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ABSTRACT

Soil-transmitted helminth (STH) among children aged 24-59 months is one cause of chronic infection
that could lead to stunting. The association of 25(OH)D and immune responses during chronic infection
in stunted populations has not yet been well established. An association study of case—control data was
conducted in Bandung district from October 2019 to January 2023. Sociodemographic factors, stool
samples, and serum levels of 25(0OH)D, interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-13 (IL-13)
were assessed. Statistical analysis was performed to evaluate the prevalence and association of 25(0OH)
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D, IL-4, IL-5, and IL-13 with the burden of STH infection in stunted children. In total, 401 stunted children
were recruited. A higher burden of STH infection was found for lower levels of IL-5 (r = —0.477; p = 0.004)
and IL-13 (r = —0.433; p = 0.028). Thus, 25(0H)D, IL-4, IL-5, and IL-13 play a role in the burden of STH

infection.

1. Introduction

Soil-transmitted helminth (STH) infections are the most
common disease in the world, with an estimated 1.5 billion
infected individuals or 24% of the world’s population [1]. A
report by the Ministry of Health of the Republic of Indonesia
showed that the prevalence of helminthiasis in Indonesia
has reached 28.12%. The prevalence of STH infections in
the pre-school age group (24-59 months) ranks second,
with a prevalence of around 20-30% [2-4].

The low worm burden at the start of infection causes lit-
tle harm to the epithelial barrier. While inadequate to elicit
a protective Th2 response, this small amount of damage
may allow for opportunistic invasion by commensal bacte-
ria, resulting in the production of antimicrobial peptides
(AMPs) and IgA. The amount of barrier damage is enhanced
by recurrent infections, leading to increased release of
alarmins, microRNAs (MiRs), and cysteinyl leukotrienes
(CysLTs) from epithelial, mesenchymal, and innate cells.
During this period, there is a drop in microbiome diversity,
which might be due to immune-mediated control to avoid
invasion by opportunistic pathogenic bacteria, or to
STH-mediated remodeling. When type 2 signals activate
innate cells, type 2 cytokines (interleukin-[IL]4] and IL-13)
are released, polarizing CD4+ T cells to a Th2 phenotype.

Th2 cells then increase the amount of IL-4 and IL-13 sig-
naling, triggering host-protective responses at the epithelial
barrier, such as goblet cell hyperproliferation, mucin synthe-
sis (such as Muc5ac), and increased epithelial cell turnover.
These reactions largely affect early larval stages (L1-3),
restricting juvenile parasite colonization within the epithe-
lium. As a result, the barrier is rebuilt and the gut microbial
populations regenerate [5].

Stunting is an issue worldwide, with a prevalence of
21.3%. In Southeast Asia, the prevalence of stunting in chil-
dren aged <5 years of age is 24.7%. Indonesia itself reported
a prevalence rate of 30.8% in 2018 [1]. Therefore, the prog-
nosis will improve if intervention is performed before age 5.

Stunting in children can result from chronic infections or
malnutrition due to deficiencies in macronutrients and
micronutrients, such as vitamin D. In chronic STH infec-
tion, decreased nutrient intake, malabsorption, and inflam-
mation of the intestinal epithelium can lead to micronutrient
deficits, including vitamin D deficiency and growth retarda-
tion [6]. The presence of vitamin D deficiency in STH
infection decreases the ability of the immune response to
increase T-helper-2 (Th2) proliferation and IL-4 and IL-5
synthesis, which contributes to the suppression of the
inflammatory response. IL-4 and IL-5 play a role in stimu-
lating the work of eosinophils and macrophages in tissue
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healing. Furthermore, IL-5 and IL-13 contribute to immu-
nity through the production of histamine by mast cells to
expel STH [5-7].

The information provided suggests that 25(OH)D, IL-4,
IL-5, and IL-13 could potentially contribute to STH infec-
tion, as explained in Figure 1. The purpose of this study
was to evaluate the prevalence of STH infection and the
association of 25(OH)D, as an inactive form of vitamin D,
IL-4, IL-5, and IL-13 with the burden of STH infection in
stunted children aged 24-59 months.

2. Materials and methods
2.1. Study design

A case—control study was designed to evaluate the associa-
tion of 25(OH)D, IL-4, IL-5, and IL-13 with the burden of
STH infection in stunted children aged 24-59 months.

2.2. Study site and population

This study was conducted in Bandung District, West Java,
Indonesia, from October 2019 to January 2023. Children
aged 24-59months living in the district were the source
population of this study. Across the entire data collection
season, children who had a major congenital abnormality or
suffered certain syndromes, took deworming drugs in the
6 months prior, or took vitamin D supplements were
excluded from the study, as were those whose families
moved away from the research location.

2.3. Study size and sampling

A formula was used to estimate the sample size required in
this study for a confidence level of (1 — a) = 95% (Za = 1.96),
an estimated prevalence of helminthiasis of 20%, and a mar-
gin of error of 5%. Based on this sample size formula, the

Figure 1. Possible immune responses mechanism in stunted children with STH infection. IGF-1 is the key mediator of the action of the GH axis on linear growth.
In stunted children, there is a disturbance in IGF-1. When IGF-1 is disrupted, there is a decrease in IL-4 levels, which can lead to chronic infection. Epithelial and
endothelial barriers are damaged by helminth parasite infection, which induces a wound-repair and anti-parasite immune response that is driven by the type 2
cytokines interleukin-4 (IL-4), IL-5, and IL-13. Dendritic cells (DCs), basophils, natural killer T (NKT) cells, eosinophils, and group 2 innate lymphoid cells (ILC2s)
function to produce the key TH2 cells. B cells also participate in secondary type 2 responses. Type 2 cytokines, in turn, target epithelial cells, goblet cells, smooth
muscle cells, and macrophages, which together coordinate parasite expulsion by increasing fluid and mucus production, encapsulation and barrier formation,
epithelial cell turnover, smooth muscle contraction, and the production of anti-parasite effector molecules such as resistin-like molecule- (RELMB). In addition to
activating several anti-parasite effector mechanisms, the type 2 immune response facilitates wound repair, which is important following infection by these large
multicellular tissue-invasive organisms. M2 macrophages are intimately involved in this process as they produce matrix metalloproteinases (MMPs), arginase 1
(ARG1), insulin-like growth factor 1 (IGF1), vascular endothelial growth factor (VEGF), and transforming growth factor-B (TGFp), which together promote myofi-
broblast activation, angiogenesis, epithelial cell turnover, and extracellular matrix (ECM) deposition. The helminth-induced type 2 immune response also promotes
effective wound healing by suppressing the pro-inflammatory axis that is mediated by M1 macrophages, which could further exacerbate tissue injury if not
quickly controlled. M2 macrophages producing TH2 cells have been shown to have important roles in the suppression of this pro-inflammatory axis and can also
control potentially harmful type 2 immune responses. Macrophages and mature DCs can induce both adaptive T-lymphocyte-mediated and B-lymphocyte-
mediated immunity by internalizing and processing pathogens. Macrophages and mature DCs also express the vitamin-D-activating enzyme CP27B and are thus
able to synthesize 1.25(0H)2D from precursor 250HD. The 1.25(0H)2D synthesized in this way can act in a paracrine fashion on activated B lymphocytes and
activated T lymphocytes, which express abundant VDR. The dotted red line shows conditions when vitamin D deficiency occurs, and the purple line indicates
when vitamin D is sufficient.



minimum sample size was 246 stunted children. Our find-
ings showed that the prevalence of STH infection was 4.7%,
with no significant difference in prevalence between stunted
and normal-height children. The prevalence of STH infec-
tion was much lower (<20%) in Bandung District than in
Indonesia as a whole (24.6-26.9%). To evaluate the associa-
tions of 25(OH)D, IL-4, IL-5, and IL-13 in stunted children,
the sample size was determined using a formula to test the
difference between two means, with a statistical significance
of 5% (Za= 1.96) and a power test of 80% (Z = 0.84). The
minimum required group sizes were 20 for stunting with
confirmed STH infection and 20 for stunting without STH
infection. Study participants were recruited using a multi-
stage random sampling technique. In the first stage, from
the 31 subdistricts, 13 were selected. Second, from these 13
subdistricts, 39 villages were selected. In these 39 villages,
we chose 29 primary healthcare centers. Third, a simple
random sampling technique was used to select children aged
24-59 months. From 401 stunted children, 23 children
tested positive for STH infection in stool examination, and
20 children tested negative for STH infection, among these,
3 children with positive STH infection refused to participate
in the study, resulting in 40 stunted children. Figure 2 illus-
trates the selection process for the study participants.

Figure 2. Flow chart of the selection process for study participants.
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2.4. Variable measurements

2.4.1. Stunting

Stunting was determined by height-for-age Z scores below
minus two, in accordance with the World Health Organization
(WHO) growth reference standard.

2.4.2. 25(0OH)D level

The concentration of the inactive form of vitamin D, the
result of the metabolism of vitamin D2 and D3 by the
25-hydroxylase enzyme found in the liver, was determined
using the ELISA method. The classification of 25(OH)D lev-
els according to the Endocrine Society is deficiency at
<20ng/mL, insufficiency at 21-29ng/mL, and sufficiency at
>30ng/mL.

2.4.3. IL-5 level
The IL-5 concentration in serum units was measured using
the ELISA method.

2.4.4. IL-13 level
The IL-13 concentration in serum units was measured using
the ELISA method.

2.4.5. STH Infection

Infection was identified by the presence of worm eggs
(Ascaris lumbricoides, Trichuris trichiura, hookworm) in
stool samples. Mild-grade infections of A. lumbricoides range
from 1 to 4999 eggs per gram of stool, moderate-grade
infections range from 5000 to 49,999 eggs per gram of stool,
and severe-grade infections involve more than 50,000 eggs
per gram of stool. For T. trichiura, 1-999 eggs per gram of
stool indicates a mild grade, 1000-9000 eggs per gram of
stool indicates a moderate grade, and more than 10,000 eggs
per gram indicates a severe grade. There are 1-1999 eggs
per gram of stool in mild-grade hookworm infections,
2000-3999 eggs per gram in moderate-grade infections, and
more than 4000 eggs per gram of stool in severe-grade
infections.

2.4.6. Height and weight

Children who were at least 2 years old and capable of stand-
ing were weighed by themselves using a calibrated digital
scale on a flat and solid surface. The measurement findings
were read with an accuracy level of 0.1kg. Height was taken
as an assessment of maximum vertical size; body measure-
ments were performed on children >2years old who could
stand without assistance. A stadiometer with an adjustable
headpiece and a fixed vertical backboard was used to mea-
sure height. The stadiometer must be placed on a level
ground. Subjects stood upright on a backboard with evenly
distributed body weight and both feet flat on the platform.
The back of the head, shoulder blades, buttocks, and heels
should touch the back board, aligning the head in the
Frankfort horizontal plane. The measurement results were
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read in a position paralle]l to the meter with an accuracy
of 0.1cm.

2.5. Data management and analysis

Data were obtained using a pre-tested standardized ques-
tionnaire and consisted of the sociodemographic character-
istics of the subjects and the childrens anthropometric
measures. The stool samples were collected in sterile speci-
men cups after detailed instruction by a trained field worker.
Peripheral venous blood samples were taken from subjects
to examine the serum levels of 25(OH)D, IL-5, and IL-13.
The blood sample and stool analyses were performed by an
accredited laboratory at Dr. Hasan Sadikin Bandung General
Hospital. The Kato-Katz method for the detection of com-
mon helminth species such as A. lumbricoides, T. trichiura,
and hookworm, and the numbers of eggs from these spe-
cies, was performed on the stool samples. Euroimmune’ and
Elabscience” kits were used to examine 25(OH)D, IL-5, and
IL-13 levels in the blood samples.

The data were verified, coded, and entered into IBM
SPSS version 29 (SPSS Inc., Chicago, IL). Statistical analysis
was performed using the chi-square test, Exact Fisher test,
Kruskal-Wallis test, F test, Mann-Whitney test, unpaired T
test, Spearman correlation, and logistic double regression.
Descriptive analysis was carried out to identify the charac-
teristics of the subjects. Bivariate analysis was performed to
determine the association of serum levels of 25(OH)D, IL-5,
and IL-13 with the burden of STH infection.

3. Results
3.1. Participant characteristics

Between October 2019 and January 2023, 401 children were
included in this study, consisting of 23 (5.74%) stunted chil-
dren with STH infection and 378 (94.26%) stunted children
without STH infection. The characteristics of the partici-
pants are summarized in Table 1. There were significant dif-
ferences in paternal education, water sources, distant between
water sources, and cleanliness of toenails.

Most of the cases were found in children who sourced
water from an electric water pump. There was a higher pro-
portion of STH infection in situations where the distance
between a water source and the toilet was less than 10 m.
There were also a higher proportion of stunted children
with STH infection who had dirty toenails.

Among the 23 cases of helminthiasis in stunted children,
16 were mild cases, 4 were moderate cases, and only 3 were
severe cases. A. lumbricoides was the most common STH
identified, with a prevalence of 95.7% (22 children), mean-
while, only one subject was infected with two types of
worms, namely, A. lumbricoides and hookworm. We also
detected other species in one sample with a mild T. trichiura
infection, and one sample with a mild Necator americanus
infection in normal height children. In this study, we com-
pared the severity levels between normal children and
stunted children, by analyzing the average number of eggs

in each group, a statistical was conducted to evaluate the
variation in severity levels between the two groups. The
tindings indicate that there were no significant differences
between the two groups (p > 0.05).

3.2. Comparison of 25(0H)D, IL-4, IL-5, and IL-13 levels
according to the severity of STH infection in stunted
children

From the 23 stunted children with STH infection, only 20
children completed the blood examination. Their 25(OH)D
levels were measured, and the results are presented in Table
2. The table shows the 25(OH)D levels of the participants in
each group that were considered deficient, insufficient, and
sufficient. The findings show that among the stunted chil-
dren with STH infection, there was no significant differen-
tiation observed between vitamin D insufficiency compared
with the control group (45% vs. 35%).

The results of the comparison of 25(OH)D, IL-4, IL-5, and
IL-13 levels can be seen in Table 3. The result shows there is
no significant difference between the level of IL-4 and 25(OH)
D and STH infection based on the severity of the infection.
Meanwhile a significant difference was observed between IL-5
and IL-13 levels based on the severity of STH infection, with
p values of 0.038 and 0.028, respectively. We clarify the sig-
nificance value within the Figures 3 and 4.

In stunted children with severe STH infections, the levels
of IL-5 and IL-13 were lowest, as compared to those in other
degrees of infection. The severity of STH infection was nega-
tively correlated with the levels of IL-5 and IL-13: the lower
the levels of IL-5 (r = 0.477; p = 0.004) and IL-13 (r = 0.443;
p = 0.004), the more severe the infection (Figures 3 and 4).

3.3. Correlations between IL-4, IL-5, and IL-13 levels and
vitamin D

An analysis was carried out to examine the immune response
and correlation between cytokines and vitamin D. The
results are shown in Table 4.

The relationships between these cytokines and vitamin D
revealed a significant unidirectional association (p = 0.005)
between IL-13 and vitamin D levels.

4. Discussion

In the findings of this study, A. lumbricoides infection was
the most common infection. This conclusion is in line with
studies carried out in North Sumatra by Pasaribu et al. as
well as reports by Wang et al. in China [8,9]. A. lumbri-
coides infection is linked to the highest burden of STH
infection worldwide and affects children more frequently.
Meanwhile, sociodemographic factors play a role in STH
infection. This study showed that the prevalence of STH infec-
tion was influenced by the father’s educational level (p=0.010).
Stunted children who have fathers with lower levels of educa-
tion are more likely to suffer STH infection. In a study con-
ducted by Monazza Aslam et al. in Pakistan, childrens health
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Table 1. Characteristics of stunted children aged 24-59 months with or without soil-transmitted helminth (STH) infection.
STH Infection

Characteristics Positive (n=23) Negative (n=378) p Value*
1. Sex 0.755
Male 13 (56.5%) 201 (53.2%)

Female 10 (43.5%) 177 (46.8%)

2. Nutritional status 0.648
Severely underweight 8 (34.8%) 169 (44.7%)

Underweight 6 (26.1%) 84 (22.2%)

Normal 9 (39.1%) 125 (33.1%)

3. STH infection severity

Mild 16 (69.6%) -

Moderate 4 (17.4%) -

Severe 3 (13%) -

4. Mother’s occupation: 0.554
Employee 6 (26.1%) 108 (28.6%)

Unemployed 17 (73.9%) 270 (71.4%)

5. Father's occupation: 0.121
Laborer 16 (69.6%) 257 (68%)

Employee 5 (21.7%) 35 (9.3%)

Merchant 1 (4.3%) 36 (9.5%)

Online driver - 50 (13.2%)

Unemployed 1 (4.3%) -

6. Maternal education: 0.609
Elementary school 7 (30.4%) 77 (20.4%)

Junior high school 10 (43.5%) 164 (43.4%)

Senior high school 5 (21.7%) 122 (32.3%)

Bachelor’s degree 1 (4.3%) 14 (3.7%)

7. Paternal education: 0.010
Elementary school 10 (43.5%) 61 (16.1%)

Junior high school 6 (26.1%) 168 (44.4%)

Senior high school 6 (26.1%) 135 (35.7%)

Bachelor’s degree 1 (4.3%) 14 (3.7%)

8. Monthly income 0.735
IDR 500.000-2 million 12 (52.2%) 181 (47.9%)

IDR 2-3.5 million 10 (43.5%) 154 (40.7%)

IDR 3.5-5 million 1 (4.3%) 13 (3.4%)

IDR >5 million - 19 (5%)

9. Water sources 0.020
Tap water 1 (4.3%) 83 (22%)

Water well 4 (17.4%) 92 (24.3%)

Water pump 3 (13%) 58 (15.3%)

Water electric pump 15 (65.2%) 123 (32.5%)

Spring water 0 21 (5.6%)

10. Distance between water source and toilet 0.022
Less than 10m 16 (69.6%) 170 (45%)

More than 10m 7 (30.4%) 208 (55%)

11. Have a septic tank 0.916
Yes 16 (69.6%) 259 (68.5%)

No 7 (30.4%) 119 (31.5%)

12. Hand-washing habit 0.402
With water only 9 (39.1%) 180 (47.6%)

With water and soap 14 (60.9%) 194 (51.3%)

13. Cleanliness of toenails <0.001
Clean 15 (65.2%) 353 (93.4%)

Dirty 8 (34.8%) 25 (6.6%)

14. Have taken a deworming drug 0.586
Yes 9 (39.1%) 169 (44.7%)

No 14 (60.9%) 207 (54.8%)

15. Have pets 0.514
Yes 9 (39.1%) 123 (32.5%)

No 14 (60.9%) 255 (67.5%)

16. Have a pet cage 0.980
Yes 7 (30.4%) 116 (30.7%)

No 16 (69.6%) 262 (69.3%)

*Chi-square test.

Table 2. Serum 25(0H)D levels of stunted children aged 24-59 months with soil-transmitted helminth (STH) infection.

Category* Positive (n=20) Negative (n=20) p Value**
Deficient (<20ng/mL) 3 (15%) 3 (15%) 0.738
Insufficient (21-29 ng/mL) 9 (45%) 7 (35%)

Sufficient (=30ng/mL) 8 (40%) 10 (50%)

*Classification based on the Endocrine Society Criteria. **Chi-square test.
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Table 3. Comparison of 25(0H)D, interleukin-4, interleukin-5, and interleukin-13 levels based on the severity of soil-transmitted helminth

(STH) infection in stunted children aged 24-59 months.

Severity of STH Infection

Variable Negative (n=20) Mild (n=13) Moderate (n=4) Severe (n=3) p Value* Correlation (r)**
25(0H)D (ng/mL) 0.434 —0.224
Median 31.82 3142 24.19 29.24 (p=0.165)
Range 7.28-56.86 18.77-42.20 20.37-39.87 9.29-29.90

IL-4 (pg/mL) 0.528 0.109
Median 2.46 4.90 349 3.93 (p=0.501)
Range 0.24-21.61 0.40-16.02 0.43-5.39 3.70-4.35

IL-5 (pg/mL) 0.038 —-0.477
Median 89.51 52.77 66.84 33.72 (p=0.004)
Range 25.05-199.10 22.94-216.27 21.81-110.20 33.54-70.07

IL-13 (pg/mL) 0.028 —0.443
Median 15.45 5.92 10.18 1.62 (p=0.004)
Range 0.85-385.63 1.85-76.35 0.99-46.29 0.61-4.99

*Kruskal-Wallis test. **Rank Spearman correlation.

Figure 3. Differences in interleukin-5 levels based on the severity of soil-transmitted
helminth (STH) infection in stunted children aged 24-59 months.

was affected by parental education; this is related to parental
literacy, greater exposure to the media, and the ability to read
and write, which leads to increased awareness and knowledge
of health matters. In this cultural context, a father’s education
is positively related to health behaviors because decisions about
children’s health are usually made by the father. Therefore,
health education and knowledge are important, particularly for
fathers, to allow them to make wise decisions about the health
of their children [10].

In this study, 25(OH)D, IL-4, IL-5, and IL-13 levels were
measured to observe their relationship with STH infection.
Although there was no correlation between 25(OH)D levels
and the severity of STH infection in this study, according to
the Endocrine Society classification, 25(OH)D levels in the
moderate and severe groups showed quantitative insufficiency
(median moderate degree: 24.19ng/mL and median severe
degree: 29.24ng/mL). Meanwhile, the mild and uninfected
groups showed sufficient 25(OH)D levels (median mild
degree: 31.42ng/mL and median uninfected: 31.84ng/mL).
This means that infections may worsen if the level of 25(OH)
D is insufficient or even deficient.

Vitamin D is synthesized from sunlight; the skin absorbs
ultraviolet radiation, then converts it to previtamin D3, which

Figure 4. Differences in interleukin-13 levels based on the severity of
soil-transmitted helminth (STH) infection in stunted children aged 24-59 months.

is isomerized into vitamin D3 [11]. In this research, the sub-
jects were children who live in tropical areas with quite intense
exposure to sunlight. This may be why some of the subjects in
the case group had 25(OH)D levels above 29ng/mL.

Some subjects in the case group had 25(OH)D levels
greater than 30ng/mL, which may have been related to the
children’s habit of playing outside. According to studies by
Pasaribu et al. playing outside or on the ground can increase
the risk of STH infection by as much as 7.53 times [9]. This
research shows that exposure to risky environmental factors
influences the incidence of STH infection even at normal
levels of 25(OH)D. Therefore, higher levels of 25(OH)D may
be required to protect children from STH infection.

In this study, the relationship between helminthiasis and
IL-5 and IL-13 levels was investigated. Th2 and mast cells
produce the cytokine protein IL-5, which is crucial for the
growth and activation of eosinophils, a type of white blood
cell involved in the immune response to parasites and aller-
gens. IL-5 stimulates eosinophil proliferation, increasing the
number of eosinophils in the blood and tissues. Increased
proliferation of eosinophils can improve the ability of a cell
to combat infection and react to inflammatory reactions
[8,12-14].



Table 4. Correlations of interleukin-4, interleukin-5, and interleukin-13 with
vitamin D during soil-transmitted helminth (STH) infection in stunted children
aged 24-59 months.

Stunted children (n=40)

Correlation r p Value
IL-4 with vitamin D -0.158 0.330
IL-5 with vitamin D 0.270 0.092
IL-13 with vitamin D 0.433 0.005

IL-13 is the main cytokine in the immune response to
allergens. Such cytokines help to activate Th2 cells and
encourage B cells to produce IgE. Under normal conditions,
IL-13 helps maintain the balance of the immune response to
foreign allergens, but in those with allergies, IL-13 produc-
tion can increase noticeably and cause excessive allergic
reactions. Furthermore, IL-13 can promote the alternative
type of macrophage (M2), which plays a role in controlling
inflammatory reactions and tissue repair [7,8,12].

In this study, significant inverse correlations were found
between the degree of STH infection and the levels of IL-5
(p = 0.038; r = —0.477) and IL-13 (p = 0.028; r = —0.443).
This can be explained as follows: Helminth infection stimu-
lates the inflammatory process by inducing a Th2 cytokine
response via the production of IL-5 and IL-13 to prevent
the development of larval epithelium, restore the integrity of
the mucosal barrier, and play a role in controlled immune
response suppression to reduce the burden. The study find-
ings show that the more severe the degree of infection, the
lower the levels of IL-5 and IL-13.

Furthermore, the analysis of the relationship between cyto-
kines and vitamin D revealed a significant unidirectional
association between IL-13 and vitamin D levels. Meanwhile,
based on the results in Figure 3, an inverse correlation was
found between IL-13 levels (r = —0.443; p = 0.004) and the
degree of infection. This opens opportunities for the role of
vitamin D through the activation of the cytokine IL-13, which
could be used as a therapeutic supplement to reduce the
degree of STH infection. Other research has been conducted
on the effect of vitamin D on parasitic infections. A prior
study showed that L. mexicana infection in mice receiving
vitamin D treatment resulted in fewer lesions than that in
rats without vitamin D therapy [14].

Maintaining 25(OH)D at a certain level would provide
benefits to IL-13 and help to maintain the balance of the
immune response to allergens. This supports evidence of the
role of controlled suppression of the STH immune response,
thus reducing the helminthic burden, inhibiting the forma-
tion of the larval epithelium, activating the Th2 barrier
response, and restoring the integrity of the mucosal barrier
and diversity of the microbiome. The importance of IL-13
and Th2 memory cells becomes clear: when these processes
are disrupted, the helminthic load increases, the mucosal
barrier is damaged, and tissue healing is prevented [5].

5. Conclusions

In this study, the prevalence of STH infection in stunted
children was found to be 5.74%. Of the various characteris-
tics studied, social and environmental factors such as the

AUTOIMMUNITY (&) 7

father’s educational level, water source, and distance from a
water source to the toilet were the significant factors that
influenced the incidence of STH infection.

In stunted children, an association was observed for IL-5
and IL-13 levels with the burden of STH infection. Higher
levels of Th2 cytokine response via the production of IL-5
and IL-13 would protect against a higher burden of STH
infection. Therefore, pediatricians should consider checking
the levels of IL-5 and IL-13 in stunted children with STH
infection to determine the presence of a higher burden of
disease that might affect child development. The unidirec-
tional association between IL-13 and vitamin D levels opens
opportunities for pediatricians to give vitamin D supplements
as an adjuvant therapy for STH infection. Pediatricians should
consider educating and encouraging parents to practice clean
and healthy living behaviors with their children, including the
supplementation of vitamin D to increase 25(OH)D levels as
a preventive measure against infection, especially STH.

5.1. Limitations of this study

In this study, 25(OH)D, IL-4, IL-5, and IL-13 levels were
not measured serially after therapy to observe the differ-
ences in post-therapy levels. Furthermore, other factors such
as parental height, secondary infections, genetic disorders,
etc., that might influence the incidence of stunting were not
examined.
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