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Soil-Transmitted Helminthiasis among Orang Asli (Aborigine) 
Schoolchildren at RPS Banun, Gerik, Perak, Malaysia
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ABSTRACT
Objective: Soil-transmitted helminth (STH) infections have been classified as one of the most prevalent tropical diseases 

among neglected communities especially in aboriginal communities. This study was conducted to determine the prevalence of 
STH infections among aboriginal schoolchildren in RPS Banun, Perak, Malaysia. 

Materials and Methods: A total of 116 schoolchildren (6-12 years old) from RPS Banun, Perak, Malaysia, participated in the 
present study. Fecal samples were collected and screened for helminth ova and larvae using two different diagnostic methods: 
(1) direct wet mount and (2) formalin-ether sedimentation.

Results: Overall, 82.8% (96/116) of the schoolchildren were found to be infected with at least one STH species. Of these, 
60.4% had multiple STH infections with majority schoolchildren infected by two STH species concurrently (94.8%). Ascaris 
lumbricoides (67.2%) was the most common STH observed in this study, followed by Trichuris trichiura (64.7%) and hookworm 
(3.6%). Co-infection with A. lumbricoides and T. trichiura (56.3%; 54/96) was the most predominant among the infected school-
children, followed by triple infection with A. lumbricoides, T. trichiura and hookworm (3.1%; 3/96), and co-infection with A. 
lumbricoides and hookworm (1.0%; 1/96). The prevalence of STH infections did not show significant age- or gender-dependency 
relationship, even though high overall STH rates were observed among those aged > 9 years or boys.

Conclusion: This study revealed that single or multiple STH infections are still prevalent among aboriginal schoolchildren. 
Thus, the urgency in implementing effective strategies such as health education and periodic chemotherapy in aboriginal com-
munities are crucial to reduce prevalence of STH infections. 
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INTRODUCTION

Soil-transmitted helminth (STH) infections have been identified as 
one of the most prevalent neglected tropical diseases worldwide espe-
cially in low socio-economic regions and thus are often forgotten. STH 
infections affected approximately 1.7 billion people globally, with 1.2 
billion people infected with Ascaris lumbricoides, 795 million with 
Trichuris trichiura, 740 million with hookworm and resulting in 
increased efforts towards the control of STH infections (Parija et al. 
2017). 

Generally, STH infections are endemic in tropical and subtropical 
regions as warm climates and adequate moisture are the requirements 
for embryonation or hatching of eggs or larval development (Gordon et 
al. 2017). Poverty, poor sanitation and inadequate personal hygiene 
practices are the important contextual determinants for human STH 
infections. Modes of transmission of STHs are through consumption of 
foods contaminated with eggs (A. lumbricoides and T. trichiura) or con-
tact with contaminated soil (hookworm) (Vandemark et al. 2010). 
People with STH infections may suffer from physical and intellectual 
retardation, and impairment of cognitive development (Bethony et al. 

2006), representing a persistent problem in development of socioeco-
nomic of low-income countries. 

In Malaysia, STH infections are still considered to be a major public 
health problem due to its high prevalence rate and intensity. Moreover, 
the prevalence rate of STH infections in Malaysia is high in low-income 
communities such as Orang Asli (aborigine) (Anuar et al. 2014), rural 
poor Malays (Zulkifli et al. 2000; Al-Mekhlafi et al. 2008) and children 
in estates (Oothuman et al. 1995). STH infections are predominantly 
seen in schoolchildren in Malaysia (Zulkifli et al. 2000; Al-Mekhlafi et 
al. 2008). With this context, continued collection of baseline data for 
STH infections are essential to assist public health officials to develop 
effective intervention strategies to reduce STH infections in schoolchil-
dren especially among aboriginal communities in Malaysia. Thus, this 
study was undertaken to investigate the prevalence of STH infections 
among Orang Asli schoolchildren at RPS Banun, Gerik, Perak, 
Malaysia. 
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MATERIALS  AND  METHODS

Study Area and Population

RPS Banun Aboriginal Settlement is located in Gerik, Perak state, 
Malaysia. Jahai was the main sub-ethnic in this settlement and they 
belonged to the Negrito tribe. The current study was carried out on pre-
school to standard 6 children from Sekolah Kebangsaan RPS Banun. It 
is the only primary school in this aboriginal settlement. A complete 
name list of the students was obtained from the school principal. The 
total number of schoolchildren who had agreed voluntarily to involve in 
the present study was 116. 

Fecal Sample Collection and Examination

Each participant was provided a wide mouth screw-capped contain-
er which was pre-labeled with the students's name and code number for 
fecal collection in the next morning. The method of fecal sample collec-
tion was clearly explained to all participants. All the participants were 
informed to provide sufficient amount of fecal sample (at least 10 
grams) to facilitate both direct wet mount (DWM) and formalin-ether 
sedimentation. However, this study was relied on a single fecal sample 
collection due to the cultural belief of the aborigines against providing 
their fecal samples. 

Each fecal sample was processed and divided into two parts: (1) 
fresh fecal sample and (2) fixed with 10% formalin. The fresh fecal 
samples were examined immediately using DWM method to detect the 
presence of ova in a temporary laboratory which set-up in the aboriginal 

settlement. The fecal samples fixed with 10% formalin were used for 
formalin-ether sedimentation and examined under light microscope at 
magnifications of 400x. 

Data Analysis

Statistical analysis was performed using Statistical Package for the 
Social Sciences (SPSS) for Windows version 16.0 software (SPSS, 
Chicago, IL, USA). Rate (percentage) was used to describe the charac-
teristics of the studied populations and prevalence of each STH infec-
tion for descriptive analysis. To assess the relationship between the 
prevalence of each STH infection with demographic factors (age and 
gender), a Chi-squares test (χ2) was carried out using SPSS software. All 
differences were considered significant at P < 0.05.

Ethical Consideration

Protocol of the present study was reviewed and approved by the 
Ethics Committee of the Universiti Kebangsaan Malaysia prior to the 
commencement of the study. The permission for this field work was 
acquired from the Department of Orang Asli Development (JAKOA), 
Malaysia. The identities and personal particulars of all participants 
would be kept strictly confidential. 

RESULTS

Table 1 summarized the demographic characteristics of the partici-
pants involved in this study. One hundred and sixteen schoolchildren 
aged 6 to 12 years had participated in the current study. Of these chil-
dren, 48.3% were boys and 51.7% were girls. For more practical pur-
poses, the children populations were divided into two subgroups accord-
ing to their ages. These comprised of children ≤ 9 years old (n = 51; 
44%) and > 9 years old (n = 65; 56%). 

The prevalence of STH infections according to helminth species and 
number of infections are presented in Table 2. The results of the study 
revealed that 82.8% (96/116) of the Orang Asli schoolchildren were 
infected with at least one STH species. A. lumbricoides (67.2%; 78/116) 
infection was recorded as the most predominant infection in this study, 
followed by T. trichiura (64.7%; 75/116) and hookworm (3.6%; 4/116). 

Of the infected children (n = 96), 60.4% (n = 58) were found to be 
infected by multiple STH species, while 39.6% (n = 38) were infected 
with single STH species. Most of the multiple STH infections were dou-
ble infection (94.8%), followed by triple infection (5.2%) as indicated in 
Table 2. Co-infection with A. lumbricoides and T. trichiura was the 
most common representing 93.1% (54/58) of the multiple infection 
prevalence. This followed by the triple infection of A. lumbricoides, T. 

Table 1. Demographic characteristics of Orang Asli schoolchil-
dren who involved in this study (n = 116)

Demographic characteristics n (%)

Gender 
Male 56 (48.3)
Female 60 (51.7)

Age  
6 years 5 (4.3)
7 years 9 (7.8)
8 years 18 (15.5)
9 years 19 (16.4)
10 years 25 (21.6)
11 years 22 (19.0)
12 years 18 (15.5)

Age groups 
≤ 9 years 51 (44)
> 9 years 65 (56)

Table 2. Prevalence of soil-transmitted helminth infections 
according to helminth species and number of infections

Infections No. positive %

Helminth species (n = 116)  
Ascaris lumbricoides 78 67.2
Trichuris trichiura 75 64.7
Hookworm 4 3.6
  
Type of infection (n = 96)  
Single 38 39.6
Multiple 58 60.4
  
No. of protozoan species infection (n = 58)  
Two 55 94.8
Three 3 5.2
  
No. of co-infection cases (n = 58)  
lumbricoides + T. trichiura 54 93.1
lumbricoides + hookworm 1 1.7
lumbricoides + T. trichiura + hookworm 3 5.2Table 3. Prevalence of soil-transmitted helminth (STH) infections 

among Orang Asli schoolchildren according to gender 
and age groups

STH infections Boys (%)/ girls (%) ≤ 9 years/ > 9 years

Single infection  
AL 7 (12.5)/ 13 (21.7) 5 (9.8)/ 15 (23.1)
TT 11 (19.6)/ 7 (11.7) 7 (13.7)/ 11 (16.9)
Double infection  
AL + TT 29 (51.8)/ 25 (41.7) 26 (51)/ 28 (43.1)
AL + HW 1 (1.8)/ 0 (0) 0 (0)/ 1 (1.5)
Triple infection  
AL + TT + HW 0 (0)/ 3 (5.0) 2 (3.9)/ 1 (1.5)
Total single STH 18 (32.1)/ 20 (33.3) 12 (23.5)/ 26 (40.0)
Total multiple STH 30 (53.6)/ 28 (46.7) 28 (54.9)/ 30 (46.2)
Overall STH 48 (85.7)/ 48 (80.0) 40 (78.4)/ 56 (86.2)

AL = A. lumbricoides; TT = T. trichiura; HW = Hookworm
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trichiura and hookworm (5.2%; 3/58), and double infection of A. lum-
bricoides and hookworm (1.7%; 1/58) (Table 2). 

Prevalence of STH infections among Orang Asli schoolchildren 
according to gender and age groups are summarized in Table 3. Overall, 
boys (85.7%) or children aged more than 9 years (86.2%) were tended 
to be infected by STH as compared to girls (80.0%) or children aged ≤ 9 
years (78.4%). Table 4 shows the odds ratio (OR) of being infected with 
STH among Orang Asli schoolchildren in this study. There was no sig-
nificant age- or gender-dependency relationship in the STH infections. 
However, the findings of the current study found that boys had higher 
odds of being infected with T. trichiura (OR = 1.85; 95% CI 0.66, 5.17) 
and co-infection with A. lumbricoides and T. trichiura (OR = 1.50; 95% 
CI 0.72, 3.13) than girls. Boys were at a lower odds of being infected 
with A. lumbricoides alone (OR = 0.52; 95% CI 0.19, 1.41) than girls. 
The odds of being infected by multiple STH (OR = 1.32; 95% CI 0.64, 
2.74) or overall STH infection (OR = 1.50; 95% CI 0.56, 4.00) were 
higher for boys than girls. There was a trend that boys had a lower odds 
of being infected with single STH infection than girls (OR = 0.95; 95% 
CI 0.44, 2.06). The results of the current study found that children aged 
≤ 9 years had lower odds of being infected by any single infection (OR 
= 0.46; 95% CI 0.20, 1.04) such as A. lumbricoides (OR = 0.36; 95% CI 
0.12, 1.08) or T. trichiura (OR = 0.78; 95% CI 0.28, 2.18), double infec-
tion of A. lumbricoides and T. trichiura (OR = 0.98; 95% CI 0.49, 1.99), 
and overall STH infection (OR = 0.58; 95% CI 0.22, 1.54) than children 
aged > 9 years. However, children aged ≤ 9 years tended to be infected 
by triple (OR = 2.62; 95% CI 0.23, 29.65) or multiple STH infection 
(OR = 1.42; 95% CI 0.68, 2.97) than those aged > 9 years. 

DISCUSSION

Soil-transmitted helminth (STH) infections among children is one 
of the public health concerns due to the negative consequences of STH 
to their health, physical and mental development as these infections are 
closely associated with a wide range of significant growth impairment. 
It is evident from the results of this study that STH infections are still 
prevalent among Orang Asli schoolchildren in Malaysia. The overall 
prevalence rates of STH infections of this study were in agreement with 
those of local studies, which ranged from 69% to 100% (Zulkifi et al. 
2000; Al-Mekhlafi et al. 2007; Hartini et al. 2013). It was found that the 
prevalence rate of each STH infection was in line with previous local 
studies where ascariasis was found to be the most prevalent (range from 
29.2% to 86.7%) (Lo et al. 1979; Hidayah et al. 1997; Zulkifli et al. 
1999, 2000), followed by trichuriasis (range from 28% to 95.5%) 
(Al-Mekhlafi et al. 2007; Hartini et al. 2013; Sinniah et al. 2014) and 
lastly hookworm infection (range from 3.3% to 37%) (Zulkifli et al. 
2000; NorAza et al. 2003; Al-Mekhlafi et al. 2005). However, several 
studies from other countries reported that T. trichiura and hookworm 
infections are more prevalent than A. lumbricoides infection (Nyundo et 
al. 2017; Tay et al. 2017). The high prevalence rates of ascariasis and 
trichuriasis may attributed to the potential resistance of A. lumbricoides 
and T. trichuira to most of the anthelminthic drugs (Krücken et al. 
2017). The main tribe of the indigenous community involved in this 
study was Negrito. It has been found that the prevalent of ascariasis was 

significantly high among children in Negrito tribe (Anuar et al. 2014). 
In the present study, ascariasis and trichuriasis were the most preva-

lent infections with hookworm infection being relatively uncommon. 
There are several possible reasons for this. A previous study has report-
ed that hookworm frequently exhibited a steady rise in the intensity of 
infection with age, and peaking in adulthood (Bethony et al. 2002). 
Furthermore, hookworm ova disintegrate more rapidly compared to ova 
of A. lumbricoides and T. trichiura (Zulkifli et al. 1999). Thus, the prev-
alence and intensity of hookworm may be underestimated if there is 
huge disintegration of the ova. Another possible reason which contribut-
ed to low prevalence rate of hookworm in this study was the provision 
of free school uniform (including shoes) to Orang Asli schoolchildren 
by the government of Malaysia. This insight is useful information to the 
relevant agencies that their programs are successful and can be expand-
ed further. 

Several studies have demonstrated that there were significant differ-
ences in the prevalence rates of STH infections in gender (male and 
female) and age groups (Zulkifli et al. 1999; Quihui et al. 2006) where-
as other studies have reported the opposite findings (Sharif et al. 2010; 
Brandon-Mong et al. 2017). In the present study, there were no signifi-
cant differences in the odds of STH infections between gender and age 
groups. This could be due to both gender and age groups have general 
social behavior and equal exposure to be infected by these infections. 
However, in overall, boys or children aged > 9 years had higher odds 
being infected by STH infections than girls or children aged ≤ 9 years. It 
has been suggested that parasite infection risk may vary by sex in some 
cases due to differences in gender-related behavior and physiology 
development (Klein 2004, 2008). For instance, females tend to mount 
with more robust immune responses than males, such as increased anti-
body secretion when infected by pathogenic parasites. The author has 
suggested that this strong immune response allows females to combat 
parasitic disease effectively as compared to males (Klein 2004). It was 
also reported that males show reduced immune function due to immuno-
suppressive effects of hormone testosterone, however, this is not well 
elucidated in humans (Klein 2008). Furthermore, girls and boys may 
differ in their involvement in daily activities related to disease exposure. 
For example, boys are more active than girls and they are more likely to 
expose to contaminated soil and swim in infected rivers. There was a 
trend that children aged > 9 years had higher tendency to be infected by 
STHs in this study. It has been observed that children in this age group 
are very active and spending most of their time out of the house, thus, 
they have higher chances of exposure to the pathogenic parasites espe-
cially when playing in the contaminated areas (Hartini et al. 2013). 

The behavior of the aborigines, environmental conditions and basic 
amenities available were observed during this study. This information 
was useful to further support the results of the present study. In the cur-
rent study, multiple STH infections among aboriginal populations were 
investigated, as these infections are often overlooked in epidemiological 
studies. Multiple STH infections are not solely an indication for poverty 
and inadequate sanitation but its prevalence rates are important to know, 
as individuals with multiple infections may also suffer from multiple 
morbidity due to each STH species infection (Al-Delaimy et al. 2014). 
The results of the study found that 60.4% of the infected schoolchildren 
harbored more than one STH species. The multiple infections were con-
current infections with two and three STH species. This finding was 
similar to those previous studies which showed that most of the polypar-

Table 4. Odds ratios (OR) of being infected with STH infections among Orang Asli schoolchildren
Soil-transmitted  OR boys vs girl p-value OR ≤ 9 years vs >  p-value
helminth (95% CI)  9 years

Single infection    
AL 0.52 (0.19, 1.41) 0.192 0.36 (0.12, 1.08) 0.060
TT 1.85 (0.66, 5.17) 0.236 0.78 (0.28, 2.18) 0.637

Double infection    
AL + TT 1.50 (0.72, 3.13) 0.275 0.98 (0.49, 1.99) 0.959
AL + HW ND ND ND ND

Triple infection    
AL + TT + HW ND ND 2.62 (0.23, 29.65) 0.581

Total single STH 0.95 (0.44, 2.06) 0.891 0.46 (0.20, 1.04) 0.061
Total multiple STH 1.32 (0.64, 2.74) 0.457 1.42 (0.68, 2.97) 0.350
Overall STH 1.50 (0.56, 4.00) 0.416 0.58 (0.22, 1.54) 0.274

AL = A. lumbricoides; TT = T. trichiura; HW = Hookworm; ND = Not determined
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asitism cases involved double and triple infections (Sayasone et al. 
2011; Al-Delaimy et al. 2014). In general, co-infection with A. lumbri-
coides and T. trichiura was the most prevalent among the schoolchildren 
in RPS Banun and this could be attributed to the common transmission 
pattern (ingestion of infective eggs) of these two STH species, and 
could also be favored by behavioral factors (Al-Delaimy et al. 2014), 
particularly when people do not practice good personal and food 
hygiene practices. Furthermore, individuals with multiple STH infec-
tions are more susceptible to other infections such as malaria, tuberculo-
sis and HIV infection (Hotez et al. 2008). 

The high occurrence of STH infections are closely associated with 
socioeconomic conditions and environmental factors. In this study, poor 
water supply and sanitation were observed in RPS Banun. Hence, it is 
difficult to maintain a good level of hygiene, and this situation will 
favor the contamination of environment by ova of STH. Consequently, 
the children who living in this area have higher risk to be infected and 
re-infected by STH. Anuar et al. (2014) reported that STH infections 
were strongly related to poor food hygiene and personal practices such 
as ingestion of raw fruits or vegetables. Raw vegetables may contami-
nated with human feces with poor sewage disposal such as the use of 
feces as fertilizer. When soil becomes contaminated with STH eggs, 
these eggs can be transferred to vegetables which in turn enter the 
human intestinal system through consuming raw vegetables or fruits. 
During this study, we observed that the Orang Asli children tended to 
not wash hands before and after eating and, ingesting raw foods such as 
fruits without washing them. These peculiar hygienic behavior have 
contributed to high prevalence of STH infections among this indigenous 
community. Most of the Orang Asli villages in RPS Banun were built 
near to the river, which made them easy to access to the water for multi-
ple daily purposes such as cooking, drinking, swimming and washing 
foods. Furthermore, children in this aboriginal settlement were observed 
to defecate at the site of the river and using water to clean themselves. 
Thus, the usage of river water for household activities may contribute to 
high prevalence of STH infections in this aboriginal settlement. 

STH infections are main predictors of anemia, malnutrition, weak 
cognitive functions, and poor physical and mental development, espe-
cially in children (Pabalan et al. 2018). This will lead to high percentage 
of school absenteeism and poor school performance among aboriginal 
schoolchildren. The high prevalence rate of STH infections will increase 
the burden of these negative consequences, which in turn leading to 
poverty and low productivity of indigenous communities in Malaysia 
(Al-Delaimy et al. 2014). Therefore, mass chemotherapy targeted to 
children should be conducted to reduce the occurrence of STH infec-
tions. The WHO (1995) has recommended that mass chemotherapy 
should be carried out in schoolchildren when surveys indicated that the 
prevalence rate of STH exceeded 50% and it should also apply to the 
pre-schoolchildren. The overall prevalence rate of STH infections in the 
present study was 82.8%, this indicating mass chemotherapy should be 
conducted in these indigenous populations based on the WHO criteria. 
Other than mass chemotherapy, different preventive programs such as 
health education on STH, awareness on personal and food hygiene, and 
environmental sanitation should be implemented as an effort to improve 
the quality of life of aboriginal communities. 

In the present study, there were some limitations in the methodolo-
gy. The formalin-ether sedimentation used to process fecal samples does 
not provide data on the intensity of parasite but only on the prevalence 
rate. This method was chosen in this study based on its efficiency and 
cost-effectiveness, however, this method is less sensitive as compared to 
other methods. Other techniques such as Kato-Katz which allows for a 
quantification of the intensity of infections and Harada-Mori culture, 
were not performed in this study due to the limitation of fecal samples. 
Thus, the hookworm species are unable to be identified in the current 
study. Therefore, more comprehensive diagnostic methods could be 
conducted in future study to determine the intensity and species of the 
infection, other than the prevalence rate. Overall, the results of this 
study have provided the baseline data to the government to implement 
the strategic plans in reducing STH prevalence rates among aboriginal 
communities.

CONCLUSION

The current study highlighted that STH infections are highly preva-
lent among Orang Asli schoolchildren in RPS Banun, Gerik, Perak 
Malaysia. The study also found that multiple STH (double and triple) 
infections were common among the Orang Asli schoolchildren. These 

findings indicated that STH infections are still remain as a major public 
health problem among aboriginal communities. Thus, mass anthelmin-
thic treatment targeted to pre-school and schoolchildren should be con-
tinued to reduce the infection and re-infection of STH. Other integrated 
approaches towards STH control such as improvement of environmental 
sanitation, health education about personal and food hygiene, and 
enhancement of nutritional status in Orang Asli communities should be 
implemented. These approaches will be more effective as a long-term 
control of the infections of STH in this high risk community.

REFERENCES

Al-Delaimy AK, Al-Mekhlafi HM, Nasr NA, Sady H, Atroosh WM, Nashiry M, et al. 
(2014). Epidemiology of intestinal polyparasitism among orang asli school children in 
rural Malaysia. PLoS Negl Trop Dis, 8(8), e3074.

Al-Mekhlafi HM, Azlin M, Aini UN, Shaik A, Sa’iah A, Fatmah MS, et al. (2005). Protein-
energy malnutrition and soil-transmitted helminthiases among orang asli children in 
Selangor, Malaysia. Asia Pac J Clin Nutr, 14(2), 188-194.

Al-Mekhlafi MS, Atiya AS, Lim YA, Mahdy AK, Ariffin WA, Abdullah HC, Surin J. 
(2007). An unceasing problem: soil-transmitted helminthiases in rural Malaysian com-
munities. Southeast Asian J Trop Med Public Health, 38(6), 998-1007.

Al-Mekhlafi MS, Surin J, Atiya AS, Ariffin WA, Mohammed Mahdy AK, Che Abdullah H. 
(2008). Pattern and predictors of soil-transmitted helminth reinfection among aborigi-
nal school children in rural Peninsular Malaysia. Acta Trop, 107, 200-204.

Anuar TS, Md Salleh F. Moktar N. (2014). Soil-transmitted helminth infections and associ-
ated risk factors in tree Orang Asli tribes in Peninsular Malaysia. Sci Rep, 4, 4101.

Bethony J, Brooker S, Albonico M, Geiger SM, Loukas A, Diemert D, Hotez PJ. (2006). 
Soil-transmitted helminth infections: ascariasis, trichuriasis and hookworm. Lancet, 
367, 1521-1532.

Bethony J, Chen J, Lin S, Xiao S, Zhan B, Li S, et al. (2002). Emerging patterns of hook-
worm infection: influence of aging on the intensity of Necator infection in Hainan 
Province, People's Republic of China Clin Infect Dis, 35, 1336-1344.

Brandon-Mong GJ, Abdullah NA, Shukor N, Jaturas N, Richard RL, Choo JC, et al. (2017). 
Soil-transmitted helminths in Malaysia landscape: an aborigines study. Trop Biomed, 
34(2), 363-374.

Gordon CA, Kurscheid J, Jones MK, Gray DJ, McManus DP. (2017). Soil-transmitted hel-
minths in Tropical Australia and Asia. Trop Med Infect Dis, 2, 56.

Hartini Y, Geishamimi G, Mariam AZ, Mohamed-Kamel AG, Hidayatul FO, Ismarul YI. 
(2013). Distribution of intestinal parasitic infections amongst aborigine children at 
Post Sungai Rual, Kelantan, Malaysia. Trop Biomed, 30(4), 596-601.

Hidayah NI, Teoh ST, Hilman E. (1997). Socio-environment predictors of soil-transmitted 
helminthiasis in a rural community in Malaysia. Southeast Asian J Trop Med Public 
Health, 28(4), 811-815.

Hotez PJ, Brindley PJ, Bethony JM, King CH, Pearce EJ, Jacobson J. (2008). Helminth 
infections: the great neglected tropical diseases. J Clin Invest, 18(4), 1311-1321. 

Klein SL. (2004). Hormonal and immunological mechanisms mediating sex differences in 
parasite infection. Parasite Immunol, 26(6▢7), 247-264. 

Klein SL. (2008). Sex differences in infectious and autoimmune diseases. In: Becker JB, 
Berkley KJ, Geary N, Hampson E, Herman JP, Young E editors. Sex differences in the 
brain from genes to behavior. New York: Oxford University Press, pp. 329-353.

Krücken J, Fraundorfer K, Mugisha JC, Ram ke S, Sifft KC, Geus D, et al. (2017). Reduced 
efficacy of albendazole against Ascaris lumbricoides in Rwandan schoolchildren. Int J 
Parasitol Drugs Drug Resist. 7(3), 262-271.

Lo EK, Varughese J, Ghouse A, Noor M. (1979). Helminthiases in Peninsular Malaysia-
prevalence and density of infestation of hookworm, ascaris and trichuris in rural 
school children. Med J Malaysia, 34(2), 95-99.

Nor Aza A, Ashley S, Albert J. (2003). Parasitic infection in human communities living on 
the fringes of the Crocker Range Park Sabah, Malaysia. ASEAN Review of 
Biodiversity and Environmental Conservation (ARBEC). Jan-March, 1-4.

Nyundo A, Munisi DZ, Gesase AP. (2017). Prevalence and correlates of intestinal parasites 
among patients admitted to Mirembe National Mental Health Hospital, Dodoma, 
Tanzania. J Parasitol Res, 2017, 5651717.

Oothuman P, NoorHayati MI, Mohammod CG, Norhayati M, Kannapan P. (1995). The 
prevalence and reinfection of intestinal helminthiases among school children in an 
estate. Trop Biomed, 12, 159-164.

Pabalan N, Singian E, Tabangay L, Jarjanazi H, Boivin MJ, Ezeamama AE. (2018). Soil-
transmitted helminth infection, loss of education and cognitive impairment in school-
aged children: A systematic review and meta-analysis. PLoS Negl Trop Dis, 12(1), 
e0005523.

Parija SC, Chidambaram M, Mandal J. (2017). Epidemiology and clinical features of 
soil-transmitted helminths. Trop Parasitol, 7(2), 81-85.

Quihui L, Valencia ME, Crompton DWT, Phillips S, Hagan P, Morales G, Díaz-Camacho 
SP. (2006). Role of the employment status and education of mothers in the prevalence 
of intestinal parasitic infections in Mexican rural schoolchildren. BMC Public Health, 
6, 225-232.



Soil-Transmitted Helminthiasis in Aboriginal Children292

Sayasone S, Mak TK, Vanmany M, Rasphone O, Vounatsou P, Utzinger J, et al. (2011). 
Helminth and intestinal protozoa infections, multiparasitism and risk factors in 
Champasack province, Lao People's Democratic Republic. PLoS Negl Trop Dis, 5: 
e1037.

Sharif M, Daryani A, Asgarian F, Nasrolahei M. (2010). Intestinal parasitic infections 
among intellectual disability children in rehabilitation centers of northern Iran. Res 
Dev Disabil, 31, 924-928.

Sinniah B, Hassan AK, Sabaridah I, Soe MM, Ibrahim Z, Ali O. (2014). Prevalence of 
intestinal parasitic infections among communities living in different habitats and its 
comparison with one hundred and one studies conducted over the past 42 Years (1970 
to 2013) in Malaysia. Trop Biomed, 31(2), 190-206.

Tay SCK, Gbedema SY, Gyampomah TK. (2017). High prevalence of hookworm infection 

and apparent absence of Ascaris lumbricoides: a case study at the Komfo Anokye 
teaching hospital in Ghana. Int J Pharm Sci Res, 2(5), 1217-1224.

Vandemark LM, Jia TW, Zhou XN. (2010). Social science implications for control of hel-
minth infections in Southeast Asia. Adv Parasitol, 73, 137-170.

WHO. (1995). Health of school children. Treatment of intestinal helminths and schisroso-
miasis. WHO/SCHISTO/95.112, WHOICDS/95.1 1995.

Zulkifli A, Anuar AK, Atiya AS, Yano A. (2000). The prevalence of malnutrition and 
geo-helminth infections among primary schoolchildren in rural Kelantan. Southeast 
Asian J Trop Med Public Health, 31(2), 339-345.

Zulkifli A, Khairul AA, Atiya AS, Abdullah B, Yanoet A. (1999). The prevalence and inten-
sity of soil-transmitted helminthiasis among pre-school children in Orang Asli reset-
tlement villages in Kelantan. Med J Malaysia, 54(4), 453-458.


