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TOXOPLASMOSIS IN PANAMA:
A 10-YEAR STUDY
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W stndicd the prevalence of Tovesfosnig antubody over a 10-yvear pericd in

a rural popalation of 326 people in Chorrera Provinee of Panama using the dye test. Fifty-
five seroconversions were found in 108 people an risk, and 48 (87%) in children between
2 and 13 vears with a mean incidence rate of 3.6% per vear, Antibody prevalence rose
froam 253% at 3 vears 1o 50% at 10 vears of age, and increased gradually, reaching 20% by
60 vears. Mean anubody levels after scroconversion were 126,000 in the dye test; thev fell
to 1:1.000 after 1 vear, 1:E00 after 2 wears, 17200 after 3 wears, and 12333 after 7-9 years.
Aboul 10% of antibody tters ranged between 14 and 1:32, Tovopdasia antibody prev-
alence was also stadied in the metropolitan Panama City population using 590 sera collected
in the fall of 1981, Age-spectfic incidence rates were similar in the urban and rural setung
feorrelation coclicient ©.71). The number of cats observed in the rural arca and in the city
and the degree of soil contact appearcd compatible with a hvpothesis of transmission by

DOCYSLE,

High prevalence rates of antibody 10 Tovo-
pasma rondi in Central Amenica and Panama
have been known from the population studies
kv Walton,! Remington,® and Gihson® conduct-
ed during the 195305 and 19605 However, the
mode of ransmission was unknown, In 1970,
the ocoovst, @ resistant stage in the Dovopfasnmg
cvele shed by cats, was identified* Study of the
transmission of Toveplasma in Costa Eica® in-
cluded the role of cats.” contact of humans with
soil.” and the role ol intermediate hosts.® Mo lem-
poral study cxasted in this setting, Two prior pro-
spective studics had been carried out hefore
transmission by oocvsis and Ussue cvsts was
understood. * ™

Because effectve contrel of tnfection depends
on an accurale knowledge of the iransmission,
w el that a study over a long period of gme
would give us uselul infermation. We therefore
added a study of Tavepfasnag antibody to an
ongoing prospective study of Chagas™ infection
in i relatively stable population in rural Panama,
This could give us information on transmission
in relation 1o age, antibody titer development
and stabality, the associauon of seroconversinn

Accepied 1] August 1987,

Aclibress reprinl requests e I KL Frenkel, Depart-
tnent af Pathology, University of Kansss Medical Cen-
rer, Kansas City, Kansas 661023,

with morbidity, clustering of infection in fami-
lics, and the relationship of seroconversion in
humans with cats and =oil contact. Such infor-
maton was also necessary o design a prospec-
tive stucdy on the rransmission of woxeplasmosis
and the elfects of hygienic measures and a vac-
cine on morbidity, Because the number of sub-
joots necessary for such a study could anly be
abtained in Panama City, we included a preva-
lence survey from this lecation.

MATERIALS AND METHODS
Sy poepnlations

Altos del Jobo is & rural community 30 km
weat of Panama City and 14 ko WHW of Chor-
rera. About 370 individuals in 40 families live
inoas many howses loosely grouped along two
roads [orming o T. Moest houses have din floors,
board walls, and thatched roods; only a few strue-
tures, such as the school, are of concrete or ma-
sonry comstriuclion, The area is hilly and used
mainly as pasture, There are small stands of trees
and shrubbery: coffec, bananas, oranges, pine-
apple. mango, and avocado are grown along with
cultivated plots of beans. The climate is wet trop-
icaly the annual rainfall, as measured on oearby
Barre Colorade Tsland., is between 75 and 140
(migcan LOT inches, and ocours mostly between
Moy and December.
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People lve from agricultural products groam
o hillside plots owtside of the town which the
men tend during the week. Pigs, chickens, and
pigeons are raised for food, and dogs and cats
are kept as pets and for rodent control, Some
men are emploved tending cattle on neighboring
farms, others work 1o a chicken hatchery in Chor-
rera, and commoute daily arweekly 1o their homes.
Filty-one percent of the popelation is under 16
vioars of age; those 7-13 vears old attend grade
sl

Because of the presence of triatomids & aod-
afs mafleseensy and the tvpical home construc-
ion, a survey of Chagas infecton was started in
1973 A eam from Gorgas Memaorial Laboratory
(GMLY visited the town every 2—3 months ol-
fering free medical services, some moedicines, and,
when necessary, referrals to hospitals. Those whe
came 10 the clinie because of medical problems
and those volunteering for the survey were given
a physical cxamination, and a venous blood
specimen was taken for trypanosome culture and
serologic tests, All were tested xenodiapgnostically
fiar the presence of Fropanasoma oryzi and T
sgngeld, Between 19735 and 1983, 326 people. or
AR ol the population of 370 were seen at the
dizpensary. Betwern | and 8 specimens (mean
2 %ywere taken For Toxveplasma antibody, Chil-
dren <9 months were exeluded to avold talse
positives [rom passively transmitted antibody.

The urban Panama City sample was derived
from a cascecontrol study of aseplic meningiis,
1his was hased on 10% of children < 13 vears
residing in Panama Oty who were admitted to
cither the Children’s Hospital or the Social Se-
curity Hospital in the fall of 1981 as Tully de-
scribied by Reecves of al't Sera were collected in
Movermher 198 1 from volunteer family members
ol meningitis patients and from contrel families
(both neighboring and distant). Five hondred
ninety were available for thes study, selected by
the availability of excess serum, Al the tme of
the study PFanama City had about 6 L0000 res-
idents, which constitutes 30% of the population
ol the Republic of Panama. The population den-
sitv in Panama City ranged from [R5 o 3,062
people per km?. About 40% of the metrapalitan
population was < 15 vears. " People live in single
or multiple famely dwellings mostly of conorete
or masonry, surreunded by vards with a variety
af vegetation, edible fruit-bearing trees, orna-
mental or shade-producing plants, or grass-like
weeds, Cats are common and were cnumcrated
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with other pels, Both metepolitan and suburban
arcas were included,

Lobrarory srethods

The 1-year rural stucy 15 based on 824 spec-
imens from 323 people who presented them-
selvesat the dispensary. Initially 228 people were
censused. During the study, 95 people were added
ol these, 54 were under 10 and borm during the
study and 41 had moved to the village. Three
people died, The vearly number of persons sam-
pled was: 79, 101, 143, @1, 82, 1§ 4O, 1140, 75,
O, and 125, Mine persons originally negative were
not retested and 17 of those were born subse-
guently, Serum samples wdentified only by num-
bers were inactivated a1 36°C for 30 min and
examined vsing the dve wst ol the University ol
Kansas laboratony, emploving twolold dilutions
starting at 1220 A standard positive serum wias
waed 1o assure comparaliliny of reselts from vear
1o vear, Twelve resulls (D A46%) were disregarded:
5 because of inconsistencies and 7 hecause titers
of 12 preceded and followed by titers of < [:2
were considered false posttives, and beoause they
creurred when sera were shipped 1n heat-scaled
ampules, o number ol whieh heat-ageregated and
fuiled o dissolve completely.

The 590 sera available from Panama City, in
the form of aliquant samples were dentificd only
v code numbers. They were examined for Soaoe-
pfaiinne antibody by the indirect fluorescent an-
libocly test {IFAT) at the GML, using fouwrfold
dilutions starting at L2 and going 1o 114,048, The
specimicns read as posiuve at L2 1w 108 were
checked by the dyve test, 97 sera were negative
and 1 had a uter of 1:2 which was regarded as
positive. Filleen ser wath a titer beyond 1:4.000
in IFAT were alen lested by the dve 1est 1o de-
termine cod titers.

Staiistica! methods

Prevalence data from our cross-sectional sur-
vey were transformed inwn incidence estimates
lor cach age group, by removing those positive
alan earlier age (Table L) The array of incidence
rutes fram the rural {ATos) and the urban {Pan-
arma) samples wis compared by linear regression,
and the 30 variance, and correlation coclBoients
were calenlated. The incidence estimates per age
group and for income were subyjected 1o 2 tests
lor lincar trends, Antibody provalence percent-
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Antibody prevalence rose from 16% 1o 29%
between 5 and [0 vears of age in the original
census of 2248, and from 253% 10 30% in the total
sample 0 312, Prevalence remained below 60%
in the 10-30 year groups bul rose 10 belwesn
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Fisuse 1, Cemulasive antibody proevalence mses
and mean antibody 1ers 10 Facomianre i Adles del
Jabo, Panama, determined by dye test. The break in
e cumulative prevalence curve between 30 and 35
vears 15 astributed o two cohorts; the village was
Tounded abour 1950 and the vounger proup was bBormn
there, whereas the alder grioup was born elsewhere.

T and 90% in the 30-73 wear groups (Table
I. Fig. 1%

Antibody titers were highest in the younges)
groups, [lling with increasing ape as shown by
frequency distributions (Fig. 20 and mean geo-
metrictilers (Fig. 11 The highest tier of 121 30,000
was found i & (3% of positive specumans: the
Toweesh iter of 122 was Townd in 0,83%, Tiers of
14, B 16, and 32 wccounted for [ 3%, 1. 7Y%,
2.6% and 3 4% of test results, respectively, Sev-
cnosera with titers of 1:2 were excluded as they
were preceded and followed by negative titers: &
ol the 7 ocourred an specimens laken o 149746,
Three tters of 152 were considered valid because

Percaent

o Ly j L
I3 4 oo 1= ol 2000
Dya Test Ther
Froure 2. Toxopdosmea antibady wler distnbution
b ame proup n Alos del Jobo, Panama, deterimined
in <o test.
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they were accompanied Dy other low tlers in
people between 46 and 63 vears of age

Aouter of 11236 was most common {23%) in
the entive sample, and i the 16-23 and 46-73
age groops (33% and 30%, respectivelvl. In the
0= 0 year ape groupn, however, the mast commaon
titer was 1:4,000 (1 5%, Fig. 2),

Fafty-five seroconversions were found aver a
1 0-yvear period in the samplc popalaton of 326
Because only 108 were at risk (negative either
initially or born during studyv), the vearly indi-
dence rates varied between 6.3% and 11,9%, wilth
@ mean rate of 10.2 = 3.2 (Table I} Ino the vear
of seroconversion the titers varied from 1:4 1o
121 30,000 with a mean geometric titer of 118,549,
This calculation excluded one titer of 14 Tound
apparently in the carly stage of infection bocaase
atiter of 1:EOD0 was measured the following vear
(Takle 23 Similar titers were found in 2—d-vear-
old children withou! prior negative titers (Table
2], Follewing sereconversion, the mean antibody
titerin L6 children aged 2-13 vears was 1:11,0094,
and in 6 adults between 16 and 30 vears, 1:4, 304,
Antibody titers declined following seroconver-
sion, with a mean of 100,095 after | vear, 1:813
after 2 vears, 11172 abter 3 10 5 vears, and 11333
after 7 10 9 vears (Table 2).

I those i whom seroconvarsion was nol ob-
served the general trend was also woward lower
titers {Fig. 1) Howewver, persistently high tiers
were found in 8 people between 10 and 21 yvears.
In L. a titer of 1232000 persisted for 1O years,
In &, trers of 1:8,000 were Tollowed by ;4,000
after & 1o L0 vears, and in 1, a titer of ;2,000
persisted for 11 vears, Low tters of 122 to 1232
persisted in 6 people aged between 46 and 54
viars. Mo single individual ter dropped 1o <012
during the 10-year period. Absence of antibody
over a period of & o [0 vears was found in 32
people whose average age was 23 vears al the end
of the study.

Thirty-three Bamily units consisted of =4 peo-
plo; o 58%: of these, more than tao-thirds ol the
children had antibodsy, 10 18% berween one- and
two-thirds ol children had anubody, in [8% be-
veern one-third and one-tenth had anubody, In
teo familics none of the childeen had antibody:
their houses had concrete Noors, and one o con-
ereie apron. [n one Tamily the Toher and 4 of the
3 children developed antibody in the same year:
the mother had a stable tier of 1I12E-1:236
thronghout the 10-vear period.

Mo symptloms were clicited that could reason-
ably be linked to primary mfecuion during the
vear of seroconversion or hefore, Mo instances
el retinechoraiditis, or ol scars, were detected in
routing lmdus examinations during clinic visits
Cavithout dilation), In addition, 50 of the general
population and 12 with titers = 121,000 wera ox-
amined by indirect ophthalmaoscopy in the wenth
vear of the study withow nding lesions.

Mo accurate past history of dog or cat own-
ership oradoption could ke established. Between
50 and 200 cats and 71 to 200 dogs were presen
m town in the tenth vear, Based on data from
o peaple L families in the tenth vear, Toxo-
asmg anlthody was found in 77% with cats and
in 53% people without cats, in 70% wath dogs
and in 62% withowl dogas.

Panama Chy ferban and suburban)

Antibody prevalenee rose sharply from 38%
o 48% between 3 and 10 vears and therealier
incressed gradually 1o abowr 0% (Table [, Fig.
31 Antibody titers were highest in the young and
fell to lower levels in the older groups. In the
youngest proup, the mean geometric titer was
[:4335.

Antibody prevalence rates were higher in the
poor, i1 those with cats as pels, in people who
did not have privatle bathrooms, who had a storm
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and mean antibody titer (o Poavoploasg in Panama
Ciy determined by indivect floerescent antibady west,
andd ebve 1est check of low and high fiers,

sewer on their property, who lived i oa shanty
Lown, and whose house was constructecd of hath
wood and cement {Table 33, No significant dil-
feeence i antibiody provalence was found by race,
occupation, or nember of people per home or
sleeping room, or in relation 1o Aooding, num-
bers of rooms per house, or where food was pur-
chased.

DPLECTISSI0N

This study of Tovepfase antibody inoan arca
ab high prevalence complements a 10-vear study
it Cleveland, Ohie” and a 4-vear study in Syr-
acuse, Mew York, " In Cleveland.® 33% of adults
between 21 and A0 vears of age were scropositive
and in Svracuse, 1% in contrast, abouat 80%
ol similarly aged adulis were positive in Panama,
The difference i antibady prevalence of 1 0-vear-
old children was siviking: about 3% in Cleveland
anc in Syracuse, and 49% in Panama. High early
seroronversion rates also have been reported fram
Colembia.* Guadelowpe, ' San Salvador,” Costa
Fica,* and other Contral American countrics,!

The age-specilic antibody prevalence in Allos
del Jobo was derived from the total number of
sera collected because the number of those ini-
tally censused was small, The prevalences in
Altes and Panama Cily were similar 1o the pat-
tern in the other Latin countries mentioned.

The incidence olinfectiion varied by age {Tahle
Lrand was similar in the two locations. The in-
cidence started at 6.3%-9.3% beoween 1 and 5
vears, and rose i 9.7% Detween 3 and 10 vears
of age. [t ranged close 1o 1% and 1 2% berween
I andd M1 vears in Altos, and between 13% and
[3% i ]'-'c:n.amu City. The 17.9% value between

Taxaplasma aarbedr previlence
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30 and 35 years in Altos was attributed 1o a
cohort of people born clsewhore who moved 1o
Altos about 1950 when the village was founded,
The incidence ranged berween 6.8% and 10% in
those =40 vears of age,

The peak prevalences of 90% were reached in
Panama around 60 yvears {Table 1% however in
San Salvador.® 0% was reached at 33 vears, In
Costa Wica® and Colembin'® prevalence rates
peaked near 60% a1 23 vears, but in Guadeloupe®
had already peaked by 10 vears.

The reasons for the different incidence and
prevalenee levels in Panama and other countries
arc oo clear. The importance o where children
play 15 suggested by 1the comparison of families
i which more than two-thirds or less than one-
third of children were infected. In the former
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group, all the hames had diet Ooors and 64% had
cats, OF 5 houses with [ewer than a thard of chal-
dren infected, 2 had concrete floors, | had a con-
crete apron ar patio answhich the children plaved.,
and only 40% had cats. It appears that in this
rural environment, comerete loors are associated
with less infection, However, in the urban en-
vironment of Costa Rica, where there is litthe soil
for cats o defecate in. especially in multistery
houses, concrete floors were associated  with
higher prevalenge rates.”

The most commaon antibody tiers in the 20-
i 25-vear-old populations are different in Jif-
ferent countries.® In the United States! the most
common Lter was 118, in Colombiat- 16d—1 28,
in Costa Bica® 1; 1000 in Altos del Jobho 11256,
and in Panama City [ E2E In Adios del Jobo the
moat frequent titer was 14,000 10 the 0- o 10-
wealr range, and 1:250 in the 16- 10 25-vear and
e 48- 10 G3-vear-old groups. [ is empting 1o
relate the higher tiers 1o relative recency of pri-
mary infeciion in the vounger group and 1o high
reinfeetion rates, which are indicated by 1he 5%—
17% vearly incidencs rates in Panama, Scecond-
ary peaks in antihody frequency were found ot
21,0060 im0 the Lo=25-vear group. and at 1:04 in
the 46—65-vear groups (Fig, 21

A prolonged study lends isell o developng
an understanding of serologic behuvior, such as
patterns of titer decline, The means of 16,000
in the vear of seroconverston, and that of T8 200
in the 2—d-vear age groups, were similar {Tahle
2y ellewed by a peomelric decling, Inthe Clewve-
land study, * where tests were done by microhem-
agplutination, the pRst Seroconversion Uiy wers
219000 in 2 chaldren, and 112,000 iy an adult
and a child, Tn Syveacuse,'" seroconversion titers
al 1:512 and ;0024 were found in 2 children,
and 1:64 1o an adolescent, We lTound higher 1iters
in 16 children (1:0 00007 than in & adulis {1;
4,600 after seroconversion.

Low titers are often disreparded; however, thew
walidity 15 shown inour | O-vear rural study, where
& individuals had titers of 122 10 1:32 over 7-10
vears. Three values of 122 10 alder people, pre-
ceded and Tollowed by other low titers were re-
warded as true positives. Thiriv-three people were
consistenily nogalive over o period of 3=11 years
(mean & 1) as shown by 08 specimens negalive
at 1:2 for L4 when only small volumes were
availablel, There were no spurious positives and
the titers of individual patients were comsistent
with o sharp rise followed by gradoal Gall, simolar
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to the mean geomeine e curves (Figs, 1, 30,
W found ne reason o disregard low titers in the
dye test, s reading based on the number of Tvsed
ar stalning organisms 1% clear and unambigaous,
As discussed previcusly,? the dve test s highly
specific, Tt is musleading and unwise in epide-
minlowic studies 1o arbitrarly reduce the sensi-
tivity of the dye west by starting a dilution series
at L1216 or 1:64. Had we used 1:64 as lowes) di-
lution, 45 sera, or 9.0% of measurable tter would
have been falsely labeled negative.

The specificity of other serclogic techniques
musl be considered separately, In the [FEAT test,
titers between 12 and 108 were based onowhat
secmed o be Faint fluorescence of tachyeeiies in
one dilution anly; all 95 such sera were retested
by the dve test and were negative excepl one.

Since the early studies in the LS 7 the Life
cvele of Pevopfaynig appears (o have been clar-
ied and transmission by cat fooes-contaminted
sitl has been posiulated.® The present study was
undertaken in part 1o test this postulate. Fufty
prrcent of children are infected by the age of 10
viears, Bocaose interviews indicated that mest was
wiell cooked, transmission by tissue cvsls could
e exciuded. There was no evidence of conpenital
transmission. How can the observed transmis-
sion be explaimed by the ingestion of oocvsts?

A the end ol the tenth vear of our sty thers
were between 30 and 200 cats in the village Ohe
loweer figure is our count and the higher one the
cstimaie of a group of informants. who estimated
e number of dogs at 200, whereas we counted
711 The oumber of Liters horn was estimated
between 7 and 30 per vear [rom which between
30 and 120 nonimmune kitkens were added o
the population. Each of these after its first infoc-
ticn was expected to shed hetween L and 107
oopyvsls As mentioned, Ales del Jobo s a col-
lection of houwses strung along a T-shaped con-
figuratien of roads. I the average lving arca s
20h i from each side of the road we can caleulate
the actual leving space from an aeral photograph
to be about 77538 md I e assumie, Conser-
vatively, 1O oocvsts 1o bave been shed aler the
first infection in the first yoar of life and that
(hecanse of the cats” foravs) only one halfof these
oocysls are deposited in the mainly inhabited
area {near houses where the cats are fed), from
193 10 774 cocysts would have been deposited
per me.

Actually, around areas of cat fecal deposits
concentrations will be much kigher, interspaced
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witl arcas of lighter contamination, Thess ap-
pear ta be credible orders of magnitude and com-
patihle with oheerved infoction rates, Howewver,
the rates of oocyst attrition during the 4 months
of dry season and dug 10 washing during the §
nronths of rainy seasen, as studicd in Cosia Rica
and Eansas,'* have not been evalwated in Pan-
ama.

Subgroups of people showed differences in an-
tibody prevalence, probably because the manner
af living is more diverse in Panama City than in
Altos del Jobo, Higher prevalenoe rates aere
found in Panama City related 1o poverly, contact
wilh eartly, and low standards of hveicne. Al-
though feeding a pet car was associated with a
63% provalence rate, and feeding a pel dog with
only a 23% rate, thos diflerence was not stalis-
neally significant because of the small number
of peaple feeding per cats.

The visk ol hecoming infected was considared
w0 be “identical for gach year of life from igth
trdeath™ 1o a study from France ™ based on data
from women between 13 and 44 yvears of age; the
risk of infection varied narrowly between 3.4%
and 3.1% and averaged 3.7% per vear, This may
b attriboted o the ingestion of vaw and under-
cooked meat which is probably the main vehicle
for the transmission of Fovepdesg in Paris, and
which may be consumed ata relatvely uniform
rate during adelthood. Hewever, in Latin Amer-
tcan coumries meal s gengrally eaten well conked.,
and Toxomigsma s ransmitted via cal leces, The
present daca, those from Costa Biea® 7 and olse-
where,! &V 1200 slearly show that seroconyer-
sion i childhood differs fronn that in adualt Life,
apparently becanse ofthe environment or ¢ hang-
ing habits, In the two Panamaman siles, age-
speotfic incidence rates were &, 23%—9 8% per vear
betweenn 1 oand 10 and [ 1%-13% per vear be-
teeen §1 and 33 vears; thercafter they declined
1o T%0=b% per vear, probahly due to lesser contact
with soil comtaminated by cats, Inthe Colombian
studyv'” the annual risk of infection which was
3.2% 10 the first decade and fell to 0.7% in the
[ourih.
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