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Abstract 

Toxoplasma gondii, an intracellular protozoan parasite, is a major public health concern 

throughout the world. Importantly, toxoplasmosis has several adverse effects, including 

neurological and ocular diseases. There are currently no data on the prevalence of T. 

gondii infection in humans or animals in North Sulawesi, although Indonesia is known 

to have a high seroprevalence of this parasite. In this study, the prevalence of T. gondii 

was determined in samples of humans and pigs from North Sulawesi using the latex 

agglutination test. In total, 856 human were sampled and 58.5% of whom were positive 

for T. gondii. Although the antibody prevalence in male and female children aged 0–9 

years was less than 10%, the prevalence in individuals over 10 years old was more than 

40% in both sexes, suggesting that the transmission rate of the parasite to humans is 

extremely high in this area. However, the overall prevalence of T. gondii in pigs was 

only 2.3%. Our study indicates a high incidence of T. gondii infection in humans. 

Therefore, a survey of the prevalence of T. gondii among different infection sources is 

required to determine the major risk factors for infection in North Sulawesi. 
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1. Introduction 

 Toxoplasmosis caused by the obligate apicomplexan intracellular protozoan 

Toxoplasma gondii is an important cause of miscarriage or adverse fetal effects, 

including neurological and ocular diseases, and may also have sequelae later in the life 

of an infected neonate [1]. This parasite can infect most genera of warm-blooded 

animals and is estimated to infect 30%–50% of the human population globally [2]. The 

definitive hosts of T. gondii are members of the felid family, which shed oocysts in their 

feces [3]. The oocysts are remarkably stable in the environment, and are transmitted to 

other hosts through their inadvertent ingestion. Therefore, raw or undercooked meat 

from intermediate hosts, such as sheep, goats, pigs, and chickens, is potentially 

infectious if ingested by humans or other animals [4]. 

 The prevalence of toxoplasmosis varies greatly between countries and even within 

different regions of the same country [5]. This may be attributable to the distribution of 

the infection source, cultural practices, or hygiene habits. The lowest seroprevalence 

(less than 1%) is found in some countries in the Far East, whereas the highest (more 

than 90%) occurs in some parts of European and South American countries [6]. The 

prevalence of T. gondii in Indonesia, one of the strongly affected countries, is estimated 

to be around 50%. Although several studies have reported a high prevalence of T. 

gondii in different regions of Indonesia, there has been no survey of its occurrence in 

North Sulawesi. In this study, we investigated the seroprevalence of T. gondii in 

humans and pigs in North Sulawesi to supplement the existing epidemiological data for 

T. gondii in Indonesia. 
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2. Materials and methods 

2.1. Sample population 

 Humans were sampled in Manado, Bolmong, Sangihe Talaud, Minahasa, Bitung, 

and others (north maluku, gorontalo) in North Sulawesi, Indonesia. Serum samples (N = 

856) were randomly collected between January 2016 and March 2016 in the 1st sample 

collection. In the 2nd sample collection, 156 human aged 0–20 years were sampled in 

Bitung. The details of the various groups of humans and the geographic locations of the 

collection sites are shown in Tables 1 and 2, respectively, and in Figure 1. The study 

was reviewed and approved by the Institutional Review Board of the Faculty of 

Medicine, Sam Ratulangi University, Manado, Indonesia (03/KEP/I/2016). Written 

informed consent was obtained from all the participants. 

 Pigs were sampled in Manado, Tomohon, Minahasa, and Bitung in North 

Sulawesi, Indonesia. The serum samples were collected in June 2015. The details of the 

geographic locations of the collection sites are shown in Table 3 and Figure 1. 

 

2.2. Blood collection 

 Venous blood (1 ml) was drawn from the cubital veins of humans and from the jugular 

veins of pigs. The plasma was isolated from each blood sample by centrifugation at 

2,000 ×g for 10 min and stored at −30 °C until analysis. 

 

2.3. Latex agglutination test (LAT) 

 To detect T. gondii infections, the sera were tested with LAT using 

Toxocheck-MT (Eiken Chemical, Tokyo, Japan), according to the manufacturer’s 

instructions. Samples were considered positive when agglutination was observed at a 
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dilution of 1:32. The antibody reactivity to Toxoplasma antigen (rated from 0 to 3) was 

estimated by the sedimentation pattern, according to the manufacturer’s instructions. 

 

 

3. Results 

 Human serum samples from North Sulawesi, Indonesia, were tested for 

anti-Toxoplasma antibodies. Of the 856 human sera in the 1st sample collection, 501 

(58.5%) were seropositive for T. gondii (Table 2). According to the sampling location, 

the prevalence rates were 221/392 (56.4%) for Manado, 14/25 (56.0%) for Bolmong, 

15/28 (53.6%) for Sangihe Talaud, 72/115 (62.6%) for Minahasa, 171/282 (60.6%) for 

Bitung, and 8/14 (57.1%) for others (north maluku, gorontalo). The prevalence for T. 

gondii did not differ significantly among the sampling sites. 

 To analyze the age-related prevalence of T. gondii, the sera of 156 humans aged 

0–20 years from Bitung, obtained with the 2nd sample collection and 856 humans in the 

1st sample collection, were analyzed (Fig. 2). Although there was no statistically 

significant difference in the prevalence for T. gondii between male and female 

individuals, the T. gondii-positive rate increased significantly after 10 years of age (Fig. 

2A). Serum antibody reactivity to Toxoplasma antigen also tended to increase with age 

(Fig. 2B). 

 Because the infection of humans by T. gondii is mediated by the meat of the 

infected animals, the seroprevalence of this parasite in pigs was examined in North 

Sulawesi (Table 3). The prevalence rates were 0/11 (0%) for Manado, 1/76 (1.3%) for 

Tomohon, 4/71 (5.6%) for Minahasa, and 2/152 (1.3%) for Bitung. The total prevalence 

of T. gondii across these locations was 7/310 (2.3%). 
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4. Discussion 

 This study is the first to report the prevalence of T. gondii in North Sulawesi, 

Indonesia. The overall prevalence of T. gondii in humans was 58.5%, which is similar 

to that reported in previous studies of West Java (Surabaya, 58% [7], Jakarta, 70% [8]), 

and East Java (Sidoarjo, 64% [9]). In a study undertaken in the Malili area of South 

Sulawesi, 62% of humans were seropositive for T. gondii [10], and a high 

seroprevalence was also reported in West Papua (Irian Jaya, 65% [11]). Toxoplasma 

gondii infection has also been observed in humans in other parts of Indonesia, with rates 

of 30.8% in Surakarta (Central Java [12]), 3% in West Kalimantan (Borneo [13]), 9% in 

North Sumatra [14], and 27.1% in Lindu Valley (Central Sulawesi [15]). Therefore, 

compared with the nationwide prevalence of T. gondii in Indonesia, the prevalence of 

human infections in North Sulawesi is relatively high. 

 Our study shows that T. gondii infections in human in North Sulawesi are 

associated with age, with their prevalence increasing after 10 years of age. Similar 

results have been reported from East Java, in both Surabaya [7] and Sidoarjo [9], and in 

the Malili area of South Sulawesi [10]. In northeast Bali, the prevalence of infection 

among children and teenagers is 3.1% [16]. Although one study reported that the 

prevalence of anti-T. gondii antibodies does not increase with age in Irian Jaya (West 

Papua) [17], age is still a risk factor for T. gondii infection in Indonesia. 

     In this study, children aged 0–1 years were not seropositive for T. gondii, so the 

vertical transmission of the infection is unlikely. Therefore, the transmission of the 

parasite from food and the environment must be considered. Although most (> 80%) 
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Indonesians are Muslim [18], most people in North Sulawesi are protestant Christians 

and Chinese. Therefore, pigs are an important food animal in North Sulawesi. However, 

in this study, the overall prevalence of T. gondii in pigs was only 2.3%. Pork provided 

from intensive farm is now popular in North Sulawesi while non-intensive local farm 

provides pork in rural area. The pig samples were collected from intensive farming 

systems, so this low seropositive rate could be attributable high standards of veterinary 

care, close animal observation, and good biosecurity measures. However, previous 

studies have also shown relatively low prevalence rates of T. gondii among pigs in 

Indonesia, with 3.6% in Bandar Lampung (Sumatra) and 9.2% in Ujung Pandang 

(Sulawesi) [19]. We also found that 14.6% of pigs were seropositive for T. gondii in 

West Java [20]. Therefore, because the prevalence of T. gondii is much higher in 

humans than in pigs, pigs may not be a major infection source for human infection. 

 Several studies have reported the prevalence of T. gondii in other animal species 

in Indonesia. In cattle, we detected T. gondii seropositive rates of 14/94 (14.9%) in 

Manado in 2006 and 7.4% in West Java in 2015 [20]. Toxoplasma gondii infections 

were also observed in cattle in Lampung Province, southern Sumatra (9.9%) [21]. More 

importantly, the prevalence of T. gondii in goats is higher than in other animals, with 

47.5% in Lampung Province [21] and 61% in South Kalimantan [22]. Therefore, goat 

meat may be a significant source of Toxoplasma infection among humans in Indonesia. 

 Cat feces containing Toxoplasma oocysts are also a source of T. gondii infection 

in livestock animals. More cat-owning families had positive T. gondii antibody titers 

than families without cats in Lindu Valley, Central Sulawesi [15]. Although there are no 

recent studies on Toxoplasma infection in cats from Indonesia, previous report in 1976 

showed that 41% of cats were seropositive for T. gondii in South Kalimantan [22], 
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suggesting that soil contamination with T. gondii oocysts must be considered. The 

prevalence of T. gondii in free-ranging chickens is a good indicator of the prevalence of 

their oocysts in the soil, and 24.4% chickens are infected with T. gondii in Indonesia 

[23]. People in North Sulawesi also eat chicken, duck, bird, cat, dog and rat. Therefore, 

our next study will survey the prevalence of T. gondii in goats, cats, and chickens to 

determine whether they are major infection sources for human infection in North 

Sulawesi. 

 Toxoplasmosis is a common and serious central nervous system infection in 

patients infected with HIV [24]. In Indonesia, toxoplasmosis is always considered in 

HIV-infected patients with meningitis [25]. Toxoplasmosis is also associated with 

abortion and chorioretinitis, and these associations have been confirmed in Indonesia 

[11]. Because T. gondii is associated with several pathologies, epidemiological and 

ecological studies are required to confirm the causal relationship between these factors. 

The risk factors for toxoplasmosis in Indonesia must be investigated in more detail in 

future studies to understand its correlation with other diseases including epilepsy, 

obsessive compulsive disorder, and congenital abnormalities. 

 

 

5. Conclusion 

 This study provides valuable data on the high prevalence of T. gondii in humans 

in North Sulawesi, Indonesia, which will contribute to the development of future 

prevention and control strategies for toxoplasmosis. To determine the major risk factors 

for T. gondii infection in North Sulawesi, a survey of the prevalence of the parasite in 

different potential sources of infection is required. Additionally, isolation of viable 
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Toxoplasma from food animals and cats should be important for further epidemiology 

of toxoplasmosis in Indonesia. More research and effort by governmental and 

nongovernmental authorities are also required to minimize the rate of infection. 
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Figure legend 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Geographic distribution of the sampling sites used in this study. The names of 

the districts/cities are shown on the map. 
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Fig. 2. Age-related prevalence of antibodies against T. gondii (A) and the distributions 

of antibody titers (B) in male and female individuals sampled in the 1st and 2nd 

collections. Ages are grouped in 10-year increments. The antibody reactivity to 

Toxoplasma antigen (rated from 0 to 3) by the sedimentation pattern was shown in (B). 

*A statistically significant difference in the prevalence of T. gondii antibodies was 

observed between the 0–9-year and 10–19-year age groups with a χ2 test (P < 0.05). 



Table 1 
    Age and sex data for the 1st and 2nd sample collections 

    Age (years) Number of individuals Total 

 

Male Female 

  0 to 9 55 50 105 

10 to 19 34 37 71 

20 to 29 42 47 89 

30 to 39 44 56 100 

40 to 49 86 79 165 

50 to 59 105 106 211 

60 to 69 76 94 170 

70 to 79 41 42 83 

80 to 90 6 12 18 

 
  



Table 2 
         Seroprevalence of T. gondii in humans sampled in the 1st sample collection at different sites in North Sulawesi, 

Indonesia. 

 
          

Place 
Sample number 

Number of Toxoplasma 

positive sample 
% of Toxoplasma positive 

Male Female Total Male Female Total Male Female Total 

Manado city 190 202 392 113 108 221 51.1  48.9  56.4  

Bolmong (Bolaang Mongondow district) 18 7 25 10 4 14 71.4  28.6  56.0  

Sangihe Talaud district 13 15 28 7 8 15 46.7  53.3  53.6  

Minahasa district 62 53 115 34 38 72 47.2  52.8  62.6  

Bitung city 123 161 282 83 88 171 48.5  51.5  60.6  

Others (north maluku, gorontalo) 7 7 14 3 5 8 37.5  62.5  57.1  

Total 413 445 856 250 251 501 49.9  50.1  58.5  

                    

 
  



Table 3 
   Seroprevalence of T. gondii in pigs at different sites in North Sulawesi, Indonesia. 

        

Place Sample number 

Number of 

Toxoplasma 

positive sample 

% of Toxoplasma 

positive 

Manado city 11 0 0  

Tomohon city 76 1 1.3  

Minahasa district 71 4 5.6  

Bitung city 152 2 1.3  

Total 310 7 2.3  
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