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apsTEACT:  Five hundred [lv-sic samples rep-
resenting 24 species of small mammals (han
spocics of marsapials and 22 rodents) were cal-
leeted in Pansine between Fehbrogme 20000 and
Tuly 2002 The samples were examined lor an-
Bilwadios Lo hantavineses h}' e Of LAV -
tinkedd immiunosorbent wssuy oe inommoehlob s
sivs. The sevologic resalbs inelicated that several
rischenil 5]14\{.'1'1.'.‘: 1115;_{]![ sl v hanbvieal resernaoirs
in Pangma: Costs Rican Py e ruk (-
soryzennys fufvescens costaricensis), four posi-
fivee Gf 72 tested (50690 Cherries cane rat
[ ¥aguerdinnidonaggs Dvevieanda  chervieid, live ol
05 (dath: Mexivan deer wnouse (Peronigsens
peevierenies ), otee of 22 (3% 0 Mexican harvest

momse (Hedlorocdontongs mexicenusd, ong o

sonvenn 1A E:]ai.rit{lli lnevest monse (Reith-
rewlimtormyy crepert, one of bao (30%); wml
Snmmichrasts harvest movse (Beithrodontomogs
serededernsti), theee of Towr (7550
inlection in P{'i":lr.li‘:'jn'.ﬂ'('n'.r.l\. recierenais andl L
Uhree spectes of Reithrodontongs was cansed
by Bio Segunitdo huntaieos, o species of virs
ricst ]u‘t:vit:u.\:]}' r«:l:lurh'{] Froon Pamsvow. At least
Hiree handavineses, therelore, are known to in-
foct pognilations of wild vodents in the countroy.
Hloavever, siven the fotul vomnber of aoimals
tessteedd, the role of these rodent spoecies s the
epitdemioleny and epizootiology of Tuntoiras
infections remaing nnclear,

Key wwords: Hantavirns, Heteronyidae,
Shoridae, Paison, :.-vrnprow.le-nf.:t-. .“;igrm.m]r)rl-
Finmiee,

Thanitanirs

Hantavirus pulmonary svndrome (HPS)
Hrst deseribed in the southwestern United
Staies in 1993 (Nichol ef al. 19893), is a
distinctive but ancommon viral TP TITLES-
nitis with a mordality rate of about 35%.
l‘i‘u[l_t!_[\."'il"llﬁ |:I|Ill||||§,_ﬁ||i\,|,|':l.-I .‘i_\.-'-[IL]r{:H':I'Il' LT LES
throvghoul mwost of the Americas. Sinee iis
description in 1993, more than 350 cases
i North Ameries and close to 1000 cases
in Soull America have been documented
(10, 20063, Hantavims Emlluun:u}' Eyil-
drome is cansed by many American han-

103

taviruses (Family Bunyaviridae ) —simall,
tripartite, negative-strand BNA viruses,
Sin Mombre virus (SNV) s the most com-
EEITI lmﬂmgc_‘ni{- haniavirus through most
ol Narth
cansecd by New Yark virns in the noth-
eastern United Slates and Bavon viras and
Black Creck Canal vires in the southeast-
ern United States. In the Patagonian re-
gion of Argenting and Chile, Andes virus
canges o osesaere form of TIPS thal can in
clude renal involvement; person-lo-person

Anrerica, with rare infections

Cransmission of Andes virns has been doc-
ninented,

Most other regions of Sonth America
have also bad sporadic cases of HPS in ar-
eas including central and northwestern Ar-
g:miit;—u, southern Bolivia, Amazonian
Fern the Gran Chaco region of Paragnay.
cenfral and sontheastern Brazil, and Urn
Sy Badents with amtibodics Lo hantasi-
ruses have been captured in Pern, Vene-
ucla, Mexico, and Costa Rica, although
HES has nol been docomented in these
countries (e.g. Hielle of al. 1994; Suzdn
et ol 2001,

Foach hantavires Specics is gene l'ﬂ”jv'if;lr
riedd by one of several rodent species be
longing 1o the murid sublamilies Sigmo-
dontinae or Arvicolinac: a Sing[{:& instance
of one hantavirus, Thottapalayam, from an
Aziatic house shrew (Sunens murinus) has
acenrred in Tndia (Peller e al, 18958 ”jl.‘]-
o and ¥ales, 20010 Transmission ol SN
to bmans is believed 1o occur by inhala-
tian ol acrosolized cxereta or saliva from
infecled radents but this has not been con-
firmed in rodent models (Botten et al,
2002} a potential role for ectoparasites in

Uniarthorized wses of eopy righted materials are probibited by ko The PDE fide oF this srticte i provided subject o the
copyright policy of the jowrnal. Please consalt the journal e contact the publisher i vou have questivns aliot copyright policy.
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At Ares in tle cong ry wlhiere wilel E'n:!l‘;-llhﬂu:ul'. of

riclents have beon fouond infected with Bio '-m-rrmu_lru virws | B Pendnsula del Asiern, the v region of encemism
of lantaviens polinesan sendrome (HTPS) in Pangma, whers Lhe u]ll'r Tantavirnses fonnd todate ae Choolo

atel alabieen

transmission dyvnamics has been sumoested
as well (Tonek et al.. 20013,

In December 1999, cases identiliod as
HPS were recorded from the Azuero pen-

insnla of l’mmnm (Fig, 1), Within 5 whk of

the initial case, 12 additional putative cases
were reporied. _f'..u of this writing, almost
40 cuses of HPS have been identilied in
Panama, with a case fatality rate of 229
After the f)r'i_s_r;irutl onthreak imvest igalicn, il
wis shown that the Costa Rican gy rice
ral (Cigoryzomyy fulveseens costoricensis)
harbored a novel hantaviras {Choclo vires?
linked o homan disease, whereas o see-
ond, also novel, haontoviens (Calabazo vi-
vusy. found in Cherries cane rat (Zygodon-
towngs brevicands cfiervieil to date has o
been linked 1o cases of TIPS, Results of (he
laboratory phase of the investigation have
[ |mi}]|s|luf clsewhere L‘Hnu ol ot al.,
2000,

This stuehy was underaken o identify
spocies anl popnlations of small wilel
tornmals that might he of Jmpﬁr' ance in
the epidemiology uf PS5 in Panama, as
weell as in the maintenance of the erzeootic

evele of hantavinises in that conntry, We
concentrated on several localities through-
out central and western Panwma, attempt-
ing to sample several types of vegetation
and dilTerent levels of louenan intervention:
thus, aur Hcl!T'I!".l]II'IU' included areas covered
with tropical min Torest, cloud Torest, and
tropical dry forest. ete. We conducted in-
tensive trapping in and aronnd the area of
endermnism of HPS—(he District of La Ta
Blas {Penfnsoly del Aznera), where hu-
man-induced biological disturbance  and
numerons erop types, inclading com. wa-
termelon, bean, collee, and SHEAN Cane,
characterize the region (Fig. 1),

The overarching climate regime of the
Peninzula del Arnere is characterized b
exiremme seasonalily, with rainfall e Ting
the region between May and December
and a dry season [rom January to April.
Hornvrever, subsumed within this resrime is
a strong gmdienl iorf precipitation, with the
northeast portion of the peninsula receiv-
ing the least amount of precipitation and
the southwest receiving the most; highland
areas of the peninsula receive more ppre-



cipitaticn regacdless of their geographic lo-
Dy deciduous
lorest ocours primarily in the dricr castern
Trerrt ion, with EVETEIEEn forest vpes pre-
dominaling in the ]|igla{'r rOEIOns andl the
st hwesl . f'\i;u:j_{l‘u'-.'t_' viegelalion locally
lines diserete portions of the coast. Patches
of evergreen forest remain in the Cerro
Llova highlands in the southwest of the
peninsnli.

The resulls of this study are
rodent  Erapping conducted belween 20
February 2000 and 30 July 2002, Rodent
tripping was inloermiflont {!IT{JLI.‘:JIU!H the
period of study, with mest of the animals
collected  between May and July 2001.
Trapping was conducted with Sherman
fEL B Sherman Traps, Inc. Tallahassee,
Flarica, USA} and Tomahawk {Tomahawl
Live Trap Co., Tomahawlk, Wisconsin,

cation on EIJL': E}(:Ilj.[l."ﬂll.il.

s
(IR [:I 411

UISA) traps bBaited with o combination of

rolled cats, birdseod, molasses, aned tuna;
vanilla extract also was added sporadically

Liv the bail,
[n areas with !'vi;liix—'vb-‘ E!-TEHUHL' vzt i
tion (g, Bugaba District), up to three

grids ol 1010 m {100 traps) were estab-
lished, whereas in highly disturbed habi-
tats Tound i ad arennd homan habita-
tions of the peninsula, traps were set al
approximately 10-m inlervals lear
transecls in a complex matrix of riparian
werred ation, residential, and aig:'it:u]tnml ar-
eas. The muonber of {rap stations in these
disturbed habituts was ot standardized. In
ull cases, all Eraps wore scd for a miniium
of throe consecutive trig]miﬁ.
Mammals were handled and sampled
:lu_:nﬂmu ter the recommendations of Mills
l‘,’fqh Brieflv. blood was obtained
i:mll retro-orbital sinus by heparinized
i.f.l].:'l]].-:“‘h’ tulwes, and then {]u annrls weere
enthanized with an overdose of inlaland
anesthesia  {methoxyvflurane,  Pitman-
Moore, Muondelein, IHinois, USA)L The
ﬁ_‘r]]f_:lk‘.f‘hlf{ et were recorded: sprecics: ses;
are: ENAass; L'L'|‘J|'c}du-:_'1i\'<' condition: length
of body, tail. hind Toed, and ear: and pres-
ence and tnre of external wounds, Tlood
]Ci[.]nc:}.':;_

aned samples of spleen, liver,
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]u_-;ll‘[, ;;:n.‘,] ]LLrhg.‘: W m;”(\'{_'ln-a il B
arate: labeled ervovials with clean sterilized
instriments for each animal. All biologic
samples were placed immediately into Ilq-
uid nitrogen. After processing. each car

cass was placed eit ther dire etly into 509
clhanal or into 10% formalin for 3 LLW

tollowed by immmersion in 709 ethanol for
long-term preservation. All animals are de
posited in the Muscom of Southwostern

Biology {(University of New Mexico, Al
]Jll.i._:|[5i.‘l'l2_:|ul'. New Mexico, USAY or the

Corgas Memaorial Institute (Panama City,
Bep. of Panama). .
The fivst 120 animals were
sereened by enwvme-linked immunosor
i LL{ sy ISLISAT with SNV antigen and
confirmed b reverse transeri ]H‘N- Pl
TR TELSR rhc;m reaction (RT-PORT o some
individuals {(Vineent et al, 20000, Animals
colleeted alter Mareh 2000 were tested by
a strip imwnunoblol assay Tor detection of
antihodies to SNV nncleccapsid [N} anti-
aen (Yamada et all 1995 Hjelle et al.
19977, Lranseriptase POR was
used te confinm the identity of the hanla-
virus infecting rodents that tested positive.
uring the trapping period covered by
this report, a total of 356 individuals of 22
rodent and twao muarsupial species from 20
localities in 1) districts were collected in
Panama. Most of the localitics sampled
(7381 were located within the Peninsula
del Azuero, where the majority of Pana-
LIPS have

initially

Reverse

mas cases of been idenlilicd
|:i'_ig. 1.

Bodent species diversity had an {'L‘{:-lugjr.:
component., Most of the diversily was
found (14 specics) in pristine protected
forests, whereas only six species {Liomys
adspersus, 2o brevicandn, Sigmodon fris-
pidus, O. fulvescens, Battus vattus,
Mus worsewdes) were Tound in the
disturbed habitats of the peninsola,

In general, the Panamanian endemic
species L. adspersus was the most com-
ron roddent species caplured (219 of all
rodents, followed |J‘-' . brevicands (1950,
S. hispidus (15%), and 0. fulvescens
{13560, with ather 5[:11*':1:5-: captured less

An [.,.l
trore
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frequently (Table Murid rodents were
the most conmnon group of species cap-
tieeel,
ple.

All animals were tested for antibodies
aned re activily Lo SNV andigen: hinwever,
cnly muoricd rodents were if:-lnlfi to have an-
tibodies o the SN :mngvn nsed, Infec-
tion rates were 2.7% ol all species and
3.7% ol muozid t'u{]v.u{s;. The highest han-
taviral antibody prevalence was found
arLng HFﬁ.?'f.{t:i'?.:l(..'.r{}nf{;.ri':5.'.:-: .5.'r.:.rilr.!f.[.'|r¢-nq'.l,'1'iJ
three of four (T5%); Reithrodontomus cre-
prer, one of two (50% ) and Reithirocdonto-
(14%). The
st consistently scropositive species were
Q. fufvescens, four of 72 (6%, and Z. breu-
icauda, five of 108 (279, all from the
Peninsula del Azoacro, where the majority
ol Pammpanian  cases Hrs
erneroed.

OF the 15 rodents that fested positive,
P4 (84%: ) were male and 11 (B9%) were
achults. All positive Q. fulvescens and 2.
breviennda were adult males. Among all
A75% (all
wonnds present. The higher prevalence in
admals of larger size {ie., adults) and

representing over 7% of the sam

witgs meicenis, one ol seven

ol Lave

prositive rovclents, rmales ! liad

Al tstles is consislent with Previons
reparts [or other rodents with antibody o
SNV in which lias been bvpothesized
that the mode of transmission ight -
clude a munber ol active or passive inter-
actions between individuals, including bit
ing and seratching and mating activities
{eve . Mills et al.. 1999
Our resulls thus far sugeest that, in Pan
ama, only rodents of the family Muridac
are involved in circulation of hantavirnuses,
This agrees with data from elsewhere in
the Americas. where hoth murid and het-
eromyid rodents are present. Mills et al.
1997 did not find any ||f'te,:]'{;-|||:. il species
with antibodies to SNV, although bath vi-
rus and rodents alike are |Ji_;;]1!}' abwmclant
and diverse the American Sonthwest.
This also agrees with data presented by
Hjelle and Yates (2001), sngeesting a E{;nn:{_{
f.:utau':}]111i{1t'.:-1r_'-,-' |'nizil.irm5ci|i1:l Betweeen ban
Laviruses and marid rodents.
The localities sumpled in Panama can he
divided into two gﬂﬂf.l;l'ilih]lic arcas in ferms
the rodents: the
WesLErT region of the coutley | Hugz:ba
District) and the castern resion of the
Peninsula del Amuero. Reverse transerip-

hantavims- infeoled



toxe PO ane z:':.*m confirms a stromg meo
araphic componcnl 1o hantaviral infections
of rodents in Panama. All rodents with an-
tibady were from anthropogenically dis
turbed habitats in the Penmsula del
Avuero and were infected with either Cal-
aburo or Chocle viruses, whereas rodents
from Bugaba were infecled with Rio Se-
gundo viras (Fig. 1),

Or resulis indieate that two subsets of
virises can be icdentified in terms of their
Wi
al least four rodent SpCIeS thiat
infected by Rio Segundo virus,

abilities
Fonaned

to infecet :]'HI]HE}]L‘! sprecies.

W e
whereas Choclo virns and Calabyeo viroses
cach infected a single species ol rodent.
Whether this is because of the rodent-vi-
rus dviainices, the mode of transmission, or
the gengraphic and ceologic selling in
which these viruses oconr is nnknown al
this tione, T4 is Tarther possible that han
tavirus from rodents of the genos Reith-
rodontoniys is more amenable to host
i\i'ilf.:]'lillf_{ than other hantavirmses. Por ex-
ample, Limestone Canyvon virus, [rom
brush movse (Peromysens boylitd in Ari-
zona (USAY, clearly is a Reithrodontorys
hantavirus on the basis of sequence data
thancherz et el 2001}, These sionificant la
cimae in our knowledge base strongly ar-
e in fwvor of the continuation of ].U-J'lu'-
term studies on the ecology and epidemni-
tlogy of these and relaled hantaviruses on
a regional seale.

Vincent ol al, (20008 obzered an in
Ve TRE J'q']q'!ii{:-h.*;ijip l‘]L’l'\.V{‘L"rI |'f:(T(_:||L ;J_buu—
dance and prevalence of infection hy the
HPPS; %]‘“Jc'{‘lftullh thie
most abundant morid mdmﬂ (7 brevicon-

viras that canses

r-'rﬁ,l cid nol harbor the virs 1'<¢5p{:rm|]:l]{=.
for the TIPS outhreak of 2000, Our data
tentadively support this obseration: the
third most abundant rodent species in our
SUrVey (e f!!f't excens ) is the rodent rescr-
voir ol Choclo virs, the only virus known
to cause HPS in Parnzena.

luterestingly, these two species of ro
dents (4 brevicauda and O fulvescens)
Goour ».\'ln[m-_zmltliv_ aned in many cases
\}fl]f-'.:-l‘.llc <1"} fggmne nier ohabiind assoc i~
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Hond, in all Districts sampled fo date. On
the foregoing basis, we consider three fac-
tors as potentially signilicant in transmis-
sion of hantaviroses from rodents to huo
mans and Lhe conscouent initiation of on-
sel ool HPS infection: 17 coolodic dilfer
erces are subtle hetween (0 fulvescens
costaricensis and 2. brevicanda. 2) these
two rodent species exhibil different hehayv-
ioral patterns with regard to enfering hu
man habilations, 37 a Lumhllmuurl fin ary-
ing degroes) of factors 1 and 2 might act
in the maintenanee aned  fransmission of
the virus,

These are all testable hvpotheses that
require detailed  studies of microhabitat
e derences. individal m_tmh Peterns,
eto. In bum, festing [hese }‘5|‘J{Jﬂln e ol
prove to have important implications for
t;*-:::ni{)gi{: or olther measures of rodent con-
trol. Moreover, they could prove 1o be
'-.'Ir'urkinf,l; |1_ﬂu:{h{tﬁr.~; for other rodent vims
systems in which more
species s involved in the ovele of infection,

than one rodent
Far u.*}».euul]i{'. cvidenee is ample that at
least two species of rodents (Abrotheix oli-
vacens and Abrothrix longipilis), in addi-
lion to the apprarenit nrmmt‘v beost, (Misms-
POy s fr:r.l;_m(mrfrfﬂ.!.:.w, maintain high
lantavirus seroprevalence in some regions
in Chile {Toro e al., 1995

At least two hantavirnses are konown
fron harvest mice EHa*ii."!?‘.']{J!:{J'r]!c‘.rmyn, spp.
Rio Segundoe virus (L mexicanes) and Fl
Mare Canvon virus Lf: rr:cﬂffﬂum Schinal-
jubim and lf]xiiv 1947
originally deseribed in fmmm]‘, from cen-
tral Costa Rica (Hjelle o al., 1995); thus,
il s ot SUTPM lh]l]“l__‘ thal we now repor il
from northern Panama, an area adjacent
to the Costa Bican border, What is =;EUJ|1'F-
icut, hoewever, is that more than one spe-
cies r:l" harvest monse and at least one deer
mouse (Peromysens mexicanus) appeared
to be infected with {or 1o eirculate) Rio
.‘Eﬁn,gmld{} virus and that the highest infee-
tion rate cccureed in B sundelrasti rather
than in 1 All animals infected
with Hio Segnnde virus were colleeted
sympalrically, suggesting a potential case

.H.]{J r}{ UIIIII]{] WS

RTINS,
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of spillover from one species to others. A
similar pattern also was Tound by Mills e

al. (19970 in sympatric assemblages of

small mammal species Tor the soutlwest-
crn United States, slthongh the alternative
]1j'~’|.hiJ!P'.-k'.‘ii.‘~' ol a hantaviros with ])leh'{in;' fiost
toleranee cannal he discounted at this
time,
the: cology of infection in rodent-hanta
virus systems in the New Waorld, in gen-
eral, and in tropical arcas. in particular.
Chur cdada te t‘[:L1I\L]‘, Sugraesl that hantmd-
ruscs [rom Aeitfoodontomys spp. display
groater tolerance o host switcljiijg thian do
bantaviruses  found in Peromyscus  spp.
Careful study (ceologic, epidemiologic,
and molecular) is required to test this by
pothesis versus its equally ontested alters

Much remains to be learned aboot

tative that these hantaviruses are eireulat -
ing in umltip]u species because of s[)il’tux-c::-
From a primary hiost.

We thank the NTIT {1119 Al4545 2), the
[CIDR Opportunity Pool Award, NSF
JINT 0241168 aml the

anama for providing generons support 1o

this joirt collaboration. A large number of

individuals provided logistic support during
liclkbaork, Permils 1o collect and exprort
small mammals were provided by the Au-
toridad Nacional del Ambisnte (ANAND,
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