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History of the Hellenic Veterinary Medical Society

he Hellenic Veterinary Medical Society (HVMS) is one of

the oldest Scientific Societies in our Country. It was found-
ed in 1924 and its first scientific journal was published in 1926.
Prompter, Founder and Animating Spirit of HVMS was the
General loannis 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 veterinar-
ians’ 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 Ath-
ens. With its post-war first president Konstantinos Melanidis,
the HVMS has been working by implementing its old memo-
randum 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 cre-
ated. That is the reason, this second period of the HVMS suc-
cessor 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, Ins-
ti- tute of Agricultural Studies, State Veterinary Service of Ath-
ens, 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 Mem-
ber 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, ana-
lyzing 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 determina-
tive 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 quar-
terly 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 gov-
erned 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 Education-
al Foundations, the Technological Educational Institutes, the
Veterinary Services, and the Veterinary Associations as well as
with Scientific Societies and the Greek and Foreign Chambers.

e The HVMS is member of the:
* Worldwide Veterinary Society
* Worldwide Veterinary Society for Companion Animals

* Federation of European Veterinary Societies for Com-
pan- 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 Pro-
fes- 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 cel-
ebration 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 per-
formed during the presidency of Dr Theodoros Cl. Ananiadis
and the following Governing Board:

Theodoros Cl. Ananiadist
Veniamin Albalas

President:
Vice-President:
General Secretary:  Athanassios E. Tyrpenou

Spec. Secretary: Konstantinos Chandras

Treasurer: Olga Sabatakou
Member: Emmanuel Archontakis
Member: Apostolos Rantsios
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Injection site sarcomas in other species than the domestic cat

J. Stans*®

Institute for Globally Distributed Open Research and Education, Beringen, Belgium

ABSTRACT: Injection site sarcomas (ISS) are tumours of tissues of mesenchymal origin that occur at an injection
site. These tumours have been mainly described in cats as Feline injection-site sarcoma (FISS), but suspected cases
have also been described in other species such as dogs. In other species than the domestic cat, these tumours are how-
ever much rarer. As a result, the body of literature is limited. This review aims to summarize the knowledge regarding
ISS in species other than the domestic cat. In general, it seems that ISS can occur in a wide range of animals and that
similar treatment strategies are employed as in cats. Like in cats, it seems that the benefit of the reasons for injection
(such as vaccination and microchip implantation) could outweigh the risk of ISS development in other species.

Keywords: Injection site, sarcoma, oncology, cancer, animals
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INTRODUCTION
Injection site sarcomas (ISS) are tumours of tissues
of mesenchymal origin that occur at an injection
site (Zabielska-Koczywas, Wojtalewicz, et al., 2017).
These tumours have been mainly described in cats as
Feline injection-site sarcomas (FISS), where they oc-
cur in about 1-10 of every 10,000 vaccinations (Zabiel-
ska-Koczywas, Wojtalewicz, et al., 2017). A chronic
inflammatory response at the injection site has been
described as the hypothesis for the neoplastic dis-
ease (Woodward, 2011; Hartmann, Day, et al., 2015).
Several studies have been conducted to investigate
FISS. This includes studies regarding, among others,
treatment strategies (Cohen, Wright, et al., 2001), risk
factors (Kass, Spangler, et al., 2003) and immunohis-
tochemistry (Carneiro, de Queiroz, et al., 2018). The
current state of knowledge was summarized in several
reviews (Saba, 2017; Zabielska-Koczywas, Wojtale-
wicz, et al., 2017).

In addition to cats, suspected cases of these tu-
mours have also been described in other feline spe-
cies such as a lion (Kinne and Tarello, 2007) and in
non-feline species such as dogs (Jacobs, Poehlmann,
et al., 2017).This type of cancer is however very rare
in other species than the domestic cat. As a result, the
available literature about the condition in these spe-
cies is sparse.

Due to the role of dogs as companion animals and
the frequency of injections (e.g. for vaccinations and
microchip implantations) performed, it is useful to
also investigate ISS in these animals. Furthermore, in-
vestigating ISS in more exotic animals could provide
more information on the condition in general and as-
sess what factors (e.g. risk factors and treatment out-
comes) are species-specific and which factors can be
generalized.

The current review aims to briefly summarise the
limited evidence about this condition in other species
than the domestic cat.

SEARCH STRATEGY

To identify relevant literature regarding injection
site sarcoma the Pubmed, Pubmed Central, Google
Scholar and Web of Science databases were searched.
Database-specific variants of the “injection site sarco-
ma”, “injection site tumour”,“injection site cancer”,*-
vaccine-associated sarcoma”, “vaccine-associated
tumour” and “vaccine-associated cancer”, “foreign

body sarcoma”, “foreign body tumour”, “foreign

9

body cancer”, “foreign body tumorigenesis”, “micro-
chip sarcoma”, “microchip tumour” and “microchip
cancer” search strings were used. Subsequently, the
references of the selected publications were searched

for further relevant literature.

IDENTIFIED LITERATURE

The relevant literature identified consisted mainly
of case reports and case series describing a limited
number of animals. The species for which literature
was identified were: dogs (Jacobs, Poechlmann, et
al., 2017), ferrets (Munday, Stedman, et al., 2003),
a lion (Kinne and Tarello, 2007), a rabbit (Petteri-
no, Modesto, et al., 2009) and a horse (Kannegieter,
Schaaf, et al., 2010).

The dog is the most frequent species apart from
cats for which suspected cases of ISS have been de-
scribed. In 2003, Vascellari and colleagues described
15 cases of fibrosarcoma excised from where injec-
tions were thought to have been performed (Vascel-
lari, Melchiotti, et al., 2003).In a later publication in
2006, Vascellari and colleagues described a case re-
port of a dog with a fibrosarcoma in the back of the
neck. The dog received several previous injections
at this site, both for vaccinations and the placement
of a microchip (Vascellari, Melchiotti, et al., 2006).
In 2016, a case of extraskeletal osteosarcoma in the
interscapular region in a dog was described (Selmic,
Griffin, et al., 2016). The animal had received several
injections at this site before. Jacobs et al. described a
case of possible canine injection site sarcoma in 2017
(Jacobs, Poehlmann, et al., 2017).The dog developed
tumours in the dorsocervical area after receiving in-
jections at this site 3 weeks before.

In 2003, a retrospective case series of fibrosarco-
mas in ferrets was published (Munday, Stedman, et
al., 2003). Seven of these fibrosarcomas occurred at a
site regularly used for vaccinations.

In 2009, a case of interscapular fibrosarcoma in
a rabbit was published (Petterino, Modesto, et al.,
2009). The tumour developed at a site where several
injections were performed. The authors stated that the
histology of the tumour resembled that of a FISS.

A single case report of ISS in a horse was pub-
lished in 2010 (Kannegieter, Schaaf, et al., 2010).
This animal developed a fibrosarcoma 2 weeks after
vaccination for equine influenza.

Finally, FISS has also been described in other fe-

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)
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line species than the domestic cat. In 2007, a case re-
port of potential injection site sarcoma was described
in a lion (Kinne and Tarello, 2007). The animal devel-
oped fibrosarcoma around 2 months after being vac-
cinated for feline leukaemia virus, feline rhinovirus
and rabies. These authors also refer to a conference
proceeding reporting a case of FISS in a tiger in 1998
(Kinne and Tarello, 2007). This publication was un-
fortunately not able to be sourced.

It is clear that the body of literature regarding
ISS apart from the domestic cat is very limited as
compared to literature about FISS. This supports
the hypothesis that the condition is rare outside of
the domestic cat. Other factors such as less reports
and injection frequency in other species could also
contribute to the smaller number of publications. It
should also be noted that in most cases no assessment
was performed to establish a causal relationship be-
tween an injection and the development of neoplastic
disease. Additionally, almost all literature consists of
case reports and case series describing a limited num-
ber of animals. Afinal observation is that a substantial
amount of the identified literature regarding ISS apart
from the domestic cat has been published more than
10 years ago.New research could provide important
insights regarding potential changes in the incidence
or characteristics of this condition.

CASE CHARACTERISTICS AND RISK
FACTORS

The average age of cats affected by FISS was
between 8 and 9 years in several studies (Hendrick,
Shofer, et al., 1994; Doddy, Glickman, et al., 1996;
Vascellari, Melchiotti, et al., 2003).The majority of
FISS cases have been reportedto occur between 4
months and 3 years after injection (Hartmann, Day, et
al., 2015). Fibrosarcomas are the most frequent kind
of FISS(Doddy, Glickman, et al., 1996). In cats, it
has been found that the risk of developing ISS does
not vary between vaccine brands or manufacturers
(Kass, Spangler, et al., 2003). The identified literature
for ISS except that concerning the domestic cat was
screened for several factors, including vaccine brand,
age and injection site.

The dogs affected by potential ISS in the case se-
ries were on average 6.2 years old, but the age ranged
from 7 months to 11 years (Vascellari, Melchiotti, et
al., 2003). The animals in the case report were respec-
tively 9, 6 and 11 years old (Vascellari, Melchiotti, et
al., 2006; Selmic, Griffin, et al., 2016; Jacobs, Pochl-

mann, et al., 2017). In almost all of these cases, the
presumed ISS was a fibrosarcoma, except for the 2016
case report (Selmic, Griffin, et al., 2016), where an
osteosarcoma was diagnosed. Several breeds of dogs
have been described that developed presumed ISS. In
the case series (Vascellari, Melchiotti, et al., 2003),
mixed breeds (6/15), Collie (1/15), German Shepherd
(1/15), Schnauzer (1/15), Chow-Chow (1/15), Gold-
en Retriever (1/15), American Pit Bull (1/15) Siberian
Husky (1/15), Drahthaar (1/15) and Irish Setter (1/15)
were reported. The case reports mention a French
Bulldog (Vascellari, Melchiotti, et al., 2006), a Lab-
rador (Selmic, Griffin, et al., 2016) and a Labrador
Retriever(Jacobs, Poehlmann, et al., 2017). Based on
these limited data, it is difficult to assess whether cer-
tain breeds have a predisposition to develop ISS. It is
possible that this distribution is a normal variation or
simply a reflection of the breeds that are usually kept.
It is however apparent that the condition can develop
in a wide variety of breeds. FISS has been estimat-
ed to occur in 1 - 10 of every 10,000 vaccinations in
cats (Zabielska-Koczywas, Wojtalewicz, et al., 2017).
Because of the scarcity of the literature and the lack
of epidemiological studies, it is difficult to assess the
incidence of ISS in dogs. However, due to the wide-
spread vaccination in dogs and the relative rarity of
case reports in dogs as compared to cats, it can be
hypothesized that the incidence in dogs is less than
the incidence mentioned for FISS.

The age of the ferrets with sarcomas at an injec-
tion site in the study of Munday (Munday, Stedman,
et al., 2003) ranged from 1 to 9 years. This study fo-
cused solely on fibrosarcomas. However, no literature
regarding other sarcoma types at injection sites was
identified for this species.

The dwarf rabbit in the 2009 case report was 1
year old when it received a vaccination (Petterino,
Modesto, et al., 2009). However, when it developed a
fibrosarcoma, it was already 8 years old.

The horse described in the case report of Kanneg-
ieter was 12 years old and a Quarterhorse x Arabian
(Kannegieter, Schaaf, et al., 2010). It developed a fi-
brosarcoma.

The lion developing a fibrosarcoma was only 8
months old (Kinne and Tarello, 2007).

TREATMENT AND OUTCOME
FISS in the domestic cat is usually treated by
surgical removal of the tumour, with wide margins.
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If indicated, adjuvant treatment strategies such as
radio- and chemotherapy can also be performed(Z-
abielska-Koczywas, Wojtalewicz, et al., 2017). De-
spite treatment, frequent local recurrence has been
described (Hartmann, Day, et al., 2015). Metasta-
sis has also been described in several cases (Saba,
2017).

The samples of the 15 fibrosarcomas described by
the group of Vascarelli (Vascellari, Melchiotti, et al.,
2003) were obtained from dogs that underwent sur-
gical removal of their tumour. It is not clear whether
these animals received any additional therapy such as
chemotherapy or radiation. The survival outcomes or
the presence of metastatic disease were not reported.
In the case report published in 2006, the tumour was
surgically removed taking into account margins of 2
cm (Vascellari, Melchiotti, et al., 2006).The authors
state that the dog was doing well and that there has
been no sign of recurrence. The canine osteosarco-
ma described in 2016(Selmic, Griffin, et al., 2016)
was initially surgically removed with wide margins.
No metastasis was revealed at this time. A subsequent
surgical site infection was treated with amikacin,
followed by cefpodoxime proxetil and finally chlor-
amphenicol after subsequent cultures. A carboplatin
treatment was initiated to control microscopic metas-
tases. During chemotherapy treatment, no metastases
were identified. However, 1 month after the final cy-
cle of chemotherapy, a suspected metastasis was iden-
tified in the right lung. Afterwards, a toceranib phos-
phate and cyclophosphamide treatment was initiated.
Eighteen months after diagnosis, the animal present-
ed with bone metastatic disease. Toceranib phosphate
and cyclophosphamide treatment were discontinued.
Afterwards, the animal was treated with fractioned
radiotherapy. The animal was euthanised 20.5 months
after diagnosis. The dog in the more recent case re-
port (Jacobs, Poehlmann, et al., 2017) had a surgical
removal of the tumour with margins of 3 cm. After 10
weeks, a recurrence of the tumour was noted. Lung
metastasis was not present. A new surgical excision
with 3 cm margins was carried out. Additionally, a
three-days a week schedule of toceranib was started.
No metastatic disease was noticed during this therapy.
Fifty weeks after the first surgical removal, the same
procedure had to be carried out for a third time due
to a new recurrence, together with a continuation of
the tyrosine kinase inhibitor therapy. The authors re-
ported that the animal was still in remission almost 2
years after the diagnosis.

A multi-institutional retrospective study combin-
ing different treatment strategies in dogs could prove
to be clinically useful if a large number of institutions
participate and the inclusion criteria are not too strict,
for example by allowing all FISS tumour types and
treatment types.This way, a large number of cases can
be assessed especially concerning relations between
various treatment management strategies, quality of
life after treatment and possible complications. A dis-
advantage of this kind of approach is that it is difficult
to connect particular treatment strategies with surviv-
al outcome

The initial treatments for the ferrets in the case
series of Munday and colleagues (Munday, Stedman,
et al., 2003) were not detailed. It can however be as-
sumed that the tumours were partially or complete-
ly surgically removed, since samples were available.
Information about other therapies were not available.
The authors report follow-up data for 3 of the animals
that had fibrosarcoma at an injection site. One animal
had a tumour recurrence 3 months after surgery and
was euthanised. Two other animals did not have re-
currence 8 and 12 months after surgery.

The fibrosarcoma in the rabbit in the case report
of Petterino and colleagues (Petterino, Modesto, et
al., 2009) was surgically removed with wide margins.
After 2 months, the tumour recurred at the same site.
The animal was subsequently euthanised.

The fibrosarcoma in the horse of the case report of
Kinnegieter and colleagues (Kannegieter, Schaaf, et
al., 2010) was surgically removed without radiother-
apy or chemotherapy. No metastasis to lymph nodes
or distant organs was identified. After 4 months, there
was no recurrence of the tumour found.

In the case report by Kinneand Tarello (Kinne
and Tarello, 2007), the lion was treated by surgical
removal of the tumour. Despite radiotherapy being
indicated, it was not performed due to practical con-
siderations. The animal was later euthanised due to
the poor prognosis. The time between diagnosis or
treatment and death was not reported.

Due to the rarity of this disease in species out-
side of the domestic cat, it is unlikely that a clinical
trial assessing treatment strategies will be feasible.
However, there is currently consensus that FISS
should be treated with surgical removal. Based on the
literature mentioned above, it seems that this treat-
ment strategy is also the treatment of choice for ISS
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in other species.

CONCLUSION

The literature regarding ISS outside of domesticat-
ed cats is very sparse. Despite this limited body of
evidence, ISS has been described in dogs, ferrets, a
rabbit, a horse and a lion. However, in most of these
cases no assessment regarding a causal link between
injections and the neoplasm was made. In general,
treatment strategies of FISS and ISS in other species
are similar. Based on the current literature, it seems
that the benefits of the reasons for injection could
outweigh the risk of developing ISS in all species.
It should be noted, however, that this conclusion is

based on a very limited amount of evidence. Further
research should be performed to better understand the
epidemiology, causes and risk factors of ISS in other
species than the domestic cat and to discover optimal
treatment strategies.

CONFLICT OF INTEREST
The author declares that there is no conflict of in-
terest.

ACKNOWLEDGEMENTS
The author would like to thank E. Davids and K.
Nollet for their valuable feedback prior to submission.

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)



3006

J. STANS

REFERENCES

Carneiro, C. S., de Queiroz, G. F., Pinto, A. C., Dagli, M. L., & Mat-
era, J. M. (2019). Feline injection site sarcoma: immunohistochem-
ical characteristics. J Feline Med Surg, 21(4), 314-321. https://doi.
org/10.1177/1098612X18774709

Cohen, M., Wright, J. C., Brawner, W. R., Smith, A. N., Henderson, R.,
& Behrend, E. N. (2001). Use of surgery and electron beam irradia-
tion, with or without chemotherapy, for treatment of vaccine-associ-
ated sarcomas in cats: 78 cases (1996-2000). J Am Vet Med Assoc,
219(11), 1582-1589. https://doi.org/10.2460/javma.2001.219.1582

Doddy, F. D., Glickman, L. T., Glickman, N. W., &Janovitz, E. B. (1996).
Feline fibrosarcomas at vaccination sites and non-vaccination sites. J
Comp Pathol, 114(2), 165-174. https://doi.org/10.1016/s0021-
9975(96)80005-3

Hartmann, K., Day, M. J., Thiry, E., Lloret, A., Frymus, T., Addie, D.,
Boucraut-Baralon, C., Egberink, H., Gruffydd-Jones, T., Hor-
zinek, M. C., Hosie, M. J., Lutz, H., Marsilio, F., Pennisi, M. G.,
Radford, A. D., Truyen, U., Mostl, K., & Diseases, E. A. B. o. C.
(2015). Feline injection-site sarcoma: ABCD guidelines on preven-
tion and management. J Feline Med Surg, 17(7), 606-613. https://doi.
org/10.1177/1098612X 15588451

Hendrick, M. J., Shofer, F. S., Goldschmidt, M. H., Haviland, J. C.,
Schelling, S. H., Engler, S. J., & Gliatto, J. M. (1994). Comparison
of fibrosarcomas that developed at vaccination sites and at nonvac-
cination sites in cats: 239 cases (1991-1992). J Am Vet Med Assoc,
205(10), 1425-1429.

Jacobs, T. M., Poehlmann, C. E., &Kiupel, M. (2017). Injection-Site Sar-
coma in a Dog: Clinical and Pathological Findings. Case Rep Vet
Med, 2017, 6952634. https://doi.org/10.1155/2017/6952634

Kannegieter, N. J., Schaaf, K. L., Lovell, D. K., Simon, C. D., & Stone,
B. M. (2010). Myofibroblastic fibrosarcoma with multifocal osse-
ous metaplasia at the site of equine influenza vaccination. Aust Vet
J, 88(4), 132-136. https://doi.org/10.1111/j.1751-0813.2010.00557.x

Kass, P. H., Spangler, W. L., Hendrick, M. J., McGill, L. D., Esplin, D. G.,
Lester, S., Slater, M., Meyer, E. K., Boucher, F., Peters, E. M., Gobar,
G. G., Htoo, T., & Decile, K. (2003). Multicenter case-control study

of risk factors associated with development of vaccine-associated sar-
comas in cats. J Am Vet Med Assoc, 223(9), 1283-1292. https://doi.
org/10.2460/javma.2003.223.1283

Kinne, J., &Tarello, W. (2007). Vaccine-associated fibrosarcoma in a lion
(Panthera leo) [Article]. Revue De MedecineVeterinaire, 158(2), 73-
74.

Munday, J. S., Stedman, N. L., & Richey, L. J. (2003). Histology and
immunohistochemistry of seven ferret vaccination-site fibrosarco-
mas. Vet Pathol, 40(3), 288-293. https://doi.org/10.1354/vp.40-3-288

Petterino, C., Modesto, P., Strata, D., Vascellari, M., Mutinelli, F., Ferra-
i, A., & Ratto, A. (2009). A case of interscapular fibrosarcoma in a
dwarf rabbit (Oryctolagus cuniculus). J Vet Diagninvest, 21(6), 900-
905. https://doi.org/10.1177/104063870902100626

Saba, C. F. (2017). Vaccine-associated feline sarcoma: current perspec-
tives. Vet Med (Auckl), 8, 13-20. https://doi.org/10.2147/VMRR.
S116556

Selmic, L. E., Griffin, L. R., Rector, M. H., Lafferty, M., Pool, R., &
Ehrhart, N. P. (2016). Treatment of extraskeletal osteosarcoma at a
previous injection site resulting in prolonged survival in 1 dog. Can
Vet J, 57(9), 950-954.

Vascellari, M., Melchiotti, E., Bozza, M. A., &Mutinelli, F. (2003). Fi-
brosarcomas at presumed sites of injection in dogs: characteristics
and comparison with non-vaccination site fibrosarcomas and feline
post-vaccinal fibrosarcomas. J Vet Med A PhysiolPathol Clin Med,
50(6), 286-291. https://doi.org/10.1046/j.1439-0442.2003.00544.x

Vascellari, M., Melchiotti, E., & Mutinelli, F. (2006). Fibrosarcoma with
typical features of postinjection sarcoma at site of microchip implant
in a dog: histologic and immunohistochemical study. Vet Pathol,
43(4), 545-548. https://doi.org/10.1354/vp.43-4-545

Woodward, K. N. (2011). Origins of injection-site sarcomas in cats: the
possible role of chronic inflammation-a review. ISRN Vet Sci, 2011,
210982. https://doi.org/10.5402/2011/210982

Zabielska-Koczywas, K., Wojtalewicz, A., &Lechowski, R. (2017). Cur-
rent knowledge on feline injection-site sarcoma treatment. Acta Vet
Scand, 59(1), 47. https://doi.org/10.1186/s13028-017-0315-y

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)



Review article

JHELLENIC VET MED SOC 2021, 72(3): 3007-3014
IEKE 2021, 72(3): 3007-3014

Avaockornon

Neuroacting drugs and its pharmacological response in relation to different
stress status: A review

Y.J. Mousa®

Department of Physiology, Biochemistry, and Pharmacology, College of Veterinary Medicine, University of Mosul,
Mosul, Iraq

ABSTRACT: This article intended to review many methods and types of stressors in the previous works of literature
that describe the role of these stressors to induce modifications and alterations in the pharmacological response of the
drugs acting on the nervous system (neuroacting drugs) in human and animal models. The current review focus on the
different methods for inducing stress status which categorized as chemical, physical and miscellaneous stressors that
affect on the well-known pharmacological response of the neuroacting drugs and by which mechanism can the stressor
induce a modification in the drug target response with mentioning the findings related to changes in the pharmcolo-
giacal response of the neuroacting drugs in previous literature. In conclusion, most studies suggest an alteration of
the pharmacological response of neuroacting drugs, commonly by potentiating their efficacy and subsequent toxicity,
due to different stressful methods, which may be obligated to the direct and indirect receptor modification (pharma-
codynamic interaction) in addition to the direct pharmacokinetic influence on the essential parameters of absorption,
distribution, metabolism, and excretion of the neuroacting drugs.

Keywords: animal model, interaction, neuroacting drugs, pharmacological response, stress

Corresponding Author:

Assistant Professor Dr. Yaareb J. Mousa Date of initial submission: 27-04-2020
Department of Physiology, Biochemistry, and Pharmacology, College of Veterinary Date of revised submission: 11-01-2021
Medicine, University of Mosul, Mosul-Iraq. Date of acceptance: 13-03-2021

E-mail address: yarub204@uomosul.edu.iq



3008

Y.J. MOUSA

INTRODUCTION
Stress means an increase in the free radical forma-
tion inside an organism’s cells due to exposure to
different stressful methods like chemicals, physical
and other miscellaneous stressful agents (Lee and
Jeong, 2007; Srivastava and Kumar, 2015). Differ-
ent types of stressful methods causing an alteration
in pharmacological response, especially for drugs that
act on the nervous system. Stress may occur physi-
ologically at the age of progressing and leads to an
imbalance in the functions of the enzymes in the mi-
tochondria responsible for energy production due to
the accumulative effects of free radicals causing neu-
rodegeneration (Navarro et al., 2002; Liguori et al.,
2018). The goal of this review article was to focus
on many methods and types of stressors in the previ-
ous works of literature that describe the role of these
stressors with their mechanism for inducing modifica-
tions and alterations in the pharmacological response
of the drugs acting on the nervous system in human
and animal models because of the importance of the
pharmacological response in the determining the ac-
tual benefits of using the drugs especially in clinical
pharmacology.

BIOMARKERS USED FOR STRESS DETEC-
TION

The state of oxidative stress (OS) is inferred us-
ing biochemical tests, the most important of which is
the measurement of the glutathione and malondialde-
hyde concentrations, as well as the measurement of
the total antioxidant status (TAS) (Dalle-Donne et al.,
2006; Marrocco et al., 2017), which are among the
essential vital signs indicating the occurrence of OS:

Glutathione: which consists of three peptide chains
linked to the sulfur group; widely distributed in the
organism’s body and have an important and crucial
part to metabolic as well as the defensive cell function
by removing the free radical’s toxicity that formed be-
cause of metabolic processes within the cell (Pastore
et al., 2003; Dalle-Donne et al., 2006). Since the state
of OS leads to a disruption of the antioxidant cellu-
lar biological defenses such as glutathione within the
cells of the body of the organism, the state of the OS is
inferred by measuring the glutathione concentration
in the biological samples (e.g. Plasma and tissue) of
the organism as its concentration decreases in the case
of OS (Abdel Rahman, 1995; Patockova et al., 2003;
Pastore et al., 2003; Dalle-Donne et al., 2006).

Malondialdehyde: The OS state occurrence leads

to the cell membrane destruction of the body that
contains unsaturated fats and this increases the level
of the concentration of malondialdehyde compound,
which is the final result of the lipid peroxidation pro-
cess in the fat of the body cell membranes (peroxida-
tion of unsaturated fatty acids, especially arachidonic
acid). For this reason, the state of the OS is detect-
ed by measuring the malondialdehyde concentration
(Patockova et al., 2003; Achuba et al., 2005; Del Rio
et al., 2005; Dalle-Donne et al., 2006; Mendes et al.,
2009), as the concentration of malondialdehyde rises,
which is a sign of the stress. It is a toxic compound
as it correlates with DNA and cellular proteins, caus-
ing genetic mutations, dysfunction of the cell, and a
change in drug response (Marnett, 1999; Del Rio et
al., 2005).

SELECTING AND CONSIDERING THE CEN-
TRAL NERVOUS SYSTEM AS A TARGET FOR
STRESS MODIFYING DRUGS

The central nervous system (CNS) differs from the
rest of the body’s systems by being more suscepti-
ble to stress (e.g., OS), due to its continued constant
need for oxygen- significantly. It has a low concentra-
tion of antioxidants as well as has a high amount of
polyunsaturated fats, and the fact that its large cellular
compounds such as fats, carbohydrates, proteins, and
nuclear acids that considered more susceptible to ox-
idation damage (Storz and Imlay, 1999; Patockova et
al., 2003; Achuba et al., 2005; Sayre et al., 2008). The
nervous tissue is more susceptible to the OS because
of the production of high amount of free radicals. The
reason is that the brain uses up to 20 % of the whole
body oxygen, the CNS has a much amount of unsat-
urated fatty acids and the brain contains a high per-
centage of iron that stimulates metabolic processes. It
has weak effectiveness of anti-oxidant enzymes, and
these factors make the brain more susceptible to OS
and thus have changed the effectiveness and pharma-
cological response to drugs that work on the nervous
system (Pastore et al., 2003; Sayre et al., 2008).

TYPES OF STRESSORS

CHEMICAL STRESSORS

Hydrogen peroxide (H,0,): is one of the most
common oxidizing compounds that stimulate free
radical formation, the most important of which is the
hydroxyl radical by Fenton Reaction. The hydroxyl
radical is the leading cause of an OS that breaks down
cell components, stimulates lipid peroxidation, and
breaks down proteins, including protein receptors. It
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stimulates regular or programmed death of the cell
and is reliant on the concentration through direct ox-
idation of proteins and nucleic acids (Navarro et al.,
2002; Patockova et al., 2003; Sayre et al., 2008). H,0,
reduces the effectiveness of dehydrogenases in the
Krebs cycle, energy production, stimulates the growth
factor and the receptor of the Aspartate neurotransmit-
ter, which leads to an elevation in the calcium influx
into the nerve cell and has a vital role for the serotonin
receptor of rat brain, leading to poor behavior (Pato-
ckova et al., 2003; Sayre et al., 2008). Experimental-
ly, H,O, causes OS in chickens when given at 0.5%
in water along with fourteen days and causes a neuro-
behavioral change in the open field activity (Mousa,
2012; 2014, Mousa and Mohammad, 2012a;b, Mou-
sa, 2021; Mousa et al., 2021), besides modifying the
pharmacokinetics (Mousa and Mohammad, 2012c).

Tertbutyl-hydroxyl peroxide: works by damaging
the nerve cells in the brain by lowering body tempera-
ture and binding to the central and peripheral binding
sites of the GABA, receptor on the outer surface of
the mitochondrial membrane inside the neuron (Sar-
nowska et al., 2009).

Ethanol and nicotine: They cause OS by produc-
ing free radicals and depleting glutathione in the liver,
kidney, lungs, and testes of rats, which is essential in
the process of free radical disposal (Navasumrit et al.,
2000; Husain et al., 2001).

Neuropeptide S: It induced OS, was found to alter
the behavior of mice by causing a powerful OS that
increases motor activity (Castro et al., 2009).

PHYSICAL STRESSORS

Mechanical immobilization: It has been observed
that immobilization-induced stress by increasing the
neurotransmitter dopamine level in the brain, and
diazepam reduces the effects of this stress in rats
(Hegarty and Vogel, 1995; Uehara et al., 2003). Re-
stricting the movement of rats leads to stress. It alters
activity measures used in the open field, as well as a
change in behavior and a reduction of the glutathione
of the nervous system (Nade and Yadav, 2010) while
repeating restricting the movement, can induce stress
in the rats and increases the neuron’s sensitivity in the
brain to diazepam which leads to an increased in its
pharmacological response (Kalman et al., 1997).

Immersion: It was found that stress triggered by
immersion by immersing chicken chicks in the water
increased the number of places where the central ben-

zodiazepine drugs were bound to the GABA | recep-
tor, making these drugs closely bound to this receptor
(Garcia et al., 2002).

Swimming: Which causes stress of rats (Moto-
hashi et al., 1993) besides chickens (Marin and Arce,
1996) and increases the number of the benzodiazepine
binding sites (central and peripheral) on the GAB-
A, receptor of the nervous tissue without increasing
number related to GABA  receptors, indicating an
increased brain sensitivity to diazepam leading to an
increase in its effect and pharmacological response
to stress (Miller et al., 1987; Motohashi et al., 1993;
Marin and Arce, 1996; Kalman et al., 1997).

Defeat Stress: It also increases the number of bind-
ing sites on the GABA, receptor in the brain with-
out elevating the brain’s number of GABA |, receptors
(Miller et al., 1987; Jie et al., 2018).

MISCELLANEOUS STRESSORS

Apomorphine: A drug that works on the CNS and
is used as emetics causes OS in the rat brain and in-
terferes with drugs that work on the nervous system

and altering their pharmacological response (Moreira
et al., 2003).

Xylazine: It was found that its administration with
zolazepam and tiletamine in deer resulted in an OS in
increasing the malondialdehyde concentration in the
serum with rising glucose level (Yaralioglu-Gurgoze
et al., 2005).

Chlorpyrifos: This is an insecticide that was found
to cause OS in rats with an elevation in the process
of lipid peroxidation of the red blood cells, indicat-
ing that it could interfere with the drugs administered
with it (Mansour and Mossa, 2009).

Minerals (Cadmium, lead, mercury, and arsenic):
They were found that exposure to these minerals caus-
es OS by depleting antioxidants levels, which leads to
increased active oxygen with rising of radicals such
as the hydroxyl root besides high oxide root leading to
the breakdown of proteins, fats, DNA, and the toxic-
ity mechanism of these minerals may be attributed to
their ability to cause OS (Storz and Imlay, 1999; Ercal
et al., 2001; Jemai et al., 2007).

Sodium fluoride: causes OS, as this was inferred
by the increase in the malondialdehyde concentration
in the plasma of mice (Altintas et al., 2010).
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MECHANISM OF STRESS INDUCTION

Only, the stressful agents are causing an elevation
in the hydroxyl group (OH") (Fenton reaction), caus-
ing free radicals to be formed called Reactive Oxygen
Species (ROS), which interact and destruct the cellu-
lar components like proteins (e.g., Receptors), carbo-
hydrates, lipids, and nuclear acids (Figure 1) (Kar and
Choudhury, 2016).

STRESS INDUCES A MODIFICATION IN THE
BLOOD-BRAIN BARRIER

Many stressful methods destroy the blood-brain
barrier (BBB), which may lead to more passage of
the drugs acting on the nervous system. OS plays a
role in increasing the permeability of the substance of
the blood (e.g., Drugs) to the CNS through the BBB,
which has an essential function in the balance of the
CNS, as it was found that the OS works to change
the location of the occludin (a protein responsible for
the vital link between tight junction between the bar-
rier cells) which increases the barrier’s influence over
substances and drug infiltration between the blood
and the CNS (Lochhead et al., 2010; Daneman and
Prat, 2015).

STRESS VERSUS NEUROTRANSMITTERS OF
THE NERVOUS SYSTEM

Stressful agents that formed free radicals interact
with the synthesis and release of the neurotransmitters
in the presynaptic neuron in addition to its modifica-
tion of the neurotransmitters’ affinity and efficacy on
their receptors on the postsynaptic neurons (Figure 2)
(Kar and Choudhury, 2016). OS plays a significant
part in the pathogenicity of multiple sclerosis, that de-
stroys the myelin and axonal parts of neuron as well as
free radical elevation, a decrease in concentrations of
antioxidants in the blood and cerebrospinal fluid, and
an increase in the neurotransmitter glutamate during
the disease occurrence (Sayre et al., 2008). OS is caus-

production of
free radicals

ing degenerative diseases of neurons, affecting their
susceptibility to neurotransmitters’ secretion (Sayre et
al., 2008). The OS destroys the neurons that produce
Catecholamines such as adrenaline, noradrenaline,
and dopamine in the brain, thereby leading to neuro-
logical diseases, including Parkinson’s disease (Sayre
etal., 2008). The H,O, that causes OS destroys nerve
cells in the brain of rats that producing neurotrans-
mitters such as dopamine (Hussain et al., 1995) and
it causes oxidation in the neurotransmitter dopamine
to neurotoxic compound (Sayre et al., 2008). It was
found that H,O, increases the secretion of dopamine
and noradrenaline neurotransmitters from the neu-
rons of the brain of rats and increases their effect on
their receptors by inhibiting the reuptake of these
neurotransmitters into the neuron (Langeveld et al.,
1995). H,0O, is used to induce OS and study neuro-
pathological effects in the brain because it stimulates
glutamate receptors by increasing secretion, increas-
ing Nitric Oxide production, increasing the percent-
age of programmed neuronal cell death (Apoptosis)
(Fatokun et al., 2007). The OS is the causative agent
of diseases, neuropathy, and the cause of epilepsy cas-
es, as it was found that stimulating the receptor of glu-
tamate leads to the occurrence of these cases (Coyle
and Puttfarcken, 1993).

EFFECT OF DIFFERENT STRESS METHODS
ON THE PHARMACOLOGICAL RESPONSE
OF SOME DRUGS ACTING ON THE NERVOUS
SYSTEM

It was found that OS destroys the cell membrane by
the lipid peroxidation process and leads to a change in
the cell membrane’s biological properties, including
fluid entering the cell and disrupting or losing the re-
ceptor function in the cell membrane (Dalle-Donne et
al., 2006; Donne et al., 2006). Stress factors involved
in modulating the pharmacological responses of some
neuroacting drugs were illustrated in Table 1.

Impairment of intrasoeilular
signaling
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Figure 1. Flow chart of the impact of the OS on the cellular components (Kar and Choudhury, 2016).
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Figure 2. Flow chart of the OS involved in neurotransmitters and neuronal dysfunction (Kar and Choudhury, 2016).

Table 1. Summary of the stress factors involved in the modulation of the pharmacological responses of some neuroacting drugs

Stress factor Neuroacting drug Model Drug |Theory of interaction Reference
response
H,0, Diazepam Chickens + + affinity; -metabolism Mousa and
and excretion; K Mohammad, 2012a;
channels opening; modify 2012c; Zhang et al.,
pharmacokinetic parameters |2002
Xylazine Chickens + + affinity; - metabolism and |Mousa and
excretion Mohammad, 2012b
Ketamine Chickens + + affinity; - metabolism and |Mousa, 2014
excretion
Propofol Chickens + + affinity; - metabolism Ahmed, 2010
Detomidine-ketamine |Rabbits + Down regulation; - Wohaiceb et al., 1994
metabolism
Pentobarbital Rats + + affinity; - metabolism Mohammad et al., 1999
Neuroleptics Rats - Activating Ca™ channels; - | Akaishi et al., 2004
NT release
Benzoquinone Rats - - affinity and metabolism Baigi et al., 2008
Chlorpyrifos Rats + + free radical formation Mehta et al., 2009
Paraquat Rats + + lipid peroxidation Weidauer et al., 2004
Antiepileptic drugs Humans - + lipid peroxidation; Lopez et al., 2007
- antioxidant defense
mechanism
Cadmium Detomidine-ketamine |Mice + + oxidative damage in the Mohammad, 1994
CNS
xylazine Mice + + inhibition of the CNS Mohammad et al., 2000
Doxorubicin Diazepam Humans + + inhibition of the CNS Abdel Baky and Ali,
2009
Ethanol Neuroacting steroids | Rats and + + basal levels Porcu and Morrow,
Humans 2014
Nicotine Propofol Rats + Changes in brain metabolism | Khokhar and Tyndale,
2011
Immersion Benzodiazepines Chickens + + affinity Garcia et al., 2002
Restraint Endotoxin Mice - + Glucocorticoid release Kasahara et al., 2015
Foot shock Neuroacting steroids | Rats + + GABA, receptor function |Barbaccia et al., 1996

+: Increase; -: Decrease; NT: Neurotransmitter; CNS: Central nervous system
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STRESS-INDUCING PHARMACODYNAMIC
INTERACTION

Stress can induce a modification in the pharma-
cological response of the neuroacting drugs in one or
more ways through increasing the binding sites at the
receptors, increasing the receptors’ susceptibility, and
decreasing the numbers of the receptors (down-reg-
ulation). The stress can reduce the RNA production,
which inhibits the development and production of
protein substances in the cell, including protein recep-
tors within the cell and those on the cell membrane,
causing a reduction in the receptors’ number (Craw-
ford et al., 1997; Gunn et al., 2015).

STRESS-INDUCING
INTERACTION
Stress modifies drug disposition and availability to
the target receptors by increasing the absorption of the
drug from the site of treatment and alters their distri-
bution by the destruction of the protein binding while
decreasing the metabolism by affecting the cyto-
chrome P, enzymes responsible for drug elimination
and effect termination and later decrease drug excre-

tion (Mohammad et al., 1999; Mousa, 2012; Mousa

PHARMACOKINETIC

and Mohammad, 2012c).

CONCLUSIONS

In conclusion, there are many methods of stress-
ors used for induction of stress in animal models like
chemical, physical and miscellaneous stressors and
the majority of them practices the chemical method
by using H O,. Most studies suggest an alteration of
the pharmacological response of neuroacting drugs,
commonly by potentiating their efficacy and subse-
quent toxicity, due to different stress methods, which
may be obligated to the direct and indirect receptor
modification (pharmacodynamic interaction) in ad-
dition to the direct pharmacokinetic influence on the
essential parameters of absorption, distribution, me-
tabolism, and excretion of the neuroacting drugs.
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SUMMARY: This research aimed to investigate the diversity of faecal enterococci isolated from wild birds, to de-
tect their antibiotic resistance patterns and to determine their distribution of genes related to vancomycin resistance.
Additionally, to investigate their virulence factors that are important in the development of the disease. One hundred
seven cloacal/rectal samples were inoculated onto Enterococcus Agar, and presumptive colonies were identified and
confirmed by PCR. Multiplex PCR assays were used to screen vand, vanB, vanC1 and vanC2/3. The virulence-related
genes; ace, gelE, efa and agg were determined by PCR. Among the 103 enterococci, 62 E.faecalis, 23 E.faecium 3
E.gallinarum, 2 E.durans, 1 E.casseliflavus and 12 Enterococcus spp. were identified. Of the 103 enterococci, 26 were
found to be resistant against to three or more antibiotics. The highest percentages were detected for chloramphenicol
(52%), tetracycline (33%) and erythromycin (30%). Two E.gallinarum isolates were harboring three virulence factors,
and one isolate was carrying a single virulence factor. There is no virulence factor in the E.casseliflavus isolate. Also,
vanA and vanB genes were not found. Forty-two of 103 enterococci were harboring virulence factors, more frequently
in E.faecalis. Forty-two enterococci carried efa 4, 31 isolates carried gel E, and ace was found in 18 isolates. Viru-
lence gene agg was not detected. When the results of the study were evaluated in general, multiple drug resistance
was described as 25%. Considering the risk of polluting the water resources of wild animals, it is suggested that the
continuity of this type of epidemiological study in wildlife animals is necessary. In conclusion, the wild birds may act
as substantial reservoirs carrying antimicrobial resistance among enterococci and estimate the potential risk for man,
pets and farm animals.
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INTRODUCTION

he wildlife can act an essential role in antimicro-

bial resistance (AMR) dynamics and many wild
animal species harbor multidrug-resistant (MDR)
bacteria in a wide variety of natural environments
(Vittecoq et al., 2016). Even though wild birds have
only rare contact with antibiotics, they can acquire
and disseminate resistant bacteria (Oravcova et
al.,2018).Water contact, livestock, food chain and the
soil appears are the main routes to the transmission of
resistant bacteria originated from human or veterinary
(Radhouani et al.,2012).

Enterococcus spp. is an intestinal flora bacteria
of mammals, birds, invertebrates and some reptiles
(Aarestrup, 2005) and is also found in various en-
vironments such as water, soil and sewage (Werner,
2012). Some species are important human pathogens
and they have appeared as the fundamental causes of
nosocomial infections worldwide (Poeta et al.,2005).
Enterococci is an indicator of faecal contamination
of environmental pollution. It is often used to detect
AMR in both human and animal populations (Rad-
houani et al.,2012; Radimersky et al., 2010). In the
world, Enterococcus faecalis, together with Entero-
coccus faecium are ranked as 3™ and 4"among the no-
socomial pathogens (Werner,2012).

Vancomycin is an antimicrobial agent used for
Gram-positive bacterial infections and can moreover
apply for preventive treatments in humans. Two types
of vancomycin resistance have been defined in ente-
rococci. The first is acquired type (vand, vanB, vanD,
vankE, vanG, vanl), which is observed mostly in E. fae-
calis and E. faeciumspecies, is inducible resistance.
The second one is the intrinsic type (vanC) which is
related to Enterococcus casseliflavus/flavescens and
Enterococcus gallinarum species, is a low-level re-
sistance to vancomycin (Bagcigil et al.,2016; Silva
et al.,2011). The emergence of vancomycin-resistant
enterococci (VRE) with acquired mechanisms, exclu-
sively those carrying vand, vanB or vanC genes have
been described worldwide in humans and animals
with different incidences. Therefore, the significant
increasing prevalence in VRE is seen as a worldwide
health problem (Yahia et al.,2018). Various studies
have described the incidence of VRE in wild birds,
besides in other wild animals in many states (Poeta et
al.,2005; Radhouani et al., 2014; Silva et al., 2010).

Severe infections due to enterococci are caused
by the adhesion and secretory virulence genes. Vir-
ulence factors such as aggregation substance (agg),

gelatinase (gelE), collagen-binding cell wall protein
(ace), enterococcal surface protein (esp), hyaluro-
nidase (Ay/), endocarditis antigen (efad) and cytol-
ysin (Cyl) increase the severity of the infection and
contribute to the pathogenesis of their infections by
adhering to host tissue, colonisation, increasing inva-
sion and modulating the host immune system (Celik
et al., 2017).These genes have been demonstrated in
wild birds and have been reported to pose a hazard to
man (Klibi et al., 2015; Poeta et al.,2005).

The purpose of there search was to examine the
diversity of faecal enterococci in wild birds, their an-
tibiotic resistance patterns, their distribution of genes
related to vancomycin resistance, and the occurrence
of virulence factors.

MATERIALS AND METHODS

Samples

From one hundred and seven wild birds, cloacal
swabs were recovered from November 2017 to Febru-
ary 2018 in Istanbul regions. The distribution of sam-
ples was as follows: 1- Passeriformes: crow (n=2),
starling (n=1); 2- Non-Passeriformes: pigeon (n=26),
collared dove (n=11), owl (n=1), little owl (n=2), taw-
ny owl (n=1), long-eared owl (n=1), woodcock(n=2);
3- Waterfowl: white stork (n=1), grey heron (n=1),
little gull (n=6), seagull (n=35), bittern (n=1), cormo-
rant (n=2); 4- Birds of prey: kestrel (n=1), common
buzzard (n=3), sparrow hawk (n=6), Short-toed snake
eagle (n=1), honey buzzard (n=3). The samples were
taken from the animals brought to the Wildlife Reha-
bilitation Centre of Faculty of Veterinary Medicine,
Istanbul University Cerrahpasa, before the treatment.

Bacterial isolation

Swabs were inoculated into Enterococ Broth and
incubated at 37°C for 24 hours. Cultures with colour
change were subcultured onto Enterococ Agar (EA)
when the black pinpoint colonies were selected as
presumptive enterococci. Catalase negative, growth
in 6.5% NaCl positive and esculin hydrolysis positive
colonies estimated as presumptive enterococci and
established by PCR (Ke et al., 1999). They were then
identified by API ID20 Strep system (BioMérieux,
France). PCR primers were presented in Table 1.

Antimicrobial susceptibility test

Isolates were tested by standard disk diffusion
procedures to eight antimicrobials from 6 different
antimicrobial classes (CLSL,2016). The antimicro-
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bial agents tested were as follows: ciprofloxacin (5
ng), gentamicin (10 pg), streptomycin (30 pg), chlo-
ramphenicol (30 pg),tetracycline (30 pg), ampicillin
(10 pg), erythromycin (10 pg), vancomycin (30 pg).
MDR was considered as resistant at least three differ-
ent antimicrobial classes.

Vancomycin Resistance Genes

Multiplex PCR assays were used with specific
primers for vand, vanB, vanCland vanC2/C3 (Kari-
yama et al.,2000). The multiplex PCR assay was
made E. faecalis V583 (vanB), E. faecium BM4147
(vanA), E. casseliflavus DSMZ 20680 (vanC2/C3),
E. gallinarum BM4174 (vanCl) and E. faecium
CCUGS542(vancomycin-susceptible) were used as
reference strains (Table 1).

Virulence Genes

The occurrence of genes was established by PCR
as described (Mannu et al.,2003). The tested genes
were: aggregation substance (agg), gelatinase (gelE),
endocarditis antigen (efaA), and collagen-binding cell
wall protein (ace). E. faecalis ATCC 29212, E. faeci-
um ATCC 6057 and E. faecalis NCDO 581 were used
as reference strains for positive and negative controls.

Table 1: PCR primers and their products

RESULTS

Diversity of isolates

Enterococci were isolated in 96 out of 107 faecal
samples (89.7%). One hundred three Enterococcus
species recovered from 96 wild birds.The predomi-
nant species were E.faecalis (n=62), followed by E.
faecium (n=23), E.gallinarum (n=3), E.durans (n=2)
and E.casseliflavus (n=1). Twelve isolates could not
be recognised to the species level. They were evalu-
ated a sEnterococcus spp.

Antibiotic susceptibility testing

MDR was determined in 26 of 103 strains. The
highest antibiotic resistance was found against
chloramphenicol (53,4%), followed by tetracycline
(32%), erythromycin (30%), streptomycin (21.3%),
ampicillin (9.7%), ciprofloxacin (6.8%), gentamicin
(5.8%).Vancomycin-resistance was not discovered in
the isolates. MDR was determined 48% in E.faecium
and 18% in E.fecalis isolates. Antibiotic resistance re-
sults of the isolates were presented in Table 2.

Gene and primers Sequence ;;Z(:;;; Reference

Enterococcus spp. 5'-TACTGACAAACCATTCATGATG-3' 112 Ke et al., 1999
5'-AACTTCGTCACCAACGCGAAC-3’

vanA 5’-CATGAATAGAATAAAAGTTGCAATA -3° 1.030 Devriese and Pot 1995
5’-CCCCTTTAACGCTAATACGATCAA -3’

vanB 5’-AAGCTATGCAAGAAGCCATG -3’ 536 Lopez et al. 2011
5’-CCGACAATCAAATCATCCTC -3’

vanCl 5’-GGTATCAAGGAAACCTC -3’ 822
5’-CTTCCGCCATCATAGCT -3’

vanC2/C3 5’-CGGGGAAGATGGCAGTAT -3° 484
5’-CGCAGGGACGGTGATTTT -3’ Devriese and Pot 1995

rrs (16S rRNA) 5’-GGATTAGATACCCTGGTAGTCC -3’ 320
5’-TCGTTGCGGGACTTAACCCAAC -3’

ace 5’-AAAGTAGAATTAGATCCACAC-3’ 320
5’-TCTATCACATTCGGTTGCG-3’

gelE 5’>-AGTTCATGTCTATTTTCTTCAC-3’ 402
5’-CTTCATTATTTACACGTTTG-3’ Mannu et al. 2003

efaA 5’-CGTGAGAAAGAAATGGAGGA-3’ 499
5’-CTACTAACACGTCACGAATG-3’

AS 5’-CCAGTAATCAGTCCAGAAACAACC-3’ 406

5’-TAGCTTTTTTCATTCTTGTGTTTGTT-3’
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Table 2: Antibiotic resistance results of the isolates

E.faecalis E.faecium E.gallinarum E.casseliflavus E.durans  Enterococcus spp
(n=62) (n=23) (n=3) (n=2) (n=1) (n=12)
Erythromycin 15 11 - - 2 3
Ciprofloxacin 2 3 - 1 - 1
Tetracycline 21 8 1 - 1 2
Gentamicin 3 2 - - - 1
Streptomycin 10 8 - - 1 3
Ampicillin 2 6 - - - 2
Chloramphenicol 24 19 1 1 2 8
Vancomycin - - - - - -
Table 3: Patterns of antibiotic resistance of the isolates
E.faecalis E.faecium E.gallinarum E.casseliflavus E.durans Ente;;;;occus
E+T+Ch 3 - - - - -
E+T+S 1 - - - - -
E+S+ Ch - 1 - - - 1
E+A+ Ch - 2 - - - -
T+S+ Ch - 2 - - - -
C+A+ Ch - 1 - - - -
E+T+S+ Ch 3 3 - - 1 1
E+C+T+S+ Ch 1 - - - - -
E+T+G+S+ Ch 2 1 - - - -
C+G+S+A+ Ch - - - - - 1
E+T+G+S+A+ Ch 1 - - - - -
E+C+T+S+A+ Ch - 1 - - - -
E+C+T+G+S+A+ Ch - 1 - - - -

C: ciprofloxacin G: gentamicin S: streptomycin T: tetracycline Ch: chloramphenicol A: ampicillin E: erythromycin

Thirteen different resistant patterns were observed
among 103 enterococci isolates. Only one isolate (E.
faecium) was resistant to all antibiotics used. Two
of the isolates were resistant to 6 different antibiotic
groups and 5 of the strains were resistant to 5 different
antibiotic groups. MDR was described in 11 (17.7%)
E. faecalis isolates and 11 (47.8%) E. faecium iso-
lates. The AMR patterns of isolates are shown in Ta-
ble 3.

Vancomycin Resistance Genes

Four of the 103 isolates had an intrinsic resistance
gene. Three isolates were harbored the vanCI gene.
One isolate carried vanC2 gene. No strains were har-
bored the vanA and the vanB genes.

Virulence Genes

Forty-three (41.7%) of 103 enterococci had viru-
lence genes. Forty-two (40.7%) enterococci harbored
efad. Besides, the gelE gene was discovered in 31
(30.1%) isolates, and the ace gene was detected in 18
(17.4%) isolates. None of the isolates was harbored

agg gene. The multiple virulence factors were deter-
mined in 31 enterococci. Seventeen isolates carried
three virulence genes. 13 of 14 isolates carrying two
genes contained gel/E and efad genes, while 1 of them
carried ace and efaAgenes.The multiple virulence fac-
tors were described in 3 of 3 E. gallinarum, followed
by 27/33 E.faecalis isolates.While 60 isolates did not
contain any virulence factor.Virulence genes patterns
were presented in Table 4.

A total 26 multiple antibiotic-resistant isolates
were harbored the efa A gene with 38.4%, the gelE
gene with 26.9 % and the ace gene with 19.2 % prev-
alence.

Two E.gallinarum isolates were harboring three
virulence factors and one isolate was carrying a single
virulence factor. There is no virulence factor in the
E.casseliflavus isolate.

The results of the diversity of wild birds, isolates,
vancomycin resistance genes, virulence genes, and
the level of AMR were summarised in Table 5.

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)



B. DIREN SIGIRCI, B. CELIK, B. HALAC, B. BASARAN KAHRAMAN, A. F. BAGCIGIL, S. AK

3019

Table 4: Virulence genes patterns

E.faecalis  E.faecium E.gallinarum E.casseliflavus  E.durans Enter;;occus

Efa A 5 1 _ } I 3

gelE 1 - - ) - -
ace - - N § - -
ags - - - - ; -
gelE + efa A 11 1 1 - - -
ace + efaA 1 _ N : - -
gelE+efa A +ace 14 1 P N i -

Table 5: The results of the diversity of wild birds, isolates, vancomycin resistance genes, virulence genes and the level of AMR

Diversity of isolates

Vancomycin

. Virulence genes
resistance genes

Diversity of wild birds

E.spp Ef. Efc. E.g E.c. E.d. vf;n vgn vg:c 6");2’3 ace gelE efa A agg L:‘;[ll:f
Passeriformes
crow (n=2) - 2 - - - - - - - 1 1 1 - -
starling (n=1) - - - - - - - - - - - - - -
Non-Passeriformes
pigeon (n=26) 5 8 13 - - - - - - 1 5 7 - 26,9%
(7/26)
collared dove (n=11) - 5 2 1 1 - - C C, 2 4 4 - 18,2%
(2/11)
little owl (n=2) - 1 1 - - - - - - - - - - -
owl (n=1) - 1 - - - - - - - - - - - -
tawny owl (n=1) - 1 - - - - - - - - - - - -
long-eared owl (n=1) - - 1 - - - - - - - - 100% (1/1)
woodcock (n=2) - 1 - 1 - - - C - - 2 2 - -
Waterfowl
white stork (n=1) - 1 - - - - - - - - - 1 - -
grey heron (n=1) - 1 - - - - - - - - - - - 100% (1/1)
little gull (n=6) 1 5 - - - - - - - 1 1 3 - 33,3% (2/6)
seagull (n=35) 2 26 5 - - - - - - 10 13 17 - 31,4%
(11/35)
bittern (n=1) - 1 - - - - - - - - - - - -
cormorant (n=2) 1 - - 1 - - - C - 1 1 1 - 50% (1/2)
Birds of prey
honey buzzard (n=3) 1 2 - - - - - - - - 1 1 - -
Short-toed snake eagle (n=1) 1 - - - - - - - 1 1 1 - -
sparrow hawk (n=6) 2 2 1 - - - - - - - 1 - -
common buzzard (n=3) - 3 - - - - - - - 1 2 2 - -
kestrel (n=1) - 1 - - - - - - - - - 1 - -

E spp: Enterococcus spp E.f : E.faecalis E.fc.: E.faecium E.g.: E.gallinarum E.c.: E.casseliflavus E.d.: E.durans

DISCUSSION

Because of their variety in ecological niches and
their ease in obtaining to man and environmental bac-
teria, wild birds can act as a pre-definitive role for the
bacterial load. Although antibiotic treatment is not
applied to wild animals, antibiotic-resistant bacte-
ria were reported in them. It is still unclear how the
MDR and related genes have spread from man and
animals to wildlife. Many researchers emphasised
several possible transmission routes, including direct

contact with infected individuals, their faeces, food
chain, water and soil (Han et al.,2011;Vittecoq et al.,
2016; Yahia et al.,2018). Moreover, they underlined
that wild mammals and birds could serve as reservoirs
of resistance determinants, can spread and facilitate
their transfer over large areas through the migration
period or seasonal variations (Lozano et al., 2016;
Oravcova et al.,2014; Splichalova et al.,2015). Then,
wild birds can be regarded as an excellent indicator of
the distribution of AMR in wildlife and could cause
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a severe public health problem. (Lozano et al., 2016;
Radimersky et al. 2010).

The authors reported the isolation of Enterococcus
spp. from the wild bird’s faeces worldwide. Blanco
et al. (2006) isolated E. faecium and E. durans with a
prevalence of up to 64 % from the Egyptian Vulture.
E. faecalis and E. gallinarum were detached with 80
% prevalence from raptors and owls (Marrow et al.,
2009). Radhouani et al. (2012) identified enterococci
with a prevalence of 74 % from the Common Buzzard.
Radimersky et al. (2010) determined the prevalence of
enterococci as 58 % from feral domestic pigeons and
identified the isolates as E. faecalis, E. faecium, E.
gallinarum, E. casseliflavus, E. hirae, E. durans and
E. mundtii. Splichalova et al. (2015) detected six dif-
ferent species from Coraciiform birds and determined
the prevalence as 74 %. Yahia et al. (2018)recovered
enterococci from wild birds with 52% prevalence. In
Turkey, Akgul et al. (2016) determined the prevalence
of enterococci as 23.8% from the gulls. In our study,
the rate of enterococci from wild birds was 89.7%,
which is higher than the other reports. The difference
between rates could be based on multiple criteria, in-
cluding geographical differences, sampling techniques
and detection methods. Although a limited number of
wild bird species were investigated in other studies, a
lot of different species studied in this study can cause
this difference.

Many authors emphasised that E. faecalis were the
predominant enterococci with 25-67% prevalence (Po-
eta et al., 2005; Radimersky et al., 2010; Splichalova et
al., 2015; Yabhia et al., 2018). Conversely, some authors
described that E.faecium was the main species with 48-
82%. In the current research, E.faecalis prevalence is
60%, and E.faecium is 22%. Since these two species are
considered as an emerging human pathogen, the high
isolation rate of these species should not be ignored.

Even though infections due to the other enterococ-
ci species were much less frequent, the clinical cases
have been reported (Cetinkaya et al., 2000; Janoskova
and Kmet, 2004). Splichalova et al. (2015) indicated
that the prevalence of E.casseliflavus was 32% in the
coraciiform birds. Radimersky et al. (2010) showed
that they identified E.casseliflavus and E.gallinarum
from wild birds with a prevalence of 8% and E.durans
with 13%. Klibi et al. (2015) reported 4% prevalence
for E.gallinarum, E.casseliflavus, and 1% for E.du-
rans. In the current study, although the isolation rate
was low, E.gallinarum, E.durans, and E.casseliflavus
were described with 3%, 2% and 1% rate, respectively.

In the list of “Critically Important Antimicrobials for
Human Medicine” of the World Health Organization
(WHO), chloramphenicol and tetracycline were stated
as “highly important antimicrobials”. Erythromycin,
streptomycin, ciprofloxacin, gentamycin, and ampicil-
lin were considered as “critically important antimicro-
bials” (WHO). According to the“List of Antimicrobials
of Veterinary Importance” of the World Organisation
for Animal Health (OIE), tetracycline and ampicillin
were considered as “essential” agents and erythromy-
cin and streptomycin were regarded as extremely im-
portant (OIE). In studies investigating antibiotic resist-
ance profiles in different wild birds, mostly the highest
resistance was seen to tetracycline (Han et al.,2011;
Radhouani et al.,2012; Radimersky et al.,2010; Yahia
et al., 2018). Further, erythromycin, ciprofloxacin, gen-
tamicin, and lincomycin resistance were established
in the range of highest to a moderate level (Klibi et
al.,2015; Oravcova et al.,2014; Radhouani et al.,2012;
Radimersky et al.,2010; Splichalova et al.,2015; Yahia
et al.,2018). The prevalence of antimicrobial-resistant
enterococci in wild birds investigated in this research
was high. The primary resistance was found against
chloramphenicol (53.4%). Since chloramphenicol is
considered to be critically essential antimicrobials of
the WHO, the high resistance detected in our region
requires special attention for human health.

High resistance was also shown against tetracy-
cline 32%, and erythromycin 30%. In recent years,
interest in wildlife has started to increase. In many
cities in our country, there is a veterinary faculty
hospital and Wildlife Rehabilitation Center, which is
connected to universities or ministries. As there are
positive aspects, the release of animals recovered
after antibiotic treatment to nature suggests that the
increase of AMR in these wild animals may lead to
adverse effects. The higher resistance to antibiotics
can be attributed to this and also, as noted in the other
publications, this may be due to the relatively higher
use of these antibiotics in the medicine, in the agri-
culture and as a growth factor. Depending on these
factors, it is possible for bacteria to gain resistance
against antibiotics as a result of the pollution of nature
and water resources. It is thought that Non-Passeri-
formes and Waterfowl birds such as pigeons, seagulls,
and doves can be more affected by this contamination
because they live more closely with the public. In this
study, the results of the MDR (33.3% in Waterfowl
birds, 25.6% in Non-Passeriformes birds, no resist-
ance in Passeriformes birds and Birds of prey) (data
not shown) support this hypothesis.
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In enterococci isolated from animals and humans,
MDR is widespread because of their natural (intrin-
sic) resistance mechanisms. They can adapt to the en-
vironment and can gain other antimicrobial resistance
determinants (Lozano et al., 2016). Consequently,
there is a minimal treatment option. In this research,
the antibiotic resistance patterns were determined
using seven antibiotics from 6 different antibiotic
groups. MDR was shown in 26 isolates (25.2%), and
our results were similar to the others (Radimersky et
al.,2010; Santos et al., 2013). Resistance to three or
more antibiotics was revealed 17.7% in E.faecalis and
47.8% in E. faecium. These results were parallel with
Radhouani et al. (2014) indicated that AMR of E.fae-
cium was highest than E.faecalis isolates.

Enterococci exhibit a natural resistance to many
antimicrobial agents as well as various acquired AMR
genes transmittable to other bacteria (Vittecoq et
al.,2016). One of them vancomycin, which has recog-
nised as essential healthcare causes Mondial, is two
resistance mechanisms. The first is low-level intrinsic
type, which is related with E.gallinarum (vanCl), E.
casseliflavus (vanC2) and E.flavescens (vanC3) spe-
cies. The second one is acquired type (vanA/B/D/E/G/
L/M/N) and is frequently described in E.faecium and
E.faecalis. (Bagcigil et al.,2016; Silva et al.,2011) The
vanA-type resistance is highest common resistance fac-
tor than vanB-type (Werner,2012). The emergence of
vanA, van B or vanC genes has been informed world-
wide in wild birds with different incidences (1-10.5%)
(Oravcova et al.,2014; Poeta et al., 2005; Radhouani et
al.,2014; Silva et al., 2011; Yahia et al.,2018)

Acquired-Vancomycin resistance did not appear in
this research. While 3.8% of isolates presented intrin-
sic vancomycin resistance. E.gallinarum contained
vanCl, and one E.casseliflavus isolate harbored
vanC2. Klibi et al. (2015) determined that intrinsic
vancomycin resistance was recovered from 5.4% of
faecal samples. Some researchers proposed that en-
terococcal species with low-level vancomycin resist-
ance might frequently be existing in the microbiota of
some birds (Lozano et al., 2016; Sellin et al., 2000).

The studies conducted on enterococci’ virulence
factors focused on wild animals are insufficient (Poeta
et al., 2005; Radhouani et al.,2010; Silva et al.,2011).
One of these limited studies was underlined E. faeca-
lis has at least one virulence genes, and 38% of these
isolates were harboured three virulence genes (Poeta
et al., 2005). Radhouani et al. (2014) indicated that E.
faecalis carry more virulence factors than E.faecium.

In this research, the multiple virulence genes were de-
tected more commonly in E. faecalis followed by E.
faecium with 66.6 % prevalence. Fifty-three point two
percent of E. faecalis was harbored at least one of the
virulence genes, and most of them (81.8 %) carried
the multiple virulence factors. In this research, also,
the numerous virulence factors in E. gallinarum were
detected with 100%; however, this high prevalence
may be associated with a low number of isolates.

Endocarditis antigen was more frequently detect-
ed virulence treat genes coded by efad gene (40.7%).
Even though the biological role of efad gene was
relatively unknown, our results were similar with the
studies which indicated the majority of genes that en-
code efad in all type of samples (Creti et al.,2004;
Eaton and Gasson, 2001).

Gelatinase, encoded by gel/E gene, detection rate
increased endocarditis cases in animals such as 75.3
% (Poeta et al.,2005). Contrarily, Klibi et al. (2015)
reported the low prevalence of ge/E with 12.3 % and
Silva et al. (2011) described the absence of virulence
factors in wild birds. In this research, the prevalence
of the gelE was 30.1% and 43.5 % of E.faecalis strains
had been found positive for gel production.

The ace gene which is an accessory colonisation
factor encodes a putative protein with similar character-
istics to mediate the adherence to collagen. Silva et al.
(2011) detected ace virulence genes in 4 VRE isolates.
Klibi et al. (2015) and Poeta et al. (2005) recognised
the gene in nearly 10% of E. faecalis isolates. In our
research, the prevalence of ace gene founded as 17.4%.
On the contrary, E.faecalis prevalence was 24.1 %.
These differences may occur from regional variation.

The agg gene, which is an aggregative pheromone,
stimulated adherence to extra matrix protein. They
have been previously found in enterococci species in
a study (Semedo et al., 2003). Silva et al. (2011) re-
ported the absence of agg in wild birds and this result
supports these findings.

In the present research, the efa gene was the fre-
quently carried gene in 26 AMR isolates with 38.4 %
prevalence. The increasing virulence discovered in E.
faecalis may probably conduct the extended of MDR
in the environment (Yahia et al., 2018).

CONCLUSION
In our country, to our knowledge, this is a first re-
port from the different species of the wild bird with
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a significantly high prevalence. When the results of
the study were evaluated in general, MDR was high-
lighted in a quarter of the isolates. Considering the
hazard of polluting the water resources of wild birds,
it is suggested that this type of epidemiological study
should be maintained in wildlife animals.

ACKNOWLEDGMENT

This research was presented in 2. International
Veterinary Microbiology Congress, 16-19 October
2018, Antalya, Turkey.

CONFLICT OF INTEREST
None declared.

REFERENCES

Aarestrup FM (2005) Veterinary drug usage and antimicrobial resistance in
bacteria of animal origin. Basic & clinical pharmacology & toxicology
96(4): 271-281.

Akgiil O, Giilhan T, Giidiiciioglu H (2016) Tavuk ve mart1 kokenli enterokok
tiirlerinin antibiyotik direngliliginin fenotipik ve genotipik analizi. Vet J
Ankara Univ 63: 235-244.

Bagcigil AF, Koenhemsi L, Celik B, Metiner K, Or ME, Ak S (2016) Exam-
ination of vancomycin-resistant Enterococci (VRE) isolated from canine
and feline rectal swabs. J Fac Vet Med Istanbul Univ 42(2): 111-116.

Blanco G, Lemus JA, Grande J (2006) Faecal bacteria associated with differ-
ent diets of wintering red kites: influence of livestock carcass dumps in
microflora alterationand pathogen acquisition. J Appl Ecol 43: 990-998.

Celik B, Bagcigil AF, Koenhemsi L, Adiguzel MC, Or ME, Ak S (2017) De-
termination of Ampicillin Resistant Enterococci (ARE) Isolated From
Canine and Feline Rectal Swabs. J Fac Vet Med Istanbul Univ 43 (1): 1-6.

Cetinkaya Y, Falk P, Mayhall CG (2000)Vancomycin-resistant enterococci.
Clin Microbiol Rev 13(4) : 686-707.

Clinical and Laboratory Standard Institute (2016) Performance Standards for
Antimicrobial Susceptibility Testing; 22nd Informational Supplement
M100-A22. Wayne, PA: Clinical and Laboratory Standards Institute.

Creti R, Imperi M, Bertuccini L, Fabretti F, Orefici G, Di Rosa R, Baldassarri
L (2004) Survey for virulence determinants among Enterococcus faecalis
isolated from different sources. J Med Microbiol 53: 13-20.

DevrieseL, Pot B, Kersters K, Lauwers S, Haesebrouck F (1996) Acidifica-
tion of methyl-a-D-glucopyranoside: A useful test to differentiate Ente-
rococcus casseliflavus and Enterococcus gallinarum from Enterococcus
Jfaecium species group and from Enterococcus faecalis. J Clin Microbiol
34: 2607-2608.

Eaton TJ, Gasson MJ (2001) Molecular screening of Enterococcus virulence
determinants and potential for genetic exchange between food and medi-
cal isolates. Appl Environ Microbiol 67: 1628-1635.

Han D, Unno T, Jang J, Lim K, Lee SN, Ko G, Hur HG (2011) The occurrence
of virulence traits among high-level aminoglycosides resistant Enterococ-
cus isolates obtained from faeces of humans, animals, and birds in South
Korea. Int J Food Microbiol 144(3): 387-392.

Jénoskova A, Kme V (2004) Vancomycin resistance genes in Enterococcus
spp. strains isolated from alpine accentor and chamois. Acta Vet Brmo
73(2): 211-214.

Kariyama R, Mitsuhata R, Chow JW, Clewell DB, Kumon H (2000)Simple
and reliable Multiplex-PCR assay for surveillance isolates of vancomy-
cin-resistant enterococci. J Clin Microbiol 38: 3092-3095.

Ke D, Picard FJ, Martineau F, Ménard C, Roy PH, Ouellette M, Bergeron MG
(1999) Development of a PCR assay for rapid detection of Enterococci. J
Clin Microbiol 37(11): 3497-3503.

Klibi N, Amor IB, Rahmouni M, Dziri R, Douja G, Said LB, Torres C (2015)
Diversity of species and antibiotic resistance among fecal enterococci
from wild birds in Tunisia. Detection of vanA-containing Enterococcus
faecium isolates. Eur J Wildl Res 61(2): 319-323.

Lopez M, Tenorio C, Torres C (2011) Study of vancomycin resistance in faecal
enterococci from healthy humans and dogs in Spain a decade after the
avoparcin ban in Europe. Zoonoses Public Health 60:160-167.

Lozano C, Gonzalez-Barrio D, Camacho MC, Lima-Barbero JF, de la Puente
J, Hofle U, Torres C (2016) Characterization of fecal vancomycin-resist-
ant enterococci with acquired and intrinsic resistance mechanisms in wild
animals, Spain. Microbial ecology 72(4): 813-820.

Mannu L, Paba A, Daga E, Comunian, R, Zanetti S, Dupre I, Sechi LA (2003)
Comparison of the incidence of virulence determinants and antibiotic re-
sistance between Enterococcus faecium strains of dairy, animal and clini-
cal origin. Int J of Food Microbiol 88(2): 291-304.

Marrow J, Whittington JK, Mitchell M, Hoyer LL, Maddox C (2009) Preva-
lence and antibiotic-resistance characteristics of Enterococcus spp. isolat-

ed from free-living and captive raptors in central Illinois. J Wildlife Dis
45(2): 302-313.

OIE list of antimicrobial agents of veterinary importance. Paris. World Organi-
sation for Animal Health (2015) (http://www.oie.int/fileadmin/Home/eng/
Our_scientific_expertise/docs/p (Accessed 10 January 2019)

Oravcova V, Zurek L, Townsend A, Clark AB, Ellis JC, Cizek A, Literak I
(2014) American crows as carriers of vancomycin-resistant enterococci
with vanA gene. Environ Int 16(4): 939-949.

Oravcova V, Peixe L, Coque TM, Novais C, Francia MV, Literak I, Freitas AR
(2018) Wild corvid birds colonized with vancomycin-resistant Enterococ-
cus faecium of human origin harbour epidemic vanA plasmids. Environ
Int 118: 125-133.

Poeta P, Costa D, Saenz Y, Klibi N, Ruiz-Larrea F, Rodrigues J, Torres C
(2005) Characterization of antibiotic resistance genes and virulence fac-
tors in faecal enterococci of wild animals in Portugal. J Vet Med 52(9):
396-402.

Radhouani H, Pinto L, Coelho C, Sargo R, Araujo C, Lopez M, Torres C, Ig-
rejas G, Poeta P (2010) MLST and a genetic study of antibiotic resistance
and virulence factors in vanA-containing Enterococcus from buzzards
(Buteo buteo). Lett Appl Microbiol 50: 537-541.

Radhouani H, Poeta P, Goncalves A, Pacheco R, Sargo R, Igrejas G (2012)
Wild birds as biological indicators of environmental pollution: antimicro-
bial resistance patterns of Escherichia coli and enterococci isolated from
common buzzards (Buteo buteo). ] Med Microbiol 61(6): 837-843.

Radhouani H, Silva N, Poeta P, Torres C, Correia S, Igrejas G (2014) Potential
impact of antimicrobial resistance in wildlife, environment and human
health. Frontiers in microbial 5: 23.

Radimersky T, Frolkova P, Janoszowska D, Dolejska M, Svec P, Roubalova E,
Literak I (2010) Antibiotic resistance in faecal bacteria (Escherichia coli,
Enterococcus spp.) in feral pigeons. J App Microbiol 109(5): 1687-1695.

Santos T, Silva N, Igrejas G, Rodrigues P, Micael J, Rodrigues T, Cunha R
(2013) Dissemination of antibiotic-resistant Enterococcus spp. and Es-
cherichia coli from wild birds of Azores Archipelago. Anaerobe 24: 25-31.

Sellin M, Palmgren H, Broman T, Bergstrom S, Olsen B (2000) Involving
ornithologists in the surveillance of vancomycin-resistant enterococci.
Emerg Infect Dis 6(1): 87.

Semedo T, Santos MA, Lopes MF, Marques JJF, Crespo MT, Tenreiro R
(2003)Virulence factors in food, clinical and reference enterococci: a
common trait in the genus? Syst Appl Microbiol 26(1): 13-22.

Silva N, Igrejas G, Rodrigues P, Rodrigues T, Gongalves A, Felgar AC, Poeta
P (2011) Molecular characterization of vancomycin-resistant enterococci
and extended-spectrum B-lactamase-containing Escherichia coli isolates
in wild birds from the Azores Archipelago. Avian Pathol 40(5): 473-479.

Splichalova P, Svec P, Ghosh A, Zurek L, Oravcova V, Radimersky T, Literak
1 (2015) Prevalence, diversity and characterization of enterococci from
three coraciiform birds. Antonie Van Leeuwenhoek 107(5): 1281-1289.

Vittecoq M, Godreuil S, Prugnolle F, Durand P, Brazier L, Renaud N, Thomas
F (2016) Antimicrobial resistance in wildlife. J App Ecol 53(2): 519-529.

Werner G (2012) Current Trends of Emergence and Spread of Vancomy-
cin-Resistant Enterococci. In: Dr Marina Pana (Ed.) ed. Antibiotic-Resis-
tant Bacteria - A Continuous Challenge in the New Millennium: InTech
303-355.

World Health Organization (2017) Critically important antimicrobials for hu-
man medicine: ranking of antimicrobial agents for risk management of
antimicrobial resistance due to non-human use.https://apps.who.int/iris/
bitstream/hand (Accessed 10 January 2019)

Yahia HB, Chairat S, Hamdi N, Gharsa H, Sallem RB, Ceballos S, Slama KB
(2018) Antimicrobial resistance and genetic lineages of faecal enterococci
of wild birds: Emergence of vanA and vanB2 harbouring Enterococcus
faecalis. Int J of Antimicro Ag 52: 936-941.

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)



Research article

JHELLENIC VET MED SOC 2021, 72(3): 3023-3030
IEKE 2021, 72(3): 3023-3030

Epevvnytixo aplpo

Association of the caprine calpastatin Mspl polymorphism with growth and
reproduction traits in Saanen goats

S. Ardicli'@, H. Ustuner?®, O. Arslan?
'Department of Genetics, Faculty of Veterinary Medicine, Bursa Uludag University, Turkey

’Department of Animal Science, Faculty of Veterinary Medicine, Bursa Uludag University, Turkey

ABSTRACT: This study was designed to evaluate the effects of calpastatin (CAST) Mspl polymorphism on some
growth and reproduction traits, including birth weight, first breeding weight, litter size, and average daily weight gain
in Saanen goats. In this sense, blood samples obtained from 73 purebred female Saanen goats were used for genotyp-
ing. Genomic DNA was isolated by the phenol-chloroform method and used to determine CAST genotypes, including
MM, MN, and NN, by means of the PCR-RFLP method. The population genetic parameters were estimated based on
allelic distribution and the data were statistically analysed using analysis of variance (ANOVA) using a general linear
model (GLM). Results revealed that N allele frequency was remarkably high (0.64) and the MM genotype was not
present. The frequency of the heterozygous genotype was 59.62%. Concerning ANOVA results, significant differenc-
es were found between genotypes of the CAST locus concerning birth weight (P<0.05). In this respect, animals with
the NN genotype were associated with higher birth weight means (2.85+0.29 kg) compared to heterozygous animals
(2.53+0.24 kg). There was no significant association between the CAST marker and any of the remaining phenotypic
traits evaluated. The present results suggest that focusing on this genomic region may be particularly useful in improv-
ing birth weight in goats which can be considered as an early indicator of post-weaning animal growth and survival.
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INTRODUCTION

Goat breeding is preferred worldwide for dairy
production, meat, leather, and hair, and more-

over, selection for increased levels of reproductive

performance and disease resistance is also included in

breeding objectives (Korkmaz Agaoglu et al., 2012;

Rupp et al., 2016).

Growth and reproduction, along with profitabil-
ity in production, are significant functional traits in
sustainable goat breeding programs. Even with goats
reared primarily for milk, such as the Saanen breed,
desired reproduction parameters make an important
contribution by influencing the herd size and provid-
ing a profitable dairy goat management concerning
decreased culling rates (Shelton, 1978). Growth traits
are important indicators in evaluating the sustain-
ability and profitability of goat production systems
because they contribute to current and future produc-
tion through influencing post-weaning animal growth
(Hanford et al., 2006; Menezes et al., 2016).

From a biological standpoint, the genetic basis
of growth and reproduction traits is a complex one.
Numerous genes contribute to the expression of these
functional traits, directly or indirectly. In this context,
the discovery of new mutations/polymorphisms in
functional genes or identification of novel associations
between previously reported genotypic variations and
growth/reproduction traits are not surprising circum-
stances. The calpastatin (CAST) gene, which encodes
an endogenous inhibitor of the calpains (m- and p
calpain), has been reported to be widely expressed
in reproductive tissues or organs and it regulates the
calpain activity of cells (Chung and Davis, 2012;
Garcia et al., 2006). As a Ca*-dependent cytosolic
cysteine protease, calpain play pivotal roles in proteo-
lytic modulation of Ca** mediated intracellular mech-
anisms, such as cell cycle and differentiation, signal
transduction, and apoptosis (Hata et al., 2001). Cal-
pain proteinase system, involving m-calpain, p cal-
pain, and calpastatin, has a significant role in normal
postnatal skeletal muscle growth (Goll et al., 1998).
Increased calpastatin activity is associated with de-
creased rates of muscle protein turnover, and hence,
this negative correlation results in increased levels of
skeletal muscle growth (Chung and Davis, 2012; Goll
et al.,, 1998; Parr et al., 1992; Pringle et al., 1993).
These investigations impel researchers to focus on the
genotypic structure of the CAST gene for growth and
reproductive traits in livestock. Caprine CAST gene
is located on chromosome 7 (14,437,312-14,567,828

reverse strand) (Ensembl Genome Browser, 2021).
Evaluating this genomic region may provide useful
information about variations of growth in goat breed-
ing based on the calcium-binding domain which is the
major regulator of the calpastatin activity.

CAST gene is mainly associated with muscle devel-
opment to the formation of the fibers and thus it may
influence the growth performance of mammals (Goll
et al., 1998).Polymorphisms in particular genes that
affect complex quantitative traits may affect multiple
traits. This pleiotropy is the main cause of the genetic
correlations between corresponding traits (Bolormaa
et al., 2014). For instance, polymorphisms associat-
ed with increased milk yield may also increase the
weight or age at puberty (Collis et al., 2011).The po-
tential relationship between CAST and reproduction
traits was studied on the bovine genome (Collis et
al., 2011; Bolormaa et al., 2014; Ortega et al., 2017).
However, the current knowledge on the associations
of caprine CAST variations with growth and repro-
duction traits is quite limited. A comprehensive eval-
uation of this genomic region for not only muscle de-
velopment and growth but also essential reproduction
traits may provide adequate genotypic consideration
of dairy goat reproduction performance. Taken alto-
gether, this study was, therefore, performed to evalu-
ate the effects of CAST Mspl polymorphism on birth
weight, first breeding weight, litter size, and average
daily weight gain in Saanen goats.

MATERIALS AND METHODS

Animals, sampling, and DNA extraction

A total of 73 purebred female Saanen goats that
were grown on the same farm, Bursa Uludag Uni-
versity, Faculty of Veterinary Medicine Practice and
Research Farm, located in the South Marmara region
of Turkey (40° 14’ N and 28° 52’ E) were used. All
of the animals were raised with the same feeding and
management conditions. Animals were housed indoor
and were fed with a concentrate feed in pellet form
which contains 18% crude protein, 12 MJ/kg metab-
olizable energy, and alfalfa as roughage. During the
experiment, goats had free access to water and had
0.50 kg/per animal concentrate feed and ad libitum
roughage. All animals were fed twice daily (at 09:00
and 16:00). Measurement of phenotypic traits was
performed according to Rashidi et al. (2011). Litter
size was the number of kids born per parturition. The
birth weight was the weight of the kids and it was re-
corded within 12 hours of birth. Average daily weight
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gain (ADWG) was calculated from birth (BW) to the
time reaching the first breeding weight (FBW) and it
was calculated as ADWG = (FBW—BW)/age of goat
at first breeding. The first breeding weight was the
weight of goats when reaching the breeding age. Eth-
ical approval was received from Bursa Uludag Uni-
versity local Research Ethics Committee(App. No:
2020-02/09). Blood samples (approximately 4 mL)
were taken from jugular veins. Genomic DNA was
extracted using a phenol-chloroform method accord-
ing to Green and Sambrook (2012). To evaluate DNA
quantification (ng/puL) and purity (260/280) analysis,
a NanoDrop spectrophotometer (NanoDrop 2000c,
Thermo Scientific, Wilmington, DE, USA) was used.

Genotyping

In this study, genotyping of the SNP in the caprine
CAST gene was performed by PCR-RFLP. A 622 bp
fragment in the exon 1C/1D region of the CAST gene
was amplified from the purified genomic DNA. PCR
reactions were performed in a total volume of 25 pL,
using 2.50 uL DNA sample (approximately 60 ng ge-
nomic DNA) as a template, 12.50 uL PCR master mix
(OneTaq Quick-Load 2x MM with Standard Buffer,
New England BioLabs Inc., Ipswich, Cat#M0486S,
USA), 1 uL (0.5 uM) of each primer, and 8 pL of
nuclease-free water (Thermo Scientific). Primer se-
quences were as follows:

Forward: 5’-TGGGGCCCAATGACGCCATC-
GATG-3’

Reverse: 5’-GGTGGAGCAGCACTTCTGAT-
CACC-3

The primers were used based on the ovine sequenc-
es (Palmer et al., 1998) and were verified for caprine
genome specificity by conducting BLAST searches
of the NCBI Gen-Bank database. The PCR profile in-
cluded an initial denaturation step at 95°C for 5 min,
30 cycles of 94°C (1 min), 60°C (1 min) and 72°C (2
min), and a final extension step of 8 min at 72°C. The
PCR quality control was verified by electrophoresis
(85-90 V for 45 min) using 10 pL of the amplified
product in 2% (w/v) agarose gels (Sigma Aldrich,
Steinheim, Germany) stained with ethidium bromide
(Sigma Aldrich) with the concentration of 1 pg mL-
I, Afterward, 15 pL of PCR product (if verified) was
digested with 10 U of Mspl restriction enzyme (New
England BioLabs, Cat#R0106S), with 10x NEB buf-
fer (New England BioLabs, Cat#B7004S) by incubat-
ing at 37 °C overnight. The digested products were

then subjected to 3% (w/v) agarose gel electrophore-
sis. PCR-RFLP reactions were performed in a ther-
mal cycler (Palm Cycler GC1-96, Corbett Research,
Australia). The electrophoresis patterns were visual-
ized by a gel imaging system (DNR-Minilumi, DNR
Bio-Imaging Systems, Israel). Allele sizes were esti-
mated by comparison to a 100-bp ladder (100-1500
bp, Biomatik Corporation, Ontario, Canada).

Statistical analysis
Estimation of allelic and genotypic frequencies
and the Hardy-Weinberg equilibrium (HWE) testing
(0=0.05) were performed by using Cervus v3.0 soft-
ware. Indices of genetic diversity (effectiveness of
allele incidence) including observed (experimental)
heterozygosity (Hexp) / homozygosity (Ho) and the
polymorphism information content (PIC) were es-
timated based on the formulas indicated by Nei and
Roychoudhury (1974) and Botstein et al. (1980), re-
spectively. The expected (theoretical) heterozygosity
(H,), the effective number of alleles (Ne), and the
level of possible variability realization (LVPR-V"%)
were calculated as described by Crow and Kimura
(1970). The fixation index (F ) was estimated from
the values of theoretical (H, ) and experimental (Hexp)
heterozygosities using the following formula:
-H

1:IS = (che exp) / che

The phenotypic traits were birth weight, first
breeding weight, litter size, and average daily weight
gain. Minitab (Minitab, Pennsylvania, USA, v17.1.0)
was used as statistical software. The data were eval-
uated utilizing ANOVA using a general linear model
(GLM) according to the following statistical models:

Model [1] was used to test the effects of CAST
genotypes on the birth weight of kids:

Y = MBS +C +G+I te

ijklmn ijklmn

where: Y = the studied trait, p = the overall
mean, B, = Birth year (i=2012-2018), S;= Season
(j=spring, summer, winter), C, = Litter size (k=single,
twin, triplet), G, = CAST genotypes (I=MN, NN), I =
two-way interactions, - random error.

Model [2] was used to test the effects of CAST
genotypes on first breeding weight, and average daily
weight gain:

Yigm =M T B, FS+G +BpW +1 +e

ijklmn ijklmn

where: Yijklmn = the studied trait, p = the overall
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mean, B, = Birth year (i=2012-2018), S;= Season
(j=spring, summer, winter), G,_= CAST genotypes
(k=MN, NN), B W, = regression effect of birth weight,
I_=two-way interactions, ¢, = random error.

ijklmn

Model [3] was used to test the effects of CAST

genotypes on litter size:
Yijklrn = l'l' + Bi + Sj + Gk + Il + eijklm

where: Y, = the studied trait, p = the overall
mean, B, = Birth year (i=2012-2018), S;= Season
(j=spring, summer, winter), G, = CAST genotypes
(k=MN, NN), [=two-way interactions, Cim random
error.

A probability level of P<0.05 was considered sta-
tistically significant. Two-way interactions were not
statistically significant (P>0.05) and they will not be
discussed further.

RESULTS

PCR-RFLP patterns

The amplification of the gene encoding calpastatin
using the appropriate primers yielded a 622bp ampli-
con (Figure 1). The cleavage of the PCR product with
the Mspl nuclease resulted in three bands (622bp,
336bp, and 286bp) for heterozygous genotype (MN).
The DNA amplified from NN animals remained un-
digested (622 bp) with the corresponding restriction
enzyme (Figure 2). MM genotype (336bp and 286bp)
was not observed in the present study.

Genetic variability
The frequency of allele N (0.64) of the caprine

622 bp

CASTMspl polymorphism was much higher than M
(0.36). The frequency of heterozygous genotype was
quite high (59.62%) and the MM genotype was un-
seen, as shown in Table 1.

Table 1. Genotype and allele and frequencies of CAST Mspl poly-
morphism in caprine CAST gene, population genetic indices (H,, ,
Hexp, Ho, F, LPVR, Ne, PIC) and compatibility with the Har-
dy-Weinberg equilibrium (HWE).

Locus CAST
Genotypes NN MN MM
n 21 52 0
GF 40.38 59.62 0
EGF 30.30 33.50 9.30
Alleles N M
AF 0.64 0.36
H,. 0.4657

e 0.4608
Ho 0.5392
Fq 0.0205
LPVR (V%) 0.4499
Ne 1.8546
PIC 0.3546
Y(HWE) 22.3395
P 0.000*

CAST - calpastatin. n - number of experimental goats. GF -
genotype frequency. EGF - the expected genotype distribution
according to HWE. AF - allele frequency. H_ - theoretical
heterozygosity. H,,- experimental heterozygosity Ho -
homozygosity. F, - fixation index. LPVR - level of possible
variability realization. Ne - number of effective alleles. PIC -
polymorphism information content. y*(HWE) - Hardy-Weinberg
equilibrium 2 value.

*not consistent with HWE.

622 bp

Figure 1. The electrophoresis pattern of PCR amplification (622 bp amplicon) for caprine CAST locus (M: Marker, 100-1500bp; NC:

Negative control; bp: Base pair)
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Figure 2. The electrophoresis pattern of restriction enzyme digestion of PCR product with Mspl for caprine CAST genotypes including
NN and MN (M: Marker; NC: Negative control; bp: Base pair; Lines 8, 9, and 13: NN; Lines 1-7, 10-12, and 14: MN)

Table 2. The least-square means for the genotype effects of CAST Mspl polymorphism on studied traits (n=73)

Traits NN Genotype MN Genotype Significance
Mean Standard error  Mean  Standard error (P-value)
Birth weight (kg) 2.851 0.286 2.532 0.243 0.032
First breeding weight (kg) 40.191 4.322 42.460 3.160 0.490
Average daily weight gain (kg)* 0.050 0.005 0.053 0.003 0.723
Litter size 2.190 0.120 2.021 0.079 0.242

* Calculated based on the period between birth and reaching the first breeding weight.

HWE testing revealed that the population was de-
termined not to be compatible with the equilibrium
(P<0.001). The population genetic indices are pre-
sented in Table 1. Moderate levels of these indices
were distinctly observable. The number of heterozy-
gous genotype carriers was remarkably high (n=52)
and the minor allele frequency was 0.36 (M allele).
This resulted in the desirable genetic variability of Ne
(1.85), although only two genotypes were observed
(NN and MN).

Marker associations

Table 2 shows the least-squares means, standard
errors, and the levels of significance concerning the
effects of the CAST marker on birth weight, first breed-
ing weight, litter size, and average daily weight gain.
Significant differences were found between the geno-
types of the CAST locus about birth weight (P<0.05).
Animals with the NN genotype were associated with
higher birth weight means (2.85+0.28 kg) compared
to heterozygous animals (2.5340.24 kg). There was
no association between the marker and any of the
remaining phenotypic traitsevaluated (first breeding
weight, litter size, and average daily weight gain).

DISCUSSION

Genetic diversity
The present results indicated that there was a de-

viation from HWE for the CAST marker (P<0.001).
Population characteristics in relation to selection pro-
cess dynamics and inbreeding levels may cause this
disequilibrium (Lacorte et al., 2006). Moreover, the
typical structure of dairy herds which are under in-
tense selection with a few sires should be considered
when evaluating HWE. Population genetic parame-
ters are very important indicators in the assessment of
population structure for genetic variation. They also
indicate the quality and suitability of genetic markers
in a particular population (Ardicli et al., 2019). The
low levels of H,, indicate high inbreeding rates and
it should be considered as a potential problem for the
herd and should be accompanied by detailed pedigree
information. On the other hand, the effectiveness of
selected loci is determined by Ne values (Trakovicka
et al., 2013). In this study, the Hexp value was 0.4608,
whereas, Ne value was 1.8546, and thus, the results
indicated an admissible level of genetic variability in
the analysed Saanen population at the considered lo-
cus. This interpretation was partially confirmed by a
relatively low level of F ; (0.0205) because this val-
ue can be considered as a good indicator for eventual
heterozygosity and it displays the degree to which het-
erozygosity decreases (Duithuis-Rivera et al., 2014).
LVPR value, which is associated with homozygosity
in the considered population (Miluchové et al., 2013),
was determined to be 0.4499. Besides, present results
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revealed that CASTMspl polymorphism was moder-
ately informative according to the classification of
PIC values (high polymorphism if PIC>0.50, moder-
ate polymorphism if 0.25<PIC<0.50, and low poly-
morphism if PIC<0.25) suggested by Botstein et al.
(1980) (Table 1). Another important point is that the
MM genotype was not present. This situation partial-
ly causes a negative impact on population impact on
population genetic indices which is directly related to
allele frequency distributions.

Marker effect on trait means

The relationship of caprine CASTMspl polymor-
phism to birth weight, litter size, first breeding weight,
and average daily weight gain was evaluated in this
study. A member of the calpain-calpastatin system
was chosen because it plays a crucial role in growth
regulation. As Goll et al. (1998) indicated skeletal
muscle growth is significantly associated with mus-
cle protein synthesis and degradation and size/ num-
ber of skeletal muscle cells. There is fair evidence
of a relationship between increased skeletal muscle
growth and decreased muscle protein degradation
(Chung and Davis, 2012; Goll et al., 1998). This is
a cause of decreased levels of calpain activity which
is regulated by calpastatin activity. Thus, the genet-
ic mechanisms underlying the impacts of the cal-
pain-calpastatin system on growth traits may partially
explain the variations between individuals. Byun et
al. (2008) suggested that CAST is an excellent can-
didate gene for controlling growth in livestock. The
results of this study suggest that there is a significant
association between the CASTMspl polymorphism
and the birth weight of kids in Saanen goats (P<0.05).
Animals with the NN genotype had +0.319 kg heavi-
er birth weight compared to the MN genotype. The
birth weight of kids is one of the most important and
reliable indicators of breed efficiency in the breeding
plans for commercial goat production systems. This
trait is known to be highly variable and is significant-
ly affected both by genetic and environmental factors
(Mio¢ et al., 2011). It is important to note that birth
weight is associated with kid mortality which general-
ly occurs at birth and from birth to weaning compared
to mortality weaning to breeding age. Evaluating the
effectiveness of preweaning management is imper-
ative to have a desired kid survival rate (Awemu et
al., 1999; Hailu et al., 2006). The present study indi-
cates that selecting animals with the NN genotype of
the CASTMspl polymorphism induced higher means
of birth weight and this application may contribute

to well-handled preweaning management. However,
there was no association of CAST marker with first
breeding weight, average daily weight gain, and lit-
ter size. As in the present study, Byun et al. (2008)
suggested that the CAST gene is an important regu-
lator of birth weight, but has only a limited effect on
growth rate to weaning in Romney lambs. Similar re-
sults were presented by Chung and Davis (2012) in-
dicating a potential relationship between ovine CAST
and birth weight. There is limited information about
the relationship of the CAST marker to growth and
reproduction parameters in goats. To the best of the
author’s knowledge, this is the first study suggesting
a significant association between caprine CASTMspl
polymorphism and birth weight. The application area
of genomic selection is quite limited in goat breeding
compared to sheep and, especially, cattle. Thus, there
is plenty of room for improvement in evaluating the
genetic base of quantitative traits regarding the cap-
rine genome.

Litter size or the number of kids born per parturi-
tion is an important indicator of productivity in goat
breeding. In the present study, the litter size for the
NN genotype was 2.19 whereas it was determined to
be 2.02 in heterozygous animals. On the other hand,
the heterozygous animals seemed to be heavier than
the NN genotype concerning the first breeding weight
of the goats (42.46 kg and 40.19 kg, respectively).
However, this difference was not substantiated in as-
sociation analysis (P>0.05). A similar implementation
may be considered for the average daily weight gain
from birth to first breeding. Growth and reproduc-
tive traits are known to show wide variations among
breeds or populations and even different populations
of the same breed in the same environmental con-
ditions. It is important to note that considering dif-
ferent combinations of the polymorphisms based on
the genotypic interactions through epistasis, genetic
linkage, and pleiotropy may be worthy to provide a
broad aspect in understanding the genetic basis of
the quantitative traits. Recently, the trend of selection
has gradually evolved from traditional procedures
to marker-assisted selection or genomic selection in
developed countries. These genomic methods allow
breeders or researchers to use quantitative trait loci
and candidate genes, which directly or indirectly af-
fect the phenotype of individuals (Trakovicka et al.,
2013).

Improvement of production traits to increase eco-
nomic gain is the preeminent aim of livestock. Never-
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theless, the importance of functional traits including
growth and reproduction cannot be underestimated to
achieve a sustainable production system, especially in
small ruminant breeding.

CONCLUSIONS

This paper points out the need for genetics re-
search on the caprine genome regarding economically
important quantitative traits and it also indicates a po-
tential association between CASTMspl polymorphism
and birth weight in Saanen breed. The NN genotype

may have a favourable influence on the birth weight
ofkids, and thus, we first suggested that caprine CAST
could be regarded as a candidate molecular marker
for birth weight. Further studies with larger popula-
tions are required to understand the complex biolog-
ical nature of genetic basis on growth and reproduc-
tion traits in goats.
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INTRODUCTION
Meat and meat products contain saturated fatty
acids, which may contribute to cardiovascular
disease. In recent years, consumer demand for healthy
products has been increased. So studies on the sub-
stitution of fats with healthier lipids in meat products
(meatballs, pates, sausages, etc. ) have increased rap-
idly (Kouzounis et al., 2017). The substitution of an-
imal fats increases the concentration of unsaturated
fatty acids while decreasing the concentration of satu-
rated fatty acids in meat products. This is beneficial in
terms of disease prevention (Dominguez et al., 2017).
Animal fat has a technological, physicochemical, sen-
sorial, and textural impact on the product in addition
to its health benefits (Dominguez et al., 2017; Fagun-
des De Oliveira et al., 2017).

Black seed (Nigella sativa) and black seed oil
have traditionally been used to treat various diseases.
(Burits and Bucar, 2000). Black seed contains essen-
tial oils (Piras et al., 2013)as well as bioactive com-
pounds such as phenolics, which have antioxidant
properties(Burits and Bucar, 2000). Several studies
have found that black seed has antioxidative proper-
ties. The majority of the studies substituted vegetable
oils for fats, resulting in higher lipid oxidation levels
due to the unsaturated fatty acid composition of the
vegetable oils (Delgado-Pando et al., 2011). Thus,
the combination of sunflower oil and black seed oil
improves the antioxidant capacity of the oil, which
would be used to produce oleogel.

New techniques for gelation of edible oils have
been developed in order to form solid-like proper-
ties in the oil without altering its chemical structure.
Oleogels have applications in the food, cosmetics,
and pharmaceutical industries. (Co and Marangoni,
2012). Carnauba wax is extracted from the leaf and
petiole of the Copernicia cerifera palm tree. During
the production of carnauba wax, the leaves of the trees
are cut, dried, and beaten until the wax is in powder
form(Koonce and Brown, 1941).

The aim of the study was to determine the effect
of substituting animal fat with an oleogel (sunflower/
black cumin seed oil mixture) structured by carnauba
wax on color values, cooking parameters, lipid oxida-
tion, textural and sensorial properties.

MATERIALS AND METHODS
Sunflower oil and black cumin seed oil were pur-
chased from a local market in Afyonkarahisar. Car-

nauba wax obtained was from a trader in Istanbul,
The Brown Swiss bulls were slaughtered at a com-
mercial slaughterhouse. Samples of the thin flank of
the carcasses were obtained 24 h post mortem from
a local butcher. The flank was dissected into muscle
and fat. Muscle and fat were comminuted separate-
ly at 0°C through a 6 and 3 mm plate, respectively,
(Mateka EPA 22T, Istanbul, Turkey) and transported
in cold conditions to the Food Science and Technolo-
gy laboratory of Afyonkarahisar University of Health
Sciences Department of Nutrition and Dietetics in 10
min. They were held in a refrigerator until the prepa-
ration of the meatballs. Other chemicals,butylated-
hydroxyanisole, hexane, isopropanol, tetra methoxy
propane, and thiobarbituric acid was purchased from
Sigma-Aldrich (St. Louis,MO, USA).

Oleogel preparation

Oleogel was prepared according tothe method of
Lim et al., (2017) and Ogiitcii and Yilmaz (2015) with
slight differences. Three different oleogel were pre-
pared with sunflower oil, the second one used 90%
sunflower oil (OG) and 10% black cumin seed oil
mixture (OG10),and the last one was 80% sunflower
oil and 20% black cumin seed oil mixture (0G20).
Oleogels were prepared by the addition of carnauba
wax to the sunflower oil and sunflower black cumin
seed oil mixture at a ratio of 7. 5% (w/v). This con-
centration was selected because of the appearance
and texture of the oleogels (only sensorial evaluation
was made by the researcher, below this percentage,
the oleogel mixture was more fluid, and above this
concentration the color of the oleogel was darker in
color). After adding the oil and wax, the mixture heat-
ed to 82 °C and held at this temperature for 5 minutes
after having a clear appearance. The oleogel mixture
was allowed to cool to room temperature and stored at
4 °C at refrigerator overnight.

Meatball preparation

Beef fat added a ratio of 25% of meat, and salt was
added to the mixture at 2 %. The minced meat and fat
were kneaded by hand for 5 min. The meatball dough
was cut into 25 gram pieces and rounded, then put
onto plates covered with cling film and stored in the
refrigerator (4+2 °C) for 6 days. After the preparation
of the control group, other groups were prepared in
the same manner, except for fat addition. The fat was
substituted by oleogels (OG, OG10, OG20) at a ratio
of 25, 50 and 75% of fat content in each group. Meat-
ball samples were prepared in two replications.

JHELLENIC VET MED SOC 2021, 72(3)
TIEKE 2021, 72(3)



R. PALAMUTOGLU

3033

Instrumental color determination

A colorimeter(X-Rite (Ci6X)) was used to deter-
mine the CIE color parameters (L*, a*, b*) of the
meatball samples. Before determining the values,
the colorimeter was calibrated with white and black
plaque after calibration readings were taken from
three different points of the samples.

Lipid oxidation

Thiobarbituricacid (TBA) Analysis

TBA values were determined according tothe
method of (Pikul et al., 1989). 10g of meatball was-
mixed with 35 ml of 4 % perchloric acid and 1 ml
BHA added to the mixture. The mixture was homog-
enized at 13800 rpm for 1 minute. After homogeni-
zation, the slurry was filtered and washed with 5 ml
distilled water. The filtrate was filled to 50 ml with
perchloric acid. The filtrate (Sml) and 5 ml of TBA (0.
02 M) were mixed and heated at 80 °C for 1 hour. Af-
ter heating, the mixture was cooled to room tempera-
ture for 10 min, and the absorbance of samples was
read at 532 nm wavelength. The results were given
from the calibration curve, which was prepared by the
tetramethoxypropane (TMP). Results were given per
mg malondialdehyde (MDA)/ kg meatball sample.

Conjugated dienes analysis

A 0. 5 g meatball sample was suspended and ho-
mogenized with 5 ml distilled water. 0. 5 ml aliquot
was mixed with 5 ml of extraction solution (3:1,
hexane: isopropanol) for 1 minute. After extraction,
the solution was centrifuged at 2000g for 5 min. The
supernatant of the samples was measured at 223 nm
wavelength, and the result was given as micromole
per mg meat sample(Juntachote et al., 2007).

Cooking parameters

Cooking yield (CY)

The cooking yield of the meatballs was determined
by the ratio of the weight of cooked meatballs to the
weight of raw meatballs. The results were expressed
by (%) of the initial weight. (Murphy et al., 1975).

Moisture retention (MR)

Moisture retention was determined as the amount
of moisture in the sample of 100g cooked meatballs.
The equation of (El-Magoli et al., 1996) was used to
determine this;

MR(%): (CY (%) * Moisture of Cooked meatball) / 100

Fat retention (FR)
Fat retention was determined by the equation of
(Murphy et al., 1975).

FR (%): (Fat content of cooked meatball)*(Cooked
meatball weight) / (Fat content of uncooked meat-
ball)*(Uncooked meatball weight) *100

Diameter reduction (DR)

The diameter of the meatballs was calculated us-
ing a manual caliper before cooking and after cook-
ing. Diameter reduction was calculated according to
the equation of

DR: (Uncooked meatball diameter - Cooked meat-
ball diameter) / Uncooked meatball diameter *100

(Kilincceker and Yilmaz, 2019)

Texture profile analysis

Texture profile analysis was conducted with an analyzer
(TA-HD Plus, Stable Micro Systems, UK) with a 25 kg load
cell (Bourne, 1978). The meatballs were put into a cylindri-
cal container. The height of the samples was 2 cm, and the
analysis was done at room temperature. The probe was 10
mm above the meatball, and the test speed was 5 mm/sec.
The meatball was compressed twiceat 50% by the P/36R
probe. Hardness, adhesiveness, springiness, cohesiveness,
gumminess, chewiness, and resilience of the samples were
determined by the software program of the instrument.

Sensorial analysis

Sensorial characteristics of the samples were as-
sessed by 12- member semi-trained panel who are
students at the Department of Nutrition and Dietetics
in Afyonkarahisar Health Sciences University. The
panelists have a mean age of 20 years who regular-
ly consumed meatballs. Meatballs were grilled in an
electric oven at 180 °C for 15 minutes. Between the
samples, bread and water were provided to the pan-
elists to cleanse the palate. 9- point scale was used
for the evaluation of the samples which “9” indicates
the highest acceptability and “1” is the lowest. Ap-
pearance, odor, flavor, texture, juiciness and overall
acceptance were evaluated (Gokalp et al., 1999).

Statistical analysis

A software program was used to perform analy-
sis of variance (ANOVA) on the obtained data (SPSS
20). The Shapiro-Wilk test was used to determine the
normality of the data distribution (Shapiro and Wilk,
1965). The data is given in the form of a mean value
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and a standard deviation. If the distribution was nor-
mal, the difference in means was determined using the
Tukey Test, and if the distribution was not normal, the
difference in means was determined using the Dun-
nett’s T3 test. All analyses were performed in tripli-
cate; color, TBA, and conjugated dienes analysis were
performed on days 0, 2, 4, and 6, and cooking param-
eters and texture profile analysis of cooked meatballs
were performed on day 0.

RESULTS

Instrumental determination of color

The storage time had no statistically significant im-
pact on the L* and a* values of all samples (p>0. 05)
(Table 1). Except for the 25% and 75% substituted OG
20 and control groups, the effect of the storage time
was statistically significant (p0. 05) when the b* value
results were examined. The effect of substitution rates
on the L* values of OG meatball samples on days 0, 4,
and 6 and OG10 samples on days 2, 4, and 6 was found
to be statistically significant (p 0. 05), while the OG20
group samples showed no significant difference.

The effect of storage time, rate of substitution, and
type of oleogel on the a* values of meatball samples
was determined to be statistically insignificant. Red
color is associated with meat/meat product quality in
customer preferences. Since no dye or spice was ap-
plied to the meatball formula in this study, there has
been no masking effect of the different lipid sources in
meatball samples in the manner of an a* value.

Different findings were published by Kouzounis et
al., (2017) in a similar study, and they concluded that
the fat sources can affect the product’s instrumental
color parameters. By replacing the fats in frankfurt-
ers with organogels, Barbut et al. (2016)found that
the lightness of the frankfurters was reduced. They
also said that replacing fat with organogels had hardly
effect on redness and yellowness values. According
to Wolfer et al., (2018), the processing of frankfurt-
er style sausages using oleogels instead of pork meat
has a lower L* value than the control group, and the
cross-section color of the sausages in the control
group was redder.

Thiobarbituric acid (TBA) analysis

The oxidation of lipids in meat and meat products
is an essential quality characteristic. The deterioration
of lipids not only result in an unpleasant taste, but it
also affects the texture, color, and shelf life of the pro-
duct(Poyato et al., 2015).

There was an increase in TBA values, which is ex-
pected depending on time (Figure 1). However, in some
groups, the increase was not linear, and there were oc-
casional increases and decreases. This may be due to
the instability of the oxidation product compounds.

On the first day, the differences in TBA values be-
tween the control group and the samples prepared using
different substitution rates and oleogel added samples
were statistically significant, except the OG10 oleogel
samples (p<0. 05). The TBA values were changed to
0. 15-0. 20, 0. 13-0. 18, and 0. 23-0. 51 for the OG,
0G10, and OG20 groups, respectively, while the con-
trol group was 0. 09 mg MDA/kg meat sample. When
the effect of substitution rates on TBA values of the
same oleogel added samples was evaluated at the end
of storage, statistically significant differences (p0. 05)
were found. TBA values of meatballs prepared with
different substitution rates and with OG10 (0. 27-0. 31
mg MDA/kg meat) and OG20 (0. 28-0. 31 mg MDA/
kg meat) type oleogels were found to be statistically
lower on the last day of storage than the control (0. 60
mg MDA/kg meat) group, in which there was no sta-
tistically significant difference between the substitution
rates. The effect of oleogel type on the TBA values of
50 and 75 % substituted samples was statistically sig-
nificant, and the TBA values of OG substituted samples
were higher at the end of storage than the others. This
decrease may be related to the antioxidant compounds
found in black cumin seed oil.

Malonaldehyde loss may be caused by interactions
with other molecules (amino acids, proteins) or inter-
molecular reactions (polymerization) (Jamora and
Rhee, 2002). Yilmazand Ogiitcii (2015) concluded
that the rate of oxidation in cookies could be influ-
enced by the solid fat content, storage conditions, pro-
cessing conditions, and ingredients with antioxidant
activity. Delgado-Pando et al. (2011)concluded that
formulation and storage time had an impact on the
TBA values of healthy frankfurters with fat replacers.
Gomez-Estaca et al., (2019) showed that ethylcel-
lulose oleogel substituted products have the highest
initial TBA values, which increases during storage.
They suggested that the degree of lipid oxidation was
related to the oleogels’ process parameters. According
to da da Silva et al. (2019), the TBA values of modi-
fied sausages were significantly lower as compared to
the control groups. Poyato et al. (2015)concluded that
replacing fat in burger patties with gelled carrageen-
an-containing emulsion results in substantially lower
TBA values as compared to the control.
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Figure 1. TBA values of meatball samples whose fats were substituted with oleogels.

=<; Different superscript lowercase letters show differences between the storage days with respect to the same substitution rates and
same oleogel types (p< 0. 05). A-: Different superscript uppercase letters show differences between the oleogel type with respect
to the same storage day and substitution rate (p < 0. 05). *Z: Different superscript uppercase letters show differences between the
substitution rates with respect to the same storage day and oleogel type (p < 0. 05). OG: Oleogel prepared by sunflower oil, OG
10: Oleogel prepared by mixing black cumin seed oil:sunflower oil (10:90), OG 20: Oleogel prepared by mixing black cumin seed

oil:sunflower oil (20:80).
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Figure 2. CD values of meatball samples whose fats were substituted with oleogels.

=<; Different superscript lowercase letters show differences between the storage days with respect to the same substitution rates and
same oleogel types (p< 0. 05). A": Different superscript uppercase letters show differences between the oleogel type with respect
to the same storage day and substitution rate (p < 0. 05). *Z: Different superscript uppercase letters show differences between the
substitution rates with respect to the same storage day and oleogel type (p < 0. 05). OG: Oleogel prepared by sunflower oil, OG
10: Oleogel prepared by mixing black cumin seed oil:sunflower oil (10:90), OG 20: Oleogel prepared by mixing black cumin seed

oil:sunflower oil (20:80).

Conjugated dienes analysis

Figure 2 shows the findings of the conjugated
dienes analysis. According to the results, the CD val-
ues of meatballs were statistically (p<0. 05) different
in meatball samples made with different substitution
rates in the same oleogel type groups at the beginning
of storage. At the beginning of storage, the OG and
0G20 groups had the highest conjugated diene values
with a substitution ratio of 75% and the OG10 group
had a substitution ratio of 25%.

Conjugated diene measurement shows the oxida-
tive stability of the fats or oils in the product which
formed by the triplet oxygen or singlet oxygen
(Akhtar et al., 2018). Juntachote et al. (2007)conclud-
ed that storage period reduced the conjugated diene
value, but our result shows the opposite. Except for
OG10 and OG20 added samples with a substitution

rate of 75%, conjugated diene values decreased until
the fourth day and increased on the sixth day in this
study. Conjugated diene values in these two groups
rise until the fourth day of storage, then rise again on
the sixth day. This situation has arisen as a result of
an increase in the amount of unsaturated fatty acids.
According to Juntachote et al. (2007), the decomposi-
tion of the conjugated dienehydroperoxides increases
the TBA values of the samples. The samples with the
lowest TBA values had the highest conjugated diene
values in the study. This can be explained by the fact
that the compounds present in black cumin seed oil
inhibit the formation of TBA substances.
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Figure 3. Cooking parameters of meatball samples whose fats were substituted with oleogels

a-c: Different superscript lowercase letters show differences between the substitution rates (p< 0. 05). A-D: Different superscript
uppercase letters show differences between the oleogel types (p < 0. 05). OG: Oleogel prepared by sunflower oil, OG 10: Oleogel
prepared by mixing black cumin seed oil:sunflower oil (10:90), OG 20: Oleogel prepared by mixing black cumin seed oil:sunflower

oil (20:80).

Cooking parameters

Figure 3 shows the cooking parameters of meat-
ball samples prepared with fat substitution by differ-
ent oleogels at different substitution rates. Except for
75%, there was no significant difference observed be-
tween the oleogel types in terms of different substitu-
tion rates. Furthermore, no significant difference was
observed between the control group and the fats sub-
stituted at a 25% ratio groups. However, meatball fats
substituted at 50% and 75% had significantly (p<O0.
05) higher cooking yields than the control and 25%
substituted classes.

Figure 3 shows that the diameter reduction of the
meatball samples ranged from 17. 51 to 23. 55%. The
effect of substitution rate was significantly (p <0. 05)
lower than the diameters of the meatballs only in the
0OG10 added samples.

By increasing the substitution rate in samples
where fats were substituted with OG10, the moisture
retention of the meatball samples was increased. In
terms of moisture retention, there was a significant (p
<0. 05) difference between the oleogel types with dif-
ferent substitution rates of samples. The oleogel type
impacted fat retention in all substitution rates, and
substitution rates impacted fat retention values in the
0G10 and OG20 samples.

Barbut et al. (2016) reported that oleogels in meat
products reduced cooking losses, and da Silva et al.
(2019) reported that high pork back fat reduced cook-
ing losses in sausages. This may be due to the pres-
ence of organogel in the matrix, which causes large
fat globules in the matrix to help minimize liquid loss-
es. Moghtadaei et al. (2018)showed that increasing
the replacement amount of oleogels in burgers made
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with different replacement ratios reduced cooking
loss. According to Fagundes De Oliveira et al. (2017),
reformulated burgers with pork skin and canola oil
gels have lower diameter reduction and cooking loss
values.

Texture profile analysis

The effect of substitution rates on the hardness,
springiness, cohesiveness, gumminess, chewiness
and resilience values of the meatball samples was
found to be statistically significant (p<0. 05) (Table
2). As compared to the control group, the hardness,
springiness, cohesiveness, gumminess, chewiness,
and resilience values of all fat substituted samples de-
creased. This is to be predicted because animal fats
have an effect not only on health but also on the tex-
ture properties of the food. The effect of oleogel type
on the cohesiveness and resilience values in all substi-
tution rates was found to be statistically insignificant
(p>0. 05).

Kouzounis et al. (2017) found similar findings
for the hardness, gumminess, and chewiness values
of frankfurters made with pork lard or sunflower oil
oleogel. They concluded that the hardness value of a
lard-based frankfurter was higher than that of oleogel.
They also concluded that any differences in these pa-
rameters could be attributed to the properties of oleo-

gel as well as its interaction with the meat dough. Bar-
but et al. (2016) showed that substituting canola oil or
organogel for pork fat results in significantly lower
hardness scores. They reached the conclusion that the
difference may be due to the scale of fat globules.

Sensory analysis results

Sensory analysis results (Figure 4) showed that the
meatballs’ color, taste, texture, juiciness, oiliness, and
overall acceptability scores were significantly differ-
ent.

They were similar in terms of appearance, taste,
and oiliness ratings.

The OG25 group had the highest scores for appear-
ance, flavor, texture, juiciness, oiliness, and overall
acceptability and was significantly different from the
control group, but there was no difference between
the OG2S5 and the other groups. Although, the results
showed that all values of the control group were the
lowest except flavor. Fat content is important for both
the textural and sensorial characteristics of the prod-
uct, and also for human health. Because of the adverse
affects of animal fats, healthy lipids may be substi-
tuted. As a consequence, this sensory analysis yields
valuable results for developing new formulations and
products for consumer acceptance.

Overall Acceptability

Qiliness

Juiciness

=g Control
Appearance —— (G225
0G50
0G75
0G1025

0G1050

0G1075
Flavor 0G2025
0G2050

0G2075

Texture

Figure 4. The sensory analysis on the average scores of the meatball samples

OG25: Meatball fat substituted with OG at 25% level, OG50: Meatball fat substituted with OG at 50% level, OG75: Meatball fat
substituted with OG at 75% level, OG1025: Meatball fat substituted with OG10 at 25% level, OG1050: Meatball fat substituted with
0OG10 at 50% level, OG1075: Meatball fat substituted with OG10 at 75% level, 0G2025: Meatball fat substituted with OG20 at 25%
level, OG2050: Meatball fat substituted with OG20 at 50% level, OG2075: Meatball fat substituted with OG20 at 75% level.
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CONCLUSIONS

TBA values of meatballs are reduced during
storage when black seed oil is added to the oleogel
mixture. These oleogel research must be conducted
in greater depth and may be applicable to the devel-
opment of new healthy goods. More research is re-

quired to determine the properties of oleogels made
from sunflower oil and black seed oil. Oleogels can
be made using a variety of gelling agents.
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Complicated corneal ulceration in cats: diagnosis and treatment outcomes of 80
cases (2014-2018)
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ABSTRACT: The study describes the most common clinical and endoscopic findings associated with complicated
corneal ulcers in cats and evaluates the short-term outcomes after surgical interventions. Eighty client-owned cats
of different breeds with corneal ulcers were included. Cats were clinically evaluated to initially determine corneal
abnormalities. Endoscopic examination of the corneas was performed to determine anterior and posterior segments’
abnormalities. Non-healing superficial ulcer was treated by superficial keratectomy and deep stromal ulcers were treat-
ed using conjunctival flaps. Corneal sequestrum were treated by partial keratectomies and conjunctival flaps. Anterior
synechiae were treated via peripheral iridectomy and separation of the adhesion between the iris and the inner cornea.
Symblepharon were treated by removal of the adhered conjunctival membrane from the cornea. Unresponsive endoph-
thalmitis was treated surgically by exenteration. Outcomes after surgical managements of selected corneal abnormali-
ties were assessed clinically and endoscopically. Non-healing superficial ulcer, deep stromal ulcer with descemetocele,
endophthalmitis, symblepharon, corneal sequestration and anterior synechiae with secondary glaucoma and corneal
scarring were the recorded complications of corneal ulcer. FHV-1 was a common etiologic factor of corneal ulceration.
Persistent corneal scars of varying shape and size developed in cats with deep stromal ulcer, anterior synechiae, and
corneal sequestration. Domestic shorthaired and Persian cats were the most predisposed breeds to FHV-1 infection and
subsequent corneal ulceration. Management of patients with corneal ulcer would prevent serious complications. No
age or sex predisposition to complicated corneal ulceration in cats was noticed.

Keywords: ophthalmology, cat, ulcer, perforation, corneal surgery

Corresponding Author:

A.A. Mostafa, Department of Veterinary Surgery, Anesthesiology & Radiology,
Faculty of Veterinary Medicine, Cairo University, Giza 12211, Egypt.

E-mail address: aymostafa@cu.edu.eg

Date of initial submission: 12-12-2019
Date of revised submission: 15-02-2021
Date of acceptance: 11-03-2021



3042

K.M. ALI, A.A. MOSTAFA, S. SOLIMAN

INTRODUCTION

Corneal ulceration is one of the common eye prob-
lems affecting humans (Whitcher et al., 2001), and a
wide variety of animal species (Bentley, 2005; Mi-
chau et al., 2003).It can cause varying degrees of vi-
sual impairment or even blindness. Corneal ulcers are
commonly seen in veterinary practice, and although
uncomplicated ulcers would likely heal without veter-
inary attention, a complicated ulcer requires optimal
management (Maggs, 2008). Corneal transparency
and clarity are associated with its unique collagen and
extracellular matrix organization (Mohan et al., 2005).
Decreased corneal protection or increased corneal
abrasion may result into ulceration. Uncomplicated
stromal injuries tend to undergo avascular healing;
however, infected or destructive lesions usually stim-
ulate and require vascularized healing (Maggs, 2008).
After injury, stromal keratocytes synthesize collagen,
glycosaminoglycans, and mucoprotein of the ground
substance and transform to fibroblasts that produce
nontransparent collagen (Hankanson and Merideth,
1987). The nontransparent collagen causes different
levels of visual impairment (Wilkie and Whittaker,
1997). Furthermore, collagen fibrils produced during
repair of a stromal lesion are laid down in an irregu-
lar pattern and often produce a grey “wispy” opacity
within the cornea that interferes with light transmis-
sion (Vanore et al., 2007). In the Persian, Siamese,
and occasionally Domestic shorthaired (DSH) cats,
slow-healing epithelial defects caused by a variety
of etiologic factors may result in corneal nigrum or
sequestrum (Featherstone and Sansom, 2004). This
may produce a brownish-black plaque or deposit that
is usually located centrally or para-centrally and stim-
ulates vascularization (Laguna et al., 2015).

Ulcerative keratitis management often requires a
combination of medical and surgical therapeutic strat-
egies (Barros et al., 2005; Vanore et al., 2007). In deep
corneal ulceration, several surgical procedures have
been proposed including conjunctival and (Hankan-
son and Merideth, 1987) corneal grafts (Wichayacoop
et al., 2009), corneo-conjunctival transposition(Va-
nore et al., 2007), porcine small intestinal submucosa
graft (Goulle, 2012), amniotic membrane transplanta-
tion (Barachetti et al., 2010), and application of tissue
adhesives(Hankanson and Merideth, 1987; Barros et
al., 2005).

Feline herpesvirus-1 (FHV-1) is one of the most
frequently encountered causes of conjunctivitis and
keratitis in cats(Stiles et al., 1997) and commonly

produces an epithelial ulcer that may be dendritic or
geographic ( Groth et al., 2014). In severe complicat-
ed cases, deep stromal ulceration, descemetocele, or
even globe rupture may develop (Stiles, 2014). Di-
agnosis of herpesvirus ocular lesions is often difficult
due to the carrier state and the ubiquitous nature of
the virus (Stiles and Townsend, 2007). Nevertheless,
it can be either cultured, or detected with PCR, from
10% of conjunctivae and 50% of corneas of clinically
normal cats (Stiles and Townsend, 2007).

The purposes of the study were the determination
of the most common etiologic factors and manifes-
tations associated with complicated corneal ulcers in
cats, clinical, endoscopic and laboratory findings of
complicated corneal ulceration, and evaluation of the
short-term treatment outcomes.

MATERIALS AND METHODS

Animals

The present study was carried out on 80 cli-
ent-owned cats examined by the Ophthalmology Ser-
vice at the Department of Small Animal Surgery, Fac-
ulty of Veterinary Medicine, Cairo University, Egypt
from September 2014 to December 2018.Informed
consent was obtained from the owners of the 80 cats
enrolled in the present clinical study and no ethical
approval was acquired. Cats that had non-healing
superficial or deep stromal corneal ulceration and
complicated corneal ulcer were included in the study,
whereas those with superficial non-complicated or
corneal erosion were excluded. Patients that had epi-
thelial erosion or herpetic keratitis were also excluded
from the study reported here. Data collected from the
clients included signalment, history of traumatic eye
injury, duration of clinical signs, and history of previ-
ous medications.

Clinical and endoscopic examination

Clinical evaluation was initially performed by a
qualified ophthalmologist (KMA) via slit lamp ex-
amination (SL 14 handheld slit lamp, Kowa, Tokyo,
Japan) for detection of the current corneal abnormal-
ities. Commercially available fluorescein strips (Bio-
Glo® Fluorescein sodium Strips 1 mg; HUB pharma-
ceuticals, LLC., Rancho Cucamonga, CA, USA) were
used to detect the type of corneal ulcer. Cats suspect-
ed to have anterior or posterior segment abnormality
were examined endoscopically (Abd-Elhamid et al.,
2014), using an 8.5 mm probe (Eickemeyer video en-
doscope unit supplied with halogen light source 150
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watt, Vetlux, Tuttlingen, Germany). The endoscope
unit was connected through an adapter to a comput-
er device. Cats were sedated using xylazine hydro-
chloride 2% (Xylaject®; ADWIA, Cairo, Egypt) in a
dose of 1mg/kg b.w. i.m. Topical anesthesia (Douet et
al., 2013) of the cornea was achieved via instillation
of Benoxate hydrochloride 0.4% (Benox®; EIPICO,
Cairo, Egypt). The endoscopic probe was then gen-
tly placed on the corneal surface and series of images
and video loops were captured for each examined cat.
Measurement of intraocular pressure (IOP) was done
using Tonopen tonometer (Tonopen XL®, Reichert
Technologies, NY, USA).

Laboratory examination

Isolation and detection of FHV-1 and Mycoplasma
felis

Sample collection and handling

Corneal swabs were collected by rolling dry cot-
ton-tipped applicators along the mucosal surface of
the conjunctiva or region of corneal ulceration. Sep-
arate swab samples were taken from each cat for vi-
ral and mycoplasma culture. Each sample was placed
into a sterile tube containing 1 m/ of sterile PBS then
stored at refrigerator temperature (2-5°C).

Isolation of Mycoplasma felis

The corneal swabs were tested for the presence of
M. felis on PPLO agar (Difco Laboratories) supple-
mented with thallous acetate (0.5 g//), ampicillin (0.4

g/l), inactivated horse serum (250 m//[), D-glucose
(10 g/l) and freshly prepared yeast extract (70 m///).
Incubation was performed at 37°C for 2-5 days in an
atmosphere of 10% CO,. Mycoplasma isolates were
sub-cultured on ox blood agar in order to estimate
hemolysis. M. felis was identified by colony charac-
teristics and biochemical reactions (Razin and Freun-
dt, 1984; Kirchhoff et al., 1985).

Detection of FHV-1 using PCR

DNA was extracted from the swabs using a
QIAamp DNA mini kit (Qiagen). The swab was
placed in a 1.5 m/ micro centrifuge tube containing
300 m/ of saline and incubated at 37°C for 10 min on
a shaker. Approximately 200 m/ of saline was then
removed and placed in a fresh 1.5 m/ tube, and DNA
was extracted according to the manufacturer’s pro-
tocol. The reaction was performed with master mix,
primers (Table 1), PCR water and 5 m/ of template
DNA. Amplifications consisted of initial incubation at
95°C for 2 min, followed by 40 cycles of 95°C for 30
sec; 58°C for 30 sec, and 72°C for 30 sec; with final
extension at 72°C for 5 min (Sandmeyer et al., 2010).

Treatment

The surgical procedure applied for each case based
on whether the eye was potentially visual or not and
on time to healing, recurrence rate, and availability
of the technique at the time of presentation. Time to
healing was defined as the number of days from sur-
gery until removal of sutures and discontinuation of
medication therapy. The surgical procedures for the
reported complications were summarized in Table 2.

Table 1. The primers used for PCR of the samples suspected to have feline herpes virus-1

Primers

Amplicon

F 5'-CGG GAA AAT CCA GTA CGA GT-37
R 5'-AGG AAG AGT TCG GCG GTA TT-3"

200 bp

Table 2. The treatment protocols for the 80 cats with complicated corneal ulcer

Corneal abnormalities

Number of cats Surgical procedure

Deep stromal ulcer with descemetocele 22 Conjunctival flap
Nonhealing corneal ulcer 16 Superficial keratectomy
Unresponsive endophthalmitis 14 Exenteration
Symblepharon 6 Surgical removal of the adhered conjunctival tissues
from the cornea
5 Exenteration
Anterior synechia with secondary glaucoma 3 Peripheral iridectomy with removal of the adhered
iris strands from the inner surface of the cornea
Chronic ulcer with granulation tissue 5 Superficial keratectomy and conjunctival flap
Corneal sequestration 4 Superficial keratectomy and third eye lid flap
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Cats undergoing surgery were premedicated with
atropine sulphate (0.04 mg/kg) and xylazine hydro-
chloride 2% (Xylaject®; ADWIA, Cairo, Egypt) in a
dose of 1 mg/kg and anesthetized with ketamine hy-
drochloride 5% (Keiran; EIMC pharmaceuticals Co.,
Cairo, Egypt) in a dose of 20 mg/kg. Corneal anesthe-
sia was established as previously described for endo-
scopic examination (Douet et al., 2013). The eye was
prepared for aseptic surgery and draped routinely.

Cats with indolent (non-healing superficial) corne-
al ulcer were treated by superficial keratectomy under
a binocular surgical microscope (12.5x; 66 VISION
TECH CO., LTD. China) with the cat under gener-
al anesthesia. The technique utilized a microsurgical
blade to excise the superficial stroma and epithelium
under and around the indolent ulcer (Chavkin, 1990).
Cats with deep stromal ulcer were treated by a con-
junctival flap. The conjunctival flap was created in the
bulbar conjunctiva using Steven’s tenotomy scissors,
with the base of the flap being attached to the limbus.
The length of the flap was adjusted to cover the cor-
neal defect without tension. The flap was then sutured
to the borders of the corneal defect using 7-0 mono-
filament polypropylene (Prolene®; Ethicon, USA) in
a simple interrupted. The sutures were placed deeply
in the corneal stroma without penetrating the cornea
completely (Gelatt and Brooks, 2011). Corneal se-
questrum was managed surgically in 4 cats (5%) via
partial keratectomy and conjunctival flap (Kirschner
et al., 1991). A 64 Beaver blade was used to sharply
remove the necrotic lesion from the cornea. The dis-
section was continued through the stromal thickness
to a depth that allowed removal of the majority of the
pigment associated with the sequestrum then a con-
junctival flap was applied. Healed corneal ulcer (in 7
eyes; 8.75%) with granulation tissue were treated by
use of conjunctival flap after surgical excision of the
granulation tissue.

Cats diagnosed with anterior synechiae and sec-
ondary angle closure glaucoma (8 eyes; 10%) were
treated surgically by peripheral iridectomy and sep-
aration of the adhesion between the iris and the in-
ner cornea (Chavkin et al., 1990). Symblepharon
were treated by removal of the adhered conjunctival
membrane from the cornea in 6 out of 11 cats. In the
remaining 5 cats the eye was presented by marked hy-
potony and phthisis bulbi, these eyes were not poten-
tial for vision and were treated by exenteration. Daily
ophthalmic application of tobramycin (Tobrin®; Al-
con, Cairo, Egypt) and dexapanthenol (Corneregel®

ophthalmic gel; MINIPHARM, Cairo, Egypt) was
performed 4-6 times a day after each surgical proce-
dure. Medication dosages were decreased and then
discontinued as healing occurred.

Cats diagnosed with corneal perforation followed
by unresponsive endophthalmitis were treated by ex-
enteration of the eye globe (Slatter, 2001).

RESULTS

Animals

Among the presented 80 cats, there were 46 (57.5
%) Domestic Shorthaired (DSH), 25 (31.25 %) Per-
sian, 5 (6.25 %) Siamese, and 4 (5 %) Himalayan
cats. Mean (£SD) age of the cats on initial evaluation
was 21.2+1.6 months (range, 3months to 6 years).
Fifty-two were females and twenty-eight were males.
Seventy-four cats were sexually intact and six spayed.
Thirty-seven (46.3%) cats had bilateral corneal ab-
normalities, 24 (30%) cats had right-sided corneal
disease, and 19 (23.8%) cats had left-sided corneal
disease. A history of short-term ophthalmic applica-
tion of tobramycin and dexamethasone was reported
in 15 cats.

Clinical findings

Clinical findings of complicated corneal ulcer of
the 80 cats enrolled in this study included; deep stro-
mal ulcers with descemetocele (22 cats; 27.5%), indo-
lent corneal ulcer and superficial nonhealing ulcer due
to FHV-1 infection (16 cats; 20%), endophthalmitis
with corneal involvement (14 cats; 17.5%), sym-
blepharon (11 cats; 13.75%), anterior synechiae with
secondary glaucoma and corneal scarring (8 cats;
10%), chronic ulcers with granulation tissue protrud-
ing on the surface of the cornea (5 cats, 6.25%), cor-
neal sequestrum (4 cats; 5%). Corneal abnormalities
associated with each cat breed are demonstrated in
Table 3.

The superficial nonhealing ulcers were presented
after unsuccessful treatment for several weeks and
were associated with corneal vascularization and de-
tached epithelium at the edges of the ulcer (Figure 1a),
these ulcers stained with fluorescein dye that migrated
beyond the edges of the ulcer (Figure 1b), while in
FHV-1 infected cats they were geographically dis-
tributed with no or minimal corneal vascularization
(Figure 1c). Deep stromal ulcers were associated with
corneal melting, descemetocele and variable degrees
of corneal edema and vascularization (Figure 1d). In
cats with chronic ulcers, corneal vascularization and
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Table 3. The distribution of corneal abnormalities in the enrolled 80 cats with corneal ulcers.

Corneal abnormalities Number (n) Percentage (%) Breed (n)
Persian (11)
o - -
Deep stromal ulcer with descemetocele 22 27:5% ngestlc shorthaired (9)
Himalayan (2)
Domestic shorthaired (9)
o -
Nonhealing superficial ulcer 16 20% l;?;izls]e(g)
Domestic shorthaired (11)
Unresponsive endophthalmitis 14 17.5% Persian (2)
Siamese (1)
Domestic shorthaired (6)
(V)
Symblepharon 11 13.75% Persian (5)
Anterior synechia with secondary 8 10% Domestic shorthaired (6)
glaucoma Himalayan (2)
Old healed ulcer with granulation tissue 5 6.25% Domestic shorthaired (5)
- -
Corneal sequestration 4 3% Persian (2)

Siamese (2)

granulation tissue were noticed over the central and
paracentral quadrants of the corneal surface (Fig-
ure 2 a and b). The corneal sequestrum appeared as
well-defined medium to relatively large sized blackish
area (Figure 2¢ and d) at the central and paracentral
cornea and were associated with corneal vasculariza-
tion. All cats with corneal sequestration had a history
of long-term use of ophthalmic corticosteroids before
presentation. One of the sequestra cases was a Persian
cat showing associated diffuse corneal edema and
neovascularization (Figure 3a). Keratitis with corneal
ulceration and granulation tissue secondary to FHV-
1 and Mycoplasma felis infection showed reddish to
pink granulation tissue covering most of the corneal
surface (Figure 3b). Unresponsive endophthalmitis
secondary to perforated corneal ulcers were associat-
ed with corneal melting and large fibrin clot protrud-
ing over most of the corneal surface (Figure 4a and b).

Endoscopic findings

Endoscopic evaluation in patients presented with
anterior segment abnormalities showed long iris
strands arising from the pupil borders adhered to the
inner cornea in 8§ cats (Figure 5 a & b). One cat with
perforated cornea showed immature cataract and an-
terior synechia (FigureSc). Endoscopy one month af-
ter surgical removal of the iris strands adhering to the
inner cornea showed normal shaped pupil with nor-
mal optic nerve head (ONH) and clear retinal blood
vessels (Figure 5 d).

5\ s e G e
Figure 1. Photograph showing the clinical presentation of the
superficial non- healing and deep stromal ulcer. (a) Superficial
ulcer with corneal vascularization in a 14-month-old Himalayan
cat. (b) Superficial corneal ulcer stained with fluorescein dye in a
2-year-old Persian cat with corneal vascularization; this ulcer was
secondary to herpes virus infection. (¢) Geographically distribut-
ed corneal ulcer in a 6-month-old Persian cat infected with her-
pes virus. (d) Deep stromal ulcer with descemetocele and corneal
melting in a 4-year-old DSH cat.
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g g d,
Figure 2. Representative clinical photographs complicated corne-
al ulcer with over granulation tissue and corneal vascularization
in a 12-month-old DSH cat (a) and in a 2-year-old DSH (b). (c)A
well-defined large sized corneal sequestrum secondary to FHV-1
infection in a 6-year-old Persian cat. (d) A well-defined medium
sized corneal sequestrum secondary to herpes keratitis in a 6-year-

old Persian cat.

X = , ass T“L.,.-L.."‘" et
Figure 3. A relatively large sized corneal sequestrum with corne-
al edema and neovascularization in a 3-year-old Persian cat (a).
Corneal ulceration with reddish to pink granulation tissue cov-
ering most of the corneal surface and corneal vascularization in
a 6-month-old Domestic shorthaired kitten infected with FHV-1

and Mycoplasma felis (b).

Figure 4. Clinical photograph showing perforated corneal ulcers
with unresponsive endophthalmitis and large protruding fibrin
clot in 3-year (a), 6-year (b), old DSH cat. FHV-1 was isolated
from these2 cats.

Figure 5. (a and b) Endoscopic images of cats with anterior seg-

PZEEY)

ment abnormalities illustrating long iris strands “is ™ arising from
the pupil “p” borders and adhering to the inner cornea “c”. (c)
Endoscopic image of a cat with perforated cornea showing imma-
ture cataract “/”" and anterior synechia. (d) Normal shaped pupil
with normal optic nerve head (ONH) and clear retinal blood ves-
sels

Laboratory findings

FHV-1 was isolated from 57 out of 80 (71.3%)
cats, and Mycoplasma felis was isolated from 15 out
of the 57 (26.3%) cats infected with FHV-1. Cats in-
fected with FHV-1 included 18 (31.6%) with deep
stromal ulcer; 12 (21.1%) with superficial ulcer; 9
(15.8%) with symblepharon; 7 (12.2%) with anteri-
or synechiae with secondary glaucoma and corneal
scarring; 5 (8.7%) with endophthalmitis with corneal
melting; 4 (7%) with corneal perforation; one (1.8%)
with corneal sequestration and one (1.8%) with cor-
neal ulceration with granulation tissue. Among the
57 FHV-1 infected cats, there were 36 (63.1%) DSH
cats, 19 (33.3%) Persian cats, one (1.8%) Himalayan
and one (1.8%) Siamese cat. Among the 15 cats in-
fected with Mycoplasma felis, 6 (40%) showed deep
stromal ulcer, 4 (26.7%) showed superficial ulcer, 3
(20%) had symblepharon and 2 (13.3%) had endoph-
thalmitis.

Treatment outcomes

Granulation tissue and corneal sequestration were
removed successfully from the surface of the cornea
(Figure 6 a,b and c). The conjunctival flap was sta-
ble and well-fixed throughout the treatment period
(Figure 7 a and b).Successful healing of the corne-
al defect after removal of the corneal sequestrum or
granulation tissue was noticed 3 weeks postoperative-
ly (Figure 8a). All reported superficial corneal ulcers
were healed successfully 3 weeks postoperatively
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with relative elimination of the associated symptoms.
Residues of granulation tissue and variable degrees
of fibrosis that disappeared completely after 3 months
postoperatively were reported in 6 (42.8 %) out of 14
cats with indolent ulcer (Figure 8b and c).

Three out of 4 (75%) cats with corneal sequestra-
tion showed successful healing of the corneal defect
with variable degrees of corneal fibrosis with asso-
ciated varying degrees of corneal opacity and vision
impairment (Figure 8d). In one Persian cat, with long
lasting sequestrum and diffuse corneal edema, the ne-
crotic material was deep and involved all layers of
the cornea. Removal of the necrotic material results
in corneal perforation, subsequent ocular hypoto-
ny and the condition ended up with exenteration. In
22 cats with deep stromal ulcer, lysis of the corneal
stroma was minimized, and the corneas were healed
successfully 4 weeks post-surgery. However, vari-
able degrees of granulation tissue and corneal fibrosis
(Figure 8e) were developed in 16 out of 22 (72.7%)
cats with deep stromal ulcer. The adhered conjuncti-
val membrane was removed successfully in 6 out of
11 cats with symblepharon and the corneal lesion was
healed with granulation tissue, fibrosis and / or mela-
nosis (Figure 8f).

Cats with anterior synechiae and secondary glau-
coma showed complete recovery (Figure 5d) and
the intraocular pressure was reduced from 33 to 24
mmHg one week after surgery. Recurrence of anterior
synechia was identified via endoscopic examination
in one Himalayan cat, one month after surgery with
associated corneal scarring.

b o et b
Figure 6. Intraoperative radiograph representing the successful
removal of the over granulation tissue from the cat in figure 2a
(a) and figure 2b (b) and the corneal sequestrum from the cat in
figure 2¢ (c).

Figure 7 a and b. Photograph representing the conjunctival flaps
used in this study

—r. . i ¥
Figure 8. Post-operative radiograph showing the successful heal-
ing of the corneal defect after removal of the corneal sequestrum
(a) and the healing of indolent ulcer and deep stromal ulcer with
residues of granulation tissue (b) and fibrosis (c). (d) Represent-
ing severe degree of corneal fibrosis after removal of long last-
ing corneal sequestrum. (e) adhesion between the conjunctival
tissue, granulation tissue and fibrosis was noticed in a cat with
deep stromal ulcer after removal of the conjunctival flap. (f) Cor-
neal pigmentation observed in a DSH cat one month after surgical
treatment of the symblepharon

DISCUSSION

In the present study, corneal ulcer complica-
tions were evidenced in young and adult, male and
female cats. The age range (3 months to 6 years) of
the cats with complicated corneal ulcer differed from
that reported for Boxers (2 to 10 years) (Gelatt and
Samuelson, 1982). FHV-1 infection is expected to
be the most common initial cause of ocular diseases
in young growing cats. Infection with FHV-1 in the
neonatal period, prior to eyelid opening, can lead to
extensive corneal damage and globe rupture in se-
vere cases (Nasisse et al., 1995). This is relatively in
agreement with the study reported here, as there were
9 (15.8%) FHV-1 infected cats with corneal perfo-
ration and incurable endophthalmitis with extensive
corneal damage. In our study, FHV-1 was isolated
from approximately 71.3% of the presented cats with
a higher incidence reported in Domestic shorthaired
cats (63.1%) followed by Persian cats (33.3%). The
high incidence documented in Domestic shorthaired

JHELLENIC VET MED SOC 2021, 72(3)
IEKE 2021, 72(3)



3048

K.M. ALI, A.A. MOSTAFA, S. SOLIMAN

cats may be attributed to lack of vaccination in these
cats. Bilateral corneal abnormalities were reported in
approximately 46.3% cats. This relatively high per-
centage may be due to transmission of the disease to
the contralateral eye (Gelatt and Samuelson, 1982), or
co-infection with FHV-1.

In the study reported here, cats with deep stromal
ulcer showed different degrees of visual impairment
according to the size of corneal ulcer (Ali and Has-
san, 2020). In previous studies, symblepharon was
reported to be a serious complication associated with
local herpetic infection (Martin and Stiles, 1998;
Slatter, 2001). In these studies, complete blindness
was evidenced in FHV-1 infected cats secondary to
symblepharon, as 5 out of 11 cats with symblepharon
were presented with phthisis bulbi with the eyes not
potential for vision and were treated by exenteration
(Slatter, 2001). Corneal sequestrum is a serious com-
plication of long-lasting corneal ulcer or after long-
term treatment with topical corticosteroids (Nasisse
et al., 1995). In the present study, corneal sequestrum
was superficial, affecting the anterior third of the cor-
neal stroma, and was easily removed in all cats with-
out complications, except in a Persian cat where the
lesion extended to the Descemet’s membrane and
caused corneal perforation. This case ended up with
hypotony and phthisis bulbi.

In the current study, superficial keratectomy and
conjunctival flap were convenient treating options in
cats with superficial corneal ulcer and deep stromal
ulcer. This may be due to the fact that conjunctival
flap provides corneal support and fibrovascular tissue
to fill corneal defects (Tandon et al., 2010 and Ali and
Hassan, 2020)). Additionally, it brings blood supply
and blood-associated immune components along with
natural anti-collagenase to the lesion (Tandon et al.,
2010). In this study, the use of conjunctival flap also
allowed proper visualization and monitoring of the
rest of the cornea, as well as the surrounding struc-
tures of each treated eye. Persistent corneal scars de-
veloped in cats with deep stromal ulcer and anterior

synechiae caused varying degrees of visual impair-
ment. This may be attributed to the lack of collagen
fibrils produced during repair of the stromal lesion to
be laid down in a regular lattice pattern. The previous-
ly described ocular endoscopic technique (Abd-Elh-
amid et al., 2014), was used in the present study to
determine anterior chamber abnormalities in cats
with corneal edema and corneal neovascularization.
Moreover, this technique was useful for monitoring
the outcome after surgical removal of the incarcerated
iris strands that were adherent to the inner surface of
the cornea. A confirmatory diagnostic method for de-
tecting the underlying cause (FHV-1) of complicated
corneal ulcers in cats was the use of PCR in this study.
Future investigation on larger populations of different
animal species with complicated corneal ulceration is
still warranted.

In conclusion, the most common complications of
corneal ulceration in cats included deep stromal ul-
cer with descemetocele, endophthalmitis with corne-
al involvement, symblepharon, corneal sequestration
and anterior synechiae with secondary glaucoma and
corneal scarring. FHV-1 is thought to be the initial
etiologic factor or incriminated in the pathogenesis
of corneal ulceration in cats. Persistent corneal scars
of varying shape and size can frequently develop in
cats with deep stromal ulcer, anterior synechiae, and
corneal sequestration. Domestic shorthaired and Per-
sian cats were the most predisposed breeds to FHV-1
infection and subsequent corneal ulceration. Immedi-
ate management of patients with corneal ulcer would
prevent serious complications associated with this
disease.
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ABSTRACT: Turkey produces most of the European sea bassin Europe and bacterial diseases are the main cause of
economic loss during the production cycle. This research presents the first extended study of the Aeromonas veronii
infection in sea bass on the Turkish coast of the Aegean Sea. An outbreak was observed in three different sea bass
farms and diseased fish with clinical symptoms were sampled. Abdominal distention, hemorrhages on the body and
anus, enlarged spleen and liver, and hemorrhages in the internal organs were detected from clinical and pathological
examinations. Biochemical and molecular identification confirmed the pathogen to be A.veronii.The histopathological
observations demonstrated that the pathogen caused bacterial colonies in the fibrous connective tissue, granuloma,
and vacuolar degeneration.The primary causes of the disease were proved through an infection experiment. 80% and
90% mortality were calculated in 0.85 x 108 CFU ml"' and 1.28 x 108 CFU ml"! experimentally infected groups with
clinical and pathological signs of the disease respectively. Recently, the pathological symptoms of the disease had been
confused with pasteurellosis infection in cage farms but the presence of A4.veronii has been confirmed in the current
study. A detailed study is needed to investigate the overall status of the disease in the Aegean Sea in order to design an
appropriate preventive strategy.
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INTRODUCTION

urkey is a significant producer of farmed fish in

Europe, and sea bass (Dicentrarchus labrax) is
one of the main species produced. The increase in na-
tional aquaculture output in the last 30 years has led
to various problems; among these is the prevalence of
several bacterial fish pathogens in the Mediterranean
area. The number of new pathogens identified has in-
creased over time, and one of the most common caus-
es of the emergence of infectious diseases in marine
fish is the Aeromonas species.

Aeromonas species are Gram-negative, facultative
anaerobic bacteria that have a ubiquitous presence,
including in psychrophilic and mesophilic organ-
isms and humans (Nerland, 1996; Austin and Austin,
2007; Janda and Abbott, 2010). These bacteria were
previously reported as the causative agent of bacteri-
al hemorrhagic septicemia (BHS), motile acromonad
septicemia (MAS), and epizootic ulcerative syndrome
(EUS) in many marine and freshwater fish species
(Austin and Austin, 2007; Martinez-Murcia et al.,
2008; Liu et al., 2016). In addition, motile acromonads
have been reported with several clinical signs,such as
ulceration, fin and tail rot, abdominal distention, and
exophthalmia (Sreedharan et al., 2011). Because Aer-
omonas species affect many fish species, interest in
understanding the role of the pathogen has been ris-
ing in fish farms (Guzman-Murillo et al., 2000). Aer-
omonas veronii is the most virulent of the Aeromonas
species,which include Aeromonas caviae, Aeromonas
hydrophila and Aeromonas sobria (Janda and Kokka,
1991; Sreedharan et al., 2011). It causes pneumonia,
soft tissue and wound infection and gastroenteritis in
humans (Janda and Abbott, 2010), and hemorrhagic
septicemia and epizootic ulcerative syndrome in fish
(Caietal., 2012).

The diseases caused by A.veronii have been re-
ported from several locations around the world and
from several fish species: cultured channel catfish (/c-
talurus punctatus) (Liu et al., 2016), cultured snake-
head fish (Ophiocephalus argus) (Zheng et al., 2012),
Chinese longsnout catfish (Leiocassislongirostris)
(Cai et al., 2012), Nile tilapia (Oreochromis niloticus)
(Hassan et al., 2017), carp (Cyprinus carpio) (Gong et
al.,2010; Yu et al., 2010), Siberian sturgeon (Acipens-
er baerii) (Ma et al., 2009) and European sea bass (D.
labrax) (Smyrli et al., 2017).

To our knowledge, this is the first extended study
of infection by A. veroniiin cultured sea bass in the
Aegean coast of Turkey. Sea bass is one of the most

produced commercial fish species in the Mediterra-
nean region, and Turkey is the leading producer of sea
bass in the Aegean Sea. This infection is thus a signif-
icant concern with high mortality and economic loss.
The pathological symptoms were initially confused
with another major bacterial disease, pasteurellosis;
however,it was not previously possible to isolate the
agent from chronic cases in fish farms. The study pre-
sented here is the first detailed investigation from the
Aegean coast of Turkey of the A. veronii infection,
which is a serious and contagious disease agent in sea
bass cage culture, with pure isolation, the biochemical
and molecular identification of the agent, and the de-
termination of its histopathological effects and patho-
genicity obtained via an experimental infection.

MATERIALS AND METHODS

The outbreak was observed in three different sea
bass farms between 2017 and 2019 in the South Ae-
gean region, Turkey. Diseased fish samples that ap-
proached commercial size (250-350 g) were sample-
dover a period of three years (a total of approximately
270 fish) from acute and chronic cases and transferred
to the Fish Disease and Biotechnology Laboratory,
Faculty of Fisheries, Izmir Katip Celebi University.
Clinical, microbiological and pathological examina-
tions were performed, and bacterial isolates from the
anterior of the kidneys, spleen and liver were streaked
on tryptic soy agar (TSA, Merck) supplemented with
2% NaCl and tryptic soy agar supplemented with
sheep blood in order to isolate the causative patho-
gen. The TSA plates were incubated at 25°C for 24-
48 h and colony morphology was observed. The pure
colonies were streaked again on TSA for biochemical
analyses. Motility, Gram staining was implemented,
and catalase and oxidase activity were detected ac-
cording to standard procedures (Austin and Austin,
2007). The isolates were identified using API 20E
tests (BioMerieux S.A., France) by determining the
biochemical characteristics of the bacteria.

Molecular identification of the bacteria was ac-
complished with 16SrRNA gene amplification. A Eu-
rXGeneMATRIX Tissue Bacteria DNA Isolation Kit
(Poland) was used for DNA isolation, and the den-
sity and quality of the DNA were determined with a
Thermo Scientific Nanodrop 2000 (USA). The PCR
amplification reactions were performed by employing
universal primers 27F (5 AGAGTTTGATCMTG-
GCTCAG 3’) and 1492R (5’ TACGGYTACCTTGT-
TACGACTT 3’).The amplification was carried out
after initial denaturation at 95 °C for 5 minutes, fol-
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lowed by 35 cycles at 95 °C for 45 seconds, 57 °C for
45 seconds and 72 °C for 1 minute, then 72 °C for 5
minutes as the final extension. Band screening of the
PCR products was observed in the gel electrophore-
sis. Amplified products of template DNA were sent to
the Macrogen direct sequencing service (Macrogen,
Holland) for sequence determination. The sequenced
DNA data were matched with the GenBank database
using the BLASTN 2.6.1. algorithm and a phyloge-
netic tree was formed by the neighbor-joining method
with MEGA7 software.

For histological examination, the liver, spleen,
gill, and heart were sampled from diseased fish with
clinical signs and preserved in 10% buffered formalin
after necropsy. The tissues were then processed rou-
tinely and prepared into paraffin blocks. The blocks
of tissues were cut to 5 um thickness and stained with
Hematoxylin and Eosin (H-E) and examined under a
light microscope (Culling et al. 1985).

The pathogenicity of A.veronii was tested on Eu-
ropean sea bass which had no infection history. Three
duplicated experimental groups were constituted and
10 healthy fish (weighing about 350 g each) were
placed in each of 300 L tanks in the recirculated aqua-
culture system in Faculty of Fisheries Research Cen-
ter, Izmir Katip Celebi University.

The isolated and identified A.veronii strain was
grown in Tryptic Soy Broth (TSB, Merck) supple-
mented with 0.5% NaCl for 20 h at 25°C. The number
of colony-forming units (CFU) per ml was determined
by plating seven-fold serial dilutions on TSA plates.
0.1 ml bacterial suspension of 0.85 x 108 CFU ml'and
1.28 x 108 CFU ml! A.veronii were injected by intra-
peritoneal injection (IP) into two of the groups, while
0.1 ml PBS were injected IP into the control groups
under the same environmental conditions. Moribund
and dead fish were observed and clinical and patho-
logical examinations were conducted over a period of
10 days.

RESULTS

The disease caused massive mortality in sea bass
farms between May (19 °C) and November (20 °C) in
the same region, and cumulative losses were observed
over three years from chronic cases. All the sea bass
farms are located in the same area and the symptoms
of the disease were observed in all of them. Infected
fish were observed near the surface of the water and
exhibited a loss of appetite. The clinical findings indi-

cated abdominal distention, hemorrhages on the head
and around the mouth, especially on the upper and
lower jaw,operculum, and ulcerative lesions on the
ventral side of the body and around the anus (Figure
1). Necropsy showed enlarged liver, spleen, heart, and
kidney with whitish nodules, multiple granulomas,
and focal necrosis (Figure 2).

Figure 1. Clinical signs of the disease: A: hemorrhages on head
and around mouth; B: hemorrhages around mouth and abdominal
distention; C: ulcerative lesions on the ventral side of the body
and around anus; D: hemorrhages on the upper and lower jaw

Figure 2. Pathological findings of the disease: A: multiple gran-
ulomas on kidney; B: hemorrhages on gonads and internal fat,
whitish nodules on spleen; C: petechiae on liver with anemia,
hemorrhages on gonads and internal fat, whitish nodules on spleen
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Table 1. Morphologic and biochemical test results of the isolated
Aeromonas veronii strain

Aeromonas veronii

Gram stain = TDA a4k

Motility + Indole +

Oxidase + VP +

Catalase + Gelatin +

0/129 - Glucose +

OF + Mannitol +

Figure 3. A: Pure A. veroniic olonies on TSA; B: Hemolysis of ONEG * —Inos{ml :
A. veronii on BTSA ADH - Sorbitol -
LDC i Rhamnose =

Smooth and round colonies were detected on the OPC — + Su‘frése +
TSA with brown pigmentation on the medium and -Citrate utilization g Melibiose -
these caused hemolysis on the BTSA after 48 h in- H.S - _Amyg 'dahn -
Urease - Arabinose -

cubation (Figure 3). The isolates were found to be

?Otﬂe’ dG}rlam-gegativej Oi;fase’ an}cli lcatglase deSPli The 16S rRNA sequence results of the isolated
1ve rod-shaped bacteria. 1he MOIPAOIOEIC an strains showed 99% sequence similarity with A.veronii

é(ﬁipléoche}rln ‘c?l test ;esullts a{e P re_sgntei];n CTalble' L in the BLASTN 2.6.1 database and were registered in
(ortho-nitro-pheny -galactos ©), ( YSIN® " NCBI GenBank with accession number MT126417.
decarboxylase), ODC (ornithine decarboxylase), ci-

trate utilization, TDA (tryptophan deaminase), indole,
VP (Voges Proskauer test), gelatin, glucose, mannitol
and sucrose were found to be positive, while ADH
(arginine dihydrolase), H,S, urease, inositol, sorbitol,
rhamnose, melibiose, amygdalin and arabinose were
detected to be negative in all isolates (Table 1).

The phylogenetic tree of the isolated strain and other
homologous sequences which were isolated from dif-
ferent fish species is presented in Figure 4.

9 Iﬂ. veronii (MT126417)
24 A. veronii (KPB98503.1)
s A.veronii (KF761317.1)
] 98 L A.veronii (JQ301780.1)

A.hydrophila (MK478865.1)
0 A.veronii (KF761318.1)
A veronii (GQ280902.1)
e
L 18 A hydrophila (MKD44848.1)
17 A.hydrophila (MF511716.1)
— A.bestiarum (KJ726589.1)
Ah (MK272041.1)

o e Ly
3 A.veronii (JX262992.1)
17 A sobria (HM358838.1)

32 A.veronii bv. sobria {KR049227.1)
| | A.hydrophila (MH307977.1)
I A.veronii (GQ180116.1)
A.veronii bv. sobria (KF636138.1)
A.sobria (GQ232760.1)
|A.sa.lmaru'nh‘a (IN711856.1)
o5 || A-salmonicida (JN711820.1)
12| | A-salmonicida subsp. masoucida (JN711857.1)
11| A.salmanicida (JN711858.1)
36 | A bestiarum (JN711732.1)

3

T —
5

Figure 4. Phylogenetic tree of Aeromonas veronii MT126417 (in bold) and related matches isolated from different fish species in Gen-
Bank (NCBI) based on 16S rRNA sequences using MEGA7 with Maximum Composite Likelihood Method, 1000 bootstrap replicates.
The bootstrap values are shown next to the branches and the scale bars present the distance values.

JHELLENIC VET MED SOC 2021, 72(3)
IEKE 2021, 72(3)



T. TANSEL TANRIKUL, E. DINCTURK

3055

The histopathological results for the spleen, liver,
gill and heart tissues are presented in Figure 5. De-
generation in cells such as lymphocytic cell infiltra-
tion was noticed in the spleen tissue. In the liver,gran-
uloma, intravenous hyperemia, hemorrhages between
cells, vacuolar degeneration, necrotic tissue were ob-
served, as well asbacterial colonies in the fibrous con-
nective tissue. Lamellar epithelial hypertrophy and
hyperplasia with degenerative changes were found in
the gill epithelium. In addition, degeneration and lym-
phocyte cell infiltration were determined, especially
in subendocardial cells (Figure 5).

Figure 5. Hematoxylin and Eosin (H-E) stain of deromonas ve-
ronii infected tissues; A (X 200) WP: white pulp; RP: red pulp
-B (X 400): spleen tissue with degeneration in cells;Mm: mel-
anomacrophage and lymphocytic cell infiltration; C (X 100)
G: granuloma - D (X 200): V: vacuolar degeneration;H: hyper-
emia;Hm: hemorrhages between cells and bacterial colonies in
liver tissue, E (X 100) - F (X 200) D: degeneration - G (X 200):
lymphocytic cell infiltration and lamellar epithelial hypertrophy,
hyperplasia with degenerative changes in the gill epithelium; H (x
200): Mc: myocardium; Ec: endocardium, degeneration and lym-
phocyte cell infiltration in subendocardial cells.

In the infection experiment, the mortality of the
groups after 36 hours of injection was determined and
found to be 80 % and 90 % in the 0.85 x 10® CFU

ml'and 1.28 x 108 CFU ml'groups respectively. The
symptoms of the disease were observed to be ascites,
and hemorrhages on the body surface and internal or-
gans,and the causative pathogen was reisolated from
the kidneys, spleens and livers of the IP-injected fish.
Death stopped in the sixth day of the experiment, and
no clinical or pathological signs of the disease were
detected in the control groups.

DISCUSSION

This study investigated the disease caused by
A.veronii in farmed sea bass in the Aegean Region of
Turkey and examined it in detail through biochemical
and molecular identification, histopathological study,
and the determination of pathogenicity. European sea
bass production reached 116,915 tonnes in 2018 in
Turkey (TUIK, 2019), and it thus became the primary
species in the marine aquaculture industry. This paper
highlights the significance of the presence of a new
bacterial disease in this area. A4.veronii was isolated
from the commercial-sized diseased fish showing
clinical signs and mortality. Determining the impacts
of A.veronii infection on seabass is important for the
future of aquaculture production in the Mediterranean
region in order to prevent further outbreaks that could
cause several pathological disorders and mass mor-
tality.

Uzun and Ogut (2015) reported A.veronii biovar-
sobria from European sea bass in their study of the
occurrenceand frequency of bacterial pathogens in
sea bass in the Black Sea Region of Turkey, which
sampled two different fish farms monthly between
2009 and 2011. Overall, A. veronii bv sobria was
identified as the most common pathogen (65.2%), al-
though it was isolated from only 13 fish with signs
of disease. The study was the only statement of the
presence A.veronii in Turkey and there was no sig-
nificant evidence that A.veronii was a pathogenic dis-
ease agent in that area that could cause an epidemic
causing mass mortalities and pathologic disorders in
cages. Previous reports have shown the existence of
disease caused by A.veronii on the Greek coast of the
Aegean Sea (Smyrli et al., 2017). The present study
verifies the presence and the effects of the pathogen
on the Turkish side of the Aegean Sea as a primary
causative disease agent.

Abdominal distention, hemorrhages on different
parts of the head, and ulcerative lesions were all ob-
served in the diseased fish, while multiple granulomas
in the major organs were noted as the main pathologic
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findings of the disease. Smyrli et al. (2017) observed
epidermal lesions that became ulcerated and reddened
fins in European sea bass as the clinical signs of the
disease. Furthermore, hemorrhages, lesions, necrotic
foci, and granulomas were detected on spleen, kidney,
and liver tissue in infected fish. Hassan et al. (2017)
reported hemorrhages on the surface of the body, de-
tached scales, ulcerations, and abdominal dropsy in
Nile tilapia (O.niloticus). Moreover, hemorrhagic
spots in the liver, bloody exudates in the abdominal
cavity, hepatosplenomegaly, and the gall bladder filled
with bile were documented as the post-mortem exam-
ination results of 4.veronii infection. The most obvi-
ous clinical and pathological symptoms were stated
to be hemorrhages in the mouth and fins, enlarged
spleen, hemorrhages, and necrosis in the spleen, kid-
ney, and liver in cultured channel catfish (1. punctatus)
(Liu et al., 2016). In addition, Yu et al. (2010) found
ulcerative lesions on the skin, abdominal dropsy, and

Table 2. Morphologic and API 20E biochemical test results

enlarged spleen and kidney from A.veronii infection
in farmed carp (C. carpio). These research findings
are indicated that the pathogen causes similar clinical
and pathological symptoms in several fish species.

Isolated A.veronii strains were observed with
brown pigment-producing colonies on TSA. Smyrli
et al.(2017) isolated two different A.veronii strains;
pigment-producing isolates and non-pigment produc-
ing isolates. However, Uzun and Ogut (2015), Yu et
al. (2010) and Cai et al. (2012) did not provide any
information about the pigment-production of strains.
The biochemical test results of the isolated A.veronii
strains are compared with related research in Table 2.
Some indicators, such as arginine dihydrolase (ADH),
ornithine decarboxylase (ODC) and tryptophan de-
aminase (TDA) vary among different isolates, but the
parameters are not essential criteria for biochemical
identification of A.veronii(Abbott et al., 2003).

Present isolate Yu et al. 2010?
Gram stain
Motility
Oxidase
Catalase
0/129 -
OF +
ONPG +
ADH

LDC

OoDC

Citrate utilization
H,S - -
Urease - -
TDA
Indole
VP
Gelatin
Glucose
Mannitol
Inositol - -
Sorbitol - -
Rhamnose - -
Sucrose +
Melibiose - -
Amygdalin - -
Arabinose - -

+ o+ 4
o+ + + 0+

+

Zheng et al. 2012° [ Liu etal. 2016° | Smyrli et al. 2017¢

+ +

4+ 4

+

+ :

. 4+ 4
+ - -
4 4 4
+ +

+

- ) +
4+ 4+

+ +

4+ 4+

+

4+ 4 4
4+ 4+ 4+

a: Isolated from Israeli carp (Cyprinus carpio); b: Isolated from snakehead fish (Ophiocephalus argus); c: Isolated from channel
catfish (Ictalurus punctatus); d: Isolated from European sea bass (Dicentrarchus labrax)
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Smyrli et al. (2017) reported a systemic infection
from European sea bass characterized by chronic
granulomatous inflammation; necrotic lesions with
granulomas contained the foci of rod-shaped bacte-
ria. Yu et al. (2010) observed hepatocellular vacuo-
lar degeneration and congestion in sinusoids, and
pulps in the spleen, which had numerous bacterial
invasions, in 4. veronii-infected Cyprinus carpio. In
naturally-infected Nile tilapia (O.niloticus) vacuolar
degeneration in the liver, depletion of hemopoietic
tissue in the spleen, and degenerative changes in the
parenchymatous organs including the liver and spleen
were noted by Hassan et al. (2017). Similarly, in this
study,degenerations in the spleen tissue, vacuolar de-
generation, hemorrhages between cells, and bacterial
colonies in the liver tissue were found among the his-
topathological results for the European sea bass.

Previous studies on the mortality rates of A.veronii
infection experiments have demonstrated acute mor-
talities at different concentrations. Yu et al, (2010)
tested the effects of A.veronii on carp (Cyprinus
carpio) and reported that a 103 CFU fish™! dose caused
16.7% mortality within 10 day, while a 10° CFU fish™!
dose raised this percentage to 65% within nine days,
and 107 CFU fish! injected fish all died within seven
days. All the dead fish indicated typical external and
internal signs of the disease. Smyrli et al. (2017) test-
ed A.veronii infection in sea bass with two different
challenge tests: 10* CFU fish™! by injection intraperito-
neally and 10° CFU fish! bacterial suspension by im-
mersion. All the fish in the bath-challenge group were
reported dead within 10 days, and displayed lethargic
swimming, reddening on the skin and fins, diffused
hemorrhages in the peritoneum cavity and on the
surfaces of internal organs, as well as lesions on the
spleen and liver. The IP-injected fish group died with-
in four days with diffused hemorrhages in the peri-
toneum cavity and internal organs. Sreedharan et al.
(2011) tested the pathogenicity of the 4.veronii strain
on goldfish (Carassius carassius). They calculated
the LD, values to be 10°”' CFU/ml and observed loss
of scales with hemorrhagic scale pockets in the fish
tested. Hassan et al. (2017) established the LD, dose
of A.veronii strain for the Nile tilapia (O. niloticus)
5.2 x 10° CFU/ml and determined 78% mortality in
the challeng egroups,observing hemorrhage and red-
ness at scale pockets, enteritis and the filling of the in-
testine with transparent content. Many recent studies
have shown that A.veronii causes similar clinical and
pathological symptoms in different fish species and
the present study provides similar results in sea bass.

Photobacterium damselae subsp. piscicida infec-
tion was described as “pseudotuberculosis” by Egusa
(1993), due to its having similar symptoms and histo-
pathological characteristics as tuberculosis, including
numerous tubercles in the internal organs, especial-
ly in the kidney and spleen. The clinical and patho-
logical symptoms of the disease caused by A.veronii
are very similar to those of pasteurellosis, including
the appearance of severe granulomas in the internal
organs, and the disease in this current case could be
considered as “pseudopasteurellosis”.The pathologi-
cal symptoms were generally confused with pasteu-
rellosis infection in cage farms, especially in Turkey
but this study verifies the presence and pathological
effects of A.veronii in sea bass.

In conclusion, this is the first study to our knowl-
edge to report A.veronii infection in European sea
bass from the Turkish coast of the Aegean Sea. The
study has determined the presence of the pathogen as
a disease agent in seabass in this area through clinical,
pathological, biochemical, molecular, and histopatho-
logical findings, and has also confirmed the results
with an infection experiment. Overall, these findings
highlight the potential for anout break in a region that
is one of the main seabass producers in the world,
which could lead to massive economic loss. More re-
search is required to fully understand the prevalence
of A.veronii in the Aegean Sea and to explore its ef-
fects on other fish species and the longer-term eco-
nomic implications.
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ABSTRACT: Sa/monella Dublin is a causative agent of a gastrointestinal bacterial infection prevalent in many cattle
herds worldwide. Hence, the goal of this research was to evaluate the prevalence of Salmonella Dublin carriage in
fecal and milk samples from dairy cattle from Algeria, and to investigate potential risk factors associated with the
presence of S. Dublin antibodies. A total of 307 cows from 39 farms were analyzed in this study. Bacteriological and
immunological methods were used to isolate and detect S. Dublin antibodies in feces and cow’s milk. Antimicrobial
susceptibility testing was performed using the disc diffusion method. Logistic regression was used to study risk factors
associated with S. Dublin antibodies. The bacteriological results showed the absence ofS. Dublin and a prevalence of
0.97 %(3/307) (IC 95% 0 - 2.08)for S. Mbandaka. The immunological analysis of milk by the ELISA technique showed
a prevalence of 36.33% (95% CI 30.44 - 42.22) for S. Dublin. Final multivariate regression models showed that the
breed, the region and introduction of purchased cattle were associated with the presence of S. Dublin antibodies. This
study is the first that reports the seroprevalence and risk factors associated with S. Dublin infection in Algeria and could
be considered as a comparison point for further studies in Algeria.
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INTRODUCTION
Salmonella infections are a major concern for
the various animal productions and for public
health(Agren et al., 2016). Salmonellosis is one of
the most common diseases in cattle but also poses a
significant zoonotic risk (Camart-Périéet al., 2007).
Cattle is the main reservoir of Salmonella enterica
subsp. Enterica serovar Dublin (Salmonella Dublin)
which is considered to be the most frequent cause of
Salmonella infection in cattle (Henderson and Mason,
2017).

These carrier animals are responsible for propagat-
ing infection in dairy herds via S. Dublin shedding in
feces and milk (Holschbach and Peek, 2018),and are
transmitted to humans, usually through the consump-
tion of beef meat and cow’s milk (Molla et al., 2003;
Rodrigez-Rivera et al., 2014).Veterinarians have also
been infected from skin contact with the bacteria,
especially following obstetric maneuvers and insem-
inators (Visser, 1998). In addition, S. Dublin is the
serovar of most economic concern, because of its par-
ticularly invasive nature, causing acute diarrhea and
mortality, mainly observed in calves between 2 weeks
to 3 months of age, septicemia and reproductive disor-
ders, including abortions. Moreover, with this serovar,
some animals remain infected for life without mani-
festing clinical signs (asymptomatic carriers) (Ra-
dostits et al., 2007).Therefore, the presence of these
asymptomatic carriers of S. Dublin in cattle herds is a
major concern because they shed the bacteria continu-
ously or intermittently for years in milk and/or faeces,
resulting in environmental contamination and infec-
tions in other animals (Holschbach and Peek, 2018).
However, the use of bacteriological examination for
the detection of the Dublin serovar has lower sensitiv-
ity rate compared with serological methods (Nielsen,
2013; Nyman et al., 2013). Therefore, the most used
tests for S. Dublin detection include enzyme-linked
immunosorbent assays (ELISAs) used for the detec-
tion of immunoglobulins against S. Dublin in serum
and in milk samples, and bacteriological culture of fe-
cal samples (Veling et al., 2002; Nielsen and Ersbgll,
2004). In Algeria, the prevalence of S. Dublin has
not yet been studied.To date,only two studies were
published about S. Dublin in Algeria (Ayachi et al.,
2012; Derdour et al., 2017),but no study was done on
risk factors associated with the presence of S. Dublin
antibodies. Therefore, the aims of our work were (i)
to investigate the prevalence of S. Dublin carriage in
dairy cattle, (ii) to identify potential risk factors that
could be associated with the presence of Salmonella

Dublin antibodies, and (iii) to compare the ELISA test
with bacteriological methods in detection of serovar
Dublin from the dairy herd.

MATERIALS AND METHODS

Study area

This study was carried out in Khenchela region.
This region is located in the east of Algeria, and it is
characterized by a large number of cattle (4478 cows
in 2018), and a promising milk sector (27 million li-
ters of milk per year). The altitude range is from 1050
to 1710 meters and the daily average temperature
ranges from -2°C to 42°C.

Sampling

We calculated the sample size using the formula
for simple random samples recommended by Thrus-
field (2007):

Pexp(1-Pexp)

n=(1.96) ]

where n = required sample size; Pexp = expected
prevalence; d = desired absolute precision; 1.96 was
the Z value for the selected confidence level (95%).
According to this formula, the minimum sample size
for an infinite population was 139 cows using an
expected individual prevalence of 10% (according
previous studies in this region), a desired absolute
precision of 5% and a confidence level of 95%. The
sample size was increased to 307 in order to increase
the absolute precision and compensate for 5% attri-
tion. A total of 39 farms were randomly selected, from
which, 307 fecal samples were taken and analyzed.
About 25g of individual fecal samples of cows were
collected directly from the rectum using disposable
gloves, and then stored in sterile pots. Samples were
then sent for analysis on the same day. On the other
hand, milk from 256 cows (10 mL) among the 307
cows selected for bacteriological analysis, was col-
lected in vacutainer tubes and stored at -80°C until
serological analysis (Fifty-one cows were in the dry
period, and they were not included in milk sampling).

The minimum number of cattle to be tested on
each farm was established as 10 (Cannon and Roe,
1982), the number of cattle to be sampled on each
farm was defined on the basis of the total number of
cattle in the farm: the farm consisted of less than 10
cattle, in which case all cattle were harvested or the
farm contained more than 10 cattle and, in this case,
at least 10 individuals were taken.
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Questionnaire survey

During this study, a questionnaire was established-
to determine potential risk factors. The variables in-
cluded as potential risk factors at the farm level were
as follows: Farm location (El Hamma, Baghai, El
Mahmal, Kais, Remila), age (between 2 to 10 year),
breed (Montbéliarde, Holstein, crossed breed, Brown
Swiss, Fleckvieh, Normande, Limousin), general
hygiene (good, average, bad), introduction of new
purchased animals (yes/no), water supply (networks,-
drilling), water quality (bad/clean), gestation (yes/no),
gestation stage (between 1 to 9 month), parity(unipa-
rous, multiparous), clinical signs at the time of col-
lection(diarrhea, mastitis, respiratory problem, arthri-
tis, eye infection, no sign, abortion (yes/no),stage of
abortion (between1-9 month)).

BACTERIOLOGICAL CULTURE

Isolation of Salmonella spp.

The isolation was performed according to the AF-
NOR standard (NF U: 47-100) (2007). 25g of individ-
ual fecal samples were mixed with 225 mLof buffered
peptone water (Condalab, Spain)and incubated for
24h at 37°C. Then, 1 mL of the pre-enriched culture
was transferred to Miiller Kauffmann Tetrathionate-
novobiocin broth (Bio-Rad, France) and 0.1mLof the
same pre-enriched culture was transferred to Modi-
fied Semisolid Rappaport Vassiliadis Medium (MS-
RV;Condalab, Madrid, Spain)and incubated at 37°C
and 42°C for 24h respectively. A loopful from each
culture was streaked into selective xylose-lysine-de-
oxycholate agar (Condalab,Spain) and Hektoenagar
plates (HK; InstitutPasteur Algeria (IPA)),and incu-
bated at 37°C for 24h. The initial biochemical tests
were performed on a 24h pure culture using Triple
Sugar Iron (TSI; IPA) agar slant, indole urea reagent
(IPA), Lysine Decarboxylase (LDC; [PA) reagent and
ortho-NitroPhenyl-B-galactoside (ONPG; IPA).Then,
the API 20E system (BioMérieux, France).

Serotyping of Salmonella

Salmonella serovars were identified serologically
by slide agglutination test using diagnostic polyvalent
and monovalent O and H Sa/monella antisera (Bio-
Rad, France),according to Kauffman-White scheme
(Grimont and weill, 2007).

Antimicrobial susceptibility testing

The agar disk diffusion method was used to deter-
mine the antimicrobial susceptibility patterns of Sal-
monella isolates according to the Clinical and Lab-

oratory Standards Institute guidelines, (CLSI)(2018)
Using Mueller- Hinton agar (IPA, Algiers, Algeria).
The isolates were tested for the following antibiot-
ics (disk content): ampicillin (10 pg), piperacillin
(100 pg), ticarcillin (75 pg), amoxicillin/clavulanate
(20 pg/10 pg), ceftazidime (30 pg), cefotaxime (30
pg), aztreonam (30 pg), imipenem (10 pg), sulfon-
amides(300 pg), trimethoprim (5 pg), cortrimoxazol
(25pg), nalidixic acid (30 pg), norfloxacin(10 pg), ci-
profloxacin (5 pg),colistin (10 pg), furans (300 pg),
chloramphenicol (30 png) and tetracycline (30 pg), the
results were evaluated after 24h of incubation at 35°C.

ELISA TEST

The ELISA test is based on the detection of anti-
bodies against Sa/monella lipopolysaccharide (LPS)
antigens, and it was performed according to the man-
ufacturer’s instructions (PrioCHECK Salmonella
Antibody ELISA Dublin; Thermo Fisher Scientific,
Waltham, MA). Milk samples were heated for one
hour at 37°C. Briefly, the upper layer of fat was pulled
out, and the undiluted skim milk samples were inoc-
ulated in 96 microtiter plate and the optical density
(OD) was measured at 450nm using ELISA reader
(Bio-Rad, USA).

STATISTICAL ANALYSIS

Statistical differences in proportions were com-
pared using the Chi-square test. The association be-
tween the presence of serovar Dublin in milk and pos-
sible risk factors was tested using logistic regression
(SPSS software version 20). The farm was included
as random effect due to repeated measurements, P val-
ue equal to or less than 0.25 during simple regression
were forwarded to multiple regression analysis, and
only variables with P value <0.05 were included in
the final model of risk factors. Specificity, sensitivity,
Kappa, McNemar test and confidence intervals were
calculated with the use of Winepiscope 2.0. Values
ofP<0.001 and P<0.05 were considered as statistical-
ly significant.

RESULTS

Bacterial isolation and serotyping of Salmonella
isolates

Three out of 307 (0.97%) collected fecal samples
were positive for Salmonella, all the three serotyped
Salmonella were Salmonella Mbandaka. However,
serovar Dublin was not found in any fecal cultures.
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Antibiotic susceptibility testing

The antimicrobial susceptibility pattern of the
three isolates indicated that all isolates were suscepti-
ble to the all antibiotics used.

Serology of milk samples

The ELISA results showed, that out of the 256
milk sample examined, 93 (36.33%) were positive
at 95% with a confidence interval between30.44 to
42.22for S. Dublin antibodies in milk samples, while
163 (63.67%) were found negative. The difference of
S. Dublin individual seroprevalence between regions
(municipalities) was statistically significant (P<0.05)
(Table1).The comparison of the prevalence of S. Dub-
lin using bacteriological methods (0%) and ELISA
(36.33%) indicated clearly that those methods were
significantly different (P<0.01). The capability to de-
tect a positive animal is significantly higher for ELI-
SA.

Risk-factors analysis
Risk factors (Table 2) with P< 0.25 in the univari-

able analysis (Univariable regression results table is
included as supplementary material S1) were included
in the final model of regression: Age, hygiene, gesta-
tion, stage of gestation, parity, and clinical signs at the
time of collection. Cows from the Remila region were
less susceptible of having Sa/monella antibodies in
milk, than cows in El Hamma region (OR=0.027, IC:
0.003-0.256), and the introduction of new purchased
animals reduced the risk of having Sa/monella anti-
bodies in milk (OR=0.06, IC: 0.008-0.510). However,
Brown Swiss cows were 15 times more susceptible of
having Sa/monella Dublin antibodies in milk than the
Montbeliarde (OR= 15.66, IC: 1.679-146.15).

DISCUSSION

Diseases caused by Salmonella spp. constitute a
real problem of public health and animal production
in the world (Smith et al., 2004). S. Dublin is a sero-
type adapted and concern to cattle in several countries
due to its ability to induce abortions, reduced milk
production and its significant economic losses (Visser
etal., 1997).

Table 1. Individual serological prevalence of Sa/monella Dublin in milk by region

Region Farm Samples (%) Seropositive Prevalence % 95% CI? P value
El hamma 14 105 (41.01) 42 40 (30.63- 49.37)

Baghai 2 12 (4.68) 7 58.33 (30.44-86.23)

El mahmal 6 24 (9.37) 19 79.77 (62.92-95.41)

Kais 11 69 (26.95) 17 24.64 (14.47-34.81) <0.0001°
Remila 6 46 (17.96) 8 17.39 (6.44-28.34)

Total 39 256 93 36.33 (30.44-42.22)

*Confidence interval (95%CI),°< 0.0001: The results are very significant in every single region.

Table 2. Final multivariable logistic regression model; for identifying the association between risk factors and the presence of Salmo-

nella Dublin in milk

Risk factors Level OR® 95% CI° Pvalue
Cow breed Montbéliarde - -
Brown Swiss 15.66 1.679-146.15 0.016
Region El Hamma - - -
Remila 0.027 0.003-0.256 0.002
the introduction of purchased Yes 0.06 0.008-0.510 0.010
cattle into a farm No - - -

*0dds ratio at cow level (OR), *Confidence interval (95%CI), “‘Reference Category
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In this study, based on the Bacterial isolation, three
Salmonella spp. were isolated from 307 fecal samples
(0.97%), similar results were previously reported in
Spain (0.9%) (Adesiyun et al., 1996), Egypt (0.97%)
(Mohamed et al., 2011), Iran (1.25%) (Halimi et
al.,2014), and in Turkey (1.74%) (Hadimli et al.,
2017). However, the prevalence was much higher in
other countries such as the USA (10.1%)(Cummings
et al., 2010), Ethiopia (7.6%) (Eguale et al., 2016),
and in Ivory Coast (20%) (Yao et al., 2017).These
differences could be explained by seasonal variation
in Salmonella shedding of animals, other factors such
as herd size and age could be responsible for these
differences (Fossler et al., 2005). Moreover, most of
the farms visited in the current study had small herd
size, and Salmonella fecal shedding by cattle is com-
monly intermittent (Warnick et al., 2003;Cummings
et al., 2010). Moreover, the region can also influence
the frequency of isolation from one study to another
(Callaway et al., 2005).

In our study, S. Dublin was not detected. How-
ever, the isolates detected in fecal samples belonged
to Mbandaka serovar, this serovar is not frequently
reported from cattle. Nevertheless, in one study con-
ducted in the USA, it was found to be one of the most
prevalent serovars at slaughter houses (Wells et al.,
2001), which can indicate that S.Mbandaka can colo-
nize cattle and could be transmitted to the slaughter-
house environment.

Milk collected from 256 cows was analyzed by
ELISA serology to evaluate the presence of serovar
S. Dublin. A positivity rate of 36.32%(93/256) was
recorded; this prevalence was similar to that found
in Ireland (49%) (Doherty et al., 2013). However,
our results were higher than those found in the USA
(14.1%) (Smith et al., 1989), Denmark (11%) (Niel-
sen, 2009) and in Sweden(3%) (Agren et al., 2015).
The differences in the seroprevalence rates of S. Dub-
lin in milk from dairy cows may also be attributed to
the geographical location and herd size that can influ-
ence significantly the seroprevalence of salmonellosis
in the dairy cattle (Kabagambe et al., 2000).

The comparison between the direct detection tech-
nique of S. Dublin (Fecal culture), and the indirect
detection technique (ELISA test), shows different re-
sults,by the absence of this bacteria in fecal culture,
and the presence of its antibodies in milk, which can
indicate that the bacteriological method is less sen-
sitive than the immunological method.Nevertheless,

the two methods indicated two different results. The
bacteriological method showed the presence of alive
Salmonella in feces (at least one bacteria per 25 g).
On the other hand, ELISA detected the presence of
anti-Salmonella antibodies in milk. This can indicate
that Salmonella antibodies will persist even in absence
of alive Sal/monella in cows. These results were sim-
ilar to those reported by Nielsen (2013) who found a
low number of S. Dublin, and they were isolated from
0.7% (46/6614) of dairy cattle. The immunological
method is based on the presence of specific antibod-
ies in milk, the persistence and the level of detect-
able antibodies seems to be higher than the presence
and amount of S. Dublin in feces.S. Dublin in feces
also might be caused by the existence of latent carries
with persistent antibodies and intermittent shedding
of S. Dublin in feces (Smith et al., 1989; House et al.,
1993).Therefore, bacteriological culture tests are not
ideal, because of their lack of sensitivity (Nielsen and
Dohoo, 2012). However, some differences in detec-
tion limits may be found between types of Salmonella
and between feces types, S. Dublin may have a poor
analytical sensitivity than other types of Sa/monella,
and its detection limits in cow feces may be higher,
because of some factors such as structure of the fe-
cal matter and competing ruminal microflora(Nielsen
and Dohoo, 2012). Moreover, the sensitivity of the
bacteriological culture tests are known to be best for
recently infected animals (1-15 days post-infection),
untreated, diseased animals and carrier cows during
the peripartum period where shedding is most likely
to occur due to stress following for instance hormonal
changes (Nielsen et al., 2004).

The study of risk factors allowed the identifica-
tion of some factors that can be associated with the
presence of S. Dublin antibodies in milk. A strong as-
sociation was found between the Brown Swiss cows
and the presence of S. Dublin antibodies in milk,these
cows are characterized by a low milk production lev-
el. However, they are rich in protein content which
create a good environment for bacteria proliferation
(De Marchi et al.,2007).

Moreover, the Remila region was more likely to
be infected with S. Dublin than El Hamma region,
this finding is in agreement with a study conducted in
Wales and North-west England (Davison et al., 2006),
and another study in USA (Ruzante et al., 2010) that
showed that differences between regions can be found.
In addition, there was a significantly negative associ-
ation between the introduction of new purchased ani-
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mals and the presence of S. Dublin antibodies in milk.
Where the purchase of animals reduced the amount
of antibodies in milk, which is not in accordance with
other studies who found that the purchase of animals
is a significant risk factor for the development of Sal-
monella infections in herds (Van Schaik et al., 2002;
Nielsen and Dohoo, 2012).

CONCLUSIONS

We have detected S. Dublin antibodies from
36.33% of milk samples, indicating that it is widely
distributed in the region of Khenchela. Moreover, we
have found thatthe indirect method (ELISA test) is
more sensitive that the direct method (bacteriological
culture) for the detection of S. Dublin. Moreover, the
region, the breed and the purchase of new animalsare
important risk factors associated with the presence of
S. Dublin antibodies in milk.This work could be con-
sidered as pioneer and a comparison point for further

studies in Algeria. However, additional epidemiolog-
ical data using more cattle herds are needed to deter-
mine the distribution of these serovars in Algeria.
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ABSTRACT: We aimed to search the effects of bone marrow-derived mesenchymal stem cell-conditioned media
on in vitro fertilization by investigation of lifetime of germ cells cleavage, degeneration rates and embryo quality.
For this purpose, firstly MSCs were isolated from femurs and tibias of the rat, and cells were cultured until the fourth
passage. Sperm and oocytes were collected from male and female rats. Oocytes were added in Human Tubal Fluid
Media (HTFM), Single Step Media (SSM), Alpha-MEM Media (AMM) and Bone Marrow-Derived Mesenchymal
Stem Cell-Conditioned Media (CM). Thousand sperm were added into the media which including oocytes. Embryos
were allowed to produce by IVF. The development of the embryos was followed until the 11th day, and the arrest,
degeneration rates and alive embryos were established. The embryos reached 2, 4, 8, 16 cells stages and morula stage
in the CM. While AMM had a negative effect on fertilization and embryo development, the most favourable effect was
shown to be caused by CM in comparison with the other medias. These results have shown that the beneficial effects
of CM in IVF would be a significant increase in the rate of fertility and development of embryos.
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INTRODUCTION

nfertility has become an important problem for both

men and women in recent years, and approximately
8-12% of married couples of reproductive stage have
infertility problems. In the literature, the definition of
infertility is as follows: It is the absence of pregnancy
for 12 months or more during an unprotected sexual
intercourse (Gunes et al., 2020). Considering the in-
fertility rates of couples who apply to IVF centers, the
rate of infertility caused by women is 33-41%, while
the rate caused by men is approximately 25-39%. The
infertility problem caused by both women and men is
9-39%. These rates of infertility may differ accord-
ing to the geography and socio-economic status of
the countries (Agarwal et al., 2020; Wasilewski et al.
2020).

When the reasons of infertility are investigated, it
has been determined that the diseases that cause the
dysfunction in the reproductive organs, such as hor-
mone dysregulation, uterine or cervical diseases or
cancers, endometriosis, polycystic ovary syndrome,
premature ovarian insufficiency, may result in infer-
tility. In men, hormone and sperm motility disorders,
hypogonadism, infection or varicocele are the causes
of infertility. The rate of unexplained cases in infertil-
ity is 30% (Agarwal et al., 2020; Del Giudice et al.,
2020; Wasilewski et al. 2020).

Fertilization is a complex event in which many
molecular signaling pathways come from oocyte and
spermatozoa are involved (Yao et al., 2019). On the
other hand, it is important to provide a suitable me-
dia or microenvironment in the in vitro fertilization
(IVF) laboratory together with appropriate physical
conditions. Since the conventional IVF procedures
are insufficient in some cases of infertility, there is
tendency to alternative methods (Osman et al., 2018).
One of these is mesenchymal stem cell (MSC) appli-
cations (Zhu et al., 2020; Karimaghai et al., 2018; Vi-
rant-Klun et al. 2019; Manuel, 2020). Stem cells hold
promise in many areas due to its plasticity and ability
to differentiate into other cells, and also they secrete
many growth factors (Yang et al., 2019). Despite this
potential, clinical studies on reproductive organs in
humans are limited because of ethical reasons. In a
clinical research of stem cells, adipose tissue-derived
mesenchymal stem cells (ADSCs) were used to trig-
ger oogenesis in the ovary. While only 2 oocytes were
harvested as a result of ovarian stimulation treatment
with homones from a woman diagnosed with low id-
iopathic ovarian response, it has been reported that 14

oocytes were obtained after the application of ADSCs
with hormone therapy (Estuardo et al. 2020). Mozafar
et al., stated that bone marrow derived mesenchymal
stem cell (BMSC) application showed an effective re-
sult by stimulating spermatogenesis in mice created
azoospermia model (Mozafar et al., 2018). A similar
study was carried out with hamsters and in the azo-
ospermia model created with busulfan, it was found
that ADSCs repaired the tissue damage in the testicle
and induced the spermatogenesis (Karimaghai et al.,
2018).

As can be seen, the stem cell itself was used in
these studies. Therewithal, it has been reported that
the conditioned medium (CM) of mesenchymal stem
cells could support the maturation of oocytes and
sperm motility. Because, the MSCs secreted the cyto-
kines and growth factors into the CM, and it is thought
taht the CM will have an improvement effect on the
reproductive cells and organs (Ullah et a., 2015; de
Olivera Bezerra et al., 2019; Yang et al., 2019). Bader
et al., reported that the CM of ADSCs rised the sperm
motility in vitro condition, whereas Akbari et al., ap-
pointed that CM of human umblical cord mesenchy-
mal stem cells prometed the oocyte maturation and
the formation of blastocyst (Akbari et al., 2017; Bader
et al., 2018).

In our study, we intended to reveal whether some
growth factors secreted by stem cell into the medium
have an effect on IVF and embryo developmet. And,
we aimed to search the effects of BMSC-conditioned
media on IVF and compare with other convention-
al mediums by investigation of lifetime, germ cells
cleavage, embryo quality, and degeneration rates.

MATERIALS AND METHODS

Informed consent was obtained from all individ-
ual participants included in the study. All applicable
international, national, and/or institutional guidelines
for the care and use of animals were followed (Man-
isa Celal Bayar University (date: 27.11.2013, ethic
approval number: 77.637.435-71).

Experimental Animals

In this study, we realized our animal experiment
by receiving animal ethics certification approval from
Manisa Celal Bayar University (date: 27.11.2013,
ethic number: 77.637.435-71). Rats were provided
by Experimental Animal Centre from Manisa Celal
Bayar University. We used 20 female Wistar albino
rats and 10 male Wistar albino rats which has 250 +
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50 gr weight and without inbreed animals. Rats have
waited in 25°C room temperature, 12 hours dark and
12 hour light condition. Rats were fed by ad-libitum.
The subjects were kept in a separate room in the other
isolated laboratory to avoid stress due to factors such
as noise and heat.

BMSC Isolation and Characterization

BMSCs which are collected from rat tibias and fe-
murs, and cells were cultured in alpha-MEM medium
(F0915, Biochrom, Berlin, Germany) containing 15%
fetal calf serum (S0113, Biochrom, Berlin, Germa-
ny), 50 pg/ml gentamycin (A2712, Biochrom, Ber-
lin, Germany), 100 Ul/ml. penicillin and 100 Ul/ml.
streptomycin (A2213, Biochrom, Berlin, Germany),
amphotericin (A2612, Biochrom, Berlin, Germany)
and 200 mM L-glutamine (K0282, Biochrom, Berlin,
Germany) at 37°C and 5% CO2. Then, non-adherent
cells were removed from the flask, and adherent cells
were maintained until passage 4 (P4) by changing the
media every two days (Aydemir et al., 2018).

BMSCs were dyed immunocytochemically for
characterization using Stro-1, CD45, CD90 and
CD105 markers at P4 (Demirayak et al., 2016).
Cells were passaged into the 35mm?2 petri dishes,
and were seeded to be 70-80% confluent. After fix-
ation with 4% paraformaldehyde (1.04004, Merck,
Darmstadt, Germany), cell were permeabilized with
0.1% Triton-x100 (T8787, Sigma, St. Louis, USA),
they were washed in phosphate buffer saline (PBS).
The blocking serum was applied to the cells for 1 h,
and cells were incubated in primary antibodies, Stro-
1 (MAB4315, Millipore), CD45 (ab10558, Abcam),
CD90 (ab92574, Abcam) and CD105 (ab11414, Ab-
cam) for 18 h. For the negative control, some of cells
were treated with PBS instead of primary antibodies.
Then cells were treated with biotin-streptavidin hy-
drogen peroxidase secondary antibody (85-9043, In-
vitrogen®-Histostain Plus Bulk Kit, CA, USA) for 30
min. Diaminobenzidine (DAB, 00-2020, Zymed, CA,
USA) was used to make the immunoreactivity visible,
and the counterstaining was performed with Mayer’s
hematoxylin (72804E, Microm, Walldorf, Germany).
After washing in distilled water, cells were mounted
using aqueous media AML060, Scytek, Logan, Utah,
USA) (Ozdal-Kurt et al., 2016). The immunoreactiv-
ities were evaluated under a light microscope (BX43,
Olympus, Japan) according to H-score method. The
intensity of immunoreactivity was determined as;
weak (+), moderate (++) and strong (+++) respective-
ly, and the stained cells were counted in five fields

for each intensity. The H-score values were obtained
using the formula: Pi (intensity of staining +1). The
percentage of stained cells was indicated as Pi (vary-
ing from 0% to 100%) (Aydemir et al., 2018).

Following the characterization, BMSCs at P4 were
cultered and after two days, the media taken from
the flask and it was used to experiments. This media
called as Conditioned Media (CM).

Ovary and Oocyte Collection

Superovulation

For the superovulation (SO) method, the female
rats at estrous cycle were identified by analyzing vag-
inal smear. The vaginal smear was performed between
15.00-16.00 p.m. the smear samples were dyed with
Giemsa, and the samples were examined under a light
microscope (Aydemir et al., 2018). 10 Female rats at
estrous cycle were applied to the superovulation pro-
cess, Follicular Stimulating Hormone (FSH, Pregon,
Organon) ve Human Chorionic Gonadotropin (HCG,
Pregnyl, Organon). Firstly, the 25 IU FSH was in-
jected to the them, after 48 hours, superovulation was
completed by doing 20 IU HCG injection. After 48
hours from HCG injection (intraperitoneally (ip)), the
ovaries were dissected from female rats under anes-
thesia (75 mg/kg ketamine and 10 mg/kg xylazine by
ip). One of two ovaries was used for oocyte collec-
tion, other ovary was used for the histological exam-
ination (Honda et al., 2019).

Histochemistry

After superovulation, one of two ovaries was eval-
uated for the histological structure and formation of
follicles. The ovaries were fixed in the 10% formalin
for 48 h and the routin paraffin embedding protocol
was applied. 5 um thick sections were cut paraffin
blocks. The samples of ovary were dyed with routin
heamatoxylin and eosin (H&E), and they were ex-
amined in terms of the presence of oocyte cumulus
complex (OCC) and number of follicles under a light
microscope.

Oocyte collection

One of two ovaries was used to obtain oocytes.
The ovaries with tuba uterina were removed by using
sterile forceps and scissors and then were put in RPMI
(Biochrom 0844B) medium. We put tuba uterine and
ovary in Petri dishes (No. 1016 falcon Petri dishes).
To collect oocytes, the ovaries and tuba uterina from
the RPMI medium were shredded by ppd injectors
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in laminar airflow. Shredded ovary and tuba uterine
samples were taken outside and then oocytes were
collected with Pasteur pipette (Isolab 225 mm, cat.
no: 084.01.002) under a stereomicroscope (Olympus
SZX12, Shanghai, China). Oocyte cumulus complex
(OCC) came out of the tuba uterina. Oocytes were
collected with cumulus complexes (aid with Pasteur
pipette) (Hino et al., 2020). These groups were di-
vided into four groups which are Alpha-MEM Media
(AMM), Human Tubal Fluid Media (HTFM), Single
Step Media (SSM) and Conditioned Media (CM) ob-
tained from BMSCs.

Sperm Collection and IVF Method

Male rats were anesthetized (ketamine and xyla-
zine) and sacrificed with the method of cervical dis-
location in laboratory conditions. After sacrification,
we removed male rat testes and put in RPMI media
which included 10% fetal bovine serum (FBS). The
testis samples were put in Petri dishes in laminar air-
flow. Excess fat around of testes was removed. After
we removed excess fat tissue, testes were put in fresh
media. The end of epididymis from testis was cut
with a sterile surgical knife and then testis was milked
(Kumar et al., 2016). Later, sperm in the medium was
collected and centrifuged at 1000 rpm for 3 minutes.
After centrifugation, sperm from supernatant portion
was spread on a slide (we only take 5 pl to count) and
sperm count was made. After we saw sperm on the
slide, sperm which is in 15 ml tube was collected with
1000 pl pipette and then 1000 sperm (almost 30 ul)
were put in drops which include oocytes. Then we in-
vestigated embryo development at 0, 3, 6 and 9. day.

Statistical analysis

The findings were analyzed statistically with one-
way analysis of variance (ANOVA) by Tukey-Kram-
er multiple comparisons test on GraphPad (GraphPad
Software, San Diego, CA, USA). using one-way
analysis of variance (ANOVA). The results were giv-
en as mean * standard deviation. The statistical sig-
nificance was considered as P < 0.05 (Aydemir et
al., 2018).

RESULTS

BMSCs characterization

Under cell culture laboratory conditions, BMSCs
which were collected from rat tibia and femur were
cultured until its confluent in AMM containing other
supplements. The characterization of BMSCs were
made immunocytochemically at the P4. After immu-

nocytochemistry assay, we stated that the positivities
of Stro-1 and CD105 (***p<0.001), and also nega-
tivities of CD45 and CD90 (***p<0.001) (Figure 1).

Characterization of BMSCs
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Figure 1. The H-score results of BMSCs characterization using
CD45, CD90, Stro-1 and CD105

Histological evaluation

The ovary samples from 10 female rats treated
with SO, were examined under a light microscope,
and the follicles were counted from each rat ovary
samples (five area) (Figure 2). It was seen that SO
significantly increaesed the number of follicles (16 +
3,1) compared to non-treated with SO (5 £ 1,4) meth-
od (Figure 3). However, the OCCs were found in all
follicles.

Figure 2. The images of ovaries of female rats that have been
given FSH and HCG. We have shown that ovaries which have
been induced with FSH and HCG application was increased the
follicles and bloody supply amount. H&E staining, F: Follicle,
primordial follicles are indicated by the arrow, GF: Graff Follicle,
CL: Corpus Luteum, O: Oocyte, TA: Tunika Albuginea, GE: Ger-
minal Epithelium, CR: Corona Radiata, CO: Cumulus Oophorus,
A: Antrum
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The effect of SO treatment on follicle
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Figure 3. The evaluation of development of ovarian follicles after
the treatment of SO.

Evaluation of IVF

After SO procedure, we collected oocyte and put in
HTFM, SSM, AMM ve CM media which have been
incubated one night before. Firstly, we determined the
cell division stages in the oocytes as prophase I (PI),
metaphase [ (MI), and metaphase 11 (MII) (Figure 4).

PROPHASE | OOCYTE METAPHASE | QOCYTE

Figure 4. Rats Prophase I (PI), Metaphase I (MI) and Metaphase
IT (MII) oocytes examples. Magnification: x200.

After we added sperm, we took sperm and oocytes
photos (Figure 5). We have indicated that PI oocytes
in CM were matured into MII oocytes (Figure 6).
Whereas oocytes in AMM weren’t seen fertilization,
oocytes in CM, SSM ve HTFM were seen fertiliza-
tion. (Figure 6 and 7).

We observed that oocytes and embryos in HTFM
were been healthy at the end of the 6th day. Degener-
ation was observed in 20% of oocytes in HTFM. On
the contrary HTFM and SSM, oocytes and embryos
in CM were seen healthy (Figure 8). We have shown
that all oocytes in AMM degenerated on the 9th day.

Moreover, oocytes and embryos in SSM and HTFM
degenerated. Only one oocyte in SSM was seen as
healthy. We have indicated that almost half of embry-
os and oocytes in CM were degenerated (Figure 9).
Oocyte maturation and healthy process were indicat-
ed at (Table 1).

AMM, 0.Day

Figure 5. Images of oocytes which were collected from SO+
ovary in a different medium. Morphological differences between
sperm and oocyte were not observed. CC: Cumulus Cells, ZP:
Zona Pellusida, S: Sperm, Magnification: x100.

SSM, 3.Day

Figure 6. Images of non-fertilized oocytes on culture condition.
PI: Prophase I, MII: Metaphase II, S: Sperm. Magnification: x100.
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Figure 7. Images of oocyte and embryo at the end of the 3th day.
Oocytes in AMM haven not been fertilized. One oocyte in CM
has been fertilized. We showed that it has been reached the morula
stage. We also showed that one oocyte in HTFM was fertilized
and reached the compaction stage. 4E: 4 Cell Embryo, S: Sperm,
MII: Metaphase II Oocyte, O: Oocyte, MR: Morula, CL: Embryo
from cleavage. Magnification: x100.

AMM, &.Day

Figure 8. Images of oocytes and embryos on the 6th day. Oocytes
in AMM were seen healthy. Whereas two oocytes in CM were
degenerated, other oocytes in CM were healthy. We saw that four
oocytes in HTFM and three oocytes in SSM were degenerated.
2E: 2 cell embryo, MR: Morula, MII: Metaphase II, DO: Degen-
erated Oocyte, C: Compaction. Magnification: x100.

AMM, 9.Day S5M, 9.Day

Figure 9. Images of oocytes and embryos on the 9th day. We
showed that all embryos in HTFM and SSM degenerated on the
9th day. Only four oocytes in SSM were seen healthy. All oocytes
in AMM were degenerated. Nine oocytes in BMSCM were seen
healthy whereas three oocytes in HTFM were seen healthy. In
addition to, three embryos in BMSCM were arrested at compac-
tion stage. MR: Embryo from morula, D2E: Degenerated 2 cell
embryo, DC: Degenerated embryo from compaction, MII: Meta-
phase II oocyte, DO: Degenerated Oocyte, O: Oocyte, DMR: De-
generated embryo from morula stage. Magnification: x100.

Table 1. The lifetime of oocytes in AMM, CM, SSM, HTFM in
Oth, 3rd, 6th, 9th and 11th days.

The Number of Docyte AMM 550 HTFM M
Oth DY 14 16 17
3th DAY 11 i3 5 16

" Gthoar | ] 10 1 14
Sth DAY 1 3 §
11th DAY i] 1 3

DISCUSSION

In the current study, we investigated the effects
of CM of BMSCs on the oocyte lifetime, germ cells
cleavage, embryo quality, and degeneration rates,
comparing the other convesional media, Alpha-MEM
Media (AMM), Human Tubal Fluid Media (HTFM),
and Single Step Media (SSM). We performed the
evaluation of parameters morphologically in the cul-
ture conditions. We ascertained that the CM showed
a positive effect on the development of reproductive
cells and embryos.

With th