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BACKGROUND

Soil-transmitted helminth (STH) infection can cause malnutrition and
vice versa, and decrease serum zinc concentrations. No previous studies
were found on the effect of STH treatment on serum zinc concentrations
in elementary school children. The objective of this study wasto evalaute
the effect of STH treatment on serum zinc concentration in elementary
school children in Jakarta.

METHODS

A pre-experimental study (one group pre and post) was conducted on 3
- 5" grade students in one elementary school in North Jakarta. FLOTAC
examination was used to determine infection status and STH intensity,
while serum zinc concentrations were measured by atomic absorption
spectrometry. All children were given albendazole 400 mg for three
consecutive days. Stool and blood sampleswere collected before and three
weeks after treatment with albendazole. A paired t test wasused to analyze
the data.

RESULTS

The STH prevalence was 63.4%; these were mainly Ascaris|umbricoides
and Trichuris trichiura infections. Before treatment, children infected
with A.lumbricoides and T.trichiura had significantly higher serum zinc
concentrations (p=0.028; p=0.014). After treatment, children with
A.lumbricoides had significantly lower serum zinc concentrations
(p=0.039), while children with T.trichiura had dightly lower serum zinc
concentrations (p=0.659) than before treatment.

CONCLUSIONS

Albendazole treatment produces lower serum zinc concentration in
elementary school children with A.lumbricoides infections. A profound
understanding of the interaction between helminth infections and zinc
may assist in guiding integrated and sustainable intervention strategies
among affected children throughout the world.
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INTRODUCTION

Soil-transmitted helminth (STH) infection
is the most frequent helminth infection in
humans, particularly inhabitants of tropical or
subtropical countries. The WHO estimates that
more than 2 million people are infected with
STH. Helminth infection occurs more frequently
in school-age children.® Soil humidity, climate,
environmental sanitation, lack of sourcesof clean
water and habits of the inhabitants are factors
that influence the high prevalence of STH
infection.*2 In 2006, 195 million persons in
Indonesiaresided in endemic areasand 50 million
among them were school-age children.® In
Jakarta, the prevalence of STH infection is still
high, particularly in crowded slum areas.®
Helminths can evade the host immune system,
resulting in chronic infection. Helminth infection
stimulates the production of the cytokines
interleukin-4 (IL-4), IL-5, IL-10, IL-13 and
immunoglobulin E (IgE).® The diagnosis of
STH infection is established by finding helminth
eggs in the stool by microscopy with the
FLOTAC technique, because of its higher
sensitivity.® Albendazoleis an anthel minthic that
effectively manages STH infection with
substantially high cure rates for Ascaris
lumbricoides and hookworm infections, but is
lesseffectivein Trichuristrichiurainfections.®

Helminth infections and micronutrient
deficiencies are highly prevalent in developing
countries and often occur in the same
individuals.® Zincisan essential element that is
required for cell growth, development and
differentiation, and plays arole in the synthesis
of proteins, enzymes and transcription factors.
Zinc deficiency can occur as a result of
malabsorption syndrome in chronic
gastrointestinal disturbances.® Zinc cannot be
stored in the body and isexcreted by the kidneys,
the skin and theintestine, whileits concentration
ismaintained through tissue catabolism and bone
resorption.®® Helminths require zinc for their
biology, such as the production of the zinc-
dependent metalloproteinases, invasion of host
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tissues, digestion of food, development of their
eggs, and for neutralizing the host immune
system.®™ Zinc deficiency in children can cause
abnormalities of growth and cognitive
development, and render them more susceptible
to disease.? A number of previous studiesfound
that serum zincin childrenwith helminth infections
did not undergo significant changes.314

Since STH infections still occur frequently
in Indonesia, particularly in communities of low
economic status with poor sanitation, and may
have a negative impact on serum zinc
concentration that can affect immunity, growth
and cognitive function in children, it was
considered necessary to carry out a study to
determine serum zinc concentration in school-age
children before and after treatment for STH
infection.

METHODS

Sudy design

This was a pre-experimental study of one
group pre- and post-test design that was conducted
at Kalibaru state elementary school 07 (SDN 07),
Cilincing, North Jakarta from May to October
2014.

Sudy subjects

The population comprised students of
elementary school grades 3-5, and the inclusion
criteriawere: not consuming anthel minthic drugs
in the last 6 months, healthy and without fever,
agreeing to participate in this study with written
informed consent, with their parentsalowing them
to participatein thisstudy after signing informed
consent. The exclusion criterion was refusal to
consume albendazol e. The estimated sample size
was calculated using the formulafor hypothesis
testing of two paired populations by taking power
of 80% and significancelevel of 5%, resultingin
the required sample size of 32 children. In
anticipation of drop outs (10%), the required
sample size was taken as 35 children.® Based
on a preliminary survey performed in the SDN
07 Kalibaru complex, yielding an STH infection
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prevalence of 30%, the required samplewas 117
children for screening.

Par asitological examination and treatment

The stool sampleswere examined in August
2014 in the Parasitology laboratory, Faculty of
Medicine, University of Indonesia, whilethe blood
examination was performed in September 2014
in the SEAMEO RECFON laboratory, Faculty
of Medicine, University of Indonesia. The stool
sampleswere examined by the FLOTAC method,
whichisbased on acentrifuga flotation technique.
The weight of the stool sampleswas 1 gram per
sample. The apparatus used in the FLOTAC
technique was a cylinder made of polycarbonate
amorphous thermoplastic and consisting of 3
physical components (core components), i.e. base,
trandation disc and reading disc, in which two
flotation chambers are located for holding the
samples, each chamber having avolume of 5ml
(total volume=10mL). Therearefiveaccessories,
i.e. screw, key, bottom, centrifuge adapter and
microscope adapter, which together with the core
components make up the assembl ed apparatusfor
use in the centrifugation process and at
mi croscopic examination. The present study used
the dual technique with two types of FLOTAC
solution, namely NaCl and sucrose.®

Infection intensity was determined by
counting the number of helminth eggsin 1 gram
of feces (Table 1).4" Albendazole 400 mg
chewable tablets were administered orally and
ingested on the spot by the respondents as
witnessed by theinvestigatorsassisted by theform
teacher.

Serum zinc

Serum zinc concentrationswere determined
in the SEAMEO RECFON laboratory, Faculty
of Medicine, University of Indonesia, using atomic
absorption spectrometry (AAS) to determinethe

Albendazole therapy reduces serum zinc

quantities of chemical substances by measuring
theradiation absorbed by the chemical substance
in question. Thisisaccomplished by reading the
spectrum produced by the sample upon
stimulation by radiation. The atoms will absorb
ultraviolet or other rays and convert them into
certain levels of energy. This method measures
the amount of energy produced in the form of
photonsabsorbed by the sample. A detector isused
to measure the wave length of the transmitted
radiation, while a processor integrates the
absorbed wavelength into theresult. Thismethod
is based on the Beer-Lambert law. 18

Dataanalysis

The difference of serum zinc concentration
before and after treatment was analyzed using the
paired t test. Statistical significance was defined
asap value below 0.05,

Ethical clearance

This study was approved by the Ethics
Commission, Faculty of Medicine, University of
Indonesia and Cipto Mangunkusumo Hospital
under No. 500/H2.FL/ETIK/2014.

RESULTS

A total of 127 children agreed to participate
in this study, but only 115 stool samples and 88
blood sampleswere successfully collected. After
treatment with albendazole 400 mg for 3
consecutive days, stool and blood samples were
again collected, resulting in 82 stool samplesand
87 blood samples. A total of 78 paired blood
samples (before and after treatment) were
successfully collected (Figure 1).

The majority of respondentswere 10 years
of age, of female gender, whiletheir parents had
low educational level (junior high school
graduates), and most were employed aslaborers

Table 1. Infection intensity based on number of eggs per gram (EPG).*"

Helminth species Mild incton Moderate infection Severe infection
A hmbricades 1 —4.900 5000 —-45.939 2 50.000
T frickiwra 1 — 909 1.000 —9.999 10000
Hookworm 1 —1.994 2.000 -3.999 4000
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127 children who agreed to participate

¥

& children with a history of anthelminthic dmg
conswmption {last 6 morths)

119 children meeting the inclusion critera

115 stool samples

2 children failed to bring stool samples
2 children with previous stool samplez of <1 g

36 children with failure of
blood sample collection

79 blood samples

3 weeks aftertreatment

22 stool samples

(Table 2). Upon examination of the 115 stool
samples before treatment, 72 (63.4%) children
were found to be infected with STH, consisting
of 30 (26.0%) children with A.lumbricoides, 20
(17.4%) children with T.trichiura, and 23
(20.0%) children with mixed infection (Table 2).
In the 82 samples after treatment, a decrease in
the prevalence of STH infection was found, in
which 14 (17.1%) children still had helminth
infection, consisting of 3 (3.6%) children with
A.lumbricoides, 10 (12.2%) children with T.
trichiura, and 1 (1.2%) child with mixed
infection (A.lumbricoides and T.trichiura).
Before treatment, STH infection was more
prevalent in female children than in male
children, but after treatment the prevalence of
STH infection in children of both genders was
reduced.

Before treatment, the majority of children
with A.lumbricoidesinfection had mild infection
(1-4999 EPG), while the remaining children had
moderate infection (5.000 —49.000 EPG). In the
mixed infections, theintensity of A.lumbricoides
infection was mild to moderate, whereas
T.trichiura infection was of mild intensity only
(1-999 EPG). After treatment, the preval ences of
STH infection, both moderate and mild, were
substantially reduced in each type of STH
infection (datanot shown).

33 children failed to bring stool samples

1 child refuzed blood samypling

78 blood sample

Table 2. Distribution of sosciodemographic
characteristics, nutritional and
STH infection status (n=115)

Characte ristic n (%)
Age
O yreats 28 (243
10 yeats 62 (33.5
11 years 25 21N
Gender
Iiale 520453
Female 63 (34.5)
FParental educati on
El ementary school 29 250
Junior high school 42 (417
Seniot high school 36 (31.5
Tertiary education 2017
Parental ocoupation
Lahorer 22 (765
Fisher gr.m
Tail o 109
Em ployees 4 (3.5
Entreprene 11 ()
Diriwer 271.1
Civil servants 1709
Hutriti anal statias
U derwred ght 6 (5.8)
Mormal 82 (79.6
Crrerareight 9ETN
Cheaty 6 (5.8
STH irfection status
Hegative 43 (374
AL infection® 30 (26.M
TT infection® 20 (17 .4
Llix ed infection 23 (20.0

*AL : Ascaris lumbricoides; TT : Trichuris trichiura
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Table 3. Relationship between STH infection and serum zinc concentration

before and after treatment
Serum zinc (pmol/L)
STH infection Before treatment A fier treatment Dif# rence ** P
(n=79) (=78)

Infection datus

Positive 1217 £ 2146 12.02 £1 AZ 015 £1.95 0583

Hegative 1142+£215 11.06 £1 .90 036 £1.346 030z
Alwenbricoides 1233+ 1321 11.40+£1 .45 -0.93 £1.93 0039
T frichiura 1299+ 251 1271 +1 A8 019 +£1 .44 NAase
Mlixed infection 1141 £221 1229 +£1.74 NEE+£191 noE2
Hegative 1142+£2.15 11.06 £1.90 036 £1.38 002

%Paired t-test; * Significant; ** Mean zinc concentration after treatment subtracted by mean zinc concentration before

treatment

After treatment, mean serum zinc
concentration decreased by 0.15 + 1.95 umol/L
inchildrenwith STH infectionand by 0.36 + 1.86
wmol/L in children without STH infection. Using
the paired t-test, no significant differences were
found in mean serum zinc concentration before
and after treatment, both in children with STH
infection (p=0.583) and in those without STH
infection (p=0.302) (Table 3). To test for
differencesin mean serum zinc concentration for
each type of helminth infection before and after
treatment, an analysis was made with the paired
t-test, which found asignificant decreasein mean
serum zinc concentration after treatment in
children with A.lumbricoidesinfection (p=0.039),
but no significant decrease in children with
T.trichiurainfection and inthose without infection
(p=0.659). On the other hand, in children with
mixed infection anonsignificant increasein mean
serum zinc concentration was found after
treatment (p=0.082) (Table 3).

DISCUSSION

Before treatment, serum zinc concentration
in childrenwith STH infection was higher thanin
children without infection, but there were no
significant differences. Thisfinding agrees with
that of a study conducted by Osei et a.? in
elementary school children in India, in that
helminth infection of the intestine does not
influence zinc concentration. However, this study
did not differentiate between helminth species. In
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contrast, in our study serum zinc concentration
wasanayzed inrelation to theinfecting helminth
species. Our results differ from those of a study
carried out by Kongsbak et al.®” in Bangladesh,
where it was found that children with STH
infection had significantly lower serum zinc
concentrationsthan those without infection. There
are several possible mechanismsthat may clarify
the differences between our study resultsand those
of the aforementioned study. Firstly, these
differences may be caused by differing tissue
catabolism as aresult of the helminth infection,
thus increasing the serum zinc concentration in
our study. Secondly, STH infection may cause
abnormal absorption of zinc, resulting in
compensatory changes in the form of increased
synthesis of zinc transporters, such as ZIP4 that
transports zinc from the intestinal lumen into
enterocytesand ZnT1 that functionsto transport
zinc out of the enterocytesinto the blood, leading
to increasesin serum zinc concentrations.?V
After treatment, serum zinc concentration
was significantly decreased in children with
A.lumbricoidesinfection, but not significantly in
children with T.trichiurainfection. Furthermore,
in children with mixed infection or without
infection, there was anonsignificant increase in
serum zinc concentration. These results may be
due to the fact that the small intestine is
undergoing mucosal repair after helminth
infection, thus causing a decrease in zinc
transporter moleculesin the enterocytes (ZI1P4 and
ZnT1),? and also decreasing the amount of zinc
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that istransported into the blood. In addition, the
body may be attempting to removethe helminths
that had died after trestment, through the cytokines
IL-4, IL-5, IL-9, IL-10, and IL-13, that require
more zinc for their production and activity.®®
Another factor may be the possibility of other
infectionsthat were not investigated in this study,
that can cause decreased zinc concentration, such
asinfection with theintestinal protozoa Giardia
lamblia.* 2

The present study hassevera limitations, the
first being that no investigation was done on
possible infection with intestinal protozoa, such
as G.lamblia. The second limitation is the
possibility that several blood samples underwent
hemolysis, thus increasing serum zinc
concentration. Further studies are required, with
longer surveillance periods and higher infection
intensities, including the possibility of other
infectionsthat were not investigated in this study
apart from STH infection.

CONCLUSIONS

Treatment with the maximal dose of
albendazole causes decreased serum zinc in
children with STH infection. A profound
understanding of theinteraction between helminth
infectionsand zinc may assist in guidingintegrated
and sustainable intervention strategies among
affected children throughout the world.
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