus include baboons (Papio spp.), rhesus macaques (Macaca mulatta), and squirrel monkeys (Saimiri spp.). In rhesus macaques inoculated with these viruses, clinical signs included lethargy, anorexia, constipation, fever, conjunctivitis, and rash33.
In addition to the human pathogenic arenaviruses mentioned above, there are many other emerging arenaviruses that have no known causal role in humans. Reptarenaviruses, named after the reptile “crawling” virus, have a bisegmented genome and are more closely related to ebolaviruses (Mononegaviridae: Filoviridae) than to viruses in the Bunyavirales group5.
In recent work, using metatranscriptomic approaches30 they covered 25 countries, identifying 26 new viruses including a lizard isolated in Cuba (Anolis allogus). Multiple reptarenaviruses are capable of infection suggesting different combinations of RNA segments in the S and L genomic portion of their RNA, which does not appear to be observed with the non-Hartmanvirus-encoded Z protein, where the significance of this Z protein has not yet been elucidated in the genomes of mammarenaviruses and reptarenaviruses. In addition to mediating viral budding and regulating viral RNA synthesis, the Z protein also has an immunosuppressive function. A study47 showed that Z proteins from New World arenaviruses (JUNV, MACV, TCRV and SABV), and not Old World arenaviruses (LASV and LCMV), can interact with the cytoplasmic pathogen recognition receptor RIG-I (Retinoic Acid-Inducible Gene-I) to inhibit the induction of IFN-I (Type I Interferon) important in mediating viral responses.
The genus Inmovirus currently has a single species of arenavirus, recently discovered in river sediment samples from the Mongolia region (China), without presenting a known animal (Table 2). The genomes of Inmovirus consist of three segments (S, M and L) instead of two (S and L) segments of genomic RNA and do not encode a Z protein, the possible natural hosts of this group of Arenaviruses could be some species of fish, as suggested by Ly et al48.
Many Arenaviruses promote persistent, often asymptomatic infections in their reservoir hosts, some of them causing disease in humans and some, as described in the literature5,30,31, developing boid inclusion body disease/BIBD in some species of snakes and serpents. These zoonotic infections can, due to the specification of some viruses, promote serious diseases and sometimes with a fatal trajectory for humans. This viral group is classified into 5 genera: Mammarenavirus (infects mammals), Reptarenavirus and Hartmanivirus (infects reptiles), Antennavirus (infects actinopterygian fish)49 and Innmovirus (river sediment)5. Their ecology still needs to be determined.

PHYLOGENETIC AND ANTIGENIC RELATIONSHIPS OF THE ARENAVIRIDAE FAMILY
Arenaviruses are viruses from the Latin arena, which means “sand”, in recognition of their “sandy” appearance, belonging to the order Bunyavirales, family Arenaviridae. They are spherical or pleomorphic viruses, with a diameter between 110 - 130 nm, with single-stranded RNA of negative polarity, bi-segmented, with segments surrounded by a lipid bilayer derived from the membrane of host cells. Arenaviruses have a segmented RNA genome consisting of two single-stranded ambisense RNAs. The genomic RNA alone is not infectious and the viral replication machinery is required to initiate infection within a host cell50.
The nucleic acid sequences of the N genes of all known arenaviruses have served as the basis for phylogenetic analyses that support previously established antigenic groupings and delineate the relationships among the viruses. The classification of arenaviruses into Old World and New World groups, as well as the subdivision of New World arenaviruses into three groups, is largely supported by bootstrap resampling analysis. Sequence data from other regions of the genome, including the L gene, largely corroborate these analyses. Within the Old World viruses, Lassa, Mopeia, and Mobala viruses form a monophyletic group, whereas Ippy viruses and Lymphocytic choriomeningitis virus are more distant genetically.
An intriguing virus, Lujo, found in South Africa, shows the greatest similarity to Old World viruses, although it contains New World sequence elements in its glycoprotein. New World viruses can be divided into three groups based on sequence data. Group A includes Pirital virus, Pichinde virus, Parana virus, Flexal virus, and Allpahuayo virus (Peru) from South America, along with Tamiami virus, Whitewater Arroyo virus, and Bear Canyon virus from North America5,23,51,52.
Clade B is the most important in terms of human disease, as it contains the major viruses that cause hemorrhagic fevers (HF) in South America, such as JUNV, MACV, GTOV, and the now-disappeared SABV, which have similar symptoms in humans, although they are genetically distinct from each other. This group includes the human pathogens Machupo virus, Junín virus, Guanarito virus, and Chapare virus, together with the nonpathogenic Tacaribe virus, and the Brazilian viruses of Tupi-Guarani origin: Sabia virus, Amapari virus, Flexal virus, Cupixi virus, and Juquitiba virus. Latino virus and Oliveros virus form a separate group (group C) (Table 1). It is relevant to note that the characteristic of human pathogenicity apparently emerged on at least two distinct occasions during the evolution of arenaviruses5,23,51,52.
New World viruses have been grouped more specifically into three lineages based on antigenic data: two that are pathogenic in humans, A and B, and one that is non-pathogenic, lineage C. Clade A contains lineages that are non-pathogenic to humans: Flexal (Brazil), Pichinde (Colombia), and Parana virus (Paraguay). Clade B contains the Tacaribe (Caribbean), Amapari (Brazil), and Cupixi (Brazil) viruses, and clade C contains the non-pathogenic Oliveros (Argentina), Latino virus (Bolivia) (Charrel et al., 2008), and Pinhal (Brazil) viruses. We can also contact the lineages of clade D, such as the Tamiami virus (USA) and the viruses; Ippy (Africa), Mopeia (Mazambique), and Mobala (Zimbabwe), of African origin, belonging to the Old World.51
Regarding recombination events within the S RNA segment of North American arenaviruses (Clade D), the reassortment between Clade B and Clade C likely occurred during the early stages of the evolution of South American Mammarenaviruses51.
The viruses are carried in asymptomatic animal reservoirs, usually rodents. Nonhuman primates can be infected experimentally, but there is no evidence that these viruses are pathogenic in farm animals, cats, or dogs. In humans, the disease can be mild to severe or fatal. Symptoms of arenavirus hemorrhagic fever can range from mild to severe, depending on the type of virus involved and the patient's immune response. Some of the most common symptoms include high fever, muscle aches, fatigue, severe headache, vomiting, diarrhea, and bleeding.
In the process of disinfecting Arenaviruses they can be inactivated by most detergents and disinfectants, including 1% sodium hypochlorite and 2% glutaraldehyde. Viruses are also susceptible to ultraviolet light and gamma irradiation, and can be inactivated by temperatures of 56° C and pH less than 5.5 or greater than 8.533,53.


ARENAVIRUSES FROM THE “ONE HEALTH” PERSPECTIVE
Arenaviruses pose a significant threat to public health, especially in tropical and subtropical regions. It is noteworthy that in light of the One Health approach, control of these diseases can be achieved through epidemiological surveillance, environmental management, and education measures to reduce human contact with infected rodents. Knowing that the epidemiology of Arenaviruses is directly linked to the environment and human-rodent interaction, endemic regions need effective control and surveillance strategies to prevent outbreaks and minimize impacts on public health54,55.
Thus, the One Health approach emphasizes the interconnection between human, animal and environmental health. In the case of Arenaviruses, it is essential to understand and mitigate risks, as these viruses are zoonotic, have a specific geographic distribution and are influenced by environmental factors and ecological changes56.
Since Arenaviruses have a geographic distribution directly linked to the presence of host rodents, environmental changes and human occupation patterns can increase or reduce the risk of infection32. Ecological studies should be carried out to map the distribution of infected rodents, adopt health education and literacy practices that minimize human contact with rodent habitats, and implement sanitary and educational measures aimed at regions at higher risk.
It is worth noting that environmental factors such as climate change, deforestation, and urbanization influence the dynamics of Arenaviruses by altering the ecology of rodents and their proximity to humans57. It is suggested that there should be environmental sustainability, since agricultural practices can increase the movement of rodents to urban areas. In addition, climate variations impact the reproduction and dissemination of reservoirs. Finally, conservation policies help protect natural ecosystems to avoid imbalances that increase contact between humans and rodents58.
Regarding the mode of transmission, which occurs through inhalation of contaminated aerosols, but which can also occur through direct contact or person-to-person transmission in some cases, it is mandatory to create strategies to reduce the rodent population in urban and rural areas, carry out campaigns on the importance of safe food storage and proper disposal of waste to avoid infestations and, no less important, the development of measures to prevent nosocomial infections in outbreaks of hemorrhagic fevers38.	
It is known that dissemination patterns are directly linked to local outbreaks, population migration and sanitary conditions. Thus, integrated epidemiological surveillance with continuous monitoring of human cases, rodent populations and environmental changes, and the development of rapid response to outbreaks with early warning systems can prevent major epidemics. Investment in vaccines, antiviral treatments and rapid diagnostic methods is also of utmost importance59.
The interrelationship between geographic distribution, environmental factors, transmission modes and spread patterns of Arenaviruses requires a One Health approach for effective control and prevention. Joint work between physicians, veterinarians, ecologists, biologists, zoologists and public health authorities enables a more efficient response to these zoonotic diseases, reducing global risks and impacts.

SABIA VIRUS: A MAMMARENAVIRUS WITH APPARENT AND RARE INFECTION
It is known that arenaviruses have infected rodents for thousands of years, with wild rodents being the main hosts. Regardless, since 1950 human hemorrhagic fevers caused by these agents have been described in South America60.
The Mammarenavirus genus, whose hosts are mammals, has nine viral species, eight of which have been identified in Brazil: in the North, in the Macapá region, State of Amapá, we have the Amapari virus isolated from Neacomys guianea and the Cupixi virus isolated from Hylaeamys megacephalus. In the central-west region, the Aporé virus isolated from Olygoryzomys mattogossae and the Oliveros virus; in Mato Grosso do Sul, the Latino virus, isolated from Calomys callosus and C. callidus, in the Cerrado regions of the States of Mato Grosso and Mato Grosso do Sul. In the North region, in the State of Pará, the Flexal virus, isolated from rodents of the genus Oryzomys. In the Southwest region, the Xapuri virus, isolated from Neacomys musseri, in the region of the State of Acre and finally in the Southeast region of Brazil, the Pinhal virus, isolated from the rodent Calomys tener, in the State of São Paulo and the Sabia virus, also isolated from the State of São Paulo (Table 1), being the only Mammarenavirus that maintains its reservoir still unknown, and the only one associated with hemorrhagic fever disease and considered a biosafety level four microorganism isolated in Brazil.
The animal reservoir of Brazilian Mammarenavirus remains unknown. It is suspected that the route of infection of mammarenaviruses is by aerosol inhalation or direct contact of the mucosa with rodent excrement, as in other South American hemorrhagic fevers caused by the Arenaviridae family61.
Five Arenaviruses Lassa (Africa), Junin (Argentina), Machupo, Chapare (Bolivia) and Guanarito (Venezuela) have been associated with Viral Hemorrhagic Fevers (VHF) in humans3. The Sabia virus (Mammarenavirus braziliense) is considered the only etiological agent of Brazilian hemorrhagic fever (BHF), however its isolation is an unknown and a mystery, having appeared sporadically in fatal cases in the state of São Paulo.
The first case was identified in 1990, initially isolated as yellow fever, from the case of a woman who died after infection, which occurred in Jardim Sabiá, in the municipality of Cotia (west of São Paulo/Brazil)62 and, from this case, two other non-fatal cases of laboratory infection occurred during attempts to isolate the virus in cell culture; the second case occurred in a 39-year-old laboratory technician and another case report of Sabia virus, which occurred in a laboratory environment in the United States with a virologist63,64.
The fourth case of Sabia virus, described in the literature, occurred in 1999, a fatal hemorrhagic case affecting a 32-year-old man, in the municipality of Espírito Santo do Pinhal (São Paulo) was associated with the Sabia virus, and recently, after twenty years, in 2019 in the municipality of Assis, in 2020, in Eldorado (Vale do Ribeira) and more recently in 2022, the virus was identified again in two cases in the state of São Paulo63.
A laboratory infection with Flexal arenavirus occurred in a patient who had a low fever for several weeks, malaise, asthenia, and intense hair loss, with complete recovery after treatment4. Some arenaviruses appear to hide in the various host forms that exist on the planet, and the natural reservoir of the virus has not yet been identified. Some arenaviruses have been isolated only from human patients, which makes it impossible to identify the host of the virus, as is the case of the Sabia virus and, later, the Chapare viruses and Lujo viruses65. Currently, in 2022, Mafayele and collaborators66 recorded the host of the Chapare virus in cricetid rodents of the species Oligoryzomys microtis.
Recently, a new Sabiá-Like virus (SBAV-L) was identified in Brazil67, and the diseases it causes are collectively known as South American hemorrhagic fevers.
The source of infection of the Sabia virus is still unknown, but it seems likely that this virus exists in a rodent reservoir, although its host remains unknown. Brazil stands out on the world stage for the described species of Mammarenavirus, but contradictorily little is known about the real geographic distribution and dynamics of these viruses in their reservoirs and in the human population.

RESULTS & DISCUSSION:

Analyzing the results presented in Table 1, we can observe that the Muridae family contains the Old World rodents (43.3%) belonging to the genera Mus, Mastomys, Arvicanthus, Apodemos, Lemniscomys, Micaelamys, Hylomyscus, Myotomis, Praomys, Bandicota, Niniventer, Grammomys and Rattus. The New World rodents (56.7%) are associated with rodents of the genera Akodon, Oecomys, Oryzomys, Sigmodon, Neotoma, Neacomys, Olygorizomys, Hylaeamy, Zygodontomys, Calomys, Mus, Peromyscus, Neotoma, Neacomys, Calomys, Bolomys and Necromys. The genus Mus is the only genus that contains viral strains from both continents, with the species Mus triton, M. setulosus, M. minutoides, M. musculus, M. domesticus in the Old World and M. musculus in the New World for the Junin virus standing out. This species is distributed worldwide.
For the Old World strains, 26 (48.1%) Mammarenavirus viral strains were recorded and for the New World strains, 28 (51.9%) Mammarenavirus viral strains were currently recorded. According to the tabulated data, the identified NM arenaviruses are related to the rodents of the Sigmodontinae and Neotominae subfamilies and the Old World ones with the Murinae subfamilies.
There are exceptions where we can observe the Alxa virus (Old World) which has as host Dipus saggita, a jumping rodent (Northern three-toed Jerboa) of the Dipodidae family and in the New World, the Tacaribe virus isolated from bat species of the Artibeus genus, of the Phyllostomidae family.
A rodent can be a reservoir for more than one Mammarenavirus, such as the rodent Mastomis natalensis, from the Muridae family, being the most frequent species to host old world arenaviruses such as: Lassa, Gairo, Luna, Mopeia and Morogoro. And as noted, arenaviruses can have more than one reservoir, as is the case with Junín virus, which can infect Calomys musculinus, Mus musculus, Vesper calomis callosus and Akodon ozarae, Bear Canyon virus, which can infect the rodents Neotoma macrotis and Peromyscus californicus; the Amapari virus that can infect Oryzomys gaeldi and Neacomys guianae, the Guanarito virus, infecting Zygodontomys brevicauda and Sigmodon alstoni, the Oliveros virus infecting Bolomys spp., Necromys benefactus, N. lasiurus and N. obscurus and the Wenzou virus (Old World) isolated from species of Rattus novergicus, R. exulans, R. rattus and Niniventer and Rio Loei virus, strains isolated in the species Bandicota indica, B. savilei, Niviventer fulvescens.
Currently, nine Brazilian Mammarenaviruses have been isolated: Amapari, Aporé, Cupixi, Xapuri, Latino, Oliveros and Pinhal viruses isolated and presenting unknown febrile disease. Flexal viruses, with laboratory-acquired febrile disease and Sabia virus, proven to be known as Brazilian hemorrhagic fever.

It is a mystery why some arenaviruses can cause fatal infections in humans while others cannot, even when isolated from the same rodent host. Recent studies have revealed several potential pathogenic mechanisms of arenaviruses, including factors that enhance viral replication capacity and suppress host innate immunity, resulting in the high viremia and generalized immunosuppression that are characteristic of severe and fatal arenavirus disease in Brazil or anywhere in the world where these strains cohabit.
Dengue, schistosomiasis, Chagas disease, leishmaniasis, hemorrhagic fevers caused by Arenavirus, Orthohantavirus and others, in addition to other human pathologies, many of these mysteries can be answered by analyzing the ecological disturbances of ecosystems, deforestation, aggressions to the environment, and more recently, issues related to global warming, which interfere in the balance between reservoirs, disease vectors, etiological agents and man, causing a series of pathological interactions.
Old World (OW) lineages (Lassa lymphocytic choriomeningitis serocomplex (LCMV)) include species that occur in Africa and include LASV and a viral relative, most recently LUJV, isolated from human cases of hemorrhagic fever in Africa in 2008, was recognized as a new member of the Arenaviridae family and has also demonstrated potential for person-to-person transmission. All known arenaviruses cause a serious infection called Viral Hemorrhagic Fever38.
In a survey conducted in Argentina, results from collected mice showed 9.4% positivity for arenavirus, compared to results from men (4.6%) and women (3.6%)68. In French Guiana, research conducted with 37 rodents of the species Mus musculus showed positivity for LCMV by PCR in lung and kidney samples69.
A study carried out in Colombia in 2017, using M. musculus rodents, collected in residential areas, detected 10% positivity in serological analyses for LCMV, and RT-PCR tests showed that serologically negative individuals presented positive results in a second analysis70.
Three studies conducted by African researchers34-36 demonstrated the presence of the virus on the continent. One in Gabon, where a prevalence of 13% was identified in 188 rodents of the species M. musculus tested by RT-PCR, and the other in Egypt, where a seroprevalence ranging from 1.8% to 11.5% was observed in different regions of the country, in a study where the highest percentages of reactive sera were from the rodents M. musculus and R. rattus.
In South America, the first description of the disease associated with arenaviruses was in 1950, in Buenos Aires. The disease was called argentine hemorrhagic fever and, in 1958, associated with the Junin virus (JUNV), with rodents of the Calomys musculinus species as vectors. Later, in 1989, Bolivian hemorrhagic fever, associated with the Machupo virus, and Venezuelan hemorrhagic fever, caused by the Guanarito virus, were described, with the rodents Zygodontomys brevicauda and Sigmodon alstoni as reservoirs71.
The Brazilian Amazon has three mammarenaviruses detected in this region and their respective South American rodents: Amapari virus (AMPV), isolated from Neacomys guianae, Cupixi virus (CPXV), isolated from Hylaemys megacephalus and Flexal virus (FLEV) from a semiaquatic rodent of the genus Oryzomys in tropical forests in Pará/Brazil, unidentified and more recently the Xapuri virus (XAPV) isolated from Neocomys musseri, all belonging to the order Rodentia, family Cricetidae, subfamily Sigmodontinae72.
In Brazil, to our knowledge, there are no serological records on the prevalence of LCMV in rodents or humans. Mammarenavirus Chapare has been identified as the etiological agent of Congenital Heart Failure (CHF), identified in a zoonotic reservoir66. Viral transmission to humans occurs through the bite of an infected arthropod, or inoculation of particles of the excreta of infected rodents, or dried tissues that, after their death, infect via aerosolized particles. The causative viruses remain in nature in complex zoonotic cycles and are adaptable to new situations (as is the case of Aedes aegypti)3.
Arenaviruses are viruses transmitted by the feces and excretions of different species of wild rodents that live in forests, rural areas, and peri-urban areas. These rodents infest cereal warehouses and grain crops, and this can lead to infection of humans who work in these areas. The virus adapts to the rodent's immune system without causing disease, but it usually causes extremely serious and often fatal disease when it infects humans. Unlike the transmission of leptospirosis, caused by the bacterium Leptospira sp., which is transmitted to humans through the urine of rodents during floods, these rodents infest cereal warehouses and grain crops, spreading the viral load through feces and urine, and this can lead to infection of humans who work in these areas when they inhale aerosols containing fragments contaminated by these rodents.
Knowledge of the pathogenesis and immunological processes in response to arenavirus infection is still controversial and lacking much information. What is known is that macrophages are the main cellular targets in arenavirus infection and that this viral group has demonstrated viral tropism for lymphatic tissue. According to Mclay et al.73, an important immune system evasion mechanism may play an important role in the fatal shock syndrome that occurs in some critically ill patients with hemorrhagic fevers.
Another factor considered in immunosuppression states was the high levels of cytokines (TNF, IFN, IL-6, IL-10, IL-12). Studies conducted by Groseth et al.74 showed that infected macrophages did not present an increase in cytokine production and that these observed increases in cytokines could possibly be caused by other sources, such as dendritic cells, whose role of this cell group in the production of cytokines induced by viral agents has not yet been fully established73.
In vitro studies with endothelial cells have shown an increase in the production of nitric oxide (NO) and prostaglandin (PGI2), as observed by Gomez et al.75 and that these mediators contribute to the increase in vascular permeability of endothelial cells during infection, contributing to the fatal shock observed in severe forms73. Groseth and colleagues74 emphasize that cytokines in these cases may be important in the initial phase of Arenavirus infections and that a more delayed immune response may contribute to a severe progression of the disease, causing greater cellular damage.
Currently, with the use of new technologies and sequencing, discoveries are evident where new arenaviruses have been contributing to the knowledge and strengthening of studies involving this viral agent. Their contribution to human diseases continues on its way and has been providing knowledge, as well as the arenaviruses also discovered in reptiles (snakes) and fish, representing a significant expansion of the host range of arenaviruses. This assumption is based on the explosive evolution that viruses have and that, since the discovery of LCMV, other species of non-murine animals have been found carrying arenaviruses, such as the genera Hartmanivirus (snakes), Reptarenavirus (snakes) and Antennavirus (toadfish).
New arenaviruses are frequently isolated, both in humans and rodents, and the area affected by these viruses is expanding, demonstrating the dynamism of this viral family and the threat they pose to public health.

CONCLUSION:
In recent decades, despite intensive research and extraordinary efforts by modern medicine to eradicate infectious diseases, a number of previously unknown or underestimated pathogens have become a major threat to human health. In the wake of the COVID-19 pandemic, there is a great deal of attention and need to understand emerging zoonotic diseases and how to be prepared for the next pandemic.
Epidemiological monitoring of infectious diseases is one of the oldest practices in the health sector. The spread of pathogens and pathogenic agents is increasing and the differences between viruses from the "Old World" and the "New World" are gradually becoming less evident, challenging the prevention and control strategies of public health services. This has led the scientific and medical community to investigate and accelerate knowledge about these groups of infectious microorganisms. Wild animals play an essential role in the emergence of diseases, serving as a zoonotic reservoir from which previously unknown pathogens can emerge.
The Arenaviridae family includes many species of viruses found in a variety of animal hosts. Old and New World viruses exhibit significant differences in these pathways, so understanding the different mechanisms is essential to studying their reproduction and pathogenesis. As research on arenaviruses continues, the similarities and differences between the different species will further facilitate the development of species-wide pathogenesis and treatment models that share similarities but do not misuse between members. This improvement in arenavirus biology will be critical for all future research and development using these drugs. Although arenaviruses are considered potential pandemic pathogens, there are several gaps in the scientific understanding of this diverse family. These include gaps in understanding replication, immunosuppression, receptor usage, and the activation of neutralizing antibody responses. This makes it difficult to develop medical countermeasures.
The Arenaviridae family includes many species of viruses found in a variety of animal hosts. The Old and New World viruses are among the most important. In terms of environmental issues, the transmission of these viruses is closely linked to the presence and interaction between humans and rodents in specific environments. Changes in land use, destruction of natural habitats, and urbanization may increase contact between humans and rodents, increasing the risk of transmission of arenaviruses and other zoonotic diseases. These issues are closely related to climate change, which may play an important role in the issues related to arenaviruses and other microorganisms.
Changes in temperature and precipitation patterns can affect the distribution and abundance of rodents, as well as the ecology of the viruses they carry. This can lead to changes in the incidence of rodent-borne diseases in different regions. Therefore, understanding the interactions between microorganisms, the environment, and human health is critical to addressing environmental and public health issues holistically and effectively.












Table 1. Viruses of the Arenaviridae family (Mammarenavirus), geographic distribution, reservoirs and associated human diseases, identified in the Old and New Worlds.
	OLD WORLD

	Virus
	Host
	Family 
	Geographic region
	Disease

	
	MAMMARENAVIRUS (MAMMALS)

	
	Alxa (ALXV)
	Dipus saggita
	Dipodidae
	Mongolia - China
	Unknown

	
	Berega (BEGV)
	Gramamomys surdaster
	Muridae
	Tanzania
	Unknown

	
	Bicuar
	Mastomys natalensis
	Muridae
	Angola - Africa
	Unknown

	
	Bitu (BITV)
	Mus triton
	Muridae
	Angola - Africa
	Unknown

	
	Dande-nong (DANV)
	Unknown
	Unknown
	Yugoslavia, Australia, Zambia
	Febrile illness with encephalopathy
Solid organ, kidney and liver transplants

	
	Dhati Welel (DHWV)
	Mastomys natalensis, M. awashensis
	Muridae
	Africa
	Unknown

	
	Gairo (GAIV)
	Mastomys natalensis
	Muridae
	Majawanga - Tanzania
	Unknown

	
	Gbagroube (GBAV)
	Mus setulosus
	Muridae
	Cote d'Ivoire
	Unknown

	
	Ippy (IPPYV)
	Arvicanthus spp.
	Muridae
	Central African
	Unknown

	
	Kodoko (KODV)
	Mus minutoides
	Muridae
	Guinea
	Unknown

	
	Kitale (KTLV)
	Mastomys natalensis, Rattus rattus
	Muridae
	Kitale – Quênia
	Unknown

	
	Kwanza (KWAV)
	Mus triton
	Muridae
	Angola
	Unknown

	
	Lassa (LASV)
	Mastomys natalensis
	Muridae
	Western Africa
	Lassa fever, Febrile illness,
hemorrhagic fever in severe cases

	
	Lijiang (LIJV)
	Apodemus chevrieri
	Muridae
	China
	Unknown

	
	Lujo (LUJV)
	Unknown
	Unknown
	Zambia
	Hemorrhagic fever of nosocomial transmission 

	
	Luna* (LUAV)
	Mastomys natalensis
	Muridae
	Zambia
	Unknown

	
	Lunk (LNKV)
	Mus minitoides
	Muridae
	Zambia
	Unknown

	
	Lymphocytic 
Choriomeningitis (LCMV)
	Mus musculus, M. domesticus
	Muridae
	Worldwide
	Febrile illness, aseptic
meningitis in severe cases

	
	Mafiga (MAFV)
	Lemniscomys rosalia
	Muridae
	Tanzania
	Unknown

	
	Marietal (MRTV)
	Micaelamys namaquensis
	Muridae
	Namibia - Africa
	Unknown

	
	Menekre (MENV)
	Hylomyscus spp.
	Muridae
	Cote d'Ivoire – Africa
	Unknown

	
	Merino Walk (MWV)
	Myotomis unisulcatus
	Muridae
	South Africa
	Unknown

	
	Mecsekense (MEMV)
	Erinaceu roumanicus, E. europaeus
	Erinaceidae
	Hungria - Itália
	Unknown

	
	Mobala (MOBV)
	Praomys jacksoni
	Muridae
	Moçambique e Zimbabwe
Central African Republic
	Unknown

	
	Mopeia (MOPV)
	Mastomys natalensis
	Muridae
	Mozambique
	Unknown

	
	Morogoro (MORV)
	Mastomys natalensis
	Muridae
	Tanzania
	Unknown

	
	Negerengere
	Mus minutoides
	Muridae
	Morogoro - Tanzania
	Unknown

	
	Okahandja (OKAV)
	Micaelamys namaquensis
	Muridae
	Namibia
	Unknown

	
	Rio Loei 
	Bandicota indica, B. savilei, Niviventer fulvescens
	Muridae
	Thailand

	Related of acute febrile illness

	
	Ryukyu (RYKV)
	Takudaia muenninki, Mus caroli
	Muridae
	Japão/China
	Vírus da Encefalite Japonesa

	
	Solwezi (SOLV)
	Grammomys spp.
	Muridae
	Zambia
	Unknown

	
	Saongea (SOGV)
	Grammomys surdaster
	Muridae
	Lilondo - Tanzania
	Unknown

	
	Souris (SOUV)
	Praomys spp.
	Muridae
	Mobala
	Unknown

	
	Tundavala
	Micaelamy namaquensi
	Muridae
	Angola – Africa
	Unknown

	
	Wenzhou (WENV)
	Rattus novergicus, R. exulans, R. rattus, Niniventer niniventer 
	Muridae
	China e Cambodia
	Febrile disease

	NEW WORLD
	Virus
	Host
	Family
	Geographic region
	Disease

	
	MAMMARENAVIRUS (MAMMALS)

	
	CLADE A
	
	
	
	

	
	Allpahuayo (AALV)
	Oecomys bicolor, O. paricola
	Cricetidae
	Peru - Loreto
	Unknown

	
	Cali (PICHV)
	Oryzomys albigularis
	Cricetidae
	Cali - Colômbia
	Unknown

	
	Flexal (FLEV)
	Oryzomys spp.
	Cricetidae
	Pará - Brazil
	Influenza-Like Febrile illness 
(Laboratory-acquired)

	
	Paraná (PRAV)
	Oryzomys buccinatus
	Cricetidae
	Paraguay
	Unknown

	
	Patawa (PTWV)
	Oecomys spp.
	Cricetidae
	French Guiana

	Unknown

	
	Pichinde (PICHV)
	Oryzomys albigularis
	Cricetidae
	Colombia
	Unknown

	
	Pirital (PIRV)
	Sigmodon alstoni
	Cricetidae
	Venezuela
	Unknown

	
	Whitewater Arroyo (WWAV)	
	Neotoma albigula
	Cricetidae
	New Mexico - USA
	Possible hemorrhagic fever

	
	CLADE B
	
	
	
	

	
	Amapari (AMAV)
	Oryzomys gaeldi 
Neacomys guianae
	Cricetidae
	Amapá - Brazil
	Unknown

	
	Aporé (APOV)
	Oligoryzomys mattogrossae
	Cricetidae
	Mato Grosso do Sul - Brazil
	Unknown

	
	Chapare (CHAPV)
	Oligoryzomys microtis
	Cricetidae
	Cochabamba - Bolivia
	Hemorrhagic fever

	
	Cupixi (CUPXV)
	Oryzomys capito, 
Hylaeamy megacephalus
	Cricetidae
	Amapá - Brazil
	Unknown

	
	Guanarito (GTOV)
	Zygodontomys brevicauda, 
Sigmodon alstoni
	Cricetidae
	Venezuela
	Venezuela hemorrhagic fever

	
	Junín (JUNV)
	Calomys musculinus, Mus musculus, Vesper calomys callosus, Akodon ozarae
	Cricetidae
	Argentina
	Argentine hemorrhagic fever

	
	Machupo (MACV)
	Calomys callosus
	Cricetidae
	Beni - Bolivia
	Bolivia hemorrhagic fever

	
	Ocozocoautla Espinosa (OCEV)
	Peromyscys mexicanus
	
	Mexico
	Unknown

	
	Real de Catorce (RCTV)
	Neotoma leucodon
	Cricetidae
	Mexico
	Unknown

	
	Sabia (SBAV)
	Unknown
	Unknown
	São Paulo - Brazil
	Brazilian hemorrhagic fever. Probably similar to fever of the Americas; extensive liver failure and necrosis

	
	Tacaribe (TCRV)
	Artibeus jamaicensis (bat)
	Phyllostomidae
	Trinidad
	Possible febrile illness, Laboratory-acquired

	
	Xapuri (XAPV)
	Neacomys musseri
	Cricetidae
	Acre - Brazil
	Unknown

	
	CLADE C
	
	
	
	

	
	Latino (LATV)
	Calomys callosus
Calomys callidus
	Cricetidae
	Santa Cruz – Bolivia
MT e MT do Sul - Brazil
	Unknown

	
	Oliveros (OLVV)
	Bolomys spp., Necromys benefactus, 
N. lasiurus, N. obscururus
	Cricetidae
	Argentina, Mato Grosso do Sul - Brazil
	Unknown

	
	Pinhal (PINV)
	Calomys tener
	Cricetidae
	São Paulo - BraZil
	Unknown

	
	Pampa (PAMV)
	Necromys benefactus
	Cricetidae
	Argentina
	Unknown

	
	Ura (URAC)
	Necromys benefactus
	Cricetidae
	Argentina
	Unknown

	
	Oliveros (OLVV) 
	Necromys benefactus
	Cricetidae
	Oliveros - Argentina
	Unknown

	
	Vello (VELV) 
	Necromys lasiurus, N. benefactus
	Cricetidae
	Pergamina - Argentina
	Unknown

	
	CLADE D (A-Rec)
	
	
	
	

	
	Bear Canyon (BBTV)
	Peromyscus californicus,
Neotoma macrotis
	Cricetidae
	California - USA
	Unknown

	
	Big Brushy Tank (SKTV)
	Neotoma albigula
	Cricetidae
	USA
	Unknown

	
	Catarina (CTNV)
	Neotoma micropus
	Cricetidae
	USA
	Unknown

	
	Skinner Tank (SKTV)
	Neotoma mexicana
	Cricetidae
	USA
	Unknown

	
	Tamiami (TMMV)
	Sigmodon hispidus
	Cricetidae
	Florida - USA
	Unknown

	
	Tonto Creek (TTCV)
	Neotoma albigula
	Cricetidae
	USA
	Unknown





Table 2. Proposed viruses from the Arenavirus family associated with reptiles (Reptarenavirus and Hartmanvirus) and fish (Antenavirus) identifying geographic distribution and respective reservoirs.
	Virus species
	Name of virus
	Host
	Family
	Geographic region
	Disease

	REPTARENAVIRUS (REPTILES)

	Aurei (GOGV)
Golden reptarenavirus
	Alethinophid 1
Reptarenavirus dourado
Virus Golden Gate
	
Boa constrictor
	
Boidae
	
California – USA
	
Captive snake/BIBD

	Rotterdamense (UHV1)
Rotterdanamense reptarenavirus

	Alethinophid 2 - Reptarenavirus de Rotterdam - Universidade de Helsinque
	Corallus annulatus
	Boidae
	California - USA
	Captive snake/BIBD

	Rout virus (ROUTV)
Rotterdamense reptarenavirus
	Reptarenavírus de Rotterdam
	Boa constrictor, Corallus caninus, Epicrates c. cenchria
	Boidae
	Rotterdam - Holanda
	Captive snake/BIBD

	Californiae (CASV)
California reptarenavirus
	Alethinophid 3 -Reptarenavirus da Califórnia - Virus CAS
	Boa constrictor, Corallus annulatus, C. hortulanus
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Commune (TSMV2)
Ordinary reptarenvirus
	Tavallinen suomalainen mies 2
Reptarenavirus comum
	Boa constrictor
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Giessenae (UGV1)
Giessen reptarenavirus

	University of Giessen 1
	Boa constrictor
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Giessenae (UGV2)
Giessen reptarenavirus


	University of Giessen 2
	Boa constrictor
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Giessenae (UGV3)
Giessen reptarenavirus

	University of Giessen 3
	Boa constrictor
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Virus spécie
	Name of vírus
	host
	Family
	Geografic region
	Doença

	HARTMANVIRUS (REPTILES)

	Brazilense (SPVV1)
Setpatvet hartmanivirus
	SetPatVet1
	Boa constrictor

	Boidae

	Porto Alegre -Brazil
	Captive snake/BIBD

	Haartmani (HISV1)
Haartmanivirus haartmani
	Haartman Inst. Snake virus 1
	Boa constrictor, Piton
	Boidae
Pythonidae
	Helsinki - Finland
	Captive snake/BIBD

	Haartmani (HISV2)
Hartmanivirus haartmani
	Haartman Inst. Snake virus 2
	Boa constrictor, Piton
	Boidae
Pythonidae
	Helsinki - Finland
	Captive snake/BIBD

	Helvetiae (DaMV1)
Muikkunen hartmanivirus
	Dante Muikkunen1
	Boa constrictor

	Boidae
	Helsinki – Finland

	Captive snake/BIBD

	Patriae (aHeV1)
Hartmanivirus patriae
	Andere heimat virus 1
	Boa constrictor

	Boidae

	Porto Alegre -Brazil
	Captive snake/BIBD

	Quadrati (BESV1)
Hartmanivirus quadrati
	Big electron-dense squares 1
	Boa constrictor
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Scholae (OScV1)
Schoolhouse hartmanivirus
	Old schoolhouse virus 1
	Boa constrictor

	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Scholae (OScV2)
Schoolhaouse hartmanivirus
	Old schoolhouse virus 2
	Boa constrictor

	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Turici (VPZV1)
Zurich hartmanivirus
	Vet. Pathology Zurich virus1
	Snake
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Turici (VPZV2)
Zurich hartmanivirus
	Vet. Pathology Zurich virus 2
	Snake
	Boidae
	Helsinki - Finland

	Captive snake/BIBD

	Unni (UnNV1)
Hartmanivirus unni
	Universidade Nacional virus 1
	Boa constrictor

	Boidae
	Boa constrictor

	Captive snake/BIBD

	Virus spécie
	Name of vírus
	host
	Family
	Geografic region
	Doença

	ANTENNAVIRUS (FISH)

	Estriale (WIFAV1)
Hairy antennavirus
	Wenling frogfish arenavirus 1
	Antennarius striatus
	Antennariidae
	China
	unclassified

	Hirsutum (WIFAV2)
	Wenling frogfish arenavirus 2
	Antennarius hirsutum
	Antennariidae
	China
	unclassified

	Salmonis (SPAV1)
Salmon antennavirus
	Salmon pescarenavirus 1
	Oncorhynchus tshawytscha
	Salmonidae
	Northeast Pacific Ocean
	In salmon: inflammation of the spleen and liver, tubular necrosis, and kidney hyperplasia.

	Salmonis (SPAV2)
Salmon antennavirus
	Salmon pescarenavirus 2
	Oncorhynchus nerka
	Salmonidae
	Northeast Pacific Ocean
	In salmon: inflammation of the spleen and liver, tubular necrosis, and kidney hyperplasia.

	Virus spécie
	Name of vírus
	host
	Family
	Geografic region
	Doença

	
	INNMOVIRUS (RIVER SEDIMENT)
	

	Hailarense (HLRV)
	Hailar virus
	Probably fish
Isolated from river sediment
	-
	China
	unclassified
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