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Abstract: Human cystic echinococcosis (CE) is an endemic disease in the Mediterranean area that has not yet
been fully documented in western Libya. The present study describes the clinico-epidemiologic profile of CE in
western Libya’s Nalut district. From April 2008 to July 2011, 36 cases of CE were confirmed following surgical
removal of cysts. The cysts were most frequently found in the liver (61.1%), followed by the lungs (19.4%),
kidneys (11.1%), peritoneal cavity (11.1%), and spleen (5.6%). Among the 36 patients, 6 possessed plural cysts
and 3 had cysts in 2 organs. Blood samples from this group were examined for the presence of serum anti-hydatid
IgG antibodies, which revealed positivity in 25 patients (69.4%). An additional 300 blood samples were collected
randomly from the inpatient and outpatient clinics at Nalut Hospital. Twenty-seven samples (9%) were found to be
positive for the anti-hydatid IgG antibody among which the prevalence of infection tended to be higher in men
(12%) than in women (6%). This study demonstrates that CE is a major parasitic infectious disease of public
health significance in Libya, notably in the western part of the country, and that disease awareness needs to be
raised nationwide.
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INTRODUCTION

Cystic echinococcosis/hydatidosis (CE) is one of the
most prominent types of zoonotic helminthiasis in sheep-
rearing areas worldwide [1]. High parasite prevalence is
particularly widespread in the Middle East and in Arabic
North Africa [2, 3]. The World Health Organization
(WHO) estimates that cystic hydatid disease results in the
loss of 1–3 million disability-adjusted lives per annum. CE
transmission typically occurs from dogs to humans and not
directly between humans [4, 5].

CE is a serious public health and livestock-related
economic problem in Libya, with an incidence of more
than 1 per 100,000 individuals within the Libyan popula-
tion according to surveys from 1970 to 2006 [6]. The fre-
quency of surgically confirmed CE in the Benghazi area,
which is located in northeastern Libya approximately
1,325 km east of Nalut, was estimated to be at least 4.2 per
100,000 individuals [7]. Whereas E. granulosus is the only
species of the genus Echincoccus found in Libya [8, 9], E.
multicularis is exclusively autochthonic in other areas

worldwide, including Hokkaido in Japan [10]. Most sheep
and goat herders in Libya keep dogs and livestock togeth-
er. As the domestic dog serves as the only known reservoir
for the adult tapeworm of E. granulosus in Libya, dogs
play a confirmed role in CE as the main source of infection
and a cause of both public health and veterinary problems
[11].

Although CE is reported to be endemic in Libya [12,
13], the analysis of this disease has been limited to the past
10 years [6, 14]. Furthermore, no studies have been con-
ducted on CE in the Nalut district to date. We therefore ex-
amined the clinico-epidemiological profile of human CE in
the Nalut district in western Libya, near the border with
Tunisia. The population of this rural area is suspected to be
at high risk for CE infection because many inhabitants
have flocks of sheep or goats that are kept around dogs for
protection.
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METHODS

Subjects
This prospective study included 36 cases of CE that

were diagnosed and treated surgically at Nalut Hospital in
the Libyan Arab Jamahiriya between April 2008 and July
2011. An additional 300 blood samples were collected ran-
domly from the inpatient and outpatient clinics at Nalut
Hospital, situated approximately 270 km southwest of the
Libyan capital, Tripoli. The Nalut region has an area of
67,191 km2 and a population of 93,224 (Fig. 1).

The patients were divided into 2 groups, as follows:
Group 1: Thirty-six cases of surgically confirmed CE ini-
tially diagnosed by clinical and imaging (X-ray, ultrasound
[US], and/or computerized tomography [CT]) findings.
Aspiration of the cystic fluid for parasitological examina-
tion was also done for disease confirmation.
Group 2: Three hundred cases randomly selected from the
inpatient and outpatient clinics at Nalut Hospital.

All of the subjects in Groups 1 and 2 provided in-

Fig. 1. Map of the Nalut District, Libya. The Nalut district
lies approximately 270 km southwest of the Libyan
capital, Tripoli. It has an area of 67,191 km2 and a
population of 93,224.

formed consent and were subjected to the following:
1) Questionnaire and full clinical examination that inclu-

ded history and physical findings, with special emphasis
on geographic location (i.e., residence in endemic region
and history of visits to any known endemic region),
family history of CE, and association with dogs, sheep,
or animal slaughtering at home.

2) Imaging studies: Plain radiographs and abdominal US
and CT images were obtained for Group 1.

3) Routine laboratory examinations: Urine, stool, and com-
plete blood profiling especially for eosinophilia.

Serum samples
Blood samples were collected from all subjects and

3–4 drops of whole blood were placed onto filter paper
strips, as described previously [15]. Briefly, the blood
drops were left at room temperature until dry, and then the
dried paper strips were stored at −20°C until use. As nega-
tive controls, 20 blood samples were obtained from non-
CE cases, i.e., 10 healthy subjects and 10 patients with
other parasitic infections (4 with ascariasis, 3 with taenia-
sis saginata, and 3 with toxoplasmosis) at Nalut Hospital.

Preparation of somatic antigen
Hydatid cysts of E. granulosus were collected from

the lungs and liver of sheep and goats slaughtered in Nalut
province. Afterwards, protoscolices were isolated from the
cysts by aseptic cyst puncture, washed with phosphate-
buffered saline (PBS), and stored at −20°C with proteolytic
enzyme inhibitors (2 mM PMSF and 5 mM EDTA). The
protoscolices were thawed, sonicated (10 cycles of 12 s at
60 Hz), freezed-thawed once more, and centrifuged for 35
min at 2,300 × g at 4°C. After centrifugation, the superna-
tants were aliquotted and stored at −20°C [16–18] for use
as somatic antigens (S-Ag).

Enzyme-linked immunosorbent assay (ELISA)
ELISA was carried out as previously described [18–

20]. The optimal antigen concentration of S-Ag was 7.5
μg/ml. Microtitre plates (Maxisorp, Nunc, Roskilde, Den-
mark) were coated with S-Ag diluted in PBS (100 μl/well)
and incubated overnight at 4°C. After removal of the S-
Ag, blocking was performed using PBS containing 1% bo-
vine serum albumin (BSA; 200 μl/well) for 1 h at 37°C.
Blood sample spots of 5 mm in diameter were punched
from filter papers using a paper puncher and placed into
1.5-ml micro-tubes containing 250 μl (final serum dilution:
approximately 1:100) PBS ⁄ 0.05% Tween 20 (TPBS) with
5% (v⁄v) skimmed milk. The tubes were placed on a flask
shaker set at full speed for 20 min at 37°C. Tube contents
were allowed to settle for 10 min prior to loading onto
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micro-titer plate wells. The serum (100 μl/well) in the
tubes was tested in duplicate using serial dilutions ranging
from 1:100 to 1:200. The plates were incubated for 1 h at
37°C. Peroxidase-conjugated rabbit anti-human IgGs
(Sigma-Aldrich, Dorset, UK) were used at a 1:1000 dilu-
tion in TPBS for 1 h at 37°C. Binding was visualized with
5-aminosalicilic acid. The reaction was stopped by adding
25 μl/well 1N NaOH, and absorbance was measured at 450
nm with an ELISA reader (STAT-FAX-2100, Ohio, USA).
Serologic results were considered to be reactive when the
serum dilution showed an optical density (OD) of absor-
bance of equal to or higher than the cut-off point, which
was calculated using the mean OD value plus three stand-
ard deviations of negative control serum [20].

Examination of cyst fertility
Cyst fertility was determined as earlier described

[21]. Briefly, gross cyst samples were examined for degen-
eration, and then the cyst wall was penetrated using a nee-
dle and cut with scalpel and scissors. The contents of the
cyst were collected in a sterile container. The cysts were
classified as fertile (containing fluid with protoscolices) or
sterile (containing fluid absent of protoscolices).

Classification of the abdominal cysts by US
Abdominal cysts were visualized by US (Fukuda

Denchi, Co, Ltd., Japan) and classified according to the
criteria proposed by the WHO [22] into three clinical
groups. The first group is active fertile cysts containing
viable protoscolices, the second group is in a transitional
stage, i.e., cysts have started to degenerate but usually still
contain viable protoscolices, and the third group is inactive
cysts that have lost their fertility, or are degenerated or par-
tially or totally calcified.

Statistical analysis
Fisher’s exact probability test was adopted for evalua-

tion of age and gender distribution as well as for seropre-
valence as determined by ELISA among the 36 CE
patients in Group 1. The MxN χ2 test was used to compare
the variables of affected organ and gender distribution in
Group 1 and seroprevalence among the 300 samples in
Group 2. The χ2 test was used to analyze the independency
of gender and seroprevalence in Group 2. A P value of
< 0.05 was considered to be statistically significant.

RESULTS

The 36 patients of Group 1 who were treated surgical-
ly for CE at Nalut Hospital are summarized in Table 1. All
patients were residents of the Nalut district or surrounding

areas. Five patients had family members also afflicted by
CE. Peripheral blood eosinophilia ranged from 7 to 15% in
this group. Seroprevalence was higher in women (20/36
cases, 55.6%) than in men (16/36 cases, 44.4%), albeit not
significantly.

In terms of location, cysts were found most frequently
in the liver (22/36 cases, 61.1%), followed by the lungs
(7/36 cases, 19.4%), kidneys (4/36 cases, 11.1%), perito-
neal cavity (4/36 cases, 11.1%), and spleen (2/36, 5.6%).
No cysts were detected in the brain or other organs.

Three patients (case 9, 14, and 30) possessed cysts in
2 organs. All of them had cyst(s) in the liver, with an addi-
tional cyst either in the peritoneal cavity (case 14 and 30)
or kidney (case 9) (Table 1). There were 4 patients who ex-
hibited 2 cysts in a single organ: 3 patients (case 18, 25,
and 30) had 2 cysts in the liver and 1 patient (case 13) had
2 cysts in the lung (Table 1). No significant relationship
was found between gender and cyst location. The average
size of the cysts was 8 × 6 cm, as depicted in Figs. 2A and
2B, with a range of 3 to 18 cm.

Apart from the 8 lung cysts found in 7 patients, 35 ab-
dominal cysts from the liver, kidney, peritoneum, and
spleen of 29 patients were clinically classified according to
the guidelines proposed by WHO based on US findings.
The cysts were classified as belonging to the 1st, 2nd and
3rd clinical group, with an incidence of 20/35 (57%), 7/35
(20%), and 8/35 (23%) respectively (Table 1). Thus, active
cysts containing viable protoscolices were the most com-
mon among CE patients.

Cyst fluid was aspirated and observed by light micro-
scopy for all cases. Hooklets and protoscolices in the aspi-
rates are shown in Fig. 3. Twenty-two patients (22/36
cases, 61%) had fertile cysts with the presence of protosco-
lices, while the remaining patients (14/36 cases, 39%) had
sterile cysts (Table 1). The 1st, 2nd and 3rd clinical classi-
fication of the 24 cysts of 18 patients with fertile abdomi-
nal cysts was 16/24 (67%), 5/24 (21%), and 3/24 (12%),
respectively, and was 4/11 (36%), 2/11 (18%), and 5/11
(45%), respectively, among the 11 patients with sterile ab-
dominal cysts.

Among the serum samples collected from Group 1
that were subjected to indirect ELISA, 25/36 cases
(69.4%) were found to be positive for the anti-hydatid IgG
antibody. On the other hand, 11/36 cases (30.6%) were
negative for the anti-hydatid IgG antibody despite the pres-
ence of cysts (7 cases of cysts in the liver, 3 in the lung,
and 1 in the kidney) (Table 1). Among the negative con-
trols, 2/20 cases (10%) were positive for the anti-hydatid
IgG antibody. Thus, the sensitivity and specificity of our
ELISA were shown to be 69.4% (25/36 cases) and 90%
([20-2]/20 cases), respectively.

R.M. Mohamed et al. 179



Abdominal cysts in seropositive cases were classified
as belonging to the 1st, 2nd and 3rd clinical group at an in-
cidence of 19/27 (70%), 5/27 (19%) and 3/27 (11%), re-
spectively. In contrast, abdominal cysts in seronegative
cases were classified as belonging to the 1st, 2nd and 3rd
clinical group at a frequency of 1/8 (12.5%), 2/8 (25%),
and 5/8 (62.5%), respectively (Table 1). Seropositive and
seronegative patients who had fertile cysts were 19/23

(83%) and 4/23 (17%), respectively, while those who had
sterile cysts were 6/13 (46%) and 7/13 (54%) respectively.
Thus, antibody response and cyst activity were closely re-
lated.

The prevalence of seropositivity was similar between
women (14/20) and men (11/16).

The 300 serum samples collected from Group 2 were
also subjected to ELISA examination. Among them,

Table 1. Characteristics of the 36 surgically treated patients with cystic echinococcosis in Group 1

Case
number Sex Age R/U*1 FH*2 AC*3 Eo*4

(%)
Ab*5

in serum
Cyst number in organs*7,*8 Total cyst

numberLiver Lung Kidney Spleen PC*6

1 M 31 R − − 12 + 12nd, F 1
2 M 66 R − − 11 + 11st, F 1
3 F 35 R − +  9 − 13rd, S 1
4 M 33 R − +  9 + 12nd, F 1
5 M 28 U − + 12 + 11st, S 1
6 F 24 U − + 11 − 1S 1
7 F 44 R + −  9 + 11st, F 1
8 M 29 R − +  7 + 1F 1
9 F 61 R − − 15 + 11st, F 11st, F 2

10 F 63 R + +  8 − 13rd, F 1
11 M 42 R − +  9 + 11st, F 1
12 F 52 U − +  7 − 13rd, S 1
13 F 38 U − − 14 + 2F 2
14 F 48 R − + 13 + 11st, F 13rd, F 2
15 M 46 R + +  9 − 13rd, S 1
16 M 51 R − + 11 + 11st, S 1
17 F 49 R − + 10 + 1S 1
18 F 45 U − − 15 + 21st, F 2
19 M 51 U − +  8 + 11st. F 1
20 F 53 R − +  9 + 13rd, F 1
21 F 46 R + +  7 + 12nd, F 1
22 M 46 R − + 14 − 1F 1
23 M 56 R − +  9 − 13rd, S 1
24 F 41 U − + 13 + 12nd, S 1
25 F 46 U + + 11 + 21st, F 2
26 F 52 R − + 10 + 1S 1
27 M 60 R − −  8 + 13rd, S 1
28 M 47 R − +  9 + 12nd, F 1
29 F 55 R − +  7 − 12nd, S 1
30 M 53 U − − 14 + 21st, F 11st, F 3
31 F 61 R − +  9 + 11st, F 1
32 F 53 U − + 13 + 11st, S 1
33 M 64 R − − 11 − 1F 1
34 M 58 R − + 10 − 12nd, F 1
35 F 60 U − +  7 − 11st, S 1
36 F 49 R − +  8 + 11st, F 1

*1 R: rural residence, U: urban residence, *2 Family history, *3 Animal contact, *4 Eosinophilia (%), *5 Anti-CE antibody in serum,
*6 Peritoneal cavity, *7 F: fertile cyst, S: sterile cyst, *8 WHO clinical classification of abdominal cysts into 1st, 2nd, or 3rd group
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Table 2. Seroprevalence of cystic echinococcosis among 300
samples in Group 2

Sex Age (years) No. of seropositive cases/
total cases %

Male  0–20  3/50  6%
21–40  6/50 12%
41–70  9/50 18%
Total 18/150 12%

Female  0–20  1/50  2%
21–40  2/50  4%
41–70  6/50 12%
Total  9/150  6%

Total 27/300  9%

27/300 samples (9%) were found to be positive for the
anti-hydatid IgG antibody. The 41–70 year age group
showed the highest seroprevalence in both sexes compared
with other age groups despite the statistical independency
between age and seroprevalence. With regard to gender,
the prevalence of infection tended to be higher in men
(18/150 cases, 12%) than in women (9/150 cases, 6%) (p =
0.069) (Table 2).

DISCUSSION

Echinococcosis is a lethal worldwide zoonosis caused
by adult or larval stages of tapeworms of the genus Echi-
nococcus. Transmission of echinococcosis relies on carni-
vores as definitive hosts and various animals as
intermediate hosts. Humans and intermediate hosts are in-
fected with echinococcosis by ingesting eggs of Echino-

Fig. 2. CT scan of a hydatid cyst. (A) Hydatid cyst in the liver of case 5. A mass with homogeneous density (white arrow) is
depicted in the right lobe. (B) Hydatid cyst in the peritoneum of case 21. The white arrow indicates a round lesion.

Fig. 3. Hydatid sand under light microscopic examination. Hydatid sand from the cyst aspirate of case 21 contained hooklets
(black arrows) and protoscolices (black arrowheads) of Echinococcus granulosus (eosin staining, ×10 magnification).
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coccus spp. in materials directly or indirectly contaminated
with the feces of infected carnivores [23].

In this study, CE was detected more frequently in the
liver (61.1%) than in the lungs (19.4%), a finding consis-
tent with other studies [24–26] reporting that cystic larvae
develop mainly in the liver (67–89%) and pulmonary re-
gions (10–15%) and that 10% of cysts can occur almost
anywhere else in the body. This may be attributable to the
fact that the liver and lungs possess greater capillary fields
that allow these organs to preferentially filter the ingested
oncospheres. In addition, the liver is responsible for the
primary filtration of blood from portal veins, followed by
pulmonary filtering before other organ involvement; only
those oncospheres that are transferred via the blood reach
the systemic circulation and other tissues [1].

In Group 1, 25 cases (69.4%) of surgically confirmed
CE were seropositive for the anti-hydatid IgG antibody
and the remaining 11 cases (30.6%) were seronegative.
This result is consistent with that of Eckert and Deplazes
[1], who reported that approximately 10 to 20% of patients
with hepatic cysts and roughly 40% of patients with pul-
monary cysts do not produce detectable specific serum IgG
antibodies and therefore give false-negative results. The
production of IgG antibodies mainly depends on the num-
ber, size, topography, and condition of hydatid cysts [27];
antibody production is low or absent in cases of small
cysts, intact cysts, and highly calcified cysts. Furthermore,
ELISA is not considered to be 100% sensitive or specific
since results vary depending on the kit and, more specifi-
cally, the antigen used. Although antigens derived from
larvae with humans as the intermediate host are recom-
mended for the serodiagnosis of human CE, those of
E. granulosus protoscolices obtained from hydatid cysts
have been successfully adopted in the past [17–19, 29, 30].
A wide range of sensitivities (31–96%) and specificities
(40–100%) has been reported among ELISA kits [31, 32].
The sensitivities of recombinant antigen B (AgB) or AgB
peptides and the hydatid fluid (HF) in the diagnosis of hu-
man CE were shown to be comparable at 26–89% and 50–
98%, respectively [31]. According to the most recent re-
port by Reiterová et al. [33], purified AgB-ELISA had a
96.4% sensitivity and 97.2% specificity and was more spe-
cific, but less sensitive, than HF-ELISA. They recommen-
ded AgB-ELISA for seroconfirmation of acute CE
diagnosis over HF-ELISA since antibody responses to
AgB were undetectable in the sera of CE patients more
than 3 months after treatment, whereas those to HF were
still positive [33].

Although ELISA testing provided only 69.4% sensi-
tivity in the present study, two previous reports using pro-
toscoleces for serodiagnosis showed high diagnostic

sensitivities of 83% [29] and 90% [18]. The same antigen
has also been used for the immunodiagnosis [19, 30] and
serological follow-up of young patients after surgical treat-
ment for CE [34]. The low sensitivity in our study might
be due to the fact that 23% of the surgically removed ab-
dominal cysts were in the 3rd clinical group and thus calci-
fied. It is noteworthy that the antibody response and cyst
activity were closely related the clinical classification in
this study. Additional immunodiagnostic methods for CE,
such as Western blotting, combinations of several defined
antigens, detection of circulating antigen(s), and DNA
analyses are recommended to improve the detection of CE
[32, 35].

Although we could not analyze the genotype of
E. granulosus in surgically removed cysts from the Nalut
district in western Libya, it has been proposed to be similar
to that reported in the eastern part of Libya [35] and bor-
dering Tunisia [36, 37]. These studies revealed the geno-
type of the E. granulosus to be E. granulosus sensu stricto
[36–38].

A high level of CE seropositivity (9%) in the general
Nalut district population was revealed by the study of
Group 2. This result was consistent with another seroepi-
demiologic study of 250 school children in northwest Lib-
ya (Benghazi area), which showed that 10% of the children
were seropositive for antibodies to CE by ELISA [39]. The
incidence of surgically confirmed CE in eastern Libya is
estimated to be approximately 4.2/100,000 individuals
with a significant female predominance [7]. Meanwhile,
US and serological examinations have revealed that up to
4.5% of people living in northern Libya are afflicted by the
disease [13].

The high prevalence of CE in this study may be
attributable to the following risk factors proposed by
Altintas [40] and Seimenis [41]: 1) people are generally
poorly educated about CE and there is a lack of health
awareness of the disease; 2) the majority of the population
lives in rural areas and works in agriculture or sheep or
goat herding amid the widespread presence of dogs; 3)
most of the population believes in Islam. Once a year dur-
ing a sacrificial festival, tens of thousands of sheep and
goats are slaughtered, thus providing stray dogs with the
remains of infected intermediate hosts; 4) a large number
of infected stray and free-roaming dogs are present; 5)
livestock are slaughtered for daily meat requirements,
which further facilitates the life cycle of the parasite; and
6) the disposal of infected organs is frequently not done
properly [40, 41]. Improper disposal of animal carcasses
that are left unburied or exposed to scavenging carnivores
also creates favorable conditions for environmental con-
tamination [42]. Among these risk factors, two major ele-
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ments were of particular note in our study: 1) Bedouin
Arabic populations eat meat daily, especially that of sheep
and goats which are slaughtered at the home, with the
practice of feeding dogs offal from ruminant livestock; and
2) ignorance and a decline in veterinary public health serv-
ices as shown by the fact that even slaughter houses leave
infected organs for dogs.

Although illness usually occurs approximately 5–10
years after infection, CE may present in individuals young-
er than 1 year of age and older than 75 years [43]. The age
of our CE-positive patients ranged from 24 to 86 years,
with a mean of 58.3 years, suggesting that increased op-
portunities for exposure to parasitic ova over a long period
of time raises the possibility of acquiring an infection. This
finding is consistent with the multivariate analysis conduc-
ted by Fotiou et al. [44], who revealed that an age of 65
and above was significantly associated with seropositivity.
They pointed out that the likelihood of acquiring antibod-
ies against CE increases with age, even without necessarily
developing the illness. With regard to gender, seropositive
males (12%) were more frequent than seropositive females
(6%) in the present study. This may be attributable to the
greater number of outdoor activities performed by men in
the Nalut district and increased contact with sources of in-
fection, such as dogs and soil. A study similar to ours was
conducted and arrived at a comparable conclusion [45]. A
report from Italy also remarked that men were more likely
to be exposed to echinococcal infection than women [46].
On the other hand, several studies have shown a minimal
difference regarding gender distribution [47, 48] while oth-
ers have reported just the opposite [13, 49, 50]. The dispar-
ity is likely due to differences in culture, socio-economic
status, and tradition among countries and areas.

To our knowledge, this is the first report describing
the seroprevalence of CE infection in the general popula-
tion of the Nalut district in western Libya. Our results indi-
cate that CE is a major parasitic infection with great public
health significance, especially in the western areas of the
country. Clinicians and health authorities are advised to
pay much greater attention to CE and make additional ef-
forts to eliminate this disease as quick as possible.
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