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Abstract

Background: Giardia and Cryptosporidium are the most common causes of protozoan diarrhea that lead to
significant morbidity and mortality worldwide. The purpose of this study was to determine the prevalence of
Giardia duodenalis and Cryptosporidium species infections among children and cattle, and to assess the potential risk
of zoonotic transmission.

Methods: This cross-sectional study was conducted between January and April 2009 in Girar Jarso and Dera
Districts of North Shewa Zone, Oromia Region, Ethiopia. A total of 768 stool specimens were collected and
examined for intestinal parasites using direct wet mount with saline and formalin ether concentration methods. The
modified Ziehl-Neelsen staining method was used for the detection of Cryptosporidium species. Statistical analysis
was performed using SPSS software version 15.

Results: Out of 384 children examined, 53 (13.8%) and 28 (7.3%) were positive for Giardia and Cryptosporidium
infections, respectively. Similarly, of the total 384 cattle examined, 9 (2.3%) were positive for Giardia duodenalis and
30 (7.8%) were positive for Cryptosporidium infection. The prevalence of giardiasis was significantly higher among
children who had close contact with cattle 33 (18.7%) compared to children who had no contact with cattle 20
(9.6%) (P < 0.05). Higher number of Cryptosporidium infection was also recorded in children who had close contact
with cattle 15 (8.5%). Difference in prevalence of giardiasis and cryptosporidiosis among children was not
statistically significant between males and females. On the other hand, difference in the prevalence of giardiasis
among children was statistically significant between age groups.

Conclusions: Higher prevalence of Giardia duodenalis infection detected among children was significantly
associated with contact with cattle and manure that the children had. Further analysis using molecular techniques
is needed to explain the existence of zoonotic transmission in the study area.
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Background
Giardia and Cryptosporidium are the most common
causes of protozoan diarrhea that lead to significant
morbidity and mortality in the developing and developed
world. They are transmitted through the fecal-oral route
following direct or indirect contact with the infective
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stages of the parasite from three sources: anthroponotic,
zoonotic and sapronotic [1,2]. Giardia and Cryptosporid-
ium infections are common cause of gastroenteritis known
as giardiasis and cryptosporidiosis, respectively.
Both Giardia and Cryptosporidium share a broad host

range and are believed to be zoonosis [3]. Despite our
knowledge of the distribution of these species among
more than hundred mammalian species and numerous
reports from human communities, the routes of envir-
onmental transmission are still not well defined [4,5].
This is attributed to the fact that each genus is believed
to comprise complex of species and genotypes within
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the species, some of which are pathogenic, others spe-
cific to particular hosts and some zoonotic, and hence
of public health significance [5,6].
Epidemiological surveys indicated that the most im-

portant sources of human infection are contaminated
drinking and recreational water, food, household animals
and infected people [7]. Sources of contamination of
water and food might be diverse, but a particularly im-
portant, albeit varying, role is played by different host
groups that act as reservoirs of infection. Farm animals
are believed to play the most significant role in this con-
text, contributing parasite cysts/oocysts in large propor-
tion because of their high abundance on farms [7].
Farmers in Ethiopia are engaged in mixed agricultural

practice and use cow manure as a fertilizer and dried dung
as fuel. In such localities where people have close contact
with animals and their manure, the possibility of infection
with zoonotic pathogens such as Giardia duodenalis
(G. duodenalis) and Cryptosporidium species is high. Al-
though a number of studies have been conducted on the
distribution and prevalence of G. duodenalis and Crypto-
sporidium species in different parts of Ethiopia [8-15],
none of these previous works had determined the preva-
lence in human and cattle located in the same region and
spanning the same time period. Therefore, the objective
Figure 1 Map of Ethiopia showing the location of study sites, Girar Ja
Regional State and North Shewa Zone, respectively. The blue color designa
Ethiopia, Addis Ababa.
of the present study was to determine the prevalence of
G. duodenalis and Cryptosporidium species infections
in children and cattle, and to assess the risk of zoonotic
transmission.

Methods
Study area
This cross-sectional study was conducted between January
and April 2009 in Girar Jarso and Dera districts of North
Shewa Zone, Oromia Region, Ethiopia (Figure 1). The zone
is one of the 18 zones in the region and is the second
nearest zone to Addis Ababa. Mixed farming is the major
livelihood of the people and the livestock owned mainly in-
cludes cattle, sheep, goat, equine and poultry. The expan-
sion of social services, secondary economic activities and
modern means of transportation and communication in
the zone are similar to other zones of the region. Factors
possibly causing differences in prevalence of intestinal par-
asites such as source of drinking water, level of education,
the presence of a latrine and other social and environmen-
tal factors are comparable in the study area.

Sample size and sampling techniques
The sample size was determined using the single propor-
tion population formula. It was calculated assuming a
rso and Dera. The orange and green colors indicate the Oromia
tes Girar Jarso and Dera districts. The red color shows the capital of
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prevalence of 50% with a margin of error of 0.05 and a
confidence level of 95%. In line with it, 384 households
for the sample were calculated and of which a total of
768 unit of analysis, 384 children of ages between 1 to
14 years and 384 cattle of different age groups, were se-
lected. About 378 subjects (187 children and 191 cattle)
were sampled from Girar Jarso district and 390 subjects
(197 children and 193 cattle) were sampled from Dera
district. Out of 384 children examined, 176 have cattle
at their home and vicinity and hence close contact with
cattle. The remaining 208 children do not have cattle at
their home and vicinity i.e. had no contact with cattle
and their manure. Multistage sampling technique was
employed for the purpose of sampling. Two districts
from the zone and one kebele from each district were se-
lected randomly. The first household was randomly se-
lected in each kebele and the consecutive households
were designated using systematic sampling method. Fi-
nally, the children and cattle were randomly selected
from each household.

Fecal sample collection and processing
A single fresh fecal sample was collected from each
consenting study subject in a labeled and sterile fecal con-
tainer. The questionnaires concerning socio-demographic
characteristics of the study participants (age and sex), con-
tact with animals and their manure, and the tag number of
the cattle were filled by all the study participants’ parents
or guardians during the sample collection. A portion of
stool was examined at field by direct wet mount with saline
(0.85% sodium chloride solution) to observe motile intes-
tinal parasites and trophozoites under light microscope at
10X and 40X magnifications. Lugol’s iodine staining tech-
nique was also done to observe cysts of the intestinal
protozoan parasites. The remaining part was preserved
with 10% formalin in the ratio of 1 gram of stool to 3 ml of
formalin and processed by the following methods.

Formalin ether concentration
About 7 ml of 10% formalin was added to approximately
1 gram of feces and mixed using an applicator stick. The
stool sample was sieved with cotton gauze and trans-
ferred to 15 ml centrifuge tube. After adding 3 ml of di-
ethyl ether to the mixture and hand shaken, the content
was centrifuged at 2000 rpm for 3 minutes. The super-
natant was poured way and a drop of sediment was trans-
ferred to slide. Finally, the entire area under the cover slip
was systematically examined using 10X and 40X objective
lenses to observe ova, cyst and larvae of different intestinal
parasites [16].

Modified Ziehl-Neelsen technique
In this method thin smears were prepared from preserved
as well as sediments of concentrated stool samples, air-
dried, and fixed with absolute methanol for 5 minutes. The
smears were stained with carbol-fuchsin for 30 minutes
and thereafter, washed with tap water. The slides were de-
colorized in acid alcohol for 2 minutes and were counter
stained with methlyene blue for another 2 minutes. Finally
the stained smears were examined using oil immersion ob-
jective to detect oocysts of Cryptosporidium [17].

Quality control
Before starting the actual work, quality of reagents and
instruments were checked by experienced laboratory
technologist. The specimens were also checked for serial
number, quality and procedures of collection. Each stool
sample was examined by two laboratory technicians.
The laboratory technicians were not informed about the
health and other status of the study participants to elim-
inate observer bias. In cases where the results were dis-
cordant, a third senior technician was used, and his
report was considered the final result. Randomly se-
lected samples were also sent to other laboratories and
checked for the reproducibility of the results. All data
were entered timely to the database and checked for its
accuracy before proceeding to analysis.

Data analysis
Statistical analysis was performed with SPSS software
version 15. Chi square test was used to verify possible
association between G. duodenalis and Cryptosporidium
species infections, and exposure to different factors. Values
were considered to be statistically significant when the cal-
culated P-value was less than 0.05.

Ethics statement
The study was reviewed and approved by the Ethical Re-
view Committee of Biology Department, Addis Ababa
University. The health care managers of each district
health centre and the administrative authorities at com-
munity level were informed about the study and their
consent was obtained. Parents/guardians of participating
children signed a written informed consent prior to study
enrolment. Positive individuals were treated with standard
drugs, which were administered by the site physicians.

Results
A total of 768 fecal samples were collected from 384 chil-
dren and 384 cattle. Children were stratified in two age
groups: 57 (14.8%) children under age group 1-5 years and
327 (85.2%) children under age group 6-14 years. The
study included 191 (49.7%) males and 193 (50.3%) females
with male to female ratio of 1:1.01. The overall prevalence
of Giardia and Cryptosporidium infections in children was
53 (13.8%) and 28 (7.3%), respectively. Likewise, the overall
prevalence of these parasites in cattle was 9 (2.3%) and 30
(7.8%), in the preceding order (Table 1).



Table 1 Prevalence of G. duodenalis and Cryptosporidium species among children and cattle in the study sites

Study
subjects

Study
sites

Number of subjects
examined

Parasites identified

G. duodenalis Cryptosporidium species

No (%) χ2 P-value No (%) χ2 P-value

Children Girar Jarso 187 33 (17.6) 15 (8.0)

Dera 197 20 (10.1) 4.53 0.03* 13 (6.6) 0.28 0.59

Total 384 53 (13.8) 28 (7.3)

Cattle Girar Jarso 191 6 (3.1) 23 (12.0)

Dera 193 3 (1.5) 1.05 0.30 7 (3.6) 9.43 0.00*

Total 384 9 (2.3) 30 (7.8)

Key: χ2 and P- values compare the prevalence between Girar Jarso and Dera in children and cattle.
* Represent statistically significant difference (P < 0.05).
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Giardia and Cryptosporidium infections among children
and cattle
In Girar Jarso district, 187 stool samples were examined
from children. Out of these 33 (17.6%) were positive for
Giardia and 15 (8.0%) were positive for Cryptosporidium
infections. In Dera district, out of 197 samples examined
20 (10.1%) and 13 (6.6%) were positive for Giardia and
Cryptosporidium, respectively. The prevalence of giardia-
sis showed significant difference (P < 0.05) between Girar
Jarso and Dera district but non-significant for crypto-
sporidiosis (Table 1).
Out of 191 fecal samples collected from cattle in Girar

Jarso, 6 (3.1%) and 23 (12.0%) were positive for Giardia
and Cryptosporidium infections, successively. In the same
expression, out of 193 fecal specimens collected and ex-
amined from cattle in Dera, 3 (1.5%) were positive for
Giardia and 7 (3.6%) were positive for Cryptosporidium
infections. The prevalence of cryptosporidiosis in cattle
showed a significant difference (P < 0.05) between the study
sites (Table 1).

Giardia and Cryptosporidium infections among children
with respect to contact with cattle
To see the distribution of G. duodenalis and Cryptospor-
idium species infections among children in relation to
contact with cattle and their manure, data were arranged
and summarized in Table 2. Out of 176 stool samples col-
lected from children who had close contact with cattle and
Table 2 Prevalence of G. duodenalis and Cryptosporidium spec

Contact with
cattle

Number of subjects
examined G. duod

No (%) χ

Contact 176 33 (18.7)

No contact 208 20 (9.6) 9.

Total 384 53 (13.8)

Key: χ2 and P- values compare the prevalence with respect to contact with cattle.
* Represent statistically significant difference (P < 0.05).
their manure, 33 (18.7%) were positive for Giardia and 15
(8.5%) were positive for Cryptosporidium. Among the 208
study participants who had no contact with cattle, 20
(9.6%) and 13 (6.2%) were positive for Giardia and Crypto-
sporidium infections, respectively (Table 2). The analysis of
the prevalence of Giardia infection was significantly higher
(P < 0.05) among children who had close contact with cat-
tle compared to those who had no contact. Higher number
of Cryptosporidium infection was observed in children
who had close contact with cattle 15 (8.5%) than those
who had not contact 13 (6.2%).

Giardia and Cryptosporidium infections among children
by sex and age groups
Out of the 384 children, 191 were males and 193 were fe-
males. The prevalence of giardiasis was 27 (14.1%) in males
and 26 (13.4%) in females. Similarly, the prevalence of
cryptosporidiosis was 15 (7.8%) and 13 (6.7%) in males and
females, respectively. The difference in the prevalence of
Giardia and Cryptosporidium infections was not statisti-
cally significant between males and females (Table 3).
Regarding age groups, out of the 384 children, 57 were

1 to 5 years and 327 were 6 to 14 years age category.
Among the 57 children in the 1 to 5 years age category,
14 (24.5%) were positive for Giardia and 7 (12.3%) for
Cryptosporidium infections. Of the 327 children of age
between 6 to 14 years, 39 (11.9%) and 21 (6.4%) were
positive for Giardia and Cryptosporidium, respectively.
ies among children with respect to contact with cattle

Parasites identified

enalis Cryptosporidium species
2 P-value No (%) χ2 P-value

15 (8.5)

43 0.00* 13 (6.2) 0.73 0.39

28 (7.3)



Table 3 Prevalence of G. duodenalis and Cryptosporidium species among children by sex and age groups

Demographic
profile

Number of children
examined

Parasites identified

G. duodenalis Cryptosporidium species

No (%) χ2 P-value No. (%) χ2 P-value

Sex

Male 191 27 (14.1) 0.03 0.85 15 (7.8) 0.17 0.67

Female 193 26 (13.4) 13 (6.7)

Age Group

1-5 57 14 (24.5) 6.51 0.01* 7 (12.3) 2.46 0.11

6-14 327 39 (11.9) 21 (6.4)

Key: χ2 and P- values compare the prevalence between male and female and between age groups.
* Represent statistically significant difference (P < 0.05).
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Difference in the prevalence of Giardia among children
was statistically significant (P < 0.05) between age groups
but non-significant for Cryptosporidium (Table 3).

Intestinal parasites other than G. duodenalis
and Cryptosporidium
Different types of intestinal parasites other than G. duo-
denalis and Cryptosporidium were identified in the study
areas (Table 4). The prevalence of Entamoeba histolytica/
dispar was the highest being 14 (3.6%), followed by
Hymenolepis nana 11 (2.8%), Ascaris lumbricoides 7
(1.8%), Enterobius vermicularis 4 (1.0%), and that of
Strongyloides stercoralis, Trichuris trichiura and hookworm
2 (0.5%) each. Although single parasite infection had the
highest prevalence, there was also double infection. Overall
coinfection was detected in 10 (2.6%) of the study subjects.
Among the double parasitic infection, G. duodenalis and
Cryptosporidium comprised the highest proportion fol-
lowed by G. duodenalis/Trichuris trichiura and Hyme-
nolopis nana/Strongyloides stercoralis.

Discussion
The present study determines the prevalence of G. duo-
denalis and Cryptosporidium species infections among
Table 4 Prevalence of other intestinal parasites among
children in Girar Jarso and Dera sites

Parasite identified Study sites Total
(n = 384)
No (%)

Girar Jarso
(n = 187)
No (%)

Dera
(n = 197)
No (%)

Entamoeba histolytica/dispar 5 (2.6) 9 (4.5) 14 (3.6)

Ascaris lumbricoides 3 (1.6) 4 (2.0) 7 (1.8)

Hymenolopis nana 5 (2.6) 6 (3.0) 11 (2.8)

Enterobius vermicularis 1 (0.5) 3 (1.5) 4 (1.0)

Strongyloides stercoralis - 2 (1.0) 2 (0.5)

Trichuris trichiura - 2 (1.0) 2 (0.5)

Hookworm 1 (0.5) 1 (0.5) 2 (0.5)
children and cattle in two randomly selected districts in
North Shewa Zone. The prevalence of Giardia infection in
children (13.8%) was not much different from (9.3%)
reported by Seyoum et al. [14] from preschool children in
Addis Ababa. On the other hand, the present finding was
far lower than 35.3% prevalence reported by Ayalew et al.
from children in Lege Dini, Ethiopia [12]. The possible ex-
planations for the discrepancy between the present and
previous findings might be the variation in sampling tech-
niques used, the difference in the quality of drinking water
source, and variation in the environmental condition of the
study localities.
The prevalence of Cryptosporidium infection recorded

in this study, where 7.3% of fecal samples were positive
(Additional file 1), was lower than that of Giardia
(13.8%). The prevalence was in agreement with the situ-
ation in northwestern Ethiopia as reported by Mersha
and Tiruneh [8] where Cryptosporidium infection among
children was 9%. The result was also comparable to the
12.2% prevalence reported from Lege Dini, Dire Dawa for
children by Ayalew et al. [12]. Although the children had
not shown signs and symptoms of the diseases, the preva-
lence was higher than the earlier reports from Addis Ababa
and Jimma in symptomatic children with rates of 5.6% [9]
and 3.3% [11], respectively. However, it was much lower
than the 25.9% detected in AIDS patients with chronic
diarrhea from Addis Ababa Hospitals [10]. A reason for
differences in prevalence figures is probably because urban
settings have better hygienic condition than rural settings
and immune-deficiency is a risk factor for Cryptosporidium
infection.
The zoonotic potential of giardiasis is under debate for

many years. However, the high prevalence of infection in
cattle and sheep together with reports that cattle and sheep
can shed cysts of zoonotic types that infect humans [18,19]
warrants further attention. The 2.3% of Giardia infection
in cattle in this study is comparable to the 3.7% reported
by Degerli et al. [20] in cows and calves from Turkey.
Nevertheless, it was much lower than the 23% prevalence
in healthy calves in Sweden [21].



Wegayehu et al. BMC Infectious Diseases 2013, 13:419 Page 6 of 7
http://www.biomedcentral.com/1471-2334/13/419
Cryptosporidium parvum in livestock has been shown
to be an important reservoir for cryptosporidiosis in
humans, and contaminated water may be a key vehicle
for the parasite [22]. It is therefore noteworthy that 7.8%
of the cattle in the present study were oocyst shedding,
which may account for environmental contamination
of the study area. When compared to the few published
sources overseas, the present finding is within the
reported range of prevalence (0 to 40%) in adults and un-
specified age group [23,24]. However, it was lower than
17. 6% reported by Abebe et al. [25] in dairy calves on se-
lected dairy farms of central Ethiopia. The discrepancy
could be due to age related variation, seeing that Crypto-
sporidium species infections are more prevalent in calves
than adults [26].
Giardia and Cryptosporidium from cattle are potential

zoonotic pathogens, and contact with their manure is be-
lieved the major risk factor for infection in humans [22]. In
this study, children who had close contact with cattle and
their manure have shown significantly higher prevalence of
G. duodenalis infection when compared with those who
had no contact with cattle (P = 0.00). The possible reason
for these differences between the two study groups is that,
in addition to anthroponotic transmission, there might be
zoonotic transmission of the parasite from the infected cat-
tle. Higher number of Cryptosporidium infection was also
recorded in children who had close contact with cattle.
This suggests the need for molecular techniques to identify
genotypes and subtypes of the two parasites to clarify the
sources and transmission pattern in the study area.
Although Salas [27] had reported G. duodenalis infection

to be higher in males than in females among children 0 to
10 years of age, no such sex-associated prevalence was ob-
served in the present study. This lack of difference in the
prevalence rates of both G. duodenalis and Cryptosporid-
ium species in children was in agreement with a study in
Philippines where the gender of the children did not influ-
ence the rate of infection with these parasites [28]. The
possible reasons for the absence of sex-related difference in
the prevalence among the children could be explained by
the observation that all children irrespective of their sex
participate equally in the domestic chores that included
cattle herding and manure handling in the study commu-
nities. Besides, the hygienic practices exercised by children
of both sexes were also essentially similar.
A significantly high prevalence of giardiasis among chil-

dren in the age groups 1-5 years in the study sites is in
agreement with what was reported elsewhere [29,30]. Simi-
lar report by CDC [31] also showed age-specific incidence
of giardiasis to be highest in children aged 1-4 years
followed by children aged 5-14 years in Los Angeles. The
possible justifications for the lower prevalence of infection
occurring in the 6-14 years age group could be due to the
incremental development of immunity, better awareness in
washing hands and maintaining other personal hygienic
measures with increasing age.
Although significant difference was not observed, Cryp-

tosporidium species infection was slightly higher among
1-5 years age group than 6-14 years age group. This is in
accordance with report of Casemore [32], who showed
peak incidence of cryptosporidiosis to be among children
aged 1-5 years. Similarly, in Manitoba, Canada, Cryptospor-
idium parvum was isolated much more frequently from
fecal specimens collected from children under five years of
age [33]. However, this finding is dissimilar to the report of
Lindo et al. [16] in Jamaica, and others [17,34] from sub-
Saharan African countries, including Uganda and Gambia,
and Assefa et al. [9] from Ethiopia, where a difference in
prevalence between age groups was observed.
In this work intestinal parasitic infection other than

G. duodenalis and Cryptosporidium species were also iden-
tified among the children. Unlike reports from other local-
ities, the prevalence of intestinal helminths was much less
than what was reported from 10-33 years age [13,14,35] in
Ethiopia. The low prevalence of helminths in the present
study localities might be associated with the de-worming
program launched by enhanced outreach strategy. The
level of double infection with intestinal parasites deter-
mined in the present study (2.6%) was much lower than
what was reported from southwest Ethiopia portraying a
double infection of 35.8% among urban communities [15].
The difference in the socio-demographic condition and the
involvement of all age groups in the previous study might
explain the observed difference in double infection in the
two study localities.
This study did not identify the genotypes and subtypes

of the parasites due to lack of facilities in our laboratory.
Nonetheless, the results are still important because there
is little information available in the area. The age of the
cattle we sampled was unspecified because of lack of in-
formation and this can be taken as one of the limitations
since Cryptosporidium infection in cattle are age related.
Apart from these limitations our study has the following
strengths. It is first work to report the prevalence of the
two parasites both in humans and cattle in the districts. In
addition, standard laboratory techniques were used and all
laboratory works were followed standard procedures.

Conclusion
This study showed that G. duodenalis and Crypto-
sporidium species infections were widespread in varying
magnitude among children and cattle in the study area.
Significantly higher prevalence of G. duodenalis was
detected among children who had close contact with cat-
tle than those who had no contact. This suggests that
contact with cattle and their manure could be a risk fac-
tor for infection with this protozoan parasite. Therefore,
molecular techniques are necessary to clarify the source
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of infection and transmission pattern of the parasites.
Moreover, measures including health education on per-
sonal and environmental hygiene would help in reducing
the prevalence of these parasites.

Additional file

Additional file 1: Red stained oocysts of Cryptosporidium in modified
Ziehl-Neelsen stained faecal preparation observed under microscope
(magnification 1000x).
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