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Abstract
Background and Aim: Pigs are the main livestock commodity in Bali Province, Indonesia, where traditional farming 
practices are widely used. Traditional pig farmers are often closely associated with poverty and a perceived lack of 
knowledge regarding health and hygiene. Data on soil-transmitted helminthiasis (STH) and risk factors associated with 
STH worm infection among traditional pig farmers in Bali were previously unavailable. This study aimed to analyze the 
prevalence and risk factors for STH infections among traditional pig farmers in Bali Province, Indonesia.

Materials and Methods: This study involved the fecal examination of 238 traditional pig farmers from all areas of Bali 
Province in Indonesia. In addition, several pig feces samples were combined into one pooled sample belonging to each 
farm. All fresh fecal samples were stored in a 5% formaldehyde solution before being analyzed using concentration flotation 
techniques. Subsequently, risk factors were determined through an interview and a questionnaire. The odds ratio (OR) and 
Chi-square tests were used to determine the risk factors associated with STH infections.

Results: The result showed that there was a high prevalence of STH infections among traditional pig farmers and pig farms 
in Bali, with rates of 21.8% and 76.5%, respectively. This could be due to risk factors, such as personal hygiene (OR: 5.756; 
confidence interval [CI]: 2.96-11.193; p=0.00), sanitation (OR: 1.914; CI: 1.024-3.576; p=0.042), education level (OR: 
7.579; CI: 2.621-21.915; p=0.00), household income (OR: 2.447; CI: 1.122-5.338; p=0.025), and occupation (OR: 2.95; CI: 
1.356-6.415; p=0.006).

Conclusion: The infections seen in farmers were distributed among hookworm, Ascaris spp., and Trichuris spp., at 15.1%, 
9.2%, and 4.2%, respectively. The risk factors associated with infections of STH and Ascaris spp. were personal hygiene, 
home sanitation, education level, household income, and having a primary occupation as a traditional pig farmer. In contrast, 
personal hygiene, education level, and primary occupation were the only risk factors for hookworm infection, while personal 
hygiene and home sanitation were the risk factors associated with Trichuris spp. infection. The limitation of this study was that 
the number of samples was relatively small due to the difficulty of obtaining stool samples from traditional pig farmers, with 
many individuals refusing to provide their stool for inspection. We suggest that future research focus on identifying the species 
of worms that infect traditional pig farmers and to better identify the zoonotic link of STH transmission from pigs to humans.
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Introduction

The prevalence of helminth infections is still 
high in developing countries [1], which could result 
from a lack of concern in affected  communities 
regarding these diseases [2]. Although these diseases 

do not cause sudden outbreaks or severe casualties, 
they slowly erode human health by causing perma-
nent disability, impairing children’s intelligence, and 
in some cases leading to death [3,4]. Furthermore, the 
high prevalence of these diseases in certain countries 
may be due to low socioeconomic status, unhygienic 
living conditions, and a scarcity of safe drinking water 
among those living in endemic areas [5,6]. In addi-
tion, the disease is usually latent and poorly monitored 
by health-care professionals [7].

The term “soil-transmitted helminth/helminthia-
sis” (STH) refers to a group of parasitic diseases caused 
by nematode worms that spread through feces-con-
taminated soil [8]. The STH of major importance to 

Copyright: Agustina, et al. Open Access. This article is distributed 
under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and 
reproduction in any medium, provided you give appropriate credit 
to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. 
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data 
made available in this article, unless otherwise stated.

https://orcid.org/0000-0002-7128-0914
https://orcid.org/0000-0003-2464-5260
https://orcid.org/0000-0002-9201-2038
https://orcid.org/0000-0002-1051-7121
https://orcid.org/0000-0002-7021-4501


Veterinary World, EISSN: 2231-0916 1155

Available at www.veterinaryworld.org/Vol.15/May-2022/1.pdf

humans are Ascaris spp., Trichuris spp., and hook-
worm. According to the most recent estimates, over 
2 billion people are infected with these parasites [9].

Worm diseases caused by STH continue to be a 
significant public health problem in Indonesia, espe-
cially in rural areas [10,11]. The diseases primarily 
affect children, with a prevalence of 28.12% [12]. 
STH infections are known to impair patients’ health, 
nutrition, intelligence, and productivity owing to the 
loss of carbohydrates, proteins, and blood. This then 
leads to economic losses and the deterioration of the 
quality of human resources [13].

Previously, among zoonotic STH Ascaris spp. 
worms, the only known Ascaris sp. was Ascaris 
lumbricoides, but more recently, Ascaris suum 
was discovered, which is also capable of infecting 
humans  [14-17].   A study on school children  in Bali 
found a high prevalence of ascariasis, which was 
73.7% [18]. The high prevalence of ascariasis among 
children is strongly associated with hygiene and fre-
quent contact with the soil. In addition, it has also been 
established that A. suum is a zoonotic agent derived 
from pigs in non-endemic areas, such as the United 
States, Denmark, and Japan [16,17,19].

Hookworm disease is caused by Necator ameri-
canus and Ancylostoma duodenale, with N. americanus 
being the primary pathogen [20]. The disease is a public 
health issue due to its significant effect on the health and 
socioeconomic well-being of individuals in developing 
countries [21]. In addition, hookworm infection is asso-
ciated with poverty, as well as the ability to maintain 
proper personal hygiene and sanitation [22,23]. Certain 
other hookworm species are zoonotic [24], such as 
Ancylostoma ceylanicum and Ancylostoma caninum, 
which have been occasionally reported in humans [25]. 
Trichuris trichuria infection is another public health 
problem [26] due to its symptoms, such as diarrhea, 
malnutrition, growth retardation, and anemia, which 
can ultimately be fatal. However, acute infections of T. 
trichuria are mostly asymptomatic [27]. According to 
a recent study, T. trichuria causes approximately 465 
million infections worldwide [28].

Helminthiasis prevalence is affected by several 
factors in Indonesia, such as climate, personal hygiene, 
sanitation, environment, and population density [29]. 
Worm disease in patients is also frequently associated 
with environmental conditions, socioeconomic status, 
and level of educational attainment [30]. Bali Province 
is a small (5,700 km2) island in Indonesia with a dense 
population (4.32 million people). It has a few urban 
areas and some suburban areas [31]. The Balinese have 
a diverse range of occupations, from farmers to office 
workers [32]. Hinduism is the majority religion in the 
community, with pork being consumed and used in 
almost every ceremony. Pigs are raised by almost every 
household in rural areas [33]. In general, the animal 
and livestock husbandry systems in Bali follow a tra-
ditional pattern [33-37], which provides a significant 
opportunity for the transmission of zoonotic diseases 

[38]. In addition, it has been proposed that poor main-
tenance systems can foster the development of disease 
agents, especially parasites [39-41]. However, there 
are  currently no  reports  of  STH  infection  among  the 
traditional pig farmers in Bali.

This study aimed to estimate the prevalence of 
STH worm infection and analyze the associated risk 
factors among traditional pig farmers in Bali, Indonesia.
Materials and Methods
 Ethical approval

This study was approved by the Ethics 
Committees in Udayana University, with Ref. No. 
B/223/UN14.2.9/PT.01.04/2020.
Study design, period, and area

This was a cross-sectional study conducted 
between January 2020 and October 2021 in the 
Indonesian province of Bali. A total of 238 samples 
were collected consecutively from traditional pig 
farmers. The inclusion criteria were pig farmers who 
practiced pig farming using a traditional pattern.
Data collection and laboratory analysis

The data collection method used in this study was 
observational, and in-depth interviews were conducted 
with each traditional pig farmer using a questionnaire 
guide. This was developed in accordance with the previ-
ous studies [7,42-46]. The recorded risk factors include 
personal hygiene, sanitation, medical treatment history, 
education level, household income, primary occupation 
(i.e., a traditional pig farmer), presence of STH-infected 
pigs, and the presence of a pigsty in the yard.

Fresh fecal samples from farmers and pigs 
were collected from all regencies in Bali Province. 
Bali Province has eight regencies and one city, and 
each district and city sampled 25-30 farmers. For 
samples of pig feces, several stool samples were 
grouped into a single sample belonging to each farm. 
All samples were preserved in a 5% formaldehyde 
solution at room temperature and later examined in 
the Parasitology Laboratory, Faculty of Veterinary 
Medicine, Udayana University [41]. Concentration 
flotation techniques were used to examine the feces to 
detect helminth eggs. Approximately 10-20 g of feces 
was dissolved in 10-12 mL of saturated saline solu-
tion. Filtration was used to separate dregs and large 
dirt particles. Centrifugation was conducted for 5 min 
at 252 x g. The sample tubes were placed in an upright 
position, and then saturated salt solution was added 
until the tube was full and the surface of the liquid 
looked convex. The prepared tubes were allowed to 
stand for 2-3 min so that the worm eggs would float to 
the surface. Samples were transferred to glass slides, 
cover glass was placed over the surface of the liquid, 
and they were observed with a microscope (Olympus 
CX21, Japan) under 100× magnification [47,48].
Statistical analysis

Data were analyzed using Statistical Package 
for the Social Sciences (IBM Corp., NY, USA). The 



Veterinary World, EISSN: 2231-0916 1156

Available at www.veterinaryworld.org/Vol.15/May-2022/1.pdf

data were tested for normality using the Kolmogorov-
Smirnov test, p>0.05, and nominal variables are 
described in frequency and proportion. Bivariate 
analyses were conducted using the Chi-square test 
to obtain the association between the variables that 
were risk factors for STH infection, and the odds ratio 
(OR), 95% confidence interval (CI), and p-value were 
also calculated [42].
Results and Discussion

Soil is important in the life cycle of STH because 
it provides a warm, moist environment for eggs to 
incubate and become infectious [49]. Hookworm eggs 
require up to 14 days to become viable and infec-
tious, A. lumbricoides eggs require between 8 and 
37 days, and T. trichiura eggs require between 20 and 
100 days [50]. Infectious eggs of Ascaris and Trichuris 
can survive for a few months, while hookworm lar-
vae can survive for a few weeks. Two genera of STH, 
namely, Ascaris spp. and Trichuris spp., are transmitted 
through the ingestion of infectious eggs. In addition, 
the larvae of hookworm species, such as A. duode-
nale and N. americanus, infect humans by penetrating 
the skin, while A. duodenale and A. ceylanicum are 
transmitted through the consumption of infectious lar-
vae [51]. Helminth eggs transmitted through the soil 
are excreted in the feces of infected people and animals 
and are then present in the environment of endemic 
areas  [49].   STH  infection  is  a  chronic  infection  that 
is a major health problem throughout the world, espe-
cially in developing countries [52]. STH infection is 
a neglected tropical disease and a significant health 
problem in Indonesia, especially in rural areas [11].

STH infections were prevalent in 21.8% of tradi-
tional pig farmers evaluated, while 76.5% of pig farms 
were found to be infected (Tables-1 and 2). A total 
of 52 farmers with confirmed STH infections were 
treated with Albendazole at the recommended dosage. 
The proportion of STH infections detected during 
stool examination is shown in Table-1, with infections 
caused by Ascaris spp., hookworm, and Trichuris spp. 
accounting for 9.2%, 15.1%, and 4.2%, respectively.

This study is the first report that shows the prev-
alence of STH infection among traditional pig farm-
ers in Bali. A higher prevalence of STH infection 
was found in this population compared with a pre-
vious cross-sectional study that found a prevalence 
rate of 5.1% among vegetable farmers in Semarang 
City [53]. However, this study was consistent with 
several other studies that show an overall high prev-
alence of STH infections. According to a study 
conducted in the Coastal Savannah zone of Ghana, 
the prevalence of STH infections among livestock 
farmers was 20% [54]. Similarly, it was discovered 
in another study that 13.58% of vegetable farmers 
in Klungkung District in Bali were infected with 
STH [55], which was lower than the 59.9% reported 
by another study conducted among Orang Asli sub-
groups in Peninsular Malaysia [56].

This study also discovered that in Bali, hook-
worm infection was the most prevalent type of STH 
infection, followed by Ascaris spp. and Trichuris spp. 
infections. It is worth noting that the most common 
hookworm species that infect humans include A. duo-
denale and N. americanus [24], while another hook-
worm species that has been reported to cause infection 
in humans is A. ceylanicum, also known as the dog 
and cat hookworm [57]. Hookworm is a fatal infec-
tion, though it is generally considered asymptomatic 
due to its “silent and insidious” nature [58]. The prev-
alence of hookworm was found to be significantly 
higher in this study than in previous reports examining 
vegetable farmers in Ghana and Klungkung District, 
at 4.72% and 0.61%, respectively [55]. According to 
Ngui et al. [56], in a cross-sectional study, the prev-
alence of hookworm infection among Orang Asli 
subgroups in Peninsular Malaysia was 9.1%. The 
prevalence of Ascaris spp. in this study was 9.2%, 
with A. lumbricoides being the most common parasite 
seen [59,60]. Other previous research discovered that 
A. suum also caused infection in humans [14-17], but 
at a lower prevalence than what was seen in vegeta-
ble farmers in Ghana and Peninsular Malaysia, where 
15.77% and 26.7% of farmers were infected, respec-
tively [56,61]. Meanwhile, there was a low prevalence 
of Ascaris spp. infection among vegetable farm-
ers at Klungkung District in Bali, with 1.85% being 
infected [55], while T. trichiura remained the cause of 
trichuriasis [62,63]. Furthermore, these parasites are 
a major source of infection for humans in Asia and 
Africa due to inadequate sanitation and hygiene stan-
dards [43]. The prevalence of Trichuris spp. infection 

Table-2: STH infection in the traditional pig farm.

Worm Infection Prevalence

STH 182 76.5%
Ascaris spp. 87 36.6%
Hookworm 163 68.5%
Trichuris spp. 11 4.6%
Combination of STH infection:
Ascaris spp. and hookworm 71 29.8%
Ascaris spp. and Trichuris spp. 5 2.1%
Hookworm and Trichuris spp. 5 2.1%
Ascaris spp., hookworm, and 
Trichuris spp.

2 0.84%

STH=Soil-transmitted helminthiasis

Table-1: STH infection in traditional pig farmers in Bali.

Worm Infection Prevalence

STH
Ascaris spp.

52
22

21.8%
9.2%

Hookworm 36 15.1%
Trichuris spp. 10 4.2%
Combination of STH infection:
Ascaris spp. and hookworm 9 3.78%
Ascaris spp. and Trichuris spp. 1 0.42%
Hookworm and Trichuris spp. 5 2.1%
Ascaris spp., hookworm, and 
Trichuris spp.

0 0%

STH=Soil-transmitted helminthiasis
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in Orang Asli subgroups of Peninsular Malaysia and 
vegetable farmers in Klungkung District was 54.3% 
and 9.26%, respectively [55,56].

The most common infection finding in this study 
was singular infections, although the presence of some 
STH coinfection was observed. This involved the 
combination of Ascaris spp. and hookworm in nine 
cases, hookworm and Trichuris spp. in five cases, and 
Ascaris spp. and Trichuris spp. in one case. However, 
coinfection with all STH was not observed in any host. 
These results showed a lower coinfection prevalence 
compared with previous studies in Cameroon, where 
the prevalence of coinfection was 26.7% [64], and 
in Kenya, where the prevalence of Ascaris-Trichuris 
coinfection in school-aged students was 2.9% [65].

Other results have also shown a high prevalence 
of STH infections among traditional pig farmers, 
with 76.5% being infected, as shown in Table-2. The 
most common infection was the hookworm infection, 
followed by infections caused by Ascaris spp. and 
Trichuris spp. at 68.5%, 36.6%, and 4.6%, respec-
tively. The STH coinfection discovered in this study 
involved coinfections of Ascaris spp. and hookworm, 
Ascaris spp. and Trichuris spp., and hookworm and 
Trichuris spp. at a prevalence of 29.8%, 2.1%, and 
2.1%, respectively. Furthermore, the prevalence of all 
STH coinfections on the same farm had a prevalence 
of 0.84%, which was higher than what was observed 
in a previous study involving a lowland pig farm 
in Bali, which found an 18% prevalence of Ascaris 
spp. [66]. Meanwhile, the prevalence of hookworm 
was consistent with another study [67], where the 
prevalence was found to be 71% in lowland pig farms 
and 60% in Bali Province [37]. Another study identi-
fied Oesophagostomum dentatum and Hyostrongylus 
rubidus as the hookworm species that infected pigs in 
Bali [37]. The prevalence of Trichuris spp. infection 
in this study was consistent with a previous report that 
discovered a prevalence of 14% in piglets sold at the 
traditional market in Bali [36].

The prevalence of STH infections was found to 
be closely associated with environmental and socio-
economic factors [29]. Subsequently, the geospatial 
distribution of STH was found to be influenced by 
several factors, such as poor environmental sanitation, 
a lack of personal hygiene, the use of contaminated 
water, and other factors including age, socioeconomic 
status, and occupation [52]. This was a novel study 
based on the risk factors for STH infections among 
traditional pig farmers in Indonesia. These were dis-
covered to be personal hygiene, home sanitation, edu-
cation level, household income, and primary occupa-
tion (Table-3).

The personal hygiene activities and practices 
of traditional pig farmers in this study included fre-
quent contact with soil, washing their hands with soap 
before meals and after coming into contact with soil or 
livestock, washing their hands with soap after bowel 
movements, habits related to wearing footwear, and 

unhygienic practices. The results showed that farm-
ers and families with poor personal hygiene were 
5.756 times more likely to contract STH infections 
than those with good personal hygiene (OR: 5.756; CI: 
2.96-11.193; p=0.00). In addition, personal hygiene 
was a risk factor for infection with Ascaris spp. (OR: 
7.561; CI: 2.678-21.349; p=0.00) (Table-4), hookworm 
(OR: 3.548; CI: 1.704-7.391; p=0.001) (Table-5), and 
Trichuris spp. (OR: 8; CI: 1.658-38.598; p=0.01) 
(Table-6). Previous studies have found that there was 
a significant relationship between handwashing with 
soap before meals and the incidence of worm infec-
tion [68,69]. Hand washing is a personal hygiene 
habit that involves cleaning the hands and fingers with 
soapy water or other liquids. According to the World 
Health Organization, handwashing is an important 
hygiene practice for disease prevention since it quickly 
and effectively impedes pathogen transmission [70]. 
Other significant risk factors for STH infection 
involved unhygienic practices, such as open defeca-
tion, untrimmed nails, and eating food that has fallen to 
the ground [7]. Another study found that the two most 
significant risk factors for STH infections in Ethiopian 
schoolchildren were untrimmed nails and not washing 
hands before meals [52].

This study found that the state of household san-
itation was a risk factor for STH infections among 
traditional pig farmers in Bali. In addition, data in 
Table-3 demonstrate that inadequate home sanitation 
was a risk factor for STH infection among infected 
pig farmers and increased the likelihood of infection 
by 1.914 times compared to other individuals with 
good sanitary practices (OR: 1.914; CI: 1.024-3.576; 
p=0.042). Poor home sanitation was also associated 
with an increased risk of infection with Ascaris spp. 
(OR: 2.629; CI: 1.031-6.705; p=0.043) and Trichuris 
spp. (OR: 4.769; CI: 0.991–22.953; p=0.05) among 
traditional pig farmers (Table-6), but not with hook-
worm infection (p>0.05) (Table-5). Furthermore, 
these results are consistent with those of previous 
studies, which indicated that STH infections were 
significantly related to the economic situation of the 
household and environmental sanitation [8,29,71]. 
These findings parallel another study that revealed that 
poor sanitation was a risk factor for schoolchildren in 
Rejosari village, Karangawen Demak, Indonesia, who 
were infected with hookworms [72].

Subsequently, the education level of traditional 
pig farmers was found to be a highly significant risk 
factor for STH worm infection among traditional 
pig farmers in Bali (OR: 7.579; 95% CI: 2.621-
21.915; p=0.00) (Table-3). In addition, it was previ-
ously known that pig farmers with a higher level of 
education were less likely to be infected with STH 
worms. In comparison, those with a lower level of 
education were more likely to be infected by Ascaris 
spp. (OR: 11.170; CI: 1.474-84.673; p=0.02) and 
hookworm (OR: 6.225; CI: 1.845-21.006; p=0.003) 
(Table-5), but not with Trichuris spp. (p>0.05) 
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(Table-6). This is likely because an increased level 
of education is associated with improved knowledge 
related to disease prevention, including STH infec-
tions. These results are consistent with a previous 
study, which showed a higher incidence of worm 
infection among schoolchildren whose parents had a 

lower education level than those whose parents had a 
higher level of education [73]. A similar observation 
was made among vegetable farmers at Barito Kuala 
District in Kalimantan [74].

Household income is another risk factor associ-
ated with a significant increase in the incidence of STH 

Table-3: Risk factor of STH infection in traditional pig farmers in Bali.

Risk factor Positive Negative OR (95% CI) p-value

Frek % Frek %

Personal hygiene 5.756 (2.96-11.193) 0.000**
Good 17 7.14 137 57.56
Poor 35 14.7 49 20.59

Sanitation 1.914 (1.024-3.576) 0.042*
Good 21 8.8 105 44.1
Poor 31 13 81 34

Medical control 1.186 (0.531-2.65) 0.677
Good 9 3.78 37 15.55
Poor 43 18.07 149 62.6

Education level 7.579 (2.621-21.915) 0.000**
High 4 1.68 72 30.25
Low 48 20.17 114 47.9

Income rate 2.447 (1.122-5.338) 0.025*
High 9 3.78 63 26.47
Low 43 18.07 123 51.68

Main job as a pig farmer 2.95 (1.356-6.415) 0.006**
No 9 3.78 71 29.83
Yes 43 18.07 115 48.32

Presence of STH infected pigs 1.913 (0.841-4.351) 0.122
No 8 3.36 48 20.17
Yes 44 18.49 138 57.98

Presence of pigsty in yard 1.303 (0.684-2.483) 0.421
No 33 13.87 129 45.2
Yes 19 7.98 57 23.95

**Highly significant, *Significant, OR=Odds ratio, CI=Confident interval

Table-4: Risk factor of Ascaris spp. infection in traditional pig farmers in Bali.

Risk factor Positive Negative OR (95% CI) p-value

Frek % Frek %

Personal hygiene 7.561 (2.678-21.349) 0.000**
Good 5 2.1 149 62.61
Poor 17 7.14 67 28.15

Sanitation 2.629 (1.031-6.705) 0.043*
Good 7 2.94 119 50
Poor 15 6.3 97 40.76

Medical control 5.526 (0.724-42.195) 0.099
Good 1 0.42 45 18.91
Poor 21 8.82 171 71.85

Education level 11.170 (1.474-84.673) 0.020*
High 1 0.42 75 31.51
Low 21 8.82 141 59.24

Income rate 10.283 (1.356-77.987) 0.024*
High 1 0.42 71 29.83
Low 21 8.82 145 60.92

Main job as a pig farmer 5.652 (1.287-24.825) 0.022*
No 2 0.84 78 32.77
Yes 20 8.4 138 57.98

Presence of Ascaris spp. infected pigs 0.991 (0.389-2.466) 0.984
No 14 5.88 137 57.56
Yes 8 3.36 79 33.19

Presence of pigsty in yard 1.244 (0.498-3.105) 0.640
No 14 5.88 148 62.18
Yes 8 3.36 68 28.57

**Highly significant, *Significant, OR=Odds ratio, CI=Confident interval
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infection among traditional pig farmers (OR: 2.447; 
95% CI: 1.122-5.338; p=0.025) (Table-3). In addition, 
it was discovered that there was a 2.447 times higher 
risk of contracting STH infections among pig farmers 
who earn < 2 million Rupiah per month than among 
those who earn more. However, household income 

was only a risk factor for infections with Ascaris spp. 
(OR: 5.652; CI: 1.287-24.825; p=0.022) (Table-4). 
Ngui et al. [56] demonstrated the diversity of STH 
infections in subgroups based on poverty and poor 
personal hygiene, which are significant risk factors for 
infection. Risk profile analyses also indicated that the 

Table-5: Risk factor of hookworm infection in traditional pig farmers in Bali.

Risk factor Positive Negative OR (95% CI) p-value

Frek % Frek %

Personal hygiene 3.548 (1.704-7.391) 0.001**
Good 14 5.88 140 58.82
Poor 22 9.24 62 26.05

Sanitation 1.310 (0.644-2.666) 0.456
Good 17 7.14 109 45.8
Poor 19 7.98 93 39.08

Medical control 0.673 (0.292-1.55) 0.352
Good 9 3.78 37 15.55
Poor 27 11.34 165 69.33

Education level 6.225 (1.845-21.006) 0.003**
High 3 1.26 73 30.67
Low 33 13.87 129 54.2

Income rate 1.623 (0.701-3.59) 0.258
High 8 3.36 64 26.89
Low 28 11.76 138 57.98

Main job as a pig farmer 2.891 (1.15-7.268) 0.024*
No 6 2.52 74 31.09
Yes 30 12.61 128 53.78

Presence of hookworm infected pigs 2.102 (0.876-5.046) 0.096
No 7 2.94 68 28.57
Yes 29 12.18 134 56.3

Presence of pigsty in yard 1.247 (0.594-2.62) 0.56
No 23 9.66 139 58.4
Yes 13 5.46 63 26.47

**Highly significant, *Significant, OR=Odds ratio, CI=Confident interval

Table-6: Risk factor of Trichuris spp. infection in traditional pig farmers in Bali.

Risk factor Positive Negative OR (95% CI) p-value

Frek % Frek %

Personal hygiene 8.00 (1.658-38.598) 0.01**
Good 2 0.84 152 63.87
Poor 8 3.36 76 31.93

Sanitation 4.769 (0.991-22.953) 0.05*
Good 2 0.84 124 52.1
Poor 8 3.36 104 43.7

Medical control 2.213 (0.273-17.921) 0.457
Good 1 0.42 45 18.91
Poor 9 3.78 183 78.15

Education level 4.412 (0.549-35.469) 0.163
High 1 0.42 75 31.51
Low 9 3.78 153 64.29

Income rate 1.772 (0.367-8.559) 0.476
High 2 0.84 70 29.41
Low 8 3.36 158 66.39

Main job as a pig farmer 2.422 (0.279-21.025) 0.422
No 9 0.42 218 91.6
Yes 1 3.78 10 4.2

Presence of Trichuris spp. infected pigs 2.422 (0.279-21.025) 0.422
No 9 3.78 218 91.6
Yes 1 0.42 10 4.2

Presence of pigsty in yard 1.444 (0.395-5.277) 0.578
No 6 2.52 156 69.33
Yes 4 1.68 72 30.25

**Highly significant, *Significant. OR=Odds ratio, CI=Confident interval
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Orang Kuala subgroup had a low infection rate due 
to the developed infrastructure and higher standard of 
living. Anuar et al. [75] found that ascariasis was sig-
nificantly associated with children under the age of 15 
and low household income.

It was also discovered that having a primary 
occupation of traditional pig farmers was a risk fac-
tor for STH infections (OR: 2.95; CI: 1.356-6.415; 
p=0.006) (Table-3). The results showed that pig farm-
ers were 2.95 times more likely to contract an STH 
infection than respondents with a different primary 
occupation. Therefore, it was implied that the primary 
occupation of a traditional pig farmer is associated 
with an increased risk of infection with Ascaris spp. 
(OR: 5.652; CI: 1.287-24.825; p=0.022) and hook-
worm infection (OR: 2.891; CI: 1.15-7.268; p=0.024) 
(Tables-4 and 5). It is noteworthy that the pig rearing 
system in Bali consisted of traditional and simple prac-
tices, such as tying ropes to stakes. In addition, roofs 
were not provided to protect animals from the sun 
and rain. Therefore, pigs and buffalos were frequently 
soaked in mud after it rained [76]. This compromised 
the hygiene of traditional pig farms and increased the 
risk of contracting zoonotic diseases.
Conclusion

This study found a high prevalence of STH 
infections among traditional pig farmers in Bali, with 
a 21.8% infection rate. This prevalence was further 
delineated as consisting of 15.1% hookworm infec-
tion, 9.2% infection by Ascaris spp., and 4.2% infec-
tion by Trichuris spp., with some coinfections. The 
risk factors associated with infections of STH and 
Ascaris spp. were personal hygiene, home sanitation, 
education level, household income, and having a pri-
mary occupation of a traditional pig farmer. In con-
trast, personal hygiene, education level, and primary 
occupation were the only risk factors for hookworm 
infection, while personal hygiene and home sanitation 
were the risk factors associated with Trichuris spp. 
infection.
Authors’ Contributions

KKA: Designed the study, performed the labo-
ratory work, analyzed the data, and wrote the man-
uscript. IMAW: Designed the study, analyzed the 
data, and wrote the manuscript. IMS: Designed the 
study, analyzed the data, and wrote the manuscript. 
MS: Designed the study, performed the laboratory 
work, analyzed the data, and wrote the manuscript. 
NSD: Designed the study, analyzed the data, and 
wrote the manuscript. All authors read and approved 
the final manuscript.
 Acknowledgments

The study was funded by the Ministry of 
Education, Culture, Research, and Technology, 
Republic of Indonesia, through a fundamental 
research program with contract No. 486.111/UN14.2/

PNL.01.03.00. The authors are thankful to the Dean of 
The Faculty of Medicine and The Faculty of Veterinary 
Medicine, Udayana University, Indonesia, for provid-
ing the necessary facilities for this study.
Competing Interests

The authors declare that they have no competing 
interests.
Publisher’s Note

Veterinary World remains neutral with regard 
to jurisdictional claims in published institutional 
affiliation.
References
1. Hotez, P.J., Brindley, P.J., Bethony, J.M., King, C.H., 

Pearce, E.J. and Jacobson, J. (2008) Helminth infections: 
The great neglected tropical diseases. J. Clin. Invest., 
118(4): 1311-1321.

2. World Health Organization. (2020) Soil-transmitted 
Helminth Infections. Key Facts. World Health Organization, 
Geneva. p1. Available from: https://www.who.int/news-
room/fact-sheets/detail/soil-transmitted-helminth-infec-
tions. Retrieved on 29-12-2021.

3. Skolnik, R. and Ahmed, A. (2010) Ending the Neglect of 
Neglected Tropical Diseases. Population Reference Bureau. 
p1-6.

4. Nii-Trebi, N.I. (2017) Emerging and neglected infectious 
diseases: Insights, advances, and challenges. Biomed. Res. 
Int., 2017(1): 5245021.

5. Pal, M. and Anberber, M. (2014) Monograph on 
Microbiology of Drinking Water. 1st ed. LAP LAMBERT 
Academic Publishing, Germany. p92.

6. Gizaw, Z., Adane, T., Azanaw, J., Addisu, A. and Haile, D. 
(2018) Childhood intestinal parasitic infection and sani-
tation predictors in rural Dembiya, Northwest Ethiopia. 
Environ. Health Prev. Med., 23(1): 26.

7. Kattula, D., Sarkar, R., Ajjampur, S.S.R., Minz, S., 
Levecke, B., Muliyi, J. and Kang, G. (2014) Prevalence and 
risk factors for soil transmitted helminth infection among 
school children in south India. Indian J. Med. Res., 139(1): 
76-82.

8. Mascarini-Serra, L. (2011) Prevention of soil-transmitted 
helminth infection. J. Glob. Infect. Dis., 3(2): 175-182.

9. World Health Organization. (2012) Soil-transmitted 
Helminthiases: Eliminating Soil-transmitted Helminthiases 
as a Public Health Problem in Children. World Health 
Organization, Geneva.

10. Widjana, D.P. and Sutisna, P. (2000) Prevalence of 
soil-transmitted helminth infections in the rural population 
of Bali, Indonesia. Southeast Asian J. Trop. Med. Public 
Health, 31(3): 454-459.

11. Jiero, S., Ali, M., Pasaribu, S. and Pasaribu, A.P. (2015) 
Correlation between eosinophil count and soil-transmitted 
helminth infection in children. Asian Pac. J. Trop. Dis., 
5(10): 813-816.

12. Wati, P.D.C. and Ridlo, I.A. (2020) Hygienic and healthy 
lifestyle in the urban village of Rangkah Surabaya. 
J. PROMKES, 8(1): 47.

13. Hairani, B., Waris, L. and Juhairiyah. (2014) Prevalence of 
soil-transmitted helminths (STH) in primary school chil-
dren in subdistrict of Malinau Kota, District of Malinau, 
East Kalimantan Province. J. Buski, 5(1): 43-48.

14. Anderson, T.J.C. (1995) Ascaris infections in humans from 
North America: Molecular evidence for cross-infection. 
Parasitology, 110(Pt 2): 215-219.

15. Peng, W. and Criscione, C.D. (2012) Ascariasis in people 
and pigs: New inferences from DNA analysis of worm pop-
ulations. Infect. Genet. Evol., 12(2012): 227-235.



Veterinary World, EISSN: 2231-0916 1161

Available at www.veterinaryworld.org/Vol.15/May-2022/1.pdf

16. Arizono, N., Yoshimura, Y., Tohzaka, N., Yamada, M., 
Tegoshi, T., Onishi, K. and Uchikawa, R. (2010) Ascariasis 
in Japan: Is pig-derived Ascaris infecting humans? Jpn. J. 
Infect. Dis., 63(6): 447-448.

17. Nejsum P., Parker, E.D. Jr., Frydenberg, J., Roepstorff, A., 
Boes, J., Haque, R., Astrup, I., Prag, J. and Sørensen, U.B.S. 
(2005) Ascariasis is a zoonosis in Denmark. J. Clin. 
Microbiol., 43(3): 1142-1148.

18. Diarthini, N.L.P., Ariwati, L., Sudarmaja, I.M., 
Damayanti, P.A.A., Swastika, I.K. and Laksemi, S.D.A. 
(2014) Comparison of the prevalence of soil-transmitted 
helminth (STH) infections in elementary school students 
in three different areas in Bali, Indonesia. In: Taeniasis/
Cysticercosis and other Parasitic Infections. Uayana 
University, Bali. p1-7.

19. Anderson, T.J.C. and Romero-Abal, M.E. (1995) 
Mitochondrial DNA and Ascaris microepidemiology the 
composition of parasite populations from individual hosts, 
families and villages. Parasitology, 110(2): 221-229.

20. Centers for Disease Control and Prevention. (2017) 
Parasites: Hookworm FAQs. Centers for Disease Control 
and Prevention, Atlanta, Georgia. Available from: https://
www.cdc.gov. Retrieved on 29-12-2021.

21. Crompton, D.W.T. (2000) The public health importance of 
hookworm disease. Parasitology, 121(S1): S39-S50.

22. Hotez, P. (2008) Hookworm and poverty. Ann. N. Y. Acad. 
Sci., 1136(10): 38-44.

23. Erosie, L., Merid, Y., Ashiko, A., Ayine, M., Balihu, A., 
Muzeyin, S., Teklemariam, and Sorsa, S. (2002) Prevalence 
of hookworm infection and haemoglobin status among rural 
elementary school children in Southern Ethiopia. Ethiop. J. 
Health Dev., 16(1): 9833.

24. Hotez, P.J., Brooker, S., Bethony, J.M., Bottazzi, M.E., 
Loukas, A. and Xiao, S. (2004) Current concepts: Hookworm 
infection. Nat. Rev. Dis. Prim., 351(8): 799-807.

25. Jiraanankul, V., Aphijirawat, W., Mungthin, M., 
Khositnithikul, R., Rangsin, R., Traub, R.J., Piyaraj, P., 
Naaglor, T., Taamasri, P. and Leelayoova, S. (2011) 
Incidence and risk factors of hookworm infection in a rural 
community of central Thailand. Am. J. Trop. Med. Hyg., 
84(4): 594-598.

26. Manz, K.M., Clowes, P., Kroidl, I., Kowuor, D.O., 
Geldmacher, C., Ntinginya, N.E., Maboko, L., 
Hoelscher, M. and Saathoff, E. (2017) Trichuris trichiura 
infection and its relation to environmental factors in Mbeya 
region, Tanzania: A cross-sectional, population-based study. 
PLoS One, 12(4): 1-16.

27. Bundy, D.A. and Cooper, E.S. (1989) Trichuris and trichu-
riasis in humans. Adv. Parasitol., 28: 107-173.

28. Pullan, R.L., Smith, J.L., Jasrasaria, R. and Brooker, S.J. 
(2010) Global numbers of infection and disease burden 
of soil-transmitted helminth infections in 2010. Parasit. 
Vectors, 7(1): 37.

29. Anwar, C., Annisa, S., Dalilah, D. and Novrikasari, N. 
(2018) The relationship between soil-transmitted helminths 
(STH) infection and nutritional status in students of state ele-
mentary school number (SDN) 200 Palembang Indonesia. 
Biosci. Med. J. Biomed. Transl. Res., 2(2): 42-53.

30. Lestariningsih, S. (2018) Faktor-faktor Yang Berhubungan 
Dengan Kejadian Kecacingan pada Anak Usia 1-5 Tahun. 
Universitas Abdurrab, Indonesia.

31. Prajnawrdhi, T., Sivam, A. and Karuppannan, S. (2012) Is 
Urbanized City Sustainable? A Case Study of Denpasar, 
Bali. In: 6th International Conference and Workshop on 
the Built Environment in Developing Countries, Adelaide, 
Australia. p1001-11.

32. Arismayanti, N.K., Budiarsa, M., Bakta, I.M. and 
Pitana, I.G. (2020) Quality of Bali tourism destination: 
Tourists perception. Int. J. Psychosoc. Rehabil., 24(1): 
5203-5227.

33. Agustina, K.K., Dharmayudha, A.A.G., Oka, I.B.M., 
Dwinata, I.M., Kardena, I.M., Dharmawan, N.S. and 

Dwinata, I.M. (2016) Case of entamoebiasis in pigs raised 
with a free range systems in Bali, Indonesia. J. Vet., 17(4): 
570-575.

34. Agustina, K.K., Sudewi, N.M.A., Dharmayudha, A.A.G. 
and Oka, I.B.M. (2016) Identification and prevalence of 
gastrointestinal protozoa in piglets were sold in a traditional 
market in Bali. Bul. Vet. Udayana, 8(1): 17-24.

35. Agustina, K.K., Wirata, I.W., Dharmayudha, A.A.G., 
Kardena, I.M. and Dharmawan, N.S. (2016) Increasing 
farmer income by improved pig management systems. Bul. 
Vet. Udayana, 8(2): 122-127.

36. Fendriyanto, A., Dwinata, I.M., Oka, I.B.M. and 
Agustina, K.K. (2015) Identifikasi dan Prevalensi Cacing 
Nematoda Saluran Pencernaan Pada Anak Babi di Bali. 
Indones. Med. Vet., 4(5): 465-473.

37. Agustina, K.K. (2013) Identifikasi dan Prevalensi Cacing 
Tipe Strongyle Pada Babi di Bali. Bul. Vet. Udayana, 5(2): 
131-138.

38. Magouras, I., Brookes, V.J., Jori, F., Martin, A., Pfeiffer, D.U. 
and Dürr, S. (2020) Emerging zoonotic diseases: Should we 
rethink the animal-human interface? Front. Vet. Sci., 7(1): 
582743.

39. Pinter-Wollman, N., Jelic, A. and Wells, N.M. (2018) The 
impact of the built environment on health behaviours and 
disease transmission in social systems. Philos. Trans. R. 
Soc. B Biol. Sci., 373(1753): 20170245.

40. Van Seventer, J.M. and Hochberg, N.S. (2017) Principles 
of infectious diseases: Transmission, diagnosis, prevention, 
and control. Int. Encycl. Public Health, 6(1): 19-21.

41. Agustina, K.K., Swacita, I.B.N., Oka, I.B.M., 
Dwinata, I.M., Traub, R.J., Cargill, C. and Damriyasa, I.M. 
(2017) Reducing zoonotic and internal parasite burdens in 
pigs using a pig confinement system. Vet. World, 10(11): 
1347-1352.

42. Novianty, S., Dimyati, Y., Pasaribu, S. and Pasaribu, A.P. 
(2018) Risk factors for Soil-Transmitted Helminthiasis in 
preschool children living in farmland, North Sumatera, 
Indonesia. J. Trop. Med., 2018(4): 6706413.

43. Menzies, S.K., Rodriguez, A., Chico, M., Sandoval, C., 
Broncano, N., Guadalupe, I. and Cooper, P.J. (2014) Risk 
factors for soil-transmitted helminth infections during the 
first 3 years of life in the tropics; findings from a birth 
cohort. PLoS Negl. Trop. Dis., 8(2): 1-12.

44. Pasaribu, A.P., Alam, A., Sembiring, K., Pasaribu, S. 
and Setiabudi, D. (2019) Prevalence and risk factors of 
soil-transmitted helminthiasis among school children living 
in an agricultural area of North Sumatera, Indonesia. BMC 
Public Health, 19(1): 1066.

45. Brahmantya, I.B.Y., Iqra, H.H.P., Hartawan, I.G.N., 
Anjani, I.A.W., Sudarmaja, I.M. and Ryalino, C. (2020) 
Risk factors and prevalence of soil-transmitted helminth 
infections. Open Access Maced. J. Med. Sci., 8(A): 521-524.

46. Muslim, A., Sofian, S.M., Shaari, S.A., Hoh, B.P. and 
Lim, Y.A.L. (2019) Prevalence, intensity and associated 
risk factors of soil-transmitted helminth infections: A com-
parison between Negritos (indigenous) in inland jungle and 
those in resettlement at town peripheries. PLoS Negl. Trop. 
Dis., 13(4): 1-22.

47. Ed Robinson. (2005) Step By Step: Centrifugal Flotation 
Detecting Common Parasite Eggs. Veterinary Technician. 
Available from: https://www.vetfolio.com/learn/article/
step-by-step-centrifugal-flotationdetecting-common-para-
site-eggs . Retrieved on 15-06-2019.

48. Agustina, K.K., Anthara, M.S., Sibang, N.A.A., 
Wiguna, W.A.R., Apramada, J.K., Gunawan, W.N.F., 
Oka, I.B.M., Subrata, M. and Besung, N.K. (2021) 
Prevalence and distribution of soil-transmitted helminth 
infection in free-roaming dogs in Bali Province, Indonesia. 
Vet. World, 14(2): 446-451.

49. Steinbaum, L., Mboya, J., Mahoney, R., Njenga, S.M., 
Null, C. and Pickering, A.J. (2019) Effect of a sanitation 
intervention on soil-transmitted helminth prevalence and 



Veterinary World, EISSN: 2231-0916 1162

Available at www.veterinaryworld.org/Vol.15/May-2022/1.pdf

concentration in household soil: A cluster-randomized con-
trolled trial and risk factor analysis. PLoS Negl. Trop. Dis., 
13(2): e0007180.

50. Kurscheid, J., Laksono, B., Park, M.J., Clements, A.C.A., 
Sadler, R., McCarthy, J.S., Nery, S.V., Soares-
Magalhaes, R., Halton, K., Hadisaputro, S., Richardson, A., 
Indjein, L., Wangdi, K., Stewart, D.E. and Gray, D.J. (2020) 
Epidemiology of soil-transmitted helminth infections in 
Semarang, Central Java, Indonesia. PLoS Negl. Trop. Dis., 
14(12): e0008907.

51. Bethony, J., Brooker, S., Albonico, M., Geiger, S.M., 
Loukas, A., Diemert, D. and Hotez, P.J. (2006) Soil-
transmitted helminth infections: Ascariasis, trichuriasis, and 
hookworm. Lancet, 367(9521): 1521-1532.

52. Shumbej, T., Belay, T., Mekonnen, Z., Tefera, T., Zemene, E., 
Ferron, E.S. (2015) Soil-transmitted helminths and associ-
ated factors among pre-school children in Butajira Town, 
South-Central Ethiopia: A community-based cross-sec-
tional study. PLoS One, 10(8): e0136342.

53. Wikandari, R.J., Setyowatiningsih, L., Djamil, M., Surati, S. 
and Kahar, F. (2021) Factors related to soil-transmitted hel-
minth infection in vegetable farmers. Indones. J. Med. Lab. 
Sci. Technol., 3(2): 135-145.

54. Squire, S.A., Yang, R., Robertson, I., Ayi, I., Squire, D.S. 
and Ryan, U. (2018) Gastrointestinal helminths in farmers 
and their ruminant livestock from the Coastal Savannah 
zone of Ghana. Parasitol. Res., 117(10): 3183-3194.

55. Apsari, P.I.B., Indraningrat, A.A.G., Arwati, H. and 
Dachlan, Y.P. (2020) Short Communication: Prevalence 
and risk factors of soil-transmitted helminth infection 
among farmers in Gelgel Village, Klungkung District, Bali, 
Indonesia. Biodiversitas, 21(4): 1535-1540.

56. Ngui, R., Aziz, S., Chua, K.H., Aidil, R.M., Lee, S.C., 
Tan, T.K., Sani, M.M., Arine, A.F., Rohela, M. and 
Lim, Y.A.L. (2015) Patterns and risk factors of soil-trans-
mitted helminthiasis among orang asli subgroups in penin-
sular Malaysia. Am. J. Trop. Med. Hyg., 93(2): 361-370.

57. Inpankaew, T., Schär, F., Dalsgaard, A., Khieu, V., 
Chimnoi, W., Chhoun, C., Sok, D., Marti, H., Muth, S., 
Odermatt, P. and Traub, R.J. (2014) High prevalence of 
Ancylostoma ceylanicum hookworm infections in humans, 
Cambodia, 2012. Emerg. Infect. Dis., 20(6): 976-982.

58. Doulberis, M., Papaefthymiou, A., Kountouras, J., 
Polyzos, S.A., Srivastava, D.S., Perrig, M., Katsinelos, P., 
Özgüler, O., Kotronis, G., Gialamprinou, D., Papamichos, S., 
Ingold, J., Xanthis, A. and Exadaktylos, A.K. (2018) 
Hookworms in emergency department: The “vampire” 
within. J. Acute Med., 8(4): 135-148.

59. Hagel, I. and Giusti, T. (2010) Ascaris lumbricoides: 
An overview of therapeutic targets. Infect. Disord. Drug 
Targets, 10(5): 349-367.

60. Scott, M.E. (2008) Ascaris lumbricoides: A review of its 
epidemiology and relationship to other infections. Ann. 
Nestle, 66(1): 7-22.

61. Amoah, I.D., Abubakari, A., Stenström, T.A., Abaidoo, R.C. 
and Seidu, R. (2016) Contribution of wastewater irrigation 
to soil-transmitted helminths infection among vegetable 
farmers in Kumasi, Ghana. PLoS Negl. Trop. Dis., 10(12): 
e0005161.

62. Donkor, K. and Lundberg, S. (2018) Trichuris trichi-
ura (whipworm) infection (trichuriasis): Background, 

pathophysiology, epidemiology. Medscape, 15(1): 1-3.
63. Else, K.J., Keiser, J., Holland, C.V., Grencis, R.K., 

Sattelle, D.B., Fujiwara, R.T., Bueno, L.L., Asaolu, S.O., 
Sowemimo, O.A. and Cooper, P.J. (2020) Whipworm and 
roundworm infections. Nat. Rev. Dis. Prim., 6(1): 44.

64. Bopda, J., Nana-Djeunga, H., Tenaguem, J., Kamtchum-
Tatuene, J., Gounoue-Kamkumo, R., Assob-Nguedia, C. 
and Kamgno, J. (2016) Prevalence and intensity of human 
soil-transmitted helminth infections in the Akonolinga 
health district (Centre Region, Cameroon): Are adult hosts 
contributing in the persistence of the transmission? Parasit. 
Epidemiol. Control, 1(2): 199-204.

65. Suchdev, P.S., Davis, S.M., Bartoces, M., Ruth, L.J., 
Worrell, C.M., Kanyi, H., Odero, K., Wiegand, R.E., 
Njenga, S.M., Montgomery, J.M. and Fox, L.M. (2014) 
Soil-transmitted helminth infection and nutritional status 
among urban slum children in Kenya. Am. J. Trop. Med. 
Hyg., 90(2): 299-305.

66. Wiweka, A.H., Dwinata, I.M. and Suratma, I.N.A. (2020) 
Prevalence and risk factors of Ascaris suum infection in 
pigs in the lowland area of Bali Province. Indones. Med. 
Vet., 9(6): 940-948.

67. Mariyana, L.D., Dwinata, I.M. and Suratma, N.A. (2020) 
Prevalence and risk factor of strongyl type worm infection 
in pigs in the lowland of Bali Province. Indones. Med. Vet., 
9(6): 949-958.

68. Umar, Z. (2008) Hand washing behavior before eating and 
worms in elementary school students in Pesisir Selatan 
Regency, West Sumatra. Kesmas Natl. Public Health J., 
2(6): 249-254.

69. Hayani, N., Wijayanti, Y. and Indriyanti, D.R. (2019) The 
affecting factors occurring of worms in roof tile and bricks 
craftsmen in Boyolali. Public Health Perspect. J., 4(2): 
122-128.

70. Montresor, A. (2002) Prevention and Control of 
Schistosomiasis and Soil-transmitted Helminthiasis: 
WHO Technical Report Series No. 912. World Health 
Organization, Geneva. Available from: https://www.who.
int/intestinal_worms/resources/who_trs_912/en .  Retrieved 
on 15-06-2019.

71. Suhartono, Hendratno S, Satoto, Kartini, A. (1998) Risk 
factors for hookworm infection in elementary school 
students in Karanganyar District. Med. Med. Indones., 
33(3): 1-6.

72. Sumanto, D. (2010) Faktor Risiko Infeksi Cacing Tambang 
Pada Anak Sekolah. Diponogoro University, Indonesia.

73. Forson, A.O., Arthur, I. and Ayeh-Kumi, P.F. (2018) The 
role of family size, employment and education of parents 
in the prevalence of intestinal parasitic infections in school 
children in Accra. PLoS One, 13(2): e0192303.

74. Prayitno, H., Hanafi, A.S. and Sholihah, Q. (2017) Factors 
associated with helminthiasis among vegetable in Barito 
Kuala district. Asian J. Epidemiol., 10(3): 108-115.

75. Anuar, T.S., Salleh, F.M. and Moktar, N. (2014) Soil-
Transmitted helminth infections and associated risk factors 
in three orang asli tribes in peninsular Malaysia. Sci. Rep., 
4(2): 4101.

76. Budaarsa, K., Puger, A.W. and Suasta, I.M. (2016) 
Eksplorasi komposisi pakan tradisional babi bali. Maj Ilm 
Peternak, 19(1): 2-6.

********




