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ABSTRACT: Five hundred fifty-six samples representing 24 species of small mammals (two
species of marsupials and 22 rodents) were collected in Panama between February 2000 and
July 2002. The samples were examined for antibodies to hantaviruses by means of enzymelinked immunosorbent assay or immunoblot assays. The serologic results indicated that several
rodent species might act as hantaviral reservoirs
in Panama: Costa Rican pygmy rice rat (Oligoryzomys fulvescens costaricensis), four positive of 72 tested (5.6%); Cherrie’s cane rat
(Zygodontomys brevicauda cherriei), five of
108 (4.6%); Mexican deer mouse (Peromyscus
mexicanus), one of 22 (5%); Mexican harvest
mouse (Reithrodontomys mexicanus), one of
seven (14%); Chiriquı́ harvest mouse (Reithrodontomys creper), one of two (50%); and
Sumichrast’s harvest mouse (Reithrodontomys
sumichrasti), three of four (75%). Hantavirus
infection in Peromyscus mexicanus and the
three species of Reithrodontomys was caused
by Rio Segundo hantavirus, a species of virus
not previously reported from Panama. At least
three hantaviruses, therefore, are known to infect populations of wild rodents in the country.
However, given the total number of animals
tested, the role of these rodent species in the
epidemiology and epizootiology of hantavirus
infections remains unclear.
Key words: Hantavirus, Heteromyidae,
Muridae, Panama, seroprevalence, Sigmodontinae.

Hantavirus pulmonary syndrome (HPS),
first described in the southwestern United
States in 1993 (Nichol et al. 1993), is a
distinctive but uncommon viral pneumonitis with a mortality rate of about 38%.
Hantavirus pulmonary syndrome occurs
throughout most of the Americas. Since its
description in 1993, more than 350 cases
in North America and close to 1,000 cases
in South America have been documented
(CDC, 2003). Hantavirus pulmonary syndrome is caused by many American han103
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taviruses (Family Bunyaviridae)—small,
tripartite, negative-strand RNA viruses.
Sin Nombre virus (SNV) is the most common pathogenic hantavirus through most
of North America, with rare infections
caused by New York virus in the northeastern United States and Bayou virus and
Black Creek Canal virus in the southeastern United States. In the Patagonian region of Argentina and Chile, Andes virus
causes a severe form of HPS that can include renal involvement; person-to-person
transmission of Andes virus has been documented.
Most other regions of South America
have also had sporadic cases of HPS in areas including central and northwestern Argentina, southern Bolivia, Amazonian
Peru, the Gran Chaco region of Paraguay,
central and southeastern Brazil, and Uruguay. Rodents with antibodies to hantaviruses have been captured in Peru, Venezuela, Mexico, and Costa Rica, although
HPS has not been documented in these
countries (e.g., Hjelle et al., 1994; Suzán
et al., 2001).
Each hantavirus species is generally carried by one of several rodent species belonging to the murid subfamilies Sigmodontinae or Arvicolinae; a single instance
of one hantavirus, Thottapalayam, from an
Asiatic house shrew (Suncus murinus) has
occurred in India (Zeller et al., 1989; Hjelle and Yates, 2001). Transmission of SNV
to humans is believed to occur by inhalation of aerosolized excreta or saliva from
infected rodents but this has not been confirmed in rodent models (Botten et al.,
2002); a potential role for ectoparasites in
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FIGURE 1. Map of the sampling localities in Panama. (A) Area in the country where wild populations of
rodents have been found infected with Rio Segundo virus. (B) Penı́nsula del Azuero, the region of endemism
of hantavirus pulmonary syndrome (HPS) in Panama, where the only hantaviruses found to date are Choclo
and Calabazo.

transmission dynamics has been suggested
as well (Houck et al., 2001).
In December 1999, cases identified as
HPS were recorded from the Azuero peninsula of Panama (Fig. 1). Within 5 wk of
the initial case, 12 additional putative cases
were reported. As of this writing, almost
40 cases of HPS have been identified in
Panama, with a case fatality rate of 22%.
After the original outbreak investigation, it
was shown that the Costa Rican pigmy rice
rat (Oligoryzomys fulvescens costaricensis)
harbored a novel hantavirus (Choclo virus)
linked to human disease, whereas a second, also novel, hantavirus (Calabazo virus), found in Cherrie’s cane rat (Zygodontomys brevicauda cherriei) to date has not
been linked to cases of HPS. Results of the
laboratory phase of the investigation have
been published elsewhere (Vincent et al.,
2000).
This study was undertaken to identify
species and populations of small wild
mammals that might be of importance in
the epidemiology of HPS in Panama, as
well as in the maintenance of the enzootic
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cycle of hantaviruses in that country. We
concentrated on several localities throughout central and western Panama, attempting to sample several types of vegetation
and different levels of human intervention;
thus, our sampling included areas covered
with tropical rain forest, cloud forest, and
tropical dry forest, etc. We conducted intensive trapping in and around the area of
endemism of HPS—the District of La Tablas (Penı́nsula del Azuero), where human-induced biological disturbance and
numerous crop types, including corn, watermelon, bean, coffee, and sugar cane,
characterize the region (Fig. 1).
The overarching climate regime of the
Penı́nsula del Azuero is characterized by
extreme seasonality, with rainfall covering
the region between May and December
and a dry season from January to April.
However, subsumed within this regime is
a strong gradient of precipitation, with the
northeast portion of the peninsula receiving the least amount of precipitation and
the southwest receiving the most; highland
areas of the peninsula receive more pre-
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cipitation regardless of their geographic location on the peninsula. Dry deciduous
forest occurs primarily in the drier eastern
portion, with evergreen forest types predominating in the higher regions and the
southwest. Mangrove vegetation locally
lines discrete portions of the coast. Patches
of evergreen forest remain in the Cerro
Hoya highlands in the southwest of the
peninsula.
The results of this study are based on
rodent trapping conducted between 29
February 2000 and 30 July 2002. Rodent
trapping was intermittent throughout the
period of study, with most of the animals
collected between May and July 2001.
Trapping was conducted with Sherman
(H. B. Sherman Traps, Inc., Tallahassee,
Florida, USA) and Tomahawk (Tomahawk
Live Trap Co., Tomahawk, Wisconsin,
USA) traps baited with a combination of
rolled oats, birdseed, molasses, and tuna;
vanilla extract also was added sporadically
to the bait.
In areas with relatively pristine vegetation (e.g., Bugaba District), up to three
grids of 10310 m (100 traps) were established, whereas in highly disturbed habitats found in and around human habitations of the peninsula, traps were set at
approximately 10-m intervals in linear
transects in a complex matrix of riparian
vegetation, residential, and agricultural areas. The number of trap stations in these
disturbed habitats was not standardized. In
all cases, all traps were set for a minimum
of three consecutive nights.
Mammals were handled and sampled
according to the recommendations of Mills
et al. (1995). Briefly, blood was obtained
from retro-orbital sinus by heparinized
capillary tubes, and then the animals were
euthanized with an overdose of inhalant
anesthesia (methoxyflurane, PitmanMoore, Mundelein, Illinois, USA). The
following data were recorded: species; sex;
age; mass; reproductive condition; length
of body, tail, hind foot, and ear; and presence and nature of external wounds. Blood
and samples of spleen, liver, kidneys,
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heart, and lungs were collected into separate labeled cryovials with clean sterilized
instruments for each animal. All biologic
samples were placed immediately into liquid nitrogen. After processing, each carcass was placed either directly into 80%
ethanol or into 10% formalin for 3 days,
followed by immersion in 70% ethanol for
long-term preservation. All animals are deposited in the Museum of Southwestern
Biology (University of New Mexico, Albuquerque, New Mexico, USA) or the
Gorgas Memorial Institute (Panama City,
Rep. of Panama).
The first 120 animals were initially
screened by enzyme-linked immunosorbent assay (ELISA) with SNV antigen and
confirmed by reverse transcriptase polymerase chain reaction (RT-PCR) for some
individuals (Vincent et al., 2000). Animals
collected after March 2000 were tested by
a strip immunoblot assay for detection of
antibodies to SNV nucleocapsid (N) antigen (Yamada et al., 1995; Hjelle et al.,
1997). Reverse transcriptase PCR was
used to confirm the identity of the hantavirus infecting rodents that tested positive.
During the trapping period covered by
this report, a total of 556 individuals of 22
rodent and two marsupial species from 20
localities in 10 districts were collected in
Panama. Most of the localities sampled
(73%) were located within the Penı́nsula
del Azuero, where the majority of Panama’s cases of HPS have been identified
(Fig. 1).
Rodent species diversity had an ecologic
component. Most of the diversity was
found (14 species) in pristine protected
forests, whereas only six species (Liomys
adspersus, Z. brevicauda, Sigmodon hispidus, O. fulvescens, Rattus rattus, and
Mus musculus) were found in the more
disturbed habitats of the peninsula.
In general, the Panamanian endemic
species L. adspersus was the most common rodent species captured (21% of all
rodents), followed by Z. brevicauda (19%),
S. hispidus (15%), and O. fulvescens
(13%), with other species captured less
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TABLE 1. Antibody prevalence (number positive/number tested) for hantaviruses in mammals collected from
February 2000 to January 2002 in Panama.
Speciesb
Districta

Zbrevic

Ofulves

Pmexic

Rmexic

Rsumic

Rcreper

Othersc

Total

Bugaba
Las Tablas
Parita
Pocri
Otherse
Total

NTd
4/63
0/3
1/18
0/24
5/108

NT
3/35
1/9
0/9
0/19
4/72

1/22
NT
NT
NT
NT
1/22

1/7
NT
NT
NT
NT
1/7

3/4
NT
NT
NT
NT
3/4

1/2
NT
NT
NT
NT
1/2

0/15
0/141
0/9
0/9
0/167
0/341

6/50
7/239
1/21
1/36
0/210
15/556

a

District Bugaba is identified by circle A in Figure 1, Districts Las Tablas, Parita, and Pocri are encircled by B in Figure 1.
Abbreviations: Zbrevic5Zygodontomys brevicauda; Ofulves5Oligoryzomys fulvescens; Pmexic5Peromyscus mexicanus;
Rmexic5Reithrodontomys mexicanus; Rsumic5Reithrodontomys sumichrastis; Rcreper5Reithrodotomys creper. All seropositive rodents were confirmed via reverse transcriptase polymerase chain reaction.
c Includes two didelphid marsupials (five Marmosa mexicana and five M. robinsoni), two dasyproctid rodents (Dasyprocta
punctata), seven echimyid rodents (Proechimys semispinosus), 126 heteromyid rodents (eight Heteromys desmarestianus and
118 Liomys adspersus). Other murid rodents were negative and included (in increasing order): one Tylomys watsoni, two
Nyctomys sumichrastis, two Oryzomys albigularis, two Oryzomys alfari, three Oryzomys couesi, four Oryzomys bolivaris,
four Melanomys caliginosus, seven Scotinomys xerampelinus, 12 Rattus rattus, 20 Oryzomys talamancae, 54 Mus musculus,
and 85 Sigmodon hispidus.
d None tested.
e Other districts where rodents were tested but yielded no antibody positive samples included (sample size in parenthesis):
Capira (6), Chagres (10), Guarare (62), Montijo (78), Ola (18), and Tonosi (36).
b

frequently (Table 1). Murid rodents were
the most common group of species captured, representing over 75% of the sample.
All animals were tested for antibodies
and reactivity to SNV antigen; however,
only murid rodents were found to have antibodies to the SNV antigen used. Infection rates were 2.7% of all species and
3.7% of murid rodents. The highest hantaviral antibody prevalence was found
among Reithrodontomys sumichrasti,
three of four (75%); Reithrodontomys creper, one of two (50%); and Reithrodontomys mexicanus, one of seven (14%). The
most consistently seropositive species were
O. fulvescens, four of 72 (6%), and Z. brevicauda, five of 108 (2.7%), all from the
Penı́nsula del Azuero, where the majority
of Panamanian cases of HPS have
emerged.
Of the 15 rodents that tested positive,
14 (94%) were male and 11 (69%) were
adults. All positive O. fulvescens and Z.
brevicauda were adult males. Among all
positive rodents, 37.5% (all males) had
wounds present. The higher prevalence in
animals of larger size (i.e., adults) and
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among males is consistent with previous
reports for other rodents with antibody to
SNV, in which it has been hypothesized
that the mode of transmission might include a number of active or passive interactions between individuals, including biting and scratching and mating activities
(e.g., Mills et al., 1999).
Our results thus far suggest that, in Panama, only rodents of the family Muridae
are involved in circulation of hantaviruses.
This agrees with data from elsewhere in
the Americas, where both murid and heteromyid rodents are present. Mills et al.
(1997) did not find any heteromyid species
with antibodies to SNV, although both virus and rodents alike are highly abundant
and diverse in the American Southwest.
This also agrees with data presented by
Hjelle and Yates (2001), suggesting a long
coevolutionary relationship between hantaviruses and murid rodents.
The localities sampled in Panama can be
divided into two geographic areas in terms
of the hantavirus-infected rodents: the
western region of the country (Bugaba
District) and the eastern region of the
Penı́nsula del Azuero. Reverse transcrip-
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tase PCR analysis confirms a strong geographic component to hantaviral infections
of rodents in Panama. All rodents with antibody were from anthropogenically disturbed habitats in the Penı́nsula del
Azuero and were infected with either Calabazo or Choclo viruses, whereas rodents
from Bugaba were infected with Rio Segundo virus (Fig. 1).
Our results indicate that two subsets of
viruses can be identified in terms of their
abilities to infect multiple species. We
found at least four rodent species that
were infected by Rio Segundo virus,
whereas Choclo virus and Calabazo viruses
each infected a single species of rodent.
Whether this is because of the rodent-virus dynamics, the mode of transmission, or
the geographic and ecologic setting in
which these viruses occur is unknown at
this time. It is further possible that hantavirus from rodents of the genus Reithrodontomys is more amenable to host
switching than other hantaviruses. For example, Limestone Canyon virus, from
brush mouse (Peromyscus boylii) in Arizona (USA), clearly is a Reithrodontomys
hantavirus on the basis of sequence data
(Sanchez et al., 2001). These significant lacunae in our knowledge base strongly argue in favor of the continuation of longterm studies on the ecology and epidemiology of these and related hantaviruses on
a regional scale.
Vincent et al. (2000) observed an inverse relationship between rodent abundance and prevalence of infection by the
virus that causes HPS; specifically, the
most abundant murid rodent (Z. brevicauda) did not harbor the virus responsible
for the HPS outbreak of 2000. Our data
tentatively support this observation: the
third most abundant rodent species in our
survey (O. fulvescens) is the rodent reservoir of Choclo virus, the only virus known
to cause HPS in Panama.
Interestingly, these two species of rodents (Z. brevicauda and O. fulvescens)
occur sympatrically, and in many cases
syntopically (same microhabitat associa-
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tion), in all Districts sampled to date. On
the foregoing basis, we consider three factors as potentially significant in transmission of hantaviruses from rodents to humans and the consequent initiation of onset of HPS infection: 1) ecologic differences are subtle between O. fulvescens
costaricensis and Z. brevicauda, 2) these
two rodent species exhibit different behavioral patterns with regard to entering human habitations, 3) a combination (in varying degrees) of factors 1 and 2 might act
in the maintenance and transmission of
the virus.
These are all testable hypotheses that
require detailed studies of microhabitat
preferences, individual activity patterns,
etc. In turn, testing these hypotheses could
prove to have important implications for
ecologic or other measures of rodent control. Moreover, they could prove to be
working hypotheses for other rodent-virus
systems in which more than one rodent
species is involved in the cycle of infection.
For example, evidence is ample that at
least two species of rodents (Abrothrix olivaceus and Abrothrix longipilis), in addition to the apparent primary host, Oligoryzomys longicaudatus, maintain high
hantavirus seroprevalence in some regions
in Chile (Toro et al., 1998).
At least two hantaviruses are known
from harvest mice (Reithrodontomys spp.):
Rio Segundo virus (R. mexicanus) and El
Moro Canyon virus (R. megalotis; Schmaljohn and Hjelle, 1997). Rio Segundo was
originally described in animals from central Costa Rica (Hjelle et al., 1995); thus,
it is not surprising that we now report it
from northern Panama, an area adjacent
to the Costa Rican border. What is significant, however, is that more than one species of harvest mouse and at least one deer
mouse (Peromyscus mexicanus) appeared
to be infected with (or to circulate) Rio
Segundo virus and that the highest infection rate occurred in R. sumichrasti rather
than in R. mexicanus. All animals infected
with Rio Segundo virus were collected
sympatrically, suggesting a potential case
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of spillover from one species to others. A
similar pattern also was found by Mills et
al. (1997) in sympatric assemblages of
small mammal species for the southwestern United States, although the alternative
hypothesis of a hantavirus with plastic host
tolerance cannot be discounted at this
time. Much remains to be learned about
the ecology of infection in rodent-hantavirus systems in the New World, in general, and in tropical areas, in particular.
Our data tentatively suggest that hantaviruses from Reithrodontomys spp. display
greater tolerance to host switching than do
hantaviruses found in Peromyscus spp.
Careful study (ecologic, epidemiologic,
and molecular) is required to test this hypothesis versus its equally untested alternative that these hantaviruses are circulating in multiple species because of spillover
from a primary host.
We thank the NIH (U19 AI4545 2), the
ICIDR Opportunity Pool Award, NSF
(INT 0241169), and the government of
Panama for providing generous support to
this joint collaboration. A large number of
individuals provided logistic support during
fieldwork. Permits to collect and export
small mammals were provided by the Autoridad Nacional del Ambiente (ANAM).
LITERATURE CITED
BOTTEN, J., K. MIROWSKY, C. Y. YE, K. GOTTLIEB,
M. SAAVEDRA, L. PONCE, AND B. HJELLE. 2002.
Shedding and intracage transmission of Sin
Nombre hantavirus in the deer mouse (Peromyscus maniculatus) model. Journal of Virology 76:
7587–7594.
[CDC] CENTERS FOR DISEASE CONTROL AND PREVENTION. 2003. All about hantaviruses, http://
www.cdc.gov/ncidod/diseases/hanta/hps/noframes/caseinfo.htm. Accessed 1 April 2003.
HJELLE, B., AND T. YATES. 2001. Modeling hantavirus maintenance and transmission in rodent
communities. In Hantaviruses, C. Schmaljohn
and S. Nichol (eds.). Springer-Verlag, Berlin,
Germany, pp. 77–90.
, F. CHAVEZ-GILES, N. TORREZ-MARTINEZ, T.
YATES, J. SARISKY, J. WEBB, AND M. ASCHER.
1994. Genetic identification of a novel hantavirus of the harvest mouse Reithrodontomys megalotis. Journal of Virology 68: 6751–6754.
, B. ANDERSON, N. TORREZ-MARTINEZ, W.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Apr 2021
Terms of Use: https://bioone.org/terms-of-use

SONG, W. L. GANNON, AND T. L. YATES. 1995.
Prevalence and geographic genetic variation of
hantaviruses of New World harvest mice (Reithrodontomys): Identification of a divergent genotype from a Costa Rican Reithrodontomys mexicanus. Virology 207: 452–459.
, S. JENISON, N. TORREZMARTINEZ, B. HERRING, S. QUAN, A. POLITO, S. PICHUANTES, T.
YAMADA, C. MORRIS, F. ELGH, H. LEE, H. ARTSOB, AND R. DINELLO. 1997. Rapid and specific
detection of Sin Nombre virus antibodies in patients with hantavirus pulmonary syndrome by a
strip immunoblot assay suitable for field diagnosis. Journal of Clinical Microbiology 35: 600–
608.
HOUCK, M., H. QIN, AND H. R. ROBERTS. 2001.
Hantavirus transmission: Potential role of ectoparasites. Vector Borne and Zoonotic Diseases 1:
75–80.
MILLS, J. N., T. L. YATES, J. E. CHILDS, R. R. PARMENTER, T. G. KSIAZEK, P. E. ROLLIN, AND C.
J. PETERS. 1995. Guidelines for working with
rodents potentially infected with hantavirus.
Journal of Mammalogy 76: 716–722.
, T. G. KSIAZEK, B. A. ELLIS, P. E. ROLLIN,
S. T. NICHOL, T. L. YATES, W. L. GANNON, C.
E. LEVY, D. M. ENGELTHALER, T. DAVIS, D. T.
TANDA, J. W. FRAMPTON, C. R. NICHOLS, C. J.
PETERS, AND J. E. CHILDS. 1997. Patterns of
association with host and habitat: Antibody-reactive with Sin Nombre virus in small mammals
in the major biotic communities of the southwestern United States. American Journal of
Tropical Medicine and Hygiene 56: 273–284.
,
, C. J. PETERS, AND J. E. CHILDS.
1999. Long-term studies of hantavirus reservoir
populations in the southwestern United States: A
synthesis. Emerging Infectious Diseases 5: 135–
142.
NICHOL, S. T., C. F. SPIROPOULOU, S. MORZUNOV, P.
E. ROLLIN, T. G. KSIAZEK, H. FELDMANN, A.
SANCHEZ, J. CHILDS, S. ZAKI, AND C. J. PETERS.
1993. Genetic identification of a hantavirus associated with an outbreak of acute respiratory illness. Science 262: 914–917.
SANCHEZ, A. J., K. D. ABBOTT, AND S. T. NICHOL.
2001. Genetic identification and characterization
of limestone canyon virus, a unique Peromyscusborne hantavirus. Virology 286: 345–353.
SCHMALJOHN, C., AND B. HJELLE. 1997. Hantaviruses: A global disease problem. Emerging Infectious Diseases 3: 95–104.
SUZÁN, G., G. CEBALLOS, J. MILLS, T. KSIAZEK, AND
T. YATES. 2001. Serologic evidence of hantavirus
infection in sigmodontine rodents in Mexico.
Journal of Wildlife Diseases 37: 391–393.
TORO, J., J. VEGA, A. KHAN, J. MILLS, P. PADULA, W.
TERRY, Z. YADON, R. VALDERRAMA, B. ELLIS, C.
PAVLETIC, R. CERDA, S. ZAKI, S. WUNJU, R.
MEYER, M. TAPIA, C. MANSILLA, M. BARO, J.

SHORT COMMUNICATIONS

VERGARA, M. CONCHA, G. CALDERON, D. ENRIA, C. PETERS, AND T. KSIAZEK. 1998. An outbreak of hantavirus pulmonary syndrome, Chile,
1997. Emerging Infectious Diseases 4: 687–694.
VINCENT, M. J., E. QUIROZ, F. GRACIA, A. J. SANCHEZ, T. G. KSIAZEK, P. T. KITSUTANI, L. A.
RUEDAS, D. S. TINNIN, L. CACERES, A. GARCIA,
P. E. ROLLIN, J. N. MILLS, C. J. PETERS, AND S.
T. NICHOL. 2000. Hantavirus pulmonary syndrome in Panama: Identification of novel hantaviruses and their likely reservoirs. Virology 277:
14–19.
YAMADA, T., B. HJELLE, R. LANZI, C. MORRIS, B.
ANDERSON, AND S. JENISON. 1995. Antibody re-

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Apr 2021
Terms of Use: https://bioone.org/terms-of-use

109

sponses to Four Corners hantavirus infections in
the deer mouse (Peromyscus maniculatus): Identification of an immunodominant region of the
viral nucleocapsid protein. Journal of Virology
69: 1939–1943.
ZELLER, H., N. KARABATSOS, C. CALISHER, J. DIGOUTTE, C. CROPP, F. MURPHY, AND R. SHOPE.
1989. Electron-microscopic and antigenic studies of uncharacterized viruses. 2. Evidence suggesting the placement of viruses in the family
Bunyaviridae. Archives of Virology 108: 211–
227.
Received for publication 29 April 2003.

