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Abstract. Humans are thought to acquire Toxoplasma infection by three major routes: ingesting food
and water contaminated with oocysts from cat excreta, consumption of under-cooked infected meat,
and transplacental transfer. Congenital clinical toxoplasmosisin the newborn indicating definitetrans-
placental transmission had been reported in Thailand, whilst studies concerning infection due to the
other two routes were inconclusive. Since the way domestic cats live and eat and also the eating
behavior of Thai people differ from those in the West, we conducted a sero-epidemiological study of
T. gondii in cats and their ownersin Bangkok metropolitan area. Among 327 humans, the prevalence
of Toxoplasma antibody was 6.4% and in 315 catsit was 7.3%. Theserelatively low prevalence rates
may result from the predominantly well-cooked fish and rice diet of stray cats, which congregate in
temples where they are fed. Toxoplasma antibody seropositive was associated with living in close
proximity to seropositivity cats[OR (95% Cl) = 5.43 (1.28-23.04); p=0.01]. Riskswereincreased in
and around temples, particularly if courtyards were of earth or grass, suggesting ground temperature
was an important determinant of oocyst survival.

INTRODUCTION

Though Toxoplasma gondii was discovered
since 1908, its life cycle was not known until
1969. The obligate intracellular protozoan, T.
gondii, causes worldwide infection not only in
humans, but also in warm-blooded domestic and
wild animals, birds and rodents. Cats are the de-
finitive host of Toxoplasma gondii. Itiscommonly
believed that humans acquire the infection by
three major routes namely: ingesting food and
water contaminated with oocystsfrom cat excreta,
consuming under-cooked infected meat, and
transplacental transfer.

High prevalences of Toxoplasma infection

have been reported in France and Central
America. The prevalencein Franceis85% and is
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believed to result from consumption of infected
meat, whilst in Central America the weather fa-
vors the survival of the cysts from stray cats
(Solari, 1998).

Catsare amajor risk factor for Toxoplasma
transmission. Diet, especially raw meat, and free
access to the outdoor environment are equally
important as predisposing factors to the risk of
Toxoplasmainfectionin cats (Nogami et al, 1998;
Galvan et al, 1999; Lucas et al, 1999; Sumner
and Ackland, 1999). A study of residents and
workerson swinefarmsin lllinois, USA showed
that canine infection with T. gondii increased the
risk of human infection and contact with soil was
a likely mechanism for transmission. The in-
creased risk of seropositivity in males is attrib-
uted to less attention paid to cleanliness in food
preparation and consumption (Weigel et al, 1999).

There are less data on the epidemiology of
toxoplasmosisin Asia. Congenital clinical toxo-
plasmosis in the newborn has been reported in
Thailand (Chokephaibulkit, personal communi-
cation) with 0.8% of neonates being sero-posi-
tive for T. gondii antibody, indicating definite
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transplacental transmission (Saweangthamchai,
1999). In our earlier studies there was a statisti-
cally significant difference between pregnant
women with and without T. gondii antibody in
terms of a history of eating under-cooked meat
and cat ownership of dogs, whilstinkidney trans-
plant recipients only the former factor was sig-
nificant (Chintana et al, 1998; Sukthana et al,
2001). Thesefindingsraise the question of which
of the two risk factors predominatesin Thailand.

Since the way cats are kept as pets, and the
eating behavior of Thai people differsfrom those
in the West, we conducted an epidemiological
study of T. gondii infectionin humansand catsin
Bangkok.

MATERIALSAND METHODS

Study sites and questionnaire interview

The present study involves community
households and those in Buddhist templesin the
north and outer north, the south, the west and the
inner east of the Bangkok metropolitan area (Fig
1). Bangkok is located at latitude 13° 45' north
and longitude 100° 28' east, in the central part of
the country on the low-flat plain of the Chao
PhrayaRiver. Itisatropical land with long hours
of sunshine, high temperature and humidity.
Bangkok has a total area of 1,568.7 km? with a
population of approximately seven million. The
studied sites covered an area of 106.6 km? with
494,931 inhabitants.

After informed consent, questionnaires about
owners personal data, number of cats, the way
they were kept, their defecation placesincluding
cats excreta cleaning and cats' feed were com-
pleted in the interviews. Serum samples were
collected from every household member as well
as from monks, novices and nuns who lived in
the temples visited. Venous blood samples were
also taken from household and stray cats in the
temple boundary. Rectal swabs were taken from
catsin both settings; househol ds and templesand
simple smearsfor Toxoplasma oocystswere done.

Laboratory procedures

All serum samplestaken from catsand own-
erswere kept in 4°C until used. 1gG Toxoplasma
antibody was determined from each serum sample
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Fig 1-Map of Thailand and Bangkok. The studied ar-
easarethenorth and outer north (5,6 and 12), the
south (4), the west (11) and the inner east (8) of
Bangkok. 1& 2 central area, 3 riverside, 4 south
of city fringe, 5north of city fringe, 6 government
area, 7 inner north, 8 inner northeast, 9 east, 10
south, 11 west, 12 outer north, 13 outer east.

using the Sabin-Feldman dye test (Sabin and
Feldman, 1948) whichishighly specific and sen-
sitive, and is regarded as the reference method
for the serodiagnosis of toxoplasmosis. A value
of > 41U or atiter of at least 1:16 was taken as
the threshold for positivity as recommended by
Reiter-Owonaet al (1999). Cat rectal swabswere
examined by simple smear in normal saline and
iodine solution. One hundred of microscopic
fieldswere examined before reporting the sample
as negative.

Data entry and statistical methods
Laboratory dataand cat owners persona data
were double entered and analyzed. The 1gG Toxo-
plasma prevalence rates of the cats and their own-
ers were determined using the serological cut-off
criteria described above. The proportion of cats
excreting oocystswas & so determined. Crude odds
ratios (OR) were reported for the association of
Toxoplasma antibody between cats and their own-
ers. In addition, adjusted OR was calculated by
controlling for the number of reported cats and the
number of infected cats in each study area.

RESULTS

Among 327 humans, 104 cat owners from
30 households in four communities and 223 per-
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sons from 14 temples including monks, novices
and nuns were enrolled in this study. There were
altogether 315 cats, 116 from householdsand 199
from temples. About 65% of cat ownerswere aged
between 20-59 years (range: 2-75 years) whilst
the average age of catswas 1.2 years (range from
4 months to 4 years). Male to female ratio was
1.8:1inhumansand 1.1:1in cats.

Descriptive data concerning the number of
own cats, cats' living and defecation areas, clean
up cat’s excreta and feeding are shown in Table
1. Of the studied cases, 80% were cat owners
whilst the remainder were people who lived in
theareawherethe catswere roaming around. The
mean number of catslivingintheresidentia area
as reported by the respondents was 10.4 (range

Tablel
Descriptive statistics of respondents (N=327).

Characteristics Negative cases (%) Positive cases (%) Total (%)
Sex

Mae 199 (60.9) 13 (4.0 212 (64.8)

Female 103 (31.5) 11 (3.4) 114 (34.9)

No answer 1(0.3) - 1(0.3)
Age(year)

>12 12 (3.7) 2 (0.6) 14 (4.3)

13-19 22 (6.7) - 22 (6.7)

20-39 109 (33.4) 10 3.1 119 (36.5)

40-59 100 (30.7) 9 (2.8) 109 (33.4)

>60 59 (18.1) 3(0.9) 62 (19.0)

No answer 1(0.3) - 1(0.3)
Residential area

Community 97 (29.7) 7(21) 104 (31.8)

Temple 206 (63.0) 17 (5..2) 223 (68.2)
Own cat ()

No 60 (18.3) 3(0.9) 63 (19.3)

Yes 243 (74.3) 21 (6.4) 264 (80.7)

No answer - - -
Cat’sliving area

With subject 129 (39.4) 13 (4.0 142 (43.4)

Within residential area 92 (28.1) 7(21) 99 (30.3)

No answer 82 (25.1) 4(1.2) 86 (26.3)
Cat’s defecation area

Fixed location 85 (26.0) 8 (2.4) 93 (28.4)

Anywhere/other location 158 (48.4) 13 (4.0 171 (52.4)

No answer 60 (18.3) 3(0.9) 63 (19.3)
Cat’s excreta cleaning

By owner 70 (21.4) 8 (24) 78 (23.9)

None 173 (52.9) 13 (4.0 186 (56.8)

No answer 60 (18.3) 3(0.9) 63 (19.3)
Cat’sfeeding

Rat catching 27 (8.3 2 (0.6) 29 (8.9

Commercial food 19 (5.8) 3(0.9) 22 (6.7)

Home-cooked food 156 (47.7) 14 (4.3) 170 (52.0)

Others 41 (12.5) 2 (0.6) 43 (13.1)

No answer 60 (18.3) 390.9) 63 (19.3)
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Table 2
Association between infected cats and infected subjects.
Negative cases Positive cases Crude OR Adjusted OR
(95% CI)?
Infected catsin the residential area
Yes 203 (90.6%) 21 (9.4%) 3.45 5.43 (1.28-23.04)
No 100 (97.1%) 3(2.9%)

aAdjusted for number of reported cats in the area and number of infected cats within the area.
Note: No other risk factors were found significantly associated with infected cases.

1-20); however, the mean number of catsthat were
captured within the area was 17.5 (range 1-41).
Of the studied cats, 28% had a fixed place for
defecation, others defecated anywhere, and in
most cases (up to 75%) nobody buried or removed
the cat’'s excreta. More than half of Thai cats
(52.0%) were fed by home-cooked feed.

Antibody prevalence

In total, 7.3% of studied cats and 6.4% of
the studied humans were sero-positive for Toxo-
plasma antibody. The association between expo-
sure to infected cats and the serological status of
the respondents was calculated. The number of
human cases exposed to this risk factor (cat
owner) was 224 of whom 21 were sero-positive
whilst only 3 cases out of 100 who were not ex-
posed were positivefor T. gondii, therelativerisk
(95% Cl) was 3.5 (0.95-10.2). Asshown in Table
2, after adjustment for the population density of
cats the odds ratio was approximately 5 times
greater among the exposed group compared with
that of the non-exposed group [OR (95% ClI) =
5.43 (1.28-23.04); p=0.01]. However, it should
be noted that there were four studied sites with
infected cats but no sero-positive humansor vice
versa (Table 3). No oocysts of T. gondii were
found in rectal swabs from 315 cats.

DISCUSSION

In Thailand, cats are kept as pets but they
arealowedtoroam freely outdoors. They arevery
rarely trained to defecate in litter boxes, so most
of them defecate anywhere that is convenient
ranging from the backyard to the house roof. In
the present study, fewer than 30% of the studied
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Table 3
Number of infected cats and infected human
cases by study sites.

Study sites Number of Number of
infected catgtotal  infected human
captured cats  cases/total cases

WKP 2/20 0/16
wWD? 0/19 114
WP 2/21 2/29
WIN 0/6 v4
wiBP 3/4 0/8
WBK? 0/8 120
WYS /18 18
WDM v22 2/8
WAP 2/13 o1
wWC 112 2/125
WRY® 15 0/14
WS vi2 4/23
WMK 0/9 0/12
WTL 2/20 3/31
Community A 6/39 4/32
Community B 0/41 0/38
Community C 120 3/19
Community D 0/16 0/15

aStudy sites with infected subjects but no infected cat;
bStudy sites with infected cat but no infected subject;
W=Wat or temple

cats had a fixed place for defecation and in ap-
proximately 75% of casestheir excreta were not
removed or buried. Thus exposure to cat fecesin
urban environment is considerable in areas with
high cat population densities. After infection, es-
pecialy by the tissue cyst of T. gondii, aimost
100% of cats shed oocysts in a period of 3-10
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days (Frenkel and Ruiz, 1981). Thus, infected cats
with unrestricted defecation will contaminatetheir
immediate environment and provide a potential
source of human infection.

Ninety-five percent of Thai peopleare Bud-
dhist, who adhereto thefive normal precepts, one
of which is not to destroy life. To kill any pet is,
therefore, considered sinful. Moreover, in Thai-
land, birth control in catsisexpensive and thusis
usually ignored by the owners. When too many
kittens are born to be looked after by the home,
they are taken to the temples and left there. Bud-
dhist temples are, therefore, not only places
monkslive, people prey, and religious eventstake
place, but also centersfor unwanted dogsand cats
from the community. Theanimalsarefed not only
by both monks and nuns, but also by the general
population. There are nearly 500 temples in
Bangkok, and it isestimated that thereare at least
30 stray catsin each temple, so atogether ~15,000
cats live there. The situation in the temples is
therefore worse than that in the houses. The own-
erless cats roam freely, breed unrestrictedly and
defecate anywherein the area. Templestherefore
provide a significant human exposure risk.

In the present study, the risk of Toxoplasma
seropositivity in the exposed human group was
five times more than that of non-exposed group.
Thus, it seems that cat ownership isarisk factor
for toxoplasmainfection in Thailand. Earlier stud-
ies revealed that infection of cats with T. gondii
increased therisk of human infection and contact
with soil was a likely mechanism for transmis-
sion (Bobic et al, 1998; Nogami et al, 1998;
Sumner and Ackland, 1999; Weigel et al, 1999).
Free access of cats to the outdoor environment,
and feeding catswith leftoversor raw visceraand
raw meat were the risk factor for humans to be-
comeinfected by T. gondii in Mexico and Brazil
(Galvanetal, 1999; Lucaset al, 1999). The situ-
aionisdifferentin Thailand. Thai catshave strong
teeth and very well developed powerful claws,
but they areusually fed with rice and well-cooked
fish and not raw meat. So they catch rodents in
responseto hunting instincts but generally not for
food. This may explain why the prevalences of
Toxoplasmainfectionsin catsand humansare|low
in Thailand even though many factors seem to
promote the transmission.
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Therewere four temple areas with abundant
cats but without any human seropositive cases.
This may be due to the environment of those
temples which had concrete or stone and no soil
courtyards. T. gondii oocysts are much less in-
fective when exposed to higher temperatures.
Dubey (1998) demonstrated that oocysts re-
mained infective for only one minute at 60°C
compared with 54 months at 4°C. Thus oocysts
from cat excreta deposited on hot roofsand stone
or concrete courtyards are less likely to be suc-
cessful in disease transmission. At the other re-
maining 8 templesand 2 communities (A and C),
cat’s excreta were left on the ground and grassy
shaded areas where it was much cooler. Oocysts
deposited in these areas are thus more likely to
be successful in disease transmission. Moreover,
food preparation for monks and meals also took
placethere. The chance of viable oocyst contami-
nation was probably higher and may well account
for the significant association between human
positives cases and infected cats.

In communities B and D where household
owners prepared litter boxes for their pets or re-
moved the cat’s excreta more than other commu-
nities, there were no positive human cases nor
infected cats.

In conclusion, in Thailand close association
with infected cats is a risk for acquiring Toxo-
plasma infection in adults particularly in places
where animalsare kept in cool surroundings. The
relatively low prevalence of diseasetransmission
from catsto humans compared with that reported
from the West probably results from a diet, pre-
dominantly of rice and well-cooked fish, and the
hot environment.
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