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Abstracr. We conducted a survey of 760 Amerindian children 2

12 years of age in the Bayano and San Blas

areas of Panama in 1991 1o determine the prevalence of serum antibodies to Toxoplasma gondii and the ImpoTtance
of hypothesized risk factors in human-induced native and svlvatic conditions, which have had few environmental
changes. as opposed to raral and urban areas in Panama previously studied. The overall prevalence of infection ranged
between (% and 42.5%. No age curve was detected. indicative of nonconstant transmission. Omly two hypothesized
risk Factors, floor type and having cats inside the house. were significantly associated with the presence of antibodies
in some of the communities, Antibody prevalence appeared to be associated more with the community of residence
than with any specific behavior. The nisk factor of importance may be the level of DOCYSL CONAMINation. sy Becion
B trssue cysts in meat was excluded, On three of the nine islands studied, no antibody was detecied in the children
or the cats. Il would appear that T. pondii is not present on these islands, Although the data did not support the
importance of many of the hypothesized risk factors, the study is consistent with the theory of transmission by oocysts

amd the importance of cats in ransmission,

Toxoplasmosis was studied by Wallace and others in the
Pacific. " * and they implicated the role of cats shedding oo-
cyals in transmission. In South and Central America, high
prevalence rates were noted among populations in Chile?
Brazil* Ecuador*# Colombia,® (Gajdusek DC, unpublished
data), Panama™' and Costa Rica' '*" Seroprevalence
studies in Latin America have shown marked differences in
antibody prevalence rates dependent upon ethnic group,”

age, ™ sex,)! social class®**?
T

residence %1 e con-
tace, 5 ¥ and soil contact.™ ¥

Infection with Tovoplasme is widespread in Latin Amer-
e, particularly in neotropical areas, with Toveplasma anti-
body detectable in as many as 65% of the population over
the age of 60." Detection of immunoglobulin G ([2G) anti-
bodies, as in this study, measures past infection, Since ment
is generally well-cooked in Panama, transmussion by lissue
eysts can be generally excluded, which is notl the case in
North America, Europe, and southern South America. In
Latin America, toxoplasmosis is primarily due o infection
with oocvats from infective cat feces,

Because we already had data on urban and rural antibody
prevalence for Panama.” we wanted to explore transmission
to humans in the rain forest that involved two different eth-
nw groups from the ecastern areas of Colon and Panama
provinces, and the difference between mainland and sland
transmission. Prevalence data only was available from pre-
vious studics in the rain forest in Brazil * Ecuador® and Co-
lombia (Gajdusek DC, unpublished data), and from animats
in the Bayano arca from Panama.

Previous studies in humans lacked details regarding the
environment. This investigation attempled to analvze how
transmission takes place, particularly how prevalent the in-
lection is in the forested and semiforested area, and how
intection prevalences changed following the initiation of ag
ricultural practices and increased urbanization. A Ithough the
study area used to be relatively inaccessible. colonization
alomg the Pan American Highway and intensive logging dur-
ing the last five years is rapidly transforming the area di-
rectly adjacent 1o the highway . Although the general climate

is stll typical rain forest, secondary growth near human hab
itation mixed with small agricultural plots, low vegetation,
secondary shrub, and erosion are evident along certain por-
trons of the highway, As a resull of deforestation, the mi-
croclimate is hotter and drier where the sun reaches the
soil,* Study sites on the mainland differed in the amount of
forest surrounding them, allowing an opportunity to study
Toxoplastme transmassion 10 as close w an origmal state as
possible, and in gradations.

Since previous studies showed that the prevalence of an
tibodies to Tovoplasma increased with age,” we chose o
study children 2-12 years of age for whom ravel had been
minimal and residence history could be better defined than
at later ages 1o explore differences in transmission patterns
and to examine the relationship between antibody status and
various hypothesized risk factors.

MATERIALS AND METHOIDS

Study populations. The two arcas chosen for study were
the Cuenca Alta del Bayano (Bavano River Basin) and the
Iskas de San Blas (San Blas Islands), Panama. The Bavano
Basin, which drains approximately 42735 km!, "™ is located
east of Panama City and the Panama Canal, along the Pan
American Highway, between longitudes TR70° and 797 15w
and latitudes 845" anc 920°N." The San Blas islands com
prise more than 300 disanct islands of vanous sizes located
off the Caribbean coast, running from north of Panama City
w the Colombian border, between longitudes 77°20° and
TUNSW and latitudes 835 and 9°38'N {Figure 1} Both the
Bayano and San Blas have a similarly wet tropical climate,
with the rainy season usually extending from May o De-
cember. Only occasional light showers ocour in San Blas
during the dry season. The mean annual temperature near
Panama City is 26.7°C, with an averspe annual rainfall of
254 ¢m. The average annual rainfall for the %an Blas islands
15 219 cm (Smithsoman Tropical Research Institute. Marine
Environmental Science Program, Panama City. Panama, »
published data).
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Figigk 1. Map of the Bayane and San Blas arcas of Panama, east of the Panama Canal, indicating the Panamerican Highway aod location

of the nuanland and 1sland communities studied

The twer ethnic groups in these areas, the Kuna and the
Embera, live in villages that are coliorally relatively homo
geneous, The Kuna live in the Norhern Bavano Basin and
the 5an Blas Islands, whereas the Embera live in the Bayano
and farther east wowards Colombia. The majority of the Kuna
and Embera practice subsistence agriculture and use fish to
supplement their diet.

The willages wen

island and

grouped by mainland o
stratified by sive, after which 13 villages (tour mainland and
ninge island) were selected at random for inclusion in the
study (Figure 11 All island villages were Kuna and were
located 24 km from shore

Permission o work in both the San Blas and Bayuno Kuna
areas was granted after visits with the most important ca
cigques (highest leaders) in the Kuna hicrarchical governing
structure,

Data collection methods, An interview was conducied
and serclogic samples were collected in 1991 by 10 Pana
manian medical students. Kuna interpreters from cach vil
lage were trained by one ol the authors (GDE) in their re-
spective villages 1o work with the medical student interview-
ers. These interpreters included the health assistant from the
village il there was one. The other interpreters were chosen

by the community at the the nightly community mecting
attended by the research team om the eve of starting the study
in cach community. The interpreters Arst aided 10 the con-
struction of a map for their community and i the idennfi
cation of the study population (children between the ages of
2 ancd 120 within each community,

The interview guestions were first translated into Spanish
and then pretested with native Kuna speakers to assess the
comprehension of the goestions. The interview was preceded
by an explination of the study by the data collector and by
cthtining the informed consent of the mother, Few mothers
refused to participate. Random spot checks of the inmervica-
ers were conducted to ensure that the interview protocol was
being followed, The questionnaires were reviewed for com
pleteness of answers by one of the research team at the end
of cach day.

Al the end of the interview with the mother. capillury
blood samples were collected on filter paper from cach
study-eligible child vsing the techniques described by Wal
e air-dried. and stored. at ambient temperature unil sent
o Panama City weekly, whercupon they were frozen at

2PC. Pretesting of this method indicated that storage of
dried filwer paper samples at ambient temperature for one
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week did oot lead o detenoration of samples when com
pared with refmgerated storage.

Laboratory methods. The serologic assays were per-
formed at the Gorgas Loboratory (University of  kKansas
Tosoplasmosis Loboratory) once the fieldwork was com
pleted. A T-rmin disk was punched from each filter paper
blood sumple. The sera were eluted from the filler papers
and tested for 1pGoantibodies using the direct Toxoplasea
apglutination method with antigen of Formalin-fixed suspen-
Undiluted sera werg
sereened first IF positive, sera were serially diluted begin-
ming at |4l 1o determine the specitic antibody liter" Anti-
sen was provided courlesy of D Philippe Thullice (Institut
taris, France), The lowest dilution tested
wits 10 and specimens positive gt this dilution or higher

sioms of  Toweplasme tachyeoites, =

de Puenculture,

dilutions were considered positive for this study

Statistical methods. Dot from interview schedoles and
serologie cxaminations were reconded  using DBASE T
{Ashion Tate, Torrance. CA Y The Statistical Package for So
cial Sciences (5PS% Inc.. Chicago, L) was used for both
bivariate amnd multivariate analyses ™ Antibody  status was
exammed 0 relation w the hypothesized or postulated risk
factors using the chi-sguare test. Contingent upon the find
mgs Tromn bavariate analyses. logistic regression wis per-
formed to determine the explanatory power of each inde-
pendent variahle taken in combination with the other inde-
pendent variahles, The method used was forward stepwise,
with no limit on the number of times a vanable could be
entered or removed. Because of confounding by community.
locality was always entered into the model.

We considered antibody status the outcome (dependent)
varighle tor purposes of multivariate analyses; this assumes
that the independent variables affected the statos of the de-
pendent varable because a prevalence study does not andi-
cate whether the independent variables actually preceded the
dependent varmable in time.

RESLLTS

Complete interview and serologic data were collected For
TaO children from the 13 localives, representing 39% of the
cligible children.

Study populations and their habits. There was some
variahility in the number of children from each wown Clable
1 ddue o the variows sizes of the towns, Participation rates
were high, varying from 82% w0 1009 The sex distribution
was approximately equal, with 337 (44% 3 males and 407
(56% ) females. Similarly. there was a relatively even distri-
bution of ages

The number of children reportedly einting different Kinds
of mueat are listed in Table 2. All children ate fish ancd this
Factor was therefores not included in Tahle 2.

Muost (95.5% ) of the stody population’s Tonilies practiced
agriculture, usually on the mainland at some distance from
the village; 193 (25.4% ) of the chillren went to the tarming
sile amd 386 (30.8%) of the children gardensd near the
house. Maost (37.53% 0 of the children played in the dirt, The
distribution of types of Aooring was as follows: loose soil
(S5, wond (1RG5 ), compact soil (16,45 ), compact and
foose soil (2.2% 0, and other (390 About one-hifth (20045
of the population lived i raised houses a mimmum of four
feet above ground for flood protection,

Adl communitics had cars. Cats were reported around or
near the howse by 634 interviewees (86.1% ) and inside the
house by 255 interviewees (33.6% ) The interviewers aciu-
ally saw at least one ¢at i the house during 127 (16.745)
imferviews, Catl feces i the house were noted in threes (0,450
instances. In approsimately halt (53.7%) of the study pop-
ulation, mothers or children fed cas

In an attempt o determine the relationship between Teoe-
peletsemer infection and what cats are fed or eat. various vari-
ables were examined. Approximately one-third of the study
population {282 subjects |37, 1% |) gave their cats viscera of
anirmals they consumed as opposed o not giving their cats
viscera. Since roaches can be transport hosts of Teoopfes
mer, S the subjects were asked 11 eats had been observed ea-
ing cockroaches, One-third {32:9% ) answered that they had
seen cals eating roaches. When asked i1 they had seen cars
eating birds, 306 (40.3%: ) answered that they had,

Bivariate results. There was considerable varation in the
prevalence of amibody o Tocoplasima in children by com-
mumties as shown in Table 3. There was a significant dit-
ference in antthody status when Kuna towns on the mainland
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Associations between anblssdy and hypothesized risk factord in different subgroups (crude and winle controlling for the commumity
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were compared with those on the the istands. On the mauin-
land. 53 (1%.1%) children were seropositive ns compared
with 41 children (8.5% ) on the islands (F = 00001 ).

There were no sigmiticant differences inoantibody status
berween the Kuny and the Embera. Not surprisingly, there
was no significant difference in amtibody status by sex. Un-
adjusted bivariate analysis showed no association between
age and antibody stalus, Regrouping age by two-year inter
vals alse showed no significant trend. Becanse age has been
reported o be associated with increased antibiody presence
" the relationship between children’s age by year and anti-
body status was examingd, using logistic regression, in four
groups: the entire population. children trom towns where
antibody was detected. children from wowns where antibody
prevalence wis 10% o greater, and children from families
where at least one child had antibodies (Table 2). No rela-
tionship between ape and antibody status was found inoany
af the four groups

Vurnbles significantly associated with the presence of an-
libodies included type of water consumed {(prevalence of
26.0% in those with piped water versus 9.3% in those with
river water and 1224 in those with other water sources;
< L0001 ), Comparison of eating meat in general (1435 in
those cating meat versus 8.9% in those who do not eat meat:
£ o= 00433 and specific meats showed the following dil-

terences: beel (16.4% in those cating beel versus 89% in
those who do not eat beef: P LKRY, spotted cavie
(15.6% wversus B.0%: P o= 00027, rabhit (16,49 versos
038 B U4y azout (14.9% versus 7.8% P
Q0062 and deer (14.3% versus B9%: P = 00433) Soil
and cat contact varmbles significantly associated with the
presence of antibodies included fHoor type (304% 0 those
with a compact soil floor versus 8.3% in those with woosd
Hoors, 7.9% in those with loose soil Aoors, and 2005% in
those with comhbination floors; P = 0001, going o the
Farm (1975 among those children visiting the farming sile
versus 995 among those who do not: P = (LG, sarden-
ing near the house (15.0% among those children gardening
versus 6% among those who do not; P = L035), having
aocal inside the howse (17.6% versus 9.7%: P = (0, (H125),
and the iterviewer seeing a cat o the house during the
interview | IRY9% versus | 1LO%: P = 000E2 . Signficant car
vt variables ancluded feeding cars (15 4% among those
whir fed cats versus 8.8% among those who did ool feed
cats: = OUNIR2), culs given viscera to el (17049 among
those who pave viscera o cats verses 88% among those

whio chid not give viscera, 2 = (L0410, and cats having been
ohserved eating Birds (14.7% among those who had scen
caes eating birds versus 8.8% among those who had not seen
cats eating hirds: £ = (L0224,
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Associaton of commuomity and antibody status and the probahility of heing seropositive i the final forced model using logistic regressmon®

Mean npr

LA Paii P )
Ipet Embers 7 R IES
Piriati ! ]
Ipen Kuna Hi Gl
El Puente 53 {1t
Tupile A Tas
Tantupo 4 97
Acquatupns i} G.us
L bigumtupe fa% a9z
Arritugo A fUR
Sulune i 33 .55
Wichuh Hualas 45 .56
Musalupis TT a5l
Isla Maguini 3 7.52

Tertal pasitive
Tirtal negative

* Coimmiinity wis lorced mee the model cmulbe ammle anabysis, Bivarate analyas of conmmniany anil anbibiedy: o -

B rmmland versus Kone island: y 3142, < 0LKH3]

Higher antibody tters were noted 10 towns with higher
prevalence rales of mlection in children {Table 4), although
statistical analysas did not show this o be significant

The initial survey did not include a complee cal censas,
which was deemed impossible because of the secretive hab-
its ol Teral cats that wswally live outside of the mainland
village, coming inside only under the cover of darkness.

An atternpt was made to bleed cats incall of the commu-
nities postsurvey. In Ipeti Embera, where 13.4% of the chil-
dren surveved were seropositive. two (30% ) of the four cats
that were bled were seropositive at a dilution of 1:400 In
Piriati. where 9.2% of the children were seropositive, the
one cat that was available for hleeding was seromegative at
a dilution of 1:4) no other cats could be found in town
between 1300 paoand 3:30 pai. In Ipen Kuna, where 42.5%
of the children were seropositive, six cats were bled. All foor
adult cats were seropositive (onc at a dilution of | ;400 and
three at a dilution of 140001 Two kittens, one approxi-
mately six months of age and the other four months of age,
were both seronegative ot o dilution of 1) In El Puente,
where 5.5% of the children were seropositive, of the three
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ciats bled postsurvey, all were seropositive, (f the 14 cats
available for bleeding in the Bavano, nine (649 ) were se-
ropositive, which is higher than the antibody prevalence ol
cats i Panama City (51%%.°°

An attempl owas also made to bleed cots on all of the
islands postsurvey, On Uhigantupao, the community with the
highest prevalence of antibodies among the islands (26,2%
amiong the children), 30% (4 of 8) of the cats ested had
antibody ot a dilution of 140 Of special interest 1s the find
ing that on the three wlands, Armupo, Nalunega, and Wi-
chub Huala, no antibodies 1o Toveplasma were found in the
children tested, and all nine cats bled lacked antibody, Table
5 showws that the percentage of cats with antibody 15 greater
on the mannland (64% than on the islands (4650, as it s
for humans,

The number of cats 1n a8 community will determine the
profiferation of cats and thus sustainability of Fovepdasaa
imfection il there are sufficient intermediate hosts, The ab-
sodute number of cats in a commuomty was nod determined
in this survey. However, by asking whether o cat(s) entered
the house, a relative measure of cat density in each com

4

Dystribution of antibody tiers by comminity and rank of community based on percentage with cals entering the house
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Mistribution of human snd cat amibody siatos by locale
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munity was determined, The communities can be ranked by
the percentage of houses with cats entering the house per
number of houses, The rank of the community correlates
positively with higher prevalences of antibody amomg the
children, with Ipeti Kuna notably having the highest anti
body prevalence among children and the highest pereentage
of respondents having cats in the house. Isla Maguina and
Tupile were third and fourth highest i antibody prevalence
and ranked second and third highest in the percentuge of
having cats in the house (Table 4.

Confounding variables, 1o determine whether the hy-
pothesized risk factors were similar or differed in the general
communitics, bivanate analvses were performed on those
factors found to be significantly associated with the presence
of Ticoplusma antibodies in the crude estimate for each
community, These analyses revenled thal most factors dif-
fered sigmificanty  between commuonities, Because of the
wide range in prevalence of antibodies o Tovoplasmag and
because the straw-specific or community-specific preva-
lences of these Fuctors varied, we decided to analvze the data
while controlling for community. Onee the communities had
heen controlled for, most of the signiticant differences found
in the crude estimate of association did not show up, That
is. within the communitics themselves, there were no sig-
nificant associations between hypothesized sk factors and
antibody status with the cxceplions listed in Table 6.

Multivariate analysis (logistic regression). This model
allowed the selection of factors that predicted the presence
of antibodies, Only the factors that were significant in the
crude analysis were included in the modeling process, Be-
cause of confounding by community, community staus was
forced into the model. The model using all 13 communities
adequately predicted antibody status (£ = (1,547 3,

The only variable that contributed o predicting antibuocdy
status, however. was community, The probability of being
seropositive i each community using this maodel @5 illus
trated in Table 3, Maps of the 13 towns with cach house and
each seropositive child marked suggested that infection tend-
ed 1w be clustered in certain areas in towns.

Bivarate and maliivariae analyses were also performed
using ditferent subgroups of the wial population of T,
Analyses were performed using only those communities in
which antibody was found, the three communities with the
highest prevalences, and the mainland communities. Table 6
shows the relationship between the hypothesized risk factors

and antibody status while controlling for community (sig
nificant at the P < 0.05 level). In cach instance, community
contounded the relationship between the various risk factors
and antibody status, In each multivariate analysis, commu-
nity was the only factor that significantly predicted antibody
shatus,

IMSCUS SO

Several studies in Latin America suggest thal human ac
quisition of Toxoplasma is primarily due 1o contact with soil
that s contaminated with parasite oocysts from cats.'™ ' In-
gestion of raw or undercooked mests did not play a role
because they were nol consumed in these communitics,

Children 2-12 wears of age were chosen for the study
because an earlier investigation in Panama showed S0 of
the children to have acquired antibody by the age of 10"
Because this age group was residentially the most stable,
with the least amount of travel. it was considered to be the
ane best suited for studying differences in habits that may
tead o acquiring the infection, This young age group would
alsornot be subject o as greal a recall bias by their mothers

as would an older population. The overall amibody preva
lence tound in this study is lower than the overall prevalence
found in Panamanian schoalchildren from three towns ar Jdif-
ferent allitudes in western Panamas,'" and that found i chil-
dren in rural central Panama and Panama City

sSome of the hypothesized risk tactors ineluded in this
study were significantly associated with increased antibody
prevalence, af least in various crude cstimates. Yet, the prey-
alence of hypothesized risk factors varied greatly by com
munity. When confining analvsis to individual communities.
the associations between risk factors and antibody preva-
lence differcd greatly from the combined or crude estimates,
The crude estimates of association between postubated nsk
Factors and antibody presence were confounded by strong
COMUMULY attributes

Certain meats cheet. spotted cavie, rabbit, agouti, deer, und
peccary ) were associated with antibody  presence in the
crude cstimates. However, further analysis revealed that this
was @ result of confounding by community attributes, Onee
each vormmunity was examined sepuarately, only three asso-
ciatioms were found between meat consumption and antibody
status (heet, pigeons or birds, and capyhara); all were found
in the same community, Isla Maguina, suggesting that com-
mumity attribute was important,

Wallace ¥ and Munday?® have shown in the Pacific 1s-
lands that in the absence of cas, anubody o Toveplasma is
absent, and that an increase in antibody prevalence is par-
alleled by an increased prevalence of cats’' Three factors,
having a cal in the house, the interviewer seemng a cat during
the interview, and reportedly feeding cats generally showed
bl "i1.-il1.1.‘>lll:.'i°|||:{ hin'li:tiﬂ:lnl association with rhe presence of an-
tihodies. However, Tor many reasons the magnitude of the
cat population and whether they defecate in and around the
house has been difficult o docament,

Because of the few stutistically significant associations
found between postulited behavioral risk factors and anti-
body status once community was controlled for, the differ-
ences in antibody prevalence may have less to do with habirs
bur more with the number of cats, the age and bmmune status
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of the cats, the nomber of intermediate hosts, and oocyst
survivahility,

Logistic regression analysis vsing four different popula-
tion groups (the entire population. the communitics where
antibody was detected, the three commumties with the high
est prevalences, and the four mainlamd communities) in-
creases the likelihood of recognizing that oocyst availability
i suflicient o explain the presence of antibodies. In all four
analyses, communily wis the only factor predictive of anti
bady presence,

The age structure of cats visiting @ community and their
immune stafus will affect the availability of oocysts. Cats
«an shed bundreds of thousands o millions of cocysts in
their feces during primary infoction, Yet, a cat that has ac-
quired the nfection and has shed cocysts will generally. nin
shed again when reinfected with tssue cysts.™ Thus, a com-
munity inhabited only by immune cats poses fewer focr of
contamanation w humans than g community populated by a
reproductive group of cats, which introduces young nonim-
mune kittens into the population.

Wild felids may also contaminste the environment. Cce-
lots and jaguars have been spotted in the Bayano, and both
Kuna and Embera oo into the mountains to hunt them, Wild
cals have been shown o be capable of shedding oocysts after
being fed tssoe oysts, " Jaguars, in particalar, splash i water
as they hunt For fish, walk, and swim in water. It is also
possible that jaguars defecate om the river banks or nearby
slopes, Oocysts could be washed from the slopes or banks
mnto the nver during the rany season,

Ipeti Kuna, where antibody prevalence was found to be
42.5%, and Piriati. where antibody prevalence was 926,
both used piped water as the main water source at the tme
of the survey, These two mainland communities each use a
different river in the mountains above the communities, lo-

cated in primary forest, for their aguedocts, which are lo-
cated between a [.25- and 2.5-hr walk from the communi-
ties. Residents in both areas have reported sightings of wild
felids i the mountains where the agueducts begin, Both
dams were visited postsurvey; nocat tracks were found a
either site. Cats may indeed dnnk from the dams, although
hecause of the cement structure and the surrounding boul
ders and steep side slopes, a0 soft diot was available for
tracks ty be visible gt the Tpet Kona dam, amd freshly fallen
leaves, which may have also obscured tracks, covered the
sard at the Piriati dam. Wild felids may have comtaminated
the agueducts ar the dams or gpstream. 1t s also possible
that the finding of no association of age and antibody pres-
ence in lpeti Kuna or Piriati indicates intermittent agueduct
conlamination, since those chaldren drinking piped water at
the time of comamination, regardless of age, would have
been infecied,

Ipeti Embera started receiving water from the same -
ueduct as Ipeti Kunra in 1991, after the survey. Children in
Ipeti Embera hacd an antihody prevalence of 13.4% compared
with 42.3% in [pett Kouna, Tt would be of interest 1o sample
the children of Ipeti Embera several years later o investigate
whether therr use of piped water increased the incidence of
seroconversion o flevels similar to those m Ipeti Kona.

The source of water wis foumd o be signilicantly asso-
ciated with the presence of antibody (F = Q0001 ), both in
the crude estimates using the entre population and when
wsineg the three communinies with the haghest antibody preyv-
alence compared with the three communities where antibody
was not detected, and separately in the three communitics
with the highest antibody prevalence (# = 0.0144)% Piped
water wis associated with higher antibody prevalences than
lake or river water, Once again, the association with the wa-
ter source disappearcd once commumity was controlled Torn
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The lack of association between water source and antibody
in Ipeti Kuna and Pinati may be attributed o the fact that
0% of the mhabiants vsed some piped water, resulting
small expected fregquencies in the comtingency table for those
that did not used piped water.

Considering the report of an outhreak of toxoplasmosis in
Panama during a TLS, Army exercise, where all food con-
sumed was canned and where contaminated water appeared
the only possibility for infection.” contamination of the wa
ter sources appeared plausible. The present study showed
higher antibody prevalences associated with piped water that
comes from streams in the moontains, OF the felines that
shed oocysts. the jaguar appears noteworthy because of its
riverine hahits. Two Costa Rican jaguars captured had anti-
body to Torppdasmea, butl shed no cocwsts, probably becanse
they were immune, ™

It fowepleasma infection had no relationship with the den
sitv. of infected cat feces, one would not expect to see a
pattern of clustering of infection evident m the maps of the
I3 communities, The shape of the villages, the procamity of
houses 1o each other. and the amount of open space varied
from village to village.

Cie of the reasons that both island and mainland com-
munitics were selected for study was because we anticipated
finding higher antibody prevalences in the densely populated
kuna island communities because there would be less soil
i which cats could defecate 50 oocysts densities might be
higher In mainland communities, one would expect periph-
cral oocyst loss becavse of the cats hving on the edge of the
commumities having the opportunity to defecate farther from
the houses where they are fed.'? The other reason was 1o
determing if there were prevalence differences between the
mainland and Kuna island based on their geographic loca
thon.

Tupile. Ubiganipo. and Nusatupo, all island communi-
ties, were those with the least amoum of open space. Yol
only Ubigantupe had o notably higher antibody prevalence
in children (26.24% ). followed by Tupile (14.0% ) and Nusa-
tapo (2,650, I is possible that the scarcity of available soil
for cat defecaton results in lgher antibody densities, as sug-
pested 1na study in Costa Rica.”™ and is contributing to high
e antibody prevalences in Ubigantupo and Tumle, The low
antihody prevalence, in spite of high density of hooses, on
Musatupo may be nelated to the low ranking number of cats.
1lth of 13, House density in Ipeti Kuna does not explain the
high seroprevalence (42.5%) because there is an abundance
ol open space on the mainland where cats may defecate, The
correlation of village shape and sol available for cats to
defecate has been cited in previous studies in Panama and
Costa Rica" '™ We postlated that the configuration of a
communily  would influence antibody  prevalence Tor the
community as @ whole, and in the case of compact-shaped
communities (square or circular), would increase antibody
prevalence in the center of the community. In this scenario,
linear communities, such as those with houses along a road,
would have lower antibody prevalences, The data, however,
did not support this hvpothesis.

Higher antibody titers were noted in towns with higher
prevalence rates of i

fection in children (Table 41, although
stanistical analysis did not show this w be sigmficant, Al-
though it 1s tempting to correlate these high antibody titers

with a higher proportion of recent infections. this could be
accounted for by remmfection. Similarly, low titers in com-
muanities with low prevalences may mdicate that more of the
infections in children dated from the past.

In contrast to the findings of Wallace and others' ™ and
Munday,” who found that in the absence of cats, antibody
is absent, we have o situation in which even in the presence
of cats, humans were seroncgative, Findings of high ant
body prevalences on islands in the Pacific,® ™ in contrast
with our results, may be partially explaned by the preater
abundance of trees and uncleared land, which provide bath
moisture and sustwn intermediate hosts such as rodents and
birds. The anubody prevalences on these islands with lush
vegelation are similar o our mainland  communities  that
have more space and flore, Low prevalences of antibody
were found in New Guines, despite lush vegetation. but there
were few cats: the prevalence of Toxoplasma antibodies par-
alleled the population’s contact with cats.’

A described earlier, the 1slands inhabited by the Kuna are
very densely populated, wiath usually only narrow walkwavs
between closely spaced houses, with the deep overhangs of
the roots often touching ene another. The only open space
we have seen is a baskethall court and a small marshy pond:
agricultoral plots are maintained on the mainland, Birds on
the norh-south Ayway migrate hugging the coast. [t 1s
doubttul that they would choose a densely populated island
with few trees on which 1o spend time overnight,™ although
small passerine birds are commonly kept as pets, Likewise,
the only mammals present appear o be rats, particularly
MNorway rats, unlike the diverse species encountered when
the Bayano reservoir was created, with seroposiivity en-
countersd in opossoms, armadillos, anlesters, pacas, agoutis,
coatimundis, tayras. a peccary. and a deer.!”

We exanuned the transmission of Feaopdayema in nearly
natural ram forest setlings and encountered  an antibody
prevalence much lower than in rural and urban settings in
Panama.™ '"* As a consequence. childhood seroprevalence
wis spotty and the wsual age correlaton was inapparent, sug-
gesting antermittent fransmission, Unidentified community
aspects were more predictive of antibody prevalence than
postulated factors that we sought to investigate. Although
we did not find differences in antibody rates that correlated
with: ethmicity, swe did find differences in Kuna settlements,
The mainland settlements had higher prevalences than the
island villages, vet these sylvatic mainland prevalences were
still lower than those found in rural Alos del Jobo,” amd
much lower than those found in Panama City.® The islands
were without the rich mammalian fauna that might have per
peruated the infection and for which the Panama land bridge
s famoes, ™

In addition 1o the factors examined in this stody, various
other factors may influence transnussion: cats and interme
diate hosts (lerrestrial birds and mammals), as well as rate-
merdityving factors, such as number of nonimmune kittens,
cat fecal density on the soil and buman contact with it dran-
age water, moisture, shade. source of water, community
shape, type of house, and the proximity of cats to the houses.
Among these, the cause of community differences must b
somrghl,

Although the data did not support the importance of many
of the hypothesized risk factors. which may merely be the
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result of low levels of antibody prevalence that we mea-
sured, the stady is consistent with the theory of trransmission
by oocysts and the importance of cats in transmission. Trans-
mission by meat was excluded and the rate of transplacental
transmission s always too low o have epidemiologic im-
portance. The single greatest problem encountered in this
study was the lack of any measure of the amount of infective
material 1n each town. No soil, cat, fecal, or piped water
samples were taken to measure contaminatiomn. Even il these
samples had been taken, ot would bhave been unhkely that
the samples would have been informative 1if not obtmned in
large numbers and over a lengthy period of time. This study
looked at infection that may have predated the survey from
ome month 1o 12 vears. [t shows the infection prevalences in
cleared primary rain forest and islands as close as possible
to the aboriginal state. It also helps to elucidate the differ-
ences between transmission in wurban, rural, and sylvatio set-
tings. The sylvatic settimgs differ greatly from roral and ur-
ban areas” Itis ikely that transmission is highest in urban
areas because of the increased concentration of cals, partic-
ularly because of the multiple food sources and people feed-
g themy, and the limited nomber of places for defecation,
resulting in g concentration of possibly infected material in
areas where children play. The lower seroprevalence in vil-
lages or rural areas may well be because of Tower cal density
and deposition of feces in peripheral areas not fregquented by
humans, complicated by the fact that most cats spend the
day away from the villages and visit mainly at night.
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