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HOOPOE The bird is brown and yellow in color with black and white wings. Its legs are short with relatively large wings. The bill is
narrow and thin. The male and female birds look alike. The Hoopoe has a consolidated tassel feather on its head which it can spread
at will. The females nest in holes, spaces and crates, generally close to the ground. To protect her nest, the female secretes a repugnant
substance from the Uropygial gland, which smells of decaying meat. The secretion is thought to help deter predators as well as parasites.
'The Hoopoe is found in Europe, Asia and Africa. In Israel there is a stable population of Hoopoes, mainly in the coastal area but there
has been a tendency for the birds to spread inland due to the increase in cultivated fields and lawns. The bird feeds on insect larvae which
are extracted from the soil with the aid of its long beak. The Hoopoe call is typically a trisyllabic oop-oop-oop, which gives rise to its
English and scientific names. The Hoopoe is mentioned in the Bible as being impure (Leviticus: 11) and the G’'mara refers to it as the
bird that brings dill worms for cutting the Temple stones. The bird is also mentioned in the Koran regarding King Solomon and the
queen of Sheba (Sura 27). In medieval times, mystical attributes were ascribed to the Hoopoe. In May 2008, in conjunction with the
country’s 60th anniversary and following a national survey of 155,000 citizens, the Hoopoe was chosen as the national bird of Israel,
outpolling the Eagle, lesser kestrel, barn owl, sunbirds, warblers, bulbul, finch, and the white breasted kingfisher. The Hoopoe was chosen
for the cover of this journal in honor of the celebration of the 75% Year of the creation of the State of Israel, on the 14® May 1948.

Mr. Moshe Tachnai, generously provided the pictures for the covers.




Editorial

Dear Readers,

he world seems in turmoil. To add to all the worldwide events affecting millions of
people, a particularly severe earthquake has affected our neighbors in Ttrkiye and Syria
on 6 February 2023.

I am frequently in contact with Veterinarians and Scientists from Ttrkiye who contribute to
the Israel Journal of Veterinary Medicine by publishing high quality articles documenting their
findings and research relating to Veterinary Medicine in Ttrkiye. As the “scope” of our journal
covers the “Mediterranean Basin”, articles from this geographic region are important and relevant
to veterinarians living and working in this part of the world and are welcome contributions to our
Journal. These countries, including Israel, have similar climates, fauna, flora, therefore binding all

of us living in the region of the Mediterranean Basin.

As Editor of the I[JVM I have written to some Turkish authors, expressing our sincere condolences

and sympathies as a result of this tragedy, which has befallen the Turkish people.

In reply, three letters from authors from Ttrkiye are presented in the “Letters to the Editor”

section.

On behalf of the Israel Veterinary Medical Association,

we send our sincerest sympathies, support

and prayers to the Turkish People.

Sincerely,

Dr. Trevor (Tuvia) Waner
Editor-in-Chief, Israel Journal of Veterinary Medicine

WWW.ijvm.OI‘g.il Israel Journal of Veterinary Medicine ¢ Vol. 78 (1) ® March 2023
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Letters to the Editor

To Dr. Trevor Waner,
Editor-in-Chief, Israel Journal of Veterinary Medicine.

From: Dr. Suheyla Turkyilmaz, Aydin Adnan Menderes University, Faculty of Veterinary
Medicine, Department of Microbiology, Tiirkiye.

Unfortunately, we experienced the worst disaster of the last century in southern Tiirkiye. Yes, we
have lost so many people; I cannot find words to describe our current sadness and pain.

However many of our people were rescued by search and rescue teams. This is our only
consolation. One of the teams that first went to the disaster area and saved many of our people
under very difficult conditions at the cost of their lives and showed exemplary solidarity with the
Turkish people was the Israeli rescue team. When our children see such beautiful movements of
solidarity, they will take an example and the world will become a livable place.

After seeing the efforts of the Israeli team to save lives on television, my son said that “he wanted
to go to Israel when he grew up and that he wanted to get to know the Israeli people”. I hope he
can do that one day.

I hope we can talk about much better things with you in the future. We would like to express
our endless gratitude to everyone who served in the Israel Rescue Team and all the Israeli people
for their outstanding efforts.

Stay safe and strong.

Best regards,
Suheyla

From: Dr. Recep Kalin of the Department of Microbiology, Faculty of Veterinary Medicine,
Sivas Cumhuriyet University, Sivas, Turkiye.

“Thank you very much for your warm and sincere wishes for us. This is the biggest disaster to occur
in Turkiye in a century. I would like to thank your country and government for sending rescue
teams immediately, as well as the other 70 countries. God bless all people in the world after this
big disaster.”

From: Prof. Dr. Ozkan Aslantas, Microbiology Department Veterinary Medicine Faculty,
Mustafa Kemal University 31034-Antakya/Hatay/ Tiirkiye

Dear Dr. Trevor Waner,
Thank goodness, my family and I are in good health. We had a great disaster. We left Hatay and

came to Ankara. Thank you very much for your interest and sincere condolences.

Sincerely yours.

Israel Journal of Veterinary Medicine @ Vol. 78 (1) © March 2023 www.ijvm.org.il
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First Report of Pennella balaenopterae Infestation in a
Fin Whale (Balaenoptera physalus) Carcass Washed Ashore

on the Israeli Coastline

Oren S.,! Edery, N.,! Yasur-Landau, D.,? King, R.,* Leszkowicz Mazuz, M.,
Eben Bari, S.! and Moss, L.

! Department of Pathology, Kimron Veterinary Institute, POB 12, Bet Dagan, 50250, Israel

? Divison of Parasitology, Kimron Veterinary Institute, POB 12, Bet Dagan, 50250, Israel

3 Israel Nature and Parks Authority, Jerusalem, Israel

* Corresponding author: Dr. Lior Moss, Department of Pathology, Kimron Veterinary Institute, P.O.Box 12, 50250 Bet Dagan, Israel,
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ABSTRACT

This case report describes the first identification in Israel of the mesoparasitic copepod Pennella balaenoptera,
in the carcass of a marine mammal. A Fin whale (Balaenoptera physalus) washed ashore on the Israeli coast was
autopsied in contiguity to a large oil spill that occurred along Israel’s coastline. At the external examination,
alarge number of Pennella balaenopterae were embedded within the whale’s blubber on its ventral and lateral
sides. Further toxicological analyses of lung and bronchus samples, revealed the presence of higher-than-
acceptable levels of toluene without any evidence of other above-normal petroleum components, suggesting
the inhalation of the substance. This paper proposes to consider toluene toxicity as a possible etiological
factor affecting the host's immunity and consequently increasing the parasitic pressure.

Keywords: Pennella balaenoptera; Toluene toxicity; Fin Whale; Parasitic Copepod.

INTRODUCTION

Pennella balaenopterae is a member of the order
Siphonostomatoida, family Pennellidae, and genus Pennella
(1, 2) . It was initially described by Koren and Danielssen
in 1877(3), and is the only mesoparasitic copepod known
to infest marine mammals (1, 4, 5). This integument-semi-
buried, pan-globally distributed (5), parasite was previously
identified in dolphins (Delphinidae) (4, 6), baleen whales
(Balaenopteridae) (1, 7-10), and occasionally in pinnipeds
(11) and porpoises (12).

P balaenoptera is the largest copepod (1,4, 5), and appears
as a filament hanging from the skin. Although this parasite
has been recognized for more than a century, its exact life

cycle remains greatly unknown (4, 8), and currently, only the

adult female and the first naupliar stage have been firmly
recognized (2, 5, 9, 13). The external morphological regions
of the adult female are: cephalothorax, holdfast horns, neck,
trunk and abdomen (5).

Under normal conditions, pennellid infestation is rather
limited to solely a few organisms per host, yet, an elevated
number of P, balaenapterae could be seen as indicators of more
severe underlying health conditions (e.g. immune suppres-
sion) (4, 6).

In his review article, Hogans (2017) validated or po-
tentially validated 15 of 44 members of the genus Pennella
according to their morphological character and their non-
morphological character based on the infested host (5).
However, a study conducted by Fraija-Ferndndez e al. (2018)
found that P, balaenopterae and P, filosa (a species known to

Oren S.
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Figure 1: Fin whale (Balaenoptera physalus) washed ashore Israeli coastline on February 18,2021, prior to necropsy

infest fishes) did not present with significant molecular dif-
ferences between both, suggesting a con-specificity (14, 15).

CASE REPORT

On February 18®,2021, a carcass of a young, male Fin whale
(Balaenaptera physalus) was washed ashore at Nitzanim beach
(34.5882:31.7255) (Figure 1). Earlier that week a large oil
spill was caused by the leaking of more than 1000 tons of
tar, from a tanker sailing to Syria, resulting in numerous dead
marine animals and seabirds (16-18). The proximity of the
events raised questions regarding the cause of death.

The whale’s necropsy was carried out on February 21st
by Kimron Veterinary Institute (KVI) pathology department
team and the Isracl Nature and Parks Authority (INPA)

veterinarian.

GROSS PATHOLOGY

The whale's carcass measured around eighteen meters (59
feet) long and the cadaver’s condition was estimated between

3 and 4 according to the “Right whale necropsy protocol”
(19).

The carcass was positioned on its dorsal side. At the
external examination of the body, on the ventral and lateral
parts of the integument, numerous, long tubular structures,
consistent with a pennelid copepod neck were embedded
within the whale’s blubber. When gently extracted, a parasitic
cephalothorax consisting of a small, rounded, and bulbous
head with two to three long anchoring, holdfast horns (Figure
2) was noticed. These morphological features were consistent
with P, balaenopterae (4), and the current article describes the
first report of this parasitic crustacean along Israeli shores.

The presence of the parasites was the only significant
finding observed during the necropsy due to the advanced
autolytic state of the carcass.

LABORATORY EXAMINATIONS

A dozen partial parasites were sampled and submitted
for further morphological and molecular investigation by

Vol. 78 (1) » March 2023
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Figure 2: A Pennella balaenoptera with its cephalothorax (composed of a

small bulbous head and three horns) and a long tubular neck, positioned
on top of the ventral integument.

the KVI parasitology department. The parasites were
preserved in a 10% neutral buffered formalin (NBF) and
a PCR test targeting the mitochondrial cytochrome ¢
oxidase subunit I gene (COI) of metazoan invertebrates

(20) was performed.
Samples of lung, bronchus, urine, and blood were submit-
ted for targeted toxicological analyses for identification of

Figure 3: Parasite fragment containing the cephalothorax
and holdfast horns.

traces of volatile organic compounds (VOCs) related to oil
spill. The laboratory evaluated the following markers: hexane,
heptane, octane, decane, undecane, dodecane, tetradecane,
benzene, toluene, m-xylene, o/p-xylenes, and ethylbenzene,
cyclohexane and, naphthalene.

RESULTS

The parasitology department of the KVI identified the meso-
parasitic copepod P. balaenapterae by means of morphological
identification (4, 5,7) and host specificity (5) since molecular
analyses identified only whale’s DNA (14, 20).

Morphologically, the anterior a of the parasite began with
the cephalothorax, which consisted of a small, bulbous head
followed by two to three holdfast horns (Figure 3), two lat-
eral, cylindrical, unbranched, and variably-sized and a single,
partially present, short dorsal horn. The last visible segment
was the neck, which in some cases measured about 14 cm.
Based on their morphological appearance and host (marine
mammal), the parasites were identified as P, balaenopterae
(Figure 4) (1, 5).

As for the toxicology results, the levels of all targeted
VOCs were similar, comparable and below 0.1 ng/g in
whale and control samples (commercial fish samples) with

111 iy

4
3.
g
.

Figure 4: Three Pennella balacnoptera analyzed by the parasitology
department at the KVI.

Oren S.
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exception of toluene. Higher concentrations of toluene were
detected in the whale’s bronchus (0.781-1.417 ng/g) and
lungs (0.154-0.157 ng/g), in four samples. This finding
could indicate the inhalation of petroleum vapors by the

whale.

DISCUSSION

This mesoparasitic copepod has been previously described
in marine mammals such as Fin whales (Balaenoptera phy-
salus) (7, 10), Striped dolphins (Stenella coeruleoalba) (4, 6)
and one Harbour porpoise (Phocoena phocoena) (12) in the
Mediterranean Sea coast lines of Italy (10), Spain (4, 6, 14),
Tiirkiye (7, 12), and Croatia. However this is the first time
that this mesoparasitic copepod, Pennella balaenopterae, has
been identified off the coast of Israel.

During the external examination of the whale’s necropsy,
numerous parasites were observed; an exact number could not
be obtained due to technical limitations. However, previous
studies have assessed and established the relation between the
mental status of a host and the degree of infestation with P
balaenopterae (4,6).

In this case elevated toluene levels were detected.
Toluene is a clear, colorless and low to moderate water-
soluble component that is found in different solvents
and gasoline (21). Usually, it is rapidly weathered but in
stagnant and chronically polluted waters it becomes toxic
(22). In both humans and animals, the primary target organ
for toluene toxicity is the central nervous system (21, 23).
Since crude oil contain a mixture of different hydrocarbons
and liquid organic compounds, usually an elevated toluene
concentration is detected along with the excess of other
similar mono-aromatic hydrocarbons (benzene, xylenes, and
ethylbenzene) (24), which in this reported case, were not
above the regular levels.

In light of these findings, we recommend further re-
search regarding toluene toxicity as a possible underlying
etiological factor, able to affect the mentality and immunity
of marine mammals, and consequently increase the parasitic
pressure.
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ABSTRACT

The aim of the present study was to investigate the effects on oxidative stress markers and colostrum quality
levels of subcutaneous implantation of melatonin in the 4™ month of pregnancy in Awassi sheep by considering
the sex of offspring born. The animals consisted of 60 healthy Awassi female sheep. Progesterone-based
oestrus synchronization was applied to the sheep during the breeding season and pregnancy examinations
were performed by the transabdominal route. The pregnant sheep were divided into 2 groups: the melatonin
(n=30) and control (n=30) groups. In the 4" month of pregnancy, melatonin was implanted subcutaneously
behing the ear of each animal in the melatonin group, and 1 ml of saline was applied subcutaneously to the
control group. Colostrum samples from all the sheep and blood samples from both sheep and lambs were
taken within the first hour after birth, before the lambs were suckled. Colostrum IgG levels were seen to
be higher in the melatonin group compared to the control group (p<0.001); higher in the group with no
female offspring compared to the group with female offspring (p<0.001) and higher in twins compared to
singletons (p<0.001). The colostrum IgG levels were higher in ewes with singleton birth in both the melatonin
and control groups compared to those with no female offspring at birth (p<0.001). Serum total antioxidant
capacity (TAC) levels in sheep was higher in the melatonin group than in the control group (p<0.001).
Serum total oxidant capacity (TOC) and oxidative stress index (OSI) levels were higher in the control group
than in the melatonin group (p<0.001). The serum TAC level in lambs was higher in the melatonin group
than in the control group (p<0.001), and was higher in singleton lambs than in twins (p<0.001). The serum
TOC and OSI levels were higher in the control group than in the melatonin group (p<0.001) and higher in
singleton lambs than in twins (p<0.001). In conclusion, the use of prepartum melatonin may be considered
in sheep breeding enterprises to improve the antioxidant defence system of the body and improve the quality
of colostrum for newborn lambs to be able to gain sufficient immunity.

Keywords: Melatonin; Colostrum; IgG; Oxidative Stress; Sheep.

INTRODUCTION

Melatonin is an indolamine, which is synthesized and
secreted by the pineal gland in the brain. This molecule,
which is abundant in almost all living organisms in nature is
a chemical compound with a molecular weight of 232 g/mol
with both hydrophilic and hydrophobic properties (1).
Oxidative stress can be defined as an imbalance between the
amount of free radicals and reactive products or oxidants and

the amount of antioxidants that protect the body from these
metabolites. This situation affects the organism as a whole
and causes significant damage to the molecules and cellular
structures in the body (2). Melatonin removes reactive oxygen
species (ROS) and reactive nitrogen species (RNS) from the
body and has some important functions halting the formation
of free radicals. By decreasing the effect of oxidative stress, it
functions as an antioxidant, increasing antioxidant defences,

Vol. 78 (1) » March 2023

Israel Journal of Veterinary Medicine

The Effect of Melatonin on Pregnant Sheep



10

Research Articles

and thereby protecting cells and tissues from damage. It has
both hydrophilic and hydrophobic properties and cleanses
hydroxyl radicals (OH) and reduces oxidative stress in both
water and lipid parts of the body (3).

Colostrum is a liquid that is synthesized in the last stages
of pregnancy. It accumulates in the mammary gland and
ceases to be produced immediately after birth. It differs from
normal milk in terms of content, taste, color and consistency,
as it contains immune complements, growth factors and vari-
ous nutrients necessary for the defence systems, nutrition and
development of newborns after birth (4).

Colostrum is a source of antibodies in passive immunity
in newborns as it contains 80 times more antibodies than
normal milk (5). There is a significant concentration of im-
munoglobulin (Ig) (6),and the most important factor affect-
ing the quality of colostrum is the amount of gamaglobulin
(IgG) in immunoglobulins. The IgG contained in colostrum
accounts for 75% of immunoglobulins. The most commonly
used method for calculating the quality of colostrum is the
determination of the IgG level (7).

In ruminants, including sheep, the placenta does not al-
low the transmission of immune substances to the offspring
through the maternal bloodstream during pregnancy and
therefore lambs are born as agammaglobulinemic. However,
the transfer of immune substances in the colostrum provides
immunity until the offspring acquire the ability to produce
their own antibodies, thus temporary passive immunity is
obtained and they are protected from diseases (8).

As the only source for the initiation of postpartum im-
munity, colostrum is important for the supply of immuno-
globulin G, leukocytes, cytokines, growth factors and various
nutrients necessary for the immune system in the neonatal
period (4).

Lambs and kids need to have sufficient passive immu-
nity to be protected against environmental pathogens in the
postpartum period. There is a positive relationship between
vitality and passive immunity level in newborns. The neonatal
mortality rate has been reported to be high in lambs and kids
with passive transfer failure (4, 9).

The use of antioxidants in the prenatal period has been
shown to improve the quality of colostrum (10), and it has
been reported that antioxidants play a role in the synthesis of
IgG and its migration through mammary-specific receptors
(11). It has been stated that the dry period serum antioxidant
level affects the quality of colostrum (12), while antioxidants

in the colostrum content protect immunoglobolina in the
colostrum against oxidative stress damage (13).

The aim of this study was to investigate the effect of
subcutaneous implantation of melatonin in the 4th month
of pregnancy in Awassi sheep on oxidative stress markers
(blood serum TAC and TOC levels) and colostrum quality
(colostrum IgG levels) by considering the sex of offspring.
The data obtained were examined in terms of the feasibility
of using this method in veterinary breeding practice.

MATERIALS AND METHODS

Animal Material

This study was conducted between August 2021 and
February 2022 at the Faculty of Veterinary Practice Farm
of Harran University, located in the Eyyubiye district of
Sanlrfa Province, southeast Tiirkiye, at an altitude of 517 m,
37°07'18.1" N latitude and 38°49'13.0" E longitude. The ani-
mal sample comprised 60 Awassi sheep, aged 2-4 years, each
weighing mean 53.96x1.09 kg, with a body condition score
ranging from 2-3 (1=Extremely weak, 5=Obese) (2.63+0.05),
which had previously given birth at least once, and had no
genital system conditions. During the study period, the sheep
grazed freely on pasture, and were taken into a closed pen for
the process of oestrus synchronization, and the collection of
blood and colostrum samples. The sheep were fed a mixture
of hay (5.2%), clover (32.9%) and milk feed (61.9%) and were
provided with fresh water ad fibitum.

Oestrus Synchronization and Oestrus Tracking

In order to provide a sample during pregnancy and to induce
lambing within a certain period of time, progesterone-
based oestrus synchronization was applied in the breed-
ing season. Progesterone impregnated vaginal sponges
(Medroxyprogesterone acetate, Esponjavet®, Hipra Animal
Health, Turkiye) were placed in the vagina to remain in
the vagina for 12 days. On the 11th day, 2 ml of PGF2a
(Dinoprost tromethamine, Dinolytic®, Zoetis, Turkiye) was
administered intramuscularly. On the 12th day after inser-
tion, the vaginal sponges were removed and 500 IU PMSG
(PMSG, Oviser®, Hipra Animal Health, and Turkiye) was
injected intramuscularly. After the injection of PMSG,
oestrus was followed up using teaser rams for 30 minutes at
8 hour-intervals for 3 days, and the sheep showing oestrus
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were hand-mated with rams of the same breed, with pre-
determined fertility.

Ultrasonographic Examinations and
Melatonin Implantation

Ultrasonographic pregnancy examinations of the sheep at
35-45 days following the mating and during the 4 months
of melatonin application were performed transrectally and
transabdominally using a real-time B-mode ultrasound de-
vice (Hasvet 838 ultrasound device, Antalya, Tiirkiye) with a
linear probe at a frequency of 5 MHz.

The ultrasound examinations were all performed by
the same researcher, with a record kept of the screen set-
tings of depth, gain, focus, and brightness for all the im-
ages. The sheep determined to be pregnant were separated
into 2 groups as the melatonin (n=30) and control (n=30)
groups. The melatonin group was treated with a subcutane-
ous implant behind the ear (Melatonin, Regulin®, CEVA,
Tiirkiye), and the control group received1 ml saline solution
subcutaneously.

Collecting Milk Colostrum and Blood Samples

Colostrum samples of 15 mL in total from a single mam-
mary lobe after the teat ducts were emptied were withdrawn
into centrifuge tubes (15mL, Isolab®, Germany) following
the rules of asepsis and antisepsis before the lambs were
suckled within the first hour after birth. The samples were
transported to the laboratory on ice, and then centrifuged
at 3000 rpm for 10 minutes. The colostrum serum obtained
from each sample was transferred to a 2 ml microcentrifuge
tube and stored at -80°C until analysis.

In order to determine oxidative stress (TOC and TAC)
from the sheep and lambs in the study group, blood samples
from the Vena jugularis were withdrawn into tubes contain-
ing 5 ml of coagulation activator in accordance with the pro-
cedures of asepsis and antisepsis within 1 hour after delivery
(before the lambs suckled). The blood samples taken were
delivered to the laboratory under cold chain conditions and
centrifuged for 10 minutes at 3000 rpm. The obtained serum
samples were transferred to 2 ml micro centrifuge tubes and
stored at -80°C until the relevant analyses. The sex and birth
weight of each lamb born from all the sheep were recorded,
with weight recorded according to whether a singleton or
twin birth.

Biochemical Analysis

The serum TAS levels of the sheep and lambs in the
study groups were determined spectrophotometrically at
660 nm using a commercial kit (Total Antioxidant Status,
NN21117A, Rel Assay Diagnostics®, Mega Medicine,
Gaziantep, Tirkiye). The serum TOS levels were determined
spectrophotometrically (Molecular Device SpectraMax
M5 Plate Reader, Pleasanton, California, United States)
at 530 nm using a commercial kit (Total Oxidant Status,
NN211290, Rel Assay Diagnostics®, Mega Medicine,
Gaziantep, Tiirkiye). The oxidative stress index (OSI) was
calculated as OSI=([TOC {mmol/L}])/[TAC {mmol} Trolox
equivalent]/1x100) (14). IgG levels of colostrum serum were
evaluated using the ELISA method with a commercial kit
(Sheep Immunoglobulin G, IgG, Cat.No. E0019Sh, BT
LAB®, Zhejiang, China).

Statistical Analysis

Statistical analysis of the data was performed using the
Statistical Package for the Social Sciences software (SPSS
for Windows; version 26.0). A 2x2x2 factorial design was
established in which group (control and melatonin), number
of offspring and sex of offspring were fixed to determine the
level of parameters examined in the treatment of mothers
with melatonin. Differences between groups were changed
to the General Linear Model (GLM) procedure by adding
additional coding to the syntax menu. The data in the tables,
graphs, and results section were expressed as mean+standard
error (SEM) values. A value of p<0.05 was accepted as sta-

tistically significant.

RESULTS

Pregnancy and Number of Offspring: There was no patho-
logical conditions that might have affected the general health
status of the sheep during the pregnancies. It was observed
that the sheep stopped ruminating a few days before the par-
turition and remained separated from the herd. These sheep
were placed in separate compartments (2x2m) and their
births were followed up. Birth occurred on 1502 days of
pregnancy, all were by the vaginal route, single (151.10+0.11)
or twin (150.82+0.16) without requiring help and no mater-
nal problems were encountered in the postpartum period. As
a result of the births, 18 male and 24 female offspring were
born from 18 single and 12 twin births in the melatonin
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Table 1. A 2x2x2 ANOVA summary table in which the group, number of offspring and sex of offspring are presented the sheep.

Factors IgG level Tz’s&glll;:el T (S)%li::,el OSI level pe(::(f(tla(t(ilz;s)
Group Sex of Offspring Single and Twin Mean + SEM | Mean+SEM | Mean+SEM | Mean+SEM | Mean + SEM
Births
No female Single 43.600.89 2.0720.02 14.45+0.04 6.97+0.06 151.22+0.24
Gl offspring Twin 54.11£1.54 2.08:0.04 14.36:0.8 6.89:0.11 | 150.33:0.41
Female Single 24.39+0.80 2.08+0.02 14.50£0.04 6.95+0.05 150.90:0.21
offspring Twin 53.58£1.01 2.08:0.02 14.47:0.05 6.93:0.07 | 150.571:0.27
No female Single 69.77+0.94 2.3120.02 12.47:0.04 5.3520.06 151.375£0.25
Melatonia offspring Twin 64.37+1.33 2.34+0.03 12.45+0.06 5.32+0.09 151.250.36
Female offspring Single 43.12+0.84 2.34+0.02 12.51+0.04 5.34+0.06 150.90£0.22
Twin 64.11:0.94 2.3320.02 12.48+0.04 5.34+0.06 151.120.25
Main effects and interactions *P value *P value *P value *P value *P value
Group <0.001 <0.001 <0.001 <0.001 >0.05
Sex of offspring <0.001 >0.05 >0.05 >0.05 >0.05
Single and Twin Birth <0.001 >0.05 >0.05 >0.05 >0.05
Group x Sex of Offspring <0.05 >0.05 >0.05 >0.05 >0.05
Group x Single and Twin Birth <0.001 >0.05 >0.05 >0.05 >0.05
Group x Sex of Offspring x Single and Twin Birth <0.05 >0.05 >0.05 >0.05 >0.05

Total antioxidant capacity (TAC), total oxidant capacity (TOC), Oxidative Stress Index (OSI), Standard error of the mean (SEM)

group, and 18 male and 22 female offspring were born from
20 single and 10 twin births in the control group.

A 2x2x2 ANOVA summary table in which the group,
number of offspring and sex of offspring are fixed in the
sheep and lambs is presented in Table 1 and Table 2.

Colostrum Immunoglobulin G Levels: The colostrum
IgG levels were higher in the melatonin group than in the
control group (p<0.001). According to the sex of offspring
born, the colostrum IgG level was higher in the sheep
with male offspring at birth than in the group with female
offspring at birth (p<0.001). According to single and twin
births, colostrum IgG levels were higher in sheep giving birth
to twins than in sheep giving birth to singletons (p<0.001).
Colostrum IgG levels were higher in the ewes with singleton
birth compared to ewes not giving birth to females in both
the melatonin and control groups (p<0.001). In the melatonin
and control groups, there was no differences in ewes that gave
birth to twins according to whether or not there were males
or female offspring (p>0.05).

Total Antioxidant, Total Oxidant Capacity and
Oxidative Stress Index of Blood Serum in Sheep: The

blood serum TAC level was higher in the melatonin group
than in the control group (p<0.001). The blood serum TOC
and OSI levels were higher in the control group than in
the melatonin group (p<0.001). There was no difference in
blood serum TAC, TOC and OSI levels between the sexes
of lambs born and single and twin births (p>0.05). There
was no differences in interaction between the group*lamb
sex, group*single and twin births and group*lamb sex*single
and twin births (p>0.05).

Total Antioxidant, Total Oxidant Capacity and
Oxidative Stress Index of Blood Serum in Lambs: The
blood serum TAC level was higher in the melatonin group
than in the control group (p<0.001). The blood serum TAC
level was higher in singleton lambs than in twin lambs
(p<0.001). However, there was no significant difference
between the sexes of lambs born (p>0.05). There was no
difference between the group*lamb sex and the group*lamb
sex*single and twin birth interactions (p>0.05). The blood
serum TOC and OSI levels were higher in the control group
than in the melatonin group (p<0.001). The blood serum
TOC and OSI levels were higher in singleton lambs born
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Table 2. A 2x2x2 ANOVA summary table in which the group, number of offspring and sex of offspring are fixed in the lambs.

Factors Tiglll:;el T (S;(l;lilelirel OSIlevel Birtl(lgv:; ight
Group Sexof Offspring | Single and Twin Birth | Mean+SEM | Mean+SEM | Mean+SEM | Mean+ SEM
Male Single 1.78:0.01 15.5220.03 8.7020.05 4.140.71
Control Twin 0.94+0.01 7.38+0.03 7.84£0.05 3.76x0.71
Fermale Single 1.77:0.00 15.5620.03 8.77+0.04 3.95:0.64
Twin 0.94+0.00 7.39+0.03 7.86x0.04 3.50£0.64
Male Single 1.99£0.01 12.72+0.03 6.37+0.05 5.73+0.64
Melatonin Twin 1.08+0.01 6.16+0.03 5.69£0.05 3.710.71
Female Single 2.0120.00 12.74:0.03 6.330.04 4.03:0.71
Twin 1.07x0.00 6.17+0.03 5.710.04 3.47:0.64
Main effects and interactions P value P value P value P value
Group <0.001 <0.001 <0.001 >0.05
Sex of offspring >0.05 >0.05 >0.05 >0.05
Single and Twin Birth <0.001 <0.001 <0.001 >0.05
Group x Sex of Offspring >0.05 >0.05 >0.05 >0.05
Group x Single and Twin Birth <0.001 <0.001 <0.001 >0.05
Group x Sex of Offspring x Single and Twin Birth >0.05 >0.05 >0.05 >0.05

Total antioxidant capacity (TAC), total oxidant capacity (TOC), Oxidative Stress Index (OSI), Standard error of the mean (SEM)

than in twin lambs (p<0.001), with no significant difference
between the sexes of lambs born (p>0.05). No difference was
determined between the group*lamb sex and the group® lamb
sex"single and twin birth interactions (p>0.05).

Parameters Related to Gestation Period in Sheep and
Birth Weight in Lambs: In the parameters of gestation
period in sheep and birth weight in lambs, there was no sig-
nificant difference between the groups in terms of the sexes
of lambs born compared to single and twin births (p>0.05).
No difference was determined between the group*lamb sex,
group*single and twin births and group*lamb sex* single and
twin births interactions (p>0.05).

DISCUSSION

The melatonin hormone, the effect of which was investigated
in this study, is synthesized from the pineal gland as a result of
the transmission of photoperiodic signals to the reproductive
neuroendocrine axis by the effect created by the day-night
change. It is an immunomodulatory (helping to support im-
mune function) factor and is produced by immunocompetent
(lymphocytic tissue cells involved in immune reactions) cells.
It also works as an antioxidant by removing free radicals and

activating enzymes (15). It is known that melatonin plays a
role in the season-related regulation of the immune system,
and its effect on IgG production has been shown (16,17).In
a study of mice it was observed that melatonin administered
in the evening increased the primary antibody response i
vivo in erythrocytes after 5 days (16). It has also been re-
ported that increased melatonin levels by artificial darkening
in elderly rats may prevent immunosuppression by increasing
IgG and IgM levels (17). In the literature reviews of sheep,
which constitute the material of the current study, there is
limited information on the use of exogenous treatments to
improve the quality of colostrum.

It has been stated that since immunoglobulins cannot
cross the placental barrier in sheep with epitheliocorial pla-
centa structure, it is important to provide these components
from the sheep colostrum to enhance the viability of newborn
lambs (18). In a previous study examining the colostrum IgG
level in Awassi sheep, the IgG level of the colostrum sample
taken after birth was reported to be 6.09 g/dl (19). The IgG
level has been reported as 49.50+4.36¢/L (20) in colostrum
samples of Rasa Aragonesa sheep and as 30.89+0.87g/L in
Karagil sheep (21). Other studies have shown IgG levels
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in colostrum to be 50-70mg/mL in different sheep breeds
(Rambouille, Targhe, Columbia, Finnish hybrids, Lacaun,
East Frisian, Suffolk, Lori bakhtyari, Shaul) (22-25). In stud-
ies conducted on goats, it has been reported that the post-
partum level of colostrum IgG was 50-72mg/mL (26-28).

In the current study, the colostrum IgG levels in Awassi
sheep were determined to be 43.92+0.55mg/mL in the
control group, which was similar to the findings of previous
studies (22-25). Although studies of other species were not
directly related to the current study, they provide an idea
in terms of colostrum IgG level monitoring. It is thought
that the reason for the difference in the reference range in
colostrum IgG levels may be related to factors such as breed,
diet, season and number of offspring.

It has been previously reported that IgG levels were
higher in the melatonin group in the colostrum sample
taken after birth when melatonin was administered as a
subcutaneous implant in the 4th month of pregnancy (20).
In the current study, as a result of melatonin application
in the 4th month of pregnancy, it was found that the IgG
level of colostrum was significantly higher in the melatonin
group than in the control group, and this was in accordance
with the only literature on exogenous melatonin in sheep.
In the current study, the increase in the amount of IgG in
colostrum after melatonin implantation was probably due
to melatonin activating immune system cells either directly
through melatonin receptors or indirectly due to changes
in steroid hormones (29). Abecia e# al. (20) reported that
colostrum IgG levels were low when the fetus was female in
single and multiple offspring ewes in all study groups with
and without melatonin. While a significant difference was
reported in ewes giving birth to singletons, no significant
difference was detected in ewes giving birth to twins. In the
present study, a low level of colostrum IgG was measured
in the female lambs. In addition, the colostrum IgG level
was higher in twins compared to singletons in this study.
While there was no difference in colostrum IgG level in
twin pregnancies in this study, the low IgG level in single
pregnancies in the presence of a female fetus is compatible
with the literature. In the current study, according to the sex
of the offspring at birth, while there was no difference in
twin pregnancies, the incidence of miscarriage of a female
fetus in single pregnancies was seen to be consistent with the
data in the literature. The possible cause of this condition
was thought to be the concentration dilution effect. It has

been reported that female offspring production has a posi-
tive effect on milk yield in Florida goats (30) and Churra
and Lacaune sheep (31). In the current study, colostrum
production was not measured, presumably ewes bearing
females will produce the most colostrum, so that even with
no differences in IgG production, any molecule diluted in
colostrum will have a lower concentration (20). A similar
situation has been observed in dairy cows, and those with
temale calves were reported to produce higher colostrum
and milk during lactation than those with male calves, and
the total immunoglobulin concentration was higher in males
(32).

In the present study, the fact that sheep with female lambs
have low IgG levels was found to be similar to the literature
references. Milk production can be affected by the sex of
offspring through sex-specific fetal hormones, which have
been determined to have the potential to affect placental and
mammary gland tissue (33). In the current study, sex-specific
hormones released by the fetus may have affected colostrum
IgG secretion. However, no association between the sex of
the offspring and colostrum IgG levels has been reported in
other studies (34, 35). Melatonin applications in Assaf and
Lacaune sheep did not affect milk production and quality of
milk due to colostrum melatonin treatment (36). In another
similar study, it was shown that the application of melatonin
during pregnancy improved the oxidative stress status of
sheep under heat stress, increasing milk production during
multiple pregnancies (37).

During pregnancy, both sheep and fetuses are exposed
to oxidative stress caused by an increased amount of re-
active oxygen species (ROS) (38). It has been stated that
measuring antioxidants separately does not fully reflect
the antioxidant capacity of the body, and therefore the
colorometric value of TAC, which reflects the total of all
antioxidants in the biological system, should be measured
for this purpose. In studies conducted in cows, it has been
reported that the TAC and TOC levels will vary according
to the measurement methods (39) and nutritional differ-
ences (40). In the present study, all sheep were under the
same care and feeding conditions and an attempt was made
to provide a sample using the same analytical method in
TAC-TOC measurements.

It is known that application of melatonin implants four
times on days 0-40-80 and 120 during pregnancy in sheep

increases serum TAC levels and improves redox status, in-
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creases the average number of lambs born per sheep, the body
weight of the lambs, and milk production (37). It has been
reported that TAC values are high in single pregnancies with
different antioxidant applications in pregnant sheep (41). In
the present study, serum TAC levels were higher in sheep and
lambs in the melatonin group (p<0.001), and serum TOC
and OSI levels were lower in the melatonin group (p<0.001).
This effect, which occurs as a result of the application of
melatonin, an antioxidant, is consistent with the literature
references. Melatonin increases the TAC level and decreases
the TOC levels by stimulating the synthesis of antioxidants
such as GPx and reducing by-products of oxidants such as
lipid peroxidase (42, 43). In the present study, it was also
determined that twin lambs have significantly lower serum
TAC levels than single lambs showing compatibility with
the limited literature data (41). In addition, the serum TOS
and OSI levels in the current study were observed to be sig-
nificantly lower in twin lambs than in singleton lambs, but
it was not possible to evaluate this fully due to the absence
of a similar study. Similar studies in the future may help in
this regard.

In a study conducted on Holstein cows, it was reported
that TOS levels were higher in the group that did not
receive prenatal antioxidant applications (44). It has been
reported that antioxidant applications in the prenatal period
increase serum TAC levels and decrease TOC levels during
the postpartum period (45). In another study conducted on
cows, the effect of different prenatal antioxidants on TAC
was investigated and it was reported that serum TAC levels
were significantly higher in the treatment group compared
to the control group during the postpartum period (46). In
studies conducted on other species, the increase in serum
TAC levels and decrease in TOC levels with the use of
antioxidants during pregnancy support the results of the
current study.

In pregnant ewes in a number of studies, the administra-
tion of melatonin has been shown to have variable effects on
the live birth range of lambs when given orally (12 mg per
day, from day 90 of pregnancy to birth) or implanted (18 or
36 mg, from day 100 to birth) (47-50). In the present study,
melatonin implantation in the last period of pregnancy did
not affect the birth weight of lambs born in the control and
melatonin groups (p>0.05). In a study conducted on Merino
sheep, prenatal melatonin was applied, but there was reported
to be no difference between the birth weights of single and

twin lambs (50). This suggests that melatonin, which was
administered only in the last month of pregnancy, was insuf-
ficient to create the expected effect on the weight of the
lambs born. It is thought that melatonin-induced growth
development potential may have been minimized because
the sheep in the current study were fed optimally with ap-
propriate rations throughout pregnancy.

The administration of melatonin to sheep during preg-
nancy is known to prolong the gestation period by 1-2 days
(50).In the present study, no difference was observed between
the groups. It can be deduced that this condition, similar to
birth weight, is due to the fact that melatonin was given in
a more limited time period and was unable to stimulate the
desired effects.

CONCLUSIONS

In conclusion, the results of this study demonstrated that the
prepartum application of melatonin, an antioxidant, increased
the antioxidant defence system by decreasing the TOS levels
and increasing the TAS levels in sheep and lambs.

It was determined that melatonin applications as sub-
cutaneous implants in the prepartum period significantly
increased the level of colostrum IgG in the melatonin group
compared to the control group. It was observed that the
colostrum IgG level was higher in the ewes that did not
have female offspring at birth in the control group compared
to those that received melatonin as subcutaneous implants
in the prepartum period. In addition, it was observed that
melatonin applications as subcutaneous implants in the
prepartum period did not differ in twin birth groups, but
differed in single birth groups.

It was concluded that the application of melatonin ap-
plied in the last part of the prepartum period had no effect
on the duration of labor and birth weight.

In sheep breeding enterprises it is recommended that
prepartum antioxidant applications be used to reduce reactive
oxygen products and improve the body's antioxidant defence
system, to increase the quality of colostrum and to provide
adequate immunity to the newborn lambs.

Due to the limited number of studies on melatonin ap-
plications in sheep, there is a need for further studies on the
subject taking into account factors such as season, breed,
dosage, and duration of implementation.
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ABSTRACT

The transition period is important in cows. This study was conducted to evaluate the effects of retained
fetal membranes (RFM), clinical mastitis, and metritis on biochemical and selected mineral levels in
Simmental cows. Cows were divided into five groups; cows with RFM (n=17), clinical mastitis (n=25),
metritis (n=21) and postpartum healthy cows (n=21) within 21 days postpartum, and also prepartum healthy
cows (n=20) in the 15«5 days before the expected parturition date. The activity of alkaline phosphatase
(ALP) (85.18+15.83 U/L), aspartate transaminase (AST) (123.02+19.15 U/L), and gamma-glutamyl
transferase (GGT) (28.18+2.66 U/L) in the metritis group increased compared to the prepartum healthy
cows. Moreover, GGT (41.83+14.61 U/L) and a myocardial band of creatine kinase (CK-MB) (155.25+27.85
U/L) activities were highest in the RFM group, while creatine kinase — N-acetyl-cysteine activity (CK-
NAC) (540.45+157.67 U/L) and creatinine concentration (2.29+0.88 mg/dL) were observed in the metritis
group. Total protein (6.39+0.38 g/dL) concentration was highest in the case of mastitis. Urea, on the other
hand, was highest in the metritis group with a concentration of 61.40+17.38 mg/dL. Our results showed
changes in the biochemical profile of cows with RFM, clinical mastitis, and metritis. Biomarker profiles
were determined using receiver-operator characteristic (ROC) curves. It was determined that activities of >
89 (U/L) AST, > 24 (U/L) GGT, and > 106 (U/L) CK-MB for metritis, > 21(U/L) GGT for RFM, and >
105 (U/L) CK-MB for mastitis can be used in the preliminary diagnosis. Also, further studies with a larger

cow cohorts are recommended.

Key words: Cows; Mastitis; Metritis; Receiver Operating Characteristics; Transition Period.

INTRODUCTION

The transition period, defined as the period between three
weeks before calving and three weeks after calving, is a de-
manding period for cows (1). Infectious disorders occur in
the first weeks postpartum (2). Approximately 90% of cows
are exposed to bacterial contamination during the two weeks
postpartum. Bacteria are eliminated over time; nevertheless,
in some cases, these bacteria remain in the lumen of the

uterus in cows. This contributes to the occurrence and higher
prevalence of postpartum diseases (3, 4).

Puerperal metritis is one of the most important diseases
in the postpartum period in cattle (3). This disease is char-
acterized by fetid watery red-brown uterine discharge and an
abnormally enlarged uterus, as well as high fever (239.5°C)
and systemic disease symptoms, within 21 days after calving.
Clinical metritis within 21 days postpartum is limited to
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a uterus that has not completed involution. Purulent and
foul-smelling symptoms from the vagina without signs of
systemic disease are recognized (3). One of the diseases seen
in this period is acute puerperal mastitis. Mastitis is a very
common disease in dairy cows and one of the most costly
diseases for the dairy industry (5).

Biochemical tests used in the early diagnosis and preven-
tion of diseases that cause abundant postpartum economic
losses in cows could be beneficial for the dairy industry. It
may contribute to the development of protocols for the treat-
ment and prevention of metritis, retained fetal membranes
(RFM), and mastitis in the postpartum period. Ruprechter ez
al. (6) and Paiano ef al. (7) demonstrated that the evaluation
of some biochemical parameters in the prepartum period in
Holstein cows could be used to predict the health of dairy
cows in the postpartum period.

To the best of our knowledge, even though there are bio-
chemical parameters and literature about peripartum diseases
of Holstein cows, there is a dearth of information about the
changes in the biochemical profile of mastitis, RFM, and
metritis diseases in Simmental cows. Therefore, the purpose
of this study was to characterize the relationships between
changes in the biochemical profiles of peripartum Simmental
cows and to screen biomarkers of disease status in Simmental
cows with metritis, mastitis, and REM.

MATERIALS AND METHODS

Animals and sampling

The study used 4-6 year old multiparous (2" and 3"
lactation) Simmental cows (n=104) weighing 450-500
kg and was conducted on a livestock farm in Kastamonu
(Turkiye). This study was conducted following approval
by the Kastamonu University Local Ethics Committee of
Animal Experimentation. The cows were diagnosed with
metritis according to the criteria of Sheldon ez a/. (3), RFM
according to the criteria of Beagley ez al. (8), and mastitis
according to the criteria of Cobirka ez al. (9). Cows were
excluded from the study when there was more than one dis-
ease evident. In the study, blood samples were collected from
cows with RFEM (n=17), clinical mastitis (n=25), metritis
(n=21), and postpartum healthy cows (n=21) within 21 days
postpartum, and also prepartum healthy cows (n=20) in the
1545 days before the expected parturition date. The blood
samples were collected from the jugular vein into tubes

without anticoagulants. The blood samples were centrifuged
at 6,000 rpm for 8 minutes, and sera were transferred to
the eppendorf tubes. The sera were stored at -20°C until
biochemical analysis.

Biochemical analysis

Serum albumin, direct bilirubin, total bilirubin, alkaline
phosphatase (ALP), alanine aminotransferase (ALT),
gamma-glutamyltransferase (GGT), aspartate transaminase
(AST), the myocardial band of creatine kinase (CK-MB),
creatine kinase — N-acetyl-cysteine (CK-NAC), unsaturated
iron-binding capacity (UIBC), total protein, urea, creatinine,
magnesium, phosphorus, calcium, and glucose concentra-
tions were measured with an automatic biochemistry analyzer
(Gesan Chem 200, Italy), in accordance with the manufac-
turer's guidelines.

Statistical methods

Statistical analyses were performed using SPSS Version
22.0 (Chicago, Illinois, USA). The conformity of the data
of the parameters examined in the study to the normal
distribution was examined visually (probability graphs
and histogram) and using the Shapiro-Wilk test. It was
determined whether the data showed normal distribution
or not. According to the evaluation, it was determined that
all the data did not meet the parametric test assumptions,
that is, they did not show a normal distribution. Therefore,
the Kruskal-Wallis test, which is a nonparametric test,
was used for intergroup comparisons for all parameters.
Mann-Whitney-U test with Bonferroni correction was
also used in the post-hoc pairwise analysis (P<0.05).

Biomarker profiles were determined using receiver-
operator characteristic (ROC) curves. The area under the
curve (AUC)>0.90 was considered highly accurate, AUC
between 0.70 and 0.90 was considered moderate accuracy,
AUC between 0.5 and 0.7 was considered low accuracy, and
AUC<0.5 was considered a chance result. In the evaluation of
the area under the curve, it was accepted that the diagnostic
value was not statistically significant for parameters with
P>0.05 (10).

RESULTS

Table 1 and Table 2 show the results of the biochemical
profiles. The highest ALP activity was found in the metritis
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Table 1: Concentration of biochemical parameters of groups I of Simmental cows

Gr (n) ALT ALP AST GGT Albumin Direct bilirubin | Total bilirubin
oups (U/L) (U/L) (U/L) (U/L) (g/dL) (mg/dL) (mg/dL)
P“Parmm(zhg)ahhy COWS 12350510360 | 63.75:1036 | 23.30:1.43 | 2330:1.43* | 3.06:0.11 0.07:0.01* 0.1420.02°
Clinical mastitis (25) 19.4243.11% | 53.46+7.59®® | 90.96+7.49%® | 28.86%2.92% 3.25+0.18 0.21+0.06" 0.27+0.04*
RFM (17) 12.00+0.01* | 73.25+15.08% | 129.25+36.64" | 41.83+14.61° 2.88+0.05 0.14+0.02% 0.40+0.08°
Clinical metritis (21) 18.22+2.07* | 85.18+15.83¢ | 123.02+19.15> | 28.18+2.66® 2.94+0.21 0.160.02% 0.43+0.05°
P"Stl’cfvtv‘;“(lz};‘;ahhy 2723+468 | 41.66:3.25 | 133.92¢41.16° | 22.90:0.77 | 2.87:0.05 | 0.11:0.02% 0.300.07%
P 0.001 0.025 0.047 0.009 0.089 0.000 0.000
@b The difference between groups with different superscripts in the same column s statistically significant, (P<0.05).
Table 2: Concentration of biochemical parameters of groups II of Simmental cows
Groups (n) Creatinine CK-MB CK-NAC Total protein UIBC Urea
P (mg/dL) (U/L) (U/L) (g/dL) (pg/dL) (mg/dL)
Prepartum healthy cows (20) 1.38+0.10* 100.15+11.34* 198.10+15.27* 6.39+0.382 185.35+9.78 37.25+0.91*
Clinical mastitis (25) 1.17£0.05* 112.50+3.17* 148.71+16.01* 7.55+0.17 183.00+19.21 28.85+3.83a
RFM (17) 1.28+0.048° 155.25+27.85P 457.08+80.91° 6.55+0.11* 214.00+16.48 27.00+£1.23%
Clinical metritis (21) 2.29+0.88° 134.54+13.11% | 540.45+157.67° 7.22+0.29%® 151.70+£14.03 61.40+17.38>
Postpartum healthy cows (21) 1.24+0.08* 107.14£9.27° 327.80+83.85% 6.81+0.18%® 180.00+9.64 36.52+1.95%
P 0.047 0.036 0.009 0.004 0.052 0.002

@b The difference between groups with different superscripts in the same column is statistically significant, (P<0.05).

group (85.18+15.83 U/L) compared to postpartum healthy
cows (41.66+3.2 U/L) (P<0.05). Compared to the prepartum
healthy cows, mastitis, metritis, and RFM groups had higher
AST and GGT activities (P<0.05). Alanine aminotransfer-
ase activity was the lowest in the RFM group (12.00+0.01
U/L) (P=0.001). The highest direct bilirubin concentra-
tion was found in the mastitis group (0.21+0.06 mg/dL)
(P=0.000), while total bilirubin was found in the metritis
group (0.43+0.05 mg/dL) (P=0.000). Creatine concentra-
tion (2.29+0.88 mg/dL) and CK-NAC (540.45+157.6 U/L)
activity were found to be higher in the metritis group, while
CK-MB (155.25+27.85 U/L) activity was the highest in the
RFM group (P<0.05). While the total protein concentration
is at its lowest level in the prepartum period (6.39+0.38 g/
dL), it increased when mastitis (7.55£0.17 g/dL) occurred
(P<0.05). In terms of the urea concentration, it seemed that
the metritis group (61.40+17.38 mg/dL) had increased when
compared with the other groups (P<0.05). There was no dif-

ference between the groups with regard to albumin (P=0.089)
and UIBC (P=0.052) concentrations.

Table 3 shows blood mineral constituents and glucose
concentrations. Blood calcium concentrations were higher
in prepartum (9.83+0.10 mg/dL) and postpartum healthy
cows (10.33+0.10 mg/dL), yet mastitis (9.610.24 mg/dL),
metritis (9.00+0.32 mg/dL), and RFM (9.75£0.21 mg/dL)
groups were lower (P<0.05 for all conditions mentioned
above). Magnesium (1.86+0.11 mg/dL) and phosphorus
(3.81+0.4 mg/dL) concentrations were the lowest in the
RFM group, while glucose concentration was the lowest in
the postpartum healthy cows (38.95+5.17 mg/dL) (P<0.05).

Receiver-operator characteristic curve analysis results for
AST, GGT, and CK-MB activities for metritis, GGT activ-
ity for RFM, and CK-MB activity for mastitis are given in
Table 4. Receiver-operator characteristic curve analysis values
were determined for AST, GGT, and CK-MB activities with
P<0.05.
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Table 3: Blood mineral substance and glucose concentrations in groups of Simmental cows

Groups (n) Phosphorus (mg/dL) Calcium (mg/dL) Magnesium (mg/dL) Glucose (mg/dL)
Prepartum healthy cows (20) 5.36:0.21¢ 9.8320.10" 3.08+0.37 57.70+5.33
Clinical mastitis (25) 5.10£0.31%¢ 9.610.24° 2.03£0.29° 64.73+5.29P
RFM (17) 3.81x0.432 9.75+0.21° 1.86+0.11° 59.16+7.24°
Clinical metritis (21) 5.06+0.55b¢ 9.00+0.32° 2.85+0.44 72.81.+7.21°
Postpartum healthy cows (21) 4.22+0.20 10.330.10¢ 3.9520.54° 38.9525.17
P 0.005 0.001 0.031 0.000

wb.c: The difference between groups with different superscripts in the same column s statistically significant, (P<0.05).

Table 4: ROC analysis results of AST, GGT, and CK-MB activities in groups of Simmental cows for metritis, mastitis, and RFM

Item Optimized Cutoff Sensitivity (%) Specificity (%) AUC (95% CI) P
AST (U/L) >89 82 75 0.786 0.009
Metritis GGT (U/L) > 24 73 70 0.736 0.032
CK-MB (U/L) >106 100 75 0.786 0.009
RFM GGT (U/L) >21 91 55 0.750 0.023
Mastitis CK-MB (U/L) >105 93,3 75 0.740 0.016

AUC: Area under the curve

DISCUSSION

Intense septicemia caused by intrauterine infection may
damage the liver tissue, causing an increase in the activity
of liver enzymes and thus deterioration of liver function
(11). Risk factors for uterine infections and mastitis include
hypocalcemia, hypomagnesemia, and hepatocellular damage
(i.e.increased GGT, ALT, ALP,and AST) (12,13). Based on
the liver function results, it was possible to detect an increase
in GGT and AST activities in the metritis group, indicating
damage to the liver tissue in the group before the clinical
diagnosis of metritis (7). In this study, it was determined that
ALP, AST, and GGT activities increased when the disease
developed compared to prepartum healthy cows, but ALT ac-
tivity was lowest in the metritis and REM groups. Dervishi ez
al. (14), found the activities of GGT and AST to be higher in
the metritis group than in the healthy cows. Furthermore, it
was stated that ALP, AST, and ALT activities increased in the
mastitis group compared to healthy cows. In the same study,
it was determined that total protein concentration increased
in mastitis cases (15). When mastitis and metritis groups
were compared with postpartum healthy cows, it was also
found in our study that total protein increased. In another

study, it was stated that there was no statistical difference
in total protein concentration between the prepartum and
during lactation. Since the disease did not develop during late
pregnancy, early lactation, and mid-lactation, it was thought
that there was no change in total protein concentration (16).

Serum AST concentration showed a significant differ-
ence between the groups and was higher in cows with RFM
at day 10+4 and 3+1 day relative to calving (P<0.05), but
there was no statistical difference at 104 and 30+4 days
postpartum. Also, it was noted that there were no differ-
ences in ALP and ALT activities, glucose, urea, albumin, and
phosphorus concentrations between cows with and without
RFM (17). Furthermore, in another study, there was no dif-
ference in GGT activity and total protein concentration in
pre/postpartum blood samples for cows with the RFM (18).
Although there is no difference between groups in albumin
concentration according to our study, studies have shown that
it may be at a lower level in cases where REM and metritis
are present (19, 20). Contrary to our study, it was stated that
albumin concentration increased in cows with mastitis (21).
The prepartum detection of this increase brought to mind
that mastitis can be used for pre-detection (6).

Our study showed that urea and creatine concentrations
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increased in the metritis group, but decreased in cows with
RFM and mastitis. Paiano ez 4. (7) and Senosy et al. (22)
found that urea and creatine concentrations decreased in cows
with metritis in their studies. On the other hand, when the
GGT activity, total protein, creatine, and urea concentrations
in the prepartum period are compared with the postpartum
period, it is stated that there was no difference (18). It has
been found that cows with vaginal discharge in the post-
partum period had lower urea and albiimin concentrations,
while they showed higher serum GGT activity compared to
the control group (23).

As for serum calcium concentrations, the findings of the
present study showed lower calcium concentrations than
postpartum healthy cows when RFM, metritis, or mastitis
were present in cows, as determined in previous studies (24,
25). Akar and Yildiz (26) found the calcium level to be low
in cows with RFM in their study, but there was no difference
in magnesium levels compared to the control group. On the
other hand, it was also stated that there was no difference
in calcium levels between cows that displayed RFM and
those which did not (27). In the present study, phosphorus,
calcium, and magnesium levels were found to be the lowest in
the RFM group. In addition, a decrease in the level of these
minerals was observed in cows with mastitis. In another study
conducted on cows with mastitis, it was determined that the
above-mentioned minerals decreased (28).

Patbandha ez al. (29) demonstrated higher sensitivity
(75%), specificity (66.67%), and accuracy than Ospina ez al.
(30) for metritis diagnosis using a prepartum blood non-
esterified fatty acids threshold value. They reported 37%
sensitivity and 80% specificity, respectively. Milk lactose could
detect the distinction between infected and non-infected
udder quarters in cows with an 81% accuracy (31) and in
buffaloes with 83.76% accuracy (32). Also, Pyorala (33) stated
that milk lactose could be used to identify the distinction
between mastitis and healthy quarters with an accuracy of
73.9 to 77.1%. This study, it is considered that activities of >
89 (U/L) AST, 2 24 (U/L) GGT, and 2 106 (U/L) CK-MB
for metritis, > 21 (U/L) GGT for RFM, and > 105 (U/L)
CK-MB for mastitis can be used in the preliminary diag-
nosis of these diseases in Simmental cows. The overall test
performance of these findings is moderate and their practical
use for diagnosing these diseases is uncertain. Considering
the association of elevated CK-MB of Simmental cows with
metritis, CK-MB remains an important tool to test research

hypotheses, especially when a more objective parameter for
the metritis is needed.

CONCLUSIONS

In conclusion, our results show that there are biochemical
changes in Simmental cows with metritis, mastitis, and RFM
in the transition period. Regular monitoring of the specified
parameters in the postpartum period in dairy cows may be
useful for veterinarians and dairy farm owners to predict
uterine health and mastitis. To better understand the role of
the aforementioned parameters in the pathogenesis of REM,
mastitis, and metritis, further studies with a larger cohort of
cows should be conducted with periodic blood samples taken
before the onset of these disease symptoms and at different
times in Simmental cows.
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ABSTRACT

Cattle are the most important source of animal protein to humans in Nigeria. They are predominately
raised under the extensive system of production. Although, low cost, this management system exposes the
animals to several ectoparasites and vector-borne infections, with veterinary and public health consequences.
Bartonellosis is an emerging vector-borne infection with veterinary and zoonotic implications. This study
examined 462 blood samples from cattle in Nigeria for the presence of Bartonella DNA using PCR and
sequencing approach. DNA fragments of the citrate synthase gene (g/z4) and RNA polymerase beta
subunit gene (rpoB) of Bartonella bovis were detected in 43 (9.3%) and 6 (1.3%), respectively, of the samples
examined. The g/t4 and rpoB sequences from this study had high identities of 97.6% to 99.8% with
GenBank deposited sequences of B. bovis. Phylogenetic analysis recovered the g/t4 and rpoB nucleotide
sequences from this study in a monophyletic clade with B. dovis sequences from diverse mammals from
other countries. Prevalence of B. bovis was associated (p<0.05) with animals older than two years of age
and samples collected from abattoirs. This is the first report of B. bovis in cattle in Nigeria. More studies
are required to determine the potential public health implications of these findings considering the high
rate of detection in animals slaughtered for human consumption and the difficulties in enforcing meat

inspection laws.

Keywords: Bartonellosis; Cattle; PCR; g/z4; rpoB; Nigeria.

INTRODUCTION

Cattle are the most common type of large domesticated un-
gulate found throughout much of the world. They comprise
hundreds of breeds that are recognized worldwide (1). In
Nigeria, cattle are the single most important livestock species
in terms of animal protein supply, value and biomass (2, 3).
They are not only the main source of meat, milk, skin, bone,
blood and horn products, but they are also used for draught
power, transportation of people and loads, as well as to lift
water from deep wells (3,4,5). About 75 percent of ruminant
livestock population in Nigeria are found in the Sahel agro-

ecological zone and are managed under the pastoral system
(3,6). Although, this production system is low cost, it exposes
the animals to diseases, consequently, affecting productivity
and endangering public health.

Bartonellae are considered as emerging pathogens, being
increasingly associated with a number of diseases in both hu-
mans and animals (7, 8). They are fastidious Gram-negative
bacteria that infect and persist in mammalian erythrocytes
and endothelial cells and are found in a wide range of wild
and domesticated mammals (5). Several species of Bartonella
have been isolated from blood of ruminants in Africa, Asia,
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Europe, and North and South America (4, 9-15). Among
cattle, Bartonella bovis has been implicated in causing bo-
vine endocarditis (16, 17). Other species such as, Bartonella
chomelii, Bartonella rochalimae, Bartonella schoenbuchensis,
Bartonella vinsonii subsp. arupensis, ' Candidatus Bartonella
davousti' have also been isolated from ruminants (13, 15,
18-20). The latter list is likely to increase with more stud-
ies and improvements in the detection methods. Bartonella
spp. are usually transmitted to animals and humans through
blood-feeding arthropod vectors such as fleas, lice, ticks and
sandflies (12,21).

The reported prevalence of B. bovis in cattle varies widely
across studies from different geographic regions, i.e., 6.8%
in Poland (22), 11.8% in Greece (15), 24% in Italy (23) and
70% in French Guyana (11). On the African continent, the
first report of B. bowis infection in cattle was in Cote d’Ivoire,
West Africa (4). Subsequently, there were reported prevalence
of 27.8% in Senegal (13) and 15.3% in cattle in Algeria (14).
Bartonella spp. of zoonotic importance have been reported
in rodents and bats and their ectoparasites in Nigeria (24,
25). However, to date there is no report on Bartonella spe-
cies infection in cattle in Nigeria. Therefore, this study was
aimed at using molecular approach to detect and characterize
Bartonella spp. in cattle in Nigeria and to determine the risk
factors for infection.

MATERIALS AND METHODS

Ethical Approval

Approval for this study was granted by the Institutional
Animal Care and Use Committee (IACUC), National
Veterinary Research Institute (NVRI), Vom, Nigeria, ap-
proval number: AEC/03/108/21. Informed consent was
obtained from management of abattoirs and cattle owners
before the animals were sampled.

Study Area and Sample Collection

The study was conducted on blood samples collected from
cattle from the three agro-ecological zones (AEZs) of Nigeria
between July to December 2021. Samples were collected from
two, five and three states in the Sahel, Savanna and Guinea
AEZs, respectively (Fig.1). Blood samples were collected
from 50 cattle slaughtered in each abattoir located in Jalingo,
Maiduguri and Katsina, 35 in Lafiya abattoir and 54 in Jos
abattoir. The remainder of the tested samples were obtained

from sedentary herds in Ekiti (n=4), Kaduna (n=8), Nasarawa
(n=15), Jos (n=26), Akwa Ibom (n=29), Ogun (n=41) and
Kwara (n=100).

Before sampling, visual examination was conducted to
assess the body condition of each cattle. Data on the age,
gender and breed of the animals were recorded for each study
site. Trained personnel properly restrained animals and 5 mL
of blood was drawn from the jugular vein into ethylene di-
amine tetra-acetic acid (EDTA) tubes. Samples were kept in
cold boxes packed with ice and transported to the Molecular
Biology laboratory, Parasitology Division, NVRI, Vom, where
they were kept at -20°C until analysis.

DNA extraction

DNA was extracted from anticoagulated blood using the
Quick-DNA™ Miniprep Plus kit (Zymo Research, USA)
with slight modification of the manufacturer’s protocol.
Briefly, 20 pL of proteinase K was added to 200 pL of an-
ticoagulated blood and equal volumes of BioFluid in a 1.5
mL micro centrifuge tube. The mixture was vortexed for 15
seconds and incubated at 55°C for three hours. 420 uL of
DNA binding buffer was added to the lysate, vortexed briefly
and centrifuged at 16,000 xg for 3 minutes. The mixture
was then transferred to a Spin column and the procedure
was continued according to the manufacturer’s instructions.
The DNA was eluted in 80 pL of elution buffer and stored
at -20°C until analysis.

Amplification of Bartonella spp. DNA from cattle
blood by conventional PCR

All the DNA samples extracted from cattle blood in this
study were initially screened for the presence of Bartonella
spp. 350 bp citrate synthase (g/z4) gene using the primers
CSHIF (5 GCG AAT GAA GCG TGC CTA AA-3) and
BhCS1137 (5-AAT GCA AAA AGA ACA GTA AAC
A-3) (26). Positive samples in the g/z4 amplification were
tested for the amplification of the 850 bp RNA polymerase
beta subunit gene (rpoB) using the primers 1400F (5-CGC
ATT GGC TTA CTT CGT ATG-3’) and 2300R (5-GTA
GAC TGA TTA GAA CGC TG-3) (27).

The PCR mix consisted of 16 pL of 2X Master Mix
with standard buffer (New England Biolabs Inc.), 0.6 pL
of each primer (10 mM), 5 pL of template DNA and 8.8
pL of DNA/RNA-free water (BioConcept, Switzerland)
in a final volume of 31 pL. Amplification for the g/t4 gene
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Fig.1. Map of Nigeria, West Africa showing the study sites.

involved 30 seconds at 94°C initial denaturation followed by
35 cycles of 30 seconds at 94°C, 1 minute at 51°C (anneal-
ing), and 1 minute at 68°C followed by a final elongation
at 68°C for 8 minute. The amplification of the 7poB gene
was similar except annealing which was done at 53°C for
30 seconds. The conventional PCR was conducted on a
GenAMP 7400 (Applied Biosystems, Foster City, CA), in
the Molecular Biology Laboratory, Parasitology Division,
NVRI Vom, Nigeria. The DNA of Bartonella elizabethae
obtained from a commensal rodent in Nigeria was used as
a positive control. A non-template control (NTC) contain-
ing all the reaction mix except DNA was included in each
PCR run. The PCR products were electrophoresed in a
1.2% agarose gel stained with SafeView™ Classic (Applied

Biological Materials, Canada) and were visualized under

a Blue light Transilluminator (Cleaver Scientific, UK) for
the size of amplified fragments by comparison to a 100-bp
DNA molecular weight marker. Positive amplicons were
sequenced at the Center for Genomic Technologies, Hebrew
University of Jerusalem, Israel using the PCR primers.

Nucleotide and phylogenetic analysis

Sequences were edited manually in the software Geneious
Prime 2022.0.1 (https://www.geneious.com) and were
compared to reference sequences available in the GenBank
using the BLASTn algorithm (http://blast.ncbi.nlm.nih.
gov/Blast.cgi). Nucleotide sequences were quality checked
and ambiguous base calls or missing data were coded
with N’s or the corresponding ambiguity code. Double
nucleotide peaks in otherwise high-quality sequence parts
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Table 1. Prevalence of Bartonella bovis-DNA in cattle in Nigeria

No. positive/no. tested (%)

Study location gled 1poB
Katsina 5/50 (10.0) 1/50 (2.0)
Jalingo 16/50 (32.0) 4/50 (8.0)
Borno 2/50 (4.0) 0(0)

Ekiti 0/4 (0) 0(0)
Kwara 0/100 (0) 0(0)
Kaduna 0/8 (0) 0(0)
Akwa Ibom 0/29 (0) 0(0)
Ogun 6/41 (14.6) 0(0)
Plateau 7/80 (8.8) 1/80 (1.3)
Nasarawa 7/50 (14.0) 0(0)
Total (%) 43/462 (9.3) 6/462 (1.3)

were scored as mixed haplotype infection and haplotype
diversity was assessed in Geneious Prime. Sequences were
aligned using the MAFFT algorithm (28, 29). Reference
sequences were retrieved from GenBank, mainly based on
the dataset of Goncalves ¢# al. (30) and added to align-
ments of the sequences of the study (all accession numbers
are listed in the phylogenetic trees, see Figs 2 & 3). The
program ModelTest-NG was used to test different DNA
substitution models (31). The phylogenetic analyses of the
partial 7poB gene consisting of a total of 792 nucleotides
(nt) comprising 38 sequences including two new sequences
of this study and the substitution model TIM3+G+I was
used. The phylogenetic analyses of the partial g/t4 gene of
a total of 378 nt comprised 37 sequences including five new
sequences of this study and the substitution model TIM3+G
was used. For Maximum likelihood (ML) analysis, we used
raxmlGUI version 2.0.6 (32). Nodal support was evaluated
using 1000 thorough bootstrap and consensus. Phylogenetic
trees were displayed in FigTree (http://tree.bio.ed.ac.uk/
software/figtree/).

Sequences obtained in this study were deposited in
the GenBank under the following accession numbers:
gltd (OM317751- OM317755); rpoB (OM317756 &
OM317757).

Statistical analysis

The prevalence of B. bovis DNA was calculated as per-
centage of the total samples examined. The association
between the detection of B. bovis DNA based on the gitd

gene and the variables: age (< 2 years old versus > 2 years
old), body condition score (good, medium or poor), source
of sample (abattoir or herds), agro-ecological zones (Sahel,
Savanna or Guinea), sex and breed of animals were analyzed.
Univariate analysis was performed for each risk factor using
the Chi-square test. The analysis was performed using the
R Statistical Software (33). The level of significance was
set at p<0.05.

RESULTS

Blood samples were collected from 462 cattle from ten
states located in the three agro-ecological zones of Nigeria
(Table 1, Fig. 1). From this number, 239 of the samples
(51.7%) were obtained from cattle slaughtered in abattoirs
in four cities, while 223 (48.3%) where from cattle in herds
located in different parts of Nigeria. The majority of the
cattle were females; (278/462, 60.2%) and 72.3% (334/462)
were older than two years of age. Eight breeds of cattle
were sampled, although the bulk of them, 360 (77.9%)
were of the White Fulani breed (Table 2). 288 of the 462
(62.3%) of the cattle sampled were from the Savanna agro-
ecological zone, followed by 100 and 74 from the Sahel and
the Guinea zones, respectively (Table 2, Fig. 1). Overall, 43
(9.3%) and 6 (1.3%) out of the 462 of the cattle examined
were positive for B. bovis DNA based on the g/t4 and
rpoB genes, respectively (Table 1). The highest prevalence
(32.0%) of Bartonella bovis DNA was detected in cattle from
an abattoir in Jalingo, followed by 14.6% in cattle from a
sedentary herd in Ogun State. Although the prevalence
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Fig. 2. Maximum likelihood phylogenetic analysis of 387 bp g/tA sequences of Bartonella species. Bootstrap values are indicated. The sequences
of this study are highlighted in bold and accession numbers are given in parentheses. The geographic origin (country) and the vertebrate host of
each sequence are provided. The taxon Brucella melitensis was used as an outgroup.

of B. bovis DNA varied among the different categories of ~ abattoirs, but not with the gender, breed, body condition or
cattle examined, significant association (p<0.05) was found  ecological zones (Table 2).
with older cattle (>2 years) and those slaughtered in the
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Table. 2: Prevalence and relative risks of Bartonella bovis in cattle in Nigeria

Number of animals tested
Variables Prevalence (%) 95% CI 12 P
Positive Negative Total
Source of sample
Abattoir 36 203 239 15.1 0.108-0.202
18.04 0.00002*
Herds/Farms 7 216 223 3.1 0.013-0.064
Gender
Male 14 170 184 7.6 0.042-0.124
0.73 0.39
Female 29 249 278 10.4 0.071-0.146
Breed
White Fulani 34 326 360 9.4 0.066-0.130
Bokoloji 2 15 17 11.8 0.015-0.364
Sokoto Gudali 1 23 24 4.2 0.001-0.211
Keteku 0 1 1 0.0 0.000-0.975
2.32 0.94
N'dama 0 1 1 0.0 0.000-0.975
Red Fulani 3 27 30 10.0 0.021-0.265
Ambala 1 3 4 25.0 0.006-0.806
Wadara 2 23 25 8.0 0.010-0.260
Age
Adult (>2years) 40 294 334 12.0 0.087-0.160
11.47 0.0007*
Young (<2years) 3 125 128 23 0.005-0.067
Body condition
Good 20 153 173 11.6 0.072-0.173
Medium 17 191 208 8.2 0.048-0.128 1.70 0.42
Poor 6 75 81 7.4 0.028-0.154
Ecological zone
Sahel 7 93 100 7.0 0.029-0.139
Savanna 30 258 288 10.4 0.071-0.145 1.18 0.55
Guinea 6 68 74 8.1 0.030-0.168

%2 = Chi-square, P= significant value

Nucleotide and phylogenetic analysis

Partial sequences of the g/z4 gene were amplified and se-
quenced for five samples. Sequences of four samples matched
B. bovis, which share sequence identities of 97.6- 99.8%.
One sample (JA53) did not feature any ambiguity bases and
therefore represents a single haplotype, whereas the other
three sequences (OG11, 0G40, T33) were mixed haplotype
infections, featuring several double nucleotide peaks in the
electropherograms. The phylogenetic analysis grouped all
four sequences with other reference sequences of B. bovis in
one monophyletic clade with high support (bootstrap value of

94). The fifth sequence (sample T1, mixed haplotype infec-
tion) was closer related to the species Bartonella grahamii
according to the phylogenetic analysis with low bootstrap
value of 36 (Fig. 2). The reference sequence with highest
sequence identity of 97.38% was an uncultured Bartonella
sp. sample from a spleen of a small mammal in Equatorial
Africa (Fig. 2).

The two partial 7poB gene sequences of the Nigerian
Bartonella samples of the study shared a sequence identity
of 98.8%. Both sequences contained ambiguous base calls

which indicate mixed haplotype infections. The phylogenetic
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Fig. 3. Maximum likelihood phylogenetic analysis of 792 bp 7poB sequences of Bartonella species. Bootstrap values are indicated. The sequences

of this study are highlighted in bold and accession numbers are given in parentheses. The geographic origin (country) and the vertebrate host

of each sequence are provided. The taxon Bartonella grahamii was used as and outgroup. The phylogenetic analysis of 7poB recovered both

Nigerian sequences within the monophyletic group of Bartonella bovis sequences from cattle from e.g., Brazil, Israel, Malaysia, and Italy with

high support (bootstrap value of 91) as sister clade to the species Candidatus Bartonella dromedarii (named Bartonella dromedarii in the tree)
(bootstrap value 0f=96).

analysis of the 7poB sequences placed both Nigerian sequences
within the monophyletic group of B. bovis sequences from
cattle from Brazil, Israel, Malaysia, and Italy with high support
(bootstrap value of 91) as sister clade to the species Candidatus

Bartonella dromedarii (bootstrap value of = 96). The nucleo-
tide sequence of the sample T1 that clustered with sequences
B. grahamii in the gltA dendrogram was clustered with B. bovis
in the 7poB phylogenetic tree with high bootstrap (Fig 3).
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DISCUSSION

Molecular detection and nucleotide sequence analysis of
Bartonella spp. in cattle in Nigeria, confirmed that all the
sequences obtained in this study belong to B. bovis. The
prevalence of 9.3% (g/t4) and 1.3% (rpoB) of B. bovis DNA
in cattle in this study was lower than the previous reports in
cattle of 27.8% in Senegal (13) and 15.3% in Algeria (14).
However, a zero prevalence of Bartonella spp. has been re-
ported in cattle from Kenya (5). The difference may be due
to the study design, the genes targeted and the sensitivities
of the assays used in each of the studies. Only the DNA of
B. bovis was detected in cattle in this study, unlike the studies
from Algeria and Senegal, where B. chomelii and a novel spp.
'Candidatus Bartonella davousti' were reported in addition
to B. bovis (13, 14). Our findings were similar to the first
report of Bartonella spp. in cattle on the African continent
where only B. bovis was recovered by both culture and PCR
amplification (4). In this study, the prevalence of B. bovis was
associated with older cattle (>2 years) similar to the report
from Spain (20) but, in contrast to the report from France
and Algeria (14, 16). Generally, high prevalence of vector-
borne diseases have been associated with older animals,
especially those raised under the extensive management due
to continuous challenge by hematophagous arthropods (34,
35). Furthermore, there was an association between samples
obtained from cattle slaughtered in the abattoirs with detec-
tion of B. bovis DNA.

Likewise, a study in Senegal reported the isolation from
cattle blood of a Bartonella spp. with unique genetic fea-
tures, which are different from other species of the Bartonella
genus. This isolate is being proposed as a potentially novel
Bartonella spp., highlighting the probable role of cattle as a
potential reservoir of Bartonella spp. (13).

Beef is the main source of animal protein for humans in
most of Nigeria. Each year large numbers of cattle and other
livestock are slaughtered at designated abattoirs, slaugh-
terhouses or slaughter slabs to produce meat for public
consumption. However, sometimes slaughter may also take
place at home or at an outdoor slaughter facility designated
for religious and cultural practices (3). Although, veterinary
public health officials are mandated to inspect and certify
meat targeted for human consumption, enforcement of
certain decisions have been hampered due to obsolete or
lack of legislation, to back such actions. Worst still, it has
been observed that in defiance to directives from veterinary

public health officials to trim some infected parts from a
carcass before passing the meat for public consumption,
butchers cut some of the affected parts and eat it raw to
justify the fitness of the meat for human consumption.
Hence, butchers and meat processors usually operate with-
out proper public health supervision thereby endangering
the health of consumers. A relatively high proportion of
the Nigerian populace are immunosuppressed either due
to malnutrition or infections with HIV or malaria, thereby
predisposing them to several emerging infectious diseases
(36-39). Therefore, the role of Bartonella spp. in causing
disease in immunosuppressed individual deserves attention.
For example, a study conducted in South Africa reported
that 10% of outpatients attending HIV clinics in an urban
center were bacteremic with B. henselae (40). As for 2015,
Nigeria was rated as having the world’s second highest
burden of people living with HIV/AIDS (41). Added to
this, the predominant cattle production system in Nigeria
brings humans into close contact with domestic animals
and ectoparasites, which may facilitate the transmission of
zoonotic pathogens or even non-pathogenic species to cause
disease in immunocompromised people. Bartonella bovis may
be a potential agent of zoonosis in humans similar to what
was demonstrated with B. rochalimae that was first detected
in a Pulex flea and subsequently isolated from a patient with
fever and splenomegaly (42).

In conclusion, the detection of B. bovis DNA in cattle in
Nigeria, most especially in cattle slaughtered for human con-
sumption in the face of poor sanitation, poor health condition
and the inability to strictly enforce meat inspection in most
abattoirs is a source of public health concern. More studies
in line with the One Health concept should be conducted
to elucidate the epidemiology and public health implication
of Bartonella spp. in Nigeria. Efforts should be intensified
to improve the sanitary condition in the abattoirs and to
effectively enforce meat inspection policy across the country.
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ABSTRACT

Methicillin-resistant Staphylococcus pseudintermedius (MRSP) is an emerging zoonotic pathogen in veterinary
medicine. Whole-genome sequencing (WGS) is highly preferred today as a valid method for molecular
typing of bacterial pathogens due to its high discriminatory power and characterization efficiency. This
study describes the WGS—based characterization of an MRSP strain named HMKU-VET-MRSP-2020
from a case of cat otitis externa in Turkiye. The strain was classified as MLST sequence type 71 and
SCCrmec type IITA. WGS analysis indicated the presence of several antimicrobial resistance genes and
mutations consistent with the resistance phenotype. Phylogenetic analysis showed that the strain was
clusterized with the isolates from dog clinical cases previously reported from different countries of Europe
and one human isolate from the USA. The study is the first report on the isolation and molecular
characterization of MRSP from a cat in Tiirkiye and provides insights into the zoonotic potential of this
microorganism.

Keywords: Cat; Methicillin Resistance; Staphylococcus  pseudintermedius; Whole-Genome

Sequencing.

INTRODUCTION

Staphylococcus pseudintermedius is an opportunistic pathogen
that colonizes companion animals' skin and mucous mem-
branes asymptomatically (1). S. pseudintermedius is the most
frequent cause of skin and soft tissue infections in dogs than
in cats (2). The lower colonization rates observed in cats are
attributed to less adhesion of §. pseudintermedius to feline
corneocytes than to canine corneocytes (3). However, in cats,
8. pseudintermedius can be isolated from various infections
related mostly to the skin, including dermatitis, otitis, and
wound infections (1).

In 2006, methicillin-resistant S. pseudintermedius (MRSP)
emerged and reached worldwide high prevalence rates (4).

The frequent reports of multi-drug resistance (MDR) in
MRSP isolates greatly complicate veterinary clinicians' thera-
peutic interventions (5, 6). MRSP has an epidemic clonal
population structure (4), and certain dominant MDR MRSP
lineages were frequently reported in particular continents,
namely ST71 and ST258 in Europe, ST68 in North America,
and ST45 and ST112 in Asia (4). S. pseudintermedius-related
human infections have also been reported due to transmission
from pet animals to humans (2,7, 8).

This study was, therefore, conducted to perform a
Whole-genome sequencing (WGS)-based characterization
of an MDR §. pseudintermedius strain isolated from a case of
feline otitis externa in Turkiye.

Aslantag, O.
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MATERIALS AND METHODS

Isolation and identification

The MRSP strain was isolated from a 3.5-year-old female
Tekir cat’s left ear with otitis externa in the Microbiology
Laboratory, Faculty of Veterinary Medicine, Hatay Mustafa
Kemal University. The strain was first identified using
phenotypic tests (colony morphology, Gram staining, and
catalase test) for genus level. The species identification was
performed by the matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometer using the
Biotyper 3.1 software (Bruker Daltonics, Germany) and the
Vitek2® automated system (bioMérieux, Marcy I'Etoile,
France) in parallel.

Antimicrobial susceptibility testing

Antimicrobial susceptibility of the strain was determined
using the standard disc diffusion method according to the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) guidelines (9). The following com-
mercial disks were used: penicillin (1 U, P), oxacillin (1 pg,
OXA), erythromycin (15 pg, E), gentamicin (10 pg, CN),
clindamycin (2 pg, DA), trimethoprim-sulphamethoxazole
(1.25/23.75 pg, SXT), ciprofloxacin (5 pg, CIP), tetracycline
(30 pg, TE), and fusidic acid (10 pg, FA). §. aureus ATCC

25213 was used as a control strain.

DNA extraction, library preparation, and sequencing

The genomic DNA was extracted from the strain using the
DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany)
following the manufacturer’s instructions. The quantity
and quality of the extracted DNA were measured using
a Qubit 3.0 (Thermo Fisher Scientific, Waltham, MA,
USA). The sequencing libraries of genomic DNA were
prepared with the Illumina TruSeq DNA Nano Library
Prep Kit (Illumina, San Diego, CA, USA) and paired-end
(2x150 bp) sequencing was performed on the NovaSeq
platform (Illumina, San Diego, CA, USA). After trimming
low-quality reads and removing adapter sequences using
Trimmomatic v 0.36 (10), the quality of both raw reads
and trimmed reads was assessed using FastQC v 0.11.9
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/;
accessed on 26 March 2022). The de novo genome assembly
was conducted using the SPAdes algorithm (v 3.14.1) by ap-
plying the default parameters (11). The quality of assembly

was evaluated using QUAST 4.5 (12), and contigs longer
than >200 bp were included in further analysis. The genome

assembly data were deposited at NCBI under accession no.
JAJICA000000000.

WGS-based characterization of MRSP strain
The MLST type, SCCrmec type, and the presence of acquired

antimicrobial resistance genes of the strain were searched
using the bioinformatic tools available at the Center for
Genomic Epidemiology (CGE) platform (http://www.ge-
nomicepidemiology.org/). Mutations in the topoisomerase
IT (gyrA) and topoisomerase IV (gr/A) genes that mediate
fluoroquinolone resistance in the strain were analyzed using
BLASTn. To this end, reference gyrA and gr/A sequences
were downloaded from strain CCUG 49543" (NCBI acces-
sion numbers AM262968 and AM262971, respectively) and
queried against a custom BLAST database. Gene predictions
and annotations of the de novo assembled genomes were
annotated using NCBI Prokaryotic Genome Annotation
Pipeline for annotation (13). For the phylogenetic com-
parison of the strain, WGS of 46 8. pseudintermedius isolates
of animal and human origin from different countries were
retrieved from PATRIC and NCBI databases. The tree con-
structed using the presence and absence of accessory genes
were provided in Roary outputs (accessory_binary_genes.
fa.newick). The phylogenetic tree was visualized using an
interactive web tool iTOL (14).

RESULTS

The strain was found to be resistant to penicillin, oxacil-
lin, tetracycline, ciprofloxacin, erythromycin, clindamycin,
gentamicin and trimethoprim-sulphamethoxazole, and was
named HMKU-VET-MRSP-2020.

The sequenced reads were assembled into a draft genome
consisting of 141 contigs, with a total length of 2 726 834 bp
and Nso of 14816 bp. The average G+C content was 37.34%.
In silico analysis of the assembled genome revealed eight
antimicrobial resistance (AMR) genes conferring resistance
to: (1) beta-lactams (4/aZ and mecA); (i) aminoglycosides
(aac(6)-aph(2’), aph(3’)-1II and ant(6)-Ia); (iii) macrolide,
lincosamide and streptogramin (MLS) group (ermB); (iv)
tetracyclines (#7K); and (v) trimethoprim (df7G). Based on
the MLST, the strain belonged to sequence type (ST) 71 and
harbored SCCrmec type I1I (3A).
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Figure 1. The phylogenetic tree is based on the core genome of 8. pseudintermedius from different regions of the world. The strain from this study
is highlighted with a red color shade. MRSP isolates were highlighted with a blue color shade.

The phylogenetic analysis based on genomes of 46 §.
pseudintermedius of human and animal origin revealed three
main clades. The strain is closely related to dog clinical iso-
lates from Italy, Switzerland, the UK, and Germany and one
human isolate from the USA (Figure).

DISCUSSION
This study shows the WGS-based molecular characterization

of the MRSP strain isolated from otitis externa of a cat in
Turkiye. The WGS revealed that the strain belonged to ST71,
which is also the most frequently reported MDR clone in

Europe for dogs, cats, and humans including both clinical pa-
tients and healthy carriers (1, 4, 15) and is increasingly report-
ed worldwide (16-18). It has been reported that the presence
of ST71 in humans is often connected with previous contact
with dogs (19, 20). Therefore, it could be speculated that
owners of cats are also at risk of being infected with MRSP.
More importantly, Latronico ez a/. (21) showed that MRSP
ST71 strains of human origin adhered equally well to canine
and human corneocytes. Thus, it could be said that MRSP
ST71 strains have a high adhesion ability to human skin.

Thus far, both methicillin-susceptible and resistant §.
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pseudintermedius have not been reported to be isolated from
cats in Turkiye. The cat was admitted to our faculty clinics
with the complaint of otitis externa that did not respond
to treatment. Although it is not possible to determine the
exact source of the infection, previously reported risk fac-
tors by Lehner ez al. (22), such as previous hospitalization,
frequent visits to veterinary settings, close contact with dogs,
along with the administration of glucocorticosteroids and
antibacterial chemotherapeutics might have played a role as
the source of infection.

As previously reported in Europe, the MRSP strains
belonging to ST71 have been significantly associated
with resistance to beta-lactams, gentamicin, erythromycin,
clindamycin, tetracycline, ciprofloxacin, and trimethoprim-
sulfamethoxazole (15, 17). In concordance with these studies,
similar genetic determinants responsible for resistance were
also present in the strain. This makes increasingly selecting
of antimicrobial therapy very limited. Due to the zoonotic
potential of MRSP and the horizontal transfer of resistance
genes, continuous monitoring of phenotypic and genotypic
antimicrobial profiles is important.

In conclusion, this study provides important data on phe-
notypic and genotypic features of MDR MRSP from a clini-
cal case of a cat. According to our knowledge, this study is
the first report on WGS analysis of S. pseudintermedius from
the cat in Turkiye. The findings of the study also indicate an
urgent need for national surveillance of MRSP in companion
animals, veterinary clinics, and veterinary personnel to reduce
the burden of this important veterinary pathogen, with par-
ticular emphasis on the detection of emerging MDR MRSP
clones such as ST71.
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ABSTRACT

Shiga toxin producing Escherichia coli (STEC) serotypes are recognized as potentially important food-borne
pathogens for humans. Ingestion of E. co/i contaminated food is largely known to originate from livestock.
Cattle and sheep herds hold the majority of agricultural revenue in Tirkiye but Anatolian water buffaloes
have often been underestimated for foodborne pathogens. The aim of this study is to determine virulence
genes harboring E. coli 0157 and six major non-0157 STEC (026, 045, 0103, 0111, 0121, and 0145)
serotypes in feces of healthy Anatolian water buffaloes by using multiplex PCR (mPCR) method. Of the
collected 458 fecal samples from healthy live animals, we have performed virulence and serotype targeting
mPCR following direct DNA extraction from collected samples. Results indicate that there is 0.9% of 0157
prevalence while six major non-O157 E. co/i have not been identified. The characterization results of the
virulence genes also showed that eae is most prevalent (5.7%) followed by ehxA (3.9%) and szx7 (3.1%). In
this study, we have shown Anatolian buffaloes might have a relationship with other O-type E. co/i strains.
Non-0157 STECs, which are often disregarded in both animals and humans, should be investigated. As a
consequence, gaining regional or national data collection will allow to implement better effective diagnosis
and treatment options.

Keywords: E. co/i O157; non-O157; STEC; Anatolian Buffaloes.

INTRODUCTION

Escherichia coli (E. coli) consists of a diverse and large
group of bacterial organisms residing within the gut of
humans and animals (1). Although most E. co/i variants
are harmless or result in asymptomatic colonization, some
pathogenic variants can cause gastroenteritis, including
hemorrhagic colitis (HC) or extra-intestinal infections such
as urinary tract infections, hemolytic uremic syndrome
(HUS) or other severe systematic infections including
pneumonia (2).

Diarrhea-causing pathogenic E. co/i variants are identified
under several groups according to their O-type serogroup

classification and pathogenesis with clinical implications:
entero-aggregative E. coli, entero-pathogenic E. coli (EPEC),
diffuse-adherent E. co/i, entero-invasive E. cofi, and entero-
haemorrhagic E. coli (3). Shiga toxin-producing E. coli
(STEC) agents are mostly associated with the entero-haem-
orrhagic group of variants but several types of diarrheagenic
E. coli pathovariants other than O157 can also produce shiga
toxin (4). In a public outbreak that emerged in Germany in
2011, it was found that non-O157 shiga toxin-producing E.
coli 0104 was responsible for mass public infections. Among
the infected patients (3842 cases) in Germany, tragedy 22.1%
of people developed HUS, and the outbreak resulted in
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1.4% mortality. A detailed investigation confirmed that the
consumption of contaminated vegetable sprouts led to the
infection (5). Many large sporadic outbreaks have emerged in
the past between 1984 and 2009 but non-O157 STEC cases
rarely have been reported due to the absence of identification
and characterization of non-0157 STEC methods (6). In
a different outbreak led by foodborne infection, it has been
reported that 23 children from South Australia (1995) and
10 children from Norway (2006) developed HUS due to
non-0157 STEC; 0111 and O103 respectively (7, 8). As
a result, we are now much more aware of the importance of
both 0157 and non-O157 STEC for public health issues due
to unexpected sources of infection and outbreak.

E. coli strains may acquire virulence factors such as shiga
toxin 1 and 2 (szxz, stx2) intimin (eae), and enterohaemolysin
(ehxA). It was suspected that there was a close relation-
ship between virulence factors and clinical manifestations.
Shiga toxins are cytotoxins that inhibit protein synthesis
and cause host cell death. Intimin is shared by STEC and
EPEC implements which is tightly attach to epithelial cells.
Therefore, causes attaching and effacing (A/E) lesions in
the intestinal mucosa. Especially HC and HUS cases with
severe diarrhea were determined to be closely related to
STEC types carrying the eae gene (9). Enterohaemolysin is
thought to provide an iron source to stimulate E. co/i growth
by lysis of erythrocytes and release of heme from hemoglobin
(10). Hence, virulence genes incorporating E. coli strains
or their combination with various virulence genes maybe
closely associated with clinical symptoms of intestinal or
extra-intestinal infections.

Foodborne STEC infections are caused mainly by con-
taminated water sources via close contact with fecal materials
of farm animals, primarily cattle followed by goats, sheep,
and pigs (11). Although most of the daily dietary needs of
humans are primarily supplied from cattle, buffaloes are also
considered as a source of meat and dairy products.

Tirkiye continues breeding Anatolian buffaloes, de-
scended from Mediterranean water buffalo, for its economic
value and special aromas of dairy products. Previously, epide-
miological investigation of 0157 and non-0157 serogroup
STEC isolation studies were carried out in farm animals
including cattle and sheep in Tiirkiye, however there is
less known about Anatolian water buffaloes as a potential
source of STEC. Moreover, prevalence studies of STEC
in Anatolian water buffaloes are limited. A few studies

have been conducted in Anatolian water buffaloes show-
ing the prevalence of O157:H7 STEC, but the presence
of non-0157 STEC has not yet been elucidated (12-16).
Besides, the importance of virulence genes harboring E. co/i
serotypes in relation to public health should also need to be
highlighted.

The purpose of this study was to determine E. co/i 0157
and six major non-0157 (026, 045, 0103, 0111, 0121,
0145) E. coli serotypes in feces of healthy Anatolian water
buffaloes by characterization of encoded virulence genes:
shiga toxin 1 (szxs), shiga toxin 2 (stx2), intimin (eae) and

enterohaemolysin (ehx4) using a mPCR assay.

MATERIALS AND METHODS
Sampling
Sample collection was carried out at 83 different buffalo
farms (animal numbers varies between 5 and 25) within Sivas
city, Central Anatolia, Tiirkiye. A total of 458 fecal samples
were directly taken from the rectum of healthy Anatolian
buffaloes of 4 years and older using a disposable sterile glove
per animal to eliminate cross contamination. Fecal samples
were placed in sterile disposable plastic containers. Samples
were kept in a car cooler fridge that maintained 4°C inner
temperature and then transferred to the laboratory.

Bacterial DNA isolation

DNA isolation was performed on samples immediately
upon arrival to laboratory as described by the manufacturer
of QIAamp DNA Stool Mini Kit (QIAGEN, Germany). A
spectrophotometry absorbance-based method at A260/280
ratio was applied using NanoDrop (DeNovix, USA) to verify
and quantify the amount (Hg) of isolated DNAs. To verify the
purity of DNA, the ratio of A260/280 around 1.8 was accept-
ed as pure, otherwise samples were considered contaminated
and extraction was repeated. The following controls were
used in this study: O157 retrieved from American Typing
Cell Culture (ATCC, 43894) and six non-O157 serotype
reference strains retrieved from Staten’s Serum Institute
(Copenhagen, Denmark, SSI-95211 for O26; SSI-87256
for O45; SSI-82170 for O103; SSI1-82118 for O111; SSI-
82130 for O121; SSI-82280 for O145).ATCC 43895 strain
also used as positive control for the stxy, stxa, eae, ehxd genes.
DNA samples were labeled and stored at -20°C until E. co/i

characterization.
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Table 1. The list of primer pairs used in mPCR to identify O-type and virulence genes.

Target Gene Primer ID Nucleotide sequence (3'-5") Product size (bp) Tm(°C) Ref
045-F GGGCTGTCCAGACAGTTCAT 65.5

wzx045 890 17)
045-R TGTACTGCACCAATGCACCT 66
0103F2 GCAGAAAATCAAGGTGATTACG 61.7

wzx0103 740 (17)
0103R2 GGTTAAAGCCATGCTCAACG 63.3

stx1-F TGTCGCATAGTGGAACCTCA 655 64.8 (18)
- stcl-R TGCGCACTGAGAAGAAGAGA 64.9
0121-F2 TCAGCAGAGTGGAACTAATTTTGT 64.4

whg0121 587 17)
0121-R2 TGAGCACTAGATGAAAAGTATGGCT 65.6
0145F5 TCAAGTGTTGGATTAAGAGGGATT 63.9

wzx0145 523 17)
0145R5 CACTCGCGGACACAGTACC 65.6

st2-F CCATGACAACGGACAGCAGTT 77 66.5 18)
$tx2 stx2-R TGTCGCCAGTTATCTGACATTC 64
026F4 AGGGTGCGAATGCCATATT 63.8

wzx026 417 17)
026R4 GACATAATGACATACCACGAGCA 64

eae-F CATTATGGAACGGCAGAGGT 15 63.7 9)
“ DR ACGGATATCGAAGCCATTTG 62.1
rfbE-F CAGGTGAAGGTGGAATGGTTGTC 66.5

HBEOLST 296 (19)
rfbE-R TTAGAATTGAGACCATCCAATAAG 60.6
0111F2 TGCATCTTCATTATCACACCAC 62.6

w0111 230 17)
O111R2 ACCGCAAATGCGATAATAACA 62.9
ehxA-F GCGAGCTAAGCAGCTTGAAT 64.7

ehxA 199 (18)
ehxA-R CTGGAGGCTGCACTAACTCC 65.5

E. coli serotype screening and STEC detection
by mPCR

For the E. coli serotype screening, we performed multiplex
PCR (mPCR) method consisting of both O-type and
virulence gene targeting primer pairs listed as in Table 1.
The sample screening for O-type and virulence genes was
performed in two separated steps in all extracted DNA
samples (n=458). In the first mPCR panel step, a mixture
of O-type specific primer pairs was employed to determine
026, 045, 0103, 0111, 0121, 0145 and O157 types.
In the second mPCR panel, a mixture of virulence genes
targeting primer pairs was applied to identify stxs, stxa,
eae and ehxA virulence traits in collected sample mixtures.
The mPCR was accomplished in a total 50 pl mixture
reaction volume that was constituted of the following
molecules and reagents; 1XPCR buffer [75mM Tris-HCI,
20mM (NH4)2SO4, 0.1% Tween—20; pH 8.8], 2.5 mM
MgCly, 250 pM of each dNTP, 1.5 U Tag DNA poly-

merase (MBI, Therma Scientific Fermentas, Lithuania),
5 pmol of each primer and 5 pl of isolated DNA (25
ng). Reference strain DNA samples were also included to
study for each run along with distilled water as a negative
control. Thermal cycle (T100, BIORAD) conditions were
set to single cycle at 94°C for 5 minutes; 35 cycles at
94°C for 30 seconds, 67°C for 80 seconds, then cooled
down to 4°C. PCR products were run in 1.5% agarose
by constant 100V pulsing voltage. The gel was soaked
in 10mg/ml ethidium bromide for 30 minutes, and then
visualized using UV transilluminator (Vilber Lourmat
Quantum ST4, France). Low amplified or nonspecific
bands showing samples were repeated to verify the results.

Statistical analysis

The chi-square test was used to reveal the statistical sig-
nificance of the differences between PCR results of the
shiga toxin positive E. co/i O157 and non-O157 shiga
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Table 2. Distribution of positive E. co/i O serotypes and virulence genes in fecal samples of Anatolian buffaloes.

ok

Rk

Sample no* Farm O serotype stxg stxy | ebwd eae
5 ND - - + -
g Hayran Eg - - N :
8 ND 5 - - -
9 Pazar ND - - - +
18 ND + = = =
21 ND - - - +
2 Catal ND - - - N
25 ND - - + -
45 Guney 0157 + - + -
46 0157 + - - -
66 ND - - - +
67 Alaca ND - - + -
70 ND - - = +
87 ND + - - -
Zi Mentes gg : : : i
97 ND - - - +
118 0157 + - - -
125 Eken ND - - - R
144 Konak ND - - + -

igg Hasdemir Eg i : : :
219 ND + - + +
221 Polat ND - - + +
228 ND - - - +
251 ND + - + +
252 ND - - + +
253 Akea ND - - R -
256 ND - - - +
274 Sarica 0157 + - - +
305 ND + - + +
307 Bostan ND - - + +
308 ND - - + -
311 ND - - - +
345 Kara ND + - - +
386 Pinar ND + - - +
417 Bey ND + - + +
440 ND - - - +
443 Yayla ND - - . -
457 Soran ND - - + -
1 18 - 14 18 26

* Of the 458 fecal samples 41 were found PCR positive result for the investigated genes in this study. **: These 41 samples were fell within 18
of sampled 83 farms. ***: E. co/i 026, 045, 0103, 0111, 0121, 0145 and O157 serotypes were examined and only four samples were found
positive O157 but none of the samples were positive for other serotypes subjected in this study. stx7: shiga toxin 1,14 samples were found positive
for stx;. stxz: shiga toxin 2, none of the samples were found positive for stxo. ehxd: enterohaemolysin, 18 samples were found positive for ehxd.
eae: intimin, 26 samples were found positive for eae. ND: Not determined. +: Gene present. — Gene absent.
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toxin positive samples and their distribution at the farm
level. Values with p<0.05 were considered statistically
significant.

RESULTS
STEC prevalence

From 458 collected fecal samples from healthy Anatolian
buftaloes, only 4 (0.87%) tested positive for O157 but none
for non-0157 E. coli serotypes (026, 045, 0103, 0111,
0121, and O145). The stx; gene was detected in all 0157
positive samples; however the szx; gene was not. Of the 458
samples, 10 individual samples were carrying szx; and none
of them was found positive for seven major O serotypes be-
ing examined (Figure 1). The prevalence of 0157 STEC
and non-0157 STEC were estimated to be 0.87% and
2.18%, respectively, with a total STEC prevalence of 3.06%
(Figure 2a). The difference between 0157 and non-O157
STEC positivity rates was not significant (p>0.05). When
the results were considered at the farm level, STECs were
determined in 13.25% (11/83) of the herds. Within these
11 herds, the proportion of STEC positive samples found
in range between 5% and 8%, with an overall proportion
of 3.06% (14/458). The positivity of STEC 0157 is 3.62%
(3/83) while non-0157 STEC positivity is 9.64 % (8/83) at
farm level (Figure 2b). The difference between these results
were not significant (p>0.05).

Characterization of STEC
The O157 positive samples (n=4) all possessed szx; (100%)

gene, while none of them were found positive for stx,. It
was also found that 10 out of 458 of the fecal samples were
also positive for szx; but not for the seven major O serotypes
examined. These samples were considered as non-O157 and
not major six STEC serotypes which were out of subject of
this study. These results were listed in Table 1. The prevalence
of eae and ehxA were found around 5.7% and 3.9% of the
fecal samples of Anatolian buffaloes, respectively. When
non-STEC samples (n=27) were analyzed, results revealed
that only 9 samples harbored the eAx4 virulence gene alone
while only 14 samples showed positivity for eze. Out of 27
non-STEC samples, only four samples possessed the com-
bination of both ee and eAxd genes. Although we identified
the presence of ehxA and eae virulence genes in non-STEC
samples, we also detected those genes other than shiga toxins

in STEC identified samples. Results indicated that, of the 14
STEC samples, only one sample was identified positive for
ehxA (stxs+ehxd) while eae determined alone in four samples
(stxr+eae). Among the shiga toxin-positive samples, we also
determined the combination of virulence eze and ehxA genes
in four samples (stxs+eae+ehxA). Both virulence genes (eae
and ehxA) were not found in the remaining five STEC:s.

DISCUSSION
Among the members of the global market, Tirkiye was hold-

ing 4™ place in terms of milk production from buffaloes in
the early 2000’s however production was reduced significantly
due to modernization in agricultural revenue and substitution
of Anatolian buffaloes with Holstein heifers (20). Although
the majority of dairy products are supplied from cattle and
sheep herds in Tiirkiye, Anatolian water buffaloes still have a
significant economic impact due to the nutritional values of
buffalo milk and their dairy products particularly mozzarella
cheese. STEC isolation and identification in meat and dairy
products of ruminants has been demonstrated however, there
is less information known about STEC presence in buffa-
loes (21, 22). Although the presence of STEC O157:H7 in
Anatolian buffaloes has been studied, non-0157 STEC and
its characterization remains unqualified.

This study provides the first results of seven major
STEC: including the presence of virulence genes (stx;, stx2,
eae and ehxA) from fecal samples of Anatolian water buf-
faloes reared in Central Anatolia, Tiirkiye. Several studies
have shown the success of PCR techniques to characterize
E. coli and STEC with 100% specificity and 98% sensitiv-
ity (17, 23); therefore, mPCR assay was employed for the
detection of both virulence genes and E. co/i O serotypes in
the present study.

There is no known human STEC infection caused by
meat or dairy products of Anatolian buffaloes in Tiirkiye but
the presence of E. coli O157:H7 in Anatolian buffaloes in
different regions was investigated (13-15). A study conducted
in western Turkiye evidenced E. co/i O157:H7 presence for
the first time in raw milk and fecal samples of Anatolian
water buffaloes, which showed 3.7%, and 1.4% positivity in
fecal and milk samples, respectively (14). In a different study,
3.8% E. coli O157:H7 positivity was reported in Buffaloes
residing in Northern Anatolia of Tirkiye (15). In the current
investigation, of the collected samples, we have identified
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Figure 1: The multiplex PCR results of of DNA samples obtained from fecal samples of Anatolian buffaloes. The image representing the DNA

amplicons in EthBr stained agarose gel electrophoresis.

Top line: Multiplex PCR results of E. co/i O serotype. M: 100 bp DNA ladder, Lane 1-2: 0157 positive field samples, Lane 3-4: Negative field
samples. Lane 5: 026 positive control (SSI-95211), Lane 6: O45 positive control (SSI-87256), Lane 7: 0103 positive control (SSI-82170), Lane
8: 0111 positive control (SSI-82118), Lane 9: 0121 positive control (SSI-82130), Lane 10: 0145 positive control (SSI-82280), Lane 11: 0157
positive control (ATCC 43895), Lane 12: Mixed DNA sample of all reference positive controls, Lane 13: Negative control (distilled water).

Bottom line: Multiplex PCR results of virulence genes. M: 100 bp DNA ladder, Lane 14-15: szx7 positive field samples, Lane 16-17: eae positive
field samples, Lane 18-19: ehxA positive field samples, Lane 20: stxz+ehxA positive field sample, Lane 21: stxz+eae positive field sample, Lane
22: eae+ehxA positive field sample, Lane 23: stxz+eae+ehxA positive field sample, Lane 24: stxz+stxo+eae+ehxA positive control (ATCC 43895),
Lane 25: Negative control (distilled water).

0.87% prevalence for O157 but flagella antigen (H) was not  and H7 agglutination assays, indicating no positivity (13).
studied. Besides, a study conducted on carcasses and rectal ~ Such differences might be related to the chosen methods,
swab samples of buffalos to investigate the presence of E. coli  bacterial load in animal (samples) or different geographical
0157:H7, none of the collected samples reacted in O157  areas being investigated.
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Figure 2: The prevalence of STECs and virulence genes identified in feces samples of field collected Buffaloes.

The bar graph (a) showing the prevalence of STECs and virulence genes in total collected samples (n=458) while second bar graph
(b) representing the distribution of STECs in farms (n=83). E. co/i 026, 045, 0103, 0111, 0121, 0145 serotypes were not detected and
omitted in graph. There was no statistical difference between 0157 and non 0157 STEC prevalence of collected samples (p>0.05).
The difference between 0157 and non-0157 STEC positivity rates of farms was also not significant (p>0.05).

Our virulence gene screening results revealed that 14
samples out of 458 examined samples tested positive for
stxg (3.1%) virulence trait. None of the samples assayed
were positive for szx, whereas 5.7% and 3.94% of samples
were carrying eae and ehxA respectively. We also showed
the presence of ehxd or eae genes in non-STEC samples
indicating that some E. co/i strains carry at least one of the
virulence genes other than shiga toxins. Therefore, those eae
and ehxA carrying non-STEC strains can be considered as
EPEC. It could be assumed that Anatolian water buffaloes

or their dairy and meat products have a lower potential risk
for public health when compared to other ruminants bred
in Turkiye; nonetheless, they can play a role in foodborne
infections when other non-O type STECs and EPEC:s are
considered.

Water buffaloes are also considered important livestock;
however, their products in several countries and economic
values can vary. A study conducted in fecal samples of buf-
faloes in Italian rearing farms showed a 14.5% of STEC
0157 prevalence, suggesting the water buffaloes should be
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taken into account as a potential reservoir of STEC (24). In
2013, a STEC outbreak emerged and resulted in 22 cases
of HUS in Italy due to shiga toxigenic O26 contamination,
suspected from raw milk or vegetables, and this increased
the awareness concerning non-O157 STEC:s (25). A recent
study, carried out in different animal products has indicated
that raw buffalo milk retained 35.71% pathogenic E. coli
agents, which harbored stxs, stxs, eae, and ehxA. It was also
shown in the same study that prevalence of 0157, 026,
and O111 was about 50%, 40%, and 10% respectively, while
045, 0111, and 0121 serotypes were not determined (26).
A study from Bangladesh screened fecal samples of buffaloes
and portion of STEC was about 11%, among which 7%
and 5% of them possessed the stx; and szx; respectively,
suggesting buffaloes could pose an added public risk in
rural areas in Bangladesh. However, O-type E. co/i was not
investigated in that study (27). In terms of O-type serogroup
characterization, a study conducted in Southeastern Brazil
showed a 37% prevalence of non-O157 STEC in fecal
swab samples taken from buffaloes (28). Among the STEC
positive samples, 38.5% and 22% harbored the szx; and
stxz gene respectively, while none harbored the ese gene.
Curiously, none of the samples tested positive for com-
mon O serogroups (026, 0103, 0111, 0145, 0157) (28).
Similarly, we also could not identify six major O-type E.
coli (026, 045, 0103, 0111, 0121, and O145) in fecal
samples of Anatolian water buffaloes. This finding could be
explained by the prevalence of common O-type serogroups
that can show a distinct and diverse relationship among
animals at the species level.

Another study revealed that there was a strong re-
lationship between eae gene with some certain O-type
serogroups (05, 026, 069, 084, 0103, 0111, 0145, and
0157 (29). As stx, causes more severe human infection
than szxz, the presence of other virulence genes could
enhance clinical signs (30). Even though, virulence genes
harboring STEC and non-STEC serogroups other than
major O-types were not investigated in the present study,
we have provided detailed investigation of major serotypes
along with common virulence genes in terms of STEC
prevalence in Anatolian water buffaloes in Turkiye. Future
studies should be directed to characterize STECs and
EPECs prevalence in a broad range spectrum of O-type
antigens and virulence genes.

Although dairy products are plausibly contaminated

during milking and production, animal carcasses are most
commonly contaminated with pathogenic bacteria during
slaughtering and dressing. In the current study, E. coli O157
and six non-O157 major serogroups (026, 045, 0103,
0111,121, O145) were investigated by PCR in Anatolian
water buffaloes for the first time and the presence of six
major E. coli other than O157 which were not identified.
Our findings revealed that the most prevalent virulence
genes identified in healthy Anatolian water buffaloes
were eae followed by szx;. Even though most of the E.
coli strains are known as harmless and sometimes referred
to as commensal bacteria for mammals, acquirement of
virulence traits through evolutionary processes can change
their clinical manifestations. It has been shown that the
presence of virulence genes alone or in combination with
other virulence genes may enhance the pathogenicity of E.
coli. Those acquirements include the attachment of E. cofi
to the intestinal wall by eqe and increase in cytopathogenic
abilities by shiga toxins (stxz, stx). Furthermore, some ani-
mals infected with E. co/i strains possessing ehxd showed
clinical signs of hemolysis (10). It has been anticipated and
discussed in detail that there is a close relationship between
clinical outcomes and virulence genes. Some studies also
showed virulence genes can contribute resistance to some
antibiotics (31, 32).

To minimize foodborne 0157 and non-0157 STEC
human infections, it is highly crucial to determine which
serotypes and virulence genes are most prevalent and what
are the possible transmission routes to humans such as the
consumption of meat, milk or vegetables. In this study, we
observed that Anatolian buffaloes might have a relation-
ship with other non-O157 STECs but they could not be
determined due to current facilities. The epidemiology of
STEC:s especially non-O157 STEC:s in Tiirkiye could be
clarified by more comprehensive studies including other
animal species as well. Therefore, it can lead to develop-
ing new control measures for the prevention of possible
human outbreaks and to reduce the economic losses of
food producers. Investigation of non-O157 STECs, which
are mostly ignored in both animals and humans, should
also be considered. Thus, obtaining regional or national
data will provide more effective diagnosis and treatment

opportunities.
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Habituated Wild Boar in the City of Haifa:
Management Pattern to Cope with

Dolev, A.,! Olek, Y. and Gal, 1.

!Israel Nature and Parks Authority, Jerusalem, Israel
*Haifa Municipality, Environmental Division, Haifa, Israel

Establishment of wild boar populations in Haifa city, which are based on anthropogenic food sources, caused
continues conflict while losing their fear from people. In former years, intensive culling of few hundreds
individuals per year, was the only management action that was done. Feeding of domestic cats was very familiar
in large parts of the city, which attract wild boars. The amount of culling from 5 years increased to greater than 3
times from 150 to 430 individuals per year while the conflict endured. A joint project of Haifa municipality and
Israel Nature and Park Authority (INPA) in order to reduce the wild boar population, was carried out according
to the following principles principles: 1. Decrease food and water source by efficient sanitation. 2. Fencing and
blocking wild boar paths using robust fence (1.2 meter height) from open areas to the external neighborhoods.
3. Capturing and culling of intractable individuals that habituated and threatened the residents. Monitoring
the activities effect was estimated by municipality weekly reports, GPS collared wild boars and camera traps.
Intensive and tight sanitation of garbage cans in streets and parks contribute to > 8 times decrease of tipping
down of garbage bins events in the last year. Extensive enforcement of few hundred cases in the last year, was
executed to deal with feeding wild boar by residents. There was sharp decrease of wild boars entering fenced
and sanitized neighborhoods documented by GPS and tagged wild boars carried out after few months. A few
dozen of intractable individuals from some neighborhoods that were culled, contributed to a large decrease in
wild boar appearance. Tight sanitation alongside blocking the entrance paths to neighborhoods presented an
effective tool to decrease of conflict with wild boar in cities and settlements. Culling individuals should be only
a complementary activity to deal with habituated individuals.
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A Quest for Alternative Management of Wild Boars

Shanas, U.

Biology and Environment, University of Haifa—Oranim, Tivon, Israel

The wild boar (Sus scrofa) is a medium size ungulate, native to Europe, Asia and North Africa, and an intro-
duced species to North America and Australia. Wild boars have expanded their populations and geographic
distribution over the past few decades, leading to increased conflicts with humans and often leading to habitat
modifications. The most common management tool to minimize their conflict with humans has been culling.
Yet, studies, show that culling wild boars might have an reverse effect, leading to higher reproductive potential
and to elevated population size. Under elevated hunting pressure the yearling males, which naturally form
their own small packs, stayed with their natal groups. Furthermore, we found that under high hunting pressure
females” hair progesterone levels were significantly higher compared to that of females roaming under low
hunting pressure. Our study may suggest that the increased access of yearling males to the females in their
groups, due to hunting pressure, might contribute to the high reproduction levels observed under culling regimes.
We believe that wildlife managers should develop alternative methods for culling to deal with the increased
worldwide conflict with humans. For example, we found that both sanitary measurements and the addition of
mud puddles in an urban forest significantly decreased the conflict between humans and wild boars.

Insights from a 20 Years’ Research on Free-Roaming Cats

Gunther, I.

Guest Lecturer, The Hebrew University of Jerusalem (MPVH Program, Public health,and Veterinary Medicine Authority), Israel.
Advisor, Veterinary Services, Ministry of Agriculture and rural development, Rishon LeZion, Israel.

The domestic cat had been distributed around the globe mainly as a pet. Over the years, it formed non-domi-
ciliary populations known as free-roaming cats. Free-roaming cats often suffer from impaired welfare and were
shown to cause adverse environmental effects, such as ecological damage, nuisances and public health hazards.
The management of these populations is implemented mainly by the trap-neuter-return (TNR) method, as
it is considered as a humane control method. Despite the extensive use of this method, there is disagreement
among researchers, regulators, and animal organizations, in regard to the effectiveness of this method in reducing
free-roaming cat numbers, improving their welfare, and reducing the environmental adverse effects that they
might cause. In our research, we examined few aspects of TNR effectiveness, along with the performance of a
uniquely designed controlled field experiment, over a 12-y period and spanning a 20-km? urban area. We found
positive correlation between neutering and cat health and survival. High intensity-TNR reversed population
growth, reaching an annual approximately 7% reduction, only when it was applied in geographic contiguity. This
population reduction was limited by a rebound increase in cat reproduction and longevity. We conclude that cat
population management by TNR should be performed with high intensity, uninterruptedly, and in geographic
contiguity to enable population reduction. To enhance management effectiveness and mitigate compensatory
effects, we recommend further evaluating an integrated strategy that combines TNR with complementary
methods (e.g., vital resource regulation, ill cat euthanasia, and adoption).

Israel Journal of Veterinary Medicine @ Vol. 78 (1) © March 2023



'The 44 Symposium of Veterinary Medicine: Animal Welfare

SCIENTIFIC ABSTRACTS

Clinical Utility of Serum Fructosamine in Long-Term Monitoring

of Diabetes Mellitus in Dogs

Aroch, I., Mazaki-Tovi, M., Abu Ahmad, W., Ovadia, Y. and Kuzi, S.

Koret School of Veterinary Medicine, Hebrew University of Jerusalem, Rehovot, Israel.

Serum fructosamine (sFA) is used to assess glycemic control in diabetic dogs. Nevertheless, its interpretation
is hindered by several limitations. This study evaluated the long-term diagnostic performance of sFA, along
with clinical signs, in assessing glycemic control in diabetic dogs. This retrospective study included insulin-
treated (for 21 month) diabetic dogs. sFA, body weight, appetite, polyuria/polydipsia and clinical scores (CS;
well-controlled DM, CS-0; uncontrolled diabetes mellitus, CS-1) were recorded during follow-up visits. The
study included 50 dogs (302 visits; median, 6 visits/dog; range, 2-20), of which 33 (66%) achieved CS-0.
sFA was higher (P<0.001) on visits with CS-1 (mean, 563 pmol/L; 95% confidence interval [CI], 533-592)
compared to visits with CS-0 (mean, 495 pmol/L; 95%CI, 467-523). Increase in sFA was associated (P<0.001)
with increased OR of CS-1 (OR, 1.26; 95%CI, 1.15-1.39). sFA was moderately predictive of CS (area under
the ROC curve, 0.72; 95%CI, 0.67-0.77; P<0.0001). sFA cutoff of 486 pmol/L, had 75% sensitivity and 59%
specificity in predicting the CS. sFA was lower (P=0.04) when hypoglycemia was suspected or reported (mean,
501 umol/L; 95%CI, 437-565) than in other visits (mean, 561 pmol/L; 95%CI, 528-593). Acute comorbidity
contributed (P=0.009) to discordant sFA and CS. sFA was moderately accurate in classifying the CS in diabetic
dogs. Incorporating sFA in monitoring potentially improved the CS. Decreases of sFA over follow-ups were
indicative of improved CS, but might be suggestive of hypoglycemic episodes. Acute comorbidities decreased
the diagnostic accuracy of sFA. Additional monitoring tools are advised when sFA and the CS are conflicting.

Effects of Dietary Anti-Oxidants on Production and
Welfare Markers in Heat Stressed Dairy Cows

Daddam, J. R.,! Daniel, D.,? Pelech, I.,} Kra, G.,"* Kamer, H.,! Lavon, Y.,*
Moallem, U.! and Zachut, M.

"Department of Ruminant Science, Volcani Institute, Rhison LeZion, Israel.

“Department of Animal Science, the Robert H. Smith Faculty of Agriculture, Food and Environment, the Hebrew University
of Jerusalem, Rehovot, Israel.

*Department of Cattle, Extension Service, Ministry of Agriculture, Rhison LeZion, Israel

#“Israeli Cattle Board Association, Caesarea, Israel.

Heat stress negatively affects production and welfare of dairy cows, and increases oxidative stress. The objectives
were to examine the effects of a plant extracts supplement (AXT; Axion ThermoPlus, CCPA, France) as anti-
oxidants during heat load on production and indices of stress and welfare in dairy cows. Forty-two multiparous
mid-lactation cows during peak summer (THI=77) were fed for 2 weeks either a standard milking cows' diet
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(CTL, n=14), or supplemented with 100 g/d of AXT (100AXT, n=14), or 150 g/d of AXT (150AXT, n=14).
The cows were cooled 5 times a day; then, half of the cows from each treatment were cooled or not cooled for
2 weeks, after which cows were switched for additional 2 weeks. Data were analyzed for effect of treatment,
cooling and their interaction with PROC MIXED of SAS. Milk yields and dry matter intake were higher in
100ATX than in CTL, but not different in AXT150 compared to controls. The percentage of hours that V'T was
>39°C was lower in AXT100 and in AXT150 than in CTL. Welfare indices: rumination time and laying down
times were higher in 150AXT than in CTL, with intermediate values in 100AXT (not statistically significant
compared to control). Supplementation of 100AXT during heat load increased feed intake, and production. Both
doses lowered VT compared to controls. AXT150 improved welfare indices in dairy cows. This work indicated
that plant antioxidants may be beneficial to heat stressed cows, and improve performance and welfare indices.

The Seroprevalence of Neospora spp. in the Israeli Equine Population
and its Association with Pregnancy and Abortion

Mimoun, L.! Steinman, A.,* Kliachko, Y.,> Tirosh-Levy, S.,"? Schvartz, G.,? Blinder, E.,’
Baneth, G.? and Leszkowicz Mazuz, M.!

'Division of Parasitology, Kimron Veterinary Institute, Beit Dagan, Israel.
?Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel.

Neospora protozoan parasites are endemic worldwide, infect livestock and companion animals and are a leading
cause of abortions in cattle. In horses, N. caninum and N. hughesi have been associated with fetal loss, and
neurological disorders, respectively. This study aimed to evaluate the exposure to Neospora in the Israeli equine
population, in pregnant mares and in aborting mares. Serum samples from horses and thoracic fluid from
aborted fetuses were tested for Neospora exposure by the indirect fluorescent antibody test (IFAT). Tissue
samples from aborted fetuses were tested by polymerase chain reaction (PCR). The seroprevalence in 334
apparently healthy horses sampled at 30 farms throughout Israel was 24%, with older age (p=0.026) and housing
management (p=0.033) significantly associated with seropositivity in univariable, but not in multivariable,
analysis. Neospora seroprevalence in 152 pregnant mares from 36 farms was 66.4%, with older age (p=0.006)
and Arabian breed (p=0.005) significantly associated with seropositivity in univariable, but not multivariable
analysis. The seroprevalence in 107 of these mares that were re-sampled after parturition decreased to 48.6%.
The seroprevalence found in 31 aborting mares was 70.9% and the molecular prevalence in their aborted fetuses
was 41.9%. Sequence analyses of the PCR results identified all parasites as V. caninum. This study revealed
high exposure of equines to Neospora parasites, with increased seropositivity in pregnant and aborting mares.
Increased seropositivity during pregnancy may reflect increased parasite replication due to immunosuppression,
which led to increased chance of fetal infection. These finding suggest that V. caninum could be a significant
cause of abortion in horses in Israel.
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Evaluation of External Physical Features for Estimation of

Endotracheal Tube Diameter in Dogs

Simanovsky, S.,' Yaffe, M.,! Epstein, A.,! Bruchim, Y.,"? Peery, D.! and Kushnir, Y.!

"Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel.
“Ben-Shemen Specialist Referral Center, Ben Shemen, Israel.

Endotracheal intubation, using the largest possible endotracheal tube (ETT), is essential for airway manage-
ment in canine anesthesia. Despite studies correlating tracheal diameter to inter-nare distance, weight or other
external measures, evidence-based guidelines for ET'T selection are lacking. We prospectively recruited 36 dogs,
10 brachycephalic, 26 non-brachycephalic, weighing 2.2 - 75 kg, scheduled for head and neck computerized
tomography (CT). Tracheal diameter at the level of the second cervical vertebra was measured on the CT scan.
We recorded weight, body condition score, and external measurements, using a tape measure, including length
of the humerus, and the minimal distance between nares, the eye and nare, eye and canine tooth, and both
eyes. Correlations were evaluated using Spearman or Pearson correlation. Parameters were compared between
groups using t-test, Mann-Whitney U test and Fischer Z transformation. Mean (+ SD) Tracheal diameter was
significantly smaller in brachycephalic dogs (13.50+4.16 vs 17.61+4.93). Weight had a significantly stronger
correlation, and inter-nare distance a significantly weaker correlation, to tracheal diameter in non-brachycephalic
dogs (r=0.91 and 0.47 respectively) vs. brachycephalic dogs (r=0.67 and 0.88). Inter-nare distance was smaller
than the inserted ET'T in 86.1% of cases. After excluding factors with multicollinearity, an equation comprised
of head conformation and weighted combination of inter-nare-, inter-eye-, and eye to nare- distances as well as
weight, predicted tracheal diameter, describing 76% of tracheal diameter variation. This study describes a novel
method for estimating ET'T size using external markers, which is superior to inter-nare distance or weight.

Determination of Isometric Points in the Stifle of a

Dog using a 3D Model

Yair, N.,' Yiapanis, C., Meiner, Y., Shapiro, A.* and Milgram, J.!

Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel
2CYVETS Veterinary Center, Paphos, Cyprus.

*Department of Mechanical Engineering, Ben Gurion University of the Negev, Israel.

Isometry is the term used to describe points on bones contributing to a joint that remain equidistant from one
another as the joint flexes and extends. In cases of cranial cruciate ligament (CCL) rupture isometric points
define the ideal location to place the material used in the repair. Isometric points have never been confirmed
experimentally in three dimensions (3D) in the dog’s stifle, which is the aim of this study. A static 3D model
of the stifle was generated from a computer tomography scan of one dog, and a kinetic model was generated,
from data collected from sensors attached to the tibia, when flexing the stifle through 80°. Kinetic data was
superimposed on the static model by aligning specific points which were defined for both models. This allowed
the tibia to rotate and translate relative to the femur based on the kinetic data. The contour of the distal femur
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and proximal tibia were converted into point clouds and the distance between each point on the femur and all
the points on the tibia was measured at 15 different positions. A total of 3681 isometric points were identified,
with all points located in 2 pairs of isometric areas. One pair of isometric areas was at the insertions of the
cranial cruciate ligament on the femur and tibia. A second pair was on the lateral aspect of the stifle. A better
understanding of the location of isometric areas may lead to refinements in intra- and extra-capsular techniques
used to treat cases of ruptured CCL.

Retrospective Analysis of Factors Affecting Clinical Outcome in

Dogs with Primary Nodal Diffuse Large B-Cell Lymphoma Treated
with CHOP-Based Chemotherapy

Einhorn, A., Dank, G., Hanael, E. and Yas, E.
Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel

Numerous factors are known to affect the prognosis of dogs with chemotherapy-treated lymphomas. This
is the first retrospective study on dogs with lymphoma in Israel. The objective of this study was to identify
prognostic factors for dogs receiving CHOP-based chemotherapy for primary large B-cell lymphoma (BCL).
Medical records of dogs treated for BCL at the Koret School of Veterinary Medicine from 2017 to 2022 were
reviewed. Factors potentially related to prognosis were statistically analyzed. Forty-six dogs were included in
the study. The complete remission rate was 87% (40 dogs). Median progression-free survival (PFS) for the
entire population was 159 days (range 31-664). Median overall survival (OS) was 279 days (range 13-1196).
Factors significantly associated with OS in the lowest quartile (<279 days, n=22) only included presence of
anemia at diagnosis (OR 8.87; 95% CI 0.98-80.18; P=.04). Factors significantly associated with OS in the
upper quartile (>279 days, n=20) included higher number of grade 1 neutropenia events during treatment with
vincristine (mean 1.23 (range 0-4) vs. 2.38 (range 0-6) P=0.02) and cyclophosphamide (mean 0.4 (range 0-2)
vs. 1.44 (range 0-3) P <0.01) and higher number of dose delays (mean 2 (range 0-5) vs. mean 3.9 (range 0-10)
P=0.04). The results of this study suggest anemia at diagnosis may be associated with a poor outcome in dogs
receiving CHOP-based chemotherapy for BCL, whereas grade 1 neutropenia during treatment and, as a result,
dose delays, may be associated with a better outcome.
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Acute Kidney Injury in Dogs: Etiology, Clinical and
Clinicopathologic Findings, Prognostic Markers and Outcome

Rimer, D., Chen, H., Bar-Nathan, M. and Segev, G.
Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel

Acute kidney injury (AKI) is a common condition in dogs, leading to severe uremia and associated with
high morbidity and mortality. The current study objectives were to characterize the etiology, clinical and
clinicopathologic findings and outcome in a large cohort of dogs diagnosed with AKI. This retrospective study
included 249 client-owned dogs hospitalized at a veterinary teaching hospital and diagnosed with AKI. One
hundred and sixty-four dogs (66%) survived. The most common clinical signs at presentation were lethargy
(90%), anorexia (83%), and vomiting (68%). Putative etiologies included ischemic/inflammatory (58%), infec-
tious (8%), nephrotoxicity (6%), or other (5%). Hospital acquired AKI was documented in 9% of the dogs.
Median serum creatinine (sCr) at presentation and maximal sCr during hospitalization were 4 mg/dL (range,
1.1-37.9) and 4.6 mg/dL (range, 1.1-43.1), respectively. Maximal documented sCr was used for classifying
dogs to IRIS AKI grades as follows: Grade I, 6 (2%), Grade I, 38 (15%), Grade 111, 89 (36%), Grade 1V, 77
(31%), and Grade V, 39 (16%). The overall mortality significantly increased with IRIS AKI grade (P=0.009).
Anuria was significantly more common among non-survivors compared with survivors (P=0.002). Forty-seven
(18.8%) dogs were treated with hemodialysis, of which 60% survived. Survival was substantially higher than
previously documented. Non-infectious etiologies, higher AKI IRIS grade, acidemia, thrombocytopenia and
hypoalbuminemia were associated with a negative prognosis.
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JIPMO RO MR YT 990 M2, DRDP 75001 RLIT NYOIPNR 2
JIOPMO TIPIR DN AR 2100 NYDIPNR IRUNIDrA Nona 2

71701 IRIDT2 DOTPAR OPLINRI 0°IND DR (MRSP) 1223 0°7ny Staphylococcus pseudintermedius *R77n
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X *0In% MmN (Balaenoptera physalus)
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