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Aim: To assess the prevalence of intestinal helminth infections and associated risk factors among people living
in urban slums in Bangladesh.

Methods: A cross-sectional study was conducted across three clusters: Dhaka, Sylhet and Chattogram. In total,
360 individuals divided into two groups (school-aged children and adults) provided stool samples and completed
a semi-structured questionnaire. Parasitological assessment was performed using the formol-ether concentration
technique.

Results: Overall, 31.7% (114/360) of participants had helminthiasis, with 13.3% (48/360) having mixed in-
fections. Among the infected participants, school-aged children had a higher rate of infection (41.7%, 75/180)
compared with adults (21.7%, 39/180). Ascaris lumbricoides was the predominant parasite, followed by hook-
worms, Trichuris trichiura, Hymenolepis nana, Enterobius vermicularis and Rhabditis sp. Parasitic infections were
significantly associated with type of latrine used, direct exposure to soil, open defaecation, and presence of free-
roaming animals.

Conclusion: Despite continuous efforts to control helminthiasis, a substantial proportion of the study participants
were infected with intestinal helminths. Ignorance of the roles of the environment and animals was influential,
and had a negative impact on existing control interventions. An integrated public health and veterinary public
health approach is required for sustainable control of intestinal helminthiasis.

Urban slums
Bangladesh

Introduction The majority of infections remain asymptomatic, only becoming evident
when the infection is particularly severe (Idris et al., 2019). This may

The disease burden associated with intestinal helminth infections be one reason why helminth infections have been neglected in terms

is vast, affecting an estimated 1.5 billion people across the globe
(London Applied & Spatial Epidemiology Research Group, 2018).
Helminth infections affect the health and wealth of nations and individ-
uals alike; have a negative impact on health, nutrition and productivity;
and exacerbate poverty (Savioli et al., 2004; Stepek et al., 2006). The
majority of infections occur in warm, humid equatorial regions, and
are most prevalent in developing and lower-income countries where
poverty, inadequate sanitation, lack of awareness and minimal health
care prevail (Pullan et al., 2014; Jourdan et al., 2017). It is well estab-
lished that environmental conditions and behaviours of people play an
important role in the transmission of helminths (Brooker et al., 2006).

of public recognition and research funding. Helminths cause morbidity
through various mechanisms, including anaemia, vitamin A deficiency
and loss of appetite, resulting in restricted growth, impairment of cog-
nitive development and reduced ability to learn (Bharti et al., 2018).
Parasitic infections are associated with community sanitation and
public health infrastructures; individuals living in poor socio-economic
conditions are more likely to have parasitic infections (Ngui et al., 2015;
Gizaw et al., 2019). Although economic growth in Bangladesh is pro-
jected to increase according to a World Bank report in 2019, many peo-
ple still live below the poverty line. Helminth control programmes have
been implemented in Bangladesh for over a decade; a biannual mass

* Corresponding authors at: International Parasite Resource Bank (iPRB), Chungbuk National University, Cheongju, South Korea.
E-mail addresses: tilak.parasitology @sau.ac.bd (T.C. Nath), hansol@chungbuk.ac.kr (H. Park), dongminlee@chungbuk.ac.kr (D. Lee).

https://doi.org/10.1016/].ijregi.2022.08.004

Received 22 April 2022; Received in revised form 24 July 2022; Accepted 11 August 2022
2772-7076/© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijregi.2022.08.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijregi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijregi.2022.08.004&domain=pdf
mailto:tilak.parasitology@sau.ac.bd
mailto:hansol@chungbuk.ac.kr
mailto:dongminlee@chungbuk.ac.kr
https://doi.org/10.1016/j.ijregi.2022.08.004
http://creativecommons.org/licenses/by-nc-nd/4.0/

T.C. Nath, K.S. Eom, S. Choe et al.

deworming programme with single-dose mebendazole targeting school-
aged children has been in place since 2008 (Benjamin-Chung et al.,
2015). The emphasis on school-aged children is justified as high levels
of infection are observed in this age group, and schools offer a conve-
nient platform to reach the target group (Brooker et al., 2003, 2006).
However, despite the declining trend of infection in the last few years
and substantial progress in reducing morbidity associated with parasitic
diseases, several studies have reported high prevalence in Bangladesh
(Mukutmoni and Khanum, 2018; Hossain et al., 2019; Fatema et al.,
2020). This is evidence that preventative chemotherapy is a stop-gap
solution and not a permanent solution to control parasitic infections.
Reinfection rates are often high due to the presence of persistent reser-
voirs in the communities. Even a moderate presence of asymptomatic
carriers may permit the parasites to keep up transmission limit, ren-
dering the tremendous efforts directed towards deworming will fail to
achieve long-term control goals and ultimately become unsustainable
(Utzinger et al., 2010; Nath et al., 2019). Furthermore, the roles of an-
imals, and the surrounding environment, are often underestimated in
current control strategies.

Risk mapping to understand the factors that influence transmission
in a particular area can assist governments and policy makers in de-
livering and monitoring disease control programmes. It is also vital to
know the level of community awareness and related practices before
launching any control programme. There are still several localities, in-
cluding the current study areas, where prevalence and risk assessment
have yet to be determined. Targeted control initiatives fail to reduce
transmission and infection rates due to a lack of much-needed infor-
mation. Inadequate research, ignorance of the problem and a lack of
follow-up are some of the other potential bottlenecks. Given the scarcity
of data on the distribution of parasitic diseases, this study aimed to de-
termine the prevalence of intestinal parasitic infections, associated fac-
tors and community perception in selected slums of Bangladesh. Slums
are considered poor in terms of sanitation and personal hygiene, and
have been identified as potential reservoirs for the spread of communi-
cable diseases (Adiga et al., 2018). Additionally, poverty, malnutrition,
high population density and poor health status provide optimal circum-
stances for disease transmission. The findings from this study may be of
interest to public health authorities in defining and refining targets of
current control initiatives.

Methods
Study design and sample size

A cross-sectional survey with convenience sampling was under-
taken from July 2020 to February 2021. The study was conducted
in urban slums of three selected areas of Bangladesh: Sylhet (Bon-
dor, Varthokhola), Dhaka (Mohammadpur, Kamalapur) and Chattogram
(Madarbari, Bakalia). The participants were divided into two age
groups: school-aged children (5-15 years) and adults (16-59 years).
The sample size calculation was performed using a single proportion
formula: N=(Z)2P(1-P)/d? where P is the prevalence of helminths from
a previous study (35%), Z is the level of confidence (1.96), and d is 5%
marginal error (Pourhoseingholi et al., 2013); this gave a minimum sam-
ple size of 349 individuals. By adjusting for attrition rate, the minimum
number of participants required in this study was estimated at 360 (120
respondents from each study area).

Collection of samples and questionnaire survey

Data were collected using a pre-tested questionnaire and checklists
with the help of trained field assistants familiar with the study areas.
Prior to the study, meetings were conducted in the study areas fol-
lowing a short briefing about the purpose and methods of the study.
Prior to data collection, the aims and benefits of participation were
explained clearly to the participants. Participation was voluntary, and
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participants were informed that they were able to withdraw from the
study at any time during the data collection process. The interviewers
explained the study protocol to participants on the day of sample col-
lection, and provided each participant with the informed consent form
and a pre-labelled container for stool sample collection. Respondents
who had other medical complications were excluded from the study.
The following day, the filled stool container was collected from each
participant. Each participant was provided with a unique identification
code to avoid repetitive sampling. Due to the lack of deep freezers and
laboratory facilities in the study areas, all samples were fixed with 10%
formalin before being transported to Chungbuk National University, Ko-
rea. A semi-structured questionnaire was used to obtain information on
demographics, household sanitation facilities, and knowledge of partic-
ipants regarding parasitic diseases and their prevention. The question-
naire was prepared in English, translated into Bangla, and checked for
accuracy. Direct observations on sanitation facilities were carried out
in the community according to the World Health Organization/United
Nations Children’s Fund Joint Monitoring Program classification guide-
lines (World Health Organization, 2015).

Parasitological assessment

The specimens were checked for identification number and divided
into two aliquots. Parasitological assessment was performed using a
modified formalin ether sedimentation method (Nath et al., 2021). In
brief, one aliquot was used for the formol-ether concentration technique,
and the other aliquot was kept for cross-checking. The procedure began
with homogenization, and mixed 1-2 g of stool sample in 5 mL of normal
saline. The mixture was left for 5 min to settle and then poured into a 15-
mL tube through a double layer of gauze to remove large particles. The
resulting mixture was then transferred to a test tube and centrifuged at
1500 rpm for 5 min. Next, the supernatant was poured off gently without
disturbing the sediment, mixed with 10% formalin and absolute ether
(formalin:ether 7:3), and centrifuged at 1500 rpm for another 5 min.
Finally, the supernatant was discarded, and the whole sediment was ex-
amined for parasites. Standardized procedures as presented in the World
Health Organization’s ‘Training manual on diagnosis of intestinal para-
sites’ (World Health Organization, 2004) were used for identification of
helminth species.

Data management and analysis

Collected data were checked to ensure accuracy and completeness,
and were analysed using STATA Version 17.0 (Stata Corporation, Col-
lege Station, TX, USA). Descriptive statistical analyses were performed
to obtain a clear understanding of the population and describe the stud-
ied characteristics of the population. Prevalence ratios were computed
to relate the probability of infection with intestinal helminths accord-
ing to Thompson et al. (1998). The strength of the association between
infection and variables was analysed by logistic regression analysis. In
all statistical tests, P<0.05 was considered to indicate significance.

Results

In total, 360 study participants, comprising 210 (58.3%) males and
150 (41.7%) females, aged between 5 and 59 years, were enrolled in the
study. Equal proportions of school-aged children and adult participants
were included from each study area. Among the school-aged children,
23.1% did not attend school and were engaged in non-specific jobs to
support family income. Homeless children were also included in this
study. The predominant religion was Islam (78.4%), and the monthly
family income of the majority of participants (80.3%) was <US$100
(8000 BDT). Detailed information about the characteristics of these par-
ticipants is shown in Table 1.

Of 360 community residents who participated in the study, 114
were infected with at least one intestinal parasite; as such, the over-
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Table 1
Sociodemographic characteristics of study participants (n=360)
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Dhaka(n=120)

Chattogram (n=120) Sylhet(n=120) Overall(n=360)

Characteristics
n % n % n % n %
Sex Male 72 60.0 63 52.5 75 62.5 210 58.3
Female 48 40.0 57 47.5 45 37.5 150 41.7
Age Children (5-15 years) 60 50.0 60 50.0 60 50.0 180 50.0
group Adult (16-59 years) 60 50.0 60 50.0 60 50.0 180 50.0
Religion  Islam 101 84.2 87 72.5 94 78.3 282 78.4
Hindu 19 15.8 25 20.8 26 21.7 70 19.4
Other - - 8 6.7 - - 8 2.2
Education SAC School going 27 22,5 32 26.7 39 325 97 26.9
Non-school going 34 28.3 28 23.3 21 17.5 83 23.1
Adult Illiterate 9 7.5 6 5.0 6 5.0 22 6.11
Primary 25 20.8 25 20.8 29 24.2 82 22.8
Secondary 21 17.5 18 15.0 22 18.3 61 16.9
College education 5 4.2 11 9.2 3 2.5 15 4.2
OccupationSchool-aged/non-specific 60 50.0 60 50.0 60 50.0 180 50.0
Job/business 22 18.3 15 12.5 10 8.3 47 13.1
Housewife 12 10.0 26 21.7 23 19.2 61 16.9
Farmers 17 14.2 11 9.2 21 17.5 49 13.6
Day labour/non-fixed 9 7.5 8 6.7 6 5.0 23 6.4
Monthly <US$100 91 75.8 102 85.0 96 80.0 289 80.3
income  >US$100 29 24.2 18 15.0 24 20.0 71 19.7
Family size 5.65+2.2 6.18+1.8 5.91+1.7 5.67+1.9

SAC, school-aged children.

Table 2
Prevalence and multiplicity of intestinal parasitic infection

Study site Overall (n=360)
Parasite Dhaka(n=120) Chattogram(n=120) Sylhet(n=120) y Pvalue
n
n % n % n % ’
Any species 29 24.2 46 38.3 39 325 114 31.7
Species Ascaris lumbricoides 8 6.7 25 20.8 19 15.8 52 14.4 <0.05
Hookworms 14 11.7 16 13.3 21 17.5 51 14.2 <0.05
Trichuris trichiura 3 2.5 4 3.3 1 0.8 8 2.2
Hymenolepis nana 2 1.7 - 2 0.6
Enterobius vermicularis 1 0.8 1 0.8 2 0.6
Rhabditis sp. - - - - 1 0.8 1 0.3*
Infection type Single infection 27 22.5 41 34.2 31 25.8 99 27.5 <0.05
Mixed infection 2 1.7 5 4.2 8 6.7 15 4.2

P<0.05 indicates significance.

all prevalence was 31.7% [95% confidence interval (CI) 26.1-35.7].
Prevalence varied by study area: Dhaka 8.1% (29/360), Chattogram
12.8% (46/360) and Sylhet 10.8% (39/360). Most infected participants
(86.8% 99/114) had a single infection, while co-infection with two or
more helminth species was detected in 13.2% (15/114) of participants.
School-aged children had a higher rate of infection (41.7%, 75/180)
compared with adults (21.7%, 39/180). Six species of helminth were ob-
served: Ascaris lumbricoides, hookworms, Trichuris trichiura, Hymenolepis
nana, Enterobius vermicularis and Rhabditis sp. (Table 2, Figure 1). A.
lumbricoides was the predominant species [52/360 (14.4%)], followed
by hookworms [51/360 (14.2%)].

Associations between parasitic infections and risk factors were ex-
amined (Table 3). Using the logistic regression model, several factors
that contributed to intestinal parasitic infection were identified: fre-
quent contact with soil [adjusted odds ratio (AOR) 4.64, 95% CI 2.08-
9.611], type of latrine used (AOR 3.97, 95% CI 1.01-7.25), lack of use
of spray disinfectant in and around the household (AOR 4.91, 95% CI
2.61-9.67), presence of free-roaming animals (AOR 6.04, 95% CI 4.16—
11.27), and open defaecation (AOR 5.42, 95% CI 2.41-9.02). Family size
and animal ownership were only found to be significant on univariate
analysis.

Assessing and analysing contextual factors are prerequisites for suc-
cessful control interventions. Table 4 shows the knowledge of partici-
pants regarding control of intestinal helminths. In total, 292 (81.1%)

respondents had heard of the intestinal parasite control programme. In
terms of disease severity, 59.2% of respondents were aware that intesti-
nal parasitic infection is a serious disease, but 23.3% of respondents
were unclear about the severity of the disease. The majority of partici-
pants (79.2%) reported that they knew about anthelmintics, and 69.7%
stated that intestinal parasitic infection could be prevented by consum-
ing anthelmintics. Regarding the source of infection, 89.2% of respon-
dents mentioned faeces as the source of infection. However, 58.1% of
participants did not think animals were a source of parasitic infection.
Additionally, only 54.2% of respondents thought that soil was a source
of intestinal parasitic infection.

Discussion

Helminthiasis is a classic disease of poverty; the relationship between
parasites and humans has been influenced by global changes in the so-
ciocultural spectrum, hygienic conditions, economic status, and occupa-
tion related to soil or animals (Ngui et al., 2015; Jourdan et al., 2017).
Most intestinal parasites have simple routes of transmission; high prolif-
eration capacity and ability to resist extreme environmental conditions
could facilitate high transmission (Brooker et al., 2006). Epidemiologi-
cal data on helminth infections reflect the community’s sanitary condi-
tions, and are critical for identifying the source of infection and adopting
control efforts. In this study, 31.7% of examined individuals were con-
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Figure 1. Observed eggs and larvae. (a) Ascaris lumbricoides egg. (b) Trichuris trichiura egg, (c, d) Hookworm eggs. (e) Enterobius vermicularis egg. (f) Hymenolepis

nana egg. (g) Rhabditis sp. (male). (h) Rhabditis sp. (female).

firmed to have intestinal parasitosis, which was higher than the average
prevalence in Bangladesh (15.7%) (FHI-360, 2017). This may be due
to geographical differences and the socio-economic and sanitary status
of the study population. It is also likely that the environment is highly
contaminated; a high concentration of geohelminths was reported in
the study setting (Nath et al., 2021). Among the positive individuals,
65.8% were school-aged children, although they had been subjected to
one or more rounds of anthelmintic drug administration in the frame
of national mass drug administration (MDA) campaigns. The contextual
factors may explain why the prevalence of parasitic infections in slum ar-
eas is still high, coupled with the risk of rapid reinfection after deworm-
ing. Slum dwellers are particularly vulnerable to helminth infections
due to their unsanitary living conditions. Healthcare coverage to com-
bat infectious diseases is severely restricted in such places. As a result,
parasitic infection in the intestine has been continued. Furthermore,
slums are not homogenous in urban areas, and the risk factors are un-
likely to be distributed uniformly across the entire community (Das and
Bhusan, 2017). People from slums disseminate continuously across the
country, impacting the spread of parasites outside slums. Individuals
of lower socio-economic status may be at high risk of parasitic infec-
tion due to lower quality health care and attention (Anantaphruti et al.,
2008). In this study, a substantial proportion of adults were found to
have a parasitic infection. A major drawback of the current control pro-
gramme is the neglect of adult populations, although it is known that
transmission among elderly people may lead to reinfection of treated
children (Utzinger et al., 2010). The present results show that helminths,
especially hookworms, are concentrated in adult populations, so school-
based MDA-based programmes will miss this important reservoir, chal-
lenging programme success. In addition, insufficient knowledge on par-
asite transmission, risky behaviour (e.g. walking barefoot, open defae-
cation, disposal of children’s faeces in open areas), and soil contami-
nation by improperly managed animals and animal manure may con-
tribute substantially to overall transmission (Ziegelbauer et al., 2012).
It has been reported that even after several years of mass chemotherapy,
prevalence can bounce back after the cessation of preventive chemother-
apy if the initial force of transmission is strong and other long-term con-
trol measures are not implemented concomitantly (Alum et al., 2010).
Based on the findings of this study, multiple implementation strategies
including periodic parasitological assessment and regular monitoring
control interventions must be considered.

This study found that A. lumbricoides and hookworms were the most
common helminths in the study areas. It was been suggested that A.
lumbricoides causes the highest burden of parasitic infection in the world
(Bethony et al., 2006). This may be due to the production of a huge num-
ber of eggs by adult females, and the resistance of eggs under extreme
environmental conditions due to their outer corticated coat that favours
survival for several days to years (Hall and Holland, 2000). The preva-
lence of hookworms in the current study may be attributed to the un-
sanitary environment, open defaecation, improper disposal of children’s
faeces, and untreated asymptomatic individuals who continue to shed
eggs for a prolonged time (Utzinger et al., 2010). As hookworm infection
is mainly concentrated in adult populations, but adults are not included
in MDA-based control programmes, the success of these programmes is
challenged. Unfortunately, this study did not detect Strongyloides spp.
because it was not possible to examine stool samples immediately, and
there are no deep-freezing facilities in the study areas. This study found
the first human case of Rhabditis sp. infection in Bangladesh. This was
identified based on morphometric features, and was confirmed by mito-
chondrial DNA amplifying cox1 (cytochrome c¢ oxidase) gene. The fea-
tures used in confirming Rhabditis sp. were the prominent elongated tail,
and the stage of the parasite (larvae, adult males and adult females)
passed in stool. Phylogenetic analysis illustrated that S. stercoralis and
Rhabditis sp. isolates were placed in two distinguishable separate clades.
Rhabditis spp. are facultative, opportunistic nematodes, and have been
reported to infect humans (Ahn et al., 1985; Meamar et al., 2007). The
finding was surprising, and emphasized the need for careful inspection
in order to diagnose Rhabditis sp. infection, especially in endemic areas
where humans frequently come into contact with soil and animals.

This study identified intestinal parasitosis as an underestimated
health problem in slum areas. It should be noted that the study sam-
ple consisted of healthy individuals without gastrointestinal complaints.
The majority of residents in the study areas were unaware of the ef-
fects of parasitism, and these knowledge gaps appeared to be distributed
equally across the three study areas. There is a need for continuous
advocacy and dissemination of information to the communities to en-
hance awareness. Infections were found to be associated with factors
such as health-seeking behaviours, exposure to contaminated soil, and
cohabitation with animals. Parasitic infections were found to be 5.42-
fold higher in communities with open defaecation behaviours. In many
areas, children, especially those aged <5 years, defaecate indiscrimi-
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Table 3
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Potential risk factors associated with intestinal parasitic infections (risk factors vs infection)

Total infected (n=114)

Parasitic infection (%)

COR with 95%

Variable Yes No CI P-value AOR with 95% P-value
Age
Adult (16-59 years) 39 (21.7) 141 (78.3) 1 0.832
Children (5-15 years) 75 (41.7) 105 (58.3) 1.72 (0.88-2.93) 1.67 (0.72-2.85)
Sex
Male 54 (25.7) 156 (74.3) 1 0.663
Female 60 (40.0) 90 (60.0) 1.08 (0.72,1.48) 1.05 (0.66,1.39)
Family size®
<5 33 (19.1) 140 (80.9) 1 0.019
>5 81 (43.3) 106 (56.7) 1.55 (1.24-3.82) 1.47 (1.09-3.76)
Family index
>US$100 42 (24.7) 128 (75.3) 1 0.982
<US$100 72 (37.9) 118 (62.1) 1.41 (1.17-2.99) 1.33 (1.05-2.91)
Water source for cooking
Tube well/treated 35(17.3) 167 (82.7) 1 0.281
Ponds/untreated 77 (48.7)) 81 (51.3) 2.18 (0.81-8.75) 2.04 (0.73-8.46)
Playing/working with soil without footwear (direct exposure to soil)
No 21 (14.8) 121 (85.2) 1 0.005 <0.05
Yes 93 (42.7) 125 (57.3) 4.81 (2.22-9.74) 4.64 (2.08-9.61)
Type of house floor
Concrete/cement 38 (24.1) 120 (75.9) 1 0.388
Soil 76 (37.6) 126 (62.4) 1.95 (1.12-3.62) 1.87 (0.89-3.56)
Type of latrine
Concrete/cement 31(12.1) 225 (87.9) 1 0.015 <0.05
Soil/mud (Kacha) 83 (79.8) 21 (20.2) 2.36 (1.29-7.78) 3.97 (1.01-7.25)
Use of spray disinfectant in and around household and latrines (disinfection practices)
Yes 13 (22.4) 45 (77.6) 1 0.001 <0.05
No 101 (33.4) 201 (66.6) 5.03 (2.86-9.91) 4.91 (2.61-9.67)
Presence of free-ranging animals in community
No 5(7.1) 66 (92.9) 1 0.002 <0.05
Yes 109 (37.7) 180 (62.3) 6.18 6.04 (4.16-11.27)
(4.54-11.49)
Open or indiscriminate defaecation in community
No 15 (17.9) 69 (82.1) 1 0.005 <0.05
Yes 99 (35.9) 177 (64.1) 5.48 (2.58-9.21) 5.42 (2.41-9.02)
Animal ownership®
No 19 (22.4) 66 (77.6) 1 0.019
Yes 95 (34.5) 180 (65.5) 3.83 (1.67-5.99) 3.75 (1.72-6.97)
Handing animal manure (household work/cooking fuel/fertilizer)
No 37 (36.3) 65 (63.7) 1 0.661
Yes 77 (29.8) 181 (70.1) 1.81 (0.62-5.80) 1.67 (0.79-5.92)
Taking anthelmintic (in preceding year)
Yes 43 (22.4) 149 (77.6) 1 0.583
No 71 (42.3) 97 (57.7) 1.98 (1.11-4.53) 1.45 (1.03-4.32)

COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
@ Significant on univariate analysis alone.P<0.05 indicates significance.

nately around their homes, and in some cases, adults defaecate indis-
criminately near water bodies; this behaviour may contribute to the
persistence of parasite transmission in the environment (Abossie and
Seid, 2014; Gizaw et al., 2019). The present study also found a rela-
tionship between animals and human parasitic infections. Many routes
to animal and animal faeces exposure occur in and around the house-
hold environment. Livestock represent an integral part of the livelihood
of these communities; inherently, several livestock farms were located
above water bodies, and the water was used for bathing and household
activities. Insufficient separation of animal faeces and animal products
from domestic environments, which is common in the study areas, can
also transmit zoonotic pathogens (Penakalapati et al., 2017). Stray ani-
mals, particularly dogs and cats, roam freely and defaecate around the
area, putting humans at risk for various zoonotic parasites. People living
in communities with free-roaming animals were 6.04 times more likely
to have parasitic infections. In this study, widespread faeces contami-
nation has been observed in backyards, and children may be at particu-
lar risk due to geophagia. The environment, especially soil, can also be
contaminated due to lack of adequate waste disposal facilities. The lack
of disinfection practices also contributed to the presence of intestinal

parasites. Community-engaged strategic and integrated approaches are
required for the prevention of transmission. Proper veterinary care and
regular deworming of animals may reduce the probability of transmis-
sion of parasites.

Evaluating community knowledge on intestinal parasitic infections
aids in recognizing, planning and carrying out effective control inter-
ventions. The majority of respondents were aware that faeces can be
a source of parasitic infection, but most were unaware of the roles of
animals and soil in the transmission of intestinal parasites. This lack of
knowledge can contribute to poor practices. The present study found
that a high number of school-aged children took anthelmintics period-
ically, but the proportion of adult respondents who took anthelmintics
was lower. Ignorance of the need to take anthelmintic drugs is a barrier
for the sustainable control of helminth transmission. In order to achieve
successful and sustainable control programme strategies, there is a need
to enhance the awareness and involvement of the community through
health education campaigns.

This study had several limitations. Due to the coronavirus disease
2019 pandemic and lockdown, it was not possible to obtain data from
the wider community; as such, the results may not be truly representa-
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Table 4
Knowledge of respondents about control of intestinal parasites
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SAC (n=180) Adult (n=180) Total (n=360)
Variables Response
n % n % n %

Have you heard of the intestinal Yes 153 85.0 139 77.2 292 81.1
parasite control programme? No 27 15.0 41 22.8 68 18.9
Is intestinal parasitic infection a Yes 116 64.4 97 53.9 213 59.2
serious disease? No 31 17.2 32 17.8 63 17.5

Do not know 33 18.4 51 28.3 84 23.3
Have you heard of anthelmintics? Yes 149 82.8 136 75.6 285 79.2

No 14 7.8 25 13.8 39 10.8

Do not know 17 9.4 19 10.6 36 10.0
Is taking anthelmintics important to Yes 147 81.7 104 57.8 251 69.7
prevent intestinal parasitic No 8 4.4 31 17.2 39 10.8
infection? Do not know 25 13.9 45 25.0 70 19.5
Is faeces a source of intestinal Yes 158 87.8 163 90.6 321 89.2
parasitic infection? No 3 1.7 12 6.7 15 4.2

Do not know 19 10.5 5 2.8 24 6.7
Are animals a source of intestinal Yes 54 30.0 64 35.6 118 32.8
parasitic infection? No 112 62.2 97 53.8 209 58.1

Do not know 14 7.8 19 10.6 33 9.2
Is soil a source of intestinal Yes 93 51.7 102 56.6 195 54.2
parasitic infection? No 51 28.3 48 26.7 99 27.5

Do not know 36 20.0 30 16.7 66 18.3

SAC, school-aged children.

tive of all endemic areas in Bangladesh. The results presented here are
based on a parasitological survey using coprological methods on a single
stool sample; the use of Harada-Mori or agar plate culture methods and
molecular methods may have revealed additional infections. In addition,
this study did not assess the intensity of infection. This limitation will
be addressed by future analyses of multiple consecutive stool samples
and use of molecular methods. Another limitation of this study was the
sociodemographic classification; some data were determined by verbal
reporting of participants without definitive proof. Some classifications
were made based on observations made by the interviewers. As the re-
spondents could not answer some questions correctly, some variables
were omitted, so there may have been subjective variation in gathering
data.

In conclusion, this study demonstrated a substantial prevalence of in-
testinal helminth infection in urban slum settings, indicating persistent
community transmission of intestinal helminths in Bangladesh. Efforts
to control intestinal parasites with national deworming programmes tar-
geting school-aged children may not be sufficient to achieve long-term
control; measures to reduce transmission by improving sanitation, and
health education should be considered. Furthermore, the negative con-
sequences of helminth infections should be clearly recognized by com-
munity members, and incorporated into their daily activities. Intestinal
parasitosis was found to be associated with several risk factors, includ-
ing exposure to soil, lack of disinfection activities, open defaecation and
animal cohabitation. When planning and executing control strategies,
the roles of adults, animal reservoirs and soil contamination in main-
taining the helminth transmission cycle must be considered carefully.
Lack of concern, along with ignorance regarding the untoward effects
of helminths, may increase the risk of reinfection. Therefore, the need
for regular screening for intestinal parasites, and multi-sectoral plans
and integrated programmes to target future control interventions is re-
quired. The authors strongly believe that these findings will be helpful
in articulating future guidelines on control and elimination programmes
for helminthiasis.

Acknowledgements

The authors wish to acknowledge the support of the Division of
Vectors and Parasitic Diseases, Korea Disease Control and Prevention
Agency. In additon, the authors also wish to thank the local health and

education administration of Bangladesh for providing all types of facil-
ities for conducting the research.

Conflict of interest statement

None declared.

Funding

This work was supported by the Regional Innovation Strategy
through the National Research Foundation of Korea, funded by the Min-
istry of Education, Korea (2021RIS-001) and KDCA-DVP 2022 Grant
Program. The funders had no role in study design, data collection, and
analysis, decision to publish, or preparation of the manuscript.

Ethical approval

The study protocol was reviewed and approved by the Parasite Re-
search Centre and Parasite Resource Bank, Chungbuk National Univer-
sity, South Korea and the Department of Parasitology, Sylhet Agricul-
tural University, Bangladesh. There were no anticipated risks or dis-
comforts. All respondents completed an informed consent form before
the interview. In the case of school-aged children, consent was given by
their parents or local guardians. The local language (Bengali) was used
during all levels of data collection.

Availability of data and materials

Datasets are available from the corresponding author on reasonable
request.

Author contributions

All authors reviewed and provided feedback for this manuscript. The
final version of this manuscript was vetted and approved by all authors.

References

Abossie A, Seid M. Assessment of the prevalence of intestinal parasitosis and associated
risk factors among primary school children in Chencha town, Southern Ethiopia. BMC
Public Health 2014;14:166.


https://doi.org/10.13039/501100003725
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0001

T.C. Nath, K.S. Eom, S. Choe et al.

Adiga A, Chu S, Eubank S, Kuhlman CJ, Lewis B, Marathe A, et al. Disparities in spread
and control of influenza in slums of Delhi: findings from an agent-based modelling
study. BMJ Open 2018;8.

Ahn YK, Chung PR, Lee KT. Rhabditis sp. infected cases in rural school children. Kor J
Parasitol 1985;23:1-6.

Alum A, Rubino JR, Jjaz MK. The global war against intestinal parasites — should we use
a holistic approach? Int J Infect Dis 2010;14:732-8.

Anantaphruti MT, Waikagul J, Maipanich W, Nuamtanong S, Watthanakulpanich D,
Pubampen S, et al. School-based health education for the control of soil-transmit-
ted helminthiases in Kanchanaburi province, Thailand. Ann Trop Med Parasitol
2008;102:521-8.

Benjamin-Chung J, Nazneen A, Halder AK, Haque R, Siddique A, Uddin MS, et al. The
interaction of deworming, improved sanitation, and household flooring with soil-
transmitted helminth infection in rural Bangladesh. PLoS Negl Trop Dis 2015;9.

Bharti B, Bharti S, Khurana S. Worm infestation: diagnosis, treatment and prevention.
Indian J Pediatr 2018;85:1017-24.

Brooker S, Singhasivanon P, Waikagul J, Supavej S, Kojima S, Takeuchi T, et al. Mapping
soil-transmitted helminths in Southeast Asia and implications for parasite control.
Southeast Asian J Trop Med Public Health 2003;34:24-36.

Brooker S, Clements AC, Bundy DA. Global epidemiology, ecology and control of soil-
transmitted helminth infections. Adv Parasitol 2006;62:221-61.

Das DN, Bhusan S. Living in blight in the globalized metro: a study on housing and hous-
ing conditions in slums of Delhi. In: Acharya SS, Sen S, Punia M, Reddy S, editors.
Marginalization in globalizing Delhi: issues of land, livelihoods and health. New Delhi:
Springer India; 2017. p. 431-65.

Fatema DSM, Ahmed BN, Khaleque A. Prevalence of intestinal parasite in children and
their mothers of a slum in Dhaka City. Sch Int J Obstet Gynecol 2020;3:106-9.

Gizaw Z, Addisu A, Gebrehiwot M. Socioeconomic predictors of intestinal parasitic infec-
tions among under-five children in rural Dembiya, Northwest Ethiopia: a communi-
ty-based cross-sectional study. Environ Health Insights 2019;13.

Hall A, Holland C. Geographical variation in Ascaris lumbricoides fecundity and its impli-
cations for helminth control. Parasitol Today 2000;16:540-4.

Hossain MR, Musa S, Zaman R, Khanum H. Occurrence of intestinal parasites among school
going children of a slum area in Dhaka city. Bangladesh J Zool 2019;47:67-75.

Idris OA, Wintola OA, Afolayan AJ. Helminthiases; prevalence, transmission, host-par-
asite interactions, resistance to common synthetic drugs and treatment. Heliyon
2019;5:e01161.

Jourdan PM, Lamberton PHL, Fenwick A, Addis DG. Soil-transmitted helminth infections.
Lancet 2017;391:252-65.

London Applied & Spatial Epidemiology Research Group. Global atlas of helminth infec-
tion. London: LASER; 2018.

LJID Regions 5 (2022) 1-7

Meamar AR, Kia EB, Zahabiun F, Jafari-Mehr A, Moghadam A, Sadjjadi SM. The occur-
rence of severe infections with Rhabditis axei in AIDS patients in Iran. J Helminthol
2007;81:351-2.

Mukutmoni M, Khanum H. Prevalence and risk factors of intestinal helminthiasis among
the children of Begun Bari slum, Tejgaon, Dhaka. Bangladesh J Zool 2018;45:123-9.

Nath TC, Padmawati RS, Murhandarwati EH. Barriers and gaps in utilization and coverage
of mass drug administration program against soil-transmitted helminth infection in
Bangladesh: an implementation research. J Infect Public Health 2019;12:205-12.

Nath TC, Lee D, Park H, Islam S, Sabuj SS, Hossain A, et al. Insights into geohelminth con-
tamination in Bangladesh: feasibility of a modified diagnostic method and prevalence
study. Int J Infect Dis 2021;110:449-56.

Ngui R, Aziz S, Chua KH, Aidil RM, Lee SC, Tan TK, et al. Patterns and risk factors of
soil-transmitted helminthiasis among orang Asli subgroups in peninsular Malaysia.
Am J Trop Med Hyg 2015;93:361-70.

Penakalapati G, Swarthout J, Delahoy MJ, McAliley L, Wodnik B, Levy K, et al. Exposure to
animal feces and human health: a systematic review and proposed research priorities.
Environ Sci Technol 2017;51:11537-52.

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calculation in medical stud-
ies. Gastroenterol Hepatol Bed Bench 2013;6:14-17.

Pullan RL, Smith JL, Jasrasaria R, Brooker SJ. Global numbers of infection and disease
burden of soil transmitted helminth infections in 2010. Parasit Vectors 2014;7:37-48.

Savioli L, Albonico M, Engels D, Montresor A. Progress in the prevention and control of
schistosomiasis and soil-transmitted helminthiasis. Parasitol Int 2004;53:103-13.

Stepek G, Buttle DJ, Duce IR, Behnke JM. Human gastrointestinal nematode infections:
are new control methods required? Int J Exp Pathol 2006;87:325-41.

Thompson ML, Myers EJ, Kriebel D. Prevalence odds ratio or prevalence ratio in the anal-
ysis of cross sectional data: what is to be done?’. Occup Environ Med 1998;55:272-7.

Utzinger J, Bergquist R, Olveda R, Zhou XN. Important helminth infections in South-
east Asia diversity, potential for control and prospects for elimination. Adv Parasitol
2010;72:1-30.

World Health Organization. Training manual on diagnosis of intestinal parasites based
on the WHO bench aids for the diagnosis of intestinal parasites, district laboratory
practice in tropical countries. Geneva: WHO; 2004.

FHI-360. Technical Brief: Assessing progress in fighting STHs in Bangladesh. Asia-Pacific
Regional Office, Thailand: Family Health International; 2017.

World Health Organization. WHO/UNICEF Joint Monitoring Programme: WAT/SAN cat-
egories. Geneva: WHO/UNICEF; 2015.

Ziegelbauer K, Speich B, Mausezahl D, Bos R, Keiser J, Utzinger J. Effect of sanitation on
soil-transmitted helminth infection: systematic review and meta-analysis. PLoS Med
2012;9.


http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0002
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0003
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0004
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0005
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0006
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0007
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0008
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0009
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0010
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0011
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0013
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0014
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0015
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0017
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0018
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0019
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0020
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0021
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0022
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0023
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0024
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0025
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0026
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0027
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0028
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0029
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0030
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0031
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0032
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0012
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0033
http://refhub.elsevier.com/S2772-7076(22)00098-4/sbref0034

	An update of intestinal helminth infections among urban slum communities in Bangladesh
	Introduction
	Methods
	Study design and sample size
	Collection of samples and questionnaire survey
	Parasitological assessment
	Data management and analysis

	Results
	Discussion
	Acknowledgements
	Conflict of interest statement
	Funding
	Ethical approval
	Availability of data and materials
	Author contributions
	References


