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Abstract— Intestinal protozoa infections are still a major health 

concern in tropical countries and considered one of neglected 

tropical infections. Giardia lamblia as one of the human protozoa 

can cause significant morbidity. It is associated with lack of 

personal hygiene and environmental sanitation, such as 

inadequate toilet, lack of hand washing habit, unimproved water 

supply, and insufficient handling of foods. Some other protozoa 

such as Balantidium coli and Blastocystis hominis are correlated 

with the farming. However, data on the prevalence and risk 

factors is still scarce in Indonesia, Hence, this study was aiming 

to determine the correlation between the risk factors and the 

prevalence of protozoa infections among the community in 

Samosir Island, the island in the centre of Lake Toba, North 

Sumatera, Indonesia. 

This was an analytical study using cross-sectional design, 

conducted in 2015. Faecal samples were collected from 368 

participants and then examined microscopically for qualitative 

analysis. Demographic data and risk factors were also collected 

using questionnaires, which was then analysed using computer 

statistical analysis program for data description and correlation. 

The study found that 23.1% of faecal samples were positive for 

intestinal protozoa. Giardia lamblia was the most common 

infection (12.23%), followed by Blastocystis spp. (4.89%) and 

Entamoeba coli (4.35%). There were also mix infections between 

species, each comprises around 1%. Indiscriminate defecation, 

lack of sufficient hand washing, unprocessed drinking water, and 

swine farming showed strong correlation, all of which with p 

value < 0.05. However, there was no correlation showed with 

cattle farming and water source. 
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I. INTRODUCTION 

Intestinal protozoa infections remain a world 

health burden, inflicting a vast amount of morbidity 

and even mortality particularly in tropical and 

subtropical regions. The infection is most prevalent 

among community where water, hygiene and 

sanitation facilities are insufficient, especially in 

highly density residential areas or in rural settings 

[1], [2]. Several infectious diseases caused by 

intestinal protozoa have been classified as neglegted 

tropical infections. Global data has estimated that 

intestinal amoebiasis caused by Entamoeba 

hystolytica was ranked within top five most fatal 

parasite-related diseases in 2003 [3], whilst the 

prevalence of Giardia intestinalis infection was up 

to 30% among low- and middle-income countries 

[4], [5].  

Since intestinal protozoa is mainly transmitted 

through contaminated water, the lack of access to 

safe water source, unimproved hygiene and 

sanitation facilities are of the major contributors to 

the disease. The source of contamination includes 

excreta, both from human and animals, and other 

organic waste. Hence, this study was aiming to 

assess the prevalence of intestinal protozoa infection 

and its associated risk factors within the community 

in rural area of Samosir Island, Lake Toba Indonesia. 

The establishment of such data is hoped to be 

beneficial to recommend for control strategies and 

policies. 
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II. MATERIALS AND METHODS 

A. Study Design and Population 

A cross-sectional study was performed in 

Samosir Island Indonesia in September 2015. 

Geographically the island is located within Lake 

Toba (North Sumatera) between 2⁰21’38”-2⁰49’48” 

N latitude and 98⁰24’00”-99⁰01’48” E longitude. 

The altitude is 904m-2,157m above sea level with 

an average annual temperature ranging between 

14.6-32.9⁰C and a humidity rate of 85.04%. There 

were approximately 123,789 inhabitants in the 

district; almost 25% of which resides in the district’s 

capital. Over 70% of the labour working as farmers, 

the rest were in tourism and government sectors [6], 

[7]. 

B. Sampling and Data Collection 

A consecutive sampling, regardless of age or 

gender, was performed in community health centres 

of three villages from two subdistricts: Simanindo 

and Ronggur Nihuta. The selection of villages was 

made based on approval and willingness to 

participate by the head of municipals and 

community members. Two of the three villages were 

located at the lower land by the lake shore, whose 

utilized lake for their main water source. The other 

village was located in the higher land, which relied 

on the rain for its water source. This is due to the 

distant access to the lake and the rare availability of 

water springs and water wells. 

Villagers were required to provide a fresh 

morning stool sample to assess the presence of 

intestinal protozoa. Wide mouth screw capped 

plastic containers were distributed to community in 

selected villages prior to data collection, along with 

the instructions on collecting and handing over the 

specimen.  Villagers who turned up with stool 

samples to the study sites the following day were 

then included in the study. After obtaining consent, 

respondents were interviewed on demography and 

risk factors by trained personnel. Each sample was 

processed and examined microscopically twice for 

the presence of parasites by using lugol and normal 

saline. Participants with positive results were then 

treated with metronidazole. All of the participants 

were also generally examined by physicians and 

treated accordingly. 

C. Statistical Analysis 

Initially parasite prevalence was assessed 

descriptively by using Microsoft Excel 2007. Risk 

factors were identified using multivariate analysis. 

Associations between each variable were examined 

using Pearson’s Chi-square on proportion. An odds 

ratio was estimated for categorical variables. P-

values less than 0.05 were considered statistically 

significant. SPSS software (Statistical Package for 

the Social Sciences) for windows version 15 (SPSS, 

IBM, Chicago, USA) was employed for statistical 

analysis.  

III. RESULTS  

A. Descriptive Analysis and Prevalence of Intestinal 
Protozoa  

The study included a total of 368 villagers, 

consisted of 112 males (30.4%) and 256 females 

(69.64%). The age was ranging between 1 and 80 

years old, which were categorized into two age 

groups (Table 1). About 23.10% (85) of the 

participants were infected with at least one intestinal 

protozoa. Giardia intestinalis was the most 

prevalent species (12.23%; 45) followed by 

Blastocystis spp. and Entamoeba coli whose 

prevalence rates were 4.89% (18) and 4.35% (16) 

respectively (Table II). 

TABLE I 

PREVALENCE OF INTESTNAL PROTOZOA INFECTIONS BY GENDER AND AGE 

GROUPS IN SAMOSIR ISLAND INDONESIA (N=368) 

 

Charater-

istics 

Intestinal Protozoa 

Infection 
OR  

(95% CI) 
p value 

n Positive % 

Gender      

Male 112 24 21.43 0.87 
(0.51-1.49) 

0.615 
Female 256 61 23.83 

Age      

≤15 159 45 23.20 1.01 
(0.62-1.64) 

0.962 
>15 209 40 22.99 

TABLE II 

DISTRIBUTION OF INTESTINAL PROTOZOA INFECTIONS BY SPECIES IN 

SAMOSIR ISLAND INDONESIA (N=368) 

Protozoa Species n % 

No infection 283 76.90 

Giardia intestinalis 45 12.23 

Blastocystis spp. 18 4.89 

Entamoeba coli 16 4.35 

Giardia intestinalis + Entamoba coli 4 1.09 

Entamoeba coli + Blastocystis spp. 2 0.54 
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TABLE III 

DISTRIBUTION OF INTESTINAL PROTOZOA AMONG AGE GROUPS IN SAMOSIR 

ISLAND INDONESIA  

Intestinal Protozoa Infections 
≤15 >15 

n % n % 

Giardia intestinalis 25 55.56 20 50 

Blastocystis spp. 10 22.22 11 27.5 

Entamoeba coli 7 15.56 6 15 

G intestinalis + E coli 2 4.44 2 5 

E coli + Blastocystis spp. 1 2.22 1 2.5 

Total 45 100 40 100 

B. Intestinal Protozoa Infections and Risk Factors 

Risk factors associated with intestinal protozoa 

infections in relation to personal hygiene and 

environmental sanitation were assessed by 

multivariate analysis. The data on risk factors are 

summarized in Table IV. Five out of 7 risk factors 

observed showed significant relationship with the 

infection (p < 0.05).   

TABLE IV 

MULTIVARIATE ANALYSIS OF RISK FACTORS ASSOCIATED WITH INTESTINAL 

PROTOZOA INFECTIONS IN SAMOSIR ISLAND INDONESIA (N=368) 

 

Risk Factors 

Intestinal Protozoa 

Infection 
OR  

(95% CI) 
p value 

n Positi-ve % 

Toilet      

Inadequate 192 70 82.4 6.23 
(3.40-11.42) 

<0.0001* 
Adequate 178 15 17.6 

Hand washing 

before eating 
     

Insufficient 159 55 34.6 2.27 
(1.38-3.74) 

0.0001* 
Sufficient 209 30 14.3 

Hands washing 

after defecating 
     

Insufficient 188 68 38.2 5.43 
(3.04-9.72) 

<0.0001* 
Sufficient 180 17 9.4 

Household water 

source 
     

Open (lake, rain 
pool) 

316 75 23.7 
1.32 

(0.63-2.73) 
0.476 

Well/water 
spring/boorholes 

52 10 19.2 

Drinking water      

Unprocessed 96 55  10.82 
(6.22-18.84) 

<0.0001* 
Processed 272 30  

Swine farming      

Yes 136 47 34.6 2.69 
(1.64-4.43) 

0.0001* 
No 232 38 16.4 

Cattle farming      

Yes 142 35 24.6 1.15 
(0.70-1.89) 

0.58 
No 226 50 22.1 

*Significant correlation 

IV. DISCUSSION 

The study found a moderate prevalence of 

intestinal protozoa in the population. Giardia 

intestinalis was the most frequent, followed by 

Blastocystis spp. and Entamoeba coli. Similar 

prevalence of Giardia intestinalis was also found in 

other studies [1], [8]. These findings were relevant 

with the global data that revealed Giardia 

intestinalis as the most common protozoal infection 

in humans associated with drinking water [9], [10]. 

However, different studies in different part of the 

globe have reported variable findings. The 

predominant prevalent protozoa seems to vary 

depends on settings and population [1], [2], [11]-

[15]. Blastocystis spp. was found in low prevalence 

in this study. However, Blastocystis spp. is recently 

considered an under-reported parasite. Other study 

that employed PCR revealed much higher 

prevalence on this parasite [16].  

The study found no difference in relation to 

gender and age on the prevalence of intestinal 

protozoa. This is in line with other findings [16]-[18] 

and indicated that intestinal protozoa infection may 

or may not correlate to gender or age. Males and 

females of any age have equal opportunity to get 

infected, depends on the risk factors available in the 

setting. The differences might appear in the outcome 

of the infection, in which children and vulnerable 

group would increase susceptibility to the infection, 

thus suffer from more severe manifestation [5].  

Giardia intestinalis is known as pathogens whose 

infection can lead to severe morbidity and mortality, 

whilst the role of other protozoa found in this study, 

i.e. Blastocystis spp. and Entamoeba coli, remains 

uncertain [5], [19]. However, the presence of these 

protozoa might have indicated the sanitary level in 

the study population. 

It has long been established that enteric protozoa 

infection is associated with hygiene behaviour and 

environmental sanitation. This study found 

plausible correlation between the infection with 

defecation habit, lack of hand-washing habit, 

untreated drinking water, and possession of swine 

farming. Indiscriminate defecation plays an 

important role in the occurrence of infection. 

Unimproved latrine will increase the risk of human 

exposure to the infective stage of the parasites. The 

cysts can be transferred by vectors or pests to 

contaminate foods and water. Patients or carriers, 

both humans and animals, who defecate in open 

field or in inadequate toilet (e.g. pit latrine) will 
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release parasites that can be transmitted to other 

people by the means of mechanical vectors, wind or 

flood water [5].  

Humans are susceptible to infection with 

numerous species of intestinal protozoa which also 

have zoonotic potential [19]. The study suggested 

strong correlation between the possession of swine 

farming with the infection. This finding was in 

agreement with other study, in which Balantidium 

coli being the most prevalent protozoa in the pig 

farms [12]. Most of the swine and cattle farms in this 

study population were managed traditionally. In 

such farming, the farmers possess humble 

infrastructure, and animals are mostly targeted for 

limited market. Upon observation, we found that 

most of the pig farmers keep their animals around 

the house; the semi-confined or unconfined pigs 

were wandering in the house yards. The adjacent 

living between man and animals will eventually 

increase the risk of infection as both parties can 

share the same parasites. 

Interestingly, the correlation was not shown 

between cattle farming and the infection. This might 

be due to the nature of cattle farming in the study 

population. Unlike pigs, cattle were only kept in the 

house perimeter at nights. During the day farmers 

released the ungulates to feed in the grass fields, 

which were usually distant from houses. 

In relation to washing hand habit, the study found 

strong correlation with the infection (p < 0.05). 

Washing hands regularly with soap and water 

protects man from getting infected with the parasites 

[20], although other studies reported otherwise [1], 

[21]. Some records have documented that children 

engaged with washing habit had lower levels of 

medical leave from school [22], [23]. In Indonesia, 

since a lot of people eat with bare hands particularly 

in rural community, hand-washing is mostly 

practiced prior to eat than after defecation. 

Moreover, most toilets in Indonesia are wet toilet, in 

which it allows people to wash after defecating 

instead of a mere tissue paper. However, the use of 

soap along with water is not generally practiced.  

The hand-washing habit is also of paramount 

important among mothers and food handlers. A 

study in Bangladesh has documented that washing 

hands prior to preparing food has significantly 

reduced diarrhoea in children even without using 

soap [24]. Meanwhile a more recent study in 

Indonesia had an in-line report that mothers lacked 

hand-washing and food hygiene practice increased 

the risk of diarrhoea in children under 2 years old 

[25].  

People in the lower land are benefited from the 

lake. They utilized lake as the main water source for 

domestic needs, i.e. drinking and washing.   

People in the island also used the lake as 

recreational water. Children swam in the lake as part 

of playing and earning. Some children swam in the 

harbour to attract tourists; they would dive to catch 

coins thrown in to the lake by the visitors. A recent 

study revealed that swimming activity might 

increases the risk of ingestion of water [26]. 

Moreover, there is a record of recreational water 

being source of transmission of infection, with 

parasites as the leading cause both in treated and 

untreated water environment [27].  

On the other hand, people in the higher land relied 

mostly on the rain to provide them with water all 

year long. In contrast to general observations, during 

rainy seasons when water is abundant, the 

prevalence of water-borne diseases in this particular 

area might be lower compared to the other season. 

In dry seasons the risk to infection increases as 

people would use any water compound available, 

including communal ponds that are used publicly, 

including by wild animals (Fig. 1). 

 

 
 

Fig. 1 Water compound in the higher land in Samosir Island used by 

community for domestic purposes 

 

We considered water spring, well and boreholes 

safer water sources compared to open sources like 

lake and ponds. Nevertheless, there was no 

differences found between both categories (p = 

0.476). Water springs and wells are safe if managed 
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adequately. Contamination less occurs to the 

sources that are well protected, e.g. by keeping a 

good distance to sewage or septic tanks and other 

source of pathogen contamination, and using water 

treatment like chlorine if required. 

Furthermore, drinking water obtained from any 

source needs to be processed before being consumed. 

The present study found that unprocessed drinking 

water increased the risk of infection by 10.82 times 

(95% CI = 6.22-18.84). The water could possibly be 

contaminated with protozoa, raising the 

susceptibility to the water-borne infections [2], [10]. 

Despite all the findings, this study needs to 

acknowledge some limitations. Firstly, the direct 

smear examination method employed in this study 

only required small amount of sample, which might 

have reduced the estimates of the infection. 

Secondly, some protozoa are not easy to identify by 

a mere microscopic examination. And lastly, the 

cross-sectional survey only reflects one point in time, 

i.e. the rainy season. A similar study conducted in 

dry season may reveal different results. 

V. CONCLUSIONS 

Moderate prevalence of intestinal protozoa 

infection was observed among the rural and remote 

community of Samosir Island Indonesia. Risk 

factors associated with the infection should be 

addressed effectively. Health policies must also 

focus on the provision of safe water supply and 

health education to promote health and hygiene 

awareness. 
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