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Abstract

Introduction: Spinal hydatid cyst (SHC) is a difficult to treat parasitic infectious disease with high risk of recurrence. Similar with HC the visceral
organs, there are no standard treatment protocols for SHC. The aim of this study was to analyze clinical and laboratory findings, treatment, and
prognosis in published SHC case reports from Turkey in the last 20 years.

Materials and Methods: One national (Ulakbim, Turkish medical literature database, http:/[uvt.ulakbim.gov.tr/uvt/) and two international databases
(www.scopus.com and www.pubmed.com) were searched for SHC case reports from Turkey published in Turkish and international journals between
January 1998 and November 2018. Relevant articles were identified using the keywords “spinal kist hidatik" and "vertebral kist hidatik” in the
national database and “spinal hydatid cyst and Turkey” and "vertebral hydatid cyst and Turkey" in the international databases. Of 114 articles
identified in the initial search, 55 articles that met the study criteria were included in our analysis. The cases were evaluated in terms of presenting
symptoms, history, physical examination findings, concurrent extraspinal involvement, diagnostic methods, spinal lesion category, treatment, and
prognosis.

Results: A total of 86 cases of SHC were identified in the three databases using the specified keywords. Forty-eight (56%) of the patients were male
and the mean age was 36.4+16.8 (8-73) years. The most common presenting symptoms were back pain (83%), difficulty in walking (47%), urinary
and/or stool incontinence (27%), and leg numbness (22%). Concurrent extraspinal involvement was identified in 35% of the patients while thoracic
involvement was the most common (36%). Extradural intraspinal was the most common lesion type. The most preferred treatment protocol was
albendazole for a duration of six months. When the history and follow-up period of the patients were evaluated together, 51% of the patients had
at least one recurrence.

Conclusion: SHC affects the young to middle-aged population, leading to neurological morbidities that decrease patients' quality of life. Studies
are needed to determine more effective medical treatment protocols for SHC.

Keywords: Echinococcus granulosus, echinococcosis, Dew/Braithwaite & Lees classification, mebendazole, systematic review

Giris: Spinal kist hidatik (SKH) tedavisi zor ve niiks olasiligi yiiksek paraziter bir enfeksiyon hastaligidir. Spinal KH icin viseral organlarin kist
hidatigine benzer sekilde standart tedavi protokolleri mevcut degildir. Bu calismada son 20 yilda Tiirkiye'den bildirilmis SKH olgu sunumlarinin klinik
ve laboratuvar bulgulari, uygulanan tedavi ve prognoz agisindan incelenmesi amaglanmistir.

Gereg ve Yontem: iki uluslararasi veri tabani (www.scopus.com ve www.pubmed.com) ve bir ulusal veri tabani (Ulakbim Tiirk medikal literatiir veri
tabani, http:/fuvt.ulakbim.gov.tr/uvt/) taranarak Ocak 1998 ve Kasim 2018 tarihleri arasinda Tiirkiye'den yerli ve yabanci dergilerde yayinlanmis
SKH olgu sunumlari arastirildi. Makaleler, ulusal veri tabaninda “spinal kist hidatik”, “vertebral kist hidatik"; uluslararasi veri tabanlarinda ise “spinal
hydatid cyst and Turkey" ve "vertebral hydatid cyst and Turkey" anahtar kelimeleri ile tarandi. Tarama sonucu bulunan 114 makaleden aranan

Cite this article as: Suntur BM, Cavus G. Pooled Analysis of 86 Published Spinal Hydatid Cyst Cases From Turkey. Mediterr J Infect Microb Antimicrob. 2019;8:7.

Clinic of Infectious Diseases and Clinical Microbiology, Adana, Turkey
Phone: +90 505 450 48 01 E-mail: mutays2001@yahoo.com ORCID: orcid.org/0000-0003-4732-1664
= Received/Gelis Tarihi: 01.01.2019 Accepted/Kabul Tarihi: 18.03.2019

©Copyright 2019 by the Infectious Diseases and Clinical Microbiology Specialty Society of Turkey H .
Mediterranean Journal of Infection, Microbes and Antimicrobials published by Galenos Yayinevi. Published: 26 March 2019

E%W,;E Address for Correspondence/Yazisma Adresi: Bedia Mutay Suntur MD, Adana City Training and Research Hospital,
p—



https://orcid.org/0000-0003-4732-1664
https://orcid.org/0000-0001-7078-2501

Mediterr J Infect Microb Antimicrob
2019;8:7

Suntur and Cavus
Spinal Hydatid Cyst

kriterlere uygun olan 55 makale calismaya dahil edildi. Olgular, yakinma, 6ykd, fizik baki bulgulari, eslik eden ekstraspinal KH, spinal lezyonun
kategorisi, tani ydntemleri, uygulanan tedavi ve prognoz agisindan irdelendi.

Bulgular: Belirtilen anahtar kelimeler kullanilarak ti¢ veri tabaninda yapilan tarama sonucunda 86 SKH olgu sunumu tespit edildi. Olgularin 48'i
(%56) erkek iken yas ortalamasi 36,4+16,8 (8-73 yil) yildi. En sik bagvuru yakinmalari sirt agrisi (%83), yiirime giicliigi (%47), idrar ve/veya gaita
kagirma (%27) ve bacaklarda uyusukluk (%22) seklindeydi. Tarama yapilan olgularin %35'inde es zamanl ekstraspinal tutulum saptanmisti. En sik
torakal (%36) tutulum gozlendi. Kategorik olarak ekstradural intraspinal en sik gériilen SKH tipiydi. Medikal tedavide albendazol ve alti aylik tedavi
stiresi en cok tercih edilen tedavi protokoliiydii. Oykii ve takip periyodu birlikte degerlendirildiginde tedavi sonrasinda hastalarin %51'inde en az bir
kez niiks gelistigi gorildu.

Sonug: Spinal KH, genc-orta yas popiilasyonu etkilemekte ve bu hastalarda yasam kalitesini azaltan nérolojik morbiditelere neden olmaktadir. Daha
etkin medikal tedavi protokollerini belirleyecek calismalara ihtiyac vardir.

Anahtar Kelimeler: Echinococcus granulosus, ekinokokkoz, Dew/Braithwaite & Lees siniflamasi, mebendazol, sistematik derleme

Introduction

Cystic echinococcosis, or hydatid disease, is a zoonotic parasitic
infectious disease caused by Echinococcus granulosus.
Mediterranean countries, including Turkey, are among the
regions where cystic echinococcosis is endemicl™. Dogs are the
most important definitive host in the life cycle of E. granulosus,
and humans are incidental intermediate hosts. Humans are
infected by ingesting food contaminated with parasite eggs
from dog feces or via direct contact with dog feces. Hydatid
disease most commonly affects the liver (60-70%) and lungs
(20-25%). Bone involvement is rare (0.5-4%)2. Hydatid disease
of bone is usually seen in the spine (54%), followed by the pelvis
(14%), femur (10%), and ribs (8%)B4,

Spinal involvement may occur as a result of spread from adjacent
visceral organs or as primary involvement by hematogenous
spread, without any other foci®. According to the Dew/
Braithwaite & Lees classification, spinal hydatid cysts (SHC) are
categorized into five types based on their anatomical location:
intramedullary, intradural extramedullary, extradural intraspinal,
vertebral, and paravertebral®. The signs and symptoms of SHC
are usually associated with spinal cord compression and can
range from simple lower back or leg pain to paraplegia. The main
treatment approach is surgical removal of the cyst ideally intact
and unruptured. Benzimidazole-derived anthelmintic agents are
used as adjunct medical treatment®”. Similar with HC of the
liver and lung, there are no standard, well-established treatment
protocols for SHC. Most studies on SHC in the literature are case
reports or series. Despite advances in imaging techniques and
surgical techniques, treating SHC remains a challenge, and post
treatment recurrence rates are high.

The aim of this study was to analyze in SHC case reports from
Turkey in national and international journals within the last
20 years in terms of clinical and laboratory findings, surgical
and medical treatments, duration of medical treatment, and
postoperative prognosis and recurrence.

Materials and Methods

Two international databases (www.scopus.com and www.
pubmed.com) and a national database (Ulakbim Turkish
medical literature database, http://uvt.ulakbim.gov.tr/uvt/) were
searched to identify SHC case reports from Turkey, and published
in national and international journals between January 1998
and November 2018. The literature search was conducted on
November 15th, 2018, using the keywords “spinal hydatid cyst"
and "vertebral hydatid cyst" in the national database and “spinal
hydatid cyst and Turkey"” and “vertebral hydatid cyst and Turkey"
in the international databases. Of the articles identified in the
initial search, those unrelated to SHC and those related to SHC
but lacking sufficient data regarding clinical findings, diagnosis,
and treatment were not included in our analysis®. Patients
with SHC were evaluated in terms of age, sex, symptoms,
history of spinal or extraspinal HC, time from symptom onset
to diagnosis, physical examination findings, concurrent
extraspinal involvement, results of diagnostic imaging methods
and Echinococcus-specific microbiological tests, spinal lesion
level, Dew/Braithwaite & Lees category, surgical and medical
treatment performed, duration of treatment, and postoperative
prognosis and recurrence.

Statistical Analysis

Statistical analyses were performed using SPSS version 20.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were
expressed as percentage, minimum-maximum, mean, and
standard deviation. The Kolmogorov-Smirnov test was used to
determine whether variables conformed to normal distribution.
For comparisons between more than two groups, the Kruskal-
Wallis test was used to compare continuous variables. Fisher's
Exact test was used to compare discrete variables. A p value
<0.05 was considered statistically significant.

Of the 114 articles identified by searching the three databases
using the specified keywords, 59 were excluded according to
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the above outlined criteria. The remaining 55 articles contained
a total of 86 SHC cases (Figure 1)-%3. Of these, 48 (56%) were
male, and the mean age was 36.4+16.8 years (8-73 years).
Seventy-one patients (83%) had complaints of mid or low back
pain, 40 (47%) had weakness of the legs or difficulty walking,
23 (27%) had urinary and/or fecal incontinence, and 19 (22%)
had numbness in the legs. The mean time between symptom
onset and diagnosis was 9.93+21.06 months (0-143 months).
Forty-one patients (48%) had history of SHC or extraspinal HC
(31 spinal, four lung, three liver, one lung + spinal, one kidney,
one rib). Of 72 patients whose physical examination findings
were reported, 35 (49%) had bilateral or unilateral paresis of the
extremities, 20 (28%) had varying dermatomal sensory deficits
depending on lesion level, and 23 (32%) had urinary and/or
fecal incontinence. Six patients were reported to be paraplegic
at time of diagnosis.

Imaging methods included magnetic resonance imaging (MRI)
in 60 patients, MRl and computed tomography (CT) in 14
patients, CT in eight patients, and X-ray and myelography in
four patients. Thirty-five patients underwent one or more of
the following Echinococcus-specific microbiological analyses:
indirect hemagglutination assay (IHA), immunofluorescence
antibody assay, specific enzyme-linked immunosorbent assay
(ELISA), Western blotting, and polymerase chain reaction. At
least one of these tests was positive in 20 (57%) of these patients
(Table 2). HC diagnosis was confirmed histopathologically in 68
patients. Sixteen patients were diagnosed with HC based on
findings of radiological imaging and two patients based on
radiological imaging and microbiological test results.

Seventy-four patients were screened for extraspinal HC;
extraspinal involvement was not detected in 48 (65%) of these
patients while 26 (35%) patients had concurrent extraspinal
involvement of liver (n=5), lung (n=6), pelvis (n=3), kidney

(n=4), spleen (n=1), heart (n=1), rib (n=1), lung + liver (n=1),
lung + liver + spleen (n=2), liver + pelvis (n=2), and liver +
cranial (n=1).

Twenty-five patients had single vertebral involvement and
61 patients had involvement of multiple vertebrae. When
single and multiple spinal involvement cohorts were analyzed
together, it was found that 31 patients (36%) had only thoracic,
18 (21%) had only lumbar, eight (9%) had only sacral, and five
(6%) had only cervical vertebral involvement. Twenty-four
patients (28%) had involvement of multiple regions (thoracic,
lumbar, sacral, or cervical). Thoracic vertebral involvement was
not statistically associated with presence of lung HC (p=0.544).
Of 65 patients whose Dew/Braithwaite & Lees category was
reported, 16 (24.6%) had extradural intraspinal, 13 (20%)
had intradural extramedullary, 12 (18.4%) had vertebral, 10
(15.3%) had vertebral + paravertebral, six (9.2%) had extradural
intraspinal + paravertebral (dumbbell formation), four (6.1%)
had extradural intraspinal + vertebral + paravertebral, two (3%)
had paravertebral, and two (3%) had intramedullary SHC (Table
3). There were no significant differences in age distribution
between the categories (p=0.61).

Analysis of the 84 patients with treatment data showed that
16 underwent cyst excision alone, 61 had cyst excision with
decompression surgery, three had percutaneous cyst drainage,
two patients underwent surgery for concurrent extraspinal HC
but did not have spinal surgery, and two patients did not undergo
any surgical interventions. The records of 45 patients included
information regarding cyst rupture during surgery. Overall 28
(62%) cysts ruptured during removal and 17 (38%) cysts were
removed intact. Of the 59 patients whose records specified
that irrigation with a scolicidal agent was performed during
surgery, the agent used was hypertonic saline in 48 patients,
hypertonic saline + povidone-iodine in five, hydrogen peroxide

114 articles identified

(by searching three databases)

N

55 articles (86 cases of spinal HC) were included
in the study

59 articles were not included in the analysis

e Not related to HC (3)

e Not related to spinal HC (14)

e Intracranial HC (11)

e Review/book chapter (11)

e  Letter to the editor (3)

e Insufficient clinical data, radiological presentation (12)
e  Full text not available (2)

e Caused by Echinococcus multilocularis (2)

e Previously published as case report (1)

Figure 1. Study flowchart and selection of suitable publications®

*Created according to reference 8. HC: Hydatid cyst
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in three, and one patient each with chlorhexidine, ethanol, and
formaldehyde. Seventy-six of the patients underwent surgery
followed by anthelmintic therapy, six patients underwent
surgical treatment only, and two patients received anthelmintic
treatment only. The anthelmintic agent used was albendazole
in 61 patients and mebendazole in 17 patients. In patients for
whom dosage was indicated, albendazole was administered at
800 mg/day to 20 patients, 10-15 mg/kg/day to 16 patients, and
400 mg/day to three patients. Mebendazole was administered
at 60 mg/kg/day to 13 patients, and at 40-50 mg/kg/day to
the others. Duration of medical treatment was reported in 52
patients and the mean was 6.9+10.4 months (1-72 months).
Albendazole or mebendazole was administered to 21 patients
for six months, 11 patients for three months, and five patients
for 12 months.

Of the 76 patients with data regarding prognosis after
treatment, near complete resolution of symptoms after surgery
was noted in 46 patients (61%) patients. Thirteen patients (17%)
survived with severe neurological deficits (e.g., paraplegia,
neurogenic bladder, severe muscle weakness), nine (12%) with
moderate deficit, and four (5%) with mild deficit, while four
patients (5%) died (Table 4). Of these nonsurvivors, two died
due to renal complications after nephrectomy for renal HC
and one due to respiratory arrest secondary to toxic myelitis
associated with intraoperative formaldehyde irrigation. The
other deceased patient underwent two additional surgeries due
to SHC recurrence, developed paraplegia, and died during the
course of follow-up. The mean follow-up time after treatment
was 49.1+54.8 months (1-240 months). Analysis of the patients'
histories (32 patients) in combination with follow-up period
(12 patients) revealed that 44 patients (51%) had at least one
recurrence after treatment, and 32 patients (37%) underwent
multiple spinal surgeries.

Although HC may involve any bone of the body, spinal
involvement is most common (45-54%)B4, In a larger series
including SHC patients from different countries, no significant
difference in sex distribution was observed and the mean age
was 35 yearsl®, Parasite growth within the bone is relatively
slower compared to the liver and lung. Hence, the disease
can remain asymptomatic for many years. Therefore, SHC is
rarely observed in childhood and is more common in middle-
aged adults®, Similar to the literature, we found that 56%
of the patients in our study were male and the mean age was
36.4+16.8 years.

The clinical presentation of SHC is determined by signs and
symptoms associated with spinal cord compression and vertebral

Table 1. Patients’ history of spinal hydatid cyst (HC) and
extraspinal HC and presence of concurrent extraspinal HC
during the spinal HC diagnosis

Patient number (%)
History of surgery for spinal HC (n=86) 31 (36)
History of surgery for extraspinal HC 10 (11.6)
(n=86)
Concurrent extraspinal HC screened (n=74) | 26 (35.1)

HC: Hydatid cyst

Table 2. Patients’ microbiological test results

Patients with positive result (%)
IHA (n=27) 17 (63)
ELISA (n=12) 6 (50)
WB (n=6) 2(33.3)
IFA (n=1) 1(100)

*Some patients underwent multiple tests.
IHA: Indirect hemagglutination assay, WB: Western blotting, IFA: Immunofluorescence
antibody assay, ELISA: Enzyme-linked immunosorbent assay

Table 3. Patient categories according to Dew/Braithwaite &
Lees classification

Unspecified category (n=21)

Category specified (n=65)

Category Patient number (%)
Extradural-intraspinal 16 (24.6)
Extradural-intraspinal + paravertebral 6(9.2)
(dumbbell formation)

Extradural-intraspinal + vertebral + 4 (6.1)
paravertebral

Vertebral 12 (18.4)
Vertebral + paravertebral 10 (15.3)
Intradural-extramedullary 13 (20)
Paravertebral 2(3)
Intramedullary 2(3)

Table 4. The patients’ postoperative prognosis

Postoperative prognosis (n=76) F):;lt]ient number
0

Full recovery 46 (61)

Recovery with mild deficit 4 (5)

Recovery with moderate deficit 9(12)

Recovery with severe deficit 13 (17)

Death 4 (5)

destruction. Depending on the level of spinal involvement and
the degree of cord compression, patients can have dermatomal
peripheral sensory loss, radicular pain, paraparesis, paraplegia,
and/or anal sphincter or bladder dysfunction. Since the disease

is slow-progressing, the time from symptom onset to diagnosis
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can be long®57%4_ In our study, the mean time elapsed between
symptom onset and diagnosis was 9.93+21.06 months.

In daily practice, SHC is diagnosed primarily via imaging
methods, and serological tests are used more to confirm
the diagnosis. Regardless of cyst location, the sensitivity of
serological tests is closely associated with whether the cyst
intact; since patients with cyst leakage or rupture show a strong
serological responsel®®. The widely used ELISA and IHA tests have
similar specificity and sensitivity, and both are recommended as
screening tests®®, In our study, only 57% of the patients who
underwent microbiological tests specific for E. granulosus had
at least one positive result. Because the sensitivity of serological
tests is dependent on cyst integrity, it has been emphasized that
negative serological test results do not rule out a diagnosis of HC
in patients with signs suggestive of HC in radiological imaging!®®.
Magnetic resonance imaging and CT are currently the commonly
used imaging methods in SHC diagnosis. Myelography is no
longer recommended since it has low diagnostic value and can
cause cyst rupture. While CT detect damaged bone tissue better,
MRI may be preferable in terms of showing HC-specific signs,
such as botryroid appearance, lack of gadolinium staining on
the cyst wall, and demonstrating involvement of both bone
and adjacent tissues®54%5%9 |n our study, MRI was the most
frequently used imaging method (86%).

Primary SHC was reported to be more common than secondary
SHC, with the rate of secondary involvement being 18% in a
large series. However, this rate may be affected by the fact that
the extraspinal screening to distinguish between primary and
secondary disease was not performed in all patients. In the same
study, the authors observed a statistically significant association
between lung HC and thoracic vertebral HC®. In our study,
there was no significant association between thoracic vertebral
involvement and lung HC (p=0.544). Of the 74 patients who were
screened for HC screening outside the spinal region, concurrent
extraspinal HC was detected in 26 (35%). Of the 78 patients in
whom primary/secondary disease could be distinguished based
on extraspinal screening and history of HC, 44 (56.4%) had
primary SHC and 34 (43.5%) had secondary involvement.

SHC often involves the thoracic (45-50%) and lumbar (20-
39%) vertebra. The higher frequency of thoracic and lumbar
involvement is attributed to the dense vascularization in these
regions. According to the Dew/Braithwaite & Lees classification,
extradural intraspinal is the most common type, followed by
vertebral and paravertebral SHC. Intramedullary SHC is rare®”.
In this study, thoracic involvement was the most common
(369%), followed by lumbar (219%), sacral (9%), and cervical (6%)
involvement. The most common type was extradural intraspinal,
followed by vertebral and intradural extramedullary. Only two
patients had intramedullary SHC. According to the literature,
the intradural extramedullary type SHC is associated with more

acute development of neurological symptoms and at a younger
age. This is attributed to early spinal cord compression due
to the tendency for the cyst to grow in the direction of least
resistancel. In our study, there was no significant difference in
age between the lesion categories (p=0.61).

The main principle of SHC treatment is surgical removal of
the unruptured cyst, decompression surgery to eliminate cord
compression, and spinal stabilization”%4, However, due to the
nature of SHC, it is usually not possible to remove the cyst intact
and unruptured. In a study on bone HC, it was reported that
complete excision of the lesion was achieved in only 16% of the
casest., In the event of cyst rupture, washing the surgical area
with scolicidal solution is recommended. Although hydrogen
peroxide, povidone-iodine, 0.50% silver nitrate, and 10%
formaldehyde solutions have all been used for this purpose,
20% hypertonic saline is the commonly used and recommended
scolicidal solution®”7, In the present study, cysts were removed
intact in only 38% of the patients, and 20% hypertonic saline
was the most commonly used scolicidal solution.

Since it is considered to have better oral bioavailability and cyst
penetration, the current recommendation for first choice in the
medical treatment of HC is albendazole at a dose of 10-15 mg/
kg/day. The combination of albendazole and praziquantel is also
recommended. If albendazole is not available, mebendazole may
be used!*”7%, Continuous use of albendazole is now recommended
instead of the conventional intermittent treatment protocol
involving cycles of four weeks of treatment and two weeks
off therapy. Albendazole and mebendazole are used as
complementary medical treatment after surgery to prevent
recurrence of SHC. However, the actual contribution of medical
treatment to recurrence prevention is debated. There are still
uncertainties regarding treatment scheme and duration. There
is no staging system or treatment protocol for SCH like those
established for liver and lung HC. Since the pharmacokinetic
characteristics of benzimidazoles in bone and spinal soft tissue
are unknown, visceral organ HC treatment scheme is applied
usually®7, In the present study, we determined that albendazole
at a dose of 10-15 mg/kg/day for six months was the most
commonly preferred regimen. Medical treatment was initiated
preoperatively in one patient and postoperatively in the other
patients. A study analyzing treatment approaches in bone HC
demonstrated no significant difference in recurrence rates
with anthelmintic therapy for less than three months versus
more than 6 months, or with initiating medical treatment
preoperatively!. Although the role of albendazole in preventing
recurrence is controversial, it is the only treatment option for
inoperable cases®*”]. In addition, it has been stated that although
medical treatment may not prevent recurrence, it can delay
itl, We could not evaluate the relationship between treatment
protocols and recurrence due to variability in both follow-up
time and medical treatment duration in the patients in our
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study, SHC is associated with high recurrence rates and several
repeated surgical interventions. Approximately 40% of patients
are reported to develop symptomatic recurrence developed within
two years after the initial operation. Unruptured cyst removal
and level of the lesion are factors affecting the prognosis, and
repeated surgeries further increase the risk of paraplegial®7!,
In a study on bone HC, concurrent bone and visceral organ
involvement and spinal involvement were identified as variables
that were significantly correlated with recurrence!. In our
study, evaluation of the history of patients as well as follow-up
period together showed that 44 patients (51%) had at least one
recurrence after treatment and 32 patients (37%) underwent
multiple spinal surgeries. Due to the risk of recurrence, long-term
follow-up of SHC cases is recommended even in the absence
of symptoms. Since serological tests may remain elevated even
after successful removal of the cyst, recurrence is defined by the
patients’ clinical and radiological imaging findings. Similarly,
presented patients' recurrence was diagnosed based on their
clinical and radiological imaging findings.

Limitations of our study are that the data were collected
retrospectively and not all target variables were specified in all
of the articles when analyzing studies via the pooled analysis
method. The studies were varying both in terms of dose and
duration of anthelmintic drugs, as well as duration of follow-up,
which precluded evaluations regarding the effect of treatment
protocols on recurrence or prognosis.

SHC is still a difficult to treat disease. It has a high likelihood
of recurrence, and affects the young/middle-aged population,
potentially leading to death or morbidities that reduce quality
of life and cause workforce loss, such as difficulty in walking,
paraplegia, and urinary or fecal incontinence. There is a clear
need for further research to determine effective treatment
protocols for anthelmintic drugs, as well as programs for the
prevention and control of hydatid disease in endemic regions
such as Turkey.
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