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Preface
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1. Introductory chapter, overview on Echinococcosis.
2.Epidemiology
3. Parasitology
4.Imaging
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their knowledge with a wider audience. I enjoyed working with them, getting to
know them and learning from them. I apologize to those friends whose names I may
have overlooked.

I would like to dedicate this book to all my colleagues, surgeons, radiologists,
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Hmida, Rached Letaief, Ali Ben Ali, Jaafar Mazhoud, Sabri Youssef, Mohamed Ben
Mabrouk, Younes Dahmene, Mohamed Azzaza and Mehdi Ben Haj Hmida. These
surgeons have vast experience in the management of echinococcosis.
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Chapter1

Introductory Chapter: Overview
on Echinococcosis

Meriem Braiki, Azzaza Mohamed and Fethi Derbel

1. Introduction

Echinococcosis is considered the most common parasitic disease and the most
widespread zoonotic infection caused by several cestode species belonging to the
genus Echinococcus [1].

This parasite has 12 different genus types, though four major species are
known to cause human parasitic disease: Echinococcus granulosus (E. granulosus),
Echinococcus multilocularis, Echinococcus vogeli, and Echinococcus oligarthrus [2].

E. granulosus is the causative organism of cystic echinococcosis, a small-sized
tapeworm measuring approximately 2-7 mm in length with at least 10 different
genome patterns and distinct genetic markers [1].

2. Parasitology

The parasitic life cycle involves two mammalian hosts. The intermediate hosts
include members of the ungulates such as sheep, goats, and pigs. The definitive host
of this parasite is the dog and other members of canids.

The adult parasite inhabits the small intestine of a definitive host and eggs,
containing infective oncospheres, are produced. Subsequently, free eggs as well as
cestode segments are excreted through the stool of the host into the environment [1].

Following an oral uptake of eggs by an intermediate host, a larval stage
(metacestode) develops in several internal organs, mainly the liver and lungs,
after a larval migration through the blood and lymph vessels. Typically, numer-
ous protoscoleces are produced by the mature metacestode, each with the poten-
tial to develop into an adult cestode after oral ingestion by a suitable definitive
host [3].

Humans are accidental or aberrant hosts that are not essential to the natural
Echinococcus life-cycle. The eggs, after being ingested, develop as a cyst (hydatid
cyst) inside the accidental host organs. Larval infection leading to the hydatid
disease is characterized by metacestode long-term growth in the intermediate host.
The parasitic cystic structure is typically filled with a clear hydatid fluid [4]. The
inner germinating membrane of the cyst provides germination and the outer cystic
layer features a laminated part. A granulomatous inflammatory reaction leads to a
fibrous tissue constitution walling the cyst [5].

Developing cysts are responsible for the morbidity and the mortality related to
the disease [3].

Cystic echinococcosis (CE) occurs worldwide. E. granulosus is known to occur
on all continents but high parasite prevalences are found in endemic areas such as
central Asia, the Mediterranean Basin, the Russian Federation, Africa (northern
and eastern regions), Australia, and South America [1, 3].
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Although Echinococcosis is regarded as an eradicable disease, it leads to serious
economic losses for public health systems and agricultural sectors in endemic areas
[6]. Therefore, numerous control programs reveal that preventive measures for
the interruption of parasitic life cycle may relatively reduce the prevalence and the
incidence of the hydatid disease [3, 7].

3. Diagnosis
3.1 Clinic

CE clinical presentation reflects the presence of one or more unilocular fluid-
filled cysts. Liver and lungs are most commonly affected: about 70% of cysts involve
the liver and the lungs are involved in 20% followed by other organs such as spleen,
kidney, brain, breasts, and bone.

The disease course is typically slow and most patients have an asymptomatic
disease course for several years. Otherwise, the cystic slow growth rate is esti-
mated at 1-5 mm per year and patients develop symptoms as the cyst gradually
grows [5, 8-10].

In the early stage of echinococcosis, clinical manifestations are mild. At later
stages, damaged tissues and organs can become dysfunctional with the occurrence
of symptoms related to cystic complications.

Symptoms are nonspecific and the diagnosis is often incidental, based on immu-
nological tests and imaging such as standard radiology, ultrasonography (US),
computed axial tomography (CT), and magnetic resonance imaging (MRI).

3.2 Serology

Serologic diagnostic methods play an important complementary role. They are
used in order to support the radiological diagnosis and for follow-up of patients
after surgical or pharmacological management.

There are multiple immunological responses to the disease. Mild immune
response is noted with rugged and intact cysts, whereas complicated cysts (leaking
or ruptured cysts) tend to show a strong immune response [4].

Serodiagnosis consists of the detection of specific serum antibodies by multiple
immunodiagnostic tests. An optimum test should be specific with high sensitivity.
There are considerable differences between the various serological tests, concerning
the specificity as well as the test sensitivity.

In routine laboratory applications, the indirect hemagglutination (IHA) is
often nonspecific, while the enzyme-linked immunosorbent assay (ELISA) using
crude hydatid cyst fluid has a high sensitivity (up to 95%) with low specificity.
Concomitant use of both tests (IHA and ELISA) is associated with diagnostic
sensitivity over than 85-96% [1, 11].

False-positive serological findings are revealed in 20% of patients with
CE, which is mainly related to cross-reactions with other parasitic diseases.
Furthermore, seronegativity rate is relatively higher in cases with nonactive disease
stages, in patients treated for autoimmune or malignant pathologies and during
pregnancy [12]. Cysts in the bone, brain and calcified cysts often show no or low
immunological response [5].

Immunoblot analysis is generally used when IHA and ELISA findings are not
definitive. The immunological diagnosis is established by the detection of specific
serum antibodies. Immunological methods often use the most specific antigens:

E. granulosus, antigen B, and antigen 5 (Ag5) [1, 13].
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3.3Imaging

US is considered as the first choice imaging modality in the diagnosis and
follow-up. It is a convenient and efficient imaging tool that demonstrates the cystic
number, location, and size. Furthermore, US can guide the interventional radiol-
ogy, which is often available, safe, and cost-efficient method with no radiation.
Therefore, it can be used in endemic areas with large populations to make a prompt
diagnosis. It mainly explores abdominal location.

Typically, the liver involvement is shown as a mixed echogenic, heterogeneous
pattern with irregular contours with multiple distributed calcific foci, whereas, the
radiologist must be aware of differential diagnosis in less typical appearance. The
criteria for ultrasonographic cystic classification of liver was first made by Gharbi
in 1981, and then, improved by the World Health Organization (WHO) in 2001 [5].
Cysts in other sites like the brain and the lung are not well demonstrated with US
and it require the use of other screening techniques. Conventional radiography can
be required as the initial imaging modality to diagnose thoracic and bone involve-
ment. The X-ray findings are nonspecific and are visualized as multiple small
opacities [14].

CT and MRI are mainly used in some cases, where US does not provide definitive
findings. These imaging tools are necessary for illustrating the lesions morphologic
features in intra-abdominal organs, which are involved through a direct invasion
from the primary lesion or disseminated disease.

They are also indicated in patients with sub-diaphragmatic location, extra-
abdominal sites (in bone and soft tissues involvement), complicated cysts such
as cysto-biliary fistulae and abscess, cases with extra-abdominal dissemination.
Moreover, CT and MRI can be useful for the preoperative evaluation and for
patient’s follow-up examination.

The radiologist should be familiar with multimodality imaging findings of this
particular disease. Thus, according to the organ involvement, the lesion can be con-
fused with other differential diagnosis including neoplasms, metastatic neoplasms,
or abscess [14].

4. Treatment

There are several treatment approaches for echinococcosis, including moni-
toring (watch and wait strategy), chemotherapy, interventional radiology, and
surgery. Indications for one or more management options are complex and depend
on the cyst features, medical and surgical equipment availability and the patient’s
cooperation. Therefore, it is preferable to refer patients to reference treatment
centers for echinococcosis in order to get the suitable management [15].

4.1 Medical treatment

The choice of the therapeutic modality is related to cyst stage, size, site, and
comorbidities.

Medical treatment using parasitostatic drugs such as benzimidazoles (mebenda-
zole and albendazole) is mainly recommended for inoperable patients and patients
with disseminated disease. Drug therapy should be administered continuously for
at least 3 months. However, prolonged treatment has a high cost with multiple tera-
togenic side effects [16]. Moreover, chemotherapy can be used as a complementary
therapy to surgery or to prevent metastasis and secondary cystic sites. However, it is
not recommended in the treatment of inactive or calcified cysts [17].
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The watch and wait strategy is a therapeutic option for uncomplicated cysts with
multiple involvements. It requires a regular long-term monitoring of liver function
tests and leukocyte counts [17].

4.2 Percutaneous treatment

The percutaneous treatment modality is defined as an option for the manage-
ment of cysts in the liver and other abdominal locations. This procedure is divided
into two techniques: (1) PAIR technique is the best known, consisting of the
destruction of the germinal membrane following the use of a scolicidal agent and
(2) modified catheterization techniques aiming at the entire endocyst evacuation.
This approach is a mini invasive procedure comparing to the surgery, but cysts
containing daughter vesicles are not the best indication for percutaneous treat-
ment because of the high risk of spread into the peritoneal cavity and into the
biliary tract [5].

4.3 Surgical treatment

Surgery should be carefully evaluated. The decision-making is based on the
characteristics of the hydatid cyst as the cyst type, number, size, location, and the
presence or not of associated complications. It is well recommended for large cysts
containing multiple daughter vesicles, symptomatic and complicated cysts, cysts
with superficial location that may be ruptured spontaneously or following a benign
trauma, infected cysts and cysts with close contact with vessels or adjacent vital
organs. Furthermore, it can be an option for patients not suitable for percutaneous
treatment.

The surgical approach is aiming to parasite inactivation, evacuation of the endo-
cyst with the prevention of contamination, germinal layer removal, and residual
cavity management [18].

Regarding the abdominal sites (typically the hepatic involvement), there are
two surgical approaches consisting of a conservative surgery and radical procedure
using open or laparoscopic surgery [19].

Conservative procedures consist of the parasitic cyst contents removal such as
daughter vesicles and germinative membrane, whereas the pericyst is retained. The
residual cavity is carefully explored to research any evidence of cystic biliary tract
communication and then managed according to different techniques: capitonnage,
omentoplasty, or external drainage.

Surgeons should cover the operating field with a scolicidal agent in order to
avoid the parasites spillage and the peritoneal cavity contamination.

Conservative surgery is simple, safe with relatively reduced operative time, but
has high morbidity and recurrence rates [19].

Radical surgery is the first therapeutic choice suitable for total excision of the
entire parasitic lesion. Whenever possible, complete resection is required because
radical surgical procedures are superior to conservative surgical methods and may
cure definitively the patient [18].

The radical surgery target is the removal of the whole cyst with the parasitic
contents and pericystic tissue.

Radical procedures includes: partial cystectomy, total cystic removal through an
open or closed pericystectomy, and hepatic resection.

During the pericystectomy, a proper cleavage plane between the inner layer and
the outer cystic layer may limit the liver parenchyma damage.

Hepatic resection is more difficult, takes longer operative time with higher risk
of blood loss but lower cystic recurrence rates.
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Comparing to conservative treatment, radical surgery is preferable due to lower
morbidity, mortality, and reoccurrence rates [19].

Laparoscopic management of hydatid cysts with abdominal (hepatic or extra-
hepatic sites) has its place among management approaches. It is a mini invasive
surgery that can be safely achieved in particular cases after patients’ selection.

Laparoscopy has several advantages including: better visualization of the perito-
neal cavity and internal organs, prompt postoperative discharge, limited postopera-
tive morbidity, and good esthetic outcomes [18].

There is lower frequency of hydatid disease in extra-hepatic sites. The manage-
ment and the proper therapeutic approach depend essentially on cystic site and the
organ involved. Generally, when the removal of the cysts is complete, the prognosis
is good with low rate of recurrence [20].

5. Follow-up

A long-term follow-up for patients managed for hydatid disease should be
planned because recurrences may occur in some cases. The patient monitoring
is mainly based on imaging techniques (US, CT, and MRI) at short intervals.
Serological tools and specific serum antibodies dosage support imaging techniques
and can reflect metastode viability. Moreover, the monitoring of parasitostatic
plasma level is necessary to adjust the therapeutic range and to prevent long-term
treatment side effects [20].

Currently, planning for the echinococcosis control relies on the interruption of
parasitic life cycle. The disease can be prevented by hygiene improvement in the
slaughtering of livestock, public education campaigns, periodic deworming of dogs,
and adequate destruction of infected offal. Vaccination of dogs with recombinant
proteins provides encouraging prospects for prevention and control [21].
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Chapter 2

Echinococcosis: Past and Present
Situation in Southeast Asia

Triwibowo Ambar Garjito, Mujiyanto Mujiyanto
and Mohammad Sudomo

Abstract

In Asia, Southeast Asia is reported as a non-endemic area of the parasite. How-
ever, several indigenous echinococcoses in human and animals were reported in
several countries, such as Malaysia, Thailand, the Philippines, Indonesia, Vietnam,
Cambodia, and Lao People’s Democratic Republic (PDR). Most human infections
are caused by Echinococcus granulosus and only two cases with E. ortleppi. There was
no evidence case with E. multilocularis in Southeast Asia. Echinococcus granulosus
infection is prevalent in areas that association with dogs and livestocks that close
contact with dogs. The incidence is very low. A total of 49 cases of echinococcosis
was identified in Southeast Asia from 1885 to 2015. Of which, at least 31 cases were
indigenous, 14 cases were imported, and 4 cases were unknown. Thailand is the
most prevalent country with echinococcosis in human, followed by very low inci-
dence in Indonesia, Malaysia, Vietnam, the Philippines, Cambodia and Lao PDR.
However, it is very difficult to estimate the real number of human echinococcosis
case in Southeast Asia due to the long asymptomatic period that is usually >5 years.
The disease may be more prevalent in Southeast Asia; however, they were
underdiagnosed and not reported.

Keywords: echinococcosis, Southeast Asia, Echinococcus granulosus,
Echinococcus ortleppi, incidence

1. Introduction

Echinococcosis (hydatidosis) is one of the neglected zoonosis caused by adult or
larval stage of the cestodes belonging to the genus Echinococcus of the family
Taeniidae [1-3]. At least nine species of Echinococcus have been recognized, includ-
ing Echinococcus granulosus sensu stricto (GI [sheep strain], G2 [Tasmanian sheep
strain], G3 [buffalo strain]), E. equinus (G4), E. ortleppi (G5), E. canadensis
(G6-G10), E. vogeli, E. oligarthrus, E. multilocularis, E. shiquicus and E. felidis. Three
among them, E. granulosus, E. multilocularis, and E. ortleppi, have a medical impor-
tance and cause alveolar echinococcosis (AE) and cystic echinococcosis (CE) [4-6].
Human alveolar echinococcosis has limited distribution in the northern hemisphere,
while cystic echinococcosis is more widely distributed and cosmopolitan,
particularly in countries of the temperate zones.

Southeast Asia is reported as non-endemic area of the parasite. However, several
indigenous echinococcoses in human and animals were reported in several coun-
tries, such as Malaysia, Thailand, the Philippines, Indonesia, Vietnam, Cambodia,
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and Lao People’s Democratic Republic (PDR). Although the surveillance of echino-
coccosis was not routinely conducted in several countries and the cases were
scarcely reported in Southeast Asia. In the recent years, by clinical, radiological,
microscopic, and serological aspects, the disease was found in many areas in this
region. This situation makes us alert on the possibility of echinococcosis as one of
the potential health problems in the Southeast Asia.

2. Indonesia

Human echinococcosis in Indonesia was first reported in nonindigenous people,
in a European with liver hydatidosis in 1885 [7]. Subsequent cases were also con-
firmed in four European and an Indian in the 1920s [8]. In the late 1930s, a 45-year-
old European female was also suspected with Echinococcus infection after stayed for
almost 17 years which much contact with dogs in Indonesia [9].

The first indigenous case was diagnosed in a female aged 23 years from the
northern part of South Sulawesi in 1988. She was admitted to the hospital with pain
in the right under quadrant of the abdomens and in the right part of the
hypochondrium, below the right rib. Hepatomegaly or tumor in the right upper
quadrant of the abdomen was not found by physical examination. However, a
hypoechoic, oval image, with a clear acoustic image on the right, was identified by
using ultrasonography. Serological test was not performed, and the diagnosis was
confirmed by radiological image examination. The patient has a history of keeping
a dog [10].

Another echinococcosis case was reported in a 90-year-old female from Java in
1988. She was hospitalized in Ujung Pandang (Makassar), South Sulawesi with
complaint of severe weakness, fainting, and no appetite. A tumor with no malignant
cells was identified in the lower right part of the abdomen. Cysts with hypoechoic
image on the walls were detected in the pelvis, right upper liver, and upper left
abdomen. Fluid aspiration and serological test were not carried out during patient
treatment at the hospital. The hydatidosis was confirmed in the right diaphragm
arc/liver, omentum, and adnexa by radio-image. She had not kept dog at home [11].

In 1997, subsequent indigenous case, a 26-year-old female from Palu, Central
Sulawesi, was administered in the Cipto Mangunkusumo Hospital in Jakarta with
chronic and progressive headache, space-occupying lesion, blurred vision since the
last 6 months, and vomiting. Bilateral edema of the papilla of the eyes was found
without other neurological deficits. Cysts were found in many parts of organs. A
hypodense, cystic lesion in the left parietal region of the brain divided by several
septa with calcifications was discovered by radio-image with tomography (CT)
scan. Historically, he lived in an area that kept many dogs, including her house.

In animals, echinococcosis is reported from goat, sheep, pig, water buffalo, and
monkey from Sumatra, Madura, Bali, and Sulawesi. A case with liver, lung, and
spleen hydatidosis was first identified in a cattle in Buitenzorg (Bogor, West Java)
during meat inspection on 1906. Hydatid cysts were subsequently found from the
lungs and liver of cattle in North Sumatra in 1907 [12]. At that time, the hydatid
cysts were only detected from imported Australian cattles (nonindigenous echino-
coccosis was also reported among 46 cattles and 3 pigs in Medan, North Sumatra, in
1916) [13]. In 1929, hydatid cysts in indigenous cattle were found for the first time
from Bali. This finding was considered that dogs from Bali were probably reservoirs
for the adult worm Echinococcus granulosus. However, the lack of study has caused
this to never to be proven [14]. Further cases of echinococcosis in animals were
reported back in 1940. A single cyst of Echinococcus was found in the lung of the
goat (Capra hircus) and the lung of the buffalo (Buffelus sondaicus) in the
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Netherlands Indies [15]. In 1947, a total of 45 cysts of Echinococcus unilocularis

(E. granulosus) were found in the lungs, kidney, stomach wall, and liver on an old
monkey Cynopithecus niger (later on as Macaca tonkeana) from Sulawesi (Celebes)
that suddenly died. The first evidence of E. granulosus infection in domestic dogs in
Indonesia was reported from the Lindu Valley, Central Sulawesi, in 1972. The dog
died suddenly after 18 months with numerous necropsies due to E. granulosus.
Subsequent dog with echinococcosis was reported on the shore of Lake Lindu at
Tomado village in 1973. The positive eggs of E. granulosus were confirmed by direct
smear and formaldehyde-ether from the dog stools. The adult worms of E.
granulosus were also identified during the study. The worms were collected from a
dead dog on the shore of Lake Lindu at Tomado [16]. Since then, hundreds of dogs
have been examined to identify the infection rate of E. granulosus in this area.
However, hydatid cysts and adult E. granulosus have not been discovered until

now [13].

3. Thailand

In Thailand, at least 18 reports of echinococcosis were confirmed in indigenous
Thai population, 5 cases were recorded from imported echinococcosis, and other 4
cases were noted with unknown origin during 1936-2007 [17-19]. Almost all cases
were recorded as cystic echinococcosis, and only two cases were identified as
alveolar echinococcosis [20-25]. Indigenous cases are distributed from the north-
ern, central, and southern regions of Thailand [17-19].

The disease infection was reported for the first time in this country in 1936 from
a 52-year-old male with peritoneum infection in Chiang Mai. The patient finally
died due to severe infection without surgical removal and antiparasitic drug [25].
Subsequently, human case of echinococcosis was found in a 16-year-old male with
E. granulosus cysts infection in lung in 1952. He is an Indian citizen who previously
lived in India. He was diagnosed with echinococcosis while in Bangkok [20].
Another patient, a Thai female, aged 56 years, with lung infection was confirmed to
be echinococcosis in 1980 [26]. Infection of E. granulosus cysts in the lung is a
common manifestation in Thailand. Five other cases of lung echinococcosis, two
females and three males with an age range of 32-71 years old, were also confirmed
in between 1980 and 1995 [17, 18, 20-22, 27, 28]. Surgical removals were performed
in all patients, and two of them received antiparasitic drug treatment with
albendazole. Two cases with renal echinococcosis were subsequently reported in a
39-year-old woman in 1993 and 43-year-old man in 1997. The first patient has
recovered after marsupialization; however the second patient died several years
after infection and treatment in 2000 [18, 29].

The most frequent echinococcosis case in this country is liver infection. At least
12 cases were reported in the period 1960-2007 [18, 19, 23, 27, 30, 31]. Two cases,
50-year-old male and 50-year-old female, were reported as Thai citizens who had a
history of visiting the Middle East in 1994 and 1996, respectively [17, 18], while the
other two were identified from non-Thai citizens who previously lived in
Middle East countries. Middle East countries are known as an endemic area of
echinococcosis.

Liver echinococcosis was also reported in a Thai citizen who had a history of
traveling to Switzerland in 2004. One subsequent case was recognized as a Nepali
citizen who was visiting Thailand in 1995, while three cases were recorded as
unknown origin in 1994 and 2004 [30]. In 2007, two cases were reported with
echinococcal cystic mass in the liver that was diagnosed through serological testing
using an indirect enzyme-linked immunosorbent assay (ELISA) [19]. Physical
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examination revealed that hepatomegaly or tumor in the right upper quadrant of
the abdomen was detected in almost all of liver echinococcosis cases [19, 23, 27].

The hydatid cysts were also found in the jaw and foot. One case with foot
echinococcosis was reported in a Thai 45-year-old female from Nakhon Pathom
province in 1989, while jaw echinococcosis was identified in a male, aged 32 years
old from Lamphun province [18].

During these periods (1936-2007), animal infection with echinococcosis was
never recorded in Thailand. However, hydatid cysts were reported in slaughtered
pigs, cattles, and buffalos in Bangkok and Chiang Mai in the past.

4, Vietnam

Echinococcosis was found in several countries in the Southeast Asian region;
however, before 2013, this disease had never been reported to be infected in both
animals and humans in Vietnam. The first case of echinococcosis was recorded in a
man, aged 42 years, who resides in Thach Thanh district, Thanh Hoa province. This
case is also the first indigenous case because he is a farmer who has never traveled
abroad. Positive diagnostics are performed by serological tests using ELISA. Patients
recovered after treatment with surgery combined with albendazole 800 mg/day
for 30 days [5].

The second indigenous case was reported in a woman, aged 48 years, who lived
in Phu Yen district, Son La province. She is a medical technician who has never
traveled abroad. Positive diagnosis is confirmed by the ELISA test. The observations
showed a large number of Echinococcus larvae in both lungs, so that no surgery was
performed. She then underwent treatment with albendazole 800 mg/day for
30 days. After 12 months, the patient no longer coughed, and only two small cysts
remained in her lungs [5]. Based on morphological and molecular methods, Echino-
coccus ortleppi was identified as the source of infection in both of cases. This is the
first case of E. ortleppi species reported as a cause of echinococcosis in Vietnam
and the Southeast Asian region [5, 19].

Previous studies revealed that risk factors for transmission of E. ortleppi are
more associated with dog and cattle than human. This species was originally
described as E. granulosus in dogs from South Africa; however, because it develops
mostly in cattle as intermediate hosts, E. ortleppi is more commonly known as cattle
strain (Genotype 5) of E. granulosus [32-35]. Currently, it has also been reported
to infect others domestic and wild animals, such as buffaloes, sheep, pigs, goats,
camels, monkeys, and porcupine [36-40]. In humans, this species has also been
reported to have low pathogenicity and be restricted to infect in certain areas.
Infection occurs accidentally through ingestion of parasite eggs [6, 41]. Although
E. ortleppi infection was reported in two indigenous cases from Vietnam, there is no
evidence that E. ortleppi is a autochthonous disease in northern Vietnam. There are
no reports of domestic cattles and dogs infected with this tapeworm species in
Vietnam. Most likely, the parasite was introduced from another place through cattle
that imported into the country [42].

5. Malaysia
Echinococcosis is very rare in Malaysia. So far, only five cases were reported
during more than last five decades. The first human case of pulmonary echinococ-

cosis was reported in a Malay child in 1968. However, there is no detailed informa-
tion reported during that time. In 1989, a first hepatic hydatidosis was reported in a
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59-year-old Indian female. She had complained of fever and right hypochondrial
pain for 3 days before inpatient. There was no jaundice. The enlarged liver with
span of 17 cm, soft were identified. Ultrasonography examination revealed an
encapsulated multiloculated anechoic lesions occurring on the most right of the
hepatic lobe. Hydatid cysts and a large cystic lesion were also identified. The patient
recovered at 1 year after getting surgical treatment combined with mebendazole
40 mg/kg/day for 30 days postoperatively [32].

The third case was recorded from a 4-year-old girl who was undergoing treat-
ment in a pediatric hospital emergency unit after experiencing repeated cough with
high-grade fever, accompanied by severe shortness of breath in 2013. Laboratory
investigation was performed with a chest X-ray (CXR) and ultrasound examination.
A hypoechoic shadow of a giant cystic lesion and hydatid cyst were detected
replacing the whole right lobe of the liver. Surgery was performed, and albendazole
was given for 6 months postoperatively. After 1.5 year, the patient demonstrated
improved conditions with no recurrence evidence [33].

In 2015, a case of hydatid cyst of the liver was reported in a 55-year-old Chinese-
Australian lady. She has migrated from Malaysia to Australia many years ago and
works as a nurse assistant. Australia is considered endemic for the disease. There
was no history of contact with cattle or dog. This patient presented a long history of
abdominal pain, but with no fever or jaundice. She may have experience acute
cholangitis, while the hydatid cyst ruptured in the biliary system. The liver cyst
showed a calcified wall with only necrotic debris. Laboratory investigation with a
chest X-ray, ultrasound examination, and histological analysis strongly suggests
patient had chronic hydatid cyst of the liver [34].

The latest record of hydatid hepato-pulmonary fistula caused by E. granulosus
case was reported in a 58-year-old Malaysian housewife with no history of recent
travel outside the country. In the past 3 years, the patient had complained of pain
from the right side of the chest and abdominal pain. For the past month before
inpatient, she complained severe repetitive attacks of productive cough with yel-
lowish to dark color of sputum and vomiting that was associated with night sweat-
ing and fever. Hydatid cysts were identified on top of the right lobe of the liver by
using chest X-ray and computerized tomography (CT) of the chest and abdomen.
Hydatid patients recovered after getting surgical treatment [35].

6. Philippines

Since 1925, only two local cases of human echinococcosis in the lungs have been
reported in the Philippines [43, 44]. No detailed information was reported regard-
ing Echinococcus infection in human. In animal, Echinococcus cyst was recorded for
the first time in a cattle from Los Banos, Laguna, in the 1940s. Echinococcosis in the
lungs of a water buffalo and dog were also reported in this country in 1947 [45].

7. Singapore, Cambodia, Lao People’s Democratic Republic, Myanmar,
and Timor-Leste

In Singapore, Singh et al. reported two imported cases of the disease in 1991
[46]. Echinococcosis has also been observed in humans, cattle, sheep, and pigs
in Laos and Cambodia. However, the disease is considered to be very rare in
these countries. No information about hydatid disease in Myanmar and
Timor-Leste [19, 47].
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8. Discussion

A total of 49 cases of echinococcosis was identified in Southeast Asia from 1885
to 2015. Of which, at least 31 case were indigenous, 14 cases were imported, and
4 cases were unknown. The common clinical manifestations found in patients with
echinococcosis are swelling or pressure effects from enlarging cysts and pain due to
cyst mass [48-51]. However, it is very difficult to estimate the real number of
human echinococcosis case in Southeast Asia due to the long asymptomatic period
that is usually >5 years [3]. Previous studies in China revealed that echinococcosis
manifestations usually appear 2-15 years after infection with nonspecific symptoms
[52]. With these possible reasons, the disease may be more prevalent in Southeast
Asia; however, they were underdiagnosed.

Most human infections are caused by E. granulosus and only two cases with
E. ortleppi. There was no evidence case with E. multilocularis in Southeast Asia.
Echinococcus granulosus infection is prevalent in areas that association with dogs and
livestocks that close contact with dogs [17]. The dog is the definitive host for E.
granulosus and the main source of human CE worldwide [53]. Livestock, especially
sheep and goats, is the most important domestic intermediate host for E. granulosus.
These worm cysts may also infect other herbivore hosts, e.g., donkeys, buffaloes,
pigs, camels, cattle, etc., and are involved in E. granulosus transmission [54-56].

Hydatid cysts infection is the most common echinococcosis in this region [3, 5,
17-24, 30, 32, 34, 47, 57-60], while only two cases of alveolar echinococcosis were
reported in Thailand [25, 31]. Of all the recorded cases, liver cyst is a leading cause
of echinococcosis in Southeast Asia, followed by cyst infection in the lung, perito-
neal, kidney, jaw, and foot. Surgical removal and antiparasitic drug therapy have
been shown to be beneficial and effective in the management of echinococcosis.

Besides Thailand, the very low incidence was reported in almost all countries in
Southeast Asia. The possible reason for the existence of echinococcosis cases might
be different in each country. In Indonesia and Malaysia, where the majority of the
population is Muslim, this low case might be caused by Muslims not being encour-
aged to keep dogs. In addition, under-diagnostic and non-reported cases due to the
absence of a routine surveillance system for echinococcosis may also contribute to
the low incidence in both countries. In Singapore, the low number of cases is likely
due to good urban planning with high-quality health standards, so there is very little
potential for food-borne parasitic infections in the country [46]. In several other
Southeast Asian countries that are epidemiologically similar to Thailand, namely,
Cambodia, Myanmar, and Laos, very few reports of echinococcosis cases may be
caused by being underdiagnosed and not reported [17]. The same thing is likely to
occur in other Southeast Asian countries, such as the Philippines, Vietnam, and
Timor-Leste. Although echinococcosis has not been a serious problem for public
health in the region, awareness of the disease is needed. The hydatid cyst diagnosis
should be inserted in part of the differential diagnosis of all cystic lesion to find out
the magnitude of this disease in Southeast Asia [17, 30]. In addition, serological
surveys are necessary in each Southeast Asian country to identify the distribution of
the disease. Disease surveillance in domestic dogs and livestock is also needed as a
prerequisite to understand epidemiological status of echinococcosis in the region.

9. Conclusions

According to this review, the incidence of echinococcosis in Southeast Asia is
very low. Thailand is the most prevalent country with echinococcosis in human,
followed by very low incidence in Indonesia, Malaysia, Vietnam, the Philippines,
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Figure 1.
Map of human cases of echinococcosis distribution in Southeast Asia during 1885-2015. Red dots represent
indigenous cases. Blue dots vepresent nonindigenous cases.

Cambodia, and Lao PDR, and so far there is no report of the disease in Myanmar
and Timor-Leste. The disease may be more prevalent; however, there were
underdiagnosed and not reported. Disease surveillance in human, domestic dogs,
and livestock are necessary in Southeast Asian countries to identify the distribution
of the disease. In addition, awareness and strengthening diagnosis for the disease
are also needed in part of Echinococcus surveillance to identify the real incidence and
magnitude in this region (Figure 1).
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Taenia solium Cysticercosis in
Pigs and Human: A Review of

Epidemiological Data in West
Africa (1990-2019)

Rebecca Weka, Pam Luka, Ndudim Ogo and Paul Weka

Abstract

Taenia solium taeniasis/cysticercosis/neurocysticercosis is a neglected zoonotic
disease endemic in sub-Saharan Africa, Latin-American and Asia and is an emerg-
ing public health and economic problem. The association between cysticercosis
and epilepsy has been documented worldwide including West Africa. Poor sanitary
conditions, traditional pig farming and poverty play an important role in perpetu-
ation of Taenia solium. There has been limited research undertaken in T solium in
human and pigs in some West African countries, where prevalence of taeniasis
was up 40%, human cysticercosis 10.3%, porcine cysticercosis 32.5-39.6% and
epilepsy 28.0/1000-43.0/1000. The study identified porcine cysticercosis in 18
countries, human cysticercosis in 19 countries, taeniasis in 4 countries and epilepsy
was reported in 25 countries. The aim of this study is to review scientific literature
on the epidemiology of T solium infections in pigs and humans in Western Africa
and document data on the prevalence of epilepsy in the region. The objective is to
document occurrence of disease in West Africa so as to offer options available for
control. The study conducted literature search of online international databases of
published resources for information on T. solium in Western Africa and Epilepsy
from 1990 to 2018.

Keywords: Taenia solium, epilepsy, human, pigs, West Africa, literature search,
epidemiology

1. Introduction

Parasitic zoonoses are becoming increasingly important in the spectrum of
emerging and re-emergent diseases for both developed and developing countries,
and are typically associated with poor marginalized countries in low-income
countries. They are regarded as disease of the poorest among the poor [1-3]. Taenia
solium is found in sub-Saharan Africa, Central Asia and Latin America where
domestic pig husbandry is practiced, poverty, illiteracy and deficient sanitary
infrastructures are common [1, 4, 5]. Similarly, the disease has been reported in
urban areas where most of the infected pigs are transported and consumed. The
incidence of the disease in humans is increasing and now is a re-emerging disease
in some developed countries and in areas of non-endemicity, due to international
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travel and immigration [6, 7]. Hence cysticercosis/neurocysticercosis/teaniosis
complex caused by the larval stage of T. solium in both pigs and humans remains
a significant cause of human morbidity and mortality in many parts of the world.
It is seriously affecting pig production and also considered as a public health and
economic problem in many developing countries affecting food security and
negatively impacts the nutritional and economic well-being of the small holder
farming community [8, 9].

2. Life cycle
2.1Life cycle and pathogenesis

Taenia solium life cycle is sustained where free roaming pigs, have access to
contaminated feces of tapeworm carriers. T. solium has a complex two host life cycle
and is cyclically transmitted between pigs and man. Humans are the only definitive
host and harbor the adult stages of these cestodes following ingestion of insuf-
ficiently cooked pork meat infested with cysticerci. Infection with the adult stage
is relatively innocuous and carries mild clinical manifestations leading to taeniasis
[1-11]. Pigs are the natural intermediate host, while human’s acts as the accidental
dead-end intermediate host and are both infected with T. solium by ingestion of
embryonated eggs from feces of tapeworm carriers from contaminated soil, water,
vegetation/foods to form cysticerci. Infection with the cysticerci leads to more
severe symptoms including headache and neurocysticercosis when the pathology
occurs in the CNS [11].

2.2 Epidemiology

Neurocysticercosis has been considered to be the most common parasitic
infestation of the central nervous system and the single most common cause of
preventable acquired epilepsy and mortality in developing countries [12-14],
and a strong correlation was reported between the prevalence of epilepsy and
seropositivity against T. solium cysticercosis [15]. The association between cysti-
cercosis and epilepsy has been documented as a leading neurological condition
worldwide including West Africa. Epilepsy is a frequent chronic neurologic disorder
that affects approximately 70 million people of all ages worldwide [15] Studies of
[10] in 2010 reported that the median prevalence of active epilepsy was 4.9/1000
(2.3-10.3) for developed countries, 12.7/1000 (3.5-45.5) and 5.9/1000 (3.4-10.2) in
rural and urban studies in developing countries. Neurocysticercosis has been associ-
ated with 30% of adult onset epilepsy in endemic regions where 10-20% of the
general population can have brain lesions consistent with neurocysticercosis on CT
scans [16]. Neurocysticercosis creates a tremendous economic burden in endemic
areas incurring significant costs due to diagnosis, treatment and disability [17].
Poor sanitary conditions, traditional pig farming, lack of awareness of the disease
and poverty play an important role in the perpetuation of the Taenia solium/cysti-
cercosis, and are present in West Africa [18]. Research in the region on Taenia solium
cysticercosis and taeniasis in both human and pigs has been limited. Prevalence
information of the disease in some countries within the region has been scanty
leading to underestimation of the prevalence, epidemiology and clinical impacts
of the disease which has made it difficult to make definitive recommendations
on control strategies. Data on porcine and human cysticercosis are available from
several countries. However, there is no recent information on T. solium taeniasis-
cysticercosis complex in some countries including Guinea Bissau, Liberia, Ivory
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coast and Sierra-Leone [19] as shown in Tables 1 and 2. The aim of this study is to
review scientific and gray literature and to identify the empirical data on T. solium
taeniasis/human/porcine cysticercosis/neurocysticercosis/epilepsy in West Africa
and the risk factors responsible for the epidemiology of T. solium cysticercosis in
order to understand the differences in exposure to the parasite in endemic areas
around the world. This will give an update and compile the current knowledge on
T solium in Western Africa, including risk factors for infections in pigs and humans

Author Country/location Diagnosis Total Prevalence Type of
study
[20] Benin, Southern Benin Meat inspection 118.073 0.06-0.69% Abattoir
[21] Burkina Faso, Meat inspection 62,311 0.22 Abattoir
Ouagadougou (n =139)
[22] Burkina Faso B158/B60 Ag-ELISA 336 32.5-39.6% Cross
sectional
[58] Burkina Faso Meat inspection 117,026 0.57% Abattoir
(n =673)
[59] Ghana, Kumasi Ante mortem/post 4121 2.31% Cross
mortem (n=95) sectional
[60] Ghana, Upper East Post mortem 60 11.70% Cross
Region sectional
[61] Nigeria, Bodjija, Ibadan, Meat inspection 593 1.01% Abattoir
Oyo State (n=6)
[62] Nigeria, Michika, Post mortem 247 3.2% (n = 8) Cross
Adamawa State, sectional
[65] Nigeria, Nasarawa and Post mortem 43 9.3% (n = 4) Cross
Gonin Gora,Chikun, sectional
Kaduna
[63] Nigeria, Jalingo, Taraba Post mortem 323 4.95% Cross
State (n=16) sectional
[23] Nigeria, Zuru, Kebbi Lingual, post mortem 4208 5.85% Cross
State (n =205) sectional
14.4%
(n =118)
[64] Nigeria, Post mortem 250 4.4% Cross
Bodija, Ibadan, (n=11) sectional
[24] Nigeria, Ibi Taraba State Antemortem/post 4380 6.25% Cross
mortem (n =274) sectional
[25] Nigeria, Nsukka Enugu Lingual/post mortem 2358 20% Cross
State (n = 483) sectional
[26] Nigeria, Enugu State Post mortem 379 24% (n=9) Cross
Udenu, Igbo-Eze South sectional
Nsukka Enugu State
[66] Nigeria, Jos Antibody ELISA 115 46% Cross
(n=29) sectional
[67] Gambia, Western region Lingual, Ag-ELISA 1705 4.8% Cross
sectional
[67] Senegal Lingual, Ag-ELISA 1705 6.4-13.2% Cross
sectional
Table 1.

Selected studies of porcine cysticercosis in West Africa 1980—2019.
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cysticercosis (HCC) from endemic communities. The objective of the study will be
to review and document data on the prevalence of human cysticercosis/neurocysti-
cercosis in the region with emphasis on epilepsy.

2.3 Methods

A systematic literature search was done on studies carried out on cysticercosis
in humans and pigs, seroprevalence of cysticercosis in humans and pigs, neurocys-
ticercosis/taeniasis, risk factors for transmission of cysticercosis and epilepsy in
West Africa published between 1980 and 2019. This search focused on the articles in
which data was obtained using the following techniques and protocols: (1) enzyme-
linked immunoelectrotransfer blot (EITB), (2) enzyme-linked immunosorbent
assay (B158/B60 Ag-ELISA or HP10 Ag-ELISA), (3) copro-antigen ELISA and
real-time polymerase chain reaction assay (copro-PCR). Language restriction was
applied, the considered languages were English and French. The selected databases
for this study were: PubMed (http://www.ncbi.nlm.nih.gov/pubmed/), Google
scholar and others. The search was performed from May 22 to August 22, 2019.

2.4 Literature search

The following data were included in this study (1) peer-reviewed studies of
T. solium taeniasis/cysticercosis/neurocysticercosis, porcine cysticercosis and epilepsy
in West Africa. (2) “Gray literature” on T solium taeniasis/cysticercosis, neurocys-
ticercosis presence in West Africa which consisted of informally published written
materials including reports. We performed a literature search using PubMed (http://
www.ncbi.nlm.nih.gov/pubmed/) with date restriction from January 1, 1980 to
January 5, 2019 using the following search term: (solium OR Tapeworm OR Taeniasis
OR Taeni* OR Taeniosis OR Neurocysticercosis OR Cysticerc* OR epilepsy) AND
West Africa (Benin OR Burkina Faso OR Ivory Coast OR Cape Verde OR Gambia OR
Ghana OR Guinea OR Guinea Bissau OR Liberia OR Libya OR Malawi OR Mali OR
Mauritania OR Niger OR Nigeria OR Senegal OR Sierra Leone OR Togo). We also
searched other databases such as Google Scholar (http://scholar.google.com), Cab
Direct (http://www.cab direct.org) and African Journals Online (http://www.ajol.
info) using the following keywords: “Taenia solium,” “porcine cysticercosis,” “neuro-
cysticercosis,” “human cysticercosis” and “taeniasis” Epilepsy, West Africa.

2.5 Data extraction and collection

Presence of T solium in this study was defined as a documented case of disease
related to the tapeworm, whether it was diagnosed and documented as human cys-
ticercosis, neurocysticercosis, porcine cysticercosis, taeniasis or epilepsy. Initially,
we reviewed all titles and abstracts, if accessible, and excluded studies outside
West Africa, and studies with no specified diagnostic technique, studies written in
languages other than English and French, and studies not having full paper, that is,
abstracts only experimental studies were also excluded.

2.6 Study selection

Figure 1 describes the review process and the number of articles selected at each
stage of the review. From an initial number of 550 articles, only 121 were eventually
used. The search selected by removal of duplicate studies from the title selection
and studies performed before 1980. Secondly, another set of articles were excluded
due to: (1) parasites other than T solium; (2) studies performed in non-west African

33



Overview on Echinococcosis

Figure 1.
Flow diagram.

countries; (3) articles written in languages other than French and English; (4) studies
not presenting original data and/or the techniques and protocols performed on their
studies and (5) studies not related to T solium epidemiology and epilepsy in West
African countries. Finally, when full texts were read, the following were selected.
Community-based studies, case reports, HCC prevalence reports available, HCC diag-
nosis using the EITB and Ag ELISA, porcine cysticercosis using carcass inspection and
Ab and Ag ELISA, Taeniasis studies based on Copro-Ag ELISA and stool microscopy,
and epilepsy studies based on questionnaire, medical or non-medical sources.

3. Results

The search identified 66 studies that reported the prevalence of T. solium
taeniasis/cysticercosis/neurocysticercosis and epilepsy in West Africa from 1980 to
2019.The study identified porcine cysticercosis in 18 countries, human cysticercosis
in 19 countries, taeniasis in 4 countries and epilepsy was reported in 25 countries
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(Tables 1 and 2). Figure 1 shows the flow chart of the selection of literature for the
informed prevalence estimations of studies included in this review; 8 from Benin
(1PC/7HCC/PWE), 11 from Burkina Faso (3PC/SHCC/PWE), 1 from Gambia
(PC), 4 from Ghana (2PC/1EP/1TE), 2 from Liberia (PWE), 1 from Mali (PWE),

1 from Mauritania (PWE), 24 from Nigeria (PC10/HCC/PWE14), 3 from Senegal
(1IPC/2PWEI) and 4 from Togo (4 PWE).

3.1 Porcine cysticercosis in West Africa

One epidemiological studies from Benin [20] used carcass inspection to deter-
mine the prevalence of porcine inspection and obtained a prevalence of 0.06-0.69%
among a total of 118,073, slaughtered pigs. Two studies from Burkina Faso used
carcass inspection to determine the prevalence of porcine cysticercosis and obtained
a prevalence of 0.22-0.57% in a total of 179,337 pigs [21, 58]. One study used B158/
B60 Ag-ELISA to determine the prevalence of active cysticercosis in pigs and
obtained a seroprevalence of 32.5-39.6% among 336 pigs [22]. Two studies from
Ghana determined the prevalence of porcine cysticercosis by carcass inspection
and obtained the prevalence of 2.31-11.70% [59, 60], among a total of 4181 pigs.

A total of 10 studies in Nigeria determined the prevalence of porcine cysticercosis
by carcass inspection and obtained a prevalence of 1-20% [23-26, 61-65] among a
total population of 12,781 pigs. While one study determined the seroprevalence of
porcine cysticercosis and obtained a seroprevalence of 46% IgG antibodies among
115 pigs [66]. A study in Senegal determined the prevalence of porcine cysticercosis
by lingual inspection and obtained a prevalence of 0.1-1.0%, while Ag-ELISA gave a
seroprevalence of 4.8% [67]. All the data are presented in Table 1.

3.2 Human cysticercosis, taeniasis and epilepsy in West Africa

Sero-epidemiological studies from 16 countries were selected for the West
African region, 3 studies [29] from Benin used Ab-ELISA, skull/muscle X-ray and
pathology of cysts and a study used both Ab-ELISA and EITB [30]. The total num-
ber of individuals sampled for serological testing in this region was 4387. Prevalence
of circulating antibodies ranged from 1 to 4%. Detailed description of each study is
given in Table 2. The total number of individuals examined for epilepsy survey in
the region was 27,848, excluding 1443 individuals that were involved in the serologi-
cal study by [29]. Three studies used door-to-door method of survey in estimating
the prevalence of epilepsy [27, 30, 31]. Two of the authors used capture/recapture
method. They used questionnaires/neurologist to diagnose epileptics [27, 30, 31]
and according to definition by the ILAE 1989, and PAANS [68, 69]. The prevalence
of epilepsy in the country ranged from 8.08/1000 to 20.1/1000. A study [29] linked
the 1.5% seroprevalence epilepsy to the prevalence of human cysticercosis. A
0-29% human cysticercosis seroprevalence in Burkina Faso was obtained from six
studies using Ag-ELISA [32-34, 36, 37] and the prevalence of epilepsy in the region
ranged from 4.5 to 14% per 1000. The total individuals sampled for seroprevalence
studies were 13,413. Three of the studies associated the prevalence of epilepsy to
cysticercosis [36, 37]. Two studies [34, 38] estimated the prevalence of epilepsy
only, with a total individuals sample size of 29,315 excluding studies that associated
the prevalence of epilepsy with cysticercosis.

Human taeniasis from Ghana was obtained from a study performing the Katao
Khazt method and obtained a prevalence of 13.3% in a total sample size of 44
individuals [39]. Human cysticercosis in Ghana was obtained from a study by
western blot and obtained a prevalence of 0.01% and the same study estimated
the prevalence of epilepsy as 10.1/1000 in a total population size of 586,607 [40].
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Human cysticercosis from Nigeria was obtained from two studies [47, 48] by using
Ab ELISA with prevalence of cysticercosis ranging from 9.6 to 14.3% in a total of
425 individuals. There were five studies selected for epilepsy [43, 44, 51, 70] with
prevalence ranging from 4.3/1000 to 20.8/1000 in a total of 64,979 individuals

for the epilepsy study. Five studies in the region were case report of cysticercosis
[45, 49, 50, 71] involving the ocular and breast cysticercosis. Human taeniasis was
obtained from two studies by stool microscopy [25, 46] with a prevalence ranging
from 8.6 to 40% among a total of 1953 individuals in the region. Human cysticer-
cosis in Senegal was obtained from one study performing antigen and antibody
ELISA [42]. The total number of individuals in the study were 403, and prevalence
of both antigen and antibody was 7.6%.The prevalence of epilepsy in the country
was obtained from two selected studies [52, 53] and the prevalence of epilepsy
ranged from 8.3/1000 to 14.2/1000 in a total of 12,182 individuals. Prevalence of
epilepsy from Liberia was obtained from two studies [41, 54] and the prevalence
of epilepsy across the region ranged from 28.0/1000 to 43.0/1000 among a total of
7169. Prevalence of epilepsy from Mauritania was obtained in one study [55] with
a prevalence of 34.7/1000 in a total of 236 individuals. Human cysticercosis was
obtained from two sero-epidemiological studies from Togo by antibody ELISA and
gave a prevalence of 23.3 [57] and cysticercosis 38/1000 [56] among a total of 14,419
individuals. The two studies also estimated the prevalence of epilepsy and obtained
16/1000 and 18.6/1000 [56, 57] among a total of 6607. A detailed description of
each study is given in Table 2.

3.3 Risk factors for human cysticercosis in West Africa

Out of the selected articles reviewed, 16 identified risk factors associated with
the prevalence of Tuaenia solium cysticercosis, taeniasis, epilepsy and porcine
cysticercosis. Lack of proper meat inspection, clandestine slaughtering of pigs and
illegal sales of meat leading to poor sanitary control were all risk factors that were
associated with an increased prevalence of cysticercosis in Benin Republic [30]
as it will promote sale of infected pork carcass to unsuspecting consumers (since
condemnation cannot be carried out) and predispose them to infection by these
parasites (taeniasis) which increases transmission of infection in the community
while increase age, stigma and lack of medical facilities were associated with
increase prevalence of epilepsy, people with epilepsy may hide their true identity
due to fear of marginalization and may not get proper health care [31]. In Burkina
Faso, being a male, pig farming including percentage of soil in sand, residing in
poor homes, lack of latrine. Males may have poor hygiene compared with females
as they are likely to eat improperly washed fruits or vegetables after purchase
and may eat food from food vendors prepared outside the home who might be
carriers of the adult tapeworm. The authors also thought the acidic nature of the
gastrointestinal tract might have made the eggs tolerate slightly more acidic soil.
The higher soil (sandy) percentage might have favored spread of taenid eggs unto
vegetation and water by wind. Carabin et al. [32] and living in communities with
higher percentage of traditional pig husbandry [32, 36] were risk factors associated
with the seroprevalence of cysticercosis [32]. Other factors include pig ownership,
preparation method of pork by mothers, access to latrine [33] and pork consump-
tion, pork consumption is associated with cysticercosis either by self-infection or
through ingestion of contaminated food and water [32, 37]. Interestingly, previous
consumption of pork, being a paid worker or trader as against farmer and house-
wives was also associated with the seroprevalence of cysticercosis [22, 37]. It was
also observed that free roaming pigs in the rainy season and knowledge of porcine
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cysticercosis was associated with an increase prevalence of porcine cysticercosis.
Free roaming pigs get exposed to infected human feces deposited in the bush or
open field thereby increasing the chance of infection and spread of porcine cys-
ticercosis. Being a residence with more than one individual having epilepsy was
associated with higher prevalence of active cysticercosis. Refs. [34, 36] observed
that NCC and epilepsy were observed in older people compared with people with
epilepsy without NCC. In addition, NCC was associated with epilepsy in communi-
ties where pig husbandry is practised and higher prevalence of NCC was observed
in people with epilepsy. In Ghana, pork consumption and consumption of measly
pork and pork soups lightly cooked were risk factors for taeniasis [39], while
hypertension and exposure to Taenia solium infection were risk factors responsible
for adult onset of epilepsy [40]. In Nigeria, pork preparation method and history of
epilepsy was associated with seroprevalence of cysticercosis. Heat generated from
boiling or frying is likely to kill the metacestode compared with heat from roasting
or barbecuing [48]. Others include type and availability of toilets, open defecation,
lack of personal hygiene after toilet use, pork consumption and traditional system
of pig management [47]. One of the risk factors for epilepsy was history of febrile
convulsions [70], purchasing home slaughtered pigs, lack of toilet facilities [64],
sourcing pig from the northern part of the country and local breed of pigs [26]. It
was observed in Senegal that the risk factor for seropositivity to cysticercosis was
older age group and lack of latrine [42].

4. Discussion

Majority of studies on epilepsy use various combination of screening question-
naires, clinical confirmation by neurologists, general practitioners or medical
students to identify cases of epilepsy with screening questionnaires developed by
World Health Organization (WHO) [72] and Limoges Institute of Epidemiology
and Tropical Neurology IENT questionnaire [69]. Epileptic seizures, which are
the most common presentation of neurocysticercosis, have been documented in
developing countries, which is three to six times higher than those in developed
countries [68]. Causes of epilepsy are highly variable across different regions of
sub-Saharan Africa and depend on geographical, climatic, political, social and
hygienic conditions [73]. The main and most important causes of epilepsy seem to
be very similar throughout sub-Saharan Africa showing that hypertension [40].

A genetic predisposition, a past history of febrile convulsions, perinatal neuro-
logical disorders, head injuries, cerebrovascular accidents and infections of the
central nervous system account for most cases of epilepsy [73] Other presumed
causes include witch craft/spiritual [43, 74], brain tumor [75], blood transmission
and birth trauma due to self-delivery. Also included are protozoon and helminthic
infections, including admission to hospital with malaria, exposure to T. canis, T.
gondii, O. volvulus and T. solium [40] of which Taenia solium has received attention
in sub-Saharan Africa over the past few years. Neurocysticercosis is a common
cause of epilepsy in pig breeding area [76], however the wide variation in the
frequency of epilepsy in the continent could be due to different definitions and
type of epilepsy including the population studied and type of sample [44]. Some
studies in the region showed the association between epilepsy and cysticercosis
using different diagnostic criteria both for epilepsy and cysticercosis. These
include three studies in Burkina Faso, of which some researchers [34] showed a
seropositivity between cysticercal antigens and active epilepsy with a prevalence
odds ratio (POR) of 2.40 (95%). A second study [36] showed 68 of the subjects
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confirmed with epilepsy by CT scan and 20 were diagnosed with definitive NCC
(for a proportion of 45.5-46.9% in two of the study villages). The third study

[37] showed that 39 of 70 positive were confirmed with epilepsy for a lifetime
prevalence of 4.5% and epilepsy was associated with cysticercosis by Ag-ELISA
(POR = 3.1, 95% BCI = 1.0; 8.3). All three studies confirmed epilepsy by ILAE
definition/physician. In Senegal, a study [42] showed that one of 10 CT-scan
positives individual by Ag-ELISA and EITB was reported to have epileptic sei-
zures, and cerebral CT-scans showed that 23.3% of the seropositive were affected
by neurocysticercosis. In Togo, a previous study [57] showed that cysticercosis
(confirmed by ELISA, anatomopathological examination, cranial or muscle
X-ray) caused 29.5% epilepsy in sufferers. A study by [40] in five Health and
Demographic Surveillance System centeres in Kintampo Ghana and four other
countries (Kenya, South Africa, Uganda and Tanzania) showed that epilepsy was
significantly associated with exposure to T. solium (odds ratios 7-03, P = 0-002), in
adults epilepsy confirmed by questionnaire/clinician and cysticercosis was con-
firmed by detection antibody by Western Blot, while active convulsive epilepsy in
the study was defined as two or more unprovoked convulsive seizures (occurring
at least 24 h apart, with at least one seizure in the preceding 12 months).

The stigmatization and marginalization of epilepsy is also enormous # many
African countries, epileptic patients are cast out because it is considered a con-
tagious or shameful disease [28, 43, 69, 77]. Those affected go through social
seclusion and people will not marry PWE unless both parties have epilepsy. For
example, consanguineous marriage is forbidden by culture in South East Nigeria
[43], and may potentially force them to intermarry thereby promoting genetic
transmission of epilepsy [43, 44]. Other beliefs include that inheriting properties
from PWE will get one infected but if a medicine man performs burial rites for the
dead person and takes away their properties and burn it then it stops. Burial
of PWE far away from home prevents people from getting epilepsy. Eating, sleep-
ing together or wearing same clothes with PWE is said to be a source of infection
[43, 44]. Eating of pork by someone with epilepsy promotes cysticercosis and
corroborates with a study that found a significant link between cysticercosis
occurrence and epilepsy [78]. In West Africa, T. solium cysticercosis in pigs and
man has been reported and reports have shown the prevalence’ of porcine cysti-
cercosis across the west African countries varies from 0.05 to 46% for both carcass
inspection and serological studies and prevalence of taeniid eggs were found to
be between 8.6 and 40% based on stool microscopy while copro-antigen ELISA
gave a prevalence of 30% [65] as shown in Tables 1 and 2. Difference in severity
of infection caused by T. solium could also explain the differences in prevalence
of epilepsy. In addition, the extent of the presence of other environmental factors
such as use of bad hygiene practices, close contact of humans and pigs and con-
sumption of inadequately cooked pork affects the differences in prevalence of epi-
lepsy [31] including free roaming pigs [43]. Abattoirs and approved slabs are the
only approved places for slaughter and inspection of pork meat for consumption,
however most carcasses are sold uninspected hence, lack of inspection and large
scale clandestine slaughter of pigs promote spread of cysticercosis [32, 34]. The
poor knowledge of T solium, poor hand washing practices, not treating drinking
water and handling of raw pork with bare hands promote spread of cysticercosis
[65]. Reports in the region indicate that home slaughter conditions were normally
substandard because they are makeshift and not constructed to actually meet the
requirements of ideal slaughter premises [48]. There was also strong association
between knowledge of cysticercosis and occupation and could be attributed to the
fact that people in certain occupations are considered to be more knowledgeable
about the disease than others [48].
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5. Conclusions

The high prevalence of porcine and human cysticercosis and epilepsy in the
region indicates that there is a need to get more updated prevalence data of cysti-
cercosis in rural areas where epilepsy is suspected to be more prevalent, compared
to urban regions due to parasitic infection. Studies determining the association
between epilepsy and cysticercosis should be carried out in countries where it has
not been done. The conditions necessary for the parasite to thrive and be transmit-
ted in the region is present in West Africa. Interventions studies including Health
education has only been done recently in Burkina Faso, such intervention measures
should be carried out in other parts of the region so as to enlighten the populace on
the menace caused by the parasite and how it could be prevented.

6. Limitations

The present study has some limitations as the criteria for inclusion and exclusion
of articles might have increased or reduced the number of studies used in the region
and not all risk factor s and causes of epilepsy were discussed. The study did not
determine the prevalence of epilepsy and both porcine and human cysticercosis,

in the region as the aim of the study was to show data on studies done by other
researchers in the region.
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Abstract

Echinococcus granulosus is also called the hydatid worm, which a parasite that
infects humans and animals. It causes zoonotic disease known as echinococcosis
(hydatidosis). Adult worms live in the intestines of dogs that are the definitive host.
Hydatidosis is known since ancient times and is one of the epidemic diseases that
is dangerous to humans in terms of health and economy in most countries of the
world. Hydatidosis or echinococcosis unilocular is common in many Arab countries,
including Libya, Sudan, Egypt, Lebanon, Syria, Algeria, Palestine, Iraq, and others
as well as North, East, and South Africa, Western and Southern Europe, and South
America. Studies indicate that the disease is spreading in areas that were previously
completely free of it such as North America and Canada. It was also noted that the
incidence of the disease in rural areas is close to 50%, and this is due to the large
breeding of farm animals and the presence of meat eaters, which helps to complete
the life cycle of this parasite, which needs the intermediate host (farm animals and
humans) and the definitive host (Canidae).

Keywords: E. granulosus, hydatid worm, echinococcosis, hydatidosis,
zoonotic disease

1. Introduction

Echinococcus granulosus is one of cestodes that caused cystic hydatid disease
(Echinococcosis), and this parasite is transmitted from carnivores (dogs, foxes,
leopards, lions, and hyenas), which are the definitive hosts of E. granulosus and
the parasite (the adult stages) lives in their intestines, to herbivores (sheep, goats,
camels, cows, buffaloes, horses, donkeys, pigs, rabbits, and humans), which are
intermediate hosts of the parasite where the larvae (hydatid cyst) live [1].

E. granulosus has three different stages of development: eggs, larvae, and adult
worms, which are small and do not exceed 7 mm in length as shown in Figure 1
and live adjacent to the mucous layer of the small intestine of the definitive hosts
until they reach the adult phases of sexual maturity in about 5-4 weeks [2, 3].
The adult worm has a spherical head of 0.3 mm diameter with a short neck and
three types of connected segments, and the head contains a sucker surrounded by
two rows of spines ranging from 50 to 28 forks, with four side suckers. The seg-
ment that follows the head is immature and contains immature genitals, while the
middle segment is mature and contains the testes and ovaries and is located in the
middle of the genital opening [4, 5]. The third segment is called gravid segment
and contains a branched uterus and has 15-12 branches containing 1000-500

eggs [6].
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Figure 1.
E. granulosus adult.

2. E. granulosus eggs

The eggs are spherical in shape (Figure 2) and have a diameter of about
40-30 pm and are similar in appearance to the eggs of other tapeworms, containing
a hexacanth or oncosphere embryo because the embryo has sixth-hooks lets. The
eggs are surrounded by clear coatings [8] and the eggs contain a sticky layer that
adheres to the fur of animals and other things, which helps them to spread, as well
as insects such as flies, beetles, and birds that play the role of mechanical carrier
of eggs, in case of optimal conditions, the eggs remain viable for weeks or months
in pastures and gardens as well as they remain viable with the right humidity and
moderate temperatures, and the eggs are found in water and wet sand for 3 weeks
at 30°C and 225 days at 6°C and 32 days at 10-21°C, also the eggs remain for a short
time when exposed to sunlight and dry conditions and kill eggs when exposed to
3.75% of sodium hypochlorite for 10 minutes as well as killed when frozen at —70°C
for 4 days or —80°C for 2 days or by heat larger from 60°C for 3 minutes [9].

Figure 2.
E. granulosus egg in feces [7].
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3. Larval stage (hydatid cyst)

When intermediate hosts (farm animals) or humans (accidental host) ingest
the eggs, the embryo (oncospheres) hatches and becomes active, transmitted by
the bloodstream to the liver or any other organ. As soon as the hexacanth embryo
reaches its definitive position, it develops into unilocular hydatid cyst that enlarges
and produces daughter cysts or protoscoleces inside the inner layer of the hydatid
cyst [10, 11].

4, Transmission

Transmission to humans is caused by fecal-oral route while eating food and
water contaminated with parasite eggs, and these eggs are thrown out with feces
of the definitive hosts such as dogs or through contamination of hands with eggs
found in contaminated soil or sand or in the hair of infected dogs. The definitive
hosts become infected with the adult worm when they feed on the hydatid cysts,
which are found in the organs of the intermediate host, such as infected sheep
[9, 11].

5. Strains of E. granulosus

Species of E. granulosus is divided into several strains such as G1-G10 and these
strains have a high degree of adaptation to their hosts, as these strains are named
according to the names of their intermediate hosts that play an important role in
the continuity of the life cycle of these strains. These strains vary in shape, rate of
development, pathogenicity, and geographical extent of their presence: G1 is found
in sheep, G2 in Tasmania sheep, and G3 in buffalo. These strains all fall within the
E. granulosus species, and G4 strain in equine is therefore called E. equinus; G5 in
cows is called E. ortleppi; G6 in camels; G7 in pigs; G9, which is characterized weak,
has been isolated from cystic disease in human cases in Poland; G7, G8, and G9 may
fall into E. canadensis, and some researchers consider the G9 strain a type of G7
strain in pigs [12].

6. Parasite classification

The classification of Echinococcus genus has been controversial for a long time,
and 16 species and 13 subspecies of this genus have been described, based on the
difference in the structural and phenotypic properties of the parasite and the char-
acteristics of the host and its type, but only 4 of them are taxonomically adopted:
E. granulosus, E. multilocularis, E. oligarthrus, and E. vogeli [13]. According to [14],
the classification system of granulocytic parasitic parasite is as follows:

Kingdom: Animalia

Phylum: Platyhelminthes

Superclass: Eucestoda

Class: Cestoda

Subclass: Cestoda

Order: Cyclophyllidea (Ben; Braun, 1900)
Family: Taeniidae (Ludwig, 1886)
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Genus: Echinococcus (Rud, 1801)
Species: granulosus (Batsch, 1786)

7. The life cycle of the parasite

The adult phases of the E. granulosus lives in the mucous layer of the definitive
host’s small intestine, and the eggs are highly resistant to harsh environmental con-
ditions for several months or even a year depending on environmental conditions
[15]. Therefore, it remains a source of infection to the intermediate hosts during
drinking contaminated water and food, including humans that may also be infected
by contact with infected dogs, especially in children, whereas eggs adhere to dog
hair around the anus [16, 17].

The eggs reach the stomach of the intermediate host and then decompose the
chitinous cortex by digestive juices and release the embryo (oncospheres) of the
sixth-hooks, and the oncospheres penetrate the intestine and reach the liver, lungs,
and other organs including the brain and muscles to develop into hydatid cysts at
the end of about 5 months [18].

When the definitive host feeds on infected organs of the intermediate host,
the parasite will reach its small intestine, where the primary heads grow into adult
worms within 7-4 weeks, and each worm produces thousands of eggs per day, start-
ing the cycle again [15] (Figure 3).
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Figure 3.

Thge adult E. granulosus (sensu lato) (2—7 mm long) @ vesides in the small intestine of the definitive host.
Gravid proglottids release eggs @ that ave passed in the feces and are immediately infectious. After ingestion by a
suitable intermediate host, eggs hatch in the small intestine and release six-hooked oncospheres @ that penetrate
the intestinal wall and migvate through the circulatory system into various ovgans, especially the liver and lungs.
In these organs, the oncosphere develops into a thick-walled hydatid cyst @ that enlarges gradually, producing
protoscolices and daughter cysts that fill the cyst interior. The definitive host becomes infected by ingesting the
cyst-containing ovgans of the infected intermediate host. After ingestion, the protoscolices @ evaginate, attach to
the intestinal mucosa®, and develop into adult stages @ in 32-80 days. Humans are aberrant intermediate hosts
and become infected by ingesting eggs ®. Oncospheres are released in the intestine ®, and hydatid cysts develop
in a variety of organs . If cysts rupture, the liberated protoscolices may create secondary cysts in other sites
within the body (secondary echinococcosis) [19].
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8. Structure of hydatid cyst (larval stage)

The hydatid cysts (Figure 4) of E. granulosus are often spherical or semispheri-
cal if not compressed by adjacent organs. The size of the hydatid cysts varies with
age, approximately 15-1 cm’ [21].

8.1 The outer (pericyst) layer

The outer layer is also called adventitia or ectocyst that encases the hydatid
cyst, and this layer is produced by the host cells (modified dense fibrous protective
tissue) as the host’s response to the infection. There is a close interaction between
the host tissue and the parasite, and this layer plays an important role in the devel-
opment and survival of the cyst. Any degradation of the outer layer leads to the
degeneration or explosion of the hydatid cyst; the diameters of a pericyst layer
vary depending on the host organ where the hydatid is present, but in general, the
diameters are about a few millimeters [22].

8.2 Laminated (medial) layer

It is a solid, noncellular chitinous layer, white in color, consisting of microfibers
fibers and dense granules rich in amino carbohydrates observed under electron
microscopy [23]. It plays a role in protecting the parasite from the immune response
of host and providing the suitable environment for its continued growth in addition
to its role in reducing the effect of drugs used in the treatment of the disease [6].

8.3 Germinal (inner) layer

This is the inner layer of hydatid cyst, a cellular living layer containing nuclei
and associated with the lamellar layer by fingerprints formed by the germinal
layer [20, 24]. It acts to protect components of the cyst and controls the osmotic
pressure of the cyst wall [25]. The buds are formed from the germinal layer and
grow toward the cavity of the cyst, and after the buds become vacuolated and
stalked, the process of forming buds from the inner layer of cells begins from
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Figure 4.
Cross section in the hydatid cyst [20].
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those cavities that lead to the formation of protoscolices [26]. The fertility of

the aqueous cyst is determined by the presence of protoscolices, their increasing
growth, and their association with the germinal layer, as well as other criteria for
determining the cyst fertility through the white color and thickness of the germi-
nal layer [27].

9. Components of hydatid cyst
9.1 Daughter vesicles (brood capsules)

These capsules consist of the generated layer by several endogenous budding,
which are small buds formed from the germinal layer toward the cavity of the cyst
[15]. These buds enlarge, and each capsule is connected to the germinal layer of
the parental cyst by the stem. The process of budding is repeated, and each capsule
contains large numbers of protoscolices, which have about 30-10 heads per capsule
[28]; capsules are gradually separated from the germinal layer and float in the cyst
fluid. These capsules are similar in their structure to the parental cyst [29].

The capsules may rupture and protoscolices may be released together with the
free capsules, and this is the so-called hydatid sand. Occasionally, cysts are free
from brood capsules when they grow in an inappropriate medium or due to bacte-
rial invasion or calcification. The capsules are formed but do not produce protosco-
lices, and these are called sterile cysts, whereas capsules that produce protoscolices
are called fertile cysts [14].

9.2 Hydatid sand

A term of hydatid sand refers to the contents of the hydatid cyst, which includes
the daughter cysts, brood capsules, and protoscolices that present in the hydatid
fluid of the E. granulosus [30].

9.3 Hydatid cyst fluid

It is a clear colorless or yellowish liquid with a specific weight of 1.005-1.0009,
a pH of 72-6.7, and inorganic substances such as iron, chlorine, magnesium,
sodium, calcium, cadmium, nickel, chromium, copper, and some enzymes such as
glutamic pyruvic transaminase (GTP), glutamic oxaloacetic transaminase (GOT),
Acid phosphatase with lipase, oxidase, phosphatase, and dehydrate enzymes.
They vary in quantity and quality depending on the source of the parasite and the
location of the cyst and metabolism of parasites such as ammonia, bilirubin, and
creatinine [31].

10. Epidemiology of E. granulosus

The E. granulosus parasite spreads almost all over the world, but it is more
common in rural areas with large pastoral areas, where there are large numbers
of animals that are hosts of the parasite, such as cattle, sheep, and others, with
the presence of definitive hosts in these areas especially dogs [32]. Echinococcosis
is a health and economic problem in most parts of the world and some studies
have recorded more than 50 cases per 100,000 people annually in high endemic
areas, where the prevalence of the disease in China, Argentina, and East Africa
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was about 5-10%. The disease also kills about 1 million people a year around the
world and also causes a loss of about $3 billion, including treatment and livestock
expenses [15, 33].

It is also highly endemic in parts of Africa, Europe, Australia, Asia, and the
Mediterranean countries [34], as well as Middle Eastern countries including Iran,
Saudi Arabia, Kuwait, Jordan, Palestine, Syria, Lebanon, and Iraq [35]. The epi-
demiology of the disease depends on the economic and agricultural factors and
the level of learning and health and social culture in the human society where the
parasite is spread, and what helps to spread the disease is the mixing with pets,
especially dogs, in the absence of appropriate health conditions [36].

Iraq is a highly endemic country for the disease, due to the spread of loose
parasite-infected dogs [37]. Although there are many recent studies of the epidemic
of this disease, it is still a major health problem and is still endemic in Iraq, where
there were not enough attempts to combat it despite the availability of modern
conditions and equipment for diagnosis and treatment [38].

Epidemiology of hydatosis and cystic type (CE) is still on the rise due to its
global distribution and high regional prevalence, and alveolar type (AE) has been
observed during the past two decades and a decrease in the rate of morbidity and
mortality, especially in Asia, as a result of intensive studies of epidemiology in all
countries of the world [39].

11. Hydatidosis (Echinococcosis)

Hydatidosis is one of the oldest known diseases of the human being. This
disease was described by the Egyptians in a document dating back to 1534 BC, as
mentioned by the Babylonians in the Bible Talmud. It described the cyst as a bladder
filled with fluid [40]. This disease arises from the formation of hydatid cysts of
different sizes in different locations such as the liver and lungs in both animals and
humans, and the severity of the disease depends on the number of cysts, size, and
location. These cysts may lead to loss of human life in addition to economic losses
in the field of livestock; the incidence of this disease is high in humans because its
risk is that it is detected only by chance during radiological examinations or vari-
ous surgical operations, but in animals, it is discovered during routine detection in
massacres [1].

The cause of hydatidosis disease is due to two important factors. The first is
that it is not possible to know the infection in the early stages since the onset of the
disease because it does not show symptoms until the cyst has increased in size of the
cyst, which puts pressure on the adjacent tissues [41]. The second factor is the loss
of therapeutic means, and the disease is very similar to the severity of its metastasis
in the metastasis stage [42]. These cysts are found in all parts of the body except
hair and nails [43].

This disease is one of the endemic diseases in Iraq and it has an economic, social
and health impact on the human, so conducted many studies and research to inves-
tigate methods of treatment, which surgical intervention is the most important of
these methods, although the patient is exposed to many problems during surgery
which may be difficult to perform at times and cannot be performed at other times
[44, 45], or the patient is not surgically qualified or as a result of other serious
diseases such as immune compromised patients or because of age or anesthesia or
the occurrence of the cyst in places difficult for the surgeon to deal with, such as in
the cysts of the heart, brain or spine, so the importance of the use of extracts of a
different chemical nature treatment of aquatic cyst disease [46].
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12. Clinical symptoms of hydatidosis

Hydatis cyst disease (HCD) is slow at the onset of infection and unseen due
to slow growth and development of the cyst, which reaches a diameter of about
10-1 mm per year [33]. The appearance of clinical signs depends on the location of
the affected organ, the size of the cyst, its location within the affected organ, the
stages of its development, and the fertility of its components with the interaction
between the related cysts between adjacent organs, especially between the hepatic
vessels and bile ducts [47]. In humans, the symptoms are dependent on the affected
organ, and the liver is the most exposed organ, with a rate of about 70-60%, fol-
lowed by lungs 22-20%, spleen, heart, muscles, eye, and thyroid gland 6%, and the
kidneys, brain, and bones 1% and don’t hardly any organ of body free from hydatid
cyst except teeth, nails and hair [48].

Symptoms in the liver are: an enlarged, and it becomes sensitive when palpated
with liver abscesses, in addition abdominal pain, vomiting and nausea, as well as
an increase in hepatic blood pressure and in cavity of the lower vena cava also there
secondary fibrosis in the ducts bile, the hydatid cyst causes significant pressure on
the diaphragm when adhesion to it and leads to a breach and exit of the contents
of the cyst in the chest [49]. In the lung, clinical symptoms depend on the size of
the cyst and its condition whether it is healthy or torn, causing the presence of
pressure of cyst inside the lobes of the lung [50] with varying severity of chest pain
and coughing, hemoptysis, shortness of breath, and hemorrhage, and in the lungs,
these symptoms do not appear at the first sight of the disease [51-53]. When the
cyst penetrates into the pulmonary vesicles, it is a suitable environment for fungal
and bacterial infections, leading to pneumonia after infection and thus destroying
the lung [54].

The explosion of the hydatid cyst inside the abdominal cavity leads to a shock
known as anaphylactic shock due to acute allergic reactions, and this shock leads
to the severe spread of secondary cysts in the affected organ and adjacent organs,
and is sometimes followed by the explosion of the cyst at any site within the body
leaking its contents into the blood circulation that leads to headaches and other
complications that may lead to sudden death [28].

The symptoms develop even when the cyst is small, and most cases of cerebral
cyst disease were diagnosed in children [11]. This infection is serious that sometimes
itleads to death; cysts in the eye are rare and cause an external tumor of the eye, dys-
function of vision, exophthalmoses, and sometimes blindness around the eyelid [17].

In the bones, cystic hydatid disease often leads to fracture because of the gradual
erosion of the cortex and shows symptoms in the form of pain in the upper and
lower extremities, and bone bags are abnormal in the form where the laminar layer
does not form [55].

In animals, the infection is hidden, and they may be slaughtered sometimes
before the onset of symptoms [56]. The severity of the symptoms varies depending
on the severity of the disease and the location of the hydatid cyst. Clinical signs
generally appear in the affected animal such as decrease in milk production, poor
wool, and organ damage in the affected area [57, 58].

13. Conclusion

The current review included the identification of the E. granulosus worm and its
intermediate and final hosts. The canine family represents the final host, while the
human and farm animals represent the intermediate hosts. Several strains of E. granu-

losus were also observed such as G1, G2, G3, G4, G5, G6, G7, G8, G9, and G10.
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Chapter 5
Imaging in Echinococcosis
Tuba Apaydin

Abstract

Hydatid disease is a widely common parasitic disease caused by the species;
Echinococcus granulosus and Echinococcus multilocularis. Echinococcosis is a serious
medical, economical and social handicap all over the world. Almost any organ of
the body can be involved with the zoonosis, liver and lungs are the most frequently
involved organs. Imaging has a critical role for diagnosis of the disease. Radiography
is the first imaging tool. Although CT aids the detection of size, number, location
and imaging of local complications for diagnosis of hydatid cysts, sometimes atypi-
cal lesions rise in the imaging tools. MRI may help for differentiation of hydatid
lesions from other neoplastic and hypodense infective lesions. MRI is also better for
biliary and neurological involvement. Ultrasound is especially helpful for abdomi-
nal hydatidosis and peripheral lung lesions. Regarding that clinical evaluation is
difficult for hydatidosis; radiological findings should be evaluated well for accurate
diagnosis. This chapter will focus on imaging of echinococcosis.

Keywords: Echinococcus, MRI, CT, USG, hydatid cyst

1. Introduction

Hydatid disease is a worldwide parasitic infection created by larval phase of
Echinococcus [1]. Human infection is frequently seen in Europe, Middle East, some
places of Canada, Russia, Japan, China, Australia and New Zealand [2].

In the life period, E. granulosus stands in the small bowel of its definitive host;
carnivores, which are generally dogs and wolves [3]. Then, eggs passed into the
feces are ingested with the intermediate host, which is generally sheep [4]. Larval
stage occurs in the intermediate host; i.e., ingested eggs outgrows in the small intes-
tine and lets out oncosphere, which invades the intestinal mucosa and come in the
lungs, liver or other organs (metacestode larvae). Eggs can survive up to 1 year in
the environment. On the next step, definitive host digests the infected organs of the
intermediate host. Protoscolices invades the intestinal mucosa and grow up to adult
worms [3]. Human being can be more commonly infected by indirect ingestion of
contaminated water and food or directly from contact with dogs [4].

Fluid filled cyst is covered with three layers; pericyst, ectocyst and endocyst
[5]. Pericyst is created by the protective reaction of the host tissue; the middle
laminated layer called ectocyst lets for the transition of nutrients and the germinal
layer inside called endocyst generates cyst fluid, blood capsules, scolices and also
provides the constitution of ectocyst [5, 6]. Many daughter vesicles remain in the
hydatid cysts [6].

Liver is the most commonly affected organ, second one is the lung. Other organs
are less commonly affected. Heart is rarely affected, but it’s fatal if it’s affected. Left
ventricule is more commonly affected than the right ventricle possibly due to its
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richer blood supply. Additionally, huger myocardial mass in left ventricle supplies
better circumstances for parasite’s growth. Hydatid cysts of left ventricle are gener-
ally located in the subepicardium. Rupture into the pericardial space is seldom.
However, habitation in the right ventricle is subendocardial, rupture is more com-
mon which results with anaphylaxis, pulmonary embolisation and death [7].

Most common way for myocardial invasion is coronary circulation. Second most
common route is pulmonary venous drainage with the rupture of pulmonary cysts.
Heart may also be involved with direct contact [7].

Hydatid disease has an evolutionary period; first, cysts grow slowly; then, a
differentiation period starts which the parasite dies and forms calcified, solidified
cyst behind [7].

The lungs are the most common organ in pediatric patients and the second most
common organ for adults. Due to the negative pressure inside the lungs, cysts grow
three times faster compared to the growth in the liver [6].

E. granulosus has a broad genetic diversity. Molecular gene analysis has defined
10 genotypes, which are aggregated into four different types: E. granulosus sensu strict
[G1-G3 complex], Echinococcus equinus [G4], Echinococcus ovtleppi [G5] and Echinococcus
canadensis [G6-G10 complex]. G1 genotype of E. granulosus is reported to infect humans
more frequently compared to other subtypes. Genotyping of human CE can help to
plan the controlling methods for human hydatidosis. Genetic subtyping also clarifies
the diversity in development, antigenicity and response to chemotherapeutic agents [3].

The disease is asymptomatic in the inception and can remain asymptomatic for
long years even though the cysts become very huge [1]. For symptomatic patients,
symptoms appertain to localization of the cyst. Cough, dyspnea or chest pain can
be seen if the cysts are in the lung. Abdominal pain, hepatomegaly, sensibility,
fever and icterus are the symptoms for liver cysts. With the rupture of the cyst due
to the surgical intervention to the cyst or mechanical trauma, patients are prone to
go into anaphylactic shock [1]. Cyst rupture can realise throughout the bronchus
and patients can present with cough and sputum with hydatid sand and membrane
fragments. If the cyst rupture realises throughout the pleural cavity, patients can
present with pneumothorax, effusion and emphysema [6]. If the cyst rupture
through vena cava, patient can present with recurrent pulmonary embolism [6].

Cysts and cyst like hypodense lesions carry diagnostic debate on computed
tomography (CT) in some cases. Tumors with cystic degeneration, inauspicious
lesions like necrotic lung cancer, metastases and infections like tuberculosis can
imitate hydatid cyst [8].

Diagnosis is quite elementary for hydatid cyst (HC) if typical findings like
crescent sign, onion peel, combo sign or folded membranes are present. However,
atypical findings like solid or more hypodense semblance of ruptured, collapsed or
infected cysts are more complicated as they resemble infections like tuberculosis or
neoplastic lesions. MRI may help for diagnosis in these conditions [8]. Ultrasound
can help to diagnose peripheral lesions and to achieve pleura [6].

2.Imaging in echinococcosis

Imaging tools for hydatid disease are computed tomography (CT), ultrasonogra-
phy (USG), magnetic resonance imaging (MRI), radiography and urography.

2.1 Radiography

Radiograph is the primary method for imaging in bone and lung disease. An
uncomplicated hydatid cyst looks like a well-limited homogenous radio-opacity on
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chest X-ray (Figure 1A). Cysts quietly resemble carom balls in posteroanterior X-ray
and to rugger balls in lateral X-ray [6]. Cysts may look like a strange shaped mass
due to pressure of mediastinum, bronchovascular components. Multiple large cysts
are also pathognomonic for echinococcosis (Figure 1B) [1]. Cysts can present with
bilobed appearance due to nicking inside the cysts [6]. The loss of a round shape
with a small depressed view points out bronchial rupture, so called “slit sign”

Atelectatic and reactive reactions can result with the loss of well limited borders,
thus imitating carcinoma or pneumonia [6].

A radiolucent frame may be seen with the entry of air between pericyst and
endocyst due to disruption of bronchus, so called “crescent sign” (Figure 2). This
sign is not pathognomonic for hydatid cysts and may also be seen in carcinoma,
blood clots, mycetoma, and Rasmussen aneurysm. If the entry of air increases,
endocyst minimizes and ruptures; an air fluid level is observed in the endocyst, so-
called “double curve sign”. The natant membranes in the cyst fluid compose “water-
lily sign” if there is furthermore collapse of the endocyst. Daughter cysts may look
like circular radio-opacities at deep part of the cysts, so-called “rising sun” image.
Pericyst can become empty if the membranes are extracted with cough, air-filled
cysts can be seen on X-ray, so-called “dry cyst sign”. In cases of infection added to
the disorder, lung abscess can be imitated (Figure 3).

X-rays for abdomen may present with hepatomegaly, elevation of right
hemidiaphragm and cyst wall calcification. During healing period of the cyst, all
the structures in the cyst calcify and plain radiograph presents a dense calcified
mass [5].

Figure 1.

(A) Posteroanterior view of chest X-ray presenting uncomplicated hydatid cyst of left lower lung and

(B) posteroanterior view of chest X-ray presenting multiple, large, circular and well limited masses in both
hemithoraces.

Figure 2.

(A) Chest X-ray showing pulmonary meniscus sign (arrow) indicating crescent shaped containment of air and
(B) chest X-ray presenting a well limited lesion (arrow) in the right lower lobe of the lung with air fluid level,
indicating a superimposed infection.
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| q
Figure 3.

(A) Abdominal X-ray showing round calcified mass in the right hypochondrium and (B) chest radiograph
showing hydatid cyst in the liver.

Figure 4.
Transverse ultrasound of the retroperitoneum showing unilocular anechoic cyst (type CL according to WHO
classification).

2.2 CT and ultrasonography in hydatid cysts

Cysts don’t always present classical signs above. Obstacles about diagnosis can be
overlapped with the help of CT in required cases [6]. CT is a significant diagnostic
tool in detecting cyst wall or septal calcification, osseous lesions, cystic component
localized posterior to calcification, evaluating complications and in cases which
USG is not enough (abdominal wall deformities, excessive bowel gases, obesity and
previous surgery) [4].

US is easily accessible and lacks radiation. It’s sensitivity is about 100% acquir-
ing it the priority as a screening method for abdominal hydatidosis. USG and MRI
are both successful to show hydatid sand, daughter cysts, natant membranes and
vesicles inside the cyst (Figure 4) [1, 4].

Mobile hydatid sand which points out to the splitted capsules and scolices that
moves in the cyst cavity may be presented in a “snowstorm” appearance (Figure 5).
Most commonly used classifications related to sonographic appearance are clas-
sifications of Gharbi et al. (Table 2) and the World Health Organisation Informal
Working Group classification on echinococcosis (WHO-IWGE) (Table 3) [5].

Gharbi type 1 is the most common subtype and it’s presented as a pure cystic lesion
with or without the entity of hydatid sand (Figures 4 and 5). Gharbi type II cysts grows
out after trauma, cyst degeneration, host response or drug therapy. Decrease in the
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it

Longitudinal ultrasound of a liver hydatid cyst in a 8 years old girl presenting the “snowstorm appearance”.

Figures.

Figure 6.

Ultrasonographic view of Gharbi type II hydatid cysts: (A) “Split wall” sign from splitting of pericyst and
endocyst and (B) “water-lily” sign resulting from complete splitting of the membranes.

intracystic pressure results with splitting of the endocyst and pericyst; natant mem-
branes may be seen in the cyst cavity. Complete splitting of the membranes is called as
“water-lily” sign due to its morphological appearance (Figure 6). Gharbi type III cysts
are multivesicular cysts which septae presenting the neighbour borders of daughter
cysts composes a “honeycomb” image (Figure 7). “Spoke wheel” appearance may be
seen when daughter cysts are splitted with hydatid matrix. Gharbi type IV cysts are
composed of an internal echogenic matrix giving them a solid appearance (Figure 8).
For differential diagnosis, daughter cysts or membranes should be searched to external-
ize a solid mass. Gharbi type V cysts involve wall calcification and dense distal acoustic
shadowing (Figure 9). A densely calcified cyst can be supposed to be dead. However, a
partially calcified cyst should still be regarded as an alive cyst [5].

Imaging findings for hydatid cyst differentiate from cystic lesions to solid
appearing lesions. The cyst may look like a well identified fluid accumulation. There
may be the appearance of natant membranes due to cleavage of endocyst from
pericyst. Ring like calcification of the cyst can lead to complete calcification during
differentiation of the cyst [2].

67



Overview on Echinococcosis

Figure 7.
Transverse ultrasound of Gharbi type 111 hydatid cyst of liver multiple daughter cysts in an echogenic matrix
results in a “honeycomb” image.

Figure 8.
Ultrasonographic appearance of Gharbi type IV hydatid cyst of the liver.

Specific findings of imaging are visualization of daughter cysts, calcification of
the cyst wall and membrane detachment. Diagnosis in early stage is hard [1].

Appearance of hydatid disease may be classified into four subtypes.

Type I is simple cyst with no internal tectonic. On ultrasound, type 1 hydatid
cysts seem as well identified unilocular anechoic lesions (Figure 10). On CT, they
seem as fluid accumulated lesions. MRI demonstrates a fluid accumulated cystic
lesion with a T1 isointense and T2 hypointense peripheral border (rim sign) enclos-
ing the homogenous high signal cyst ingredients [2].
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Figure 9.
Ultrasonographic appearance of Gharbi type V hydatid cyst.

Figure 10.

Type 1 hydatid cyst: (A) axial contrast CT image of a 15 years old female presents a well identified fluid
accumulated simple cystic lesion in the liver and (B) oblique sonogram in a 45 years old male demonstrates type
1 hydatid cyst in the liver.

Type Il hydatid cysts are cysts with daughter cysts and matrix. They include
cleaved natant membranes or daughter cysts (Figure 11). Attenuation of the daugh-
ter cyst is hypodense/hypointense to maternal matrix on CT and MRI, respectively.
If there are multiple cysts, they are covered with a single capsule presenting with a
“truckle spoke” appearance [2].

Type I HC are classified to three subtypes according to the age, quantity and
setting of the daughter cysts.

Type Ila contain involve daughter cysts organized at the periphery.

Type IIb involve bigger daughter cysts with irregular borders that covers almost
all of the capacity of the mother cyst.

Type Ilc contains high attenuation round or oval masses with sprinkled calcifi-
cations and daughter cysts, demonstrating attrition of the old cyst.

Type III cysts are dead calcified cysts (Figure 12).

Type IV hydatid cysts are complicated cysts (Figure 13). Most common compli-
cations of echinococcosis are rupture and superinfection. Degeneration of parasitic
membranes causes the rupture of the cyst (Figures 14-18).
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Figure 11.

Type 2 hydatid cyst: (A) contrast enhanced computed tomography demonstrates multiple daughter cysts with
irvegular borders covering almost all of the volume of the mother cyst-so called “vosette appearance” and (B)
oblique ultrasonogram in a 39 years old male demonstrates type 2 hydatid cyst.

Figure 12.
Type 3 hydatid cyst: (A) contrast enhanced computed tomography presents type 3 hydatid cyst in the right lobe
of the liver and (B) oblique ultrasonogram shows anechoic lesion with membranes floating on the cyst fluid.

Figure 13.

Type 4 hydatid cyst: (A) sagittal contrast enhanced CT images of thovax show ruptured type 4 hydatid
cyst in the lower lobe of the right lung with wrinkled floating endocyst-so called “lily sign” and (B) oblique
ultrasonogram shows type 4 hydatid cyst.

Various secondary complications possibly happen according to site of rupture in
the body. Secondary complications of echinococcosis according to different loca-
tions are listed in Table 1.

Gharbi et al. preferred classification for differentiation of subtypes of hydatid
cysts on ultrasonogram of the liver (Table 1) [5].

Another global classification used for sonographic imaging of hydatid
cysts wad presented by World Health Organization Informal Working Group
(Table 2) [5].
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Type Description
Type | Pure fluid accumulation
Type ll Fluid accumulation with splitted membrane
Type lll Fluid accumulation with septa andfor daughter cysts
Type IV Heterogenous echo pattern (hyperechoic with high
internal echoes)
Type V Cyst with calcified thick borders
Table 1.

Gharbi et al. classification of hydatid cysts related to ultrasonographic features [5].

Type Description

Type CL Unilocular, cystic lesions with uniform anechoic
ingredient, not absolutely confined with hyperechoic
frame.

Type CE1 | Unilocular, simple cyst with uniform anechoic ingredient.
Cyst can present with echoes because of moving
capsules, so called ""hydatid sand' (flack sign)

Type CE2 | Multivesicular and multiseptated cysts; cyst septations
cause tire like architecture, daughter cysts present
"rosette-like’” or “"honey-comb’’ like architecture.

Type CE3 | Anechoic ingredient with splitted laminated membrane
from the cyst wall seen as natant membrane or as
"waterlily sign” which points out more membranes
natant in the cyst fluid.

Type CE4 | This may present with a "'ball of wool'’ sign presenting
retrograded membranes.

Type CE5 |Thick calcified wall of the cyst is belt shaped and
produces a cone shaped shadow.

Table 2.
Types of hydatid cysts observed on ultrasound examination of liver [5].

2.3 Magnetic resonance imaging in hydatid cysts

MRI is better to show cyst wall defect, biliary and neurological involvement.
Cysts are hyperintense on T2W images and are covered by a low signal frame possi-
bly because of the collagen rich pericyst [1]. If available, daughter cysts are hypoin-
tense compared to the intracystic fluid on T1 weighted imaging and hyperintense
on T2-weighted images [5]. DW MRI makes the differentiation of CE1 hydatid cysts
from other simple cysts with their hyperintense image. Apparent diffusion coef-
ficient (ADC) of the hydatid cyst is lower compared to ADC of simple cyst because
of internal viscous contents [1]. Also, ADC values of simple cysts and type I to III
hydatid cysts are higher than ADC values of abscesses because diffusion of protons
throughout thin fluid is limited. ADC values of type IV hydatid cysts and abscesses
present no considerable statistical difference [5].
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Figure 14.
MRI showing hydatid cyst in the liver of a 45 years old male: (A) coronal T1 weighted image, (B) coronal T2
weighted scan and (C) axial T2 weighted scan.

Figure 15.
(A) Axial T2 weighted MRI showing splenic hydatid cyst and (B) covonal T2 weighted scan of hydatid disease
in L4-5 vertebra.

Figure 16.
MRI showing hydatid cyst in the lower pole of the kidney: (A) covonal T1 weighted scan and (B) axial T2
weighted scan.

MRI demonstrates the degree of cyst degeneration with secession of the wall,
collapsed membranes are observed as bent linear compositions inside the cyst. Wall
calcification is demonstrated better on MRI compared to CT, besides MRI is more
successful than CT to represent irregularities of borders that points out inchoative
segregation of membranes [5].

MRI is also better to differentiate liver hydatid cysts from other simple cysts [4]
(Figures 14-18).
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Figure 17.
MRI showing hydatid cyst in the cyst hydatid in the mesosalpinx adjacent to the left ovary: (A) axial T2
weighted image and (B) coronal T2 weighted image.

Figure 18.
Case of cardiac cyst hydatid: (A) computed tomographic image, (B) magnetic resonance imaging of transverse
section, and (C) magnetic resonance imaging of longitudinal section showing daughter cysts.

Figure 19.
(A) CT image of rupture of hydatid cyst in the lung, (B) CT scan of intrabiliary rupture of hydatid cyst. (C)
CT scan showing intraperitoneal cyst rupture with diffuse peritoneal effusion.

In cardiac cystic echinococcosis, trans-thoracic echocardiography, CT and

MRI can demonstrate the cystic structure of the lesion and it’s correlation with the
cardiac chamber [8] (Figure 18).
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Location % Complications
Liver 71.9 Cyst rupture, liver abcess, inferior vena cava
compression and thrombosis, portal
hypertension, Budd Chiari syndrarme,
cholangitis, pancreatitis, biliary peritenitis,
peritoneal spread
Lung 19,6 Pneumocthorax, lung abcess, biliptysis, lung
emhbolism, pneumonia
Peritonea 3,6 Mass effect
| &pelvic
cavity
Spleen 2,15 Rupture into peritoneal cavity
Skin&mu 1,2 Pain, movement disorder
scles
Bones 0,65 Morphelogic deformities, pain
Brain 0,56 Seizures, headache, tumor like symptoms
Table 3.

Frequency and location specific complications of hydatid disease [2].

ERCP and MRCP show cystobiliary relationship, daughter vesicles & germina-
tive membranes of cysts in bile ducts, dilated bile ducts. However, because of high
intracystic pressure, communication of cyst with bile ducts can’t be shown via
ERCP& MRCP effectively [1].

2.4 Imaging of complications
Complications like rupture into the peritoneal cavity, biliary cavity and the

pleura are presented in Figure 19. Incidence and location specific complications of
hydatid disease is presented in Table 3 [2].

3. Conclusion

Echinococcosis is a disorder of larval incursion by echinococcus tapeworm,
prevalent in various continents in the world. Lungs and liver are the most com-
monly affected organs. Imaging has a significant role to implement the right treat-
ment techniques. US is easily accessible and lacks radiation. MRI, CT and ERCP are
also used for complicated cases.

Acknowledgements

No contribution by any other author or no funding declared.

Conflict of interest

The authors declare no conflict of interest.

74




Imaging in Echinococcosis
DOI: http://dx.doi.org/10.5772/intechopen.88708

Author details
Tuba Apaydin
Department of Thoracic Surgery, SBU Istanbul Mehmet Akif Ersoy Thoracic and

Cardiovascular Training and Research Hospital, Istanbul, Turkey

*Address all correspondence to: tubaapaydn72@gmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

75



Overview on Echinococcosis

References

(1] Devi MA, Venumadhav T, Sukanya B.
Role of imaging in diagnosis, predicting
biological activity and in treatment

plan of hydatid disease. Open Journal of
Internal Medicine. 2018;8(3):177-195.
DOI: 10.4236/0jim.2018.83018

[2] Srinivas MR, Deepashri B,
Lakshmeesha MT. Imaging spectrum
of hydatid disease: Usual and unusual
locations. Polish Journal of Radiology.
2016;81:190-205. DOI: 10.12659/
PJR.895649

[3] Sarkar M, Pathania R, Jhobta A.
Cystic pulmonary hydatidosis. Lung
India. 2016;33(2):179-191. DOL:
10.4103/0970-2113.177449

[4] Mehta P, Prakash M, Khandelwal N.
Radiological manifestations of hydatid
disease and its complications. Tropical
Parasitology. 2016;6(2):103-112. DOI:
10.4103/2229-5070.190812

[5] Banderker E, Cox S, Gaxa L. Imaging
and management of abdominal
echinococcosis in children. Journal

of Pediatric Infectious Diseases.
2017;12(01):030-039. DOL:
10.1055/s-0037-1599118

[6] Garg MK, Sharma M, Gulati A.
Imaging in pulmonary hydatid cysts.
World Journal of Radiology. 2016;8(6):
581-587. DOLI: 10.4329/wjrv8.i6.581

[7]1 Carita P, Verdecchia M, Ferro G.
Multimodality imaging in cardiac
echinococcosis for diagnosis and
follow-up of an untreatable cyst. Internal
Journal of Cardiology. 2016;221:468-470.
DOI: 10.1016/jjcard.2016.06.317

[8] Tandur R, Irodi A, Chacko BR.
Magnetic resonance imaging as an
adjunct to computed tomography in
the diagnosis of pulmonary hydatid
cysts. Indian Journal of Radiology and
Imaging. 2018;28(3):342-349. DOL:
10.4103/ijri.JRI_121_18

76



Section 5

Treatment

77






Chapter 6

Medical Treatment of Cystic
Echinococcosis

Irina Magdalena Dumitru

Abstract

Medical treatment in cystic echinococcosis is limited; albendazole remains the
gold treatment for patients with low hydatid cysts or those with inoperable echino-
coccosis. Due to uncommon side effects, administration may be continuous (cycles
of 28 days with a break of 14 days between courses) as well as discontinuous over
long periods of time. In recent years, there have been many concerns for the testing
of various substances and drugs against Echinococcus granulosus, both in vitro and
in vivo, on the animal model, but the results have not been satisfactory. New clinical
trials are required, as well as the development of an effective vaccine to limit the
spread of echinococcosis in endemic areas.

Keywords: albendazole, hydatid cysts, medical treatment, vaccine, endemic areas

1. Introduction

Treatment of uncomplicated cystic echinococcosis (CE) is complex and consists
of medical treatment, surgical and puncture, aspiration, injection, and reaspira-
tion (PAIR), depending on the characteristics of the cyst. For some cases (CE4
and CE5), a conservative “watch and wait” approach is preferred (Table 1) [1, 2],
because hydatid cysts may spontaneously regress with calcification without chemo-
therapeutic intervention [3].

Medical treatment has a role in reducing the size of cysts and stopping their
development and reducing infectivity and is the only therapeutic option in inoper-
able cases. The combination of medical treatment with surgery (preoperative and
postoperative administration) or PAIR plays a role in preventing recurrences [4].

2. The current state of knowledge

Mebendazole (MBZ) was the initial agent, but it has proven less effective than
albendazole over time (10-15 mg/kg/day, maximum 800 mg orally in two doses)
[5]. Because MBZ is insoluble in water and has a poor solubility and bioavailabil-
ity, the drug is poorly effective [5]. The recommended regimen is 40-50 mg/kg/
day, orally in three divided doses during meals, in long-term therapy (more than
2 years), and the success rate is 14-49% of cases [1]. MBZ is more effective in small
cysts <5 cm in size, and the therapeutic response was superior in pulmonary (83%)
than in hepatic (18%) locations [6]. MBZ treatment is well tolerated in long term
therapy; adverse events have been described in 5-40% of patients—gastrointestinal
distress, hair loss, neutropenia, anaphylactic reactions, glomerulonephritis, vertigo,
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WHO classification Suggested practice

CE1 Albendazole alone if <5 cm
PAIR + albendazole if >5 cm

CE2 Surgery + albendazole
or
Non-PAIR PT + albendazole

CE3a Albendazole alone if <5 cm
PAIR + albendazole if >5 cm
CE3b Surgery + albendazole
Non-PAIR PT + albendazole
CE4 and CE5 Wait and watch
Table 1.

Treatment modalities stratified by cyst stage [1].

headache, psychic conspicuousness, hematotoxic effects, and abnormal levels of
serum transaminases [7]—and so MBZ treatment is not recommended in pregnant
women during the first trimester of pregnancy because it is associated with con-
genital abnormalities of the fetus [8].

The standard regimen of albendazole (ABZ) is cycles of 28 days with a break of
14 days between courses, but duration of treatment is different depending on many
factors.

Velasco-Tirado et al. show that in a meta-analysis performed on 33 cystic echi-
nococcosis treatment-related studies, there are insufficient data to standardize the
results, and the optimal duration of therapy has not yet been established [9].

A study conducted by Dumitru et al., in Constanta, Romania, on 320 patients
diagnosed with hydatid cyst, during 5 years (2008-2013), showed that six thera-
peutic cures were necessary before the first healing signs appeared [10] in most of
cases and the response to treatment depends on the location of the cyst, size, and
type according to Gharbi classification and immune status.

Related to location, albendazole treatment’s efficiency is higher in the case of
hepatic or pulmonary localization than in other localizations (7.428571 + 1.886039
cures) [11]. Dimension <7 cm (especially <5 cm) responds better to medical treat-
ment, and the number of therapeutic cures administered for the CE1 (6.739 + 1.91
cures) is significantly smaller than the number of cures administered for the
CE3 (8.181 + 2.39 cures) [11]. Long-term treatment with albendazole (more than
6 months) was only used for multiple or inoperable CE [11].

In the same study, we concluded that patients with good immune status
responded better to albendazole treatment than to patients with CD4 < 500 cells/
mm’; also, the presence of comorbidities such as diabetes and chronic hepatitis was
a negative predictive factor [11].

An additional study, conducted by the same team on a group of HIV-infected patients
diagnosed with CE, with low CD4 (<200 cells/mm?), demonstrated that continuous
therapy with albendazole 800 mg/day, administered more than 6 months, was not effec-
tive, and CD4 count can be a predictive factor for response to medical treatment [12].

Preoperative treatment with albendazole begins 1-3 months (average 14 days)
before surgery and/or PAIR and continues for 1-3 months posttreatment [1, 3].

Because absorption of albendazole in humans is very variable, it is considered
that concomitant administration of fatty meal would increase the absorption [13].

In recent years, the occurrence of resistance to albendazole has been frequently
discussed, which greatly limits the medical treatment of echinococcosis [14]. Recent
study conducted by Mortezaei et al. has shown that genetic makeup and miRNA
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profile of helminths affect their response to albendazole sulfoxide (ABZ-SOX)

and revealed significant differential expression of let-7 and miR-61 at different
drug concentrations [14]. This may explain the poor response to ABZ-SOX in some
patients and requires the emergence of more effective new therapies.

A large meta-analysis conducted on 711 patients from 5 countries shows that
multivesicular, multi-septated, and transitional cysts responded poorly to benz-
imidazoles (BMZ) and were associated to a high rate of relapses and BMZ are
effective only in small cysts (diameter < 6 cm) [4]. Other factors that influence the
response to therapy with benzimidazoles are age, because young patients respond
much better to treatment than older people, and on the other hand, cyst localization
influences the response to treatment; bone cysts were less susceptible to BMZ than
hepatic or pulmonary echinococcosis [11, 15].

Albendazole long therapy is well tolerated; therefore, many clinicians prefer
continuous therapy more than discontinuous therapy.

Because ABZ is nowadays considered a relatively safe drug, continuous therapy
is preferred over discontinuous treatment protocols. The reported side effects were
more frequent hepatotoxicity, alopecia, and gastrointestinal disturbances and less
common jaundice, severe headache, cough, jaundice, vertigo, and itching [16]. ABZ
is embryotoxic and teratogenic in pregnant women [17].

Recent studies have shown that concomitant administration of ABZ with certain
drugs has a synergistic effect. Adding metformin to classical treatment with ABZ
(an antidiabetic drug) has increased the efficacy of ABZ in vitro and in vivo (mouse
models) [18, 19]. ABZ-mefloquine combined treatment seems a promising combi-
nation, with results slightly superior to monotherapy with ABZ [20].

In recent years, researchers’ efforts have focused on new ABZ formulations that
lead to better tissue and organ penetration, including liposomes, biodegradable
microspheres, and polymer conjugates. In this manner the drug is released for
prolonged periods of time, improving the therapeutic effect [21].

Praziquantel (PZQ) is a less effective antiparasitic drug than albendazole in the
treatment of CE but in combination with ABZ might be helpful than ABZ alone in
disseminated and inoperable cases [22, 23]. PZQ 40 mg/kg once a week in combina-
tion with ABZ 800 mg/day has proven more effective than ABZ alone, both before
surgical intervention or PAIR and in the treatment of inoperable cases [23, 24].
Also, a combined therapy with ABZ 10 mg/kg/day and PZQ 25 mg/kg/day is effec-
tive as a prophylactic, preoperative treatment [25].

Isolated studies have demonstrated the antiparasitic properties of some drugs
in vivo or only in vitro, but all studies have concluded that there is no alternative
drug to albendazole to treat echinococcosis and it needs more research to discover
new drugs [26, 27].

¢ Ursodeoxycholic acid had some scolicidal effects and can be administered to
patients with poor response to albendazole therapy, in combination [28].

* Lawsonia inermis and Achillea millefolium extracts are a potent protoscolici-
dal which may be used as a scolicidal agent during the surgery. Achillea mille-
folium extracts at the concentration of 3 mg/ml after 5 minutes of exposure
killed all of the protoscolices, and Lawsonia inermis extracts at concentration
of 3 mg/ml after 10 minutes of exposure killed also all the protoscolices [28].

¢ Sodium arsenite (NaAsO2) administered in combination with albendazole
significantly increases sensitivity of Echinococcus granulosus protoscoleces to
ABZ, and the maximum protoscolicidal effect was seen with the combination
20 pM NaAsO2 + 80 uM ABZ [29].
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Garlic chloroformic extract had high protoscolicidal effects in recent study
conducted by Barzin et al. in 2019 and could substitute other agents. The
study compared the effectiveness of garlic extract with sodium chloride and
silver nitrate and demonstrated that the protoscolicidal effects of the garlic
extractat1 (P < 0.001) and 2 (P < 0.001 and P = 0.003) minutes of exposure
were higher than those of sodium chloride and silver nitrate. At 5 minutes

of exposure, there was no difference between the garlic extract and sodium

chloride (P = 0.36) [30].

Anti-theilerial drugs MMV689480 (buparvaquone) and MMV671636 (ELQ-
400) have demonstrated a cytotoxic effect [29]. Buparvaquone impaired
parasite mitochondria, and with an IC50 of 2.87 uM and 0.02 pM, respectively,
against in vitro cultured E. multilocularis metacestodes, buparvaquone can be
an effective therapeutic choice [31].

Myrtus communis methanolic extract and Tripleurospermum disciforme have
proven a scolicidal effect [30]. They can be used during hydatid surgery and
could prevent the secondary infection. The results indicated that the high-

est scolicidal effect (100%) of M. communis was obtained at 100 and 50 mg/
ml concentrations and LC50 in 10, 20, and 30 minutes were 11.64, 7.62, and
6.47 mg/ml, respectively. Further studies are required for identification of the
active ingredients in the extracts [32].

Chitosan nanoparticles containing curcumin (Ch-Cu NPs) had a good activ-
ity against Echinococcus granulosus in study published by Napooni et al. and can
be considered an anti-protoscolex agent [33].

Mebendazole C1 (M-C1) and mebendazole C2 (M-C2), two isoforms
obtained from the reaction of mebendazole with epichlorohydrin, have
superior efficacy on Echinococcus multilocularis protoscoleces and metaces-
todes compared to mebendazole [34]. It was also found that the introduction
of an epoxy group to mebendazole reduced its cytotoxicity in rat hepatoma
(RH) cells. The conclusion of the study was that introduction of an epoxy
group to mebendazole improved the solubility of mebendazole, increased
the parasiticidal effects on E. multilocularis, and reduced its cytotoxicity in
RH cells [34].

Anacardic acid (AA) is a natural product isolated from the Brazilian
cashew-nut shell liquid and presented a high activity against metacestodes
of Echinococcus multilocularis (E. multilocularis) and Echinococcus
granulosus sensu stricto (E. granulosus s.s.) in vitro and in vivo [35]. Yuan

et al. demonstrated that anacardic acid (AA) has better efficacy than alben-
dazole (ABZ) in vitro against Echinococcus metacestode and has similar
efficacy to albendazole in vivo and the researchers concluded that AA may
be an effective anti-Echinococcus drug in the future [36].

Pentamidine (MMV000062), alpha-difluoromethylornithine
(MMV001625), and suramin (MMV637953) were all tested in vivo against E.
granulosus, but did not show any effects [36, 37].

Rifampicin (MMV688775) and miltefosine (MMV688990) were ineffective
in vivo against E. granulosus [36, 38].
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* Amphotericin B (MMV689000) which is an antifungal drug has demon-
strated a good activity against E. multilocularis metacestodes in vitro at 2.7 pM
[39-41]. Reiter et al. concluded that in some cases, amphotericin B therapy
may be a salvage treatment in patients with progressive human alveolar
echinococcosis [39] but is considered a limited therapy and is administered to
well-selected patients due to increased nephrotoxicity [40, 42].

* Nitazoxanide (MMV688991) has been studied by Stettler et al. who dem-
onstrated that it has a good activity against E. granulosus metacestodes and
protoscoleces in vitro [43-46]. Nitazoxanide was also tested in vivo in mice and
in human patients with cystic (CE) and alveolar (AE) echinococcosis, but no
beneficial effects were observed compared to ABZ [43-46].

* Auranofin (MMV688978) is a thioredoxin-glutathione reductase inhibitor and
has the property of killing E. granulosus protoscoleces and is also active against
E. multilocularis metacestodes [47, 48]. The studies reported a good efficacy
in vitro at 2.5 uM after 48 h [49, 50].

* Mefloquine (MMV000016) is an antiparasitic drug used in malaria, active on
Plasmodium spp., which has proven to be effective against Echinococcus multilocu-
laris metacestodes in vitro and in vivo [51-54]. In a study conducted by Kiister
(2011), oral administration of mefloquine (25 mg/kg of body weight admin-
istered twice a week for a period of 8 weeks) was compared with albendazole
(200 mg/kg/day) or mefloquine intraperitoneally compared with albendazole.
The study was performed on mice infected with Echinococcus multilocularis and
showed similar efficacy of mefloquine administered intraperitoneally, compared
to oral albendazole [52]. Oral administration of mefloquine at higher doses and
over a long period of time (200 mg/kg, 5 days per week, during 4 weeks followed
by treatments of 100 mg/kg during the last 7 weeks) had superior efficacy [53].

* Pomegranate peel aqueous extract (PGE) in combination with albenda-
zole has anti-hydating and anti-inflammatory effects in vivo, in mice infected
with Echinococcus granulosus [55]. The researchers consider that PGE hasa
significant additive anti-hydatid effect and is beneficial in the preventive treat-
ment of recurrences [55].

* Pelargonium voseum and Ferula gummosa are essential oils with scolicidal properties,
without side effect [56]. Tabari et al. have shown that protoscoleces of E. granulosus
have a high potential against their two main constituents, citronellol and p-pinene,
and toxic effect on E. granulosus in intraoperative use in hydatid cyst patients.

* BMZ analogs like fenbendazole, flubendazole, oxfendazole, and tricla-
bendazole have been evaluated in the last years, in vitro and in vivo studies
(animal models), but did not provide superior efficacy compared to mebenda-
zole or albendazole [57].

* Ivermectin is an antiparasitic drug which is used against nematodes and has
scolicidal activity if injected directly into the cyst during laparoscopy in a rodent
but has a poor activity if administered orally due to low cyst penetration [58].

* Cyclosporine A is an immunosuppressant drug and described scolicidal activ-
ity in vitro and can be used for pre- and posttreatment in surgery or aspiration
techniques [59].
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¢ Imatinib and pyridinylimidazoles (anti-neoplastic drugs, kinase inhibitors)
show therapeutic effects on the parasite, both in vitro and in vivo, on the
animal model [60].

* Natural compounds like thymol, menthol, and plant extracts (Trachyspermum
ammi L. fruit essential oil, Zataria multiflora and Origanum vulgare essential oils,
Salvia officinalis, Mentha spp. essential oil, Rosmarinus officinalis essential
oil, Allium sativum methanol or chloroform extract, Berberis vulgaris aqueous
extract, Cnidium monnieri osthole, Corylus spp., Curcurbita spp. hydroalcoholic
extracts, Curcuma longa ethanol extract, Mallotus philippinensis fruit methanol
extract, Nigella sativa seed essential oil, Olea europaea leaves aqueous extract,
Penicillium extracted chitosan, Penicillium aculeatum in silver particles, Pestalotiopsis
spp. ethyl acetate extract, Pistacia atlantica fruit methanol extract, Punica granatum
peel aqueous extract, Salvadora persica root ethanol extract, Sambucus ebulus fruit
methanol extract, Satureja khuzestanica leaves hydroalcoholic extract, Trametes
robiniophila Murr. aqueous extract, and Zingiber officinale ethanol extract) have
protoscoleces effects in vitro or in vivo, in different administrations such as oral or
intragastric administration [57].

Recent studies have also tried to make albendazole more effective through
nanotechnology. Ullio Gamboa et al. have demonstrated that ABZ lipid nanocap-
sules (ABZ-LNCs) are more effective than ABZ in vivo, in Echinococcus granulosus
infected mice, in oral administration [61]. These results suggest that ABZ-LNCs
could be a promising drug in the treatment of cystic echinococcosis in patients who
are poorly responsive or nonresponsive to classical therapy with albendazole.

3. Future directions

In the future, vaccination could prevent the spread of echinococcosis in endemic
regions. Zhao et al. identified six dominant T-cell epitopes and five dominant B-cell
epitopes in the EgA31 protein structure and six dominant T-cell epitopes and three
dominant B-cell epitopes in EgG1Y162 which may represent a beginning for multi-
epitope vaccines against Echinococcus granulosus [62]. Miles et al. identified 9 novel
proteins and 14 peptides to be further tested as potential cystic echinococcosis
vaccine candidates [63]. Pilot field trial of the EG95 vaccine against ovine cystic
echinococcosis conducted by Larrieu et al. in Argentina demonstrated a decrease in
EC incidence and a good surveillance and control tool in the epidemiological chain
of the parasite [64].

The development of recombinant bi-vaccines expressing EG95 Echinococcus
granulosus antigen is a new orientation in the future. Goatpox (GPV) disease and
cystic hydatidosis can be prevented by live-attenuated GPV AV41 vaccine; the GPV
is an ideal vector for expressing the EG95 antigen [65]. The same group of research-
ers have developed another recombinant, bivalent vaccine using morbillivirus
(SRMV) which expresses EG95 antigen [66], preventing both morbillivirus infec-
tion and Echinococcus granulosus infection.

Given that treatment in the CE is limited, new clinical trials are needed to find
potential drugs and new strategies to limit transmission of infection.
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Chapter7

Utility of ERCP in the Diagnosis
and Management of Biliary
Complications of Hepatic Hydatid
Disease

Pedro Pinto, Sergio Gaete and Patricia Vega

Abstract

To report the experience with endoscopic retrograde cholangiopancreatography
(ERCP) in the pre- and postoperative management of complicated liver hydatidosis.
Case series retrospective of 14 patients who underwent ERCP in the Department
of Surgery and Endoscopy Regional Hospital of Coyhaique, from January 2005 to
December 2014. In this report, patients are separated into two groups: those in whom
ERCP was used as diagnosis and those in which it was used for handling the external
biliary fistula. Five patients consulting for jaundice and pain were subjected to ERCP
in the preoperative period. Hydatid membranes were found and extracted in all. A
sphincterotomy was performed in all, and an endoprosthesis was placed in one. Four
patients were operated posteriorly, and only one did not require surgery. On nine
patients with an external biliary fistula draining more than 200 ml/day, a postopera-
tive ERCP was carried out. The surgical procedure was a partial cystectomy, and in
four it was laparoscopic. The ERCP was carried out in the 20th postoperative day,
performing a sphincterotomy and placing an endoprosthesis in all. Fistulae are
closed at 28 days. Patients were followed up for 6 years and none died.

Keywords: hepatic hydatid cyst, complications, biliary fistula,
endoscopic pancreatography

1. Introduction

The liver is compromised in 50-70% of patients with hydatid disease. The most
frequent hepatic hydatid cyst (HCH) complication is intrabiliary rupture, which
occurs in 5-25% of patients. This rupture can lead to the obstruction of the Bile duct
cholangitis and sepsis which can reach 50% of mortality. Surgery has been the tradi-
tional treatment for these patients, which has been associated with a high morbidity
ranging 21.3-53.8% according to several series [1], the external biliary fistula (EBF)
being the most frequent complication with 4-28% of the total [2].

Since the first communication in 1987 about the endoscopic retrograde chol-
angiopancreatography (ERPC) utility in the study and treatment of patients with
complicated hepatic hydatidosis (CHH) [3, 4], more than 1000 patients had under-
gone this procedure, with a complication rate of 7.9% and a mortality of 0.6% [5].
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The ERPC is mainly used in the preoperative period to solve acute complications
such as cholangitis and the obstruction of the bile duct cystic material and in the
postoperative management of the EBF and benign strictures of the biliary duct [6].

The aim of this presentation is to report the surgery and endoscopy service expe-
rience in the use of ERPC, in both pre- and postoperative stages of CHH patients.

2. Material and method

Retrospective case series from 14 patients are submitted to ERPC in the
Department of Surgery and Endoscopy Regional Hospital of Coyhaique, from
January 2005 to December 2014. Such procedure was used in the pre- and postop-
erative handling of patients with CHH.

During this period, 218 CHH carrying patients were treated, and 9 (4.1%) of
them presented EBF high drainage complications; therefore they will be the reason
for this presentation. In turn, the endoscopy service realized 832 ERPC during the
same period, and only 14 (1.7%) presented CHH as an indication.

In this presentation, patients are separated into two groups: those in whom
ERCP was used as diagnosis (Table 1) and those in which it was used for managing
the external biliary fistula (Table 2).

In a previous post [7], it is established that biliary fistula refers to a bile flow
which extends for more than 10 days. The draining qualifies as low when the flow
is less than 200 ml per day and high when it is greater than that quantity. The ERPC
indication was an average biliary draining greater than 200 cc per day.

The ERPC was performed by the endoscopy unit team at the Imaging Service
of the Coyhaique Regional Hospital. All patients underwent antibioprophylaxis
with 1 g of intravenous cefazolin, they were sedated with midazolam and fen-
tanyl, and the peristalsis duodenal was suppressed with hyoscine butylbromide

Patient Age Sex Clinic Ultrasound ERPC findings ERPC Monitoring
no. technique
1 76 F Jaundice SVI-SVII, MV, Cholangiohydatidosis Membrane Operated the
12 x 7 cm, extraction following
communicated sphincterotomy month
to BD
2 55 M Jaundice SV-SVI, UV, Communication Sphincterotomy Operated
11x6cm BD cyst 2 months later
3 51 M Jaundice Caudate Cholangiohydatidosis Membrane Not operated
lobe, MV extraction Medical
48 x 37 x 47 mm sphincterotomy  examinations
ok
4 35 M Jaundice, SII-SIII, MV, Cholangiohydatidosis Membrane Operated the
pain 13cm extraction following
sphincterotomy month
endoprosthesis
75F
5 55 M Jaundice, RHL, Cholangiohydatidosis Membrane Operated
pain 17x13x13cm  communication right extraction 20 days later
communicated hepatic sphincterotomy
to BD, hepatic
hilum
Table 1.
Diagnosis.
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Figure 1.

(A) HHC CAT image. (B) Hydatid material in the common biliary duct. (C) Extravasation of contrast media
from the biliary ducts to the cystic cavity. (D) Hydatid material infected post-papillotomy draining.

(E) Hydatid material extraction through an endoscopic balloon. (F) Way out of germinative from the
choledochal.

of scopolamine. The procedure was performed with the patient in the left lateral
decubitus position using the EXERA TJF-160VF OLYMPUS videodenoscope. The
sphincterotomy was performed in the classic way with a TRI-20M papillotome
(TR-TOME PC triple lumen COOK) guided with HYB-48015. After the sphincter-
otomy was done, a Dormia MSN COOK canister or a TXR COOK balloon was used
to extract the daughter vesicles and to allow a fluid biliary drainage.

ERPC, endoscopic pancreatography; F, frank; F, female (“sex” column); RHL,
right hepatic lobe; M, male; MV, multivesicular; S, segment; BD, biliary duct.

If stenting was required, an Oasis set of prosthesis introduction (OACL,
7.5-10 F) was used (Figure1).

After discharge, patients were followed a month later, 3 and 6 months later, and
then 1 year later.

3. Results

There were five patients submitted to ERPC in the preoperative period
(Table 1). Male sex predominated and the average age was 54 + 15 years old. The
average cyst size was 12 + 4.4 cm and all of them were multivesicular.

The main consultation motive was jaundice and pain, only one of them had
as an antecedent having undergone a CHH surgery. In all of them, a passage of
hydatid membranes to the main bile duct was found and endoscopically extracted.
Sphincterotomy was performed in all, and only one case required an endoprosthesis
installation which was subsequently removed (Figure1).

Four patients were stabilized and operated according to schedule before
amonth, and only the one who had the minor-sized cyst (48 x 37 x 47 mm)
located in the caudate lobe did not require surgery, and his examinations are
normal until now.

Due to the EBF presence with sustained high output (>200 ml) bile flow, ERPC
was performed in nine patients aiming to close it (Table 2). As in the preoperative
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therapeutic use, male sex predominates, and the average age was 39 + 22 years. The
cyst size was 12 + 5 cm, and two thirds of them were multivesicular.

The surgical technique employed in all was non-resective (partial cystectomy),
and in four patients (4/9) it was performed through a videolaparoscopy. ERPC
indication took place 20 days (7-41) after the intervention, and the average EBF
output was 498 ml per day (200-1000). Sphincterotomy was performed in all with
endoprosthesis installation, mostly 7F (7/9). The fistula closure happened on aver-
age at 28 + 15 days. The prosthesis was extracted from five patients between week 6
and 8 after the EBF.

The patients’ monitoring reached 71.4 + 42 months (6 years), with a minimum
of 18 and a maximum of 129 months (10.7 years).

4. Discussion

So far we have only found one work in literature published by national authors
related to the utility of ERPC in CHH [8] and hence the interest in making it known.

The communication among CHH and the biliary tree is the most frequent and
severe complication, and it explains 60% of the complications. When this commu-
nication is greater than 5 mm, it is called frank rupture, and in 65% of the cases, it is
possible to see cystic content in the main biliary duct [9]. The classic treatment for
these patients was surgery; however, since Al Karawi et al. in 1987 [3] reported the
use of ERPC with sphincterotomy in the handling of daughter vesicles retained in
the biliary duct, this procedure has been considered as a safe and effective choice.

ERPC is used in the preoperative period with the following objectives [10]:

* Surgery planning by defining the cystobiliar relationship.

* Resolution of acute conditions such as cholangitis and obstruction of the main
bile duct, allowing elective surgery (cases 1, 2, 4, and 5).

* In25% of cases, it allows for a permanent cure [3, 11], which is confirmed in
our series (case 3).

* Complementing the procedure with sphincterotomy reduces the incidence of EBF.
In the postoperative period, its main indications are [10]:

* Solving the obstruction and the cholangitis caused by the presence of hydatid
material in the bile ducts.

* Enabling the best handling of EBF (1-9 cases).
* Solving the secondary biliary stenosis to the CHH.

It is essential to bear in mind that the ERPC indication must be precocious, ide-
ally within 10 days after the EBF has been established [12].

The main problem is in low output fistula. According to Zeybek et al. when the
flow is 102 ml per day, this closes spontaneously [13], and the end of the flow occurs
34.7 days [7] later; therefore, there is a tendency to have an expectant behavior due
to the inherent risks of the procedure.

The fistula high output case is different, in which aggressive behavior is
required, since the stay of these patients is even longer (41.6 days) [7] and the risk
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of complications increases. The average output in our patients reached 498 ml per
day, and the ERPC indication was performed when the flow was persistently greater
than 200 mh and the latency of the procedure reached 20 days, a situation that we
have tried to correct in the last patients.

When reviewing the worldwide experience up to 2002 in the endoscopic manage-
ment of CHH, the Turkish gastroenterologists Ersan Ozaslan and Yusuf Bayraktar
mention that optimal management of EBF remains unanswered. In their opinion of
sphincterotomy, stent and nasobiliar drainage are not exclusive but complementary,
and each should be used according to the individual characteristic of each patient [6].

The therapy performed in the service to patients with EBF consisted of a
combination of sphincterotomy plus stent installation. In the first patients a 7 F was
used to subsequently use a thicker 8.5 F. This was done to reduce the probability of
being obstructed with the content of the residual cavity and having to change and
reinstall it, as occurred in two patients.

All this was subsequently endorsed by the publication of Adas et al. [14], who in
a retrospective multicenter study concluded that sphincterotomy is the treatment of
choice in low debit EBFs, but in high debit EBFs (flow greater than 200 ml per day),
the gold standard is the insertion of a 10 F stent whenever possible.

It is worth mentioning that the removal of the prosthesis should not be per-
formed beyond 4-6 weeks after the cessation of EBF [12]. In our patients this
was performed in 5 of 9, those in which choledocholithiasis was not favored, thus
requiring a new ERCP (patient 7), in another there was persistence of infection of
the residual cavity (patient 2), in a third the stent had to be removed due to persis-
tent pain (patient 3), and in another there was migration of the prosthesis to the
residual cavity (patient 9). Therefore, at this time, as a rule, the stent is removed no
later than 4-6 weeks after the cessation of bile flow.

According to the different series, the objective of the cessation of EBF is
achieved by 83.3-100%, and the closing time varies between 2 and 4 weeks [12].
When reviewing our series, the target was 100%, and the average closing time
of the EBF was 28 days. This is far from the spontaneous evolution that reached
42 days in a previous publication [7].

It is worth mentioning that the monitoring of patients in this series of cases
reached 100%, the average being 6 years. This occurs because the disease mainly
affects patients who are beneficiaries of the public system, and since there is no
private clinic in the region, in most cases they must be controlled in the regional
hospital.

In this series of cases, there was no mortality.

5. Conclusions

This study confirms that ERPC is a useful and safe procedure in the diagnosis
and treatment of bile complications of liver hydatidosis.
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Chapter 8

The Surgical Management of
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Abstract

Liver hydatid cyst is a disease of zoonosis caused by Echinococcus granulosus or
less frequently by Echinococcus multilocularis and Echinococcus oligarthrus. The pri-
mary carriers are canines, while human beings are secondary hosts. Early diagnosis
is important for cysts not to become complicated and for the treatment not to get
difficult. The most effective treatment of uncomplicated hydatid cyst is to reduce
the dead space of the cavity and to discharge the fluid as much as possible. However,
if the cysts get complex, there is no standard treatment management defined other
than offered management options by authors. In complex conditions, the treatment is
determined according to the stage of the cyst and the relation of the cyst with biliary
ducts or surrounding organs. In this chapter, the treatment regimens of liver hydatid
disease mainly based on interventions and surgical operations are going to take a part.

Keywords: conservative surgery, Echinococcus, hydatid cyst, PAIR, radical surgery,
Zoonosis

1. Introduction

There are mainly three types of Echinococcus causing diseases in humans:
E. granulosus, E. alveolaris (E. multilocularis), and E. oligarthrus. This chapter will
be based on the surgical approaches to hydatid cysts caused by E. granulosus.

2. Pathophysiology

The agent of hydatid cysts is Echinococcus granulosus which belongs to the
tapeworm family of cestodes. The tapeworm consists of four segments. The most
important segment is the first segment, which consists of four hooked structures
that help the pathogen attach to the tissues. The life cycle of the pathogen is unique
and explains the pathology.

The hydatid cyst lesion has a round cystic structure and consists of three main lay-
ers: an external fibrous pericyst 2-4 mm thick, mainly composed of the host’ tissues to
protect itself from the cyst; 2-mm-thick middle, nucleus-free hyaline layer, also known
as ectocyst, or the laminar membrane in other words; and parasitic inner germinal
membrane, known as endocyst. The annual growth rate of the cysts is 1-3 cm per year.
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The germinative layer on the wall of the cyst is the site of asexual proliferation
and secretes the cystic fluid. The larvae also emerge from this layer. If the connec-
tions between the laminar layer and the pericyst layer break down, the oxygenation
of the cyst deteriorates and cannot produce liquid. The inevitable consequence of
this is that the growth of the cyst stops.

2.1Life cycle of E. granulosus

The disease lives in canines that are infected by eating the internal organs of
sheep which contain hydatid cysts. The eggs in the cysts adhere to the small intes-
tines of the dogs and become adult tapeworms attached to the intestinal wall. Each
worm holds about 500 ovaries in the intestine. Dog feces containing infected eggs
contaminate grasses and farmland, and the ovaries are swallowed by intermediate
hosts such as sheep, cattle, pigs, and humans. The egg has chitinous envelopes that
are dissolved with gastric juice. The released ovary then passes through the intesti-
nal mucosa and is transported by the portal vein to the liver, where it develops in an
adult cyst. Most cysts are caught in hepatic sinusoids, and therefore 70% of hydatid
cysts occur in the liver, often in the right inferior segments. The placed embryo is
immediately transformed into larvae. The larvae turn to the vesicle (scolex) and to
the cyst at the end. The larvae can multiply asexually. Thus, there may be more than
one living larva in a single cyst. Several pathogens pass through the liver, and the
lung keeps them in its capillary bed, or they enter to the systemic circulation to form
cysts in the lungs, spleen, brain, or bones.

3. Diagnosis

Uncomplicated cysts may be silent and incidental. Rarely, the affected patient
has symptoms such as right upper quadrant pain or abdominal distension. The cysts
may be secondary infected (usually by E. coli), invade other organs, or even cause
ruptures leading to an allergic or anaphylactic reaction.

There are four medical tests used in diagnosis: Casoni skin test, the complement
fixation test, Echinococcus IHA (indirect hemagglutination) test, and enzyme-
linked immunosorbent assay (ELISA). The Casoni skin test is no longer used. The
complement fixation test (Weinberg) is not widely used in diagnosis (the sensitiv-
ity is about 80%), but it is useful in follow-up because it becomes negative after the
first year of the treatment. Its sensitivity is about 90% by then.

The Echinococcus THA (indirect hemagglutination) is the most commonly used
diagnostic test in practice. Its sensitivity is 90%. The Echinococcus IHA test is done
by the patient’s serum taken and diluted on microplates in times of 2, 4, 8, 16, 32,
64,128, 256 ... 2048. A kit recognizing echinococcal antibodies is added to each
microplate medium. If erythrocytes form agglutination in the presence of a kit, this
indicates that the test is positive at that density. It is significant that IHA is positive
at dilutions exceeding 1/128. However, many authors accept a 1/256 dilution as
the presence of the disease. Positivity at lower dilutions means that the patient got
cured or the disease is currently inactive.

It should be kept in mind that once IHA is positive, it may remain positive for
more than 20 years. In a comprehensive epidemiological study published in Turkey,
the positive prevalence of the Echinococcus THA is 291/100,000 in the general
population.

The diagnosis of hydatid cyst disease is based on the findings of ELISA for
echinococcal antigens, and results are positive in approximately 85% of infected
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patients. The test may be negative if it is not leaking or the parasite is no
longer alive.

In conclusion, the serological screening tests based on antigens (e.g., indirect
hemagglutination, latex agglutination, ELISA) are highly associated with false-
positive and false-negative results. However, while ELISA detection of specific
antigens and immune complexes of the cyst has a much higher sensitivity, ELISA
and radioallergosorbent test (RAST) can also detect specific IgE antibodies.
Antigen 5 (arc-5) and antigen B8 are the major parasitic antigens having diagnos-
tic value.

Eosinophilia occurs in approximately 30% of infected patients. Ultrasonography
and CT scan of the abdomen are very sensitive in hydatid cyst detection, and
the appearance of cysts on images depends on the stage of cyst development.
Ultrasound images may show peripheral calcifications of cysts or curved bands of
delaminated endocysts, called lotus. In CT scans, hydatid cysts are usually seen as
hypodense lesions.

Calcification of female cysts occurs in approximately 75% of cases and 50% of
the surrounding cyst wall [1]. As healing occurs, the entire cyst densely calcifies,
and a lesion with this appearance is usually dead or ineffective. Daughter cysts
usually occur at a peripheral location within the mother cyst and are typically
more hypodense than the mother cyst. Abdominal MRI may be useful in assessing
pericyst, cyst matrix, and daughter cyst characteristics. MRI is the technique that
best shows pericyst or “cyst hydatid sand” (free floating membranes) and daughter
cysts. Fibrous and rigid pericysts appear as a hypodense ring on both T1- and
T2-weighted images. The hydatid matrix is hyperdense in T2-weighted images
and hypodense in T1-weighted images. Daughter cysts may be seen in both T1-
and T2-weighted images.

The treatment and the follow-up procedures are based on the cyst and the
symptoms of the patients. Below, you may find the clinical and radiological staging
as well as WHO classification for hydatid cysts.

3.1 Clinical staging
Stage 1: Asymptomatic.
Stage 2: Symptomatic (right upper quadrant pain).
Stage 3: Symptomatic + presence of liver dysfunction (e.g., AST, ALT
elevation).
3.2 Gharbi classification in USG
Type 1: Pure liquid collection.
Type 2: The decomposition of the germinative membrane and the pericyst.
Type 3: Multivesicular type.
Type 4: Heterogeneous echo pattern.
Type 5: The calcified wall.
3.32001 WHO classification
* CL

o Unilocular anechoic cystic lesion [2]

o No any internal echoes or septations
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* CE1 (active stage)

o Uniformly anechoic cyst with fine internal echoes, may only be visible after
patient repositioning (Figure1).

o Internal echoes represent “hydatid sand” (fluid and protoscolices originating
from a ruptured vesicle).

* CE2 (active stage)
o Cyst with internal septation (Figure 2)
o Septa represent walls of daughter cyst(s)
o Described as multivesicular, rosette, or honeycomb appearance
* CE 3 (transitional stage)
o Evolving appearance of daughter cyst(s) within the encompassing parent cyst

o 3A—daughter cysts have detached laminated membranes (water lily sign)
(Figure 3)

o 3B—daughter cysts within a solid matrix

Figure 1.
CE1 hydatid cyst in both liver lobes shown in abdominal CT scan [3].

Figure 2.
CE2 hydatid cyst in right liver lobe shown in abdominal CT scan [3].
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Figure 3.
CE3a hydatid cyst in right liver lobe shown in abdominal CT scan [3].

Figure 4.
CE4 hydatid cyst in right liver lobe shown in abdominal CT scan [3].

* CE 4 (inactive/degenerative)
o Absence of daughter cysts (Figure 4)

o Mixed hypoechoic and hyperechoic matrix, resembling a ball of wool (ball of
wool sign)

* CE5 (inactive/degenerative)

o Arch-like, thick partially or completely calcified wall

4, The medical treatment

The goal of the treatment is mainly to stop the growth of the cyst and to
eliminate the risk of infection or rupture. Unless the cysts are small, cyst hydatid
disease is treated surgically because of high risk of secondary infection and rupture.
Benzimidazole-derived antibiotics such as mebendazole and its new analogue
albendazole are used. Medical treatment with albendazole relies on drug diffu-
sion along the cyst membrane. The concentration of drug obtained in the cyst is
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uncertain but is better than that of mebendazole, and albendazole can be used as an
initial treatment for small, asymptomatic cysts.

The standard dose of mebendazole is 35-50 mg/kg/day, and the standard
administration period is 6 months, whereas albendazole’s standard dose is 10 mg/
kg/day. Albendazole is more effective than mebendazole, because it has better
absorption from the gastrointestinal tract, reaching much higher concentrations
in both serum and cyst fluids. Therefore, the daily dose of albendazole is lower.
However, it has toxic effects on the liver and bone marrow. For this reason, liver
function tests and hemogram should be performed periodically in the patients
under treatment.

Even if the management of the patient is decided as operation, the adminis-
tration of albendazole for 1 month preoperatively reduces the number of viable
vesicles within the cyst and reduces the risk of surgical scattering/recurrence.

5. Interventional treatment algorithm

In the majority of the patients, the medical treatment of the hydatid cyst is
applied first, both for the treatment of the disease and for reducing the rate of the
complications even if the cure is going to be reached by the surgical procedures.

The effectivity of the medical treatment can be assessed in two ways. By
radiological assessment, USG can be performed, and if the cyst diameter does not
increase and/or calcification is developed, the medical treatment is successful. By
the serological assessment, the [HA test is repeated after 6 months of treatment.

Regardless of the stage, special attention should be paid to the content of each
cyst. Cysts, in which the content is biliary or purulent, deserve additional interven-
tions (finding and suturing the biliary tract (s) opened to the cyst, making drainage
more diligently, increasing the number of drains, etc.).

Even if the risk is first defined as 25% in literature [4], 5% of the cases with
indication for surgery are associated with bile ducts. This risk is greater in
multivesicular cysts. Biliary entrances may result from communication between
the pericyst and the biliary tract or from rupture of the cyst into the biliary tract.
Strong communication of the cysts and bile ducts can lead to secondary bacterial
infection of the cyst, cholangitis, or biliary obstruction. Bacterial contamination
occurs in 10-35% of cases, and almost all of the infected cysts are associated with
bile ducts.

Occasionally, the cysts spontaneously tear into the peritoneal cavity and cause
anaphylaxis, which starts with abdominal pain. Many intra-abdominal cysts may
develop as a result of intraperitoneal leakage. Liver hydatid cysts can penetrate the
diaphragm and cause empyema, pulmonary cysts, biliary bronchial fistulas, or
pericardial collections.

Some hydatid cyst disintegrates into bile ducts and may simulate choledocho-
lithiasis. If the calcified cyst is unclear, cholangiography may show significant
irregularities in the caliber of biliary ducts and large displacement of intrahepatic
branches secondary to the mass effect of a large hydatid cyst [5, 6]. Before the
interventions, if the patient has signs of jaundice and/or cholangitis, preoperative
MRCP and ERCP, if necessary, should be definitely evaluated for the presence of
the cyst opening to the biliary tract or the presence of cysts in the biliary tract. This
procedure is very important in determining the surgical strategy.

The general rule is that surgical treatment is indicated for cysts larger than 5 cm.
However, there are controversial issues such as attempting medical treatment first
or applying medical treatment if there already occurred calcification on the wall.
The discussion remains under the knowledge of the physiology of the cyst.
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6. Percutaneous techniques

Traditionally, surgery has been the recommended treatment for hepatic cysts
since the 1996 World Health Organization Consortium [7], but the combination of
percutaneous drainage with drug therapy is always an alternative. Although per-
cutaneous aspiration is contraindicated due to the risk of anaphylaxis, this com-
plication has been shown to be rare for many years [8, 9]. Initially, a catheter was
inserted for percutaneous drainage, and a cystolytic agent was injected into the cyst
cavity after cystography. No complications or recurrences were reported 6 months
to 1 year after treatment.

If percutaneous drainage is planned for the patient, it is important to remember
that hydatid cysts do not resolve by aspiration just like any cyst. Recurrence is
almost inevitable when only aspiration is performed. Therefore, a percutaneous
technique called PAIR (perforation, aspiration, injection, reaspiration) can be used
concurrently with albendazole treatment, which is found to have several advantages
over surgical resection. In this method, after ultrasound-guided percutaneous per-
foration and aspiration of the hydatid cyst, 20% sodium chloride solution or 95%
ethanol is injected into the cavity and then reaspired [10]. This intervention can be
done twice or more in the same session to reduce the cavity of the cyst.

According to the Gharbi classification, PAIR can be applied for stage 1 and 2
diseases, whereas care should be taken for stage 3 diseases not to remain any vesicles
inside. For stages 4 and 5, it is not expected for the cyst to collapse and close itself,
because of the calcification and the irregularity of the wall [11]. In such cases, if
surgical intervention has been performed, at least one of the cavity-minimizing and
secretion-reducing procedures such as omentoplasty, capitonnage, and intraflexion
must be added to the procedure after the removal of the germinative and laminar
membranes.

First, Khuroo et al. [12] compared percutaneous drainage of hepatic hydatid
cysts with surgery and reported that percutaneous drainage with albendazole was
an effective alternative to cystectomy. They found that percutaneous drainage
showed similar efficacy in the regression and loss of cysts with the advantages of
shorter hospital stay and low complication rate.

Zerem and Jusufovic treated 72 patients with univesicular and multivesicular
hepatic hydatid cysts with percutaneous drainage by imaging with albendazole, and
81% of the cysts in the univesicular group and 63% of the multivesicular group were
cured.

As a derived technique, Schipper et al. reported in 2002 that percutaneous
evacuation of cyst content (PEVAC) is a safe and effective treatment for multive-
sicular echinococcal cysts with or without cystobiliary fistula, even though it is not
used nowadays.

Hydatid cysts usually communicate with the biliary tree, which is a contraindi-
cation to the injection of sclerosing agents, as this may cause widespread injuries to

the biliary epithelium [3].

7. Surgical procedures

The main purpose of surgical treatment in liver hydatid cyst is to eliminate the
parasite, to prevent recurrence of the disease, and to minimize the complication and
mortality by removing the germinative and laminar membranes. If the germinative
membrane stays, asexual reproduction occurs, which is currently the actual recur-
rence reason of the cysts. Even if there are no vesicles left, sterile cysts may occur in
the main location [13].

105



Overview on Echinococcosis

The main question here is: Is it necessary to remove the entire cyst, or is it suf-
ficient to remove only the cyst? Two treatment modalities have therefore been pro-
posed: radical and conservative surgery. The choice of surgical treatment depends
on the number, localization, diameter, and complexity of the hydatid cysts, as well
as the age and comorbidities of the patient, and the experience of the surgeon.

7.1 Surgical treatment indications

1.In large-scale uncomplicated CE2 and CE3b cysts with a large number of
female vesicles [14].

2.In uncomplicated large cysts compressing adjacent vital organs.
3.In cases where percutaneous treatment is not possible.

a.In spite of the possibility of spontaneous or traumatic rupture in
superficially located and large single cysts.

b.Infected cysts.

4. An alternative to percutaneous treatment in cysts with cystobiliary
relationship.

7.2 Conservative surgical procedures

The basic principles of conservative surgical treatment are to clean all the
contents inside the cyst and sterilize the cavity and to excise the pericyst as much as
possible. Conservative surgical procedures are more simple and easier to perform
than radical procedures. It is possible to perform these procedures in daily general
surgical practice (Figure 5).

In conservative surgery, the basic principle is to open the cyst and sterilize
the interior and then to manage the cavity. Various scolicidal agents are pre-
ferred for emptying the cyst content and for sterilizing the cavity interior. NaCl,

Figures.
An example of biliary duct connection of the cyst shown during the operation. A photo from our collection.
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chlorhexidine, povidone iodine, ethyl alcohol, and hydrogen peroxide are used as
scolicidal agents. The administration time of these agents is 5-15 min. Hypertonic
NaCl and cetrimide are the most commonly used agents [15]. Different concentra-
tions have been reported for hypertonic NaCl. Both clinical and experimental
studies suggest that the scolicidal efficacy of a concentration below 10% is not
sufficient. The ideal concentration is 20%. Each scolicidal agent must be prevented
from contact with the bile duct, because they all have the potential to cause caustic
sclerosing cholangitis. After emptying of the cavity, bile control should be per-
formed. Bile leakage can be seen directly with the eye, or some researchers recom-
mend to wash the cystic duct or choledochus with isotonic NaCl for detection of
the bile duct invasion. It is recommended that all detectable bile ducts be carefully
closed without damaging the common bile ducts. In cysts with large bile duct
openings, caution is needed when using scolicidal agents and closing the fistula
openings.

The second main part of cavity management is how to reduce or close the
cavity. The cyst wall outside the liver parenchyma should be excised as much as
possible, which is defined as partial cystectomy. After the cyst cavity has been
minimized, the methods for the remaining cavity are unroofing, marsupialization,
tube drainage, Posadas surgery and modifications (Llobet-Varsi modification),
Roux-En-Y cystojejunostomy, and omentoplasty [16]. In the marsupialization tech-
nique, the edges of the cyst are sutured to the abdominal wall, and the cyst contents
are drained out, which is now a historical approach. The technique that has been
adapted to current surgical approaches is tube drainage, in which the cyst cavity is
drained out of the tube, but postoperative complications are high. Posadas surgery
and its modifications are used in small peripheral cysts with no biliary involvement
and closure of the cyst after opening and emptying.

The current techniques used in the treatment of liver hydatid cysts are chang-
ing from simply unroofing the cyst to hepatic resections; the important part is to
define the techniques. The cystectomy is basically opening the dome of the cyst
and removing the germinative membranes and vesicles, whereas in pericystectomy,
radical surgery is done by resection of the cyst with some liver tissue surrounding.
Unroofing stands for the excision of the part of the cyst located outside the liver.
Apart from the germinative membrane, parts of the cyst within the liver paren-
chyma are not touched when unroofing is done. The placement of a visceral organ,
usually the omentum, into the cavity after unroofing is done is defined as quilting
technique, whereas marsupialization is a historical technique in which building a
tract from the cyst to the skin like an ostomy is done.

Although the most common indications for transduodenal sphincteroplasty are
related to bile duct stones and cholangitis, this technique can also be used in hydatid
cyst residues and membranes extracted from the common bile duct. The procedure
may extend to the left and right hepatic channels, and angled Randall forceps are
useful for this purpose. Sphincteroplasty involves suturing both sides or edges of
the surgical sphincterotomy to prevent future stenosis of the incision. The sutures
provide hemostasis in the incision margins and lead to the risk of retroduodenal
perforation but also help prevent leakage of the duodenal content if it extends
beyond the common portion of the incision line and sphincter.

Recent studies have reported postoperative morbidity and mortality rates of
conservative techniques as 3-24% and 0-4% [17]. Although conservative surgical
treatments are safer than radical procedures, they have become controversial due to
the complications occurring in the postoperative period and the length of hospi-
talization. The most common complications are biliary fistula and cavity infection.
Apart from these complications, bile peritonitis, cholangitis, and rarely sepsis and
anaphylaxis can be observed in the preoperative period. Although anaphylaxis is
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extremely rare, it can be fatal. Hypernatremia is another complication that should
be kept in mind in patients using hypertonic NaCl for cavity sterilization.

Although bile fistula is affected by various factors, it is observed in approxi-
mately 30-50% of cases. It is the most disturbing complication of conservative
surgical treatment for the surgeon. The most predictive factor for postoperative
bile fistula was found out to be the diameter of the cyst. Postoperative bile fistula
rate increases in patients with a cyst diameter greater than 10 cm. Studies on the
number, localization, and stage of the cysts on postoperative complications have
yielded variable results, but localized cysts in the dome were definitely reported as
a predictive factor. Postoperative bile fistula is defined as permanent bile fistula if
it lasts more than 10 days. Endoscopic procedures are recommended primarily for
the treatment of biliary fistulas. The cystobiliary fistula can be seen by ERCP, and
endoscopic sphincterotomy, stenting, or nasobiliary drainage can be performed for
therapeutic purposes.

An important problem during conservative surgery is the cavity infection. The
rate of cavity infection in different series has been reported to be between 5.5 and
37%. Omentoplasty is thought to be useful in preventing cavity infection.

Mortality after conservative surgery can be seen up to 1.5%. Although higher
mortality can be seen in patients with biliary involvement of the cyst, local recur-
rence rate is relatively higher in conservative methods than radical methods.
Recurrences are reported to be caused by cysts growing from the pericyst to the
liver parenchyma (exogenous vesiculation).

7.3 Radical surgical procedures

There are two radical procedures: pericystectomy and hepatectomy. In
radical surgery, all the cysts can be performed with either excising the pericyst
(pericystectomy—total cystectomy) or excising the parenchyma with the pericyst
(hepatectomy) without opening the cyst. The rate of pericystectomy in radical
surgery procedures is close to 90%. Unlike conservative procedures, radical proce-
dures are more complex and difficult.

The pericystectomy is the preferred radical procedure because it is aimed to
protect the healthy parenchyma as much as possible. There is a good dissection plan
between liver tissue and cyst. Determining and progressing this plan will provide a
comfortable dissection plan. When pericystectomy is performed laparoscopically,
the operation is completed without emptying the cyst contents, and when the
open method is performed, the pericyst is excised after the cyst is opened and the
contents are emptied. Open method should be preferred especially in deeply located
cysts adjacent to the hepatic artery or portal vein.

Indications for hepatectomy include the presence of large cysts that fill a lobe,
multiple cysts, complicated cysts, and, according to some authors, being proximal
to hilar vascular structures. This is an indication for hepatectomy if the large
biliary tract is eroded. Particularly, lesions close to the inferior vena cava have been
reported to be a partial contraindication. Caution is specifically needed for lesions
adjacent to the right atrium and hepatic veins, especially the lesions in segments 1,
4, and 8. The radical resection is recommended for patients under age 75 only if the
lesion is located with less than three segments of liver; if the residual liver function
is sufficient to allow the surgery; if the vena cava, portal vein, hepatic artery, or bili-
ary tract are suitable for repair; and if distant metastases are suitable for resection
or do not cause life-threatening complications at least.

Complications vary according to the surgical method used in radical surgery. In
general, complications related to liver surgery are observed and vary between 3 and
30% postoperatively. This rate is lower than conservative surgery. The advantage
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of radical surgery is that there is no cavity infection and the risk of biliary fistula

is less (0.7-7%). The rate of infection in the surgical site is less than 3% in patients
who underwent radical surgery. The low postoperative morbidity reduces the length
of hospital stay in patients who underwent radical surgery. In addition, the pos-
sibility of local recurrence is less in radical surgery. The rate of local recurrence in
conservative methods has been reported to be 20-25% in the literature, while the
recurrence rate after radical surgery is 0.6-4%.

7.4 Surgical treatment of complicated cysts

It should be done according to complication. Biliary tract problems should
be solved primarily in cysts that are involved with bile ducts. For this, ERCP and
endoscopic sphincterotomy can be performed. Conservative methods should be
used rather than radical surgery in free ruptured cysts to the peritoneum.

7.5 Minimal invasive surgery

The role of laparoscopy in the surgical treatment of liver hydatid cysts has
always been discussed. The first studies were reported in the 1990s. The general
advantages of laparoscopy, such as less hospital stay, less wound problems, and less
pain, apply here. However, it is difficult to reach cysts in some localizations, and
there are difficulties in aspiration of cyst contents and concerns about spreading of
content and question marks about laparoscopy.

Reaching the cysts in the posterior and superior segments of the liver poses some
technical difficulties. However, access to cysts in segments II, III, IVB, V, and VI is
more convenient [16]. This situation also provides patient selection in liver hydatid
cyst. In other words, laparoscopic or minimally invasive surgical treatment seems
more reasonable for patients with cysts in the anterior segments. It can even be inter-
preted that laparoscopy is a relative contraindication for cysts in segments I and VII.

In addition, the cyst content is completely evacuated, and the possibility of
spreading around while being evacuated is another problem. After the cavity is
emptied and sterilized, it is aimed to perform cavity management with the same
methods as in open cases [14]. After the cyst has been evacuated, laparoscopy can
be used to magnify the bile leakage and suture the sources of leakage.

In laparoscopic surgery, exposure is usually caused by inaccessibility of the cyst,
calcifications, and other complications (bleeding, etc.). The conversion rate to open
radical techniques was reported as 1.7% [16]. At present, there is no obstacle to the
treatment of liver hydatid cysts with minimally invasive surgery. In the published
series, the recurrence rate in patients undergoing minimally invasive surgery is not
higher than in open-operated patients. However, the indications of laparoscopy
should not be forced, and patients should be selected well. As minimal invasive
hepatectomies become widespread, minimally invasive radical surgery for liver
hydatid cyst will increase.

8. Postop follow-up

Albendazole starting at 10 mg/kg/day should start to be used immediately for
6 months postoperatively. Hemogram and blood biochemistry should be performed
every month (due to the risk of the toxicity of liver and bone marrow). Serological tests
are not used in the early stages of follow-up (first few months), because none of them
becomes negative in the early period. A control serological test (usually Echinococcus
IHA) should be performed at the end of the 6-month postoperative period.
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In this first 6 months postoperatively, USG is the main follow-up method. It
shows both early recurrences and complications related to surgery. In the first few
months, USG may show fluid accumulation in the cyst, which is usually seroma and
will disappear afterwards. In recurrences, the fluid seen in the cavity in the previous
USG will gradually increase.

Recurrence rates after surgery or invasive procedures range from 0 to 15%. The
most common cause of recurrence is the scattering of living scolexes into the peri-
toneal cavity. Even if the patients is going to get operated, albendazole treatment is
started 4-6 weeks preoperatively, which significantly reduces the risk of recurrence.
The treatment of recurrent cysts is designed as in newly diagnosed cysts.

9. Alveolar cysts (E. alveolaris = E. multilocularis)

It forms 2-3% of liver cysts. In radiological imaging techniques, it is seen as the
cyst wall makes papillary extensions into the liver parenchyma, which may resemble
a hepatic tumor that leaks clinically and radiographically with irregular edges and
heterogeneous density [18]. This formation is very important because if a part of
the liver parenchyma is not resected in the surgery, there may remain a part of the
germinative membrane which will cause recurrences (Figure 6).

There is also a PNM staging for alveolar echinococcal disease. P in the PNM
shows the state of the parasite in the liver, N shows adjacent organ involvement, and
M is for metastasis. Accordingly, PNM staging is as follows:

P: Shows the localization of the metacestode in the liver.

PX: Parasitic lesion cannot be evaluated.

PO: No parasitic lesion in the liver.

P1: Peripherally located and without biliary or proximal vascular involvement.

P2: Central lesion involving the biliary or proximal vascular structures in a single
lobe.

P3: Central lesion involving the biliary or proximal vascular structures of two
lobes, or involving two hepatic veins, or both.

P4: Any lesion extending along the portal vein, inferior vena cava, or hepatic
artery.

N: Shows extrahepatic involvement to neighboring organs.

Nx: Unable to evaluate.

NO: No regional involvement.

Figure 6.
Alveolar Echinococcus lesion in right liver lobe shown in abdominal CT scan. Partial calcifications are seen
around the lesion and left lobe is hypertrophied. Diffevential diagnosis with hemangioma is done with biopsy [3].
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N1: Involvement of neighboring organs or tissues.

M: The situation of metastasis.

MO: No metastasis.

M1: Metastasis.

The only treatment of alveolar hydatid cyst is surgery. Interventional radiologi-
cal methods are not recommended. The surgical treatment should be pericystec-
tomy, in which intact liver tissue of at least 1 cm should be excised with cyst. Within
all operated hydatid cyst cases in Turkey, the ratio of alveolar echinococcus is about
15-25%.

MR and MRCP, and ERCP if necessary, are used preoperatively in each case con-
sidered for surgical treatment. Since pericystectomy will be performed, it should be
known whether there is an invasion to the bile ducts, portal vein, or inferior vena
cava.

Albendazole is used in cases where surgical treatment cannot be applied and
in the postoperative period as well (as in case of all hydatid cysts). However, their
daily dose should be higher, and the duration of use has to be much longer (at least
1 year).

In conclusion, alveolar hydatid cyst is a more resistant type and requires more
aggressive surgery and medical treatment.
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