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Abstract. Intestinal parasitic infections (IPIs) are a significant public health problem in sub-
Saharan Africa (SSA) and Rwanda is not spared. While eradication programs towards preschool-
aged and school-aged children are undertaken, important gaps regarding IPIs among students
attending tertiary learning institutions remain. The aim of this study was to determine the
prevalence of IPIs and associated risk factors among Kigali Institute of Education (KIE)
students who attended its medical clinic for stool examination. A cross-sectional study was
carried out during the 2010 academic year, from February to July. Fresh stool samples were
collected from 109 students chosen randomly and were examined for the presence of eggs,
cysts and parasites using direct saline smear under light microscopy. A questionnaire was
also used to assess water consumption habits, eating and living places. More than half
(50.5%) of the stools examined were infected with an intestinal parasite. Among the infected
students, prevalence of Entamoeba histolytica was 54.5%, Trichomonas intestinalis and
Ascaris lumbricoides were 20.0%, Giardia duodenalis was 3.6% and Ancylostoma duodenale

was 1.8%. The prevalence of IPIs was strongly associated with drinking any kind of water
(p<0.001) and eating outside of the KIE cafeteria (p<0.001) and significantly related to living
outside of the KIE campus (p=0.026). The study showed that IPIs of public health relevance
are prevalent among students attending tertiary schools. The importance of living and eating
in hygienic environments as well as drinking safe water is crucial and all efforts need to be
sustained.

INTRODUCTION

Intestinal parasitic infections (IPIs) are
amongst the most common infections
worldwide (WHO, 2012). Caused by
helminths and protozoans, they are a major
concern, mostly in developing countries,
particularly in sub-Saharan Africa (SSA)
(Harhay et al., 2010). Every year, millions of
disability-adjusted life years (DALYs) are lost
and as a consequence, they represent a
persistent burden on social and economic
development (WHO, 2002; Hotez & Kamath,
2009; Jia et al., 2012). Moreover, apart from
causing morbidity and mortality, IPIs pose a

serious threat, mainly to schoolchildren as
they have been associated to delayed
intellectual development and cognition, low
educational performance and low school
attendance (Nokes et al., 1991; Nokes et al.,
1992; Nokes & Bundy, 1994).

Among IPIs, the global burden of soil-
transmitted helminths (STH) is horrendous.
According to WHO (2002), an estimate of 3.5
billion people are infected worldwide. Among
them, Ascaris lumbricoides and Hookworms,
such as Ancylostoma duodenale, are
estimated to infect more than a billion people
with a high number of people in SSA (Brooker
et al., 2006; Hotez & Kamath, 2009).



719

Regarding the morbidity and mortality
scale of IPIs caused by protozoans, the
portrait is as scabrous. Indeed, Entamoeba

histolytica, the causative agent of
amoebiasis, is estimated to infect 40–50
million people and to kills up to 100 000
people each year, thus ranking as the second
deadliest parasitic infections worldwide
second only to malaria (WHO, 1997; Stanley,
2003; Harhay et al., 2010). Concurrently,
Giardia duodenalis (syn. Giardia

intestinalis, Gardia lamblia), causing
giardiasis, is the most prevalent protozoan
parasite worldwide with about 200 million
people being currently infected, and East
Africa is considered to be among the most
endemic regions (Ignatius et al., 2012).

High prevalence of these intestinal
parasites is intimately related to low
education, poverty, poor environmental
conditions, overcrowding, limited access to
clean water and improper faecal disposal
(Bethony et al., 2006; Ziegelbauer et al.,
2012). But among the people facing those
conditions, children are the first victims
(Harhay et al., 2010).

In Rwanda six species of intestinal
helminths with an overall prevalence of
65.8% have been identified among
schoolchildren 10-16 years old from 136
primary schools in 2008. The predominant
parasite were A. lumbricoides observed in
38.6% of children, followed by A. duodenale

in 31.6% of the children (Mupfasoni et al.,
2008). Another study performed in 2010
among children under five years of age
revealed that 20% and 60.1% of them were
infected by G. duodenalis using the
microscopic or the PCR method respectively
(Ignatius et al., 2012).

To overcome the burden of the disease,
control measures such as the introduction of
preventive chemotherapy aimed at at-risk
populations of preschool-aged and school-
aged children have been initiated in many
targeted countries, including Rwanda (WHO,
2012). Targeting the STHs, the Rwandan
Ministry of Health in collaboration with its
health sector development partners launched
a Mass Drug Administration (MDA) program
of anthelminthic in 2008 (MOH & Access
Project, 2010).

While many studies and initiatives have
been done in regard to children less than five
years old and to students attending primary
and secondary institutions, little is known
about students attending tertiary institutions.
Therefore, it is in this aim that this study was
undertaken, in order to assess the main
intestinal parasites infecting students
attending a tertiary institution, the Kigali
Institute of Education (KIE) and the
associated risk factors.

MATERIALS AND METHODS

Study area and population

This cross-sectional study was conducted
at Kigali Institute of Education (KIE) from
February to July 2010. KIE is an institution of
higher education producing professional
qualified teachers. The institution hosts a
medical clinic attended by its students and
staff. It offers a variety of laboratory tests,
such as stool, urine and serology testing. More
specialized tests are referred to the district
hospital. KIE institution is situated in Kigali
city, in Gasabo district, Rwanda. Rwanda is
part of the East African Community (EAC)
and is bordered by Burundi, the Democratic
Republic of the Congo, Tanzania and Uganda.
It is one of the smallest countries of Africa,
but supports the densest population of the
continent.

One hundred nine students enrolled in the
institution who attended its medical clinic
and whose stool was referred for examination
were chosen randomly. They were invited to
participate voluntarily after explanation of
the objectives of the study was provided and
oral informed consent obtained.

Stool sample collection and examination

A total of 109 stool samples were collected
for laboratory examination. Students were
supplied with appropriate plastic containers
and fresh stools were collected by students.
After stool collection, the samples were
transported to be processed in the laboratory
of KIE medical clinic. First, physical
examination of stool samples was carried out
to assess for the following features: watery
or bloody diarrhoea and mucous in stool
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sample. Then, 10% stool suspension in
physiological saline was mounted on
microscopic slide and examined under light
microscopy (NRL, 2011). Direct microscopic
examination for ova, cysts and parasites was
carried out by the experienced medical
laboratory technician and diagnosis was
made on the basis of morphology and size.

Questionnaire

A questionnaire was distributed to each
student whose stool sample was examined
which included information about the type of
water he/she used to consume and whether
or not the student lived and ate on the KIE
campus.

Statistical analysis

The data were analysed using Microsoft
Excel 2007 Software and descriptive
statistics were presented as counts and
percentages. All data derived from
questionnaires were entered and analysed
using GraphPad Software. Chi-square tests
and Fisher’s exact test were used to assess
the significance of the observed associations
and a significant level of 0.05 was adopted
for all tests.

Ethical considerations

This study was approved by the institutional
review board committee of KIE Faculty of
Sciences. Informed verbal consent was
obtained from the students prior to enrolment.

RESULTS

A total of 109 students attending the KIE
medical clinic for stool examination were
investigated. Results show in Table 1 that the
majority of the students 86 (78.9%) had watery
stools including 46 (42.2%) who had also
mucus in their stools, five (4.6%) who had also
blood and nine (8.3%) who had both mucus
and blood in their stools.  Only about one-fifth
23 (21.1%) of the students had consistent
stools.

Overall, 55 of the students out of 109
(50.5%) were found to be infected by an
intestinal parasite and none of the students
were found to be infected by more than one
parasite species. Among them, three species
of intestinal protozoans (E. histolytica, G.

duodenalis and Trichomonas intestinalis)
and two species of STH (A. duodenale and A.

lumbricoides) were observed as shown in
Table 2. Also, the proportion of protozoan
infections was higher compared to helminth
infections by about 3.58 times; among the
infected students, 43 (78.2%) were infected
by intestinal protozoans and 12 (21.8%) were
infected by STH. Among the intestinal
protozoans, the predominant species
identified were E. histolytica which was
observed in 30 (54.6%) of the infected
students followed by T. intestinalis and G.

duodenalis observed in 11 (20.0%) and in two
(3.6%) of the infected students respectively.
Among the STH species, A. lumbricoides

Table 1. Aspect of stool samples among KIE students attending the institution
medical clinic

Aspect of stools Number (n=109) Prevalence (%)

Consistent 23 21.1

Watery 86 78.9
Watery only 26 23.8
Watery + mucus 46 42.2
Watery + blood 5 4.6
Watery + mucus + blood 9 8.3
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was the most prevalent identified in 11
(20.0%) of the infected students followed by
Ancylostoma duodenale observed in one
(1.8%) of the infected students.

Demographic and associated risk factors
were assessed and are shown in Table 3.
Overall, 58 students (53.2%) reported that they
were always drinking boiled water, 64 (58.7%)
reported to eat on the school compound at
the KIE cafeteria and 60 (55.0%) of the
students reported to live on the KIE campus.

Interestingly, our results showed that
the rate of IPIs among students, who didn’t
always drink boiled water, who ate outside of
the KIE cafeteria and who didn’t live on KIE
campus, were 2.44, 1.62 and 1.29 times higher
respectively than among those who did. The

results confirmed that the prevalence of IPIs
among KIE students was strongly associated
with drinking any kind of water (p<0.001) and
eating outside of KIE cafeteria (p<0.001) and
was significantly related to living outside of
KIE campus (p=0.026).

DISCUSSION

The results of the present study showed that
78.9% of the students who seek medical care
in KIE medical clinic had abnormal stools
aspect. Indeed, watery stools, bloody diarrhea
and mucus in stools are common features
observed among people infected by IPIs, but
not restricted to it (Parry et al., 2004).

Table 2. Prevalence of IPIs among infected KIE students attending the institution
medical clinic

Intestinal parasitic infection Number infected (n=55) Prevalence (%)

Protozoans 43 78.2
Entamoeba histolytica 30 54.6
Giardia duodenalis 2 3.6
Trichomonas intestinalis 11 20.0

Helminths 12 21.8
Ancylostoma duodenale 1 1.8
Ascaris lumbricoides 11 20.0

Polyparasitism 0 0.0

Table 3. Risk factors associated to IPIs among KIE students attending the institution medical clinic

Intestinal parasitic infection 

Positive Negative Total χ2 P–Value
(n=55) (n=54) (n=109)

n (%) n (%) n (%)

Water consumed
Always boiled 16 (27.6) 42 (72.4) 58 (53.2) 24.024 < 0.001
Any water found 39 (76.5) 12 (23.5) 51 (46.8)

Eating place
KIE cafeteria 21 (32.8) 43 (67.2) 64 (58.7) 17.638 < 0.001
Outside KIE cafeteria 34 (75.6) 11(24.4) 45 (41.3)

Living place
KIE campus 24 (40.0) 36 (60.0) 60 (55.0) 4.947 0.026
Outside KIE campus 31 (63.3) 18 (36.7) 49 (45.0)
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Many studies were done among school-
aged children living in SSA and have found
rates of IPIs higher than 20% in many
communities, with prevalence as high as
83.8% in southeast Ethiopia (Legesse & Erko,
2004), 74.7% in Tanzania (Speich et al., 2013),
65.8% in Rwanda (Mupfasoni et al., 2008),
44.0% in Nigeria (Asinobi et al., 2007), 34.2%
in northern Ethiopia (Gelaw et al., 2013),
28.1% in Cameroon (Mbuh et al., 2010) and
27.2% in eastern Ethiopia (Tadesse, 2005).
However, up to now, most of the studies were
carried toward under-aged children.  As the
epidemiology of IPIs among students
attending tertiary institutions is still mostly
unknown, our study aimed to shed new light
on this situation. Similarly, our research have
shown that students attending a tertiary
institution, the KIE, and its medical clinic for
stool examinations, also harbour various
intestinal parasites of public health
importance and a high percentage (50.5%)
of them were found to be infected. Among
the intestinal parasites identified, various
species of intestinal protozoans (E.

histolytica, G. duodenalis and T.

intestinalis) and STH (A. duodenale and
A. lumbricoides) were observed. The
proportion of protozoan infections was more
than 3 times the helminth infections 78.2% vs
21.8%. Even though many studies have found
higher prevalence of intestinal helminth
infections (Mahfou et al., 1997; Legesse &
Erko, 2004; Sinniah et al., 2012; Abera et al.,
2013; Gelaw et al., 2013), our results are
similar to those obtained in Yemen (Alyousefi
et al., 2011) and Nigeria (Asinobi et al., 2007),
where intestinal protozoans were observed
in 88.7% and 77.5% of the subjects with an IPI.

Among the infected students, E.

histolytica was the most common intestinal
parasite and was present in 30 students’ stools
(54.5%), followed by T. intestinalis and
A. lumbricoides, both present in 11 (20%) of
the student’s stools. Similar studies done
among schoolchildren in Ethiopia (Gelaw et

al., 2013) and among students studying in
tertiary institutions in Nigeria (Omorodion
et al., 2012) had also identified E. histolytica

and A. lumbricoides as the main intestinal
parasites. E. histolytica was present in
40.4% and 29.9% of the infected students in

Ethiopian and Nigerian schools respectively,
while A. lumbricoides was found in 26.9%
and 39.6% of the infected students
respectively. Moreover, A.lumbricoides was
also found to be the predominant intestinal
helminth infecting schoolchildren of Rwanda
(Mupfasoni et al., 2008).

Interestingly, T. intestinalis was the
second most prevalent IPI among KIE
students. T. intestinalis has poorly been
described and has not retained much attention
so far. Its pathogenic impact is still unclear,
even though it has previously been identified
in diarrheic stools, in many cases of co-
infections with other intestinal protozoans
and that its prevalence could reach up to
40% of the population in tropical zones
(Chomicz et al., 2009). Also, similar to our
results, a study done among the population of
N’Djamena in Tchad showed that T.

intestinalis was found to be the main
intestinal parasite second to E. histolytica

and ahead of G. duodenalis, with a
prevalence of 11.9% among the infected
subjects enrolled (Hamit et al., 2008).

In the present study, G. duodenalis and
A. duodenale were found to be the less
represented intestinal parasites among
infected students’ stools. G. duodenalis

was identified in two (3.6%) of the infected
students and A. duodenale has been found in
one (1.8%) infected student’ stool. In regard
to G. duodenalis, similar results were also
reported in Ethiopia (6.2%) (Legesse & Erko,
2004) and in Cameroon (0.6%) (Mbuh et al.,
2010). However, both intestinal parasites
presences were less than the prevalence
observed for the southern provinces of
Rwanda reported by Ignatius et al. (2012).
The differences in findings could be
explained by variation in geography, age of
participants and socio-economic conditions.
Indeed, poverty estimation, access to
improved water source and access to
improved sanitation fluctuate across the
country, with a darkest picture in rural areas
(NISR, 2012). Moreover, concerning A.

duodenale, since wearing shoes is an
important factor to lower hookworm infection
rate (Tadesse, 2005), we might therefore
logically presume that students attending KIE
institute are not barefoot and aren’t in contact
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with contaminated soil as often as children
can be.

The most prevalent species observed in
our study are those transmitted by the faecal-
oral route, dirty hands and contaminated
foods and water (Bethony et al., 2006;
Ziegelbauer et al., 2012). The intestinal
parasites identified may reflect the exposure
of KIE students to poor sanitary conditions
and confirm the trend of high risk infections
seen elsewhere in SSA countries (WHO, 2012).
In order to assess risk factors associated with
IPIs among KIE students, three simple
questions were asked regarding to the water
they used to consume and whether or not they
lived and ate on the KIE campus. Our results
showed that the prevalence of IPIs among
KIE students was strongly associated with
drinking any kind of water (p<0.001) and not
eating at the KIE cafeteria (p<0.001) and was
significantly related to not living on KIE
campus (p=0.026).

As expected, our results regarding the
kind of water consumed are consistent
with previous studies (Mahfouz et al., 1997;
Gamboa et al., 1998; Gyawali et al., 2009;
Ouattara et al., 2010; Alyousefi et al., 2011).
In regard to food, the results obtained by
Tadesse (2005) had also shown that students
who didn’t eat on the school compound had a
higher prevalence of IPIs. In previous studies,
living or not on school campus is generally
not included among the risk or protective
measures evaluated. Our result is therefore
an interesting finding. Despite the fact that
living on a campus also means to live in close
contact with many other students and sharing
of communal facilities, our results show that
university campus could act as a protective
measure. Several studies have pin down
schools and daycares to be responsible for a
number of infections outbreaks (Lee & Greig,
2010; Harhay et al., 2012). However, these
studies were mainly done in developed
countries, where schools are considered as
more overcrowded and at-risk environments
for infections than what is usually seen among
households. Our result suggests that the
situation may be different in developing
countries. Positive and significant
correlations have been described previously
between the number of inhabitants in

household and the prevalence of infections
(Hamit et al., 2008). Also, bad conditions of
existing latrines and animal meanderings
are well known risk factors of parasite
transmission (Gamboa et al., 1998; Corrales
et al., 2006; Hamit et al., 2008; Gyawali et al.,
2009; Alyousefi et al., 2011). Rwanda is
known for its dense population with an
average of household size of 4.8, where lack
of adequate sanitation and lack of access
to potable water is seen in 42% and 19.6%
of the population (MININFRA, 2012; NISR,
2012). Furthermore, cultural habits of sharing
foods from communal plate, eating with
fingers and the presence of meandering
animals are still present in Rwanda. However,
the KIE institution provides to students living
on the campus reinforced water supply and
sanitation. The institution provides access to
tap water, safe disposal of faeces, waste water
disposal, daily toilet cleaning with soap and
an animal-free environment. Also, at KIE
cafeteria, each client is served with a single
portion and utensils are provided. All these
factors combined can play a role in the
observed difference of IPIs between students
living or not on KIE campus. Rwanda Bureau
of Standard (RBS) is a public institution
established by Rwanda Government
Legislation undertaking all activities
pertaining to the development of Standards
Quality Assurance and Metrology in the
country (Government of Rwanda, 2006).
Although RBS aims at effective implemen-
tation of Rwanda standards for the purpose
of consumer protection and perform
restaurant, market and industrial premises
inspection, we may hypothesis that KIE
sanitary regulations are followed more
rigorously than the ones found elsewhere.
Indeed, all these measures have been found
to reduce foodborne illnesses in population
and schools (Cairncross et al., 2010; Lee &
Greig, 2010).

Therefore, our results point out that in
developing countries, learning institutions
instead of being seen as environments
fostering the propagation of IPIs, they could
be considered as a more protective
environment, as they may provide reinforce
sanitary conditions. Our study encourages
for other more in-dept researches regarding
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the importance of learning and working
environments in promoting or not the
propagation of IPIs. Also, regarding to the
impact of IPIs among students attending
tertiary institutions on successful completion
of their programme of study. Although
important risk factors were discussed, other
risk factors (e.g.: students programme of
study), were not evaluated in the current
study and would be useful in addressing other
issues and gaps for further studies.

In conclusion, the study showed that
IPIs of public health relevance are found to
be prevalent among KIE students. The
importance of safe water consumption as
well as eating and living in sanitary
environments are crucial to tackle IPIs
among students. This calls for the institutions
to sustain their efforts to provide safer and
safer environments to their students and
treatment of infected individuals and the
country to keep up with mass scale control
measures to overcome the burden of IPIs.

Acknowledgements. We are thankful to all
students who participated in the study, to
Marcellin Rutegwa from KIE and Dr. Jean-
Frédéric Flandin from National Reference
Laboratory (NRL) of Rwanda for their helpful
discussion.

REFERENCES

Abera, B., Alem, G., Yimer, M. & Herrador, Z.
(2013). Epidemiology of soil-transmitted
helmiths, Schistosoma mansoni, and
haematocrit values among school-
children in Ethiopia. Journal of

Infections in Developing Countries 7(3):
253-260.

Alyousefi, N.A., Mahdy, M.A.K., Mahmud, R.
& Lim, Y.A.L. Factors associated with
high prevalence of intestinal protozoan
infections among patients in Sana’a City,
Yemen. (2011). PLoS ONE 6(7): e22044.
doi:10.1371/journal.pone.0022044.

Asinobi, C.O., Ibe, B.N.A., Nwoke, B.E.B.,
Ukaga, C.N. & Nwankwo, C.F. (2007).
Implications of malaria and intestinal
parasitic co-infections among out-
patients of a secondary health facility in
Owerri, Nigeria. Nigerian Journal of

Parasitology 28(2): 103-108.
Bethony, J., Brooker, S., Albonico, M., Geiger,

S.M., Loukas, A., Diemert, D. & Hotez P.J.
(2006). Soil-transmitted helminth
infections: ascariasis, trichuriasis, and
hookworm. Lancet 367: 1521-1532.

Brooker, S., Clements, A.C.A. & Bundy, D.A.P.
(2006). Global epidemiology, ecology
and control of soil-transmitted helminth
infections. Advance Parasitology 62:
221-261.

Cairncross, S., Bartram, J., Cumming, O. &
Brocklehurst, C. (2010). Hygiene,
sanitation, and water: What needs to be
done?  PLoS Medicine 7(11): e1000365.
doi: 10.1371 8 journal.pmed.1000365.

Chomicz, L., Padzik, M., Laudy, A.E.,
Kozlowska, M., Pietruczuk, A.,
Piekarczyk, J., Godineau, N., Oledzka,
G. & Kazimierczuk, Z. (2009). Anti-
Pentatrichomonas hominis activity
of newly synthesized benzimidaole
derivatives-in vitro studies. Acta

Parasitologica 54(2): 165-171.
Corrales, L.F., Izurieta, R. & Moe, C.L. (2006).

Association between intestinal parasitic
infections and type of sanitation system
in rural El Salvador. Tropical Medicine

& International Health 11(12): 1821-
1831.

Gamboa, M.I., Basualdo, J.A., Kozubsky, L.,
Costas, E., Cueto, R.E. & Lahitte, H.B.
(1998). Prevalence of intestinal
parasitosis within three population
groups in La Plata, Argentina. European

Journal of Epidemiology 14(1): 55-61.



725

Gelaw, A., Anagaw, B., Nigussie, B., Silesh,
B., Yirga, A., Alem, M., Endris, M. &
Gelaw, B. (2013). Prevalence of intestinal
parasitic infections and risk factors
among schoolchildren at the University
of Gondar Community School, Northwest
Ethiopia: a cross-sectional study. BMC

Public Health 13(304): 2-7. http:www.
biomedcentral.com/1471-2458/13/304.

Government of Rwanda. Law No 43/2006 of
October 5th 2006. Determining the
responsibilities, organisation and
functioning of the Rwanda Bureau of
Standards (RBS). In Official Gazette of

the Republic of Rwanda. Year 45 no 23 of
December 1st 2006. Kigali, Rwanda.

Gyawali, N., Amatya, R. & Nepal, H.P. (2009).
Intestinal parasitosis in school going
children of Dharan Municipality, Nepal.
Tropical Gastroenterology 30(3): 145-
147.

Hamit, M.A., Tidjani, M.T. & Bilong Bilong,
C.F. (2008). Recent data on the
prevalence of intestinal parasites in
N’Djamena, Chad Republic. African

Journal of Environmental Science and

Technology 2(12): 407-411.
Harhay, M.O., Horton, J. & Olliaro, P.L. (2010).

Epidemiology and control of human
gastrointestinal parasites in children.
Expert Review of Anti-Infective Therapy

8(2): 219-234. doi:10.1586/eri.09.119.
Hotez, P.J. & Kamath, A. (2009). Neglected

tropical diseases in sub-Saharan
Africa: Review of their prevalence,
distribution, and disease burden. PLoS

Neglected Tropical Diseases 3(8): e412.
doi:10.1371/journal.pntd.0000412.

Ignatius, R., Gahutu, J.B., Klotz, C., Steininger,
C., Shyirambere, C., Lyng, M.,
Musemakweri, A., Aebischer, T., Martus,
P., Harms, G. & Mockenhaupt, F.P. (2012).
High prevalence of Gardia Duodenalis

assemblage B infection and association
with underweight in Rwandan children.
PLoS Neglected Tropical Diseases 6(6):
e1677. doi:10.1371/journal.pntd.0001677.

Jia, T.W., Melville, S., Utzinger, J., King, C.H.
& Zhou, X.N. (2012). Soil-transmitted
helminth reinfection after drug treatment:
A systematic review and meta-analysis.
PLoS Neglected Tropical Diseases 6(5):
e1621. doi:10.1371/journal.pntd.
0001621.

Lee, M.B. & Greig, J.D. (2010). A review of
gastrointestinal outbreaks in schools:
effective infection control interventions.
Journal of School Health 80(12): 588-
98. doi: 10.1111 8 j.1746-1561.2010.
00546.x.

Legesse, M. & Erko, B. (2004). Prevalence of
intestinal parasites among school-
children in a rural area close to the
southeast of Lake Langano, Ethiopia.
Ethiopian Journal of Health Develop-

ment 18(2): 116-120.
Mahfouz, A.A., el-Morshedy, H., Farghaly, A.

& Khalil, A. (1997). Ecological deter-
minants of intestinal parasitic infections
among pre-school children in an urban
squatter settlement of Egypt. Journal of

Tropical Pediatrics 43(6): 341.
Mbuh, J.V., Ntonifor, H.N. & Ojong, J.T. (2010).

The incidence, intensity and host
morbidity of human parasitic protozoan
infections in gastrointestinal disorder
outpatients in Buea Sub Division,
Cameroon. Journal of Infections in

Developing Countries 4(1): 038-043.
Ministry of Health (MOH) & Access project.

(2010). The Rwanda NTD Program. Cost

effectiveness evaluation of mass drug

administration for soil-transmitted

helminths and schistosomiasis. Kigali,
Rwanda. 30p.

Ministry of Infrastructure (MININFRA)
(2012). Water supply and sanitation

sub-sector performance summary

report 2011/2012. Rwanda. 12p.



726

Mupfasoni, D., Ruberanziza, E., Karibushi, B.,
Rujeni, N., Kabanda, G., Kabera, M.,
Kaberuka, T., Nizeyimana, V., Kramer,
M.H., Mukabayire, O., Fenwick, A. &
Ruxin, J. (2009). National school
prevalence survey on soiltransmitted
helminths and schistosomiasis, Rwanda
2008. International Journal of Anti-

microbial Agents 34(Suppl 2): S15.
National Institute of Statistics of Rwanda

(NISR). (2012). The third Integrated

Household Living Conditions Survey

(EICV 3)-Main indicators Report.
Rwanda. 206p.

National Reference Laboratory (NRL).
(2011). Normes et Standards des

Laboratoires d’Analyses Médicales au

Rwanda. Rwanda. 65p.
Nokes, C., Cooper, E.S., Robinson, B.A. & Budy,

D.A.P. (1991).  Geohelminth infection
and academic asessment in Jamaican
children. Transactions of the Royal

Society of Tropical Medicine and

Hygiene 85: 272-3.
Nokes, C., Grantham-McGregors, S.M.,

Sawyer, A.W., Cooper, E.S. & Bundy, D.A.P.
(1992).  Parasitic helminth infection and
cognitive function in schoolchildren.
Proceedings of the Royal Society of

London B 247: 77-81.
Nokes, C. & Bundy, D.A.P. (1994). Does

helminth infection affect mental
processing and educational achieve-
ment? Parasitology Today 10: 14-8.

Omorodion, O.A., Isaac, C., Nmorsi, O.P.G.,
Ogoya, E.M. & Agholor, K.N. (2012).
Prevalence of intestinal parasitic
infection among tertiary institution
students and pregnant women in south-
south, Nigeria. Journal of Microbiology

and Biotechnology Research 2(5): 815-
819.

Ouattara, M., N’Guéssan, N.A., Yapi, A. &
N’Goran, E.K. (2010). Prevalence and
spacial distribution of Entamoeba

histolytica/dispar and Giardia lamblia

among schoolchildren in Agboville Area
(Côte d’Ivoire). PLoS Neglected Tropical

Diseases 4(1): e574. doi: 10.1371/journal.
pntd.0000574.

Parry, E., Godfrey, R., Mabey, D. & Gill, G.
(Eds). (2004). Diarrhoea. In Principles

of Medicine in Africa. 3rd edition.
Cambridge: Cambridge University Press,
pp. 372-384.

Sinniah, B., Sabaridah, I., Soe, M.M., Sabitha,
P., Awang, I.P.R., Ong, G.P. & Hassan,
A.K.R. (2012). Determining the
prevalence of intestinal parasites in three
Orang Asli (Aborigines) communities in
Perak, Malaysia. Tropical Biomedicine

29(2): 200-206.
Speich, B., Marti, H., Ame, S.M., Ali, S.M.,

Bogoch, I.I. & Utzinger, J. (2013).
Prevalence of intestinal protozoa
infection among school-aged children on
Pemba Island, Tanzani, and effect of
single-dose albendazole, nitazoxanide
and albendazole-nitazoxanide. Parasites

& Vectors 6(3): 2-8.
Stanley, S.L. Jr. (2003). Amoebiasis. Lancet

361: 1025-1034.
Tadesse, G. (2005). The prevalence of

intestinal helminthic infections and
associated risk factors among school
children in Babile town, eastern Ethiopia.
Ethiopian Journal of Health Develop-

ment 19(2): 140-147.
World Health Organization (WHO). (1997).

WHO/PAHO/UNESCO report. A consulta-
tion with experts on amoebiasis. Mexico
City, Mexico 28-29 January, 1997.
Epidemiological Bulletin 18(1):13-14.

World Health Organization (WHO). (2002).
Prevention and Control of Schistoso-
miasis and soil-transmitted Helmin-
thiasis. WHO Technical Report Series

912: 1-57.
World Health Organization (WHO). (2012).

Accelerating work to overcome the

global impact of neglected tropical

diseases. A roadmap for implemen-

tation. Geneva. 37p.
Ziegelbauer, K., Speich, B., Ma¨usezahl, D.,

Bos, R., Keiser, J. & Utzinger, J. (2012).
Effect of sanitation on soil-transmitted
helminth Infection: Systematic review
and meta-Analysis. PLoS Medicine 9(1):
e1001162. doi:10.1371/journal.pmed.
1001162.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Albertus-ExtraBold
    /Albertus-Medium
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Cambria
    /CambriaMath
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond-Antiqua
    /Garamond-Halbfett
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /HGGothicE
    /HGPGothicE
    /HGPSoeiKakugothicUB
    /HGSGothicE
    /HGSoeiKakugothicUB
    /HGSSoeiKakugothicUB
    /MicrosoftSansSerif
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [1728.000 5184.000]
>> setpagedevice


