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Abstract

This study was carried out to investigate the prevalence of anemia and its relation to hookworm Ancylostoma
duodenale infection.

Anemia is a common health problem all over the world and Iron Deficiency Anemia IDA is the most common
and important type of anemia which is causally associated with developmental delay and with poor growth.
Hookworm infection is one of the important common cause of IDA.

The study included 138 subjects of different ages from Mishamish village of Al-Hashimiya District, Babylon
Province, Iraq. Fecal specimens and blood samples were collected from each subject.

Fecal samples were microscopically examined by direct and saturated salt floatation technique to investigate
the hookworm infection.

Red Blood Corpuscles Count (RBC), Hemoglobin concentration (Hb), Mean Corpuscular Hemoglobin (MCH),
Mean Corpuscular Hemoglobin Concentration (MCHC), Haematocrit (Hct), Mean Corpuscular Volume (MCV),
and Red cell Distribution Width (RDW) were measured by automated counter.

Overall anemia percentage was 58.7%, and was 62.7% in males compared to 53.9% in females. The highest
percentage of anemia (76%) was found in children of 3-5 years age group and decreased with age progress. It
was found that 37% of anemic subjects were suffering from hookworm infection.

Overall percentage of hookworm infection was 25.4%, and was 25.3% in males compared to 25.4% in females.
The highest percentage of 36% was found in 3-5 years age group, and decreased as age increased.

Hookworm infection caused significant decrease (P<0.001) in mean Hb, Hct and MCV, and significant
decrease (P<0.01) in MCH, but it caused significant increase (p<0.005) in RDW of hookworm infected subjects.

There was positive correlation (r = 0.94), (r = 0.97) between Hb concentration and, Hct & MCV respectively
and negative correlation (r = - 0.97) between RDW and Hb in hookworm infected subjects.

Hookworm infected subjects were severed from IDA especially among children and men. It should be get more
attention to these groups of subjects. Treatment of anemia should be taken with the treatment of hookworm.
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Introduction

nemia is a common health
Aproblem all over the world [1,2],

and the most common and
important type of anemia is Iron
Deficiency Anemia IDA [2,3], which is
causally associated with developmental
delay and with poor growth [4].

Hookworm infection is the important
common cause of IDA [5]. Out of a
global estimate of about 1500 million of
anemia cases that occurred world-wide up
to 900 million were attributed to IDA due
to hookworm infection [6].

In a study on the prevalence of
parasitic infection in Hilla general
hospital [7] estimated that 30% of the
people were infected with hookworm,
whereas other more recent study found
that  the percentages of hookworm
infection were 0.1% in Arbil, 1% in
Basrah, 4.1% % in Baghdad and 10.1% in
Babylon [8]. Further studies in Babylon
Province found that the percentages of
hookworm infections were 0.9% among
pupils in the primary schools in Al-
Hashimia district [9] and 1.1% among
pupils in the primary schools in Al-

Mahaweel district, Babylon province
[10].
Other studies also indicated that

approximately one billion people were
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infected with hookworm; which are soil
transmitted helminthes [11]. Hookworms
are usually more abundant in rural as
compared to urban communities [2,12].
This is due to the presence of optimal
conditions to the third larval stage
(infective stage) of the hookworm to
penetrate the skin, migrate through the
circulation to the lungs, pass through
alveolar system up to the trachea and the
pharynx, and are then swallowed into the
digestive system and become adult worm
in the intestine [13]. Adult worm feeds by
biting into the intestinal mucosa,
puncturing capillaries in the intestinal
villi and pumping blood in [14].

Subjects and Methods
Subjects

The study included 138 subjects of
different ages from Mishamish village of
Al-Hashimiya district, Babylon Province
(fig.1).

Collection of samples

Fecal and blood samples were collected
from each subject.

Blood samples were collected by
puncturing antecuvital vein and were kept
in EDTA containing tubes for further
hematological tests
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Administrative Divisions

Iraq has 18 provinces (muhafazat,
singular muhafazah).

@® Province capital

1. As Sulaymaniyah
2. Baghdad

3. Karbala®

4. Al Qadisiyah

Al Anbar

®
phi\Maysan
Qar

B Area of sample’s collection

Fig. (1): Area of sample’s collection

Hematological tests hookworm infected and non-infected
Red Blood Corpuscles (RBC) count, subjects, and correlation facor
Hemoglobin concentration (Hb), Mean between Hb and Hcet, MCV, RDW [16].
Corpuscular Hemoglobin (MCH), Mean
Corpuscular Hemoglobin Concentration Results
(MCHC), Hematocrit (Het), Mean Prevalence of anemia
Corpuscular Volume (MCV), Red cell Details of prevalence of anemia are
Distribution ~ Width  (RDW)  were given in table (1). Overall anemia
measured by automated counter (MS9). percentage was 58.7% which means that
Anemia diagnosis more than half of the community of this
Using World Health Organization study, were suffering from poor health
criteria [12], anemia is diagnosed when conditions. Anemia percentage in males
Hb concentration levels fell bellow 11 (627%) was hlgher than in females
gm/100ml for individuals aged 3-5 (53.9%), this is due to the
years, 12 gm/100ml for individuals aged percentage of anemia in males under 6
6-14 years and women, 13 gm/100ml for years (90.9%) as compared with females
men. (64.3%) within the same age group.
Hookworm infection Prevalence of anemia within 6-14 years
Fecal samples were microscopically group was (57.9%). In males this
examined by direct and saturated salt percentage was (587%) eompared to
floatation technique to investigate females (56.2%) within the 6-14 age
hookworm infection[15]. group. The anemic male percentage was
Statistical analysis 55.6% compared to 46.2% in females
The results were statistically analyzed within the (150r+) age group.

by using; t-test to compare between
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the higher hookworm infection among
men (40%) compared to women (33.3%)
as shown in table 2. Overall 37% of the

anemic subjects were
hookworm (table 2).

Table (1): Prevalence of anemia according to sex and age

infected with

Sex
Age Male Female Total
(years) | Total Anemic Total Anemic Total Anemic
No. No. % No. No. % No. No. %
3-5 11 10 90.9 14 9 64.3 25 19 76
6-14 46 27 58.7 23 13 56.5 69 40 57.9
150r+ 18 10 55.6 26 12 46.2 44 22 50
Total 75 47 62.7 63 34 53.9 138 81 58.7
Table (2): Prevalence of hookworm infection among anemic subjects
Sex
(ytffs) Male Female Total
No. % No. % No. %
3-5 3 30 5 55.9 8 42.1
6-14 11 40.7 3 23.1 14 35
150r+ 4 40 4 333 8 36.4
Total 18 38.3 12 35.3 30 37

Prevalence of hookworm
Details of prevalence of hookworm

This study showed that children of under
(6) years old were with high infection

infection are given in table (3). percentage (36%) and males of age (6-
Prevalence of hookworm infection 14) years or more were also highly
was(25.4%) about % of the community. infected (26.1).
Table (3): Prevalence of hookworm infection according to sex and age
Sex
Age Male Female Total
(years) | Total Infected Total Infected Total Infected
No. No. % No. No. % No. No. %
3-5 11 3 27.3 14 6 42.6 25 9 36
6-14 46 12 26.1 23 5 21.7 69 17 24.6
15or + 18 4 222 26 5 19.2 44 9 20.5
Total 75 19 253 63 16 25.4 138 35 25.4
Effect of hookworm infection on Hb hookworm infected  subjects as

and RBC criteria

Details of hookworm infection on blood

criteria are given in table (4).
Hookworm infection caused

significant decrease (p<0.001) in

hemoglobin concentration (Hb) of
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compared with non infected subjects.
Hookworm infection caused decrease
(p<0.01) in the mean corpuscular
hemoglobin (MCH) of infected subject
due to the decrease in Hb concentration
and significant decrease (p<0.001) in
hematocrit (Hct). Hookworm infection
caused a highly significant increase
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(p<0.005) in the red cell distribution
width (RDW) of hookworm infected

subjects as compared with non infective

subjects.

Table (4): Effect of hookworm infection on hemoglobin and red blood corpuscles

criteria
Hb criteria RBC volume
Infection Iggﬁ% /‘l’q‘l’;?)t Hb MCH | MCHC g/c; MOV | o
(gn/100ml) | (pg) | (gm/100ml) ° (f)
Infected LAY Vol EA YY.aY 33.6 Yv.ev vy 11.56
subj. T..0A ..vo .1y +0.38 ..y +y.¢¢ ..y
. Non .9 VYLV YE.VA 33.87 Yo AY YYaY 10.7
infected T .0 +..ry +0.18 +.o.vA +ovy ooy
subj.
t-test NS P<0.001 P<0.01 NS P<0.001 | P<0.001 | P<0.005

Ns: Not significant
Values = mean £ S.E (standard error)

Relationship between Hb
concentration and MCV, Hct, and
RDW
There was a highly positive correlation
Hb

(1=0.94,

r=0.97)

Yoy Het

between

concentration and both of Hct and MCV
and a highly
negative correlation (r= -0.97) between
Hb concentration and RDW (fig.4) in the
hookworm infected subjects.

respectively  (fig.2,3),

I
10.00

T
12.00

!

14.0

Hb Concentration (gm/100ml)

Fig.(2): Relationship between Hb concentration and Hct.
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Fig.(4): Relationship between Hb concentration and RDW.

Discussion
Prevalence of anemia

Overall anemia percentage in this study
(58.7%) reffered that more than half of
the community were suffering from poor
health conditions. This high percentage
might reflect poor dieting which is
mainly small amounts of vegetables and
fruits which may lead to nutritional
anemia [17].
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Anemia percentage was higher in
children. Inadequate dietary iron intake is
a major factor responsible for anemia in
children [18,19,20,21]. Iron deficiency
(ID) is the main cause of anemia in
children all around the world [22,23] due
to their high physiological demands [18].
It has been found that 42.1% of anemic
children were infected with hookworm
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which agrees with the study of Hopkins et
al. (1997) [19].

Prevalence of anemia within 6-14
years group was higher in females than
males. It was found that iron deficiency is
the main cause of anemia among women
during  their  reproductive  years
[18,19,23,24].

Although most references indicate
that the prevalence of anemia among
women is greater than in men [21,25], the
results of this study show that the
prevalence of anemia among men was
greater than in women. This is due to the
higher hookworm infection among men
compared to women. Since they were
working with bared foot.

Our study indicate that hookworm
infection was the main cause of anemia
among the community, because the adult
worms feed directly on blood by
puncturing blood capillaries in the
intestinal villi [14], and are producing
anticoagulant to facilitate feeding and
exacerbate intestinal blood loss [26,27].
The daily blood loss due to hookworm
infection is about 200 ml in severe
infection [28] and about 0.26 ml per
single worm [29]. Due to this blood loss,
about 3.7 mg of iron is lost daily [14].

The intensity of anemia, however;
depends

upon the intensity of hookworm infection
[3,30,31].

Prevalence of hookworm

Prevalence of hookworm infection
was about %4 of the community, and this
percentage (25.4%) was close to the
overall 25.6% of hookworm infection for
the whole country [7] and the 30% of
hookworm infection obtained by Deneck
et al. (1954) [32] in the general hospital
of Hilla city. This may be due to the
similarity of ecological conditions
throughout the whole country. The
percentage (25.4%) obtained in this study
was higher than the percentage (10.1%)
obtained by Niazi ef al. (1975) [8] and the
percentages (0.9%),(1.1%) obtained by
Al-Khafaji (1999) [9] and Al-Mamori
(2000) [10] respectively in their studies
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of prevalence of intestinal parasites in
Babylon province. These conflicting
results can be attributed to the fact that
rural areas only were included in this
study, whereas both rural and urban areas
were included in the other studies. Rural
areas are known to be typical areas for
the prevalence of hookworms [6].

This study showed that children of
under (6) years old and males of age (6-
14) years or more were with high
infection. This is attributed to the fact that
these children are usually bare footed and
there is a direct contamination with the
eggs and larvae of hookworm that
penetrate the skin; the common and best
way of infection [6].

Effect of hookworm infection on Hb and
RBC criteria

Hookworm infection caused
significant decrease in  hemoglobin
concentration (Hb) of hookworm infected
subjects as compared with non infected
subjects. This agrees with other previous
studies [9,10,19,20,23,33,34,35,36,37].
Hb concentration was decreased because
of blood loss in intestine due to direct
feeding of adult worm on blood [38].
Every 12 worms in the intestine of
hookworm infected subject may cause Hb
loss of about 1% (0.4 gm) and become
anemic subject [39]. Non severe blood
loss did not cause decreasing in RBC
count but iron deficiency may occur since
chronic bleeding is one of the main
important causes of IDA [40]. MCH
represents Hb concentration divided by
RBC count [3]. MCH decrease can be
used as an indicator of IDA [5,41]. There
was no significant difference in MCHC
of hookworm infected and non-infected
subjects, because MCHC decrease occurs
in severe IDA [42].

Hookworm infected subjects had
caused significant decrease in hematocrit
(Hct) which agrees with the results of
parasitic epidemiology study by Al-Nahi
(1998) [35]. The decrease of Hct may be
due to the decreasing of MCV of
hookworm infected subjects as compared
with non infected subjects [19].
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Our study demonstrated  that
hookworm infected subject had high
levels in RDW as compared with non
infective subjects. RDW represents an
indicator of the variance in RBC volumes
[43]. Increasing of RDW due to
hookworm infection is a result of iron
deficiency anemia IDA. Iron deficiency is
correlated with RDW increase, because
iron deficiency causes a reduction in
hemoglobin formation and consequently
an immature erythrocytes, reticulocytes
(not fully mature erythrocytes with
inadequate Hb content) are released to the
blood stream in order to meet the
physiological demands of the body. This
release of immature small erythrocytes
with inadequate Hb content results in
variation in RBC volumes in blood
stream, i.¢ an increase in RDW [44].
Relationship between Hb concentration
and MCV, Hct, and RDW

There was a highly positive
correlation between Hb concentration
and both of Hct and MCV, and negative
correlation between Hb concentration and
RDW in the hookworm infected subjects.
That could be due to the loss of blood
which will then leads to anemia, the
severity of which depends upon the
intensity of hookworm infection and the
amount of body iron [45]. RBC and iron
loss induce bone marrow to produce
smaller RBCs with insufficient amounts
of Hb, which leads to RDW increase
[34,44].
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