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ABSTRACT

Gestational anaemia (GA) is a significant public health concern worldwide, affecting approximately 30 % of
pregnant women. The causes of GA are multifactorial, and intestinal parasitic infections (IPIs) have been
implicated as contributing factors. However, the prevalence of IPIs in pregnant women and its relationship with
the incidence and severity of GA and pregnancy outcomes remain unclear. This study aimed to evaluate the
prevalence of IPIs in pregnant women and its relation to the incidence and severity of GA and pregnancy
outcomes.

A total of 238 pregnant women were clinically evaluated, stool specimens were collected for parasitological
examinations, and blood samples were collected for ELISA detection of anti-trichinlla and anti-schistosoma IgG.
The haemoglobin concentration (HBC) was estimated during the 1st and 3rd trimesters, and the extent of change
in HBC was calculated. The enrolled women were categorized according to the 1st trimester HBC into anaemic
and non-anaemic groups, and the incidence of pregnancy outcomes was determined.

The 3rd trimester HBC was significantly lower than the 1st trimester HBC, and the incidence of GA increased
from 30.25 % to 50.84 %. The frequency of IPIs was 45 %, with a coinfection rate of 43 % among infected
women. Infection by Ascaris (A.) lumbricoides and Ancylostoma (A.) duodenale was detected in 33.6 % and 19.6 %
of specimens, respectively. The frequency of infections by A. duodenale and Schistosoma species was significantly
greater among anaemic women. Fifty-one women (21.4 %) developed pregnancy-related complications, with a
significantly greater incidence among anaemic women. The incidence of miscarriage and small for gestational
age (SGA) was significantly greater among anaemic women.

This study demonstrated that gestational IPIs induce and/or aggravate maternal anaemia and deleteriously
affect pregnancy outcomes. Parasitic coinfection is a high-risk factor for the development of severe anaemia late
in pregnancy, the occurrence of miscarriage, and SGA. The implementation of parasitological evaluation in
routine pre-pregnancy counseling or at pregnancy diagnosis is mandatory to reduce the risk of adverse pregnancy
outcomes.

Abbreviations: A. duodenale, Ancylostoma duodenale; A. lumbricoides, Ascaris lumbricoides; CDC, Centers for Disease Control and Prevention; E. histolytica, Entamoeba
histolytica; E. vermicularis, Enterobius vermicularis; ELISA, Enzyme-linked immunosorbent assay; GA, Gestational anaemia; GDM, Gestational diabetes mellitus; GHTN,
Gestational hypertension; GIDA, Gestational Iron deficiency anaemia; HBC, Haemoglobin concentration; IDA, Iron deficiency anaemia; IPIs, Intestinal parasitic
infections; IUGR, Intrauterine growth retardation; PMROM, premature rupture of membranes; PPBG, postprandial blood glucose; ROC, Receiver operating char-
acteristic; S., Schistosoma; SGA, small for gestational age; STH, soil-transmitted helminth; T. spiralis, Trichinella spiralis; T. trichiura, Trichuris trichiura; WHO, World

Health Organization.
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1. Introduction

Intestinal parasitic infections (IPIs) constitute a significant global
health challenge and are particularly prevalent in tropical and sub-
tropical regions. Pregnant women are undergoing physiological changes
that heighten their vulnerability to infections and are considered the
most at-risk population. Parasitic infections have been recognized as a
pivotal factor influencing pregnancy outcomes [1]. The World Health
Organization (WHO) estimates that up to a quarter of the global popu-
lation, approximately 1.7 billion individuals, are afflicted by IPIs [2].
Among pregnant women in endemic areas, the prevalence of parasitic
infections can range from 24 % to 70 %, with approximately 10 % of
women experiencing multiple parasitic infections [3].

In Egypt, intestinal parasitic infections remain a significant public
health concern despite national control efforts. Studies from various
regions of Egypt have reported prevalence rates of intestinal parasites
ranging from 27 % to 56 % among the general population, with higher
rates observed in rural areas and among lower socioeconomic groups
[4,5].

Gestational anaemia (GA) is categorized based on haemoglobin
concentration (HBC), with severe anaemia characterized by HBC below
7 g/dl and moderate anaemia falling within the range of >7- < 10 g/dl
[6]. Iron deficiency is recognized as a primary contributor to anaemia,
accounting for nearly half of the global burden. During pregnancy, the
presence of IPIs can exacerbate anaemia, presenting a dual burden that
poses substantial risks to both the mother and the developing embryo/
foetus [7]. Intestinal parasites can contribute to or worsen anaemia
through various mechanisms. For instance, parasites such as hook-
worms, schistosomes, and Trichuris (T.) trichiura can lead to intestinal
blood loss, while others, such as Giardia lamblia and Entamoeba (E.)
histolytica, may induce blood loss and hinder iron absorption. Addi-
tionally, parasitic infections can reduce appetite, impede nutrient
intake, and trigger intestinal inflammation that limits nutrient absorp-
tion, further contributing to anaemia [1].

Geophagia, the deliberate consumption of soil or clay, is a common
practice among pregnant women. It is another relevant factor contrib-
uting to iron deficiency and parasitic infections in developing countries.
As highlighted by Ellwanger et al. [8] geophagia creates a” classic and
neglected connection” between iron deficiency and soil-transmitted
helminth infections through multiple pathways. Ingestion of soil
directly increases exposure to infective helminth eggs and larvae. Many
soil types consumed during geophagia bind iron in the gastrointestinal
tract, reducing its bioavailability and worsening existing iron deficiency.
Iron deficiency itself may lead to pica behaviors, including geophagia,
creating a self-perpetuating cycle. Finally, both iron deficiency and
helminth infections compromise immune function, further increasing
susceptibility to infection.

The intricate relationship between intestinal parasitosis and anaemia
during pregnancy not only heightens the risk of anaemia but also in-
creases the likelihood of deficiencies in essential nutrients such as iron,
energy, protein, folate, and zinc. These deficiencies can result in low
pregnancy weight gain, intrauterine growth retardation (IUGR),
elevated risks of infections, low birth weight, and increased rates of
perinatal mortality [9].

Despite the established relationship between individual parasitic
infections and anaemia, there remains a significant research gap
regarding the impact of parasitic coinfections on pregnancy outcomes,
particularly in Egypt. While most existing studies have examined the
prevalence of specific parasites or general anaemia rates during preg-
nancy, few have comprehensively investigated how multiple concurrent
parasitic infections, which are common in endemic regions, might syn-
ergistically affect maternal haemoglobin levels and subsequent preg-
nancy outcomes.

This study aimed to explore the combined impact of gestational in-
testinal parasitosis and anaemia on pregnancy outcomes, shedding light
on this double hit. The relationships among parasitic infections,
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anaemia, and pregnancy outcomes were investigated. This study
investigated the frequency and multiplicity of parasitic infections and
how this multiplicity may be related to changes in HBC during preg-
nancy. Additionally, the types of parasites responsible for parasitosis
and their prevalence among pregnant women were examined, providing
valuable insights into the impact of parasitic infections on anaemia and
pregnancy. These findings will contribute to the existing knowledge in
the field and may inform targeted interventions and public health
strategies to improve maternal and fetal health outcomes.

2. Methods
2.1. Ethical aspects

This study was approved by the Research Ethics Committee (REC) of
Benha Faculty of Medicine under approval code RC-3-3-2024. Ethical
clearance was obtained from the Ministry of Health under reference
number MoHP No0:0018122017 / Certificate No:1017. All participants
provided written informed consent before enrollment.

2.2. Study population

2.2.1. Type of study and study population

This study adopted a prospective non-randomized comparative
design. The study was conducted in the Departments of Obstetrics &
Gynecology and Medical Parasitology at the Faculty of Medicine, Benha
University, Al-Qalyubia, Egypt.

2.3. Participant evaluation and baseline assessment

A total of 257 pregnant women who presented at the antenatal care
unit or were referred to the Obstetrics & Gynecology Department at
Benha University Hospital were assessed for eligibility for the study. The
preliminary evaluation consisted of collecting constitutional data,
including age, weight, and height, to establish baseline characteristics.

Personal history data, such as residence area, level of education, type
of work, and rough assessment of income status, were obtained. The
obstetric history, including parity and past pregnancy complications
such as miscarriage, gestational hypertension (GHTN), gestational dia-
betes mellitus (GDM), previous instances of delivering small for gesta-
tional age (SGA) or underweight newborns, and complications in
previous deliveries, were documented.

Medical history was reviewed to identify essential hypertension; the
presence of diabetes mellitus; liver, kidney, or cardiac lesions; autoim-
mune disorders; anaemia-inducing conditions (especially bleeding
gastrointestinal disorders); and any ongoing drug therapies. Following
the collection of history data, all participants underwent comprehensive
general and obstetric examinations, including ultrasonographic imag-
ing, to further assess their health status and confirm eligibility for
participation in the study.

2.4. Patient grouping

Patients were categorized according to the HBC estimated at the time
of enrollment into anaemic and non-anaemic groups.

2.4.1. Inclusion criteria for patients

The study included pregnant women aged 18-40 years in their first
trimester of pregnancy, carrying a singleton foetus as confirmed by ul-
trasound, willing to provide written informed consent, not receiving
anthelminthic treatment in the last 6 months, and from both urban and
rural areas.

2.4.2. Exclusion criteria
Women were excluded if they had medical disorders known to cause
anaemia (such as thalassemia, sickle cell anaemia, aplastic anaemia),
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hemoglobinopathies, history of surgeries for gastric or small intestinal
lesions. Additionally, patients taking medications that inhibit bone
marrow function, those who had multiple foetal sacs identified via ul-
trasound imaging, pre-existing medical disorders known to impact
pregnancy outcomes significantly (pre-existing hypertension, pre-
existing diabetes mellitus, chronic kidney disease, autoimmune disor-
ders), severe malnutrition, history of recurrent pregnancy loss, or
declined to participate or were unable to attend follow-up visits were
also excluded from the study. These exclusion criteria were applied to
ensure that the study focused on gestational parasitic infections,
anaemia, and their implications for pregnancy outcomes without the
influence of confounding medical conditions or interventions.

2.5. Laboratory methods
2.5.1. Stool sample collection and processing

2.5.1.1. Stool specimen collection. Stool specimens were collected at the
time of enrolment following the guidelines of the Centers for Disease
Control and Prevention (CDC) [10]. Three stool samples were ob-
tained, and samples were taken every three days and stored in dry, clean
containers. The specimens were refrigerated at 3-5 °C until processing.

2.6. Mini-FLOTAC technique for stool sample processing

Stool specimens were processed using the Mini-FLOTAC technique to
diagnose helminth infections in accordance with the manufacturer’s
instructions. The process involved filling the conical collector with
approximately 2 g of feces using a spatula. Then, 38 ml of floatation
solution was added to the Fill-FLOTAC stool container, which was then
tightly closed. The sample was homogenized using a homogenizer in the
cap of the Fill-FLOTAC. Subsequently, a tip was attached to the Fill-
FLOTAC, and the suspension was mixed and transferred to the Mini-
FLOTAC chambers through the filling holes. To prevent the formation
of air bubbles, the Mini-FLOTAC apparatus was held at a 30° slope. After
10 min, the reading disc was applied and rotated to produce four films
for examination.

2.7. Microscopic examination

The Fill-FLOTAC was placed under a microscope, using a microscope
adaptor and examined at the maximum permissible magnification
(x400). A multiplication factor of 10 was utilized to determine the
number of eggs, larvae, oocysts, or cysts per gram of feces. The CDC
Guide for Laboratory Procedures for the Diagnosis of Intestinal Parasites
(1982) was used as an identification reference [10].

2.8. Blood sample collection and processing

2.8.1. Blood sample collection

Blood samples were obtained at the time of enrolment to establish
baseline data and at the beginning of the 3rd trimester to reevaluate the
HBC. Blood samples were collected under aseptic conditions and divided
into three parts for different analyses in accordance with the Interna-
tional Committee for Standardization in Haematology(1967) [11].

2.9. Processing of blood samples

The first part of the blood sample was collected in an EDTA-
containing tube for immediate estimation of HBC using the cyanome-
themoglobin method. The second part was used for a peripheral blood
smear by spreading a drop of blood as a thin film on a glass slide, which
was then stained with Giemsa stain to assess the size, shape, and colour
of red blood cells. The third part of the blood sample was collected in a
plain, clean, dry tube, allowed to clot, and then centrifuged at 1500 rpm
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for 10 min. The resulting serum was transferred to dry Eppendorf
numbered tubes and frozen at —80 °C for subsequent analysis.

2.10. Assay procedures

The frozen serum samples were assayed for anti-T. spiralis IgG and
anti-bilharzial IgG using enzyme-linked immunosorbent assay (ELISA)
kits. The assays were performed in accordance with the manufacturer’s
instructions.

2.11. Engyme-linked immunosorbent assay (ELISA)

ELISA was used for the qualitative measurement of specific anti-
bodies. Anti-T. spiralis IgG levels were assessed using a human anti-
T. spiralis IgG ELISA Kit (Cat. No. ab108780; Abcam Inc., San Francisco,
USA). Similarly, the presence of anti-Schistosoma mansoni IgG was
determined using a human anti-Schistosoma IgG Kit (Cat. No. ab108769;
Abcam Inc., San Francisco, USA). Furthermore, the quantification of
anti-Schistosoma haematobium 1gG was performed using the designated
kit (Cat. No. MBS9716177; bioMérieux SA, Marcy—l’Etoile, France).

2.12. Assessment of pregnancy-associated complications

e GA: Anaemia was classified based on the stained peripheral blood

film into hypochromic microcytic, normochromic normocytic, and

hyperchromic macrocytic anaemia [12]. Iron deficiency anaemia

(IDA) was diagnosed as hypochromic microcytic anaemia without

morphological changes, while gestational IDA (GIDA) was differen-

tiated by trimester. In the 1st and 3rd trimesters, a haemoglobin
concentration (HBC) <11 g/dl was considered diagnostic, while in

the 2nd trimester, an HBC <10.5 g/dl indicated GIDA [13].

GHTN: GHTN was defined as the development of elevated systolic

and diastolic blood pressure measures (>140 and > 90 mmHg,

respectively) on two separate measurements at least 4-6 h apart after
the 20th week of gestation in a previously normotensive woman

without proteinuria [14].

e GDM: GDM was defined according to the International Association
of Diabetes and Pregnancy Study Group recommendations. Criteria
included fasting blood glucose (FBG) >92 mg/dl, 1-h postprandial
blood glucose (PPBG) >180 mg/dl, and 2-h PPBG >153 mg/dl on a
75-g oral glucose tolerance test consisting of fasting and postprandial
blood samples taken after the ingestion of 75 g of glucose [15].

2.13. Statistical analyses

ANOVA was used for intragroup comparisons, paired t-tests were
used for intergroup comparisons, and chi-square tests were used for
categorical data. The extent of change in HBC was calculated by sub-
tracting the HBC measured during the 3rd trimester from that estimated
during the 1st trimester, dividing the result by the 1st-trimester con-
centration, and multiplying by 100. Pearson’s correlation analysis was
applied to assess the relationships between pregnancy outcomes,
changes in HBC, and the incidences of parasitosis and coinfection.
Receiver operating characteristic (ROC) curves were generated to
evaluate the predictive ability of the studied variables for pregnancy
outcomes, with significance indicated by the area under the curve (AUC)
compared to the reference line. Regression analysis was performed to
validate the results. All the statistical analyses were conducted using the
IBM SPSS program (Version 22; 2017, IBM, USA), and the significance
was reported as P values at a cut-off of 0.05.

3. Results
3.1. Characteristics of the study

The baseline assessment of 257 women who were admitted to or
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referred to the antenatal care unit resulted in the exclusion of 19 women
for various reasons, including diabetes (n = 4), essential hypertension (n
= 4), autoimmune diseases (n = 3), iron supplemental therapy (n = 6),
and a history of early pregnancy loss (n = 2). Overall, 238 women were
included in the study and were divided into two groups: 72 women were
classified as anaemic, and 166 women were classified as non-anaemic
based on their haemoglobin concentration estimated at the time of
enrolment (Fig. 1).

3.2. Anaemia during pregnancy

The mean value of the estimated HBC in the samples of both groups
obtained during the 3rd trimester (11.7 + 0.88 g/dl) was significantly
(P < 0.001) lower in comparison to that estimated during the 1st
trimester (Fig. 2).

The estimated HBC during the 1st trimester indicated that 49 women
had IDA, and this number increased progressively during pregnancy to
83 during the 3rd trimester. Macrocytic anaemia was detected in 23
women in the 1st trimester and increased to 38 women in the 3rd
trimester. Overall, the incidence of GA was 72 women (30.25 %) in the
1st trimester (anaemic group) and increased to 112 women (50.84 %) in
the 3rd trimester, with a subsequent decrease in the frequency of non-
anaemic women from 166 (69.75 %) women (nonanaemic group) to 126
(49.16 %) women. The frequency of women with GIDA increased from
20.59 % to 34.87 %, and that of women with macrocytic anaemia risen
from 9.66 % to 15.97 % (Fig. 3).

3.3. Sociodemographic characteristics

The enrolment data revealed no significant differences between
anaemic and nonanaemic women in terms of age or type of work.
However, several socioeconomic characteristics were found to be asso-
ciated with anaemia. Anaemic women were more likely to come from
rural areas (p = 0.042*), have a lower educational level (p = 0.032%),
and have a lower monthly income (p = 0.033*). Additionally, they had a
larger family size than did nonanaemic women (Table 1).

3.4. Parasitological evaluation

Parasitological evaluation revealed 107 specimens (45 %) infected
by various types of parasites. Among these 107 infected women, 65
specimens (39.2 %) from nonanaemic women and 42 specimens (58.3
%) from anaemic women had a significantly (P = 0.0063) higher inci-
dence of infection among anaemic women. During the parasitological
examination, 61 of the infected specimens (57 %) were infected by a
single parasitic type, 33 specimens were infected by two parasitic types,
and 13 specimens (12.2 %) were infected by more than two parasitic
types, with a significantly (P = 0.0016) higher frequency of mixed
parasitic infections among anaemic women (Table 2,Fig. 4).

Baseline Evaluation of Women
Attending Antenatal Care Unit
(n=257)

Excluded Participants: n=19
* Manifest Diabetes: 4
Essential Hypertension: 4
Autoimmune Diseases: 3

Iron Supplemental Therapy: 6

History of Early Pregnancy Loss: 2

r Included Participants: n= 238 I

! }

Non-Anemic Group: n=166
- HBC >7 g/dl at Enrollment

Anemic Group: n=72
- HBC <7 g/dl at Enrollment

Fig. 1. Flow chart of patient selection.
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Time-course change in the frequency of anaemic women

80"

Frequency (%)

Normal HBC

Macrocytic Anemia

M 1st Trimester @ 3rd Trimester

Fig. 3. Time-course change in the frequency of anaemic women.

The most common infecting parasite was A. lumbricoides, which was
detected in 36 infected specimens (33.6 %); 27 specimens (25.2 %) were
infected by A. lumbricoides as a single parasite. Infection by A. duodenale
was diagnosed in 21 specimens (19.6 %), and 18 specimens (16.8 %)
were infected by A. duodenale as a single parasite. Coinfection by
E. vermicularis was detected in 17 specimens (15.9 %), and coinfection
by E. histolytica was detected in 13 specimens (12.2 %). The frequency of
infections by A. duodenale and Schistosoma species was significantly (P =
0.035 and 0.031, respectively) higher among anaemic women than
among nonanaemic women, while the frequency of infection by
A. lumbricoides was not significantly (P = 0.434) higher among anaemic
women than among nonanaemic women. In contrast, the frequency of
infection by E. vermicularis, E. histolytica, T. trichiura and T. spiralis was
lower among anaemic women, with a significant (P = 0.011) difference
in the frequency of E. vermicularis and an insignificant (P = 0.202, 0.366
and 0.161) difference in the frequency of E. histolytica, T. trichiura and
T. spiralis, respectively (Table 2).

During pregnancy, 51 women (21.4 %) developed pregnancy-related
complications other than GA, with a significantly (P = 0.0092) higher
incidence of complications among anaemic (31.9 %) than among non-
anaemic (16.9 %) women. Thirteen women developed GDM, and 9
women (3.8 %) developed GHTN with insignificant difference between
anaemic and non-anaemic women. Miscarriage was encountered in 10
women (4.2 %), 6 anaemic women (8.3 %) and 4 non-anaemic women
(2.4 %), with a significantly (P = 0.036) higher incidence among
anaemic women. Similarly, the incidence of SGA newborns was signif-
icantly (P = 0.016) greater among anaemic individuals (6.9 %) than
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Table 1
Enrolment data of the study participants.

Non-anaemic Anaemic (n P
(n =166) =72)

27.5 (£3.1) 0.231
11 (15.3 %) 0.674
47 (65.3 %)

Age (years) Average (£SD)
Age <25

strata 25-29

28 (£2.9)
23 (13.9 %)
99 (59.6 %)

30-34 39 (23.5 %) 13 (18 %)
>35 5 (3 %) 1(1.4%)

Body mass Average (+SD) 0.105
index (kg/ BMI Average 4 (2.4 %) 5 (6.9 %) 0.071
mz) strata Overweight 149 (89.8 %) 57 (79.2 %)

Obese 13 (7.8 %) 10 (13.9 %)

Residence Rustic 80 (48.2 %) 45 (62.5 %) 0.042

Semi-urban 86 (51.8 %) 27 (37.5 %)

Education Illiterate & 1ry school 74 (44.6 %) 43 (59.7 %)  0.032

2ry school & higher 92 (55.4 %) 29 (40.3 %)
Work Housewives 51 (30.7 %) 21 (29.2 %) 0.113
Farmers 34 (20.5 %) 25 (34.7 %)
Workers 45 (27.1 %) 14 (19.4 %)
Officers 36 (21.7 %) 12 (16.7 %)

Income Low 71 (42.7 %) 44 (61.1 %)  0.033
Medium 73 (44 %) 21 (29.2 %)
High 22 (13.3 %) 7 (9.7 %)

Gravidity Primigravida 59 (35.5 %) 15 (20.8 %) 0.024
Multigravida 107 (64.5 %) 57 (79.2 %)

Parity Nullipara 59 (35.5 %) 15(20.8 %)  0.031
Primipara 37 (22.3 %) 14 (19.4 %)
Multipara 70 (42.2 %) 43 (59.8 %)

Living No 59 (35.5 %) 15(20.8 %)  0.014

offspring One 45 (27.2 %) 134 (19.4
%)
Two 34 (20.5 %) 22 (30.6 %)
>two 28 (16.9 %) 21 (29.2 %)

* P value <0.05 indicates significance, and P > 0.05 indicates non-significance.

among non-anaemic individuals (1.2 %). The incidence of new-borns
with IUGR and the incidence of PMROM were not significantly
different between anaemic and non-anaemic women (Table 3).

The incidence of pregnancy-related complications was significantly
(P = 0.010) higher among infected (29 %) than uninfected (15.3 %)
women. The incidences of miscarriage and SGA were significantly (P =
0.022 and 0.027, respectively) higher among anaemic women than
among non-anaemic women. The incidences of IUGR and PMROM were
insignificantly higher among anaemic than non-anaemic women. In
contrast, the incidences of GDM and GHTN were insignificantly lower
among anaemic than non-anaemic women (Table 3,Fig. 5).

The development of pregnancy-related complications was positively
correlated with the extent of decrease in HBC (r = 0.321, P < 0.001),
mixed parasitic infection (r = 0.300, P < 0.001), low HBC during the 1st
trimester (r = 0.169, P = 0.009) and the presence of parasitic infection
(r=0.166, P = 0.010). The extent of the decrease in HBC during the 3rd
trimester in relation to the HBC estimated during the 1st trimester was
positively correlated with the presence of mixed parasitic infection (r =
0.320, P < 0.001), low HBC estimated during the 1st trimester (r =
0.209, P = 0.001) and the presence of parasitic infection (r = 0.177, P =
0.006) (Table 4).

The ROC curve analysis of maternal HBC and parasitic infection
parameters revealed that a high percentage of HBC decreased during the
3rd trimester (AUC = 0.683, P < 0.001). A mixed parasitic infection
(AUC = 0.656, P = 0.001), the presence of parasitic infection (AUC =
0.601, P = 0.028), and low HBC during the 1st trimester (AUC = 0.594,
P = 0.039) were predictors of ongoing pregnancy complications
(Fig. 6a). Regression analysis excluded low 1st trimester HBC as a pre-
dictor for oncoming pregnancy complications and confirmed the pre-
dictability of parasitic infection, mixed parasitic infection and a high
percentage of HBC decrease during the 3rd trimester (Table 5).

ROC curve analysis revealed the predictive ability of mixed parasitic
infection (AUC = 0.787, P = 0.002), low 1st trimester HBC (AUC =
0.719, P = 0.019) and parasitic infection (AUC = 0.683, P = 0.048) for
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Table 2
Distribution of the study participants according to the results of parasitological
evaluation.

Total Non- Anaemic P

(n= anaemic (n=72)
238) (n = 166)
Incidence of Infected 107 65 (39.2 42 (58.3 0.0063
infection (45 %) %) %)
Uninfected 131 101 (60.8 30 (41.7
(55 %) %) %)
Number of Single 61 (57 46 (70.8 15 (35.7 0.0016
parasitic %) %) %)
type Mixed 2 33 14 (21.5 19 (45.3
types (30.8 %) %)
%)
>2 13 5 (7.7 %) 8 (19 %)
types (12.2
%)
Type of Single Two >Two Total
parasite
Distribution of ~ A. duodenale 18 2 (1.9 %) 1 (0.9 %) 21
the infected (16.8 (19.6
women %) %)
according to  A. lumbricoides 27 5 (4.7 %) 4 (3.7 %) 36
type of (25.2 (33.6
parasite %) %)
T. trichiura 4(3.7 1 (0.9 %) 0 5(4.7
%) %)
E. vermicularis 0 12 (11.2 5 (4.7 %) 17
%) (15.9
%)
T. spiralis 54.7 2 (1.9 %) 0 7 (6.5
%) %)
E. histolytica 0 10 (9.3 3(2.8%) 13
%) (12.2
%)
Schistosoma 7 (6.5 1 (0.9 %) 0 8(7.5
species %) %)
Women Total Non- Anaemic P
Type of (n= anaemic (n = 42)
parasite 107) (n = 65)
Distribution of  A. duodenale 21 8(12.3 13 (31 %) 0.035
the infected (19.6 %)
women of %)
both groups  A. lumbricoides 36 20 (30.8 16 (38.1 0.434
according to (33.6 %) %)
type of %)
parasite T. trichiura 54.7 4 (6.2 %) 1(2.4 %) 0.366
%)
E. vermicularis 17 15 (23.1 2 (4.8 %) 0.011
(15.9 %)
%)
T. spiralis 7 (6.5 6 (9.2 %) 1 (2.4 %) 0.161
%)
E. histolytica 13 10 (15.4 3 (7.1 %) 0.202
(12.2 %)
%)
Schistosoma 8 (7.5 2 (3.1 %) 6 (14.3 0.031
species %) %)

oncoming pregnancy miscarriage (Fig. 6b). Regression analysis
confirmed the ability of the presence of mixed parasitic infection and
low 1st trimester HBC to predict oncoming miscarriage but excluded
only the presence of parasitic infection.

ROC curve analysis revealed that the presence of mixed parasitic
infection (AUC = 0.755, P = 0.022) and the extent of decrease in HBC
(AUC = 0.719, P = 0.019) were predictors of the possibility of having
SGA newborns, while other variables were excluded (Fig. 6¢). Regres-
sion analysis excluded the extent of decrease in HBC and confirmed the
ability of the presence of mixed parasitic infection to predict SGA
newborns. In the evaluation of the impact of parasitosis on HBC, ROC
curve analysis revealed that mixed -parasitosis was a significant pre-
dictor (AUC = 0.638, P = 0.001) of the extent of decrease in HBC during
the 3rd trimester in relation to HBC measured during the 1st trimester
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Fig. 4. Distribution of the studied women according to the detected parasitic infection.

Table 3
Distribution of the study participants according to pregnancy-related complications.
Total (n = 238) Non-anaemic (n = 166) Anaemic (n = 72) P

Incidence of complications Complicated 51 (21.4 %) 28 (16.9 %) 23 (31.9 %) 0.0092
Uncomplicated 187 (78.6 %) 138 (83.1 %) 49 (68.1 %)

Distribution of complication among anaemic and Non-anaemic women GDM 13 (5.5 %) 10 (6 %) 3 (4.2 %) 0.562
PE 9 (3.8%) 53 %) 4 (5.6 %) 0.345
Miscarriage 10 (4.2 %) 4 (2.4 %) 6 (8.3 %) 0.036
Small-for-GA 7 (2.9 %) 2 (1.2 %) 5 (6.9 %) 0.016
IUGR 7 (2.9 %) 3(1.8%) 4 (5.6 %) 0.116
PMROM 5(2.1 %) 4 (2.4 %) 1(1.4%) 0.605

Total (n = 238) Uninfected (n = 131) Infected (n = 107) P

Incidence of complications Complicated 51 (21.4 %) 20 (15.3 %) 31 (29 %) 0.010
Uncomplicated 187 (78.6 %) 111 (84.7 %) 76 (71 %)

Distribution of complication among infected and Uninfected women GDM 13 (5.5 %) 9 (6.9 %) 4 (3.7 %) 0.290
PE 9 (3.8 %) 5 (3.8 %) 4 (3.7 %) 0.975
Miscarriage 10 (4.2 %) 2(1.5%) 8 (7.5 %) 0.022
Small-for-GA 7 (2.9 %) 1 (0.8 %) 6 (5.6 %) 0.027
IUGR 7 (2.9 %) 2 (1.5 %) 5 (3.8 %) 0.153
PMROM 5(2.1 %) 1 (0.8 %) 4 (3.7 %) 0.111

100
mComplicated  ®mU, licated

Woman

Non-anemic Anemic Uninfected
Flg. (5): Distribution of preg y-related 1l among the studled categorized
according to the presence of anemia and the d d parasitic infecti

Fig. 5. Distribution of pregnancy-related complications among the studied women.
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Table 4

Correlation analysis of HBC and parasitic infection data and pregnancy-related

complication development.

The extent of decreased
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(Table 5, Fig. 6d).

4. Discussion

The results of the current study illustrated the impacts of gestational

Pregnancy complications
HBC
Pearson’s P Pearson’s p IPIs on maternal and foetal outcomes, mainly through the induction of
coefficient coefficient malnutrition and/or blood loss with the development of anaemia, IDA,
Low HBC during 1st  0.169 0.009 0.209 0.001 and macrocytic anaemia due to a deficiency of folic acid and/or
trimester cyanocobalamine. In support of this assumption, the frequency of IPIs
Parasitic infection 0.166 0.010 0.177 0.006 was significantly (P = 0.0063) higher among anaemic (58.3 %) than
M{Xid parasitic 0.300 <0.001  0.320 <0.001 among non-anaemic (39.2 %) women, and the frequency of women who
E;:;:tc;)gecrease d 0.321 0,001 - B had parasitic mixed infections were significantly (P = 0.0016) greater
HBC among anaemic than non-anaemic women (64.3 % vs. 29.2 %).
The most frequently detected parasites were A. lumbricoides and
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Fig. 6. ROC curve for analysis of maternal HBC and parasitic infection data.
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Table 5
Statistical analyses of HBC, parasitic infection, and pregnancy-related complication data.
Analysis procedure Receiver Operating curve (ROC) Regression
Point of evaluation Parameters AUC Std. P 95 % CI i P
Development of pregnancy-related Complication Parasitic infection 0.601 0.045 0.028 0.513-0.688 0.139 0.032
Mixed parasitic infection 0.656 0.048 0.001 0.563-0.750 0.251 <0.001
Low 1st trimester HBC 0.594 0.046 0.039 0.504-0.685 0.057 0.379
Extent of HBC decrease 0.683 0.051 <0.001 0.583-0.784 0.219 0.001
Development of miscarriage Parasitic infection 0.683 0.079 0.048 0.529-0.837 0.1.27 0.056
Mixed parasitic infection 0.787 0.088 0.002 0.614-0.960 0.565 <0.001
Low 1st trimester HBC 0.719 0.132 0.019 0.461-0.978 0.336 0.005
Development of small-for-age newborn Parasitic infection 0.710 0.085 0.059 0.543-0.877 0.002 0.970
Mixed parasitic infection 0.755 0.089 0.022 0.581-0.929 0.168 0.009
Low 1st trimester HBC 0.579 0.127 0.474 0.330-0.829 0.012 0.851
Extent of HBC decrease 0.722 0.100 0.042 0.516-0.909 0.112 0.085
Extent of decreased HBC Parasitic infection 0.576 0.040 0.063 0.497-0.655 - -
Mixed parasitic infection 0.638 0.043 0.001 0.555-0.722 - -

A. duodenale, which were detected in 33.6 % and 19.6 %, respectively, of
the studied pregnant women and 38.1 % and 31 % of anaemic women
with pregnancy complications. Moreover, the extent of the decrease in
HBC during pregnancy was positively correlated with both parasitic
infection per se and parasitic coinfection. Statistical analyses revealed
that the presence of parasitic coinfection was the most significant pre-
dictor of the extent of the decrease in HBC, which is a highly significant
predictor of ongoing pregnancy complications.

Similarly, Demeke et al. [16] reported that IPIs during pregnancy
adversely impact the haematological profiles of pregnant women and
are an independent predictor of anaemia. Additionally, Brummaier et al.
[17] surveyed 12,742 pregnant women for IPIs and reported the
following findings: 21.2 % of surveyed women had confirmed infection
with A. lumbricoides, hookworm, and T. trichiura alone or in combina-
tion. A. lumbricoides and hookworm infection were associated with
maternal anaemia at the first antenatal care visit, and maternal anaemia,
especially in late pregnancy, was related to soil-transmitted helminth
(STH) infection. Recently, Alvarado-Gonzalez et al. [18] out of a sys-
temic review, reported an average prevalence of GA of 40 %, and they
reported that hookworm and A. lumbricoides were the predominant
species detected, with a prevalence of 50 % and 39.5 %, respectively,
and that GA was positively associated with infection by A. lumbricoides
and hookworms. Additionally, Assefa et al. [19] detected an overall
prevalence of STHs of 36.5 % and reported that hookworm species and
A. lumbricoides were the most common STHs, with double the percentage
of infections.

Using an ELISA for Schistosoma (S.) haematobium, IgM infection was
detected in eight samples (3.3 %) and was more prevalent among
anaemic women. In line with this finding, a systematic review revealed a
13.2 % prevalence of schistosomiasis during pregnancy, with a signifi-
cantly higher prevalence of S. haematobium than S. mansoni, and 6
studies reported that schistosomiasis was associated with GA [20].
Additionally, Murenjekwa et al. [21] detected urogenital schistosomi-
asis in 26.8 % of pregnant women, and Wachamo et al. [22] reported
that approximately 50 % of pregnant women were infected with intes-
tinal parasites; the most frequently identified parasites were
A. lumbricoides (27.9 %) and Schistosma species (13.7 %), but T. trichiura,
hookworms, and Taenia species were detected with lower prevalence, at
5.1 %, 4.8 %, and 1.4 %, respectively. Jeza et al. [23] detected 3.8 % and
5.6 % overall prevalence of S. haematobium and STHs, respectively,
among women of reproductive age. Hookworms were the most preva-
lent STHs, and coinfection with S. haematobium and STHs was common,
especially in pregnant women.

Pregnancy per se has deleterious impacts on maternal stores, leading
to the deterioration of maternal HBC even in non-anaemic pregnant
women, and this was illustrated in the current study by the increased
frequency of anaemia from 30.25 % to 50.84 % from the 1st to the 3rd
trimester, with significantly (P < 0.001) lower HBC in samples obtained

during the 3rd trimester (10.9 vs. 11.7 g/dl) and an extent of decrease of
7.07 %. In line with the high prevalence of GA, Turawa et al. [24]
detected an increased prevalence of GA among pregnant women in
South Africa, ranging between 29 % and 42.7 %. In Nepal, Paudyal et al.
[25] reported that the prevalence of GA was 46 %, despite a 12-fold
increase in the proportion of women who consumed iron and folic
acid supplements for 3 months during pregnancy. Additionally, Abbas
etal. [26] and Copaja-Corzo et al. [27] reported a GA prevalence of 37 %
in Sudan and 33 % in Peuro, respectively. The reported progressive in-
crease in the incidence of IDA and vitamin B12 deficiency anaemia be-
tween the 1st and 3rd trimesters is consistent with the findings of
Amarasinghe et al. [28], who detected a prevalence of iron and B12
deficiency in 41.9 % and 23.8 % of anaemic pregnant women.

The studied anaemic women were found to be from rural areas, of
low educational grade and monthly income, and had large families, with
significant differences compared with non-anaemic women. This may
reflect the impact of living conditions, behavioural eating habits, type of
water supply, and level of sanitation on the risk of malnutrition leading
to anaemia. Additionally, parasitic infections, which showed a higher
prevalence among anaemic women, increase the incidence and severity
of malnutrition and anaemia. Women diagnosed with anaemia or in-
testinal parasitic infections during the study were referred to local
healthcare services and received appropriate medical treatment and
nutritional guidance in accordance with ethical protocols. Similarly,
Wachamo et al. [22] reported that intestinal parasitosis was more
prevalent among women with low educational levels, a low monthly
income, who used lake water for washing clothes, and who had poor
dietary habits, especially when eating raw vegetables. Additionally,
Murenjekwa et al. [21], reported that the risk factors significantly
associated with schistosomiasis were maternal age, education, marital
status, household drinking water sources, and the presence of latrine.
Furthermore, Nyarko et al. [29], performed an analysis of the most
recent demographic and health surveys of 26 countries in Sub-Saharan
Africa and reported that anaemia is prevalent among ~50 % of preg-
nant women in both urban and rural areas, but rural women are more
likely to have anaemia and mostly receive antiparasitic therapy for in-
testinal parasitosis during pregnancy. In support of the relationship
between living conditions and the development of GA, Inal & Inal [30],
detected a significantly higher rate of GA among Syrian refugees than
among Turkish women, and Assefa et al. [19], reported that a large
family size and lack of latrine facilities were significantly associated
with STH infections.

These socioeconomic and environmental factors demonstrate sig-
nificant regional variations that influence our findings. For instance,
Silver et al. [31] documented significant geographical differences in
helminth infections based on community settings in South Asia and
Southeast Asia, with tribal communities showing higher prevalence of
Ascaris (32 %) and Trichuris (38 %) compared to rural communities (14
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% and 13 % respectively), while urban communities had much lower
rates of hookworm (3 % versus 19 % in rural areas). Our observed
prevalence of A. lumbricoides (33.6 %) and hookworm infection (19.6
%) aligns closely with the patterns seen in rural and tribal communities
in the Silver et al. study, suggesting similar environmental risk factors in
our study population. Brooker et al. [32] demonstrated a strong corre-
lation between access to clean water and the prevalence of
A. lumbricoides, with infection rates decreasing by approximately 30 %
in communities with improved water infrastructure.

During pregnancy, 51 (21.4 %) women developed gestational com-
plications other than anaemia, with a significantly higher incidence
among anaemic and infected women (P = 0.0092 and 0.010, respec-
tively). In line with the impact of anaemia on pregnancy outcomes,
Johnson et al. [33], detected a higher incidence of preeclampsia,
maternal complications, preterm labour, low birth-weight babies, and a
higher number of new-borns admitted to the Neonatal Intensive Care
Unit among hypertensive anaemic pregnant women than among hy-
pertensive non-anaemic pregnant women. Additionally, Ma et al. [34],
reported a significantly greater frequency of neonatal complications
among women with aplastic anaemia than among non-anaemic preg-
nant women.

In line with the detected impact of intestinal parasitosis on preg-
nancy outcomes, Abioye et al. [35], documented that hookworms
induce pregnancy complications through the induction of a deregulated
intrauterine immune milieu where hookworm infection was found to be
associated with elevated placental interleukin (IL)-1, CXCL8 and inter-
feron-y, with a positive correlation between the risk of small-for-
gestational age and cord blood levels of IL-6, IL-10, and CXCL8, while
the risk of prematurity parallels cord blood levels of the soluble form of
tumor necrosis factor receptor-I and placental levels of IL-5. Also, Bol-
tena et al. [9], reported that coinfection of pregnant women with ma-
laria and intestinal helminths decreased HBC, leading to maternal
anaemia, preterm delivery, and still-birth, and that hookworm,
A. lumbricoides, and T. trichiura were the most commonly detected in-
testinal helminthic parasites.

5. Conclusion

This study highlights the significant relationship between gestational
intestinal parasitic infection (IPI) and anaemia, as well as its adverse
effects on pregnancy outcomes. The results suggest that IPI is a major
risk factor for the development of severe anaemia in the third trimester,
which increases the risk of miscarriage and small-for-gestational-age
newborns. Moreover, this study demonstrated that parasitic coinfec-
tion is a strong predictor of the extent of the decrease in haemoglobin
and the likelihood of pregnancy complications.

The findings of this study have important implications for healthcare
providers. Gestational IPI is a common and often underdiagnosed con-
dition that can have significant consequences for maternal and foetal
health. Early detection and treatment of IPIs can help prevent or reduce
the severity of anaemia, miscarriage, and other pregnancy
complications.

Public health efforts to reduce intestinal parasitic infections in
pregnant women should focus on key actions. First, routine parasite
screening during prenatal check-ups, particularly in rural areas, can help
detect infections early. Second, community education programs should
teach proper hygiene, safe food handling, and the dangers of eating soil.
Ensuring access to clean drinking water and better sanitation systems is
crucial to prevent transmission. Including deworming treatments and
nutritional support in maternal care programs can help prevent anaemia
and related complications. These combined measures could effectively
reduce the burden of intestinal parasites among pregnant women in

Egypt.
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