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Abstract

Toxoplasma seroprevalence in free-range chicken, which directly feed from ground, is a good indicator 
for detecting an environment contamination by T. gondii oocysts. Many serological methods have been 
used for diagnosing Toxoplasma infection in animals including chicken. Selection of appropriate methods 
primarily depend on their sensitivity and specifi city as well as laboratory techniques, special reagent or tool 
requirements and regional prevalence status. The aims of this study were to determine the prevalence of 
T. gondii antibody in free-range chickens in Thailand and to compare two serodiagnostic methods, indirect 
fl uorescent antibody test (IFAT) and Modifi ed Agglutination Test (MAT). Six hundred free-range chicken 
sera were collected from 2 villages in Kanchanaburi Province, Thailand, 300 in 2014 and 300 in 2015. The 
age of chickens was between 3-6 mo, of which chickens of 2015 were older than of 2014. Collected sera 
were test for T. gondii IgG antibody by both methods. Over all Toxoplasma seroprevalence were 33.0% and 
17.7% by IFAT and MAT, respectively. There was poor agreement between the two serological methods 
(kappa=0.09). IFAT in this study revealed higher positive percentage than MAT. Even though the way of 
living and environment in the present study was suitable for Toxoplasma transmission, the seroprevalence 
in Thai free-range chickens was low compared to other tropical regions such as Africa or South America. 
A low Toxoplasma prevalence was also found in humans, cats and other intermediate hosts in Thailand. 
Toxoplasmosis in Thailand causes low burden compare to other infectious diseases, however, consume 
well-cooked free-range chicken meat and proper practice during handling raw meat when cooking should 
be advocated to prevent and reduce this infection.
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Introduction

Toxoplasmosis is a food and water-borne parasitic zoonosis 
caused by an intracellular protozoan, namely Toxoplasma 
gondii. The disease is mainly asymptomatic or causes benign 
clinical manifestations in healthy infected persons, but can 
have severe consequences in immunocompromised patients 
or produce congenital toxoplasmosis once primary acquired 
infection occurs during pregnancy. Cat and other felids 
are the only defi nitive hosts, while human, warm-blooded 
animals, bird and rodent are intermediate host. The infection 
is transmitted to human by three important routes i.e. 1) 
ingesting oocysts contaminated in food or water; 2) consuming 
raw or under-cooked meat containing tissues cysts and 3) 
vertical transmission from primarily infected mother to fetus. 

Due to the asymptomatic character or non-specifi c signs of 
this infection in human as well as in other animals, identifying 
infected hosts to deliver effective prevention measures needs 
an indirect way such as detection of antibodies. Acting as an 
intermediate host, free-range chickens mainly feed from bare 

ground of which T. gondii oocysts, from cat and other felids, are 
laid. Toxoplasma antibody in chickens, thus, represents a good 
indicator for T. gondii oocyst contamination in an environment 
[1]. Evaluation of previously Toxoplasma infection requires 
accurate diagnostic tools that can rapidly and precisely identify 
infected hosts, in both defi nitive and intermediate [2].

Many serological tests are available for Toxoplasma antibody 
detection, mainly immunoglobulin G (IgG), indicating previous 
infection. The Sabin-Feldman dye test is the gold-standard 
method for detecting T. gondii antibody in human, and 
according to Dubey, it works on many animal species but not 
on chicken sera since this may be related to fi xation of the fi rst 
component of the complement [3,4]. To date, agglutination 
tests either direct or modifi ed methods are commonly used for 
T. gondii antibody detection in animals [5] including free-range 
chickens [1]. Modifi ed agglutination test (MAT) was recently 
validated by using cat and mouse bioassays [7]. Toxo-screen DA 
(Biomérieux®) is one of modifi ed agglutination methods using 
commercial suspension of T. gondii as antigen [6]. Indirect 
fl uorescent antibody test (IFAT), another highly specifi c test 
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utilizing species-specifi c conjugated fl uorescein is the gold-
standard test for T. gondii detection in pigs [8,9]. 

Despite the agreement of agglutination tests and IFAT in 
terms of sensitivity and specifi city in pigs [10] and cats [11], 
the comparison between these two methods is unclear for 
chickens. Moreover, the seroprevalence of T. gondii in Thai 
free-range chickens indicating the situation of contaminated 
environment is not well established. Therefore, this study aims 
for detecting the prevalence of Toxoplasma serostatus in free-
range chickens in Thailand and to evaluate the performance 
of the two serological diagnostic methods, IFAT and a 
commercially available MAT (Toxo-screen DA®, Biomérieux).

Materials and Methods

Study area 

The project was carried out in the westernmost province 
of Thailand, Kanchanaburi, located at Thai-Myanmar border 
(Figure 1). Our studied site included 2 villages from Saiyok 
district, Kangpralom (14°01’ 28.76’’ N, 99°13’ 19.26’’ E) 
and Wangpow (14°21’ 44.53’’ N, 98°53’ 59.46’’ E). They are 
situated in the valley of the Kwai River, in a well-preserved 
rural environment, surrounded by forests with a high 
biodiversity. Cats and dogs are widely present and freely roam 
in people’s houses and outside. In Thailand, the majority of 
chicken husbandry is run by closed-system but there are some 
areas where naturally free-range chickens still prevail, which 
our studied sites are among those. Those chickens were free 
to roam and feed themselves on bare ground around houses 
together with dogs and cats (Figure 2).

Sera sampling in Thai free-range chickens

From April to August 2014, approximately of 1-2 ml of blood 
samples of 300 free-range chickens, aged 2-5 months, were 
collected by puncture of the axillary vein. Blood from another 
batch of 300 chickens, aged 3-6 months, were collected from 
May to September 2015. Collected samples were kept in a 4°C 
container and brought to laboratory at the Department of 

Protozoology, Faculty of Tropical medicine, Mahidol University 
for T. gondii IgG antibody. 

All experiments with animals were carried out in strict and 
correct conditions in order to ensure to meet the criteria for 
approving by animal welfare according to the Animal Ethics 
Procedures of Faculty of Tropical Medicine–Animal Care and 
Use Committee (FTM-ACUC), Mahidol University, Bangkok, 
Thailand (Permit No. FTM-ACUC 007/2014).

Inoculation of chickens for positive control sera 

Positive Toxoplasma of chicken serum is needed for the 
prevalence study. Therefore, 10 free-range chickens from the 
study sites (6-8 weeks old) were obtained and initially examined 
by MAT and IFAT to confi rm the absence of T. gondii antibody 
before allocating each 5 chickens into group 1 and group 2. Four 
chickens from both groups were intraperitoneally inoculated 
with T. gondii RH strain tachyzoites; 10,000 cells and 40,000 
cells, for group 1 and 2, respectively. One chicken from both 
groups were injected with normal saline as a negative control. 
All chickens were observed daily and recorded for any clinical 
sign and symptom of toxoplasmosis. Approximately 1-2 ml of 
blood samples were collected by puncture of the axillary vein of 
infected chickens at day 1, 3, 5, 7, 14 and 30 post-inoculation; 
MAT and IFAT were performed on those collected sera to 
determine whether these experimental chickens develop T. 
gondii IgG antibodies. 

Modifi ed agglutination test (MAT)

The suspension of antigen used for MAT technique in this 
study was an in- house antigen. The test was performed as 
previously described [12]. Briefl y, the sera samples were diluted 
in a stock of 2-mercaptoethanol performed in U-shaped well 
microtiter plate by two-fold dilutions starting at 1:10. Killed 
T. gondii (RH strain) tachyzoites suspension was diluted with 

Figure 1: Two study site villages, Kangpralom and Wanpow, in Saiyok district 
(highlighted in red) located at Thai-Myanmar border which is around two and half 
hours driving from capital city, Bangkok (star).

A     B 

A B

C D

Figure 2: Thai free-range chicken raise-up style and their environment. Chickens 
are freely roam and feed on bare ground around house and surrounding areas (A, B 
and C), bamboo temporally restrain (C) may occasionally applied. Other pets such 
as dogs and cats share same environmental areas (D).
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BABS buffer and was added to the wells as antigen. The wells 
were then incubated for at least 7 hr or overnight at room 
temperature in the absence of light. The diffuse opacity of the 
Toxoplasma agglutinated form was regarded as a positive result, 
whereas a central white opaque dot at the well bottom was 
regarded as a negative result. Positive and negative controls 
were also analyzed alongside each batch testing. Titers ≥ 10 
were defi ned as positive.

Commercial Modifi ed agglutination test

The suspension of antigen used for MAT serology is 
a commercial antigen (Toxo-Screen DA®, BioMérieux, 
Marcy l’Etoile, France) [6]. Chicken sera were diluted in 
2-mercaptoethanol (1:10, 1:20, 1:100 and 1:800). Twenty-fi ve 
μL of antigen suspension were added in each well for the fi nal 
volume of 50 μl, the antigen was diluted in 1:5 in colored BAB’s 
albumin buffer (red) pH 8.95. After 5 hours of incubation, 
sedimentation or agglutination of Toxoplasma was observed. 
Titers ≥ 10 were defi ned as positive. Positive and negative 
controls used were provided in the Toxo-screen DA kit. 

Indirect fl uorescent antibody test (IFAT)

IFAT was conducted following the protocol of the Animal 
Health Laboratories, Division of Agriculture, and Western 
Australia [13]. Killed T. gondii (RH strain) tachyzoites were fi xed 
on a Tefl on printed slides and were incubated with 20 μl of the 
two-fold diluted sera starting at 1:8, for 1 hour at 37 ºC in moist 
chamber. Goat anti-chicken IgG conjugated to fl uorescein 
isothiocyanate (FITC) (Southern Biotech, USA) was then added 
to the slides, and incubated for a further 1 hr. Following a 
rinse, the slides were interpreted under fl uorescent microscope 
at 400x magnifi cation. Positive and negative control were 
included with each slides, and a titer of ≥ 1:16 is defi ned as 
positive result. 

Statistical analysis

Statistical analyses were conducted using Fisher’s exact test 
and Chi Square Test (2). The alpha level was set at a standard 
level of 5% for statistical tests. Results were considered 
signifi cant when p<0.05. Statistical analyses were performed 
using the R x 64.3.3.0 software with one or two-tailed 
signifi cance level of 5%. Furthermore, Kappa coeffi cient was 
used to estimate the agreement between serological techniques 
for the detection of T. gondii antibodies. Binomial model was 
used to calculate the 95% confi dence interval.

Results

T. gondii antibody titer in inoculated chickens

Following T. gondii inoculation, no chickens showed 
any clinical sign and symptom specifi c or suggestive to 
toxoplasmosis, however, one chicken in group 2 (higher dose 
of inoculation) died before day 30. The earliest detection of T. 
gondii antibodies was at 7 days post-inoculation in one chicken 
(C4) in group 1 with titer of 1:32 and another (C9) in group 
2 with titer of 1:64 by IFAT. Although, MAT could not detect 
any positive chicken in group 1 within 7 days post inoculation, 

one (C9) in group 2 showed seropositive titer at 1:100 (Table 
1). Antibodies were detected in all infected chickens by day 14 
showing titers ranging from 1:64 to 1:1024 by IFAT and from 
1:100 to 1:400 by MAT. At day 30, more than half of seropositive 
showed stable or lower titer by both IFAT and MAT. All control 
chicken sera were found negative by both serological methods.

Prevalence of T. gondii infection in free-range chickens 
and agreement between both techniques

Table 2 showed the number of Toxoplasma seropositive 
in free-range chickens from two villages, Kangpralom and 
Wangpow for the two sampling years, 2014 and 2015. Over the 
2 periods of sampling, the overall prevalence was 17.7% with 

Table 1: T. gondii antibody titers detected by IFAT and MAT in experimental infected 
chickens (n = 10).

Experimental 
chicken 
(code)

T. gondii 
inoculation 
(cells/ml)

Period of serum sample collected after inoculation 
(day)

IFAT titer (cut off 1:16) MAT* titer (cut off 1:10)

1 3 5 7 14 30 1 3 5 7 14 30

 Group 1 

C1 10,000 - - - - 1024 512 - - - - 20 20

C2 10,000 - - - - 512 512 - - - - 40 20

C3 10,000 - - - - 1024 512 - - - - 20 10

C4 10,000 - - - 32 128 128 - - - - 10 20

C5 NSS1 - - - - - - - - - - - -

 Group 2

C6 40,000 - - - - 1024 1024 - - - - 400 20

C7 40,000 - - - - 512 128 - - - - 400 80

C8 40,000 - - - - 64 64 - - - - 400 20

C9 40,000 - - - 64 256 death - - - 100 400 death

C10 NSS1 - - - - - - - - - - - -
1 NSS, Normal saline solution; *in-house MAT.

Table 2: Toxoplasma seropositive results in 600 free-range chickens from 2 villages 
of Saiyok district, Kanchanaburi Province.

Number of collected 
chickens from villages

Number of Positive T. gondii antibody
% (95%CI))

p-value
between villages

MAT**
(titer ≥ 1:10)

IFAT
(titer ≥ 1:16)

Year 2014 

Kangpralom 
155 17

10.96% (6.5-17.0)
30

19.35% (13.5-26.5)
0.85 (MAT)

0.07 (IFAT)
Wangpow

145 17
11.72% (7.0-18.1)

41
28.28%(21.1-36.3)

Total
300 34

11.3% (8.0-15.5)
71

23.7% (19.0-28.9)

Year 2015

Kangpralom 
138 25

18.11%(12.1-25.6)
61

44.2%(35.8-52.9)
0.03 (MAT)

0.06 (IFAT)
Wangpow

162 47
29.01%(22.2-36.7)

66
40.74%(33.1-48.7)

Total
300 72

24.0% (19.2-28.8)
127

42.3% (36.7-47.9)

Over all Total 
(2014+2015)

600 106
17.7% (14.6-20.7)

198
33.0% (29.2-36.8)

** Commercial MAT
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MAT vs 33.0% with IFAT. The positive results in the year of 
2014 were 11.3% (95% CI=8.0-15.5) and 23.7% (95% CI=19.0-
28.9) by MAT and IFAT, respectively. In 2015, the positive 
results were approximately double, respectively 24.0% (19.2-
28.8) and 42.3% (36.7-47.9) by both methods. This may due 
to older chickens tested in the later than the former year. 
Toxoplasma IgG antibody prevalence in Wangpow village in 
2015 was signifi cantly higher than in Kangprolom (29.0% 
v.s. 18.1%; p-value = 0.03) by MAT (Table 2). There is poor 
agreement between the two assays with k = 0.09 (Table 3). 

Discussion

The overall prevalence of T. gondii in Thai free-range 
chickens determined by IFAT and MAT in this study were 33.0% 
and 17.7%, respectively. The results of the year 2014 revealed 
approximately 2 times higher than the 2015’s by both methods. 
This may be because of the older chickens in later year were 
examined. Our results showed much lower than the previous 
study in Thailand that reported the prevalence by IFAT of 64% 
by IFAT in 1-year chickens from Bangkok [14]. A study from 
Kenya [15] also reported high prevalence as 79.0% in 2-years 
chickens. These results support the hypothesis that the longer 
the chickens are exposed to their bare ground environment, the 
higher Toxoplasma antibody was found. 

The 33.0%-42.3% prevalence by IFAT observed in this 
study were similar to the 40.5% prevalence reported in Costa 
Rica [16], but lower than in Brazil (53.6%) [17] and in Kenya 
(79%) [15]. The difference might be due to higher cat density 
in those areas, or suitable temperature for T. gondii oocysts 
survival. Toxoplasma seropositive in human and other warm-
blooded animals in those regions were high compared to 
Thailand, suggesting a higher level of soil contamination by 
oocysts and in a general way a more important circulation of 
the parasite in the environment from these areas. Actually, a 
higher prevalence was expected in the present study as the 
study sites were suitable for T. gondii transmission among its 
defi nitive and intermediate hosts including cats, dogs, chickens 
and human, which shared the same bare-ground environment. 
However, in Thailand in general Toxoplasma seroprevalence 
was about 30% in human [18] and very low as 7.3% in stray 
cats [19]. Sukthana [20] suggested that may be because of the 
high temperature and strong sunlight which inactivate oocysts. 
Furthermore, even though Thai domestic and stray cats are 
kept outdoors, they are fed on rice and well cooked fi sh.

When using MAT, T. gondii antibody were found 11.3% in 
2014 and 24.0% in 2015. This was relatively similar to other 
countries where the seropositivity of T. gondii in free-range 
chickens determined by MAT were 17.9% in India [21], 18.8% in 

Northeastern China [22], 24.2% in Vietnam, 24.4% in Indonesia 
[23]. For comparison, seroprevalence in chickens seems higher 
in Africa and South America with 30.5% in Central Ethiopia 
[24], 40.4% in Nigeria [25], 38.8% in Brazil as well as 50.3% 
and 51.1% in rural and urban environments from Gabon [26]. 

There are several serological methods that are commonly 
used in Toxoplasma laboratories; the Sabin-Feldman dye 
test is recommended for human toxoplasmosis diagnosis, 
whereas indirect immunofl uorescent test (IFAT) and modifi ed 
agglutination test (MAT) are amongst the preferably used 
methods for T. gondii antibodies detection in various animal 
species. Those techniques are, however, present with some 
limitations for diagnosing toxoplasma infection [27]. Such as 
IFAT requires special equipment or appropriate anti-species 
serum. MAT is simple, easy to perform and does not require 
those [7], however, some articles seems to call into question 
the fact that this technique can be applied to all animal species 
[28]. In this study, both IFAT and MAT were used and able 
to detect T. gondii antibodies in all inoculated chickens. IFAT 
detected Toxoplasma IgG antibody with the titer of 1:32 at the 
earliest on day 7 in one chicken even in the group inoculated 
with lower concentration (Group 1 = 10,000 tachyzoites/ml), 
while MAT was unable to detect any. One chicken, inoculated 
with the higher concentration at 400,000 tachyzoites/ml, 
was seropositive at the titer of 1:64 by IFAT and 1:100 by MAT 
at day 7. This might be due to storage and travel conditions 
that affected in-house MAT antigen. Thus, we designed to 
use Toxo-Screen DA (BioMérieux®) instead of MAT to detect 
Toxoplasma prevalence in naturally free-range chickens. The 
principle of Toxo-Screen DA (BioMérieux®) is identical to MAT 
technique, but the condition of storage of this commercially 
available antigen was better than that of in-house MAT. The 
results from the present study bear some resemblance to other 
experimental chicken studies, who demonstrated that IFAT was 
able to detect T. gondii antibodies in chickens at fi rst to second 
week post-inoculation, when infected with 1.5 x 107 T. gondii 
tachyzoites (RH strain) injected muscularly [14], or fed with 
103 or 105 T. gondii oocysts K7 (avirulent) strains [29]. Similarly, 
after chickens was fed with 103 or 105 of ME49 oocysts, MAT 
was able to detect antibody at 1:100 serum dilutions at day 15 
post-inoculation [30]. 

Although IFAT was defi ned as the gold standard test for T. 
gondii antibody detection in cow and pig [9,31], this technique 
however has not been validated in chicken. The higher 
seroprevalence in free-range chickens detected by IFAT than 
MAT in this study might be due to some explanations: fi rstly, 
false positives IFAT reactions due to non-specifi c fl uorescent 
labelling with limited number of T. gondii tachyzoite or to 
variations in the brightness of fl uorescein [31,32]. Secondly, 
agglutination test is less sensitive than IFAT, as shown by 
our experimental chickens results, therefore, MAT may 
have detected less positive cases in naturally chickens [30], 
comparing the sensitivity and specifi city of serological tests 
with bioassay in mice, found 48.0% of false positive rate for 
IFAT and 32.0% of false positive rate by MAT. This suggests 
that there is no reliable serological technique as shown by the 
low kappa coeffi cient found in our study.

Table 3: Comparison of IFAT and MAT for T. gondii antibody detection in Thai free-
range chickens.

IFAT
MAT Kappa coeffi  cient

Negative Positive Total

0.09
Negative 342 60 402

Positive 150 46 196

Total 492 106 598
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Most conventional serological tests require whole-cell of 
T. gondii tachyzoites from mice or cell culture, which lacks 
of standardization between laboratories, therefore, may 
give inaccurate and non-specifi c results [33]. Recently, the 
recombinant antigens of secretory microneme proteins (MIC3), 
rhoptry proteins (ROPs), rhoptry neck proteins (RONs), and 
dense granule antigens (GRA) were developed as an alternative 
method for Toxoplasma sero-diagnosis for both humans and 
animals, and demonstrated to be more sensitive and specifi c 
at detecting T. gondii antibodies in multiple animal species 
compared to MAT and IFAT [33-38]. Specifi cally, Sun and 
colleagues reported >90% agreement between recombinant 
GRA1, GRA7 and Toxoplasma soluble antigens (TSA) for T. gondii 
antibody detection in chickens, with GRA7 showed higher 
sensitivity and specifi city than GRA1 and TSA [40]. To establish 
good epidemiological data of toxoplasmosis, additional other 
serological tests such as ELISA or recombinant antigen based 
diagnostic technique, bioassays and polymerase PCR based 
assays was recommended. Some reports found that using ELISA 
to detect T. gondii antibody in free-range chickens is seemingly 
more specifi c and sensitive than IFAT and MAT [30,41]. 

In the present study, both IFAT and MAT were able to detect 
T. gondii antibody in chickens as an indicator for contamination 
in environment. Despite comparatively different prevalence 
determined by the two diagnostic methods, the data indicates 
contamination of T. gondii in chickens and ultimately in the 
environment in rural area of Thailand. Even though chicken 
meat is normally consumed well-cooked in Thailand, care 
should be taken when handling undercooked meat to reduce 
the spreading of T. gondii infection to other animal hosts. 
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