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Abstract
Under-nutrition is one of the major causes of child mortality and morbidity; manifested by pro-
tein-energy malnutrition, iodine deficiency disorder, iron deficiency anemia, and vitamin defi-
ciency related problems. Both problems have a great impact on children physical and mental sta-

tus

Intestinal parasites are major health problems in preschool and school aged children in devel-
oping countries and further lead to under-nutrition through reduced food intake, mal-absorption,
endogenous nutrient loss and anemia related nutritional problem. This study aims to focus on the
vicious cycle between malnutrition and intestinal parasites. In this cross sectional study 138 of
school children were examined for intestinal parasites and nutritional deficiency.
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Introduction

In Egypt, helminthic and protozoa zoonos-
es are endemic, the intestinal parasites exce-
eded the accepted level and widespread lea-
ding to gastrointestinal troubles especially in
children in rural areas (Abdelrahman et al,
2017). Soil-transmitted helminthes are main-
ly Ascaris, Ancylostoma, and Trichuris, with
heavy infections cause public health probl-
ems among school aged children in rural ar-
eas including abdominal pain, diarrhea, blo-
od & protein loss, rectal prolapse, and phys-
ical, mental and cognitive growth retardation
(CDC, 2022). The Egyptian water transmit-
ted protozoa in rural areas in a descending
order of abundance were Cryptosporidium
parvum, Giardia lamblia, Entamoeba histol-
ytica, Blastocystis hominis, lodamoeba sp.,
Isospora belli, E. coli, Cyclospora cayetan-
ensis, and Chilomastix mesnilli (El Shazly et
al, 2007). The risk factors included living in
rural areas, poor income, poor sanitation, no
clean water, poor personal hygiene and low
or no awareness on bad hygiene that led to
school-aged children highest parasitosis (Os-
man et al, 2016). Besides, intestinal parasi-
tes infections were associated with weakness
and low academic performance of school ch-
ildren (Wesam et al, 2018).

The impact of the gastrointestinal parasitic
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infections was more on children due the vul-
nerability to the nutritional deficiencies, po-
or income in developing countries experien-
ce a cycle where under nutrition and re-inf-
ections ending into excess morbidity, which
could continue from a generation to another
(Opara et al, 2012). Also, zoonotic intestinal
parasites cause malnutrition state due to the
anorexia decreased oral intake, interference
with absorptive surface, inflammation and
intestinal obstruction (Ihejirika ez a/, 2019).

According to the convention on the rights
of the child, children have the right to drink
safe water, eat healthy food and live in a cl-
ean and safe environment (UNICEF, 2015).
World Bank (2004) reported that anemia is
ignored in most developing countries, even
though; it is one of the most prevalent public
health problems and has serious consequen-
ces for national development. Iron deficien-
cy causes at least 50% of all anemia, and al-
most a million deaths a year; three-quarters
of the deaths occur in Africa and South-East
Asia associated with poor access to essential
nutrients due to poverty or illiteracy.

In Egypt, despite the a notable decline in
children mortality, malnutrition rates remain
high with a significant public health, affect-
ing 1 in 5 children, Wasting has increased
significantly since year 2000, and particular-



ly among girls than in boys; wasting and un-
der-weight stand at 8 & 6%, respectively (EIl
Shafie et al, 2020). Moreover infectious dis-
eases, Poor sanitation and hygiene practices
caused the cycle of infectious disease burden
and under-nutrition with the anemia overall
prevalence was 38.7%; among males 23.3%,
& among females 53.8% (WHO, 2021).
Children aged 5 tol4 years suffer from the
highest burden of infectious diseases, partly
due to their increased behavioral risk, frequ-
ent outdoor exposure, and poor personal hy-
giene, the global prevalence of zinc deficie-
ncy at 31%, ranging from 4 to 73% across
different regions in the world (Wessells and
Brown, 2012). Zinc is required as a cofactor
for the function of intracellular enzymes that
may be involved in protein, lipid, and gluc-
ose metabolism. It may participate as an int-
egral component of several antioxidants enz-
ymes as a superoxide dismutase enzyme. It
is an important element for the immune sys-
tem, energy production, and absorption of
vitamins. So, zinc deficiency can lead to chr-
onic diarrhea in the both infants and children
(Skrajnowska et al, 2019). Iron deficiency
anemia (IDA) is one of the commonest nut-
ritional deficiencies globally. It affects 20%
to 50% of the world's population, also Vita-
mins and micronutrients are vital and essen-
tial for growth, reproduction, and develop-
ment with regulatory, immunologic, and an-
tioxidant functions due to their action as es-
ential components or cofactors of enzymes
throughout metabolism. Low serum levels of
such elements could cause impairment in ce-
llular, physiological, and enzymatic functio-
ns (Gombart et al, 2020). Micronutrient de-
ficiencies can be caused by insufficient in-
take and the presence of absorption inhibi-
tors in the diet, as well as by disease states,
such as parasitic infections which are highly
prevalent in rural areas in developing coun-
tries (Mrimi et al, 2022). The main cause of
mineral and vitamin deficiencies is due to
low dietary intake of these elements also
parasitic infections and demographic factors
most notably lack of clean water supply and
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proper disposal of human excreta played an
important role as predictors of these deficie-
ncies (UNICEF, 2013).

The present study aimed to assess the nutri-
tional status and intestinal parasites effecting
children nutrition and as well health parame-
ters in an Elementary School at El-Kham-
seen Village, Etsa Center, Fayoum Governo-
rate

Subjects and Methods

Study area: A cross sectional study was
carried out in El-Khamseen Village (Etsa
Center) located 30 km south west from Fay-
oum. It is a poor rural small village with nei-
ther sanitary drinking water, nor sewage dis-
posal, which was used in irrigation (Ramy,
2021).

A total of 138 children aged 6-13 years
were randomly selected. After having offi-
cial permission from the school administra-
tion, their guardians were informed about
the study and written consents were taken.
The protocol was approved by the Fayoum
University, Ethics Committee, which agreed
with the Helsinki’s Guidelines (2000)

Anthropometric measurements as weight
and height were taken, BMI was calculated.
Data were standardized into age-sex-specific
z-scores measured SD from child population
reference. Z-scores of height-for-age (HAZ),
weight-for-height (WAZ) and body mass in-
dex-for-age (BMIAZ) were calculated using
the software Anthro-Plus (WHO, 2019).

Laboratory examinations: Morning stool &
urine samples were taken in clean labeled
containers. Urine was examined by sediment
ation for Schistosoma eggs. Stools were ma-
croscopically examined for pinworms and
gravid segments. The stool was microscopi-
cally by stained direct smears and sediment-
ations for parasites (Dyab et al, 2016).

Quick immunochromatographic test was
used to identify Cryptosporidium, Entamoe-
ba, and Giardia in stool samples (Rida"™
Quick ICA Combi, R. Biopharm, Germany).

Hematological parameters: EDTA blood
sample was examined for CDC. Zinc elem-
ent was colorimetrical measured (Sigma, Al-



drich). Serum iron & total iron binding ca-
pacity (TIBC) were measured by E-BC-K77
2-M, E-BC-K071-M Kits, & ferritin was as-
sayed by CLIA ELISA (Elabscience” USA)
Statistical analysis: Data were analyzed by
using Social Sciences (SPSS) version 18.0.
Simple and multiple linear regression and
ANOVA analyses were used. Man-Whitney

U test compared and evaluated differences
anthropometric indicators, hematological &
trace element status among groups.

Results
The children were 61 (44.2%) boys and 77
(55.8%) girls, with aged ranged from 4 to 13
years old.
Detailed given in tables (1, 2, 3,4 & 5)

Table 1: Anthropometric characteristics of children (n=138)

Anthropometric Index Median | Minimum | Maximum | No. (%)
Age (Y) 8 4 13
Height (Cm.) 120 94 154
Weight (Kg.) 22.0 11.3 44.0
HAZ -1.49 -3.11 0.78
Stunting<2SD 87 (63)
Normal 51(37)
WAZ -1.02 -3.05 0.78
Wasted(WAZ<2SD) 94 (68.1)
Normal 44 (31.9)
BMIAZ -0.21 -2.08 0.93
Underweight (BMIAZ<2SD) 87 (63)
Normal 51(37)
Overweight(BMIAZ>2SD) 0(0)
Table 2: Frequency and type of parasites in children (n = 138).

Intestinal parasites No. (%)

No parasites 50 (36.2)

Number of different parasites 88 (63.7)

1 type of parasites 70 (50.7)

2 types of parasites 11 (8)

3 types of parasites 6(4.3)

4 types of parasites 1(0.7)

Type of parasite

Giardia lamblia 30 (21.7)

Entamoeba hystolytica 28 (20.3)

Entamoeba coli 32(23.2)

Cryptosporidium parvum 6 (4.3)

Ascaris lumbricoides 7(5)

Trichuris trichiura 3(2.2)

Hymenolepis nana 6(4.3)

Ancylostoma duodenale 2(1.4)

Table 3: Biochemical, hematological and trace elements status.

Variations Median | Minimum | Maximum | below% | normal% | above% | Reference value
Hemoglobin g/dl 10.5 7.0 14.6 72 28 - 11515
Hematocrit % 33.0 18.0 46.0 61 28 11 33-36

WBCs x1000/mm3 53 2.4 14.4 34 41 25 4-10

Zn ug/dl 55.0 40.9 81.4 87 13 - 60- 110

Fe ug/dl 32.9 11.0 95.1 84 16 - 50- 120

Ferritin ng/ml 18 2 70 56 44 - 7- 140

TIBC ug/dl 421 139 763 2 30 68 240-400

Table 4: Relationship between parasitic infection and hematological parameters

Parasite (50 —ve, 88+ve Giardia lamblia E. histolytica C, parvum A. lumbricoides A. duodenale
-ve +ve P +ve P +ve P +ve P +ve P +ve P
value value value value value value
Hemoglobin 11+3.4 10+2.2 0.12 9.9+1.4 0.045 9.8+1.5 0.66 1142.3 0.44 1143.1 0.78 942.0 0.02
Hematocrit 2742.1 25+1.3 0.09 26+1.1 0.06 26+3.1 0.87 27+3.2 0.92 2542.1 0.54 18+1.3 0.03
BCs 6.7+4.3 8.742.3 0.78 6.8+2.4 0.453 6.8+2.4 0.77 6.6+4.0 0.77 6.5+£3.3 0.05 9.4+2.0 0.43
Vn 59£15.3 41+12.3 0.02 46+11.3 0.04 34£11.3 0.04 57£15.3 0.68 54£12.3 0.03 33£11.3 0.04
Fe 44423 31423 0.034 34+23 0.04 23+11 0.02 44+21 0.66 40+22 0.04 23£11 0.02
Ferritin 54+12 43+11.2 0.042 4448.8 0.04 39+12 0.07 53+11 0.67 43£12 0.76 30£11.1 0.04
TIBC 243£72 56677 0.05 56672 0.07 47778 0.067 266+78 0.76 288+78 0.56 579£78 0.04

P < 0.05 significant
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Table 5: Tested parameters and parasites in relation to anthropometric measurements

Variable items Stunted n:87 Wasted n:94 Low BMI n:87
No P value | No Pvalue | No P value

Parasite +ve (88) 80 0.03 84 0.02 81 0.002
Parasite —ve (50) 7 10 6

G. lamblia 28 0.02 27 0.03 29 0.03

E. histolytica 20 0.03 25 0.02 3 0.03

C. parvum 5 0.03 4 0.03 4 0.02

A. lumbricoides 5 0.04 5 0.03 5 0.03

A. doudenale 2 0.03 2 0.001 2 0.03
<Hb ref value 70 0.05 71 0.002 69 0.02
<Ferritin ref value | 54 0.04 50 0.007 55 0.04
<Zn ref value 80 0.03 66 0.03 62 0.03
<Fe ref value 81 0.01 84 0.01 80 0.01

P < 0.05 significant
Discussion the effect of each parasite on the levels of

The current study showed high prevalence
of intestinal parasites (63.7 %) in children
mostly due to bad sanitation, poor communi-
ty, and scarcity of pure water supply and use
of waste water for household and irrigation.
The most common detected protozoa were
Giardia (21.7%), E. histolytica (20.3%) fol-
lowed by Cryptosporidium parvum (4.3%)
with low prevalence of helminthic infections
A. lumbricoides (5%), H. nana (4.3%), T.
trichiura (2.2 %) and A. duodenale (1.4%).
This agreed with Atwa and Thabet (2016) in
Egypt they found that the prevalence of G.
lambia was 24.7%, and E. histolytica was
17.5%. Also, Elmonir ef al. (2021) in urban
and rural Egyptian communities among pre-
school and school children (996) randomly
selected reported that the overall gastrointes-
tinal parasites were 46.2%, the great preva-
lent were E. histolytica (12.7%) and A. lum-
bricoides (12.7%) followed by E. vermicu-
laris (8.6%), G. lamblia (7.1%), C. parvum
(1.5%), and low prevalence for H. nana, and
Hookworms with less than 1%. Ahmed and
Abu-Sheishaa (2022) in Dakahlia rural scho-
ol children found the overall prevalence of
parasites was 32.9%, E. histolytica (12.3%),
G. lamblia (8.5%), followed by H. nana
(7.7%), and the A. lumbricoides (5.7%).

In the present study, multiple infections
was quite uncommon as 50.7% of the chil-
dren had one parasite, 8% had two types of
parasites, 4.3% had three types of parasites
and 0.7% had four types of parasites. The
simple linear regression analysis to evaluate

hemoglobin, ferritin, zinc and iron in serum
showed that parasitic infected patients had
significant reduction in zinc, iron & ferritin
level. This agreed data with Van Nhien et al.
(2008) in Vietnam they reported giardiasis
among schoolchildren as a caused malnutri-
tion, which affected growth in them as the
infection causes iron deficiency anemia, mi-
cronutrient deficiencies as zinc, copper, ma-
gnesium, and selenium. Also, Humberto et
al. (2015) in Mexico who reported that there
was growing evidence that zinc can have
pathogen-specific protective effects. Giardi-
asis was a common yet neglected cause of
the acute-chronic diarrheal illness worldwi-
de that causes disturbances in zinc metaboli-
sm of infected children, representing a risk
factor for zinc deficiency. But, zinc metabol-
ism is compromised by Giardia that didn’t
well understood; zinc status could be altered
by intestinal mal-absorption, organ redistri-
bution or host-pathogen competition. Besid-
es, Fancony et al. (2022) in Angola reported
that the zinc deficiency may impair the im-
mune response to infections and/or that inte-
stinal parasites could have developed mech-
anisms to avoid zinc-limited environments.
In the present study, 72% of the children
showed low hemoglobin (87%) associated
with low zinc, low iron, low ferritin level,
and 68% of them have high TIBC the essen-
tial criterion of iron deficiency anemia. The
lowest hemoglobin concentration was detec-
ted among children infected with 4. duoden-
ale, G. lamblia and E. histolytica associated
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with significant reduction in ferritin and ser-
um iron. This agreed with Bayoumy et al.
(2018) in Egypt who reported the lowest fer-
ritin in children with giardiasis (37.5%) and
mixed parasites (18.8%). Gopalakrishnan et
al. (2018) in India reported high prevalence
of anemia among intestinal parasites female
school children (Giardia, Hookworm and
Ascaris). They added that prevention such as
periodic deworming and health education
about nutritional balanced diet, iron supple-
ments, and personal hygiene practices have
to be given to both the parents and their
children to prevent and reduce disease bur-
den. Generally, Shaw and Friedman (2012)
in USA reported that iron deficiency anemia
affected the health of more than one billion
people worldwide, with the greatest burden
of disease experienced in lesser developed
countries, particularly women of reproducti-
ve age and children. They added that the ca-
uses of anemia in the developing world are
multifactorial and include nutritional defic-
iencies, extra-corporal blood loss, high prev-
alence of hemoglobinopathies, and inflamm-
ation but iron deficiency remains the most
common nutritional deficiency and cause
of anemia worldwide

In the present study, there was highly sig-
nificant relationship between growth retar-
dation and both parasitic infections and nu-
tritional deficiencies. That is to say most
stunted, wasted or children with low BMI
have parasitic infections, iron deficiency an-
emia, low iron, ferritin, and zinc levels. This
agreed with Astiazaran-Garcia (2015) who
reported that deficiencies or excess of these
minerals; the acute zinc deficiencies dimini-
sh the innate and adaptive immunity resp-
onse, and increases the infection related an-
emia particularly with giardiasis. Generally,
zinc deficiency was associated the delayed
wound healing, and increased susceptibility
to infection. Petry et al. (2016) in Switzer-
land reported that iron deficiency was com-
monly assumed to cause half of all cases of
anemias, with hereditary blood disorders and
infections such as hookworm and malaria

385

being the other major causes. In countries
ranked as low, medium, and high by the
Human Development Index. They conclud-
ed that anemia-reduction strategies and pro-
grams should be based on an analysis of
country-specific data, as iron deficiency may
not always be the key determinant of anem-
ia. Mahmoud et al (2017) in a village,
Dakhalia Egypt reported that parasites were
37% of total 102 school children. Overall,
helminthes was more prevalent 22% as com-
pared to protozoa 8% and mixed infections
8%; A. duodenale (9.8%), H. nana, and G.
lamblia (7.8%), Strongyloidiosis stercoralis

(5.9%), E. histolytica and C. parvum (3.9%)
for each one and E. vermicularis, T. trichiu-
ra and Schistosoma mansoni with two cases
each (1.9%). The parasites were was higher
females (52.6%) than males (47.4%), but
without significantly. Anemia was mild with
Hb (11.12+1.35)g/dl. Of the children 51%
were anemic, but with slightly high non-sig-
nificant prevalent among infected children
(52.6%) compared with non-infected (50%).
Iron deficiency anemia (IDA) was 88.5% of
anemic all children, 90% of anemic cases in
the infected children and 87.5% of anemic
cases in non-infected children.

Okafor et al. (2017) in Nigeria found that
anemia in pregnancy was a major public he-
alth problem. They added that mean haemo-
globin and hematocrits were significantly re-
duced in pregnant women from the two rural
communities. Serum iron, serum ferritin and
transferrin saturation showed no significant
difference while total iron binding capacity
and soluble transferrin receptor significantly
increased among pregnant women. The pre-
gnant women in their third trimesters and
the multi-gravidae had the highest prevalen-
ce of iron depletion and iron deficiency ane-
mia, while prevalence of iron deficiency and
anemia were higher in the primigravidae and
pregnant women in their second trimester.
They concluded that both the anemia and ir-
on deficiency anemia were higher among the
pregnant women in the rural communities as
compared to those in the urban areas. Also,



Claudia et al. (2022) in Angola among the
schoolchildren reported that Zinc was a sig-
naling molecule which up-regulated the Thl
response and down-regulated the Th2 resp-
onse which played important role in helmin-
thic infection.

In the present study, anthropometric meas-
urements showed that 63% of children were
stunted, 68.1% were wasted, and 63% were
underweight. EDHS (2014) showed that ex-
amination of the height-for-age data from
the EDHS (Egypt Demographic and Health
Survey) showed a considerable rate of stunt-
ing amongst Egyptian children. They report-
ed that 20% of children were stunted, 7%
were wasted and 6% were underweight The-
se lower estimation may be due to the fact
that El-Khamseen village is one of the poor-
est villages in Fayoum as 63% of houses
with neither piped water supply nor sanitary
disposal of sewage (Ramy, 2021). More than
143 of the poorest villages in Egypt were ta-
rgeted by the first stage of the presidential
initiative for a generous life. Egypt stands as
one of the 36 countries, where 90% of glob-
al burden of malnutrition falls (UNICEF,
2015). With the reclamation of Tahya Misr
most of these villages were reclaimed.

Conclusion

Parasitic infection and nutrient deficiency
could be two faced coin and a viscous cycle
can occur between them that can lead to re-
tarded growth cognitive and developmental
delay. Children with malnutrition are more
susceptible to parasitic infections due to de-
creased immunity and micronutrient defi-
ciency.

The low zinc and iron level was common
with chronic parasitic infection especially
Giardia lamblia and Entamoeba histolytica
and should be treatment to overlap anemia.
Much effort should be paid to improve the
nutritional status of young children, periodic
screening programs and mass treatment
should be urgently applied.

Recommendations (WHO, 2002)
1- Raise awareness across sectors: Advocate
and educate to prevent and control anemia
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2- Build partnerships in health, agriculture,
food and pharmaceutical sectors, among go-
vernent ministries and agencies, NGOs, do-
nors, industry, and commerce Develop in-
terventions and implement plans

3- The identify priorities, responsibilities, &
the time frames, specific objectives, and ide-
ntify collaborating groups (universities, gov-
ernment agencies, NGOs, civil groups, com-
mercial entities).

4- Review existing programs and determine
and develop anemia prevention and control
activities

5- Determine and secure staffing, funding
and other resources to implement activities
6- Develop a monitoring and evaluation plan
and indicators, using reduction of anemia as
a benchmark for program success in IDA,
malaria and helminthes control programs
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