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EUROPEAN COLLEGES OF VETERINARY SPECIALISTS
ΕΥΡΩΠΑΪΚΑ ΚΟΛΕΓΙΑ ΕΙΔΙΚΕΥΜΕΝΩΝ ΚΤΗΝΙΑΤΡΩΝ
Number of specialist
veterinarians active
in Greece
Αριθμός ειδικευμένων
κτηνιάτρων εργαζόμενων
στην Ελλάδα

1
2

ECAR

European College of Animal Reproduction

ECAWBM European College of Animal Welfare and Behavioural Medicine

2
2

3

ECAAH

European College of Aquatic Animal Health

3

4

ECBHM

European College of Bovine Health Management

3

5

ECEIM

European College of Equine Internal Medicine

0

6

ECLAM

European College of Laboratory Animal Medicine

0

7

ECPHM

European College of Porcine Health Management

3

8

EPVS

European College of Poultry Veterinary Science

4

9

ECSRHM

European College of Small Ruminant Health Management

12

10

ECVAA

European College of Veterinary Anaesthesia and Analgesia

1

11

ECVCN

European College of Veterinary Comparative Nutrition

0

12

ECVCP

European College of Veterinary Clinical Pathology

1

13

ECVD

European College of Veterinary Dermatology

3

14

ECVDI

European College of Veterinary Diagnostic Imaging

2

15

ECVECC

European College of Veterinary Emergency and Critical Care

0

16

ECVIM-ca European College of Veterinary Internal Medicine-companion animals

0

17

ECVN

European College of Veterinary Neurology

2

18

ECVO

European College of Veterinary Ophthalmology

0

19

ECVP

European College of Veterinary Pathology

0

20

ECVPH

European College of Veterinary Public Health

5

21

ECVPT

European College of Veterinary Pharmacology and Toxicology

1

22

ECZM

European College of Zoological Medicine

1

23

ECVS

European College of Veterinary Surgery

1

24

EVDC

European Veterinary Dentistry College

0

25

EVPC

European Veterinary Parasitology College

3
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Organisation / Οργανισµός

Representative /
Εκπρόσωπος

Alternative representatives (alphabetically) / Αναπληρωτές
εκπρόσωποι (µε αλφαβητική σειρά)

World Veterinary Association
(WVA)

N. Papaioannou

S. Ramantanis

International Sheep Veterinary
Association (ISVA)

G.C. Fthenakis

G. Arsenos, V.S. Mavrogianni

World Association for Buiatrics
(WAB)

G.C. Fthenakis

G.S. Amiridis, N. Panousis

World Small Animal Veterinary
Association (WSAVA)

Z. Polizopoulou

C. Chandras

European Federation of Food Science
and Technology (EFFOST)

S. Ramantanis

D.J. Fletouris, A. Govaris

Federation of European Companion
Animal Veterinary Association
(FECAVA)

Z. Polizopoulou

M. Flarakos, A. Michopoulos

Balkan and Black Sea Veterinary
Association (BABSEVA)

K. Marinou

M. Linou
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(ΕΖΕ)

G. Arsenos

J. Menegatos

International Association of
Veterinary Editors (IAVE)
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Z. Polizopoulou
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History of the Hellenic Veterinary Medical Society

T

he Hellenic Veterinary Medical Society (HVMS) is one of
the oldest Scientific Societies in our Country. It was founded in 1924 and its first scientific journal was published in 1926.
Prompter, Founder and Animating Spirit of HVMS was the
General Ioannis D. Petridis (1870-1947), first President and for
many years Honorary President of the HVMS. Among the 49
founding members of the HVMS there was also the memorable
professor Konstantinos Livadas, the founder of the Veterinary
School of the Aristotelian University in Thessaloniki. In spite
of the disagreements, the HVMS contributed greatly to the
foundation of Veterinary School.
During that time there was only one Scientific Society in
Greece, the Medical Society of Athens, which was founded
in 1835 and published its first scientific journal in 1922. The
HVMS dealt not only with scientific but also with professional
topics, like the establishment of the invoices for the veterinarians’ payment, taxes, insurance etc. Also, at that period, the
accession of the Veterinary Branch in the Hygienists’ Pension
and Self Insurance Treasury (TSAY) was achieved.
The first post-war assembly of the HVMS took place in the
private medical office of Petros Kiappe, on Peta Street in Athens. With its post-war first president Konstantinos Melanidis,
the HVMS has been working by implementing its old memorandum of association and has been located in the premises of
the Veteri- nary Microbiological Institute of Votanicos, from
where all mem- bers of the Governing Board and the Editorial
Board of the Journal of the HVMS, were coming from. There,
the first «nucleus» of the Library of the HVMS, has been created. That is the reason, this second period of the HVMS successor of the «Petridis period», used to be called «Votanikos
period, 1944-1965».
Because HVMS’s income was very small, it will remain
homeless for many years. Looking for a meeting place the
HVMS will find positive response from several services and
societies (State Veterinary Offices, Greek Chemical Society,
Hellenic Agricultural Society, Medical Society of Athens, Insti- tute of Agricultural Studies, State Veterinary Service of Athens, National Organization of Greek Handwork), which during
the following years are going to offer its premises, while in the
mid 1958 and for a short period, depending on its financing
capabil- ities, the HVMS will rent its own room.
In 1944, the HVMS writes down its first post-war Member Book and in 1948 has already acquired its first 74 regular
mem- bers. Also, HVMS is actively working with scientific
subjects during regular meetings and public seminars, analyzing current veterinary issues, members’ proposals and so
on. On 29th May 1947 Mr Petridis presented in the Academy
of Athens an issue for veterinary science and its contribution
to the progress of the agricultural production and safeguard
of Public Health. Also, it should be pointed out, that because
there was no professional body, the HVMS is also dealing with
issues related to the exe- cution of the veterinary profession.
Furthermore, the role of the HVMS has been determinative on the decision making of the Ministry of Agriculture on
veter- inary legislation, on the organization of the Veterinary
Service in the Ministry of Agriculture as well as on livestock
topics. In the decade of 30s the Supreme Veterinary Advisory

Council was created mainly dealing with scientific issues and
other aims like promotion, publicity and consolidation of the
veterinary science and the veterinary profession in our country
and internationally.
The Hellenic Veterinary Medical Society publishes a quarterly scientific journal called Journal of the Hellenic Veterinary
Medical Society (J Hellenic Vet Med Soc), as well as other
scientific publications, organizes Congresses, Symposiums,
Meetings, Lectures etc and generally and almost exclusively it
has undertaken for life the Continuing Education of the Greek
veterinarians and the students of the two Veterinary Schools.
Nowadays, the Hellenic Veterinary Medical Society is governed by a 9 member Governing Board which is elected every
3 years and has 3 branches:
• Branch of Companion Animals
• Branch of Food Hygiene and Public Health
• Branch for Farm Animals
The HVMS collaborates with the Supreme Educational Foundations, the Technological Educational Institutes, the
Veterinary Services, and the Veterinary Associations as well as
with Scientific Societies and the Greek and Foreign Chambers.
• The HVMS is member of the:
• Worldwide Veterinary Society
• Worldwide Veterinary Society for Companion Animals
• Federation of European Veterinary Societies for Compan- ion Animals (founding member)
• Veterinary Society of the Balkan and the Black Sea
(found- ing member)
The HVMS has a total of 1220 members many of which
have been distinguished in the scientific field (University Profes- sors, Researchers), in the Public Administration, in the
Army as well as in the Professional Veterinary Societies and
Chambers, in Greece and abroad.
Since 29 May 2001, having signed the contract and since
15 December 2002 the date on which the official opening celebration took place, the Hellenic Veterinary Medical Society
is housed in its private premises in a beautiful and majestic
one-floor apartment, on the 7th floor of a building in the centre
of Athens at 158, Patission street, of 265m2 area, including
main lobby (14m2), secretary (13m2), lecture room (91m2),
the President’s office (22m2), the Governing Board meeting
room & library (44m2), the kitchen (18m2), two big baths, a
storage room and a large veranda. Al the actions performed
for possessing this new private office for the HVMS were performed during the presidency of Dr Theodoros Cl. Ananiadis
and the following Governing Board:
President:
Theodoros Cl. Ananiadis†
Vice-President:
Veniamin Albalas
General Secretary: Athanassios E. Tyrpenou
Spec. Secretary:
Konstantinos Chandras
Treasurer:
Olga Sabatakou
Member:
Emmanuel Archontakis
Member:
Apostolos Rantsios
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A Review on Rabbit Hemorrhagic Disease with a Special Reference to Egyptian
Situation
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ABSTRACT: Rabbit hemorrhagic disease (RHD) is considered as one of the most important viral diseases that affects and threatens rabbit’s flocks. This disease has affected rabbits since mid-1980. Two epidemics of RHD had been
discovered; the first was in mid-1980 and known as classical RHD virus (RHDV), while the second was in 2011 and
described as variant virus (RHDVb/RHDV2). Domestic and wild rabbits are susceptible to RHD. All ages can be
affected, but adults are more susceptible to young kitten. RHD is presented in three forms; per-acute, acute and subacute or chronic form. Mortality rate is usually high especially in per-acute and acute stages and it is associated with
disseminated intravascular coagulopathy and necrotic hepatitis. The main lesions have been observed in the liver,
lungs and spleen. Diagnosis of RHD is based on the clinical picture and detection of RHDV or specific antibodies.
The prevention and control strategies depend mainly on using of preventive inactivated vaccine together with adoption
of hygienic measures. However, there is no specific treatment of RHDV infection. So, this review article puts a spot
light on RHD regarding the epidemiology, the clinical and laboratory diagnosis as well as the prevention and control
strategies with a special reference to Egyptian situation.
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INTRODUCTION
gypt is considered as the fourth largest country
that produce rabbit meat worldwide (FAO, 2019).
Egyptians prefer rabbit’s meat for its great benefits
and for the characteristics of carcass traits (Alboghdady and Alashry, 2010). An improvement of rabbit
industry is a goal to solve the shortage of meat after
poultry industry.

E

Rabbits are highly susceptible to many serious
diseases problems that have adverse effects on rabbits industry in Egypt (Hamed et al., 2013). One of
these diseases is rabbit hemorrhagic disease (RHD)
which has been considered as fetal, highly contagious, and world-wide viral disease. This disease was
also previously named as rabbit viral sudden death,
hemorrhagic septicemia syndrome, viral hemorrhagic
pneumonia and rabbit viral hemorrhagic disease (Mitro and Krauss, 1993). RHD induces great and significant economic importance in terms of high mortality
and morbidity as well as great losses in meat and fur
production of Egypt (Mohamed, 2009; Fahmy et al.,
2010). RHD is notifiable as authorities should be immediately reported in case of outbreaks (OIE, 2018).
RHD is caused by RHD virus (RHDV) which is belonging to Calicivirus family and Lagovirus genus.
There is only one serotype for all classical pathogenic
strains of RHDV, however, two subtypes, RHDV and
RHDVa, have been found (CFSPH, 2006). In 2011,
other variant virus (RHDVb/RHDV2) have also been
recorded. Acute RHD infection is characterized by
sudden respiratory and nervous manifestations as
well as by high mortality due to disseminated intravascular coagulopathy. There is no specific treatment,
however, prevention of RHD is based mainly on using of vaccines as well as adoption of hygienic measures (ITAVI, 2019).
Serious studies have been conducted in Egypt to
update the epidemiological situation of RHD among
rabbit farms (Awad and Kotb, 2018; Magouzi et al.,
2019; Erfan and Shalaby, 2020) and to spotlight on
vaccine production trials (Abd El-Motelib et al. 1998;
Khodeir and Daoud, 2002; Eid and Ibraheem, 2006).
Thus, this article review focuses on rabbit hemorrhagic disease regarding the epidemiology, the clinical and laboratory diagnosis as well as the prevention and control strategies with a special reference to
Egyptian situation.
HISTORY AND INCIDENCE

The first clinical report of RHD was in 1980s in
China where the disease killed 14 million of European Angora rabbits within 9 months (Liu et al., 1984).
A year later in China, Xu (1991) recorded death of
140 million domestic rabbits due to RHD. Later, the
disease showed rapid spread to Italy (Cancellotti and
Renzi, 1991) and became endemic in several European, Australian, New Zealand, Asian and African countries (Berninger and House, 1995; Kovalisk, 1998; Le
Gall-Recule et al., 2003; Alda et al., 2010; Abrantes
et al., 2012).
The first record of RHDV in Egypt was in spring
of 1991, in El-Sharkia governorate, where the virus was associated with 90% mortality rate (Ghanem and Ismail, 1992). Later, RHD was recorded
in El-Kaluobia governorate (Sharawi, 1992). Salem
and El-Ballal (1992) detected presence of RHDV in
Upper Egypt (Assiut) governorate in winter of 1992.
In 1993, RHDV was isolated from 14-16 week-old
rabbits with 26.7%-100% losses in El-Minya, Assiut
and Sohag governorates (El-Zanaty, 1994). Since
this time, subsequent disease outbreaks have been
recorded in different Egyptian governorates. During
the period from 1994 to 1996, about 25 outbreaks of
circulating RHDV were demonstrated in Cairo, Giza,
El-Kalubia, Kafr-El-Sheikh, El-Dakahlia, El-Gharbia
and Marsa-Matroh governorates (El-Mongy, 1998).
Both RHDV and Pasteurella multocida (P. multocida) had been found in three cases of rabbits in Alexandria governorate (Ibrahim et al., 1999). In 2000, in
Assuit governorate, clinical picture of epistaxis, incoordination of the gait, convulsion and vaginal bloody
exudate were observed in rabbit flocks with RHDV
(Abd El-Ghafar et al., 2000). Although presence of
restricted regimen program for vaccination of Egyptian rabbit flocks against RHDV, several outbreaks of
the disease were reported (Mostafa, 2001; Abd ElLateff, 2006; Ewees, 2007; El-Sissi and Gafer, 2008).
At Kafr El-Sheikh governorate, 15 outbreaks of vaccinated rabbit flocks with signs and lesions similar to
that of RHDV were investigated (Metwally and Madboully, 2005). Recently, the nucleotide sequencing of
viral protein (VP60) gene of RHDV was characterized from outbreaks of non-vaccinated rabbit flocks
in different Egyptian governorates (Awad and Kotb,
2018; Magouzi et al., 2019; Erfan and Shalaby, 2020).
Infection and transmission
Infection by RHDV occurs mostly through oral,
nasal, and conjunctival routes. The specific receptors
of the virus are mainly found in the upper respira-
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tory and digestive tract of susceptible animal (Ruvoen-Clouet et al., 2000). Transmission of RHDV is
usually happen through faecal-oral route (Morisse et
al., 1991). Close contact animals may gain the virus
through aerosol (Campagnolo et al., 2003). Direct and
indirect contact with the excreta of infected and dead
animals are also possible routes of disease transmission (Ohlinger et al., 1993). The virus remains viable
for long periods in urine, feces and respiratory secretions (Ohlinger et al., 1993) as well as fur (Mitro and
Krauss, 1993). The viral RNA of RHDV may persist
in the environment for 15 weeks, and the recovered
animal can shed the virus for months. Contaminated bedding with urine and feces of infected animals
may also be considered as a source of RHDV (Cooke,
2002). Furthermore, it has been found that RHDV can
remain viable and infective on decomposed or dead
carcass for 12 weeks under harsh environmental conditions (McColl et al., 2002). The lengthy persistence
of infective RHDV on dead animals may help the disease spread and outbreaks in the wild (Henning et al.,
2005). The virus can be excreted in the feces of predators or scavengers that fed on dead infected carcass
(Merchán yet al., 2011).
Chilled and frozen rabbit carcasses can carry
RHDV for several months. An outbreak of RHDV
in Mixco has been reported due to imported infected
carcasses from China (Belz, 2004). Due to high stability of the RHDV and resistance to environmental
condition, the virus can spread via fomites and contaminated food, water, clothes, cages, and equipment
(Chasey, 1997).
In addition, insects or flies may play a role in
transmission of infection as the virus can persist in
flies for 9 days (Asgari et al., 1998; OIE, 2008). Rodents (Broja and Larios 1990; Xu, 1991), while wild
animals (Cooke, 2002) are also very important mechanical vectors of RHDV. Workers in contact with
RHDV infected rabbits or with their excretions act
also as mechanical vectors (CFSPH, 2006).
Susceptibility and clinical disease picture
Domestic (especially European species; Oryctolagus Cuniculus) and wild rabbits are susceptible to
RHD (Gould et al., 1997; Muller et al., 2009; Miao
et al., 2019; Urakova et al., 2019). Infection of hares
with variant strain of RHDV (European brown hare
syndrome virus) has been recorded. However, susceptibility of other leporid species to the virus has not
been reported (Gregg et al., 1991). Pregnant and lac-

tating does are more susceptible to RHDV infection
(El-Sissi and Gafer, 2008).
The susceptibility age of rabbits to RHDV is still
contradicted. The virus can cause higher mortality in
adults than young kittens as deaths are not common
in rabbits less than 4-weeks- old. This may be related
to the presence of specific receptors in adults but not
in young animals (Dalton et al., 2012). Resistance to
RHD infection decreases at ages 4-12 weeks.
The incubation period of RHDV varies from16 to
48 hours and deaths appear after 2 to 3 days post infection. The disease course may last up to 30 days
(CFSPH, 2006). The severity of clinical signs differs
according to the breed of animal, age, immunity, geographical location, the infecting viral dose and the
route of infection.
Sub-clinical infection of RHD is possible in young
kittens less than 4-8 weeks old. In per-acute stage,
animals in a good heath conditions, die suddenly
without prior clinical signs within 12 to 36 hours of
the disease onset (Belz, 2004). Severe clinical manifestations were seen in adults as well as rabbits older
than 40-50 days of age (Capucci et al., 1991). Acute
stage of RHD in rabbits is characterized by fever,
depression, anorexia, conjunctivitis, frothy bloody
nasal discharge, epistaxis, vulvar hemorrhages in
pregnant does, severe respiratory distress (cough and
dyspnea) and finally nervous manifestations (ataxia, convulsion, opisthotonos and paralysis) (Xu and
Chen, 1989; Marcato et al., 1991; Trzeciak-Ryczek
et al., 2015). Clinical picture associated with variant
strains of RHDV is similar to classical strains, however the mortality rate may be comparatively lower
(Le Gall-Recule et al., 2013). Severe jaundice, emaciation, lethargy, constipation or diarrhea and abdominal distension followed by death within few weeks
have been observed in sub-acute and chronic stages of
RHD (Capucci et al., 1991; CFSPH, 2006). Animals
with sub-acute infection showed mild or minor signs
with resistance to RHDV re-infection due to development of specific antibodies (Patton, 1989; Mitro and
Krauss, 1993).
The morbidity rate of RHDV varies from 30100%, and the mortality rate ranges from 40-100%
within a period of 2-3 days after infection (Abrantes
et al., 2012). High morbidity and mortality rates have
been recorded mainly in adult animals and those kept
in groups (Mitro and Krauss, 1993). Deaths occur as
a result of disseminated intravascular coagulopathy
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resulting in extensive hemorrhages in most organs as
well as due to necrotizing hepatitis (Marcato et al.,
1991; Plassiart et al., 1992).
Post-mortem lesions of RHDV infection in rabbits have been represented as generalized congestion
and haemorrhages (Ueda et al., 1992; Marques et al.,
2010), and acute and necrotizing hepatitis (Park et al.,
1995; Alonso et al., 1998; Abrantes et al., 2012). Congestion and ulceration of nasal mucosa, haemothorax,
frothy exudates in trachea, haemorrhages with multiple abscesses in lungs and pneumonia, splenomegaly,
subcutaneous abscesses and congestion of the brain
have also been observed (Eid and Ibraheem, 2006;
Lavassa and Capucci 2008; Embury-Hyatt et al.,
2012). Severe lesions of RHD appeared in liver, lungs
and trachea (OIE, 2010). Animals died in sub-acute
stage showed catarrhal enteritis and icterus. Hamed et
al. (2013) estimated that severely affected organs as
liver, lungs, spleen and kidneys in RHD outbreaks are
the main causes of high mortality.
Histopathological lesions of RHD cases revealed
severe congested visceral organs, dilated liver sinusoids with diffuse and focal hemorrhages and inflammatory cells infiltration, severe interstitial pneumonia
and hemorrhagic alveoli, glomerulonephritis with
haemorrhages, hemorrhagic tracheitis with sloughed
mucosal epithelium and hemorrhagic myocarditis
(Ramiro-Ibáñez et al., 1999; Ferreira et al., 2006; Soliman et al., 2016). Suppression of immune response
in RHD infected animals is related to severe decrease
in number of B and T lymphocytes of the liver and
spleen (Marques et al., 2010).
Laboratory diagnosis
The diagnosis of RHD depends mainly on the clinical picture, histopathological lesions, detection of the
virus using electron microscopy, immunostaining and
molecular characterization and detection of antibodies using haemagglutination (HA) inhibition test and
Enzyme-Linked Immuno-Sorbent Assay (ELISA)
(Lavazza and Capucci, 1996).
The first step of laboratory diagnosis of RHDV is
HA test using human type “O” (Liu et al., 1984; Pu et
al., 1985; OIE, 2008) or Guinea pig and sheep erythrocytes (Sahar et al., 2011). The sensitivity as well
as specificity of HA test appear to be inadequate. In
Egypt, since 2007, variant strains of RHDV are circulating in rabbit’s flocks with typical signs, lesions
and mortality rate similar to classical RHDV strains

but these variants are non-haemagglutinating (Ewees,
2007; El-Sissi and Gafer, 2008). So, the diagnosis of
RHD may not depend on the HA characters of RHDV
as some variant strains showed changeable HA as
negative HA strains have been turned into positive
ones when passaged in susceptible rabbits (Abd ElMoaty et al., 2014).
RHD virus is ether and chloroform resistant due
to lacking of the fatty envelope. The polypeptide of
60 KDa is enough to classify RHDV as Calicivirus
(Clouet et al., 1995). The virus of RHD is non-enveloped, single-stranded ribonucleic acid (RNA) with
icosahedral symmetry capsid and diameter 32-44 nm
(Wang et al., 2013). The virus capsid is containing a
protein (VP60), that encoded by RHDV genome contains specific antigenic epitope (hypervariable region
E) (Capucci et al., 1998). The domain P of the virus is
important for binding to host cells while P2 sub-domain is responsible for genetic variation (Wang et al.,
2013). The virus also is a positive-sense RNA that
contains extra structural proteins (sub-genomic RNA)
of approximately 2.2 kb which is required for infection in later stages (Abrantes et al., 2012; Ismail et al.,
2017). The genetic variation between viruses of RHD
is mainly depends on the sequence of VP60 protein
(Le Gall-Recule et al., 2003; Forrester et al. 2006’
McIntosh et al., 2007; Forrester et al. 2008; Wang et
al., 2013).
Strains of RHDV belong to one serotype but the
virus has a high genetic mutation rate (Gould et al.,
1997). New variant strains of RHDV were detected in
vaccinated rabbits for the first time in Italy and Germany in 1998 and 1999 (Capucci et al., 1998; Schirrmeier et al., 1999). The phylogenetic analysis of
the strains belonging to RHDV can be classified into
three groups; classical RHDV with geno-groups G1G5, the antigenic variant RHDVa/G6 (Le Gall-Recule
et al., 2003) and the new type RHDV2/RHDVb (Le
Gall-Recule et al., 2013).
The liver is considered as the organ of choice for
detection of RHDV where the highest virus concentration was demonstrated especially in acute or peracute disease (Abd El-Motelib, 1993; Ahmad et al.,
2011). High amounts of the virus may also present in
the secretions and excretions of the infected animals
as well as the blood. In chronic prolonged stage of
infection, the virus could be detected in spleen.
Culturing of RHDV on the tissue cultures is difficult, so detection of the viral gene or antibody are
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very important for diagnosis (OIE, 2012). Reverse
Transcriptase-Real Time polymerase Chain Reaction (RT-PCR) is considered as a rapid and sensitive
method for characterization of specific nucleic acid of
RHDV (Guittre et al., 1995; Soliman et al., 2016) as
well as detection of the viral RNA in the animals’s
serum (Moss et al., 2002). About 98.7% homology in N-terminal part of the capsid protein which is
conserved portion of RHDV has been detected by
RT-PCR (Guittre et al., 1995). In situ hybridization
or RT-Loop-Mediated Isothermal Amplification (RTLAMP) assay also was described for detection of
RHDV RNA in blood, feces and urine.
Inoculation of susceptible animals with RHDV
can be used experimentally detection of the pathogenicity of the isolated strains.
Prevention and control
Management of RHD outbreaks depends on the
epidemiological situation of the disease in the region
and the monitoring process of the field viruses to detect any new genetic and antigenic variants (Abrantes
et al., 2012).
Supplementation with hyper-immune antiserum
used only for prevention of RHD and induces protection for a short time. Passively acquired immunity
using hyper immune anti-serum was documented in
1993 in Egypt, where 4-months-old rabbits were inoculated intramuscularly either simultaneously with
RHDV or before the virus infection. This treatment
induced protection rate of 100% against RHD (Abd
El Motelib, 1993). Hyper immune anti-serum may be
effective only in case of absence of clinical signs of
infection.
Globally, RHDV vaccines have been developed
from infected animals ´tissues followed by chemical
inactivation (Arguello Villares, 1991, Huang, 1991;
Smid et al., 1991). They have been proved protective
against variant RHDVa in domestic and wild rabbits
(Capucci et al., 1998). Due to that the used vaccines
have many disadvantages like variation of their efficacy according to the physiological conditions of the
animal (Cabezas et al., 2006) and relatively short period of immunity which is not more than 12 months
(OIE, 2010), so many modified vaccines have been
developed.
The prepared RHDV vaccines may be given for
animals either orally (Bertagnoli et al., 1996a; Pla-

na-Duran et al., 1996; Martin-Alonso et al., 2003;
Farnos et al., 2005) or intra-nasal (Farnos et al.,
2006). Moreover, bivalent vaccines against myxomatosis (Bertagnoli et al., 1996b; Barcena et al., 2000)
and pasteurellosis (Peshev and Christova, 2003) have
been also used.
Initial trial for production of RHDV vaccine was
conducted in Egypt by Salem and El-Ballal (1992) as
inactivated formalized tissue vaccine was produced.
In this trial, inactivated suspensions of liver and lung
of RHDV infected animals succeeded in protection of
inoculated animals 7 days post-vaccination and the immunity lasted for more than 2 months. As well, Salem
and El-Zanaty (1992) tried inactivated tissue derived
RHDV vaccine for prevention of animals against the
infection. Other trials were conducted for preparation
of formalin inactivated, aluminum hydroxide adjuvanted RHDV vaccine from the Egyptian local strain
(Egypt 96) (Daoud et al., 1998a) and also preparation of rabbit pasteurellosis-RHD combined vaccines
(Daoud et al., 1998b). It has been showed that cell
culture (Vero cell) inactivated RHDV vaccine is more
potent than tissue (liver suspension) derived vaccine
(Khodeir and Daoud, 2002). A bivalent RHDV and
P. multocida lipopolysaccharides vaccine was also
developed (Khodeir and Daoud, 2002). Although,
there are different effective vaccination schedules
for RHDV prevention, the virus is still circulating
in rabbitries of Egypt (Abd El-Motelib et al., 1998;
Metwally and Madbouly, 2005; Abd El-Lateff, 2006;
Ewees, 2007; El-Sissi and Gafer, 2008; El-Bagoury et
al., 2014). The local commercial Egyptian vaccines
(IZOVAC-MEVAX) and (SVRS-Vac) that had been
used for vaccination of 1.5-months old rabbits against
RHDV offered 100% protection (Eid and Ibraheem,
2006). As a result of the endemic situation of the
RHD among rabbits flocks in Egypt as well as early
infection of young kittens (40 days old), it has been
recommended starting vaccination at 1-1.5-months of
age, followed by another booster dose 15 days later
and then repeating the vaccination every 4-6 months
(Eid and Ibraheem, 2006).
Moreover, due to inadequate application of RHD
vaccine, non-hemagglutinating RHDVa variant strains
are circulating in Egyptian rabbits field and infect all
ages of rabbits (Ewees, 2007; El-Sissi and Gafer,
2008; Awad and Kotb, 2018). These strains were
found to cause clinical disease as well as morbidity
and mortality rates similar to classical RHDV, but
without HA activity of the virus. Erfan and Shalaby
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(2020) concluded that there are some limitations regarding the effectiveness of currently applied RHDV
vaccine strains as the vaccine formulation may not
cover all the circulating strains of the virus in Egypt.
Application of genetically engineered Virus Like
particle (VLP) of RHDV as a therapeutic strategy for
treatment of the disease have been studied (El Mehdaoui et al., 2000; Young et al., 2006; Peacey et al.,
2007, 2008; Crisci et al., 2009; Win et al., 2011). The
protein of the capsid accumulates in VLP that is differ from original virions and doesn’t contain the viral
RNA (Nagesha et al., 1995). This treatment strategy
considers VLP as immunogenic antigen that stimulate
both humoral and cell mediate immune responses of
infected animals (Crisci et al., 2009; Win et al., 2011).
Thorough cleaning and disinfection are a requirement for RHDV prevention and control strategies. It
has been found that the virus can be inactivated using
disinfectants as 1-2% formalin, 1.0–1.4% formaldehyde, 0.2–0.5% beta-propiolactone, 1% sodium hypochlorite, 10% sodium hydroxide or 10 ppm chlorine dioxide (Eleraky et al., 2002).
All mechanical sources of RHDV infection should
be also taken into consideration. Field rats and flies
eradication program should be applied for RHD control.
In conclusion, to overcome RHD infection in any
region, constant monitoring of the epidemiological
status of the disease as well as updating the development of local or autogenous vaccines are crucial
issues that should be thoroughly considered.
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Surgical Management of Orbital Abscesses in Domestic Rabbits (Oryctolagus
cuniculus): A report of seven cases
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ABSTRACT: A case series of seven domestic rabbits with profound exophthalmos and epiphora are presented. Appetite and physical activity of the animals were mildly or severely reduced. Clinical and detailed ophthalmic examination including intraocular pressure measurements were performed, along with radiographic and ultrasonographic
examination. In all animals retrobulbar masses were diagnosed forcing the globe to protrude. Teeth malocclusion
was also noticed in most of the animals. Surgical intervention under general anaesthesia, included abscess drainage,
flushing and teeth removal. During surgery, samples for bacterial culture and cytology exanimation were obtained.
Pasteurella multocida, Staphylococcus spp and Pseudomonas spp were isolated, while cytology confirmed the clinical
diagnosis of abscess formation. Surgical management resulted in retropulsion of ocular bulbi and infection elimination. Marsupialization of the abscesses facilitated flushing and topical antibiotic application postoperatively. Animals
were treated postoperatively with antibiotics for at least one month, analgesics, daily wound flushing by the owner and
regular debridement. Six months after surgery three rabbits had no ocular symptoms while two died in the first two
months post surgically, one was lost to follow up and the other died due to unrelated cause. In conclusion, treatment of
retrobulbar abscesses in rabbits may be challenging and unrewarding. Surgical management of retrobulbar abscesses
without enucleation is a feasible approach, permitting vision-retaining, whereas a multimodal approach consisting of
a combination of surgical and medical treatment is often necessary for a successful outcome. Τhe owner should be
informed for the long lasting postoperative care as well as the high percentage of relapse.
Keywords: abscess, rabbit, retrobulbar, surgery.
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ΠΕΡΙΛΗΨΗ. Στην παρούσα εργασία μελετηθήκαν 7 κατοικίδια κουνέλια, τα οποία παρουσίαζαν οπισθοβολβικό
απόστημα. Όλα τα κουνέλια προσκομίστηκαν με εξόφθαλμο και επιφορά, ενώ παράλληλα εμφάνιζαν ήπια έως σοβαρή
μείωση της όρεξης και της φυσικής δραστηριότητας. Διενεργήθηκε κλινική και λεπτομερής οφθαλμολογική εξέταση με
έμφαση στη μέτρηση της ενδοφθάλμιας πίεσης, καθώς και ακτινολογική και υπερηχογραφική εξέταση. Σε όλα τα ζώα
διαπιστώθηκε η παρουσία οπισθοβολβικών μαζών, ενώ στα περισσότερα ζώα παρατηρήθηκε και ανώμαλη ανάπτυξη
των δοντιών. Σε όλα τα ζώα πραγματοποιήθηκε, υπό γενική αναισθησία, χειρουργικός καθαρισμός και παροχέτευση
των αποστημάτων, πλύσεις και εξαγωγές δοντιών. Κατά τη διάρκεια της χειρουργικής επέμβασης, λήφθηκαν δείγματα
για καλλιέργεια και κυτταρολογική εξέταση. Τα βακτήρια που απομονώθηκαν ήταν Pasteurella multocida, Staphylococcus spp και Pseudomonas spp, ενώ η κυτταρολογική εξέταση επιβεβαίωσε την κλινική διάγνωση των αποστημάτων.
Η χειρουργική αντιμετώπιση είχε ως αποτέλεσμα την οπισθοχώρηση των οφθαλμικών βολβών και την αντιμετώπιση
της λοίμωξης. Η μαρσιποποίηση των αποστημάτων διευκόλυνε τις πλύσεις και την τοπική χορήγηση αντιβιοτικών
μετεγχειρητικά. Στα ζώα χορηγήθηκαν αντιβιοτικά για τουλάχιστον ένα μήνα, αναλγητικά, ενώ πραγματοποιούνταν
καθημερινές πλύσεις από τον ιδιοκτήτη και τακτικοί καθαρισμοί στο ιατρείο. Έξι μήνες μετά, τρία κουνέλια δεν
είχαν οφθαλμικά συμπτώματα, ενώ τρία πέθαναν τους πρώτους δύο μήνες μετά από τη χειρουργική επέμβαση και σε
ένα η έκβαση δεν είναι γνωστή. Συμπερασματικά, η χειρουργική παροχέτευση και καθαρισμός των οπισθοβολβικών
αποστημάτων χωρίς εξόρυξη του οφθαλμού είναι μια θεραπευτική προσέγγιση που επιτρέπει τη διατήρηση της όρασης
στα κατοικίδια κουνέλια. Ο συνδυασμός φαρμακευτικής και χειρουργικής θεραπείας είναι συχνά απαραίτητος για την
επιτυχή έκβαση. Η μετεγχειρητική θεραπεία διαρκεί συχνά αρκετές εβδομάδες και η πιθανότητα υποτροπών είναι
υψηλή, πράγμα για το οποίο ο ιδιοκτήτης πρέπει να είναι ενήμερος
Λέξεις κλειδιά: απόστημα, κουνέλι, οπισθοβολβικό, χειρουργείο.

CASES HISTORY
rbital abscesses are a challenging surgical condition in domestic rabbits regarding rabbits regarding its clinical signs, therapeutic approach and
outcome, since it may lead to visual deterioration and
it is potentially life-threatening. In this case series,
seven domestic rabbits were presented in a private referral practice. Signalment and historical data of the
animals are presented in Table 1.

O

Presenting complaints included exophthalmos
(1), epiphora (1), ocular trauma (1), nasal discharge
(1) and ocular discharge (4) (Table 2). Appetite was
retained in most cases with mild fluctuations, while
only one rabbit appeared anorectic. Physical activity
was characterized as normal in all cases by the owners. In all animal ophthalmic examination included
inspection of the bulbi and adnexa, fluorescein and
lissamine green corneal stain application, tonometry
and ophthalmoscopy. During ophthalmic examination
profound exophthalmos was confirmed in all cases.

Intraocular pressure and corneal diameter measurements where normal when compared to the contralateral eye, excluding glaucoma and buphthalmos
(Figure 1). Central corneal lesions were present in
all animals with ulceration in three of them. Eyelid
movements were limited in all cases. Anterior uveitis
was also noticed in one case (Table 2).
Plain radiographs of the skull were obtained in 5
animals. In three animals (No 1, 2, 3) abnormal radiologic findings were evident (Fig. 2). In one animal
(No 5) no abnormalities were found. Ultrasonographic examination of the eye and retrobulbar space was
performed in 2 animals (No 1,2). A hypoechoic to
anechoic retrobulbar well defined mass was revealed,
with hyperechoic foci within the mass that were not
casting any shadow, findings compatible with the
presence of a retrobulbar abscess (Fig. 3). Fine needle
aspiration was performed in those 2 cases under ultrasound guidance. Clinical examination findings of the
animals are presented in Table 2.

Table 1. Epidemiological data of seven rabbits presented with retrobulbar abscesses.

No
1
2
3
4
5
6
7

Age (years)
3
5
unknown
2
3
3
5.5

Weight (Kg)
1.4
1.5
1.2
3
3
1.5
2

Sex
Male
Male
Male
Female
Female
Male
Male

Breed
ND‡
ND
ND
Mixed
Mixed
ND
ND

Previous ADD†
Incisor and upper cheek teeth left and right
Incisor and upper cheek teeth left
Unknown
None
None
Two premolars extraction
None

†ADD= Acquired Dental Disease
‡ND= Netherland dwarf
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Table 2. Clinical appearance and examination findings of seven rabbits presented with retrobulbar abscesses.

No

Presenting
complaints

1

Exophthalmos

2

Epiphora, nasal
discharge

3

Ocular
discharge

Main clinical
manifestation

Eye

Radiology/

excessive elongation of the
maxillary and mandibular cheek
teeth, spur formation, widened
of interproximal spaces, root
ExophthalmosOS* deformity, diffuse irregular
Inappetence
mineralization of the adjacent
alveolar bone and cheek teeth
malocclusion / anechoic well
defined retrobulbar mass
excessive elongation of the
maxillary and mandibular cheek
teeth, spur formation, widened
of interproximal spaces, root
Exophthalmos OS deformity, diffuse irregular
mineralization of the adjacent
alveolar bone and cheek teeth
malocclusion/ hypoechoic well
defined retrobulbar mass
excessive elongation of the
maxillary and mandibular cheek
teeth, spur formation, widened
of interproximal spaces, root
Exophthalmos OS
deformity, diffuse irregular
mineralization of the adjacent
alveolar bone and cheek teeth
malocclusion

4

Ocular discharge Exophthalmos

OS

None taken

5

Ocular trauma

Exophthalmos

OS

Normal

6

Ocular discharge Exophthalmos

OS

Radiopaque material laterally to
OS and periapical to P=+M

7

Ocular discharge Exophthalmos

OS

None taken

* OS= Oculus sinister
** P= Premolar
*** M= Molar
ADD= Acquired Dental Disease
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Ocular
symptoms

Corneal
abrasions

ADD

Malocclusion of
P**+M***

Dacryocystitis,
Malocclusion of
Corneal
P+M
abrasions

Corneal ulcer,
iridocyclitis

Corneal ulcer,
lens luxation,
proptosis,
dacryocystitis
Corneal
melting, lens
luxation,
staphyloma,
dacryocystitis
Corneal
abrasions,
edema
Corneal
abrasions,
edema

Malocclusion
of upper+lower
P+M

Malocclusion of
P+M

None

Malocclusion of
P+M,+ incisors
Malocclusion of
P+M,+ incisors
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Figure 1. Exophthalmos in a rabbit related to a retrobulbar abscess (arrow).

Figure 2. Lateral oblique radiograph of the skull of a rabbit (case
1) demonstrating a radiolucent area of the alveolar bone associated with the upper molar teeth (white arrow), severe deformity of the maxillary and mandible cheek teeth, diffuse irregular
mineralization of the adjacent alveolar bone (black arrow) and
cheek teeth malocclusion. Malformation of the upper incisor teeth
is also evident.

Figure 3. Transverse ultrasonographic section of the eye of a
rabbit showing a well-defined 6,16 x 9,24 mm mass hypoechoic
retrobulbar mass with echogenic foci in the center of the mass
that not casting a shadow (callipers measure the dimensions of
the mass).

Surgical intervention was considered curative for
5 animals. In one of them spontaneous abscess drainage took place and, in another animal, no surgical
intervention was performed as the owner declined
any treatment. All animals were premedicated with
medetomidine (Domitor®, Zoetis), (50 μg/kg, intramuscularly) and butorphanol (Butomidor®, Richter
pharma) (0.3 mg/kg, intramuscularly). Fluids were
administered via an intravenous catheter placed in the
auricular marginal vein at a rate of 5 mg/kg/h throughout the surgical procedure. Meloxicam (Metacam®,
Boehringer Ingelheim) (0.3 mg/kg, subcutaneously)
was administered at the same time. Anaesthesia was
induced 10 minutes later with ketamine (Imalgene®,
Merial) (10 mg/kg, intramuscularly). Oxygen was
provided with a nasal catheter throughout the surgical
procedure. After dental care completion, anaesthesia
was continued with isoflurane (IsoFlo®, Zoetis) 2-3 %
in 100% oxygen provided with a face mask. Reverse
of anaesthesia after surgery completion, was achieved
with atipamezole (Antisedan®, Zoetis), (0.5 mg/kg,
intramuscularly) and was uneventful
Abscess drainage was the was the treatment of
choice in most cases following teeth trimming and
teeth extraction. A skin incision was performed, based
on radiographic, ultrasonographic and ocular palpation findings just above the zygomatic arch (Fig.4)
and the abscess cavity was lanced exposing its content
(Fig.5). Thick pus was removed with a curette, the
abscess cavity was flushed and debrided thoroughly
(Fig. 6). At this point exophthalmos was markedly
reduced. An intraoral approach and the initial skin
incision were both used for teeth extraction avoiding
trauma to the adjacent teeth roots (Fig.7, 8). Following abscess flushing, 5-7 sutures were placed in order
to keep wound edges apart and enable post-surgical
debridement and cleaning (marsupialization). Details
concerning abscess location and surgical intervention
are presented in Table 3.
Fine needle aspiration of the abscess under ultrasonographic guidance or during surgery yielded a
highly viscous, whitish fluid. Cytological smears were
prepared using a compression (squash) technique or
by rolling a cotton swab along the glass slide. All
glass slides were air-dried and stained with modified
Wright – Giemsa stain. Microscopic examination of
the smears showed accumulation of amorphous, necrotic, eosinophilic, granular material mixed mostly
with degenerative heterophils, and lower numbers of
macrophages with phagocytized debris (Fig.9). Lym-
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phocytes were occasionally observed. No microorganisms were detected. In most of the smears dense
extracellular mineral accumulation was also found
(Table 3, Fig.10).

Figure 4. A skin incision was performed just above the zygomatic
arch revealing abscess capsule.
Figure 7. For teeth extraction an intraoral approach, along with
the initial skin incision was used.

Figure 8. An extracted molar.
Figure 5. An incision of the abscess’s capsule exposing its content.

Figure 6. Following pus removal, the abscess cavity was flushed
and thoroughly debrided.

Figure 9. Cytological smear from the orbital abscess in a rabbit. Note the amorphous necrotic eosinophilic granular material
mixed mostly with degenerative heterophils, and lower numbers
of macrophages with phagocytized debris (Wright – Giemsa
x100).
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pain related to pressure exerted to the affected site,
anorexia, feeding habits alterations, reluctance to play
or move. Pain in rabbits is not so obvious, so it is not
always easy for the owner to understand early stages
of the disease (Varga and Harcourt-Brown, 2014; Capello, 2016). In our study appetite was reduced only
in one case, and was attributed to pain. Physical activity deterioration was not mentioned by the owner;
thus, pain should have been of low degree.

Figure 10. Cytological smear from the orbital abscess in a rabbit.
Note the extracellular mineral depositions along with necrotic eosinophilic granular material (Wright – Giemsa x100).

Bacterial cultures obtained during surgery revealed
Pasteurella multocida in two cases, Staphylococcus
aureus in one and Pseudomonas spp in one case while
in another case culture was negative. In two cases the
animals died before sampling. Antibiotics were used
based on sensitivity test in in a few cases or they
were used empirically in those with no bacterial cultures available. Enrofloxacin (Baytril® 0.5%, Bayer),
(10mg/Kg, per os, SID) or azithromycin (Zithromax®,
Pfizer) (15 mg/Kg, per os, SID) were administered for
1 month combined with topical preparations. Prebiotic
supplements were administered simultaneously with
antibiotic per os and force feeding in anorectic animals (Tab.3). Post surgically, analgesia was achieved
using meloxicam (Metacam®, Boehringer Ingelheim),
(0.1mg/Kg, per os, SID) for at least 1 week. The owners were advised to flush the abscess cavity with normal saline daily, while debridement was performed by
the referring veterinarian every 4-7 days for a month
period to control the infection. Two animals died soon
after presentation, one in 2 months after surgery and
in an animal, relapse was noted one year later. In two
animal no relapse was noticed 6 months post surgically and one was lost to follow up (Table 3).
DISCUSSION
Orbital abscess is usually a chronic condition,
which may also affect other organs through vascular or lymphatic bacterial dissemination. Rabbits are
usually presented with normal to reduced appetite
and physical activity, related to the degree of pain
and chewing abnormalities presented. Other possible
systemic symptoms may also be noticed, including

Complications related to teeth malocclusion are
commonly encountered. Elongated crowns of upper
premolars, which may penetrate the buccal mucosa is
a possible cause of the disease. Most of the affected
animals showed premolar and molar malocclusion,
highlighting dental involvement. Incisor malocclusion in two cases was considered secondary. Periapical infections of cheek teeth may result in multiple
abscesses formation affecting alveolar bones and extending into the orbit (Ward, 2006; Papadimitriou et
al., 2008; Capello, 2016; Benato, 2017).
Orbital abscesses are usually characterized
by mild to severe exophthalmos, epiphora, ocular surface disorders and dacryocystitis (Williams, 2007).
Corneal abrasions and ulceration may be present
due to profound exophthalmos and consequent corneal desiccation. Eyelid inability of complete blinking may leave central cornea unprotected (Williams,
2007). In the present study corneal abrasions were evident in most of the animals, while three of them were
suffering from severe ulcers (Table 2).
Dacryocystitis may also predispose to orbital abscess and is commonly associated to Neisseria sp.,
Moraxella sp., Bordetella sp., Streptococcus viridans,
Oligella urethralis or Pseudomonas spp (Marini et
al., 1996). It is commonly presented with epiphora accompanied by blepharitis, florid conjunctivitis of the
nasolacrimal punctum and facial dermatitis in many
cases. Pathogenesis of dacryocystitis involves molar
arcades malocclusion with retropulsion of the tooth
and incisor malocclusion, causing nasolacrimal duct
occlusion. In three dacryocystitis cases presented,
this mechanism may explain orbital abscess formation. Dacryocystitis may be also secondary to orbital
abscessation via infection dissemination (Jones and
Carrington, 1988; Harcourt-Brown, 1996). In one dacryocystitis case of our study (No2), Pasteurella multocida was isolated and surgical intervention in molar
teeth and orbital abscess reduced clinical signs (Tab.
1).
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Table 3. Abscesses position, surgical intervention and post-surgical treatment and outcome of seven rabbits presented with retrobulbar
abscesses
Abscesses
Surgical
Dental
Bacterial
Post-surgical
No
Cytology of abscess
Outcome
location
intervention intervention culture results
treatment
Amorphous necrotic
eosinophilic granular material
Fucidic acid
Medial to
with degenerative heterophils, a eye oint,
Two incisions
OS*+
Removal of
Relapse 1
Pseudomonas few macrophages. Lymphocytes Enrofloxacin,
1
medial+ventral rd
Periapical to
3 P+1st M
spp
occasionally observed. No
Meloxicam
year later
OS
P**+M***
microorganisms were detected. PO¥,
Debridement
Dense extracellular mineral
accumulation.
Amorphous necrotic
eosinophilic granular
Two incisions
material with degenerative
Fucidic acid
Death
lateral+ventral
heterophils, and few
eye oint,
after two
Extraction of
aPasterella
2 Lateral OS to OS and
macrophages.
Lymphocytes
Enrofloxacin,
months
1st + 2nd M
multocida
in ipsilateral
occasionally observed. No
Meloxicam PO, (possibly
mandibular
microorganisms were detected. Debridement
unrelated)
Dense extracellular mineral
accumulation.
Amorphous necrotic
eosinophilic granular material
Fucidic acid
No
One incision
with degenerative heterophils, eye oint,
Extraction of Staphylococcus
relapse 6
3 Lateral OS lateral+ventral
and few macrophages.
Enrofloxacin,
2nd M
spp
months
to OS
Lymphocytes occasionally
Meloxicam PO,
later
observed. No microorganisms
Debridement
were detected.
Amorphous necrotic
Azyter
eosinophilic granular material
eye drops,
One incision
Extraction
with degenerative heterophils,
Zithromax
rd
st
4 Lateral OS lateral+ventral of 3 P + 1
and few macrophages.
Unknown
oral syrup,
to OS
M
Lymphocytes occasionally
Florentero oral
observed. No microorganisms
paste
were detected.
Amorphous necrotic
Baytril
eosinophilic granular material
oral syrup,
Automatic
with degenerative heterophils,
Meloxoral oral
Death
5 Lateral OS abscess
None
and few macrophages. No
syrup, Oxatrex
drainage
microorganisms were detected.
eye drops, VitDense extracellular mineral
a-dEx eye gel
accumulation.
Zithromax
Two incisions
Amorphous necrotic
oral syrup,
No
Meloxoral
Lateral OS, lateral+ventral Total incisors
eosinophilic granular material
Pasterella
relapse 6
6 Periapical to OS
extraction,
with degenerative heterophils, oral syrup,
multocida
months
a few macrophages. No
Florentero,
P+M
and dorsal to
P+M grinding
later
cheek teeth
microorganisms were detected. Critical Care
feeding formula
Amorphous necrotic
eosinophilic granular material
with degenerative heterophils, a
few macrophages. Lymphocytes
Death
7 Lateral OS None
None
occasionally observed. No
microorganisms were detected.
Dense extracellular mineral
accumulation.

* OS= Oculus sinister
** P= Premolar
*** M= Molar
¥
PO= per os
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Diagnostic imaging techniques are useful to detect
the lesion. Computed tomography is considered the
method of choice in order to demonstrate the exact
anatomic location and extension of the lesion. Radiographic findings of the skull in our cases were also
informative showing radiolucent area of the alveolar bone associated with the upper molar teeth (Silverman and Tell, 2005; Capello and Lennox, 2008;
Capello, 2016). The location of the above lesion may
suggest that the retrobulbar abscess, as demonstrated
by ultrasonography, had a tooth root origin. Ultrasonography is also a valuable, fast and safe technique
for imaging the retrobulbar space as it may determine
preoperatively the exact location and extent of the abscess. The well-defined, hypoechoic or anechoic mass
revealed in two cases in our study were compatible
with an abscess, even though retrobulbar neoplasms
may share similar ultrasonographic signs. The hyperechoic foci in the mass that were not casting a shadow
may reflected the presence of necrotic tissue in the
abscess (Ward, 2006). The use of specialised ophthalmic ultrasound devices is preferable as they can
detect multiple or multilobular abscesses more accurately. In addition to imaging, axial globe direction is
helpful clinically in identifying the site of the abscess.
Cytology is a low cost, safe, quick and easy to
perform procedure in awake animals (Garner, 2007).
Rabbits are good candidates for cytological evaluation, as surgery decision in this species is not undertaken easily, due to their small size and high anaesthetic risk. Cytological characteristics of the material
derived from abscesses were similar to those of other
companion animal with the exception of heterophils
replacing neutrophils. Otherwise, cytological findings
were similar of a susceptible or non-susceptible inflammatory lesion in mammals. Absence of bacteria
or cocci in the cytological smears was found in 3 of
our cases (Table 3), a common finding in the literature
(Jenkins, 2001). Facial soft tissues abscesses are common in rabbits. Veterinarians practicing rabbit medicine are familiar with this condition and they usually
do not proceed to cytological evaluation and/or culture (Jenkins, 2001). However, other skin and/or subcutaneous lesions may mimic abscesses and should
be included in the list of differentials such as basal
cell tumour, squamous cell carcinoma, lymphoma,
soft tissue sarcoma, lipoma or squamous papilloma,
nodular dermal fibrosis and cutaneous treponemiasis.
Such lesions can be differentiated using cytology, preventing aimless, expensive and risky diagnostic and
surgical procedures (Capello, 2016).

The most common isolated pathogens in this case
series, as expected, were Pasteurella multocida followed by Pseudomonas spp. and Staphylococcus spp,
while the rest of the animals were tested negative.
The negative results were attributed to the method
of material collection, as swabbing the purulent content versus swabbing the interior wall of the abscess
cavity may result to false negative results. All of our
animals were also receiving antibiotic therapy in the
time of surgery. Despite negative results broad spectrum antibiotics were administered post surgically in
all cases. Pathogens most commonly isolated in rabbit abscesses include Pasteurella multocida, Staphylococcus spp., Proteus spp., Bacteroides spp., and
Pseudomonas spp., as well as some anaerobic species,
such as Fusiformis spp. (Deed, 1993; Capello, 2016;
Gardhouse et al., 2017). Rational antibiotic therapy
was elected based on antibiotic safety, penetrating
ability and most commonly bacterial chlora affecting
rabbits. Enrofloxacin is the most commonly used antibiotic agent in rabbits, administered in four of the presented cases as it is licensed and is considered a safe
choice for prolonged oral use and it was administered
in four of the presented cases. Azithromycin which
was selected in two cases is another safe antibiotic
for parenteral use, indicated for abscesses and osteomyelitis (Varga and Harcourt-Brown, 2014). Ocular
antibiotic administration was considered essential for
eliminating local infection and preventing dissemination to the globe and conjunctiva. The antibiotics
chosen have proved to be safe and effective in ocular
infections.
Rabbit anaesthesia protocols were based on animal health status, which were estimated by history
and clinical examination findings. Pre-anaesthetic
stabilization included hydration, gut motility regulation and efficient food intake and was accomplished
by appropriate medical and nutritional support. Oxygen and fluid administration were essential and were
administered intraoperatively to maintain appropriate
cardiovascular function, especially due to α-2 adrenergic agonists significant cardiovascular side effects.
Ketamine was essential for undertaking dental intervention since inhalational anaesthesia via intubation
or laryngeal mask would have disturbed intraoral
manipulations. Its administration minimized required
doses and side effects of other drugs(Meredith and
Flecknell, 2006). Inhalational anaesthesia was induced during abscess surgical intervention and was
gradually increased to prevent breath holding, a common complication in rabbits (Harcourt-Brown, 2002).
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In order to gain direct retrobulbar abscess access
in this species, skin incisions are much easier to be
performed compared to dogs and cats. This may be
explained by the shallower orbit and the higher globe/
orbit ratio in rabbits compared to dogs and cats. The
abscess capsule was easily detected through the skin
incision since it was located directly under the skin.
Orbital morphology and abscess location were helpful landmarks to follow to avoid periocular tissue
trauma. Appropriate abscess capsule drainage was
crucial for eliminating inflammation and preventing relapse, especially when vision was still relapse.
Pus material and capsule removal were performed
paying great attention not to damage the globe, optic nerve and large venous sinus associated with the
orbit glands. When the abscess was located deeper in
the orbit, pus removal was more challenging, as the
lesion was partially visible. However, if aggressive
surgical debridement could not be employed, exenteration might would have been an option (Ward, 2006;
Papadimitriou et al., 2008; Capello, 2016; Benato,
2017). In one animal relapse occurred within the first
year, something commonly observed following local
infection dissemination (Spiess, 2007; Varga and Harcourt-Brown, 2014; Capello, 2016).
In the study presented here if dental involvement
was suspected prior to surgery, dental extraction facilitated abscess drainage and infection elimination.
Teeth extraction of the upper cheek teeth were essential for periapical abscess treatment. This was
accomplished through an oral or extraoral approach
through the initial or a second skin incision. Extraoral
approach was easier when the maxillary bone was
debrided and teeth roots were visible. Intraoral teeth
removal carried the risk of incomplete root removal.
Cheek teeth were evaluated intraorally in all cases for
signs of infection as this contributed in abscess formation.
Postoperative flushing was performed daily at
home in our study, followed by application of a topical antibiotic preparation. Owners were trained to
perform open wound management at home. Re-examinations continued weekly for at least 1 month.
Systemic and topical antibiotics should be administered for 1 month along with prebiotic preparations
per os. Appropriate diet and supportive nutrition
(Herbivorous Critical care, Oxbow®) is mandatory,
while force feeding may be necessary in anorectic
cases to maintain proper gastrointestinal flora, motility and function (Papadimitriou et al., 2008; Varga and
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Harcourt-Brown, 2014). Alternatively, antibiotic-impregnated-polymethylmmethacrylate (PMMA) beads
usually used as a bone cement in orthopaedic surgery,
could have been elected. PMMA was not used as in
its commercial form is combined with certain antibiotics that may not be effective to certain bacteria and
no positive effect will be noticed. Another limitation
was the impossible post-surgical debridement and
flushing of the wound when PMMA is used (Tobias
et al., 1996; Ethell et al., 2000). Another alternate topical preparation used is honey due to its hygroscopic
and bactericidal properties (Oryan, and Zaker, 1998).
In cases of skull abscesses, especially when bones or
teeth are involved, rabbits require powerful analgesia. Meloxicam was chosen as it is effective in rabbits
and was considered a safe option as long as animals
are not debilitated or do not have renal insufficiency
(Meredith and Flecknell, 2006; Papadimitriou et al.,
2008). Buprenorphine administered orally is an alternative analgesic agent commonly used, but it is not
commercially available in our country. Butorphanol
may be used as well, but its analgetic action is short
and should be given subcutaneously (Meredith and
Flecknell, 2006).
Several diseases may lead to a retrobulbar abscess
formation in a later stage of the disease, being not always easy to differentiate them. In case No 2, a para-bulbar abscess was suspected due to its location.
Para-bulbar abscesses have similar clinical signs, effecting the main or the accessory lacrimal gland. A
profound exophthalmos may be evident in such cases,
displacing the globe laterally and caudally. In contrast
to retrobulbar abscesses, in such cases pus material
does not involve the orbital fossa. The treatment is
similar to retrobulbar abscesses although, a shorter
incision is required, pus removal is easier and marsupialization is not necessary. Post-surgical flushing
may be also helpful through a small opening in the
incision line and repositioning of the eye should be
faster in these cases (Capello, 2016). Infection of the
accessory lacrimal gland was not observed in case
No 2 during surgical drainage, but it cannot be totally excluded. Other types of facial abscesses may
also coexist, such as empyema of the alveolar bulla or
the maxillary recess. In the former, medical treatment
may be effective, while in the later rhinostomy and
pararhinostomy are performed (Ward, 2006; Capello,
2016).
The outcome of appropriately treated cases (No. 1,
2, 3, 6) was satisfactory. In case No 1 an abscess in-
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volving a neighbouring area was noted 1 year later and
was attributed to recurrence of infection in the area of
the second premolar, which had been removed. This
rabbit was also the only infected with Pseudomonas
spp. The outcome of this case was considered satisfactory as it remained free of clinical signs for a year
a relatively long period for a rabbit. Case 4 was lost to
follow up, while in case No 7 no intervention was attempted as it died soon after presentation. In case No5
owners were reluctant to proceed to any therapeutic
intervention. In this case, a probably incomplete automatic abscess drainage occurred few days later, no
dental intervention was undertaken and despite medical treatment the outcome was not satisfactory.
Pasteurella multocida infection resulted in encapsulated abscesses which were difficult to cure.
Produced pus was thick and caseous and antibiotics
usually do not penetrate the abscess cavity due to
poor vascularization. Surgical treatment in soft tissue
abscesses demands an en bloc removal, as surgical
drainage may not be effective. (Deed, 1993; Tyrrell et
al., 2002; Varga and Harcourt-Brown, 2014; Benato,

2017; Gardhouse et al., 2017). Sugar or honey preparations are currently used for their bacteriostatic and
wound healing properties (Oryan and Zaker, 1998;
Gardhouse et al., 2017). Post-surgical treatment has
to be prolonged.
Prevention of retrobulbar abscesses in rabbits
should include regular teeth inspection every six
months or one year, maintaining of normal feeding
habits with unlimited hay, grass and a good selection
of vegetables offered daily. Selecting breeding stock
without congenital teeth disease is also meaningful.
The signs of dacryocystitis or globe protrusion may
aid the veterinarian to make an early diagnosis of retrobulbar abscessation before severe complications
arise.
In conclusion, treatment of retrobulbar abscesses
in rabbits may be challenging and unrewarding. A
multimodal approach consisting of a combination of
surgical and medical treatment is often necessary for
a successful outcome. Postoperative care may last for
several weeks and the owner should be informed for
the high relapse possibility.
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ABSTRACT: This technical research article investigated the changes in the hemato-biochemical profile in Barki
ewes during the transition period. A total of 15 healthy pregnant Barki ewes (age, 4.9 ± 0.7 years old; weight, 38.5 ±
4.9 Kg) were randomly selected for the current study. Blood samples were collected from the selected ewes via jugular vein puncture during the transition period at five different time points; 4 and 2 weeks prior the estimated date of
delivery (EDD), at the parturition time, then at 2 and 4 weeks post-partum. Red blood cells (RBCs) count and packed
cell volume (PCV) were significantly (P<0.05) decreased 2 weeks before the EDD and at the parturition time. Mean
corpuscular volume (MCV) was significantly (P<0.05) decreased 4 weeks post-partum. The neutrophil count and neutrophil/lymphocyte ratio were significantly (P < 0.05) increased 2 weeks post-partum. The level of β-hydroxy butyric
acid (BHBA) and concentration of non-esterified fatty acid (NEFA) in the serum were significantly (P<0.05) increased
2 weeks before EDD, at the parturition time, and 2 weeks post-partum. Both cholesterol and triglyceride levels increased significantly (P<0.05) 2 weeks before EDD and at the parturition time. Leptin level was significantly (P<0.05)
decreased at 2 weeks and 4 weeks post-partum. Glucose level increased significantly (P<0.05) at the parturition time
then decreased significantly (P<0.05) at 2 weeks post-partum, after which it increased again 4 weeks post-partum.
Total protein level was significantly (P<0.05) increased 2 weeks post-partum. The level of both calcium and inorganic
phosphorus was significantly (P<0.05) decreased at the parturition time and 2 weeks post-partum. The results revealed
that Barki ewes showed profound physiological alterations during the transition period which are not necessarily indicative of a disease, but reflect physiological variations. Therefore, metabolic profile test was needed to determine
the nutritional status of Barki ewes, and to take the possible preventive measures that increase ewes’ productivity and
predict health disorders.
Keywords: Hemato-biochemical profile; Transition period; Barki sheep.
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INTRODUCTION
ransition period in ewes, 4 weeks around the time
of lambing, is physiologically stressful and is
considered as a crucial stage in the production cycle
of sheep (Pastrana et al., 1991). During that period,
significant metabolic and immunological challenges
occur to meet the requirements of the animal, as approximately 75 – 80% of the fetal growth occurs in
the last 4-6 weeks of pregnancy, with consequent significant productive and reproductive disorders (Sormunen-Cristian and Jauhiainen, 2001; Overton and
Waldron, 2004; Balıkcı et al., 2007).

T

The stress of parturition, the onset of lactation,
and the high turnover of fluids, salts and soluble organic materials, are the main stressful conditions for
ewes at the transition period (Sormunen-Cristian and
Jauhiainen, 2001; Guo et al. 2007; Constable et al.,
2017). Thus, minerals’ metabolism particularly calcium and phosphorus, undergoes substantial changes
to maintain colostrum and milk synthesis (Yokus et
al., 2004). During peri-partum period and lactation,
the maternal stores are in charge for providing energy
needed for production, reducing the feed intake with
a negative energy balance, mobilizing the body fat,
and increasing both non-esterified fatty acid (NEFA)
and ketone bodies in plasma (Maas and Pearson 2009;
Rukkwamsuk 2010). This information is very crucial
to guarantee the metabolic and nutritional needs of
ewes during early lactation (Antunović et al., 2002).
Therefore, blood metabolic profile, a rapid diagnostic test, helps to monitor the nutritional and metabolic
states of transitional ewes and mitigate the resulting
metabolic and hormonal alterations (Van Saun, 2000).
Leptin, the hormone of energy expenditure, acts
on regions of the brain involved in the regulation of
energy metabolism. It participates in the co-ordination of metabolism during transition period because
of its role in regulating food intake and energy deposition. The low level and/or absence of leptin in blood
at transition period signals to the central nervous system that a state of energy insufﬁciency prevails in the
periphery. Thus, many adaptations are shared, including depressed reproductive and immune functions and
increased metabolic efﬁciency (Vernon et al., 2002).
Barki sheep, named after the Libyan province Barka, plays a vital role in the livelihood of peoples in
North-Western Coastal Zone of Egypt, which is the
home tract of this breed in the country. This breed extends from the eastern provinces of Libya to the west
of Alexandria in Egypt. It dominates the north west-

ern desert of Egypt with population of 470,000 heads
and is known to adapt well to the harsh desert conditions and scarce vegetation, including poor feeding,
and heat stress (Ahmed, 2008).
The data regarding blood metabolic profile and
significance of monitoring the serum leptin in Barki
ewes during transition period are still lacking. Most of
the available data describing the metabolism during
the transition period was carried out in other sheep
breeds and not in Barki ewes. Thus, more studies
are required to capture the dynamic changes in the
transition period in such breed. Hence, the present
study was designed to gain detailed information on
the changes in the hemato-biochemical profile of the
healthy Barki ewes during the transition period.
MATERIALS AND METHODS
Animals
A total of fifteen healthy pregnant Barki ewes (age,
4.9 ± 0.7 years old; weight, 38.5 ± 4.9 Kg) were selected for the current study. The selected ewes were
raised in semi-open shaded pens at Mariut Research
Station, Desert Research Center, Alexandria, Egypt in
February 2018. The investigated ewes were subjected to thorough clinical examination according to the
standard protocols (Constable et al., 2017). Accordingly, all ewes were selected to fulfill the following
criteria: they were considered clinically healthy after
clinical examination, were free from any nutritional and metabolic disorders or any evidence of other
systemic diseases. All studied ewes were regularly
dewormed twice a year, prior to spring turn out and
again in the fall, according to an effective worming program. The last deworming was carried out 3
months before the start of the study using Doramectin
(Dectomax Injectable solution 1 % m/v, Zoetis, Zoetis
South Africa Ltd., 6th Floor, North Wing, 90 Rivonia
Road, Sandton, 2196) at a dose rate of 200 μg kg-1
body weight as a subcutaneous injection. The pregnancy status of the selected ewes was assessed using
abdominal ultrasonography. The ewes were fed green
fodder (green herbage, grass and remnant of plant,
berseem and darawa), when available in addition to a
concentrate ration (cottonseed cake, maize, wheat or
rice bran, calcium carbonate, and sodium chloride).
At two months of pregnancy, each ewe received 250
gm of concentrate twice a day, and increased up to
375 gm twice a day during the last 4 weeks of pregnancy according to National Research Council (NRC,
1985), while water was always available ad libitum.
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All investigation procedures were performed in accordance with the guidelines of Mansoura University,
Mansoura, Egypt and approved by Animal Welfare
and Ethical Committee, Faculty of Veterinary Medicine, Mansoura University, code No. R/13.
Blood samples
Three blood samples (5 mL each) were collected
from investigated ewes at each of the five different
time points; 4 and 2 weeks prior the estimated date
of delivery (EDD), then at the parturition time, then
2 and 4 weeks post-partum via jugular vein puncture.
The first blood sample was collected in EDTA containing vacutainer tube to assess the complete blood
picture using automatic blood cell counter (Exigo–
Veterinary Hematology system, Boule Medical AB,
Sweden).The second blood sample was collected in
sodium fluoride containing vacutainer tube and centrifuged at 3000 rpm for 15 minutes to separate the
plasma for determination of the concentration of glucose by spectrophotometer using a commercial test
kits (Chronolab chemicals, Barcelona, Spain). The
third blood sample was collected in a plain tube and
centrifuged at 3000 rpm for 15 minutes to separate the
serum, which was kept frozen at - 20 oC for subsequent
biochemical analysis. The serum biochemical parameters were spectrophotometerically analyzed using
commercial test kits according to standard protocol
of supplier; cholesterol and triglycerides (Chronolab
chemicals, Barcelona, Spain); β-hydroxylbutyrate
(BHBA) (Ben Chemicals, Pakistan); total protein,
albumin, calcium, inorganic phosphorus, and magnesium (BioMed, Egypt). Leptin was analyzed using
sheep leptin ELIZA test kits supplied by SinoGeneclon (SinoGeneclon, Hangzhou, China). The serum
NEFA was determined chemically according to the
standard method (Schuster, 1979).
STATISTICAL ANALYSIS
Statistical analyses were carried out using a statistical software program (SPSS, version 21, Inc.,
Chicago, USA). Normal distribution of variables was
tested with the Shapiro Wilks test. Data were normally distributed; therefore, mean and standard deviation
were statistically analyzed and presented. Repeated
measures ANOVA was used to check the assumption
of sphericity using Mauchly’s test of sphericity, where
the P-value was > 0.05, indicating that sphericity was
met. Thus, the Sphericity Assumed in tests of within-subjects effects was used to assess the statistical
significant effect of time for the different five time
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points. For this test, the results were considered statistically significant at P ˂ 0.05.
RESULTS AND DISCUSSION
Clinically, the investigated ewes demonstrated
normal laboring of a single lamb for each and didn’t
express any detectable clinical alterations throughout
the study period and remained clinically healthy.
In the investigated Barki ewes, red blood cells
(RBCs) count and packed cell volume (PCV) were
significantly (P < 0.05) decreased at 2 weeks before
the EDD as well as at the parturition time when compared with other time points (Table 1). These findings
may be caused by the stress related to parturition and
lactation (Tharwat et al., 2015; Manat et al., 2016). On
the other side, mean corpuscular volume (MCV) was
significantly (P < 0.05) decreased at 4 weeks post-partum in comparison with other time points (Table 1),
indicating a state of iron deficiency (microcytosis),
where the cell undergoes an extra division due to insufficient hemoglobin concentration (Tharwat et al.,
2015). Neutrophil count and neutrophil/lymphocyte
ratio were significantly (P < 0.05) increased at 2 weeks
post-partum when compared with other time points
(Table 1), which may be attributed to lambing and
lactation stress. Such stress stimulates the secretion of
adrenocorticotropic hormone, which in turn induces
the adrenal cortex to produce glucocorticoids that participate in the mobilization of granulocytes from body
pool into peripheral circulation. These findings were
in agreement with those previously reported in goats
(Adenkola et al., 2011; Tharwat et al., 2015) and dairy
cattle (El-Ghoul et al., 2000). Meanwhile, the white
blood cells (WBCs) count, hemoglobin (Hb) level,
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), lymphocytes count, monocytes count, eosinophils count,
and band cells count showed non-significant changes
among the five different time points (Table 1).
The level of BHBA and concentration of NEFA
increased significantly at 2 weeks before EDD, at
the parturition time, and 2 weeks post-partum when
compared to 4 weeks before EDD then returned to
the basal level at 4 weeks post-partum (Table 2). This
may be attributed to the disturbance of carbohydrate
and fat metabolism that occurs at transition period,
with a subsequent hypoglycemia and tissue lipolysis,
releasing long chain fatty acids which are converted
by the liver into ketone bodies (LeBlanc, 2006). In the
period of early lactation, increased lipolysis occurs at
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high rates with the help of insulin resistance. Thus,
the net quantity of NEFA is substantially higher than
the amount that can be converted in the liver (Doepel et al., 2002; Roche et al., 2013). Furthermore,
dry matter intake decreased gradually in studied ewes
during the last days of pregnancy with the associated
negative energy balance and body fat mobilization,
resulting in an increase in the level of ketone bodies,

including BHBA as well as in the concentration of
NEFA in plasma (Bertics et al., 1992; Maas and Pearson 2009; Rukkwamsuk 2010; Manat et al., 2016).
Moreover, the increased concentration of NEFA, at
early lactation period, is beneficial for the animals to
maximize milk synthesis with less glucose consumption (Mathews et al., 2016).

Table 1. Complete blood count (Mean ± SD) in Barki ewes (n =15) during transition period

Before EDD
WBCs (×10 9/L)
RBCs (× 10 12/L)
Hb (g/dl)
PCV%
MCV (fL)
MCH (pg)
MCHC (g/dl)
Lymphocyte (× 10 9/L)
Monocyte (× 10 9/L)
Neutrophil (× 10 9/L)
Eosinophil (× 10 9/L)
Band cells

4 Weeks

2 Weeks

9.6 ± 1.5
8.9 ± 0.5
10.3 ± 0.7
31. 5 ± 1.5
34.4 ± 2.0
11.2 ± 0.3
32.9 ± 0.9
7.1 ± 1.2
0.2 ± 0.0
2.1 ± 1.0
0.3 ± 0.1
0.2 ± 0.0

9.9 ± 2.2
7.0 ± 0.9 **
9.9 ± 0.6
28.4 ± 2.0 **
34.6 ± 2.3
11.2 ± 0.6
32.3 ± 1.0
7.2 ± 1.6
0.2 ± 0.1
2.3 ± 1.1
0.3 ± 0.1
0.6 ± 0.7

At parturition
time
10.6 ± 3.6
7.1 ± 0.6 **
10.4 ± 0.7
26.1 ± 3.5 **
35.5 ± 2.0
11.2 ± 0.5
32.2 ± 1.0
6.3 ± 1.9
0.2 ± 0.0
2.6 ± 1.1
0.4 ± 0.4
0.2 ± 0.1

Post-partum
2 Weeks

4 Weeks

9.7 ± 1.4
8.9 ± 0.7
9.8 ± 1.0
31.3 ± 2.1
34.4 ± 1.8
11.0 ± 0.5
32.1 ± 1.4
6.3 ± 1.6
0.2 ± 0.1
3.7 ± 1.7 **
0.3 ± 0.1
0.2 ± 0.1

9.4 ± 1.3
8.5 ± 0.9
10.0 ± 0.8
32.5 ± 2.2
32.0 ± 2.4 **
11.1 ± 0.4
32.3 ± 1.2
6.3 ± 1.5
0.2 ± 0.0
1.9 ± 0.7
0.2 ± 0.0
0.1 ± 0.0

P - value
0.693
0.003
0.184
0.001
0.001
0.817
0.337
0.255
0.331
0.001
0.341
0.431

EDD, expected date of delivery; WBCs, white blood cells; RBCs, red blood cells; Hb, hemoglobin; PCV, paced cell
volume; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration.
Table 2. Blood metabolic profile parameters (Mean ± SD) in Barki ewes (n =15) during the transition period

Before EDD

At parturition
4 Weeks
2 Weeks
time
BHBA (mmol/l)
0.8 ± 0.1 1.4 ± 0.5 *
1.4 ± 0.3 *
NEFA (mmol/l)
1.6 ± 0.3 2.1 ± 0.1 *
2.2 ± 0.1 *
Cholesterol (mmol/l)
2.8 ± 0.2 3.3 ± 0.1 *
3.4 ± 0.1 *
Triglyceride (mmol/l)
0.7 ± 0.1 1.0 ± 0.1 ** 0.9 ± 0.1 **
Leptin (ug/l)
17.0 ± 1.9 16.6 ± 2.2
16.1 ± 1.9
Glucose (mmol/l)
3.6 ± 0.6
4.2 ± 0.1
5.1 ± 1.3 *
Total protein (g/l)
61.6 ± 5.7 63.3 ± 6.3
65.7 ± 4.9
Albumin (mmol/L)
30.5 ± 2.3 31.3 ± 2.6
33.6 ± 5.3
Calcium (mmol/L)
2.3 ± 0.4
2.2 ± 0.5
1.2 ± 0.2 *
Inorganic phosphorous (mmol/L) 2.4 ± 0.1
2.6 ± 0.3
1.8 ± 0.2 **
Magnesium (mmol/L)
1.4 ± 0.7
1.2 ± 0.6
1.2 ± 0.7

Post-partum
2 Weeks

1.3 ± 0.3 *
0.8 ± 0.2
2.1 ± 0.1 *
1.7 ± 0.2
2.8 ± 0.1
2.8 ± 0.0
0.4 ± 0.2
0.4 ± 0.2
12.4 ± 1.1 ** 12.3 ± 1.4 **
3.2 ± 0.1 *
4.2 ± 0.1
77.8 ± 6.4 * 74.6 ± 7.4 *
38.2 ± 6.1 * 39.6 ± 4.3 *
1.1 ± 0.2 *
2.2 ± 0.5
1.7 ± 0.2 **
2.8 ± 0.2
1.1 ± 0.9
1.2 ± 0.9

EDD, expected date of delivery; BHBA, β-hydroxybutyric acid; NEFA, non-esterified fatty acid.
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0.128
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The level of both cholesterol and triglyceride increased 2 weeks before EDD and at the parturition
time when compared with 4 weeks before EDD, then
returned to the basal level at 2 weeks and 4 weeks
post-partum (Table 2). These results reflect their increased hepatic synthesis as a result of an increase in
the activities of both lipoprotein lipase and hepatic lipase, which are responsible for the catabolism of the
very low density lipoprotein (Watson et al., 1993).
The leptin level showed a significant (P<0.05)
decrease at both 2 weeks and 4 weeks post-partum
compared to other time points (Table 2). This may be
attributed to the energetic cost of lactation by delivering milk, together with negative energy balance as
previously reported (Block et al., 2001). Therefore,
undernourished animals alleviate the level of leptin,
while increasing the level of cortisol, which contributes to metabolic adaptations and feeding behavior
(Vernon et al., 2002; Chilliard et al., 2005).
Plasma glucose level increased significantly
(P<0.05) at the parturition time, then decreased significantly (P<0.05) 2 weeks post-partum when compared with other 3 time points (Table 2). The increased
glucose level at the parturition time may be attributed
to the metabolic changes towards gluconeogenesis as
a result of the hormonal changes that occur at such
time, promoting gluconeogenesis and glycogenolysis
(Vazquez-Annon et al., 1994). On the other side, the
decreased glucose level at 2 weeks post-partum can
be attributed to the high energy demands needed for
lactation (Mohammadi et al., 2016). The glucose level
increased again 4 weeks post-partum and returned to
the basal level, which could be attributed to the recovery of feed intake and the decreased state of negative
energy balance (Cal-Pereyra et al., 2015).
Total protein level increased significantly (P<0.05)
at both 2 weeks and 4 weeks post-partum when compared with other time points (Table 2). In late pregnant ewes, the total protein level tends to decrease as
all fetal protein was synthesized from amino acids
derived from dam and the growth of fetus increases
exponentially, reaching a highest level, especially the
muscles (Jainudeen and Hafez, 2000). However, at
early lactation period in studied ewes, total protein
level increased significantly (P<0.05) due to the increase in immunoglobulin needed for synthesis of colostrum (Shetaewi and Daghash, 1993; Tharwat et al.
2012). In the studied Barki ewes, albumin level tends
to decrease during the peri-partum period in comparison with those recorded at the parturition time and at
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both 2 and 4 weeks post-partum (Table 2), suggesting
a case of altered hepatocellular function and fatty liver in response to negative energy balance (Nehra et
al., 2001; Tharwat et al., 2015). Moreover, a proportion of the presenting albumin in the circulating blood
is correlated with calcium level. Thus, the decreased
calcium level in the studied ewes may be another explanation for the low albumin level (Goff, 2000).
Calcium and inorganic phosphorus levels decreased significantly (P<0.05) at the parturition time
and at 2 weeks post-partum when compared with other
time points (Table 2), indicating profound physiological changes in both elements, but are not necessarily
indicative of a disease. The decreased calcium level at
transition period is a physiological state that reflects
the onset of colostrum/milk production. Furthermore,
the absorption of both calcium and phosphorous may
be decreased from the intestine due to a fatty liver and
a decrease in the number of 1,25-dihydroxyvitamin
D receptors (Goff, 2000). However, the magnesium
level showed non-significant changes among the five
different time points (Table 2).
CONCLUSION
Barki ewes showed profound physiological alterations in certain analytes during transition period
particularly β-hydroxy butyric acid (BHBA), non-esterified fatty acid (NEFA), cholesterol, triglyceride,
leptin, glucose, total protein, albumin, calcium, and
inorganic phosphorus, reflecting physiological variations. The results indicated that the metabolic profile
test was required to determine the nutritional status
of Barki ewes, and to take the potential preventive
measures that increase ewes’ productivity and predict
health disorders.
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INTRODUCTION
occidiosis is an important disease infecting the
intestine of chicken, which is caused by Eimeria (protozoa) species (Alzahrani et al., 2016; Abbas
et al., 2019a). Coccidiosis causes heavy economic
losses to poultry farming in different parts of world
(Bachaya et al., 2015; Abbas et al., 2017). Disease
has various clinical features such as poor weight
gain, high mortality and bloody feces (Masood et al.,
2013). Oocysts of Eimeria sporulate rapidly in soil
having high multiplication rate due to which its prevention is difficult once its outbreak has occurred at
poultry farm (Zaman et al., 2012). Poultry coccidiosis
has been controlled by using synthetic anticoccidial
drugs but, due to their frequent and irrationale use resistance has been developed due to which this method
is ineffective in controlling of disease (Alzahrani et
al., 2016; Abbas et al., 2017).

C

So, in matter of achieving success in controlling
this severe disease other options and protocols are
effectively used in different countries of world (Zhang
et al., 2018; Bakr et al., 2019; Sarwar et al., 2019).
Among other options plant-derived compounds and
their products have shown better anticoccidial effects
(Gadelhaq et al., 2018; Farieha et al., 2019; Zhang et
al., 2020). Botanicals such as Camellia sinensis (Abbas et al., 2017), Ageratum conyzoides (Nweze and
Obiwulu, 2009), Vitis vinifera (Wang et al., 2008),
Saccharum officinarum (Abbas et al., 2015) are reported to have excellent anticoccidial and immunomodulatory activity against coccidiosis.
Vitis vinifera commonly known as grape is one
of the most abundant cultivated plants all over the
world and is rich with various usefull antioxidant
compounds including flavanoids, anthocyanins, catechin and epicatechins. These antioxidant compounds
are well known for their therapeutic, health beneficial
and immunomodulatory effects in poultry and other
livestock (Kara et al., 2016; Kasapidou et al., 2016).
Due to its availibilty in large quantity and its content
in bioactive compounds contained in it is a suitable
candidate for improving poultry production.
Based on the various therapeutic and health beneficial effects of V. vinifera and very limited published
research on its effect against Eimeria, the current experiment was conducted to evalaute in vitro anticoccidial potential of V. vinifera extract a on oocysts of
four Eimeria species of broiler chicken.

MATERIALS AND METHODS
Preparation of Vitis vinifera extract
Seeds of V. vinifera were obtained from local market in Faisalabad, Pakistan. The plant material were
authenticated by botanist of University of Agriculture
Faisalabad and were dried and converted in powder
form using an electric grinder. Aqueous methanolic
extract of V. vinifera (seeds) was prepared using using Soxhlet’s apparatus (Velp Italy) following method
described by Abbas et al. (2015). Prepared V. vinifera
extract (VVE), was stored at 40C untill further use.
Collection of Eimeria oocysts
Oocysts of four Eimeria species were collected
from the caeca of infected broilers from different reported cases in Faisalabad. Collected oocysts were
preserved in potassium dichromate solution (2.5%)
following the procedure as described by Ryley et al.
(1976).
Experimental design
The experiment was reviewed and approved by
Research and Ethics Committee of Department of
Parasitology, University of Agriculture Faisalabad,
Pakistan. In vitro efficacy of V. vinifera extract (VVE)
was evaluated by a sporulation inhibition assay. For
this purpose, unsporulated oocysts (100 oocysts/5ml)
of four Eimeria species (E. tenella, E. brunetti, E.
necatrix and E. mitis) were exposed to different concenterations (w/v; 10, 5, 2.5, 1.25, 0.625 and 0.31%)
of VVE in 10% Dimethylsulfoxide (DMSO) solution in 5cm petri dishes by making two fold serial
dilutions. DMSO and potassium dichromate solution (K2Cr2O7) served as control groups. Incubation
of Eimeria oocysts was done for 48 hours at 27-290C
and 60% humidity. Three replications were made for
each concentration. The sporulation process of Eimeria oocysts was checked under light microscope at
40x. A total of 40 oocysts for each Eimeria species
were counted in all treatment and control groups. The
oocysts with 4 sporocysts was considered sporulated
regardless the shape and size of the sporocysts. Eimeria oocysts having damaged wall and misshapen were
considered damaged. The Percentage of sporulation
and damaged of each Eimeria species was determined
out of total counted oocysts. Sporulation inhibition
(SI) and damage of Eimeria oocysts was determined
in percentage by following the method by You (2014).
Statistical analysis
Data were analyzed by Analysis of Variance
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(ANOVA) and significance among groups was determined at P< 0.05. For comparisons of means Duncan’s multiple range test was used.
RESULTS
The statistical analysis showed that all dilutions
of V. vinifera extract (VVE) significantly affected
the sporulation process of Eimeria oocysts of all the
four species (E. tenella, E. necatrix, E. brunetti and
E. mitis) as compared to both control groups (Control
1: DMSO, Control 2: Potassium dichromate solution
(K2Cr2O7) Figure 1. Effect of Vitis vinifera on percent
damage of Eimeria oocysts is shown in Figure 2. V. vinifera extract damaged internal and external the morphology of of Eimeria oocysts in concentration-de-
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pendent manner as compared to both control groups
(Control 1: DMSO, Control 2: Potassium dichromate
solution (K2Cr2O7). Among all tested Eimeria species
V. vinifera extract at higher dose significantly reduced
sporulation process and damaged occysts of E. tenella and E. necatrix. Oocysts of four Eimeria species
(E. tenella, E. necatrix, E. brunetti and E. mitis) were
differentiated on the basis of their morphology follwing method as decribed Abbas et al. (2019b). Photomicrographs of normal Eimeria oocysts and damaged
Eimeria oocysts by V. vinifera extract in terms shape
and wall are shown in Figure 3. It can be clearly seen
in Figure 3 that V. vinifera extract inhibited sporulation and also damaged the morphology of Eimeria
oocysts.

Figure 1: Effect of V. vinifera extract on % sporulation of oocysts of four Eimeria species Control-1 (DMSO) and Control-2 (K2Cr2O7).
Asterisks (*) indicate a difference from the control groups
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Figure 2: Effect of Vitis vinifera extract on percent damage of oocysts of four Eimeria species. Control-1 (DMSO) and Control-2
(K2Cr2O7). Asterisks (*) indicate a difference from the control groups

A.

B.

Figure 3: Photomicrographs of Eimeria oocysts

A: Normal sporulated oocysts of Eimeria.
B &C: Damaged Eimeria oocysts by V. Vinifera extract in terms shape and wall
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DISCUSSION
Many botanicals and their products are reported to
have excellent anticoccidial activity as proven by different in vitro and in vivo studies (Abbas et al., 2015,
2017). In the present, as well as in previous studies
(Zaman et al.,2012; Gadelhaq et al., 2018; Mujahid et
al., 2019), the in vitro anticoccidial effect of V. vinifera extract was measured in terms of percent sporulation inhibition and damage of Eimeria oocysts.The
results showed an inhibitory effect on sporulation and
damage of Eimeria oocysts in dose dependent manner.
In addition, V. vinifera extract also affected the
morphology of Eimeria oocysts in terms of abnormal
shape of oocysts and sporocysts. Likewise, an aqueous extract of pine bark also showed a similar effect
on sporulation of Eimeria oocysts (Molan et al.,
2009). In a recent study, Gadelhaq et al. (2018) have
reported the in vitro anticoccidial effects of chemicals
and natural products. They concluded that commonly
used disinfectants such as formalin and ethanol (70%)
are the most effective in inhibition of sporulation process of different Eimeria species.
Abbas et al. (2019b) has reported in vitro anticoccidial effects of Trachsypermum ammi extract on oocysts of four Eimeria species of chickens. T. ammi
inhibited sporulation of Eimeria oocysts and also
damaged them. T. ammi effect was in dose dependent
manner against Eimeria oocysts.
Abbas et al. (2015) have reported a similar,
dose-dependent, in vitro anticoccidial effect of S. officiarum (sugar cane) extract on inhibition sporulation
of Eimeria oocysts in dose dependent manner. Such
high in vitro anticoccidial potential of V. vinifera extract might be due to action of its antioxidant compounds against Eimeria.
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has been reported previously and a significant reduction in sporulation rate of Eimeria oocysts was observed after exposure to C. sinensis extract (Molan
and Thomas, 2007).
In another study, in vitro destruction of Eimeria
oocysts by essential oils has been reported (Remmal
et al., 2013).
In the present study V. vinifera showed an in vitro
anticoccidial potential against Eimeria oocysts which
might be due to the action of its various flavonoids
so-called antioxidant compounds including anthocyanins, catechin and epicatechins. However further
studies and in vivo trials are needed to understand its
anticoccidial effect in poultry.
CONCLUSION
It was concluded from the results of the present
study that V. vinifera (grape seed) extract extract have
in vitro anticoccidial potential against four Eimeria
species. V. vinifera extract damaged the morphology
and inhibited the sporulation process of Eimeria oocysts of all tested species. In vitro results of this study
can help in future to explore and develop effective
herbal remedy based on antioxidant compounds of
V. vinifera by conducting in vivo trials t for treating
poultry coccidiosis.
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Comparative efficacy of Amprolium, Garlic oil (Allium sativum) and Ginger oil
(Zingiber officinale) against Coccidiosis in common quail (Coturnix coturnix)
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ABSTRACT: In birds, Eimeria species are commonly reported coccidian parasites that cause anorexia, debilitation,
bloody diarrhea, mortalities and economical losses. This study was conducted on 30 clinical cases of common quails
presented at Pet Centre, University of Veterinary and Animal Sciences, Lahore, suffering from coccidiosis. The aim of
this study was to evaluate in vivo comparative anti-coccidial efficacy of amprolium, garlic oil and ginger oil. Drinking
water of affected birds was supplemented with amprolium (130 mg/1000 mL), garlic oil (150µL/100 mL) and ginger
oil (150µL/100 mL) for 15 days and fecal sample screening for coccidia oocyst count was performed on days 0, 3, 5,
7, 11 and 15 using direct microscopy with fecal floatation method and McMaster chamber counting technique. Data
was statistically analyzed which revealed that amprolium showed highest and rapid efficacy against coccidiosis with
complete disappearance of oocysts and improved activity level with better health, increased feed intake and normal
feces on day 11, followed by garlic oil that showed recovery from oocysts on day 15, whereas in ginger oil treated birds
oocysts were present till the end of study. It was concluded that amprolium is highly effective against coccidiosis followed by garlic oil; on the other hand, ginger oil was not clinically effective for the treatment of coccidiosis in quails.
Keywords: Quail, Coccidiosis, Garlic oil, Amprolium, Ginger oil.
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INTRODUCTION
occidiosis is a subclinical to clinical cosmopolitan
protozoal disease of birds causing cachexia and
mortality in severe cases (Bozkurt et al. 2014, Akhtar
et al. 2012). As spores enter the body, they cause
intestinal epithelial damage which leads to abdominal pain, anorexia, cachexia, impaired absorption of
nutrients and diarrhea that may contain mucous and
blood (Bello et al.). Different drugs are recommended against coccidiosis in birds but potential hazard of
drug resistance with noxious results on bird’s fitness
hinders their use every time. Modern therapeutic preferences against coccidian include herbal medicines
which do not have any harmful effect on end consumer. Among various herbal remedies garlic has anti-bacterial, anti-viral and anti-parasitic effects mainly
because of high concentration of sulfur compounds
(Gebreyohannes and Gebreyohannes 2013). Similarly, ginger also has anti-parasitic and anti-protozoal activities whereas; on commercial scale, amprolium is the
most commonly used anti-coccidial drug. The present study was designed to evaluate in vivo efficacy of
commercially used amprolium with herbal products
viz. garlic and ginger oils against coccidiosis in quail.

C

MATERIALS AND METHODS
The study was conducted on different clinical cases of diarrhea in common quail (Coturnix coturnix)
reported at Pet Centre, University of Veterinary and
Animal Sciences (UVAS), Lahore, Pakistan. Suspected cases were isolated for laboratory investigation through double fecal examination at Pet Centre
diagnostic Laboratory, till the random selection of 30
adult quails. The recruitment took 1 month and 17
days1. No control group was included due to welfare
and ethical restrictions for diseased birds. The selected birds were acquired from the owners for this study
(after confirmation for oocysts in fecal samples). After completion of count of 10 birds, they were labeled;
oocysts were enumerated from each individual’s fecal
sample and then shifted together, treatment protocols
were started soon afterwards.
1. Management of selected birds
The quails were housed in bird cages (10 quails
in a cage measuring 43 cm x 38 cm x 27 cm) in well
ventilated and lit area. Prior to the shifting of birds all
1
Coccidiosis is endemic in Pakistan, with frequent temporal and
spatial epidemics. As the sample patients were recovered from quail
farms, and other bird markets during an epidemic in 2019, that’s why there
was no issue in collection or maintaining the study groups.

cages were cleaned with Bectol Plus (Chlorhexidine
Gluconate Soln. I.P. 1.5%) solution through spraying
followed by fumigation with potassium permanganate 1gm/liter and 10% formalin solutions in 1 liter of
water. All birds had ad-libitum access to fresh clean
water and commercial feed (National Feed Pakistan,
no. 14).
2. Grouping of study birds:
The selected quails were equally divided into 3
groups (A, B, C) having 10 birds each. Treatment was
provided for 15 days. Pre and post treatment fecal
samples were collected on days 0, 3, 5, 7, 11, and 15.
3. Laboratory processing:
Each fecal sample was processed in Pet Centre diagnostic laboratory as per following protocol:
i. Floatation Technique
• Saturated solution of sodium chloride was prepared
and the specific gravity of solution was adjusted at
1.18 using hydrometer.
• One gram of fecal sample was mixed with 14 mL
tap water in 100 mL beaker.
• Mixture was thoroughly mixed, sieved and shifted
to another beaker.
• The mixture was centrifuged at 1500 rpm for 2
minutes.
• After centrifugation, supernatant was discarded
and packed sediment was stirred together and shifted in a test tube.
• Saturated NaCl solution was added in the test tube
up to the complete fill. The sample was turned upside down several times to mix the sediment.
• A cover slip was placed onto the test tube so that it
touched the surface of the contents of test tube for
5 minutes.
• The cover slip was removed and placed on a glass
slide and observed under microscope under magnification 4X, 10X to confirm the presence of Eimeria species oocysts.
ii. McMaster Technique
It is a quantitative technique for measuring the
number of oocysts in one gram of fecal sample. The
technique was performed as follows:
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• One gram of fecal sample was mixed with 14 mL
tap water in 100 mL beaker.
• Mixture was mixed thoroughly, sieved and shifted
to another beaker.
• The mixture was centrifuged at1500 rpm for 2 minutes.
• A 0.15 mL of the sediment was collected using
pipette, and added to both compartments of McMaster slide. The system was left undisturbed for
5 minutes.
• McMaster chambers were observed under microscope at 10X, and oocysts were counted inside the
lined area of both chambers.
• Total oocytes calculation in one gram of sample
was calculated using the following formula:
Number

X
0.15

of

oocysts

per

gram

of

feces=

x 15 x 1

OR
Number of oocysts per gram of feces = X x 100
Where,
X
Average number of oocysts in couting chamber
=
0.15
Volume of sample in 1 cm2 of chamber

15: Total volume of sample (14mL water + 1g of
sample)
01: correction factor for 1g of fecal sample
4. Protocol of Medication
Group A: 130 mg/1000mL in drinking water.
Group B: Pure garlic oil @ 150µL/100mL in
drinking water.
Group C: Pure ginger oil @ 150µL/100mL in
drinking water.
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6. Statistical Analysis:
The research data were analyzed statistically using analysis of variance (ANOVA) and chi square test
(where applicable) on SPSS version 16.0.
RESULTS
At the beginning of this study all birds were showing weight loss, ruffled feathers, huddling, depression,
anorexia, and watery/bloody diarrhea. After initiation
of the treatment improvement was observed in general health status that included decreased oocyst count,
increased feed intake, weight gain and activity level.
Oocysts Count:
A decrease in oocysts count was observed during a
period of 0-15 days in group A. Statistically, multivariate analysis revealed significant difference (P<0.05)
in oocyst count per gram of fecal sample from days
0-15 in all treated birds. In group B, a significant
lowering (P<0.05) of infection load in all birds was
observed. In group C, a decrease in number of oocysts from days 0-15 was observed but all birds were
positive for coccidia till the end of study and no significant improvement was observed in overall health
status or oocyst count reduction (P>0.05). (Fig. 1)
Feed Intake and body weight:
In group A, statistical analysis revealed a significant difference (P<0.05) of quantity of feed intake
with improved health between days 0 and 15. In
group B, there was significant increase in feed intake from day 5 to 10 but both these parameters were
non-significant between days 10 to 15 (P>0.05). In
group C, there was non-significant (P>0.05) increase
in feed intake from day 5 to 15 and showed a constant
level of feed intake from days 5 to 15, weight gain
responded the treatment same way around (Fig. 2 &
3). Respectively, among group A, B and C statistical
analysis revealed a significant difference of quantity
of feed intake (P<0.05).

5. Parameters of Study:
Following were the parameters of this study.
• Oocysts count
• Feed intake Body weight
• Activity level
• Mortality
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Figure 1: Oocyst count per gram during treatment (overall trend indicating efficacy of Amprolium, Garlic oil and Ginger oil)

Figure 2: Body weight (overall trend between groups during treatment)

Figure 3: Mean feed consumption in all groups during treatment
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Figure 4: Activity level of birds during treatment

Activity level of birds and mortality:
All the birds in group A, B and C were presenting signs of general dullness and depression on day
0 but with the passage of time and treatment there
was significant increase (P<0.05) in general activity
level of all birds in group A, B with slight improvement of birds in group C from days 0-15. The activity levels are presented in Fig. 4, in which “1” was
marked as no to very less activity followed by “2”
which demonstrated mild activity but huddling was
still present whereas, “3” denoted as active and bright
with less huddling and almost normal activities and
“4” described as the optimal activity pattern.

Study was performed by Ali et al. (2019), in which
the author evaluated the comparative efficacy of garlic, ginger and amprolium against coccidiosis in broiler chicken and found that the oocysts reduction was
highest in amprolium treated group followed by garlic
and ginger treated groups. Same trend was observed
in mean body weight in which amprolium treated
group gained highest weight followed by garlic and
ginger till the end of the study. Both the parameters
had same results as of the present study but a different trend of feed intake was observed in which feed
intake remained highest in amprolium treated group,
followed by ginger and garlic treated groups.

In group A and B, acute mortalities were observed
on day 02 of study. The clinical signs of those birds
included severe dehydration and emaciation. On postmortem examination, there was emphysemation of
intestines and after the removal of contents, mucosal
sloughing and diffused, multifocal mucosal necrotic foci were observed. No further mortality was observed in these groups. Two mortalities were observed
in group C, on days 02 and 05 of study. Postmortem
findings were as same as in groups A and B.

As garlic oil has sulphur comprising compounds,
17 amino acids, enzymes, minerals and alkaloids
(e.g. allicin). The rise in body weight may be result
of these compounds in garlic. Allicin also helps to
recover and redevelop the functional structure of the
epithelium layer of intestines, increases height of villus and depth of crypt cells, that finally helps the digestive ability through better absorption of valuable
nutrients (Adibmoradi et al. 2006). Garlic is also well
reputed for immunogenic effects i.e. production of
antibodies, white blood cells and increased phagocytosis of pathogenic organisms (Khan et al. 2012). All
these qualities of garlic play therapeutic role as anti-coccidial drug. Kim et al. (2013) described that the
treatment of energetic ingredients of garlic oil (propyl
thiosulphinate and propyl thiosulphinate oxide) had
reduced fecal oocysts defecation and also increased

DISCUSSION
Coccidiosis is an important imperative peculiarity
in the fowl production around the World. In present
study amprolium, garlic oil and ginger oil showed
their effect on body weight of all birds in varying degree.
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antibody reaction against Eimeria acervulina in broiler chicks. Garlic also contains sulphur compounds in
large amounts due to which it has anti-parasitic effects
(Gebreyohannes and Gebreyohannes 2013). In another study conducted by Waqas et al. (2018) on broiler
bird using different forms of garlic viz., garlic powder,
ethanol extract, aqueous solution used at dosage 2-4
mg/kg body weight, it was observed that anti-coccidial efficacy of garlic with the highest efficacy recorded
for aqueous solution of garlic. Allicin also possesses
antiparasitic and antioxidant properties and activates
the immunity by increasing profiline antibody reaction, it also increases the cytoplasmic permeability of
Eimeria cells which damages the cellular framework
leading to destruction of the sporozoites (Khan et al.
2012, Kim et al. 2013). The decreased oocysts number is also the result of different phenolic compounds
naturally present in garlic oil which affect the cytoplasmic membrane of Eimeria and cause alteration in
their risk avoidance permeability and ultimately lead
to the death of Eimeria (Tanweer et al. 2014). The
lesser mortality (greater survival percentage) in garlic
oil treated group was most probably associated with
the antioxidant properties of garlic which results oxidative stress in contradiction of parasites and nullify
oxygen reactive species.

Ginger also has numerous essential pharmacological compounds that include shogaols, gingerol, gingerdione, and gingerdiol have antioxidant properties
due to which it possesses cocciodiostat properties
(Raza et al. 2016). Although no study data are available on the effect of ginger in quail coccidiosis but
Nasution et al. (2018) found it efficacious coccidiostat
against Eimeria tanella in broilers. Ali et al. (2014)
also found aqueous extracts to be effective against
coccidia in pigeons. Slight improvement in body
weight gain in common quails treated with ginger
oil was due to increased palatability and digestibility
leading to increased body weight (Khan et al. 2012).
CONCLUSION
On the basis of findings of this study it was concluded that anti-coccidial activity of amprolium is
higher than garlic oil whereas ginger oil is not found
to be effective as amprolium and garlic oil.
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ABSTRACT: Bovine tuberculosis is a zoonotic disease which should be emphasized in our country as in many countries. A large number of genotypes have been revealed by spoligotyping method of M. bovis in the world. M. bovis SIT
482. BOV is one of these genotypes and it is also M. bovis genotype in which BCG vaccine is administered in humans.
The BCG vaccine is obtained through multiple passages of this genotype. However, this genotype, like other genotypes, can cause serious infections in humans and animals. There are data on the isolation of M. bovis SIT 482 BOV
from animal and human tuberculosis cases in the world. In our country, the isolation of this genotype has been reported
only in humans and no data have been found in the animals. In this study, M. bovis SIT 482. BOV was isolated from the
samples of six cattle with internal organ samples obtained from licensed slaughterhouses in Aksaray. While isolation is
carried out with BACTEC MGIT 960 liquid media, spoligotyping was carried out according to the manufacturer’s with
kit (Isogen LifeScience, The Netherlands). This study aims to report M. bovis SIT 482 BOV from cattle in Turkey for
the first time, to draw attention a very limited number reported in M. bovis cases in Turkey, highlight the importance of
genotyping of tuberculosis factors and contribute to epidemiological studies. These and similar studies will contribute
to the creation of genetic maps for eradication of M. bovis from cattle in our country. The study was also conducted to
investigate whether M. bovis SIT 482. BOV isolated from cattle in Aksaray province is BCG strain or another strain
giving the same pattern.
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INTRODUCTION
ycobacterium bovis is a pathogen within the
Mycobacterium Tuberculosis Complex (MTC)
that causes tuberculosis in animals and humans (Rodwell et al., 2008). M. bovis, the causative agent of bovine tuberculosis, has the widest host range among
the MTC members (Wei et al., 2004), and infects animals, especially cattle, and sometimes humans (Mignard et al., 2006).

M

Among the cattle, M. bovis is mostly transmitted
by the airway, but by ingestion of the contaminated material, the infection may also occur. When the
bacterium enters the lungs it begins to multiply and
usually spreads to the lymph nodes of the lungs (Menzies and Neill, 2000). The transmission of M. bovis
from the cattle to the people is the most contaminated,
non-pasteurized milk consumption, but it is observed
by direct contact with infected animals (Lari et al.,
2006) or by inhalation of infectious aerosols extracted
from the sick animals (Mignard et al., 2006).
On the other hand, in many cases, the clinical and
pathological features of M. bovis cannot be distinguished from M. tuberculosis infection (Rodwell et
al., 2008; Lari et al., 2006) and the incidence of M.
bovis in human infections is unknown, as many laboratories provide general diagnoses under the name
MTC. Therefore, identification and genotyping of the
mycobacterial agents are important in diagnosing humans. Again, considering the presence of multi-drug
resistant M. bovis strains and M. bovis co-infection
with HIV, M. bovis studies are also gaining value
(Rodwell et al., 2008). The American General Health
Organization and World Health Organization state
that in South America every year, 7,000 new cases
of human tuberculosis caused by M. bovis have been
reported and the actual incidence is estimated to be
eight times higher (Wei et al., 2004).
M. bovis BCG was obtained by passaging M. bovis 230 times over 13 years and is used as a vaccine
strain throughout the world (Keating et al., 2005). M.
bovis SIT 482. BOV has the same spoligotype patterns
as the BCG vaccine strain and can cause infections in
humans and animals. M. bovis SIT 482 BOV was isolated from humans (Lari et al., 2016; Mokrousov et al.,
2010) and cattle (Sahraoui et al., 2009; Munyeme et
al., 2009; Parreiras et al., 2012) in the World. M. bovis SIT 482 BOV has been reported in humans in our
country (Çavusoğlu et al., 2007; Aslan et al., 2009) but
data from this genotype was not detected from animals
in Yurkey. Knowing which genotypes are available to

combat M. bovis in our country will be of great benefit.
In the diagnosis of M. bovis, isolation is the gold
method and identification is usually made by genetically based methods. Although the Restriction Fragment
Lenth Polymorphism (RFLP) method is commonly
used in genotyping the agents, Spoligotyping (Spacer Oligonucleotide Type Analysis) method based on
PCR amplification of the Direct Repeat (DR) region
of MTC has been preferred in recent years for identification (Kamerbeek et al. 1997; Schlossberg, 2017).
Spoligotyping is a method based on the polymorphism
of DR regions in mycobacterial DNA. The DR regions
were formed by the spacing of non-repetitive spacers
between a number of repetitive sequences specific to
mycobacteria belonging to the member of the MTC.
In this method, all DR regions are amplified by PCR
following DNA extraction. The resulting amplicons are
hybridized with membrane-bound separator oligonucleotides and made visible by streptavidin-peroxidase
autoradiography (Marchetti et al., 1997). Spoligotyping results are in the form of numbers and are converted
into number series that define the hybridization model.
This study aims to report M. Bovis SIT 482 BOV
from the slaughterhouse samples of cattle in Turkey for
the first time, to draw attention to a very limited number reported in M. bovis cases, highlight the importance
of genotyping of tuberculosis factors and contribute to
epidemiological studies. This and similar studies will
contribute to the creation of genetic maps necessary for
eradication of M. bovis from cattle in the World.
MATERİALS AND METHODS
Samples
This study performed during wintger months (January and February), after the permission received
from the Ministry of Food, Agriculture and Livestock.
In this research, a sample of the internal organs (lung
and related lymph nodes) of six cattle obtained from
the licensed slaughterhouses in Aksaray province was
used. These samples were transported in hazardous
material transport containers and in the cold chain to
the Mycobacteria laboratory of Ege University Medicine Faculty. The laboratory work was done.
Bacterial examination
Isolation
Sterile samples (weight 5 to 10 g) were homogenized using the stomacher and the homogenate was
taken to the decontamination process. For this purpose, tissue homogenate in 0.375-0.75% hexade-
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cylpyridiniumchloride (HPC, detergent) was shaken
at room temperature for 10-15 minutes. Sieves were
thawed from BACTEC MGIT 960 liquid media which
were thawed for primary isolation and the cultivated
media were incubated at 37 ° C for 8 weeks. (Arda
et al., 1997, Songer and Post, 2011). The BACTEC
MGIT 960 automatic mycobacteria detection system
was detected by stimulation in the liquid media.
Spoligotyping
Spoligotyping was performed as described by the
manufacturer of the kit. In summary; DNA was obtained from the isolates and M. tuberculosis H37Rv
and M. bovis BCG strains used as positive control
and DNA was obtained by ultrasonic bath method. 5% of the DNA obtained was used as template
DNA in PCR process. The PCR procedure was determined by DRa 5’-GGTTTTGGGTCTGACGAC-3
and biotin labeled DRb 5AC- CCGAGAGGGGACGGAAAC-3 ’primers used by Kamerbeek et al. (1997).
These primers were used in the amplification of the
DR region to be spoligotyped. DH2O was used as the
negative control in PCR. PCR mix with a total volume of 50 ml were 3 U Hot Star Taq DNA polymerase
(0.6 µl), 10X buffer (5 µl), 25 mM MgCl2 (5 µl), 20
pM DRa primer (4 µl), 20 pM DRb primer (4 µl),
molded DNA (5 µl), a mixture of 2.5 mM dNTP (4
µl), and nuclease purified dH2O (22.4 µl). Amplification conditions was in the form of after 15 min pre-denaturation at 95º C, 30 cycles of amplification at 95º C
for 1 min denaturation, connecting for 1 min at 55ºC
and elongation for 45 sec at 72ºC and 10 min final
elongation at 72ºC. The amplified PCR product was
hybridized with the nitrocellulose membrane attached
to the oligonucleotide with the help of the mini blotter. Hybridized DNA was detected by chemiluminescence. Following incubation with streptavidin-peroxidase followed by detection with ECL (Enhanced
Chemo-luminescence), the hybridized regions were
visualized as black squares on the film. Spoligotypes
were entered into the SpolDB4 spoligotyping database at http://www.pasteur-guadeloupe.fr in the form
of a binary format and converted to a 15-digit octal
code and compared with the strains recorded in the
database
RESULTS AND DISCUSSION
In this study, Mycobacterium bovis SIT 482 BOV
was isolated from the specimens (lungs and related
lymph nodes) of the six cattle obtained from licensed
slaughterhouses in Aksaray province BACTEC MGIT
960 automatic mycobacteria detection system showed

positive signal İn three weeks ago after planting in
BACTEC MGIT 960 fluid medium. Macroscopic image samples of organ are given in Figure 1. The study
was also conducted to research whether M. bovis SIT
482 BOV isolated from cattle in Aksaray province
was BCG strain or another strain giving the same pattern.

Figure 1. Macroscopic image of organs with tuberculosis nodules

Mycobacterium bovis SIT 482 BOV was isolated
from humans (Lari et al., 20016; Mokrousov et al.,
2010) and cattle (Sahraoui et al., 2009; Munyeme et
al., 2009; Parreiras et al., 2012) in the world. In our
country, although it was reported by Çavusoğlu et al.
(2007) and Aslan et al. (2009). M. bovis SIT 482 BOV
isolation data were not found from the animals. The
reason of the fact that the agent is not bitten in animals in our country is that M. bovis is one of the least
studied pathogens in our country due to the difficulties
such as zoonosis, isolation and identification difficulties and a level three laboraztories required to work.
Cavusoglu and Yilmaz (2017) spoligotyped in the
Aegean region of 13 M. bovis isolates 9 (63.6%) M.
bovis SIT 685 BOV, 1 (7.7%) M. bovis SIT 1118 BOV,
1 (7.7%) M. bovis SIT 820 was determined and found
no strains registered in the database for two isolates.
Avsever et al. (2017) isolated M. bovis SIT 685 BOV
from the goats in the same region. Again, Çavusoğlu
et al. (2007) and Aslan et al. (2009) isolated M. bovis
SIT 482. BOV from humans.
In this study, M. bovis SIT 482. BOV was isolated
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from cattle. These data indicate that at least M. bovis
SIT 482. BOV and SIT 685 BOV in our country can be
widespread from animals to humans. This and similar
studies are important in terms of understanding which
genotypes are a more important problem in humans and
animals in our country and which are more contagious.
In the study, BACTEC MGIT 960 fluid media and
BACTEC MGIT 960 automated mycobacteria detection system for the isolation of bacteria has multiple
advantages over the conventional method using Löwenstein-Jensen (LJ) solid media (Saini et al. 2017) The first
advantage is that fewer bacteria can be produced in a
faster time, the other advantage is that the system gives
a warning and that the first growth is understood in the
fastest time and that the human eye is not mistaken.
Tuberculosis disease is a holistic problem that
does not distinguish between human or animal in our
country. In order to solve this problem, veterinary and
medical microbiologists should work together and
support multidisciplinary studies. Neither the solution
of tuberculosis alone or human tuberculosis alone will
provide an effective remedy.

As a result, Mycobacterium of the slaughterhouse
samples of cattle in Turkey in this study M. bovis SIT
482 BOV reported for the first time, the country has
drawn attention to the very limited number of reported M. bovis cases, it highlighted the importance of
genotyping of tuberculosis agent and has tried to contribute to epidemiological studies. This and similar
studies will contribute to the creation of genetic maps
for the eradication of M. bovis from cattle in our country. Finally, this is mulutdisciplinary study among veterinarians and human doctors.
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ABSTRACT: Three-stage cluster random sampling was done for determination of the association of herd management
with the prevalence of tick (Acari: Ixodidae) infestation in goats (Capra hircus) in southern Punjab, Pakistan. A total
of 136 nomadic goat herds and settled farms were screened for ticks and related information like nature of herds, herd
size, farming pattern, animal keeping, housing, floor pattern and hygienic measures and documented on a pre-structured questionnaire. In addition, participatory epidemiological tools were used to document trends of consultancy and
therapy, choice of drugs and therapeutic approaches. A significant tick infestation (56.30%) was found in all the settled
farms or nomadic herds irrespective of the herd size; however, herds having 40-60 goats showed highest infestation.
Among 109 (80.1%) settled farms and 27 (19.8%) nomadic herds, highest infestation was found in nomadic herds.
No significant association of tick infestation was found with the goat herds reared with large ruminants or separately.
Association of tick infestation with goat herds reared in closed housing system was found to be significantly higher
as compared to partially-closed or open. Tethered goats showed significantly higher rate of tick infestation than free
living. Uncemented (Kacha) floor was a higher risk factor for tick infestation as compared to cemented and bricked.
The goats of the settled farms were more prone to tick infestation whose owner neglected the tick infestation, consulted
with quacks, used ethnoveterinary medicine and petroleum for control of ticks. The findings of present study will be
helpful in devising appropriate extension services for the control of tick infestation in the selected region in specific
and in resource-poor countries with similar livestock husbandry systems, in general.
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INTRODUCTION
ick (Acari: Ixodidae) infestation is one of the serious threats to the livestock population all around
the world especially in resource-poor countries like
Pakistan. Directly, tick infestation is responsible for
damaging the quality of hides and skin which ultimately reduce their economic value in leather industry. Indirectly, tick infestation is related to reduced
milk production (Sajid et al., 2007), increased mortality (Jongejan & Uilenberg, 2004), transmission of
serious diseases (such as anaplasmosis, babesiosis
and theileriosis), causation of allergy, severe irritation and toxicosis (Khan et al., 2013; Peckle et al.,
2013; Palomar et al., 2014; Rojas et al., 2014, Sajid
et al., 2018). Livestock sector is an integral part of
the economy of Pakistan as a considerable number of
people depend upon keeping livestock for their sustenance. In Pakistan, investigations regarding tick
abundance and distribution, taxonomy, ecology of the
pest complex, acaricidal efficacy (Kakar & Kakarsulemankhel, 2008; Durrani & Shakoori, 2009; Perveen et al., 2010) as well as functional genomics of
ticks have gained currency since last decade (Karim
et al., 2017). Ticks have been well-documented from
almost all regions of Pakistan including Sindh (Soomro et al., 2014), Khyber Pakhtunkwa (KPK) (Ali et al.,
2019), Balochistan (Kakar et al., 2017), Punjab (Sajid
et al., 2008; 2009; 2011) and northern areas of Pakistan including Gilgit-Baltistan (Sajid et al., 2017).
Many risk factors are associated with tick infestation
in farm animals which have a direct impact on the epidemiology of tick-borne diseases (Karim et al., 2017;
Sajid et al., 2018; Hassan et al., 2018; Rashid et al.,
2019; Rizwan et al., 2019) Small ruminant population particularly goats (called as the poor man’s cow)
contribute a major share in the livestock population
of the country (Afzal and Naqvi, 2003). However, in
spite of immense significance of goats in the livestock
economy of Pakistan, along with other animal health
issues, information regarding the ticks and tick-borne
disease dynamics in nomadic and settled farming
systems and trends of the small holder goat farming
community/ nomads about tick management in the
country is lacking. The present study determined the
possible risk factors relating to the tick infestation in
goat population of the selected districts; Layyah and
Muzaffargarh, in Punjab, Pakistan and highlighted the
possible statistical associations with prevailing management practices in this area. The information collected from the survey explores the relevant ground
realities which will not only be helpful for the nomads

T

and small farm holders of the area but also for the decision makers for subjective planning of tick control
program in the area.
MATERIALS AND METHODS
Study Area and Sampling of Animals
The study was conducted in two districts of lower
Punjab i.e. Muzaffargarh and Layyah. These districts
are situated in the north side of Chenab and Indus rivers. Three stage cluster random sampling was used for
the selection of goats from study areas. Sample size
of the union councils as primary units, farms/herds as
secondary and animals as elementary units were randomly calculated using formulae given by Thrusfield
et al. (2018). A total of 136 farms/herds (5644 goats)
were entered into the current survey. Farms/herds
were selected to at least be 10 km apart from each
other and having at least 10 goats. All the animals
from selected farms/herds were examined and sampling was done during July 2017 to December 2017.
Collection of Information Regarding Herd Management Factors
Before initiation of the study, a pilot survey for
refinement of the questionnaire was conducted. Relevant information from the 136 enrolled goat herds
(settled or free grazing herds/farms) regarding (i) herd
size; (ii) herd nature (settled or nomadic farms); (iii)
pattern of farming (separate or associated with large
animals); (iv) housing (closed, partially closed or
open); (v) animal keeping (free or tethered); (vi) floor
pattern (cemented, partially cemented or uncemented) and hygienic measures (excellent, poor or acceptable) were collected on a pre-designed questionnaire
(Thrusfield et al., 2018). Parameters like, (i) trend of
therapy by farmers (attending or neglecting tick infestation); (ii) trend of consultancy (quacks, veterinarians or self-medication); (iii) therapeutic approach
(allopathic acaricides or ethnoveterinary medicine)
and (iv) choice of drugs (cypermethrin spray or pourons, ivermectin injectable, plant extracts, petroleum
or oils) were also collected form settled farms and nomadic herds.
Collection and Identification of Ticks
All goats of 136 herds were screened for tick infestation. Ticks were carefully collected from infested goats with the help of forceps (Soulsby, 1982) and
preserved in 70% ethyl alcohol. Ticks from each goat
were stored in a separate plastic bottle and labeled
with the area, age, sex and date of collection. Taxo-
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nomic identification of collected ticks was done in the
Department of Parasitology, University of Agriculture, Faisalabad (UAF), Pakistan by using keys given
by Walker et al. (2007).
Statistical Analyses
The association of tick infestation with different risk factors was statistically analyzed using chisquare test. Pair-wise comparison was carried out at
95% confidence level keeping the 10-20 goats/herd,
nomadic herds, separate farming, open housing system, non-tethered animal keeping, cemented floor
pattern, trend of attending tick infestation, veterinarian consultancy, allopathic therapeutic approach and
cypermethrin as drug of choice as reference groups
in the analysis (Schork and Remington, 2010). All the
analyses were done by using SAS (2010) software
package.
RESULTS
Two species of ticks i.e. Hyalomma (Euhyalomma) anatolicum and Rhipicephalus (R.) sanguineus
were identified from the study areas. Prevalence of
H. anatolicum (76.72%) was significantly higher than
R. sanguineus (23.28%). Overall prevalence of the
tick infestation was 56.3% in goat population of the
selected districts. Prevalence rate was higher in district Muzaffargarh (68.32%) than in district Layyah
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(31.68%). The rate of tick infestation was higher
during July-August and lower during November-December.
The proportion of herds having 20-40 goats/ herd
was significantly higher than other groups. A significant tick infestation was found in all herd size, however, herds having 40-60 goats/herd (OR=2.61) showed
highest infestation. Among 109 (80.1%) settled farms
and 27 (19.8%) nomadic herds (OR=6.41), highest
infestation was found in nomadic herds. Regarding
farming system, a significantly higher number of goat
herds was associated with the large animals. However, a non-significant association was found in goat
herds reared with large ruminants or separately. In the
present investigation, most of the farmers were found
to adopt open housing system followed in order by
partially closed and closed housing system. Association of tick infestation with closed housing goat herds
was significantly higher as compared to open or partially closed. Goats kept as tethered (rope-tied and
fed indoors at all times) showed significantly higher infestation than those non-tethered. Uncemented
floor pattern was found significantly higher in most
of the goat herds which predisposed to higher risk of
tick infestation as compared to cemented or bricked.
Frequency distribution of tick infestation in several
categories of goat herds has been presented in Table 1.

Table 1. Determinants of herd management of goat (Capra hircus) influencing tick (Acari: Ixodidae) infestation in Layyah and Muzaffargarh district of Punjab, Pakistan
No. of Farms % of Ticks +ve Animals
% of
Lower Upper Odds
Parameters
groups
P-value
farms visited farms animals examined infestation
limit
limit
ratio
10-20 goat/ herd
33
136
24.3
198
504
39.3
0.0011
32.5
42.84
20-40 goat/ herd
65
136
47.8
1271
2200
57.8
0.0007 47.55 62.45
2.11
Herd Size 40-60 goat/ herd
19
136
14.0
786
1250
62.9
0.0006 56.43 69.57
2.61
60-80 goat/ herd
14
136
10.3
645
1130
57.1
0.0007 50.54 63.41
2.05
>80 goat/ herd
5
136
3.7
278
560
49.6
0.0010 40.71 53.22
1.52
settled
farms
109
136
80.1
1790
3990
44.9
0.0033
36.13
53.53
6.41
Nature of
groups
nomadic herds
27
136
19.9
1388
1654
83.9
76.04 90.96
Integrated with
89
109
81.7
2390
4206
56.8
0.0507 50.08 62.58
1.08
large animals
Farming
Separate
20
109
18.3
788
1438
54.8
46.63 60.71
Open
73
109
67.0
1766
3613
48.9
0.0013 42.08 56.26
Housing
Closed
9
109
8.3
456
623
73.2
0.0006 66.68 82.65
2.86
Partially closed
27
109
24.8
956
1408
67.9
0.0012 59.29 73.37
2.21
Tethered
15
109
13.8
1034
1390
74.4
0.0016 66.59 82.08
2.86
Animal
keeping
Free
94
109
86.2
2144
4254
50.4
41.61 58.06
Uncemented
89
109
81.7
2435
3310
73.6
0.0006 64.74 79.92 18.94
Floor
Cemented
8
109
7.3
98
765
12.8
0.0026
6.35
19.32
pattern
Bricked
12
109
11.0
645
1569
41.1
0.0020 34.68 49.65
4.75
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In nomadic herds, trend of neglecting tick infestation was higher (P<0.05) as compared to that in the
settled farms. However, in both systems consulting
with a veterinarian for tick infestation and use of allopathic drugs was least (P<0.05). Most of the farmers
consulted with quacks or relied on their own to treat
tick infestation (self-medication). Ethnoveterinary

practices like use of petroleum was higher than oils
and/or plant extracts while in allopathic drugs, ivermectin was used more lavishly than cypermethrin.
Farmers’ response rates relating to their attitude towards tick infestation and possible treatment options
in settled and nomadic goat farms combined with tick
infestation rates per category are provided in Table 2.

Table 2. Farmers’ response to tick (Acari: Ixodidae) infestation in settled farms and nomadic population of domestic goat (Capra hircus) in districts Layyah and Muzaffargarh, Punjab, Pakistan
Parameters

Groups

Neglecting tick
infestation
Attending tick
infestation
Veterinarians
Consultancy
Quacks
Self-reliance
Ethnoveterinary
Therapeutic
medicine
approaches
Allopathic
Ivermectin
Cypermethrin
Choice of
Oils
drugs
Plant extracts
Petroleum
Trend of
Therapy

Neglecting tick
infestation
Attending tick
infestation
Veterinarians
Consultancy
Quacks
Self-reliance
Ethnoveterinary
Therapeutic
medicine
approaches
Allopathic
Ivermectin
Cypermethrin
Choice of
Oils
drugs
Plant extracts
Petroleum
Trend of
Therapy

A: Settled Goat Farms
No. of Farms % of Ticks +ve Animals % of infested
Lower Upper Odds
P -value
farms visited farms animals examined
animals
limit limit ratio
12

109

11.0

1256

1845

68.1

97

109

89.0

534

2145

24.9

13
56
28

97
97
97

13.4
57.7
28.9

77
256
201

560
964
621

13.8
26.6
32.4

26

97

26.8

239

689

71
52
19
14
5
7

97
71
71
26
26
26

11

60.43

73.57

18.16

28.5

0.0029
0.0011
0.0009

7.45
17.29
22.83

20.26
35.42
42.63

2.27
3

34.7

0.0004

26.05

43.68

2.09

73.2
295
1456
73.2
239
869
26.8
56
587
53.8
183
578
19.2
4
13
26.9
52
98
B: Nomadic Goat Herds

20.3
27.5
9.5
31.7
30.8
53.1

0.0008
0.0041
0.0007
0.0007
0.0001

13.91
19.74
2.64
20.32
21.58
41.61

27.14
34.92
15.09
41.01
40.79
65.28

4.39
4.21
10.72

27

40.7

891

994

89.6

0.0002

83.5

93.84

2.84

16

27

59.3

497

660

75.3

-

69.42

79.48

-

2
8
6

16
16
16

12.5
50.0
37.5

19
291
187

69
368
223

27.5
79.1
83.9

0.0021
0.0003
0.0001

20.19
68.97
75.38

35.08
89.46
91.54

9.95
13.69

12

16

75.0

399

489

81.6

0.0002

72.3

90.11

3.3

4
3
1
7
2
3

16
4
4
12
12
12

25.0
75.0
25.0
58.3
16.7
25.0

98
79
19
208
2
189

171
129
42
278
4
207

57.3
61.2
45.2
74.8
50.0
91.3

0.0007
0.0024
0.0003
0.0015
0.0001

45.65
53.73
32.91
65.8
42.73
85.38

72.98
68.66
57.42
83.19
59.68
97.27

1.91
3.6
1.21
12.71

DISCUSSION
Ticks have been found notorious for their sustainable distribution in various agro-geo climates of Pakistan over the last decade (Sajid, et al., 2007; 2008;
2009; 2011; 2017; Karim et al., 2017; Sajid et al.,
2018; Hassan et al., 2018; Rashid et al., 2019;). The
probable reasons of higher threat of ticks and tickborne diseases in developing countries (including Pakistan) may include but are not limited to warmer seasons and higher average temperatures, which promote

0.0001

6.43

3.6

the growth and propagation of ticks (Soulsby, 1982;
Iqbal et al., 2013; Patel et al., 2013; Rizwan et al.,
2019), the lack of appropriate husbandry practices i.e.
animal housing standards and protocols used for the
treatment of tick infestations (Sajid et al., 2011), maintenance of infestation from free-range grazing hosts
to domesticated livestock, lack of knowledge and resources. This has led to increased threat of emerging
and re-emerging tick-borne diseases in the region e.g.
Crimena Congo Haemorrhagic Fever (CCHF). In Pa-
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kistan, frequency and distribution of tick infestation
has been reported almost in every province (Kakar &
Kakarsulemankhel, 2008; Durrani & Shakoori, 2009;
Perveen et al., 2010). In a recent survey conducted by
Karim et al. (2017) from representative samples of all
provinces of Pakistan, 19 tick species were identified
from livestock. From Kaghan valley, Khan (1993) reported 12.3% prevalence of tick infestation in goats
and identified seven species of ticks. Twelve species
of ticks were identified from different districts (Dir,
Bannu, Swat, Peshawar, Swat and Mardan) of KPK
(Siddiqi & Jan, 1986). About 16 species of ticks were
collected from goat and sheep population in another study conducted by Hussain and Kumar (1985) in
five different agro-ecological zones of Sindh, Pakistan. Rehman et al. (2017) identified four species of
ticks which were Hyalomma anatolicum, R. microplus, H. dromedarii and R. turanicus. Semi-arid and
arid agro-ecological zones of Pakistan showed higher
(Rehman et al., 2017) while northern zone showed
lower (Irshad et al., 2010) prevalence of tick infestation than present study. Batool et al. (2019) reported
lower prevalence of ticks in the northern, southern,
western and central zones than that of the present
study. In Uttarakhand, India (Gopalakrishnan et al.,
2017), Eastern Hararghe, Ethiopia (Desalegn et al.,
2015), the prevalence of tick infestation is lower than
the one found in our study. In Tamil Nadu (India), H.
bispinosa was found to be a major tick species infesting goats followed in order by R. haemophysaloides,
H. anatolicum and H.m. isaaci (Vathsala et al., 2008).
The results of the present study are in line with
the results of Rony et al. (2010), Kabir et al. (2011),
Atif et al. (2012), Mustafa et al. (2014), Sultana et al.
(2015), Sajid et al., (2017) who also recorded high
infestation of ticks in summer. The highest prevalence
of tick infestation in summer might be due the weather being hot and humid which propagates the tick infestation and survival. Similar to our study, fluctuations in the rate of tick infestation were reported in
different areas of Toba Tek Singh (Iqbal et al., 2013),
lower Punjab (Sajid et al., 2011), semi-arid and arid
zones of Pakistan (Rehman et al., 2017). Variations in
the rate of tick infestation within the same or different
geographical regions can be due to differences in husbandry practices including tick control strategies and
awareness of the farmers (Ghosh et al., 2007).
Iqbal et al. (2013), Sajid et al. (2013) and Rehman
et al. (2017) reported that closed (traditional) housing system was associated with higher prevalence of
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tick which are in-line with our study. The prevalence
of tick infestation was also reported higher in other
housing type like wooden, uncemented than concrete (Muhammad et al., 2008; Farooqi et al., 2017).
The higher rate of tick infestation in closed housing
system might be due to increased humidity in heaps
and reduced exposure to sunlight as well as presence
of cracks and crevices in animal sheds providing an
optimal environment for tick propagation (Jouda et
al., 2004; Muhammad et al., 2008). Like our study,
Iqbal et al., (2013), Sajid et al. (2013) and Rehman
et al. (2017) reported that uncemented floor pattern
is significantly associated with high tick infestation.
The possible reason for higher rate of tick infestation
in uncemented floor may be the mat depth (depth of
soft soil) which helps to provides more niches, maintain humidity and a better microclimatic condition required for tick survival and development (Macleod,
1935; Milne, 1948).
Similar to our results, Sajid et al. (2013) found
a higher prevalence in tethered animals than in free
living. The possible associated risk factors for higher
prevalence in tethered animals may be high prevalence of ectoparasites in shed or microclimate (Soulsby, 1982), hormonal imbalance due to stress of animals held in confinement (Lloyd, 1983) and lack
of host capacity to avoid insect attack (Radon et al.,
2001). The study conducted by Ramzan et al., (2018)
revealed that 28.3% illiterate farmers use only chemicals for the control of tick infestation, 22.6% farmers adopted cultural practices for the control of ticks,
while 10.3% used both chemical and cultural practices for control of ticks. They also reported that only
43.3% of the farmers visited a qualified veterinarian
for the examination of their animals.
Several factors responsible for tick infestation in
livestock population have been observed around the
world (Abunna et al., 2012; Fentahun et al., 2012;
Kumsa et al., 2012; Moshaverinia et al., 2012; Shemshad et al., 2012; Beyecha et al., 2014). There are
many studies available on the epidemiological determinants reported to be positively or negatively associated or not associated with tick infestation in ruminants (Vathsala et al., 2008; Fentahun et al., 2012;
Kumsa et al., 2012; Shemshad et al., 2012; Iqbal et
al., 2013; Patel et al., 2013; Beyecha et al., 2014).
Rehman et al. (2017) reported that traditional rural
housing systems, absence of acaricidal treatments
and rural poultry are the major factors responsible for
high tick infestation. They also reported that sex, age,
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breed, species and grazing played significant role in
the rate of tick infestation.
Most of local livestock farmers of Pakistan rely
on ethnobotanical knowledge to cure animal diseases which is based on traditional methods, skills,
practices and beliefs. According to documentation of
ethnoveterinary practices in district Jhang, Pakistan
33 indigenous plants were used for the treatment of
different infectious and non-infectious ailments (Badar et al., 2017). About 231 plants reviewed showed
a variety of bioactive properties like repellent, toxic,
antiovipositant, antifeedant and ability to immobilize
tick species (Wanzala, 2017). Sindhu et al, (2010) reported 35 plant species representing 25 families used
in Mansehra district, Pakistan to treat the ailing animals. In Mansehra district, oil of Cedrus deodara is
commonly used for treatment of tick infestation.
Most of the dairy farmers of Pakistan used injectable ivermectin among allopathic acaricide formulation for the control of ticks. Sajid et al. (2011) found
that in vivo efficacy of cypermethrin treated groups
regarding both mortality of adult ticks and re-infestation rates is significantly higher as compared to ivermectin treatment. It has been reported that the use of
a limited number of acaricide over the period of time
might be responsible for lower efficacy (Ogden et al.
2005). In a study conducted by Dipeolu (1983), it was
concluded that inefficacy of the acaricide in field con-

dition limited due to rapid build-up of the tick population on the pasture plots rather than inability of acaricide to control ticks on the animals.
Purchase of acaricides without prescription or license (due to over-the-counter availability) and their
inappropriate dosage and administration in small ruminants by the farmers of quacks (personal observation) could be one of the major predisposing factors
of the reduced acaricidal efficacy which might be associated with an increase in the tick prevalence over
the period of time. During the previous decade, massscaled acaricidal campaigns in livestock population
as a part of emergency response to CCHF epidemic
might be one of the reinforcing factors towards the
development of resistance in tick population (personal observation).
In conclusion, (a) nature of farm (b) implementation of standard farming practices for the control
of goat ticks i.e. open housing system, free animal
keeping, cemented floors and walls of shed; (c) consultancy with veterinarians (d) trends of therapy (e)
therapeutic approach and (f) choice of drug are the
significant components to minimize the tick-burden
from goat population in Pakistan.
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Determination of the ciprofloxacin-resistant Escherichia coli isolated from
chicken meat in Turkey
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ABSTRACT. In this study, the occurrence of the ciprofloxacin-resistant (CR) Escherichia coli in chicken meat was
determined, and their clonal relations were investigated by using pulsed-field gel electrophoresis (PFGE). Antimicrobial resistance patterns of E. coli isolates were determined by using disc diffusion assay, and minimum inhibitory
concentration of ciprofloxacin was determined by E-test. Plasmid-mediated quinolone resistance (PMQR) and extended spectrum beta-lactamase (ESBL) resistance genes were also screened through polymerase chain reactions. Sixty
chicken meat samples were collected from different supermarkets and butchers in Sivas, Turkey. CR E. coli strains
were determined in 59 (98.3%) chicken meat samples. By analyzing PFGE fingerprint data, 34 different pulsotypes
were determined. All E. coli strains were found to be resistant to nalidixic acid, enrofloxacin, and norfloxacin. In addition, isolates were resistant to levofloxacin (40.7%), ampicillin (94.9%), trimethoprim-sulfamethoxazole (76.3%), tetracycline (69.5%), and chloramphenicol (44.1%). However, isolates were susceptible to imipenem and colistin. In this
study, 81.4% of CR E. coli isolates were observed to have a multidrug-resistant profile, which is defined as resistance
to three or more classes of antibiotics. Through phenotypic confirmation tests, five isolates (8.3%) were determined
to be ESBL-producing. The PMQR genes were not determined in any of the isolates. Two isolates (3.4%) possessed
the blaCTX-M and blaCMY-2 genes, and 40 isolates (67.8%) had the blaTEM gene. Taken together, retail raw chicken meat is
highly contaminated with CR E. coli. However, these isolates are not found to be carriers of the PMQR genes, indicating a low public health problem.
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INTRODUCTION
scherichia coli are commonly found in the gastrointestinal tract of humans and warm-blooded animals and can cause enteritis, urinary tract infection,
septicemia, pneumonia, and meningitis in humans
and animals (Allocati et al., 2013; Ray, 2004). The
emergence of antimicrobial resistance threatens the
treatment of E. coli infections. The higher prevalence
of multidrug-resistant (MDR) E. coli strains have increased worldwide in the past few decades (Allocati
et al., 2013; EFSA, 2019; Mavroidi et al., 2012). It is
a well-known fact that the primary reason for the high
prevalence of MDR E. coli is the unregulated use of
antimicrobial agents in humans and animals (Seo and
Lee, 2019).

E

Quinolones are broad-spectrum antibiotics widely used against gram-negative bacteria, including E.
coli infections in human and veterinary medicines,
which has eventually resulted in the rapid emergence
of quinolone resistant bacteria (Borjesson et al., 2016;
EFSA, 2019; WHO, 2007). The first generation of
quinolone molecules were licensed for use in food animals at the beginning of the 1980s, and fluoroquinolones were licensed during the late 1980s and early
1990s (EMEA, 2006). Since then, new fluoroquinolone molecules have been authorized, and a number
of different veterinary medicines are now available on
the market (EMEA, 2006; Gouvea et al., 2015).
Two main mechanisms of quinolone resistance
have been described: (i) alterations in the targets of
quinolones, and (ii) decreased accumulation inside
the bacteria due to decreased permeability of the
membrane and/or an overexpression of efflux pump
systems. Both of these mechanisms are noted to be
chromosomally mediated (Ruiz, 2003). Chromosomal mutations located in the quinolone resistance-determining regions (QRDRs) of the gyrA and gyrB genes,
which encode for the two DNA gyrase (topoisomerase II) subunits, and the ParC and ParE genes, which
encode for two topoisomerase IV subunits (Jacoby,
2005). In addition, plasmid-mediated quinolone resistance (PMQR) genes were also noted to contribute to
quinolone resistance by either altering the molecular
structure of quinolone target enzymes or the enzymatic inhibition of quinolones (Martinez-Martinez et al.,
1998).
PMQR genes, first reported in a pMG252 plasmid
from a Klebsiella pneumoniae strain, were obtained
from a patient’s urine specimen at the University of
Alabama, Birmingham in 1994 (Martinez-Martinez

et al., 1998). To date, different PMQR determinants
have been identified, the qnr families, aac(6’)-Ib-cr
(drug modification), and qepA and oqxAB (active efflux pumps) (Rodriguez-Martinez et al., 2016), and
are usually associated with mobile elements on plasmids often found to be incorporated into sul1-type integrons. Their sequences have been uploaded into the
following web-based database: http://www.lahey.org/
qnrStudies/ (Jacoby et al., 2014; Martinez-Martinez
et al., 2008). Importantly, mobile genetic elements
carrying PMQR genes commonly carry other important antimicrobial resistance traits, such as extended
spectrum β-lactamase (ESBL) genes (Robicsek et al.,
2006; Allocati et al., 2013).
Despite the fact that the quinolones have never
been used in Norway livestock production, ciprofloxacin resistance was determined by using selective
method. These particular situations paved the way for
investigations of PMQR genes in food from animal
origins, especially in chicken meat, and were found
to be significant from a public health point of view
(Slettemeas et al., 2019). Although ciprofloxacin has
been widely used in human and veterinary medicines
in Turkey (Nazik et al., 2008; Şahintürk et al., 2016).
Thus, the main aim of this study was to determine the
occurrence of ciprofloxacin resistant E. coli strains
by using selective enrichment and molecular characterization of PMQR (qnrA, qnrB, qnrS, qnrC and
aac(6’-lb-cr) in these isolates. The isolates were further characterized by pulsed-field gel electrophoresis
(PFGE), and the presence of genes encoding different β-lactamases (blaCTX-M, blaCMY-2, blaTEM and blaSHV)
was investigated.
MATERIALS AND METHODS
Sample Collection and Isolation of Ciprofloxacin
Resistant E. coli
Sixty chicken meat samples were collected from
different supermarkets and butchers from September
to December 2018 in Sivas, Turkey. For the E. coli
isolation, each chicken meat sample (25 g) was suspended in 225 mL of sterile Buffered peptone water
(Oxoid CM0509) and was mixed by paddle blender
(Interscience Bag Mixer, France) for 2 min. Then,
the homogenate was incubated for 24 h at 37°C. At
the end of the incubation, 100 µL of the enrichment
was plated on a Tryptone bile x-glucuronide (TBX)
agar plate (Oxoid, CM0945), including 0.5 µg/mL
ciprofloxacin (Sigma-Aldrich, U.S.A), and incubated
for 3 h at 44°C and then 24 h at 41°C. After incuba-
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tion, green E. coli colonies (one colony per sample)
isolated from each sample were subcultured on Columbia blood agar (Oxoid, CM0331). Isolates were
stored in Tryptone soya broth (Oxoid CM0129) with
20% glycerol at -20°C. Species identification was
performed using a MALDI-TOF (Bruker Daltonik
GmbH, Leipzig, Germany). To identify bacterial species, each peak was directly matched against reference libraries and a result was considered valid (accurate identification to the species level) if the score
value was ≥ 2.0. When the scores obtained were < 2.0,
the samples were reevaluated.
Pulsed-Field Gel Electrophoresis
The genetic relatedness of the E. coli isolates in the
current study was assessed by a PFGE procedure, and
band profile analyses were performed by the Public
Health Institution of Turkey (Ankara), as described
previously (Durmaz et al., 2009), with XbaI restriction of DNA. The DNA band profiles were analyzed
by using the BioNumerics software system (Applied
Maths, Sinth-Martens-Latem, Belgium). A 1% band
tolerance was used for the comparison of DNA profiles. Cluster analysis was done by the unweighted
pair group method using with arithmetic mean (UPGMA). The level of the Dice similarity between patterns was defined at ≥ 85%.
Antimicrobial Susceptibility Testing
The antimicrobial susceptibilities of all the CR
E. coli isolates were determined by the disc diffusion method in accordance with the CLSI guidelines
(CLSI, 2015). The following discs of antibiotics
(Bioanalyse, Turkey) were used: amoxicillin-clavulanic acid (AMC; 20/10 μg), ampicillin (AM; 10 μg),
aztreonam (ATM; 30 μg), cefoxitin (FOX; 30 μg),
cefuroxime (CXM; 30 μg), cefpodoxime (CPD; 30
μg), colistin (CT; 10 μg), imipenem (IPM; 10 μg),
chloramphenicol (C; 30 μg), gentamicin (CN; 10 μg),
tetracycline (TE; 30 μg), nalidixic acid (NA; 30 μg),
ciprofloxacin (CIP; 5 μg), enrofloxacin (ENR; 30 μg),
levofloxacin (LEV; 5 μg), norfloxacin (NOR; 30 μg),
trimethoprim-sulfamethoxazole (SXT; 1.25/23.75
μg), and bacitracin (B; 30 μg). E. coli (ATCC 25922)
was used as the standard strain in the disc diffusion
assay, and the results were interpreted according to
CLSI guidelines (CLSI, 2015). In addition, E-tests
(Bioanalyse, Ankara, Turkey) determined the minimum inhibitory concentrations (MICs) of ciprofloxacin. Briefly, broth suspensions of E. coli strains equivalent to a 0.5 McFarland standard were prepared and

inoculated on Mueller-Hinton agar (Oxoid CM0337)
plate. E-test strips were placed on the dry medium,
which was then incubated under aerobic conditions
for 24 h at 37°C. The cutoff breakpoints for ciprofloxacin were set at ≥ 4 µg/mL in accordance with the
CLSI’s epidemiological cutoff values (CLSI, 2015).
Determination and Characterization of PMQR
and β-Lactamase Genes
All primers in this study are listed in Table 1. The
genomic DNA was extracted by a standard boiling
method, and the presence of the PMQR genes (qnrA,
qnrB, qnrS, qnrC, qnrD and aac(6’)-Ib-cr) were determined by PCR (Park et al., 2006; Robicsek et al.,
2006). PCR reactions were prepared as 50 μL [5 µL
10x PCR buffer, 5 μL 25 mM MgCl2, 250 μM from
each dNTP, 1.25 U Taq DNA Polymerase (MBI,
Fermentas), 50 ρmol for each primer, and 25 ƞg genomic DNA]. The PCR protocol was conducted by
using a Bio-Rad T100 gradient thermal cycler device
(BioRad, California, USA). The PCR conditions were
carried out in the following steps: initial denaturation
at 94°C for 45 s (denaturation at 53°C for 45 s and
hybridization at 72°C for 60 s) for 32 cycles. Screening for aac(6’)-Ib-cr was carried out by PCR amplification, as previously described by Park et al. (2006)
PCR conditions were carried out through the following steps: initial denaturation at 94°C for 45 s (denaturation at 55°C for 45 s and hybridization at 72°C for
45 s) for 34 cycles. PCR products were run on electrophoresis in 1.5% (w/v) agarose gel and stained with
ethidium bromide (10 mg/mL) for 30 min, and then
screened under an ultraviolet transilluminator (Vilber
Lourmat Quantum ST4, Marne-la-Vallee Cedex 1,
France), using a 100 bp DNA ladder (MBI, Fermentas) as reference. To detect CTX-M, CMY-2, TEM,
and SHV type β-lactamase, the blaCTX-M, blaCMY-2,
blaTEM, and blaSHV genes were also amplified by PCR
assay, which was conducted as described (Hasman et
al., 2005; Leinberger et al., 2010; Mulvey et al., 2003).
The β-lactamase genes were confirmed by sequencing
the PCR products, as described previously (Ahmed
et al., 2007). PCR-positive amplicons were obtained
from National Food Institute EURL-AR reference
strains collection, Technical University of Denmark
were used, and distilled water was used for the negative control. (https://www.eurl-ar.eu/resources.aspx#refstrains)
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Table 1. Primer sequence of the used in PCR

Genes
qnrA
qnrB
qnrS
qnrC
qnrD
aac(6’)-Ib-cr
blaCTX-M
blaCMY-2
blaTEM
blaSHV

Primer sequence (5´-3´)
F:GGATGCCAGTTTCGAGGA
R:TGCCAGGCACAGATCTTG
F:GGMATHGAAATTCGCCACTG
R:TTTGCYGYYCGCCAGTCGAA
F:TCGACGTGCTAACTTGCG
R:GATCTAAACCGTCGAGTTCGG
F:GGGTTGTACATTTATTGAATCG
R:CACCTACCCATTTATTTTCA
F:CGAGATCAATTTACGGGGAATA
R:AACAAGCTGAAGCGCCTG
F:TTGCGATGCTCTATGAGTGGCTA
R:CTCGAATGCCTGGCGTGTTT
F:ATGTGCAGYACCAGTAARGTKATGGC
R:TGGGTRAARTARGTSACCAGAAYCAGCGG
F:GCACTTAGCCACCTATACGGCAG
R:GCTTTTCAAGAATGCGCCAGG
F:TGAGTATTCAACATTTCCGTGT
R:TTACCAATGCTTAATCAGTGA
F:CAAAACGCCGGGTTATTC
R:TTAGCGTTGCCAGTGCT

Product size
References
(bp)
492

Cavaco et al., 2008

262

Cattoir et al., 2007

466

Cavaco et al., 2008

307

Jacoby et al., 2009

582

Cavaco et al., 2009

482

Park et al., 2006

593

Mulvey et al., 2003

758

Hasman et al., 2005

861

Leinberger et al., 2010

937

Leinberger et al., 2010

RESULTS
In this study, 59 (98.3%) CR E. coli isolates were
obtained from 60 chicken meat samples. Of these 59
isolates, 34 different pulsotypes were obtained when
the similarity threshold was taken as ≥ 85%. Among
these pulsotypes, 18 isolates were determined as clonally unrelated, and the remaining 41 were found to be
related, which resulted in 16 groups with two to four
isolates in each group (Fig 1).

crobial classes, 11 (22.9%) isolates were resistant to
four, 15 (31.3%) isolates were resistant to five, nine
(18.7%) isolates were resistant to six, five (10.4%) isolates were resistant to seven, and one (2.1%) isolate
was resistant to eight antimicrobial classes. MIC values of CIP-resistant E. coli strains were determined as
follows: ≥ 32 µg/mL (42 isolates), ≥ 16 µg/mL (three
isolates), ≥ 12 µg/mL (two isolates), ≥ 8 µg/mL (seven isolates), and ≥ 6 µg/mL (three isolates; Fig 1).

The results of the antimicrobial susceptibility tests
of the CR E. coli strains from chicken meat samples
are shown in Table 2. Fifty-nine CR E. coli isolates
and the susceptibility to 12 antimicrobial classes
of these isolates were obtained from chicken meat
samples. According to the results, all E. coli strains
(100%) were determined as resistant to B, NA, ENR,
and NOR. However, 40.7% of the strains were determined resistant to LEV, and 94.9%, 76.3%, 69.5%,
and 44.1% of the E. coli strains were determined resistant to AM, SXT, TE, and C, respectively. On the
other hand, all E. coli strains were susceptible to IPM
and CT. Additionally, susceptibility to FOX and ATM
were 93.2% and 96.6% among all E. coli strains, respectively. MDR (≥ 3 different antimicrobial classes)
was observed in 48 (81.4%) of the 59 isolates (Table 3). MDR profiles were assessed as the following:
seven (14.6%) isolates were resistant to three antimi-

None of the PMQR genes (qnrA, qnrB, qnrS, qnrC,
qnrD, and aac(6’)-Ib-cr) were present among the isolates. Forty-six of the 59 CR E. coli isolates carried
β-lactamase genes. Table 4 summarizes the results of
the β-lactamase genes detected in CR E. coli isolates
in this study. The blaTEM gene was observed as
predominant in CR E. coli isolates, and β-lactamase
gene characterization revealed that 67.8% of the isolates had the blaTEM gene (n = 40), 3.4% of the isolates
had the blaCTX-M and blaCMY-2 genes (n = 2), 3.4% of
the isolates had the blaTEM and blaCTX-M genes (n = 2),
and 3.4% of the isolates had the blaTEM and blaCMY-2
genes (n = 2). None of the E. coli isolates contained
the blaSHV gene (Table 4). All the ampicillin-resistant
isolates possessed the blaTEM gene.
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Table 2. Antimicrobial resistance of ciprofloxacin-resistant Escherichia coli isolated from chicken meat by disc diffusion
assay (n = 59)
Number of isolates (%)
Antimicrobial Class
Antimicrobials
Resistant
Intermediate
Susceptible
Quinolones
Nalidixic acid
59 (100)
0
0
Ciprofloxacin
56 (94.9)
3 (5.1)
0
Enrofloxacin
59 (100)
0
0
Levofloxacin
24 (40.7)
17 (28.8)
18 (30.5)
Norfloxacin
59 (100)
0
0
Polipeptid
Bacitracin
59 (100)
0
0
Tetracyclines
Tetracycline
41 (69.5)
2 (3.4)
16 (27.1)
Folate pathway inhibitors
Trimethoprim-sulfamethoxazole
45 (76.3)
1 (1.7)
13 (22)
Aminoglycosides
Gentamicin
15 (25.4)
0
44 (74.6)
Phenicols
Chloramphenicol
26 (44.1)
4 (6.8)
29 (49.2)
5 (8.5)
5 (8.5)
49 (83.1)
β-lactam/β-lactamase inhibitör Amoxicillin-clavulanic acid
combinations
Penicillins
Ampicillin
56 (94.9)
0
3 (5.1)
Cephems
Cefoxitin
1 (1.7)
3 (5.1)
55 (93.2)
Cefpodoxime
9 (15.3)
0
50 (84.7)
Cefuroxime
5 (8.5)
5 (8.5)
49 (83.1)
Monobactams
Aztreonam
1 (1.7)
1 (1.7)
57 (96.6)
Penems
Imipenem
0
0
59 (100)
Lipopeptides
Colistin
0
0
59 (100)

Table 3. Antimicrobial resistance class pattern distribution for 48 multidrug-resistant Escherichia coli isolates from chicken meat

Antimicrobial resistance class patterns
PCNs, PPs, FPIs
PCNs, PPs, TETs
PPs, FPIs, TETs
PCNs, PPs, TETs
PCNs, PPs, AMGs
PCNs, PPs, AMGs, FPIs
PCNs, PPs, FPIs, TETs
PCNs, PPs, PHs, FPIs
PCNS, PPs, AMGs, FPIs, TETs
PCNS, PPs, PHs, FPIs, TETs
PCNS, PPs, PHs, AMGs, FPIs
BL/BLICs, PCNs, CEPs, PPs, FPIs
PCNs, CEPs, PPs, PHs, FPIS, TETS
PCNs, CEPs, PPs, PHs, AMGs, FPIS
PCNs, PPs, PHs, AMGs, FPIS, TETS
PCNs, CEPs, PPs, PHs, AMGs, FPIs, TETs
PCNs, CEPs, PPs, MONs, AMGs, FPIs, TETs
BL/BLICs, PCNs, PPs, CEPs, AMGs, FPIs, TETs
BL/BLICs, PCNs, CEPs, PPs, PHs, FPIs, TETs
BL/BLICs, PCNs, PPs, CEPs, PHs, AMGs, FPIs, TETs
Total

No. of
classes
3

4
5

6
7

8

Frequency
3
1
1
1
1
1
9
1
2
11
1
1
1
1
7
1
1
1
2
1
48

No. of multidrug-resistant
E. coli (%)
6.3
2.1
2.1
2.1
2.1
2.1
18.6
2.1
4.2
22.9
2.1
2.1
2.1
2.1
14.5
2.1
2.1
2.1
4.1
2.1
(100)

AMGs, aminoglycosides; BL/BLICs, β-lactam/β-lactamase inhibitor combinations; CEPs, cephems; FPIs, folate pathway inhibitors;
FPIS; PCNs, penicillins; MONs, monobactams; PHs, phenicols; TETs, tetracyclines; PPs, Polipeptids.
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*AMC, amoxicillin-clavulanic acid; AM, ampicillin; ATM, aztreonam; FOX, cefoxitin; CXM, cefuroxime; CPD, cefpodoxime; C,
chloramphenicol; CN, gentamicin; TE, tetracycline; NA, nalidixic acid; CIP, ciprofloxacin; ENR, enrofloxacin; LEV, levofloxacin;
NOR, norfloxacin; SXT, trimethroprim-sulfamethoxazole; B, bacitracin. All E. coli strains were susceptible to imipenem and colistin,
these two antimicrobials were net shown in the resistant profiles. - Not detected.

Figure 1. PFGE analysis of ciprofloxacin-resistant Escherichia coli isolates.
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Table 4. Molecular characterization of bla and PMQR genes among ciprofloxacin-resistant Escherichia coli isolates (n = 59)

No. of isolates
n (%)
40 (67.8)
2 (3.4)
2 (3.4)
2 (3.4)
-

bla gene and PMQR
TEM
TEM and CTX-M
TEM and CMY-2
CTX-M and CMY-2
SHV
qnr A, B ,S, C and aac (6’-lb-cr)
- Not detected

DISCUSSION
The use of antimicrobials as growth promotion
agents in food-producing animals has been prohibited
in Turkey since 2006 (RG, 2006). Recently, Turkish
Poultry Meat Producers and Breeders Association
data also highlighted the decreasing trend in the use
of antimicrobial drugs in poultry production in Turkey (Elmas et al., 2019). However, the occurrence of
CR E. coli was determined as 98.3% in the current
study, clearly showing a high level of contamination
for chicken meat on the retail market in Turkey. The
results obtained in the present study are not surprising
because Ghodousi et al. (2015) reported 88.8% of CR
E. coli isolates from chicken meat in Italy. For example, even though quinolone-based antibiotics have
been not in use for poultry production, an increase in
quinolone-resistant E. coli rates in broiler production
processes were reported in Sweden (Borjesson et al.,
2016). However, the results of this study were found
to be much higher than the results from other countries, for example 37.4% in China (Xu et al., 2014)
and 26% in the Czech Republic (Literak et al., 2013).
According to the PFGE analysis, CR E. coli isolates from chicken meat were clonally different. Such
a difference can be attributed to the movements of
humans, chickens, and vectors, and indicates that
the contamination might not originate from a single source (Jakobsen et al., 2010; Sola-Gines et al.,
2015). For example, in a study of E. coli isolated
from slaughter animals in Poland, Wasyl et al. (2014)
identified quinolone resistance mechanisms and noted chromosome-encoded quinolone resistance did not
result from the spread of a single resistant clone, rather this was due to antimicrobial pressure leading to
the selection of random gyr and par mutants.
In the present study, CR E. coli isolates from
chicken meat samples were extremely resistant to
AM (100%), SXT (76.3%), and TE (69.5%). For instance, in a previous study conducted by Ghoudousi
et al. (2015) in Italy, 134 E. coli were isolated from

109 chicken meat samples, and their resistance patterns were found for CIP (88.8%), CN (14.1%), SXT
(79.1%), and TE (91.8%). In a study conducted by
Soufi et al. (2011), 166 E. coli isolates were obtained
from poultry meat (whole carcasses of chickens and
turkeys) in Tunisia, and a significantly high percentage of resistance to ampicillin, nalidixic acid, sulfonamides, and tetracycline (66-95%) were observed
among the isolates from poultry meat. Moreover, in
another study performed by Xu et al. (2014) in China,
all of the E. coli isolates were also resistant to AM
(100%), SXT (94.3%), and TE (94.3%). High rates
of resistance were observed for tetracycline (69.5%)
in this study and were similar to the results reported
from other countries (Soufi et al., 2011; Ghodousi et
al., 2015; Xu et al. 2014). This finding is not surprising, as quinolone-resistant E. coli isolates were found
from broilers in Sweden, which never approved these
antimicrobials in the poultry industry.
In the current study, the CR E. coli isolates were
mostly resistant to quinolone antibiotics, except for
LEV. This resistance could be related to the levofloxacin molecule’s C-8 methodxy group and the fluorinated quinoloic acid cores, which is different than the
ciprofloxacin (Fu et al., 2013; Lu et al., 2001).
In this study, data showed that all 59 CR E. coli
isolates had high levels of phenotypical MDR profiles (81.4%; n = 48) for the chicken meat in Turkey,
which were resistant to three to eight classes of antimicrobial agents. Similar studies from the Czech Republic, Italy, and China found MDR E. coli in retail
chicken meat at 82%, 66.9% and 59.4%, respectively
(Ghodousi et al., 2015; Literak et al., 2013; Xu et al.,
2014). In a study performed by Seo and Lee (2019) in
Korea with 248 chicken meat samples, 152 isolates
were observed to be positive for E.coli; 75 were identified as MDR E. coli. Of the MDR E. coli isolates,
13.3% were observed to be positive for PMQR genes,
and 41.3% of the MDR E. coli isolates were found to
be carrying class 1 integrons. The authors suggested
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that PMQR genes and class 1 integrons were widely
distributed in E. coli isolates from chicken meat and
were contributed to resistance to diverse antimicrobial agents. In contrast, no PMQR genes (qnrA, qnrB,
qnrS, qnrC, qnrD, and aac(6’)-Ib-cr) were detected
in this study. The PMQR genes were rare for Turkey
(Kürekci et al., 2018; Müştak et al., 2012). However,
CR E. coli was found with high rates in this study,
and the occurrence of PMQR determinants was not
always related with quinolone resistance. Yang et al.
(2014) reported an increased prevalence of PMQR
traits from 6.2–28.1% in 2004/2005 to 23.2–50.4% in
2010/2011, while ciprofloxacin resistance was relatively stable during the study period in China.
Several studies have shown the prevalence of
PMQR genes in E. coli isolates from chicken meat
products (Ghodousi et al., 2015; Literak et al., 2013;
Yu et al., 2015). In this study, none of the PMQR
genes (qnrA, qnrB, qnrS, qnrC, qnrD, and aac(6’)Ib-cr) were determined to be present in the 59 E. coli
isolates. The prevalence of the PMQR genes (qnrA)
in Italy was determined as 91% in nearly all of the E.
coli isolates from the chicken meat samples (Ghodousi et al., 2015). On the other hand, PMQR genes were
reported as 4% and 7.8% in the Czech Republic and
China, respectively (Literak et al., 2013; Yu et al.,
2015). Additionally, in other studies carried out in
Turkey, a low-level presence of the PMQR gene was
reported (Kürekci et al., 2018; Müştak et al., 2012).
Previously in Turkey, Müştak et al. (2012) reported
the presence of only the qnrA of the PMQR gene in
five (5.3%) samples of 94 isolated chicken E. coli
cloacal swaps. More recently, qnrS (n = 5) and qnrB
(n = 8) of the PMQR genes from chicken meat were
reported among the ESBL-producing E. coli strains
obtained from chicken meat samples; however, qnrA,
qnrC, qnrD, and aac(6’)-Ib-cr genes were not found
(Kürekci et al., 2018).
Quinolones are known to occur mainly through the
accumulation of target enzyme point mutations. DNA
gyrases (gyrA and gyrB) tend to be the primary target
of quinolone in gram-negative bacteria, including E.
coli, whereas in gram-positive bacteria, topoisomerase IV (parC and parE) is the primary target (Vanni et
al., 2014). However, in the current study, E. coli isolates were not examined for chromosomal mutations.
In addition, only PMQR genes were investigated in E.
coli isolates, and PMQR genes were found in none of
the isolates. In a study conducted by Xu et al. (2014),
four topoisomerase point mutations showed ciproflox-

acin MIC ≥ 32 µg/mL in all E. coli isolates, and the
authors noted that higher ciprofloxacin MIC usually
had more complex quinolone-resistant determinants,
including PMQR mechanisms. In the same study (Xu
et al., 2014), PMQR determinants were identified in
more than 60% of the E. coli isolates. Xu et al. (2014)
also noted the MIC value of ciprofloxacin was highly
related to the accumulation of a resistance mechanism.
A meaningful correlation has been reported between ESBL (together with CTX-M types) and PMQR
genes (Branger et al., 2005; Nordmann and Poirel,
2005). In a recent study of ESBL E. coli in milk and
chicken meat samples by Kürekci et al. (2018), a significantly high rate of ESBL (86.7%) E. coli strains
were reported to be isolated, and the authors noted
that the CTX-M gene was quite prevalent (62.3%)
in these isolates. In this study, 8.3% of the isolated
CR E. coli was determined to be ESBL-positive, and
two isolates (3.4%) possessed the blaCTX-M and blaCgenes, whereas 40 isolates (67.8%) possessed the
MY-2
blaTEM gene. Similar findings were reported from other studies (Cohen Stuart et al., 2012; Xu et al., 2014;
Yu et al., 2015). Moreover, all ampicillin-resistant
isolates were positive for the presence of the blaTEM
gene. Literak et al. (2013) reported similar results for
broiler samples in the Czech Republic.
CONCLUSION
The current study showed high rates of CR E. coli
among retail chicken meat samples. Therefore, the
prudent use of antimicrobial agents is an important
issue to poultry farmers in Turkey. Although MDR
was found to be high, the absence of the PMQR gene
was favorable in terms of a public health concern.
Hence, continuously investigating the MDR level and
the feasibility of the limitations of antibiotics and the
restrictions is essential.
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ABSTRACT: Anaplasma phagocytophilum and A. marginale are the most important tick-borne bacteria of veterinary
and public health significance. Anaplasma phagocytophilum causes febrile disease in humans (human granulocyticHGA) and animals. Anaplasma marginale is the aetiological agent of acute anaplasmosis, a bovine syndrome characterized by progressive hemolytic anemia associated with fever, weight loss, abortion, decreased milk production, and
in some cases, death of the infected cattle. The present study was designed to investigate the prevalence of A. phagocytophilum and A. marginale in cattle from Khuzestan province, southwest of Iran. Samples were collected between
March to August 2016. Farmed cattle were selected from the four geographic regions of Khuzestan province with the
highest population of cattle herds: Behbahan; Dezful; Shushtar; and Ahvaz. Blood samples were collected from the
jugular vein of 200 cattle Species specification was accomplished by specific Nested PCR according to amplification
of the 16SrRNA gene. To identify A. marginale, semi-nested PCR product was cut with restriction endonucleases Bst
1107 I. The prevalence of the A. marginale infection (21.5 %) was higher than that of A. phagocytophilum (7.5 %),
which was found in a mixed infection with A. marginale. Overall, in the present study 7.5% of cattle were infected
with both A. phagocytophilum and A. marginale. Despite the healthy appearance of infected cattle, they can transmit
Anaplasma to ticks and are potential continuous sources for maintaining and disseminating the organisms to the human and animals’ population. More epidemiological studies are needed to determine the vectors and reservoir animals
for the Anaplasma species and to clarify the pathogenicity of A. marginale and A. phagocytophilum for humans and
animals in Iran.
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INTRODUCTION
any species of the genus Anaplasma induce
different and distinct forms of anaplasmosis in
cattle. The Office International des Epizooties (OIE)
Animal Health Code categorizes anaplasmosis as a
notifiable disease due to its socio-economic impact
and international trade restrictions. However, the significance of anaplasmosis is frequently underestimated due to seasonal outbreaks and stability in areas of
endemicity. Anaplasma phagocytophilum and A. marginale are the most important tick-borne bacteria of
veterinary and public health significance (OIE 2008).

M

Anaplasma phagocytophilum is a medically and
veterinary important emerging tick-borne pathogen.
It is an alpha pleomorphic gram-negative bacterium
localized in the blood cells (primarily granulocytes)
or endothelial cells of blood vessels (Rikihisa 2003).
Anaplasma phagocytophilum causes febrile disease in
humans (human granulocytic- HGA) and animals. Ixodes ricinus is the main vector of A. phagocytophilum
throughout Europe. Additionally, the pathogen has
been detected with molecular methods in I. persulcatus, as well as in Dermacentor reticulatus, Haemaphysalis concinna, and I. ventalloi ticks (Masuzawa et
al. 2008; Paulauskas et al. 2012; Santos et al. 2004;
Tomanovic et al. 2013). Anaplasma marginale is the
aetiological agent of acute anaplasmosis, a bovine
syndrome characterized by progressive hemolytic
anemia associated with fever, weight loss, abortion,
decreased milk production, and in some cases, death
of the infected cattle (Wannduragala et al. 1993).
Transmission routes include ticks, particularly Dermacentor spp., as well as mechanical transmission by
biting flies and fomites (iatrogenically). Cattle that
survive acute infection by A. marginale and A. phagocytophilum progress to become subclinical carriers of
infection. The carrier animals can serve as reservoirs
of infection for naïve cattle despite vaccination with
live A. centrale bacteria and treatment in countries
where domestic ruminants are vaccinated (Coetzee
et al. 2006). The main methods for diagnosing anaplasmosis include serological tests and microscopic
examination of Giemsa-stained blood smears (Aubry
& Geale 2011), although these methods have limitations as the specific detection or as the detection of
low levels of parasitemia. Thereby, a specific and sensitive molecular diagnostic method would improve
detection and differentiation between species. There
is very little information on A. phagocytophilum in
Iran; therefore, the present study was designed to establish the prevalence of A. phagocytophilum and A.

marginale in cattle of Khuzestan province, Southwest
of Iran.
MATERIALS AND METHODS
Study sites and collection of samples
Khuzestan province has a border of about 64,236
km2, between 47° and 41′ to 50° and 39′ of eastern
longitude from prime meridian and 29° and 58′ to 33°
and 4′ of northern latitude from the equator (Statistical book of Khuzestan province 2006). The province
has hot and wet summers, mild spring, and cold winters. Samples were collected between March to August 2016. Farmed cattle were selected from the four
geographic regions of Khuzestan province with the
highest population of cattle herds: Behbahan; Dezful;
Shushtar; and Ahvaz. Blood samples were collected
from the jugular vein of 200 cattle into sterile vacuum tubes containing EDTA and kept at -20ºC until
analyzed.
Polymerase chain reaction and nested-PCR for A.
phagocytophilum identification
DNA was exploited by the application of the genomic DNA extraction Kit (Cinnagen, Iran). Species
specification was accomplished by specific Nested
PCR according to amplification of the 16SrRNA gene
which conserved for all Anaplasma species. PCR protocol and primer selection were adopted according
to the previously described by Noaman and Shayan
(2009). Briefly, amplification of the 16S rRNA gene
was performed in 25µl reaction volumes including
5µl of DNA template, 5 pmol of forward and reverse
primers (P1/P2 each 1µl), 12.5µl of master mix (Ampliqon, Denmark) containing 3mM MgCl2, 0.4mM
of each dATP, dCTP, dGTP and dTTP and 0.08 U/
ml Taq DNA polymerase in reaction buffer. The thermal program of PCR was as follows: 95°C for 5 min,
35 cycles of 94°C for 45s, annealing at 56°C for 45s,
and 72°C for 45s, followed by a final extension step
at 72°C for 5 min. Amplified products were identified using 2% of agarose gel stained by safe stain and
compared with a 100bp ladder after visualization by
UV transilluminator. To control the specificity of the
PCR products for the 16S rRNA gene of Anaplasma
spp., the nested PCR technique was used, in which the
additional primers (P3/P4) from the same gene were
designed upstream from forward primer (P1) and
downstream from reverse primer (P2). To confirm A.
phagocytophilum, another specific PCR with primers
P5/P4 was used. The primers are listed in Table 1. All
the circumstances for nested PCRs including thermal
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program were identical to prime PCR. One μl of first
PCR was used as the template in nested PCRs.
Semi nested PCR-RFLP for A. marginale identification
To identify A. marginale, DNA was amplified using P1/P4 primers. Prime PCR product was used as a
template. 10μl of semi-nested PCR product was then
cut with 0.1 μl restriction endonucleasis Bst 1107 I
(Roche, Germany, 10U/ μl) in 2.5 μl 10 x corresponding buffer and 12.5 μl H2O for 1 h by 37°C. As control 10 μl PCR products were treated with 2.5 μl 10 x
corresponding buffer and 12.5 μl H2O without adding

of the enzyme.
RESULTS
A total of 200 cattle was obtained from the four
geographic regions of Khuzestan province, southwest of Iran: 61 samples were collected in Behbahan
(30.5%), 40 in Dezful (20%), 45 in Shushtar (22.5%),
and 54 in Ahvaz (27%) (Fig 1). The prevalence of
Anaplasma spp. among 200 cattle was 21.5% with
P1/P2 and P3/P4 but the overall prevalence of A.
phagocytophilum was 7. 5% (15/200) with P5/P4. Fig
2. showed amplification of Anaplasma spp. and A.
phagocytophilum in the mentioned methods.

Table 1. List of primers used in the present study to detect Anaplasma spp., A. phagocytophilum, and A. marginale.

Primer
P1
P2
P3
P4
P5
P4
P1
P4

Nucleotide sequence
5`-agagtttgatcctggctcag-3`
5`-agcactcatcgtttacagcg-3`
5’-gcaagcttaacacatgcaagtc-3’
5’-gttaagccctggtatttcac-3’
5’-ctttatagcttgctataaagaa-3`
5’-gttaagccctggtatttcac-3’
5`-agagtttgatcctggctcag-3`
5’-gttaagccctggtatttcac-3’

Positions
1-20
781-762
35-56
577-558
69-90
577-558
1-20
577-558

PCR product
781bp
543bp
509bp
577bp

Figure 1. Map of Iran and Khuzestan province. Sampling locations were included Ahvaz, Behbahan, Dezful, and Shushtar.
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Figure 2. A: Agarose gel electrophoresis of PCR of 16SrRNA gene (P1/P2), 1-6: negative samples, 7: positive sample for Anaplasma
spp. with 781bp of amplified products; B: PCR (P3/P4), 1: negative sample, 2-5: positive samples for Anaplasma spp. with 543bp of
amplified products; C: Specific PCR (P5/P4), 1-3: positive samples for A. phagocytophilum with 509bp of amplified products. P, N, and
M represent positive control, negative control, and marker (100bp), respectively.
Table 2. Prevalence of Anaplasma spp. based on different methods.

Method
PCR with P1/P2 primers to detect
naplasma spp.

No. examined (%)
200
(100)

Positive (%)
43
(21.5)

Negative (%)
157
(78.5)

PCR with P3/P4 primers to detect
Anaplasma spp.

200
(100)

43
(21.5)

157
(78.5)

PCR with P5/P4 primers to detect
A. phagocytophilum

200
(100)

15
(7.5)

185
(92.5)

PCR with P1/P4 primers to detect
A. marginale

200
(100)

43
(21.5)

157
(78.5)

Table 3. Prevalence of A. phagocytophilum and A. marginale in four geographic regions of Khuzestan province, southwest of Iran.

A. phagocytophilum

A. marginale

Locality
Ahvaz
Behbahan
Dezful
Shushtar
Total

No. examined (%)
54 (27)
61 (30.5)
40 (20)
45 (22.5)
200 (100)

Positive (%)
3 (5.5)
4 (6.5)
3 (7.5)
5 (11.5)
15 (7.5)

Negative (%)
51 (94.5)
57 (93.5)
37 (92.5)
40 (88.9)
185 (92.5)

Ahvaz
Behbahan
Dezful
Shushtar
Total

54 (27)
61 (30.5)
40 (20)
45 (22.5)
200 (100)

14 (25.9)
13 (21.3)
7 (17.5)
9 (20)
43 (21.5)

40 (74.1)
48 (78.7)
33 (82.5)
36 (80)
157 (78.5)

Amplification of all PCR products with primers
P1/P4 resulted in the PCR product of 577 bp. Then
the later PCR product was purified and cut with the
restriction endonuclease Bst 1107I. The restriction
endonuclease Bst 1107I recognizes the sequence
(GTATAC) in a corresponding PCR product of A.
marginale and cut it in the position 68, whereas the
used restriction enzyme cannot cut the corresponding PCR product of A. ovis (GTACGC) or A. centrale (GTACGC). Analysis of all 43 Anaplasma positive PCR products with the restriction endonuclease

Bst1107I showed that all PCR products could be cut
in two expected DNA fragments with 509 bp and 68
bp in length, respectively. Forty-three cattle (21.5%)
were infected with A. marginale and in 7.5% of cattle
co-infection of A. phagocytophilum and A. marginale was occurred. Table 2. showed the prevalence of
Anaplasma, A. phagocytophilum and A. marginale in
200 cattle.
Based on the statistical analysis there was no significant relationship between infection with A. mar-
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ginale and A. phagocytophilum and the geographic regions of infected animals. Table 3. showed the
number of sampled animals, locality, and molecular
detection of A. marginale and A. phagocytophilum.
DISCUSSION
The tick-borne, hemoparasitic diseases are among
the most devastating to cattle worldwide and include
rickettsial diseases. These diseases, enzootic principally in countries with tropical and subtropical climates,
place over one-half billion cattle at risk to one or more
of the infectious agents. Hence, clinical manifests of
A. phagocytophilum, if present, are not pathognomonic, therefore the diagnosis of this infection is basically
based upon paraclinical aspects of the infection. For
this purpose, many diagnostic approaches including
microscopy to recognize morulae in leukocytes, different serologic procedures, and tracing DNA of rickettsia from blood, buffy coat, bone marrow, or spleen
are well described by researchers are developed (Carrade et al. 2009). Most of the molecular techniques
target the major surface proteins (MSPs) (de la Fuente et al. 2007), the heat-shock gene groEL (Park et
al. 2005), the 23S rRNA (Dahmani et al. 2015) and
the 16S rRNA gene (Reinbold et al. 2010). Here, we
targeted the 16S rRNA. Based on our results 21.5%
of cattle were infected with A. marginale while 7.5%
were infected with A. phagocytophilum which was
found in a mixed infection with A. marginale. Despite
the importance of A. phagocytophilum, there is limited information on the occurrence of A. phagocytophilum in Iran. For the first time Noaman and Shayan
(2009) detected A. phagocytophilum in 1.33% of cattle from Iran. Yousefi et al (2017) studies showed that
1.08% (4/370) of Iranian domesticated small ruminants were positive for A. phagocytophilum infection.
In our previous study, the molecular prevalence of A.
phagocytophilum was noticeably high in rural dogs
of Khuzestan province (Hamidinejat et al. 2019).
The risk of exposure to the vector-borne pathogen is,
among other factors, influenced by the abundance of
the vector and the prevalence of the pathogen within
the vector population (Medlock et al. 2013). Khuzestan province has wet weather with hot summer. The
weather conditions of the province are perfectly suitable for ticks’ growth and multiplication. Anaplasma
phagocytophilum is usually associated with ticks of
the genus Ixodes, including I. scapularis, I. pacificus
(Parola et al. 2005) and I. dentatus (Goethert & Telford 2003) in the USA; I. ricinus and I. trianguliceps
in Europe (Bown et al. 2008); and I. persulcatus in
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Asia (Cao et al. 2003). However, based on our previous study Ixodes is not found in Khuzestan province
but other ticks including, Dermacentor reticulatus, D.
silvarum, D. variabilis, Haemaphysalis concinna, H.
megaspinosa, H. longicornis, Hyalomma (Hy) marginatum and Hy. detritum are endemic (unpublished).
It should be mentioned that A. phagocytophilum has
been detected with molecular methods in D. reticulatus, D. silvarum, D. variabilis, D. occidentalis, D.
albipictus, H. concinna, H. megaspinosa, H. douglasii, H. longicornis, H. japonica, Hy marginatum,
Hy. Detritum, R. turanicus and Boophilus kohlsi (Cao
et al. 2003; Baldridge et al. 2009; Jiang et al. 2011).
Mechanical transmission by blood-sucking deer ked
(Lipoptena cervi) from red deer (Cervus elaphus), roe
deer (Capreolus capreolus), and fallow deer (Dama
dama) have been reported using PCR (Vichová et al.
2010). It should be mentioned that in protected areas of
Khuzestan province Persian fallow deer (Dama dama
mesopotamica) can be found and they are known as
one of Iran’s wildlife species. Similarly, there are reports of transplacental (lambs and calves), perinatal,
blood transfusions, and nosocomial associated transmissions (Horowitz et al. 1998; Dhand et al. 2007;
Zhang et al. 2008; Annen et al. 2012). Variations in
the prevalence of A. phagocytophilum in ticks may be
attributed to several factors, such as the susceptibility
of individual tick species, the susceptibility of certain
tick populations, and the vector competence of tick
species; the transmissibility of the A. phagocytophilum variant involved, the susceptibility of different
host species, the susceptibility of individual hosts or
host populations and the reservoir competence of the
host. Especially the availability of different reservoir
hosts and the adaptation strategy of A. phagocytophilum seem to be crucial factors in this variability. The
availability of reservoir hosts depends on factors such
as landscape structure and fragmentation (Medlock et
al. 2013). Also, effects exerted by changes in climate,
demography, and agriculture may influence the tick
distribution and density and their hosts (Stuen et al.
2013).
Anaplasmosis caused by A. marginale, has the
greatest worldwide prevalence. It is found on six
continents and is responsible for high morbidity and
mortality in cattle in temperate, subtropical, and tropical regions (Kocan et al. 2010). The obtained prevalence of A. marginale (21.5 %) was lower than that
reported in Kansas (37.6 %) (Reinbold et al. 2010),
India (73.1–36.8 %) (Sharma et al. 2015; Singh et al.
2012), Sicily (50 %) (De la Fuente et al. 2005), Brazil
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(70.2 %) (Pohl et al. 2013), South African provinces
(65-90 %) (Mutshembele et al. 2014), Texas (82 %)
(Hairgrove et al. 2015) and Costa Rica (56.9 %) (Shebish et al. 2012). By contrast, this prevalence was
higher than those recorded in Turkey (2.8 %) (Aktas
et al. 2011) and the Philippines (19.8 %) (Ybanez et
al. 2014). The significant prevalence of A. marginale
warrants further investigation to evaluate the impact
of this bacterium on livestock production, since it is
a pathogenic species in Iran, causing severe clinical
symptoms and very serious economic losses (Sergent
et al. 1945). However, at the time of blood sampling
(March-August), the 43 cattle infected with A. marginale showed no clinical signs. These animals could
be considered asymptomatic carriers.
Twenty different tick species are capable of transmitting A. marginale and play important roles in maintaining A. marginale in cattle (Kocan et al. 2004). In
several geographic areas of the world Dermacentor
species are the principal recognized vectors. Ticks
can transmit the infection to susceptible cattle after
acquiring the parasite from acutely infected or chronic carrier cattle (Goff et al. 1988). The agro-ecological and geo-climatic conditions of Khuzestan province highly favorable for growth and multiplication of
ticks that act as natural vectors of anaplasmosis.
The pathogenesis of disease associated with Anaplasma spp infection is influenced by the tick vector
as it attaches to host skin, feeds, and inoculates the
animal with the bacteria. During feeding, hard ticks
secrete bioactive salivary molecules into the skin to
promote host bleeding and reduce anti-tick inflammation (Nuttall & Labuda 2004). Saliva may have a

complement, cytokine, and antibody inhibitors; histamine-binding proteins; leukocyte modulators; and
anti-hemostatics. Thus, inoculation of tick-borne
pathogens directly into the skin in the presence of tick
saliva is likely to induce local changes in the dermis,
and these changes may modulate the early pathogenesis of infection. Anaplasma phagocytophilum infection is immunosuppressive; thus, coinfection with A.
marginale may modulate immunopathologic sequelae
of infection, resulting in either enhancement of morbidity, increased mortality rate, or a cross-protective
effect. Also, Sergent et al. (1945) have shown that
North African strains of A. marginale confer immune
protection in experimentally infected animals.
CONCLUSIONS
In the present study 7.5% of cattle were infected
with both A. phagocytophilum and A. marginale. Despite their healthy appearance, they can transmit Anaplasma to ticks and are a potential continuous source
for maintaining and disseminating the organisms to
the human and animals’ population. The diagnosis
of subclinical infections is important to prevent the
spread of anaplasmosis. More epidemiological studies are needed to determine the vectors and reservoir
animals for the Anaplasma species and to clarify the
pathogenicity of A. marginale and A. phagocytophilum for humans and animals in Iran.
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INTRODUCTION
he dusky grouper (Epinephelus marginatus) and
mottled grouper (Mycteroperca rubra) which is the
most important littoral fish species (Maggio et al., 2006)
are greatly distributed worldwide from the eastern Atlantic Ocean to the Mediterranean Sea (Bouchereau
et al., 1999). Groupers, members of the genus Epinephelus, are mostly tropical fish species. Distributions
of them in subtropical and temperate waters are limited
(Dulcic et al., 2006). E. marginatus is one of the seven
species of groupers which were recorded in the Mediterranean Sea (Harmelin and Vivien-Harmelin, 1999).
The mottled grouper, M. rubra prefers the shallow
rocky habitats and occurs at depths less than 40 metres
in the eastern Mediterranean Sea (Aranov and Goren,
2008). The members of Epinephelinae subfamily are
more popular than the other fish species in the worldwide due to their commercial importance (Genç et al.,
2005). Also, groupers play an important role in the
ecological stability of marine ecosystems (La Mesa et
al., 2006). For these reasons, many researches carried
out studies on ecology (Hackradt, 2012), distribution
(Mahé et al., 2012), growth (Bouchereau et al., 1999)
reproduction (Andrade et al., 2003, Glamuzina et al.,
1998), genetic (Maggio et al., 2006), larval evolution
(Cunha et al., 2009), breeding (Marino et al., 2001) and
diseases included bacterial, viral and parasitic infections (Eissa et al., 2011; Moravec and Justine, 2008;
Katharios et al., 2004) of them.

Kırkım et al, 2008; Akmirza 2014 ).

Parasitic diseases are among the major problems in
the aquaculture and hunting of food fish species. About
25% of parasitic agents include crustaceans such as
copepod, brachiura and isopod species. The Isopoda
are the second largest order and contain terrestrial and
aquatic species (Kirkim et al., 2008). Marine species of
this order are divided into 12 suborders which include
Cymothoidae and this suborder possess Cymothoidae
family presented by 43 genera and 358 species (Worms,
2018). Nerocila bivittata is a parasite species belong
to the family Cymothoidae. It shows a wide distribution including the British waters, French coasts, Black
Sea, Marmara and Aegean Seas (Fig. 1: Kayış and Er,
2012; Akmirza 2014; Kırkım et al., 2008). Although
N. bivittata acts specifically in choice of host and has
been usually reported on the members of the family
Labridae, e.g. Symphodus mediterraneus, S. tinca, S.
melops (Bariche and Trilles, 2005), there are many reports about different host species such as Boops boops,
Gobius geniporus, Mugil cephalus, Sciaena umbra,
Labrus merula for N. bivittata (Trilles 1994; Charfi-Cheikhrouha et al, 2000; Oğuz and Öktener 2007;

RESULTS
A hemorrhagic lesion on caudal fin rays of E. marginatus where Nerocila bivittata was attached was observed (Fig.2). But, another external clinical finding
except this lesion was not detected. The parasite was
also detected on the caudal fin and body surface of
Mycteroperca rubra (Fig. 3).

T

The main objective of the present study was to inform as new hosts dusky grouper, Ephinephelus marginatus (Lowe, 1834) and mottled grouper, Mycteroperca
rubra (Bloch, 1793) for Nerocila bivittata. This is also
the first record of N. bivittata from the Gulf of Antalya,
coastal waters of Mediterranean Sea in Turkey.
MATERIALS AND METHODS
Nerocila bivittata was found on dusky grouper
(Ephinephelus marginatus) and mottled grouper
(Mycteroperca rubra) in the Mediterranean Sea coastal waters of Turkey. These fish species were captured
by commercial trawl vessels as non-target, from Antalya Bay, which is located in the eastern Mediterranean coast of Turkey, on November 2014. The capture
depth and coordinate of the specimens was 70 meters
and 36º 46’ 515’’ N, 031º 12’ 660’’ E and 36º 46’ 783’’
N, 031º 08’ 850’’ E, respectively (Fig. 1). The parasites were removed from the body and fin surfaces
of hosts and immediately preserved in 70% ethanol
until brought to our faculty research laboratory. Subsequently, the fixed parasites were examined under
a stereomicroscope. The total lengths of the isopods
were measured and recorded in millimeters. Morphological characteristics of the parasites and these characters were used for the descriptions of the parasites
(Risso, 1816; Brusca, 1978; Brusca, 1981).

N. bivittata has dark brown body colour and there are
two white strips along the dorsal part of body. The body
is oval-shaped, the shell is cambered and bright. The
head of the N.bivittata is small, rounded and flattened.
There are seven large sections in the body followed
by five smaller segments. The first three of its external
antennas are swollen. Tail of the parasite is wide and
almost square in shape. Extremities of N.bivittata are
lanceolate and have small points at the ends. Uropod is
twice the length of the endopod. Distal margin of endopod deeply intended. Totally, 3 parasites were detected
on fishes and the average body length and width of them
were measured as 17.2 mm and 8.3 mm, respectively.
The species was idenitifed as Nerocila bivittata.
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Figure 1. The map showing the previously records (yellow dots; Kayiş and Er 2012; Akmirza 2014; Kirkim et al 2008) and new record
(green dot) for Nerocila bivittata in Turkey.

Figure 2. Nerocila bivittata on the caudal fin of Ephinephelus marginatus and hemorrhagic lession.

Figure 3. Nerocila bivittata on caudal fin and body surface of Mycteroperca rubra.
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DISCUSSION
The Order Isopoda are widely distributed in all
habitat types including terrestrial, marine, fresh and
ground water. Some species are known as parasites
and infested to the marine, freshwater and brackish
water fish species (Bariche and Trilles, 2005). Parasitic isopods as crustacean ectoparasites are the
most commonly reported group in marine fish species (Kabata, 1984). They are attached on the body
surface, the fins, in the gill chambers, buccal cavity
and nostrils or they make a pouch in the muscle of
many wild tropical and cultured fish having economic
value (Williams and Williams, 1994; Brusca, 1981).
Isopods are haematophagous species and produce an
anticoagulant substance from their latero-oesophagus glands (Bariche and Trilles, 2005). They feed on
their host’s blood and haemolymph and cause lessions
on the body surfaces of their hosts so these parasites
bring about a decrease in the economic value of the
fish (Printrakoon and Purivirojkul, 2011).
N. bivittata has been described in 1816 for the first
time by Risso (Risso, 1816). In 1818, the parasite was
considered as a new species and described it as Nerocila blainvillii and Risso reported that N. blainvillii
as the single species found in the genus. The author’s
specimen has been preserved in the British Museum
(BMNH 1979: 400:2) but has never been fully described. Subsequently, this material as Nerocila bivit-

tata was identified and recorded as conspecific with
N. blainvillii (Trilles, 1975).
N. bivittata was generally reported from the Mediterranean countries such as Greece, Egypt, Lebanon,
Libya and Algerian (Trilles 1994; Ramdane et al.
2007; Shakman et al 2009; Kolygas M 2014; Elgendy
et al., 2018). This parasitic species has been isolated
from many fish species such as Siganus luridus, Mullus surmuletus, Mugil cephalus, Serranus scriba, Pagellus erythrinus, Meluccius merluccius, Belone belone, Uranoscopus scraber, Dentex macrophthalmus
from the Black, Marmara and Aegean Seas in Turkey
(Oktener and Trilles, 2004; Kirkim et al., 2008; Oguz
and Oktener, 2007; Alas et al. 2008; Oktener et al.,
2010; Er and Kayis, 2015).
CONCLUSION
As results of the present study, the parasitic isopod
Nerocilia bivittata (Crustacea, Isopoda, Cymothoidae) on dusky grouper (Ephinephelus marginatus) and
mottled grouper (Mycteroperca rubra) is the first record in the worldwide and also the first notification of
Nerocila bivittata from the coastal waters of Mediterranean Sea, Gulf of Antalya in Turkey.
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J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

2313

S. Y. ÇELIK, J. KORUN, M. GÖKOĞLU

REFERENCES
Alas A, Oktener A, Iscimen A, Triller JP (2008) New host record, Parablennius sanguinolentus (Teleostei, Perciformes, Blenniidae)
for Nerocila bivittata (Crustacea, Isopoda, Cymothoidae). Parasitol
Res 102(4):645-646.

Hackradt FCF (2012) Ecology of Mediterranean reef fish early life history
stages, population connectivity and implications for marine protected
areas design. Universidad de Murcia Facultad de Biología Departmento de Ecología e Hidrología, Doctoral Thesis, Murcia pp 238

Akmirza A (2014) Metazoan parasites of brown meagre (Sciaena umbra
L. 1758) caught near Gökçeada, Turkey. Turk J Vet Anim Sci 38:299303.

Harmelin, J.G. and Harmelin-Vivien, M. 1999. A review on habitat, diet
and growth of the dusky grouper Epinephelus marginatus (Lowe,
1834). Marine Life 9(2): 11-20

Andrade AB, Machado LF, Hostim-Silva M, Barreiros JP (2003) Reproductive biology of the dusky grouper Epinephelus marginatus (Lowe,
1834). Braz Arch Biol Technol 46(3):373-382

Kayış Ş, Er A (2012) Nerocila bivittata (Cymothidae, Isopoda) infestation on Syngnathid Fishes in the Eastern Black Sea. Bull Eur Ass
Fish Pathol 32(4)

Aronov A., Goren M. 2008. Ecology of mottled grouper (Mycteroperca
rubra) in the eastern Mediterranean. Electronic Journal of Ichthyology 2: 43–55

Kabata Z (1984) Diseases caused by metazoans: crustaceans. In: Kinne O,
editor.Diseases of marine animals. Hamburg, Germany: Biologische
Anstalt Helgoland pp 321-399

Bariche M, Trilles JP (2005) Preliminary check-list of Cymothoids (Crustacea: Isopoda) parasitic on marine fishes from Lebanon. Zool Middle
East 34:53-60.

Katharios P, Papadakis IE, Prapas A, Dermon CR, Ampatzis K, Divanach
P (2004) Mortality control of VNN disease in grouper, Epinephelus
marginatus after prolonged bath in denseChlorella minutissima culture. European Aquaculture Society, Biotechnologies for Quality 2023 October Barcelona, Spain

Bouchereau JL, Body P, Chauvet C (1999) Growth of the dusky grouper
Epinephelus marginatus (Linnaeus, 1758) (Teleostei, Serranidae) in
the Marine Natural Reserve of Lavezzi Islands, Corsica, France. Sci
mar 63(1):71-77.
Brusca R.C., 1978. Studies on the cymothoid fish symbionts of the eastern Pacific (Isopoda, Cymothoide). I. Biology of Nerocila calijornica.
Crustaceana 34: 141–154.

Kırkım F, Kocataş A, Katagan T, Sezgin M (2008) A Report on Parasitic Isopods (Crustacea) from Marine Fishes and Decapods Collected
from The Aegean Sea (Turkey). Turk J Parasitol 32(4):382–385

Brusca RC (1981) A monograph of the Isopoda Cymothoidae (Crustacea)
of the eastern Pacific. Zool J Linnean Soc 73:117-119.

Kolygas M (2014) Implementation of Innovatory and Efficacious Treatments Against Ectoparasites of Intensive Cultured Mediterranean
Fish, phd Thesis, University of Thessaly, School of Health Sciences,
Faculty of Veterinary Medicine, Greece.

Charfi-Cheikrouha F, Zghidi W, Ould Yarda L, Trilles JP (2000) Les Cymothoidae (Isopodes parasites de poissons) des côtes tunisiennes:
ecologie et indices parasitologiques. Syst Parasitol 46:146–150.

La Mesa, G., Di Muccio, S. and Vacchi, M. 2006. Abundance, size distribution and habitat preferences in the grouper assemblage of the
Ustica marine reserve (SW Mediterranean). Cybium 30(4): 365-377.

Cunha ME, Quental H, Barradas A, Pousao-Ferreira P, Cabrita E, Engrola
S (2009) Rearing larvae of dusky grouper, Epinephelus marginatus
(Lowe, 1834), (Pisces: Serranidae) in a semi-extensive mesocosm.
Sci Mar 73(1):201–212

Maggio A, Zhu J-K, Hasegawa PM, Bressan RA (2006) Osmogenetics:
Aristotle to Arabidopsis. Plant Cell 18:1542–1557

Dulcic J, Tutman P, Caleta M (2006) Northernmost occurrence of the
white grouper, Epinephelus aeneus (Perciformes: Serranidae), in the
Mediterranean area. Acta Ichthyol Piscat 36(1):73–75
Eissa A, Zaki EMM, Saeid S (2011) Epidemic mortalities in the dusky
grouper, Epinephelus marginatus (Lowe, 1834) in Egyptian coastal
waters. In Proceedings of the 4th Global Fisheries and Aquaculture
Research Conference, the Egyptian International Center for Agriculture, Giza, Egypt pp 3–5
Elgendy MY, Hassan AM, Abdel Zaher MF, Abbas HH, Soliman WS,
Bayoumy EM (2018) Nerocila bivittata Massive Infestations in Tilapia zillii with Emphasis on Hematological and Histopathological
Changes. AJSR 11(1):134–144
Er A, Kayış S (2015) Intensity and prevalence of some crustacean fish
parasites in Turkey and their molecular identification. Turk J Zool
39:1142–1150
Genc E, Genc MA, Can MF, Genc E, Cengizler I (2005) A first documented record of gnathiid infestation on white grouper (Epinephelus
aeneus) in Iskenderun Bay (north-eastern Mediterranean), Turkey. J
Appl Ichthyol 21:448–450.
Glamuzina B, Skaramuca B, Glavic N et al (1998) Egg and early larval
development of laboratory reared dusky grouper, Epinephelus marginatus (Lowe, 1834) (Pisces, Serranidae). Sci Mar 62:373–378

Marino G, Azzuro E, Massari A, Finoia MG, Mandich A (2001) Reproduction in the dusky grouper from the southern Mediterranean. J Fish
Biol 58: 909–927
Mahé K, Cochard ML, Quéro JC, Sevin K, Bailly N, Tetard A (2012)
First record of Epinephelus marginatus (Serranidae: Epinephelinae)
in the eastern English Channel Premier signalement de Epinephelus
marginatus (Serranidae: Epinephelinae) en Manche orientale. Ichthyological notes – Notes ichtyologiques 36(3):485–486
Moravec F, Justine JL (2008) Some philometrid nematodes (Philometridae), including four new species of Philometra, from marine fishes
off New Caledonia. Acta parasitol 53(4): 369-381
Oguz MC, Öktener A (2007) Four Parasitic Crustacean Species From Marine Fishes of Turkey. Turkish Journal of Parasitology 31(1):79–83
Oktener A, Trilles J.P., (2004) Report on the Cymothoids (Crustacea, Isopoda) collected from marine fishes in Turkey. Acta Adriat 45 (2):15–23
Oktener A, Torcu-Koc H, Erdogan Z, Paul-Trilles J., 2010. Scuba diving
photography: a useful method for taxonomic and ecologic studies on
fish parasites (cymothoidae). Journal of Marine Animals and Their
Ecology, 3(2).
Printrakoon C, Purivirojkul W (2011) Prevalence of Nerocila depressa
(Isopoda, Cymothoidae) on Sardinella albella from a Thai estuary. J
Sea Res 65:322–326
Ramdane Z, Bensouilah MA, Trilles J.P., 2007. The Cymothoidae (Crus-

J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

2314

S. Y. ÇELIK, J. KORUN, M. GÖKOĞLU

tacea, Isopoda), parasites on marine fishes, from Algerian fauna. Belg
J Zool 137(1):67–74

um National d’Histoire Naturelle, Paris 3e serie, 290, Zoologie 200:
347-378, pI. 1

Risso A (1816) Histoire Naturelle des Crustacés des Environs de Nice. Librairie Grecque-Latine-Allemande, Paris. Pp 175

Trilles JP (1994) Les Cymothoidae (Crustacea, Isopoda) du Monde (Prodrome pour une Faune). Stud Mar 21/22(1–2):1–288

Shakman E, Kinzelbach R, Trilles JP, Bariche M (2009) First occurrence
of native cymothoids parasiteson introduced rabbitfishes in the Mediterranean Sea. Acta Parasitol 54(4):380–384

Williams LB, Williams EH (1994) Parasites of Puerto Rican Freshwater
Sport Fishes, Sportfish Disease Project, Department of Marine Sciences, University of Puerto Rico,
pp168

Trillies J.P. 1975. Les Cymothoidae (Isopoda, Flabellifera) des cotes
francaises. H. Les Anilocridae Schiodte et Meinert, 1881. Genres
Anilocra Leach, 1818, et Nerocila Leach, 1818. Bulletin du Muse-

WoRMS, 2018, http://www.marinespecies.org, [accessed 4 September
2019].

J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

J HELLENIC VET MED SOC 2020, 71(3): 2315-2322
ΠΕΚΕ 2020, 71(3): 2315-2322

Research article
Ερευνητικό άρθρο

Effect of N-acetyl cysteine on the quality of blastocyst formation rate using
cultured vitrified murine embryos
S. Sigüenza, I.S. Álvarez, E. Matilla*
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ABSTRACT: Vitrification is the best method for embryo cryopreservation although it increases endogenous reactive
oxygen species (ROS) production. N-acetylcysteine (NAC) a free radical scavenger may be used for reducing ROS
toxic effects. The aim of the present study is to investigate potential beneficial effects of NAC on the developmental
embryo competence applying different culture conditions in vitrified-warmed 2-cell embryos derived in vivo or in vitro.Thus, 2-cell embryos were vitrified or cultured fresh in presence or absence of 1 mM of NAC during: a) the entire
embryo culture, b) for 24 hours with NAC at days 1.5 (G1) or 2.5 (G2) and returned to basal embryo culture (KSOM)
or c) cultured in the presence of NAC for 12 hours at day 3.5 (G3). Despite NAC addition to fresh or vitrified embryos
produced in vivo or by IVF, blastocyst rates remained unchanged. In vitrified-warmed IU or IVF-derived embryos, total
cell number varied when NAC was added at day 1.5 although differences were not significant (60.1 ± 1.9 vs. 59.4 ± 1.3
for IU G1 and control respectively; and 59.3 ± 1.6 and 52.6 ± 3.0 IVF G1 and control respectively; mean cell number
± SEM, p > 0.05). It seems that the embryo culture medium supplementation with 1 mM of NAC in the first day after
vitrification of development improves blastocyst quality of murine embryos and does not exert any beneficial effect at
oyher culture points.
Keywords: N-acetylcysteine, vitrification, early embryos, mouse, blastocyst quality.
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INTRODUCTION
mbryo cryopreservation is an assisted reproductive technology that has been extensively used in
conservation programs (Somoskoi et al. 2015; Mandawala et al. 2016). Vitrification is the safest and
most rapid method for embryo cryopreservation as it
avoids the formation of intracellular and extracellular
ice crystals (Rall W.F. 1985; Vajta 2000). This method
consists in the solidification of the cell components
at low temperatures reaching an amorphous-ice state
by combining: a) extremely rapid cooling rates (over
1000ºC/min) and b) high concentrations of permeable
cryoprotectants (typically ethylene glycol or EG and
dimethyl sulfoxide or DMSO) and an non-permeable
cryoprotectants agents (a carbohydrate) (Rall 1987).
This method expedites the freezing process reducing
the exposure to the toxic effect of the cryoprotectants
(Tsang W.H. and Chow L.K. 2009) although embryo
survival and the subsequent development is lower
than when compared to fresh embryos (Kuleshova
and Lopata 2002; Azadbakht and Valojerdi 2008).
It has been previously shown that cryopreservation
causes alterations in the embryos by affecting the integrity of the cell membrane and cytoskeleton, inducing mitochondrial depolarization and increasing the
production of reactive oxygen species (ROS) (Yan et
al. 2010; Liang et al. 2012). Among these insults, oxidative stress derived from mitochondrial damage is
known to trigger the apoptotic cascade leading to a
decrease in the survival rate and developmental competence of embryos after thawing (Somfai et al. 2007;
Tatone et al. 2010). Additionally, in vitro culture of
mammalian embryos further enhances free radical
production overwhelming the embryos’ endogenous
antioxidant capacity (Ali et al. 2002), being especially
notable in vitrified embryos. For this reason antioxidant addition to the embryo culture medium has been
tried and has shown to improve gamete quality and
embryo development (Silva et al. 2015). N-acetylcysteine (NAC) is a potent free radical scavenger that can
be considered as a supplement to alleviate glutathione
(GSH) depletion and free radical formation during
oxidative stress in mice (Silva et al. 2015). GSH is
one of the major non-enzymatic antioxidants present in oocytes and embryos and is essential for their
protection against oxidative stress (Marí et al. 2009).
Based on a recently published work that described that
addition of NAC to murine oocytes after vitrification
improves the mitochondrial status of the oocytes and
the quality of the blastocyst obtained by IVF (Matilla
et al. 2019), in the present work the effect of NAC at

E

1 mM in vitrified-warmed 2 cell embryos produced in
vivo and in vitro, was assessed. This embryonic stage
was chosen because it is known that two-cell embryos
are more sensitive to vitrification than other stages. To
do this, two cells embryos are more sensitive to vitrification than other stages (Ghandy, N., Karimpur, M.,
Abbas, A. 2017). Also, we want check the effect of
NAC addition during a long time of culture. Two-cell
embryos were recovered in vivo or after in vitro fertilization (IVF), vitrified and incubated for 24 hours
with 1 mM of NAC during different time points (day
1.5, day 2.5 or day 3.5) or during the entire culture to
the expanded blastocyst stage. The percentage of embryos reaching the expanded blastocyst stage as well
as the total cell number was assessed using a stereomicroscope.
MATERIAL AND METHODS
Reagents
Unless otherwise stated, all the reagents were purchased from Sigma-Aldrich (Barcelona, Spain).
Animals and superovulation protocol
All the experimental procedures were reviewed
and approved by the Ethical Committee of the Junta de Extremadura (Spain; Ref. Exp-20190103-2).
B6D2F1/OlaHsd mice were housed in the Animal
housing of University of Extremadura under a 12 h
light/12 h dark cycles at a controlled temperature (1923ºC) with free access to food and water. Females between 20-25 gr. of weight were intraperitoneally (IP)
injected with 8 international units of equine chorionic
gonadotropin (eCG, Veterin Corion, Divasa Farmavic) followed 47 h later by 8 international units of IP
human chorionic gonadotropin (hCG, Foligon, MSD)
to trigger ovulation.
In Vitro Fertilization
Male B6D2F1/OlaHsd mice aged 7-10 weeks
and weight around 30 gr. were euthanized by cervical dislocation and ventrally dissected to remove the
cauda epididymis. Once located, the epididymis and
attached vas deferens were sectioned and transferred
to a Petri dish containing 500 µl of pre-equilibrated
human tubal fluid (HTF; at 37°C in a 5% CO2/ 95%
air atmosphere at 100% humidity) covered with mineral oil. Sperm were obtained by gently pressing the
cauda epididymis through the vas deferens and were
allowed to capacitate for 45 minutes at 37°C in a 5%
CO2/ 95% air atmosphere at 100% humidity. At the
end of the incubation, sperm concentration was mea-
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sured using a Makler chamber (Sefi-Medical instruments LTD, CA, USA). Cumulus-oocyte complexes
(COCs) were recovered from oviducts following female euthanasia and placed in a Petri dish containing 500 µl of pre-equilibrated HTF covered with
mineral oil; COCs were inseminated using 1.5 x 106
sperm/ml and were co-incubated for 6 hours and then
transferred to equilibrated potassium-supplemented
simplex optimization medium (KSOM). The day at
which IVF was performed was considered as day 0.
The next morning, cleaved embryos in two cell stage
were retrieved and allocated as described in the experimental design section.

ferred to KSOM until day 4; G2: embryos were cultured in KSOM, transferred for 24 hours to KSOM
supplemented with 1 mM NAC (day 2.5 to 3.5), and
returned to KSOM until day 4; G3: embryos were
cultured in KSOM for 12 hours supplemented with
1 mM NAC (day 3.5 to 4); C-NAC: embryos were
cultured in KSOM supplemented with 1 mM NAC to
the blastocyst stage. The number of embryos reaching
the blastocyst stage was recorded visually by a stereomicroscope. All the embryos were moved to a new
droplet of medium each day in presence or absence
of NAC depending on the treatment group (Figure 1).

In vivo embryo recovery
Female mice were hormonally stimulated to trigger ovulation as previously described; after hCG injection, females were paired with B6D2 males in a
1:1 ratio. After 24 hours, females were sacrificed by
cervical dislocation and the embryos were collected
from the oviducts; these 2-cell embryos were allocated into an experimental group (see the experimental
design section).
Vitrification and warming
In vivo and in vitro produced two cell embryos
were equilibrated in M2 medium added with 7.5%
of DMSO (v/v), 7.5% ethylene glycol (v/v) and 20%
(v/v) fetal bovine serum (FBS) for 3 min. Afterwards,
the embryos were transferred to a vitrification solution consisting of M2 supplemented with 20% FBS
added with 15% ethylene glycol (v/v), 15% DMSO
(v/v) and 0.5 M sucrose for 1 minute. An average of
15 embryos were loaded in 0.25 ml French straws
(IMV, L’Aigle, France) at room temperature and
sealed by ultrasounds (Superultrasonic Co, Taiwan).
After that, the straws were plunged into liquid nitrogen and stored for at least 7 days. Embryos were
warmed at 37ºC for 3-4 minutes in M2 medium added
with 0.5 M sucrose and 20% FBS (v/v) and washed in
M2 medium drops for further 3 minutes.
Experimental design
Fresh or vitrified-warmed in vivo and in vitro produced two cell embryos (1.5 days of development)
were separately allocated to one of the following experimental groups:
Control: embryos were cultured in KSOM to the
blastocyst stage; G1: embryos were cultured for 24
hours in KSOM supplemented with 1 mM NAC (day
1.5 to 2.5), after this incubation embryos were trans-

Figure 1. Two cell experimental design

Development to the blastocyst stage
To assess the development to the blastocyst stage,
the embryos were followed in vitro for 3 days. The
dish containing the embryos was placed under a stereomicroscope with a pre-heated stage (37°). The
embryos showing a completely formed inner cell
mass and expanded blastocele were assumed to have
reached the blastocyst stage.
Total cell number
The number of cells in an embryo is the most critical indicator of embryo quality (ESHRE 2011). Therefore, in view of the previous data, expanded blastocysts were fixed in 4% formaldehyde in PBS added
with 0.01% of polyvinyl alcohol (PVA; w/v) at 4ºC
for 12 hours and stained with 2.5 µg/ml of Hoechst
33342 (Eugene, OR, USA) in PBS added with PVA
for 10 minutes at 37ºC. Then, the blastocysts were
mounted on glass slides with glycerol, covered with
coverslips and sealed using nail polish. The embryos
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were then visualized using a fluorescence microscope
(Nikon Elipse TE2000-S) equipped with an ultraviolet lamp. Cell number was analyzed using the Fiji Image-J Software (1.45q, Wayne Rasband, NIH, USA).
Statistical analysis
Data were tested for normality using a Shapiro–
Wilk test; the results are reported as mean ± standard error of the mean (SEM). Treatment groups
were compared using ANOVA on ranks due to their
non-Gaussian distribution. Between groups, all pair
wise comparisons were made using a Holm-Sidak
post-hoc test. All statistical analyses were performed
using Sigma Plot software version 12.3 for Windows
(Systat Software, Chicago, IL, USA). Differences
among values were considered as statistically significant when p < 0.05.

presence of NAC during all stages showed significant
differences between NAC added in 2.5 day (55.6 ±
3.0 vs. 45.7 ± 2.2; p < 0.05; Table 2).
Conversely, when IVF derived embryos were vitrified and warmed, NAC addition at day 1.5 increased
the blastomere number in G1 (59.3 ± 1.6; mean cell
number ± SEM) compared to day 2.5 and 3.5 of embryo development (59.3 ± 1.6; mean cell number ±
SEM, vs. 49.6 ± 2.6 and 46.5 ± 2.6 (G2 and G3 respectively); p < 0.05, Table 2 and Figure 2).

RESULTS
Embryo development
Differences were found between treatments in the
development to the blastocyst stage but were not significant (p > 0.05; Table 1). Homologous treatments
in vivo and in vitro were compared in a second evaluation (control, G1, G2, G3 or C-NAC) but statistically
significant differences were not found (p > 0.05).
Total cell number determination
Significant differences were found between Control group (74.2 ± 2.3; mean cell number ± SEM)
compared with G2 (63.2 ± 2.7) and G3 (61.3 ± 3.2)
in fresh in utero retrieved embryos (p < 0.05; Table
2). Significant differences were found comparing G1
group (74.1 ± 1.8) vs G2 (63.2 ± 2.7) and G3 (61.3
± 3.2) in fresh in utero retrieved embryos (p < 0.05;
Table 2).
Despite NAC addition in fresh IVF group significant differences were not found (p > 0.05; Table 2).
When in utero-derived embryos were vitrified and
warmed significant differences where obtained in
presence of 1mM of NAC (G2 and G3) compared to
the control group (59.4 ± 1.3; mean cell number ±
SEM vs. 45.7 ± 2.2 and 46.8 ± 2.2 respectively; p <
0.05; Table 2
2). Also, significant differences were found in
embryos supplemented with 1 mM NAC in 1.5 day
group compared to days 2.5 and 3.5 (60.1 ± 1.9 mean
cell number ± SEM; vs. 45.7 ± 2.2 and 46.8 ± 2.2
respectively; p < 0.05; Table 2). Embryos cultured in

Figure 2. Blastocyst experimental design
In vivo or IVF-derived murine 2-cell embryos were obtained,
vitrified and cultured to the blastocyst stage in the presence or
absence of 1 mM NAC. Representative micrographs are shown of
blastocysts derived from 2-cell embryos that were obtained after
A) IVF (fresh); B) In utero harvesting (fresh); C) 2-cell embryos
produced in utero followed by vitrification; D) produced in utero
followed by vitrification, cultured in presence of 1 mM NAC for
24 hours (day 1.5) and allowed to develop; E) IVF derived 2-cell
embryo subjected to vitrification and warming; F) IVF derived
2-cell embryo subjected to vitrification, cultured in presence of 1
mM NAC for 24 hours (day 1.5) and allowed to develop. White
bar represents 100 µm; the micrographs were taken using a 40x
objective.
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Table 1. Embryo development to the blastocyst stage

Embryo source

Treatment
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC

Fresh In utero (IU)

IU- vitrified embryos

Fresh IVF

IVF – Vitrified

n
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

Blastocyst rate
92.0 ± 2.7
92.9 ± 1.8
93.0 ± 3.1
89.0 ± 3.5
93.6 ± 3.9
83.8 ± 4.1
85.1 ± 3.2
82.5 ± 4.2
81.1 ± 2.6
84.3 ± 3.3
84.3 ± 1.6
85.3 ± 1.0
81.2 ± 3.5
80.7 ± 4.3
83.4 ± 3.3
84.9 ± 3.2
85.0 ± 1.6
78.4 ± 4.2
76.4 ± 4.1
83.2 ± 4.5

Blastocyst rates of fresh and vitrified mouse embryos obtained by IVF or in vivo in presence or absence of NAC. The groups studied
were: Control: embryos cultured in the absence of NAC; NAC G1: 1 mM NAC was added for 24 hours to the embryo culture
medium at day 1.5 of embryo development; NAC G2: 1 mM NAC was added for 24 hours to the embryo culture medium at day
2.5 of embryo development; NAC G3: 1 mM NAC was added for 24 hours to the embryo culture medium at day 3.5 of embryo
development; C-NAC: culture medium was supplemented with 1 mM of NAC during the entire embryo culture. Statistically
significant differences were not found between treatments in the same group or between homologous treatments in the different
groups studied. Values are expressed as the mean percentage ± SEM (p > 0.05).
Table 2. Cell number of murine blastocyst from two cells embryos.

Embryos
Fresh in utero (IU)

IU- vitrified embryos

Fresh IVF

IVF - Vitrified

Treatment
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC
Control
NAC G1
NAC G2
NAC G3
C-NAC

n
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

Cell number
74.2 ± 2.3a,b
74.1 ± 1.8c,d
63.2 ± 2.7a,c
61.3 ± 3.2b,d
71.2 ± 2.1
59.4 ± 1.3a,b
60.1 ± 1.9c,d
45.7 ± 2.2a,c,e
46.8 ± 2.2b,d
55.6 ± 3.0e
55.4 ± 1.2
55.4 ± 1.5
52.8 ± 2.3
50.8 ± 2.7
55.1 ± 1.8
52.6 ± 3.0
59.3 ± 1.6a,b
49.6 ± 2.6a
46.5 ± 2.6b
55.8 ± 1.4

Total cell number of vitrified mouse embryos obtained by IVF or in vivo in presence or absence of NAC. Control: embryos
cultured in the absence of NAC; NAC G1: 1 mM NAC was added for 24 hours to the embryo culture medium at day 1.5 of embryo
development; NAC G2: 1 mM NAC was added for 24 hours to the embryo culture medium at day 2.5 of embryo development; NAC
G3: 1 mM NAC was added for 24 hours to the embryo culture medium at day 3.5 of embryo development; C-NAC: culture medium
was supplemented with 1 mM of NAC during the entire embryo development. Values are expressed as the mean percentage ± SEM.
Values bearing different letters in the same group differ statistically (p < 0.05).
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DISCUSSION
Embryo vitrification is an important hallmark of
the assisted reproductive technology industry. The
murine model has been extensively used to test and
develop vitrification protocols due to its high capacity
to withstand the process. However, depending upon
the developmental stage, their tolerance to vitrification notably varies (Ghandy, Nasibeh and Karimpur
Malekshah 2017). For example, it has been described
that vitrified 2-cell embryos exhibit a similar survival
rate after warming compared to 4-cell, 8-cell, morulae and blastocysts, although their development to
the blastocyst stage is significantly lower compared to
vitrified-warmed embryos at the 8-cell stage (Zhang
et al. 2009; Ghandy, N., Karimpur, M., Abbas, A.
2017; Ghandy, Nasibeh and Karimpur Malekshah
2017). This difference has been attributed to a lower cryoprotectant permeability of the zona pellucida
at the earlier embryo stages and to increased ROS
production after vitrification, being this stage the less
suitable for cryopreservation (Pedro et al. 2005; Gao
et al. 2012). Thus, in our setting, vitrified 2-cell embryos produced in vivo and in vitro were used to study
the effect of NAC supplementation during the entire
culture or at different time points. In our setting no
statistically significant differences were observed in
the developmental competence of the 2-cell embryos despite NAC addition, in vitro or in vivo embryo
production and/or cryopreservation (Table 1; p >
0.05). However, it has to be mentioned the high development to the expanded blastocyst stage obtained
after embryo vitrification in our setting (84.3 ± 1.6
and 84.9 ± 3.2; blastocyst rate for vitrified-warmed
in vivo vs. IVF produced embryos respectively; Table
1). Previous works have reported up to 69.4% blastocyst rates after in utero retrieved 2-cell embryo vitrification using the Cryotop method (Zhang et al. 2009;
Ghandy, N., Karimpur, M., Abbas, A. 2017; Ghandy,
Nasibeh and Karimpur Malekshah 2017) or a 97.3%
blastocyst rate when the embryos were produced by
IVF and vitrified using the Kitasato System (Momozawa et al. 2017). Although the mouse strain used and
the vitrification protocol (close in our setting vs. open
in the mentioned reports) might influence the results
obtained, our results suggest that in vivo and in vitro
produced 2-cell embryos similarly withstand vitrification when a closed system is used.
As similar blastocyst rates were found among
groups, we decided to compare the number of blastomeres/embryo between groups, as it has been shown
to be a reliable indicator of embryonic quality (Mal-

lol et al. 2013; Kong et al. 2016). Coinciding with
our findings it has been reported that the mean cell
number in mouse blastocysts recovered from uterus is
74.5 ± 2.3 (Sawicki and Mystkowska 1990) and that
total cell number significantly drops in IVF-derived
embryos (Van der Elst J et al. 1998). The lower cell
number of in vitro-derived embryos has been linked
to a higher cell death compared to in utero-derived
embryos (Jurisicova et al. 1998) and to an enhanced
ROS production occurring during in vitro embryo
production (Guérin et al. 2001).
However, despite NAC addition during the entire
embryo culture, total cell number did not improve in
fresh or vitrified embryos disregarding their source
(in vitro or in utero; Table 2). Similar findings have
been described in vitrified in vitro-derived porcine
embryos in which addition of L-ascorbic acid to the
embryo culture medium ameliorated ROS production
but did not result in enhanced total cell number (Castillo-Martín et al. 2014).
The results by Castillo-Martín et al. (2014) and our
own results suggest that, antioxidants added during
the entire embryo culture can exert effective ROS
scavenging that is not reflected by an enhanced total cell count in the resulting embryos. Interestingly,
addition of 1 mM of NAC to the embryo culture at
the different time points tested (day 1.5, 2.5, 3.5 or
the entire embryo culture) to vitrified-warmed 2-cell
embryos produced in vitro or in vivo exerted different effects. The total cell number in vitrified-warmed
embryos (in vitro or in vivo) increased when NAC
was added at days 1.5 compared to the control although differences were not significant (Table 2 and
Figure 2). Conversely, in all groups total cell number significantly decreased at day 2.5 (G2) and 3.5
(G3) compared to control; also, we found significant
differences between G1 (1.5 Day) and day 2.5 (G2)
and 3.5 (G3) from fresh and vitrified in utero embryos and IVF vitrified and warmed embryos. Our results suggest that NAC addition exerts its maximum
beneficial effect right after embryo warming (in vitro and in vivo produced embryos). It is known that
physiological ROS production is required for correct
embryo division and pre-implantation development
(Covarrubias et al. 2008). Thus, our data suggest that
after vitrification and warming the NAC scavenging
properties might be ameliorating the increased ROS
production triggered by the cryopreservation process.
This effect was observed only when NAC was added
during the first third of the embryo culture (in vivo
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produced embryos), but in the second and last third
of embryo development, the damages induced seem
to be irreversible. This effect can be attributed to the
addition of the antioxidant in the correct moment, as
its addition in an non-ideal stage of development can
be harmful (Guerin et al. 2001). The fact that continuous NAC addition did not result in an enhanced total
cell number suggests that excessive ROS scavenging
could be interfering with blastomere cytokinesis explaining why total cell number does not increase (Bedaiwy et al. 2004).

idly than in vitro produced embryos, as the number of
blastomeres is significantly lower after reaching the
blastocyst stage. NAC supplementation during the entire culture to the blastocyst stage does not improve
the quality of fresh 2-cell embryos and in utero vitrified-warmed embryos. NAC addition to 2.5 and 3.5
day has and toxic effect decreasing embryo quality of
IU derived embryos (p < 0.05). More studies are necessary to clarify the optimal concentrations of NAC
that improve the quality of vitrified murine embryos
during early embryo development.

CONCLUSION
NAC addition enhances total cell number and embryo development of vitrified murine 2-cell embryos
obtained in vivo or in vitro when added at day 1.5 of
culture. For IVF- vitrified embryos significant differences were found depending upon the day of NAC
supplementation. The vitrification process detrimentally affects in vivo-derived 2-cell embryos more viv-
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ABSTRACT: We hypothesized that endometrial tissues from ewes undergo spatial and temporal changes. Thus, two
regulatory events were investigated in this study: cell death (apoptosis) and cell proliferation. Uteri were obtained from
healthy ewes at Batna abattoir (Algeria). Based on macroscopic observation of the ovaries and plasma progesterone,
uteri were assigned to follicular, early and active luteal phases. Apoptosis and proliferation were assessed by detection
of cleaved caspase-3 and Ki-67, respectively. Ki-67 and cleaved caspase-3 (CCP-3) were expressed in both phases of
the oestrous cycle and all endometrium cells types [luminal epithelia (LE), superficial gland epithelia (SG) and deep
gland epithelia (DG)]. Immunohistochemistry for cleaved caspase-3 revealed few or no apoptotic stained cells in all
endometrium locations during the entire oestrous cycle. However, Ki-67 was significantly higher in the follicular
phase than in the early and active luteal phase. Besides, expression of CCP-3 in LE was higher than in SG and DG at
the follicular phase and early luteal phase. However, Ki -67 and CCP-3 levels in all endometrium cells types did not
significantly change at active luteal phase. Therefore, it is concluded that apoptosis and proliferation were occurred in
ewe endometrium in a cyclic pattern and under the influence of the endocrine profile.
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INTRODUCTION
t is well known that the major reason for the failure
of the embryo implantation is abnormal endometrial receptivity. During this period, morphological and
biochemical changes occur in mammalian endometrium. These modifications are regulated by a plethora
of factors, including oestrogen, progesterone, and
their receptors, transcriptional factors and many others (Lonergan and Forde, 2014; Simmons et al. Recent investigations have demonstrated the importance
of apoptosis in the processes of endometrial tissue remodeling during the oestrous cycle (Arai et al., 2013;
Simmons et al., 2009). The balance between cell proliferation and apoptosis regulates the periodic repair
and shedding of endometrial cells and leads to the
menstruation (in the woman) or prepare the mucosal
layer of endometrium for the implantation of the embryo(Stewart et al., 1999; Antsiferova and Sotnikova,
2016).

I

Apoptosis is a form of programmed cell death in
which cells condense and fragment their nuclear material, condense their cytoplasmic material and then
release their contents in membrane-bound apoptotic
bodies (Mcilwain et al., 2013). Cells are induced to
undergo apoptosis through either extrinsic or intrinsic
pathways, which are controlled by the expression of a
number of regulatory apoptosis-related genes, such as
bcl-2 family (Li et al., 1998; Mcilwain et al., 2013),
death receptor and caspases (Li et al., 1997; Mcilwain
et al., 2013). Caspases, a family of aspartic acid-specific cysteine proteases are considered a key mediator of apoptosis in various cells (Brenner and Mak,
2009). Caspase-3 is the best-identified protein among
the 14 caspase family members (Brenner and Mak,
2009; Mcilwain et al., 2013).
Ki-67 is a non-histone nuclear protein observed
in proliferating cells and found in all phases of the
cell cycle, except of G0 phase (Gap 0), and comprises
two molecules of 345- and 395-kD weight; its gene
is located on human chromosome 10.This marker is
expressed during G1(Gap 1), S (Synthesis), G2, and
M (Mitosis) phases of cell cycle. In the first phase, Ki67 is frequently revealed neari the nucleus. During S
and G2 phases, this protein is detected throughout the
nucleus (Verheijen et al., 1989a). Generally, Ki-67
expression was observed during mitosis phase (Verheijen et al., 1989b).
Although cell proliferation has already been verified in the sheep endometrium (Zheng et al., 1996;
Johnson et al., 1997a, 1997b), to our knowledge no

study data on apoptotic cells are available. The aim
of this investigation was to examine the occurrence
of endometrial apoptosis and proliferation at defined
stages of the oestrous cycle of the ewe, through the assessment of active caspase-3 and Ki-67, respectively.
MATERIAL AND METHODS
Collection of endometrium and blood samples
Twenty five normal uteri without a visible conceptus were collected from ewes at commercial abattoir,
Batna (Algeria). Based on the methodology described
previously by Benbia et al. (2017), ten of the ewes
were classified in follicular phase and fifteen were in
luteal phases (six at ELP and nine at ALP). Endometrial biopsies were obtained from the uterine horns,
and then fixed in formol 10% before embedding. Jugular blood samples were collected into EDTA tubes
from all animals before slaughter; plasma was stored
at -20°C until assay.
Immunohistochemistry and scoring
Sections of 3-4 µm were placed on Super Frost
slides (Menzel-Glaser, Freiburg, Germany). Slides
were deparaffinized and subjected to antigen-retrieval
at 95°C for 20 minutes on a Dako PT Link Envision
Flex-Target retrieval solution at low pH (pH 6.0).
Thereafter, slides were cooled and incubated for 10
min in Envision Flex Washing buffer.
Sections were stained in an automatic immunohistochemical staining device (Dako Autostainer Link
48) with mouse monoclonal anti Ki-67 antibody,
clone MIB-1 (M7240; Dako-Cytomation, Glostrup,
Denmark) as the proliferation marker and rabbit
polyclonal anti cleaved caspase 3 (Asp175) antibody
(#9661; Cell Signalling Technology, Boston, USA)
as the apoptotic cell marker. Normal mouse or rabbit serum was used instead of the primary antibody
(for negative control). Sections were incubated with
secondary antibodies (EnVision FLEX; Dako) for
20 minutes. Staining was performed with 3,3-Diaminobenzidine (DAB) as chromogen for 20 minutes.
Finally, sections were counterstained with Mayer’s
hematoxylin, in a graded series of ethanol, cleared in
xylene, and covered with a cover slip using a monted
medium.
Staining was assessed at: luminal epithelium (LE),
superficial gland epithelium (SG) and deep gland
epithelium (DG). Immunoreactivity of both markers
was calculated using Quick Score (QS). The following formula was used for the evaluation of QS as
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described by Sağsöz et al. (2011)stromal cells and
smooth muscle cells. Generally, in the cervix, ERα
immunoreactivity was more intense in the epithelial
and smooth muscle cells during the follicular phase
and in the epithelial cells during the luteal phase (p
< 0.05:
QS= Intensity score (IS) + Proportional score
(PS).
The IS was defined as the intensity of brown colour of nuclei. The intensity of staining for each protein was quantified using Image-Pro Plus 6.3 image
processing and analysis software according to the
manufacturer’s instructions (Media Cybernetics, Inc.,
Bethesda, MD, USA). The PS was evaluated by manually counting the number of cells showing nuclear staining in 100 epithelial cells. The Immunoreactivity was categorized as described in table 1.
Hormone assessment in blood
Plasma progesterone concentration was determined using a radioimmunoassay kit ( ImmuChem™
Double Antibody Progesterone I125 RIA Kit, MP Biomedicals, USA). The sensitivity of this assay was
0.18 ng/ml. Plasma concentrations of oestradiol 17β
was assessed using E2 Diasorin RIA kit (Sorin Diagnostic, Antony, France). The sensitivity of the assay
was 0.07 pg/ml.
Statistical analysis
Statistical analyses were performed using Graph
Pad Prism 6 (ver. 5.02, GraphPad Software, Inc., CA,
USA). Initially, data were tested for normality and homogeneity (Bartlett test) of variances. The factors in

the procedure were: stage of oestrous cycle (FP, ELP
and ALP), and endometrium cells types (LE, SG and
DG).
Effects of stage of the oestrous cycle on cell-specific expression of Ki 67 and CCP-3 were analyzed
using two-way ANOVA. Comparison of means was
performed by Bonferroni post hoc test. Possible correlations among cell apoptosis (CCP-3), cell proliferation (Ki-67) and plasma oestradiol 17β concentration, in the three endometrium cell types were tested
using spearman correlation. Statistical significance
was considered as P<0.05.
RESULTS
The plasma concentration of P4 was 3.2 ± 0.06 ng/
ml in the active luteal phase and decreased (P<0.05)
to to 1.1 ± 0.49 ng/ml in the next phase. The lowest P4
concentration was observed in the early luteal phase
(0.5 ng/ml).
Localization and expression of Ki-67-positive cells
throughout the oestrous cycle
As shown in Figure 1, endometrial cell proliferation and apoptosis were detected during the oestrous
cycle of the ewes. Even though Ki-67 and CCP-3 were
expressed in both follicular and luteal phases of the
oestrous cycle, the Quick score of cells expressing Ki67 was significantly higher than CCP-3 at the FP and
ELP (P<0.05) (Fig1), while CCP-3 was significantly
higher in FP compared to ALP. Furthermore, Ki-67
marker was higher at the early luteal phases compared
to the active luteal phase (P<0.05) (Fig 1). Regarding
cleaved caspase 3, no difference was observed among
luteal phases (P= 0.95) (Fig1).

Table 1: Immunosensitivity categorization - Grading of Ki-67 and CCP-3.

0
1
2
3

IS

Absent staining
Weak staining
Moderate staining
Strong staining

1
2
3
4
5

IS: intensity score.; PS: proportional score (%)
J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

PS

<1%
1–10%
11–33%
34–66%
67–100%

2326

S. BENBIA, Y. BELKHIRI, M. YAHIA

Figure 1. Comparaison between total Quick score of CCP-3 (mean±SEM) and Ki-67 (mean±SEM) expression in sheep endometrium during the oestrous cycle Values with different superscript letters differ significantly (P<0.05), between Ki-67 and CCP-3
(figure 1.A) and among the FP, ELP and ALP (figure 1.B).

Figure 2. Quick score of Ki-67 (mean±SEM) in different sheep endometrial compartments (luminal epithelium, superficial and
deeper glands) at the follicular phase and at different stages of the luteal phase. LE: luminal Epithelium; SG: Superficial Glands;
DG: Deeper Glands; FP: Follicular Phase; ELP: Early Luteal Phase; ALP: Active Luteal Phase. Values with different superscript
letters differ significantly, among the endometrium cell types (LE, SG, DG).

Figure 3. Quick score of CCP-3 (mean±SEM) in different sheep endometrial compartments (luminal epithelium, superficial and
deeper glands) at the follicular phase and at different stages of the luteal phase. LE: luminal Epithelium; SG: Superficial Glands;
DG: Deeper Glands; FP: Follicular Phase; ELP: Early Luteal Phase; ALP: Active Luteal Phase. Values with different superscript
letters differ significantly, among the endometrium cell types (LE, SG, DG).
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Ki -67 nuclear expression in different endometrial cells (LE, SG, DG) throughout the follicular and
luteal phase are presented in Figure 2. Ki -67 stains
all endometrium cells with high intensity, so intensity
score was always as grade 3. The proliferative activity
of luminal epithelium (LE) was significantly higher
compared with endometrial glands (SG and DG) at
follicular phase (P<0.01) (Fig 2). The immunoreactivity of cells expressing Ki-67 protein was significantly
increased in the follicular phase and early luteal phase
than in the active luteal phase. Besides, expression
of this marker in LE, SG and DG was higher during
the early luteal stage than in the active luteal phase
(P<0.05) (Fig 2). Furthermore, Ki -67 nuclear expression in endometrial glands (SG, DG) did not significantly change during the follicular and early luteal
stage transition (Fig 2).
Expression Ki -67 in uterine epithelium (LE, SG
and DG) did not significantly change at active luteal
phase.
Localization and expression of CCP-3-positive
cells in ewe endometrium
Active CCP-3 expression was detected in both lu-

minal and glandular epithelial cells in the sheep endometrium during all phases of the oestrous cycle (Fig
3). CCP-3 was more expressed in the luminal epithelium than in the glandular epithelial cells at the follicular phase and early luteal phase (P<0.05); however,
the active luteal phase endometrium cells types did
not affect the expression of this protein (Fig 3).
Relationship between cell apoptosis (CCP-3 ) and
cell proliferation (Ki-67)

Table 2 shows that a negative correlation was
revealed between CCP-3 and Ki-67 expression;
this correlation was significant during the ELP
(P=0.02) and approached significnace during FP
(P=0.05).
Relationship between cell proliferation and plasma oestradiol 17β concentration
As shown in a Table 3, positive approached significant correlation was found between Ki-67 expression
and plasma oestradiol 17β concentration in ewe endometrium in LE (ELP, P=0.06; ALP, P=0.05) and SG
(ELP, P=0.08) during oestrous cycle phases (P>0,05)
(this taken from the limited number of samples in this
work).

Table 2. Correlation between cell apoptosis (CCP-3) and cell proliferation (Ki-67), during the oestrous cylcle.

CCP-3 Quick score

r
-0.62

PF
0.05

Ki-67 Quick score
ELP
r
P
-0.751
0.02

r
0.334

ALP

P
0.2

FP: Follicular Phase; ELP: Early Luteal Phase; ALP: Active Luteal Phase; r: correlation coefficient; P: Probabilities
significant (P<0.05)
Table 3. Correlation between cell proliferation and plasma oestradiol 17β concentration, in the three endometrium cell types during
the oestrous cylcle.

Plasma oestradiol 17β concentration
FP
ELP
ALP
r
P
r
P
r
Ki-67 Quick score

LE
SG
DG

0.691
0.61
0.40

0.059
0.063
0.19

0.501
0.761
0.39

0.06
0.08
0.49

0.689
0.565
0.32

P
0.05
0.084
0.33

FP: Follicular Phase; ELP: Early Luteal Phase; ALP: Active Luteal Phase; LE: luminal epithelium; SG: superficial
gland; DG: deeper gland; r: correlation coefficient; P: Probabilities significant (P<0.05).
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DISCUSSION
The present study examined, for the first time,
the occurrence of apoptosis (CCP-3) in the various
cells types of sheep endometrium, during the stages
of the oestrous cycle. In many mammals, endometrium function and homeostasis is an important physiological phenomenon that ensures a dynamic balance
between cell proliferation and cell death (apoptosis)
throughout the oestrous cycle (Johnson et al., 1997b,
1997a) on cow (Arai et al., 2014, 2013) , goat (Zhang
et al., 2018, 2019) and equine (Costa et al., 2007),
but, to our best knowledge, not in sheep.
According to our results Ki-67 and cleaved
caspase-3 were differentially expressed in endometrium of sheep, and this expression exhibited spatial and
temporal changes. It was noteworthy that there were
few or no apoptotic stained cells in all endometrium
locations during the entire oestrous cycle.

In this research, we found higher levels of
Ki-67 in the follicular and early luteal phase,
compared with active luteal phase endometrium when low expression of this protein was observed in the various endometrium cell types.
These Ki-67 patterns during luteal phase are in
agreement with the results of García-Palencia et
al. (2007), who demonstrated that intra-vaginal
progestogen treatment had a great effect on the
immunoexpression of cell proliferation marker in
sheep endometrium.
In the present study, cleaved caspase-3 expression
increased significantly in the follicular phase and decrease in early and active luteal phase. Additionally,
we revealed that CCP-3 is differentially expressed in
the various cell types of sheep endometrium. It was
well-known that the main executioner involved in the
cell death pathway is caspase-3 (CPP3), which is activated during the early stage of apoptosis in rat (Alan
and Liman, 2016). The assessment of the active form
of this protein is one of the most exploited diagnostic
methods for revealing apoptosis in various cell types
(Jin and El-Deiry, 2005). Likewise, it has been suggested that endometrial apoptosis was regulated by
the expression of active caspase-3 during the oestrous
cycle in goat and cow (Zhang et al., 2018; Arai et al.,
2013) and during early pregnancy in the rat (Öner et
al., 2010).
Recently, it was indicated that, several regulators
of programmed cell death and cell proliferation, such

as PTEN, PTEN/PI3K/AKT, Bcl-2 family, FAS, p53
and Caspase-3 are implicated in the apoptosis and
proliferation of the endometrium cells of dairy goats
in vitro, (Zhang et al., 2019). For example, Zhang et
al. (2018) reported that miR-26a mimic increased the
Caspase-3 protein levels in endometrium epithelial
cells, but it decreased the expression of this protein
in endometrium stromal cells of dairy goats (Zhang et
al., 2018) . However, no such research has been performed in the endometrium of sheep. These in vitro
studies suggested that there were enormous and complicated regulatory networks expressed differentialy
in cell types and functions in the endometrium of ruminants. Except the oestrogen and progesterone, a variety of factors contributed in this regulation, such as
growth factors (Stevenson et al., 1994; Md. Rashedul
Islam et al., 2016) and integrins (Park et al., 2017).
In this study, we found that the expression of
CCP-3 and Ki-67 were highly regulated temporally
and among cell types, mainly in uterine luminal epithelium. Surface epithelium is the first contact point
of the embryo during the early stage of implantation
(Bazer, 2013). Our result suggest that apoptosis may
be indispensable for the establishment of endometrial
function in sheep.
Previous investigations in several mammalian species have revealed an inverse correlation between cell
apoptosis and cell proliferation in the uterus (Harada
et al., 2004; Costa et al., 2007; Okano et al., 2007)
which was consistent with the results of the present
study in the follicular phase and early luteal phase endometrium of sheep.
In the present study, a positive correlation was
suggested between oestrogen concentration and cell
proliferation score (approach significant) and was
significant during early luteal phase in LE and SG
cells. Thus, Thus, most proliferation occurred during
the follicular and early luteal phases, when follicular
growth and maturation result in the highest production of E2, followed by the second E2 peak during
metestrus(Robinson et al., 2001).
Endometrial epithelial cells proliferation decreased
during the active luteal phase when circulating P4
levels were high.. Shiozawa et al. (2001) hypothesized that in the luteal stage, P4 can raise the levels
of some negative regulators, such as p27 (Shiozawa
et al., 2001) and cyclin G1(Yuan et al., 2014) required
for the proliferation inhibition as it has been observed
in human endometrial epithelial cells. Recently Arm-
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strong et al. (2017) revealed that apoptosis was rapidly
induced after the progesterone-withdrawal in mouse
and human endometrium (Armstrong et al., 2017).
We hypothesized, probably, that a similar mechanism
might also apply in the case of sheep.
CONCLUSION
It is concluded in the present report that both
Ki-67((proliferation) and cleaved caspase-3 (apoptosis) were expressed in the endometrium of sheep, and
this expression exhibited spatial and temporal variations. Tissue remodeling was mainly observed in luminal epithelium cells of endometrium.
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Effect of iron oxide and silver nanoparticles on boar semen
CASA motility and kinetics
A. Basioura, I. Michos, A. Ntemka, I. Karagiannis, C.M. Boscos*
Farm Animals Clinic, School of Veterinary Medicine, Faculty of Health Sciences,
Aristotle University of Thessaloniki, Greece

ABSTRACT: The objective of the study was to investigate the potential toxic effect of iron oxide (Fe3O4) and silver
(Ag/Fe) spherical nanoparticles (NPs) as alternative antimicrobial compounds on boar semen. The NPs’ minimum
inhibitory concentration was determined applying the in vitro antimicrobial activity evaluation test and included in
the experiment. Totally, 9 ejaculates (3 boars; 3 ejaculates/boar) were extended in BTS without antibiotics at 30×106
spermatozoa/mL and divided in 3 aliquots corresponding to the following groups: 1) Control group (C): extended
semen without treatment; 2) Iron oxide group (Fe): extended semen with Fe3O4 NPs of diameter 40 nm (0.192 mg/
mL semen); and 3) Silver group (Ag): extended semen with Ag/Fe NPs of diameter 30 nm, consisted of Ag and a 5%
of zero-valent Fe (0.128 mg/mL semen). Semen samples of all groups were incubated at 17o C for 30 min following
NPs’ removal through a magnetic field. All post treated samples were stored at 17o C for 48 h. Total motility (TM)
and kinetics (progressive motility PM; rapid/medium/slow movement spermatozoa; static spermatozoa; VCL; VSL;
VAP; LIN; STR; WOB; ALH; BCF; hyperactive spermatozoa) were evaluated by CASA system at 0, 24 and 48 h post
treatment. Data were analyzed with a repeated measures mixed model. Group Fe did not differ from group C at any
time point. TM and PM were lower at 24 h of storage in group Ag compared to groups C and Fe (all P<0.001). By 48
h of storage spermatozoa of group Ag were totally immotile and thus excluded from analysis. The comparison within
groups and between storage time points showed that the values of TM, PM, VCL, VAP, ALH and BCF decreased after
24 h of storage in group Ag (all P<0.05), but not in groups C and Fe, while no significant differences were observed
for the remaining parameters between successive time points within any group (P>0.05). In conclusion, Ag/Fe NPs
demonstrated a harmful effect on boar spermatozoa, while the used concentration of the examined Fe3O4 NPs did not
affect boar sperm CASA motility parameters enhancing further research about their application on semen handling.
Keywords: boar; semen; CASA; motility; nanoparticles
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INTRODUCTION
emen collection in farm animals, including boars,
is a procedure that takes place under no sterile
conditions. Consequently, ejaculate contamination
with bacteria is inevitable and a variety of bacteria
from different genera has been identified after microbiological culture of semen samples (Akhter et al.,
2008; Althouse et al., 2000). Semen extenders support
the longevity of spermatozoa, but at the same time
provide a particularly ideal environment for bacteria
proliferation (Karageorgiou et al., 2016). Currently,
antibiotics are the main constituent of their composition to avoid growth of bacteria and enhance reproductive performance (Salamon and Maxwell, 2000).
A variety of antibiotic compounds have been used so
far, to control microbial contamination in extenders.
However, during the last decades, the antibiotics have
been overused to control infections of animals and
human beings and as a result, the antibiotic-resistant
bacterial strains have been an emergency and a serious threat for the public health and animals’ diseases
management worldwide (Gyles, 2011). Also, regarding animals’ reproduction, more recent studies have
demonstrated that some antimicrobials may have a
deleterious or toxic effect on bull (Azawi and Ismaeel,
2012) and equine (Varner et al., 1998) spermatozoa.
Under these circumstances, an increasing scientific
interest about novel compounds with antimicrobial
properties has been demonstrated (Hajipour et al.,
2012).

S

Nanotechnology as a promising and contemporaneous scientific field introduces nanomaterials, which
are objects made of different shapes and sizes in nanometer scale. Due to their tiny size and their high surface to volume ratio, they provide specific physical,
chemicals and biological activities (Hajipour et al.,
2012). Specifically, nanoparticles (NPs) fabricated
from metals, like silver (Rai et al., 2009), or metal
oxides, like iron oxide (Azam et al., 2012), have received great attention by the scientific community. It
is well known from the ancient years that the silver
can demonstrate strong antibacterial action and nowadays it has been used as alternative agents to conventional antibiotics (Chaloupka et al., 2010). Also,
iron oxide NPs have been widely used, for instance
as magnetic resonance imaging contrast agents due to
their magnetic properties (Babes et al., 1999), while
its antimicrobial properties are well documented in
the literature (Azam et al., 2012), too.
The unique properties of NPs have made them

popular in different scientific fields, including medicine applications and biomedical research (Salata,
2004). Regarding semen technology, many published
studies documented the antioxidant effect of nanoparticles on ram (Falchi et al., 2018), bull (Raana et al.,
2015), rat (Afifi et al., 2015) and rooster (Safa et al.,
2016) semen. Also, NPs have been used for sperm selection process in IVF protocols or for sperm purification and sorting for artificial insemination (Feugang
et al., 2014). However, the last decades due to the
extended use of NPs, there is an increasing concern
about their possible side effects or toxicity in cellular
level for humans’ and animals’ beings or even the environment. Recent studies have examined the effect of
NPs on reproductive system and have focused mainly
on spermatozoa indicating controversial results about
their toxicity action on male gametes (Barkalina et al.,
2014; Lafuente et al., 2016; Wiwanitkit et al., 2009).
The aim of the present study was to investigate the
effect of iron oxide and silver spherical NPs on CASA
motility and kinetic parameters of extended boar semen with the perspective of their possible use as alternative antimicrobial agents for semen handling.
MATERIALS AND METHODS
Reagents and media
All the reagents and chemicals used in the present
study were of high analytical quality and were purchased from Sigma Aldrich, Seelze, Germany, unless
otherwise stated. Semen samples were extended with
Beltsville Thawing Solution (BTS: 205 mM glucose,
20.4 mM sodium citrate, 10.0 mM KCl, 15.0 mM
NaHCO3, 3.6 mM EDTA; pH 7.4; 290-300 mosmol/
kg) without antibiotics.
Synthesis and dispersions of Fe3O4 and Ag/Fe NPs
Iron oxide (Fe3O4) nanoparticles and a silver-based
(Ag/Fe) nanocomposite were used in this study. Fe3O4
nanoparticles were synthesized by the oxidative hydrolysis of Fe2+ in aqueous media through the intermediate formation of green rust. Particularly, 5.56
g of FeSO4∙7H2O were dissolved in 80 mL of 0.01
M H2SO4 solution and rapidly mixed with a second
solution prepared by dissolving 1.84 g NaOH, 1.70
g NaNO3 and 25 mL ethanol into 40 mL distilled
water. Formed green rust precipitate was aged at 90o
C for 24 h to receive spherical Fe3O4 nanoparticles
with diameter around 40 nm. The produced solid was
washed several times with distilled water until a conductivity below 1 mS/cm was obtained. On the oth-
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er hand, the Ag/Fe nanocomposite was prepared by
solar-powered physical vapor deposition (SPVD) in
a Heliotron 2 kW glass vacuum chamber at the facilities of PROMES (France). A pellet of pressed Fe
and Ag powder (5% wt. Fe) was evaporated under the
focus of concentrated solar beam at a pressure of 70
torr controlled by a continuous flow of Ar. Particles
were collected on a nanoporous ceramic filter located
in the direction of pumping flow. The obtained Ag/
Fe nanopowder maintained a composition around 5
% in zero-valent Fe with a particles’ unit diameter of
around 30 nm.
Taking into account the minimum inhibitory concentration (MIC) of the examined NPs after in vitro
antimicrobial activity assessment, they were dissolved in distilled water and the following stock solutions were prepared: 1) solution of Fe3O4 NPs: 19.2
mg/ml distilled water; 2) solution of Ag/Fe NPs: 12.8
mg/ml distilled water. A fresh solution of each NP
was prepared every week. Prior to their use, the NPs
solutions were sonicated for 20 min to improve their
dispersion stability.
Animals, semen samples collection and dilution
Semen samples were collected from 3 sexually
mature (2-2.5 years old) and healthy boars (crossbred) of a 700-capacity pig farm in Northern Greece.
Totally, nine ejaculates (3 boars; 3 ejaculates/boar)
were collected weekly by an experienced farm employee using the gloved hand technique and were
transported in an isothermal glass vessel (37o C) to
the farm laboratory. The gelatinous portion was discarded with a cotton gauze and the semen sample was
estimated for volume, concentration, and motility.
Sperm concentration was assessed by a photometer
(SDM1, Minitube®, Germany). Sperm motility was
subjectively evaluated by a phasecontrast microscope
with a heated stage at 37o C. Only ejaculates with volume >200 ml, concentration >200x106 spermatozoa/
ml, total sperm number/ejaculate > 40×109, and gross
motility >70% were further processed.
Semen samples with acceptable quality were extended in BTS without antibiotics (30×106 spermatozoa/ml). The extended semen samples were reexamined microscopically and those with gross motility
>70% were packaged in vials of insemination and
were transported (17o C) in less than 60 min in a portable semen storage unit (Minitube®, Germany) to the
Unit of Biotechnology of Reproduction (UBR), Clinic of Farm Animals, Faculty of Veterinary Medicine,
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Aristotle University of Thessaloniki.
Semen processing with NPs
Upon arrival in the UBR, each semen sample was
divided in 3 aliquots and the following three experimental groups were prepared: 1) control group (C):
extended semen without any treatment; 2) iron oxide
group (Fe): extended semen with Fe3O4 NPs (0.192
mg Fe3O4/ml semen); 3) silver group (Ag): extended
semen with Ag/Fe NPs (0.128 mg AgFe/ml semen).
Pretrial: Determination of coincubation time of semen with NPs
In a pretrial (data not shown), the beneficial/detrimental coincubation period of semen samples with
NPs was evaluated. The C and NPs groups were incubated at 17o C (the appropriate storage temperature of
extended boar semen) for 30, 45 and 60 min following the NPs’ removal through a magnetic field (as it
is described in the main trial) and total and progressive motility were assessed by CASA. The incubation
period of 45 and 60 min were excluded because the
values of the examined CASA parameters were significantly decreased in NPs groups, compared to the
control group, whilst interestingly boar spermatozoa
in Ag group were completely immotile after 60 min of
coincubation. Consequently, the coincubation period
of 30 min was selected for further research because no
differences observed for the evaluated CASA parameters between the control and the NPs groups.
Main trial: Investigation of effect of NPs on boar semen quality
The three experimental groups were stored at 17o
C for 30 min after Fe and Ag/Fe NPs supplementation to groups Fe and Ag, respectively, following NPs’
removal through a magnetic field. For NPs’ removal, tubes were placed in a plastic rack equipped with
magnets, remained in vertical position for at least 5
min and the post-treated semen was transferred to a
new tube, while the NPs were discarded. This procedure was repeated three times to remove completely
the NPs. Finally, the control and the NPs post treated
samples were stored at 17o C for 48 h. Total motility and kinetics (progressive motility; rapid/medium/
slow movement spermatozoa; static spermatozoa;
VCL; VSL; VAP; LIN; STR; WOB; ALH; BCF; hyperactive spermatozoa) were evaluated by CASA at 0,
24 and 48 h post treatment.
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Sperm motility and kinetics evaluation by CASA
Sperm motility was evaluated by a Computer Assisted Semen Analysis (CASA) system (Sperm Class
Analyser®, Microptic S.L., Automatic Diagnostic
Systems, Spain) and a microscope (AXIO Scope A1,
Zeiss, Germany) equipped with a heating stage and a
camera (Basler scA780 54fc, Germany). The analysis
performed by Sperm Class Analyser® software (SCA®
v.6.3.; Microptic S.L., Automatic Diagnostic Systems,
Spain) with the following configurations: 4-6 fields
were recorded (×100) for each semen sample, >500
spermatozoa, 25 frames/sec, region of particle control
10-18 microns, progressive movement of >45% of
the parameter STR, circumferential movement <50%
LIN, depth of field 10 μm, and temperature of the microscope plate 37° C. The debris incorrectly identified
as spermatozoa were manually removed before final
analysis.
For each group, a 10 μl semen sample was placed
on the preheated (37o C) Makler chamber (Makler®
counting chamber, 10 μm deep, Sefi Medical Instruments, Israel) and the following CASA motility
and kinetic parameters were evaluated: 1) total motility; %, 2) progressive motility; %, 3) rapid, medium, slow and static movement spermatozoa (static<10<slow<25<medium<45<rapid μm/sec); %, 4)
VCL-curvilinear velocity; μm/sec, 5) .VSL-straight
line velocity; μm/sec, 6) VAP-average path velocity; μm/sec, 7) ALH-amplitude of lateral head displacement; μm, 8) BCF-beat/cross-frequency; Hz, 9)
LIN-linearity (VSL/VCLx100), 10) STR-straightness
(VSL/VAPx100), 11) WOB-wobble (VAP/VCLx100)
and 12) hyperactive spermatozoa (VSL >97 μm/sec,
ALH >3.5μm, LIN <0.32); %.

tical analysis was conducted with a repeated measures
mixed model (PROC MIXED). The model included
group, time and their interaction as fixed effects and
boar as a random effect. Semen sample within boar
was defined as the subject of the repeated observations. Pairwise comparisons were performed with
the PDIFF command incorporating the Tukey adjustment. Statistically significant difference was defined
as P<0.05.
RESULTS
Casa motility and kinetics
For all the CASA evaluated parameters, there was
no difference between groups at 0 h post treatment
(Fig. 1; Table 1). Group Fe did not differ from group
C at any time point for all the evaluated CASA parameters (Fig. 1; Table 1). Values of total and progressive
motility were lower (all P<0.001) at 24 h of storage in
group Ag compared to groups C and Fe (Fig. 1). In all
nine replicates, semen samples of group Ag were immotile after 48 h of storage (17o C) and thus excluded
from analysis. Static spermatozoa decreased after 24 h
of storage post treatment in group Ag and after 48 h in
groups C and Fe (P<0.0001). The comparison within
groups and between storage time points showed that
the values of total motility, progressive movement
spermatozoa, VCL, ALH (Fig. 1) as well as VAP and
BCF (Table 1) were decreased after 24 h of storage
post treatment in group Ag (all P<0.05), but not in
groups C and Fe. Also, in group C, the values of LIN
were lower (P<0.0001) after 24 h and 48 h of storage
post treatment, while no differences were observed
in the other two groups (Table 1). The remaining parameters did not differ significantly (P>0.05) between
successive time points within any group (Table 1).

Statistical analysis
Τhe statistical analysis was performed using the
Statistical Analysis Systems version 9.3 (SAS Institute Inc., 1996, Cary, N.C., U.S.A.). Normality of the
data was tested using the Shapiro-Wilk Test (PROC
UNIVARIATE). Parameters that did not follow a
normal distribution were normalized by logarithmic
transformation. For reasons of clarity the means and
SEM of the not transformed data are presented. Statis-
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Table 1. Sperm kinetic parameters (mean ± SEM) of semen samples evaluated by CASA at 0, 24, 48 h of storage (17o C) post coincubation (30 min) with nanoparticles.
Variable

0h
Rapid (%)
59.9±5.4#
Medium (%)
24±2.4#
Slow (%)
12.3±2.4#
Static (%)
3.7±4.4#
VSL (μm/sec) 26.9±3#
VAP (μm/sec) 45±3.7#
BCF (Hz)
5.6±0.24#
LIN (%)
45.6±3.2#
STR (%)
54.1±3.2#
WOB (%)
78.2±2.2#
Hyper. (%)
5.1±2.7#

Group C
24h
43.3±5.4#
23.5±2.4#
21.7±2.4#
11.5±4.4#*
32.5±3#
32.3±3.7#
5.2±0.24#
55.4±3.2*
57.2±3.2#
79.1±2.2#
3.5±2.7#

48h
36.6±5.4#
24.1±2.4#
23.5±2.4#
15.8±4.4*
30.4±3#
29.6±3.7#
5.2±0.24#
58.6±3.2*
62.9±3.2#
78.7±2.2#
2.5±2.7#

0h
65.6±5.4#
22.6±2.4#
9.5±2.4#
2.2±4.4#
27±3#
47.2±3.7#
5.6±0.24#
42.5±3.2#
51±3.2#
76.9±2.2#
6.5±2.7#

Group Fe
24h
48h
42.5±5.4# 44.5±5.4#
24±2.4# 18.3±2.4#
24.2±2.4* 21.5±2.4*
9.3±4.4#* 15.6±4.4*
29±3#
34±3#
#
34.7±3.7 33±3.7#
5.2±0.24# 5.3±0.24#
52.7±3.2# 54.6±3.2#
57±3.2# 54.5±3.2#
79.1±2.2# 76.6±2.2#
5.1±2.7# 9.5±2.7#

Group Ag
0h
24h
64.8±5.4# 21.7±6.6*
22.9±2.4# 14±2.9#
10.1±2.4# 20.5±3#
2.2±4.4# 43.8±4.4*
28.4±3# 23.4±3.6#
47.2±3.7# 24.2±4.6*
5.6±0.24# 4.2±0.29*
44.7±3.2# 52.1±3.2#
53.3±3.2# 59.1±3.2#
77.8±2.2# 75±2.6#
5.1±2.7# 0.2±3.3#

48h
-

Group
0.015
0.0595
0.935
0.0228
0.3819
0.157
0.0068
0.5195
0.4228
0.509
0.1656

P value
Time
<.0001
0.2051
<.0001
<.0001
0.2163
<.0001
0.0046
<.0001
0.0064
0.0665
0.0476

G*T
0.2163
0.212
0.7937
0.2673
0.5629
0.7847
0.2569
0.9787
0.7545
0.8752
0.6926

Group C: extended semen without any treatment, Group Fe: extended semen with Fe3O4 NPs (0.192 mg Fe3O4/ml semen) and
Group Ag: extended semen with Ag/Fe NPs (0.128 mg Ag Fe/ml semen).
Rapid: rapid movement spermatozoa (%), Medium: medium movement spermatozoa (%), Slow: slow movement spermatozoa
(%), Static: static spermatozoa (%), VSL: straight line velocity (μm/sec), VAP: average path velocity (μm/sec), BCF: beat/crossfrequency (Hz), LIN: linearity (VSL/VCL x 100), STR: straightness (VSL/VAP x 100), WOB: wobble (VAP/VCL x 100), Hyper.:
hyperactive spermatozoa (%).
G*T: Group*Time.
Different symbols (#, *) denote significant differences between evaluation times within a group.

Figure 1. Effect of iron oxide (Fe; Fe3O4) and silver oxide (Ag; Ag/Fe) nanoparticles on Total and Progressive motility, VCL and ALH
of boar spermatozoa at 0, 24, 48 h of storage (17o C) post co-incubation (30 min) with nanoparticles.
Group C: extended semen without treatment, Group Fe: extended semen with Fe3O4 NPs of diameter 40 nm (0.192 mg/mL semen),
and Group Ag: extended semen with Ag/Fe NPs of diameter 30 nm, consisted of Ag and a 5% of zero-valent Fe (0.128 mg/mL semen).
All the values are expressed as mean ± SEM. Different subscripts (a, b) denote significant differences between groups for each evaluation time point. Different symbols (#, *) denote significant differences between evaluation times within a group.
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Characterization of nanoparticles
The morphological characteristics of the tested
nanoparticles were studied by transmission electron
microscopy (Fig. 2). Iron oxide nanoparticles appear
to consist of well-defined spherical units with an aver-

age size around 40 nm. The silver-based nanomaterial
shows a higher degree of aggregation in the building
units and a wider size distribution with an average
around 30 nm.

Figure 2. Transmission electron microscopy images of Fe3O4 (a) and Ag/Fe (b) nanoparticles.

DISCUSSION
In the present study, we investigated the possible
toxic effect of the iron oxide (Fe3O4) and silver (Ag/
Fe) spherical nanoparticles on boar sperm motility parameters as a first approach before performing further
research of their potential use as alternative agents to
conventional antibiotics for semen handling.
It is undoubtedly accepted that nanoparticles applications in different fields of modern life have been
increasing. However, it is well known that there are
potential side effects caused by NPs exposure and
their extended use has raised a serious concern about
their safety for human and animals’ health (Johnston
et al., 2010). In in vivo trials, it is documented that
nanoparticles can penetrate the bloodtestis barrier
(Lan and Yang, 2012) and under in vitro conditions
they may cause necrosis, apoptosis and mitochondrial
dysfunction (Braydich-Stolle et al., 2005). Although
the toxicity of NPs on reproductive system is well
documented in the literature (Ema et al., 2010), a lot
of studies examined a variety of them, like iron oxide (Özgür et al., 2018), silver (Asare et al., 2012),
gold (Moretti et al., 2013), zinc oxide (Barkhordari et
al., 2013) under in vitro or in vivo conditions provid-

ing contradictory results and conclusions about their
toxic effect on sperm (Braydich-Stolle et al., 2005) or
their beneficial use for semen handling (Durfey et al.,
2019; Özgür et al., 2018). Specifically, concerning the
iron oxide NPs on sperm quality, according to Özgür
et al., (2018), the Rainbow trout spermatozoa were
exposed to magnetite (Fe3O4) NPs over 24 h and the
values of VCL, VSL and VAP decreased, while the intraperitoneally administration of maghemite (γ-Fe2O3)
NPs decreased the motility and kinetic parameters of
mouse epididymal spermatozoa (Varzeghani et al.,
2018). However, in our study the iron oxide (Fe3O4)
NPs interacted with spermatozoa for 30 min and were
carefully removed through a magnetic field. This restricted period of sperm co-incubation with NPs as
well as the different kind of NPs and species may excuse the different results. Some reports also enhance
the hypothesis that the time of interaction may be
involved in NPs potential toxic activity. Specifically,
the iron oxide (Fe2O3) NPs used for sperm purification of boar and bovine insemination doses did not
provide any toxicity to purified spermatozoa, while
the fertilizing capacity of nanopurified semen used
for artificial insemination was not affected (Feugang
et al., 2014; Odhiambo et al., 2014). Also, the Fe3O4
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NPs coated with lectins and annexin V were used for
boar semen selection without providing any toxic
effect (Durfey et al., 2019, 2017). Although the experimental approach of the present study is different,
our results are interestingly in accordance with the
previous mentioned studies and demonstrated that the
examined iron oxide spherical NPs interacting with
spermatozoa for a short period of time had no negative effect on boar semen CASA motility parameters.
Silver NPs are very popular among others NPs and
have been widespread explored for human biomedical applications, drug delivery systems, dental applications, wound healing, and catheters compartments
thanks to their interesting chemical, physical and biological/antimicrobial action related to their tiny size
(Burdușel et al., 2018) without providing adverse effects to healthy cells (Stensberg et al., 2011). However, their extended use warrants their potential toxicity
assessment during the last decades. The available data
reported that they can negatively affect the physiological function and structure of organs (Lin et al., 2017;
Ribeiro et al., 2018), while there are controversial results about their toxicity on male reproductive system
(Asare et al., 2012; Garcia et al., 2014; Terzuoli et al.,
2012). Taking into account that human is constantly
exposed to silver NPs and the social impact of human fertility capacity, the reported in vivo and in vitro
studies focus mainly on human (Terzuoli et al., 2012)
or on animals’ experimental models examining either
a time or dose effect of NPs as well as a possible interference of their size (Gromadzka-Ostrowska et al.,
2012). The results of the present study demonstrated
a harmful effect of the examined silver NPs on CASA
motility parameters of boar semen. Although no detrimental effect on group Ag was observed at 0 h post
NPs removal, the values of total motility, progressive
movement spermatozoa, VCL, VAP, ALH, and BCF
were lower at 24 h and interestingly, the spermatozoa
of group Ag were immotile 48 h post NPs removal.
In accordance with the results of our study, Terzuoli
et al., (2012) observed that human sperm motility decreased after 60- and 120-min of co-incubation even
at the lowest concentration of the used Ag NPs. On the
contrary, Garcia et al., (2014) found that the intravenously administration of Ag NPs had no negative effect on CASA parameters of mice semen, even though
the values of VSL, VCL, VAP, ALH, STR were lower 60 days post administration but these differences
were not statistically significant. Also, Moretti et al.,
(2013) did not find any harmful effect of Ag NPs in
low concentrations post co-incubation, but a dose de-
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pended NPs’ effect was observed on sperm motility.
Surprisingly, in a preliminary study (data not shown),
we found that there was a decrease in sperm motility
even after 45 min of co-incubation of boar sperm with
Ag NPs, while according to Tiedemann et al., (2014)
when boar semen was in vitro supplemented with Ag
NPs, no negative effect on CASA motility parameters was observed even 120 min post coincubation.
These contradictory findings could be attributed to
the different synthesis, size, shape, or even the concentration of the administered NPs which could affect their properties, as well as their action on cells. It
is well documented that there is a size depended and
dose depended adverse effect of NPs on sperm quality
and testis health (Gromadzka-Ostrowska et al., 2012;
Terzuoli et al., 2012). Moreover, it has been observed
that when NPs are coated with other molecules like
annexin V, lectins (Durfey et al., 2017), BSA (Grade
et al., 2012) their potential toxic effect could be alleviated as well as the cell culture media composition
could reduce or enhance their cytotoxic action (Grade
et al., 2012).
CONCLUSIONS
In conclusion, under the experimental conditions
of the present study the Ag/Fe NPs exerted a harmful
effect on boar spermatozoa motility and kinetic parameters evaluated by CASA, while the used concentration of Fe3O4 NPs did not affect boar sperm CASA
parameters revealing a need for further research about
their applications on semen processing. Also, it is
necessary to investigate further their effect on boar
spermatozoa by assessing more sperm quality and
functional parameters, as well as their antimicrobial
potential by microbiological cultures.
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Biochemical composition and biometric parameters of Mytilus galloprovincialis
from Boka Kotorska Bay in Southern Adriatic Sea
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ABSTRACT: This study reports, for the first time, different physico-chemical analyses, of Mediterranean mussels
(Mytilus galloprovincialis) from harvesting areas in the Montenegro coast of the Adriatic Sea, in order to evaluate the
influence of origin on different parameters and assessed the quality of shellfish grown in this area. The Boka Kotorska
Bay is situated in Montenegro, in the south-eastern part of the Adriatic Sea The mussel samples were collected at the
same time in the spring of 2019 at six locations in Boka Kotorska Bay, Montenegro: Kotor and Tivat Bays. Biometric parameters, percentage of meat, condition index, proximate composition, sensory evaluation and lipid profiles of
mussels were studied. The concentrations of some micro and macro elements and heavy metals in mussels, were also
analyzed. Significant differences were found between mussels from different locations. Mean biometric parameters of
mussels grown in Sv.Nedjelja, were considerably higher than in mussels grown elsewhere.. Protein, lipid, ash and glycogen content were varied from 7.80 to 10.26%; 1.36 to 2.18%; 1.73 to 3.34% and 12.81 to 15.38%, respectively. Gas
chromatographic analysis showed that polyunsaturated fatty acids (PUFAs) were dominant lipids in mussels (37.56 to
41.08%), followed by monounsaturated (MUFAs) (30.52 to 38.31%) and saturated (SFAs) (21.89 to 29.45%) fatty acids. Fatty acid profiles were investigated and revealed high contents of n-3 PUFAs and high n-3/n-6 ratios in all mussels
from Montenegro In the mussel samples high concentrations of K, Mg, Ca, and Na, and much lower concentrations of
Fe, Mn, Zn, and Cu were found. Some of toxic elements (As, Pb, Hg and Cd) were determined also.. The qualitative
sensory assessment showed that all mussels were acceptable. All mussels in the current study achieved scores of 3 or
more out of 5 in the qualitative category. Data on biochemical composition and quality indices of the mussels cultured
in the Boka Kotorska Bay demonstrated that these products could be accepted well by consumers and could compete
with other currently available mussels from other locations in Adriatic Sea.
Keywords: Mytilus galloprovincialis, proximate composition, fatty acids, heavy metals, Adriatic Sea
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INTRODUCTION
he popularity of seafood has increased over recent decades, and this food source is becoming
increasingly necessary for the growing population of
people on the planet (Grienke et al., 2014). In coastal
parts of Montenegro, the harvesting and cultivation of
marine organisms dates back centuries. Today, Montenegro has limited mussel production, with relatively
low commercial demand and value, despite intensive
tourism. A specific national mariculture development
plan has yet to be developed.. However, because of
favorable hydrographic conditions in this part of
Montenegro coast, there is significant potential for
development of aquaculture. Currently there are 19
small mussel farms in Montenegro, each producing
5 to 30 tonnes per year, and these are all situated in
Boka Kotorska Bay. During the period of 2013–2015,
the average annual production of Mytilus galloprovincialis was 182 tonnes respectively (Macic, 2005).

T

Bioactive compounds present in the flesh of seafood, and which have positive effects on human
health, also contribute to the popularity of this food
(Grienke et al., 2014). Bivalve molluscs are considered to be highly nutritive, as they are a rich source of
proteins, carbohydrates, minerals and provide an almost unlimited variety of fatty acids (FAs), primarily
highly valuable polyunsaturated fatty acids (PUFAs)
(Bongiorno et al., 2015). The contents of Na, Mg, K
and Ca were noticeably highter than those reported

for Spanish and Italian mussels (Fuentes et al., 2009;
Bongiorno et al., 2015). As the Montenegrin coastal area, especially the Boka Kotorska Bay, receives
a heavy influx of sewage and industrial effluents, as
well as domestic and agricultural wastes (Jovic et al.,
2011), the determination of the levels of trace metals,
especially those of potentially toxic metals (Hg, Pb,
Cd), in mussels is very important. The Boka Kotorska
Bay is known as one of the regions in Europe with the
highest amount of precipitation, and so the quantity of
pollutants reaching the sea from this source cannot be
neglected as an adverse factor in aquaculture (Jovic et
al., 2011). Quality analysis of mussels from various
sites could show the importance of differing sites for
shellfish cultivation, because seawater is a complex
geomorphological matrix. Several environmental factors can affect the overall quality of mussels in terms
of microbiological, nutritional, technological and sensory characteristics (Vernocchi et al., 2007). In this
study we compared the biochemical composition of
mussels cultured at six most productive harvesting areas, three in Tivat Bay and three in Kotor-Risan Bay,
with the aim of investigating if shellfish composition
varied with location of the culture units. The study
aims to provide new biological information for the
potential development of aquaculture species in Montenegro, and to compare the quality of mussels from
the Montenegrin aquatorium with mussels that is harvesting on other coast of the Adriatic Sea.

Figure 1. Sampling sites on the Boka Kotorska Bay, Montenegro (Ilic et al., 2017)
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MATERIALS AND METHODS
Study site and mussel sampling
The mussels samples were collected in the same
time in April 2019, from six commercial sampling
sites in Bokokotorska Bay: Ljuta, Orahovac, Lipci,
Kukuljina, Obala Djurasevic and Sv. Nedjelja (Fig.1).
The sampling sites are influenced by different hydrological characteristics of the Boka Kotorska Bay. Ljuta, Orahovac and Lipci are located in Kotor Bay, and
Kukuljina, Obala Djurasevic and Sv. Nedjelja in Tivat
Bay, which is under the influence of the open sea. At
each sampling site, mussels were manually collected
at a depth of approximately 2 m, using standard commercial protocols (Official Gazette of Montenegro,
2009). Samples were washed, placed in nylon bags
with seawater and immediately transported to the laboratory. The sampling of seawater was also performed
using Niskin bottles, volume of 5 l, at a depth of 0.5
m at same mussel sampling sites. Water temperatures and salinity were measured by automatic probes
(Multiline 4, WTW, Germany).
Biometric parameters, meat yield, Condition index
Biometric parameters were assessed only from
samples of commercial size (≧50 mm) (Ljuta, n =
39; Orahovac, n = 34; Lipci, n = 40; Kukuljina, n=
38; Obala Djurasevica, n = 34; Sv. Nedjelja, n = 35
mussels). Mussels were measured individually using
a 0.05 mm precision calliper for the following size
parameters: length (maximum measure along the anterior-posterior axis), width (maximum lateral axis),
and height (maximum dorso-ventral axis). For each
mussel, the total wet weight (g) was measured to the
nearest 0.001 g, after which the meat was carefully
dissected away from the shell.
Meat yield (MY), i.e. the percentage ratio between
meat content (WT) and total wet weight of mussels
(WW) is an important aspect of marketability of mussels and was calculated according to Okumus and
Stirling (1998) as follows:
MY (%) = (meat weight (g) /whole mussel weight
(g) ) x 100
After the determination of individual total weight
and wet meat and shell weights, we were registered
meat and shell weights after oven-drying (105 °C).
Condition index (CI) was calculated according to Orban et al. (2002) as follows:
CI (%) = (meat dry weight (g) /shell dry weight
(g) ) x 100.
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Water activity and pH measurement
All the measurements were performed using the
whole soft body of the mussels. The pH of homogenized mussel meat (around 100g of meat from one
sampling site) was determined using a pH meter (Testo 205; Testo AG, Lenzkirch, Germany). The water
activity (aw) was measured with a aw meter (aw-Wert
Messer, Fa-St/1; GBX Scientific Instruments, Tallaght, Ireland).
Chemical composition
Samples of the soft parts obtained from suitable
pools of individual mussels were analysed for chemical composition. Twenty individuals from each batch/
origin were dissected and minced in a food processor
(IKAR M 20 universal mill, IKA 1603601; IKA, Germany) and subjected to biochemical characterization.
Proximate composition was determined in triplicate.
Moisture and ash were determined gravimetrically.
Briefly, minced tissue pools (3g) were placed in preweighed porcelain trays for drying at 80°C for 24 h
and then weighed to the nearest 0.001 g. Subsequently, dried mussel tissue was ashed at 450°C for 4 h in
a muffle furnace.
Total protein was determined according to the
Kjeldahl method (AOAC, 1997) from the nitrogen
concentration of mussel. Because the Kjeldahl method does not measure the protein content directly a
conversion factor (F) is needed to convert the measured nitrogen concentration to a protein concentration. A conversion factor of 6.25 (equivalent to 0.16 g
nitrogen per gram of protein) is used to calculate total
proteins in mussels.
Glycogen content (mg g− 1 of wet weight) was measured by colorimetric reaction using 25 μL of prepared
minced mussel meat. KOH (30%) was added to 0.5 g
of homogenized mussels’ tissue (ratio 2:1), then they
were heated in a shaking-water bath (100 °C/ 20 min)
vortexed for 30 s and subsequently chilled on ice for 5
min. Then, in each sample was added 200 μL of 95%
ethanol and 1.2 mL of lukewarm water.Volumes (10
μL) of 80% aqueous phenol and 200 μL of sulphuric
acid were added to the mussel meat in 96-well plates.
Absorbance was measured using a multi-detection
microplate reader (Synergy HT, BIO-TEK) at 490
nm. Glycogen concentration was calculated based on
a mussel glycogen standard (Sigma, Saint Louis, MO)
following the methodology reported by GALLARDI
et al. (2014).The Total lipids (TL) were extracted
from the mussel meat (2g) by accelerated solvent ex-
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traction (ASE 200, Dionex, Sunnyvale, CA) with a
mixture of n-hexane and isopropanol (60:40, v/v) in
33 ml extraction cell at 100°C and nitrogen pressure
of 10.3 MPa (Spiric et al., 2010). The solvent was removed under a nitrogen stream at 50°C until dryness
in a solvent evaporator (SE 500, Dionex, Sunnyvale,
CA). The fat extract was further used for fatty acid
determination. Total lipids were further converted to
fatty acid methyl esters (FAMEs) by using 0.25 M
trimethylsulfonium hydroxide (TMSH) in methanol
(EN ISO 5509:2000). FAMEs were determined by
capillary gas chromatography using a GC Shimadzu
2010 (Kyoto, Japan) equipped with flame ionization
detector and capillary HP-88 column (100 m x 0.25
mm x 0.20 μm, J&W Scientific, USA). Separation
and detection were performed under the following
temperature program: initial temperature 125 ºC, rate
10 ºC min-1 to 175 ºC, hold 10 min, rate 5 ºC min-1 to
210 ºC, hold 5 min, rate 2 ºC min-1 to final temperature
of 230 ºC, hold 12 min. Total analysis time was 50.5
min. The injector and detector temperatures were 250
ºC and 280 ºC, respectively; split ratio 1:50; volume
1 μL; carrier gas, N2, 1.33 m min-1; make-up gas, N2,
30 ml min-1; detector gases, H2, 40 ml min-1; synthetic
air, 400 ml min-1. The chromatographic peaks in the
samples were identified by comparing relative retention times of FAME peaks with peaks in Supelco 37
Component FAME mix standard (Supelco, Bellefonte, USA).
Concentration of micro and macro elements were
determined by inductively coupled plasma-mass
spectrometry (ICP-MS) after digestion of the minced
mussel meat. The instrumentation employed for
pre-treatment of minced mussel meat was the microwave digestion system Start D, Milestone (Sorisole,
Italy). Minced mussel meat was prepared as follows:
about 0.5 g homogenized minced mussel meat was
weighed into a teflon digestion vessel and then 5 ml
of nitric acid and 1.5 ml of hydrogen peroxide were
added. The digestion vessels were closed and heated
in the microwave oven using a preselected program
(5 minutes from room temperature to 180°C, 10 minutes at 180°C). After cooling (20 minutes) the digests
were quantitatively transferred using deionised water
into 100 ml polypropylene volumetric flasks. Digests
were then filtered through syringe-nylon filters into
polypropylene autosampler cuvettes and used for determination of elements.
During ICP-MS, simultaneously with the samples,
a working solution of internal standard was intro-

duced into the system. The internal standard included
low, middle and high mass elements. Based on the recorded values (i.e. according to the percentage of intensity reduction or increase) of the internal standard,
the software performed an automatic correction of
the obtained concentration of elements in the minced
mussel tissue digests. Calculation of the content of
elements in the minced mussel tissue digests was
done by the software, taking into account the equation of the calibration formula for each element, the
mass of the minced tissue and the total dilution, as
well as the correction based on the internal standards.
In accordance with the instructions for handling the
ICP-MS device, before each readout of the concentration of elements in the minced mussel tissues, and
using the basic calibration solution (Tune B), the instrument parameters were automatically adjusted to
meet the specified criteria, after which the instrument
was ready for operation. Quality control was carried
out by analyzing the certified reference material NIST
1577c. Values determined were in agreement with the
certified values (data not shown).
Sensory analyses
Sensory analysis sessions were performed in a sensory analysis room compliant with ISO 8587:2006.
They were conducted using six panellists who had
experience with seafood. In sensory evaluations, appearance, odor, texture and elasticity of raw mussels
were assessed. The sensory analysis conducted on
fresh mussel samples. Eighteen individual mussels
were randomly selected from each batch of different
origin. Prior to the evaluation, mussels were washed
with cold water and scrubbed in order to remove debris and any remaining byssal thread, and then they
were stored on ice. Three raw mussels of each batch
were manually shucked, immediately before testing
and presented to each panellist in a white, plastic plate
labelled with a 3-digit random number. Sensory evaluations were conducted using a 5-point scale (0-5),
where a score of 5 was defined as excellent (Caglak
et al., 2008). All the panellists were allowed into the
room together and had unlimited time to complete the
testing.
Statistical analysis
Statistical analysis of the results was conducted using software GraphPad Prism version 7.00 for
Windows, GraphPad Software, San Diego CA, USA,
www.graphpad.com. All parameters were described
by descriptive statistics (mean ± standard deviation).
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Data were subjected to one-way ANOVA to test significant differences for various traits. Assumptions of
normality and homogeneity of variances were tested
prior to ANOVA with Shapiro – Wilk and D`Agostino-Pearson test, respectively.
RESULTS
Biometric parameters, MY, CI, pH and aW values
The mussels from Lipci were statistically smaller
in (p < 0.05) length (51.05 ± 3.10 mm), height (28.9
± 2.06 mm) and width (19.83 ± 1.68 mm) compared
with the mussels from the other sites. Conversely,
mussels from Sv. Nedjelja displayed significantly
higher morphometric values than others, as their average length was 56.19 ± 4.79 mm, height 32.40 ±
2.45 mm and width 22.37 ± 2.22 mm (Table 1). Meat
yield ranged from 20.89 ± 6.41% in Ljuta to 26.39 ±
7.93% in Obala Djurasevic. The differences between
the meat yield and condition index (CI) of mussels
from Obala Djurasevic were statistically significant
(p < 0.05) compared to mussels from the other locations. No significant differences (p > 0.05) were found
in CI between Lipci and Sv. Nedjelja mussels in spite
of the differences found in shell morphology (Table
1). There were no significant differences (p > 0.05) in
the pH and aW values of mussels from the six sites,
ranging from 7.0 to 7.2 and from 0.96 to 0.97,. respectively.
Proximate composition of mussels
Significantly higher ash and protein levels in mus-
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sels were detected in Orahovac and Sv. Nedjelja areas compared to the other ones. Mussel tissue protein content ranged from 7.80 in mussels from Ljuta
to 10.26% in mussels from Orahovac. Mussels from
Kotor Bay (Ljuta and Lipci) showed higher moisture
values than mussels from Tivat Bay. Lipid contents
did not show any significant differences between
mussel from the different areas. Finally, glycogen levels (15.11 mg·g−1 and 15.38 mg·g−1 in mussels from
Orahovac and Sv. Nedjelja, respectively) were slightly higher, although differences were not statistically
significant (p<0.05) (Table 2.). The polyunsaturated
fatty acids (PUFA) predominated over the monounsaturated fatty acid (MUFA) and saturated fatty acids (SFA). Significant differences in the PUFA profile
were found between mussel from Sv. Nedjelja and
mussels from other location. Palmitic acid (16:0), the
major SFA in mussels, was clearly predominant in
all samples. With regard to PUFA, a high proportion
of n-3 long-chain PUFAs was found, and eicosapentaenoic (20:5 n-3) and docosahexaenoic (22:6 n-3)
acids were the most important FAs in this fraction.
High levels of n-3 PUFA (18.62 ± 2.32% to 25.75
± 2.2%), low levels of n-6 PUFA (2.86 ± 0.17% to
3.38 ± 0.14%) and high n-3/n-6 ratios (5.70 ± 1.41 to
8.99 ± 1.33) characterized all sample of mussels from
Bokokotoska Bay (Table 3.). Metal concentrations, of
the investigated micro and macro elements and heavy
metals in mussels taken at six locations, expressed in
mg/kg are listed in Table 4. All mussel samples are a
rich source of the macrominerals Ca, K, Na, Mg and
essential elements Fe and Mn.

Table 1. Biometric characteristic, meat yields and Condition index of mussels (Mytilus galloprovincialis) from six different location
in Boka Kotorska Bay.

L (mm)
H (mm)
W (mm)
MY (%)
CI (%)

Ljuta
53.29 ± 2.07A
30.10 ± 2.23A
21.21 ± 1.53A
20.89 ± 6.41A
17.32±15.09A

Orahovac
54.10 ± 3.27B
30.89 ± 2.32B
21.75 ± 1.62B
21.95 ± 5.11B
17.24 ±13.41A

Lipci
51.05 ± 3.10C
28.9 ± 2.06C
19.83 ± 1.68C
23.01 ± 6.76C
17.6 ±18.09A

Kukuljina
53.92 ± 3.91BD
30.51 ± 3.47BD
21.29 ± 2.65AF
22.80 ± 5.74CD
16.91 ± 11.35A

Obala Djurasevic
53.89 ± 4.32BE
30.62 ± 3.76BE
21.51 ± 2.42BDF
26.39 ± 7.93E
18.9 ± 14.99B

Sv.Nedjelja
56.19 ± 4.79F
32.40 ± 2.45F
22.37 ± 2.22E
21.68 ±6.46BF
16.5 ± 20.69A

Values are given as Mean ± S.D. from all samples from each sampling site. . Different letters in the same row denote statistically
significant difference (P <0.05) between groups
Table 2. Proximate composition of mussels from different sampling sites

Ljuta
Ash (%)
2.40 ± 0.21A
Moisture (%)
81.39 ± 0.52A
Total protein (%) 7.80 ± 0.24A
Total lipid (%)
2.18 ± 0.25A
Glycogen (mg/g) 12.81±0.09A

Orahovac
3.34 ± 0.24B
77.87 ± 1.16B
10.26 ± 0.33B
1.71 ± 0.22A
15.11 ±0.06A

Lipci
1.73 ± 0.32A
81.42 ±1.21A
8.95 ± 0.48A
1.36 ± 0.32A
14.34 ±2.16A

Kukuljina
2.46 ± 0.63A
78.9 ± 0.52B
8.55 ± 0.45A
1.96 ± 0.61A
13.19 ±0.15A

Obala Djurasevic Sv.Nedjelja
2.16 ± 0.21A
3.30 ± 0.27C
B
78.06 ± 0.82
78.12 ± 0.87B
8.66 ± 0.45A
9.70 ± 0.40B
2.13 ± 0.28A
2.13 ± 0.35A
A
13.2 ±0.03
15.38 ±0.49A

Values are given as Mean ± S.D. from triplicate ; Different letters in the same row denote statistically significant difference (P <0.05)
between groups.
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Table 3. Fatty acid profile (% of total fatty acids) of mussels from different sampling sites

SFA
MUFA
PUFA
n-3
n-6
n-3/n-6
n-6/n-3
C20 :5n3 (EPA)
C22 :6n3 (DHA)
C18:2 n-6
C20:2 n-6
C14:0
C16:0
C16:1
C18:1 cis-9
C20:1

Ljuta
28.61 ± 2.12A
31.68±1.98AC
39.71a ± 0.82
25.75 ± 2.2A
2.86 ± 0.17A
8.99 ± 1.33A
0.11 ± 0.03A
16.10 ± 1.73A
16.04±1.07AB
2.98 ± 0.22A
4.60 ± 0.60A
11.38± 0.93A
17.23± 0.87A
4.33 ± 1.02A
3.21 ± 0.80AB
3.55 ± 0.04A

Orahovac
29.45 ± 2.21A
30.52± 1.97A
40.03a ± 0.60
25.23± 2.19A
3.04± 0.13AB
8.29 ± 1.70AC
0.12 ± 0.03A
14.09±1.70AC
17.25 ± 0.98A
3.45± 0.23B
5.22 ± 0.08B
10.22±0.91AC
19.23 ± 0.89A
4.25 ± 1.10A
3.48 ± 0.40A
3.63 ± 0.41A

Lipci
25.99±2.25AB
34.28±2.04AC
39.73a ± 0.83
21.61± 2.2AC
3.38 ± 0.14B
6.39± 1.35BC
0.16 ± 0.01A
14.65± 1.82AC
16.09± 1.27AB
3.66± 0.18B
5.33± 0.02B
10.66± 0.94AC
15.33 ± 0.81B
4.11 ± 0.12B
3.25 ± 0.89B
3.41 ± 0.03B

Kukuljina
Obala Djurasevic
21.89± 3.51B
23.37±3.56AB
B
38.31± 2.11
35.55±1.97BC
a
39.80 ± 0.82
41.08a ± 1.15
BC
18.62±2.32
20.19±2.19BC
B
3.27 ± 0.13
3.18 ± 0.12B
B
5.70 ± 1.41
6.34±1.32ABC
A
0.18 ± 0.02
0.16 ± 0.02A
14.31±1.86AC
16.70±2.02BC
B
16.60 ± 1.14
15.63±1.09AB
B
3.80± 0.06
4.1± 0.33C
B
5.09± 0.03
5.4± 0.21B
C
9.36± 0.88
9.25 ± 0.88C
B
12.53±0.77
14.12± 0.76B
AC
4.41 ± 1.03
4.35 ± 1.12AC
3.33 ± 0.84B
2.92 ± 0.11C
B
3.41 ± 0.12
3.53 ± 0.01A

Sv.Nedjelja
28.65 ± 2.22A
33.79± 2.01AC
37.56b ± 1.12
25.54 ± 2.22A
3.12± 0.13AB
8.19± 1.45AC
0.12 ± 0.01A
15.17 ± 1.93A
17.41 ± 0.97A
2.9± 0.21A
4.1± 0.02C
8.17 ± 0.93B
20.48± 0.54A
4.51 ± 1.02AC
3.17 ± 0.80B
3.49 ± 0.11A

Values are given as Mean ± S.D. from triplicate ; Different letters in the same row denote statistically significant difference (P <0.05)
between groups.
PUFA: Polyunsaturated fatty acids; MUFA: monounsaturated fatty acids; SAFA: Saturated fatty acids; n-3: omega-3; n-6: omega-6;
EPA: C20:5n-3; DHA: C22:6n-3;
Table 4. Metal concentrations, expressed in mg/kg, in the whole soft tissue of mussels.

Ca
K
Mg
Na
Cu
Zn
Fe
Mn
As
Cd
Pb
Hg

Ljuta
936.3
2018.3
509.0
401.03
1.3
13.1
23.2
1.5
2.7
0.2
0.3
0.05

Orahovac
1009.1
1930.6
773.0
461.73
1.1
16.8
27.3
1.4
2.9
0.2
0.2
0.04

Lipci
1220.0
1749.5
665.9
407.15
1.3
12.6
27.6
1.9
2.3
0.2
0.2
0.05

Kukuljina
857.5
2066.0
911.5
564.90
1.6
14.2
39.0
3.4
2.7
0.3
0.2
0.05

Obala Đurašević
738.2
2149.8
888.2
541.72
1.4
17.0
29.9
1.6
3.4
0.3
0.2
0.05

Sv.Nedjelja
694.8
2136.8
855.6
532.03
1.5
17.5
27.9
2.2
3.3
0.1
0.2
0.05

Obala Đurašević
4.0± 0.63A
4.0± 3.33AC
3.33± 0.82A
3.83± 0.41A

Sv.nedjelja
3.93 ± 0.41A
4.0± 3.81AC
4.00 ± 0.89A
4.83± 0.41BD

Table 5. The main sensory descriptors of mussels from Boka Kotorska Bay, Montenegro

Odor
Appearance
Texture
Elasticity

Ljuta
4.0 ± 0.63A
4.17± 0.41A
4.0 ± 0.00A
3.5 ± 0.55A

Orahovac
5.0 ± 0.0B
5.0 ± 0.0 B
5.0 ± 0.0 B
5.0 ± 0.00 B

Lipci
4.0 ± 0.0A
3.0 ± 2.83C
3.83± 0.41A
3.03± 0.41C

Kukuljina
4.0± 0.63A
4.0± 3.83AC
3.33± 0.52A
4.0 ± 0.00A

Values are given as Mean ± S.D. from eighteen samples from each sampling sitE. Different letters in the same row denote statistically
significant difference (P <0.05) between groups.

Sensory analysis
The main sensory descriptors of mussels from
Boka Kotorska Bay are listed in Table 4. In our study,
we confirmed significant differences (p < 0.05) in sen-

sory profiles between the mussels from Orahovac and
those from the other sites. Orahovac mussels had the
best ratings for odor, appearance and texture (5.0 ±
0.0).

J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

N. GRKOVIĆ,, V. TEODOROVIĆ, V. DJORDJEVIĆ, N. KARABASIL, S. STAJKOVIĆ, D. VASILEV, I. ZUBER BOGDANOVIĆ, S. JANKOVIĆ, B. VELEBIT, M. DIMITRIJEVIĆ

DISCUSSION
The Boka Kotorska Bay is composed of several smaller bays and is the only part of the Southern
Adriatic with jagged coastline which are influenced
by specific hydrological and climatic conditions that
are unique in Europe (Vukanic et al., 2016). The results of environmental monitoring indicated that the
Boka Kotorska Bay seawater had a variable salinity, but similar temperature in harvesting areas that
were investigated. It is important to know that this
area is under the influence of freshwater inflows from
numerous springs and submarine sources, which isthe main factor contributing to a decline in salinity.
During the sampling, the superficial waters (0–5 m)
of the sampling sites showed similar temperature
(15–18 °C). Since the optimum thermal range for this
mussel species physiology is generally reported as
10–20 °C (Bayne, 1976), all sampling site had biological conditions for a suitable growth. Salinity was
lower at Tivat Bay than at Kotor Bay (19.3 ppm vs
30.56 ppm, respectively), reflecting the lesser mixing
processes in the water column reasonably attributable
to its greater distance from the open sea. Several authors have highlighted the influence of extrinsic and
intrinsic factors, such as water temperature and salinity, food availability and gametogenic cycle of animals on these parameters in mussels (Fernández et al.
2015; Henderikx, 2017; Cherifi et al., 2018). In areas
where the eutrophication process is more pronounced
microplankton population density was higher (Kotor
Bay). Conversely, in Tivat Bay the microplankton
populations was decreased due to the impact of the
open sea (Vukanic et al., 2016). The mussel’s shell is
formed largely through deposition of ions, mostly calcium from the seawater and its changes in biometric
characteristics is less susceptible to food availability
and variety of extrinsic and intrinsic factors than mussel tissue (Alluno-Bruscia et al., 2001).In our study
the mussels from Sv. Nedjelja displayed significantly
higher morphometric values than others, and the mussels from Obala Đurašević had the maximum values
of meat yield (26.39 ± 7.93) and condition index (18.9
± 14.99) in spite of lower values of microplankton
population in that part of Bay. The condition index
and meat content in mussels are parameters of biological and technological interest, and they have a direct
influence on the quality of the shellfish. The results of
meat yield were comparable with previously reported data for cultivated mussels in Adriatic sea (25%)
(Vernocchi et al., 2007), but they had lower values
than mussels reported in the same period from dif-
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ferent Spanish areas (> 30%) (Fuentes et al., 2009)
and from the Gulf of Trieste (32.7%) (Bongiorno et
al., 2015). The physical, chemical and microbiological stability of mussels strongly depends on the water
activity of the meat. Mussels can be considered to be
food products with high aw (recorded aw values were ≥
0.95) and high pH (6.7–7.1) (Jay, 1996). In our study
we have obtained results that are in accordance with
those.
In this research, we obtained different results on
biochemical composition between mussels from all
sampling sites. Biochemical composition of mussels
is affected by water temperature, nutrient availability, and the reproductive cycle of individuals (Fernández-Reiriz et al. 2007). Depending on the time of the
year, levels of nutrients are different. In spring, mussels had a higher glycogen and protein content because they reflect the interaction between food supply,
temperature, growth and reproductive cycle (Gallardi
et al., 2014). In that time of the year, energy is stored
for gametogenesis. Glycogen and proteins are considered the main energy substrate and they have a dominant role in bivalve metabolism for nutrient storage
and to supply energy for gametogenesis (Baek et al.,
2014). Our research was conducted in the spring and
we also observed high levels of glycogen and protein
concentrations. On the other side, changes in mussels
composition are closely related to the food available.
The highest chlorophyll levels have been recorded
during spring, due to higher seawater temperatures
(Irisarri et al., 2014).
Fatty acid composition is associated with seasonal
periods and geographical origin. The results showed
that of all fatty acids identified in all samples, the
polyunsaturated fatty acids (PUFA) is the group with
the highest percentage. This group of fatty acid, PUFAs (37.56 ± 1.12% to 41.08 ± 1.15%) were dominated followed by the monounsaturated FA (MUFA)
(30.52 ± 1.97% to 38.31 ± 2.11%), while SFA levels
were lower (21.89±3.51% to 29.45±2.21%). These
results were similar to those reported by other authors (Bongiorno et al., 2015; Fernández et al., 2015).
Moreover, these findings concur with studies of numerous bivalve species distributed in other regions
of Europe and America. Within PUFAs, the C20:5n-3
and C22:6n-3 fatty acids showed the highest levels.
The low levels of PUFA in mussels from Sv. Nedjelja
probably is due to the reduced access to phytoplanktonic food. Phytoplankton represents the largest food
source for bivalve molluscs and contains a high pro-
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portion of polyunsaturated fatty acids of more than 20
carbons (Fernández-Reiriz et al., 1989). As discussed
earlier, shellfish are rich in n‐3 PUFA, with a ratio of
n‐3 to n‐6 PUFA above 1.0 (Sriket et al., 2007). High
levels of total n-3 and low levels of total n-6 PUFA
were detected also in our samples and consequently
high n-3/n-6 ratio values characterised the mussels
cultivated in the Boka Kotorska Bay.
Mytilus galloprovincialis, like other bivalve molluscs, may also be considered a good source of nutritionally important minerals. Since these mussels are
edible and marketed commercially, the presence of
metals in high conentrations could limit the quantity of mussels that humans can consume, as excessive
consumption of metal-contaminated mussels could be
toxic to humans (Stankovic et al., 2012). In the mussel
samples K, Mg, Ca, and Na concentrations were significantly higher than the remaining tested elements.
Several studies have shown that K is usually found to
have the highest concentration among the macro minerals in shellfish (Bilandzic et al.,2015, Manthey-Karl
et al., 2015. Also, the reason for the high content of
Ca and Mg in mussels is their requirement for the
shell formation during the mussel growth (Bokori et
al., 1995). Since mussels are seawater filter-feeders,
their feeding depends on plankton. Phytoplankton are
relatively rich in Ca, K and Mg content (Fujita 1971).
Seafood provides a major source of Zn and Fe to humans, which are important elements in their diet, but
in excess may be harmful for human health (Plum et
al., 2010). Comparing data from the literature with the
present results showed that concentrations of Zn were
lower to those reported for Albanian coast (Cullaj et
al., 2007), Croatia (Kljakovic-Gaspic et al., 2006),
and Slovenia (Ščančar et al., 2007).
The amount of As, Pb, Hg and Cd in marine organisms reflects the degree of metal pollution in the aquatic environment (Stankovic et al., 2011). Contaminants
in mussels have been examined from the standpoint
of food safety, and in some places, including the Adriatic Sea, the levels of contaminants exceeded health
standards, (Giusti and Zhang, 2002, Kljakovic-Gaspic
et al., 2006). In comparison with the permissible limits set by the Montenegrin Food Regulation (2002) for
total Hg (1.0 mg kg-1), Cd (1.0 mg kg-1), Pb (1.0 mg
kg-1), all concentrations of these metals from all locations were lower than the legislated limits.

“orange color”, “firmness” or “consistency” in fresh
mussels have a biological explanation since these
are the result of different natural stimuli (Costell and
Durán, 2005). Our evaluation coincides with Caglak
et al. (2008), who suggested that a numeric acceptability scale from 0 to 5 points is suitable to evaluate fresh mussels. The qualitative sensory assessment
showed that all mussels were acceptable. All mussels
in the current study achieved scores of 3 or more out
of 5 in the qualitative category. From a marketing perspective, the mussels cultured in the Boka Kotorska
Bay could be accepted well by consumers, and these
shellfish fulfill the minimum requirements to fit and
compete in the existing local market.
CONCLUSION
This is the first comprehensive report of biometric, sensory and nutritional assessment of mussels
harvested in this part of Southern Adriatic Sea (Montenegro). In general, mussels from the Bay of Kotor
have shown higher nutritional quality and better sensory and biometric characteristics than mussels from
the Bay of Tivat. Consequently, recommendation for
mussel growers from Montenegro is to concentrate
their production on this area. In addition, the study determined that mussels cultured in the Boka Kotorska
Bay could compete with other currently available
mussels from other Adriatic Sea locations. The data
obtained from the present study and further microbiological studies on the mussels from these locations
can confirm the quality of these products and can be
valuable for estimating the cost-effectiveness of mussel production and to support marketing of mussels to
consumers.
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The main sensory descriptors of mussels were
those related to appearance, odor, texture and, to lesser
extent, elasticity. The differences in the assessment of
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Effect of trans-resveratrol or ubiquinol supplementation on the sperm
morphology of CD-1 mice subjected to forced swimming.
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ABSTRACT: This study was undertaken to assess the effect of a three-minute forced swimming protocol for 50 days,
with and without antioxidant administration on sperm morphology in CD-1 mice. Seventy-five mice were randomly
allocated to one of the following five groups: no exercise (control group; CG), swimming without antioxidant administration (EX), swimming with trans-resveratrol administration (EX-Resv), swimming with ubiquinol and excipient
administration (Kaneka´s ubiquinol) (EX-Ubiq), and swimming with just only the excipient for Kaneka´s ubiquinol administration (EX-Excp). The EX group showed that 53.03±4.83% of sperm had abnormal morphology, with significant
differences with regards to CG (46.47±10.57%) (p<0.05). The number of sperm with abnormal morphology decreased
in all groups treated with either antioxidants or with excipient; this was most noticeable in EX-Ubiq (p<0.05). The
percentage of midpiece and tail, as well as multiple anomalies were greater in EX than in CG (p<0.05). While both
antioxidants, as well as the excipient, decreased midpiece and head anomalies, only trans-resveratrol and ubiquinol had
an effect on multiple anomalies. Furthermore, only trans-resveratrol had an effect upon tail anomalies. The imposed
exercise caused alterations in CD-1 mice sperm morphology, and antioxidant treatment seems suitable to decrease
morphological anomalies. Both trans- resveratrol and ubiquinol were effective in decreasing simple as well as multiple
sperm anomalies.
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Corresponding Author:
Diana Vaamonde, Facultad de Medicina y Enfermeria- Universidad de Córdoba.
Avenida Menéndez Pidal s/n.14004. Córdoba
E-mail address: fivresearch@yahoo.com

Date of initial submission: 30-11-2019
Date of revised submission: 21-02-2020
Date of acceptance: 06-04-2020

2350

D. VAAMONDE, A. SÁNCHEZ DE MEDINA, B. CORTÉS, A. DÍAZ, I. RODRÍGUEZ

INTRODUCTION
here are many couples in the world with fertility problems. Male factor is usually a problem
in about 40% of cases (Brugh and Lipshultz, 2004).
Hormones, radiation, tobacco consumption, varicocele, infections, nutritional deficit, oxidative stress,
and exercise have been linked to fertility problems
(Arce et al., 1993; du Plessis et al., 2011). For several decades, the relationship between physical activity
and human fertility has been studied reporting different alterations in sperm parameters such as sperm
concentration, motility and morphology among others
(De Souza et al., 1994; De Souza and Miller, 1997;
Vaamonde et al., 2006, 2009).

T

In animal models, the reproductive potential has
been altered as a consequence of forced swimming at
different levels of intensity (Manna et al., 2003, 2004;
Mingoti et al., 2003; Saki et al., 2009, 2010; Nirupama et al., 2013). A decrease in fertility rates was observed with a three-minute daily program of forced
swimming for 50 days (Saki et al., 2009, 2010). It has
been hypothesized that an imbalance between free
radicals and body´s antioxidants (oxidative stress)
plays a role in these changes. Reactive oxygen species
(ROS) damage cellular macromolecules, like polyunsaturated fatty acids present in the cell membrane
(PUFAs); due to such damage, alterations in cell function may occur (Gozalvez et al., 2017). Sperm cells
are especially vulnerable to oxidative degradation of
lipids produced by ROS due to the large amount of
PUFAs present in their plasma membrane (Griveau
and Le Lannou, 1997). Although small amounts of
ROS are necessary for sperm to acquire their fertilizing capacity (Aitken, 1997; Griveau and Le Lannou,
1997), when produced in excess such that the antioxidant capacity of the reproductive tract is exceeded,
oxidative damage may occur. This may cause, among
others, alterations in sperm morphology (Aziz et al.,
2004; Agarwal et al., 2008; Tremellen, 2008; Jana et
al., 2014). Moreover, it has been reported that abnormal spermatozoa are a source of ROS production, existing a positive correlation between ROS and sperm
anomalies (Aziz et al., 2004; Sabeti et al., 2016). The
sperm morphology is an important parameter related
to fertility potential (Gatimel et al.,2017). In this regards, it has been reported that when the percentage
of simple anomalies and, above all, multiple anomalies, increases the fertility decreases (Jouannet et al.,
1988; Slama et al., 2002).
To counteract oxidative damage, the body increas-

es its own antioxidant capacity; this can also be aided by exogenous supplementation with antioxidant
agents (Agarwal et al., 2004; Tremellen, 2008). Antioxidants counteract the presence of ROS and decrease
lipid peroxidation, thereby maintaining the integrity
of the PUFAs present in the sperm membrane and,
thus, supporting sperm function.
Resveratrol is a natural antioxidant that acts by
reducing lipid peroxidation, oxidation and protein
nitration (Olas and Wachowicz, 2005). Additionally,
resveratrol activates sirtuin-1 and protects mitochondrial function (Price et al., 2012). At the reproductive level, it has been used in animal models where
it has been observed to increase the concentration of
gonadotropins and testosterone in blood, resulting
in increased epididymal sperm output (Juan et al.,
2005). Resveratrol has also been reported to protect
against testicular damage produced by various oxidizing agents (Jiang et al., 2008) and stress (Bitgul
et al., 2013). In humans, the relationship of dietary
resveratrol supplementation with regards to fertility
has not been studied, yet some studies have reported
a protective effect of resveratrol addiction to human
ejaculates against oxidizing agents such as butylhydroperoxide (Collodel et al., 2011) and the reduction
of cryopreservation-induced sperm injury ( Li et al.,
2018).
In an exercise model, it has been previously used
by our group, and was found to reverse the deleterious morphological effects of imposed exercise (Rodriguez et al., 2016).
Ubiquinol (the reduced form of coenzyme Q10)
is a liposoluble substance with roles in bioenergetic pathways and antioxidant mechanisms (Litarru,
2007). As an antioxidant, it scavenges free radicals
and prevents the initiation and propagation of lipid
peroxidation in cell membranes, also helping with the
regeneration of other antioxidants such as tocopherol
and ascorbate (Crane, 2001). Its activity as an antioxidant has been studied in different tissues, like the
testes (Ognjanovic et al., 2010; Fouad et al., 2011;
Nadjarzadeh et al., 2013). As a bioenergetic molecule,
it is an essential member of the mitochondrial electron transport chain and has a fundamental role in the
production of ATP. Coenzyme Q10 deficits can impair mitochondrial capacity (Crane, 2001). Despite its
poor solubility, it has been shown that the oral exogenous administration of ubiquinol increases levels of
coenzyme-Q10 and ubiquinol in seminal plasma and
sperm cells (Balercia et al., 2009; Safarinejad et al.,
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2012). Ubiquinol has been reported to improve semen
parameters in human patients with fertility problems
(Balercia et al., 2009; Safarinejad et al., 2012). However, its effectiveness in subjects undergoing exercise
has not yet been assessed.
Different compounds, including vitamin C, which
is a water-soluble vitamin, have been used as an excipient to facilitate the absorption of ubiquinol. Vitamin C is present at higher concentrations in seminal
fluid compared to blood plasma (Jacob et al., 1992),
suggesting an important role. It is essential for the
proper progression of spermatogenesis, partly due to
its ability to reduce α-tocopherol and maintain this
antioxidant in an active state (Aitken and Roman,
2008). Vitamin C also reduces lipid peroxidation and
increases testosterone levels. As a result, sperm membrane integrity is protected, and sperm production increases, improving semen parameters (Sönmez et al.,
2005; Akmal et al., 2006; Sanghishetti et al., 2014).
The objective of this study was to assess the effect
of antioxidant supplementation with either trans-resveratrol or Kaneka´s ubiquinol on sperm morphology
of mice subjected to a forced swimming exercise protocol.
MATERIAL AND METHODS
Animals
Seventy-five adult (65-day-old) CD-1 male mice
(average weight: 40 g) provided by Janvier Labs
(France) were used in this study. The total sample size
was calculated by using the G*power 3.1.9.4. (Faul
et al., 2009). Mice were housed in the Centralized
Animal Experimentation Service of the University
of Cordoba. A five-day adaptation period was implemented before the study. The animals were housed in
individual cages under constant conditions: 21±1ºC,
55% relative humidity and a 12-h light/12-h dark cycle. Mice were given ad libitum access to food and
water. Food was pellet chow with a composition of
4% animal-derived protein, 8% vegetable-derived
protein, 4.10% minerals and vitamins and 83.90%
cereals (barley, wheat, wheat bran, maize, soybean
meal) (Panlab S.L. Augy, France).
The animals (n = 75) were randomly allocated to
one of five groups, with 15 mice per group: non-exercise control group (CG), swimming exercise group
without antioxidant supplementation (EX), swimming exercise group with administration of trans-resveratrol (EX-Resv), swimming exercise group with

2351

administration of Kaneka’s ubiquinol (EX-Ubiq),
swimming exercise group with administration Kaneka’s ubiquinol excipient (EX-Excp). The latter group
was included in order to determine if the effect of
ubiquinol was really due to ubiquinol or to the excipient used, which includes vitamin C. The animals
were clinically assessed every day, following the principles of laboratory animal care and always treating
them appropriately, in order to exclude any problem
that could make them unsuitable for the experiment.
The study was approved by the Institutional Animal
Care and Use Committee of University of Cordoba
(Nº7623)
Training protocol
The animals of the EX, EX-Resv, EX-Ubiq and
EX-Excp groups were subjected to a daily exercise
session of three minutes of forced swimming for 50
days, in circular swimming pools measuring 60 cm
in diameter and 80 cm deep with smooth and opaque
walls and water with controlled temperature (33ºC
- 35ºC). The order in which each animal swam was
different and randomly chosen. Once the exercise session was finished, mice were dried with a paper towel
and returned to their cages. The animals of the CG
group were handled in the same manner as the rest,
except for the swimming exercise.
Administration of antioxidants
Besides regular pellets, all mice were given a daily one-gram feed cake made from commercial feed
with a caloric intake of 2900 kcal /kg (Panlab S.L.);
it was assessed that mice ate the whole cake every
day. Prior to the experimental phase, the cakes had
been prepared and stored in the freezer until use. The
ingredients for the cakes were ground up and moistened with double-distilled water. The CG and EX
groups did not receive antioxidant supplementation
in the cake. EX-Resv, EX-Ubiq and EX-Excp received antioxidant supplementation that was mixed
with the cake as described below. In the EX-Resv
group, a dose of 100 mg/kg of trans-resveratrol (Caiman Chemical Company) was added; in the EX-Ubiq
group, a dose of 200 mg/kg of a compound elaborated by Kaneka was used (to improve ubiquinol absorption, this compound also included an excipient
composed of 73.93% gum Arabic, 20.44% dextrin
and 4.63% vitamin C); in the EX-Excp group, the
proportion of the excipient corresponding to 200 mg
of Kaneka’s ubiquinol was used. Twenty cakes were
randomly chosen from each batch to verify the anti-
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oxidant quantitative content. Trans-resveratrol cakes
were analyzed by an extraction method by high performance liquid chromatography (HPLC), with detection by a diode detector array (Rodriguez-Bernaldo
et al., 2009). The ubiquinol cakes were analyzed by
extraction of the lipid fraction of the feed (with hexane) and separation by HPLC with an electrochemical
detector (Lopez-Dominguez et al., 2013). The cakes
were administered together with the feed at the end
of the exercise period. In the case of trans-resveratrol,
these were administered in the afternoon with the beginning of the dark cycle to avoid isomerization of the
product by light.
Sample collection and evaluation
The animals were sacrificed by cervical dislocation and subsequent decapitation 24 hours after the
final training session. The testes were extracted and
the secretion from the cauda epididymis was obtained using a sterile 22 G needle and placed into
sterile tube for analysis. An eosin-nigrosin stain was
performed for the assessment of sperm morphology
(200 sperm assessed for each parameter) (Vital ScreenTM, FertiPro®). Ten microliters of the sperm sample
were mixed in a sterile tube with 20µl of 1% eosin
and subsequently mixed with 30µl of 5% nigrosine.
Afterwards, the mix was homogenized and finally a
10µl of semen-stain mixture was used for assessment
under optical microscopy (Olympus BH-2) at 100x
magnification under oil immersion. Sperm morphology was classiﬁed, following the criteria of Wyrobek
and Bruce (1975) into normal and abnormal spermatozoa. Abnormalities were classiﬁed into four categories: head, midpiece, tail and multiple anomalies. Any
spermatozoa exhibiting an abnormality in at least one
segment was considered abnormal, when two or more
segments were abnormal, sperm were considered as
having multiple anomalies. Sperm morphology was
always assessed by the same experienced observer to
minimize possible inter-observer variability. The data
obtained were collected in Microsoft Office Excel

spreadsheets for further statistical analysis.
Statistical analysis
The statistical analysis was carried out with the
statistical program STATGRAPHICS Centurion XVI
(Stat Point Technologies Inc, 2009). The Pearson ChiSquare test was used to compare differences between
groups on sperm morphology. For weight gain and
daily intake one-way ANOVA was used to compare if
there were differences between groups. The statistical
significance level was set at p˂0.05.
RESULTS
All animals maintained good general health
throughout the study period. The body weight gain
and food intake did not show any significant difference among groups (Table1).
Exercise produced an increase in overall abnormal forms (EX:53.03±4.83 Vs CG: 46.47±10.57) (p<
0.05) (Figure 1). Moreover, an increase in multiple
anomalies was also observed as a result of the exercise intervention (EX:178(5.93%) Vs CG: 126(4.2%))
(p< 0.05) (Table 2). With regards to the different segments, midpiece and tail anomalies were statistically
greater in EX group than in and CG (Table 2). The
administration of either one of the antioxidants or the
excipient decreased the percentage of abnormal forms
in all treated groups with regards to EX (no antioxidants). Among the different antioxidants, EX-Ubiq
exhibited the most noticeable changes, with statistical differences in comparison to the other compounds
(Figure 1). Both antioxidants and excipient decreased
midpiece anomalies; moreover, although no differences were observed in head anomalies as a result of
exercise, the antioxidants were able to decrease the
anomalies in this segment (Table 2). However, the
only antioxidant able to decrease tail anomalies was
trans-resveratrol. With regards to multiple anomalies,
both trans-resveratrol and ubiquinol were able to decrease them, while the excipient was not (Table2).

Table 1. Daily intake, initial weight and final weight in the different groups. (CG = Control group, EX = Exercise group, EX-Resv =
Exercise + Resveratrol, EX-Ubiq = Exercise + Ubiquinol, EX-Excp = Exercise + Excipient). Values are mean ± SD. There were no
statistical differences between groups.

GROUP
Daily intake (gr)
Initial weight (gr)
Final weight (gr)

CG(n=15)
5.8±1.13
39.3±0.05
39.75±1.01

EX(n=15)
5.4±1.10
41.22±0.17
42.57±2.15

EX-Resv(n=15)
5.61±1.04
42.78±0.32
43.46±1.47
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EX-Ubiq(n=15)
5.46±1.07
41.76±0.41
42.84±1.08

EX-Excp(n=15)
5.34±1.11
38.48±0.47
39.82±1.38
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Figure 1. Percentage of abnormal spermatozoa observed in different groups.

(CG = Control group; EX = Exercise group; EX-Resv = Exercise + Resveratrol, EX-Ubiq = Exercise + Ubiquinol, EXExcp = Exercise + Excipient). Values are mean ± SD for fifteen animals per group (p<0.05).
Superscript letters (a,b,c,d,e) indicates significant differences (p<0.05), with regard to CG (a), with regard to EX (b),
with regard to EX-Resv (c), with regard to EX-Ubiq (d), with regard to EX-Excp (e).
Table 2. Number of abnormal sperm with percentages of head, midpiece, tail and multiple anomalies observed in the different groups.
(CG = Control group, EX = Exercise group, EX-Resv = Exercise + Resveratrol, EX-Ubiq = Exercise + Ubiquinol, EX-Excp = Exercise
+ Excipient). Two hundred spermatozoa per mice were assessed, 3000 in total in each group)

GROUP
CG (n=15)
EX (n=15)
EX-Resv (n=15)
EX-Ubiq (n=15)
EX-Excp (n=15)

Head anomalies
95(3.16%) cde
74(2.46%) cde
8 (0.26%) ab
12(0.4%) ab
17(0.56%) ab

Midpiece anomalies
687(22.9 %) bd
756(25.2%) acde
568(18.93%) bd
370(12.33%) abce
579(19.3%) bd

Tail anomalies
486(16.2%) bde
583(19.43%) ac
526(17.53%) b
549(18.3%) a
574(19.13%) a

Multiple anomalies
126(4.2%) be
178(5.93%) acd
153(5.1%) b
120(4.0%) be
182(6.06%) ad

Superscript letters (a,b,c,d,e) indicates significant differences (p<0.05), with regard to CG (a), with regard to EX (b), with regard to
EX-Resv (c), with regard to EX-Ubiq (d), with regard to EX-Excp (e).

DISCUSSION
In the current study, a three-minute daily forced
swimming exercise for 50 days resulted in sperm
morphological alterations. A swimming exercise with
controlled temperature was employed in this study in
such a way as to minimize the changes in testicular
temperature. The relationship between exercise and
sperm alterations has been studied in animal models
reporting alterations in sperm parameters (Mingoti et
al., 2003; Saki et al., 2009, 2010; Minaii et al., 2014;
Moayeri et al., 2017). One of the parameters that has
been reported to be altered as a result of exercise is
morphology (Jana et al., 2014; Minaii et al., 2014);
this parameter is of essential importance for fertility
(Ombelet et al., 1995; Gatimel et al., 2017) and it may
be a sensitive tool to measure reproductive potential
(Menkveld et al., 2011). Some authors have used a
three-minute forced swimming exercise model for
50 days, and, despite not assessing morphology, a decrease in the number and motility of sperm, as well as
in in vivo fertilizing capacity, has been reported (Mingoti et al., 2003; Saki et al., 2009, 2010). However,

authors using other models of forced swimming have
shown that exercise affects morphology in a manner
similar to our study (Jana et al., 2014; Minaii et al.,
2014). The physiopathological mechanisms by which
exercise causes sperm alterations or fertility problems
are not entirely clear. On one hand, exercise may cause
alterations in the hypothalamic-pituitary-gonadal axis
(HPG) due to physiological stress, decreasing testosterone levels and affecting spermatogenesis (Manna et
al., 2003, 2004; Jana et al., 2008). Although hormonal
parameters were not evaluated in this study, alterations
in this axis could not be ruled out. On the other hand,
since sperm membranes are rich in PUFAs, rendering
these cells vulnerable to oxidative stress attack (Alvarez and Storey, 1995), exercise-induced oxidative
stress may cause increased lipid peroxidation. Numerous studies have demonstrated that oxidative stress
causes damage to the epithelium of the seminiferous
tubules, altering spermatogenesis and, therefore, increasing the number of spermatozoa with abnormal
morphology (Aziz et al., 2004; Aitken and Baker,
2006); in this regard, increased levels of ROS in the
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testes have been observed as a result of exercise (Manna et al., 2003, 2004; Nirupama et al., 2013).
When considering the different types of anomalies
by the segment involved, it could be observed that
midpiece was the main segment affected followed
by tail anomalies, results similar to those previously
reported by our group (Rodriguez et al., 2016). The
midpiece is a fundamental component in sperm due
to its mitochondrial content; these organelles are the
main source of sperm energy for motility. Thus, midpiece alterations could reflect alterations in the mitochondrial apparatus of the sperm and, thus, changes
in sperm energetics. Moreover, while damage in the
sperm mitochondria leads to an increase in ROS production, this increase in ROS levels in turn alter mitochondria (Sabeti et al., 2016).
The percentage of multiple anomalies was greater in EX than in CG. It must be highlighted that the
presence of multiple anomalies has an important relationship with fertility; as such, it has been observed
abnormal sperm correlate with altered functionality as
well as with chance of conception (this latter parameter negatively), whether in vivo or in vitro (Slama
et al., 2002). Previous studies conducted in exercise
models, including ours, have assessed sperm morphology but not the presence of multiple anomalies (Jana
et al., 2014; Minaii et al., 2014; Rodriguez et al., 2016)
In the present study, daily oral supplementation
with 100 mg/kg of trans-resveratrol resulted in a decreased percentage of abnormal forms with respect
to EX group. It seems to protect against damage produced by exercise in the midpiece, tail and multiple
anomalies while also decreased head alterations.
Whereas a dose of 200 mg/kg was previously found
by our group (Rodriguez et al., 2016) to decrease the
percentage of head, midpiece and tail anomalies, the
dose of 100 mg/kg trans-resveratrol used in the present study, offered the same effect. To the best of our
knowledge, the effect of this antioxidant in exercise
models has only been assessed by our group so far.
There are several mechanisms by which trans-resveratrol could decrease anomalies caused by exercise.
One of these could be mediated by the estrogen-like
growth-promoting characteristics of the compound,
improving the HPG axis and, therefore, spermatogenesis (Juan et al., 2005). This effect has been previously demonstrated, although morphology was not
assessed, in healthy mice given an oral supplementation of 20 mg/kg resveratrol; as a result, increased gonadotrophin and testosterone secretion was observed,

along with increased epididymal sperm output (Juan
et al., 2005). Similar results have been reported in
other animal models (Shin et al., 2008). Another proposed mechanism could be its antioxidant and ROS
scavenging activity, which would protect the testis.
As such, trans-resveratrol induced an improvement in
sperm morphology in a model using rats with induced
varicocele (Mendes et al., 2016). Finally, improved
mitochondrial function could also be responsible for
the observed changes since mitochondria, a fundamental organelle for sperm energetics, are the main
source of intracellular ROS (Gibellini et al., 2015). A
combination of these different properties is possibly
the cause of the observed protection against the damage produced in the exercise condition.
Ubiquinol is another potent antioxidant. In the
present study, a daily 200 mg/kg dose of Kaneka’s
ubiquinol was found to be the antioxidant that best
protected against sperm morphological damage. Its
effect was similar to that of trans-resveratrol, decreasing head anomalies and protecting against damage in
the midpiece caused by exercise, even with statistical significance with regards to the other antioxidant
compounds. Also, it decreases multiple anomalies
caused by exercise. To the best of our knowledge, this
is the first study to assess the effect of ubiquinol on
testicular function in mice subjected to a forced exercise model. In human rest models, Safarinejad (2009)
reported improved Sertoli cell function and spermatogenesis, but controversial results have been observed
in relation to sperm morphology; some authors have
showed improved sperm morphology (Safarinejad et
al., 2012; Cakiroglu et al., 2014), while others have
reported improved sperm motility and density, but not
morphology (Safarinejad, 2009). This variation in the
results could be due to the lack of homogenization
in terms of dosage and administration protocols, as
well as differences in commercial forms of the coenzyme Q10. In the present study, the commercial form
of ubiquinol has been shown to be readily absorbed
(Ikematsu et al., 2006; Ozaki et al., 2010). Ubiquinol,
though it involves multiple pathways, likely worked
through a similar mechanism to that of resveratrol,
decreasing sperm anomalies by either increasing
testosterone (Ghanbarzadeh et al., 2014), scavenging ROS, improving the electron transport chain or a
combination of pathways (Crane, 2001).
The excipient alone also improved sperm morphology, but to a lesser extent than Kaneka`s ubiquinol (which includes the excipient). While it decreases
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head and midpiece anomalies, it was ineffective with
regards to tail and multiple anomalies. This effect was
possibly due to its high content of vitamin C, which
is known to have antioxidant capacity (Samanta et al.,
2006). As such, it has been shown to improve semen
parameters, including morphology, in subfertile individuals (Akmal et al., 2006); similar results were
reported in rat models where the observed increased
testosterone levels could be responsible for the improvements (Sanghishetti et al., 2014; Okon and
Utuk, 2016). Therefore, the combination of the excipient and ubiquinol was the most effective treatment
for improving sperm morphology.
It has been shown that both Kaneka´s ubiquinol
and trans-resveratrol decreased both individual as well
as multiple morphological anomalies in sperm. With
regards ubiquinol, while it was the best compound in
decreasing total number of abnormal forms, it was not
effective for tail anomalies. Conversely, trans-resveratrol was able to decrease anomalies in all segments.
CONCLUSIONS
The present study confirms that the three-minute forced swimming model for 50 days results in
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sperm morphological alterations being the midpiece
the segment mainly affected. Additionally, antioxidant supplementation with trans-resveratrol, ubiquinol or Kaneka´s ubiquinol excipient prevented such
anomalies. Lower doses of trans-resveratrol were as
effective as higher ones previously used. While the
administration of just Kaneka’s ubiquinol excipient
protected against sperm damage, Kaneka´s ubiquinol
was the compound that best protected, even exhibiting abnormal morphology percentages lower than
those of control group; it is worth mentioning that this
is the first time that the effect of ubiquinol has been
studied with regards to exercise and sperm morphology. Future studies should focus on investigating the
underlying mechanisms by which antioxidant supplementation improves these parameters.
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Neosporosis and toxoplasmosis are two prevalent and important protozoses in
dairy cows in small farms from Thessaly, Central Greece
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ABSTRACT: Neosporosis and toxoplasmosis are two significant protozoan parasitoses that can cause infertility and
abortions in dairy cows worldwide. Those parasites, in contrary of other coccidia, are adapted to infect hosts by several
routes of transmission. These include the consumption of sporulated cysts that have contaminated the environment,
transplacental infection and accidental consumption of row meat infected with bradyzoites. Infertility, abortions, neonatal mortality and other clinical symptoms in cattle in both parasitoses can cause severe financial losses, especially
when these diseases acquire an endemic or epidemic manner.
The aim of this study was to report the prevalence of neosporosis and toxoplasmosis in dairy cattle as detected by ELISA technique, under the correlation with the age of infected animals. Blood samples were collected by venipuncture
of the tail vein of 627 Holstein–Friesian dairy cows raised in 7 small farms (ranging from 55 the smaller to 137 the
larger farm) from the region of Thessaly, central Greece. All farms have recorded a variety of infertility problems in
the past. Animals were separated in three age groups; under 3 years old, between 3 and 6 years and over 6 years old.
In a total of 627 cows from which the samples were taken and examined, 131 (20.89 %) of them were found positive
for N. caninum while 51 (8.13 %) were positive for T. gondii. The prevalence in the three different age groups was
recorded at 16.36%, 23.51% and 26.17% respectively for neosporosis and in the same age groups it was 5.20%, 9.16%
and 13.08% respectively for toxoplasmosis. From the above results it becomes clear that preventative measures should
be suggested to and adapted by the farmers, in order to decrease their financial losses.
Keywords: Neosporosis, toxoplasmosis, cattle, prevalence, economic impact, zoonosis
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INTRODUCTION
eosporosis and toxoplasmosis, are two significant protozoan parasitoses that can cause infertility and abortions in dairy cows worldwide (Dubey
and Shares, 2011; Dubey, 2003). These parasites, unlike other coccidia, are adapted to infect hosts by several routes of transmission.

N

Neospora caninum (Sarcocystidae) is an apicomplexan protozoan parasite which is the etiological
agent of neosporosis (Dubey and Linsday, 1996). In
its life cycle, dogs and other related canids are the
only definitive hosts that shed through their feces the
unsporulated oocysts into the environment. Concurrently, many other species such as large and small
ruminants, horses, rabbits, mice and others are intermediate hosts of the parasite (Dubey et al., 2007). Despite the large number of species that can be infected,
to the present neosporosis has emerged as a serious
disease only in cattle and dogs worldwide (Dubey at
al., 2007 ; Dubey and Schares, 2011).
Toxoplasmosis is caused by Toxoplasma gondii
(Sarcocystidae), a zoonotic parasite of great importance and global distribution (Robert et al., 2012).
Toxoplasmosis is a protozoosis, in which the cat and
other Felidae serve as final hosts, whereas nearly all
warm-blooded animals and human can be infected
and serve as intermediate hosts (Sukthana, 2006.;
Dubey, 2009). Infected cats are capable of shedding
millions of oocysts with their faeces (Dabritz and
Conrad, 2010). These oocysts mature in the environment, where they can survive for 12-18 months,
depending on climatic conditions, thereby serving as
an important source of infection for grazing animals
(Sukthana, 2006; Baxton, 1998).
Infertility, abortions, neonatal mortality and other clinical symptoms in cattle in both parasitoses can
cause severe financial losses, especially when these
diseases acquire an endemic or epidemic character.
The economic impact of these parasitoses is directly
related to the costs associated with abortions and subsequent loss of the calf and indirectly with the cost of
veterinary services, rebreeding, loss of milk yield and
possible replacement of the cows that aborted (Ansari-Lari and Rowshan-Ghasrodashi, 2017). Moreover,
toxoplasmosis is also a disease of zoonotic importance (Sukthana, 2006).
The aim of this study was to report the prevalence
of neosporosis and toxoplasmosis in dairy cattle as
detected by an ELISA technique, in combination with

the age of infected animals, in order to suggest preventative measures to the farmers of this area as well
as other areas with similar problems.
MATERIALS AND METHODS
Blood samples were collected by tail vein venipuncture from 627 Holstein–Friesian dairy cows
raised in 7 small farms (ranging from 55 the smaller
to 137 the larger farm) from the region of Thessaly,
central Greece. All farms have recorded infertility
problems in the past.
The samples were separated in three groups according to the age of the cows. The first group included cows aged less than three years, the second
between 3 to 6 years and the third those above 6 years
old with 269, 251 and 107 cows respectively.
All blood samples were retrieved from the tail
vein at the time of the examination procedure for
gestation and collected in 5ml plastic test tubes containing EDTA. Each test tube was marked with the
date, the animal’s ear tag number and its age group.
The collected samples were stored at 4oC and transferred to the laboratory, where they were centrifuged
at 2000rpm for 15 minutes. The sera were tested for
antibodies against N. caninum and T. gondii using the
commercial ELISA test kits, ID Screen, according to
the manufacturer’s instructrions.
The data from the serological results and the age
of the cows tested in this research were edited and
analyzed statistically using the chi-square (χ 2 ) test
.The statistical significance level used was P < 0.05.
It should be pointed that in all examined farms infertility problems had been recorded and free ranged
dogs and cats that did not receive appropriate veterinary care where present.
RESULTS
A total of 627 cows were examined, from which
131 (20.89 %) were found positive for N. caninum
and 51 (8.13 %) for T. gondii.
The prevalence in the three different age groups
was recorded at 16.36%, 23.51% and 26.17% for N.
caninum infection (Table 1), while for T. gondii infection it was 5.20%, 9.16% and 13.08% respectively
(Table 2).
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Table 1. Prevalence of neosporosis in dairy cattle in relation to
their age

Age of
cattle
<3 years
n=269
3-6 years
n=251
>6 years
n=107
Total
n=627

Number of Number of Prevalence of
seropositive seronegative neosporosis %
44

225

16.36

59

192

23.51

28

79

26.17

131

496

20.89

Table 2. Prevalence of toxoplasmosis in dairy cattle in relation
to their age

Age r of Number of Number of
Prevalence of
cattle
seropositive seronegative toxoplasmosis %
<3 years
14
255
5.20
n=269
3-6 years
23
228
9.16
n=251
>6 years
14
93
13.08
n=107
Total
51
576
8.13
N=627

DISCUSSION
According to data from previous studies worldwide, the prevalence of N. caninum in cattle has been
reported to show a wide range; in South America it is
reported to be between 7.6% and 76.9% (Cedeρo and
Benavides, 2013; Sousa et al., 2012), in Asia between
5.7% and 43% (Nazir et al., 2013; Koiwai et al.,
2006), while in Africa it ranges only between 10.7%
and 19.6% (Ghalmi et al.,2012; Ibrahim et al., 2012)
and finally in Australia the prevalence is found to be
10.2% (Hall et al., 2005). Moreover, the prevalence
of N. caninum in cattle in some European countries
(Germany, The Netherlands, Spain, Romania and
Sweden) ranges from 16% to 76 % (Imre et al., 2012;
Bartels et al., 2006; Ortega-Mora, 2006).
There are studies from Balkan countries that have
reported higher prevalence of neosporosis in cattle
than our findings. Cvetojević et al., (2018) recorded prevalence 25% in Serbia, Mitrea et al., (2012)
reported (41.7%) and Gavrea et al., (2008, 2010) recorded overall prevalence 55.95% from dairy cows
from Romania. Moreover there are also similar surveys which have described prevalence of N. caninum
antibodies at 27%, 24.4% and 22% in Germany, Italy
and Denmark, respectively (Magnino et al, 1999; Jensen et al 1999; Schares et al, 1998). On the contrary,
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there are several studies which reported lower prevalence than our findings in Europe. They have recorded
prevalences of 12.2% in Belgium (De Meerschman et
al, 2000), 4.1% in Germany (Conraths et al, 1996),
3.3% in Hungary (Hornok et al, 2006), 12.6% in Ireland (McNamee et al, 1996), 11.2% in Spain (Caetano-da-Silva et al, 2004) and 3.1% in Czech Republic
(Václavek et al, 2003).
N. caninum causes abortions in both dairy and beef
cattle. The abortions can occur from the third month
of gestation until parturition (Reiterova et al., 2009;
Dubey et al., 2007; Wouda et al., 1999). This parasite can also cause fetal viability disorders or neurological birth defects in newborn calves (Lassen et al.,
2012; Malaguti et al., 2012) and those younger than
2 months of age (Dubey, 2003). The infected young
calves may present neurological signs, low birth
weight (Dubey and Schares, 2011), difficulty to rise
and stand, flexed or hyperextended hind and/or forelimbs, and in some cases exophthalmia or asymmetrical appearance of the eyes. However, most of the
calves born congenitally-infected remain clinically
free of neosporosis signs (Dubey 2003; Bielanski and
Phipps-Todd 2002).
Toxoplasmosis in cattle is usually asymptomatic
or causes mild symptoms while a primary infection in
pregnant animals is capable of establishing a placental and fetal infection, which may result in fetal death
and resorption, abortion, or stillbirth (Dubey and Jones,
2008; Dubey, 1992). Although cattle are considered as
poor hosts for T. gondii and good hosts for N. caninum,
T. gondii infections could also cause economic losses
and an increased potential for transmission to other animals and humans (Dubey and Jones, 2008).
There are studies worldwide that report the prevalence of T. gondii in cattle in some regions of the
world showing a large variation in the reported proportions of positive findings.
Compared to our results, some researchers record
lower prevalence of infection in cattle, such as in Poland 3.15% (Lucyna et al., 2013), 0% in Iran (Sharif
et al, 2007), 2.3% in China (Yu et al, 2007) and 6.6%
in Central Ethiopia (Bekele and Kasali, 1989) while
higher seroprevalence values were found in Serbia
(76.3%) (Klun I, et al., 2006), France (7.8%) (Gilot-Fromont et al., 2009), Italy 11.5% (Vesco et al.,
2006), eastern (23.33%) and central parts (22.73%) of
Iran (Asgari et al, 2010), China (9.5%) (Deng et al.,
2018), South Asia (27.9%) (Khan et al., 2017), Afri-
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ca (12%) (Tonouhewa et al., 2017) and Brazil (71%)
(Santos et al., 2009).
With regard to the age of infected cows with N.
caninum in our research, which was obtained in small
farms, we recorded a significant increase of the prevalence (p<0.05) after the age of 3 years. A positive
relation between the age of the cows and the infection
with N. caninum has also been reported in other studies, from the northwestern America (Sanderson et al,
2000, Dyer et al., 2000), Spain (Bartels et al., 2006)
and Denmark (Jensen et al, 1999). On the other hand,
studies from Canada and Sweden (Waldner et al.,
1998, Bartels et al., 2006) have reported a negative
age effect on the prevalence of seropositive animals
in dairy cattle.
With respect to the age of infected cows with T.
gondii, our results showed over the double percentage of prevalence (13.08% compared to 5.2%) in the
group of cows aged more than 6 years compared to
these aged less than 3 years. These findings are similar to those of Jittapalapong et al., (2005), Teshale et
al., (2007), and Tilahun et al., (2019), who reported
a low prevalence in young animals and a high one in
adults. This could be easily justified by the longer exposure of adults to T. gondii infection (Dubey, 2019).
The longer animals live the more likely they are to
be exposed to T. gondii sources (Rouatbi et al., 2019;
Klun et al. 2006). A fact that we also agree on, is that
in small farms the most important source of T. gondii
for animals is the consumption of oocysts from the
environment and the frequent presence of rodents.
Some researchers report that beef, especially when
it is raw or undercooked, is considered to be the most
important source of human infections with T. gondii
(Baril et al., 1999; Cook et al., 2000; Jones et al., 2009
; Opsteegh et al., 2011). Congenital toxoplasmosis in
humans may cause abortion, neonatal death, or fetal
abnormalities mainly in the neuromuscular system
and eyes (Hayde and Pollak, 2000).
Cows can be infected via the environmental cyst
reservoir or by accidental consumption of a rodent
or other intermediate host that carries tissue cysts.
Appropriate rodent control is therefore one of the
measures that helps in the prevention of the infection
of farm animals and cats. (Jones and Dubey, 2012).
Moreover calves may acquire the infection prenatally, transplacentally (Canada et al., 2002; Costa et al.,
2011), or postnatally or from other feed, water or the
environment (Dubey, 2003).

In small dairy farms there are some risk factors
such as the lack of proper hygienic measures, the easier access of dogs and cats in the facilities, the environment and feeding materials of cows. All these
reasons lead to a higher prevalence of neosporosis
and toxoplasmosis than expected. One other important risk factor is that animals in Greece are more frequently grazing pastures rather than kept in feed-lots
and farmed intensively. This point has also been mentioned in reviews by Tenter et al, (2000), Klun et al.
(2006), and Dubey et al, (2019). Moreover, epidemiological studies have concluded that pastures may be
the most common source of these/parasitic infections
(Rouatbi,et al, 2019; Gebremedhin Ortega-Mora et
al., 2007).
Veterinarians’ duty is the continuous consulting
and training of farmers on the modes of transmission of these parasitoses as well as on the methods
and measures that can be utilized to prevent exposure
of uninfected animals and transmission to the entire
herd, highlighting the zoonotic potential of toxoplasmosis. Moreover, veterinarians should inform the
farmers about the increased cost of losses caused by
neosporosis and toxoplasmosis and the additional
costs that include the veterinary services and everything that is associated with establishing diagnosis,
rebreeding, possible loss of milk yield and possible
replacement costs of cows with fertility issues due to
these parasitoses.
Under the scope of one-health, animal well-being
and profit maximization, N. caninum and T. gondii infections of dairy cows in small farms should not be neglected. The most important factor in their control is to
prevent the contamination of feed, water, bedding and
pastures with canine and feline feaces respectively.
To this direction, dogs must be prohibited to consume
aborted fetuses, afterbirths and dead calves, supplies
(water, feeds and bedding) and the facilities must be
periodically examined for specific pathogens, in combination with rodent control and veterinary monitoring
of dogs and cats that live in close proximity with the
herd. These are some key-point measures that should
be adopted by farmers, in combination with their
own appropriate behavior of good hygiene. In case of
neosporosis, in every way seropositive calves have to
be excluded from breeding.
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Effect of Purslane powder and Zinc supplementation on the performance, egg
quality, antioxidant system and liver histopathology of lead-exposed laying
Quails
S. Faryadi, A. Sheikhahmadi, A. Sadeghi
Department of Animal Science, Faculty of Agricultural, University of Kurdistan, Sanandaj, Iran

ABSTRACT: To determine effects of Purslane (Portulaca oleracea) and zinc supplementation in lead exposed quails,
180 adult female quails allocated into 9 groups. 1. Negative Control (NC, Fed with a corn-soy-based diet), 2. Cornsoy-based diet supplemented with 500 mg/kg lead acetate (Positive control), 3. Positive control supplemented with
0.5 % Purslane powder (PP), 4. Positive control supplemented with 1 % PP, 5. Positive control supplemented with 1.5
% PP, 6. Positive control supplemented with 140 mg/kg zinc, 7. Positive control supplemented with 0.5 % PP + 140
mg/kg zinc, 8. Positive control supplemented with 1 % PP + 140 mg/kg zinc, 9. Positive control supplemented with
1.5 % PP + 140 mg/kg zinc. Lead administration significantly decreased body weight, egg mass, egg production, liver
weight, Haugh unit, serum concentrations of hematocrit, total protein, triglycerides and very low density lipoprotein
concentration of quails (P<0.05). Serum alanine aminotransferase and lactate dehydrogenase activity significantly increased when compared with the NC (P<0.05). Superoxide dismutase and glutathione peroxidase activity in the liver
and erythrocyte showed significant decrease (P<0.05). Lead administration resulted in a significant decrease (P<0.05)
in total antioxidant capacity and increase in serum malondialdehyde. However, supplementation diet with 1.5% of PP
reduced serum and liver malondialdehyde (P <0.05). Liver tissue of the birds in NC showed normal lobular architecture
with central veins, radiating hepatic cords and portal triads, while this organ showed mild to severe tissue changes in
lead exposed groups (P<0.05). It can be concluded that lead-exposure induced production of free radicals and weakened the antioxidant defenses of the quails. However, antioxidant status of quails partially improved when fed diets
supplemented with 1.5 % PP and 140 ppm Zn.
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INTRODUCTION
ead is a toxic metal that is widely used in many industrial activities. It is well known that lead contamination occurs easily via contaminated food, water
and food additives which ultimately enter the human
body and threaten health and wellbeing (Yuan et al.,
2013). Toxicity of lead and its compounds in animals
and humans can be vary from soft tissues damage,
mainly liver and kidney, to reduction of hematopoiesis, reproductive and nervous systems (Gupta, 2011).

L

Reactive oxygen species (ROS) production has
been known as a main effect of heavy metals toxicity
causing cellular oxidative stress. ROS are the by-products of degradation reactions in many tissues that affect normal metabolism of cells by damaging different
cellular components for instance fatty acids, proteins
and DNA (Xienia, 2000). Damron et al. (1969) reported that supplementation of 1000 ppm lead in the diet
lead to a reduction in the growth rate in young broiler
chickens. Morgan et al. (1975) reported growth rate
reduction and anemia in Japanese quails fed diets containing 500 ppm lead. Saly et al. (2004) reported that
dietary lead supplementation at 1000 ppm decreased
egg weight, eggshell strength and eggshell thickness
in laying hens. Naturally, different protective cellular
mechanisms are developed to prevent peroxidation
damage including enzymatic defense system (antioxidant enzymes) and free radicals scavengers (antioxidants). Antioxidants are chemical compounds that
play an important role to protect human body against
damage by ROS. Free radicals formed in the body due
to normal physiological process can be scavenged by
antioxidants (Usha and Pushpalatha, 2017).
Trace elements are interfered in the metabolic activities through metalloenzymes which are essential
for the antioxidant conservation of cells in poultry
(Petrovic et al., 2011(. Zinc (Zn) is one of the trace
elements that play a role in the antioxidant system of
the body. It is reported that Zn is an indispensible part
of the SOD, which helps defend the broiler chickens
against ROS production (Song et al., 2017). Cerklewski and Forbes (1976) showed that dietary Zn supplementation (200 ppm) could reduce lead concentration
in the blood, liver and kidneys in rats exposed to 200
ppm of lead and alleviate lead toxicity. Rafique et al.
(2010) demonstrated that the toxic effects of lead on
male rats reproductive system decreased by Zn supplementation via activation antioxidant mechanisms.
During the last few decades, we have seen an increasing trend in the use of medicinal plants and extracts in poultry nutrition. Several studies showed
that phenols, mostly ﬂavonoids of some plants have

antioxidant properties. One of the well known plants
with effective antioxidant properties is Purslane (Portulaca oleracea). Purslane as a weed grows in the
tropical and subtropical regions of the world (Sedaghati et al., 2019). It is a rich source of flavonoids
and other antioxidant compounds such as α-tocopherol, ascorbic acid, and β-carotene as well as glutathione (Barbosa-Filho et al., 2008). Sadeghi et al.
(2016) showed that the antioxidant status of broiler
chickens was improved by dietary supplementation
of Purslane powder. Ghorbani et al. (2013) reported
that blood superoxide dismutase (SOD) activity and
serum malondialdehyde (MDA) concentration were
respectively increased and decreased in broiler chickens fed diets supplemented with 2% Purslane powder.
The effect of the Purslane powder in alleviation
of lead toxicity has never been investigated; however
previous studies reported the effect of some plants on
lead toxicity in mice. Tangpong and Satarug (2010)
found that Thunbergia laurifolia (Linn.) extract can
ameliorate oxidative stress and reduce cell death in
lead-exposed mice. Also, these researchers reported
co-treatment of lead with Thunbergia laurifolia Linn.
aqueous extract at 100 or 200 mg/kg led to increased
plasma total antioxidant capacity (TAC). Khalaf et
al. (2012) reported that green tea improves glutathione content and SOD activity in the brain of lead exposed rats. Although different natural herbs or their
extracts has been studied to decrease toxic effects of
lead, however, there is no previous study investigated
the effect of Purslane in lead toxicity. Furthermore, it
is demonstrated that each antioxidant has specificity
for a particular ROS and supplementation of a single antioxidant might be not sufficient to prevent the
oxidative stress caused by lead exposure. Therefore,
in the present study, we investigated the effect of dietary Purslane powder, Zn and their combination on
performance, egg quality, antioxidant status and liver
histology in lead-exposed laying quails.
MATERIALS AND METHODS
Sampling and plant preparation
Purslane plant was purchased from a local field in
Sanandaj (Kurdistan Province, Iran). After cleaning
the whole plant including seeds, leaves, stems, and
roots air drying, they were ﬁnely grounded to a size
of 2 mm using a typical mill. Dried purslane plant
powder stored in an air-tight containers at room temperature until use (Sadeghi et al., 2016). Proximate
analysis of purslane plant powder was determined
using methods described by AOAC (1994) with 6
replicates. The results of proximate analysis indicated
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that Purslane powder contains 931.55 ± 4.11 Dry matter (g/kg), 241.90 ± 15.39 Ash (g/kg), 195.15 ± 6.12
Crude protein (g/kg), 16.83 ± 5.84 Crude fiber (g/kg),
85.47 ± 15.62 Ether extract (g/kg).
Antioxidant capacity of Purslane powder
The total phenolic compounds (TPC) in the Purslane powder were determined using the Folin-Ciocalteu reagent according to Halicia et al. (2005). 1,1-diphenyl-2-picrylhydrazyl free radical scavenging
activity (DPPH, IC50) of the Purslane was determined
by the method reported by Gulcin et al. (2004). The
ferric reducing property (FRAP) test was measured
using the assay described by Yen and Chen (1994).
The results of analysis antioxidant properties indicated that Purslane powder contains 326.96 ± 15.92 TPC
( mg GAE/100 g ), 1.27 ± 0.09 IC50 (mg/ml), 3.73 ±
0.23 FRAP (mg GAE/g).
Birds, Management and Treatments
All methods used in this study were approved by
the guidelines of the Animal Ethics Committee in

University of Kurdistan. A total of 180 14-week-old
laying Japanese quails were randomly distributed between 36 cages. Feed (Table 1) and water were offered ad libitum. Light was provided for 16 h daily
throughout the experiment. The animals were divided
into 9 experimental treatments included into 9 groups.
1. Negative Control (NC, Fed with a corn-soy-based
diet), 2. Corn-soy-based diet supplemented with 500
mg/kg lead acetate (Positive control), 3. Positive control supplemented with 0.5 % Purslane powder (PP),
4. Positive control supplemented with 1 % PP, 5. Positive control supplemented with 1.5 % PP, 6. Positive
control supplemented with 140 mg/kg zinc, 7. Positive control supplemented with 0.5 % PP + 140 mg/
kg zinc, 8. Positive control supplemented with 1 %
PP + 140 mg/kg zinc, 9. Positive control supplemented with 1.5 % PP + 140 mg/kg zinc. All the experimental groups, except for the negative control group,
received 500 ppm lead acetate. The composition of
NC, LA and diets containing 0.5, 1 and 1.5 percent are
shown in Table 1.

Table 1. Experimental diets ingredients and composition

Item (% or as noted)
Ingredients
Corn
Soybean Meal (44% CP)
Limestone
Soybean Oil
Dicalcium phosphate
Common Salt
Vitamin premix1
Mineral premix2
DL-Methionine
Purslane
Zinc oxide (mg/kg)
Lead acetate (mg/kg)
Calculated composition (%)
Metabolisable energy (kcal/kg)
Crude protein
Calcium
Available phosphorous
Sodium
Lysine
Methionine
Calculated zinc (mg/kg)
Analyzed zinc (mg/kg)
Calculated lead (mg/kg)
Analyzed lead (mg/kg)

Diets
1.5PP 140Zn

NC

PC

0.5PP

1PP

53.82
34.88
5.50
3.57
1.25
0.34
0.25
0.25
0.14
0
0
0

53.71
34.90
5.50
3.61
1.25
0.34
0.25
0.25
0.14
0
0
500

53.00
34.81
5.50
3.90
1.26
0.34
0.25
0.25
0.14
0.50
0
500

52.29
34.72
5.50
4.19
1.26
0.34
0.25
0.25
0.14
1
0
500

53.82
34.88
5.50
3.57
1.25
0.34
0.25
0.25
0.14
1.5
0
500

2900 2900
2900
20
20
20
2.5
2.5
2.5
0.35
0.35
0.35
0.15
0.15
0.15
1.07
1.07
1.07
0.45
0.45
0.45
69.88 69.87 69.82
71.15 70.83 69.01
0
500
500
2.75 498.36 491.98

2900
20
2.5
0.35
0.15
1.07
0.45
69.76
68.36
500
505.12

2900
20
2.5
0.35
0.15
1.07
0.45
69.88
70.55
500
506.47

0.5PPZn

1PPZn

1.5PPZn

53.82
34.88
5.50
3.57
1.25
0.34
0.25
0.25
0.14
53.82
87.24
500

53.00
34.81
5.50
3.90
1.26
0.34
0.25
0.25
0.14
0.50
87.24
500

52.29
34.72
5.50
4.19
1.26
0.34
0.25
0.25
0.14
1
87.24
500

53.82
34.88
5.50
3.57
1.25
0.34
0.25
0.25
0.14
1.5
87.24
500

2900
20
2.5
0.35
0.15
1.07
0.45
140.13
141.25
500
492.60

2900
20
2.5
0.35
0.15
1.07
0.45
140.13
139.15
500
495.30

2900
20
2.5
0.35
0.15
1.07
0.45
140.13
141.31
500
511.44

2900
20
2.5
0.35
0.15
1.07
0.45
140.13
140.89
500
500.36

NC, Negative control (Corn-soy-based diet); PC, Positive control (Corn-soy-based diet + 500 mg/kg Lead acetate); PP= purslane
powder; Zn= Zinc oxide.
The vitamin premix contained (per kilogram of diet): vitamin A, 12,000 IU; vitamin D3, 2,400 IU; vitamin E, 10 IU; vitamin K3, 2.5
mg; vitamin B12, 0.015 mg; vitamin B1, 3 mg; vitamin B2, 7 mg; vitamin B6, 4 mg; folic acid, 1 mg; choline, 1,000 mg; nicotinic
acid, 30 mg and pantothenic acid, 10 mg. The mineral premix contained (per kilogram of diet): manganese, 60 mg; zinc, 80 mg; iron,
60 mg; copper, 8 mg; iodine, 0.35 mg; and selenium, 0.3 mg.
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Performance measurements and egg quality
During the experiment daily egg number, egg
weight and feed intake was recorded for each cage.
The collected data (number of eggs and egg weight)
were used to calculate egg production and egg mass
per replicate. Feed intake was measured on a weekly
basis. Data on feed intake and egg mass were used to
calculate feed conversion ratio. Body weight change
calculated for the whole period of the experiment. In
the last 3 days of the experiment, 12 eggs from each
treatment per day (36 eggs for 3 days) were randomly
selected for the evaluation of egg quality parameters.
Egg shape index was calculated as, egg shape index
= width of egg/length of egg ×100. After weight the
eggs, the albumen height of each egg was measured
by a micrometer to calculate Haugh unit score [Hu =
100 log (H – 1.7 W 0.37 +7.6), Hu = Haugh unit, H =
observed height of the albumen in mm, W = weight of
egg (g)]. Furthermore, yolk weight, albumen weight,
shell weight and eggshell thickness (from at least 4
places each egg with micrometer) were measured.
Furthermore, egg yolk relative weight (EYRW), albumin relative weight (AlbRW) and eggshell relative
weight (shellRW) were calculated.
Serum metabolites, relative organ weights and histopathology
At the end of the experiment, 2 birds from each
pen were randomly selected and weighed and then
blood samples were obtained from the wing vein using syringes collected from with no anticoagulant.
Blood samples were centrifuged (3000 rpm, 15 min,
4 °C) and the serum was separated and stored in -20
°C for further analysis of glucose, total protein, uric
acid, triglycerides, cholesterol and activity of alanine
aminotransferase (ALT) and lactate dehydrogenase
(LDH) using the commercial kits (Pars Azmun, Tehran, Iran). Blood for hematocrit measurement was
drawn into EDTA tubes and hematocrit value was
determined using microhematocrit capillary tubes
by centrifuging for 5 min at 12,000 rpm (Campbell,
1995). Moreover, internal organs included liver, pancreas, heart, proventriculus, gizzard, caeca, spleen,
oviduct, ovary, ileum, duodenum and jejunum were
removed and weighed. Organ weights were expressed
as a percentage of live body weight. For histopathological evaluation, appropriate tissue samples were
collected from the livers then fixed in 10 % neutral
buffered formalin, embedded in paraffin, sectioned at
5 μm thickness, and stained with hematoxylin-eosin
for light microscopic examination.

Assay of antioxidants
The activity of glutathione peroxidase (GPx),
SOD and Catalase (CAT) were measured in serum,
erythrocytes and liver samples. Before measuring,
liver samples were homogenized in a buffer solution
(1.15% potassium chloride, pH 7.4) at refrigerated
temperature. Homogenized samples were centrifuged
for 15 min at 5000 r.p.m for a period of 15 minutes,
and the supernatant was taken and used for the related measurements. The SOD in erythrocytes and liver
was measured using a kit prepared by the company
Randox. The principles of GPx measurement were
based on the method described by Paglia and Valentine (1967). The activity of CAT was determined
at room temperature by using the method explained
by Aebi (1984). TAC was determined using Randox
total antioxidant status kit (Randox Laboratories
Ltd, Crumlin, UK). To measure serum malondialdehyde (MDA), 0.5 ml of serum was mixed with 2.5
ml trichloro acetic acid and after incubating for 15
min (room temperature), 1.5 ml TBA was added and
mixed for 30 sec then, incubated at 95 °C for 30 min.
Next, each sample incubated in ice bath for 3 hours
and 4.0 ml n-butanol was added and mixed vigorously
for 3 min. Finally MDA-TBA adduct was centrifuged
at 950 × g for 10 min and absorbance was measured
at 532 nm. 1,1,3,3-tetramethoxypropane was used to
prepare MDA standard.
Statistical Analysis
The general linear model procedure of SAS software (SAS 2001) was used for analyzing the data in a
completely randomized design model. The means of
treatments were compared using Duncan’s multiple
range tests. Values of P<0.05 were considered statistically significant.
RESULTS
Growth performance
Egg weight, feed intake and feed/egg ratio of the
laying quails were not affected by different experimental groups (P>0.05; Table 2). Although, lead
exposed quails showed significant body weight, egg
mass and egg production reduction when compared
with the birds in NC group (P<0.05, Table 2), however, PP and Zn supplementation and their combination
could not mimic it.
Egg quality
No significant difference (P>0.05) was observed
for shell thickness, EYRW, AlbRW, shellRW and egg
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shape index of quails after 5 weeks feeding experimental diets (Table 2). Feeding laying quails with diets containing lead decreased Haugh unit in compari-

son to the NC group (P<0.05), however dietary PP, Zn
and their combination could not reduce these effect in
birds exposed to lead toxicity (P<0.05).

Table 2. The effect of purslane and zinc on performance and egg quality of laying quails exposed to lead toxicity

Items
BWC
EP (%)
EW (g)
EM(g/bird/day)
FI (g/bird/day)
FCR
YRW (%)
ARW (%)
SRW (%)
STh (mm)
ShI
HaU

NC
29.3a
94.2a
11.5
10.9a
28.5
2.6
34.9
57.2
7.8
1.2
80.0
88.2a

PC
-44.8b
77.8b
11.4
8.8b
28.8
3.0
32.4
59.7
7.8
1.2
75.7
67.6b

T1
-31.7b
82.6b
11.2
9.3b
28.1
3.0
34.2
57.0
8.6
1.2
79.2
71.7b

Experimental diets
T2
T3
T4
-39.9b -25.1b -35.3b
83.0b
82.7b
80.6b
11.3
11.4
11.4
9.4b
9.5b
9.2b
29.2
29.7
30.0
3.1
2. 9
3.0
35.8
31.4
34.1
57.0
60.6
57.7
7.1
7.9
8.1
1.3
1.2
1.3
80.9
78.3
73.8
68.8b
71.0b
73.2b

T5
-33.9b
84.5b
11.3
9.5b
30.0
2.9
33.4
59.0
7.5
1.2
78.3
70.3b

T6
-32.8b
83.4b
11.2
9.3b
29.1
3.1
32.7
60.3
6.8
1.2
76.9
71.7b

T7
-27.3b
81.2b
11.5
9.3b
28.6
2.9
34.5
58.8
6.6
1.3
79.1
71.2b

SEM
4.31
0.76
0.04
0.09
0.49
0.04
0.62
0.66
0.18
0.008
0.60
1.50

P values
0.0001
0.0001
0.57
0.0001
0.98
0.26
0.85
0.87
0.18
0.89
0.13
0.02

Abbreviations: BWC. Body weight change; EP, Egg production; EW, Egg weight; EM, Egg mass; FI, Feed intake; FCR, Feed
conversion ration; YRW, Yolk relative weight; ARW, Albumen relative weight; SRW, Shell reative weight; STh, Shell thickness; ShI,
Shell index; HaU, Haugh unit; NC, Negative control (Corn-soy-based diet); PC, Positive control (Corn-soy-based diet + 500 mg/kg
Lead acetate); T1 = PC + 0.5 % purslane powder (PP), T2 = PC + 1 % PP, T3 = PC + 1.5 % PP, T4 = PC +140 mg/kg Zinc oxide, T5
= PC + 0.5 % PP + 140 mg/kg Zinc oxide, T6 = PC + 1 % PP + 140 mg/kg Zinc oxide, T7 = PC + 1.5 % PP + 140 mg/kg Zinc oxide.
a-c
Means with same superscript in each row are not significantly different.SEM= standard error of the means.

Serum Metabolites
Experimental groups did not alter serum levels
of glucose, uric acid and cholesterol of laying quails
(P>0.05; Table 3). In comparison to the NC group, concentrations of hematocrit, total protein, triglycerides
and very low density protein (VLDL, estimated by
Friedewald et al., 1972) showed a significant decrease
in all other experimental groups (P<0.05). Moreover,
serum activity of ALT and LDH of quails fed whit
all experimental groups showed significant increase

when compared with the NC group (P<0.05).
Relative internal organs weight
No significant change was observed in relative
weights of pancreas, heart, proventriculus, gizzard,
caeca, spleen, oviduct, ovary, ileum, duodenum and
jejunum among the treatments (Table, 4). However,
there was a significant decrease in relative weights
of liver in quails fed other diets than the NC group
(P<0.05).

Table 3. The effect of different experimental diets on serum parameters of laying quails exposed to lead

Items
Hematocrit (%)
Glucose (mg/dl)
Chol (mg/dl)
TG (mg/dl)
TP (g/dl)
UA (mg/dl)
VLDL (md/dl)
ALT (U/L)
LDH (U/L)

NC
PC
T1
T2
29.54a 21.47b 24.09b 23.39b
276.4 272.1 237.0 344.0
153.2 218.5 198.6 200.6
488.9a 366.0b 392.9b 375.3b
7.8a
4.9b
6.1b
6.1b
5.5
5.6
5.3
5.1
97.7a 73.2b 78.5b 75.0b
24.9b 51.0a 38.7a 44.8a
200.5b 395.0a 322.1a 330.1a

Experimental diets
T3
T4
T5
24.43b 23.71b 23.80b
253.2 272.5 297.6
236.6 214.7 201.3
394.2b 377.2b 380.5b
6.3b
5.4b
6.0b
5.7
4.2
5.5
78.8b 75.4b 76.1b
40.0a
41.4a 40.8a
307.7a 314.4a 314.3a

T6
23.87b
286.1
192.7
383.2b
6.1b
5.6
76.6b
38.6a
329.1a

T7
SEM
24.22b 0.51
352.7 17.71
250.3 9.51
372.7b 8.67
6.3b
0.18
6.0
0.17
74.5b 1.73
43.3a
1.70
314.1a 12.02

P values
0.02
0.89
0.50
0.01
0.03
0.54
0.01
0.03
0.02

Abbreviations: Chol, Cholesterol; TG, Triglycerides; TP, Total protein; UA, Uric acid; VLDL, Very low density lipoprotein; ALT,
Alanine aminotransferase; LDH, Lactate dehydrogenase; NC, Negative control (Corn-soy-based diet); PC, Positive control (Cornsoy-based diet + 500 mg/kg Lead acetate); T1 = PC + 0.5 % purslane powder (PP), T2 = PC + 1 % PP, T3 = PC + 1.5 % PP, T4 = PC
+140 mg/kg Zinc oxide, T5 = PC + 0.5 % PP + 140 mg/kg Zinc oxide, T6 = PC + 1 % PP + 140 mg/kg Zinc oxide, T7 = PC + 1.5 %
PP + 140 mg/kg Zinc oxide.
a-b
means with same superscript in each row are not significantly different. SEM= Standard error of the means.
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Table 4. The effect of different experimental diets on relative weight of body organs of laying quails exposed to lead (%)

Items (%)
Liver
Spleen
Heart
Jejunum
Duodenum
Ileum
Pancreas
Ovary
Oviduct
Gizzard
Cecum
Preventriculs

NC
2.97a
0.05
0.60
1.46
0.76
0.2
0.17
2.52
2.91
1.57
0.54
0.26

PC
1.20b
0.08
0.89
1.83
1.05
0.19
0.25
2.55
4.39
1.94
0.68
0.34

T1
1.97b
0.04
0.78
1.90
1.04
0.22
0.22
2.04
2.93
1.93
0.63
0.34

Experimental diets
T3
T4
T5
b
b
2.06
2.05
1.97b
0.04
0.06
0.05
0.69
0.70
0.74
1.33
1.56
1.26
0.75
0.82
0.82
0.20
0.23
0.22
0.22
0.20
0.23
2.81
2.68
2.02
3.32
3.49
3.61
1.76
1.97
1.52
0.69
0.59
0.52
0.29
0.37
0.32

T2
2.05b
0.04
0.66
1.84
0.96
0.28
0.29
2.49
2.93
1.79
0.63
0.39

T6
2.07b
0.06
0.67
1.45
0.80
0.23
0.26
2.72
2.85
1.96
0.59
0.29

T7
1.99b
0.05
0.77
1.76
0.92
0.23
0.25
2.30
3.18
1.94
0.51
0.28

SEM P –values
0.10
0.02
0.004
0.4
0.02
0.2
0.06
0.23
0.03
0.46
0.007
0.08
0.01
0.42
0.15
0.96
0.13
0.10
0.04
0.09
0.03
0.91
0.01
0.28

Abbreviations: NC, Negative control (Corn-soy-based diet); PC, Positive control (Corn-soy-based diet + 500 mg/kg Lead acetate);
T1 = PC + 0.5 % purslane powder (PP), T2 = PC + 1 % PP, T3 = PC + 1.5 % PP, T4 = PC +140 mg/kg Zinc oxide, T5 = PC + 0.5 %
PP + 140 mg/kg Zinc oxide, T6 = PC + 1 % PP + 140 mg/kg Zinc oxide, T7 = PC + 1.5 % PP + 140 mg/kg Zinc oxide. a-b means with
same superscript in each row are not significantly different. SEM= Standard error of the means.

Antioxidant enzyme activities
The effects of treatments on liver, erythrocytes
and serum antioxidants status are presented in Table
5. Dietary lead decreased SOD and GPx activities in
the liver and erythrocyte than the NC group (P<0.05),
however, had no effect on liver catalase activity
(P<0.05). In addition, all dietary treatments decreased
(P<0.05) TAC and increased serum and liver MDA

levels compared to the NC group (P<0.05). The results showed that the negative effects of lead on serum
activity of TAC, liver and serum MDA was ameliorated (P <0:05) by 1.5 % dietary PP supplementation,
but PP supplementation could not restore the activity
of TAC and MDA towards close the control levels (P
<0.05).

Table 5. The effect of different experimental diets on liver, erythrocytes and serum antioxidants of laying quails exposed to lead (%)

Items
Liver
MDA (nmol/mg of
protein)
CAT (unit/mg of
protein)
GPx (unit/mg of
protein)
SOD (unit/mg of
protein)
Erythrocytes
GPx (unit/mg Hb)
SOD (unit/mg Hb)
Serum
MDA (nmol/ml)
TAC (mmol/L)

Experimental diets
T3
T4

NC

PC

T1

T2

T5

T6

T7

SEM P -values

3.88c

6.45a

5.76ab

6.47a

4.40bc

5.22abc

5.43abc

5.19abc

4.46bc

0.22

0.04

10.83

13.71

12.21

12.11

11.51

12.88

13.41

12.54

11.27

0.29

0.28

25.19a

20.21b

22.02b

22.20b

22.28b

22.17b

22.23b

22.18b

21.36b

0.30

0.01

227.19a 174.85b 180.15b 175.16b 193.40b 188.98b 176.46b 187.64b 190.69b 4.05

0.04

71.82a 42.80b 50.45b 51.06b 55.16b 47.71b 44.87b 45.32b 54.88b 2.16 0.04
1907.1a 1485.0b 1579.4b 1579.6b 1678.3b 1622.4b 1668.2b 1636.0b 1536.3b 28.99 0.02
1.61c
1.31a

3.04a
0.77c

2.68a
0.88bc

2.59ab
0.99bc

2.00c
1.09ab

2.81a
0.84bc

2.65a
0.96bc

2.69a
0.98bc

2.05bc
0.99bc

0.09
0.03

0.0002
0.02

Abbreviations: NC, Negative control (Corn-soy-based diet); PC, Positive control (Corn-soy-based diet + 500 mg/kg Lead acetate);
T1 = PC + 0.5 % purslane powder (PP), T2 = PC + 1 % PP, T3 = PC + 1.5 % PP, T4 = PC +140 mg/kg Zinc oxide, T5 = PC + 0.5
% PP + 140 mg/kg Zinc oxide, T6 = PC + 1 % PP + 140 mg/kg Zinc oxide, T7 = PC + 1.5 % PP + 140 mg/kg Zinc oxide. CAT
(Catalase), GPx (glutathione peroxidase) and SOD (Total superoxide dismutase) according to U/mg Protein, SOD (superoxide
dismutase) according to mg/Hb, MDA (malondialdehyde) and TAC (Total antioxidant capacity) according to mmol/L. a-c means with
same superscript in each row are not significantly different. SEM= standard error of the means.
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Liver histopathology
Liver tissues from the quails in negative control
group showed normal lobular architecture with central
veins, radiating hepatic cords and portal triads, while
this organ in the other experimental groups showed
mild, moderate, and severe tissue changes (Figure 1A
and 1B). The main histopathologic findings in the liver of quails, intoxicated with lead acetate alone, were
hepatocyte degeneration, severe macrovesicular steatosis accompanied with marked hepatocellular ballooning, congestion and dilation of central veins and
sinusoids, severe mononuclear cell infiltration in the
liver parenchyma and around the portal area, proliferation of Kupffer cells, multifocal to diffuse necrosis

and moderate fibrosis, particularly in the portal areas
(Figure 1C–1F).
In comparison to lead acetate group, the quails
treated with different Levels of PP powder and Zn
showed improvement in its histological structure.
However, mild vacuolar degeneration, a few hepatocytes with pyknotic nuclei, mild mononuclear cell
infiltration and moderate venous congestion were observed in the treated groups. There was no evidence
of fibrosis or coagulative necrosis in these groups.
In comparison between all treated groups, the most
therapeutic effect was seen with the dose of 1.5 % PP
(Figure. 2A and 2D).

Figure 1. (A-B) Normal quails. (A) A normal lobular pattern with a centrilobular vein and radiating irregular anastomosing plates of
hepatocytes with intervening sinusoids (H&E; Bar=150 µm); (B) Normal quails. Portal area with normal architecture (H&E; Bar=20
µm); (C-F) Quails received lead acetate. (C) Severe macrovesicular steatosis (H&E; Bar=150 µm); (D) Severe congestion and dilation
of sinusoids (H&E; Bar=150 µm); (E) several foci of mononuclear cell infiltration in the liver parenchyma (H&E; Bar=150 µm); (F)
Moderate infiltration of mononuclear cells and fibrous tissue around the portal area (H&E; Bar=20 µm).
J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

2370

S. FARYADI, A. SHEIKHAHMADI, A. SADEGHI

Figure 2. (A) Treated quails with zinc. Mild macrovesicular steatosis (arrows) (H&E; Bar=20 µm) (B) Treated quails with P. oleracea
(1.5%). Presence of a few cytoplasmic vacuoles (arrows) with pyknotic nuclei (head arrows); (C) Mild congestion with disorganization
of the hepatic cords (H&E; Bar=150 µm); (D) Treated quails with P. oleracea (1.5%). Mild infiltration of mononuclear cells in the in
the liver parenchyma H&E; Bar=20 µm).

DISCUSSION
This study was designed to evaluate the protective effect of PP and Zn against lead-induced toxicity in laying quails. The present study showed that
consumption of 500 ppm dietary lead for 5 weeks
signiﬁcantly decreased body weight, egg mass and
egg production. In agreement with our results, Damron and Wilson (1975) reported that feeding 3000
ppm lead acetate to quails decreased body weight and
increased mortality rate. Hossain et al. (2014) reported live weight reduction in lead-exposed (100 mg/
kg of diet) broiler chickens after 42 days. Goldberg
(1972) demonstrated that anemia is an early sign of
lead toxicity. Morgan et al. (1975) reported inhibition
of growth and anemia when lead acetate administered
to Japanese quails diets at levels of 500 or 1000 ppm.
In mammalian species it is demonstrated that lead
administration resulted in a significant reduction in
feed intake, erythrocytes count, haemoglobin and the

concentration of blood iron (Saly et al., 2004). According to these reports, it is likely that body weight
loss can be caused by toxic effects of lead on haemopoietic systems. This assumption is supported by lower haematocrit content in the blood of lead exposed
laying quails. Oxidative stress has been known as the
main mechanism of lead toxicity (Aykin-Burns et al.,
2003). On the other hand, it has been demonstrated
that free radical production, oxidative stress, could be
strongly a possible reason for the body weight loss of
quails in the present experiment (Hakim et al., 1997).
Yuan et al. (2013) reported that lead acetate reduced
serum level of FSH, LH and progesterone in laying
hens. Pillai et al. (2003) concluded that lead may attach to the steroid hormone receptors, for instance, estrogen and progesterone receptors; therefore, it finally
prevents their secretion. Additionally, lead may interfere with calcium-dependent gonadotrophin-releasing
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hormones through toxic effects on calcium homeostasis (Pillai et al., 2003). Calcium plays an important
role in the regulation and secretion of gonadotropin
releasing hormore and LH which lead to reduction of
plasma estradiol level (Martinez De La Escalera et al.,
1992). Estradiol induces the synthesis of vitellogenin in the avian liver (Gruber et al., 1976). Reduction
synthesis of vitellogenesis could be a reason for the
reduced yolk weight and egg weights (Faryadi and
Sheikhahmadi 2017). Therefore, it seems probably
that decrease in plasma LH level due to the addition
of lead acetate to the diet of quails could be a possible
reason to reduced egg production and egg mass.
Our results showed a significant decrease in
Haugh unit in the lead exposed quails compared with
the NC. Haugh unit has been accepted as an index of
the quality of the albumen (Eisen et al., 1962(. Eggs
with higher Haugh unit have better internal egg quality that could be due to lower protein damage in albumen (Begli et al., 2010). Therefore, it seems that
Haugh unit reduction in the lead-exposed quails could
be due to disorder in protein metabolism in the liver.
It is strongly possible that toxicity effect of lead on
liver cells and impairment of liver protein synthesis
leading to reduced albumen protein production and
especially the ovomucin which is a critical protein
to creates viscosity character of egg albumen and increase Haugh unit (Omana et al., 2010).
In our present study, decrease in blood hematocrit,
total protein, triglyceride, VLDL concentration and
increase in the activity of ALT and LDH in the serum
of the lead-exposed quails has been found when compared with the NC. These results are in accordance
with Hamidipour et al. (2016), who reported higher
ALT and LDH activity and decrease in triglyceride
and total protein in quails exposed to lead acetate. The
LDH is one of the most important liver glycolytic enzymes and can be found in the heart and other tissues.
Hepatic impairment, heart failure, renal disorders,
muscular dystrophy and hemolytic anemia can lead
to increased levels of this enzyme in blood (Ebrahimi, 2011). In the present study, increased activity
of LDH indicates damage in different tissues of the
lead-exposed quails. However we measured ALT as it
is well known that ALT is mainly in the cytoplasm of
liver cells and any liver failures resulted in a release
of this enzyme into the circulation system. Liver is
one of the most important organs involved in the lead
toxicity (Dzugan et al., 2012). Our ﬁndings showed
that relative weight of the liver of quails decreased in

lead-exposed groups. Previous work by Mahaffey et
al. (1981) showed that organ/body weight ratio negatively affected by heavy metals.
Hamidipour et al. (2016) reported lower concentration of triglycerides in lead-exposed quails is due
to small intestine villi damage which causes significant impairment in the absorption of fatty acids.
Liver is the main organ of lipid biosynthesis and is
particularly very active in laying birds (Aydin, 2005).
Therefore, liver damage may decrease the synthesis
of triglycerides. In addition, liver is responsible for
synthesis of most of the plasma proteins. Therefore,
total protein in the plasma is an important indicator
of protein synthesis in the liver (Robin et al., 1987). It
is reported that feeding birds with lead for 2 months
could lead to degeneration of liver protein synthesis
(Yuan et al., 2013). Totally, according to the present
results, increased activity of ALT and LDH and decrease in serum triglyceride, VLDL and total protein
concentration can indicate liver damage in lead-exposed laying quails.
It is reported that toxic metals act as catalysts in
the production of reactive oxygen species (El-Maraghy et al., 2001). Free radicals can attack to lipid
molecules leading to lipid peroxidation and change in
antioxidant status of the cells (Stohs et al., 2001). Antioxidant enzymes of the cells play an important role
in protection the homeostasis of free oxygen radicals
(Qanungo et al., 1999). Alter of antioxidant enzyme
activities such as SOD, CAT, and GPx and reduction
in the concentrations of some antioxidant molecules,
such as GSH has been reported in lead exposed animals. Previous studies suggested that oxidative damage is one of the important mechanisms of lead toxicity (Aykin-Burns et al., 2003). In the present study, a
significant decrease in SOD and GPx activities in the
liver and erythrocyte and serum TAC concentration
along with increased liver and serum level of MDA
are indicators of increased oxidative stress in lead-exposed birds (Pan et al., 2005). These results are in accordance with Erdogan et al. (2005), who showed that
lead significantly increase plasma MDA in broilers.
Several studies reported that MDA levels increased
when lipid peroxidation develops (Tatli Seven et al.,
2009). MDA is an index of lipid peroxidation that is
associated with the oxidation of polyunsaturated fatty acids. Moreover, our present study demonstrates
a significant decrease in the liver and erythrocyte
SOD and GPx activity in all birds exposed to lead.
Many studies have reported that lead bounds with
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thiol groups and therefore reduce cellular glutathione
levels (Fuhr and Rabenstein 1973). Under oxidative
stress oxidized glutathione is reduced to GSH via glutathione reeducates which is an indirect combination
of the antioxidant defense system. It has been shown
that lead inhibits glutathione reductase by binding to
sulfide groups at the active site of this enzyme leading to a reduction in the reduced glutathione which
is a substrate for GPx (Sandhir and Gill 1995). This
may explain the reduction of GPx activity in the present study. Strehlow et al. (2003) reported that estrogen up-regulates SOD expression. Previous studies
reported that lead exposure resulted in a significant
estrogen production (Paksy et al., 1992). Although we
did not measure serum estrogen, however, it is strongly likely that reduced SOD activity in lead-exposed
quails in our present study is due to lower estrogen
production (Nampoothiri et al., 2007).
Antioxidants are free radical scavengers that suppress the formation of ROS. It is well known that Zn
acts as an antioxidant to decrease oxidative damage
of cell membrane. Zn is an important part of SOD,
which protects body against free radicals by converting superoxide anions to hydrogen peroxide (Niles et
al., 2008). It is suggested that increase dietary Zn can
reduce toxic effects of lead in rats (Cerklewski and
Forbes 1976). One of the antioxidant enzymes possess
Zn involved in the active site is SOD (Nampoothiri et
al., 2007). Hence in the present study we assumed that
dietary Zn supplementation can increase SOD activity in lead-exposed laying quails. However, liver and
erythrocyte SOD activity decreased in lead-exposed
laying quails. It is strongly possible that ionic mechanism of action for lead resulted in substitution of Zn
ions by lead in SOD and hence negatively affected its
activity (Nampoothiri et al., 2007).
On the other hand, one natural source that could
act as an antioxidant is Purslane (Portulaca oleracea),
which has been using as an edible vegetable in many
countries (Zhao et al., 2013). Purslane is a rich source
of antioxidants (Simopoulos et al., 2005). In our present study, although, the negative effects of lead treatment on serum CAT activity ameliorated by dietary
supplementation of PP at 1.5 %, however, it could
not restore the increased activity of CAT towards the
negative control levels. Moreover, TAC decreased in
lead-exposed laying quails that could be due to higher
production of ROS in these birds. Purslane is a rich
source of glutathione that absorbed by gut and acts as
a substrate for GSH-Px in animal cells and increase

the antioxidant status of birds (Simopoulos, 2001).
However, we did not see any significant increase in
the activity of GSH-Px after exposing laying quails to
lead for 5 weeks.
Histopathological examination of liver tissue in
the groups that received lead acetate showed mild,
moderate, and severe tissue changes. It has been reported that adding 400 ppm lead acetate to drinking
water and diet leads to liver lesions in broiler chickens
(Sipos et al., 2003). These liver lesions can be caused
by stimulating the intercellular signals between kuffer
cells and hepatocytes, which ultimately leads to increased proteolytic activity and damage to the liver
tissue (Sipos et al., 2003). The low concentration of
lead in the ration of birds can lead to low grade changes through the disruption of the normal biochemical
processes of the liver system. The liver is the central
organ for all metabolic processes, and because of its
major role in the processing of foods and xenobiotics in the body, remarkable amounts of toxic lead are
absorbed and stored in the liver. Therefore, the probable reason of damage in cells caused by its ability
to replace with several metal ions, especially calcium and Zn in their binding sites (Garza et al., 2006).
Lead causes oxidative damage to lipids and proteins,
disruption of antioxidant mechanisms, and direct oxidative damage (Garza et al., 2006) that this effects
whit addition of PP to the diet due to have antioxidant
effects can slightly somewhat overcome on the toxic
effects of lead. Furthermore, liver pathological results
supported by the serum parameters findings.
CONCLUSIONS
From this study, it can be concluded that lead-exposure induced production of free radicals and weakened the antioxidant defenses of the quails. Supplementation of PP, Zn or their combination could not
prevent the negative effect of lead on the performance
of quails. However, antioxidant status of quails partially improved when fed diets supplemented with 1.5
% PP and 140 ppm Zn.
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INTRODUCTION
oxoplasma gondii is a zoonotic parasite with worldwide distribution; it is capable of developing in a
wide variety of vertebrate hosts (carnivorous and herbivorous mammals and birds), but its final host is the
domestic cat and some other members of the Felidae
family. While the ingestion of cyst-containing meat
may be a common route of infection among carnivores,
herbivorous animals must acquire the infection by ingestion of oocysts. Transmission through the placenta
usually occurs in the course of an acute but inapparent
or undiagnosed maternal infection. In some domestic
animals, chronic toxoplasmosis may lead to abortion,
stillbirth or congenital defects of the newborn. Diagnosis is important for the control of toxoplasmosis
(Dubey, 2009) and several tests are available to confirm
the diagnosis. Sabin-Feldman dye test has proven to be
reliable and accurate in a range of hosts and is the preferred test in most circumstances. The presence of antibodies against T. gondii in the blood is the usual sign
for suspecting toxoplasmosis (Tavassoli et al., 2013).
In PCR-based techniques, amplification of a specific part of the genome can generate many same copies of the target DNA sequence. Nested PCR (n-PCR)
is applied not only to detect a few template copies of
pathogens but also to increase the specificity of DNA
products (Rostami et al., 2018). Various multi-copy targeting genes including 35-repeat B1 gene, 18S rRNA-,
P30-, and 529-bp repeat fragment have been amplified
for the detection of T. gondii in diverse samples (Rostami et al., 2018). Loop-mediated isothermal amplification (LAMP) is a rapid and efficient molecular assay,
with higher specificity and sensitivity than other PCRbased methods (Sun et al., 2017). These characteristic features have stimulated many researchers to use
this technique to detect different pathogens including
T. gondii (Rostami et al., 2018). A systematic literature review/meta-analysis on the status of toxoplasmosis in Iran revealed that the prevalence of the infection
is between 33-46% for humans, 26-35% for sheep, 1442% for goats, 10-28% for cattle, and 22-46% for cats
by different detection methods (Foroutan et al., 2018).
A study has recently determined the prevalence of T.
gondii in the Iranian house sparrow (Passer domesticus) by LAMP method (Abdoli et al., 2016). However,
according to a survey of the literature, there are no data
on the prevalence of T. gondii in small ruminants obtained with the use of LAMP assay in Iran. Therefore,
the current study aimed to determine the molecular
prevalence of T. gondii in slaughtered sheep as detected
by LAMP assay in Isfahan, Iran.

T

MATERIALS AND METHODS
Area of study
The study was carried out on sheep in Isfahan
province (longitude 49° 36’55° 31’ E, latitude 30°
43’-34° 27’ N), central Iran. The province is located
almost in the center of Iran covering an approximate
area of 107,027 km2. The province has temperate
and dry weather, on the whole, and the temperature
varies between 10.6°C and 40.6°C on a warm day in
the summer season. The mean annual temperature
and rainfall have been recorded as 16.7°C, and 116.9
mm, respectively. According to statistics released by
the Iranian Ministry of Jahad-e-Agricultural (animal
production department) in 2017, in Isfahan province,
there are about 1,398,000 sheep and 494,000 goats
that produce more than 45.34 million kilograms of
meat per year.
Sampling
A total of 250 sheep heart samples were randomly selected from five different slaughterhouses of
Isfahan, Iran, from October 2017 to May 2018. The
minimum sample size was calculated based on an
estimated prevalence of 20%, an error of 5%, and a
significance level of 5%, which was found to be 245
samples. However, the sample size was increased to
250 samples. Sampling was performed weekly for 25
weeks and the variables of age and sex were recorded for each animal. Each slaughterhouse was visited
25 times, and heart samples were randomly collected from two sheep for each sampling date. One gram
(Approximately 1 cm3) heart sample (free of fat and
connective tissue) was cut by a new sterile scalpel
blade for every sample (to prevent cross-contamination) and put into sterile labeled sampling bags (75 x
125 mm). The samples were kept in a cold box immediately after collection and were transported to the
research laboratory on the same day of the collection
under cold conditions (2-4oC). At the laboratory, samples were frozen at liquid nitrogen and crushed in 1.5mL plastic tubes before lysis. Proteinase K and lysis
buffer (50 mL of Tris–HCl, 1 mM of EDTA, pH =
8.0; pH = 7.6, and 1% of Tween 20) were added to
the 50mg homogenized heart sample and incubated
at 50°C for 24 hours. DNA was isolated from heart
samples using a Quick Genomic DNA Isolation Kit
(MBST, Iran) according to the manufacturer’s guidelines. Extracted DNA was dissolved in 100 µl of double-distilled water and stored at -20 oC until subsequent LAMP assays.
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PCR assay
All primer sequences and the positions of the used
primers are displayed in Table 1 and Figure 1, respectively (Lin et al., 2012; Zhang et al., 2009). In the
beginning, the specificity of the outer LAMP primer
pair (F3 and B3; Table 1) was tested using the PCR.
The first PCR was performed in 25 μl total volume
containing l µL extracted DNA (DNA extracted from
mouse brain infected with T. gondii was used as the
positive control), PCR buffer (one time), 0.5 U Taq
Polymerase (Cinnagen, Iran) 200 μM of each dGTP
dATP, dCTP, and dTTP (Cinnagen, Iran),1 μl of
each primer (F3/ B3, 20 μM, Cinnagen), and 1.5 mM
MgCl2 in automated thermocycler (T100 Thermal

Cycler, Bio-Rad) using the following program: incubation at 95 °C for 4 min to denature double-strand
DNA (Initial denaturation step), 35 cycles at 94 °C
for 45 s (denaturation step), 55 °C for 45 s (annealing
step) and 72 °C for 1.5 min (extension step). The PCR
products were visualized under UV light after running on a 1.5% agarose gel and stained with ethidium
bromide (1 µg/mL). To determine the least possible
amount of template DNA in a reaction which can be
detected by PCR assay, a serial dilution of DNA (positive control) was used and the minimum concentration of the genomic DNA sample (1:25) was selected
and used to optimize the LAMP assay (Figure 2).

Table 1. Nucleotide sequences of LAMP primers designed in this study.

Target

529-bp
repetitive
element

Primer
name
F3
B3
FIP
BIP
LF
LB

Nucleotide sequence

Amplicon Reference
or source

5´-CCACAGAAGGGACAGAAGTC-3´
5´-TCCGGTGTCTCTTTTTCCAC-3´
5´-TCCTCACCCTCGCCTTCATCTAGGACTACAGACGCGATGC-3´
202 bp
5´-TGGTTGGGAAGCGACGAGAGTTCCAGGAAAAGCAGCCAAG-3´
5´-TCCAAGACGGCTGGAGGAG-3´
5´-CGGAGAGGGAGAAGATGTTTCC-3´

(Zhang et
al., 2009;
Lin et al.,
2012)

Figure 1. Position of six primers used for the LAMP assay targeting eight conserved regions within the sequence of 529 bp DNA fragment of T. gondii (GenBank accession number AF146527). The outer forward primer (F3), outer backward primer (B3), forward inner
primer (FIP), backward inner primer (BIP), loop forward (LF) and backward (LB)
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Figure 2. Electrophoresis of PCR products. A serial dilution of
DNA (positive control) was amplified with primer F3/B3 resulting in PCR product of 202 bp in length (lanes 1=1:10, 2=1:15,
3=1:20, 4= 1:25 and 4= 1/30). M: 100 bp-plus molecular weight
marker, Co-: Negative control (water).

Optimization and LAMP assay
Different temperatures (60, 61, 62, 63, 64, 65, 66,
67 and 68 °C), different incubation times (60min,
90 min and 120 min) and different concentrations of
MgSo4 (8mM, 10mM, 12mM and 14mM), Bst DNA
polymerase (64, 128, 192, 256, 320 U/ml) and betaine (0.8 mM, 1mM and 1.2 mM) were examined to
improve the efficiency of LAMP reactions. The colorimetric assay for LAMP carried out by adding Hydroxy naphthol blue (HNB).
Statistical analysis
Chi-square (χ2) test was used to compare the variable factors (season, sex, age and type of animal) in
animals infected with T. gondii by using Statistical
Package for Social Services (SPSS Inc, Chicago,
USA) version 18.0. A p-value equal to 0.05 or less
than 0.05 was considered statistically significant.

Figure 3. Results of optimized LAMP assay for the specific detection of T. gondii DNA targeting the RE gene. (A) Visual detection of the LAMP products based on HNB color change. (B)
Agarose gel electrophoresis of LAMP products. M: 100 bp-plus
molecular weight marker, Co+: Positive control, Co-: Negative
control (water).

RESULTS
Optimization of LAMP reaction
During optimization, the best LAMP assay was
performed in a 25 µl reaction volume as follows: 2.5
μl of 10× ThermoPol buffer (New England Biolabs,
USA), 4.8 U Bst DNA polymerase (New England Biolabs, USA), 0.8 mM Betaine, 8 mM MgCl2, 1.4 mM
of each dNTP, 1.6 μM of the primers FIP/BIP, 0.2 μM
of the primers F3/B3, 0.4 μM of the primers LF/LB
and 0.5 μl (1:25 dilution) of DNA as the template. The
best results were obtained when the reaction was performed at 66°C and the minimum time for completion
of the reaction was 90 min. The reaction was finalised
at 80◦C for 10 min. HNB was added to the reaction
solution at the final concentration of 120 μM. The color changes occurring in the tubes were monitored by
naked eye observation. A color change to reddish blue
demonstrates a positive LAMP reaction while negative samples stay in violet color (Figure 3-A).
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LAMP on the heart samples
The genomic DNA extracted from sheep hearts
were tested by LAMP assay as explained in LAMP
optimization. LAMP assay revealed that 96.4%
(241/250) of samples were positive for T. gondii DNA.
The prevalence of T. gondii was significantly higher
in female animals as compared to male animals (p ≤

0.05) (Table 2). In spring season a relatively higher
prevalence was shown as compared to other seasons,
but the difference was not statistically significant (p =
0.07). Similarly, no statistically significant difference
in T. gondii prevalence was noted between the type of
animals (p = 0.16), and age groups (p = 0.96).

Table 2. Prevalence of Toxoplasma gondii DNA in sheep of Isfahan province according to the season, sex and age based on the LAMP
method.

Category
All animals
Season
Age
Sex

Level

Number
tested

Positive

Prevalence %

Total
Winter
Fall
Spring
<1Year
1-3Years
Female
Male

250
133
50
67
54
196
105
145

241
125
49
67
52
189
104
137

96.4
94.0
98.0
100.0
96.3
96.4
99.0
94.5

95% Confidence Interval
Lower
94.1
89.9
94.1
100.0
91.3
93.8
97.2
90.8

Upper
98.7
98.0
101.9
100.0
101.3
99.0
100.9
98.2

p-value
0.07
0.96
0.05*

*P≤0·05

DISCUSSION
Toxoplasmosis caused by Toxoplasma gondii is
distributed worldwide. The disease is considered an
important zoonosis that affects not only humans but
also livestock. The prevalence of T. gondii is higher in small ruminants as compared to cattle, due to
the higher susceptibility of small ruminants to T.
gondii than cattle (Dubey, 2009; Sharif et al., 2015).
Iran is one of the biggest sheep raising and consuming countries (more than 45 million sheep per year)
in the world. Economic losses caused by abortions,
stillbirths, fetal mummification and births of weak
lambs from sheep with toxoplasmosis are predicted
to be enormous. Furthermore, these impact on people’s lives who are dependent on sheep meat production as a most important source of income (Pan et al.,
2017). The prevalence of T. gondii in intermediate
and final hosts completely differs from one country to
another depending on the feeding behavior of animals
and humans, environmental factors and socio-economic patterns (Hassanain et al., 2013). Oocysts,
bradyzoites, and tachyzoites are the three infectious
stages of T. gondii. Transmission of tachyzoites can
occur via the placenta following primary maternal
infection and rarely from ingestion of unpasteurized
milk or by direct entry into the bloodstream through
a blood transfusion or laboratory accident (Dubey,
2009; Sharif et al., 2015). Approximately 50% of human cases of toxoplasmosis result from the ingestion

of bradyzoites or tissue cysts in meat, meat-derived
products or edible offal (such as heart, liver, and kidney) (Hassanain et al., 2013). Lamb meat is one of
the major meats used for barbecue (Kebab) in Iran.
Because barbecued meat is not cooked properly, there
is risk of food-borne toxoplasmosis. For this reason,
sheep toxoplasmosis may be the major source of the
disease in humans.
In this study, samples were taken from the heart
of sheep. This site of sampling was selected because
following oral infection of small ruminants, T. gondii
is mainly localized in the heart and brain tissues (Esteban-Redondo et al., 1999).
A wide range of serological methods including
indirect fluorescent antibody tests, enzyme-linked
immunosorbent assay, immunosorbent agglutination
assay, indirect hemagglutination assay, modified agglutination test, Sabin-Feldman dye test, and Western
blot have been applied in extensive epidemiological
surveys (Dard et al., 2016). Although serological tests
are used extensively in epidemiologic studies, because
they are time-consuming, lack in diagnosing primary
infections, present antigen cross-reactivity, and antibodies disappear in the long-term, these tests are not
reliable when compared to molecular techniques (Sun
et al., 2017).
Several diagnostic molecular methods, based on
various targets and protocols, have been developed
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for direct detection of T. gondii DNA in tissues (Khan
and Noordin, 2019). The first PCR assay for the detection of T. gondii was founded based on the amplification of the 35-repeat B1 gene of the T. gondii genome (Burg et al., 1989). Subsequently, various genes
including B1-genes, P30, 18S rRNA, the AF146527
element or 529-bp repeat element (RE) have been
used for molecular detection of T. gondii in different
samples (Rostami et al., 2018). Previous studies have
shown that the multi-copy genes are more sensitive as
compared to single-copy genes for molecular diagnosis of the parasite in samples (Fallahi et al., 2014). The
529 bp-RE genes are repeated 200- to 300-fold in the
T. gondii genome and exist in all T. gondii tested (60
strains) and differentiated the T. gondii DNA from
the DNA of humans, animals, and the other parasites
(Homan et al., 2000). The results of many studies
demonstrated that PCR and nested PCR based on the
RE gene detected more positive samples as compared
with the B1 gene (Fallahi et al., 2014; Homan et al.,
2000). Results of PCR with the two multi-copy genes
demonstrate that the B1 gene is 10-100 times less sensitive than the 529-bp RE gene in the detection of T.
gondii (Homan et al., 2000).
The LAMP test is a specific, highly sensitive,
and simple method compared to conventional PCR
and nested-PCR. This method is not expensive and
time-consuming, and it does not require complex
equipment. Till now, LAMP has been used for the
detection of different parasitic protozoan diseases, including cryptosporidiosis, piroplasmosis, and
trypanosomosis (Sun et al., 2017). This method is
a favorable molecular technique to be used for the
diagnosis of toxoplasmosis, specifically in developing countries with a high prevalence rate (Khan and
Noordin, 2019). In a comparative study the sensitivity of the LAMP-based on the 529 bp-RE genes was
1000- and 100-fold higher than that of the RE-nested
PCR and B1-LAMP, respectively (Kong et al., 2012).
In the present study, 96.4% of samples were found
to be positive for T. gondii infection by LAMP. To the
best of our knowledge, the current study is the first to
use the LAMP assay to determine the prevalence of T.
gondii in sheep in Iran. Several serological studies
have reported the prevalence of T. gondii in different
regions of Iran, but little research has been performed
on molecular detection of T. gondii infection in small
ruminants. Recent reports in Iran revealed a molecular prevalence of T. gondii in sheep and goats in the
range of 1.26–66% and 1.07–44.16 %, respectively

(Armand et al., 2016; Asgari et al., 2011; Habibi et
al., 2012; Nematollahi et al., 2014; Tavakoli-Kareshk
et al., 2017; Tavassoli et al., 2013).
Most of the epidemiological surveys on small ruminants in Iran were established upon detecting T.
gondii antibodies serum samples. According to those
surveys whose methodology allows us to estimate
prevalence rates, the overall seroprevalence of toxoplasmosis in sheep and goats of Iran is estimated to be
31% and 27%, respectively (Sharif et al., 2015).
In Iran, the highest seroprevalence rate for toxoplasmosis that was ever reported was 95% in Mazandaran
province, northern Iran and the lowest prevalence rate
was 5.2% in the northeast of Iran at Khorasan province (Razmi et al., 2010)Iran</style></title><secondary-title>Journal of Parasitology</secondary-title></
titles><periodical><full-title>Journal of Parasitology</full-title><abbr-1>J Parasitol</abbr-1></periodical><pages>812-815</pages><volume>96</volume><number>4</number><dates><year>2010</
year></dates><isbn>0022-3395</isbn><urls></
urls></record></Cite></EndNote>. The prevalence
recorded in this study is based on a molecular method
and is higher than those previously reported in small
ruminants of Iran: 37.5% (sheep) and 22.7% (goat) in
southwest Iran (Asgari et al., 2011), 34.32 % (sheep)
in south of Iran (Armand et al., 2016), and 56.66%
(sheep) and 44.16 (goat) in Eastern Iran (Tavakoli-Kareshk et al., 2017). This prevalence could reflect
the LAMP is 10-1000 times more sensitive compared
with conventional nested PCR (Khan and Noordin,
2019; Kong et al., 2012).
The high prevalence in sheep (96.4%) reported in
the present study could reflect the widespread distribution of the parasite and high level of environmental
contamination.
This finding indicates that T. gondii oocysts
are widely distributed in small ruminants farms in
Isfahan. Horizontal transmission of T. gondii to small
ruminants by the oral uptake of environmentally
resistant oocysts through contaminated fodder or
water is considered the most important route of
transmission (Stelzer et al., 2019). This high prevalence suggesting that T. gondii oocysts may be transmitted by water and annual precipitation possibly
help the oocyst spread and retains access for potential
hosts. Since farm animals represent a direct source of
infection for humans, but also a possible reservoir for
the parasite, it is important to control T. gondii infec-
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tions in livestock (Guo et al., 2015).
Measures of hygiene and regimes of cleaning and
disinfection applied at the farms may play an important role in the infection of livestock with T. gondii because cleaning reduces the probability of contamination of the facilities with oocysts and may also reduce
exposure to infected intermediate hosts. The presence
of cats often determines the risk of a farm being infected, thus cat control is a key to the control of toxoplasmosis in farms, as well as rodent control (Stelzer et al., 2019). The high prevalence of T. gondii in
small ruminants is an important source of meat-borne
toxoplasmosis in humans and is limited by avoiding
the consumption of undercooked meat containing
bradyzoites (Dubey et al., 2008).
However, some of the disagreement between the
recorded results could be the consequence of (1) the
use of inadequately small number of animals, which
will lead imprecise estimate and possibly impaired
objectivity of data; (2) different geographic areas with
various climatic conditions; (3) management practices; (4) different diagnostic methods (Serological or
Molecular) with different sensitivity and specificity.
Various types of samples and selected cut-offs affect
the efficiency of the serological tests; (5) sex and age
of animals (Abdallah et al., 2019; Olsen et al., 2019;
Sharif et al., 2015); and (6) feeding behavior of animals. In the pasture, goats tend to consume from the
top of plants, trees or shrubs to obtain the desired forage and do not like to graze near the soil surface, as
sheep do (Guo et al., 2015).
Concerning season, the prevalence in spring was
higher than in fall and winter, but statistically, there
was no difference significant (P>0.05). Our finding is
similar to the results of one study in Iran (Armand
et al., 2016) and contrary to those who indicated a
statistically significant between season and T. gondii prevalence (Gebremedhin et al., 2014; Yin et al.,
2015). In spring, the climate is temperate and humid
which extends the survival time of T. gondii oocysts.
Also, the increased activity of cats in spring leads to
the widespread distribution of oocysts. These may explain the higher seroprevalence in spring.
In several studies, it has been found that the
prevalence of the T. gondii infection increased with
age. This could be due to a shorter exposure of the
younger to T. gondii infection than the adults (Guo
et al., 2015; Sharif et al., 2015; Stelzer et al., 2019).
The results of the current investigation suggest that

there was no significant difference in the prevalence
between the age groups in Isfahan sheep (P >0.05),
which was similar to previous studies (Alvarado-Esquivel et al., 2013; Armand et al., 2016; Yin et al.,
2015).
Regarding sex, the prevalence in female animals
was higher than in male animals (p≤0.05). Several studies found that the prevalence in females was
higher than males (Abdallah et al., 2019; Asgari et al.,
2011; Kamani et al., 2010; Lopes et al., 2010). However, no statistically significant difference between the
prevalence in females and males has been reported in
some studies (Alvarado-Esquivel et al., 2013; Armand
et al., 2016; Khezri et al., 2012; Yin et al., 2015).  The
higher prevalence in females was probably due to: (1)
In Iran, females are reared for breeding purposes and
live much longer exposed to T. gondii oocysts on the
pastures. (2) The immune response is lower in ewes
before and after parturition.
CONCLUSIONS
In conclusion, the LAMP assay targeting the RE
gene was employed successfully in field samples
for the detection of T. gondii and is purposed as a
suitable method for the routine molecular diagnosis
of toxoplasmosis, where providing of modern
equipment is not possible. The results of the present
study demonstrated a high rate of T. gondii DNA in
the heart tissue of slaughtered sheep compared with
other parts of Iran and the world. In the light of the
high rate of T. gondii infection in sheep in this region,
undercooked eatable tissues of these animals must
be considered as sources of Toxoplasma infection
for humans. Proper cooking of lamb meat and
standardization of preparation and handling of meats
can be recommended for preventing the transmission
of Toxoplasma to humans. Moreover, not feeding raw
or undercooked meat to cats and keeping cats outside
the sheep breeding farms will reduce the risks of infection from cats to sheep.
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Seroprevalence of Coxiella burnetii among ewes and associated risk factors
in Constantine (Northeastern Algeria)
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ABSTRACT. Q fever is a zoonotic disease caused by the rickettsia-like Coxiella burnetii and leads to abortions and
decreased reproductive performances in domestic ruminants. A serological survey, using ELISA test, was conducted
to assess the prevalence of this infection in 226 ewes belonging to 39 flocks localized in Constantine (North-eastern
Algeria). A pretested questionnaire has been submitted to farmers/shepherds to collect information related to relevant
risk factors.
Results revealed the presence of C. burnetii antibodies in 12.4% (95% CI: 8.08%−16.72%) of individual animals while
35.9% (95% CI: 21.20%−52.82%) of sampled flocks accounted at least one seropositive ewe. Significant causative
associations were observed for origin of animals (χ2=14.29, P=0.001), vaccination against enterotoxaemia (χ2=12.12,
P=0.002) and pox (χ2=5.30, P=0.025), access to the farm by foreign visitors (χ2=10.87, P=0.004), farmers/shepherds’
visits to other farms (χ2=6.31, P=0.021), disinfection frequency (χ2=7.98, P=0.046), pest infestation within farms
(χ2=9.55, P=0.049) and abortion history (χ2=5.54, P=0.029). This recorded prevalence of Coxiella infection would
indicate a possible responsibility of this agent in causing abortion and reproductive failures in the tested flocks.
Implementing active surveillance programs and further investigations using more accurate analyses and including
large samples of more animal species from several provinces are needed to elucidate the real occurrence and dynamics
of this infection in the national livestock.
Keywords: Coxiellosis; prevalence; ELISA; risk factors; ewes; Constantine

Corresponding Author:
S. Hireche, Institute of Veterinary Sciences. University Frères Mentouri of Constantine 1. Route de Guelma, El Khroub. Constantine 25100. Algeria
E-mail address: hireche.sana@umc.edu.dz

Date of initial submission: 18-12-2019
Date of revised submission: 27-03-2020
Date of acceptance: 07-04-2020

2384

S. HIRECHE, A. AGABOU, O. BOUAZIZ

INTRODUCTION
fever is a widespread zoonosis acknowledged
and named for the first time by Edward Derrick
in abattoir workers in Australia. It is caused by a small
obligate intracellular bacterium Coxiella burnetii (de
Valk, 2012). A large variety of domestic and wild
animal species (mainly cattle, and small ruminants,
pets and rodents) are known natural reservoirs for this
pathogen (Cutler et al., 2007). Transmission is possible through inhalation of contaminated aerosols generated during birthing or slaughtering of infected asymptomatic animals, which also shed the bacterium in
faeces and many physiological secretions (Rodolakis,
2009; Schimmer et al., 2010). In nature, arthropods
such as ticks may play a role in the epidemiology of
C. Burnetii because of their ability to harbour and
transmit it trans-stadially and trans-ovarially to their
descendants. Nevertheless, in livestock and humans,
tick bite is an uncommon route of Coxiellosis (Sprong
et al., 2012; Mancini et al., 2014).

Q

In humans, the acute illness is self-limiting
and evolves in general as a non-specific flu-like
syndrome with inconstant pneumonia and hepatitis; whereas the chronic form (causing meningoencephalitis, myocarditis, endocarditis and other
vascular infections) is life-threatening if untreated (Angelakis and Raoult, 2010). Pregnant women generally do not exhibit any clinical signs but
their infection leads to obstetrical complications,
spontaneous abortions and premature delivery
(de Lange et al., 2014).
In domestic ruminants, sheep appear to be more
infected than goats and cattle (McQuiston et al.,
2002). Q fever is often latent and is responsible for
abortion (with placentitis and endometritis) and other reproductive disorders characterized by premature
births, weak or unviable progeny, infertility and mastitis (Tissot-Dupont and Raoult, 2008; Georgiev et al.,
2013).

Since Q fever has no specific symptoms, the
diagnosis confirmation is made through laboratory analyses among which, serology remains
the most commonly used because of easy serum
samples collection and complicated cultivation/
isolation of the bacterium. In veterinary medicine, the ELISA test allows detection of phase I
and II antibodies, and due to its sensitivity, it is
preferred to CFT and IFA which remains the gold
standard for detection of antibodies against C.
burnetii during acute human Coxiellosis (Horig-

an et al., 2011; Stephen et al., 2017).
In Algeria, there are about 26.6 million sheep,
mainly located in the steppes and high plateaus,
where they are reared under traditional practices
and play an important role in the livelihood of
many families (MADR, 2014). Nevertheless, the
incidence of asymptomatic abortion in late gestation ewes is frequently reported by veterinarians
causing substantial economic losses while Q fever continues to be neglected or under-diagnosed
as one of the possible aetiologies of these outbreaks.
Furthermore, few studies have been undertaken
on this infection because of the deficiency in diagnostic tools; even though it seems to be disseminated all over the country since it has been reported in
cattle in Bejaïa (North) and Sétif (North-East), sheep
in Médéa (Central North) and camels in Biskra, ElOued, Ouargla and Ghardaia (South) (Yahiaoui et al.,
2013; Agag et al., 2016; Benaissa et al., 2017; Menadi et al., 2019).
The present study determines the prevalence and
risk factors of Q fever in ewes’ population in Constantine province (North-East Algeria) and brings more
insights on this infection in the local livestock, which
may result in implementing more efficient preventive
and control approaches.
MATERIAL AND METHODS
Study area
All the 12 municipalities of Constantine province
were included in this survey. This region is located
in the northeast of Algeria, at about 80 km from the
Mediterranean Sea coast. It is considered as the third
most populated city to which converge all the eastern
high plateaus. It is about 2 297.2 km2 with an altitude
ranging from 300 to 1 000 m. Constantine is characterized by a semiarid climate with a typical hot and
relatively dry season between June and August, and
a wet season from December to April. Rain season
corresponds to December, January and February with
350-500 mm of rainfall. The temperature is 25°- 40°C
during summer and 0°-12°C during winter.
The ovine population counts about 179 220 heads
(111 290 ewe) belonging to 1 938 flocks. Sheep
breeding season usually begins in July when the daylight starts to decline. All flocks enrolled in this study
grazed along the spring season till the end of August
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with no feed supplementation. Along fall and winter,
animals are housed and fed straw, barley, and wheat
bran. Lambing period habitually lasts from December
to March.
Sampling procedure
The study protocol was evaluated and approved by
the ethical committee of the scientific board of the institute of veterinary sciences. University Frères Mentouri Constantine 1, Algeria.
From March 2011 to January 2012, livestock owners were contacted and informed about the purpose
and the methods of the study to obtain their verbal
consent. The animal welfare guidelines were rigorously followed.
The needed sample size estimation was performed
in two steps (random selection of a defined number
of flocks then the number of sheep to be selected was
individually determined by flocks) using formulas for
simple random sampling given by Thrusfield (2007).

Where N is the needed sample size, 4 = (1.96) is
the error alpha, P is the disease prevalence and L is
the allowed error or required precision (0.06).
2

At the herd level, total number of flocks to be sampled was calculated by dividing the total individual
sample size by the number of animals to sample from

each flock. Thus, 39 flocks of 20 to 500 heads were
randomly selected. Flocks were stratified according to
their size: 6 (≤20 heads), 8 (>20 heads ≤50), 5 (>50
heads ≤100), 10 (>100 heads ≤300) and 10 (>300
heads ≤500).
At the individual level, sample size was determined for each flock so as to detect the existence of
the disease. Calculations were made using the formula commonly applied in veterinary epidemiological
investigations:

Where n is the essential sample size, p is the probability of detection of at least one seropositive ewe,
N is the herd size, and d is the number of seropositive ewes in the herd. The probability to detect at
least one seropositive ewe in a herd was determined
at 95% (p=0.95), while the number of seropositive
ewes in each herd (d) was estimated assuming that
within herd prevalence equals 10% (since there was
no previous study in this area).
Accordingly, the minimum required sample size
was calculated to be about 100 ewes. However, and in
order to increase the precision of the study, a total of
226 ewes were enrolled belonging to 39 flocks localized all over Constantine. Number of ewes and flocks
to be sampled per municipality was proportional to
its total number of animals and flocks respectively.
Herds’ distribution is shown in Figure 1.

Figure 1. Distribution of seropositive and seronegative flocks among the 12 municipalities of Constantine
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Blood was collected from jugular vein with disposable needle in plain Vacutainer® tubes labeled
and conveyed quickly on ice to the laboratory. Sera
were then separated from the clot by centrifugation
and stored at −20°C until analyses. Each flock was assigned an identification number (ID n°) and its characteristics were recorded.
Serological tests
Detection of C. burnetii specific antibodies was
carried out by using a commercial Enzyme-Linked
ImmunoSorbent Assay (ELISA) according to the manufacturer‘s recommendations and protocols (LSIVET
Ruminant Milk/Serum Q Fever ELISA COXLS LSI,
Lissieu, France). The antigen is a sheep strain (phase
I-II). Sensitivity of this ELISA test reaches 87% and
specificity 100%. Absorbance values were measured
at 450 nm (OD450) using an ELx800TM absorbance microplate reader (Bio-Tek Instruments®, INC, Vermont,
USA). Antibody reactivity was estimated using the
sample to positive ratio (S/P) calculated as (Sample
OD − Negative OD) / (Positive OD − Negative OD) ×
100. The S/P values were classified as negative (S/P ratio≤40) or positive (S/P ratio>40). A flock was defined
as infected if it included at least one seropositive ewe.
Serological analyses were performed at the Department of Reproductive Pathology, École Nationale
Vétérinaire de Nantes ONIRIS. France.
Epidemiological data collection
A questionnaire has been pre-established and
pre-tested on farmers/shepherds non-included in this
study to verify its accuracy and clarity. The final version
included 65 questions of which 75% were close ended.
Data related to farm characteristics, flock composition
and characteristics, feed and water origin and quality,
origin of animals (home bred or purchased), reproductive performances and problems (mainly abortion),
health status of animals, treatments and vaccinations,
contact with other animals or humans, biosecurity measures, disinfection and pest management were collected. Ages (in years) of sampled ewes were divided into
three classes: ≤2yrs, 2<yrs≤3 and 3<yrs≤4.
Data analysis
Data collected through the questionnaire and the results of serological analysis were coded, stored, and analysed using SPSS 20 software (2011). Determination
of risk factors associated with C. burnetii seroprevalence was realized in two stages. A univariate analysis
(using chi-square test) was performed at first to check

for significant associations between tested variables
and the seroprevalence of Q fever coded as 0 (negative)
or 1 (positive). In a second step, factors that show moderate statistical significance (p≤0.25) with counts ≥5 in
each cell were introduced to a multivariable logistic regression model. The variable flock was included in the
model as a fixed effect variable. The logistic model was
developed using the stepwise forward approach using
a likelihood ratio test at each step with 0.1 as significance level for removal or entry. In the final model,
any variable with a p<5% was considered statistically
significant and was retained in the model. The fit of the
model was assessed using the Hosmer and Lemeshow
goodness-of-fit test (Abu-dalbouh et al. 2012).
RESULTS
In the study area, the seroprevalence of Coxiellosis
was 12.4% (95% CI: 8.08% − 16.72%) in individual
animals, while 35.9% (95% CI: 21.20% − 52.82%) of
sampled flocks had one or more positive ewes. Most
infected animals and flocks were from Beni-Hamidene
and El Khroub municipalities (Table 1; Figure 1).
There was no tendency of Coxiella infection with
ewes’ age (X2=0.31, p=0.85) since ewes at different ages
had recorded approximately the same seroprevalence
(ys≤2: 13.72%; 2<ys≤3: 11.21%; 3<ys≤4: 11.76%).
As shown in Table 2, 71.42% of positive ewes
had aborted, mainly those aged over 2 years. Abortion at first gestation was exclusive to seropositive
females aged of ≤3 years old. Abortion at 2nd stage
of gestation was more frequent in age class 2<ys≤3
and specific to ewes of 3<ys≤4 old. It is worth noting
that in females with Coxiella antibodies, 21.42% had
known repeated abortion. We could also find an association between history of abortion and seropositivity
(X2=5.54, p=0.02).
The risk factors that were significantly associated to Coxiella seroprevalence are shown in Table 3.
They are represented by origin of animals, vaccination against enterotoxaemia and pox, access to the
farm by foreign visitors, farmers/shepherds’ visits to
other farms, disinfection frequency and pest infestation within the farm. It was not possible to verify with
certainty a causal relationship between C. bumetii
seropositivity and any other farming activities, other
flocks’ characteristics or therapeutic practices.
Conversely, the multivariate logistic regression
model did not establish a significant association between the potential risk factors defined by univariate
analysis and seropositivity to C. burnetii.
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Table 1. Distribution of sampled ewes and flocks over the 12 municipalities of Constantine province

Municipality
Ain Abid
Ain Smara
Beni-Hamidane
Constantine
Didouche Mourad
El Khroub

Number of sampled ewes
(%)
Positive
Negative
1 (0.4%)
3 (1.3%)
4 (1.8%)
5 (2.2%)
8 (3.5%)
25 (11.0%)
0 (0%)
8 (3.5%)
0 (0%)
4 (1.7%)
9 (4%)

Number of sampled
flocks (%)
Positive
Negative
1 (2. 6%)
2 (5.1%)
1 (2. 6%)
0 (0%)
4 (10.3%)
2 (5.1%)
0 (0%)
2 (5.1%)
0 (0%)
2 (5.1%)

37 (16.4%)

4 (10.3%)

5 (12.9%)

Hamma Bouziane
0 (0%)
6 (2.7%)
Ibn Badis
0 (0%)
6 (2.7%)
Ibn Ziad
3 (1.3%)
33 (14.6%)
Messaoud Boudjeriou
0 (0%)
11 (4.9%)
Ouled Rahmoune
2 (0.9%)
37 (16.4%)
ZighoudYoucef
1 (0.4%)
25 (11.0%)
Total
28 (12.4%) 198 (87.6%)

0 (0%)
0 (0%)
2 (5.1%)
0 (0%)
1 (2. 6%)
1 (2. 6%)
14 (35.9%)

2 (5.1%)
1 (2. 6%)
2 (5.1%)
3 (7.7%)
2 (5.1%)
2 (5.1%)
25 (64.1%)

Flock identification number
(Number of positive ewes)
33(1), 15(0), 37(0)
13(4)
1(1), 2(4), 3(1), 26(2), 4(0), 5(0)
12(0), 48(0)
22(0), 24(0)
45(3), 46(2), 47(3), 54(1), 31(0),
38(0), 44(0), 52(0), 53(0)
11(0),14(0)
32(0)
41(2), 49(1), 27(0), 40(0)
10(0), 29(0), 30(0)
42(2), 43(0), 50(0)
9(1), 23(0), 28(0)
/

Table 2. Prevalence of seropositive ewes to C. burnetii according to their age and abortion characteristics

Age category
(years)
ys≤2
2<ys≤3
3<ys≤4
Overall

Number (%)
Abortion
Positive
history
ewes
14 (50%)
7 (25%)
12 (42.85%) 11 (39.28%)
2 (7.14%)
2 (7.14%)
28 (100%) 20 (71.42%)

Abortion in
first
pregnancy
5 (17.85)
4 (14.28)
0 (0%)
9 (32.14%)

Abortion at
Number (%)
Repeated
(Stage of gestation)
Negative
abortions
ewes
2nd
3rd
2 (7.14%)
5 (17.85) 3 (10.71%) 88 (44.44%)
6 (21.42%)
5 (17.85) 3 (10.71%) 95 (47.97%)
2 (7.14%)
0 (0%)
0 (0%)
15 (7.57%)
10 (35.71%) 10 (35.71%) 6 (21.42%) 198 (100%)

Table 3. Potential risk factors associated with C. burnetii seropositivity in ewes at individual level

Risk factors
Origin of animals
Vaccination against enterotoxaemia
Foreigners get access to the farm
History of abortion
Shepherds visit other farms
Vaccination against pox
Disinfection frequency
Pest presence within the farm

χ2
14.29
12.12
10.87
5.54
6.31
5.30
7.98
9.55

DISCUSSION
In Algerian livestock, C. burnetii infection is still
very poorly investigated and often goes unsuspected
by veterinarians during abortion outbreaks. The current survey attempts to bring more insights on the
dissemination of this disease in ewes and the associated risk factors at different municipalities of Constantine province. Thus, the seroprevalence recorded
at individual level (12.4%) is approximately the same
as the one reported by Khaled et al. (2016) (12.2%)
in eight Algerian provinces (including Constantine).
However, it is less than the ones described by Yahiaoui et al. (2013) and Rahal et al. (2012) in Ksar
El Boukhari (Médéa province) (26.08% and 19% re-

p-value χ2
0.001
0.002
0.004
0.029
0.021
0.025
0.046
0.049

Adjusted OR (95% CI)
/
0.32 (0.16-0.61)
2.02 (1.01-4.01)
0.34 (0.15-0.79)
0.34 (0.15-0.79)
0.41 (0.18-0.92)
/
/

spectively). On the other hand, the surveyed herds of
our study seem to be less infected (35.9%) than the
ones analyzed in those previous studies (71.4%, 80%
and 60% in that order).
Compared to surrounding countries, the animal
level prevalence is very close to the one (11.8%)
reported by Barkallah et al. (2018) in sheep of central-eastern Tunisia, but less than the 15.3% observed
in Morocco by Benkirane et al. (2015). These authors
have found respectively 20.21% and 54% of their
flocks to be positive. In sub-Saharan neighbouring
countries, the animal seroprevalence was found to
be 21.5% in Mali and 2.55% in Niger (Sidibe et al.,
2013; Zecchini et al., 2008).
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In southern European countries where climate,
terrain and traditional farming of sheep resemble to
those in North Africa (including Algeria), the reported animal and flock seroprevalences were respectively 8.6-11.4% and 37.5% in Portugal (Anastácio et
al. 2013; Cruz et al. 2018), 11.8% and 74% in Spain
(Ruiz-Fons et al., 2010), 18% and 73.6% in Italy (Villari et al., 2018) and 8% in ewes in Greece (Filioussis
et al., 2017). In view of that, the seroprevalence at individual level is approximately comparable to the one
recorded in our study (except for Greece and Italy);
but in contrast, at flocks’ level it appears to be much
higher than ours.
Disparities in Q fever seroprevalence (between regions of close proximity and between adjacent countries) have already been described in Europe (Georgiev et al., 2013) and within Mali (Sidibe et al., 2013)
for instance, and are related to differences in studies
design, sampling methods and samples’ size, analysing procedures and strongly to variations in risk factors associated to this infection which are still poorly
understood (Vanderburg et al., 2014).
Many studies had established a causative link of
Coxiellosis and the geographical location (Asadi et
al., 2014; Keyvani Rad et al., 2014). According to
Barkallah et al. (2018), the likelihood to have a positive animal is higher in rural than in urban areas in
relation to the undeveloped livestock farming practices and deficient hygiene. This is consistent with our
findings and may explain in part the disparities we
have recorded between the different municipalities.
In agreement with our findings, a potential association has been observed between Coxiellosis prevalence and abortions in ovine flocks in many parts of
the world (Vanderburg et al., 2014; Barkallah et al.,
2018; Ullah et al., 2019), however, the fact that some
of our Coxiella seronegative ewes had aborted may
be led to other potential infectious or non-infectious
abortifacient causes that affect sheep in our region
and had not been investigated in this study. According
to Palmer et al. (1983), abortion caused by C. burnetii
occurs during late pregnancy and repeated abortions
in the same goat and sheep are possible, which is confirmed throughout our results. Usually, sheep under
a year old are less likely to experience gestation and
parturition than older ones. This is why Coxiella-associated abortions in our study were more frequent
in ewes of ≥2 years old. In this same context, and in
contrast with our records, age of animals represents
a predisposing factor to this infection, since ewes of

2 to 3 years old (Kennerman et al., 2010) and those
of ≥5 years old (Mahdavi-Roshan et al., 2018) were
described to be more infected in relation to a cumulative contact with the bacterium from their young age
(Knobel et al., 2013).
Even though we couldn’t establish any relation
of infection to mixed bred animals (sheep with cattle and/or goats), other studies concur with the fact
that in mixed flocks especially with goats, the risk of
getting the infection is higher because these animals
are able of aborting twice following the infection, and
shedding C. burnetii for up to 2 gestations, while ewes
abort habitually once and do not shed the organism in
vaginal mucus at subsequent lambing (Hatchette et
al., 2003; Berri et al., 2007).
In consistence with our findings, the introduction of new animals of unknown health status
without quarantine would consequently facilitate the
introduction and the dissemination of C. burnetii, especially in the case of shedding females (Porten et al.,
2006). Ovine flocks are known to be most deeply infected than other livestock, and discard the bacterium
in feces, vaginal mucus, and milk, with ewes able to
eliminate C. burnetii for up to 2 months (Rodolakis
et al., 2007). The excretion of the bacterium reaches
its maximum during birth or abortion (Roest et al.,
2012), thus birth and abortion products, mainly placentas have a very high bacterial load.
Many studies as in ours’ have shown that farm
managing practices (Pests, foreign visitors, hygiene
and disinfection) can influence the seroprevalence of
on farm Coxiellosis.
Cantas et al. (2011) had identified poor hygiene as
one of the most important on farm risk factors associated with C. burnetii abortions. It is well known that
C. burnetii (Small Cell Variants which are highly infectious) are extremely stable under adverse environmental conditions and can remain infectious for many
months (Scott and Williams, 1990). As spore stage,
they can survive on wool of sheep at ambient temperature for 7-10 months and large quantities of C.
burnetii can persist in soil one year after an outbreak
(Kersh et al., 2013). Thus, visiting other farms by the
shepherds or free access to the farm for foreign visitors (as found in our survey) may represent a potential
risk factor for the introduction and the dissemination
of the bacterium, especially from foot traffic (Kersh et
al., 2013). Cardinale et al. (2014), suggest that farm
personnel and visitors often act as mechanical carri-
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ers/transmitters of the pathogen from infected flocks
to uninfected ones. This is why the access of visitors
to the farm as well the farmers/shepherds to other
farms during parturition period must be avoided.
Pests presence on farm interfere positively with
the dissemination of the disease on farms, since the
potential role of these animals (rodents, birds, ticks)
had been described as a risk factor of Coxiellosis occurrence (Gardon et al., 2001; Angelakis and Raoult,
2010).
The link we have recorded between Coxiellosis
prevalence and vaccinations against pox and enterotoxaemia in sheep could be explained by the lack of
preventive measures during vaccination campaigns.
In fact, veterinarians may participate to the dissemination of the bacterium from farm to farm, flock to
flock and animal to animal via their contaminated
equipment, clothes and mainly boots. Another possible route of transmission may be represented by sharing previously used and contaminated needles (Scott
et al., 2011) between animals during vaccination.
Many other risk factors (such as sheep breed, season, parity, ticks, raising system, flock size…) are potentially associated with seropositivity, but they were
not significant in our study.
Finally, it is important to mention that some animals may remain seropositive for several years following an acute infection, while; some others may
excrete the bacteria before the appearance of antibodies (Berri et al., 2000). At the time of abortion, small
ruminants that abort are frequently seropositive, although antibodies’ titers can decrease over time (Berri et al., 2001). Thus, the serological testing is of a

subtle interpretation in the case of the Q fever, and the
ELISA test should be coupled with a method of direct detection of the bacterium using molecular tools
(PCR) which are more sensitive (Mori et al., 2013).
CONCLUSION
In conclusion, the present study reveals that Coxiella infection is more frequent than previously considered. Many factors (mostly related to biosecurity,
hygiene and disinfection) play an important role in
the occurrence and dissemination of this infection
among ovine flocks of our region, which prove that
preventive veterinary measures are a key point in the
control of Q fever. It appears also that sheep may be
potential reservoirs of C. burnetii for other animals
and humans infection. The dissemination risk of this
bacterium is amplified through animals’ movements.
Sheep can move from the high plateaus to the Northern provinces and sometimes till the seaside provinces. In addition to that, there is an increased animal-human contact in animal operation sectors, in pastures
and watering points, in live animal markets, but also
through the food chain.
Nevertheless, there still many knowledge deficiencies in determining the true incidence of this economically heavy disease which motivates the need
for future studies (using more accurate analyses and
including large samples of several animal species
from more provinces) to understand its epidemiology
among the national livestock and the broader community especially in persons with special risk factors
(contact with animals).
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ABSTRACT: The aim of this study was conducted to determine the effect of glauconite, sepiolite and oil on pellet
quality parameters in poultry compound feed. There are limited studies with supplementation of different levels of
sepiolite and glauconite clay minerals in diets about pellet quality during the pelleting processes. Thus, the effect of
sepiolite and glauconite on pellet quality parameters was investigated in our study. The study was carried out in two
different. Firstly, 1% and 2% levels sepiolite and glauconite were added to each concentrate in pellet production without adding oil. Secondly, 1% and 2% levels of sepiolite, glauconite and 1% oil were added to the concentrates during
pelleting. In both experiments, the trial consisted of 1 control and 4 trial groups. Pellet concentrate feeds were produced
with 7 batches (each batch was 100 kg). The disc that has hole diameter 3.5 mm and wall thickness of 70 mm was
used in production. At the end of the study, dry matter level of the pellets was statistically influenced by the addition of
sepiolite, glauconite and oil in poultry compound pellet feed The lowest pellet dry matter value belongs to C and CO
groups (p<0.05). Pellet durability index of poultry compound pellet feed were not statistically affected by the addition
of sepiolite, glauconite and oil. Pellet water activity of poultry compound pellet feed were not statistically affected
by the addition of sepiolite, glauconite and oil. However, the pellet water activity of laying hens pellet concentrates
(without oil addition) were statistically affected by the addition of sepiolite and glauconite (p<0.05). Pellet water activity has the lowest value especially in the groups in which glauconite is added. In conclusion, these findings showed
that glauconite, sepiolite and oil can be used for pellet quality in poultry compound feed (especially laying hen feed)
and improve pellet storage conditions and due to the positive effect of glauconite and sepiolite on pellet water activity.
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INTRODUCTION
elleting is an important method in feed technology. Pellet is defined as combining the feeds used
in animal feed and preparing a mixture representing
whole feed in a pellet grain. In other words, it is defined as the animal’s consumption of this particle,
which represents all the food with each pellet (Ergun
et al., 2019). In pellet quality (palatability, keeping
together), there are features such as not being easily
dispersed, not being chewed too hard, and not being
burned excessively.

P

The materials to be pelleted are forcibly pushed
through the perforated channel (which determines the
diameter) and in the meantime, they are cut at a certain time interval (which determines the length). This
is the application of heat rise and pressure and eliminates some antinutritional factors. In this way, the
settling of some microorganisms is reduced, external
moisture intake decreases, digestibility may increase
(gelatinization) (Ergun et al., 2019). Pellet feed has
a significant role in spreading the use of better yield
from animals consuming this feed with its physical
positive effects (Dozier, 2001). High-quality pellet
feeds are important for broiler feeds in terms of feed
selection and waste prevention (Durna et al., 2016).
Clay minerals can be used as adsorbents in feeds.
Clay minerals are mainly hydrated aluminum silicate
(brucite), kaolinite, hallocyte, montmorillonite, illite,
chlorite, attapulgite (sepiolite), bentonite, zeolite, and
hydratsodium calcium aluminosilicate (HSKAS). It is
stated that these aluminosilicates have pellet binding
properties in compound feeds, prevent or delay the
formation of molds and fungi in feeds with their water
adsorbing capacity, reduce the toxic effect of heavy
metals, bind to mycotoxins in the digestive tract and
prevent their toxicological and pathological effects
(Ramos, 1997).Clays supplemented to the ratio can
bind, immobilize toxic substances in the gastrointestinal tract of animals and reduce their toxicity (Subramaniam and Kim, 2015).Clays are inherently non
toxic to the environment (Zhou et al., 2004).
Sepiolite is a hydrated magnesium silicate clay.
Sepiolite can be used as a binder and anti-caking
feed additive (E-562) in all animal feeds (Angulo
et al. 1995; EFSA, 2013; Wolter et al., 1990).The
most important properties of sepiolite are its large
specific area, high absorption capacity, low cation
exchange capacity and rheological properties. The
addition of sepiolite to concentrated feeds increases
pellet strength and hardness and increases the physi-

cal strength of compound feed and reduces dust loss
(Burçak and Yalçın, 2016). Since sepiolite binds the
other ingredients in the feed, it forms pellets with high
durability and hardness.(EFSA, 2013). Use of 1%
sepiolite in broiler diets increase body weight gain
and reduce serum cholesterol and triglyceride levels
(Eser et al., 2012). In addition, 1% sepiolite supplement in layer diets reduced egg yolk cholesterol and
improved egg shell quality (Yalçın et al., 2016).
Glauconite is the natural mineral with the chemical formula (K, H20)) (Fe3 +, Al, Fe2 +, Mg)2 [Si3AlO10]
(OH) 2 x nH2O) and it is a three-layer silicate mineral
(Venig et al., 2014). Glauconite is slightly acidic and
capable of absorbing moisture 10 times more than
ordinary sand. It consists of marine potash, silica,
iron, magnesium, and lime, plus up to 30 other trace
minerals. (İbrahim et al., 2019). Glauconite is one of
the clay minerals. Glauconite can absorb various substances on the surface. Also, it can intercalate many
inorganic and organic ions, replacing K+, Сa2+, etc
in interlayers sites (ion-exchange capacity) (Avisar
et al., 2009; Wang et al., 2010). Glauconite mineral
is known to be used as dermatological and gastrointestinal agents (Venig et al., 2017). In the literature
search, no studies on the use of glauconit in poultry
feeding have been found. However, the non-toxic
and historically therapeutic use of the glauconite clay
mineral suggested that it could be used as a feed additive in poultry. Only in the one study, the addition
of 1% and 2% doses glauconite in broiler rations did
not affect the performance parameters, biomechanical
properties of bones and histomorphology of the ileum
(Durna Aydin et al., 2020).
Based on this information, there are limited studies with supplementation of different levels of sepiolite and other clay minerals in diets about pellet quality during the pelleting processes. However, no study
was found to investigate the effect of glauconite mineral on pellet quality parameters in poultry compound
feed in the literature study. Therefore, the purpose of
this study was to the effect of glauconite, sepiolite and
oil on pellet quality parameters in poultry compound
feed.
MATERIALS AND METHODS
Concentrated feeds were made by the rations research team, whose raw materials were taken from a
commercial feed factory (Özhen Feed Inc., Ankara,
Turkey) in this experiment. The ration of broiler and
laying hens feeds in the study was prepared accord-
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ing to NRC (1994). Pellet feeds are prepared in two
ways with or without oil addition after then sepiolite
and glauconite additions. Firstly, 1% and 2% levels of
sepiolite and glauconite were added to each concentrate in pellet production without oil addition. Groups,
respectively control (C), 1% sepiolite (S1), 2% sepiolite (S2), gluconite 1% (G1) and 2% glauconite (G2).
Secondly, 1% and 2% levels sepiolite, glauconite
and 1% level vegetable oil were added to the concentrates during pelleting. Groups respectively control
(CO), sepiolite 1% + vegetable oil (SO1), sepiolite
2% + vegetable oil (SO2), gluconit 1% + vegetable oil
(GO1) and glauconite 2% + vegetable oil (GO2). In
both experiments, the trial consisted of 1 control and
4 trial groups. While oil addition was done by a spraying method, sepiolite and glauconite additions were
added to the mixer (top-dressed). Glauconite was obtained from the Saratov University of Russia. Sepitolite was supplied from Tolsa SA (Madrid, Spain). The
oil used in the study is vegetable oil.
Pellet concentrate feeds were performed in the pellet making machine of Ankara University Veterinary
Faculty Farm. Pellet concentrate feeds were produced
with 7 batches (each batch was 100 kg). The disc that
has a hole diameter 3.5 mm and a wall thickness of
70 mm was used in production. Pellet machine has

a capacity of 100 kg / h. No water was used in pellet production processes. Production conditions for
poultry compound pellet feed are shown in Table 3.
After poultry compound feeds were pelleted, seven
sample feeds were taken from each group from the
mixer. All nutrient (dry matter, crude protein, crude
fiber, ether extract, ash, and starch analysis) analyses of the collected pellet feed samples, which taken
from the mixer, were performed according to AOAC
(2000). The metabolizable energy level was calculated according to the formula proposed by Carpenter
and Clegg (1956). Pellet durability index (PDI) was
measured with a Pfost Equipment using the sieve
having the hole diameter of 3 mm (Baser and Yalcın,
2017). Water activity values of feeds were measured
by using water activity equipment (LabSwift-aw, Novasina, Switzerland). Quadruplicate measurements
were done with each sample.
The one-way analysis of variance (ANOVA)
method was used for the statistical calculations of the
groups and a suitable post hoc test (Duncan’s test)
was used for determining the importance of the differences between the groups. The statistical analysis
was done with the SPSS software package (IBM Inc,
Chicago, USA, 2011).

Table 3. Production conditions for poultry compound pellet feed

Parameters
Production, kg
Mixer capacity, kg/h
Water added in mixer
Oil added in mixer
Sepiolite added in mixer
Glauconite added in mixer
Disc hole diameter, mm
Disc hole length, mm
Parameters
Production, kg
Mixer capacity, kg/h
Water added in mixer
Oil added in mixer
Sepiolite added in mixer
Glauconite added in mixer
Disc hole diameter, mm
Disc hole length, mm

C
700
100
No
No
No
No
3,5
70
CO
700
100
No
1%
No
No
3,5
70

S1
700
100
No
No
1%
No
3,5
70
SO1
700
100
No
1%
1%
No
3,5
70

S2
700
100
No
No
2%
No
3,5
70
SO2
700
100
No
2%
2%
No
3,5
70

G1
700
100
No
No
No
1%
3,5
70
GO1
700
100
No
1%
No
1%
3,5
70

G2
700
100
No
No
No
2%
3,5
70
GO2
700
100
No
2%
No
2%
3,5
70

The first trial (without vegetable oil); groups; control (C, basal ration), 1% sepiolite (S1), 2% sepiolite (S2), glauconite 1% (G1)
and 2% glauconite (G2). The sekond trial (with vegetable oil addition); groups; control (CO, basal ration with added vegetable
oil), sepiolite 1% + vegetable oil (SO1), sepiolite 2% + vegetable oil (SO2), glauconit 1% + vegetable oil (GO1) and glauconite 2% +
vegetable oil (GO2).
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RESULTS
The ration of broiler and laying hens feeds is given
in Table 1. The chemical composition of the sepiolite
and glauconite mineral is given in Table 2.
The effect of glauconite, sepiolite and oil on pellet
dry matter in poultry compound pellet feed is given in
Table 4. At the end of the study, pellet dry matter level
was statistically influenced by the addition of glauconite, sepiolite and oil in poultry compound pellet feed.
The lowest pellet dry matter value belongs to C and
CO groups (p<0.05).
The effect of glauconite, sepiolite and oil on pellet
durability index in poultry compound pellet feed is
given in Table 5. The end of the study, pellet dura-

bility index of in poultry compound pellet feed were
not statistically affected by the addition of glauconite,
sepiolite and oil (p> 0.05).
The effect of glauconite, sepiolite and oil usage
on pellet water activity is in poultry compound pellet feed given in Table 6. The end of the study, pellet
water activity of broiler and laying hens pellet concentrates (with oil addition) were not statistically
affected by the addition of sepiolite and glauconite
(p>0.05). However, the pellet water activity of laying
hens pellet feed (without oil addition) were statistically positively affected by the addition of sepiolite and
glauconite. Pellet water activity has the lowest value
especially in the groups in which glauconite is added
(p<0.05).

Table 1. The composition of the rations used in the study (%)

Ingredient
Corn
DDGS
Wheat
Razmol
Soybean meal, 48%
Sunflower meal, 35%
MCP
Marble powder
Salt
DL-methionine
Vegetable oil
Vitamin premix
Mineral premix
Phytase
Total
Analysis Values of Pellet Feeds
ME, kcal/kg
Crude protein, %
Crude ash, %
Crude fat, %
Crude fiber, %
Starch, %
Ca %
Total P %

Broiler*
50.05
5
9.7
5
22.8
0.54
1.88
0.25
0.03
4.5
0.10
0.10
0.05
100.00

Laying hen**
50
5
11.4
5
13.6
5
0.26
9.2
0.24
0.05
0.10
0.10
0.05
100.00

3108
19
5.54
7.2
3.13
41
1.00
0.64

2650
16
12.2
2.71
3.86
41.2
3.82
0.57

*Provided per kilogram of complete diet: vitamin A, 12,000 IU; vitamin D3, 2,500 IU; vitamin E, 40 IU; vitamin K3, 5 mg; thiamin,
2.5 mg; riboflavin, 6 mg; pyridoxine, 5 mg; pantothenic acid, 15 mg; niacin, 25 mg; folic acid, 1 mg; biotin, 50 μg; vitamin B12, 20
μg. Cu, 5 mg; I, 1 mg, Co, 200μg; Se, 150 μg; Fe, 60 mg; Zn, 60 mg; Mn, 80 mg. Folic Acid 1.000 mg/kg, Biotin 50 mg/kg, Copper
5.000 IU/kg, Iodine 1.000 IU/kg, Cobalt 200 mg/kg, Selenium 150 mg/kg, Iron 60.000 mg/kg, Zinc 60.000 mg/kg, Mangan 80.000
mg/kg.
**Composition (per 2.5 kg): 3.6 g retinol, 0.12 g cholecalciferol, 30 g DL-α tocopherol acetate, 2.5 g menadione, 2.5 g thiamin,
6 g riboflavin, 4 g pyridoxol, 20 mg cobalamin, 25 g niacin, 8 g calcium-D-panthotenate, 1 g folic acid, 50 g ascorbic acid, 50 mg
Dbiotin, 150 g choline chloride, 1.5 g canthaxanthin, 0.5 g apo carotenoic acid esther, 80 g Mn, 60 g Zn, 60 g Fe, 5 g Cu, 1 g I,0.5 g
Co, 0.15 g Se.
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Table 2. The chemical composition of glauconite and sepiolite used in this study (%).

Moisture
SiO2
Al2O3
MgO
CaO
Fe2O3
Na2O
K2O
Mn2O3

Sepiolite

8.23
41.8
1.10
21.22
13.50
0.50
0.30
0.34
0.1

Moisture
SiO2
Al2O3
Fe2O3
CaO
MgO
CaO+ MgO
K2O
Na2O

Glauconite

10.30
61.82
21.08
3.25
2.44
2.67
5.11
0.95
2.44

Table 4. The effect of glauconite, sepiolite and oil on pellet dry matter in poultry compound pellet feed

Groups
Without vegetable oil

Broiler
Laying hen

C
S1
S2
G1
G2
P
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
90.00±0.01a 90.83±0.01b 90.97±0.02c 90.95±0.02c 91.45±0.03d 0.000*
91.80±0.02a 91.68±0.03a 92.55±0.04d 92.04±0.06b 92.18±0.03c 0.000*

Groups
With vegetable oil addition
Broiler
Laying hen

CO
SO1
SO2
GO1
GO2
P
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
91.07±0.02b 90.69±0.01a 91.30±0.02c 91.05±0.05b 91.14±0.02b 0.000*
91.96±0.03a 92.18±0.02b 92.47±0.00d 92.12±0.02b 92.38±0.02c 0.000*

The first trial (without vegetable oil); groups; control (C, basal ration), 1% sepiolite (S1), 2% sepiolite (S2), glauconite 1% (G1)
and 2% glauconite (G2). The sekond trial (with vegetable oil addition); groups; control (CO, basal ration with added vegetable
oil), sepiolite 1% + vegetable oil (SO1), sepiolite 2% + vegetable oil (SO2), glauconit 1% + vegetable oil (GO1) and glauconite 2%
+ vegetable oil (GO2). Statistically not significant (p >0.05). All values are given as mean ± standard error of mean (SEM), (n=7).
a,b,c,d; The differences between the mean values with a different letter in the same row were statistically significant (p<0.05)*
(P<0.001)***

Table 5. The effect of glauconite, sepiolite and oil on pellet durability index in poultry compound pellet feed

Groups
Without vegetable oil

Broiler
Laying hen

C
x̄ ± S x̄
99.88±0.00
99.54±0.13

S1
x̄ ± S x̄
99.17±0.30
99.61±0.10

S2
x̄ ± S x̄
99.67±0.05
99.69±0.03

G1
G2
P
x̄ ± S x̄
x̄ ± S x̄
99.78±0.02 99.78±0.10 0.176
99.59±0.07 99.65±0.03 0.766

Groups
With vegetable oil addition
Broiler
Laying hen

CO
̄x± S x̄
99.83±0.05
99.70±0.04

SO1
̄x± S x̄
99.72±0.11
99.63±0.00

SO2
̄x± S x̄
99.56±0.05
99.66±0.04

GO1
GO2
P
̄x± S x̄
̄x± S x̄
99.63±0.04 99.79±0.01 0.120
99.53±0.15 99.67±0.00 0.530

The first trial (without vegetable oil); groups; control (C, basal ration), 1% sepiolite (S1), 2% sepiolite (S2), glauconite 1% (G1)
and 2% glauconite (G2). The sekond trial (with vegetable oil addition); groups; control (CO, basal ration with added vegetable
oil), sepiolite 1% + vegetable oil (SO1), sepiolite 2% + vegetable oil (SO2), glauconit 1% + vegetable oil (GO1) and glauconite 2%
+ vegetable oil (GO2). Statistically not significant (p >0.05). All values are given as mean ± standard error of mean (SEM), (n=7).
a,b,c,d; The differences between the mean values with a different letter in the same row were statistically significant (p<0.05)*
(P<0.001)***
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Table 6. The effect of glauconite, sepiolite and oil on pellet water activity in poultry compound pellet feed

Groups
Without vegetable oil

Broiler
Laying hen

Groups
With vegetable oil addition
Broiler
Laying hen

C
S1
S2
G1
G2
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
x̄ ± S x̄
0.54±0.01 0.56±0.02 0.54±0.03 0.54±0.01 0.53±0.01
0.045±0.02b 0.44±0.01b 0.42±0.01ab 0.40±0.00a 0.40±0.01a
CO
̄x± S x̄
0.54±0.01
0.41±0.00

SO1
̄x± S x̄
0.53±0.01
0.41±0.01

SO2
̄x± S x̄
0.51±0.01
0.41±0.01

GO1
̄x± S x̄
0.51±0.01
0.41±0.02

GO2
̄x± S x̄
0.52±0.02
0.39±0.01

P
0.815
0.047*
P
0.261
0.346

The first trial (without vegetable oil); groups; control (C, basal ration), 1% sepiolite (S1), 2% sepiolite (S2), glauconite 1% (G1)
and 2% glauconite (G2). The sekond trial (with vegetable oil addition); groups; control (CO, basal ration with added vegetable
oil), sepiolite 1% + vegetable oil (SO1), sepiolite 2% + vegetable oil (SO2), glauconit 1% + vegetable oil (GO1) and glauconite 2%
+ vegetable oil (GO2). Statistically not significant (p >0.05). All values are given as mean ± standard error of mean (SEM), (n=7).
a,b,c,d; The differences between the mean values with a different letter in the same row were statistically significant (p<0.05)*

DISCUSSION
Pelleting is the most common method used to improve the use of starch, reduce feed waste, eliminate
pathogens and antinutritional factors. For this reason,
the use of poultry pellet feed is positively affected by
improving the feed conversion ratio of broiler performance (Abdollahi et al., 2013; Svihus 2014). The pelleting process is affected by many factors. Good pellet
quality is an indication that pellets can be reached to
feeders without breaking or crumbling by mechanical processes such as packaging and transportation
(Yalçın et al., 2019a).
Concentrated feed, especially fat, starch, cellulose
and protein level is very important in terms of pellet
quality. The increased protein content of feed affects
the pellet quality positively and the cellulose content
adversely affects (Basmacıoğlu, 2004). The broiler
feed used in our study contains 19% crude protein,
3,13% crude cellulose, and laying hens feed 16% protein, 3.86% crude cellulose. High protein and low cellulose in boiler feed had no significant effect on pellet
quality. On the other hand, low protein and high cellulose in laying hen feed decreased pellet water activity
and improved pellet quality. Briggs et al., (1999) in
the case of increasing the protein content of poultry
concentrate found that pellet quality improvement.
The oil naturally contained in the raw materials had no
significant effect on pressing and friction in the matrix
channel in the pelleting process. In this regard, the oil
added to the concentrate from the outside adversely
affected the pellet quality (Richardson and Day, 1976).
The fact that oil, which is the natural content of raw
materials, causes a lower crumbling in the pellet feed
compared to the oil added externally is explained by
the fact that the intracellular fat in the feed cannot be
fully revealed by grinding (Ergül, 1994). In our study,

the addition of oil increased the pellet dry matter level,
did not affect the pellet durability index and the pellet
water activity. Therefore, no adverse effect of oil addition on pellet quality was observed. This can be explained by the fact that the oil level used in our study
is as low as 1% or the sepiolite and glauconite minerals are used as feed additives. The use of sepiolite
in high-fat compound feeds allows high levels of oil
to be added to the concentrate feed without disturbing
the pellet quality (Burçak and Yalçın, 2016). Another
a study, This study supports our findings. On the other
hand, in a study where different types and levels of fat
and pellet binders were added to broiler feed, pellet
quality was positively affected (Hossein et al., 2019).
Further studies using sepiolite and glauconite clays
are needed to explain the difference among the results
on the effect of nutrient contents of poultry compound
feed on pellet quality.
Moisture content is an important factor of spoilage
in feed and the maximum moisture level in feed raw
materials should not exceed 13-14%. During cooling
of the pellets, it should not absorb much moisture
as it passes through the cooler and it is important to
absorb the ambient moisture. It should not create an
environment for the development of microorganisms
in ships, containers, and trucks during the transportation of feeds. In this case, high absorption capacity of
sepiolite is important for pelleting. In our study, pellet
dry matter level was affected positively by addition
of glauconite, sepiolite and oil. The use of sepiolite
and glauconite in the production of pellets in broiler concentrate feeds increased the pellet dry matter
level (EFSA, 2013). Since sepiolite use in broiler pellet feed links other feed ingredients in mixed feed, it
improves pellet quality by reducing moisture content
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(Burçak and Yalçın, 2016). In a different study, the addition of 1% sepiolite to the ration reduced the pellet
moisture content (Yalçın et al., 2020). These studies
are compatible with our study findings. On the other
hand, Yalçın et al. (2019a) in their study did not affect the moisture content of sepiolite use in pellet feed
production. The difference among the data obtained
may be related to the dose and structure of sepiolite,
and further studies need to reveal the effects of glauconite in this area.
A positive correlation between PDI and feed conversion ratio has been reported (Carre et al., 1956).
High pellet strength reduces feed crumbling and reduces feed waste and prevents the selection of larger particles by poultry (Amerah et al., 2007). In this
way, the performance of the animals is improved and
the profits are increased in the poultry industry. In our
study, PDI of poultry compound pellet feed were not
statistically affected by the addition of glauconite,
sepiolite and oil. Pappas et al. (2010) reported that
palygorskite, a clay (Galan, 1996), did not significantly affect pellet durability index. In another study, it
was reported that the addition of sepiolite to broiler
starter concentrate feeds increased pellet durability
index but did not affect broiler finishing concentrate
feeds (Angulo et al. (1996). These studies are compatible with our study findings. On the other hand, Durna
et al. (2016) reported that the use of 1% sepiolite in
broiler starter concentrate feed increases the pellet durability index. Similarly, Yalçın et al. (2019a) reported
that PDI value increased by adding 1.5 % sepiolite to
dairy cattle concentrate feed. In a different study, it
was reported that the addition of 15 mg / g sodium
bentonite to the broiler feed increased the pellet durability index (Attar et al. 2019). Since there is no study
on the effect of galuconite clay on pellet quality, it
can not be included here. This difference between the
obtained data can be explained by the difference in
structure, chemical composition and dosage of sepiolite and glauconite clays.
Water activity is defined as the ratio of the vapor
pressure of water in foods and feeds to the vapor pressure of pure water at the same temperature. The basic
principle of various storage methods such as drying,
freezing and concentrating to maintain the quality of
food is to control the chemical activity of water. In
other words, spoilage of feeds and foods is prevented by reducing water activities. Pathogenic effects of
pathogenic microorganisms are prevented at a low
water activity (Pala and Saygi, 1983).

The water activity level is an indicator of the volume of free water. The lower the free water present,
the less the development of unwanted mould. A water
activity level of 0.65 is often referred to as the limit for safe storage of foods, below which microbiological growth is unlikely to occur (Shi et al., 2001).
Low water activity improves storage conditionsby
preventing the reproduction of pathogenic microorganisms and the presence of toxins caused by fungi.
However, when sepiolite and glauconite were added
to the laying hen feed (without the addition of fat),
the addition of glauconite and sepiolite at 1% and 2%
levels decreased the pellet water activity. The use of
glauconitic pellets has improved the usage time and
storage conditions. In our study, when sepiolite and
gluconite were added to the laying hen feed (without adding oil), pellet water activity was reduced. Especially the use of glauconite provided lower water
activity. Therefore, sepiolite and especially glauconit
have improved the usage time and storage conditions
of the poultry compound pellet feed. Aluminosilicates (such as sepiolite, bentonite, zeolite) can bind
pellets in concentrate feeds, water adsorption capacity prevented or delayed the formation of mold and
fungus (Ramos and Hernandez, 1997). In an experiment, Yalçın et al. (2019b) reported no significant
difference between the water activity values of pellet
concentrates of dairy cattle from the group in which
control or sepiolite was added. These studies are compatible with our study findings. However, to support
our study, the effect of glauconite on pellet water
activity could not be discussed due to the lack of a
study. Therefore, more studies are needed in this area
to understand the effects of using galuconite and sepiolite alone or in combination on pellet water activity
in poultry compound feed.
CONCLUSION
The addition of glauconite, sepiolite and oil addition of in poultry compound pellet feed affected pellet
dry matter and pellet water activity, but did not affect
pellet durability. Because of to the positive effects of
glauconite and sepiolite on pellet dry matter and pellet
water activity, poultry compound feed (especially laying hen feed) can be used as feed additives in pelletting. In addition, glauconite and sepiolite can improve
the pellet storage conditions and usage time. This result will be very useful for feed industry. Many studies
are needed to elucidate the investigated parameters related to the use of glauconite in pellet production. Our
study is a good source for further studies.
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Squamous Cell Carcinoma (SCC) in Brown meagre (Sciaena umbra Linnaeus,
1758), a new candidate species for aquaculture in Mediterranean
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ABSTRACT: A case of epithelial tissue tumors on the body of two adult Brown meagres (Sciaena umbra Linnaeus,
1758) is reported. Brown Meagre population of 20.000 was imported to sea cages on September of 2003 at 3g, to check
the potential use of this species as a new candidate in Mediterranean aquaculture. The population had been kept for 8
years to serve as a genetic pool for further zootechnical investigation. The main pathology observed after 8 years in the
sea cages were mainly ocular lesions (cataract) possibly due to natural aging and/or long culture period under high natural light intensity (UV radiation) and/or net injuries at a percentage of 1,32% of total cultured population. Apart from
that, on two fish, reddish- white tumorous growths were evident on skin, macroscopically. Histologically, the tumorous
growths were diagnosed as Squamous cell carcinoma. Numerous rounded pearls and nests of epidermal proliferated
cells were evident, some of which had a non-cellular center. There were also foci of necrosis and irregular deposits
of keratin within the tumor tissue. Special stains (Ayoub-Shklar, Haematoxylin-Eosin & Schiff’s Periodic Acid) were
applied to the tissue for comparison. To our knowledge this is the first presented report of SCC in this species.
Keywords: Squamous cell carcinoma, Ayoub-Shklar Stain, keratin, Sciaena umbra, Brown meagre

Corresponding Author:
Markos N. Kolygas, Laboratory of Pathology of Aquatic Animals, Ichthyology &
Aquaculture, Faculty of Veterinary Medicine, University of Thessaly, Greece
E-mail address: kolygas@vet.uth.gr

Date of initial submission: 29-09-2019
Date of revised submission: 17-05-2020
Date of acceptance: 11-06-2020

2400

M.N. KOLYGAS, E. LAMPOU, D. DOUKAS, D. TONTIS, I. S. PAPPAS, E. GOURZIOTI, V. BAKOPOULOS, E. KAKAVA, F. ATHANASSOPOULOU

INTRODUCTION
he epidermis in teleost fish is a non-cornified stratified squamous epithelium that varies in thickness
(from 3 up to 25 cells) (Genten et al., 2009) and is
capable of producing intermediate filaments (tonofilaments) of keratinous origin (Garcia et al., 2005)which
represent the most abundant proteins (nearly 80% of
total protein content) in stratified epithelia of vertebrates (Rao et al., 2015).Intermediate filaments (IFs)
are cytoskeletal proteins generating complex networks that support the cell’s shape and conjunctions
to other cells (maculae adherents or desmosomes)
(Schaffeld& Markl on Omary&Coulomb 2004). In
cases of abnormal manifestations on fish epidermis,
IFs and especially cytokeratins can be a major diagnostic tool on malignancies’ differentiation, characterization and origin.

T

Teleost fish, like other vertebrates can develop benign, premalignant and/or malignant cellular deformities. The etiological agents or suspected factors of
such manifestations are contributed to environmental
(pollution, carcinogenic chemicals, radiation, toxins),
hereditary (genetic predisposition), enzymatic, immunological, traumatic, viral& other constituents(Coffee et al. 2013,Pinkney et al. 2004, Landsberg 2002,
Pinkney et al. 2001, Morrison et al. 1996, Harshbarger
et al.1993, Ahne et al. 1990, Sano et al. 1985, Harhsbarger 1972), while main predisposing factors are considered to be age, sex and immunological competence.
In fish, protruding skin tumors are more common in freshwater species (Ribelin & Migaki 1975)
while malignant tumors are rarer than papillomata
(Poochirian et al. 2011). Squamous cell carcinoma a
malignant neoplasm, has been reported in many fish
species (Table 1) in a variety of loci.
MATERIALS & METHODS
Case history
A cultured population of brown meagres reared
in sea cages, had been reported to present bilaterally clouded-opaque eye lenses (Fig.1d) in a percentage of 1,32% of total cultured population, which was
subsequently affecting the wholesale price. This population of 20.000 brown meagres was transferred to
sea cages on September of 2003 at 3g, to check the
potential use of this species as a new candidate in
Mediterranean aquaculture. The population had been
kept for 8 years to serve as a genetic pool for further zootechnical investigation. After 8 years, when
the G2 generation was ready to substitute the G1

broodstock, the whole population of almost 20.000
brown meagres was harvested. The main pathology
observed after 8 years in the sea cages were mainly
ocular lesions(cataract) possibly due to natural aging
and/or long culture period under high natural light
intensity and/or net injuries. Apart from that, tumors
were evident. During the scheduled harvesting, fish
sampling took place during the packaging process in
order to investigate the cause of the problem.In the
course of fish sampling, two (2)brown meagres had
distinctive solitary protruding lesions (one on each
fish) similar in texture (Fig.1). More specifically, the
first fish (fish No1) had a protruding formation of solid texture on the proximal ventral left site of juncture
between os angulo-articulare and os dentale (Fig1b,
arrow). Circumferential skin was pale with no further
obvious anomalies (ulcers or trauma). The second fish
(fish No2) had a large hemispherical, ulcerative mass
(≈5,5x3,1x2,9cm) that was posteriorly covering the
biggest area of the left pectoral fin and anteriorly was
extended up to the distal end of the left operculum.
The dorsal site of the mass extended near the fish’s
left lateral line. The lesion was strongly attached to
the subjacent tissue, with no indication of fluctuated
content, but with multifocal necrosis (Fig1c, arrows)
and ulcerative processes (Fig1c, white asterisk).
Microbiology
Prior to parasitological examinations, tryptone
soy agar (TSA) and thiosulphate citrate bile salt
agar (TCBS) media, inoculated from kidney and
spleen samples, while Flexibacter Maritimus Medium (FMM) and Marine Agar (MA) media inoculated from skin and gill samples. All petri dishes were
incubated at 210C (sea water temperature). Bacterial
Identification was assessed biochemically using API
20E®, BioMérieux®.
Parasitology
Skin examination was initially conducted macroscopically. Microscopic examination of wet mount
scrapings was performed only from suspicious skin
loci. Parasitological examination was conducted in
gills, skin, intestine and bile. Specially, bilateral gill
epithelium scrapings from the first and second gill
arches, was examined under light microscope for
parasites. Concerning to intestine’s parasitological
examinations, wet mount scrapings from pars anterior, medial and posterior canalis intestinalis was performed. Bile was excised and handled similarly to the
intestine.
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Table 1. Cases of Squamous cell Carcinoma in fish

Species
Common name
Scientific name
Bream
Abrami ssp.
Yellowbullhead
Ameiurus natalis
Brownbullhead
Ameiurus nebulosus
Blackbullhead
Ameiuru smelas
American eel
Anguilla rostrata
Oscar
Astronotus ocellatus
Barbel
Gulf menhaden
Goldfish
Whitesucker
Mirrorcarp
Malawicichlid
Saithe
Gudgeon
Black Tetra
Hybrid sunfish
Ide
Whiting
Grey mullet
Chinooksalmon
Medaka
European smelt
Atlantic rainbow
smelt
Pudgy cuskeel
Congo tetra
Roach
Salmon
Rudd
Brown meagre
Sea stickleback
Alaska pollock

Habitat

Reference

Freshwater
Freshwater
Freshwater
Freshwater
Catadromous
Freshwater

Barbus barbus

Freshwater

Brevoortia patronus
Carrassius auratus
Catostomus
commersoni
Chondrostoma soetta
Cyprinus carpio
Cyrtocara moorii
Gadus virens
Gobio gobio
Gymnocorymbus
ternetzi
Lepomi ssp.

Marine
Freshwater

Hanjavanit & Mulcahy 2004
Hanjavanit & Mulcahy 2004
PInkney et al 2011,
R.T.L.A. (Sterling VA) Hanjavanit & Mulcahy 2004
Hanjavanit & Mulcahy 2004
Rahmati-Holasoo & Hobbenaghi 2010
Keysselitz 1908, Clunet 1910 (on Ribelin & Migaki
1975)
Fournie et al. 1987
Hanjavanit & Mulcahy 2004

Freshwater

Hanjavanit & Mulcahy 2004

freshwater
Freshwater
Freshwater
Marine
Freshwater

Mazzarelli, 1910 (on Ribelin & Migaki 1975)
Manera & Biavati 1994, Wildgoose 1992
Hanjavanit & Mulcahy 2004
Williams 1929 (on Ribelin & Migaki 1975)
Mawdesley-Thomas & Bucke 1967

Freshwater

Sharifpour et al. 2014

Freshwater

Leuciscus idus

Freshwater

Marine-Freshwater

Fitzgerald et al. 1991
Mawdesley-Thomas 1972b (on Ribelin & Migaki
1975)
Johnstone,1923-25,1924,1924-25 (on Ribelin &
Migaki 1975)
Poochirian et al. 2011,

Merlangius
merlangus
Mugil cephalus
Onchorhynchus
tshawytscha
Oryzias latipes
Osmerus eperlanus

Anadromous

Hanjavanit & Mulcahy 2004

Amphidromous
Marine-Freshwater

Osmerus mordax

Anadromous

Hanjavanit & Mulcahy 2004
Breslauer, 1915-16 (on Ribelin & Migaki 1975)
Hanjavanit & Mulcahy 2004, Herman 1988, Morrison
& MacDonald 1995

Parabassogigas
crassus (Invalid)
Spectrunculus grandis
(valid)
Phenacogrammus
interruptus
Rutilus rutilus
Salmo salar
Scardinius
erythrophthalmus
Sciaena umbra
Spinachia spinachia
Theragra
chalcogramma

Marine

Marine

Mawdesley- Thomas 1971a (on Ribelin & Migaki
1975)

Freshwater

Hanjavanit & Mulcahy 2004

Freshwater
Anadromous

Hanjavanit & Mulcahy 2004
Roberts 1972

potamodromous

Hanjavanit et al. 1990, Hanjavanit & Mulcahy 2004

Marine
Marine

Kolygas et al. - (Current article)
Murray, 1908 (on Ribelin & Migaki 1975)

Marine

Takahashi, 1929 (on Ribelin & Migaki 1975)
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Figure 1: a) spherical, ulcerated tumor at the level of the lateral line in Sciaena umbra, b) small protruding formation on the left mandible, c) tumorous growth, note the necrotic loci (arrows) and the ulcerative site ( white asterisk), d) cloudy-opaque eye lenses was the
initial reason of examination.

Histopathology
Both lesions were excised, and tissue blocks were
fixed in 10% formalin and Davidson’s fixative. Tissue process was according to routine protocols. All
tissue sections (5μm) were stained with Haematoxylin – Eosin (H&E), Periodic-Acid Schiff’s(PAS) and
Ayoub-Shklar (A-S)(Bancroft & Gamble 2008, Rao
et al. 2005). In the A-S staining procedure no phosphotungstic acid(PTA) was used, the reason for this
change in A-S staining protocol is explained in discussion’s chapter. Sections were deparaffinized and
hydrated to distilled water. Acid fuchsin5% added
for 3min and slides were transferred directly to 0,5%
aniline blue-1%orange G solution for 45min. Dehydration was performed on two 5min changes on 95%
alcohol followed by one 3min, 100% EtOH change.
After dehydration, two 3min changes on Xylene followed and eventually slides were mounted. Moreover, after necropsy, tissues from main internal organs
such as liver, spleen and kidney were also selected for
histopathology. Blood smears were impossible to be
conducted given the fact that fish sampling took place
during manufacture packaging process.

RESULTS
Microbiology
After a 72h incubation period of FMM and MA inoculated media from skin samples of both fish, colonies of distinct bacteria resembling to Tenacibaculum
maritimum (Pazos et al., 1996) were observed and
confirmed by the biochemical profile of the bacterium
(Kolygas et al., 2012, Gourzioti et al., 2016). After a
48h incubation period of TSA and TCBS inoculated
media from spleen and kidney, growth of Listonella
(Vibrio) anguillarum was observed on fish No2samples.
Parasitology
Parasitological examination of the gills indicated
a mild infection from monogenean parasites of the
genus Lamellodiscus (5,25±2,12 parasites/gill arch).
Wet skin and bile mounts showed no presence of
parasites. In contrast, wet mounts of intestine from all
three parts on both fish revealed scolices (mean intensity 0,43 parasites/ optical field).

J HELLENIC VET MED SOC 2020, 71(3)
ΠΕΚΕ 2020, 71(3)

M.N. KOLYGAS, E. LAMPOU, D. DOUKAS, D. TONTIS, I. S. PAPPAS, E. GOURZIOTI, V. BAKOPOULOS, E. KAKAVA, F. ATHANASSOPOULOU

HISTOPATHOLOGY
Microscopical studies from both fish lesions
showed similar histopathological pattern of well differentiated squamous cell carcinomas (Fig.2).More
specifically, multiple aggregates of tumor cells nests
(Fig2.c), with pleomorphic characteristics (Fig.2a)
were abundant. Certain areas of well differentiated
squamous epithelial cells (resembling more or less to
normal fish epidermis) forming projections into the
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chorium, exhibited a pattern with basosquamous cells
on the nest’s periphery (Fig.2a, arrow), and squamous
keratinogenous cells at the center (Fig.2b, asterisk).
Τhe intermediate space between the nests, contained
layers of connective tissue infiltrated by inflammatory cells (lymphocytes). Tissue from liver, spleen and
kidney did not indicate any histopathological findings
of neoplasm metastasis.

Figure 2: a) pleomorphic epithelial cells (arrow) inside a nest (H&E stain), b) wide areas of necrotic tissue (arrows) surrounding the
well differentiated clusters of tumor cells (tumor cell nests). Note the squamous keratinogenous cells at the center of these nests (asterisk), (H&E stain), c) tumor’s diathesis on creating digitiform tumors strands, (H&E stain), d) tumor’s diathesis on creating satellite
growths. The mature keratinogenous nest (center) gave early, small proximal satellite foci (asterisk) tumors (H&E stain).

Comparison between stains
Standard H&E stain on low magnifications
(40x-100x) displayed a clear differentiation between
the connective tissue and the tumorous growths,
mainly because of the more compact distribution of
epithelial cells and the hyperchromatic diathesis, of
the latter. In higher magnification powers (≥400x)
early development of tumorous cell nests (Fig.2d,
asterisk), was difficult to diagnose. The transitional
states of cell nests and keratin accumulations on the
more matured ones, was problematic to distinguish.
Some cells nests had higher stain accumulations than
other, and that can be mistakenly attributed to respective keratin accumulation, but in fact this correlation
is precarious as necrotic content within the cell nests

can give the same results (Fig.3, H&E, 100x &400x).
Staining with PAS, gave similar results to H&E on
lower magnification. More specifically, discernment
between the peri-tumorous connective tissue and the
tumorous cells nests was fair in low magnifications
(40x, 100x). Higher magnification powers (≥400x)
gave the same disadvantages as H&E stain. AyoubShklar stain displayed better diagnostic potentials in
comparison to afore mentioned stains, as it was able
not only to highlight early developmental tumorous
cell nests and early satellite growths (Fig.3, A-S,
100x) but also to distinguish their transitional level
with escalating stain intensities on keratin accumulation (Fig.3, A-S, 400x).
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Figure 3. Pictomicrograph comparison of SCC stained with H&E, Schiff’s Periodic Acid (PAS), and Ayoub-Shklar (A-S), respectively
at different magnification powers.

DISCUSSION
Both cases of Brown meagres lesions, exhibit tumorous growth diagnosed as Squamous Cell Carcinomas. To our knowledge this is the first occurrence
of malignancy of this type on Brown meagres. The
causative agent of this malignant manifestation in
these two fish is unknown, and only speculations on
the possible etiology can be made. Many authors have
indicated several possible agents that can give rise to
such cellular abnormal proliferations (Roberts, 2001,
Hanson et al, 2011). The microbiological and parasitological findings are considered of minor importance
and at some level expected given the health status of
both fish.

Regarding the staining methods, Ayoub-Shklar
stain exhibited higher specificity than H&E and PAS
in squamous cell carcinomas. Considering that the tumors were well differentiated, the risk of misinterpreted diagnosis with H&E and PAS stain was low, but
in poor differentiated tumorous growths, an accurate
diagnosis is highly compromised under the use of unspecific keratin stains. Keratin as a marker can provide
not only concluding diagnosis in SCC but also key
differential histological evidence between mesenchymal and epithelial malignancies (Ramulu et al. 2013).
Immunohistochemical methods are more sensitive
diagnostic tools for keratin demonstration (Karantza
2011) but are expensive and time consuming (Rao et
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al. 2014).Moreover, specific stains can demonstrate
histologically the degree of keratinization (Ramulu
et al, 2013). Diagnostic misinterpretations between a)
mature versus early SCC satellite keratin nests and b)
keratin accumulations versus necrotic content within
the nests, in histological sections are likely to occur
when basic H&E protocols are used, in contrast to
Ayoub-Sklar which is a quick, cost effective stain that
can provide adequate specificity on keratin exposition
in SCC cases and set definitive diagnosis on SCC in
fish.
Another crucial parameter that always must be taken into consideration when cases of SCC are suspected is whether to apply or not phosphotungstic acid
in Ayoub-Shklar staining protocol. In fact, the presence of PTA can dramatically change the final stain
outcome of A-S on keratin demonstration of SCC
cases. During a comparative staining trial on keratin
demonstration it is mentioned that in some SCC cases, A-S stain failed to uniformly stain malignant manifestations of keratin pearl demonstrations (Ramulu
et al 2013). Moreover, during a similar comparative
staining trial of keratin demonstration, the conclusion was that H&E’s staining specificity and intensity
is highest when compared to special stains such as
Ayoub-Shklar (Rao et al 2014), which is in contrast
to the conclusions of the present study. The reason
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for these dissenting results could be that the presence
of PTA during A-S stain on afore mentioned studies,
possibly reduces stain’s overall specificity, as far as
keratin demonstration is concerned. The presence of
PTA possibly transitions the staining outcome closer to Masson’s Trichrome stain, a stain that is used
to distinguish collagen fibers versus smooth muscles
and not keratinogenous cells, keratin and prekeratin.
In fact, the role of PTA in histology is to bind to prestained specific endocellular and ectocellular molecules in order to selectively decolorize them (Everett
& Miller 1974). In trichrome stains like Masson &
Mallory, PTA is used to mordant anionic dyes to connective tissue fibers. In the case of A-S stain protocol, PTA might have the same effect on some keratin
nests of certain maturity states, reducing the overall
specificity. To either accept or reject this hypothesis,
further studies on different staining protocols need to
be made.
Conclusively, the above A-S stain protocol can be
adopted in in-house labs as a quick and cost-effective
diagnostic procedure especially on broodstock facilities where early intervention is of major importance
on this high-value livestock.
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Case report
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Malignant fibrous histiocytoma in a budgerigar (Melopsittacus undulatus)
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ABSTRACT. In this report, a case of malignant fibrous histiocytoma in a budgerigar (Melopsittacus undulatus) is
described. At necropsy, a tumorous subcutaneous mass was noted to be located under the right wing at the level of
humerus in a budgerigar. On microscopic examination, the tumor was composed of pleomorphic cells having mostly
round to oval large nucleus. Presence of occasional bands composed of fibroblastoid cells were noted. Occasional giant cells and mitotic figures were also observed. Based on the microscopic findings, a diagnosis of malignant fibrous
histiocytoma was made. The present case in an exotic bird was found to be interesting, since malignant fibrous histiocytomas are rare tumors of domestic animals and mostly seen in dogs.
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INTRODUCTION

M

alignant fibrous histiocytoma (MFH), in a
simplified term, can be defined as an entity
of undifferentiated pleomorphic sarcoma. MFH
is accepted as a descriptive morphologic term and
not reflects the cellular origin of the tumor (Gross
et al., 2005). Debate over nomenclature of these
tumors continues due to unidentified origin of
the tumor cells and the various histomorphologic
patterns they present. The term malignant fibrous
histiocytoma was first described by O’Brien and
Stout (1964) and some other names such as giant cell tumor of soft parts, dermatofibrosarcoma protuberans, malignant xanthogranuloma
and reticulum cell sarcoma of soft tissues, malignant fibrous xanthoma, fibrous xanthoma were
used for undifferentiated pleomorphic sarcomas
(Roffe, 1987). MFH is the most common sarcoma of extremities in human, and mostly seen in
soft tissues although can also be located in bones,
various organs and regions of the body (Fletcher, 1992; Schneider et al., 1999). They are mostly
encountered in elderly people though can also be
seen in young, with a mean age of 54 years in a
study population. (Gibbs et al., 2001). In the animal kingdom, dogs are the most commonly reported animals with MFH. These tumors, as in
human, have been reported in older pets but can
also be seen in younger ages (Pires, 1997; Do et
al., 2009). Cases of MFH were reported in a number of animal species, such as mouse, rat, cat,
dog, opossum, cattle, horse and birds (Schneider
et al., 1999).
MFHs are highly aggressive tumors with a rapid
clinic progression and poor prognosis (Gibbs et al.,

2001). Five subtypes of MFH were described in human; storiform-pleomorphic, giant cell, inflammatory,
myxoid and angiomatoid, however the last one is no
longer considered under MFH (Al-Agha and Igbokwe, 2008). In animals, only storiform-pleomorphic
and giant cell subtypes were reported to be present,
though inflammatory form is still controversial (Do
et al., 2009; Hendrick, 2017; Al-Agha and Igbokwe,
2008). The most common morphologic type of MFHs
has a background of pleomorphic spindle-shaped cells
haphazardly organized or in storiform pattern (Kerlin and Hendrick, 1996). In MFHs, inflammatory and
giant cells can be present in varying numbers. These
tumors are grossly noted as firm gray-white masses
and show variable metastatic potential depending on
the case (Hendrick, 2017). Since MFH is a rare tumor
in animals and only few previous reports are currently
present in birds, one in a mallard (Roffe, 1987) and the
other in a pigeon (Derakhshanfar and Oloumi, 2008),
a case of MFH detected in a budgerigar was thought
to worth to report.
CASE HISTORY
The study material was an adult female budgerigar
(Melopsittacus undulatus) brought to the Department
of Pathology, Faculty of Veterinary Medicine, Kafkas
University in order to define the cause of death. Systemic necropsy was performed, gross and microscopic findings were described. Body condition of the bird
was quite weak. A firm white to grey subcutaneous
mass of 2x1x1 cm was noted under the right wing,
at the level of humerus (Figure 1). No other masses
were noted at any organs and no other pathological
changes were seen as well. The mass was routinely
fixed in formalin and paraffin embedded, and the sections cut from the paraffin blocks were stained with
hematoxylin and eosin (H&E) and viewed under a
light microscope.
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Figure. 1. A nodular subcutaneous mass in the budgerigar

In microscopic view, pleomorphic mostly round
to oval shaped cells having round to oval nucleus
with dense chromatin at nuclear periphery were observed (Figure 2). The cells were mostly haphazardly located. Spindle shaped fibroblastoid cells trying
to form weak bundles and few inflammatory cells
were recognizable within the tumor mass, which had

patchy zones of scarce collagenous stroma. Moderate
levels of anisocytosis and anisokaryosis were notable
(Figure 3). Moderate number of giant cells containing 3 to 10 nuclei with mostly peripheral localization
was recognizable (Figure 2). Low to high number of
mitotic figures depending on the viewed area were recorded (Figure 3).

Figure. 2. Microscopic image of the tumor consisting of mostly pleomorphic cells, bands of fibroblastoid cells (white arrows) and giant
cells (black arrows), H&E
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Figure. 3. Pleomorphic cells showing anisocytosis and anisokaryosis. Mitotic figures are prominent (arrows), H&E

DISCUSSION
Neoplasia occurs with changing frequencies in
companion birds and seems to increase with age as
in mammals. A variety of tumors are encountered in
these pet birds (Reavill, 2004). Among the pet birds,
budgerigars are one of the most common animals that
neoplastic lesions detected probably due to the widespread occupancy of this pet as well as better care
conditions causing longer lifespan. Cutaneous and
subcutaneous lesions happen to comprise a significant
place within all tumors in exotic birds (Reavill, 2004).
In an investigation, skin tumors were reported to comprise of 57% of all tumors in budgerigars (Sutherland
et al., 2016). Among the skin tumors, malignant fibrous histiocytoma is a rare tumor of animals. These
tumors are known to be the most common soft tissue
sarcomas in humans (Zagars et al., 1996). In domestic
animals, MFH is seen most commonly in dogs and
occurrence of MFH in birds or poultry animals is
quite rare. With this presentation, a case of MFH was
described in a budgerigar with its gross and histopathology views as reference to the current knowledge
of these tumors.
In domestic animals, MFHs can be viewed in
three subtypes namely storiform-pleomorphic, giant
cell and inflammatory (Do et al., 2009; Al-Agha and

Igbokwe, 2008; Kıran et al., 2005). However, occurrence of inflammatory subtype in domestic animals
remains controversial (Hendrick, 2017). MFHs are
generally described as nodular, white to gray firm
masses located mostly subcutaneously. However, various organ localizations such as spleen, kidney, liver,
lung, lymph nodules and bones were also described in
animals (Kerlin and Hendrick, 1996). In this current
case, consistent with the general gross appearance and
localization, a grey-white firm nodular mass located
subcutaneously in the right wing was also recorded.
MFHs are known to be quite aggressive and locally
invasive tumors and may metastasize to other organs,
though tendency to make metastasis may show great
variation from case to case (Gibbs et al., 2001). In
the current case, as in similar to most MFH cases, no
metastasis to other organs were noted and the tumor
was a subcutaneously located unencapsulated circumscribed solitary mass.
Histomorphology of MFHs depends on the subtypes, and spindle-shaped cells mixed with histiocytes dominates the tumor mass and mostly shows
storiform or whirling pattern (Hendrick, 2017). Inflammatory cells and giant cells can also be present
in varying numbers and in some cases depending on
the subtype may dominate the field, naming the tu-
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mor as inflammatory or giant cell subtype of MFH,
respectively. Occasionally, parts of tumor mass may
present different views making it difficult to name
it as one or the other subtype (Kerlin and Hendrick,
1996). In the current case, pleomorphic cells having
mostly round to oval nucleus intermixed with spindle shaped fibroblastoid cells were noted. The tumor
cells were mostly located haphazardly, however some
forms of storiform pattern was also noted. Occasional inflammatory cells and giant cells containing few
nuclei were observed throughout the tumorous mass.
Since these cells did not dominate the field, inflammatory and giant cell subtypes for MFH was eliminated.
In giant cell type of MFH, mostly osteoclastoid giant
cells were described (Ko et a., 2013), and in the present case the giant cells did not show resembles to such
giant cells and mostly recognized as giant cells having 3-10 vesicular nuclei that are located peripherally
within the abundant eosinophilic cytoplasm. Some
larger cells with a single vesicular large nucleus and
scarce cytoplasm were also scattered throughout the
section. General view of the tumor was greatly consistent with the storiform-pleomorphic subtype of MFH.
In human and domestic animals storiform-pleomorphic subtype was also reported to be the most common among MFHs (Schneider et al., 1999; Hendrick,
2017).
Mostly high mitotic index was described in MFHs
(Ko et al., 2013), however reports of MFHs with low
mitotic index were also present (Kim et al., 2018). In
the current case, low to high mitotic figures showing
changes in number from field to field were seen in the
tumor mass.
The origin of tumor cells in MFHs is mostly unknown or undetermined. Primitive mesenchymal
stem cells, fibroblastoid cells and fibroblasts were
suggested as the origin of the tumor and histiocytes
are accepted as not to be the neoplastic component
of the tumor and be only reactive cells (Schneider et
al., 1999). Takeya et al. (1995) suggested that these
tumors do not contain histiocytes or macrophages
and hence pleomorphous sarcoma might be a better
term to name them since the mesenchymal cells differentiating toward fibroblasts may promote monocytes yielding the infiltration of macrophages in these
tumors. Weak storiform formation and presence of
highly pleomorphic cells in the current case may be
considered in this concept and the tumor might only
be named as pleomorphous sarcoma, however the
term is not used commonly.

Immunohistochemistry has been occasionally performed to distinguish the cell types and to determine
the origin of cells. Vimentin positivity to show mesenchymal origin has been seen giving only limited
information about the tumor. Markers such as CD11,
CD18 and CD68 were also used for monocytic-histiocytic origin, however such attempts for differential diagnosis is yet not completely successful (Ko et
al., 2013; Hendrick, 2017; Zimmerman et al., 2019).
Therefore, immunohistochemistry still provides limited information about these tumors. However, vimentin only positivity without any other specific or
distinct expression of cell line markers were suggested as to name the tumor MFH (Ko et al., 2013). Moreover, technical difficulties in immunohistochemical
applications on bird tissues also limits the validity of
the technique for differential diagnosis in these animals. In these animals, S-100 for epidermal differentiation, pan-cytokeratin for epithelial, vimentin for
mesenchymal, desmin for muscle, and NSE for neuronal origin were used in some frequencies (Garner et
al., 2009; Zehnder et al., 2016).
In conclusion, a case of MFH detected in a budgerigar was described with this presentation. Gross
and microscopic features of the tumor greatly coincided with the storiform-pleomorphic type of MFH.
However, the tumor cells showed mostly haphazard
localisation instead of storiform appearance. MFHs
are accepted to contain both histiocytic and fibroblastic components and the origin of tumor cells remains
still controversial.
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Case report
Κλινικό περιστατικό

Feline Hypertrophic Osteopathy Associated with Congenital Megaesophagus:
Two Case Reports and Literature Review
A.M. Abu-Seida*, F.A. Torad, E.A. Hassan, K.M. Ali
Department of Surgery, Anesthesiology and Radiology, Faculty of Veterinary Medicine, Cairo University. Giza, Egypt

ABSTRACT: This report describes two cases of feline hypertrophic osteopathy (HO) associated with congenital megaesophagus (ME). The diagnosis was based upon case history, physical examination, radiography and laboratory
investigations. The clinical signs of both cats included; regurgitation, weakness and reluctance to walk since birth.
Physical examination revealed painful and thickened long bones, swollen joints, difficult flexion of all four limbs and
normal urination, defecation, appetite as well as heart and respiratory rates. The abnormal laboratory findings were
thrombocytosis, leukocytosis with lymphocytosis and monocytosis. Survey and contrast thoracic radiography showed
generalizedesophageal dilatation. Radiography of appendicular skeleton revealed symmetrical and massive subperiosteal new bone formation of the affected long bones and pelvis. In conclusion, radiography of extremities is highly
recommended for cats admitted with congenital ME and lameness to investigate the possibility of HO. Moreover, the
HO should be listed duringthe differential diagnosis of thickened limbs in cats.
Keywords: Domestic shorthair cat,Hypertrophic osteopathy,Lameness, Megaesophagus, Periosteal proliferation.

Corresponding Author:
Ashraf M. Abu-Seida, Department of Surgery, Anesthesiology & Radiology, Faculty of Veterinary Medicine, Cairo University, PO 12211, Giza, Egypt
E-mail address: ashrafseida@cu.edu.eg, ashrafseida@yahoo.com

Date of initial submission: 05-01-2020
Date of revised submission: 25-02-2020
Date of acceptance: 07-03-2020

2414

A.M. ABU-SEIDA, F.A. TORAD, E.A. HASSAN, K.M. ALI

INTRODUCTION
ongenital megaesophagus (ME) or esophageal
hypomotility is a rare disease in cats affecting
mostly Siamese cats (Hoenig et al., 1990). Acquired
ME can be seen in all cat breeds. It is characterized by
a decreased or absent esophageal motility. The most
common clinical signs include; poor body condition,
weight loss, regurgitation, changes in eating habits and
difficulty in swallowing. Respiratory distress, aspiration pneumonia, excessive salivation, halitosis, coughing, nasal discharge and fever are the most common
complications of ME (Forbes and Leishman, 1985).
Megaesophagus may be congenital, due to ill-developed signaling pathway of the esophagusor, acquired
due to numerous causes(Hoenig et al., 1990).

C

Hypertrophic osteopathy (HO) is a diffuse periosteal
proliferative disease particularly affecting the appendicular long bones (Hime et al., 1972). Most of the reported
cases of HO are secondary to pulmonary or abdominal
neoplasms or inflammatory disease of unknown pathogenesis (Rohr 2003; Johnson andLenz, 2011).
According to the available literature, several cases
of feline HO have been reported over the years (19712019) as a secondary to several disorders disease such
as pulmonary, digestive and renal lesions as well as
kidney, adrenal gland and injection siteneoplasms as
shown in table (1). Moreover, four reports of idiopathic
HO have been recorded (Table 1). The prognosis of HO
in cats is poor as most of the recorded cases were died
shortly afterwards (Richards, 1977; Gram et al., 1990)

or euthanized at the owner’s request at the time of diagnosis (Carr, 1971; Roberg, 1977; de Melo et al., 2006;
Guizelini et al., 2019). However, medical and surgical
treatments were successful six months after their initiation in few cases of HO (Becker et al., 1999; Grierson
et al., 2003; Huang et al., 2010;Mills 2010).
In addition, HO has been previously reported in
canine, equine, bovine, wild animals and human secondary tothoracic neoplasms, sarcoma of the urinary
bladder, bacterialendocarditis and infection by Spirocercalupior Dirofilariaimmitis (Brodey 1971; Ndikuwere and Hill, 1989; Masegi et al., 1994; Mair et al.,
1996, Hassan et al., 2019).
Secondary HO is presented with lameness, longbone pain and symptoms from the primary thoracic
or abdominal lesions. The diagnosis of such cases is
based upon radiography that detects the primary lesions and hypertrophic changes of long bones (Nafe
et al., 1981; Gram et al., 1990; Rohr, 2003). Computed tomography (Johnson and Lenz, 2011),Magnetic
Resonance Imaging (Salguero et al., 2015) and histopathology (Grierson et al., 2003;Salguero et al., 2015)
have also been used in the diagnosis of HO in cats.
Nutritional and supportive treatment such as suitable fluid therapy and electrolyte correction according to the abnormalities in laboratory test results were
recommended for treatment of feline HO (Huang et
al., 2010).
This study aims to presenttwo cases of feline congenital megaesophagus associated with HO.

Table 1. The primary lesions and prognosis of the recorded feline hypertrophic osteopathy

Primary lesion
Pulmonary lesion
Pulmonary neoplasia
Pulmonary neoplasia
Renal papillary adenoma
Pulmonary carcinoma
Adrenocortical carcinoma
Pulmonary sarcoma
Pulmonary lesion
Megaesophagus
Renal adenoma
Injection-site sarcoma
Cardiacinterventricular
septal defect

No of cases
One
One
One
One
One
One
One
One
One
One
One

Outcome
Euthanized at the time of diagnosis
Died shortly afterwards
Euthanized at the time of diagnosis
Euthanized at the time of diagnosis
Died shortly afterwards
Recovered after 4 months of surgery
Recovered after 6 months of surgery
Died shortly afterwards
Recovered after medical therapy
Euthanized at the time of diagnosis
Euthanized at the time of diagnosis

References
Carr (1971)
Richards (1977)
Roberg (1977)
Nafe et al. (1981)
Gram et al. (1990)
Becker et al.(1999)
Grierson et al. (2003)
Rohr (2003)
Mills (2010)
Johnson and Lenz (2011)
Salgüero et al. (2015)

One

Euthanized at the time of diagnosis

De Sousa et al. (2019)

Idiopathic

Seven

Idiopathic
Idiopathic
Idiopathic

One
One
One

6 cats recovered after medical therapy
and one died shortly afterwards
Euthanized at the time of diagnosis
Euthanized at the time of diagnosis
Euthanized at the time of diagnosis
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Huang et al. (2010)
De Melo et al. (2006)
Ocarino et al. (2006)
Guizelini et al. (2019)
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CASE HISTORY OF THE FIRST CAT
A 3-month-old female intact domestic shorthair
kitten was admitted to the surgery clinic at Faculty of
Veterinary Medicine, Cairo University, Egypt with a
history of intermittent regurgitation since birth, stiffness and weakness (Fig 1). The case history revealed

that the kitten was an orphan stray animal and fed on
cat milk until weaning at the age of 2 months. The
appetite remained normal despite the intermittent regurgitation and defecation and urination pattern was
unremarkable.

Figure 1. (a) A 3-month-old female domestic shorthair kitten with megaesophagus and hypertrophic osteopathy showing poor body
condition and slight thickening of both forearms. (b) The same cat at the age of 4 years showing marked thickening of the limbs.

The kitten had also dental malocclusion, changes in eating habits, stiffness and poor conditionat
the age of 3 months. A thorough physical examination was unremarkable. Symptomatic and supportive therapeutic measures for presumed gastritis were
initially performedin the form intravenous injections
of Dextrose 5% solution as boluses (40 mL daily)
and 0.3 mg/kgof metoclopramide(Primperan®,Sanofi
Aventis) as anantiemetic drug twice daily for 3 days.
Three months after initial presentation, the kitten with
poor body condition was readmitted for intermittent
regurgitation. Plain lateral thoracic radiography and
positive contrast esophagography barium sulfate
paste(E-Z- Paste® Barium sulphate esophageal cream
(60% w/w), Bracco Diagnostics Inc., USA) dosed as

5–10 mL oral bolusestogether with the previous case
history confirmed severe generalized congenital megaesophagus (Fig 2). The owner was advised to administer a liquid diet from an elevated position and
hold the kitten in upright position after each meal.
Over the following months, the general clinical status
improved yet occasional regurgitation still occurred.
At the age of one year, the cat was re-admitted
for investigation of weakness, thickening of all four
limbs, reluctance to walk, stiffness in gait and occasional regurgitation. Palpation of the long bones elicited slight pain and showed hard thickening of the
humerus, radius, ulna, femur, tibia and fibula. Flexion
of all limbs was difficult, particularly the forelimbs.
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Figure 2. (a) Lateral plain and positive contrast (b) thoracic radiographs of the same cat in figure (1) showing severe esophageal dilatation (White arrows).

Figure 3. (a) Ventrodorsal radiographs of both forelimbs and hindlimbs (b) of the same cat in figure (1) showing marked periosteal
proliferation particularly on the radius, ulna and femur bones.

Routine complete blood count (CBC) revealed
thrombocytosis (915x103/ uL, referenceinterval [RI]:
300-800 x103/uL), leukocytosis (25.3x103/ uL, RI:
5.5-19.51x103/uL) with lymphocytosis (9.5x103/ uL,
RI:1.5-7x103/uL) and monocytosis(1.3x103/ uL, RI:
0.0-0.9x103/uL). Radiographic examinations of the
appendicular skeleton showed extensive subperiosteal
new bone proliferation suggesting HO. Radiographic
changes included intense and symmetric formation of
new subperiosteal bone through all diaphyses and metaphyses of the affected bones (Fig 3). The new bone
formation had uniform opacity and a ‘palisading’ pat-

tern in some areas. The most affected bones were radius, ulna and femur in both limbs. Interestingly, the
new bone formation was more clearly seen in fore
limbs than hind limbs. Oral treatment with meloxicam 0.1 mg q24h (Metacam; BoehringerIngelheim,
Germany) was given for pain control.
The animal’s weight was 2 kg, 2.6 kg, 2.7 kg,
2.2 kg and 2.5 kg at the age of 6, 12, 18, 30 and 48
months, respectively. After puberty, the cat exhibited
abnormal and scarce estrus cycle that lasted for 2-3
days without any obvious signs. CBC was carried out
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again at the age of 2.5 and 3 years and revealed the
same previous abnormal findings.
Serum biochemistry tests including albumin, creatinine, urea, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase and g-glutamyltransferase tests revealed high urea level, 49 mg/dL
(reference range 10-30 mg/dL) as the only abnormality. Serum creatinine was 0.9 mg/dL (reference range
<1.6 mg/dL). Urinalysis was unremarkable with inactive sediment.Until this writing(Four yearsafter the
initial presentation), in periodic follow up examinations, the cat remains in stable condition, presentingoccasional regurgitation episodes.
CASE HISTORY OF THE SECOND CAT
A one-year-old female intact domesticshorthair cat
was admitted with a history of intermittent regurgitation, thickened limbs, weakness and reluctance to
walk. Physical examination was unremarkable. Palpation of the limbs showed hard thickening of all four

limbs with slight pain. Plain lateral thoracic radiography and positive contrast esophagography (E-ZPaste® Barium sulphate esophageal cream (60% w/w),
Bracco Diagnostics Inc., USA) dosed as 5–10 mL oral
bolusesrevealed dilated esophagus. Radiographic examination of all limbs showed periosteal proliferation
in humeri, femurs and tibias (Fig 4). It was not known
how long periosteal proliferation had been present
prior to initial presentation. Feline hypertrophic osteopathy associated with congenital megaesophagus
was confirmed. The owner was advised to feed the cat
5-6 times daily small amounts of liquid diets(such as;
beef/chicken broth, baby cereals, blend soft cat food
with brothor commercial feline liquid diets) from a
high positionthat resulted in marked improvement in
the regurgitation episodes.
The owners of both cases refused any surgical
treatment (Percutaneous endoscopic gastrostomy tube
placement or esophagectomy) for megaesophagus
and we could not follow up the second case.

Figure 4. (a) Latero-medial radiographs of a one-year-old female domestic shorthair cat showing marked periosteal proliferation in humerus, radius and ulna in the forelimb as well as femur and tibia in hindlimb (b).

DISCUSSION
Hypertrophic osteopathy also known as Marie’s
disease is a rare disease of uncertain pathogenesis
in cats (Langley-Hobbs, 2012). Several suggestions
have been mentioned such as periosteal irritation by
circulating toxins originated from the primary disease,
disturbance in peripheral blood flow to the limbs, neurogenic stimuli, vagal and intercostal nerves stimulations, distal vascular production of platelet-derived

growth factor and vascular endothelial growth factor
(Richards, 1977; Gram et al., 1990; Salguero et al.,
2015). In our recorded cases, the pathogenesis of HO
development due to ME was not determined; however, one or more of the aforementioned theories could
have contributed. The increase of blood flow to the
limbs is one of the most important factors responsible for development of bone lesions. According to
the neuron theory, ME may stimulate the vagus nerve
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and increase the peripheral blood flow with less tissue
oxygen stimulating periosteal proliferation (Roberg,
1977; de Melo et al., 2006; Huang et al., 2010). In
addition, we couldn’t exclude the possibility of simultaneous independent occurrence of idiopathic HO and
congenital ME in the recorded cases. Both idiopathic
HO and HO secondary to ME were previously reported in cats as shown in table (1). We recommend further studies to identify the exact association between
HO and ME in cats.
The recorded cases in this report were youngadult
female cats. No age, breed or sex predisposition has
been reported in literature so far (Huang et al., 2010).
The weakness, poor body condition and reluctance
to walk were attributed to deficient nutrition as a result
of the intermittent regurgitation. Moreover, the pain,
difficult flexion, enlarged joints and hard thickening
of all four limbs could be attributed to the massive
subperiosteal new bone proliferation. Regurgitation is
the most common clinical sign noted with ME. Frequency and timing of regurgitation after feeding may
vary considerably.The hematological abnormalities
presented by the cats were compatible with those reported in the literature (Ocarino et al., 2006; Salgüero

et al., 2015).
Medical treatment of ME includes small, frequent
meals from an upright position in order to facilitate
passage of the food through the esophagus into the
stomach. The decrease in the frequency of regurgitation in our recorded cases could be attributed to the
improvement of esophageal function with age due to
maturation of the esophageal neuromuscular system
after the first year of age. Similar findings were recorded in dogs (Brodey, 1971).
Resolution of the HO after surgical removal of
the primary lesion has been reported in several studies (Becker et al., 1999; Grierson et al., 2003; Mills,
2010). Although medical treatment of ME decreased
regurgitation episodes in both recorded cases, it did
not improve HO. This may be due to severity of both
cases and the absence of complete resolution of ME
in both cats.
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