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Hookworm infection remains an important community health concern, particularly in the coastal areas of
East Kalimantan, Indonesia, where environmental conditions facilitate transmission. Key risk factors in this
region include the presence of domestic animals (cats and dogs), infection in these pets, and specific types
of soil surrounding households. This study aimed to determine the prevalence of hookworm infection and
its association with various environmental and behavioral risk factors. A cross-sectional survey was
conducted in 2019 among 213 individuals from rural areas of Kutai Kartanegara Regency. Stool specimens
were examined using Kato-Katz and Koga Agar Plate (KAP) culture technique. The prevalence of hookworm
infection was 33.8% (72/213). Higher infection rates were significantly associated with older age (=13
years), agricultural occupation, poor sanitation facilities, use of unsanitary water sources, and open
defecation practices. Environmental factors, including wet soil, high soil organic carbon content, low
elevation, high humidity, frequent rainfall, and proximity to rivers or plantation areas, were also significantly
associated with hookworm infection (p < 0.05; ORs ranged approximately from 1.7 to 2.9). The presence
of hookworm-infected domestic dogs was significantly associated with human infection (p < 0.001). These
findings highlight that hookworm transmission in coastal East Kalimantan is influenced by an alliance of
environmental, behavioral, and animal-related factors. Comprehensive control strategies focusing on
sanitation improvement, environmental management, and control of zoonotic reservoirs are essential to
reduce infection rates in endemic rural setting.
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INTRODUCTION cause chronic intestinal blood loss and malnutrition(Forrer
Hookworm infection remains a significant public et al., 2018a; Garcia, 2014). The infection thrives in warm,
health burden, particularly located in tropical and humid environments and is strongly associated with poor

subtropical regions that were low- and middle-income
countries. In the globally estimated more than 438 million
people were infected by hookworm, with approximately
70% of these infections concentrated in Asia (Bethony et
al., 2006; Punsawad et al., 2017). Despite global initiatives
targeting soil-transmitted helminthiases, hookworm
continues to pose persistent health challenges due to
complex  socio-environmental  determinants  and
inadequate control efforts, especially in rural and coastal
communities (Sedionoto et al., 2019, 2023; Wardell et al.,
2017).

Hookworm infection is primarily transmitted through
skin contact with soil contaminated by third-stage larvae
originating from human faeces. These larvae penetrate
intact human skin, migrate through the bloodstream, and
eventually extent the small intestine, then mature and
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sanitation, lack of access to clean water, and suboptimal
hygiene practices (Hall et al., 1994; Sedionoto &
Anamnart, 2023).

Environmental conditions, exceptionally prolonged
rainy seasons, have been shown to influence the
transmission dynamics of hookworms and other soil-
transmitted helminths especially S. stercoralis infection.
For instance, studies in Southern Thailand disclosed that
the prevalence of Strongyloidiasis tends to decrease in
areas with long rainy seasons. In contrast, hookworm
prevalence remains high, likely due to the resilience of
hookworm larvae in wet, vegetated soil environments
(Sedionoto et al., 2019, 2023). Comparative findings from
Cambodia and Laos further demonstrate a higher burden
of hookworm in the regions with in adequate sanitation
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infrastructure and high rainfall (Forrer et al., 2018b;
Vonghachack et al., 2015).

Despite existing literature, there remains a lack of
localized, environmental-specific analyses of hookworm
prevalence in diverse rural ecosystems, especially in
Indonesia. East Kalimantan characterized by high rainfall,
extensive vegetation cover, and ongoing land-use changes
such as deforestation, presents unique ecological
conditions that may affect hookworm transmission
differently from other regions(Sedionoto et al., 2023).
Moreover, domestic animal ownership, particularly of dogs
and cats, may contribute to additional zoonotic
transmission risks (Inpankaew et al., 2015), yet remains
understudied in rural Indonesian settings.

While prior studies have assessed the general
prevalence of hookworm infections in rural Southeast Asia,
few have explored the integrated associations of
microclimate (temperature, humidity, rainfall), ecological
features (soil type, vegetation), and household-level risk
factors (sanitation, hygiene behaviour, and animal
ownership) within a single comprehensive framework.
Addressing this gap is crucial for tailoring locally relevant
intervention strategies and advancing the precision of
disease mapping and control in helminth-endemic areas.

Domestic animal ownership, particularly dogs and
cats, has been increasingly recognized as an important
zoonotic risk factor for human hookworm infection.
Previous studies in Southeast Asia reported hookworm
prevalence ranging from 26-35% among domestic dogs,
with molecular evidence demonstrating that more than
20% of human hookworm infections were caused by
Ancylostoma ceylanicum, a zoonotic species transmitted
from infected dogs and cats (Inpankaew et al., 2015;
Kladkempetch et al., 2020). In addition, inadequate
sanitation and poor hygiene practices, such as open
defecation and inconsistent use of footwear, have been
shown to increase the risk of hookworm infection by two-
to three-fold in endemic rural communities (Bethony et al.,
2006).

Therefore, the relationship between environmental
and household factors and hookworm infection be
investigated in this study. We conducted a cross-sectional
survey in duo to analyze of the key environmental risk
factors, such as geographical factors, pet ownership
including dog and cat, individual hygiene of the
community, and household sanitation facilities of the rural
communities in rural coastal areas in East Kalimantan be
correlated with zoonotic hookworm infection These factors
were then correlated with the prevalence of hookworm
infection, providing new insights into the persistence of
hookworm in equatorial rainforest ecosystems and offering
evidence-based recommendations for more effective
parasite control strategies in similar environmental
settings.

METHOD
Study design and population

The research was conducted in rural regions of
coastal areas of Bunga Jadi and Puancepak Subdistricts,
Muarakaman District, and Sebuntal Subdistrict,

Marangkayu District in East Kalimantan. This cross-
sectional study was carried out between September—
Desember, 2019. The geographic coordinates of the areas
of study are approximately 0.440190°S latitude and
116.981390°E longitude. The region experienced an
average temperature of 28°C, with a temperature range
of 26°C to 32°C. Muara Kaman is situated along the
Mahakam River and is characterized by surrounding
forested areas and palm plantations. Conversely,
Marangkayu is a coastal area bordered by rubber and palm
plantations, as well as rice fields. Data collection
encompassed 28 villages, comprising 13 villages within
Muara Kaman and 15 within Marangkayu. Villages were
selected purposively based on their coastal characteristics
and accessibility. Within each village, households were
selected using a convenience sampling approach, and all
eligible household members aged >2 years who agreed to
participate were included. In each village, data were
obtained from 10 to 15 households, with 1 to 3 participants
per household. A total of 213 individuals participated in the
study, providing stool samples, alongside the collection of
stool specimens from domestic animals residing in the
vicinity of participant households.

The method describes the approach used in the
research, including the research design, population and
sample, data collection instruments, and analysis
techniques. The description should be clear enough so that
it can be replicated by other researchers. If using an
existing method, provide appropriate references.

Muara Kaman Subdistrict
Marang Kayu Subdistrict

[ East Kalimantan Province I Kutai Kertancgara Regency

Figure 1. Geographic location of the study sites in East
Kalimantan Province, Indonesia. The left panel shows the
location of East Kalimantan Province within Borneo Island.
The middle panel highlights Kutai Kartanegara Regency
within the province. The right panel zooms in on the two
study subdistricts: Muara Kaman (yellow) and Marangkayu
(orange), where the cross-sectional survey on hookworm
and S. stercoralis infections was conducted.

Data collection and laboratory processing

Stool samples were collected over three days from
each participant. On the first day, researchers visited
households to inform and request cooperation from heads
of households and other family members. On the second
and third mornings, stool samples were collected and
promptly transported to the environmental health
Laboratory at the Department of Environmental, Faculty of
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Public Health, Mulawarman University, for diagnostic
processing. Environmental assessments of household
surroundings were also conducted during the study period.
Two diagnostic techniques were employed: the agar plate
culture (APC) and the Kato-Katz method. The APC method
followed the protocol by Koga et al. (1991), wherein a
small amount of stool was placed at the center of a
nutrient agar plate and incubated at room temperature for
five days. The presence of larvae was indicated by visible
crawling tracks or direct observation of larvae and adult
worms. Positive samples were treated with 10 ml of 10%
formalin for 5-10 minutes, transferred into centrifuge
tubes, and centrifuged at 2,500 rpm for five minutes. The
resulting sediment was then examined microscopically for
hookworm larvae or adults. For the Kato-Katz technique,
approximately 41.7 mg of stool was placed on a
microscope slide, then left for 24 hours covered with a
cellophane strip pre-soaked in glycerin. The sample was
then evenly spread using a rubber applicator. After 30
minutes, the slide was examined under a microscope for
helminth eggs (Anamnart et al., 2010; Katz et al., 1972;
KOGA-KITA, 2004).

Operational Definitions

Environmental and household variables were
defined using standardized operational criteria.
Geographical area was classified into Muara Kaman and
Marangkayu subdistricts. Soil characteristics, including
organic carbon content, pH, clay proportion, and texture,
were determined through laboratory analysis and
categorized according to observed value ranges. Climatic
variables such as temperature, evaporation rate, number
of rainy days, rainfall volume, and elevation above sea
level were obtained from official meteorological and
geographical records and grouped into two categories
based on local distributions. Vegetation surrounding
households was classified as plantation (palm or rubber)
or rice field, while village characteristics were categorized
as river or coastal buffer areas and hilly areas. Soll
conditions around houses were classified as dry or wet
based on direct field observation.

Household and behavioral variables were assessed
through structured interviews and on-site observation. Pet
ownership was defined as the regular presence of cats or
dogs within the household compound. Hookworm infection
in domestic animals was confirmed through stool
examination and classified as positive or negative.
Sanitation-related variables, including water sources,

drinking water, floor type, and toilet facilities, were
categorized as sanitary or unsanitary based on protection
from contamination, material impermeability, and
separation from pollution sources. Personal hygiene
behaviors, such as footwear use, handwashing, and foot
washing after soil or animal contact, were classified based
on routine practice reported by participants.

Data analysis

The structured questionnaires used to collect the
personal hygiene and others demographic data of
participants. Sanitation conditions at each household were
assessed through direct field observations. Environmental
variables, including vegetation type, elevation, pet
ownership, and soil characteristics surrounding
households, were compiled using both field observations
and data from credible sources. Parameters of soil such as
content of organic carbon in clay proportion, and pH were
analyzed at the Soil Laboratory, Mulawarman University.
Vegetation and soil type classifications were recorded
using observational checklists, while pet ownership data
were obtained through interviews and on-site verification.
Meteorological data, including annual temperature,
humidity, and duration of the rainy season, were retrieved
from official databases of the Badan Pusat Statistik
Indonesia and the Badan Metereologi Klimatologi dan
Geofisika Indonesia. The prevalence of zoonotic
hookworm infection was stratified based on environmental
risk factor, quality the sanitation, and personal hygiene
that summarized using descriptive statistics. To examine
associations between infection and potential risk factors,
Chi-square tests were performed using SPSS version 22,
with a significance threshold set at P < 0.05. Additionally,
were calculated to determine of the association between
and infection prevalence.

RESULTS AND DISCUSSION
Environmental Risk Factors
Prevalence in East Kalimantan

The prevalence of hookworm infection was
determined using the Kato-Katz technique. The APC
method was applied to a subset of 213 community
samples, revealing that 72 individuals (33.8%) were
positive for hookworm infection. Notably, the prevalence
of hookworm infection in Muara Kaman district (55.8%)
exceeded that observed in Marangkayu district (16.1%),
with respective case counts of 53 and 19.

on Hookworm

Table 1.
Environmental Risk Factors of the Prevalence of Hookworm in East Kalimantan
Variable Category Positive n (%) P-value
. Muara Kaman 53 (55.8)
Geographical Area Marangkayu 19 (16.1) 0.000
. L 1.37-2.47 21 (23.1)
0]
Organic carbon in soil (%) >2.47-4.04 51 (41.8) 0.004
. 4.26-5.85 31 (30.4)
PH soil >5.85-6.92 41 (36.9) 0.313
Clay in soil (%) 4-18.5 35 (36.5) 0.458
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Variable Category Positive n (%) P-value
>18.5-42.50 37 (31.6)
28-28.6 19 (16.1)
0
Temperature (°C) 528.6 -29.5 53 (55.8) 0.000
. 65 19 (16.1)
0
Evaporation (%) 66 53 (55.8) 0.000
. 164 53 (55.8)
Number of rainfall (day) 174 19 (16.1) 0.000
. 3549 53 (55.8)
3
Volume of rainfall (mm?) 4000 19 (16.1) 0.000
. 15-41.6 53 (55.8)
Elevation from above of sea (m) >41.6-50 19 (16.1) 0.000
) Sandy soil 46 (33.1)
Texture of soil Non-sandy soil 26 (35.1) 0.764
Plantation (palm or 65 (38.9)
Vegetation rubber) 0.003
Rice field 7 (15.2)
. Buffer river/sea 65 (39.2)
Village areas Hill area 7 (14.9) 0.002
. . . Dry soil 51 (30.2)
Quality soil surrounding the house Wet soil 21 (47.7) 0.028
- Not having cat 30 (37.5)
Retaining cat Having cat 42 (31.6) 0.376
- Not having dog 0 (0.0)
Retaining a dog Having dog 72 (34.4) 0.149
Hookworm infection in cat Negative 0 (0.0) 0.474
Positive 72 (34.4) )
Hookworm infection in dog Negative 0 (0.0) 0.000
Positive 72 (34.4) '
The chi-square analysis identified significant conditions such as wet soils, proximity to palm or rubber

associations between hookworm infection and various
environmental risk factors. The prevalence of hookworm
was substantially higher in Muara Kaman District (55.8%)
compared to Marangkayu (16.1%). Key environmental
variables associated with increased hookworm prevalence
included high soil organic carbon content (>2.47—4.04%),
elevated temperatures (>28.6°C), higher humidity (66%),
lower elevation (15—41.6 m), and specific environmental

Risk factors associated with hookworm infection

plantations, and villages located near rivers or coastal
areas (p < 0.05). Additionally, the presence of hookworm
infection in dogs was significantly correlated with human
cases (p = 0.000). These results highlight the strong
influence of ecological and animal-related determinants in
shaping the transmission dynamics of hookworm in the
areas.

Table 2
Essential risk factors of the Prevalence of hookworm infection in East Kalimantan province

Positive n (%) Hookworm

Variable Category n hookworm OR (95%(CI)
Year-old 2-12 114 31 (27.2) 0.72 (0.59-0.96)
13 and above 99 41 (41.4) 1.36 (1.01-1.84)
Occupation Non-agriculturist 75 40 (29.1) 0.69 (0.48-0.98)
Agriculturist 138 32 (42.7) 1.25 (0.99-1.58)
Floor in door Sanitary floor 212 72 (34) 2.66 (1.78-3.97)
Soail floor 1 0 (0.0 0.41 (0.30-0.54)
. Not soil 35 13 (37.1) 1.03 (0.91-1.17)
Quality of yard Soil 178 59 (33.1) 0.88 (0.46-1.61)
Treatment of Waste Treatment 108 33 (30.6) 0.86 (0.66-1.14)
water Without treatment 105 39 (37.1) 1.16 (0.86-1.56)
Water sources Sanitary 92 19 (20.7) 0.65 (0.53-0.82)
Un-sanitary 121 53 (43.8) 1.96 (1.29-2.98)
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Positive n (%) Hookworm

Variable Category n hookworm OR (95%CI)
L Sanitary 117 18 (15.4) 0.40 (0.30-0.53)
Water for drinking 1y aanitary 9% 54 (56.3) 2.80 (1.86-4.25)
Toilet Sanitary toilet 181 55 (30.4) 0.45 (0.24-0.85)
Open defecation 32 17 (53.1) 1.17 (1.02-1.35)
Using shoes on out- Routine 74 32 (43.2) 1.26 (1.00-1.59)
door Un-routine 139 40 (28.8) 0.67 (0.47-0.96)
Cleaning foot after Washing 26 6 (23.1) 0.94 (0.85-1.03)
soil contact Not washing 187 66 (35.3) 1.70 (0.71-4.05)
Washing Routine 33 8 (24.2) 0.93 (0.83-1.03)
fruit/vegetable Un-routine 180 64 (35.6) 1.60 (0.76-3.36)
before eaten
Ate raw/un-cook No 172 63 (36.6) 1.82 (0.92-3.59)
vegetable Yes 41 9 (22) 0.88 (0.78-1.00)
Pet contact No 161 60 (37.3) 1.70 (0.95-3.04)
Yes 52 12 (23.1) 0.86 (0.74-0.99)
Washing hand 4 0 (0.0) -
After pet contact " vashing hand 209 72 (34.4) 1
. Washing hand 25 6 (24.0) 0.94 (0.86-1.04)
Not washing hand 188 66 (35.1) 1.62 (0.67-3.87)
Washing foot before No 13 7 (53.8) 1.62 (0.68-3.87)
house enter Yes 200 65 (32.5) 0.44 (0.15-1.25)
. Yes 116 46 (39.7) 1.39 (0.98-1.97)
Use toilet at home 97 26 (26.8) 0.78 (0.61-0.99)
Use sandals in tollet  ROUtINE 116 46 (39.7) 1.39 (0.98-1.97)
Un-routine 97 26 (26.8) 0.78 (0.61-0.99)
Area Muarakaman 95 53 (55.8) 2.66 (1.78-3.97)
Marangkayu 118 19 (16.1) 0.41 (0.30-0.54)
Organic carbon in 1.37-2.47 91 21 (23.1) 0.77 (0.57-0.89)
soil (%) >2.47-4.04 122 51 (41.8) 1.70 (1.15-2.53)
oH soil 4.26-5.85 102 31 (30.4) 0.87 (0.67-1.13)
>5.85-6.92 111 41 (36.9) 1.17 (0.86-1.60)
. 4-18.5 9% 35 (36.5) 1.10 (0.85-1.44)
Clay in soil (%) >18.5-42.50 117 37 (31.6) 0.89 (0.66-1.21)
28-28.6 118 19 (16.1) 0.41 (0.30-0.54)
Temperature (°C)  Jog'¢c 595 95 53 (55.8) 2.66 (1.79-3.97)
o 65 118 19 (16.1) 0.41 (0.30-0.54)
Evaporation (%) 66 95 53 (55.8) 2.66 (1.79-3.97)
Number of rainfall 164 95 53 (55.8) 2.66 (1.79-3.97)
(day) 174 118 19 (16.1) 0.41 (0.30-0.54)
Volume of Rainfall 3549 95 53 (55.8) 2.66 (1.79-3.97)
(mm?3) 4000 118 19 (16.1) 0.41 (0.30-0.54)
Elevation (m) 15-41.6 97 53 (55.8) 2.61 (1.75-3.89)
>41.6-50 116 19 (16.1) 0.42 (0.32-0.56)
Texture of soi Sandy soil 139 46 (33.1) 0.94 (0.64-1.38)
Non-sandy soil 74 26 (35.1) 1.03 (0.84-1.27)
Surrounding plantation 167 65 (38.9) 2.85 (1.34-6.24)
Vegetation (palm or rubber)
Surrounding rice field 46 7 (15.2) 0.80 (0.71-0.91)
Buffer river/sea 166 65 (39.2) 2.92 (1.38-6.24)
Village areas
Hill area 47 7 (14.9) 0.74 (0.69-0.90)
Quality soil Dry soil 169 51 (30.2) 0.56 (0.33-0.94)
surrounding the Wet soil 44 21 (47.7) 1.18 (1.00-1.39)
house
Retaining cat Not having cat 80 30 (37.5) 1.11 (0.88-1.39)
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Variable Category

Positive n (%) Hookworm

hookworm OR (95%CI)

Having cat 133 42 (31.6) 0.85 (0.60-1.21)
- Not having dog 4 0 (0.0) -
Retaining a dog Having dog 209 72 (34.4) 1

Hookworm infection  Negative 80 30 (37.5) 1.11 (0.88-1.39)

in cat Positive 133 42 (31.6) 0.85 (0.60-1.21)
Hookworm infection  Negative 4 0 (0.0) -
in dog Positive 209 72 (34.4) 1

Table 2 summarizes the main factors associated
with hookworm infection in East Kalimantan. Higher
infection rates were found among individuals aged =13
years (41.4%, OR: 1.36), those with agricultural
occupations (42.7%, OR: 1.25), and residents of homes
using unsanitary water sources (43.8%, OR: 1.96) or
consuming unsanitary drinking water (56.3%, OR: 2.80).
Open defecation (53.1%, OR: 1.17) and irregular shoe use
outdoors (28.8%, OR: 0.67) also contributed to higher
risk. Regionally, prevalence was significantly higher in
Muara Kaman (55.8%, OR: 2.66) and in areas with high
soil organic carbon, warmer temperatures, greater
evaporation, volume of rainfall, and elevation from above
of sea (ORs ranging 2.61-2.66). Living near plantations or
coastal areas increased infection likelihood, while pet
ownership and soil characteristics such as pH and texture
of soil showed no significant effects.

The predominance of hookworm infection was
significantly higher in Muara Kaman District (55.8%,
n=53) compared to Marangkayu District (16.1%, n=19
was created in the study. Individuals in Muara Kaman were
2.66 times more likely to be infected with hookworm than
those in Marangkayu (OR: 2.66; 95% CI: 1.78-3.97; p <
0.001). These patterns may be attributed to differing
environmental conditions between the two districts.
Environmental risk factors appear to play a major role in
the transmission of hookworm. Muara Kaman is
characterized by its proximity to palm oil plantations and
river systems, which may facilitate hookworm survival and
transmission. Similar findings have been reported in other
rural settings, such as Manufahi District in Timor-Leste,
where hookworm prevalence reached 62.8%(Forrer et al.,
2016; Nery et al., 2015).

In the classification of soil organic carbon content,
hookworm infection was more prevalent in soils with
organic carbon levels of >2.47-4.04% (41.8%, n=51)
compared to those with levels of 1.37-2.47% (23.1%,
n=21). Individuals exposed to soils with higher organic
carbon content were 1.70 times more likely to be infected
with hookworm than those in the lower category (OR:
1.70; 95% CI: 1.15-2.53; p = 0.004). A study in Cambodia
found that higher soil organic carbon did not significantly
affect hookworm prevalence but may have influenced S.
stercoralis infection (Khieu et al., 2014). This is consistent
with our findings in East Kalimantan, where higher organic
carbon content did not appear to reduce hookworm
prevalence but may have contributed to lower S.
stercoralis infection. Sebastian et al. (2018) noted that soil
organic carbon indirectly influences nematode populations

through its effects on food sources, particularly bacteria
such as Escherichia coli. According to Hoss et al., (2001),
organic carbon adsorbed onto bacterial cells can enhance
the availability of these microorganisms as food for
nematodes, potentially supporting hookworm
development (Hoss et al., 2001).

Hookworm infection was more prevalent in areas
with temperatures ranging from >28.6-29.5°C (55.8%,
n=53) compared to those with 28.0-28.6°C (16.1%,
n=19). Individuals living in areas with higher temperatures
were 2.66 times more likely to be infected with hookworm
(OR: 2.66; 95% CI: 1.79-3.97; p = 0.001). In terms of
humidity, hookworm infection was more common in areas
with 66% relative humidity (55.8%, n=53) than in those
with 65% (16.1%, n=19), with a significantly higher risk
observed at 66% humidity (OR: 2.66; 95% CI: 1.79-3.97;
p = 0.001). Similarly, higher prevalence was observed in
areas experiencing 174 rainy days (55.8%, n=53)
compared to 164 days (16.1%, n=19), and with annual
rainfall volumes of 3549 mm versus 4000mm, both
favoring increased hookworm transmission (OR: 2.66;
95% CI: 1.79-3.97; p = 0.001). These findings suggest
that geographical factors such as temperature, humidity,
and rainfall patterns significantly influence the
predominance of hookworm infection. Previous studies
have shown that the rainy season enhances the survival
and transmission of these parasites (Anamnart et al.,
2015; Sedionoto et al., 2019, 2023). In rural areas where
open defecation occurs in rubber or palm plantations,
runoff from elevated plantation areas can carry parasite
eggs or larvae downhill into villages and rice fields,
increasing the risk of transmission. This mechanism likely
contributes to infection among both adults and children,
especially those playing in contaminated environments
near their homes.

The predominance of hookworm infection was
higher at lower elevations (15—41.6 m), with 53 cases
(55.8%), compared to higher elevations (>41.6-50 m),
which recorded only 19 cases (16.1%). Individuals living
at elevations of 15—41.6 m were 2.61 times more likely to
be infected with hookworm than those at higher elevations
(OR: 2.61; 95% CI: 1.75-3.89; p = 0.001). These findings
suggest that elevation contributes significantly to the
spatial distribution of hookworm infection, consistent with
previous studies by Raso et al., (2006). Environmental
conditions in East Kalimantan, such as prolonged rainy
seasons, elevated temperatures, and geographic features,
support hookworm transmission and resemble those
reported in southern Thailand. Notably, the prevalence of
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hookworm infection in East Kalimantan (33.8%) is higher
than that reported in southern Thailand (Anamnart et al.,
2015; Raso et al., 2006).

Hookworm infection was found to be significantly
higher in areas surrounded by palm and/or rubber
plantations (65 cases; 38.9%) compared to rice field
environments (7 cases; 15.2%). Individuals living near
palm or rubber plantations were 2.85 times more likely to
be infected with hookworm than those near rice fields (OR:
2.85; 95% CI: 1.34-6.24; p = 0.003). The elevated
temperatures typically found under palm and rubber
plantations align with previous findings indicating higher
hookworm prevalence in warmer environments. These
plantations often create moist, shaded microenvironments
favorable for the survival and transmission of hookworm
larvae, particularly where soil contamination by human or
animal feces occurs. Agricultural areas are recognized as
common zones for soil-transmitted helminth (STH)
infections, with hookworm commonly present. Notably,
contamination in agricultural zones may stem from
zoonotic transmission involving domestic animals, such as
dogs and pigs (Inpankaew et al., 2015).

The predominance of hookworm infection was
higher in village areas categorized as river buffer or coastal
zones (65 cases; 39.2%) compared to hilly areas (7 cases;
14.9%) (OR: 2.92; 95% CI: 1.38-6.24; p = 0.002).
Hookworm infection was also more likely to occur in
households surrounded by wet soil than dry soil (OR: 1.18;
95% CI: 1.00-1.39; p = 0.028). A study in Ngorongoro,
Tanzania, reported a higher prevalence of soil-transmitted
helminths, including hookworms, in low-elevation, moist
ecozones compared to dry highlands (Eltantawy et al.,
2021). These consistent patterns demonstrate that
hydrological and topographic features such as river
buffers, soil moisture, and elevation are key determinants
of local STH transmission dynamics and should inform
targeted control strategies.

In the classification of pet ownership, the
predominance of hookworm infection was higher among
participants who owned cats or dogs compared to those
who did not. Notably, participants whose pets were
infected with hookworms exhibited elevated infection
rates. The hookworm infection among participants with
hookworm-infected dogs was 72 cases (34.4%). Although
the odds ratio for hookworm infection among participants
with hookworm-infected dogs was slightly lower (OR:
0.97; 95% CI: 0.50-0.99), the association was statistically
significant (p = 0.000). These findings suggest a complex
dynamic of zoonotic transmission between humans and
domestic animals, particularly dogs, and highlight the
importance of including animal health in control strategies
for hookworm infections. Recent molecular studies have
demonstrated that in regions with close contact between
humans and animals, zoonotic transmission plays a
significant role in sustaining hookworm endemicity. For
example, a study in Cambodia found that over 20% of
human hookworm infections were caused by A.
ceylanicum, with genetic sequencing confirming
transmission from infected dogs and cats (Kladkempetch
et al., 2020). Dogs frequently move between households,

agricultural fields, and water sources during the day and
often stay around human dwellings at night, increasing the
risk of environmental contamination with helminth eggs
and larvae. In contrast, cats in the same context tend to
remain closer to households and show less interaction with
fields or ponds, potentially contributing to a lower zoonotic
transmission risk (Inpankaew et al., 2015; Sedionoto et
al., 2021).

The persistence of hookworm infection in endemic rural
settings, particularly those with close human-animal
interactions and poor sanitation, underscores the need for
integrated control strategies that extend beyond treating
human hosts alone. Interventions should include routine
pet deworming, improvements in environmental
sanitation, community health education, and the
promotion of personal hygiene practices, particularly hand
and foot washing after contact with soil. By addressing
these factors simultaneously across sectors, targeted and
sustainable reductions in hookworm prevalence can be
achieved, aligning with global efforts to control soil-
transmitted helminth infections in resource-limited tropical
regions.

CONCLUSIONS

The hookworm infection in rural coastal East
Kalimantan was strongly influenced by environmental
conditions, sanitation infrastructure, and personal hygiene
practices, all of which facilitated the survival and
transmission of infective larvae. Key environmental
determinants such as soil quality, rainfall patterns,
vegetation type, and village characteristics were found to
significantly increase the risk of hookworm infection. This
study provides updated epidemiological insights into the
burden and determinants of hookworm in rural
communities. Targeted interventions focusing on
demographic characteristics, sanitation improvement, and
behavioral hygiene practices are essential for effective
control and prevention strategies, particularly in endemic
rural settings.

SUGGESTION

Given the significant correlation between hookworm
infection and environmental, behavioral, and zoonotic
factors in rural coastal regions, it is advisable to implement
integrated public health interventions to tackle this issue.
These should include regular deworming of pets,
community health education programs that focus on
hygiene practices such as wearing shoes and washing
hands after touching soil, and improved sanitation
infrastructure in homes. More research is needed to
investigate how hookworm infections spread during
different seasons and how well One Health-based
interventions, which combine strategies for human,
animal, and environmental health, work in areas where the
disease is prevalent.

ACKNOWLEDGMENTS

We sincerely thank the participants and local
authorities in Bunga Jadi, Puancepak, and Sebuntal Sub-
Districts for their valuable cooperation. This study was

130


https://doi.org/10.36568/gelinkes.v24i1.366

Sedionoto B., Anamnart W., Fitrah M. A. (2026). Environmental and Pet-Associated Risk Factor for Hookworm Infection in
Coastal East Kalimantan. Gema Lingkungan Kesehatan, 24(1), 124-132 https://doi.org/10.36568/gelinkes.v24i1.366

funded by a grant from Walailak University (Contract No.
17/2561) and supported by the East Kalimantan Provincial
Government, Indonesia.

REFERENCES

Anamnart, W., Intapan, P. M., Pattanawongsa, A.,
Chamavit, P., Kaewsawat, S., & Maleewong, W.
(2015). Effect of dilution of stool soluble component
on growth and development of Strongyloides
stercoralis. Scientific Reports, 51), 1-5. [Crossref]
[Publisher]

Anamnart, W., Pattanawongsa, A., Intapan, P. M., &
Maleewong, W. (2010). Albendazole stimulates the
excretion of Strongyloides stercoralis larvae in stool
specimens and enhances sensitivity for diagnosis of
strongyloidiasis. Journal of Clinical Microbiology,
4811), 4216—-4220. [Crossref] [Publisher]

Bethony, J., Brooker, S., Albonico, M., Geiger, S. M.,
Loukas, A., Diemert, D., & Hotez, P. J. (2006). Soil-
transmitted  helminth  infections:  ascariasis,
trichuriasis, and hookworm. Lancet, 36/9521),
1521-1532. [Crossref] [Publisher]

Eltantawy, M., Orsel, K., Schroeder, A., Morona, D.,
Mazigo, H. D., Kutz, S., Hatfield, J., Manyama, M., &
Meer, F. (2021). Soil transmitted helminth infection
in primary school children varies with ecozone in the
Ngorongoro Conservation Area, Tanzania. 7ropical
Medicine and Health, 491), 1-12. [Crossref]
[Publisher]

Forrer, A., Khieu, V., Schar, F., Vounatsou, P.,
Chammartin, F., Marti, H., Muth, S., & Odermatt, P.
(2018a). Strongyloides stercoralis and hookworm co-
infection: Spatial distribution and determinants in
Preah Vihear Province, Cambodia. Parasites and
Vectors, 11(1). [Crossref] [Publisher]

Forrer, A., Khieu, V., Schar, F., Vounatsou, P.,
Chammartin, F., Marti, H., Muth, S., & Odermatt, P.
(2018b). Strongyloides stercoralis and hookworm co-
infection: Spatial distribution and determinants in
Preah Vihear Province, Cambodia. Parasites and
Vectors, 11(1), 1-13. [Crossref] [Publisher]

Forrer, A., Khieu, V., Schindler, C., Schar, F., Marti, H.,
Char, M. C., Muth, S., & Odermatt, P. (2016).
Ivermectin Treatment and Sanitation Effectively
Reduce Strongyloides stercoralis Infection Risk in
Rural Communities in Cambodia. PLOS Neglected
Tropical Diseases, 10(8), 4909. [Crossref]
[Publisher]

Garcia, L. S. (2014). Diagnostic Medical Parasitology. In
Manual of Commercial Methods in Clinical
Microbiology (pp. 274-305). [Crossref] [Publisher]

Hall, A., Conway, D. J., Anwar, K. S., & Rahman, M. L.
(1994). Strongyloides stercoralis in an urban slum
community in Bangladesh: factors independently
associated with infection. 7ransactions of the Royal
Society of Tropical Medicine and Hygiene, 8&05),
527-530. [Crossref] [Publisher]

Hoss, S., Bergtold, M., Haitzer, M., Traunspurger, W., &
Steinberg, C. E. W. (2001). Refractory dissolved
organic matter can influence the reproduction of

Caenorhabditis elegans (Nematoda. Freshwater
Biology, 46(1), 1-10. [Crossref] [Publisher]

Inpankaew, T., Murrell, K. D., Pinyopanuwat, N., Chhoun,
C., Khov, K., Sem, T., Sorn, S., Muth, S., &
Dalsgaard, A. (2015). A survey for potentially
zoonotic gastrointestinal parasites of dogs and pigs
in Cambodia. Acta Parasitologica, 6((4), 601-604.
[Crossref] [Publisher]

Katz, N., Chaves, A., & Pellegrino, J. (1972). A Simple
,Device For Quantita Tive Stool Thick-Smear
Technique in Schistosomiasis Mansoni. Rev. Inst.
Med. Trop. Sdo Paulo, 14(ue 6)). [Publisher]

Khieu, V., Schar, F., Forrer, A., Hattendorf, J., Marti, H.,
Duong, S., Vounatsou, P., Muth, S., & Odermatt, P.
(2014). High Prevalence and Spatial Distribution of
Strongyloides stercoralis in Rural Cambodia. PLOS
Neglected Tropical Diseases, &6), 2854. [Crossref]
[Publisher]

Kladkempetch, D., Tangtrongsup, S., & Tiwananthagorn,
S. (2020). Ancylostoma ceylanicum: The Neglected
Zoonotic Parasite of Community Dogs in Thailand
and Its Genetic Diversity among Asian Countries.
Animals, 1(11), 2154. [Crossref] [Publisher]

KOGA-KITA, K. (2004). Intestinal Parasitic Infections And
Socioeconomic Status in Prek Russey Commune,
Cambodia. Nifion Koshu Eisei Zasshi(Japanese
Journal of Public Health, 51(11), 986—992. [Crossref]
[Publisher]

Nery, S. V, McCarthy, J. S., Traub, R., Andrews, R. M.,
Black, J., Gray, D., Weking, E., Atkinson, J. A.,
Campbell, S., Francis, N., Vallely, A., Williams, G., &
Clements, A. (2015). A cluster-randomised controlled
trial integrating a community-based water, sanitation
and hygiene programme, with mass distribution of
albendazole to reduce intestinal parasites in Timor-
Leste: the WASH for WORMS research protocol. BMJ
Open, 512), 9293. [Crossref] [Publisher]

Punsawad, C., Phasuk, N., Bunratsami, S., Thongtup, K.,
Siripakonuaong, N., & Nongnaul, S. (2017).
Prevalence of intestinal parasitic infection and
associated risk factors among village health
volunteers in rural communities of southern
Thailand. BMC Public Health, 1A1), 1-9. [Crossref]
[Publisher]

Raso, G., Vounatsou, P., Gosoniu, L., Tanner, M., N'Goran,
E. K., & Utzinger, J. (2006). Risk factors and spatial
patterns  of  hookworm infection = among
schoolchildren in a rural area of western Cote
d'Ivoire. International Journal for Parasitology,
36(2), 201-210. [Crossref] [Publisher]

Sedionoto, B., & Anamnart, W. (2023). Prevalence of
Hookworm  Infection in  Schoolchildren  with
Deference Geography Areas in Indonesia (pp. 246—
257). [Crossref] [Publisher]

Sedionoto, B., Firdaus, A. R., Ningsih, R., Elvira, V. F.,
Syamsir, & Anamnart, W. (2023). Ecological Risk
Factors of Strongyloides stercoralis Infection
Sourrounding Desforestration Areas East
Kalimantan, Indonesia. International Journal of
TROPICAL DISEASE & Health, 4420), 21-28.

131



https://doi.org/10.36568/gelinkes.v24i1.366
https://doi.org/10.1038/srep10749
https://www.nature.com/articles/srep10749
https://doi.org/10.1128/JCM.00852-10
https://journals.asm.org/doi/10.1128/jcm.00852-10
https://doi.org/10.1016/S0140-6736(06)68653-4
file:///C:/Users/slame/Downloads/Publisher
https://doi.org/10.1186/S41182-021-00310-6
https://link.springer.com/article/10.1186/s41182-021-00310-6
https://doi.org/10.1186/s13071-017-2604-8
https://link.springer.com/article/10.1186/s13071-017-2604-8
https://doi.org/10.1186/S13071-017-2604-8
https://link.springer.com/article/10.1186/s13071-017-2604-8
https://doi.org/10.1371/JOURNAL.PNTD.0004909
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004909
https://doi.org/10.1128/9781555817961.CH11
https://onlinelibrary.wiley.com/doi/abs/10.1128/9781555817961.ch11
https://doi.org/10.1016/0035-9203(94)90146-5
https://academic.oup.com/trstmh/article-abstract/88/5/527/1921952?redirectedFrom=fulltext
https://doi.org/10.1046/J.1365-2427.2001.00639.X
https://onlinelibrary.wiley.com/doi/10.1046/j.1365-2427.2001.00639.x
https://doi.org/10.1515/AP-2015-0083
https://www.degruyterbrill.com/document/doi/10.1515/ap-2015-0083/html
https://pubmed.ncbi.nlm.nih.gov/4675644/
https://doi.org/10.1371/JOURNAL.PNTD.0002854
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0002854
https://doi.org/10.3390/ANI10112154
https://www.mdpi.com/2076-2615/10/11/2154
https://doi.org/10.11236/JPH.51.11_986
https://www.jstage.jst.go.jp/article/jph/51/11/51_986/_article
https://doi.org/10.1136/BMJOPEN-2015-009293
https://bmjopen.bmj.com/content/5/12/e009293
https://doi.org/10.1186/S12889-017-4486-2
https://link.springer.com/article/10.1186/s12889-017-4486-2
https://doi.org/10.1016/J.IJPARA.2005.09.003
https://www.sciencedirect.com/science/article/abs/pii/S0020751905003000?via%3Dihub
https://doi.org/10.2991/978-94-6463-320-7_24
https://www.atlantis-press.com/proceedings/ismophs-23/125996627

Sedionoto B., Anamnart W., Fitrah M. A. (2026). Environmental and Pet-Associated Risk Factor for Hookworm Infection in
Coastal East Kalimantan. Gema Lingkungan Kesehatan, 24(1), 124-132 https://doi.org/10.36568/gelinkes.v24i1.366

[Crossref] [Publisher]

Sedionoto, B., Wasessombat, S., Jeenduang, N.,
Punsawad, C., Anamnart, W., & Tangpong, J. (2021).
Environmental Risk Factors of Hookworm and
Strongyloides stercoralis Infections Among School
Children in Rural Areas Kutai Kertanegara Regency,
Indonesia. [Crossref] [Publisher]

Sedionoto, B., Wasessombat, S., Punsawad, C., &
Anamnart, W. (2019). Environmental Factors and
Prevalence  of = Hookworm infection and
Strongyloidiasis in Rural East Kalimantan, Indonesia.
E3S Web of Conferences, 125, 4001. [Crossref]
[Publisher]

Vonghachack, Y., Sayasone, S., Bouakhasith, D.,
Taisayavong, K., Akkavong, K., & Odermatt, P.
(2015). Epidemiology of Strongyloides stercoralis on
Mekong islands in southern Laos. Acta Tropica,
141(Part B), 289-294. [Crossref] [Publisher]

Wardell, R., Clements, A. C. A., Lal, A.,, Summers, D.,
Llewellyn, S., Campbell, S. J., McCarthy, J., Gray, D.
J., Nery, V., & S. (2017). An environmental
assessment and risk map of Ascaris lumbricoides and
Necator americanus distributions in Manufahi
District, Timor-Leste. PLOS Neglected Tropical
Diseases, 11(5), 5565. [Crossref] [Publisher]

132


https://doi.org/10.36568/gelinkes.v24i1.366
https://doi.org/10.9734/ijtdh/2023/v44i201486
https://journalijtdh.com/index.php/IJTDH/article/view/1486
https://doi.org/10.35248/2329-891X.21.9.265?sid=semanticscholar
https://www.walshmedicalmedia.com/open-access/environmental-risk-factors-of-hookworm-and-strongyloides-stercoralis-infections-among-school-children-in-rural-areas-kut.pdf
https://doi.org/10.1051/E3SCONF/201912504001
https://www.e3s-conferences.org/articles/e3sconf/abs/2019/51/e3sconf_icenis2019_04001/e3sconf_icenis2019_04001.html
https://doi.org/10.1016/J.ACTATROPICA.2014.09.016
https://www.sciencedirect.com/science/article/abs/pii/S0001706X14003088?via%3Dihub
https://doi.org/10.1371/JOURNAL.PNTD.0005565
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005565

