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Abstract. Toxoplasmosis is caused by the infective stage of Toxoplasma gondii and is often
acquired from contaminated food and water. Data on the prevalence of T. gondii in free-
range chickens (Gallus domesticus) in Khon Kaen province, Northeast Thailand, are limited.
A total of 257 serum samples were collected and antibodies to T. gondii were examined by
the latex agglutination test; 26 (10.1%) free-range chickens were positive. By logistic
regression, the seroprevalence rate was 3.8 fold higher in the rainy season compared to the
dry season (OR=3.81, 95% CI=1.39-10.47, P=0.006). The mean rainfall in the seropositive
group (3.48 ± 2.05 mm) was significantly higher (P=0.028) compared to the seronegative
group (2.42 ± 2.35 mm). The point biserial correlation coefficients showed a positive
association between seropositivity and mean rainfall (r=0.137, P=0.028) but no significant
associations for temperature or humidity. In conclusion, the presence of T. gondii infection in
free-range chickens in Khon Kaen province suggests environmental contamination. The wet
season and mean rainfall are significant associations with seroprevalence. The prevention of
faecal contamination from cats to the environment is a good strategy to reduce the risk of
infection in soil feeding animal such as chicken.

INTRODUCTION

Toxoplasmosis is a worldwide zoonotic
disease caused by Toxoplasma gondii. It may
cause abortion and congenital disease not
only in humans but also in intermediate hosts
like sheep (Tenter et al., 2000, Pappas et al.,
2009). Toxoplasmosis may be asymptomatic
in normal hosts but can cause severe disease
in immunodecient hosts (Subauste et al.,
2011). In Thailand, toxoplasmosis has been
detected in pregnant women in several
provinces (Wanachiwanawin et al., 2001;
Dubey 2009; Nissapatorn et al., 2011; Sakae
et al., 2013). The infective oocyst of T. gondii

is resistant to environmental changes and

contaminates soil, fruits, vegetables and
water resources. The natural intermediate
hosts, rodents or poultry, are the source of
the bradyzoite (Dubey 2008). Humans
became infected after consuming bradyzoite
in meat or oocyst-contaminated drinking
water. There is a positive relationship
between human seropositivity and the
consumption of raw or undercooked meat
(Daryani et al., 2014; Cong et al., 2015; Li et

al., 2015; Wilking et al., 2016; Zhang et al.,
2016).

Toxoplasma gondii -infected poultry,
such as chickens, ducks and pigeons, is
consumed widely in many countries
(Sreekumar et al., 2003; Dubey et al., 2008;
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Yan et al., 2009; Lelu et al., 2012; Xu et al.,
2012; Guo et al., 2015), including Thailand
(Chumpolbanchorn et al., 2009; Unjit 2009).
The latex agglutination test (LAT) is a
commercial test kit which has a high
sensitivity and specificity for detecting anti-
Toxoplasma IgG antibodies (Sukthana et

al., 2001). In Thailand, there are only two
seroprevalence studies in free-range
chickens (Gallus domesticus) from Chiang
Mai and Bangkok (Chumpolbanchorn et al.,
2009; Unjit 2009). We, therefore, conducted a
seroprevalence survey in free-range
chickens from Khon Kaen province in
northeast Thailand.

MATERIAL AND METHOD

Area of study and sampling

The study was conducted in Khon Kaen
province, Northeast Thailand, between
May 2014 and June 2015. A total of 257 free-
range chickens (Gallus domesticus) were
randomly selected from households in seven
districts. The range of monthly mean rainfall,
humidity and temperature are 0–8.6 mm,
58–82% and 22.6–30.7ºC, respectively (data
from Thai Meteorological Department). Blood
samples were collected by puncture of the
wing vein in slaughter houses. Blood samples
were allowed to clot at room temperature
for 30 minutes after collection, centrifuged
and the serum aliquot stored at -20ºC. This
study was approved by the Animal Ethics
Committee of Faculty of Medicine
Thammasat University (No. AE 008/2014).

Latex agglutination test (Toxo-Screen

DA, bioMérieux, France)

Serum samples were tested for IgG antibodies
using a direct agglutination commercial kit
(Toxo-Screen DA®, bioMérieux, France).
Briefly, the serum samples were diluted in
PBS buffer to which 2-mercaptoethanol was
added to denature the IgM. Then the formalin-
treated Toxoplasma antigen was added to the
diluted sample. The results were read after
the reaction was left standing for 5 hours
at room temperature. A positive reaction
between specific IgG antibody in the serum
sample and the formalin-treated Toxoplasma

antigen was indicated by a mat covering.
The cut-off point for a positive reaction was
a titer at 1:40 (Gebremedhin et al., 2014;
Gebremedhin et al., 2015).

Statistical analysis

The statistical analyses were performed
using SPSS for windows (SPSS Inc., Chicago,
America). The mean differences between
rainfall, humidity or temperature and
seropositive and seronegative chickens
were compared using the t-test. The Chi
squared test was used to determine the
association of season (dry and wet) and
seroprevalence. Odds ratio (OR) and 95%
confidence interval (CI) were calculated.
The correlation between rainfall, humidity,
temperature and T. gondii prevalence were
evaluated using point biserial correlation
coefficients. All tests were two sided and a
P value <0.05 was considered statistically
significant.

RESULTS

Overall, T. gondii IgG antibodies were
detected in 26 of 257 free-range chickens
(10.12%); these rates varied from 0 to 50%
by location (Table 1). The seroprevalence
rates by season were 14.79% (21/142) and
4.35% (5/115) in the wet and dry seasons,
respectively, for an OR=3.81 [95% CI=1.39-
10.47, P=0.006, (Table 2)]. The mean rainfall
was also significantly different (P=0.028)
between seropositive (3.48 ± 2.05 mm) and
seronegative chickens (2.42 ± 2.35 mm.).
The point biserial correlation (Table 3)
showed that seropositivity was correlated
independently with the monthly rainfall but
not with either temperature or humidity.

DISCUSSION

This is the first report of the T. gondii

seroprevalence rates in free-range chickens
from Khon Kaen province. The overall rate
was high, just over 10%, with widely varying
rates by location. The free-rang chicken
become infected with T. gondii during
feeding on the ground (Devada et al., 1998)
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Table 1. Seroprevalence rates of T. gondii infection in free range chickens in Khon Kaen province by
sub district using the latex agglutination test

Sub district District No. of sample No. positive Prevalence (%)

Don Mong Nong Ruea 55 3 5.45
Phu Wiang Phu Wiang 8 0 0
Non Phayom Chonnabot 10 5 50.0
Non Sila Non Sila 10 0 0
Ban Phai Ban Phai 49 10 20.41
Ban Fang Ban Fang 50 5 10.0
Nong bua Ban Fang 10 0 0
Bueng Niam Muang 10 1 10.0
Phra Lub Muang 25 1 4.0
Sila Muang 30 1 3.33

                      Total 257 26 10.1

Table 2. Odds ratios for season of free range chicken as risk factors for T.

gondii in infection in 257 free range chickens in Khon Kaen province

Season Prevalence Odd ratio 95% CI a P-value

Dry 4.35 (5/115) – –
Wet 14.79 (21/142) 3.81 1.39-10.47 0.006

a CI, confidence interval

Table 3. Point Biserial Correlation Coefficients between IgG seropositivity and rainfall, temperature
and humidity

Dependent variable Independent variable
Point Biserial Correlation

P-value
Coefficients (r)

             LAT Rainfall 0.137 0.028
Temperature 0.114 0.068

Humidity 0.108 0.085

and should be consider as a source of
infection. Previous studies in free-range
chickens have reported T. gondii sero-
prevalence rates of 24.3% from Northern
Thailand using LAT (Unjit 2009), and 64%
from Central Thailand, using indirect
fluorescent antibody testing (Chumpol-
banchorn et al., 2009). In many surveys of
free-range chickens, across the world,
seroprevalence rates have varied between
2 and 100% and were especially high in
backyard and free range organic chickens
(Dubey 2010). However, the seropositive rate

in free-range chicken depends on factors
such as detection methods, climate and
geographic in each study regions. Our 10%
seroprevalence rate is similar to Iran and
China (Zia-Ali et al., 2007; Yang et al., 2012).
The seroprevalence rate was almost four
fold of higher in wet season between May to
October and was unrelated to temperature
and humidity. Similar findings have been
reported from Japan, Spain and Taiwan
(Yamaoka & Konishi 1993; Gamarra et al.,
2008; Tsai et al., 2008) and are consistent with
increase survival of oocysts in the soil during
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the rainy season. Indeed, Lele et al. have
shown that oocysts are survive after 100
days in moist soil (43.7%) compared to
oocysts in dry soil (7.4%) (Lelu et al., 2012).
Soil contamination with oocysts results from
cats shedding oocysts in their faeces which
can then be further distributed in the
environment by the rain. Chickens and other
poultry like turkeys become infected when
they eat oocyst-contaminated soil which
explains why free-range chickens have much
higher seropositive rates compared to
industrial or caged chickens, supporting the
hypothesis that contact with contaminated
soil is an important risk factor (Gamarra
et al., 2008; Yan et al., 2009; Alkhaled et al.,
2012; Yang et al., 2012; Sá et al., 2016).

Dubey (2010) also reported that cats and
rats can become infected when they eat
leftover meat from infected free-range
chickens that have been slaughtered in the
home or in unsupervised slaughter houses.
Several researchers have demonstrated
viable bradyzoites from chicken meat which
can infect mice or cats (Sreekumar et al.,
2003; Dubey et al., 2005; Zia-Ali et al., 2007).
Additionally, T. gondii DNA has been
detected in free-range chicken meat and it
should be concern to protect contaminated
meat during food preparing (Chumpol-
banchorn et al., 2013; Fernandes et al.,
2016). Given the popularity of eating chicken
in countries like Thailand, consuming
incompletely cooked chicken is an important
source of toxoplasma transmission in
humans and may be a greater source of
toxoplasmosis than beef or pork (Daryani
et al., 2014; Cong et al., 2015; Li et al., 2015;
Wilking et al., 2016; Zhang et al., 2016).

Therefore, the control strategies are
needed to prevent the transmission of T.

gondii to humans (Tenter et al., 2000). For
instance, meat should not be consumed
undercooked, vegetables should be washed,
cats should be kept away from children’s
playgrounds, and rigorous hygiene (hand
washing) should be emphasized for those
who raise chickens at home. Kijlstra (Kijlstra
& Jongert 2009) proposed the strategies to
prevent T. gondii infection on animal farms
using a two pronged approach (pre- and post-
harvest). In pre-harvest phase, remove cats

from farms and vaccinate them. Additionally,
the food and bedding of farm animals should
be sterile. The rodent population should be
controlled as well. In post-harvest phase,
the tissue cysts, the bradyzoite, should
be destroyed by freezing, heating and
inactivating in salt solution. Monitoring the
toxoplasmosis seropositivity rate is a good
indicator of success of control measures.
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