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Abstract

The double burden of malnutrition (DBM) characterised by the co-existence of
undernutrition along with overweight and obesity within populations is being a
major problem in the developing world. Almost all countries are affected by
obesity. With existing undernutrition in developing world, the global prevalence
of obesity is increasing rapidly. Many earlier studies reported high prevalence of
intestinal helminths in different groups of population. Some studies reported an
association of intestinal parasitic infection (IPIs) with undernutrition while few
recent studies reported inverse association of IPIs with overweight and obesity.
This study evaluated the comparative risk and associated factors of IPIs among
under [body mass index (BMI) <18.5], normal (BMI 18.5-24.9) and overweight
(BMI1>24.9) school aged adolescents. Anthropometric measurements were done
for nutritional indicators and stool samples collected and examined for IPIs.
Structured questionnaire survey was used to evaluate socio-economic, lifestyle,
physical activity, and demographic information. One hundred five (h=105) school
aged adolescents were selected matching their age, gender, and BMI categories.
The concentration methods were used to assess the prevalence and intensity of
IPIs in this population. Overall prevalence of IPIs was 5.71% with 3 parazoan
(i.e., 2.86% Giardia lamblia, 1.90% Entamoeba histolytica and 0.95% Endolimax
nana). Univariate and multivariable regression analysis indicated none of Social
Economic Status (SES), demographic, lifestyle behavioral characteristics were
significantly associated with the prevalence of overall IPIs. Yet, significant
numbers of male reported undernutrition and elevated risk of IPIs in this study

population.

xii



1. Introduction

A living entity is referred to be a "parasite™ if it occupies another organism (the
"host™) and feeds off of it. Ectoparasites, endoparasites, facultative parasites,
obligatory parasites, and many more types of parasites can cause harm to humans.
The prevalence of intestinal parasites is widespread. One of the main causes of
public health issues worldwide, particularly in impoverished countries like Nepal,
is intestinal parasitosis. Worldwide, 450 million individuals are suffering from
intestinal parasitosis, the majority of them are children, and approximately 3.5
billion people are affected (Hajare et al., 2021). Parasites can mechanically injure
their hosts by excavating into them or sifting through adjacent tissue, in addition
to inducing negative inflammatory or immunological reactions. According to
Taliaferro (2009), numerous of these conditions are brought on by most parasites.
The most common IPIs detected in Nepal include Ascaris lumbricoides,
Hymenolepis nana, Hookworm, Trichuris trichiura, Giardia lamblia, and
Entamoeba histolytica (Dahal et al., 2022). According to Chandrashekhar et al.
(2009), general poverty, poor environmental hygiene, and insufficient access to
healthcare are all strongly linked to the high prevalence of these IPIs.

In the context of a shifting global sustenance landscape, predisposed by economic
and income growth, urbanization, demographic change and globalization,
nutritional epidemiology has seen a significant swing in recent decades.
Malnutrition, in all its forms, comprises undernutrition as well as overweight and
obesity (OWOB), affects all countries of the world (Fanzo et al., 2018). Many
countries face a double burden of malnutrition (DBM), where both undernutrition
and OWOB exist in the same population, even in same household (Popkin et al.,
2020). Globally by 2020, 1.9 billion adults are OWOB, while 462 million are
underweight (Dukhi, 2020). These mostly occur in low- and middle-income
countries (LMICs). At the same time, in these same countries, rates of childhood
overweight and obesity are rising. Double burden of malnutrition (i.e., both
OWOB and undernutrition) is the burning problem globally. Specially in the
context of our country which is still underdeveloped, this DBM can be

devastating. If we could even understand one aspect of this problem it would be
1



truly contributing, which this study aims at. This study aims at finding the
association between helminthiases and nutritional status. This study is likea dot
on a paper which is merely one step towards the solution of the burning problem

DBM but still holds a huge significance.

Studies commenced in Nepal have shown that although the prevalence of
undernutrition in the population has mostly diminished over the last decades but
the prevalence of OWOB hasincreased considerably (Balarajan and Villamor,
2009; Wei et al., 2019). Earlier 3 National surveys of (i.e., Demographic Health
Survey (DHS) Nepal 2016, Micronutrient Survey 2016 and the STEPS survey
2019)), calculated that overall, 14.5-17% of the Nepalese adult women were
underweight, while 22-25% were OWOB (Hasan et al., 2018; Mehata et al.,
2021). Among men,17% were underweight and 17-23.4% were OWOB (Hasan
et al., 2018; Mehata et al., 2021). In Nepal DHS 2016, there was no difference in
the prevalence of OWOB between ecological zones or between rural vs. urban
populations (Rawal et al., 2018). A nationwide survey of Nepal in 2016 showed
that 31.16% population (women 38.87% and men 28.77%) were obese. In this
survey study, 13,542 adults aged 18 years or above had their height and weight

measured.

Overweight and obesity are associated with several other adverse health
outcomes, including diabetes mellitus type 2, cardiovascular disease, certain types
of cancer, musculoskeletal and mental disorders as well as pregnancy
complications (Black et al., 2013; Collaborators, 2017; Schwinger et al., 2020).
Amongst others, undernutrition is associated with an increased risk of infection
(Harpsge et al., 2016). The double burden of malnutrition (DBM) is characterized
by the coexistence of undernutrition along with overweight and obesity, or diet-
related non communicable diseases, within individuals, households and
populations, and across the life course. In 2020, more than 1.9 billion adults
worldwide, 18 years and older, were overweight while 462 million were
underweight. More than 600 million were obese (Hashan et al., 2020). In the same
year, 42 million children under the age of five were overweight or obese but 156
million were affected by stunting (low height-for-age). While 50 million children

2



were affected by wasting (low weight-for-height). Poor nutrition continues to
cause nearly half of deaths in children under five, while low- and middle-income
countries now witness a simultaneous rise in childhood overweight and obesity —
increasing at a rate 30% faster than in richer nations (Hossain et al., 2020). Both
types of population, OWOB and underweight, are at equal risk of parasitic
infection. Not only BMI but hygiene habit and co-morbidities underlying disease
also play role on parasitic infection risk (Dobner & Kaser, 2018). One study shows
that GI parasites infection is high among underweight children of below 13 years

age and severe stunting is high among girls than among boys (Amare et al., 2013).

Many studies on IPIs among school-aged children in Nepal have found prevalence
rates ranging from 15% to 60%, with significant fluctuation over time and across
the country (Kumar et al., 2021). Considering high prevalence of IPIs in Nepal
with high DBM, this study aims to evaluate the comparative risk and associated
factors of IPIs among under [body mass index (BMI) <18.5] and overweight
(BMI>24.9) school aged adolescents. This study aims at finding the risk factors
associated with helminthiases in overweight and underweight school aged
adolescents. Further, studies have suggested an association of intestinal parasites
with poor performance at school (Guan and Han, 2019; Akubuilo et al., 2020).
Hence, this study will also see if the effect of IPIs in school performance altered

among under or overweight participants.
Objectives
General objective

To examine risk and associated factors of IPIs among Overweight and Obese
(OWOB) participants compared to undernourished participants (i.e., school aged
adolescent).

Specific objectives

To investigate occurence and risk factors of IPIs in OWOB participants compared
3



to undernourished participants (i.e., school aged adolescent).

To evaluate association between risk and associated factors of IPls among OWOB
participants compared to undernourished participants [i.e., school aged (10-19)

adolescent] adjusting other suggested demographic variables.



2. LITERATURE REVIEW

Few studies reported association of certain viral and bacterial infections among
participants with obesity (Atkinson, 2008; Dhurandhar, 2011; Yang et al., 2013).
Only study evaluated associationbetween IPIs with obesity in Mexican children
and adolescents and reportedhigher probability of IPIs among participants with
higher BMI in the same year, 6, and 12 years later in life (Zavala et al., 2019).
This study clearly shows a strong relationship between the parasitic presence and
nutritional status. Not only this, but the study has also been done looking for later
phase in life which adds more value to the literature itself. Similar interpretation
(early child“insults” including infections to be associated to later overweight and
obesity) was reported (Anguita et al., 1993; Pico et al., 2012; Guerrant et al.,
2013). Early childhood caught infections from parasites eventually contributed to
the OWOB later in life. This study is not only aware about the early childhood
prevention of infection but also the possible risk and consequenceslater in the
life.

Recent animal study reported helminth-dependent protection against obesity (Su
et al., 2018). The study outcome contradicts with all the above study. Though the
study is done on animals, the result obtained cannot be denied completely. Further
study is necessary to meet a concluding statement regarding helminthes provokes
or protects humans from obesity. Many studies on intestinal parasite infection
among school-aged children in Nepal have found prevalence rates ranging from
15% to 60%, with significant fluctuation over time andacross the country. Nepal
is an underdeveloped country with lack of knowledge about sanitation, hygiene,
parasites and its effect on health. Such a high prevalence opens a whole new area

of research and study.

Studies have suggested an association of IPIs with poor performance at school
(Guan and Han, 2019; Akubuilo et al., 2020). School performance of adolescents
does not only correlate with the grade or academic performance but also to the
agility, presence of mind in classes, attendance, peer interaction, problem solving

andstudent teacher interaction. A study done in Venezuela shows that 26.8%
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households have DBM and also DBM households significantly linked with G.
lamblia and Geohelminths (Campos Ponce et al., 2013). Thus, triple burden of
disease seen, a very perturbing problem. A study in Mexico rural area shows that
Entamoeba coli infection may contribute to fat deposition (Zavala et al., 2016).
The same study shows that Ascaris lumbricoides as the most prevalent soil
transmitted helminth (16%) followed by hookworm. Entamoeba coli was the
predominant protozoa (20%) followed by Endolimax nana, Balantidium coli,
Entamoeba histolytica/dispar, lodamoeba bitschlii and Giardia lamblia. Most
concerned protozoans are Cryptosporidium, Giardia and Entamoeba leading to
stunting in children according to a recent metanalysis done (Hajissa et al., 2022).
Protozoan parasites are widely spread and consist of a single cell-like unit that is

morphologically and functionally complete (Chaterjee, 2009).

Giardia lamblia, Entamoeba histolytica, Entamoeba coli, Cryptosporidium,
Cyclospora, Isospora, and Balantidium coli, are some common intestinal
protozoan parasites. Interestingly, a very recent cross sectional study done among
obese population shows that parasites do not correlate with nutritional
deficiencies and body composition, but correlate to metabolic syndrome (Caudet
et al., 2022). A research study in school children in Ethiopia concludes that
roundworm, hookworm, and whipworm has no association with BMI (i.e.,
nutritional status) (Desta, 2014). A recent study done in Nepal to see the
prevalence of STHs (Soil Transmitted Helminths) in 5 major community reveals
that STH infection was associated with individual hygiene behavior, but not with
nutritional status or socio-demographic characteristics (Parajuli et al., 2014). The
studies previously done about the association of nutritional status with Gl
parasites have no linear results. They contradict with each other, which is
obviously common in research. Yet, as IPIs and DBM actually exist together in

many scenarios, further research is warranted in this research topic.

Numerous factors, including intestinal parasite infections, can cause serious
problems in life. Low socioeconomic position is regarded to be the primary cause
of IPIs, as are inadequate hygiene (Khanal et al., 2016), a lack of efficient sanitary
disposal, a lack of clean drinking water (Rayapu et al., 2012), and a lack of health

6



education (Rashid et al., 2011). According to Karunaithas et al. (2011) and Sah et
al. (2016), the act of washing one's hands with only water is also regarded to
increase one's risk of contracting an intestinal parasite. Infection with an intestinal
parasite connected to farming (Tandulkar et al., 2013). People who are unaware
are more likely to contract parasites, according to some research (Pandey et al.,
2015). Infections brought on by intestinal helminths and protozoan parasites are
among the most prevalent in underdeveloped nations. More protozoan parasites
than helminths are responsible for gastrointestinal illnesses in modern nations. In
regions where they are endemic, IPIs significantly increase morbidity and
mortality (Haque, 2007). Intestinal worm illnesses like roundworm, hookworm,
and whipworm impact about one-fourth of the world's population (Else et al.,
2020).



3. MATERIALS AND METHODS
3.1 Study area

Two schools (randomly selected 1 public — Mahendra Kiran Secondary School
and 1 private — Hetauda Academy Secondary Residential School) were selected
from Hetauda after consultation and approval with school authorities. Due to
insufficiency of required number of sample students for our research, two more
private boarding schools — Shiksha Bikas Shishu Sadan English Boarding School
and Sunshine English Boarding School were added. All four schools are located
in the periphery of Hetauda Sub-metropolitan city. Shiksha Bikas, Sunshine, and
Mahendra Kiran are situated in the same ward, which is Hetauda-03. Hetauda
Academy is located in Hetauda-11. All four schools run their classes from nursery

to grade 10. Mahendra Kiran also has grade 11 and 12 as their regular classes.

Mahendra Kiran Secondary School

® Sample collected school S
Hetauda Municipality o as o 7 18 kiometers
Makwanpur District ¢ x ' L % ‘ ' d
Districts

ooy

4"57°0"E 85"4°0"E 85"11°0°E 85"18°0"E 85"25'0°E

Fig 1: Map of Nepal showing study site

3.2 Study Method

First of all, all the selected schools were visited frequently to set up study camp
in each school with minimum hamper in their study schedules. Each participants
were explained about study protocol and asked if they and/or their parents (i.e., in

case of non-adult participants) were agreed to participate in our study. They were
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then asked to take the informed consent form with them for their guardians at
home. Once signed informed consents were collected the day after distribution,
questionnaires were then presented to the participants and parents separately in a
different isolated place within the school premise. Participants were included in
the study if they were of 6-19 years old and live in Hetauda for the last 3 years.
While if potential participants reported recent (i.e., 1 month or less) intake of
antihelminthics, or diagnosis of chronic disease like diabetes, they were excluded

from study.

Assessment of nutritional status (height, weight, and BMI) was done by taking
anthropometric measurements. BMI was evaluated with measured height and
weight by using formula BMI = Weight (kg)/Height (m?). Out of 319 eligible and
agreed participants, 105 study participants were selected based on measured BMI
following the screening criteria [i.e., 35 students were with body mass index
(BMI) <18.5, 35 students were with normal BMI 18.5-24.9 and 35 overweight
BMI>24.9] matching their grade, age, and gender equally from both public and
private schools.

After the questionnairewas completed, sample students were asked to collect
stool samples in the given vial along with wooden spatula and zipper bag. All
vials were given unique code to avoid confusion and students names along with
code were already noted before the vial distribution. Each collected samples were
preserved in 2.5% potassium dichromate solution for the preservation of the
parasites andbrought to the laboratory of Central Department of Zoology,

Tribhuvan University for microscopic examination.
3.3 Lab protocol and techniques

A strict lab protocol was followed during the lab processing. Direct wet mount,
Saturated salt floatation technique, formal-ether sedimentation technique and acid

fast staining technique were used for the laboratory examination of stool samples.



3.3.1 Direct wet mount

Direct wet mount was done first. Two grams (gms) of the fecal sample stirred
carefully, a single drop of each sample then dropped on the glass slide with or
without Gram's iodine. Then, by covering the sample with a coverslip, the sample
was observed under a microscope at a total magnification of 100X and 400X
(Adhikari et al., 2021).

3.3.2 Saturated salt floatation technique

In saturated salt floatation technique about two grams of the fecal sample was
completely mixed in a 12 mL of 0.9% w/v sodium chloride (NaCl) following
filtration through a strainer into a 15 mL centrifuge tube. The filtrate then
proceeded to centrifuge at 1200 revolutions per minute (rpm) for 5 minutes. Then,
the supernatant was discarded, and the tube filled with 45% w/v NaCl. The
sample again centrifuged at 1200 rpm for more 5 minutes. Then, the centrifuge
tube was completely and slowly filled with saturated NaCl and left undisturbed
for 10 minutes covering its mouth with a coverslip. Finally, the coverslip was
carefully removed and kept on a glass slide for microscopic examination at a total
magnification of 100X and 400X with or without Gram's iodine. Thissaturated
salt floatation technique is used to detect small eggs of parasites like nematodes
and cestodes (Adhikari et al., 2021).

3.3.3 Formal-ether sedimentation technique

This is used for detecting large eggs of trematodes. Two gms of fecal sample were
thoroughly mixed in 12 mL of 0.9%w/v NaCl in a 15 mL centrifuge tube. The
sample then centrifuged (1200 rpm x 5 minutes) and the supernatant discarded.
Then, 10 mL of 10% formalin and three mL of ethyl acetate were added in the
tube for subsequent centrifugation at 1200 rpm for 5 minutes. Finally, the
supernatant discarded, and the sediments examined under a microscope at a total
magnification of 100X and 400X with or without Gram’s iodine (Adhikari et al.,
2021).



3.3.4 Acid fast staining technique

Acid fast staining is used for detection of small protozoans eggs which are
normally not detected even after the concentration technique done above. In acid
fast staining, the sediments obtained following formal-ether method was used to
prepare thin smears. The smears then dried at room temperature, fixed in absolute
methanol for two minutes and then stained with carbol fucshin for 15 minutes.
The smears then serially and gently washed with distilled water, acid alcohol, and
distilled water for two minutes. The smears were restrained with malachite green
for a minute and rinsed with distilled water later on. Finally, using immersion oil,
the dry smears were observed under a microscope at a total magnification 2000X
(Adhikari et al., 2021).

3.3.5 Parasites identification

The microscopic images compared with the images provided by Center for
Disease Control and Prevention in its website (CDC - DPDx - Parasites A-Z
Index, 2019).

3.4 Ethical considerations

The ethical approval for this study was obtained from the Ethical Committee of
the institute of science and technology (IOST) of Tribhuvan University (approval

no. 22-0024) and the selected schools supported our study.

3.5 Data Analysis

All questions were coded, and the distributions of all variables were examined.
For multiple group comparisons (Table 1 and 2), independent t test was used for
continuous data while a Chi-square test was used for analyzing categorical data.
Multivariable logistic regression was used to investigate the association between
prevalence of overall IPIs and possible risk factors, (i.e., hygiene behaviors,
nutritional status, socio-demographic characteristics, and community). The level
of significance was set at p < 0.05. All analyses were performed using the
Statistical analyses were performed using IBM SPSS Statistic v25.



4. RESULTS

Table 1 illustrates that study participants mostly were teenagers male with the
mean age of 14.24 years in the study. Female participants rated their health better
than male participants though BMI, BMI category or other parameters were
comparable with the male participants. Yet, height of male was higher than that
of female, though age was similar between male and female participants.
Similarly, none of the socio-economic factors were differed between male and
female participants. GPA and perception about GPA were also similar between
male and female participants and were from both private and public school,
equally. Most of the participants reported households with less than 5 members in
households, both parents can read and write with normal SES and frequent
consumption of meat and fruits. Distribution of participants was not differed by
schools and BMI category.
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Table 1. Characteristic features of study participants (n = 105).

Characteristics Male (n=63) Female (n=42) P-value Total
Mean (SD)/n (%) Mean (SD)/n (%) Mean (SD)/n (%)
Demographic Characteristics
Age (in year) 14.27 (1.59) 14.19 (1.04) NS® 14.24 (1.39)
Weight (Kg) 54.27 (18.16) 49.54 (12.60) NS® 52.38 (16.26)
Height (Meter) 1.58 (0.11) 1.53 (0.06) 0.010° 1.56 (0.09)
Body Mass Index (BMI)(Kg/m2) 21.60 (6.24) 21.01 (4.76) NS® 21.36 (5.67)
Self-rated health (Poor 1 to Excellent 5) 3.38(1.01) 3.71(0.71) 0.049% 3.51(0.91)
School Parameter
Grade (years) 8.08 (1.64) 8.38 (0.91) NS® 8.19 (1.24)
GPA 2.49 (1.13) 2.21 (1.03) NS® 2.37 (1.09)
Schools Participated
Hetauda Academy (Private) 38 (36.19) 17 (16.19) 55 (52.38)
Mahendra Kiran Sec School (Pub) 17 (16.19) 19 (18.09) NS* 36 (34.28)
Shiksha Bikas Shishu Sadan(Private) 2(1.9) 2 (1.90) 4 (3.80)
Sunshine Boarding School (Private) 6 (5.71) 4 (3.80) 10 (9.52)
What do you think about your GPA?
Ok 56 (53.33) 35(33.33) NS* 91 (86.67)
Not Good 7 (6.66) 7 (6.67) 14 (13.33)
Socioeconomic (SES) Characteristics
Household (HH) Crowding
Yes (>5 member in HH) 12 (11.42) 10 (9.52) NS* 22 (20.95)
No (<5 member in HH) 51 (48.57) 32(30.47) 83 (79.05)
Reported SES
Normal 59 (39.33) 38(36.19) NS* 97 (92.39)
Low 4 (2.67) 4 (2.67) 8 (7.61)
Do you consume Meat?
Rarely 8 (7.61) 4(2.67) NS* 12 (11.43)
Frequently 55 (52.38) 38 (36.19) 93 (88.57)
Do you consume Fruits?
Rarely 14 (13.33) 9 (8.57) NS* 23(21.91)
Frequently 49 (46.67) 33(31.42) 82 (78.09)
Type of School now studying?
Private 25 (23.80) 25 (23.80) NS* 50 (47.62)
Public 38 (36.19) 27 (25.71) 55 (52.38)
BMI Category
BMI <18.5 (Underweight) 22 (20.95) 13 (12.38) NS* 35(33.33)
BMI 18.5 to 24.99 (Normal) 18 (17.14) 17 (16.19) 35 (33.33)
BMI >25 (Overweight) 23(21.91) 12 (11.43) 35(33.34)

$: Independent T-test, * Chi square test

Table 2 showed behavioral and lifestyle characteristics of study participants, with

risky behavioral and lifestyle characteristics (i.e., more than half participants did

not use soap for handwashing before eating and walk barefoot while outdoor and

did not trim nail regularly) in the study. Yet, most of participants reported recent

consumption of anthelminthic drug, mostly covered food, did not consume

dropped food, wash fruits and vegetables before eating. There was no significant

different between male and female participants in different hygiene and lifestyle

characteristics except consumption of pork and mothers occupation. Male
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participants reported more pork consumption than female (p=0.05). More mother

of female participants reported the farming as their main occupation than that of

male participants (p<0.05).

Table 2. Behavioral, and lifestyle characteristics of study participants (n = 105).

Characteristics Male (n=63) Female (n=42) Chi-Square P-value  Total
n (%) n (%) n (%)

Behavioral/lifestyle characteristics
Use of soap for handwashing

Yes 24 (22.86) 16 (15.23) NS* 40 (38.10)

No 39 (37.14) 26 (24.76) 65 (61.90)
Walk barefoot while outdoor

No 26 (24.76) 23 (21.90) NS* 49 (46.67)

Yes 37 (35.23) 19 (18.10) 56 (53.33)
Mothers Occupation

Other 48 (45.71) 24 (22.86) 0.039* 72 (68.57)

Farmer 15 (14.29) 18 (17.14) 33 (31.43)
Fathers Occupation

Other 53 (50.47) 29 (27.62) NS* 82 (78.10)

Farmer 10 (9.52) 13(12.38) 23(21.90)
Did you consume raw meat?

No 57 (54.28) 41 (39.05) NS* 98 (93.33)

Yes 6 (5.71) 1(0.95) 7 (6.67)
Did you take anthelminthic within 6 months?

Yes 54 (51.43) 35 (33.33) NS* 89 (84.77)

No 9 (8.57) 7 (6.67) 16 (15.23)
Did you trim nails regularly?

Yes 26 (24.76) 18 (17.14) NS* 44 (41.90)

No 37 (35.23) 24 (22.86) 61 (58.09)
Did you notice worm in stool?

No 29 (27.62) 23 (21.90) NS* 52 (49.52)

Yes 34 (32.38) 19 (18.10) 53 (50.47)
Do you cover food regularly?

Yes 55 (52.38) 37 (35.23) NS* 92 (87.62)

No 8 (7.62) 5 (4.76) 13 (12.38)
Do you know about intestinal parasite?

Yes 21 (20.00) 15 (14.29) NS* 36 (34.28)

No 42 (40.00) 27 (25.71) 69 (65.71)
Do your pet entered to Kitchen?

No 40 (38.09) 32(30.47) NS* 72 (68.57)

Yes 23 (21.90) 10 (9.5) 33(31.42)
Do you consume dropped food?

No 45 (42.86) 35(33.33) NS* 80 (76.19)

Yes 18 (17.14) 7 (6.67) 25 (23.81)
What type of water do you drink?

Boiled or filtered 30 (28.57) 15 (14.28) NS* 45 (42.86)

Jar 33(31.42) 27 (25.71) 60 (57.14)
Do you wash fruits or green to eat raw?

Yes 52 (49.52) 39 (37.14) NS* 91 (86.67)

No 11 (10.48) 3(2.86) 14 (13.33)
Do you consume pork?

No 38 (36.19) 33(31.42) 0.05* 71 (67.62)

Yes 25 (23.80) 9 (8.57) 34 (32.38)

$: Independent T-test, * Chi square test
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Table 3 shows prevalence of IPIs among study participants. A total of 105 faecal
samples were evaluated under the microscope with different methods as described
in method. Only 6 samples (5.71%) were found shedding 3 species of protozoa
(i.e., Giardia lamblia, Entamoeba histolytica and Endolimax nana) (Table 3).
Overall, G. lamblia has a higher prevalence (2.86%) followed by E. histolytica
(1.9%), and E. nana (0.95%). Neither overall prevalence nor egg density differed
by gender. Because of the small number of prevalence, statistical analysis was not

run for individual parasites.

Table 3. Prevalence of gastrointestinal parasites in school aged participants (n = 105)

Parasite species Male Mean (SD)/n (%) Female Mean (SD)/n (%)  Fisher's Total
exact test P Mean (SD)/n (%)
value
Giardia Lamblia 1 (0.95) 2 (1.90) NS* 3(2.86)
Entamoeba Histolytica 2 (1.90) 0 (0) NA 2 (1.90)
Endolimax nana 1(0.95) 0 (0) NA 1(0.95)
Infection density (0= 1 (0.50) 2.00 (0.00) 0.541% 1.83 (0.41)

not seen, 1= 1cyst per
high power field(hpf),
2=2cyst per hpf

Total infection 4 (3.81) 2 (1.90) NS* 6 (5.71)

$: Independent T-test, * Fisher's exact test

Table 4 shows the association between parasitic infections and the associated
factors. Presence of any parasitic infection was higher among participants from
crowded household, who consumed pork, going to public school, who consumed
raw meat, who do not use soap for hand washing before eating, underweight
participants and male participants compared to their counterparts. Yet, none of the
evaluated factors achieve statistical significance in univariate or multivariate
model before or after adjustment to gender or BMI categories. This study also
indicates that the prevalence of IPIs was significantly high among the
undernutrition category compared to normal or overweight category. None of the
evaluated demographic, SES, lifestyle, behavioral characteristics indicated any

association with prevalence of IPIs in either uni/multi variate model.
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Table 4. Prevalence and odds ratio of IPIS with respect to behavioral and individual characteristics using logistic

regression analysis (n=105).

Socioeconomic (SES) Characteristics

Household (HH) Crowding
No (<5 member in HH)
Yes (>5 member in HH)

Can mother read and write?
Yes (Literate)

No (llliterate)

Mothers Occupation
Others
Farmer

Fathers Occupation
Others
Farmer

Do you consume pork?

No
Yes

Types of School?
Private
Public

Do you exercise regularly?
Yes
No

Do pet enter in Kitchen?

No
Yes

Do you consume raw Meat?
No
Yes

Do you consume Fruits?
Frequently
Rarely

Use of soap for handwashing
Yes
No

Walk barefoot while outdoor
Yes
No

BMI category
Underweight
Normal
Overweight

Did you trim nails regularly?
Frequently
Rarely

Gender
Male
Female

Do you know about intestinal parasite?
Yes
No

What type of water do you drink?
Boiled or filtered
Jar

%

4.82
9.09

6.49
3.57

6.94
3.03

6.09
4.35

5.63
5.88

4.0

7.27
5.55
5.88

5.55
6.06

5.10
14.28

6.09
4.34

2.5
7.69
6.12
5.35

8.57
2.86
571

6.82
4.92

6.34
4.76

8.33
4.35

6.67
5.00

Any IPIs (n =105)
Univariate

OR (95%Cl)

ref
1.98 (0.34 to 11.56)

ref
0.53 (0.06 t0 4.78)

ref
0.42 (0.05 t0 3.73)

ref
0.70 (0.08 t0 6.31)

ref
1.05 (0.18 t0 6.02)

ref
1.88 (0.33 t0 10.75)

ref
1.06 (0.20 to 5.52)

ref
1.10 (0.19 t0 6.31)

ref
3.10 (0.31 t0 30.93)

ref
0.70 (0.08 to 6.31)

ref
3.25(0.37 to 28.88)

ref
0.87 (0.17 to 4.51)

3.19 (0.32 t0 32.24)
ref
2.06 (0.18 to 23.83)

ref
0.71 (0.14 to 3.68)

ref
0.74 (0.13t0 4.22)

ref
0.50 (0.10 to 2.61)

ref
0.74 (0.14 t0 3.83)

Multivariate*
AOR (95%CI)

ref
1.79 (0.29 to 10.90)

ref
3.08 (0.46 to 20.67)

ref
3.37 (0.29 t0 39.13)

ref
4.16 (0.43 t0 39.82)
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5. DISCUSSION

This study investigated the prevalence of IPIs among school aged adolescent from
both private and public schools of Hetauda, Nepal. Prevalence of IPIs in our study
(i.e., 5.71%) is comparablewith prevalence of IPI reported form different study.
For example, Kunwar et al. (2016) reported a 4.12% prevalence of E. histolytica
and 9.40% prevalence of G. lamblia. Similarly, Tandukar et al. (2013) reported
7.4% prevalence of G. lamblia followed by 3.4% prevalence of E. histolytica
among more than 1300 stool samples evaluated from school children of Lalitpur
district of Nepal. Comparable results were reported by Shrestha et al. (2012)
among school children in Baglung districts of Western Nepal (i.e., E. histolytica
(9.23%), G. lamblia (5.76%). In contrast, quite high prevalence of IPIs has also
been reported by many previous studies. For example, a recent study (Shrestha et
al., 2018) among schoolchildren in Dolakha and Ramechhap districts, Nepal
reported quite high prevalence of IPIs. Such a discrepancy in the prevalence of
IPIs might be due to the difference in the climatic conditions and different levels
of awareness (Adhikari et al. 2021). The lower prevalence of IPIs in our study
participants may be partially explained by ongoing routine deworming programs.
In addition, most of participants reported healthier behavioral and lifestyle
characteristics (i.e., frequent consumption of anthelminthic drug, mostly covering
food, did not consume dropped food, wash fruits and vegetables before eating).
However, small sample size limits us for any conclusion. Hence, further study

needs to be conducted to confirm this finding.

Prevalence of overall IPIs was higher among males compared to females. Yet
females indicated higher egg density compared to male, but both could not
achieve statistical significance. A few earlier studies reported similar finding with
elevated IPI prevalence among male compared to female. For example, in a study
done among HIV patients it was found out that gender difference i.e., being male
and diarrhea were strongly associated with an increased prevalence of intestinal
parasites (Akinbo et al., 2010). Also, another study done in Islamic Republic of
Iran found out that male gender was more infected with GI parasites in

comparative to the female gender. Mainly G. lamblia was seen higher in male
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gender and younger age group had more prevalence of infection than the older
ones (Sayyari et al., 2005). Yet, few studiesreported similar risk of IPIs between
male and female (Limbu et al., 2021). In this study, majorityof female reported
healthier behavioral and lifestyle characteristics (i.e., less consumption of pork)
compared to male participants (p<0.05), which may explain such discrepancy in
IPIs infection by gender. Another study done in rural Nepal showed contrasting
results to our study where younger girls were more infected (55.2%) than boys
(44.8%). This study also found out that rural areas population were more infected
by intestinal parasitic infections (52.3%) than urban areas (32.4%) (Bertoncello
et al., 2021). Further, male indicated higher prevalence undernutrition and
reported lower self-rated health compared to female, which may indicate weak
nutritional as well as immunity for elevated IPIs infections. Yet, further study

needs to be conducted to confirm this association.

This study indicated elevated risk of any parasitic infections (IPIs) among
participants from crowded household, who consumed pork, going to public
school, who consumed raw meat, who do not use soap for hand washing before
eating, underweight participants and male participants compared to their
counterparts. But none of the associations achieved statistical significance. Small
sample size (n=105) might be behind such lack of statistical significance but
consistent pattern in direction of association urges further study to confirm this
association. Among the variables evaluated, only variables with highest OR (i.e.,
higher range of 10) were entered forcibly for mutual adjustment. Yet, association
remains insignificant with consistent direction of association and AOR. Hence,
the variables like “do not use soap to wash hand before eating” with highest
OR/AOR in both univariate as well as adjusted multivariate model may represent
asproxy measures of poor hygiene in general. Nutritional status (i.e., BMI
categories) did not explain any variation in risk of IPIs. But study indicated
elevated risk of IPIs among undernutrition category (BMI1<18.5) compared to
normal BMI (i.e., BMI 185 to 24.99) or overweight BMI categories
(BM1>24.99). Further study with larger sample size is needed to confirm this

association.

18



This study has lots of limitations like small sample size and cross sectional study
design. Yet, design of the study from both public and private school with matched,
age, gender and BMI categories (i.e., 35 participants in each BMI categories)
enabled us to compare relative prevalence and associated risk factors. Further, low
prevalence of parasites limits us for statistical evaluation causing lack of
association and risk of individual parasites. On going deworming program with
enhance hygiene behaviors might have been contributing to such decreased
prevalence of IPIs in human population. Though we assumed IPIs might have
some association in reported GPA, such association was not evident in our
analysis in both univariate and multivariate models (data not shown). Again, low

prevalence of parasites might have caused lack of association.
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6. CONCLUSION AND RECOMMENDATIONS

CONCLUSION

IPIs among school aged populations may pose a serious health problem. Though
school aged adolescent indicated low prevalence of IPIs but risk of IPI is
attributable to individual differences in behavior like “not using soap for
handwashing”. Relatively elevated malnutrition (reported under nutrition) with
risky hygiene behaviors indicated male as risky cluster of school age population.

However, small sample size limits us for generalization.

RECOMMENDATIONS

An in-depth health education and higher emphasis on IPIs should be given to

school aged adolescents to minimize risk of IPIs.
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APPENDICES

1. Approval letter from Hetauda Academy Secondary Residential
School

PAN

Rega No. - 7378054055 -

& HETAUDA ACADEMY
2 SECONDARY RESIDENTIAL SCHOOL

Ref No. @290 e Date: 2828/11/13

To,
‘ The Head
Central Department of Zoology
’ Institute of Science and Technology
Tribhuwan Univercity
Kirtipur, Kathmandu g

-,

.s Subject: Regarding permission for research work.

Dear Sir/Madam,

We have reviewed request letter of Mr. Rameshwar Parajuli to conduct the research
work in our school. We hoepe that this research work will be beneficial to our
institution and students. So, we are glad to let you know that permission has been
granted for Mr. Parajuli to conduct the research work in our school.

With regards,

Chief Executive Officer

"Education is the real treasure™

Shahid Smarak. Nawalpur, Hetauda-11 anpur, Narayani, Nepal
Phone No: D67-525548/523547/621333/975-50 vwwhetavdaacademy.edu. np

.
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2. Approval letter from Shiksha Bikas Shishu Sadan English Boarding
School

He

- o 5 .
Subject: Permission for Research wol




3. Approval letter from Sunshine English Boarding School

Pan No.:301486064 ‘

Reg No.: 19439/059

2 SUNSHINE ENGLIS

Ref No.: 0—7_9/) ‘9

To,

Head of Department

Central Department of Zoology
Institute of Science and Technclogy
Tribhuvan University

Kirtipur Kathmandu

Subject: Approval for researc:i1 work

Dear sir/madam,

We gotthe request letter from Mr. RameshworParajuli to do the research work in our schocl.
After reviewing his letter, proposal and other documents attached, we are glad to let you know
that the perimission has been granted for Mr. Parajuli to conduct his research work in’ our
school. We hope this research will be beneficial to our institution and students. Best wishes for

his research work.

With regards,

A 71 &
Principal: odlzp

Rajkumar Naharki

Contact : 057-411117

29



4. Approval letter from Shree Mahendra Kiran Secondary School
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5. Ethical approval from IOST TU
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6. Information letter to guardians/participants
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7. Consent form
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8. Questionnaire
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9. Questionnaire continue
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10. Recommendation letter from Central Department of Zoology, TU
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1. Hetauda Academy Secondary Residential School
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2. Mahendra Kiran Secondary School
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3. Shiksha Bikas Shishu Sadan Secondary English
Boarding School

4. Students of Sunshine English Boarding School in
assembly
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5. Preparation of stool smear

6. Stool smear ready to view under fnicroscope
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7. Height measurement of a student
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8. Weight measurement of a student
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9. Lab work in central department of Zoology
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10. Microscopic examination of Stool sample
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11. Cyst of Giardia lamblia seen in sample HA19

12.Cyst of Entamoeba histolytica seen in sample HA57
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13. Cyst of Endolimax nana seen in sample HA32

14. Cyst of Entamoeba histolytica seen in sample HA38
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15. Cyst of Giardia lamblia seen in sample MK29

16. Cyst of Giardia lamblia seen in sample SS06
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