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Hantavirus Infection and Habitat Associations among Rodent Populations in
Agroccosystems of Panama: Implications for Human Discase Risk
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Absiract.  Hantavirgs cardiopulmonary syndrome (HUPS), which is cansed by infection with Choelo vires, is ancom
mon in Panama, yel seropositivity anong rural tesidents is as high as 60%_ To clavify the environmendtal risk factors favor-
ing rodent-to-human fransmission, we tested serum frem 3,067 rodents captured over g five-vear perivd for antibodies
against recombinant N protein of hantavirus by enzyie immuneassay and strip immunohlot. Among 220 seropositive
redents, Cigoryzomys fulvescens, the reservoir of Choclo virus, had the hi shest overal] seroprevalence (23.5% ) more
abundant rodents (Zveodoriomys brevicouda and Stgmodon firsatus) had Jower scroprevalences. In the mixed (com-
bined modern and wraditional ) productive agroecosystem, the highest seroprevalence was amaong O fulvescsns capiured
in residences and in crops grown within 30 meters of a residence, with signilicantly lower seroprevalence in adjacent pas-
Lure and non-productive vegetation. Thus, crop habitats may sesve as refugia for invasion into adjacent human residences
and suggests several inferventions 1o reduce human infection.

INTRODUCTION

Hantavirus cardiopulmonary. syndrome (HCPS) 5 an
acute and often fatal febrile disease caused by enveloped,
iriscgmented, aepalive-strand BNA viruses of the Famaly
Bunyaviridae and penus Handaviens, This syndrome 35 char-
aclenized by Increase wascular permeahility, alypical inter-
stitial pneumonitis, and acure eardiac dyvsfunction. Since the
tiest deserption of HCPS in the southwestern United States
in 1993, novel New World hantaviruses and their specific
redent reservors have been dovumented i most regions of
the Amencas*

Each bantavirus s typically associated with a single species
of murd rodent host m which i1 cstablishes a chronic infee-
on that involves shedding of the infectious virus in bodily
secretions and excretions. Stadies in rodent models sURRest
that hantavirus may be transmitled principally among rodents
by saliva or saliva aerosols™ Direct bloodborne transmission
b Tating and fighling may e an important mode of infec
tiem® T s belicved to be transmitted to bumans by inhala-
ton of aerosolized virgs in association with rodent excreta.
Person-to-person  transmission has  been  deseribed oy
for Andes virus,™' and there is ne evidence for person-to-
person Leansrssion 1o Panama. Peridomestic environments
with active rodent infestations mav present the greatest risk
for human infection "% Rigk of transmission to persons is
largely deflined by the rodent reservoirs® peoocaphic distribu-
tions, altheugh within these reaions, risk also varies with the
ecitlogy of the rodent species and human contact within therr
habiiats e

In Central America, HCPS was first reported in the Azuero
Peminsula of Panama: In the HCPS owhreak of 19992000,
a novel htman-pathogenic hantavirus (Choelo virus)y and its
rodent reservolr {Cigoryzomys filvescens) were identified
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in peridomestic enviropments. ™ ? In the imvestigation, dif-
ferences were Tound in small mmemal community stiucture
Petween case sites and a conirel site, suggesting that human
activitics coupled with e¢nvironmental faciors may have com-
bined 10 cause an increased risk of HOPS 1o residents in the
Axuero Peninsula.™ From six reservoic species identified ia
Panama. a geographic lfocus of hantavirus infection in rodents
was evident, with Choclo and Calabazo viruses cireulating in
roclent populations m the Azuero Perinsela, ™ The short-tailed
cane mouse Lveodontomys Brevicanda b, the host of Calabazo
vires, was found 1o be the most abundant rodent and the domi-
nant species on 1he Mal land of Azoero Peninsula.™

In Panama, all HCPS appears 10 be caused by Choclo
virust = with only 106 cases and 22 deaths (21.0%) reported
to the preseat (Armién B, unpublished data). In conteast 1o
st hantavirus-endemic regions, however, a high prevalence
ol antibody to hantavirus (up to 0% ) is found in residents of
the endenue agricultaral region of central Panama {Armién
B, unpublished data). Similar to other Ammerics hantavirnses,
transmission of Choclo virus appears 1o be predominactly
n perwdomestic habitats™** The high seroprevalence of
hantavirgs anttbody in rodents a5 well as humans permits o
more detmbed cxamination of microhabitas within the peri-
domestic area where infected rodents and humens interact.
We hypothesized that in agroeeosystems in Panama, specilic
crop microhabitais near human habitation provided high-risk
sites for huoman infection. This study Toouses on habitat associ-
atioms of haotavirus-infected rodents; a longitudinal study and
climate-driven fluctuations in rodent and human infections
are presented elusewhere.

MATERIALS AN METHODDS

Trapping and study sites. Our sampling was condected in
33 localities in central section of western Panama (Figure 1}
There is a rainy season from May through December and
a dry scason from Jaouary through April. The lowlands of
cenlral-weslern Panama are heavily populated and much
of the original deciduous forest has been converted to an
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Freure 1. Map of ccosystems and sampling focalities in Panama, 2002-2006, Acrial photography of the hantavirs o rdipuinonary syndrome—
encdemecornunily ol Agua Buens in the Tonosi Valley of the Azuero Peninsuls of Panama, The peridomestic area (P) iz chacacterized by ot
mant mechinized rice plantation and pasture. Strips of riparisn vegetalion foliow & series of mvines composed of narrow cormidaors {5-73 melers
m witth) associated with planting vegetables and complexes matnix of residences (whine sguares). Inser: Magnification of the domestic arca (1)
showing environments inside and cutside the habilalion where a 100 trap statico was placed, Source: Map af vepetation cover of the Bepublic of
sz, Sutellile imiges LandSat TMS-TMT, Panammanian National Environmen: Authority CANAM), 2000

agroecosystems Small ragments of secondary dey deciduaus
Torests exist primarily in the lowlands, larpe areas of evergreen
forests predominale in higher clevations, and mangrove
vegelation iz locally abundzant along the coast.

In the agroccosvstems of central-wesicrn Panama, 50% of the
land area is covered by agnouliural vegetation located on fat (o
sloping topography with gaod to poor quality sails Productive
svatems i Panama are defined in terms of land use, Lopapra-
iy, and refative densisy of native second-prowth vepetation
cover { Figure 1) as either of two categorics according to agrical-
tural intensification.”’ The predominant category is the mixed
productive svstem (MPS) {comisingd modern and traditional
productive sysiems) characierized by small 1o large scale tmech-
antzed agriculiure on lowland with small 1o large seale irriga-
Lion systent, semi-extensive livestock grazing and less thaa 10%:
of native shruo and mature second-geowth vegelation cover
Human habttations are closely adjacent 1o subsistence as well
as mechamzed cropland {Figure 1} The second category is the
traditional productive svstem (TES) located on predominantly
sloped togrography with extensive livestock praziag subsistence

agriculture. and 10-40% covered with native shrub and niature
secomd-growth vegetation en the rematnng [ragments,

Within these two categories of productive syslems, we
rapped rodents in wo distinet environtments, defined as
domnestic gnd peridomestic habitats, The domestic habitas
mchuded the aréa of family activities within (intradomestic)
and vutside (paradomestic) the habitation, and extended in
general up to 40 meters from the perimeter of the residence.
The paradomestic microhgbitat is defined as the areas imme-
chately oulside human habitations comsisied typicaily of vard
that include patio and orramentsl garden, weeds, subgistence
crops plantation {corn, sugar cane, vegelables) and Hvestock
barns. Occasionally small aress of mechanized plantations
were located o the paradomestic area. The peridomeslic
habitat s defined as the area of human activity more than
4} meters from the perimeter of residences and consisted of
small to large scale mechamized plantations of rice, com, sugar
cane, vegetables, cultivaled wood, cultivated grass, nalive
prasslancd (e, Hvparehenio refa) wsed for cattle, as well as
szl fragments of subsistence cultivation.
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Small-mammil sampling. Sherman live Iraps  (mode]
LEATING H. B. Sherman Traps, Inc., Tallahassee, FL) were
sel from Tanuary 2002 through December 2006 in 35 localilics
of cenlral-western Panama, with 79.0% of the trapping effor
concentrated on the Axucro Peninsula. Traps were baited
with & mixture of crunchy peanut butter and cracked COTH,
or & combination of rolled vats, birdseed, molasses. and
vanilla extract Grids of 100 raps (10 coliamns by B rows
set al 10-meter inlervals) were established in microhabitits
(L, vegelation, crop of 1he season, human habitation) in
domestic and peridomestic areas. In |.3% af the trappiog
effort, 100 traps were randomly placed in some domestic
and peridomestic arcas. Trapping in each site was conducted
for three conseeutive nights during the dry and wet seasons
threughout the live vears of the sludy. A tolal of B0.9% (61,403)
of the (rapping offort was conceatrated in the MPS, whereas
19.1% (14.528) was performed in the TIPS, Deserniption of the
macrobabilals was consistently recorded,

Mammals were handled according 1o recommendations by
Mills and others™ Bload was obtained from the retra-orhital
sinus using heparinized capillary tbes, The animals were killed
with inhaled methoxyflurane (Fitman-Mouore, Mundelein, TL).
Individual field calalog numbers wers assigned o cach ani-
mal. Data collected for all individuals captured included trap
location, weight, and standard body measurements (lengih of
by, tail, hind foot, and ear), Data on sex and reproductive
condition were determined based on the dimension and oS-
ton of male testes and, in femsles, based on nipple size state
of Lactation, andior when the vagina was open. The approx-
imate age was estimated based on coat characteristios bady
gimensions, mass, and reproductive condition. Rodents were
wentified ie the feld using existing keys ™ For the koown
TCRETVOIT species [ Clgoryzomys flvescens, Lvpedentamyy
revicaiida, and Sigmodon hirsitus), individuzls were assiglied
to body mass classes ehosen to correspond to subjoctive maty-
rational pvents based on standardized Geld data,

For O fulvescens, the body mass classes were juvenile
{elass L= 6Darams: class T1.46-7.9 rama b young adult (class 111,
B8 vrams: class IV, 10-11.0 grams); Adult (class WV, 1 2-139
grams; class VI 14-159 grams; class VIL-2 6.0 grams . Tor
Z. brevicandn, the body mass elasses were Juvenile (class 1
< LD prams; elass 11, 10-19.9 arams); young acdull (class 11,
20299 prams; class [V, 30-399 grams ) adult (class V, 40-49.9
grams; class VI, S0-39.9 grams; class VII, = &0 grams). For &
fursuties. the body mass classes were juvenie (clags 1, = 130
grams: class I, 15-29.9 prams ), young adult (class [11, 304 .9
grams; class 1V, 45-50.0 grams); adull (clags V. 60=74 .9 gfan‘:s;
class V1, 75-89.49 arams: class WIL 2 90 prams),

Ecloparasites and presence and nature of external wounds
on 1he head, dars, body, legs, ancd tail were recorded. Blood
and sanples of the spleen. liver, kidnews, heart, and lungs were
collected In separate, labeled cryovials using clesn sterilized
instruments for cach animal. All biologic samples were imme
diately placed into liquid nitrogen. Afler processing, the car-
casies were placed either directly into 80% ethanol o into
1% Tornaalin for 3 davs, followed by immersion i 70% eth-
anol for long-term preservation. All animals were depaosited
in the Museum of Southwestern Biclogy [University of New
Mexico, Albuguerque, NMY or the Gorgas Memorial Tnsti-
tute {Panama City, Fanama), Permits 1o colleer and ERpOT
small mammals were provided by the Nationa! Envirenment
Authorily (Panama City, Panama).

Serologic analysis. Animals were twsted by sirip immmanohlol
for [pls containing a recombinant N protein of (he CCLOG
sitgin of S Nombre virgs and wused as described SETOPG-
sitivity was confirmed by reverse lranseription—polymerase
chain reaction (RT-PCR) and sequencing of amplimers from
ENA tissue extracts of 10 seropositive (2 filvescens and 14
seropositive 2 brevicanda specimens, as Choclo and Calalazo
vIFUsEs, respectively.

Dyata analyses. Data were transferred from field coliection
forms 10 a database (Epi Info Version 6.04d, Centers for
Irsease Control and Prevention, Atlanta, (A ) Tor statistical
analyses using StatsDircat Statistical Software Version 26.5,
ZU1T [StatsDirect Software, Alrincham, United Kingdom)
and Epi-Infy Software. Relative abundance corresponding
b irap seecess was eslimated by the nomber of individual
caplures per 100 trap-nights, whereas the toap nights were
vqual 1o the number of rap sets multiplied by the number
of nighis, ™

To account for small expected values of categovical data
tatrle, we used Fisher's exact test and corresponding exaet
P values The observed oulcomes are assumed 1o he indenen-
dent becayse captured mammals wers (ot released; 1hps, we
do not have a chance to capture the same mammals again.
There may be 4 certain probability that we still have some
correlation between observations caused by transmission
Huowever, we did not perform statistical iesis aceountng for
verTelation between individual observations assnmizg inde-
peadence for simplicity. We performed comparison studies for
proporiicns (with 95% confidence intervals [CTs]) to examine
lwe can delect a statistically significant difference with 5 §9%
sipnificanece level in the detection of antbodies apainst han-
Lavirus acd in the follewing pairs of comparisons: same Spe-
cies among habitat and microhabiiat [Le, MPS versus TPS, of
domestic versus peridomestic or. intradomestic versus pazado-
mestic or, ameng vegetation categorics of the paradomestic or
pendonnestic habitats ) among rodent species in a single hali-
tat or nucrobabilat; and among radent sex, age, and wound
status. The statistical significance level has been acdjusted for
multiple comparisons based on Bonferronl coreection when
wiinterpreted our resulls,

RESULTS

Small-mammal  community  structure and  distribution,
During 5 vears of wapping, 75933 effective trap-nights
vielded 3,446 individuals belonging to 14 species in 4 rodeit
tamilics: Murvdae, Cricendae, Heteromvidae and Echimvidae,
Zygodontomys brevicimeds [36.0%: ), 8 hirsus (21,393, Licmy
aedsprersus (11.7%0, and €1 fufvescens (9.3% ), the reservoir af
Choclo vires, were the most abundant specivs, The remain.
mg H species represented |7% of all individuals Trapped
(Supplementary Table 2, available online al www.ajtnmh.org],
Thirteen species were found in the MPS whereas D spoctes
were found in the TPS, In the MPS, 13 species were captured,
wilh 2. brewicauda (65.5%0, 8 hirsuois [15.6%) the reservoir
of a novel hantavires, and 2 fulvescens ( L0.9%) as the
dominant specics, with a relative abundunce in the MPS of
=7 inddividualsi/ L0 trap-nights. In the TPS siles, the relative
abundance was 28 individuals/ 100 trap-nights. The donnant
species were S e and L sprerens (31.3% and 38.6%,
respectively b and £ brevicando and € fielvescens represented
0% and 1.14%, respectively (Supplementary Table 3).
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Frevalence of hantavirus anfibodies apd rodent habitaf
association. Among 3,067 (89% ) indrnduals tested for hanta-
virus gnfibody only three species contained all seropositive
rodents (lable 1) Cleorvzones fulvescens the tourth mest
comemon rodent in both the MPS and TPS, bad the highest
percentage of positive individuals (23.5%) compared with
FEY of L dvevicmada, the most abundant rodent in the MPS
and the reservoir of Calabazo virus, and 3:4% of 5 Birsains.
the most comimon codent e the TPS and the reservoir of a
novel hantavirus {5 ffrsnodsossociated  hantaviros) Virtu-
ally all of the antibodv-positive . fidvesceny (67 of 45} and
2o brevicawda (128 of 129) were caplured iz the MPE In
contrast, mere scropositive X fursy were captured m the
TPS thadh a0 the 3PS (odds ratio JOR] = 4.92,93% CI = 182~
1542, P = D.000a),

The proportion of seropositive G0 fulfvescens was bigh in
e domestic’ and peridomestie habitats (18.6% and 27.1%,
respectivery) (Figure 200 The relative abundance of € fulves-
covis was preater mothe domeshic habitzl thap i the peridomes-
tic hiabital, possibly increasing the risk of human contact wath
Choclosinfected rodents in the home (Figare 23, (figorvzonys
Seelveyens was more hkely 1o be seropositive than 2 frevicanda
in peridomesiic {(OR =424 Y5% CI = 2824844, P 00001 and
domestic {QOR = 285, U5% T = 1,30-5.87, P= 000207 habitats.
Both Qliparyzomes fulvescens snd 2 brevicanda were found
commenly inside houses bt O fidvescery was more Bkely 1o he
seropositive (42.9% ) inside hunmn habitations (Figure 3.

Camparison of rodent seropositivity i different parado-
meshic microcnvirehments {pasture, crops, weeds, and orna-
mental parden) showed low seropositivity among O filvescens
i pasture (9% ), weeds (11%) and orpamental pardens {16%)
but high screpesitivity in adiacent crops (30%), comparable
10 the high seropositivily ol caplures in the habitations (42%)
(P1gure 3 Density 15 alse o critical factor, reflecting relalive
abundance of captured rodents; 61.1% {11 ol 18) of all antj-
hodv-positive €0 fulvesceny in the paradomestic area were
caplred nornamental gardens. In contrast o seroposilive
€ fudvescens It certain suitable microenvironments, the sero-
positivity for 2 brevicawda was the same across all microenvi-
rionments [Figare 30,

In the peridomestic habitats more distam from the babi-
tatims, - the proportion ol anfibody-positive O fudvescens
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wis dlmost 25 high as some dommestic habilats, with 15.6% n
pasture, 28.%% in secondary vegetation, and 32.2% in crops
(Supplementary Table 4, available ounline at wwwajloiborg).
The proportion of seropositive (2 fwlvesceny varied [rom
25.0% i rice o 22.9% @ corr (Figure 4). and relative abun-
dance was comparable among each crop, suggesting thal
€ fulvescany had no stroag preference Tor any one crop in
spite of T8 cormmon name, Tice rat,

Antibody prevalence in relation 1o sex, mass elass, and
wound status. The prevalence of hantavirus antibody was
significantly higher in male roclents than in female rodents
for €L fulvescens (F = OL0T, by Fishei™s exact test) and.
2o brevicguda (F < 00001, Ty Fisher's exact test) bat nat Tor
& Brrsnins CTable 20 Seropositive individuals were more fre-
guently adulis among O fulvescens (P = L0006, by Fisher's
cxact test) ond 22 brevicawda (P < 00001, Fisher's by exact
test). The prevalence of hantavires antibody was significantly
highir in wounded thar unwounded males radents Tor both
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FroUre 3. Percentage of individuals with antibodies 2gainst han-
tuvirus nucleoprelein and Tolative abundance of rodeats caplure
Pndividuais 100 Traps mighty lor Ciipanyzomys falrescens (OF) and
Sygodrtom vy Drevicnean (281 by vegetaton 1vpe and covironments
in domestic Area i ARroecesySLEmS in central-western Panama, 2002
20406, Mumbers gbove each calumn indicile numbers of wndividusts

[ersiend,

£ Fulvescens [P = (L0005, by Fisher's exact tesl) and 2 frev-
iceipcta (P = U004, by Fisher's exact test). Wousiding correlated
with larger body mass ameng wounded males lor both species
{Supplementary Fipure 5, available online at wawajtmboora).

DHSCTIRSTOMN

This study eonlirms previouws fandings of evidence of hantavi-
rus infection smong rodents in ceniral-western Panama 2 As
a conséguence ol our larger data set and more delailed analy-
ses, # betier understanding of the seology of the reservoir spe-
cics with implication for human discase risk emerpe. Greater
nuambers of captures found higher seroprevalence than previ-
ously reported® and increased our ability 1o correlate sero-
prevalence with favored habilats The overall seroprevalence
ol 23.5% among O fidvescens. host Tor the human pathozen
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rvirus nucleoprotein gad relative abondance of rodents captere
tindividual 00 traps night) Tor figorvzomyy Milvescens (000,
Sygodanton vy hreviconda, and Siemoden iirounes (Sh1 by crop (Corn
[C]; Rice {B] and Dihers [0} in pendomestic arca inagroscasystems
i centrel-western Pamama, 2002-2006 Mumbers above cach column
idicate pumbers ol individyals tesced,

Choclo virus, is higher than that reported for most pathogenic
hantavireses 1n Central and South America.*#+# The high
rodent seroprevalence 1o Sin Nombre virus in western North
America™ ™ is contrasted to the low hwman seroprevalence
of less than 1%, Oy the high Calomys foucha rodent™ and
buman® seroprevalences caused by Laguna Negra virus in
western Paraguay, where peridomestic infection and MPS pre-
dommate, approaches thal documented i Panaca, Because
buman seroprevelence on the Azuere Peninsula s high, rang-
tng from L6% 10 60%, we sought to explain this observation
by examining in detail the habitat prefercnces of seropositive
rodents (Armidn B, unpublished data).®

In spile of multiple hantaviruses in Panama, human infec-
tion agpears 1o be exclusively cansed by Choclo virug First, in
all acute-phase human sera from HOPS patients tested 1o date
for viral genome by RT-PCR, only Choclo virus sequences
have been found (Pascale M. uppublished data). Second,
all positive serum samples from persons without a history
of HCES contained Chocly virus—newtralizicg activity when
tested Tor hanfavirus antibody by newfralizslion inhibition
assays { Koster F unpublished datad, Alth ough we can not rule
oul hvman micclion with Calabazo virus transmitied from
s £ Srevicauda bost, for the purposes of this study. the only
rodént of medical inleres! 1s O3 filvescens.

The rodent znd buman seroprevalence data nsed two assavs,
an emgyme-linked immunosorbent assay and # strip immunolb-
lat. Thesge anding assays have shown a concordance of 98.0%
i hueran samples fron Panama (Pascale I and Ouiroz E,
unpublished data ) * The enzyme-linked immunosorbent assay
and ihe sirip immuynoblot ysed Sin Nombre vicus nucleocapsid
aniigen, which Is cross-reactive with antibodies to all known
sigmodontine-oroe hanlaviruses in the Americas. ™ However,
these methods do not identify the visal strain, Preliminary
sequencing of G0 basepairs by RT-PCR amplimers from tis-
st KINA Trom seropositive 8 Rivsiies specimens incdicates
that these viruses are not closely related, but additional char-
aclerization is required.

Earvher comparisons of small-mamntal assemblages showed
the highest small-mammal diversity in natoral coosvstems and
the highest-abundance in human-altered ecosvstems ' Qur
data support the notion that Choclo, Calabaeo and S fursu
tev-associated hantaviruses ase concenlrated on the humasn-
dominated babital, whereas others bhantavirus such as the
Percraysens siericanus: and Redthredontomys spp-associated
hartaviras appeared to be resivicled 1o the tropical upland nat-
ural forests ol the extreme western region of Panama {Molcan
Baru in Chiriqui Province )% Furthermaore, 2 brevicaeda,
the host of Calabazo virus, was the oaly téservorr specics con-
sistently present and the most abundant reservoir in agro-
ecosystems from the exireme west to the extreme cast of the
Isthraes of Panama [Armi€n B, unpublished dats). In central-
western Panama, € fudvesceniy and 2, brevicauda were congis-
tently found in the MPS but were uncommon in TPS (Table 1)
In comtrast, 8 Airsues was more common and more often
setoposifive o the TPS tlian in the MPS.

Chur data s consistent with the hypothesis that increased
rodent deosily and competiiton is a cavse of increased sero
prevalence, For €2 felvéscens and 7 brevicanda, but aot 5 hir-
statues, antibody prevelenocs was associared with sex, wounding,
and body weight, a surrogate for age, agrecing with multiple
studies on rodent reservoirs of American hantavirys #H0wRas
Afthough aggressive encounters among zdult males may
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aceount for much of the transmission within rodent popula-
toms ™ 7 other aspects such as social behaviors and habitat
teatuzes have alsoe been proposed as additional factors influ-
LncingE iransmission, e

Risk to humans is 2 function of frequency of seropositiv-
ity and relative abundance in habitats frequented by persons,
Urops within A0 meters of a residence contained (he highes)
percentage of seropoasitive (3 fulvesceny compared with pas-
tures and olber vegelalion iypes in paradomestic environments
(Figure 2), However, becauss of increased relalive abundance,
ereater numbers of seropositive O folvesoens were captured in
ereamental gardens. Seropositive rice rats {0 fulvercens) were
more common 0 the traditional {non-mechamesed ) mixed cul-
tivation of corn-and vegetahles (42.9% 17 of 28) than m the
mechanized monocultures of noe (17.4%, 4 of 23] (Armién A,
unpublished data). However, crops within 40 meters of resi-
dences may have special signmilicance because the noctural
foraging <hislange for {hese rodents was 30-4meters as derer
mincd by radiotelemetry in one of our inlensively surveyed siics
LArmien B unpublished datg ), Thus, during the post-harvest dey
season when seed avalability was reduced it the field, rodent
foraging near residences would ol reguire long-distance travel
1o reach intra-habitation food, Long-term: data from mark-
recaplure studics may help clavify the relationship hetween
anbibody prevalence, rodent enmmunity struciure. density, and
home range for paradomestic covironments, SR a4

The physical relationship between crops and ornamen-
tal gardens near human residences may have public healib
myplications. Thus, one potential intervention may be relocal-
ing crops away from residences, locating short grass near resi-
dences, and dentilying the plants in ernamental pardens thal
attract & filvescens Future studies wall examine food stor-
age and preparation m and near restdences, 1o & faoere eoncrd-
bution, detailed znalyses of serial assessments of human and
rodent seroprevalence by sile; habitat, season, and year will
clarify the dynaniic relationship between human and rodent
serocomversions in the spme communities 4

Mire: Supplemental tables 3 and 4 and aupplemental figure 5 appear
orhate a7 waswagtimh.ore,
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