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Abstract:  Infection  with  Plasmodium  and  intestinal  helminthes  result in anemia  among  schoolchildren.
The objective of this  study  was  to assess the prevalence of anemia among primary schoolchildren infected
with  Plasmodium,  intestinal  helminthes  and  both.  A  cross-sectional  study  was  carried  out  from
December 2010-January 2011. A total of 500 schoolchildren were examined for intestinal helminthes and
Plasmodium by formalin-ether-concentration technique and microscopic examination of geimsa stained blood
smears,  respectively.  Hemoglobin  measurement was also taken by Hemoglobinometer. Twenty  six  percent
of  the  children examined were positive for at least one parasite. Of these  11.8%  were infected with
Plasmodium parasites, 8% by S. mansoni, 4.6% by H. nana, 2.8% by A. lumbricoides, 0.4% by H. dimunita,
0.4% by Taenia species and 0.2% by T. trichiura. Moreover, 93.08% parasite infected children were anemic.
Anemia is highly prevalent among infected children (x =28.58, p<0.01). Therefore, control methods targeted2

against the parasitic infections must be integrated with strategies for reducing anemia in school children.
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INTRODUCTION In such  areas  the  situation  of anemia becomes even

Anemia is one of the most widespread public health co-infections and malnutrition [8, 9]. As reported by
problems affecting two billion people throughout the Evans  and  Stephens  [10]  and  other study [11],
world [1]. Anemia is defined as a hemoglobin (Hb) level intestinal helminthes infections result in anemia due to
lower than established threshold by the World Health chronic blood loss  by  hookworm, schistosomes,
Organization [2]. The threshold values are 110g/L for Trichuris trichiura and iron absorption blockage due to
pregnant women and children aged six month to five Ascaris lumbricoides. On the other hand, plasmodium
years; 120g/L for non-pregnant females and children aged causes anemia by rupturing red blood cells, suppressing
6-14 years; and 130g/L for men. Hb is an iron containing the production of new red blood cells and by stimulating
protein in red blood cells which transports oxygen from the activity of macrophages in the spleen which then
the lungs to every cell [3]. destroy both  parasitized  and unparasitized red blood

Anemia causes serious health problems such as cells [12].
growth retardation and impaired cognitive development Therefore, the aims of this study were (1) to assess
ultimately leading to  poor   school performance in the prevalence and severity of anemia in schoolchildren
children [3-6].  Parasitic  infections  and malnutrition are infected with Plasmodium, intestinal helminthes and
the major causes of anemia [7]. Anemia is more common Plasmodium-intestinal  helminthes  co-infected  ones (2)
in developing countries  that  are  endemic for to assess the age and sex  related  difference  in severity
Plasmodium  and  intestinal   helminthic   infections  [3]. of   anemia     among    parasite   infected   schoolchildren.

more    severe    in   cases   of   Plasmodium-helminthes
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Fig 1: Map of study area modified from Tadesse and Beyene (2009) number 1 showing the study area, Tumuga.

MATERIALS AND METHODS 5-9, 10-14, 15-19 and 20-24 [14] and they were also

Study Area: The study was conducted in Tumuga town method was used to select children for the current study.
of southern zone of Tigray. Tumuga is located at
12°18'46''N latitude  and  39°34'50''E longitude and is about Study  Population:  The  study   was   carried   out  on
198 km South of Mekelle, the capital of Tigray Regional 500(240 male and 260 female) schoolchildren out of the
State of Ethiopia. The average  altitude of the area is total 680 children population in Tumuga primary school.
about 1450 m.a.s.l. The area receives an annual average
temperature and rain fall of 23C° and 628.8 mm, Sample Size Determination: Sample size was calculated
respectively. The total population of Tumuga-Waja towns using the formula n = Z  P (1-P)/D  [15], where n=minimum
(Counted together since governed under one Tabia) is sample size, P=estimate of the previous proportion,
about 14,826. There is only one primary school in Tumuga D=margin  of  error  and   Z=confidence  level  (95%).
town. Children  of  this  primary school come from two Since there was no previous report on the prevalence of
rural villages namely Aroressa and Adikoba and Tumuga both intestinal helminthes together with Plasmodium
itself. Subsistence agriculture is the means of house hold around the current study area, 50% proportion of P was
food supply and income generating for about 90% of the used for the calculation. Accordingly the minimum sample
residents. Irrigation based agricultural activity, using size was calculated to be 384. To minimize the sampling
Waja River, is quite intense in Tumuga. For this reason, error and to increase the number of Plasmodium-intestinal
there is abundant surface water throughout the year helminthes co-infections, 116 children were added. Finally
creating favorable environmental condition for the a total of 500 schoolchildren were taken as minimum
transmission of Plasmodium and intestinal helminthic sample size.
infections [13].

Study Design:  This  cross-sectional  study was carried by Health Research Ethics Review Committee (HRERC) of
out from December 2010-January, 2011 in Tumuga town. Mekelle University, Ethiopia with reference number No.
Tumuga was purposefully selected for the study because CHS/738/DN-16. Oral consent was also obtained from
of longstanding irrigation activity by diverting water from school principal, teachers and parent representatives.
the Waja River. Sample collection was done at Tumuga Blood and stool samples were collected from the children
primary school and Tumuga Health Center. with strict sanitation and children positive for
Schoolchildren aged 6-24 years old were participated in Plasmodium   and   intestinal   helminthes were treated
the study and they were categorized into four age groups: free of charge.

categorized according their sex. Simple random sampling

2 2

Ethical Consideration: The study was ethically approved
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Data Collection: 
Stool    Collection,     Processing     and    Examination:
For intestinal helminth survey, each study subject was
given a plastic sheet with an applicator stick to bring
approximately 4gm stool sample of his/her own. Stool
samples were transferred to  screw  cap bottle, preserved
in 10% formalin and transported to Alamata Hospital for
examination by the formalin-ether concentration technique
[16].

Blood Sample Collection, Smear Preparation and
Examination: Blood samples were collected by finger
prick using sterile lancets from children who have
submitted their stool samples. Thick and thin blood
smears were made for each child on a single slide, the
smeared slides were fixed with methanol, stained with
2.5% giemsa and microscopically examined using the 100x
objective lens for Plasmodium [17]. Hundred fields of
each blood smear were examined before results were
recorded. From thick films the presence or absence of
Plasmodium parasites were checked. Further examination
of positive slides was done using the thin film to identify
Plasmodium into species level.

Determination  of  Hemoglobin  Measurement:  A  drop
of  peripheral  blood  was  collected from finger prick for
Hb measurement  from  all  the  500  schoolchildren. Hb
level in  the  blood  was  determined   using  a  portable,
battery-operated  hemoglobinometer [18]. The Hb value
for each child was used to assess the status of anemia
among the schoolchildren.

Table 1: Overall prevalence of intestinal helminthes in children of Tumuga
primary school, Sothern Tigray, Ethiopia (From December 2010-
January 2011) 

Infected
-----------------------

Examined No. %

Sex Male 240 43 18%
Female 260 39 15%
Total 500 82 16.4%

Age 5-9 168 35 20.83%
10-14 233 37 15.88%
15-19 81 5 6.17%
20-24 18 5 27.78%

Data  Analysis:   Data  was   analyzed  by  using SPSS
version    16     Statistical     Software.   The   association
of   Plasmodium,     intestinal    helminthes    and   their
co-infection  with anemia,  age  and  sex  were  tested
using  Chi-square. The  significance  level  of 0.05 was
used for all tests.

RESULTS

Intestinal Helminthes Infections: Out of a total of 500
schoolchildren examined 82 (16.4%) were positive for at
least one intestinal helminth. Sex of children didn’t have
any association with infection prevalence of intestinal
helminthes (x = 0.57; p>0.05). However, age had effect on2

infection  prevalence  of  intestinal  helminthes  with
higher infection occurring in children aged 20-24 years
(x = 12.05; P<0.05) (Table 1).2

Table 2: Overall  prevalence  of  intestinal  helminthes  in  schoolchildren of Tumuga primary school, Southern Tigray, Ethiopia, 
(from December 2010-January 2011) with respect to sex and age

5-9 years old 10-14 years 15-19 years 20-24 years 
-------------------- --------------------- --------------------- -------------------

Helminthes infections (%) M F M F M F M F Total
S. mansoni 1 2.4 2 2.2 0 0 0.4 0 8
H. nana 1.6 1 1 0.6 0 0 0.4 0 4.6
A. lumbricoides 0.4 0.2 0.6 0.4 0.8 0.2 0.2 0 2.8
H. dimunita 0 0.2 0 0.2 0 0 0 0 0.4
Taenia spp 0 0.2 0.2 0 0 0 0 0 0.4
T. trichiura 0 0 0 0.2 0 0 0 0 0.2
Key: M=Male, F=Female

Table 3: The prevalence of Plasmodium in school children of Tumuga town, Southern Tigray, Ethiopia, (From December 2010-January 2011) according to
sex and age of the children 

5-9 years old 10-14 years old 15-19 years old 20-24 years old
--------------------- --------------------- --------------------- -------------------

Plasmodium infection, No(%) M F M F M F M F Total
P. falciparum 1(0.2) 1(0.2) 2(0.4) 2(0.4) 1(0.2) 0 2(0.4) 0 9(1.8)
P. vivax 10(2) 6(1.2) 9(1.8) 3(0.6) 16(3.2) 2(0.4) 2(0.4) 2(0.4) 50(10)
Total 11(2.2) 7(1.4) 11(2.2) 5(1) 17(3.4) 2(0.4) 4(0.8) 2(0.4) 59(11.8)
Key: M=male, F=female
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Table 4: The prevalence of Plasmodium-intestinal helminthes co-infections among the study subjects with respect to sex and age

5-9 years old 10-14 years old 15-19 years old 20-24 years old
-------------------- --------------------- --------------------- -------------------

Co-infection (%) M F M F M F M F Total

P. falciparum-
S. mansoni 0 0.2 0 0.2 0 0 0.2 0 0.6
P. vivax-S. mansoni 0 0.2 0 0.2 0 0 0 0 0.4
Total 0 0.4 0 0.4 0 0 0.2 0 1

Key: M=male, F=female

Table 5: The prevalence of anemia among schoolchildren with mean Hb concentration according to sex and age
Examined Anemic P Mean Hb of anemic (g/L)

Sex Male 240 182 (36.4%) p>0.05 112.25
Female 260 197 (39.4%) 110.66
Total 500 379 (75.8%) 111.42

Age 5-9 168 145 (29%) p<0.05 109.84
10-14 233 163 (32.6%) 111.73
15-19 81 58 (11.6%) 112.79
20-24 18 13 (2.6%) 110.09
Total 500 379 (75.8%) 111.42

Table 6: Anemia prevalence among infected children with mean Hb concentration
Infected children (130 in number) Anemic (121 in number) Mean Hb of anemic (g/L)

Sex Male 81 (62.31%) 74 (91.36%) 107.29g/L
Female 49 (37.69%) 47 (95.92%) 107.45g/L

Age 5-9 50 (38.46%) 48 (96%) 107.28g/L
10-14 45 (34.62%) 41 (91.11%) 107.98g/L
15-19 26 (20%) 24 (92.31%) 110.29g/L
20-24 9 (6.92%) 8 (88.89%) 104.65g/L
Total 130 (26%) 121 (93.08%) 107.36g/L

Among the intestinal helminths, S. mansoni was Overall  Anemia  Conditions  among  Study Subjects:
identified to be the most prevalent accounting to 8% and The overall prevalence of anemia in the schoolchildren
is not affected by sex of the children (x = 0.53, p>0.05). was 75.8% and it was not affected by sex (x = 0, p>0.05).2

However, the prevalence of S. mansoni was high (4.2%) On the other hand, higher prevalence was found in the
in children aged 10-14 years (x = 8.63, p<0.05) (Table 2). age group 10-14  years  (32.6%) (x =  15.36,  p<0.05)2

Plasmodium Parasites Infections: The prevalence of
Plasmodium  was  59(11.8%)  (P. falciparum=1.8%  and
P. vivax=10%) in the children examined. Sex had effect on
infection prevalence of Plasmodium with higher (8.6%)
occurrence in males (x = 18.93, p<0.05) and this was seen2

in  children  aged  15-19  years.  However,  it was very low
in   children    aged   20-24   years  (x =  24.23,  p<0.05).2

The prevalence of P. falciparum was very low when
compared with P. vivax (Table 3).

Plasmodium-intestinal Helminthes Co-infection: In the
current study   only   co-infection   of  Plasmodium  and
S.  mansoni   that   accounts   to   1%   was   recorded.
High co-infection was seen among female though not
significant  (x = 1.58,  p>0.05)  and 0.6%  of  them  were2

co-infected with P. falciparum and S. mansoni (Table 4).

2

2

(Table 5).

Anemia among Infected Children: From all parasites
infected children, 93.08% of them were anemic which
shows anemia is widely  prevalent  among infected
children (x = 28.58, p<0.05) with  mean  Hb concentration2

of 107.36g/L.  In  contrast  to  this, the prevalence of
anemia among  uninfected  children  was calculated to be
far lower (69.73%). Anemia prevalence among infected
children was almost the same in both sexes (x = 0, p>0.05)2

and high in 5-9 age group (92.31%) (x = 15.36, p<0.05)2

(Table 6).
Among all Plasmodium and S. mansoni infected

children, 96.61% and 95% of them were anemic
respectively  and  this  condition  is less  among  H. nana
and  A.  lumbricoides  infected   children  as  shown  on
fig. 1.
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Table 7: The means Hb concentration for co-infection with regard to sex and age
Mean Hb of P. falciparum-S. mansoni (g/L) Mean Hb of P.   vivax- S. mansoni (g/L)

Sex Male 100g/L -
Female 102.5g/L 105g/L
Total 101.25g/L 105g/L

Age 5-9 100g/L 105g/L
10-14 105g/L 105g/L
15-19 - -
20-24 100g/L -

Fig 1: Major parasitic infections with regard to anemia expressed in Hb concentration level 
Key: S. m=S. mansoni, H. n=H. nana, A. l=A. lumbricoides, Pl=Plasmodium

Anemia  among  Co-infected  Children:   In  this  study, 5-9 years old that followed by age group 15-19 for infected
all Plasmodium parasites and S. mansoni co-infected children might be due to the high prevalence of
schoolchildren were anemic. The  mean Hb level for the helminthes infections in 5-9 age group and high
co-infection was 103g/L which is less than that of all prevalence  of  Plasmodium  parasite infections  among
single infections and anemia condition among both sex 15-19 age groups.  This  agrees  with findings of
and age groups was almost the same. The mean Hb Ezeamama et al. [25] and Imam [26].
concentration value shows the lesser for P. falciparum-S. The prevalence of anemia among S. mansoni
mansoni co-infected children (Table 7). infected schoolchildren was 95% which is high when

DISCUSSION infections. In agreement to Ezeamama et al. [25] and Tan

The overall prevalence of anemia among the study anemia due to blood loss in the stool as emerging eggs of
subject was 75.8% which  was significantly higher than S. mansoni rapture intestinal lining. In the current study
the prevalence estimated for global schoolchildren H. nana and A. lumbricoides infected children were
(25.4%) [20]. It is also higher than the prevalence (47.2%) observed to have anemia. Similar finding was reported by
among children of northern Ethiopia [21]. In this study Ulukanligil and Seyrek [29]. But, the mean Hb value for
both plasmodium and intestinal helminthes were both infections was very close to the thresh hold value
identified to contribute to this high anemic condition. (113.56g/L and 115.36g/L respectively). This suggests that
From all infected children, 93.08% of them were anemic H. nana and A.  lumbricoides  infections contribute little
which shows anemia prevalence is high among infected to anemia causation.
children  with  mean  Hb  concentration  of  107.36g/L. In the current study almost all schoolchildren with
This shows that the high prevalence of anemia among Plasmodium parasites infection developed anemia. Similar
infected children was due to parasitic blood loss and findings were reported elsewhere [26, 30]. This shows that
blockage of iron absorption in the intestine [11, 22]. anemia is more prevalent in Plasmodium infected children

The current study showed that the prevalence of than helminthes infected ones. This is due to the
anemia was almost similar among sexes. This difference rupturing of red blood cells and suppression of the
might be due to the high prevalence of parasitic infections production of new red blood cells by the parasites [31].
among males and due to other reasons for uninfected Stimulation of the activity of macrophages in the spleen
ones. The peak prevalence  of  anemia  among age group by  the  Plasmodium  which then destroy both parasitized

compared with that of other intestinal helminthes

and Ahana [28], S. mansoni has a direct relationship with
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