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Despite alarming statistics on cystic echinococcosis (CE) in humans and the importance of dog and ruminant populations, no
epidemiological investigations have been performed on CE in Sidi Kacem Province (North-West of Morocco). A part of large
research project was devoted to determine the status of CE in ruminants.This paper reports the results of the investigations carried
out in the 10 abattoirs of this region, over four successive years (April 2009–March 2013). A total of 1,302 sheep, 652 head of cattle,
and 136 goats were postmortem examined and hydatid cysts were collected and examined. The overall CE prevalence of infection
was 42.9% in cattle, 11.0% in sheep, and 1.5% in goats. The prevalence shows significant association with age in sheep and cattle;
sheep above 3 years and cattle above 5 years are highly infected (64.0% and 72.2%, resp.). Only liver and lungs are found to be
infected. Molecular analyses identified G1, G2, and G3 of E. granulosus sensu stricto in liver and lung samples. Cyst fertility was
significantly higher in sheep (54.9%) than in cattle (50.3%). These findings suggest that control measures should target not only
sheep but also cattle.

1. Introduction

Cystic echinococcosis (CE) is caused by ingestion of ova of
the cestode Echinococcus granulosus (Eg) and then formation
of the larval stage in different organs and tissues [1, 2]. CE is
of public health and economic importance not only in areas
of endemicity but also in nonendemic countries due to the
migration of infected people and livestock exchange which
promotes emergence in previously free-disease areas [3].
Unfortunately, numerous reports indicate that CE incidence
has increased in various regions of theworld [4]. It is endemic
to hyperendemic in agricultural countries of Europe, north-
ern, eastern, and southern Africa, southern and northern
America, Middle East, and Asia [5–9]. CE represents a sub-
stantial burden on the human population. Present estimates

suggest that it results in the loss of 1–3 million disability-
adjusted life years per annum. The annual cost of treating
cases and economic losses to the livestock industry probably
amounts to US$ 2 billion [10].

CE represents a serious health problem and has an
important impact on the economy and social welfare in
Morocco. In 2012, a total of 1,627 human surgical cases of CE
(5.2 cases per 100,000 inhabitants) were recorded in thewhole
country [11]. Surgeries are repeated in 3% of cases, and a
mortality of 3% was observed. The cost was estimated to be
about 1,500C and 3,000C for simple and repeat cases, respec-
tively [12]. Thus, costs would be 2,440,500C for 1,627 simple
cases and 129,600C for repeat cases, giving a total cost of
2,570,100C. The expenses due to further examinations,
reduced quality of life following the surgery, morbidity due to
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undiagnosed CE, and expenses and loss of income in fatal
cases were also considered very important [9].

InMorocco, the parasite is transmitted via a synanthropic
cycle involving dogs and livestock (sheep, cattle, camels, and
Equidae). Review of studies on infection of dogs in several
regions [9] showed high prevalence ranging from 22 to 58.8%
and parasite burdens of 1 to 18,940 worms per infected dog.
According to Gemmell et al. [13] 8,470 eggs are shed from
an average infected dog per day. Thus, the high prevalence of
echinococcosis either in rural or in periurban areas and the
proportion of stray and free-roaming dogs lead to a very high
pollution of the environment with eggs [14]. Therefore, risks
of contamination of farm animals and humans are very high.

Relatively numerous epidemiological data are available
onCE for several regions ofMorocco. Results of studies in five
regions [15] showed considerable variations of infection rates
among farm animals. The high figures reported were 48.72%
in cattle, 31.65% in sheep, 2.19% in goats, 10.87% in camels,
and 17.80% in horses. These prevalence rates were higher in
older animals and reached 84.62% in cattle more than 5 years
of age and 59.15% and 5.56% in sheep and goats of more than
3 years of age, respectively [9, 15–18]. Although records of
human surgical cases and the importance of livestock and of
canine population suggest a high prevalence of CE, data are
lacking for the region of Sidi Kacem Province.This prompted
us to include CE as one of the zoonoses of interest as part
of a large collaborative project funded by the EU under FP7,
entitled the “Integrated Control of Neglected Zoonoses
(ICONZ)” conducted in Sidi Kacem Province. Work on CE
included epidemiological investigations on (1) CE infection
prevalence in farm ruminants, (2) burden of Eg infection in
dogs, (3) socioeconomic impact of the disease, and (4)
dynamic of transmission of Eg infection. In this paper, we
present the results of the investigations on CE in ruminants.

2. Materials and Methods

2.1. Study Site. The province of Sidi Kacem is located in
the North-West of Morocco (Figure 1). It has a total area of
about 3094.33 km2 and is divided into 5 municipalities and
24 rural communes [19]. The topography of the province is
characterized by the dominance of the plain to the West and
the hills to the East. The climate of the region is of a sub-
humid-Mediterranean type with oceanic influence with an
annual rainfall of 600mm. The cold rainy season extended
from October to mid-May, followed by the hot dry period.
This province has a strong agricultural character. Livestock
represent an integral part of the farming system. The rumi-
nants are estimated at nearly 120,000 head of cattle, 380,000
sheep, and 21,000 goats and these ruminants are extensively
reared.

Two dog populations can be identified in Sidi Kacem
Province: owned dogs (including sheep dogs) and stray dogs
with a population estimated at 20,800 and 2,300 dogs,
respectively. Human population is nearly 489,422 inhabitants
representing 1.6% of national population.

2.2. Methodology. This province of Sidi Kacem has a total of
5 small rural slaughterhouses in which only ruminants raised

Atlantic Ocean

N

Sidi Kacem Province

0 100000 200000 400000

(m)

Mediterranean SeaGibraltar

Figure 1: Map showing location of Sidi Kacem Province in North-
West of Morocco.

in the surrounding farms are slaughtered and 5 municipal
slaughterhouses in which ruminants raised in the farms
located in the 24 rural communes are slaughtered.

A total of 2,090 ruminants (1,302 sheep, 652 head of cattle,
and 136 goats) were examined. Postmortem examination
was carried out through visual inspection and palpation of
visceral organ, especially the lung, liver, kidney, spleen, and
heart. All organs or tissues containing hydatid cysts (HC)
were collected and all HC found were carefully removed and
separately collected for further cyst characterization to assess
their status and for genetic strain typing of Eg. Data related to
the origin of animals, species, gender, age, cyst distribution,
and observation of other diseases were recorded. Sampling
took place in four successive years (April 2009–March 2013).

A total of 1,272 HC were randomly selected from lungs
and livers of cattle (913 cysts) and of sheep (359 cysts) and
examined to determine their status. Fertility was assessed
based on the presence or absence of brood capsules contain-
ing protoscolices in hydatid fluid examined microscopically.
Infertile cysts were further classified using the classification
suggested by Soulsby [20] as sterile (fluid filled cyst without
protoscoleces) or calcified. During these investigations the
biosecurity rules were strictly observed and all examined
biological material and the remains of hydatid cysts were
incinerated. To assess genotype, 114 positive samples were
randomly selected and DNA was extracted using the iPrep
purification instrument (Invitrogen). PCRwas carried out for
samples with cytochrome c oxydase subunit 1 (cox1) as previ-
ously reported [21]. The amplicons were sequenced, and the
nucleotide sequences were aligned and compared with
sequences available in GenBank. The Eg genotypes were
determined using reference sequences for the three genotypes
of Eg s.s. concerning cox1 [22].

2.3. Data Analysis. Comparison of CE prevalence in different
hosts were done using 𝜒2 test.
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Table 1: Distribution of hydatid cysts as a function of infected organs.

Organs Infected cattle Infected sheep
Number of infected organs Percent Number of infected organs Percent

Livers 84 30.0 47 32.9
Lungs 86 30.7 47 32.9
Livers and lungs 110 39.3 49 34.2
Total 280 100 143 100

Table 2: Hydatid cysts fertility in cattle and sheep.

Liver Lung Liver and lung Total
Cattle Sheep Cattle Sheep Cattle Sheep Cattle Sheep

Examined cysts 123 81 181 94 609 184 913 359
Fertile cysts 51 (41.5%) 43 (53.1%) 88 (48.6%) 45 (47.9%) 320 (52.5%) 109 (59.2%) 459 (50.3%) 197 (54.9%)
Infertile cysts 72 (58.5%) 38 (46.9%) 93 (51.4%) 49 (52.1%) 289 (47.5%) 75 (40.8%) 454 (49.7%) 162 (45.1%)
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1302

136

280 (42.9%)
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Examined animals
Infected animals

Figure 2: Prevalence of cystic echinococcosis in cattle, sheep, and
goats.

3. Results

3.1. Prevalence of CE in Ruminants. As in other provinces
of Morocco, sheep were most commonly slaughtered in the
province of Sidi Kacem. In this study, out of 2,090 ruminants
(1,302 sheep, 652 head of cattle, and 136 goats) examined in
the 10 slaughterhouses of the province, 143 sheep (11.0%), 280
head of cattle (42.9%), and 2 goats (1.5%) were found to be
infected with one or more hydatid cysts (Figure 2). The
magnitude of infection between cattle, sheep, and goats was
different (𝑃 < 0.001).

3.2. Variation of CE Infection Prevalence with Age. The rates
of infection increased with age in both species cattle and
sheep. The cysts were found in 6.7%, 38.9%, and 72.1% of
cattle less than 2 years of age, between 2 and 5 years of age,
and more than 5 years of age, for 254, 72, and 326 examined
animals, respectively. In sheep, the cysts were found in 3.2%,
12.5%, and 64.0% of animals less than 1 year of age, between 1
and 3 years of age, and more than 3 years of age, for 966, 200,
and 136, respectively.

3.3. Variation of CE Infection Prevalence with Species and
Sex. On the other hand, the comparison of infection rates

relative to sex showed that, in both cattle and sheep, females
are more frequently infected than males. This difference is
more pronounced in cattle than in sheep, namely, 69.1%
versus 9.4% for 366 and 286 female andmale cattle examined,
respectively, and 11.2% versus 9.8% for 1118 and 184 female and
male sheep examined, respectively.

3.4. Distribution and Status of Hydatid Cysts. Hydatid cysts
have been encountered in the liver and the lungs only. The
difference in the infection rates of hydatidosis between liver
and lungs is shown inTable 1. It was observed that coinfection
rates of lungs and liver were more frequent in both cattle and
sheep (39.3% and 34.2%, resp.), while infection rates of lungs
only (30.7% and 32.9%) and liver only (30.0% and 32.9%) in
cattle and in sheep, respectively, were similar.

Only three cystic hydatid cysts were found and collected
from the two infected goats. These cysts were all found to be
calcified and sterile.The overall percentage of fertile cysts was
significantly higher in sheep (54.9%) than in cattle (50.3%)
(Table 2).

3.5. Molecular Genotype. Molecular analyses have identified
genotypes G1, G2, and G3 of Eg s.s. in 87% of the selected
samples. In the overall samples, we observed a significantly
higher number of infections due to the genotype G1 (96%)
than theG3 (3%) andG2 (1%), with a similar rates of infection
in cattle and in sheep.

4. Discussion

4.1. Prevalence of CE. Principal determinants of Eg livestock
infection found in the literature encompassed the level of
environmental contamination with parasite eggs and age of
the host [23]. Pasture is the main source of nutrition for
ruminants in Sidi Kacem Province and is dependent on the
favourable terrain and climate: existence of plains, adequate
rainfall (600mm), and water resources (five of the country’s
main rivers flow through this region). In this province, El
Berbri et al. [24] conducted a survey on knowledge, attitudes,
and practices with regard to the presence, transmission
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factors, impact, and control of cystic echinococcosis and
reported that pastures are unfortunately accessible to dogs,
as confirmed by 34.4% of respondents. Furthermore, 43.2%
of the population own sheepdogs and 28.7% of persons report
that their dogs have regular access to livestock housing, where
they can thus contaminate the animal’s feeding and drinking
water with Eg eggs. Moreover, according to 7.1% of respon-
dents, dogs frequent abattoirs on market day, where they
invariably become infectedwithEg considering the neglectful
practices of slaughterhouse workers and inadequate infras-
tructure of abattoirs. The coexistence of transmission risks in
this context, namely, a livestock keeping and dog owning
community, promotes the infection of both ruminants and
dogs in tandem.

These conditions could explain, at least in part, that CE
infection rates in cattle and sheep are slightly higher in Sidi
Kacem region than those reported in four other regions of
Morocco by Azlaf and Dakkak [15].These results confirm the
CE prevalence variations for the same animal species from
region to region in this country. This is similar to the results
reported by Torgerson et al. [25] in Kazakhstan. The results
of this study show high CE levels of cattle (42.9%) and sheep
(11.0%) infection and a reduced infection pressure in goats.
Statistical analysis of CE rates on the basis of species shows
that a significant difference (𝑃 < 0.001) exists between cattle,
sheep, and goats. These findings are in agreement with the
results of previous studies conducted in 5 other regions of
Morocco [15–17] (i.e., Rif, Loukkos, Center, Middle Atlas,
and South). The prevalence of CE is higher in cattle than in
sheep in all of these regions, and for both species the rate of
infection is higher in Sidi Kacem region than the national
average rate of infection (22.9% and 10.5% in cattle and sheep,
resp.) reported by Azlaf and Dakkak [15]. Previous reports in
other parts of the world have indicated that the prevalence of
CE is high in cattle compared to sheep, includingAlgeria [26–
28], Tunisia [29], Ethiopia [30, 31], Saudi Arabia [32], Turkey
[33], Greece [34], Iran [35–37], Brazil [38], and Chili [39, 40].

CE prevalence shows considerable geographical varia-
tion.This difference could be associated with different factors
which influence the rate of transmission of CE like large dog
populations coupled with a high number of home slaughters,
risky social activities and attitude towards dogs, control
measures put in place, education and economic status of the
population, community awareness of the disease, and so
forth.

Similarly very low infection rates in goats have been
reported in all the regions that have been studied inMorocco
[15–17]. Moreover, Tniber [41] and El Hassani [42] reported
that in several localities of the Middle Atlas mountains CE
rates varied from 0% to 2% in goat, whilst in sheep grazing
in the same area CE rates ranged from 14.7% to 76.0%. It has
been argued that since goats feed mainly by browsing, rather
than grazing, they usually show lower rates of infection [43,
44]. However, high prevalence rates of Cysticercus tenuicollis
(Taenia hydatigena larva) infection were reported in goats
(72%) and in sheep (48%) grazing in the same pastures, while
the CE rates ranged from 0.0% to 2.4% in goats and from
14.0% to 97% in sheep [16, 41, 42, 45]. Other researchers have
come to the same conclusion in Tunisia [29], Egypt [46],

Northern Jordan [43], Turkey [43], Iran [35, 44, 47], and
Greece [48].

Differences in CE rates between species of animals might
be explainedmainly as a result of the involvement of different
strains of E. granulosus and variations in feeding behaviors of
the animals [49].

The genotype G1 of Eg s.s. is the most widespread geno-
type in the Sidi Kacem Province. We also described for the
first time the genotypes G2 and G3 of Eg in Morocco. The
genotype G1 is mainly responsible for infection in humans,
but genotypes G2 and G3 are known to be infectious as well
[50]. In this regard, genetic characterization of Eg isolates
collected from sheep, cattle, and goats living in four regions
of Morocco [18, 51–53] showed that different hosts from
different studied areas harboured genotypes almost identical
to the common sheep strain G1 of Eg. On the other hand,
Azlaf and Dakkak [15] suggested that this low prevalence of
CE in goats could be attributed to a difference in livestock
management system. One of the factors to be considered is
that, inMorocco, goats have less contact with dogs than sheep
as goats are rarely accompanied by dogs during pasture.

The prevalence of hydatidosis in this study shows signif-
icant association with age in sheep and cattle. Cattle above
five years of age and sheep above three years of age are
highly infected. Data of this study are in agreementwith those
reported for other regions of Morocco by Azlaf and Dakkak
[15], Dakkak and Ouhelli [16], and Pandey et al. [17]. Azlaf
and Dakkak [15] showed that the prevalence increased with
age approaching an asymptotic prevalence of 1 in the oldest
animals. Studies conducted elsewhere also strongly suggest
that prevalence is heavily influenced by age, such as in Algeria
[26, 27], Tunisia [29], Jordan [43, 54], Iraq [55], Turkey [32],
Iran [56, 57], Kazakhstan [25], and Ethiopia [58–64].

The influence of age on rate of infection could be
mainly due, on one hand, to increased risk of infection and
reinfection because of low immunity and, on the other hand,
to the time required for the development of hydatid cysts. It
takes 4 to 13 months for a cyst to grow to a few millimeters in
diameter [65].Thus, the inspection techniques used at slaugh-
terhouses cannot detect the presence of all the existing cysts
in inspected organs. Smaller microscopic and early cysts can
indeed escape inspection. Hence the sensitivity of this
method of detection increases in accordance with the age of
animals.

InMorocco, cattle are generally slaughteredwhen they are
older than sheep and goats. Under these conditions, higher
prevalence in cattle than in sheep and goats could be mainly
due to their longer exposure to Eg and/or to lower immunity
against the infection. Because prevalence rates are strongly
age dependent, reports from abattoirs thatmay slaughter only
young animals, as it is the case in the abattoir of Rabat, the
capital of Morocco, substantially underrepresent the true
situation of CE in farm animals [16].

Comparison of infection rates relative to sex showed
that, in both cattle and sheep, females are significantly more
frequently infected than males. This difference is more
pronounced in cattle than in sheep, namely, 69.1% versus 9.4%
and 11.2% versus 9.8%, respectively.These results are in agree-
ment with those reported in different regions of Morocco
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[15–17].This is in agreement also with the finding by Daryani
et al. [66] and Taghavi1 et al. [57] in Iran, Khanmohammadi
et al. [67] in Pakistan, Abunna et al. [58] in Ethiopia, and Lah-
mar et al. [29] in Tunisia.The higher infection rates in female
sheep and cattle compared to males can be due to the older
ages of slaughtered females than males. In practice, female
cattle, sheep, and goats are usuallymaintained for longer peri-
ods than males to give offspring several times before being
slaughtered. In contrast, most male cattle, sheep, and goats
are slaughtered at young ages of six months to less than two
years. As we discussed above, in younger animals, hydatid
cysts either have not developed to a detectable size or are too
small and easy to miss.

With regard to the distribution of hydatid cysts in dif-
ferent organs of infected cattle and sheep, hydatid cysts have
been encountered in the liver and the lungs only, and both in
sheep and cattle the distribution of cysts showed little signifi-
cant variation between the two organs in both animal species
(𝜒2 = 0.267, 𝑃 > 0.05). This is in agreement with results
found by Azlaf and Dakkak [15] who reported that lungs and
liver were the most commonly affected organs by hydatid
cysts in 618 head of cattle and 2948 sheep examined in
five different regions of Morocco, while hydatid cysts were
detected only in one heart, one spleen, and one peritoneum in
cattle and in one spleen in sheep. On the other hand, the
majority of infected cattle (39.3%) and sheep (34.2%) had
hydatid cysts in both liver and lungs. Concomitant infection
of both liver and lung is slightly higher in cattle (39.3%) than
in sheep (34.2%). These findings are in fundamental agree-
ment with the literature, which states that hydatid cysts are
most commonly found in the liver and lungs of ungulates
[20, 28, 32, 68–71]. However, our results are at odds with
the findings from studies conducted in Libya [72], Iran [55,
63, 73], Jordan [74, 75], and Tunisia [29], where researchers
reported higher prevalence in the liver than in the lungs.They
are also at odds with findings from studies conducted in
Ethiopia [64, 76–80], Pakistan [81, 82], Bangladesh [83], Iran
[57, 84], and Nigeria [85], where researchers reported higher
prevalence in the lungs than in the liver.

These preferential localizations can be explained by the
migration of hatched oncosphere, which when leaving the
intestine attains the liver, the right heart, the lungs, the left
heart, and finally other organs and tissues. Following this
migratory pathway, the larvae meet two organs first, the liver
and the lungs, which are the first large capillary fields encoun-
tered by the blood borne oncosphere and where they are
subjected to the filtering action sequentially before any other
peripheral organ is invaded [5]. In other cases the develop-
ment of hydatid cysts occurs occasionally in other organs
such as the heart, kidney, spleen, peritoneum, and other
tissues when oncospheres have escaped into the general
systematic circulation [69].

Fertility rate of the hydatid cyst is of great importance
in epidemiological studies, not only for the possibility of
fertile cysts to disseminate the disease but also to define the
probable function of each intermediate host species as a
potential host in the spread of the infection. Only three cysts
were detected in the two infected goats. These cysts were all
found calcified and sterile. This corroborates the reported

results in different regions of Morocco showing that the
fertility rate of hydatid cysts of goat origin varies from 0%
to 2.5% [15, 16, 52]. These results are in agreement with those
reported in Algeria [27], Iraq [55], and Ethiopia [86]. Because
it has been shown that different hosts from different studied
areas of Morocco harboured genotypes almost similar to the
common sheep strain G1 [18, 52, 53], these findings would
suggest that the sheep strainG1 is not adapted to goats. On the
other hand, sterile cysts of goats or cattle may be attributed
to the degenerative atrophy caused by body reaction against
such cysts leading to caseation and calcification followed by
degenerations [87].

With regard to fertility of cysts found in sheep and
cattle, the overall percentage of fertile cysts was significantly
higher in sheep (54.9%) than in cattle (50.3%). This is
close to previous estimates reported for different regions of
Morocco [15–17] and corroborates with the reported results
of neighboring countries: Algeria [27], Tunisia [29], Libya
[88, 89], and Mauritania [90]. Similar results were also
reported in other countries including Egypt [46], Turkey
[33, 91], Iran [26], Italy [92], and Ethiopia [93].This variation
could be attributed to strain differences in traits such as host
preference, development rate, infectivity, and pathogenesis.

In sheep, the frequency of occurrence of fertile cysts is
higher in the liver than in the lungs (53.1% versus 47.9%,
resp.). The results obtained in sheep are in agreement with
those already reported by several authors in Morocco [15–17]
and with those reported in Tunisia [29], Libya [94], Jordan
[54], Soudan [95], Iraq [96], Iran [32, 97], and Ethiopia [31].
However, Anwar et al. [82], Costa-Jamett et al., [49], Scala
et al. [98], and Getachew et al. [86] have reported that the
fertility of pulmonary cysts in sheep was higher than that of
hepatic cysts.

In cattle, and as in studies conducted in other regions of
Morocco [15–17], the percentage of fertile cysts was found to
be higher in the lungs than in the liver (48.6% versus 41.5%,
resp.). Similar results were reported in Tunisia [29], Egypt
[46], Iran [97, 99], Ethiopia [31, 59, 76, 77], and Pakistan [82].

The importance of sheep and cattle as intermediate hosts
of Eg in several regions of Morocco has been demonstrated
by other authors [15–17].

The results of this study would suggest that because of
a higher rate of infection, cattle play the leading role in the
maintenance of CE in the region and would contradict the
well-known notion that “cystic echinococcosis is principally
maintained in a dog-sheep-dog cycle.” However, in the
province of Sidi Kacem as in other regions studied to date in
Morocco and in other countries of North Africa in general,
although the rate of infection is lower in sheep than in cattle,
a number of factors indicate that sheep are themain source of
infection to dogs. Indeed, (1) the sheep population is about 3
times greater than that of cattle, (2) sheep aremost commonly
slaughtered in all North Africa countries, (3) each sheep flock
is followed by one or two dogs which are often fed on offal
and carcasses left to vagrant dogs or wild carnivores, (4)
dogs may be incorrectly fed with potentially infected viscera
during clandestine slaughtering and home slaughtering at
different occasions, such as weddings and religious feasts,
and (5) fertility of hydatid cysts of sheep origin is almost
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always higher than that of hydatid cysts of cattle origin.
Finally, in addition to its basic interest, the present study
confirms the role of cattle in leading transmission to dogs and,
consequently, to humans and suggests that control measures
should target not only sheep but also cattle.

ICONZ project includes the development of a control
strategy using the results of research on infection in rumi-
nants, infection in dog [100], and risk factors of infection
in humans, dogs, and ruminants [24]. This strategy was
developed and communicated to the Moroccan authorities
concerned with the subject. The project also includes the
field evaluation of this strategy and this evaluation is now
underway.

Disclaimer

The contents of this paper are the sole responsibility of
the authors and do not necessarily reflect the views of the
European Commission.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This research has received funding from the European
Union’s Seventh Framework Program (FP7/2007–2013)
under Grant Agreement no. 221948, ICONZ (Integrated
Control of Neglected Zoonoses).

References

[1] D. P. McManus, W. Zhang, J. Li, and P. B. Bartley, “Echinococ-
cosis,”The Lancet, vol. 362, no. 9392, pp. 1295–1304, 2003.

[2] J. Eckert and P. Deplazes, “Biological, epidemiological, and
clinical aspects of echinococcosis, a zoonosis of increasing
concern,” Clinical Microbiology Reviews, vol. 17, no. 1, pp. 107–
135, 2004.

[3] W. Mamuti, H. Yamasaki, Y. Sako et al., “Usefulness of hydatid
cyst fluid of Echinococcus granulosus developed in mice with
secondary infection for serodiagnosis of cystic Echinococcosis
in humans,” Clinical and Diagnostic Laboratory Immunology,
vol. 9, no. 3, pp. 573–576, 2002.

[4] J. Eckert, F. J. Conraths, and K. Tackmann, “Echinococcosis: an
emerging or re-emerging zoonosis?” International Journal for
Parasitology, vol. 30, no. 12-13, pp. 1283–1294, 2000.

[5] R.M.Matossian,M.D. Rickard, and J. D. Smyth, “Hydatidosis: a
global problem of increasing importance,” Bulletin of the World
Health Organization, vol. 55, no. 4, pp. 499–507, 1977.

[6] H. Wen and W.-G. Yang, “Public health importance of cystic
echinococcosis in China,” Acta Tropica, vol. 67, no. 1-2, pp. 133–
145, 1997.

[7] P. R. Torgerson and C. M. Budke, “Echinococcosis: an interna-
tional public health challenge,” Research in Veterinary Science,
vol. 74, no. 3, pp. 191–202, 2003.

[8] C. M. Budke, P. Deplazes, and P. R. Torgerson, “Global socioe-
conomic impact of cystic echinococcosis,” Emerging Infectious
Diseases, vol. 12, no. 2, pp. 296–303, 2006.

[9] A. Dakkak, “Echinococcosis/hydatidosis: a severe threat in
Mediterranean countries,” Veterinary Parasitology, vol. 174, no.
1-2, pp. 2–11, 2010.

[10] P. R. Torgerson and P. Craig, “Updated global burden of cystic
and alveolar echinococcosis,” Report of the WHO Informal
WorkingGroup onCystic andAlveolar Echinococcosis Surveil-
lance, Prevention and Control, with the Participation of the
Food and Agriculture Organization of the United Nations and
the World Organisation for Animal Health, Department of
Control of Neglected Tropical DiseasesWHO,Geneva, Switzer-
land, 2011.

[11] Ministry of Health Morocco, Direction de l’Epidémiologie et de
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