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Toxoplasma gondii is an ubiquitous apicomplexan parasite 
that can cause toxoplasmosis in a wide range of warm-blood-
ed animals including humans [1,2]. It is prevalent in most ar-
eas of the world, and approximately 1/3 of the human popu-
lation is estimated to be chronically infected with this parasite. 
The global prevalence of T. gondii human infection varies 
widely depending on geographic and climatic factors, socio-
economic status, cultural habits and the nutritional customs 
[3]. Humans are usually infected with the parasite by ingesting 
tissue cysts in undercooked or raw meat or by consuming food 
or water contaminated with oocysts shed by cats [4,5]. Clini-
cally serious T. gondii infection can be acquired by congenital 
transmission from mother to fetus through the placenta dur-
ing pregnancy [4,5]. Blood transfusion and organ transplanta-

tion are also potential routes of transmission [1,2]. T. gondii 
infection is usually asymptomatic or induces only mild clini-
cal symptoms in immunocompetent adults and children; 
however, it can result in diverse clinical manifestations such as 
lymphadenitis, meningoencephalitis, or ocular toxoplasmosis 
in immunocompromised patients. Congenital transmission 
can lead to serious clinical consequences such as intracranial 
calcification, mental retardation, chronic chorioretinitis, hy-
drocephalus, and even fetal death [2,6].

Serological tests for T. gondii-specific antibodies are one of 
the most commonly used laboratory diagnostic methods for 
toxoplasmosis as an initial screening approach. Immunoglob-
ulin M (IgM) antibody has been proposed as a marker of acute 
infection as this antibody usually appears in 1 week after the 
initial exposure [7]. IgM antibody level increases in a short pe-
riod, declines gradually, and maintains for several months. On 
the other hand, IgG antibody is usually produced at several 
weeks after the initial infection and provides long-term protec-
tion. Therefore, the detection of specific IgM antibodies fol-
lowed by specific IgG antibodies has been established for the 
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Abstract: Toxoplasma gondii is an apicomplexan parasite that can cause toxoplasmosis in a wide range of warm-blood-
ed animals including humans. In this study, we analyzed seroprevalence of T. gondii among 467 school children living in 
the rural areas of Pyin Oo Lwin and Naung Cho, Myanmar. The overall seroprevalence of T. gondii among school children 
was 23.5%; 22.5% of children were positive for T. gondii IgG, 0.4% of children were positive for T. gondii IgM, and 0.6% 
of children were positive for both T. gondii IgG and IgM. Geographical factors did not significantly affect the seropreva-
lence frequency between Pyin Oo Lwin and Naung Cho, Myanmar. No significant difference was found between males 
(22.2%) and females (25.0%). The overall seroprevalence among school children differed by ages (10 years old [13.6%], 
11-12 years old [19.8%], 13-14 years old [24.6%], and 15-16 years old [28.0%]), however, the result was not significant. 
Polymerase chain reaction analysis for T. gondii B1 gene for IgG-positive and IgM-positive blood samples were negative, 
indicating no direct evidence of active infection. These results collectively suggest that T. gondii infection among school 
children in Myanmar was relatively high. Integrated and improved strategies including reinforced education on toxoplas-
mosis should be implemented to prevent and control T. gondii infection among school children in Myanmar.
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diagnosis of recently acquired toxoplasmosis [7]. Seropreva-
lence studies of T. gondii infection among school children have 
been conducted in several countries including Brazil, China, 
Iran, Mexico, Nigeria, the Republic of the Marshall Islands, the 
United Arab Emirates (UAE) and the United States of America 
(USA) [8-16]. It is important to conduct prevalence study in 
school children since the infected children can manifest symp-
tomatic toxoplasmosis later in life, even if they do not present 
symptoms at present. Nevertheless, serologic studies of T. gon-
dii infection in school children are limited in Myanmar. This 
study aimed to evaluate the seroprevalence of T. gondii among 
school children living in the rural areas of Pyin Oo Lwin and 
Naung Cho in Myanmar on 2017.

A total of 467 blood samples were collected from school 
children in 4 basic education high schools in Pyin Oo Lwin 
(22˚02′21.04′′ N, 96˚28′17.97′′ E), Mandalay Division, and 3 
basic education high schools in Naung Cho (22˚19′52.76′′ N, 
96˚48′00.97′′ E), Shan State, Myanmar, in August and Decem-
ber 2017 (Fig. 1). Written informed consent was obtained 
from all children or legal guidances before blood collection. 
Basic information, including gender, address, and age were 
also obtained. The age of the children enrolled in this study 
ranged from 10 to 16 years old. Approximately 1 ml of venous 
blood was drawn from each participant, labeled individually, 

and cooled with ice packs to maintain the temperature at 4˚C 
during transportation to the laboratory. The serum was sepa-
rated from the whole blood by centrifugation at 3,000 rpm for 
5 min and stored at -76˚C until use. The study protocol was re-
viewed and approved by the Ethics Committee of the Ministry 
of Health, Myanmar (97/Ethics 2015), and the Biomedical Re-
search Ethics Review Board of Inha University School of Medi-
cine, Republic of Korea (INHA 15-013).

All serum samples were screened for anti-T. gondii IgG and 
IgM antibodies by enzyme-linked immunosorbent assay (ELI-
SA). The ELISA kits used in this study were the Human Anti-
Toxoplasma gondii IgG ELISA Kit (Abcam, Cambridge, UK) and 
the Human Anti-Toxoplasma gondii IgM ELISA Kit (Abcam). All 
ELISA processes were performed following the manufacturer’s 
instructions. The optical density (OD) values were read at 450 
nm using the Multiskan™ FC Microplate Photometer (Thermo 
Scientific, Waltham, Massachusetts, USA). An OD value simi-
lar to or greater than the threshold value was considered posi-
tive.

Blood samples were further analyzed by molecular method 
to detect active T. gondii infection. Genomic DNA was extract-
ed from 200 μl of whole blood samples using the QIAamp 
Blood Kit (Qiagen, Valencia, California, USA) according to the 
manufacturer’s instructions. The DNA samples were evaluated 

Fig. 1. Map of the study areas. Community-based survey for anti-Toxoplasma gondii antibodies was performed.
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by polymerase chain reaction (PCR) targeting the T. gondii B1 
gene using the primers, Toxo-B5 (5′-TGAAGAGAGGAAACAG-
GTGGTCG-3′) and Toxo-B6 (5′-CCGCCTCCTTCGTCCGTCG-
TA-3′) [17]. The amplification step included 1 cycle of dena-
turation at 94˚C for 5 min, 35 cycles of denaturation at 94˚C 
for 1 min, annealing at 60˚C for 1 min, and extension at 72˚C 
for 1 min, and a final extension step at 72˚C for 3 min. In each 
PCR amplification step, genomic DNA extracted from T. gondii 
RH strain was included as a positive control. The PCR prod-
ucts were subjected to electrophoresis on a 2% agarose gel, 
stained with RedSafeTM Nucleic Acid Staining Solution (Intron, 
Seongnam, Korea), and visualized under a UV transillumina-
tor (Analytik Jena US LLC, Upland, California, USA).

Statistical analysis was performed with the SPSS v.20.0 soft-
ware package (SPSS Inc., Armonk, New York, USA). The rela-
tive proportions were calculated using a confidence interval 
(CI) of 95%. The Pearson’s chi-square and Fisher’s extract tests 
were used to analyze the differences in the seroprevalences of 
anti-T. gondii IgG and IgM according to sex, age, and area. 
Odds ratio (OR) with their 95% CI for various risk factors as-
sociated with seropositivity were estimated and P-values of 
< 0.05 were considered statistically significant.

A total of 467 blood samples collected from school children 
aged 10-16 years in Myanmar were analyzed for anti-T. gondii 
IgG and IgM by ELISA. The overall seroprevalence of T. gondii 

was 23.5%; 22.5% (95% CI= 18.9-26.4) of children were pos-
itive for anti-T. gondii IgG antibodies, 0.4% (95% CI= 0.1-1.4) 
of children were positive for IgM, and 0.6% (95% CI= 0.2-1.7) 
of children were positive for both IgG and IgM (Table 1). 
There was no significant difference in the seroprevalence of T. 
gondii between males (22.2%) and females (25.0%) (P =  
0.480) (Table 2). The overall seroprevalence of T. gondii was 
increased with increasing age (Table 2). The prevalence 
(28.0%, OR= 2.5, 95% CI= 0.7-9.0) among older school chil-
dren (15-16-year-olds) showed highest positive serology com-
pared with other groups, 10-year-olds (13.6%), 11-12-year-
olds (19.8%), and 13-14-year-olds (24.6%). The seropreva-
lence of T. gondii among school children in Naung Cho 
(25.0%) was slightly higher than that among school children 
in Pyin Oo Lwin (22.6%); however, the result was not statisti-
cally significant (P = 0.497). There was no positive amplifica-
tion of the T. gondii B1 in all of the seropositive samples.

Myanmar is a country in a subtropical area, and various 
kinds of parasitic diseases are highly prevalent like other 
Southeast Asian countries. High humidity and warm climate, 
which may affect the survival of oocysts of T. gondii in the envi-
ronment [18], may provide the favorable conditions for the 
development of T. gondii. However, only a few serological 
studies have been conducted for toxoplasmosis in Myanmar. 
In this study, the seroprevalence of T. gondii among school 

Table 2. Socio-demographic characteristics and seroprevalence of Toxoplasma gondii antibody among school children in Naung Cho 
and Pyin Oo Lwin, Myanmar						    

Variables Group No. of tested Positive rate (%) Odds ratio (95% CI) P-value

Gender Male 243 22.2 Referent
Female 224 25.0 1.2 (0.8-1.8) 0.48

Age 10 22 13.6 Referent
11-12 121 19.8 1.6 (0.4-5.7)
13-14 224 24.6 2.1 (0.6-7.2)
15-16 100 28.0 2.5 (0.7-9.0) 0.34

Geographical region Naung Cho 149 25.0 Referent
Pyin Oo Lwin 318 22.6 0.9 (0.5-1.3) 0.497

Table 1. Seroprevalence of anti-Toxoplasma gondii IgG and IgM antibodies in 467 school children in Naung Cho and Pyin Oo Lwin, 
Myanmar						   

Antibodies No. of tested Positive rate (%) Confidence interval (95%)

IgG+, IgM− 105 22.5 18.9-26.4
IgG+, IgM+ 3 0.6 0.2-1.7
IgG−, IgM+ 2 0.4 0.1-1.4
IgG−, IgM− 357 76.5 72.4-80.1
Total 467 100.0

+, positive; -, negative.						    
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children living in the rural areas of Pyin Oo Lwin and Naung 
Cho in Myanmar was investigated on 2017. The prevalence of 
T. gondii infection is different between countries or communi-
ties even in the same region [19]. In this study, the overall se-
roprevalence of T. gondii among the school children in this 
study was 23.5% (110/467), which is comparable to that in 
other studies involving primary school children in southern 
Nigeria (24.0%), school children in Iran (22.0%), and high 
school students in Mexico (22.4%) [9,10,20]. Meanwhile, the 
prevalence in Myanmar was higher than that in other coun-
tries including the USA (10.8%), the UAE (12.5%), China 
(16.0%), Cyrus (6.5%), and Brazil [14], but much lower than 
that in West Africa (63.1%) [11] and the Republic of the Mar-
shall Islands (54.8%) [8,13-15,21]. The discrepancy in serop-
revalence rates between different countries may be attributed 
to differences in ethnicity, tradition/culture, and food habits 
[2,3]. Different serodiagnostic methods and sample size may 
also affect the overall seroprevalence rate of each country. 
However, the results of this study suggested that T. gondii infec-
tion among school children in Myanmar should not be ig-
nored. A previous study of the seroprevalence rates of T. gondii 
among school children in Myanmar in 1977 also revealed 
high levels of T. gondii antibodies in school children in Hlawga 
(43.8%) and Gyogon (28.4%) [22]. It is generally known that 
there is no gender-related difference in the seroprevalence of 
toxoplasmosis [2,23]. In the present study, the seroprevalence 
of T. gondii among female children (25.0%) was slightly higher 
than that among male children (22.2%), but not significant 
(P = 0.480). This may be attributed to the similar routes of T. 

gondii infection shared by male and female school children 
through common risk factors, such as playing in the soil and 
water or consuming undercooked meat and vegetables. The 
prevalence of anti-T. gondii antidodies is also known to in-
crease with age [2,10,13,15,23]. Consistent with the previous 
studies, the overall seroprevalence of T. gondii among Myan-
mar school children was increased with age.

The presence of cats, hygienic conditions, sociocultural hab-
its, and environmental conditions, are closely related to the 
prevalence of T. gondii [2,23]. In this study, there was no sys-
tematic questionnaire for the school children to access risk fac-
tors for T. gondii infection. However, young children are usual-
ly vulnerable to T. gondii infection due to their behavioral hab-
its, which involve a higher environmental exposure and a lack 
of awareness for avoiding the risk of infection [12-15]. Sub-
stantial levels of T. gondii infections were reported in domestic 

goats (11.4%) and wild insectivorous bats (29.3%) [24,25] in 
Myanmar, suggesting widespread T. gondii infection among 
domestic and wild animals in Myanmar. The ingestion of un-
dercooked meat and unpasteurized milk and cheese from T. 
gondii-infected goats can be a potential cause of infection in 
humans [26]. Therefore, direct or indirect contact with stray 
cats or animals, poor hygiene conditions, and consuming un-
dercooked meat and raw vegetables may contribute to T. gondii 
infection among school children in Myanmar. Congenital 
transmission cannot be ruled out as a potential source of in-
fection considering the high seroprevalence rate of T. gondii 
among Myanmar pregnant women [27,28]. The seropreva-
lence of T. gondii among refugee and migrant Myanmar preg-
nant women along the Thailand-Myanmar border reported as 
31.7% [28]. The seroprevalence among Myanmar pregnant 
women in Yangon was reported as 30.70% (95% CI= 27.9-
37.2) [27]. A lack of awareness of toxoplasmosis is likely to be 
one of the most key factors contributing to the high prevalence 
among Myanmar pregnant women. Young girls who are in-
fected with T. gondii in their childhood are not at risk for the 
transmission of T. gondii at the present stage; however, T. gondii 
infection can cause transplacental transmission when they are 
pregnant as adults. Therfore, more attention should be given 
to young girls to prevent any kind of potential transmission in 
the future. With the rapid spread of HIV/AIDS in Southeast 
Asian countries [29], toxoplasmosis should be controlled be-
casue it can lead to life-threatening or fatal conditions. Further 
studies are necessary to understand the risk factors and possi-
ble transmission routes of T. gondii infection in Myanmar 
school children. Reinforced education to enhance awareness 
of toxoplasmosis and prevent transmission of the disease also 
would be necessary for school children in Myanmar.

In conclusion, this is the first community-based survey to 
analyze the seroprevalence of T. gondii among school children 
in Myanmar. The present study demonstrated the prevalence 
of T. gondii among the school children with an overall serop-
revalence rate of 23.5%. This study highlights the urgent ne-
cessity of integrated and improved strategies including public 
health education for the prevention and control of T. gondii in-
fection in young school children, especially young girls. Addi-
tional larger community-based studies in a wide range of geo-
graphical locations are also needed to clarify the prevalence 
rates of toxoplasmosis among school children in Myanmar.
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