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1. ABSTRACT

Echinococcosis is a life threatening zoonotic infection, recognized as seventeen
neglected tropical diseases in the world by WHO, caused by the larval stage of cestodes
species of genus Echinococcus and is responsible for significant economic as well as
medical losses each year. Different molecular techniques have been used to study the
genetic variations of Echinococcus spp, investigations have been made using different
nuclear as well as mitochondrial regions for genotyping of the Echioncoccus spp. The
purpose of this study is the identification, molecular analysis and genotyping of the
Echinococcus spp. in sheep and cattle samples collected from slaughterhouse of Elazig,
Turkey by using 446 bp of mitochondrial cytochrome c oxidase subunit 1 (mt-CO1)
gene. 90 samples have been selected on the basis of cyst quality and PCR band quality
and the samples were then sent for gene sequencing. 5 samples were not sequenced
properly so alignment has been performed on 85 samples (19 sheep, 66 cattle) to identify
the species of isolates. Out of 85 isolates, 84 were recognized as E. granulosus sensu
stricto and one sheep isolate was found to be G6 genotype of E. canadensis which is
identified for the first time in Turkey. However single nucleotide polymorphism has
been observed in not only samples of different animals but also in samples collected
from same cattle. Multiple organ infection has been observed in two of the cattle both in
lungs and liver. As a result of haplotype analysis, 16 haplotypes of E. granulosus s.s.
have been detected in 66 cattle isolates whereas 7 haplotypes of E. granulosus s.s. were

identified in 18 sheep samples.



Keywords: Echinococcus granulosus, Hydatid cyst, sheep, cattle, PCR, sequence,

Elazig.



2. OZET

ELAZIG'DA MEZBAHANELERDEN TOPLANAN SIGIR VE KOYUN
HIiDATIK KiST ORNEKLERININ MOLEKULER KAREKTERIZASYONU

Echinococcosis, Diinya Saglik Orgiitii tarafindan diinyadaki on yedi ihmal

edilmis tropikal hastaliktan biri olarak kabul edilen, Echinococcus cinsinin cestod
tiirlerinin neden oldugu ve her yil 6nemli ekonomik ve tibbi kayiplardan sorumlu, hayati
tehdit eden zoonotik bir enfeksiyondur. Echinococcus spp'nin genetik varyasyonlarini
incelemek ic¢in farkli molekiiler teknikler kullanilmis, Echinococcus spp'nin
genotiplenmesi i¢in farkli niikleer ve mitokondriyal bolgeler kullanilarak aragtirmalar
yapilmistir. Bu ¢alismanin amaci, Echinococcus spp’nin tanimlanmasi, molekiiler
analizi ve genotiplenmesidir. Elazig’daki mezbahalardan toplanan koyun ve sigir
orneklerinde 446 bp mitokondriyal sitokrom c oksidaz alt birim 1 (mt-CO1) geni
cogaltilmistir. Neticede PZR band kalitesine gére 90 ornek segildi ve daha sonra
ornekler gen dizilimi igin ticari firmaya gonderildi. Bu ¢alismada 5 6rnegin sekansi iki
kez yapilmasina ragmen basarili olunmadi, bu nedenle izolat tanimlamak igin 85
numuneye (19 koyun, 66 sigir) sekanslama yapildi. Sekans analizi sonucunda, 85
izolattan 84'4 E. granulosus sensu stricto olarak belirlenirken bir koyun izolatinin,
Tiirkiye'de ilk kez bildirilen E. canadensis'in G6 genotipi oldugu tespit edildi. Bununla
birlikte, sadece farkli hayvan orneklerinde degil, ayn1 sigirlardan toplanan 6rneklerde de
tek niikleotid polimorfizmi gézlemlendi. Sigirlarin ikisinde hem akcigerde hem de
karacigerde ¢oklu organ enfeksiyonu gozlendi. Haplotip analalizi neticesinde ise, 66
sigir izolatinda E. granulosus s.s.’un16 haplotipi tespit edilmis, 19 koyun 6rneginde 7

haplotip belirlenmistir.



Anahtar Kelimeler: Echinococcus granulosus, Kist hidatik, koyun, sigir, PZR, sekans,

Elazig.



3. INTRODUCTION

3.1. Cystic Echinococcosis

Echinococcosis is a life threatening zoonotic disease, caused by the larval stage
of cestodes species of genus Echinococcus. Studies have showed the three different
forms of disease in humans i.e., cystic echinococcosis (CE), alveolar echinococcosis
(AE) and polycystic echinococcosis while the two of them CE and AE are the most
important medical forms (1; 2). Initially E. granulosus was considered only the
causative agent of CE, later there were nine different species recognized through recent
advances of phylogenetic systematics having differences in adult worm morphology,
specificity of host, and pathogenicity: E. granulosus sensu stricto (G1-G3), Ecinococcus
equinus (G4), Ecinococcus ortleppi (G5), Ecinococcus canadensis (G6-G10). Besides E.
felidis, E. multilocularis, E. vogeli, E. oligarthrus and E. shiquicus are the other species
in Echinococcus spp. (3; 4). Different species of Echinococcus spp. cause different
diseases in the intermediate hosts, E. granulosus s.s., E. equinus, E. ortleppi, and E.
canadensis causes CE, while E. multilocularis causes AE and E. vogeli and E.
oligarthrus causes polycystic echinococcosis (5; 6). The prevalence of the CE is about
1/100.000 in developed countries, studies have showed approximately 2-3 million of
human cases affected by CE worldwide (7). However it was reported worldwide that
(88.44%) of human CE cases are caused by E. granulosus s.s. (G1-G3), while G6 and
G7 of E. canadensis causes 7.34% and 3.73% of human infections respectively (8). The
taxonomy of the genus Echinococcus was reviewed in order solve the systematic status

of various species and genotypes (5; 9).



However, the conflict of phylogenetic relations within E. canadensis (G6-G10)
are still debatable. Studies have suggested the division of E. canadensis into two sub-
species E. canadensis (G8/G10) and E. intermedius (G6/G7) (10; 11). Echinococcus
granulosus s.s. and E. canadensis are the two more prevalent species responsible for CE

in human worldwide (8; 12).
3.2. Morphology of the worm

Echinococcus spp. shows much resemblance in morphology and development.
The adult worms shows variations in morphology as the smallest adult tapeworms is of
less than 2 mm whereas largest worm is 1 cm having a scolex, neck and 3-5 proglottids,
the anterior proglottid are immature, the middle proglottids are mature while the
posterior proglottid contain fully developed eggs and is gravid (5). The shape of the
rostellar hooks, genital pore’s location, the arrangements of hermaphroditic reproductive

organs and the number of proglottids vary within species (13).

3.3. Life cycle of Echinococcus granulosus

Cystic Echinococcosis is transmitted between two hosts, the intermediate hosts
including herbivorous and omnivorous mammals and the definitive host usually dogs or
other canids (14). Pathogen affects liver the most forming hydatid cysts in
approximately 70% of cases, while the second most common location is lungs, however
hydatid cysts can also present in other organs of intermediate hosts (15). The larval stage
of E. granulosus resides inside various organs of herbivore animals like sheep, cattle,
goats and camels for long-term called as metacestode stage referred as fluid filled

hydatid cysts in internal organs (mainly liver and lungs) and these organisms serve as



intermediate hosts for the parasite (16; 17). Humans are considered as accidental hosts
and once humans ingest food or water contaminated with infective eggs of E.
granulosus, they will develop the disease and will serve as intermediate hosts for
parasite (18). Adult E. granulosus resides in small intestine of dog which is the
definitive host of the parasite, once offal containing mature metacestode stage (hydatid
cysts) eaten, which may contain protoscolices and each of them has the potential to
develop into adult worm inside dog’s intestine. The matured worms then lay eggs which
are released out to environment via dog’s feces. Humans and other herbivore animals get
infected by eating vegetation and drinking water contaminated by infective eggs (19; 20;
21). Thousands of eggs are released by the gravid proglottid segment daily which then
released out through feces of the animal and an intermediate hosts (usually sheep, cattle,
goat, buffalo etc.) or accidental host (humans) subsequently ingest them. The eggs hatch
to release oncosphere once reached in intestine of intermediate or accidental host and
then penetrate into circulation through the intestinal mucosa. Once reached in the liver
or other organs, they develop into hydatid cysts and starts to grow and gets enlarged and
produce protoscolices. Once the infected organs containing cysts eaten by definitive
hosts (dogs, canids), the protoscolices attach to the intestinal mucosa where they develop
into adult worms to complete life cycles (20; 22; 23). A complete life cycle takes about
4-7 weeks. As for transmission of the disease both the definitive and intermediate hosts
are required as eggs to hatch and cysts to develop. For this reason, human-to-human

transmission is not possible (23).



The hydatid cyst which is spherical sac filled with fluid containing protoscolices
consist of three layers: inner most layer of parasite cells called as germinal layer, the
acellular laminated membrane of variable thickness and an outer most layer which is
called as host layer as the layer is produced by host itself by granulomatous adventitial
reaction. Protoscolices are produced asexually by brood capsules (small vesicles bud
internally from germinal layer), each protoscolex has the ability to become adult worm if
ingested by definitive host (20). It was reported in recent studies that the hydatid cyst
develops at slow rate approximately 1-5 mm in diameter per year and usually infections
might be acquired in childhood and symptoms appear in adulthood in most cases and
thus diagnosed at that time. Mostly single cyst infections in humans have been reported
(20; 24), however studies have reported the multiple cysts about 20-40% which may also
involve multiple organs (16; 24). The slowly growing hydatid cysts may attain several
liters of volume of hydatid fluid containing hundreds of protoscolices in humans as well

as in herbivores (20).
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Figure 1. Life cycle of Echinococcus granulosus (Original)

3.4. Distribution

Echinococcus granulosus has impact on livestock as well as on humans
worldwide and found in all continents, with highest prevalence especially in the Russian
Federation and adjacent independent states, China, Australia, North and East Africa and
South America (25). The emergence of the disease in humans is quite evident Central
Asia, Eastern Europe, China and Israel (26; 27). Studies showed the high rate of
infection in population involved in sheep farming which shows the dog-sheep cycle and
the transmission of sheep strain to people and their relevance with the public health (28;
29). However, sylvatic cycles of wild animals as well as the lifecycle patterns of

ungulates and domestic dogs have their own zoonotic importance (29). In Alaska two



severe human cases have been reported with infections (in liver) by E. granulosus (29;

30).

3.5. Clinical symptoms

The small cysts don’t induce major disease and remains in initial phase
asymptomatic for many years. The incubation period of the disease continues for month
to years however this remains unclear (31). On rupturing or exerting a mass effect by the
cysts the infection become symptomatic. According to the study E.granulosus affects
liver mostly as compared to lungs or hydatiosis occurs both in some cases, however the
chances of hydatiosis in other organs are very low about 2-3% in skin, muscles brain,
heart, kidney, spleen and rarely in ovaries (1% or less) (32). The severity of the diseases
is not only based on the location but also the size of the cysts and their position within
organ also plays role in severity. On rupturing of cysts and the cysts leakage, systemic

immunological responses have been observed.

3.6.Diagnosis

If CE diagnosed early, treatment of the disease can be initiated early which
results chances of cure. As mentioned above, early stages are mostly asymptomatic, so
cheap diagnostic methods needed to be use at large-scale screening of population that
are at high risk. There are some physical imaging methods for the definitive diagnosis
for most cases of CE in man, such as radiology, ultrasonography, computed axial
tomography (CT scanning), and magnetic resonance imaging (MRI), The criteria of
radiology intended to standardize reporting for clinical trials (13). Immunodiagnosis

which is very useful method for the primary diagnosis as well as for the follow-up of
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patients for those who undergoes surgeries or pharmacological treatment (13; 31; 33-
36). Antibody detection in infected serum shows more sensitivity as compared to the
circulating antigens in serum of E. granulosus. Most commonly used immunological
methods are ELISA, indirect haemaglutination antibody assay, latex agglutination test,
arch-5 immunoflurescence, immunofluorescence antibody test and immunoblot test.
(37). For immunodiagnosis of CE the hydatid cysts fluid antigens are much useful
source (38). There are limited researches made for the development of
immunodiagnostic techniques for E. granulosus in domestic animals as compared to
humans. Diagnoses of CE in intermediate hosts is based on necropsies. Moreover
antibody response against infection in natural intermediate is weak as compared to
human antibody response against infection (34). Antibodies against antigens including
antigen-5 is detectable in the serum of some of infected sheep not all (“non-responders™)
(34). Three ELISA-based assays showed great effectiveness for detection in sheep by
crude E. granulosus protoscolex preparation (39). This test in much useful in detection
of infected sheep which were studied in groups, however the test is not reliable for the
identification of infection in individual animals. Purgation along with arecoline
compounds and necropsy of the small intestine are the two methods which are used
extensively in case of dogs. For the foxes and other final definitive hosts necropsy is the
method of choice. For the detection of infection in definitive host immunodiagnostic
methods such as ELISA-based assays specific for detection on serum antibody and
detection of parasite products (coproantigens) in faeces have been developed. (35; 40-

43). For the field application, the coproantigen ELISA is useful diagnostic method to

11



replace necropsies and PCR based tests are much useful for the confirmation of positive

coproantigen results and for the diagnosis of animals individualy (40).

3.7. Treatment of CE

The chemotherapy is one of the effective method for CE if diagnosed early,
benzimidazole compounds, albendazole and mebendazole, have been used as the
keystone for chemotherapy. Through recent studies the disappearance of cyst upto 48%
have been observed if treated with albendazole (10 mg/kg in divided doses-usually 400
mg-twice daily) mebendazole (40-50 mg/kg per day in three divided doses) is less
effective than albendazole (44). Albendazole sulfoxide which is used as the
protoscolicidal metabolite of albendazole, the medicine is given in in three to six 4-
week cycles with intervals of 14 days Furthermore the continuous treatment can provide
improved efficacy without any adverse effects (45; 46). The non-viability of the cyst
increases with duration of the treatment as studies have showed 72% of cysts are non-
viable after 1 month and 94% of cysts gets non-viable after 3 months of treatment (47).
Using these drugs may cause some side effects, however regular monitoring of
leucocytes should be made and liver function tests should also be performed on regular
basis praziquantel is being used (25 mg/kg per day) with albendazole for combined
treatment of CE. Early trial on man showed improved efficacy over albendazole alone
(48). It was observed in recent studies that serum concentration of albendazole sulfoxide
increased by four folds because of praziquantel. Upon administration of albendozole in

the laboratory animals in their early gestation, teratogenicity has been reported (48).

12



For the large cysts that have chances of rupture and those present in vital
anatomical locations or exerting extensive mass effect, surgery is considered to be the

best solution (49).

3.8. Prevention and Control of CE

For the prevention of infections one should take some precautionary measures
e.g avoid of contact with dog or feces of fox, washing hands and improvement in
sanitation, reducing the number of stray dog or fox populations, treatment of dogs
praziquantel or use of praziquantel-impregnated baits, proper disposal of infected

organs, improving the personal hygine and organizing awareness programs.

EG95 which is a 16.6 kDa protein extracted from E. granulosus that was
originally cloned from G1 genotype of Echinococcus granulosus (50). Recent studies
have showed promising results of this recombinant vaccine against E.granulosus isolates
and also showed high protection rate in intermediate hosts (51). Studies have shown the
effectiveness of vaccine if used independently challenge trials had been undertaken in
New Zealand, Australia, Argentina, China (52) and Romania against G1 strain (53).
Studies have found similarities in most of the EG95 genes except the insertion of 7
amino acids in some isolates and this result was in consistent with the previous studies
on G1, which conclude the fact that EG95 shares conservative genes in different isolates.
In vitro studies have shown high levels of EG95 specific antibodies which effectively
kills the parasite (51). Vaccination approach is undoubtedly to be the effective way of
controlling CE and the development of a recombinant vaccine such as EG95 against E.

granulosus in sheep has shown high degree of protection against different geographical

13


https://www.sciencedirect.com/topics/medicine-and-dentistry/immunoglobulin-g-antibody

isolates of E. granulosus and therefore it also has the potential to prevent the disease in
humans as well (54). Similar type of attempts needed to vaccinate definitive hosts.
However many experiments to induce immunity through vaccination in dogs has been

made with some encouraging results (31)
3.9. Genotypes of Echinococcus granulosus sensu lato
3.9.1.Early period

Echinococcus infections in livestock and humans has been known for many
years and scientists have given them names in different languages since the distant past,
until the modern zoological nomenclature (in 1798) been introduced bringing advances
to give order to local names of animals which were not given to them properly. Almost
85 bi- or trinomial latinised names have been reported in published data till 19" century
which were based on the morphological appearances of metacestodes and host origin
(55). Hydatigena granulosa was the first valid name given to the fertile cyst of
echinococcus found in sheep in Germany and the name was given by by Batsch in
1786.Genus echinococcus was then established shortly by Rudolphi in 1801 according
to which the protoscolices found in fluid filled hydatid cyst were small, round and spiny
and thus the E. granulosus (combined with its variants) was created. In 1808 Rudolphi
explained link of Echinococcus from dog as Taenia cateniformis not recognizing the
link between metacestode and adult worms. Eventually E. granulosus, a common name
was referred to all stages of life cycle in the last decade of 19™ century, although similar
names like Taenia echinococcus were continued in use for some time. Previously many

names were assigned to cysts on the basis of adult morphology. Even scientists
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considering E. granulosus and E. multilocularis as different species couldn’t defend
themselves until E. multilocularis lifecycle was discovered in 1950s almost at same time

on St. Lawrence Island off Alaska and in central Europe (55; 56).

3.9.2. Species and Subspecies

The debate regarding to echinococcosis infection either caused by one or more
Echinococcus species was undergoing in the meantime there were other Echinococcus
species been described based on morphological appearances of adult parasite i-e
morphology of rostellar hook, number of proglottids. Moreover E. granulosus and E.
multilocularis recognized on the basis of metacestoed-E. oligarthra was given name as
Taenia by Diesing in 1863, later the synonym E. cruzi was described on the basis of
metacestode (as Taenia) (57). Echinococcus longimanubrius and Ecinococcus minimus
were also being found in African wild dog and Macedonian wolf respectively. (57- 59).
Echinococcus cameroni worms isolated from a British fox that had been identified as E.
granulosus earlier and E. lycantis (African wild dog), followed by E. felidis from
African lion (60; 61). Later on E. sibiricensis was synomymised as E. multilocularis (62;
63), followed by the description of E. intermedius and E. ortleppi from domestic dogs
in Spain and South Africa respectively (64) and E. patagonicus from a wild South
American canid (Lycalopex culpaeus) (64; 65). Echinococcus oligarthra and E.
multilocularis have been recognized as valid species along with E. granulosus, while E.
felidis and E. patagonicus were not given any status because of the lack of sufficient
data. Furthermore, five more species were described out of which E. pameanus and E.

cepanzoi were synonymized with E. oligarthra and E. granulosus respectively (66- 68).
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E. russicensis was considered as variant of E. multilocularis while E. vogeli (69) and E.

shiquicus (4) are now considered as separate species (9).

In addition to species E. multilocularis and E. granulosus species were further
subdivided into many subspecies based on morphological appearances of the worms. In
1957, Vogel included E. sibiricensis in E. multilocularis as a subspecies and as well as
E. m. kazakhensis metacestodes isolated from ungulates was included as subspecies (63;
70; 71). In 1965 major taxonomic revision of E. granulosus was performed in which 8
subspecies E. g. canadaensis, E. borealis, E. equinus, E. felidis, E. lycaontis, E. ortleppi,
E. africanus and E. newzealandensis were included (72). Although in 1967 Raunch
disproved the taxonomic classification on the basis of the differences in morphological

characters to host-induced modification found by previous scientists (73).

3.9.3. Genotypes

There were finally four species recognized at the beginning of 1980s E.
granulosus, E. multilocularis, E. oligarthra and E. vogeli (74). However E. granulosus
consisted of number of variants within specie based on specificity of host, biochemical
parameters, morphological differences in adult worms, developmental stages and also
the geographical distribution. However, there were no attempts made for renaming the
subspecies of genetic variants and to describe the variants intraspecific system of
‘strains’ was introduced on the basis of epidemiological significance (29). Initially the
fully developed system consisted of eleven strains (sheep, Tasmanian sheep, buffalo,
cattle, horse, pig, variant pig (or human-pig), camel, American cervid, Fennoscandian

cervid and lion strain) based on non-genetic characters such as geographic distribution,
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host spectrum, morphological differences and aspects of development. In early 1990s
partial sequencing played major role to define the variants on the basis of genetic
makeup, moreover the sequencing mitochondrial genes (CO1 and NAD1) of seven
strains of E. granulosus were used study to identify the variants (75; 76). Data
sequencing of genome corresponded well to characterize the strains and thus the term
genotype introduced for naming (G1-G7) which partially replaces the previous strain

names. However later the term “genotype” was considered as synonym of “strains”.

Moreover three additional taxa: the American cervid strain (G8), a variant pig (or
human-pig) strain (G9) and the Fennoscandian cervid strain (G10) were added
previously characterized seven genotypes/strains(G1/sheep strain; G2/Tasmanian sheep
strain; G3/buffalo strain; G4/horse strain; G5/cattle strain; G6/camel strain; G7/pig

strain) (77- 79).
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E.canadensis G6
E.canadensis G7

E .canadensis G8

E.ortleppi
E.multilocuilaris
- E.shiquicus
- E.equinus
E feliclis

E granulosus

E.oligarthra
E.vogeli

T.solium

Figure 2. Cladogram of Echinococcus spp. Showing the phylogenetic relationship of the species
and was obtained from 5170 nucleotides of the mitochondrial cox1, nadl, rrn and cob gene
through Maximum Likelihood analysis (12).

Cladogram shows the similarity and divergence among species and genotypes
based on the analysis of four mitochondrial genes (coxl1, nadl, rrn and cob).
Echinococcus vogeli and E. oligarthra occupied basal position, whereas E. canadensis
and E. ortleppi shared same clade and E. canadensis G6 and G7 showed much similarity
between each other as compared to G8. Echinococcus multilocularis and E. shiquicus

shared same clade showing similarity between each other. Whereas E. felidis and E.

granulosus were in same clade showing similarities between each other.

After two decades of data accumulation on epidemiology, geographical data and
biochemical data on E. granulosus sensu lato and the analysis of nuclear and
mitochondrial gene sequences as well as the phylogenetic relationship of species,

limitations and contradiction of strains/genotypes system, the taxonomic revision of E.
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granulosus was reviewed resulting the formulation of some postulates; the phylogenetic
relation of E. granulosus sensu lato compared with E. multilocularis and E.
shiquicus (which had in the meantime been described from the Tibetan plateau) (4; 80),
and the genetic variations were in micro variant range between G1-3 and G6-7 of same
taxon while G4 is distantly related to G5. Subdivision of E. granulosus into four species
(81), E. granulosus equinus which was given separate specie rank for the horse strain
(genotype G4), E. ortleppi (64) was restored for the cattle strain (genotype G5) (82) and
the name E. granulosus was given to the genotypes G1 to G3 (sheep, Tasmanian sheep
and buffalo strains), however for camel, pig, cervid and lion strains the issue of
allocating scientific names were left unresolved. After five years of complete
mitochondrial genome sequencing E. granulosus canadensis was given (83) specie rank
including closely related genotypes (G6-G10) (84). Now the ongoing taxonomic
reshuffle consists of E. granulosus sensu lato which is further divided into E. granulosus
s.s. (G1-G3), E. felidis, E. equinus, E. ortleppi, E. canadensis, along with the species of
alveolar and polycystic echinococcosis which consist of E. multilocularis, E. shiquicus,

E. oligarthra and E. vogeli (12).

In order to study the genetic variations among different Echinococcus spp,
different molecular techniques have been used to investigate the nuclear regions
encoding rRNA (85). In addition the genetic analysis using mt-CO1 (75) and NAD1
genes (76), PCR-Single Strand Conformation Polymorphism (PCR-SSCP)

of CO1 and NADL1 genes (86) and PCR-RFLP of NAD1 (87), regions within the 12S
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rRNA gene (88), ATPase subunit 6 (atp6) (4) and the complete mitochondrial genome

(84).
3.9.4. Echinococcus granulosus sensu stricto

Initially E. granulosus s.s. considered as the ‘sheep strain’ isolated from sheep.
Now E. granulosus s.s. considered as sheep strain, Tasmanian sheep and buffalo strain
(G1,G2 and G3 respectively) (12). G1-G3 were closely related to each other confirmed
by the short gene sequencing as well as the sequencing of longer and/or other genes, (9;
89-93). Recent studies have identified 137 haplotypes out of 304 isolates from Europe,
western Asia, southern/eastern Asia, Africa, and South America on the basis of complete

sequencing of mitochondrial CO1 gene.

Studies have showed the variations in large number of haplotypes of G1, G2 or
G3 by using 366 bp sequence of mt-CO1, however these haplotypes belong to same
cluster and the whole cluster has a divergence of >100 bp from E. felidis which is
considered as its sister taxon. Therefore E. granulosus s.s. can be used as a name for this
cluster. The subdivision of the taxon must be on the basis biological characteristics and
nuclear sequence data. Sheep is the primary host of this taxon however other infections
with fertile cysts have also been observed from wide range of other animals including

wildlife herbivorous species such as equids (29; 94).

There are frequent infections observed in cattle with this taxon though their
contribution seem to be less in transmission because the majority of cysts do not reach

fertility (95). Human CE is caused by E. granulosus s.s. which is considered to be the
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most frequent agent worldwide i.e., 88% of infection in human (96). Although there are
exceptions in some countries like Sudan and Egypt where E. granulosus s.s. is either less

prevalent or absent (97; 98).

3.9.5. Echinococcus equinus

In 1963, Echinococcus cysts from horse in Britain considered to be E.
granulosus equinus a distinctive subspecies (99; 100). The G4 genotype was detected
Spain and UK from horses and from a donkey in Ireland on the basis of partial
sequencing of the CO1 gene as well as comparing the NAD1 mitochondrial sequences
(75; 101) and after complete mitochondrial sequencing E.equinus was ranked as
independent Specie (82; 102). Equidae (horses, donkeys and zebras) are the hosts of the
specie and the high specificity of the specie towards its hosts has been observed (9).
Infections of G4 have been found worldwide in horse as in UK, Ireland and some central
European countries, also recent evidence suggests the presence of E. equinus in some of
the Eastern European countries (103). Moreover CE as G4 genotype has been also found
in horses from South Africa and New Zealand (99) and in United States (US) and Italy
(104). Studies have revealed the presence of G4 strain in mule by sequencing mt-CO1
gene (105). The result is in agreement with the study (75), who found the E. granulosus
G4 genotype as causative agent of CE in equids by sequencing fragments of mt-CO1
gene of 366 bp (75). Moreover another study has revealed the presence of E. equinus in
donkey from Turkey as the cysts found in 2 year old female donkey and molecular
identification and sequencing of a fragment of CO1 and NAD1 confirmed the presence

of E. equinus (106).
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3.9.6. Echinococcus ortleppi

Initially the adult worms obtained from dogs in regions of South Africa were
identified as E. granulosus (60), later described as new species on the basis of
morphological differences and also considered to be E. granulosus causing CE in cattle
(64; 95). Cattle strain of E. granulosus showed the differences as compared to other taxa
in number of features basis of morphological difference of adult worms, the fertility rate
of cysts in cattle, and short development time in dogs (107). Although scientists thought
the frequent in cattle raising regions in South Africa, later it was identified from
Switzerland and Germany and characterized on the bases of partial sequence of CO1
from a cattle in Netherlands, and designated it as the G5 genotype (72; 101; 107; 108).
Now E. ortleppi is considered as separate specie which fits in the same clade asE.

canadensis (9; 82).

Studies have showed the cattle suitable intermediate hosts for E.
ortleppi, however fertile cysts were also been observed in other species. Fertile cysts
have been observed in different regions of the world as in cattle from central European
countries (109), in Sudan (88; 110), Kenya (111), South Africa (112), Brazil (113), Italy
(89) and most recently in France (114), also infection in cattle as well as in buffaloes in
India (86), goats and sheep in Kenya (111), and pigs in India and Kenya (88; 115).
Monkeys from Vietnam have been identified by E. ortleppi infections (116), and also a
caged deer brought UK from France was found infected (117). Studies have reported the
presence of E. ortleppi infection from seven human isolates in Brazil, Argentina, India,

Mexico, Netherlands and South Africa (118).
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3.9.7. Echinococcus canadensis

Echinococcus canadensis includes camel, pig and cervid strains. The adult
worms of camel strain has shown morphological differences from those of other strains
and pig strain has shown similarities with each other (108; 119). Studies have shown the
confirmation of specific camel strain in the Middle East as well as Eastern Africa and in
Eastern Europe and Mexico pig strain is more prevalent. Based on molecular sequencing
pig, camel and cervid strains were considered to be in single species. Genotypes G6, G7
and G8 were allocated through molecular characterization of Echinococcus to cysts
taken from African camels and goats, Polish pigs and North American moose (75; 76).
Later on genotype G9 was found in human patient in Poland (79), and G10 for the
‘Fennoscandian’ cervid strain (78). Genotype G9 is now referred as the microvariant of
G7 based on ITS1-RFLP results, however the other four genotypes share clade E.
ortleppi as a sister taxon (78; 120; 121). On the basis of complete sequencing of
mitochondrial genome E. canadensis was referred to the genotypes (84). This name was
retained as an alternative name for the “northern biotype” of E. granulosus (73), and
other scientific name which was considered as junior synonym was E. granulosus
borealis (122). Later on due to the differences of host range between domestic camel
and pig strain and sylvatic cervid strains and also the geographic differences the
proposal of giving them as distinct species emerged and the name E. intermedius had
been suggested (123; 124). Based on two reported worms from Spanish dog the original
morphological description of E. intermedius did not matched to the description of worms

belong to camel and pig strains (64; 108; 119).The ‘domestic’ G6/7 and the ‘sylvatic’
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G8 and G10 are distinct ecologically and geographically, however the argument had
been blurred when G6 was identified in reindeer and wolves in Russia (125). Moreover
considering the existing mitochondrial data, the resemblance of G10 with G6/7 was
more close than G8 which resulted the split in E. intermedius (G6,G7) vs E. canadensis
(G8,G10) which was impossible taxonomically (5; 121; 126). As result the cluster was
divided into three species E. intermedius (G6/7), E. borealis (G8) andE.
canadensis (G10) (127). With respect to mitochondrial classification the split of species
was reliable and can lead to more stable nomenclature. There were some issues which
were unresolved and the main concern was the maintenance of the proposed species and
genetic identity in sympatric situations and this situation was crucial in regard to
independent evolutionary fates of three linages. For this mentioned issue existing data of
mitochondrial sequencing appeared to be inadequate, so the need of large amount of data
of nuclear genome and more comprehensive studies on biological as well as on adult
morphology (5; 9). The differences at molecular level between G6 and G7 observed to
be minor because the divergence value of mitochondrial gene was much low and these
strains cannot be given separate specie status (5; 9; 112). However goats were found
infected with G6 in the province of Argentina while G7 infected the pig which conclude

the fact that G6/7 were relevant variants (128).

3.9.8. Molecular Epidemiology of CE in Livestock Worldwide

Molecular epidemiological data obtained from China, India, Iran and Pakistan to
the genetic variations of E. granulosus in the regions, examine large amount of

molecular data available in Iran and India, while genotyping studies in other well know
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endemic regions of Asia like Arabian Peninsula and Central Asia are lacking. There are
three species circulating in Asian livestock E. granulosuss.s., E. ortleppi, and E.
canadensis although E. shiquicus is considered to be circulating in wild, in pikas and red
foxes as intermediate and definitive hosts, respectively (4). In Asia E. granulosus s.s. is
the predominant specie identified in livestock. Whereas, E. granulosus s.s. co-circulate
with E. canadensis and/or E. ortleppi in India and Iran. However recently two cases of
G6 genotype of E. canadensis found in two human patients and one in dog in China
which suggest the circulation of this genotype in livestock (129). In Iran and India,
studies suggested that E. granulosus s.s. to be identified in 25-100% of the sheep and
(50-100%) of cysts fertility rate has been found, whereas E. canadensis G6-G7 were
responsible for the remaining infections (115; 130), which suggest the high prevalence
of E. granulosus s.s. in Asia. However, no fertility data regarding E. canadensis (G6-
G7) in sheep infections are currently available relatively low number of infections of
these genotypes suggest secondary role of sheep in transmission of E. canadensis.
Although studies in Iran confirmed the presence of G6 genotype of E. canadensis in
three human cases, and two human cases in Nepal have also been reported (131;
132). Moreover E. granulosus s.s. is the only genotype found to be circulating in goats
in Asia having fertility rates ranging from 50% to 79% (130; 133). Echinococcus
granulosus s.s. G1 is responsible to cause CE in bovine (64-100% infections) with
fertility rate 18-75%, suggesting that the cattle to be the potential reservoir for human
disease (133; 134). Whereas E. ortleppi found to be circulating in India (21 to 33%) with
a cyst fertility rate of 100% and E. canadensis G6 the only genotype identified in Iran

with genotype frequency of 6-36%.
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There is substantial data of prevalence of genotypes is present in different
countries which provides information of genetic variations and geographical distribution
of Echinococcus infection in production animals. In Europe there are four Echinococcus
species circulating which includes E. granulosus s.s., E. canadensis, E. equinus and E.
ortleppi. Studies have showed the presence of E. granulosus s.s. being the dominant
specie in Europe. Moreover, G1 of E.granulosus s.s. is the only genotype which has
been identified in isolates of intermediate and definitive hosts (89; 135). These studies
indicate presence of dog-sheep cycle and its dominant role in transmission of the
parasite in Europe. Moreover, infection of E. quinus (G4) was identified in horses in in
Turkey, Italy and Spain, although studies have revealed that this genotype was
previously been present in UK, Belgium, Ireland and Switzerland (136). Recent studies
showed the molecularly confirmed E. equinus infection in an horse in Germany (137) as
well as in Turkey. Studies have shown the presence of E. ortleppi in Italy however E.
canadensis (G6-G7) circulate in Greece, Italy, Spain and Turkey and also in Central and
Eastern Europe. However in Slovakia and Lithuania these genotypes are the only strains
circulating, and this transmission pattern suggests that the dog-pig cycle is predominant
in these geographic areas. Pig strain is causative agent for human infections as the
increasing number of reports of human patients have been reported (138; 139). In some
countries (ltaly, Spain and Greece), Studies have reported the presence of E.
canadensis (G7) in caprine isolates from Greece and Spain, while the infections in goats
were mainly caused by G1 and G3 of E. granulosus s.s in Italy. The cyst fertility rate in
infected goats by G7 genotype of E. canadensis varies from 0-16% (140; 141), while

infection of G1 genotype of E.granulosus s.s. has sterile hydatid cysts (141).
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Echinococcus granulosus s.s. (G1-G3) with largely infected the cattle and buffaloes in
Europe (142; 143). Detection of sterile hydatid cysts found in cattle, either the infection
is caused by G1-G2 (sheep) or the G3 (buffalo) strains (52; 129;141; 144; 145). Whereas
E. granulosus s.s. infection in buffaloes produce 13-19% fertile cysts reported in the
studies (146; 147). Sporadic cattle infections with E. ortleppi in Italy has cyst fertility
rate of 100% (144). The most frequent Echinococcus strain infection of the horses in
Italy, Spain and Germany is the E. equinus with genotype frequency 50-100% with
highly cyst fertility rate (104; 141; 148). Although there is no human case known to be
infected by E. equinus which suggests that it may be apathogenic to humans (82;
149). Echinococus granulosus s.s. G1 can also infect horses, although resulting with
non-fertile hydatid cysts (104). In Slovakia, Romania, and Lithuania CE in pigs is
largely caused by E. canadensis G7 genotype and 25-88% of the cyst samples were from
Italy, and Spain and Hungary, whereas E. granulosus s.s. was identified in Bulgaria,
Italy, Hungary and Spain with the gene frequency rate ranging from 11% to 100%. Cyst
fertility rates vary from 19% to 100% documented in swine CE infections caused by E.
canadensis G7 (52; 141; 150; 151),whereas cyst fertility rates associated with E.
granulosus s.s. range from 0-75%, with an unknown cyst fertility rate (115). Moreover,
the molecular epidemiological data on buffaloes in Pakistan, India and Iran showed the
similar results as those reported in cattle. Thus, studies have proved the presence of E.
granulosus s.s. as dominant genotype in bubaline CE infections, with E. ortleppi being
reported only in 14-15% of the infections in India. Cyst fertility rate ranging from 73-
100%, independently of the species causing the infection (115; 133). In Asia camels

were found to be infected by E. granulosus with 67-95% cyst fertility rate however

27



genotypes G6/G7 of E. canadensis infected camel with genotype frequencies ranging
from 12-100% (133; 134). Echinococcus granulosus s.s. (G1) and E. ortleppi have been
found to infect pigs in India and the frequency range of infection was 64-100% and

100% respectively (115).

Echinococcus granulosus and E. canadensis both have been reported in Algeria,
Libya, Kenya, Ethiopia and Tunisia. Echinococcus canadensis is the only specie found
in Mauritania and Egypt, however in Sudan E. ortleppi co-exist with this specie. Data
regarding E. granulosus genotypes in livestock of Morocco and Tanzania have not been
found yet. However recent studies have shown the presence E. felidis in wild carnivores,
the genotype has been found in lions and hyenas no reports of infection has been found

in farm animals (3; 152).

3.9.9. Molecular Epidemiology of CE in Turkey

Until now studies on E. granulosus genotypes in Turkey revealed the
predominance of G1 genotype. In 1992 sheep isolate from Turkey was analyzed which
indicated the presence of G1 genotype, similar results were obtained in 2004 (75; 153).
In 2008 formalin fixed paraffin embedded (FFPE) tissues of 20 patients were been
examined from Turkey which showed only G1 strain (154). A PCR-RFLP has been used
and the mitochondrial CO1 sequence analyses of sheep, cattle, goat, camel, dog and
human isolate showed the presence of only G1 strain in Turkey (155). Another study in
the same year conducted on sheep and cattle isolates of E. granulosus collected from
different regions of Turkey, their mt-CO1 gene sequence analysis showed G1 strain of

107 isolates, including isolates from sheep and cattle, and other five isolates including
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two sheep and three cattle, were identified as G3 genotype (92). In 2009, two studies
have showed the presence of different genotypes of E. granulosus in Turkey, first study
analyzed sheep and human isolates by sequencing of four mitochondrial genes, the study
showed the presence of G1 and G3 genotypes as well as the G7 genotype (pig strain) in
three isolates from sheep and humans, the other study identified G1 genotype in Turkish
mouflon (91; 156). In 2010 study was conducted on 220 cattle which showed G1 and G3
genotypes, in same year 46 hydatid cysts were collected from humans, the results
showed the presence of G1 genotype (157; 158). The study conducted in 2011, on 70
FFPE tissue samples, 26 samples yielded 354 bp of amplification, were analyzed using
12S rRNA PCR with the E.g.ss1for. and E.g.sslrev. primers, these samples were
identified as G1/G3 cluster. Four samples from remaining isolates yielded 446 bp
product out of them one was identified as G3 and two of the samples were identified as
G6 genotype (camel strain) (159). Recent study has been conducted on 120 hydatid
samples (60 from Elazig and 60 from Erzincan province of Turkey), results have shown

the presence of E. granulosus sensu stricto in all isolates (160).

Different molecular techniques have been used to study the genetic variations of
Echinococcus spp, investigations have been made using different nuclear as well as
mitochondrial regions for genotyping of the Echinococcus spp. Through various
identification and characterization methods for species and strains or genotypes within
genera Echinococcus have been defined, though some direct DNA approaches in further
characterization of genotypes with Echinococcus and solving particular systematic

problems such as divergence within specie like E. granulosus s.s. (G1-G3). Current
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study is based on mitochondrial gene region “cytochrome ¢ oxidase subunit 1 (CO1)”.
Considering the previous studies and the present data about E. granulosus sensu lato, the
aim of the study is the identification, molecular characterization and genotyping of the
Echinococcus spp in sheep and cattle samples collected from slaughterhouses of Elazig,

Turkey.
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4. MATERIALS AND METHODS

4.1. Sample Collection

Hydatid cysts samples were collected from EL-KAS slaughterhouse in Elazig
province of Turkey between February and July, 2019. The samples were collected from
lungs and liver of sheep and cattle after slaughtering then transferred to molecular
parasitology laboratory of Firat University, Veterinary Faculty. Then the hydatid cysts
were dissected and the germinal layers (inner most layer) were collected into eppendorf
tubes containing 70% ethanol. Besides the cysts collected from same organs were stored
in different tubes in order to check any nucleotide differences in the hydatid cysts in

same organs. The tubes were stored at -20° till further used.

4.2. Extraction of genomic DNA from germinal layer

In order to obtain genomic DNA from germinal layer, the layer was crushed by
surgical blade or scalpel on a glass slide then the tissue sample was placed in the bottom
of 1.5 ml nuclease-free micro centrifuge tube following the washing of the samples by
PBS (Phosphate Buffer Saline) for at least five times in order to eliminate traces of
ethanol and each time discarded the supernatant of eppendorf tubes. For gDNA
isolation, gDNA extraction kit (RTA Genomic DNA Isolation Kit from tissue, Turkey)
have been used. First we used 200 pl “DL solution” and 20 pl Proteinase-K from gDNA
extraction kit and the samples were first mixed by vortexing and then subjected to
overnight water bath for incubation at 56°C. After every 30 minutes the samples were

mixed by vortexing in order to get effective results of digestion for 2 to 3 times. The
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next day the gDNA was extracted by using the protocol mentioned on gDNA extraction
kit. A total of 200 ul “solution B” was added and pulse vortex for 20 sec, then briefly
centrifuged and incubated for 15 minutes at 65°C in water bath and mix by vortexing
after 3 mins. Then 260 ul ethanol (96-100%) was added and mixed by pulse-vortexing
for several times then centrifuged briefly and the mixture was transferred to the column
inserted in the collection tubes. Mixture was then centrifuged at 5000 g for 1 minute, the
collecting tubes containing flow were replaced by new collection tubes. Then 700 ul of
“solution W1” was added, centrifuged at 5000 g for 1 minute and collection tubes were
discarded and replaced with new tubes. Then 700 pul of “solution W2” was added and
centrifuged at 16000 g for 1 minute, tubes containing flow were discarded and replaced
with the new collecting tubes. Again centrifuged at 16000 g for 3 minutes in order to
remove every particle of ethanol or wash solution from gDNA. Then the spin columns
were transferred to 1.5ml collection tubes and 200 pl of “solution E” (elution solution)
preheated 70°C was added and the closed tubes were incubate at room temperature (15-
20°C) for 3 minutes, then centrifuged at 5000 g for 1 minute and 16000 g for additional

30 seconds. The elute collected in collection tubes included the gDNA.

4.3. PCR reaction

For the amplification of 446 bp gene region of “Cytochrome C oxidase subunit1”
(C0O1), JB3 and JB4.5 (forward and reverse, respectively) primers have been used. For
the identification of Echinococcus specie and the amplification of the 446 bp region of
CO1 gene the PCR was performed using gDNA. Reagents used in the PCR reaction are

given in Table 1.
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Table 1. PCR reaction mixture components for qualitative PCR

Components Master mix
PCR buffer 5ul
dNTPs (1.25 uM) 4l
MgCl, 5l

Primer mix (Forward=1ul, Reverse =1ul) (20 pmol from each) 2 pl

Tag DNA polymerase 0.2 ul
Sterile distilled water 28.8 ul
Total 45 ul

The PCR Master mix was prepared for each PCR reaction in order to reduce
pipette error and then transfer to PCR tubes. Master Mix (45 ul) transferred to PCR
tubes for each sample and 5 ul of gDNA was used for each sample and then vortexed for
10-20 sec following the tubes were shifted to conventional PCR thermal cycler
(SensoQUEST). The denaturing, annealing and extending steps with their respective

conditions were shown in figure 3.

Holding Stepl

S5=C

S5 Step 3

72" 7
50 sec Step2
50 sec 10 mins
45°C

50=sec

10 mins

| 40 cyeles |

Figure 3. Conditions for PCR reaction
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4.4. Gel Electrophoresis

After PCR completed 1.4% of agarose gel was prepared. For this aim, 0.7 g of
agarose was dissolved in 50 ml 1X TAE buffer and boiled in microwave oven for 5 min.
The solution was then cooled under tap water, 4 ul of Ethidium bromide (10 mg/ml) was
added to the solution. The gel was then transferred to the casting tray combs were placed
to form sample wells. The gel was then left for cooling at room temperature for 30
minute. Then the comb was removed and 1X TAE buffer was poured on gel to cover. 10
ul of each samples were loaded into the wells after they were mixed with 1ul of 6x
loading dye. The gel was run with 90V constant current for 30 minutes. Finally, it was
visualized under the UV light, the good bands giving samples were then selected and

sent for Gene sequencing.

4.5.Gene Sequencing

A total of 70 cattle samples and 20 sheep samples were selected after gel

electrophoresis and sent to the gene sequencing company (BM Labosis, Turkey).

4.6. Data analysis by using bioinformatics tools

Once we acquired raw gene sequences of the selected samples, some
bioinformatics tools have been used for the analysis of data. “Finch TV” has been used
for viewing the sequencing data. “BLAST” have been used to compare the sequences of
our samples with the database and to find the genotype of each sample. The sequence
ends were trimmed by comparing the published sequences using “BLAST” search. The

trimmed sequences were then added to “CLC Sequence viewer 8”7 program. The
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alignment was performed with the published reference sequences and out group
sequences retrieved from NCBI Pubmed. Echinococcus granulosus and E. canadansis
were used as reference sequences, whereas E. multilocularis, E. equinus, E. ortleppi and
E. felidis were used as outgroup sequences. Through alignment the circular phylogram

have been generated in order to show the phylogenetic relationships of the samples.

4.7. Haplotype Analysis

Haplotype analysis have been performed on cattle as well as sheep samples by
using PopArt haplotype network 1.7. The method used for the analysis is “Minimum

spanning Network”
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5. RESULTS

5.1. Sample selection criteria

A total of 128 hydatid cysts were collected from lungs and liver of 67 animals

(46 cattle, 21 sheep). The hydatid cysts were then dissected and germinal layers were

collected for the further studies.

Figure 4.Showing the hydatid cysts with germinal layer. A: Sheep liver hydatid cysts contain
cysts fluid, B: Dissected lung hydatid cysts and showing the germinal layer

Samples were selected in two steps

1. Those samples which were completely calcified were excluded.
2. There were few collected samples which were partially calcified and were also

filled with water fluid and the germinal layer of such samples can easily be
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observed as shown in part A of the Figure 5. These germinal layers (partial
calcified) and the germinal layers from fluid filled hydatid cysts (non-calcified)
were collected and processed for gDNA extraction. And after gDNA extraction,

based on PCR results, samples were selected for gene sequencing.

A B

Figure 5. Showing the calcified hydatid cysts. A: Dissected hydatid cyst which was not fully
calcified and thus the germinal layer of such samples were collected for further process, B: Cysts
which were completely calcified and thus excluded from the study at start.
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Organ distribution of collected hydatid cysts

B Lungs Liver m =

Figure 6. Pie-graph showing the percentage of collected hydatid cyst samples in organs.

The percentage of cyst infection in organs was described in pie graph, 85% of the

cyst infection found in lungs where as 15 % of cysts found in liver.

5.2. PCR Results

The gene of interest of our study is the 446 bp region of COL1. The amplified 446
bp region of CO1 can be observed in the Figure 7. The 100 bp DNA ladder was used as
a marker in the gel, the positive control used in the study showing the 446 bp region of

CO1 and the negative control showed no contamination in PCR reaction.
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500bp
400bp

446bp

Figure 7. PCR results.Lane one is showing the 100 bp DNA ladder, lane two is showing the
positive control of 446 bp of Echinococcus sample and lane three is showing the negative
control and the remaining lanes are showing the samples.

The results of the PCR reactions were analyzed on the basis of following criteria;
PCR bands were divided into four categories

1. Very good bands
2. Good bands
3. Weak bands

4. No bands

Samples with no bands and weak bands were excluded from the study whereas
the PCR products of samples with good and very good bands were stored at -20° for
further study. At the end 90 samples were selected 20 sheep and 70 cattle and were sent

to company for Gene Sequencing.
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The Table 2 is showing the samples which were being selected on the basis of PCR

results.

Table 2. Samples with good PCR results and sequenced

Sr Samples Animals Organs PCR Results
No

1 C1 +++
2 C2 +++
3 C3 +++
4 Cc4 Cattle 1 Lungs T+
5 C5 +++
6 C6 Cattle 2 Lungs ++
7 C7 ++
8 C8 Cattle 3 Lungs ++
9 Cc9 +++
10 C10 Cattle 4 Lungs ++
11 Cl1 ++
12 C12 ++
13 C13 ++
14 Cl4 ++
15 C15 Cattle 5 Liver ++
16 C16 ++
17 c17 -
18 C18 +
19 C19 Cattle 5 Lungs ++
20 C20 ++
21 c21 —
22 C22 Cattle 6 Lungs ++
23 C23 ++
24 C24 ++
25 C25 Cattle 7 Lungs ++
26 C26 —
27 c27 .t
28 C28 Cattle 8 Lungs ++
29 C29 F++
30 C30 ++
31 C31 ++
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32 C32 +
33 C33 +
34 C34 Cattle 8 Liver ++
35 C35 ++
36 C36 ++
37 C37 ++
38 C38 ++
39 C39 Cattle 9 Lungs ++
40 C40 ++
41 C41 ++
42 C42 Cattle 10 Lungs ++
43 C43 Cattle 11 Lungs +++
44 C44 ++
45 C45 Cattle 12 Lungs ++
46 C46 ++
47 Cc47 Cattle 13 Lungs ++
48 C48 Cattle 14 Lungs ++
49 C49 ++
50 C50 Cattle 15 Liver ++
51 C51 Cattle 16 Lungs ++
52 C52 Cattle 17 Lungs ++
53 C53 Cattle 18 Lungs ++
54 C54 Cattle 19 Liver ++
55 C55 Cattle 20 Liver ++
56 C56 Cattle 21 Lungs ++
57 C57 Cattle 22 Liver ++
58 C58 Cattle 23 Liver ++
59 C59 Cattle 24 Lungs ++
60 C60 Cattle 25 Lungs ++
61 C61 Cattle 26 Lungs ++
62 C62 Cattle 27 Lungs ++
63 C63 Cattle 28 Lungs ++
64 C64 Cattle 29 Lungs ++
65 C65 Cattle 30 Lungs ++
66 C66 Cattle 31 Lungs +++
67 C67 Cattle 32 Lungs +++
68 C68 Cattle 33 Lungs +++
69 C69 Cattle 34 Lungs +++
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

C70
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20

Cattle 35
Sheep 1
Sheep 2
Sheep 3
Sheep 4
Sheep 5
Sheep 6
Sheep 7
Sheep 8
Sheep 9
Sheep 10
Sheep 11
Sheep 12
Sheep 13
Sheep 14
Sheep 15
Sheep 16
Sheep 17
Sheep 18
Sheep 19
Sheep 20

Lungs
Lungs
Lungs
Lungs
Lungs
Liver

Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs
Lungs

++

++

++

++

++

++

++

++

++

++

++

++

++

++

++

+++

++

++

++

+++

+++

“++” indicates samples with good bands, “+++ indicates samples with very good bands.

In our study multiple organ infections have been found in two cattle (cattle 5 and

cattle 9) as shown in Table 2. The cysts were in liver and lungs.

5.3.Gene Sequencing

As shown in Table 2, a total of 90 samples were sent for gene sequencing, out of

them 5 samples were not sequenced properly, upon re-sequencing of those samples we

couldn’t get good results so those samples have been excluded. The alignment was

performed on all sequences and also on samples of same cattle. The results have shown

the single nucleotide polymorphism in some samples of same cattle
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5.4.Alignment of the Sequence Results

All the sequences of 85 samples were analyzed along with the reference
sequences of E. granulosus s.s. and E. Canadensis, E. multilocularis, E. equinus, E.
ortleppi and E. felidis were used as outgroups retrieved from the GenBank in order to
analyze the phylogeny of the samples and their relationship. The results have shown the
predominance of E. granulosus s.s. in all the samples except one sheep sample (S2)
which has shown resemblance with the E. canadansis. The presence of camel strain in
sheep is reported for the first time in Turkey. However we have observed mutations (C-
T and T-C substitution) at different positions within the sequences of E. granulosus s.s.
Thus we performed alignments on samples which were taken from same cattle and also
generated the haplotypes of cattle and sheep samples separately in order to analyze our

results in more detail.

The Figure 8 is showing the alignment of 85 samples with using of “CLC

sequence viewer
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Figure 8. Alignment of the sequenced samples. The following reference sequences were used
for alignment: KT382540 (E.granulosus.s.s), KR920701 (E.granulosus.s.s), KT254125
(E.granulosus.s.s), KT881547 (E.canadensis), KU359038 (E.canadensis), KT382535 and
outgroup references are KT382535 (E.ortleppi), AB353729 (E.multilocularis), MK616473
(E.equinus), KY794645 (E.felidis).
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5.5.Phylogenetic relationship

Circular phylogram was generated through alignment of the sequences showing
the phylogenetic relationship of samples with their reference sequences and outgroups

retrieved from BLAST search.

..
0.110 ) K]

Figure 9: Circular phylogram showing the relationships between samples. References used for
the sequences are KT382540 (E.granulosus. s.s), KR920701 (E.granulosus. s.s), KT254125
(E.granulosus.s.s), KT881547 (E.canadensis), KU359038.1 (E.canadensis), and outgroup
references are KT382535 (E.ortleppi), AB353729 (E.multilocularis), MK616473 (E.equinus),
KY794645 (E.felidis)

The Figure 9 shows the phylogenetic relationship of samples. The BLAST search
of the S2 sequence has shown G6 genotype of E. canadensis and as shown in Figure 8

and Figure 9. S2 shares same branch with E. canadensis and thus showed the close
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relatedness with E. canadensis. This close relatedness with E. canadensis shows the

presence of G6 strain in the sheep isolate.

5.6.Alignment of same organ hydatid cysts of cattle

Three lung samples were collected from same cattle. Results have shown the
presences of E. granulosus s.s. in the samples. However, a single nucleotide
polymorphism was observed in 40" nucleotide in a sample (C11) of cattle 4, where there

was T-C substitution occurred as shown in Figure 10.
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| | | |
C9 TTAGTCATAT TTGTTTGAGT ATTAGTGCTA ATTTTGATGT GTTTGGGTTC TATGGGTTGT TGTTTGCTAT GTTTTCTATA &0
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G100 v e e e e e e e e e e e e L. 393

L0 ... 393

Figure 10: Sequence comparison of same organ hydatid cysts of cattle 4

In our study multiple organ infection have been found. No differences have been
observed in the nucleotides of liver samples of cattle 5. Although, three samples
collected from lungs of same cattle showed the presence of E. granulosus s.s., single

nucleotide polymorphism was observed in 40™ nucleotide as shown in Figure 11.
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C18 TTAGTCATAT TTGTTTGAGT ATTAGTGCTA ATTTTGATGC GTTTGGGTTC TATGGGTTGT TGTTTGCTAT GTTTTCTATA 80

L T e e e e e e e 80
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C18 GTGTGTTTGG GTAGCAGGGT TTGGGGTCAT CATATGTTTA CTGTTGGGTT GGATGTGAAG ACGGCTGTTT TTTTTAGCTC 160
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C18 TGTTACTATG ATTATAGGGG TTCCTACTGG TATAAAGGTG TTTACTTGGT TATATATGTT GTTGAATTCG AGTGTTAATG 240
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Figure 11. Sequence comparison of lungs hydatid cysts of cattle 5.

The comparison of liver and lungs samples of same cattle (cattle 5) have shown
C-T substitution at 40™ nucleotide of C19 and C20 as shown in Figure 12. C19 and C20
are the sequences of lungs isolates which shows the difference of one nucleotide with

the sample of the same lungs as well as with liver samples of same cattle.
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| | | | | | 1
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Figure 12. Sequence comparison between lungs and liver hydatid cysts of Cattle 5.
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The samples of Cattle 9 have shown C-T substitution at 40" nucleotide as shown in

Figure 13.

20 40 60 80
| | | |
C38 TTAGTCATAT TTGTTTGAGT ATTAGTGCTA ATTTTGATGC GTTTGGGTTC TATGGGTTGT TGTTTGCTAT GTTTTCTATA 80
C40 .. oo e

C38 GTGTGTTTGG GTAGCAGGGT TTGGGGTCAT CATATGTTTA CTGTTGGGTT GGATGTGAAG ACGGCTGTTT TTTTTAGCTC 160
L0 160
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.................................................. L. 393

Figure 13. Sequence comparison of same organ hydatid cysts of cattle 9.

The samples of cattle 10 have shown E. granulosus s.s. genotype, however
mutations at two points have been observed, T-C substitutions at nucleotide 92 and 158

as shown in Figure 14.
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Figure 14. Sequence comparison of same organ hydatid cysts of cattle 10
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Samples of cattle 12 has shown E. granulosus s.s., however mutations at three
points were observed in the nucleotides, T-C substitution at 40" and 241™ nucleotides

and C-T substitution at 50™ nucleotide as shown in the Figure 15.
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Figure 15. Sequence comparison of same organ hydatid cysts of Cattle 12
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5.7. Haplotype analysis of cattle samples

A total of 16 haplotypes of E. granulosus s.s have been detected in 66 cattle

isolates and the results were presented in Figure 16.

Figure 16. The appearance of mt-CO1 haplotypes of cattle isolates of E. granulosus s.s.
The size of the circles is related to the haplotype frequency. Small circles indicate
additional mutational areas. The numbers in the figure indicates the number of

mutations.
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5.8.Haplotype Analysis of sheep samples

The haplotype analysis of sheep isolates has shown 7 different haplotypes of
E.granulosus s.s. with one or two number of mutations and the results were described in

the Figure 17.

Figure 17.The appearance of mt-CO1 haplotypes of sheep isolates of E. granulosus s.s.
The size of the circles is related to the haplotype frequency. Small circles indicate
additional mutational areas. The numbers indicating the number of mutations.
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6. DISCUSSION

Echinococcosis which is a life threatening zoonotic infection, recognized as 17
neglected tropical disease in the world by WHO, caused by the larval stage of cestodes
species of genus Echinococcus and is responsible for significant economic as well as
medical losses each year (1; 6; 161). Echinococcus granulosus expresses variety of
phenotypic variations with respect to host specificity, adult and larval stage morphology,
antigenicity, pathogenicity and biochemical composition and genetic makeup of nucleic
acid sequences are responsible for the appearance and differentiation of genetic variants,
genotypes and strains within Echinococcus and some of them have been given status of
new species (4; 5; 89). DNA based methods are more suitable than conventional
approaches for determining the genetic identity of particular organism. Another
advantage of DNA based methods is that the DNA sequencing and comparison allows
direct examination of the genome independently of environmental factors and otogenic
influences. The divergence level can easily be quantitating and the range of nucleotide
characters for phylogenetic analysis is practically unlimited. In studies conducted to
determine the genotypes of E. granulosus by using mitochondrial region of CO1, DNA
based methods have been used which includes PCR reaction and gene sequencing of
selected samples (75). Most of the Middle East countries have been considered as the
main foci of CE infection for both humans and animal. Though metacestodes of E.
granulosus is being reported in almost all countries of Middle East but Iraq, Iran and

Turkey have more prevalence as compared to other countries (162). For the molecular
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classification and to determine the genotypes of E. granulosus mitochondrial as well as
nuclear genomes have been used, however for phylogenetic analysis of E. granulosus
among closely related species, mt-DNA has been more efficient as compare to nuclear
genomes because of the large datasets and rapid sequence evolution (163). The mt-CO1
can be used as a significant evolutionary marker for the distinction of Intra- and

Interspecific variants (9).

Generally, E. granulosus s.s. are considered as predominant genotype in CE
infections worldwide (8; 164). In the current study, 128 hydatid cysts were collected
from 67 animals (46 cattle, 21 sheep) from a local slaughterhouse (EL-KAS) in Elazig.
Our study has showed the predominance infection in lungs 85% as compared to liver
15% which is in agreement with the previous studies, one of the study was done on
slaughtered goats from various municipal abattoirs in Oman, the study showed the
predominance of infection in lungs 53.4% (165), another study conducted in Oman
which showed the high prevalance in lungs 82.9 % (166). Moreover in a recent study, 23
out of 30 cysts found in lungs (160). The predominance of infection in lungs can be
explained by the fact that the Echinococcus oncospheres migrate to the lungs and lungs
possess great number of capillaries sites than any other organ (167). Moreover the
viability rate of the protoscoleces established in the lungs was reported significantly

higher 68.8% than any other organs (165).

Our results have shown that 84 out of 85 samples (66 cattle, 19 sheep) were
detected as E. granulosus s.s, which is in agreement with recent studies. In a recent

study out of 12 sheep isolates and 10 human isolates of E. granulosus, 19 isolates have
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shown the presence of E. granulosus s.s. (91). Another study has been conducted on 120
isolates from two provinces (Elazig and Erzincan) out of them 114 isolates have shown
the presence of E. granulosus s.s. through 12S rRNA-PCR while 6 samples of mt-CO1
gene has shown the presence of E. granulosus s.s in all 6 samples (160). Moreover in
another study has been conducted on 42 human isolates, 13 cattle and 3 sheep isolates in
the Thrace region of Turkey, the G1 genotype (sheep strain) have been found in all cattle
and sheep samples, however in human isolates G1 and G7 genotypes were identified
(169). However in the current study one sheep sample has shown the presence of E.
canadensis (G6 genotype) and upon CO1 analysis 100% homology was found with E.
canadensis G6 reference sequence, which is reported for the first time in Turkey. G6
genotype of E. canadensis has been reported in sheep and cattle in Sudan (110),
although the prevalence of this genotype is comparatively low in sheep and cattle as
compared to camel (110; 170). The study conducted in Turkey on 70 FFPE tissue
samples of humans, the results have shown the presence of G6 genotype in two of the
human isolates which conclude the fact that there is presence of (camel strain) in the
region (159). Echinococcus spp has unique reproduction system as the adult worms are
hermaphrodites and their asexual reproduction occurs at larval stage, this unique process
of reproduction is responsible for the variations at genus and specie level because of
self-fertilization following the amplification by asexual reproduction which results in
mutations (171). The study showed the presence of two different haplotypes in a single
intermediate host (172). In our study sequence analysis has also been performed on
samples of same cattle which showed the single nucleotide polymorphism within the

samples of same animals. In this study we have also found multiple occurrence hydatid
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cysts in same organ in two cattle (cattle 5 and cattle 8) shown in Table 2, moreover upon
comparing the samples of lung and liver of same cattle we have found the substitution of
C-T in two lungs samples (C18, C19) of cattle 5 at nucleotide number 40 as shown in
Figure 12. Studies have shown the infection in multiple occurrence, in some cases 20-
40% of individuals might have multiple cysts which may involve multiple organs
(168).The substitution of C-T at 40™ nucleotide of the samples C9, C11 and C12 of
cattle 4; C18, C19 and C20 of cattle 5 and C38 and C40 of cattle 9 have been observed
trough alignment. Whereas in C41 and C42 samples of cattle 10 there were substitutions
of C-T at two points at 92" and 158™ position of nucleotides, and in C44 and C45 of
cattle 12 the substitutions have been found at third points of 40", 50 and 241%
nucleotide, which shows the presence of different variants of E. granulosus s.s. within
same animal and the presence different variants in single intermediate host shows the

out-crossing between different adult worms may occur in same definitive host.

We have also generated the haplotypes of E. granuslosus s.s. by using
sequence alignment of sheep and cattle samples separately. There were 16 haplotypes of
E.granulosus s.s. found in 66 cattle samples with the mutations at either one or two
points. However in sheep samples 7 haplotypes of E. granulosus s.s. have been found
with mutations either at one point or two. Study has reported extremely high haplotype
diversity in G1 genotype as reported 171 haplotypes out of 212 samples have found
(173). Many other studies have reported excessive genetic diversity of E. granulosus s.s.
in various parts of the world based on shorter sequence lengths (90; 174-177).CO1 gene

is considered to be the most appropriate candidate for investigating the genetic diversity
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of E. granulosus s.s. at intraspecific level (178-181). Study has reported the presence of
E. granulosus s.s. (G1-G3) in Eastern European and Italian population and confirmed 21

haplotypes in Eastern Europe and four haplotypes in Italy (172).

In conclusion, 85 isolates (19 sheep, 66 cattle) were sequenced out of them 84
were identified as E. granulosus s.s. and polymorphism within E. granulosus s.s. has
been observed in not only samples of different animals but also the isolates collected
from same cattle, moreover multiple organ infections in two cattle have also been
detected in both lungs and liver, and samples of one of the cattle (both lungs and liver)
also showed the C-T substitution. The presence of polymorphic sites within the samples
of same animal indicates the chance of crossing over between worms in definitive hosts,
however more study is needed in this section. We have found 16 haplotypes of E.
granulosus s.s. within cattle isolates and 7 haplotypes in sheep samples. However, we
have found G6 genotype of E. canadensis in one of the sheep sample which is identified
for the first time in sheep in Turkey. Although previous study has reported the presence
of G6 in two human isolates, this indicates the presence of this genotype in livestock as

well as in humans in this region.
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