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Abstract

Cystic (CE) and alveolar (AE) echinococcosis caused by the metacestode larval stage of Echinococcus
granulosus sensu lato and Echinococcus multilocularis respectively are globally distributed zoonotic infections of
public health importance. Molecular techniques have proven to be invaluable tools in the study of Echinococcus
species. However, prior to the advent of DNA approaches and their routine application, morphological identification
of E. multilocularis was reported from aberrant intermediate hosts such as cattle from various geographical
locations. During a routine veterinary inspection at the Sulaimani Province abattoir (Kurdistan region, Iraq), an
unusual echinococcal cyst embedded within a dense stroma resembling an E. multilocularis infection was observed
in a cow liver. DNA amplification and analysis of a fragment within the cytochrome c oxidase subunit 1 (cox 1)
mitochondrial gene revealed that the infection was caused by Echinococcus granulosus (G1 genotype). This finding
highlights the importance of DNA molecular confirmatory tests to differentiate between cystic and alveolar
echinococcosis particularly in areas where the latter disease is rare.
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Introduction
Cystic (CE) and alveolar (AE) echinococcosis caused by the

metacestode larval stage of Echinococcus granulosus sensu lato (s.l.)
and Echinococcus multilocularis respectively are globally distributed
zoonotic infections of public health importance [1]. E. granulosus (s.l.)
is mainly transmitted within a domestic cycle involving dogs and
ungulates as definitive and intermediate hosts, respectively. E.
multilocularis is perpetuated within a wildlife cycle utilizing foxes as
definitive hosts and small rodents such as voles as intermediate hosts.
Molecular techniques have proven to be invaluable tools in the study of
Echinococcus species, not least in elucidating phylogenetic
relationships. For example the analysis of mitochondrial and nuclear
genes have shown E. granulosus (s.l.) to include E. granulosus sensu
stricto (s.s.) (G1-G3 genotypes), E. equinus (G4), E. ortleppi (G5) and
E. canadensis (G6-G10) [2,3]. In addition, E. felidis which has been
shown to be phylogenetically closely related to E. granulosus (s.s.) has
been identified as a distinct species [4]. DNA techniques have also
included the use of molecular probes for the unambiguous
identification of Echinococcus species from both tissue and canid
faeces [5]. However, prior to the advent of DNA approaches and their
routine application, morphological identification of E. multilocularis
was reported from aberrant intermediate hosts from various
geographical locations. For instance, a cyst structure resembling that of
E. multilocularis was described from cattle liver from Slovenia [6] and
Iran [7]. Further to this, 0.05% of cattle and 0.02% of sheep from
Romania were reported to harbour E. multilocularis cysts [8]. In
addition, E. multilocularis was identified in 0.0015% (3/209,670) of

cattle from the Carpathian Mountains in Romania [9]. The cysts were
described as consisting of numerous vesicular cauliflower-like
formations (0.8-2.5 cm in diameter) with continuous proliferation. In
this case report we describe and molecularly analyze the causative
agent responsible for an unusual case of hydatidosis in a cow from
Kurdistan-Iraq and relate our findings to other unusual CE
presentations in livestock animals and humans.

Materials and Methods
During a routine veterinary inspection carried out in June 2014 at

the Sulaimani Province abattoir (Kurdistan region, Iraq), an unusual
cyst morphologically similar to an E. multilocularis lesion was
observed in the liver of a 3 and a half year old cow. Microscopical
inspection of the cyst fluid was carried out using published
methodology [10]. The inner membrane of this cyst was fixed in 75%
(v/v) ethanol and couriered to the European Union Reference
Laboratory for Parasites (EURLP, Rome, Italy; http://www.iss.it/crlp/)
for further investigations. Genomic DNA was extracted from ethanol-
fixed germinal layer in duplicate using the Wizard Magnetic DNA
Purification System for Food (Promega, Madison, WI, USA) according
to the manufacturer’s instructions. The amplification of a 351 base pair
fragment within the cytochrome c oxidase subunit 1 (cox 1)
mitochondrial gene was carried out using published protocols [11,12].
Amplified products were commercially sequenced in both directions
(BMRg, Padua, Italy) and the generated sequences were examined
using Accelrys Gene 2.5 program (Accelrys, Cambridge, UK) and
compared against the NCBI database through the use of BLAST
algorithm (http://www.ncbi.nlm.nih.gov/BLAST/). Amino-acid
sequences were inferred from the nucleotide sequences using the
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mitochondrial echinoderm and flatworm genetic code [13] using the
Accelrys Gene 2.5 program.

Results
Morphological inspection of the cow liver revealed a hydatid cyst

measuring 6 × 8 cm embedded within a dense stroma of thin
membranes and somewhat large vesicles (Figure 1) and the
examination of the cyst fluid revealed the presence of viable
protoscoleces. Nucleotide sequence analysis using BLAST algorithm
showed that the DNA extracted from the cow hydatid cyst had a 100%
identity with the cox 1 mitochondrial gene of E. granulosus G1
genotype (Accession no. KT254117). The nucleotide sequence
generated in this study was deposited in GenBank under accession
number KR107135.

Figure 1: Cattle liver from Sulaimani Province, Kurdistan region
(Iraq) showing an unusual appearance of a molecularly confirmed
Echinococcus granulosus (G1 genotype) infection.

Discussion
In this study we reported an unusual presentation of cystic

hydatidosis caused by E. granulosus G1 genotype in the liver of a cow
from Kurdistan-Iraq. According to information obtained from
veterinarians at the Sulaimani Province abattoir, the slaughtered cow
had originated from neighboring Iran. Due to the endemicity of
hydatidosis in livestock animals in both Iran and Iraq no conclusion
could be drawn as to where the hydatid infection in this Kurdistan-
Iraqi cow was sustained. Cystic hydatidosis in cattle from Iraq has been
reported by several authors, for example prevalence rates of 10.9% and
29.8% cyst fertility have been recorded from Erbil, the regional capital
of the Kurdistan autonomous region of Iraq [14].

We speculate that the cyst structure observed in this study may have
formed as a result of physical damage that subsequently gave rise to
daughter cysts in a similar manner to changes seen to occur in CE2

stage human cysts described in the Informal Working Group on
Echinococcosis (WHO-IWGE) standardized classification [15]. A
similar hydatid structure to that observed in this study was previously
reported from Sichuan, China. Multilocular cysts found in yaks (Bos
grunniens) were morphologically characterized as E. multilocularis but
subsequent histologic and molecular analysis confirmed that the
infection was caused by E. granulosus. The authors concluded that the
manifestation of an immune response to E. granulosus was responsible
for the laminated and germinal membranes continuing to proliferate
without limitations [16]. More recently, multivesicular cysts in 2 cows
from Turkey morphologically similar to alveolar echinococcosis lesions
were molecularly confirmed to have been caused by E. granulosus G1
genotype [17].

Reports on the occurrence of E. multilocularis cysts in atypical hosts
such as bovines that have not been confirmed using molecular DNA
investigations are to be viewed with caution particularly in the absence
of documented AE cases within the human population and animal
intermediate hosts. Necropsy of stray dogs from several Iraqi Provinces
have morphologically identified E. granulosus as the sole causative
agent of canine echinococcosis in Iraq [14,18-20] and epidemiological
studies have described cystic hydatidosis from sheep, goats and cattle
from various regions [14,21]. To the best of our knowledge no
molecular analysis of Echinococcus adult tapeworms from Iraqi
definitive hosts has to date been conducted.

In terms of human infection, the majority of published reports
based almost entirely on hospital records have documented the
presence of only CE from several regions of Iraq [22-25]. Further,
molecular confirmation of E. granulosus G1 genotype has been
reported from 12 [26] and 30 [27] surgically confirmed cases from
Kurdistan-Iraq as well as from several Iraqi regions, respectively. In
contrast, only two human AE cases have been described from Iraq, one
from the Zakho district of northern Kurdistan [28] and the other from
Basra in the south of the country [29]. Although the presence of E.
multilocularis in the mountainous areas of northern Iraq that border
with a known AE echinococcosis endemic Turkish region cannot be
excluded, yet the diagnosis of AE in a 40 year old female farmer from
Zakho district, who had never left the region, was largely based on
histologic data. It would be of interest to retrospectively examine
pathology blocks of this particular case if this were now possible.
However, the second E. multilocularis case is a recent report of the
disease from Basra [29], yet surprisingly the authors did not confirm
their diagnosis using DNA-based molecular methods. Careful
examination of the published computer tomography (CT) image was
carried out by experts within the field (Francesca Tamarozzi and
Enrico Brunetti, pers. communication) who concluded that the
depicted structure appeared to be similar to a CE3b stage (according to
WHO-IWGE classification) of cystic echinococcosis.

An accurate diagnosis of Echinococcus at species level in animal
hosts is important from an epidemiological point of view. However,
misdiagnosis in humans could have an adverse impact on the clinical
management of patients. In view of the fact that no DNA-based
molecular confirmation was provided, we query whether some of the
human AE cases documented outside the distribution range of this
disease such as in North Africa [30-32] could be attributed to similar
unusual patterns of CE infections.
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