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Abstract: Anaemia and organomegaly are among the health problems affecting schoolchildren in
Tanzania and their causes are multifactorial. The objective of this study was to determine the
prevalence of anaemia and organomegaly and their relationship with single and multiple parasitic
infections among schoolchildren in Sengerema District in north-west Tanzania. This cross sectional
study involved 400 schoolchildren. Anaemia and organomegaly were determined using HemoCue
photometer and clinical palpation, respectively. A Kato-Katz technique was employed to screen faecal
samples for Schistosoma mansoni and other intestinal helminths. Giemsa stained thick and thin blood
smears were examined for malaria parasites. The prevalence of anaemia was 19.5% (<11g/dl) and
majority of the children had mild (22.8%) to moderate (36.6%) anaemia. Organomegaly (palpable
spleen and liver) was detected in 41% of the children and hepatomegaly was the most common
(53.7%). The prevalence of S. mansoni, hookworm and P. falciparum were 64.3%, 38% and 13.5%
respectively. No significant relationship was observed between single and multiple parasitic
infections with anaemia and organomegaly. Logistic regression analysis revealed that increased
infections intensity of S. mansoni was significantly associated with an increased likelihood of
hookworm concomitant infections (P<0.002). In conclusion, the data confirm that malaria, intestinal
schistosomiasis and hookworm are common among school children but are not associated with
anaemia and organomegaly. Further longitudinal studies are recommended to establish any such
association. The prevalence of parasitic co-infections among schoolchildren calls for an integrated
control approach to reduce the burden of these infections.
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Introduction

Anaemia is one of the most widespread and common health conditions worldwide. It is
estimated to affects 20 - 50% of the world’s population (Saloojee & Pettifor, 2001) and is
common among children because of nutrition deficiencies, parasitic infections and
haemoglobinopathies (Koukounari et al., 2008). Anaemia is estimated to contribute about
23% of nutrition-related disability-adjusted life years (WHO, 2002). In school age children,
anaemia is associated with impairments in physical growth, cognition and school
performance (Grantham-McGregor & Ani, 2001; Koukounari et al., 2008). In the tropics,
parasitic infections such as hookworm, schistosomiasis and malaria are predictors for
anaemia (Adam et al., 2005; Koukounari et al., 2008; Mahgoub et al., 2009; Bouyou-Akotet et
al., 2009). The contribution of single parasitic infections on the risk of anaemia in
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schoolchildren is well known, with risk correlated with infection intensity (Stephenson et al.,
1985; Friedman et al, 2005). However, little is known about the impact of multiple parasitic
infections on anaemia in schoolchildren. The available evidence suggests that co-infections
of P. falciparum and hookworm are associated with lower haemoglobin than single infections
in pre-schoolchildren (Brooker et al., 1999).

Organomegaly is also a common morbidity observed in African schoolchildren and
their causes are multifactorial. The contributions of parasitic infections on organ pathology
among schoolchildren and adult individuals from various epidemiological settings are well
documented (Greenwood, 1987; Fulford et al., 1991; Booth et al., 2004; Malenganisho et al.,
2008). Among the manifestations of the high infection intensities of S. mansoni in
schoolchildren and adult individuals are hepatomegaly and splenomegaly (Vennervald &
Dunne, 2004; Booth et al., 2004; Malenganisho et al., 2008). Chronic exposure to malaria also
causes overlapping physical signs of hepatomegaly or splenomegaly in school-aged children
(Greenwood, 1987; Booth et al., 2004). Studies have reported the synergistic effects of
plasmodia and schistosomes co-infection on the organ pathology but most of the results are
not conclusive (Fulford et al., 1991; Mwatha et al., 2003; Booth ef al., 2004; Vennervald ef al.,
2005).

In Tanzania, anaemia, organomegaly and parasitic infections have been reported to
be common among schoolchildren (Lwambo et al., 1999, 2000; Mboera et al., 2007), but
studies on the contributions of single or multiple parasitic infections on these morbidities are
limited. Understanding the contributions of single or multiple parasitic infections on
anaemia and organomegaly in schoolchildren, will serve in designing better integrated
approaches for disease management. The present study was therefore, conducted to
determine the prevalence of anaemia, organomegaly and to relate these morbidities with
single and multiple parasitic infections among schoolchildren (aged 8-16 years) in
Sengerema District in northwest Tanzania. In addition, the associations between different
infection intensities of hookworm and S. mansoni were also determined.

Material and methods

Study area and population

The cross sectional study was carried out in Nyamatongo Ward, Sengerema district,
northwest Tanzania from March to May 2009. The Ward is located on the eastern part of the
district and it borders Lake Victoria to the north and east. The area experiences a long rainy
season between February-May and short rainy season from September-December. The area
receives an annual precipitation of 930-1,200mm the mean maximum temperature ranges
from 25°C-28°C (September-December) and the mean low temperatures ranges from 11°C-
20°C (June-August). The inland area contains a number of small seasonal rivers. The main
occupations of the residents of the Ward include crop production (rice and vegetables),
fishing and livestock keeping.

The study involved schoolchildren attending four primary schools namely,
Nyalwambu, Karumo, Kamanga and Irunda. All the schools were at a distance of 05-1.5km
from the Lake Victoria shore. The inclusion criteria for the study subject were as follows:
children age ranged between 8-16 years who provided written informed assent from their
parents or guardians, and who were permanently living in the study area. On the other
hand, children were excluded if they didn’t meet the stated inclusion criteria. A Simple
Random Sampling method was used to select children to participate in the study. Using the



class attendance register, each child was given a number and selection of the children to
participate in the study was achieved by using tables of random numbers.

Parasitological and morbidity survey

A single stool sample was collected from each child in labelled containers and processed
using duplicate Kato-Katz thick smears (Katz et al., 1972). The intensity of infection was
estimated indirectly by counting the number of eggs per gram of faeces (epg). The smears
were examined within 30-60 minutes for hookworm characteristics eggs and examined the
following day for Schistosoma mansoni, Ascaris lumbricoides and Trichuris trichiura.

A finger-prick sample of blood (about 100ul) was collected from each child
submitted faecal sample and used to measures venous haemoglobin (Hb), in a HemoCue
photometer (HemoCue, Angelholm, Sweden) (von Schenck et al. 1986) and both thick and
thin Giemsa stained blood smears were prepared for malaria parasites identification and
quantification, respectively (Cheesbrough, 1998). All children who provided blood and
faecal samples were also examined clinically by palpation by two qualified physicians for
enlarged livers and spleens in supine position (Vennervald et al., 2004). Liver and spleen
were considered enlarged, if they were palpable >2 cm below the costal line and the clinical
findings were classified into (i) No organomegaly; (ii) soft organomegaly (liver/spleen); (iii)
firm/hard  splenomegaly; (iv) firm/hard hepatomegaly; and (v) firm/hard
hepatosplenomegaly.

Ethical consideration

The study was conduct using protocol approved by the Publications and Research
Committee (certificate no. BREC/001/03/2009) of the Weill-Bugando University College of
Health Sciences and Bugando Medical Centre, Mwanza, Tanzania. All children found
positive for hookworm and S. mansoni infections were treated with mebendazole 500mg and
praziquantel 40mg/kg (WHO, 2005). Individuals found positive for malaria were referred to
the nearby health centres, where they were given artemisin-based combination therapy
(ACT) on an outpatient basis. Anaemic children received ferrous sulphate tablets
(hematinics, Shelys Pharmaceuticals Ltd, Tanzania).

Data analysis
Data from each school child were recorded into the questionnaire and thereafter entered
twice in database created in MS Access for validation and then analyzed using SPSS for
window version 11.5 (SPSS Inc, Chicago, IL, USA). Arithmetic mean egg counts from two
Kato-Katz thick smears were calculated for S. mansoni and hookworm. Infections intensity of
S. mansoni and hookworm were classified according to WHO criteria (WHO, 1991, WHO,
2005). Plasmodium falciparum infection intensities were stratified into four categories: 1-50, 51-
500, 501-5000 and > 5000 parasites/uL of blood.

The prevalence of anaemia and organomegaly were stratified by age groups (<10, 11-
13 and 14-16 years), gender and compared using Pearson x2 analysis. Children with anaemia
and organomegaly were also grouped according to infections intensities of S. mansoni,
hookworm, P. falciparum and compared between sex and age. The associations between
anaemia and organomegaly with parasitic infections were analyzed using Pearson x2.
Children found to have <11g/dL were considered anaemic, with Hb concentrations of
<7g/dL, 7.0-9.9g/dL, 10.0-10.9g/dL and >11g/dL indicating severe anaemia, mild, moderate



and normal (WHO, 2001). Logistic regression and x2-test for trend were done to investigate
whether there was any association between hookworm and S. mansoni infection intensity.

Results

Prevalence of parasitic infections

A total of 400 schoolchildren were involved in the study. There were more girls (n=204) than
boys (n=196). The mean age of the children was 12.2 years, with a range between 8-16 years
and 52.5% (n=210) of them were aged between 11-13 years. Of 400 children, 218/400 was
infected with at least one parasite species. S. mansoni was more prevalent (64.3%) than P.
falciparum (13.5%) and hookworm (38%). T. trichiura and A. lumbricoides were absent. The
overall prevalence of double and triple parasitic infection was 26.5% and 2.8%, respectively.

Prevalence of anaemia

The mean haemoglobin (Hb) of the schoolchildren was 12.1g/dL (range 7.1-16.7/dL). The
mean Hb in males and females was 12.1 + 0.543g/dL and 12.9 + 0.624g/dL, respectively and
the difference was significant (x>= 14.485, P<0.006). About 20% (n= 79/400) of the
schoolchildren were anaemic (<11g/dL) and 50.6% (40/79) of the anaemic children were in
the age group 11-13 years (Table 1). Importantly, 22.8% and 38.6% of the children had mild
and moderate anaemia, respectively (Table 1).

Table 1: Prevalence of anaemia (%) among schoolchildren by age and sex

Variable Mild Moderate Normal X2 P-value
7.0-9.9g/dL  10.0 - 10.9g/dL =11g/dL
Sex
Female 13 (6.4%) 22 (10.8%) 169 (82.8%) 14.49 0.006
Male 17 (8.7%) 27 (13.8%) 152 (77.6%)
Age (years)
<10 8(9.6%) 14 (16.9%) 61(73.5%) 3.60 0.462
11-13 16(7.6%) 24(11.4%) 170(80.9%)
14-17 6 (5.6%) 11(10.3%) 90 (84.1%)

Anaemia in relation to parasitic infections

Of all 54 children diagnosed with P. falciparum, only 3.7% (n=2/54), were anaemic (<11g/dl)
with only 1 child having a parasitaemia of < 5,000 parasites/uL. Two children had
parasitaemia of <5,000 parasites/uL and were not anaemic. However, no relationship was
observed between intensity of P. falciparum infection and mean haemoglobin levels of the
infected children (x>= 5.834, P< 0.67). On the other hand, of the 257 children infected with S.
mansoni, 12.5% (n=32/257) were anaemic (<11g/dl) and majority of the anaemic individuals
had light to moderate egg intensity. About 87.5% (n=203) of the children with S. mansoni
infection were not anaemic. There was no relationship between the mean haemoglobin level
and intensity of S. mansoni infection.

Of 152 children infected with hookworms, 9.2% (n=14/152) were anaemic. Two
individuals had heavy infection intensity (= 4,000 eggs/g faeces) and were anaemic. The
mean haemoglobin concentration of the children with hookworm infection was observed to
decrease with increase in egg intensity, children with > 4,000epg had, on average mean Hb



<11g/dl. There was no associations between hookworm infection intensity and anaemia or
haemoglobin concentration (x?= 1.405, P< 0.704).

A total of 106 (26.5%) of the children had parasitic co-infections and 20% (n=21/106)
of them were anaemic. About 14.2% were co-infected with S. mansoni + hookworm, 4.7%
with S. mansoni + P. falciparum and 0.9% with hookworm + P. falciparum. About 77%
(n=82/106) of the children had dual parasitic infection and were not anaemic. Only 2 out of
11 children with triple infections (S. mansoni + hookworm + P. falciparum) were anaemic
(<11g/dl). In either case, no relationship was observed between double or triple parasitic
infections with anaemia or mean haemoglobin.

Prevalence of organomegaly

In general, 41% (164/400) of the children had organomegaly. The prevalence of
hepatomegaly, splenomegaly and hepatosplenomegaly was 53.7% (88/164), 28% (46/164) and
18.3% (30/154) respectively (Table 2). The prevalence of hepatomegaly and splenomegaly
was higher in male than in females and the sex-related difference was significant (P<0.008).
Significantly more males (11.2%) than females (3.9%) had hepatosplenomegaly (x?=7.685, P<
0.006) (Table 2). Overall, children 11-13 years old had a higher prevalence of splenomegaly,
hepatomegaly and hepatosplenomegaly (Table 3). When compared with other age groups,
no significance difference was observed (x>=1.637, P< 0.373).

Table 2: Frequency of organomegaly among schoolchildren in Nyamatongo ward by sex

Variable Female (N=204) Male (N=196) X2 P-value
Hepatomegaly 36 (17.7%) 52 (26.5%) 4.597 <0.032
Splenomegaly 15 (7.4%) 31 (15.8%) 7.035 <0.008
Hepatosplenomegaly 8 (3.9%) 22 (11.2%) 7.685 <0.006
Total organomegaly 59 (29%) 105 (53.5%) 19.317 <0.046

Organomegaly in relation to parasitic infections

Of the 54 children infected with P. falciparum, 16.6% (9/54), 7.4% (4/54) and 5.6% (3/54) had
hepatomegaly, splenomegaly and hepatosplenomegaly, respectively. No significant
relationship was observed between intensity of P. falciparum infections and either of the
organomegaly (x?>= 4.85, P<0.73). Of 257 children with S. mansoni eggs in their stool samples,
23% (59/257), 9.3% (25/257) and 6.2% (16/257) had hepatomegaly, splenomegaly and
hepatosplenomegaly, respectively. However, no significant association was observed
between S. mansoni infections intensity and organomegaly (x?=4.05, P<0.39). Children having
single infections of hookworm were also having organomegaly. About, 23.7% (36/152),
13.8% (21/152) and 11% (11/152) of the children with hookworm infections had
hepatomegaly, splenomegaly, and hepatosplenomegaly.

Table 3: Prevalence of hepatomegaly, splenomegaly and hepatosplenomegaly among
schoolchildren

Variable Age group X2 P-value
Overall (95%CI) <10 11-13 14- 16

Hepatomegaly 22 (17.4-26.1) 9 21 16 1.753 0.416

Splenomegaly 11.5 (8.4-14.6) 14 52 22 2.337 0.311

Hepatosplenomegaly 7.5(4.92-10.1) 5 16 9 0.822 0.393

Total organomegaly 40.5 28 89 47 4.912 1.12




Children co-infected with S. mansoni and hookworm had higher prevalence of hepatomegaly
(16%) as compared to children co-infected with S. mansoni and P. falciparum (3.8%) (P<0.003).
Only 2 children were co-infected with 3 parasites (S. mansoni + P. falciparum + Hookworm)
had hepatomegaly and the rest had hepatosplenomegaly or splenomegaly (Table 4). No
significant associations were observed between parasites co-infections and organomegaly
(x>=0.07, P<0.8).

Anaemia and organomegaly in relation to parasitic infections

About 19% (6/32), 3.1% (1/32) and 13% (4/32) of the anaemic children infected with S.
mansoni had hepatomegaly, splenomegaly, and hepatosplenomegaly. Of the anaemic
children infected with hookworm, 21% (3/14), 7.1% (1/14) and 7.1% (1/14) had
hepatomegaly, splenomegaly and hepatosplenomegaly, respectively. None of the anaemic
children infected with P. falciparum had any type of organomegaly. Only 1 child among
those co-infected with S. mansoni and P. falciparum (1/4) had hepatomegaly. Only one among
the anaemic children was found with an enlarged spleen without any of the three parasitic
infections. Organomegaly was not observed in 6 (40%) of 15 anaemic children infected with
both S. mansoni + hookworm. Similarly, organomegaly was not observed among 3 of the 4
children co-infected with S. mansoni + P. falciparum. All children co-infected with hookworm
+ P. falciparum had no organomegaly.

Table 4: Number (%) of children with organomegaly co-infected with two or three parasites

Variable Sm+Hk Sm+P.f Pf+Hk Sm+P{+Hk
Splenomegaly 10 (9.4) 1 (0.9 1 (0.9) 1 9.1)
Hepatomegaly 17 (16) 4 (3.8 1 (0.9 2 (18)
Hepatosplenomegaly 4 (3.8 1 (0.9 0 (0 1 9.1)
Total 31 (29.2) 6 (5.6) 2 (1.8) 4 (36.4)

Key: Sm = S. mansoni, Hk= Hookworm, Pf= P. falciparum)

Relationship between hookworm infections and infection intensities of S. mansoni

Increase in S. mansoni infection intensity was strongly associated with the likelihood of
concomitant infections with hookworm (P< 0.002). Thus, children with moderate (101-
400epg) and heavy (>400epg) S. mansoni infection intensities were likely to be infected with
hookworm. High odd ratios (OR) were observed when the number of hookworm infections
was compared between S. mansoni-negative individuals and those with either a moderate
(OR =2.12, (95%CI, 1.13-3.99), P<0.002) or a heavy S. mansoni infection intensities (OR= 2.18,
(95%CI, 1.22-3.90), P<0.01).

Table 5: Number of schoolchildren with or without hookworm infections in relation to different
infection intensities of S. mansoni

Hookworm
S. mansoni infections status Positive Negative Oddratio  95% CI P-value
Negative (0 epg) 64 79 1
Light infection (1-100epg) 41 52 1.17 0.60 -2.32 0.639
Moderate infection (101-400epg) 24 55 2.12 1.13-3.99 0.02

Heavy infection > 400 epg 23 62 2.18 1.22-3.90 0.01




Discussion

The present study demonstrated that anaemia is still a problem among schoolchildren in
Tanzania (Partnership for Child Development, 1998; Lwambo et al., 2000, Mboera et al.,
2007). The prevalence of anaemia observed in our study was lower that in a neighbouring
district of Magu district (62.6%) (Lwambo et al., 2000) and other places in Tanzania (Tatala et
al., 2008). One explanation for this difference could be variations in nutrition status or risks
factors for anaemia.

Hookworm, schistosomiasis and malaria are major causes of anaemia (Sturrock et al.,
1966; Olsen et al., 1998; Tatala et al., 2008, Koukounari et al., 2008) with hookworm
accounting for up to 35%-73% of the iron-deficiency anaemia in Africa (Stoltzfus et al., 1997).
In this study, the mean Hb levels were observed to decrease with increase in hookworm egg
intensity. A similar observation was reported by Olsen et al., (1998) in Western Kenya.
However, no association was observed between hookworm infection and anaemia in this
study. The lack of association is probably due to the relatively low intensity of hookworm
infection in the study population. In the present study, anaemic children were infected with
S. mansoni. Unlike in our study where no relationship was observed between mean Hb and
intensity of S. mansoni infection, in Uganda children heavily infected with S. mansoni were
found to have significantly lower Hb counts compared with those not infected (Koukounari
et al., 2006). The infection intensities in the present study area were probably too low to have
a significant effect on haemoglobin and hence anaemia.

In this study, anaemic children were infected with P. falciparum. Malaria infection
contributes to reduced haemoglobin concentrations through a number of mechanisms
(Philips & Pasvol, 1992). In the present study, no correlations were observed between mean
haemoglobin and P. falciparum parasitaemia. A similar observation has been reported among
schoolchildren in Zanzibar (Stoltzfus et al., 1997) where it was suggested that asymptomatic
malarial infection did not influence Hb. Alternative explanation for this could be that, in
endemic areas, children suffer from several malaria attacks which may decrease their Hb to
low levels, but the time interval between one malaria episode and another is sufficient to
restore Hb values, resulting in a lack of fluctuation in response to parasitaemia.

Although co-infections of P. falciparum, S. mansoni and hookworms have been
described to enhance the severity of anaemia because of the distinct mechanisms with which
each parasite causes anaemia (Mwangi et al., 2006), in our study multiple parasitic infections
were not associated with anaemia. In the present study, only few children had triple
infection and in any case anaemia levels were mild to moderate. In contrary, Sturrock (1996)
reported associations of hookworm and malaria with hypochromic anaemia from a number
of studies in East Africa.

Our findings on organomegaly indicate that, male individuals had higher prevalence
of hepatomegaly and splenomegaly than females and the age group 11-13 years having
higher prevalence of hepatomegaly. A similar observation has been reported from Makueni
district, Kenya (Vennervald & Dunne, 2004). Schistosoma mansoni and malaria are major
cause of organomegaly in African children (Vennervald et al., 2004; Grobusch & Kremsner,
2005). Thus, it is possible therefore that co-infection with Schistosoma and Plasmodium species
may have synergistic effects on organ pathology. However, in the present study, no direct
correlation was observed between hepatomegaly, splenomegaly or hepatosplenomegaly
with infection intensities in the case of S. mansoni, P. falciparum or co-infections. Similar
findings have been reported in Kenya (Wilson et al., 2007).



In our study, anaemic children infected with S. mansoni, hookworm and P. falciparum
were also observed to have hepatomegaly, splenomegaly and hepatosplenomegaly.
Splenomegaly is known to be associated with anaemia, possibly because of sequestration of
red blood cells in the spleen which reduces the effective circulating mass of red blood cells
(Kloos et al., 1997). However, no correlation was observed between splenomegaly and
anaemia in the present study.

Organomegaly was also detected in children without S. mansoni or P. falciparum
infections. Likewise, anaemia was observed in children with no any of the two parasitic
infections, suggesting that, there may be other causes of anaemia in the study area like
elsewhere in Sub-Saharan Africa (Sturrock et al., 1996; Olsen et al., 1998, Lwambo et al., 2000).

In this study, we found association between S. mansoni and hookworm infections
intensities. Children with an increasing infection intensity of S. mansoni were more likely to
be concurrently infected with hookworms. This observation was not unusual, similar
findings have been reported in Cote d’Ivoire (Keiser et al., 2002), but in contrast to studies
from Mali and Tanzania (De Clearq et al., 1995; Booth et al., 1998). Variations in suitable
conditions for transmissions of schistosomes and hookworm could partly explain the
differences observed.

There are a number of limitations in this study. The study did not investigate other
factors associated with anaemia such as other parasitic infections, iron deficiency,
micronutrient deficiencies and haemoglobinopathy. Furthermore, the study used only
clinical palpation method to diagnose organomegaly which was obvious only in children
with obvious signs and missed those with mild signs. Thus, the use of ultrasonography is
important. Further investigation within risk groups and longitudinal studies are needed to
determine the role of multiple parasitic infections and other pre-disposing factors in the
development and outcomes of anaemia and organomegaly.

In conclusion, the results of significant associations of S. mansoni and hookworm
infection intensities stress the importance of considering the joint impact of multiple-species
when addressing the health of schoolchildren. This may aid in designing appropriate
managements strategies for the control of these significant public health problems.
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