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The biogeographical examination of rodent faunas associated with arenaviruses reveals
two distinct patterns. Lymphocytic choriomeningitis (LCM) virus is associated primarily
with a single murid species, Mus musculus, although it is also known to cause laboratory
infections in other species. On the other hand, the arenavirusesfrom the Western hemisphere
are associated exclusively with a large and diverse group of cricetid rodents. Studies to date,
although limited, have not demonstrated their association with any other rodent groups,
although in South America alone at least twelve other rodentfamilies are known. Evidence at
the present time indicates that Lassa virus is only associated with a common African rodent,
Mastomys natalensis. From this limited evidence it is as yet difficult to determine whether
Lassa virus will follow the pattern of the South American arenaviruses, most of which are
knownfrom several species ofrodents, or that ofLCM virus, which appears to be associated
with only a single rodent species. In this paper, the history and structure ofSouth American,
Eurasian, and African rodent faunas are described.

Assuming that the arenaviruses constitute a
natural group, it is interesting to question whether
their observed occurrence in the known non-human
hosts reflects a pattern that is reasonable from the
biogeographic and rodent taxonomic viewpoints.
Although many rodent groups are associated with
other viral infections of man, we thought that the
rather special relationship between rodents and
arenaviruses and in some cases man (Machupo,
Junin, Lassa, and lymphocytic choriomeningitis
(LCM) viruses) could provide the basis for a case
study. The facts at present available suggest strongly
that only certain taxonomic groups of rodents are of
importance in the infectious cycles of the New
World arenaviruses. Whether there is a complemen-
tary Old World parallel is less clear.

Following such assumptions it is possible to con-
sider which other taxonomically and ecologically
related rodents, especially in the Americas and
Africa, may be involved in cycles of arenavirus
transmission. And finally, based on our rather
limited knowledge of these rodents, but from experi-
ence with other rodent groups, and other rodent-
borne infections, it suggests certain lines of study
that may be useful in further clarifying the ecology
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of these infectious cycles and possible means of
control.

In this paper we present a review of the rodent
faunas associated with the arenaviruses of South
America (Junin, Machupo, Amapari, Pichinde,
Parana, Latino, Portillo and Tamiami) and Africa
(Lassa), as well as the broadly distributed LCM
virus. Tacaribe virus, the only known arenavirus not
associated with rodents, remains an enigma and is
not considered.

RODENT FAUNAS

The world-wide fauna of rodents is divided into 34
families composed of some 354 genera and almost
1700 species (1). These are not evenly distributed
about the globe, and there is some disagreement
among specialists in rodent taxonomy concerning
major groupings (2, 3). Whatever system of overall
classification of rodents is accepted, those rodents
known to be associated with arenaviruses will fall
into the two major families-the Muridae and the
Cricetidae. Within these two large families, arena-
virus isolations are at present restricted to each of
two groups-one tribe of the New World Cricetidae
and one (of 6) subfamilies of the Old World Muri-
dae. Yet it must be recognized that these are the two
largest and most successful groups of rodents, and
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where common often constitute both in numbers and
biomass the bulk of rodent life.

South American rodent faunas and arenaviruses

The original rodent fauna of South America was

largely composed of hystricomorphs, which are still
abundant and represented on the continent by 13
families, composed of 45 genera and some 125
recognized species. These include the spiny rats
(Echimyidae), hutias (Capromyidae), chinchillas
(Chinchillidae), guinea-pigs (Caviidae), the agoutis
and pacas (Dasyproctidae), and 8 other families (1).
The most important recent additions to the South
American rodent fauna are all members of a single
family, the Cricetidae, which is also largely repre-

sented in other biogeographic zones. Ancestral cri-
cetids invaded South America from North America,
passing the Panamanian barrier in the Mio-Plio-
cene (4), spread throughout the southern continent
and evolved into a large number of forms (over 40
genera and 200 species are recognized). Most are

mouse-like or the size of small rats, in contrast to the
much larger hystricomorphs. At the same time that
the cricetids invaded South America, the squirrels
(Sciuridae) did likewise; they are represented by
3 genera and 12 forest species, penetrating about half
way down the continent. A host of non-rodents, the
rabbits (Leporidae), numerous carnivores (Canidae,
Felidae, and Mustelidae) and other northern groups
also arrived to complete the present faunal pattern.

Thus, the present native South American rodent
fauna (excluding two other North American families
that penetrate only into the northern part of the
continent), consists of 18 families, 88 genera, and
some 340 species. Three murids, Mus musculus,
Rattus rattus, and Rattus norvegicus, introduced
from the Old World, complete the fauna.
As mentioned above, the Cricetidae is a very large

rodent family. With the exception of Tacaribe virus,
which is bat-borne, all arenaviruses in South
America have been associated with cricetid
rodents (5). However, on the basis of the anatomical
structures of the male reproductive tract, a number
of workers have divided the New World forms into
two, and possibly three, groups (6-10). Without
going into the anatomical details, we mention that
these groups are: (a) South American, (b) North
American, and (c) Middle American, with overlaps
into both major continents. To date, all isolations of
rodent-related arenaviruses in native species have
been from the South American subgroup of cricetids
(5, 11). The only apparent exception is the isolation

of Tamiami virus from Sigmodon hispidus in Florida
(12). But Sigmodon and a species of Oryzomys are
well documented in the Pleistocene fossil records,
and are, in fact, recent invaders back into North
America (13). Both genera are fundamentally South
American cricetids on anatomical characters.

Table 1 lists the South and North American
rodents from which arenaviruses have been isolated
and Fig. 1 shows the geographical pattern.
Upon this evidence, it can be hypothesized that

there is a long-standing relationship between the
known rodent-borne arenaviruses (Junin, Machupo,
Portillo, Amapari, Parana, Latino, Pichinde and
Tamiami) in South America and a closely related,
and abundant, group of rodents. Oryzomys is
infected by Junin virus in Argentina, Amapari in
Brazil, Parana in Paraguay, and Pichinde in Colom-
bia: Calomys is infected by Junin virus in Argentina,
and Machupo and Latino in Bolivia. All other native
rodents in South America associated with arena-
viruses (Akodon, Neacomys, Thomasomys, and Sig-
modon) are closely related (11, 14).

In effect, we have observed that several closely
related rodents all belonging to one family are now

Table 1. New World mammals known to be associated
with arenaviruses other than LCM a

Virus Location Species

Tacaribe Trinidad Artibeus literatus
Artibeusjamaicensis

Junin Argentina Calomys (Hesperomys) laucha
Calomys musculinus
Akodon arenicus (= A. azarae)
Akodon obscurus
Akodon arenicola
Oryzomys flavescens
Mus musculus

Machupo Bolivia Calomys callosus

Amapari Brazil Neacomys guiniae
Oryzomys capito

Pichinde Colombia Oryzomys albigularis
Thomasomys fuscatus

Parana Paraguay Oryzomys buccinatus

Latino Bolivia Calomys callosus

Portillo Argentina Mus musculus (?)

Tamiami USA (Florida) Sigmodon hispidus

a All the species listed are native to the New World with the
exception of Mus musculus. The only non-rodent is Artibeus, which
is a phyllostomid bat.

NOTE: Junin, Machupo, and Portillo viruses have been isolated
from man. Viral isolates have also been made from the mites Echino-
laelaps echidninus (Junin) and Gigantolaelaps (Amapari and
Pichinde) and from the tick Ixodes tropicalis (Pichinde).
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Fig. 1. Approximate distribution of isolations of arena-
viruses in the New World (LCM excluded).

recognized as the reservoirs of a group of closely
related viruses in an area where 17 other rodent
families exist.

This hypothesis can be criticized only on the
grounds that in the available studies in South
America the field collection of rodents was biased
towards the cricetids that were numerically most
abundant in the areas sampled. In fact, we feel that
both aspects are true and will recommend how
future studies might be improved.

African rodent faunas and arenaviruses
The rodent fauna of Africa is old and complex.

The continent straddles two biogeographical zones
(Ethiopian and Palearctic) and leaks over into a

third (Oriental) (15). As there is only one arenaviral
infection (Lassa fever) recognized in Africa, we will
consider only the rodent fauna of West Africa. There
are 27 genera (55 species) of murids (Cricetomys, the
" cutting grass ", often considered as a cricetid, is
herein considered as a murid); 8 genera (13 species)
of squirrels; 6 genera (13 species) of gerbils; and
7 other families represented by a total of 8 genera
and 13 species. Many of these smaller families are

rare or only locally abundant (16).
In contrast to South America, where several

genera and species of a taxonomic group of rodents
have been shown to transmit or harbour arena-

viruses, in West Africa the evidence to date implicates

solely Mastomys natalensis in Lassa virus transmis-
sion (17). This evidence of reservoir specificity is
inconclusive as it is based upon tests for Lassa virus
(Sierra Leone, 1972) on 159 indigenous rodents,
including 82 Mastomys and only 77 representatives
of all other groups plus 141 Mus musculus and 50
Rattus rattus, which are introduced species usually
frequenting human dwellings. Further studies are
therefore needed.
Applying the South American experience to what

we know in West Africa, it seems likely that we may
be at the same stage as when Junin virus was first
isolated in Argentina, and it is probable that some of
the other 27 genera (55 species) of West African
murids may be implicated in the transmission cycle
of Lassa virus or other as yet unknown rodent-borne
arenaviruses in Africa.

Palearctic rodent fauna and arenaviruses

This rodent fauna is largely a mixture of sciurids
(ground and tree squirrels), cricetids (hamsters,
gerbils, and voles), and murids (the Old World mice
and rats), and others, representing 11 families, some
60 genera and over 200 species. They vary greatly
from tundra, montane, forest, and desert forms.
Compared to the African and South American fau-
nas, these rodents are well known, and have been the
subject of intensive studies, including many for viral
infections.
The only arenaviral infection noted in this area is

LCM (18). The original rodent reservoir of LCM is
not known, but its rather overwhelming association
with Mus musculus is a strong indication that this
species might have been the primary reservoir, and it
certainly serves at present as the major man-rodent
contact. The only other rodents from which LCM
has been isolated are European Apodemus sylvaticus
(2 isolates) and A. flavicollis (1 isolate) (18). It should
be noted that these two species of Apodemus often
occur in the same habitats and the young and
subadults are difficult to separate: also, the genus
Apodemus, a murid, is taxonomically closely related
to Mus. Both are Palearctic forms and their original
natural ranges overlap. Although Apodemus occa-
sionally becomes quasi-domestic in winter, it gener-
ally avoids human habitations. The distribution of
Mus musculus and its association with man are too
well known to discuss. LCM infections in laboratory
mice (Mus) are well known, and it is interesting to
note that Klosiella murinus, a common and trouble-
some protozoan parasite only known from labora-
tory colonies of Mus musculus, has been identified
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recently from wild Mus collected in its native range
in Iran (Wilson, A. et al., unpublished observations).
Summarizing the knowledge of wild reservoirs of

LCM, most of which is from Europe, it is apparent
that Palearctic Mus is the natural reservoir, and the
related and sometimes sympatric genus Apodemus
may rarely serve as a reservoir. Other rodent genera
(Microtus and Clethrionomys) and two insectivores
(Sorex and Crocidura), all of which live in similar
habitats and/or share the same burrows, have been
shown to be positive for LCM by complement
fixation (CF), but no isolates have been made from
them (18). Lacking other evidence, this would indi-
cate that the man-virus contact of LCM originated
with Palearctic Mus. Other species may be involved,
as indicated by the presence of viraemia or of CF
antibodies. The nature or extent of the involvement
of these other rodent species in possible sylvatic
cycles is not known. Therefore Central Asia, the
homeland of Mus musculus, would be the most
appropriate place to look for classical sylvatic LCM
cycles.

Arenaviruses not associated with endemic rodent
faunas
Introduced Mus have been implicated in the trans-

mission of Junin and Portillo viruses in South
America (5). Otherwise, as far as is known, rodent
infections with each of the three groups of viruses-
South American (Machupo, Junin, etc.), Palearctic
(LCM), and African (Lassa)-are restricted in
nature to their original biogeographic zones. LCM,
of course, has been widely spread through coloniza-
tion of laboratory mice.

It is interesting to note that Sigmodon (the source
of Tamiami virus) is susceptible to LCM virus (18).
This might imply that LCM virus can infect South
American (and South American derived) rodents
that are susceptible to indigenous arenaviruses, but
since laboratory infection with LCM occurs readily,
this observation may be of little significance.

ECOLOGICAL IMPLICATIONS

Most of the rodents associated with arenaviruses,
such as Mus, Mastomys, and Calomys, are grass-
land/brush forms, and frequently come in contact
with human dwellings. This contact is increased
where field crops and stored grain are involved.
Association of rodents with agricultural practices
often results in cyclic reproductive patterns linked to
the harvesting of crops. The resultant high densities

of rodents are very susceptible to aerosol and urine
infections (as they are in laboratory colonies).

In South America, most of the rodents involved in
arenavirus transmission are grassland forms. Some
Oryzomys species are exceptions, as the genus ranges
from pastoral to arboreal habitats, but even the
primary isolation of Pichinde virus was from Oryzo-
mys collected along forest edges.
To our knowledge, none of the rodent reservoirs

of arenaviruses are true forest rodents; rather, grass-
lands seem to provide the predominant habitat for
the reservoirs of the arenaviral infections of man,
and it is the cultivation of the grasslands by man that
facilitates the spread of the infections.

Comparison with other rodent-borne diseases

As the arenaviral infections appear not to be
associated with vector arthropods, an analogy to
certain modes of tularaemia transmission can be
made. Tularaemia can be transmitted to humans
through contaminated water, dust, and rodent car-
cases, as well as by ticks. In endemic areas, rodent
reservoirs can be classified according to their suscep-
tibility to infection by Pasteurella tularensis (19-21).
Some species are highly susceptible and likely to be
involved in epizootics, others are less susceptible and
though infected are able to maintain the infection
and thereby serve as the " true" reservoirs (22).
Similar conditions have been observed in endemic
plague areas, where two or more rodent species,
some resistant and the others susceptible, interact, the
resistant species providing for maintenance of the
infection in the focus, with sporadic epizootics
occurring when high population levels of the suscep-
tible species are attained (22-24).
As there is no available information that would

relate these hypotheses to epizootics or epidemics of
arenaviral infections, we do not propose that their
natural history is similar. However, it is likely that
more than one rodent species is required to maintain
the infection in a given focus and still be susceptible
to periodic outbreaks. If the nature of the arena-
viruses as " slow-viruses ", with persistant viraemias,
epitomized by LCM, holds true throughout the
group, it is possible that their cycles are not analo-
gous to that observed for the rodent-borne diseases
mentioned above.

Future field studies on the reservoirs of American
arenaviruses should be concentrated on those rodent
genera most closely allied to the Calomys-Oryzomys
group of Hesperomyini (family Cricetidae) (2). Use-
ful studies on the possible routes of infection and

624



STRUCTURE OF RODENT FAUNAS 625

pathogenicity could be developed using rodent
models selected along similar taxonomic lines-e.g.,
since Sigmodon is the only known reservoir of
Tamiami virus, should the hypothesis presented
above be correct, the closely related genus Oryzomys
would be more likely to be susceptible to infection
than Neotonia or Peromyscus. All these rodents are
native to Florida.

RODENT CONTROL

As pointed out by Gratz & Arata (25), rural
rodent control under tropical conditions is difficult.
Furthermore, if more than one rodent species is
involved in a sylvatic-domestic relationship, domes-
tic rodent control can be considered only as a
temporary measure, usually at a cost that local
resources cannot sustain. As we do not yet know
how many species of rodent are involved in the
maintenance of various arenaviruses (especially
Lassa) in nature, it would be difficult to plan appro-
priate control programmes with our present stan-

dard of rodenticide efficacy and acceptance to the
species involved.

CONCLUSIONS

The North and South American arenaviruses can
have numerous rodent reservoirs although all those
known to date belong, in fact, to a closely related
but abundant group of cricetids. LCM appears to be
of Palearctic origin and to have only one true
reservoir, Mus. This genus is, however, susceptible to
natural infection by South American arenaviruses,
and at last one New World cricetid, Sigmodon, also
an arenavirus reservoir, which is suceptible to LCM
virus.
To date, Lassa virus has been isolated only from

man and from the murid, Mastomys natalensis.
However, we do not yet know whether the infection
cycle of Lassa virus will be limited, as in the case of
LCM, or will involve other rodent species, as has
been observed with the South American arena-
viruses.

RtSUMt

STRUCTURE DES FAUNES DE RONGEURS ASSOCIE'S AUX INFECTIONS A ARENAVIRUS

L'etude biogeographique des faunes de rongeurs asso-
cies aux arenavirus fait apparaitre deux schemas distincts.
Le virus de la choriomeningite lymphocytaire (CML) est
associ6 essentiellement a une seule espece de murides.
Mus musculus, bien qu'il puisse aussi provoquer des infec-
tions en laboratoire dans d'autres especes. Par contre,
les arenavirus de l'hemisphere occidental sont associes
exclusivement a un groupe important et diversifie de
rongeurs cricetides. Les etudes faites jusqu'ici, quoique
limit6es, n'ont pas mis en evidence d'association avec
d'autres groupes de rongeurs, mais on connait au moins
12 autres familles de rongeurs pour l'Amerique du Sud

seule. Les observations faites jusqu'a present indiquent
que le virus de Lassa n'est associe qu'a un rongeur
commun d'Afrique, Mastomys natalensis, il est encore
difficilE de savoir, sur la base de ces observations limi-
tees, s'il en sera du virus de Lassa comme des are-
navirus sud-americains, dont la plupart sont isoles chez
plusieurs especes de rongeurs, ou comme du virus de
la CML, qui parait etre associe a une seule espece de
rongeurs.
Le present article expose l'histoire et la structure des

faunes sud-americaines, eurasiennes et africaines de
rongeurs.
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DISCUSSION

MONATH: Have you also compared the evolutionary
status of the murid and cricetid forms with their virus
relationships ?

ARATA: No, not in relation to their viruses. A comparison
could be done fairly easily, and then one could begin to fit
viruses into this scheme.

MONATH: Could you tell us, for example, what is the
most primitive member of the Cricetidae family?

ARATA: I think it would be one of the South American
forms. One finds a very complicated anatomical structure
in the reproductive tract of some cricetids, including
Oryzomys and Sigmodon, but not in the other North
American cricetids. The hypothesis that I favour is that
the group probably evolved in North America and then
moved both into South America and into Eurasia. It then
either evolved or was replaced by a distinct group in
North America. The more primitive forms represent the
groups that evolved and diversified through South
America. The arenaviruses are associated with this spe-
cific group of rodents; this certainly represents a rela-
tively long-standing association.

LEHMANN-GRUBE: Speaking of evolution and epidemio-
logy, one of the things that has puzzled us for many years
is the fact that LCM virus is unevenly distributed among
mice. Mas musculus is said to have originated somewhere
in Turkestan in southern Russia and apparently moved
from there in two directions, one population going
northwards and westwards, and the other going through
Africa, Spain, and France. The two populations hap-
pened to meet in northern Germany: one is Mus musculus
musculus and the other is Mus musculus domesticus; they
do not intermingle. The interesting fact is that both carry
LCM virus. The conclusion is that they must have been
infected at their place of origin. We ought to look there,
in southern Russia, to see whether mice are infected. We
might find a different virus there.

K. JOHNSON: What is the name of the tribe of cricetids
that is associated with the arenaviruses?

ARATA: The Hesperomyini.

K. JOHNSON: Fifteen years ago when I started research in
virology, the main problem was that of orphan viruses in
search of disease, and everything, of course, centred on
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man. In the case of arenaviruses we now seem to have a
situation in which viruses are in search of rodents; I have
a feeling that there are in fact many arenaviruses that are
as yet undiscovered. It is a question not only of what has
been collected where, but also of recognition systems for
detection of some of these viruses. Dr Webb made the
comment yesterday that the last of the Tacaribe group
agents to be identified, namely Latino, would not have
been discovered had it not been for the use of suckling
hamsters rather than suckling mice for its detection. This
is the first such example I know of, and I consider it likely
that new arenaviruses will be discovered using as yet
unknown host systems.

CASALS: If and when Korean haemorrhagic fever is
shown to be an arenaviral disease, we might have to fit
Clethrionomys and Apodemus into Dr Arata's scheme. I
think that the association between nephrosonephritis and
these rodents has been established, and on the basis of
observations that go back many years in human volun-
teers I believe this is a virus disease.

LORD: Has Tacaribe virus been isolated more than once
from bats, and has Tamiami been isolated more than
once from Sigmodon? Are there serum surveys for those
two viruses? I ask these questions because I am wonder-
ing whether the reason that we do not find Tacaribe virus
is because we have not been looking. I would also make
the comment that there seems to be a striking difference
between Machupo and Junin, in that Junin has been
associated with quite a number of rodent species, includ-
ing Mus, in Pergamino.

MAIZTEGUI: I believe some of the possible untoward
effects of rodent control programmes are quite pertinent
to the situation we have in Argentina. Furthermore, the
complexity of the ecology of Argentine haemorrhagic
fever is a reason for great caution in relation to the
possibility of preventing the human disease through
rodent control programs. With respect to the isolation of
Junin virus, I believe that, until proven otherwise, only
cricetine rodents should be considered an effective reser-
voir of this virus.
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