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Abstract: Toxoplasmosis is a parasitic disease resulting from infection with the apicomplexan Toxoplasma gondii (Nicolle et Manceaux,
1908), one of the world’s most common parasites in warm-blooded animals, including humans. Sources of infection can be exposed to
infected cat faeces, mother-to-child transmission during pregnancy, and notably, the consumption of undercooked contaminated meat
of intermediate hosts. In Thailand, water buffaloes are highly valued for rice cultivation, traditional culture and meat production. Like
several other mammalian species, these animals play a role as reservoirs of 7. gondii, thus representing a threat to human health. The
seroprevalence of 7. gondii infection in swamp buffaloes was examined in southern and northeastern Thailand. In total, serum samples
of 721 water buffaloes were collected from seven provinces (Ubon Ratchathani, Roi Et, Si Sa Ket, Surin, Buri Ram, Sakon Nakhon,
and Songkhla) and examined for the presence of 7. gondii infection using commercial latex agglutination test kits (TOXOCHECK-MT,
Eiken Chemical Co., Tokyo, Japan). Of the 721 animals analysed, 49 (6.8%) were positive for 7. gondii. Songkhla province had the
highest seroprevalence (14.7%) among the seven provinces covered in this survey. There was a potential risk to local citizens of 7.
gondii infection identified by the present study, notably in northeastern Thailand, where despite lower seroprevalence consuming raw

buffalo meat salad should be restricted to avoid the risk of zoonotic infections.
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Toxoplasma gondii (Nicolle et Manceaux, 1908) is an
obligate intracellular protist (Apicomplexa) causing toxo-
plasmosis in a vast array of warm-blooded animals, includ-
ing humans and livestock. Felids serve as definitive hosts
of the parasite, whereas other animals are considered as its
intermediate hosts (Taylor et al. 2015). One-third of the
global population has been estimated to be infected with
this parasite (Halonen and Weiss 2013).

One of the main routes for human infection by 7. gondii
is the consumption of raw or undercooked meat of infect-
ed intermediate hosts, containing tissue cysts (Tenter et al.
2000, Kijlstra and Jongert 2008, Tenter 2009, Robert-Gang-
neux and Dardé 2012, Belluco et al. 2018, Pinto-Ferreira
et al. 2019). Cysts have been isolated and detected from
3-22% of fresh and frozen buffalo meat samples obtained
from retail stores, makets and abbatoirs in many regions
(Chaudhary et al. 2006, El-Tras et al. 2012, Gencay et al.
2013, Barburas et al. 2019). Therefore, the disease is con-
sidered to be a public health issue in areas where beef has

been destined for broadscale human consumption (Gomes
et al. 2020). In northeastern Thailand, a so-called Sachin
salad made from raw buffalo meat has been commonly
eaten with local liquors, thereby raising serious concerns
about human infection among native dwellers (Lanna Food
2014).

The fact that toxoplasmosis in buffaloes and cattle is
mostly subclinical impairs the detection of the disease
when it is based only on the observation of its clinical
manifestation. Thus, the use of laboratory-based approach-
es that provide data on the prevalence of 7. gondii infection
in these animals is the only way to assess the risk of trans-
mission to humans through the consumption of raw and
undercooked meat (Dubey 2010). While mouse bioassay is
the gold standard to isolate the parasite from tissue, numer-
ous serological techniques have been used worldwide to
determine the seroprevalence of 7. gondii infection (Dubey
2010, de Barros et al. 2020).
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Table 1. Seroprevalence of Toxoplasma gondii (Nicolle et Manceaux, 1908) infection in water buffaloes based on latex agglutination test.

Province No. No. Titre

tested positive (%) 1:64 1:128 1:256 1:512 1:1,024
North-eastern
Ubon Ratchathani 138 9 (6.5) 7 1 1 0 0
Roi Et 81 9 (11.1) 7 1 0 0 1
Si Sa Ket 59 2(3.4) 1 1 0 0 0
Surin 73 4(5.5) 2 2 0 0 0
Buri Ram 70 1(1.4) 0 1 0 0 0
Sakon Nakhon 205 10 (4.9) 6 3 1 0 0
Total (%) 626 35(5.6) 23 (65.7) 9(25.7) 2(5.7) 0 1(2.9)
Southern
Songkhla (%) 95 14 (14.7) 3(21.4) 4 (28.6) 4 (28.6) 2 (14.3) 1(7.1)
Total (%) 721 49 (6.8) 26 (53.1) 13 (26.5) 6(12.2) 2 (4.1) 24.1)

Buffaloes hold great significance not only in the agricul-
tural system in Asian countries but also in providing meat
and milk which have been recognised as healthy products
with appropriate essential components for humans (Wan-
apat and Chanthakhoun 2015). In Thailand, considering
the significantly declining numbers (Department of Live-
stock Development 2017), buffaloes have been specifically
raised for multi-purposes of draft, manure, money-saving,
and calf and meat production in integrated farming in the
northeast and the south. The buffaloes and cattle are tra-
ditionally grazed on paddy field or grassland during the
daytime and are supplemented with rice straw at night or
when confined (Uriyapongson 2013). Consequently, they
are likely to get infected due to the nature of grazing in
an environment contaminated with the sporulated oocysts
that are transported by water flow, or transport and reser-
voir hosts (Andreoletti et al. 2007, de Barros et al. 2020).
Indeed, antibodies to 7. gondii were found in 26% of tested
beef cattle in the west (Wiengcharoen et al. 2012), 15%
in Kanchanaburi, Ratchaburi, and Nakhon Pathom prov-
inces (Udonsom et al. 2018); and in 9-17% of dairy cows
from the northeast (Inpankaew et al. 2010). Therefore, the
current study aimed to investigate the seroprevalence of 7.
gondii infection in water buffaloes from northeastern and
southern Thailand.

MATERIALS AND METHODS

Sample collection

The water buffaloes selected were typically raised under an
integrated agricultural system, whereby small-holders generally
own only 2—4 animals (the northeast), and medium-holders raise
10 or more animals (the south). They are destined mainly for meat
products and ploughing rice fields.

A sample size of 574 buffaloes was determined using the for-
mula in ProMESA 2.3 (2011): estimated sample size — simple
random sample (n) = p x (1-p) x z*/e?, where p (expected preva-
lence) = 14.33% (Hamidinejat et al. 2010), z is the confidence lev-
el (95%), and e is the acceptable relative error (0.2). However, the
actual sample size was greater than the estimated values as 712
buffaloes were conveniently collected in June (the rainy season)
from seven provinces. Six of the provinces (Ubon Rachathani,
Roi Et, Si Sa Ket, Surin, Buri Ram, and Sakon Nakhon) are in
the northeast and have a tropical savanna climate. The mean an-
nual rainfall and temperature in this area are about 1501 mm and
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27.8 °C, respectively. Another province (Songkhla) is in the south
and has a tropical monsoon climate, with a mean annual rain-
fall of 1703—3494 mm, and a mean annual temperature of 28.3°C
(Thai Meteorological Department 2017). The number of farms
and samples in each province was based on the buffalo population
size, accessibility to ranches or natural pastures raising buffaloes,
and the owners’ acceptance of sampling (Fig. 1).

The blood samples were collected from the caudal vein of the
water buffaloes using 10 ml blood collection tubes without an-
ti-coagulant (Meus SRL, Piove di Sacco, Italy). In the laboratory,
each sample was centrifuged at 1448g for 15 minutes before the
serum fraction was removed and stored at -20°C until serological
analysis. In addition, demographic data were also collected us-
ing a checklist during the blood sample collection, consisting of
age (49 animals aged less than 1 year, 432 aged 1-5 years, and
240 animals aged more than 5 years); the reproductive period was
used to categorise the animals in age as described by Jainudeen
(2002), gender (107 males and 614 females), and region (626 buf-
faloes from the northeast and 95 from the south).

This study adhered to the Guidelines of Animal Care and Use
under the Ethical Review Board of Obihiro University of Agri-
culture and Veterinary Medicine (Permit for animal experiment
No. 290131).

Serological assay

Antibodies to Toxoplasma gondii in all serum samples were
detected using commercial latex agglutination test (LAT) kits
(TOXOCHECK-MT, Eiken Chemical Co., Tokyo, Japan) as
previously described (Inpankaew et al. 2010). Each sample was
screened in a series of dilutions of 1 : 16, 1:32,1:64,1: 128,
1:256,1:512,1:1,024, and 1 : 2,048 in U-shaped 96-well clus-
ter plates (Nalge Nunc, New York, USA). An amount (25 pl) of
latex agglutination buffer was coated in every well before 25 pl
of 1 : 8 diluted serum was added to the first well. Two-fold serial
dilutions then were performed and the final 25 pl of the mixture
was discarded. Finally, 25 pl of 7. gondii-coated latex beads were
added to each well. The plates were gently shaken and incubated
at room temperature overnight. The LAT was considered positive
when agglutination was observed at dilutions of 1 : 64 or above
according to the manufacturer’s instruction.

Statistical analysis

Statistical analysis was conducted using the R version 3.6.3
software (R Core Team 2020). Statistically significant differences
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Fig. 1. Epidemiological seroprevalence of Toxoplasma gondii (Nicolle et Manceaux, 1908) in water buffaloes from northeastern and
southern Thailand. Figures in parentheses are seroprevalence/number of farms/number of samples/population size.

between the frequencies of groups were considered at p <0.05
using a x? test and Fisher’s exact test.

RESULTS

Seroprevalence of Toxoplasma gondii

In general, antibodies to Toxoplasma gondii were found
in 49 (6.8%) of the 721 serum samples screened using
LAT. In northeastern Thailand, T. gondii infection was
most prevalent (11.1%) among buffaloes raised in Roi Et
Province, while the lowest prevalence value observed was
1.4%, in Buri Ram Province. Seroprevalence in buffaloes
from Surin and Sakon Nakhon was similar at 5.5% and
4.9%, respectively. There was a seroprevalence of 3.4% in
buffaloes from Si Sa Ket and 6.5% of buffaloes in Ubon
Rachathani were infected with 7. gondii (Fig. 1).

The majority of the samples for 7. gondii presented low
LAT titres. The most common titre was 1 : 64 (66% of the
positive samples). The remaining 25% of samples corre-
sponded to the titre 1 : 128. Only one and two positive
samples showed 1 : 1,024 and 1 : 256 titres, respective-
ly. No sample was positive at the moderate titre of 1 : 512
(Table 1). In Songkhla province, titres of either 1 : 128 or
1 : 256 accounted for 28.6% of positive serum samples.
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While 21% of positive sera were recorded for the 1 : 64
titre, only one and two were observed in 1 : 1,024 and
1 : 512 titres, respectively (Table 1).

Of the 294 farms, 39 had serological evidence of 7. gon-
dii infection (13.3%). They were widely distributed among
all investigated provinces: Ubon Rachathani (8/59, 14%),
Roi Et (9/58, 16%), Si Sa Ket (2/22, 9%), Surin (4/28,
14%), Buri Ram (1/22, 5%), Sakon Nakhon (9/98, 9%),
and Songkhla (6/7, 86%).

Considering age, only 2% of the calves (aged less than
1 year) were positive for 7. gondii infection, whereas buf-
faloes aged 1-5 years and buffaloes older than 5 years pre-
sented prevalence values of 6.3% and 8.7%, respectively.
The prevalence of infection was 3.8% for male buffaloes
and 7.3% for the females. However, these differences in
prevalence values were not significant (Table 2). The se-
roprevalence of the disease was significantly (p = 0.002)
higher in water buffaloes from the southern province
(14.7%) than from the provinces in the northeast (5.6%)
(Table 2).

DISCUSSION
The seroprevalence observed in all selected provinces
showed the wide distribution of Toxoplasma gondii in wa-
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Table 2. Seroprevalence of Toxoplasma gondii (Nicolle et
Manceaux, 1908) infection in water buffaloes based on age, sex
and area.

Variable No. tested No. positive Prevalence p value
<1 49 1 2.0

Age (years) 1-5 432 27 6.3 0.20
>5 240 21 8.7

Sex Male 107 4 3.8 0.248
Female 614 45 7.3

Arca Northeast 626 35 5.6 0.002
South 95 14 14.7

Total 721 49 6.8 -

ter buffaloes located in northeastern and southern Thailand.
Infection of water buffaloes with 7. gondii has been inves-
tigated worldwide in many continents, with prevalence
ranging from 0 to 88% reported using different serological
techniques (de Barros et al. 2020). The seroprevalence in
the present study was lower than those of some investiga-
tions carried out in buffaloes from other Asian countries,
such as 14% in Iran (Hamidinejat et al. 2010), 14% in Pa-
kistan (Anees et al. 2014) and 18% China (Luo et al. 2017),
but higher than that of 3% in India and Vietnam (Huong et
al. 1998, Sharma et al. 2008).

Previous studies demonstrated that transmission and
distribution of 7. gondii among buffaloes could be associ-
ated with some climatic factors, notably rainfall and tem-
perature (Yan et al. 2016, de Barros et al. 2020). Overall,
the worldwide prevalence of 7. gondii infection in humid
tropical areas is generally higher than in hot and dry areas,
and cooler areas (Tenter et al. 2000). Precipitation is very
important in transporting water-borne pathogens in a ter-
restrial environment (Gotteland et al. 2014). Indeed, sub-
stantially increased river flow due to annual rainfall events
can deliver 7. gondii oocysts from the land to water bodies,
leading to water-borne toxoplasmosis and high levels of
coastal contamination with this protozoan parasite (Kara-
nis et al. 2012, Mazzillo et al. 2013, Ribeiro et al. 2015).
In addition, a moist environment created by rain enables
sporulated oocysts to prolong their survival in the soil and
grass for several years, thus increasing the opportunities
for buffaloes to become exposed to oocysts when feeding
on pasture (Dubey and Beattie 1988, Gubler et al. 2001).

Temperature is another key environmental factor con-
siderably impacting the distribution of 7. gondii (see Yan
et al. 2016). A 0.6°C increase in temperature was positive-
ly correlated with an increased prevalence of human toxo-
plasmosis (Caballero-Ortega et al. 2012). Apparently, high
mean annual temperatures and precipitation could result in
increased abundance of insect species (as transport hosts)
which can carry oocysts on their exoskeleton (Graczyk et
al. 2001), or of rodents considered as reservoir hosts for
T. gondii (see Kijlstra et al. 2008). Therefore, there is an
increased risk that they transfer the parasite to cats and
livestock animals (Meerburg and Kijlstra 2009, Yan et al.
2016).

Thailand is located in the tropical geographical zone
and has a tropical climate. The country has distinct climat-
ic variations between the northeast (tropical savanna) and
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the south (tropical monsoon) (Thai Meteorological Depart-
ment 2017). It is likely that the hot and humid climate in
the south provides better conditions than the colder and
drier climate in the northeast to support the circulation of
T. gondii in the natural environment. However, due to the
potential for bias introduced by discrepancies in sampling
in the present study, further ecological modelling is needed
to evaluate the climatic factors relating to 7. gondii infec-
tion in buffaloes from the two studied regions.

In Thailand, seroprevalence of 7. gondii has been stud-
ied and updated in a range of hosts, such as stray cats (Jit-
tapalapong et al. 2010, Kengradomkij et al. 2018, Huer-
tas-Lopez et al. 2021), stray dogs (Jittapalapong et al. 2009,
Huertas-Lopez et al. 2021), beef cattle (Wiengcharoen et
al. 2012, Udonsom et al. 2018), and free-range chickens
(Saichua et al. 2017). To the best of our knowledge, the
present study is the first report of 7. gondii seroprevalence
in buffaloes in the country, revealing a considerable risk of
infection for humans from these animals. Indeed, one of
the most popular salads in the northeastern Thailand is ‘sa
chin’, which is made with sliced raw buffalo meat freshly
slaughtered in the early morning without any well-cooked
processing, and then usually consumed with native liquor
(Lanna Food 2014). Together with the diverse genotypes
found in cat faeces in the country (Buddhirongawatr et al.
2016, Chemoh et al. 2018), this eating custom introduces
a potential source of 7. gondii infection among local com-
munities.

Seropositive buffaloes were identified in 39 of the 294
farms, which suggests that humans and animals living on
those farms may be exposed to infection. Furthermore,
higher seroprevalence was found in older buffaloes. This
increasing prevalence with age could have been due to the
older animals having a longer exposure to the parasite, es-
pecially in integrated farming where the buffaloes freely
graze on contaminated grasslands or waterbodies (Bar-
buras et al. 2019). In the integrated systems in Thailand,
female buffaloes are commonly raised for calf and meat
production, ploughing rice fields, manure, money-saving,
and family heritage, and then slaughtered at the end of their
productive life. Therefore, the females are invariably older
than the males (Uriyapongson 2013), which may lead to a
general tendency for female buffaloes to be more heavily
infected than males. However, the risk factors related to
gender and age could not be evaluated in the present study
due to the discrepancies in sampling.

In conclusion, a moderate seroprevalence of 7. gondii
infection in buffaloes was found in northeastern and south-
ern Thailand compared with other investigated countries in
Asia, revealing the potential risk for human infection with
T gondii from buffaloes. Although the northeast area had
a lower prevalence, the local community members there
could become infected by consuming traditional raw beef
salad. Oocyst-contaminated water, soil and grass in grass-
lands or pastures may be responsible for the infection of
the buffaloes. Because of the present study’s limitations
(discrepancy in sample size, a lack of information about
crucial risk factors during sampling), further research is
necessary to determine the source of infection and to as-
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sess the risk factors for 7 gondii transmission in the buffa-
lo population in the country.
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