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Abgivact, Thae first omthreak of hantavirus pulmonary syvodrome (TIP3 ) in Central Aamerics was documented on the
Actero peninsula of Panama io lace DR and 2006 Reverse transenptase—polvmerase chain reaction evidence impli-
cated only Chocle virus in symptomatic HPS with a mortality rate of 200%  although two rodent-borne hantaviroses
(Choclo virus and Calabazo vims) were identificd in the peridomaestic habitst, Meighhorhood scrosuryveys arouand case
houscholds found seroprevalence rates 85 high as 30'%, the highest in the Amereas cxcept for western Paraguay, We
report here population-based serosurveys for 136 adults and children in four communities, three on the Acoero
peninsula and one in adppoent central Panama, Overall seroprevalence ranged from 33.2% in a pepulation engaged in
farming and lishing en lsla de Cafias, te 16.3% and 21.2% in vwe mainland agriculoiral commuitios, to 2.1% in ceneral
Pananuy, with a modest maie predominance of 120, Nine percent of chifdren =10 years olkd were seroposicive, and
seroprovalence increased with age in all communitios, with highest levels of 52% in those 41250 years old cohort on Isla
de Caflas. Univariate analysis identified correlations between seroprevalence and multiple ageiculiural and aiemal
hushandry activities. Tlowever, stepwise logistic regression models identilied ooly raising animals {eows, pigs, goals,
pouliry ) and fishing os significant independent varizbles, Muman infection with hantavirus on the Azuero peninsula,
cither with Choclo virus or combined with Calabaze viras, is frequent bul racely results in hespitalization due 1o

respiratory illnesses resembling HEPS,

IMTRODUCTION

Hantavirus infection was [t deseribed in the Aonericas in
an cuthreak in the Southwestern United States' ten years
ago and subscguently, hantavirus infections with at least 13
different hantaviruses have been described in redent reser-
vonrs and i hmans theonghowt the Ameneas.’ The epide-
miology of Sin Mombre and Andes viruses, the dominant
strains in lemperate regions, s characterized by a low inci-
dence of symptomatic hantavine cardinpulmonary syndrome
{HICES ), a high ratio of sympromatic disease we asvmplomatic
infection. and a high case fatalicy ratio between 42% and
5897 One striking exception of this patern of low sero.
prevalence is found in the Gran Chaco of western Paraguay
where a lower case-fatalily ratio of 11%." primarily among
Furopean immigrants, is contrasted o mercased seropreva
lence rates of 40% among Amerindizn populztions.™

T Fanuary, 200, an outbreak of bantaviros pulmonary syn-
drome (HPS) was detected in the Avoera peninsula of
Panama, and a novel hantaviros, Choclo vires, was identitied
in g sigmodontine redent veetor [Ofgoryzamys rlveseens)
and in the Blood of patients witk typical TIPS Among the
First 25 hospitalived patients, the case-fatality ratio was 200%,
and cardiogenic shock, a hallmark of severe Sin Nombre and
Andes virus infections. was not documented. Preliminary se
rosurveys among the howschold and neighborhood contacts
of hantavirus-seropesitive patients residing on the Avuero
peninsuala identified seroprevalence rates of 6-30% in mul-
tiple villages (Bavard ¥ and others, unpublished data).

The purpose of this study was o decument the prevalence
of antibody Lo hantavirus in human, population-based
samnples among four villages on or near the Azuero peninsula.
The: study sought o identify occupational, age-adjusted hu-
man activity, and peridomestic risk factors for infection, to
mitizte public heaith cdueation prevention programs.
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Study sites. Four communitics were selected o survey in
2001 due 1o the previous identification of symplomatic pa-
tients in each village, and tothe high seroprevalence obseooed
in hieusehold amt neighborhood comaets of seropositive pa-
tienis {Figare 1) San Jose and Pecrl (Los Sanos provinee)
are compmunities engaged in agriculiorsl sctevities and cattle
arming located in lowland scrub vegctation. The villages are
located 10 and 30 minutes rom the provineial capital and
regional medical conter and are served on weckdays [1}- a local
health center. OF the 207 houscholds participating in the
study, ¥32% bhad dle or cement [loors and 99% had meal or
tile roods. AdL bt one household wsed the comtinuousiy avail
able municipal water supply, and all housebolds disposed of
selid waste by municipal collection and by burning or burying
locally. Jaguite (Cocle provines ) is an agricultural community
in central Panama lecated in a lowland serub ecologic =one,
Employment s primarily w the sugar cane processing indus-
iy, All bouses had metal or wle moofs and dire foers were
rare, Animal bushandry adjzcent 1o the home was uncomman
(127 ) in Jaguito, Otherwise characleristics of the peridomes
Lic environment were similar among the three mainlard com-
muniics, with adjzcent pasture in 32-38%, pig bars in
2-12%, chicken coops in 45-02%, food storage in 12-360%,
uncevered refuse o 14-36% and abandoned vehicles and
machinery in 3-8%,

Isla de Catas (Los Santos provinoe) s o small island sur.
rouinded By mangrove [orest on the Macific coast 30 km south
of San Jose, with an wnpoverished Farming community of 327
residents engaged o owatermelon culture, and subsistence
rice, corn, and cattle farming. Access o the mainland s lim-
ited except during high tide, the provincial capital is approxi-
mately two hours away, and thers s no staffed health center.
O the 7 hovsehelds included n the study, 88% had an
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FIGuURE L Map of Fanama showing the location of the Axvero pemnsula and the study communities of Jagquite, San Jose, oo, and Isla de

(Calas.

zarthen floor, 43% bad wood or stick walls, and 49% had a
palm-thatched rool. Since there was no municipal gacbage
collection, refuse was burred or burded locally, Water was
delivercd o 82% of the houscholds by intermittently avail-
able mumerpal distribotion, and 18% used private wells, The
reridarmestic envitanment was characterized by adjacent pas-
ure I 3%, pig barns in 3%, chicken coops o 56%. food
storage i 3%, uncovered refuse in 33%, and abandeoned
vehicles or machinery in 5%,

Poridomestic trapping in all fewr locales has identificd both
rodents known e e natural hosts for hantaviroses in
Panama, the Costa Rican pigmy rice matl Ofigoryzomys fulve-
seeny costaricensiy hathoring the Choclo vicus, and the Cher-
rie's cane rat Avgodoatowes brevicauda clierdier harboring
the Calabazo virus'™" Longitudinal studies in each loeals
have ddentificd spatizl and temporal differences in the abun
dance and relative prevalence of these rodemt species and
their seroprevalence,'™ and meaningful analysis of complex
relationships will require lurther data.

Study participants, Informed written consent wag chiained
froven sl adult participants and from pares or legal guardians
wl minars, Consent and assenl Tonms were reviewed and ap-
proveed by institutional ethics review hoards at the University
of Mew Mexico and the Gorgas Memaorial Instituie in Panams
City, and by the protocol raview commitles of the Interns-
tinmal Centers for Infectious Discases Research program of
the MNational Institnee of Alleroy and Infectious Iiseases. All
acdults wmd children mere than twe years of age who were
permanently residing in cach community according o the
year ZO000 national census were eligible for the study. The
percent of the community consenting for study was 82% in
Pocr, 86% in San Jose, and 658% in Isla de Cafiag. The rea-
sons for non-inclusion were absence during the week of the
survey, attending school on the mainland (Dsla de Cafing), and
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lear of phlebotomy, Every other house (30% ) in Jaguito on
cach block was approached for participation and cooperation
was 1000, Adter infocmed  comsenyassent was obtained, a
questionnaire was sdministered and venons blood was ool
lected for serelogy, The ethnic origing of individuals from all
populations were comparable, o misture of Buropean, Afri-
can-American, and Amerindisn intermarciage in a region
originally populated by Amerindians before the Spunish con-
guest 50 vears ago.

Serology. Tleparinized whole hloed from arm venipunciure
wis separated by centrifugation and plasma for serology was
stored at =20°0C until analysis. Antibody to 2l known han-
taviruses m the Americas cross-react 1o the W protein of Sin
Newibre vizus in binding sssays."® A steip immunoblot assay
(LAY for Izl antibody comaining recommbinant N protein of
the 3H226 penotype of Sin Mombre virus was used as de-
seribed,'® An enzvime immunoassay (ETA Y used recombinant
nucleocagsid protein from Sie Mombre viros.™ All sera wore
tested Ty both assavs and the diseordance of the ETA and S1A
in Lhis seroprevalence stady was 3% (Pascale J, unpublished
datal, For the purposes of this stody, the criterion for sero-
positivily wis o posilive reaction o both assays.

Data analysis. Descriptive statistics were calculated for
community, agze coliory, sex, and occupation greups (1570-Infs,
Centers [or Disesse Control and Prevention, Atlanta, GA).
Univariate analysis used the Spearman rank correlation co-
efficient and the chi-sguare statistic to caloulate the odds ratio
and 95% confidence Hmits comparing seropositivity with de-
mographic characteristics and bivariate nsk factor descriplors
derived from the questionnasire, Odds ratios are prosented s
crude ratios amd ratios adjusted for age and sex. Sipnificant
independent variables were identificd by stepwise loajstic re-
aression models (3PS5, Chicago, 11) using all sizoificant vari-
ables derivesd from univariate analysis.
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Seroprevalence. Although end point Litrations of sera for
[2(5 reactivity to M antigen were not performed, the intensity
af the steip imemuneblol of seropositive sera was indistinguish
able From that of sera rom documented TIPS patients (Figure
21 Oypmical density of positive reactions in the BA was also
comparable between seropositive individuals in the conmu
nity sod sera from patients in the acute stages of HIPS Only
one subject among the 1,346 studicd bad had 8 previoos di-
agnesis of [IPS, which was conlirmed by 2 reverse tran-
seriplase—polymerase chain reaction (RT-PCRY and [phd-
specific serology, Amoeng 12 participants with o history of
hespitalization, none had & discharge dizgnnsis consistent
with TTPS, excepting this one case, and none was seropositive,
Among 66 gquestionnuire respondents describing & provioos
respitatory ilness resembling mild HPS but not reguiting hos
pitalization, 12 (18%) bad antibody o bantavirus, which was
not different from those denving s previoos history,

Subjects on Tl de Cofas were younger (mean « 513 = 301
= L0 wears, range = 2-907 than subjects Irom the other
commnunibics whose mean ages ranged from 3606 to 43 yoars
(< TR b Seroprevalence was higher on Isla de Cafias than
in San Jose and Pocord, (F < 00010, and these three commu-
mities had signilicantly higher eates than Jagquito (£ = 0061
(Tabde 1) The ratio of seropositive males 10 females inoall
communities combined was 5343, and the increased repre-
sentatimn of males was sipmhcant {7 o= (L0531 Adults de-
seribedd as farmers or honsewives had slightly higher sero-
prevalence than students and adalts wizh other occupations
such as technicians, teachers, bealth care workers, and mill
workers {Table L), but thos difference was not significant,

The seroprevalence for sl fFour communitics combined in
creased with age from 9.2'% in children less than T vears ald
Lo 228 i adules mothe 4150 year-old age group {0 < (L0
(Figure 33 In Sap Jose and Pocrt, the seroprevalence was
unchanged from the third e the seventh age deciles, b an
Isla de Cafias the seroprevalence decreased significantly (<
(30 from 532% o the fifth decade 1o 24'% in the sixth and
seventh decades.

Kisk factors. Combined bivariale amalysis telentificd a sig-
nifieant correlation belween seropositivity and Lo risk faciors
songht in the guestiomnaire it all foue communities (Table 7)
[wwew, gorgas, pob, pa‘docs/cuestionanio % 2007 2003 ). When
the odds ratios were adjusted for sex, apge, and Incality known
o be significant variahles (Table 1), six variables remained
independent of localivy, ineloding raising animals, raising

ARMEEDN AL OTHERS

pouliry, handling animal {food and grain, cleaming hooses,
sheds and barns, fishing, and bandling wild rodents, Scven of
10 mdividuals who reported handling dead oc live redents
WETE SeToPos ve,

I step-wise looiatic regression analysis using the variables
identiflicd from bivariate analysis {Table 23, only two vari-
ables, ratsing animals {odds ratio = LA48% and sbang (odds
ratice = 173 remained as independont activity-relatod vari-
ables {7 < O.05).

DISCUSSION

This population-based sample demonstrates the high
prevalence of antibody to hantavirus in all three commuoenities
on the Asvero peninsula of Panama, in contrast o a comimu-
nity n the adjacent central region. The strain or sirains of
hantavirus associated with fregquent seropositivily in Panama
i noL vel known, Two hantavireses have been ddentificd on
the Azuero peninsula, Choclo virns ol & felvescrns’' and
Calabazo virus of another sigmodontine rodent (2 fbrer-
fereden 1. Both of these racdents are abuncand both o the
field and in peridomestic hathizats,'” The high level of serodi
agnostic cross-reactivity of nucleocapsid prowin in both the
514 and BEIA Tormats among all haolaviroses in the Americas
rendaers tests based upon 5in Mombre ™ oantigen sufficiently
sensitive 1o deteot most or all infections, but does no penmit
serclogic distinetion batween viral strmng, Only Choclo viris
has heen identified by BT-PCR in periphera] blood of af 12
bospitalized patients studied*' {Pascale J, unpublished data).
Future studies on strain-specific neutralizing antibody aned se-
guencing RT-PCR amplimers Trom paticots with mild han
tavirus infection are needed o resolve the role of Calabeo
virts in hmman infection, We speculate that IF Calabawo viros
mivction accounts for o sianificont fraction of seroprevalence
among humans, the freguency and clinteal severity of Choclo
virus infection could be profoundly shered in this populadon,
a fimeling of relevance 1o vaccine development.

Risk of infection is a summation of potential exposures
associated with the location and construction of the work-
place and home, and personal activities i sites of rodem
infestation. Dutdoor agricultural aetivity in China'™ and
lrestey work in Burope'™ are associzted with risk of hemeor
rhagic fever with renal syodrome, and s reflected in a high
malefemale infection ratio areater than 1.5:1. In conlrast, in
Merth America more frequent peridomestic cxposurne s sup-
portesd by molecular epidemiology and & malezfemale ratio of
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Hantavaros-specific 1548 strip immunahlor aasay (S1A ) Tested sobjects [rom the seroprevalence sumey (ree digit nambars) and

positive (= and negative (C-3 controls are shown, The lour lines oheerved represent in order: 1op e (orientation marker), 3+ resction control
{human scrum}, hantavines N oproten anigen gspecific reaction), and 1+ reaction control (heman sernm),
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LU In Panama, the male:female ratio is close w unity at
L2, both an this serosurvey [Table 1) and among symplom-
atic cases {17014 The slight excess of men may reflect the
exclugive participation by men in fishing, bot men, women,
and childeen participate in aninial kushandry. Positivity Tor
antibocly 1o hantavires 15 disteibuoted across all reported oc-
cupalicns, again reflecting cur ahservation that 21l adulls and
older children participate in peridomestic animal husbandry
wolivilies,

amce the rodent reservoir species are found throughout
Panama, the ecologic bases for the concentration of rodent -
Porne hantaviruses on the Azuero peninsula is oot enitely
clear, but may be related 1o the doer elimate, loss of natural
fosrests, and replacement with intense agricultural land use
associated with decrcased biodiversity,'” Qpen house oon-
struction with dirt flooes, open animal food storage, and lack
of municipal waste disposal may faver peridomestic roden
mvasion and higher seroprevalence on Isla de Cafias, Con-

ul T e

versely, the high scroprevalence of 20% on the mainland
where houses are predominantly consirected with cement
flewirrs andd walls s less consistent with the notion that most
exposure occurs in the house itself. Although many zgricul
tural activities correlated with seropositivity in bivaciate
analesis (Table 23 including working in and cleaning harns
amcd handling animal feed araing, coly animal husbandry
emerged in logistic regression analysis as the single, indepen-
dent agriculiural risk facter. This infermation provides a fo-
cug Tor futore detaited studies en rodent behavior and iner-
ventions, The correlation between hantavirus antibody posi-
Livity and bait lshing on the Pacific ocean is curious and may
represent a marker for an unrelated risk activity, In the
Linited States, early indications that outdeor agricultural ac-
tivities such as hamd plowing represented risk factors for Sin
Mombre wirus infectico bave not subsequently been horne
outl, and later investigations have increasingly implicated in

door exposures as more proximate risk activigies,” "
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Figves 3. Prevalence of antibody o hantavirs by age {years) cohart shown as the mesn on Iy for each of thrce communities Iska (1) de Cadias,
Pocri, and San (8.0 Joae and for the combined four commuonities (bar spanming 2 503 around the mean indicated by the square). The fourth
comimumty bad too lew seropesitive individuals (200 1o inclade by age cohort.
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Cride and adpusted cods eates (ORs] and 953% conidence inlerval
(Cls) of hantavirus scropositivity in Panama for signifieant vk
lactors, all communitics combined, 200120812
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Positivity for antibody 1o bantavirus increased with age,
boginming al four years, and is consistent with constant peri-
domestic cxpesure during the first 30 vears of life. The sero-
provalence ol 9.2% among children {13.3% an lsla de Cafias),
although nec asseciated with known symptomatic disease, is
the highest recorded in the literature. Symptomatic HCPS
in young children has been demonstrated in Soutb
America,” ™ bul appears to be rare in North America ™7
Childhoosd infection in Chile s associated with inrafamilizl
person-to-persen leansmission {(Ferres M, anpublished data),
bt there is noe evidence of inrralaimilial ransmission of symp-
tomnatic infection in Panama. The significant decrease in se-
roprovialence among adults more than 30 vears old may be
explaingd by a recent rodent invasion of the island as the
agriculiural practices om the iskind changed Irom sugar cana
tor mvore diversificd crops less than 30 years ago.

Uhe ecomncidence of lower mortality tale and clevated
prevalence of banlavires antibody on the Aciero pendnsala of
Papama mirrors the same relationship in weslern Para
cuay™' and among the Mapuche in Chile.” Hantavirus fever,
in the absence of pulmonary edema, is documented ancedor-
ally, but no prospective studies have defined its fre
guency, ™ The identilication of regions of high SETCPrevi-
lepce will make possible intensive prospective stidios of
Lrapsmission from rodent 0 bumass ool previously possible
for other uncommon rodent-vectorsd infections such as
drenavicases, plague, and leptospirosis.
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