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Abstract Abstract 
The larval stages (metacestodes) of some taeniids of carnivores, particularly Echinococcus spp., can 
result in severe disease for humans and livestock. The prevalence of taeniid eggs by direct examination 
of faecal smears in 335 free-roaming dogs (FRD) and owned domesticated dogs in Basrah Province was 
10.1% (95% CI 7.1, 13.9). A structured questionnaire was administered to 86 dog owners to investigate 
the influence of socio-demographic factors and management and husbandry practices on their 
knowledge of cystic echinococcosis (CE). The results of a multivariable logistic regression analysis 
revealed that dog owners who fed offal had less knowledge of CE (OR=0.17, 95% CI 0.05, 0.53), while 
keeping a dog (s) tied up was associated with good knowledge (OR=7.0, 95% CI 2.1, 23.8). Dog owners 
who had a secondary or higher level of education also had better knowledge (OR=5.4, 95% CI 1.7, 17.3). It 
was concluded that an educational campaign should be developed for dog owners in Basrah to reduce 
the risk of disease in both humans and other animals. 
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1. Introduction

Although dogs play an important and beneficial role
in society [1], they can carry a range of zoonotic dis-
eases, including parasites [2]. Transmission of canine
parasites to humans or other animals can occur through
direct contact with the dogs or via indirect contact with
contaminated food or water [3].

Dogs are considered the principal definitive host for
several parasites belonging to the family Taeniidae,
including Taenia and Echinococcus spp [4]. Taeniids
have a wide global distribution and utilise a range of
mammalian species in their life-cycles resulting in
potential risk for human health and reduced produc-
tivity of livestock [5,6]. Canine taeniids require two
hosts to complete their life cycle. The adult worm re-
sides in the intestinal passage of the dogs (definitive
hosts), while the larval stage is either a hydatid cyst,
cysticercus or coenurus in the tissue of the relevant
intermediate host (livestock, humans or other animals)
[7,8]. Eggs are passed in the faeces of the definitive
hosts and are accidently ingested by the intermediate
host with contaminated food or water [9].

The eggs of taeniids are not easily differentiated on
morphology [10] as they all contain a hexacanth or six-
hooked embryo [11]. Taeniid eggs can survive on
pasture, in soil and water following contamination with
infected dog faeces and subsequently, wind and wild-
life can disperse the eggs over long distances [12].
After ingestion by the intermediate host, the eggs hatch
in the small intestine and penetrate the intestinal wall
[11e13]. Subsequently, they are dispersed by the cir-
culatory system to organs such as the liver and lungs
where they develop into cysts or metacestodes (larval
stage) [14].

Most of the canine taeniids are medically and
economically important in parasitized humans and
livestock [15] with the larval stages of Echinococcus
spp. (hydatid cysts) [16] and Taenia multiceps
(Coenurus cerebralis) [17] being of particular signifi-
cance. Although infection in the intermediate host can
be asymptomatic, it can result in severe pathologically
changes to the affected organ(s) or even death of the
animal/human [18]. Inspection of carcasses at slaugh-
terhouses is an effective, quick and inexpensive means
for determining infection in livestock [19]; however,
knowledge of the carriage of taeniids in dogs is a key
aspect of understanding the risk and biological

transmission of these parasites to humans and other
animals.

Dogs are infected with taeniid tapeworms after
consuming the larval stages (usually the liver or lungs)
in cattle, buffalo, sheep, goats, and pigs. The adult
worms then develop in the small intestine within 1e3
months [11]. Many laboratory techniques have been
developed to determine the prevalence in dogs,
including serological assays, detection of antigen in the
faeces (coproantigen), observing worms at necropsy or
direct examination of eggs in the faeces [20,21].

Human behaviour can help to perpetuate the do-
mestic life cycle of taeniid tapeworms through the
feeding of dogs with affected viscera, the failure to
appropriately dispose of organs with cysts, allowing
dogs to wander and potentially scavenge from car-
casses and rubbish and a failure to regularly administer
suitable anthelmintics to dogs [22,23]. The presence of
cystic echinococcosis (CE) or other taeniid species
indicate high environmental contamination with the
causative parasites and an absence of measures to
control infection [24]. Owned or free roaming dogs
constitutes the most important factors for the trans-
mission of these zoonotic tapeworms to humans.

Infection of dogs with tapeworm (Echinococcus
spp.) is endemic in regions of Europe, Africa, South
and North America, the Middle East, and Asia [25].
The annual incidence cases of CE in humans in the
Middle Eastern countries of Iran, Iraq, and Turkey
have been reported at 3.27, 4.6, 6.4 cases/100 000 in-
habitants, respectively [26e28]. However, CE is a
preventable disease through dog control, use of regular
anthelmintic in canines and good public hygiene and
can be treated through surgical interventions [29] and
anthelmintic therapy resulting in case fatality rate of
less than 2% [30].

Cystic echinococcosis results in a significant eco-
nomic burden from human health costs and livestock
production losses. The global economic burden due to
cystic echinococcosis in humans and the livestock in-
dustry has been estimated to be up to US $ 4 billion
annually [31]. To date, CE remains a neglected
zoonosis disease although it demonstrates socioeco-
nomic impacts chiefly among poor communities
[32,33].

In this study, direct smears of faeces from stray and
owned domesticated dogs in Basrah province of Iraq
were examined to determine the prevalence of taeniid
tapeworms. A questionnaire was also administered to
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dog-owners to assess their knowledge of CE and the
management practices adopted which could increase
the risk of parasite transmission.

2. Materials and methods

2.1. Study area

This study was performed in Basrah Province, south
Iraq. The province has extremely hot weather during
the summer, with a mean temperature of 37.4 �C and a
maximum temperature of 45 �C. The lowest mean
summer temperature is 29.2 �C. The annual humidity
is less than 50% and remains below 30% during the
daytime [34].

2.2. Study design, questionnaire survey and sampling
of dogs

The study was performed from March to July 2016.
Of 314 livestock owners who were surveyed to assess
their knowledge, awareness and practices toward CE
[35], 86 owned at least one dog (total of 122 dogs from
16 villages in the six districts of Abu Al-Kasib, Al-
Midaina, Al-Qurnah, Al-Zubair, Shat AleArab, and
Al-Basrah. A further questionnaire was administered to
the 86 dog-owners and included questions on man-
agement practices adopted (whether the dog was
restrained or not; administered anthelmintics; fed offal;
and how faeces from the dogs were disposed of; and
the age and sex of the dogs). The level of knowledge
on hydatid disease/echinococcosis was evaluated based
on the answers to six questions: have you heard of
hydatid cysts?; how can the disease be transmitted to
humans?; have you ever seen a lesion of hydatid cyst in
slaughtered animals? (a respondent was shown pictures
of infected liver and lungs); do you know if buffalo,
cattle, sheep or goats can be infected with hydatid
cysts?; are you aware it can be dangerous to eat raw
vegetables contaminated with dog’ faeces?; and do you
know if acquiring hydatid cysts can be dangerous to
the human health? Correct responses were allocated a
value of 1 and incorrect/not-known answers given a
value of 0. The results were then summed for the six
questions for each respondent. Participants with a
knowledge score greater than the median (4) were
considered to have good knowledge, while those par-
ticipants with a score � the median were categorized
as having poor knowledge.

The number of stool samples to collect to estimate
the prevalence of taeniid infections was determined
using an expected prevalence of 30%, a precision of

5% and 95% confidence level [36]. The sample size
required based on these assumptions (323) was then
increased to 335 to account for potential unsuitable
samples.

Approximately 25e50 g of fresh faeces (n ¼ 122)
were collected directly from the ground where the
owned dogs were fed, slept or housed. In addition, 213
fresh canine faecal samples of free-roaming dogs
(FRD) were collected off the ground from areas where
these dogs clustered within a radius of three kilometres
of the 16 villages surveyed. To avoid the potential for
duplicate samples from the same dog in a location,
stool samples were inspected to ensure that no other
samples of a similar consistency and color were
collected from the location on days of sampling. All
stool samples were collected using a sterile disposable
wooden spatula and placed in a container and labelled
with information about the owned domesticated dog
(age, sex, owner name) or FRD location prior to
sending on ice to the Parasitology Laboratory at the
Veterinary College, Basrah University. Samples were
examined by microscopy on the same day as submis-
sion to the laboratory. Ten thin and ten thick slides
were prepared from each faecal sample and examined
under light microscopy at 4X, 10X and 40X to identify
eggs of taeniids. Taeniid eggs were identified based on
their ovoid shape and the presence of oncospheres
(hexacanth embryo) [37e39].

2.3. Ethical statement

The questionnaire surveys and faecal collection
were approved by the Human Ethics Committee (034/
2016) and Animal Ethics Committee (R2755/15),
respectively at Murdoch University, Perth, Australia.
Also, official written approval forms the Ministry of
Agriculture in Iraq and from Basrah Veterinary Hos-
pital were obtained before commencement of the field
work.

2.4. Statistical analyses

Questionnaire data were entered into a spreadsheet
(Microsoft Excel, 2013) and statistical analyses were
undertaken using SPSS version 20. The test prevalence
and 95% confidence intervals (95% CI) for parasitism
with taeniids were calculated in the sampled domestic
and stray dogs from the six sampled districts. Uni-
variable analyses were initially performed using a Chi-
square test to compare knowledge about CE with
socio-demographic characteristics of the respondents
and the management practices adopted. Odds ratios
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(OR) and their 95% CI were also calculated. Factors
with a P � 0.25 in the univariable analyses were
offered to a multivariable binary logistic regression
model using a backward stepwise method. Variables
were retained in the final logistic regression model if
the likelihood ratio test was significant (P � 0.05). The
goodness of fit of the final model for the data was
assessed with the Hosmer and Lemeshow goodness-of-
fit test [40].

3. Results

3.1. Estimation of the prevalence of taeniid tapeworm

Taeniid eggs were detected overall in 10.1% (95%
CI 7.1, 13.9) of the 335 faecal samples examined

(Table 1). The prevalence for the FRD (10.8%; 95% CI
7.0, 15.8) was comparable to that for domesticated
dogs (9.0%; 95% CI 4.6, 15.6) (P ¼ 0.6). There was
also no significant difference in the prevalence between
districts (P ¼ 0.42).

3.2. Socio-demographic characteristics of dog
owners

All 86 dog owners who participated in this study
were males with a mean age of 45.6 years (SD: 12.1).
Approximately one-quarter of the dog-owners (23.3%)
had never received any formal education, and 50% had
only attained a primary school level of education. Most
dog owners worked solely as farmers (75.6%) with the
remainder also working as public servants.

Table 1

Test prevalence of eggs of taeniids identified from the faecal samples of owned domesticated and free-roaming dogs surveyed.

Category Total number sampled Test prevalence (95% CI) Odds ratios (95% CI) P-value

Free roaming dogs 213 10.8 (7.0, 15.8) 1.2 (0.57, 2.6) 0.6

Domestic dogs 122 9.0 (4.6, 15.6) 1.0

Total 335 10.1 (7.1, 13.9)

Table 2

Univariable analyses of the dog owner's knowledge of cystic echinococcosis and their socio-demographic characteristics and management practices

adopted (n ¼ 86).

Variable Categorised knowledge OR (95% CI) P-value

Good Poor

Age (years)

� 30 25 (33.3) 50 (66.7) 0.88 (0.23, 3.27) 0.84

> 30 4 (36.4) 7 (63.6) 1.00

Education level completed

Secondary & Tertiary 13 (56.5) 10 (43.5) 3.82 (1.40, 10.39) 0.007

Primary school or never attended school 16 (25.4) 47 (74.6) 1.00

Main occupation

Farmer 22 (33.8) 43 (66.2) 1.02 (0.36, 2.90) 0.96

Public servant 7 (33.3) 14 (66.7) 1.00

Do you feed your dog uncooked

viscera or internal organs?

Yes 20 (54.0) 17 (46.0) 5.23 (1.98, 13.79) <0.001
No 9 (18.4) 40 (81.6) 1.00

Have you treated your dog

(s) with antiworming medicines?

No 28 (33.7) 55 (66.3) 1.02 (0.09, 11.72) 0.98

Yes 1 (33.3) 2 (66.7) 1.00

Do you ever keep your dog(s) tied up outside?

Yes 13 (65.0) 7 (35.0) 5.8 (01.98, 17.05) <0.001
No 16 (24.2) 50 (75.8) 1.0

What do you usually do

with the s tools/droppings of your dog(s)?

Leave where they are. 27 (33.0) 55 (67.0) 1.0 (0.27, 15.25) 0.48

Dispose of them in water canal, nearby stream,

a nearby agriculture field or bury them.

2 (50.0) 2 (50.0) 2.04
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3.3. Influence of socio-demographic characteristics
and dog management practices on knowledge of
cystic echinococcosis

The association between knowledge about CE by
the dog owners and their socio-demographic charac-
teristics and management practices adopted are sum-
marised in Table 2. A respondent who had a secondary
or higher level of education was more likely to have a
better level of knowledge on CE than owners who had
only attended primary school or had not received any
formal schooling. Owners who fed offal to their dogs
or who didn't restrain/confine their dogs had lower
levels of knowledge (Table 2). In addition, the majority
of dog owners 95.3% (82/86) reported that they did not
pick up and dispose of their dog's faeces but left them
where they were deposited.

In the final logistic regression model (Table 3), re-
spondents who had at least attended secondary school
or who restrained/confined their dogs were more
knowledgeable of CE (OR ¼ 5.4, 95% CI 1.7, 17.3;
OR ¼ 7.0, 95% CI 2.1, 23.8, respectively). In contrast,
respondents who fed uncooked offal to their dogs had
lower knowledge about CE (OR ¼ 0.17, 95% CI 0.05,
0.53). The model represented a good fit for the data
(HosmereLemeshow goodness-of-fit test, p ¼ 0.48).

3.4. Identification of risk factors for detection of
taeniid tapeworm in dogs

There was no significant association between the
presence taeniid eggs in the faecal samples and the
management and husbandry practices adopted by the
dog owners (all P values > 0.25 in the univariable

analyses), and consequently, a multivariable logistic
regression model was not produced.

4. Discussion

In this study, the overall prevalence of eggs of tae-
niid tapeworms in the sampled dogs was 10.1%. This
was lower than the results of other canine faecal sur-
veys conducted in Baghdad and Duhok province of
Iraq, where eggs of Taenia and Echinococcus spp. were
detected in 29.1 and 13.7%, respectively of stray dogs
sampled [41e43]. A high prevalence of Taenia spp.
(87%) was also observed in stray dogs from Kalar city
of Sulaimani province (north governorate of Iraq) [44].
Studies conducted in other countries where taeniid
tapeworms are endemic have also reported high prev-
alences: for example 34.4% in farm dogs from Xinghai
county of Qinghai Province of China that attributed to
neglect deworming dogs with praziquantel and lack of
education programme to the dogs owners [45]; and
73.3% in domestic dogs from Ngorongoro (northern
Tanzania) which are attributed to less awareness of the
dog owners toward proper management and practices
of their animals [46].

Taeniid eggs are spherical in shape, of between 25
and 45 mm in diameter, covered with a thick shell,
brown in colour, and radially striated. Inside each egg
is an oncosphere (or hexacanth embryo), containing
three pairs of hooks [47]. However microscopic ex-
amination of canine stool samples has low reliability
for identification of Echinococcus infection due to the
similar morphology of all taeniid eggs [21,48]. Modern
laboratory methods have been developed to differen-
tiate the species of taeniids in dogs including antigen

Table 3

Multivariable logistic regression model of factors associated with the dog-owner respondent's knowledge on cystic echinococcosis.

Variable b* S.E.# P-value Odds ratios (95%CI)

Constant 0.802 0.55 0.15 e

Dog restrained/confined tied up 1.949 0.623 0.002 7.0 (2.07, 23.78)

Dog free roaming e e e 1.0

Dog is fed offal �1.751 0.572 0.002 0.17 (0.05, 0.53)

Dog not fed offal e e e 1.0

Attained a secondary level of education or higher 1.677 0.599 0.005 5.35 (1.65, 17.31)

Had either only attended primary

school or had never attended school

e e e 1.0

*correlation coefficient.

# Standard Error.
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and DNA-based techniques. Copro-antigen ELISA and
copro-DNA PCR are considered gold standard tests to
detect Echinococcus granulosus and to discriminate
them from other Taenia species carried by dogs
[49e53]. It is recommended that future studies should
use a PCR or ELISA to diagnose infections with
Echinococcus to more accurately determine their real
prevalence.

Management and husbandry practices of dog
owners and their knowledge of CE were also assessed
in the current study. Not surprisingly feeding uncooked
offal and not restraining dogs were identified as risk
factors for parasitism, as has been reported by others
[54]. The logistic regression analysis for owner
knowledge highlighted improved knowledge in dog
owners who restrained or confined their dog(s)
(OR ¼ 7.0, 95% CI 2.1, 23.8). In contrast, those who
fed offal were more likely to have a lower level of
knowledge (OR ¼ 0.17, 95% CI 0.05, 0.53). Similar
findings have been reported elsewhere in Tanzania,
Ethiopia and Uganda [55e58]. Ziadinov et al. [59],
also observed that dogs which were restrained had a
lower prevalence of Echinococcus (11%) compared
with FRD (26%), most likely due to the latter pop-
ulation's potential for access to the larval stages pre-
sented in intermediate hosts.

In the present study, the respondents who had a
secondary school or higher level of education
(OR ¼ 5.4, 95% CI 1.7, 17.3) had a better knowledge
of CE than those who attended only primary school or
who had never received any formal education. A
similar recent study in Uganda demonstrated that a low
knowledge level on CE was present in agro-pastoral
and poorly educated people [57]. Similarly, a study
conducted in Qinghai Province, China demonstrated
that humans with alveolar echinococcosis were more
likely to have a lower educational level compared to
non-infected controls [60]. Such findings highlight the
need for developing and implementing educational
campaigns suitable for dog-owners in Basrah [35]. A
key component of an educational campaign should be
improving the knowledge of farmers and dog owners
about CE and the parasite's life cycle. Confining/
restraining, limiting access to offal and regular six-
weekly administration of a suitable anthelmintic
incorporating praziquantel are essential components
for control of the parasite in dogs [61,62]. Control of
the parasite in dogs will significantly reduce the risk of
disease transmission to humans [63]. In La Rioja,
Spain, a control programme, which included elimina-
tion of FRD, suitable disposal of offal from slaughtered
sheep, disposal of dead sheep in pits, and treatment of

domestic dogs with praziquantel at 45-day intervals,
resulted in the prevalence of E. granulosus declining in
dogs from 7.0% in 1987 to just 0.2% in 2000 [64].

In the current study, the majority of dog owners
(95.3%) reported that they left the faeces of their dogs
where they were deposited. Failure to remove and bury
or dispose of dog faeces increases the risk of infection
in humans and other livestock [65]. A similar finding
was observed by Ref. [66] who reported that 95% of
353 pastoralists from South Sudan never disposed of
their dog's faeces. Again, these findings highlight the
need for a multi-pronged One Health approach to the
diseases control with development and implementation
of an educational campaign a key requirement for a
successful outcome.

5. Conclusions

A relatively high (10.1%) prevalence of taeniid eggs
was found in this study in the faeces of owned and
FRD in Basrah. A low level of knowledge and
awareness of CE by dog owners was found with few
owners deworming their dogs, restraining them, or
appropriately disposing of their dog's faeces. There is a
need to improve awareness of dog owners about CE in
Basrah through developing an educational programme
which should include information on control of the
FRD population, regular use of anthelmintics and
restricting access of dogs to offal and carcasses.
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