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SPECIALISATION Evnpépwon: lovAiog 2019
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History of the Hellenic Veterinary Medical Society

he Hellenic Veterinary Medical Society (HVMS) is one of

the oldest Scientific Societies in our Country. It was found-
ed in 1924 and its first scientific journal was published in 1926.
Prompter, Founder and Animating Spirit of HVMS was the
General loannis D. Petridis (1870-1947), first President and for
many years Honorary President of the HVMS. Among the 49
founding members of the HVMS there was also the memorable
professor Konstantinos Livadas, the founder of the Veterinary
School of the Aristotelian University in Thessaloniki. In spite
of the disagreements, the HVMS contributed greatly to the
foundation of Veterinary School.

During that time there was only one Scientific Society in
Greece, the Medical Society of Athens, which was founded
in 1835 and published its first scientific journal in 1922. The
HVMS dealt not only with scientific but also with professional
topics, like the establishment of the invoices for the veterinar-
ians’ payment, taxes, insurance etc. Also, at that period, the
accession of the Veterinary Branch in the Hygienists’ Pension
and Self Insurance Treasury (TSAY) was achieved.

The first post-war assembly of the HVMS took place in the
private medical office of Petros Kiappe, on Peta Street in Ath-
ens. With its post-war first president Konstantinos Melanidis,
the HVMS has been working by implementing its old memo-
randum of association and has been located in the premises of
the Veteri- nary Microbiological Institute of Votanicos, from
where all mem- bers of the Governing Board and the Editorial
Board of the Journal of the HVMS, were coming from. There,
the first «nucleus» of the Library of the HVMS, has been cre-
ated. That is the reason, this second period of the HVMS suc-
cessor of the «Petridis period», used to be called «Votanikos
period, 1944-1965».

Because HVMS’s income was very small, it will remain
homeless for many years. Looking for a meeting place the
HVMS will find positive response from several services and
societies (State Veterinary Offices, Greek Chemical Society,
Hellenic Agricultural Society, Medical Society of Athens, Ins-
ti- tute of Agricultural Studies, State Veterinary Service of Ath-
ens, National Organization of Greek Handwork), which during
the following years are going to offer its premises, while in the
mid 1958 and for a short period, depending on its financing
capabil- ities, the HVMS will rent its own room.

In 1944, the HVMS writes down its first post-war Mem-
ber Book and in 1948 has already acquired its first 74 regular
mem- bers. Also, HVMS is actively working with scientific
subjects during regular meetings and public seminars, ana-
lyzing current veterinary issues, members’ proposals and so
on. On 29th May 1947 Mr Petridis presented in the Academy
of Athens an issue for veterinary science and its contribution
to the progress of the agricultural production and safeguard
of Public Health. Also, it should be pointed out, that because
there was no professional body, the HVMS is also dealing with
issues related to the exe- cution of the veterinary profession.

Furthermore, the role of the HVMS has been determina-
tive on the decision making of the Ministry of Agriculture on
veter- inary legislation, on the organization of the Veterinary
Service in the Ministry of Agriculture as well as on livestock
topics. In the decade of 30s the Supreme Veterinary Advisory

Council was created mainly dealing with scientific issues and
other aims like promotion, publicity and consolidation of the
veterinary science and the veterinary profession in our country
and internationally.

The Hellenic Veterinary Medical Society publishes a quar-
terly scientific journal called Journal of the Hellenic Veterinary
Medical Society (J Hellenic Vet Med Soc), as well as other
scientific publications, organizes Congresses, Symposiums,
Meetings, Lectures etc and generally and almost exclusively it
has undertaken for life the Continuing Education of the Greek
veterinarians and the students of the two Veterinary Schools.

Nowadays, the Hellenic Veterinary Medical Society is gov-
erned by a 9 member Governing Board which is elected every
3 years and has 3 branches:

* Branch of Companion Animals
* Branch of Food Hygiene and Public Health
* Branch for Farm Animals

The HVMS collaborates with the Supreme Education-
al Foundations, the Technological Educational Institutes, the
Veterinary Services, and the Veterinary Associations as well as
with Scientific Societies and the Greek and Foreign Chambers.

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

* Federation of European Veterinary Societies for Com-
pan- ion Animals (founding member)

* Veterinary Society of the Balkan and the Black Sea
(found- ing member)

The HVMS has a total of 1220 members many of which
have been distinguished in the scientific field (University Pro-
fes- sors, Researchers), in the Public Administration, in the
Army as well as in the Professional Veterinary Societies and
Chambers, in Greece and abroad.

Since 29 May 2001, having signed the contract and since
15 December 2002 the date on which the official opening cel-
ebration took place, the Hellenic Veterinary Medical Society
is housed in its private premises in a beautiful and majestic
one-floor apartment, on the 7th floor of a building in the centre
of Athens at 158, Patission street, of 265m2 area, including
main lobby (14m2), secretary (13m2), lecture room (91m2),
the President’s office (22m2), the Governing Board meeting
room & library (44m2), the kitchen (18m2), two big baths, a
storage room and a large veranda. Al the actions performed
for possessing this new private office for the HVMS were per-
formed during the presidency of Dr Theodoros Cl. Ananiadis
and the following Governing Board:

Theodoros Cl. Ananiadist
Veniamin Albalas

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

Spec. Secretary: Konstantinos Chandras

Treasurer: Olga Sabatakou
Member: Emmanuel Archontakis
Member: Apostolos Rantsios



Research article

JHELLENIC VET MED SOC 2020, 71(2): 2087-2094
IEKE 2020, 71(2): 2087-2094

Epevvnytixo aplpo

Effects of the physical form of diet on growth performance, ascites and sudden
death syndrome incidences in broiler chickens

M. Azizian, A.A. Saki"

Department of Animal Science, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran

ABSTRACT: This experiment was conducted to determine the effects of the diet physical form, Mash (M), Pellet (P)
and Extruded (E) on the growth performance, carcass characteristics and metabolic disorders ascites (AS) and as well
as sudden death syndrome (SDS) in the broiler chickens. In this respect, feed intake (FI), weight gain (WG) and mortal-
ity were recorded throughout the experiment and biochemical parameters, hematology and carcass characteristics were
tested at 35 and 42 days of age respectively. The results showed that with the increase of the average daily weight gain
(ADWG) (p<0.01), the relative breast weight to the carcass weight (p<0.05), better feed conversion ratio (p<0.01), the
lower relative cecum weight and gizzard to the carcass weight (p<<0.05) were observed by applying the E diet form, as
compared with the other treatments. A significant increase in the average daily feed intake (ADFI) was also observed
by using the P diet form (p<0.01). Hematological parameters including hemoglobin (Hb), hematocrit (HCT), urea,
uric acid, triglyceride, the ratio of low-density lipoprotein to high-density lipoprotein (LDL/HDL), very low-density
lipoprotein (VLDL), enzyme activities of aspartate aminotransferase(AST) and alanine aminotransferase (ALT) of the
blood serum were lowered by applying the M treatment, as compared with the other treatments (p<0.05). The results
indicated that the performance and carcass characteristics were improved by the E and P diet forms; also, with raising
the hematology parameters in these treatments, the mortality of ascites and SDS was increased.

Keywords: Ascites, Feed form, Metabolic disorder, Sudden death Syndrome
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M. AZIZIAN, A.A. SAKI

INTRODUCTION
he physical forms of the diet mainly include three
physical forms; mash, crumble and pellets (Ba-
nerjee, 1998).Various feed forms are the most import-
ant factors which directly influence the cost of mixed
feed and production performance in the broiler (Ab-
dollahi et al., 2013).

Mash form diets can be easily prepared, requiring
relatively less energy in the process of preparation
(Banerjee, 1998). Mash feed is a form of complete
feed that is milled and blended so the birds could not
easily separate out the diet ingredients. Feed milled on
a farm is typically a mash feed. Pelleted feed involves
a finer ground feed processed with heat, pressure,
moisture and the added ingredients to bind pellets
together. A crumble is a pellet that has been broken
down to the desired size, which is usually smaller
than the pelleted feed. Making a pellet or crumble diet
requires extra specialized processing and equipment
and this could increase the processing diet costs (Jean
and Trevidy, 2000). Several studies have reported
that pellets increased the body weight,feed intake and
feed efficiency (Munt et al., 1995;Asha Rajini et al.,
1998b).Pelleted diet enhances feed intake and growth
of animals probably related to reduce feed waste, de-
creases energy expended for consumption: improves
palatability, and reduces dustiness of feed (Abdollahi
et al., 2013). In recent years the extrusion technique is
extensively used in animals feed because this process
has many benefits such as high productivity, efficien-
cy and high quality of the final product (Moritz et al.,
2005).The extrusion process is a short-time by high
temperature, starchy and/or proteinious feed or feed
materialsare cooked with the help of moisture, tem-
perature and pressure. The results of this processing
showed molecular transformation and chemical re-
actions within the processed feed or ingredients. The
extrusion process also has positive impact in term of
denaturing of harmful enzymes, inactivation of an-
ti-nutritional factors, such as tannin, phytate, trypsin
inhibitor, haemagglutinin and also sterilizesthe final
product of extrusion (Bjorck and Birkhed, 1984).

Ascites and sudden death syndromes are two types
of the important metabolic disorders which caused by
genetics, environmental and nutritional factors (Bagh-
banzadeh and Decuypere, 2008). The major factor re-
garding mortality is related to the fast growing birds
in the poultry industry; these syndromes are related
to the poor performance of the heart in fast growing
broilers (Korte et al., 1999). Ascites is characterized
by fluid accumulation in the abdominal cavity and

SDS is a sudden death in good conditions in a healthy
bird without any apparent causes within 1-2 minutes,
such that broilers flip over on their backs and die (Ol-
kowski et al., 2008; Saki and Hemati, 2011).

Feed form is one the factors influencing the per-
formance and growth rate in the broiler chickens. A
direct relationship between the broiler growth rate
(a high metabolic rate) with susceptibility to AS and
SDS, especially when the birds are fully fed, has been
reported (Proudfoot and Hulan,1982; Olkowski et al.,
2008; Siddiqui et al., 2009). Several researchers have
shown that blood parameters change in the body with
these syndromes (Kaul and Trangadia, 2003; Saki and
Hemati, 2011). Our previous studies have revealed
that blood profiles can be used as an to indicator to
determine and prevent the metabolic disorders, AS
and SDS (Saki and Hemati, 2011). In the light of
these issues, the objective of this study was to inves-
tigate the effects of the physical form of feed (M, P,
and E diet forms) on the performance, carcass, and
organ characteristics and to find out the relationship
between agents to metabolic disorders, AS and SDS
in the broiler chickens.

MATERIALS AND METHODS

Birds and housing

The experiment was carried out at Karaj-Iran. A
total of 936 day-old broiler chicken (Ross, 308) with
approximately 44.0+2g body weight was assigned
randomly into 3 treatments: mash (M), pellet (P) and
extruded (E), included 12 replicate pens per treatment.
The study was conducted during 042 days of age.
Broiler chickens were raised in floor pens (160%300
cm). Access to feed and water was ad libitum. The
lighting schedule was 23h light/ 1h darkness at tem-
perature 32° C the first day and then reduced by 3°C
each week until third week and thereafter it was con-
stant. The vaccination program was done according to
local veterinarian suggestion.

Experimental diet

The ingredient chemical composition as well as
the calculated composition of the diets during starter
(0-14 d), grower (15-28 d) and finisher periods (29—
42 d) are presented in Table 1.

The average length of feed in pellet and extruded
was 1-1.5 mm at starter periods, 1.5-2.5 mm at grower
periods and 2.5-3.5 mm at finisher periods. Diets were
supplied at Beyza Feed Mill. Nutritional requirements
were provided based on the standard recommenda-
tions (Ross, 2014).
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Table 1. Composition and estimated nutrient value of diets at 0-42
days of age.

Ingredient, (%)/days 0-14 15-28 29-42
Corn 443 494 51
Soybean meal 44% 394 3311 289
Wheat 8 10 14
Soybean oil 1.77 1.9 1.85
Other Nutrients™ 6.53 56 4.25
Chemical composition

Crude Protein 23.58 20.8 18.8
ME, (kcal/ kg) 2850 2920 2960
Crude Fiber 374  3.61 35
Ether Extra 389 417 4.14
Lysine 1.24 1.1 097
Methionine 0.61 0.55 0.49
Methionine+Cystine 0.9 0.82 0.74
Threonine 0.9 0.75 0.7
Ca 1.02 098 094
Available P 049 047 045

*QOther Nutrients: Dicalcium phosphate, Salt, Fish meal,
Vitamin and mineral premix.

Vitamin and trace elements supplied per kg of diet: vit
A, 16000 IU; vit D3, 5000 IU; vit E, 60 mg; vit K3, 60 mg;
vit B1, 2 mg; vit B2, 3.5 mg; niacin, 35mg; calcium pan-
tothenate, 12.8 mg; vit B3, mg; vit B12, 0.017 mg; choline
chloride, 1000 mg; folic acid, 1 mg; biotin, 0.2 mg; Mn,85
mg; Zn:70 mg; Cu:18 mg; I, 1 mg; Co, 0.6 mg, Fe, 40 mg;
Se, 0.07 mg; antioxidant, 100 mg.

Data collection

Feed intake, body weight and feed conversion ra-
tio were measured weekly, as well as mortality was
recorded daily and mortality was divided into three
groups (Table 4).

The blood samples were taken at 35 days of age,
due to a peak in blood and biochemical parameters
at this age (Malan et al., 2007; Hosseini et al., 2014).
Two birds in each replicate were selected and the
blood samples were collected in two tubes; one tube
including ethylenediamine tetra-acetic acid anticoag-
ulation (EDTA) and other tubes without EDTA. The
first tube was used to determine hematocrit (HCT)
and hemoglobin (Hb) concentration by microhemato-
crit and cyanmethemoglobin methods respectively by
kits Zist shimi (Zist shimi, Tehran, Iran). In the sec-
ond tubes, obtain serum for the determine of glucose,
triglyceride, cholesterol, uric acid, high-density lipo-
protein (H.D.L), low-density lipoprotein(L.D.L),very
low-density lipoprotein (VLDL), Ca, K were mea-
sured by diagnostic kits ParsAzmun (ParsAzmun Co,
Tehran, Iran) and Spectrophotometer (Jenway Geno-

va MK3, UK). Enzymes activities ALT, AST, Alka-
line Phosphatase (ALP) and lactate dehydrogenase
(LDH) were considered by Vitros 350 autoanalyser
(New York, USA; code 680-2153) and commercial
kits (Vitros Chemistry Products, Ortho-Clinical Diag-
nostics, Johnson Company, New York, USA).

Broiler chickens were eviscerated and separated
into different parts for assessment of carcass charac-
teristics at 42 days of age. Weights were expressed as
a percentage of the body weight, thus obtaining the
relative weight of organs.

Statistical analysis

A completely randomized design (CRD) and the
GLM procedure of SAS 9.1 software (SAS, 2009) by
one-way analysis of variance (ANOVA) were used
for each phase (1-14 d, 15-28 d and 29-42 d) and for
the whole experimental period (1-42 d). Differences
between treatments means were compared with Dun-
can’s test. All significance was based on a P-value
equal to 0.01 and 0.05. Mortality analyses were per-
formed based on Chi-Square.

RESULTS

The effects of the diet physical form on the per-
formance in the broiler chickens are shown in Table
2. The increase of the ADWG during different weeks
(P<0.01) and better FCR at these weeks (P<0.01)
have shown by the E diet form in the broiler chick-
ens. Average daily feed intake was increased by the P
diet form at 2- 5 weeks of age (P<0.01). This indicat-
ed that the performance of the broiler chickens was
strongly influenced by the physical form of the diet.
No significant differences were observed in ADWG at
2-5 weeks of age between the P and E diet form in the
broiler chickens (Table 2).

The effects of the feed form on hematology pa-
rameters and enzyme activities are presented in Table
3. There were no significant differences in the levels
of cholesterol, H.D.L, L.D.L, ALP, LDH, Ca, K and
glucose serum in broilers. The highest values of the
hemoglobin and the hematocrit and the serum level of
the urea, uric acid, triglyceride, ratio of the Low-den-
sity lipoprotein to the high-density lipoprotein (LDL/
HDL),very low-density lipoprotein (VLDL), enzymes
of the Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) (p<0.05) were observed by the
E and P treatments and also the lowest was shown by
the M treatment (Table 3). In contrast, no significant
differences were found between the E and P treatments.
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Table 2. Average performance of broiler chicken by treatments at the different weeks

Variable Dietary treatments * SEM P-Value
Mash Pellet Extruded
ADWG (g/d)
1 13.81.¢ 17.05° 17.712 0.115 0.0001
2 31.04° 38.76® 41.032 0.959 0.0018
3 52.77° 74.20* 75.66° 1.094 0.0001
4 70.60 ° 95.492 89.11* 1.342 0.0001
5 85.80° 95.55% 93.64 ® 1.168 0.0091
6 76.19 @ 63.12° 78.012 1.726 0.0059
ADFI (g/d)
1 18.88 19.57 19.52 0.317 0.6171
2 44.04° 53.16*° 51482 0.719 0.0003
3 80.30° 96.70* 99.342 0.738 0.0001
4 116.52 ¢ 144.92 # 136.97° 1.341 0.0001
5 164.52 b 176.60 a 170.44 ab 1.567 0.0231
6 189.81 185.44 190.54 1.778 0.4676
FCR
1 1.372 1.15° 1.12° 0.021 0.0004
2 1.24 1.18 1.11 0.021 0.0849
3 1.37¢ 1.24° 1.206° 0.007 0.0001
4 1.48¢ 1.36° 1.33° 0.008 0.0001
5 1.63° 1.51° 1.48° 0.010 0.0001
6 1.84° 1.82° 1.70® 0.018 0.0153

*The same superscript alphabets in the same row indicate a non-significant different at p<0.01, P<0.05.
(ADWG = Average Daily Weight Gain; ADFI= Average Daily Feed Intake; FCR= Feed Conversion Ratio)
*Treatments (n=3 Mash, Pellet, Extruded); replicates (Mash (n= 12), Pellet (n= 12), Extruded (n= 12), 26 bird in each pen

Table 3. Biochemical and hematology parameters and enzymes activities of blood broilers by treatments at 35 day of age

Variable Dietary treatments™ SEM P-Value
Mash Pellet Extruded
Hemoglobin, (g/dl) 11.825° 13.475® 12.725® 0.157 0.0025
Hematocrit, (%) 32.450° 36.400 ® 34.625 @ 0.457 0.0107
Urea, (mg/dl) 2.333°® 2.458 ® 3.333= 0.169 0.0057
Uric acid, (mg/dl) 4.900° 7.0832 6.533¢ 0.241 0.2334
Cholesterol, (mg/dl) 111.667° 115.667° 122.500® 2.496 0.2334
Triglyceride, (mg/dl) 102.17° 131.50 * 142.33 ® 6.009 0.0409
H.D.L, (mg/dl) 82.500° 75.500° 76.167° 1.811 0.2513
L.D.L, (mg/dl) 113.167* 113.667° 116.167* 5.63 0.2122
LDL/HDL 1.371b 1.505%® 1.525¢ 0.180 0.0311
VLDL, (mg/dl) 20.167° 26.500 * 28.000 * 1.190 0.0387
AST, (IUM) 272.17° 481.83® 503.67 ¢ 26.708 0.0052
ALT, (1U/) 11.000° 22.667 * 27.000 * 1.933 0.0115
ALP, (1U/) 91.390* 93.017® 95.132¢ 18.195 0.7073
LDH, (1U/) 1955.7¢ 1975.5® 2023.2° 132.208 0.9773
Ca, (mg/dl) 10.502 10.872 11.32° 0.152 0.119
K, (mmol/1) 5.28® 5.382 5.66° 0.100 0.2982
Glucose, (mg/dl) 2412 253.33* 248.167* 2.388 0.1407

*The same superscript alphabets in the same row indicate a non-significant different at P<0.05.

(HDL: High-density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein, AST:Aspartate
aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline Phosphatase, LDH: Lactate dehydrogenase)
*Treatments (n=3 Mash, Pellet, Extruded); replicates (Mash (n= 12), Pellet (n= 12), Extruded (n= 12) with 26 bird in
each pen.
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There were significant differences in mortali-
ty among treatments (p<0.05) (Table 4). The higher
mortality percentage was found in the E as well as
the P treatment and a lower mortality percentage was
observed in the M treatment during the experiment.
The rate of mortality was 5.45% during the experi-
ment period. The higher mortality percentage of AS
and SDS were appeared in the broiler chickens, which
received the E and P diet form rather than the M diet
form (Table 4).

Table 4. Number and rate of mortality in broiler chicken by treat-
ments at 0-42 days of age
Mortality/ ~ Mash

Treatments No (%)

Pellet
No (%)

Extruded  Total
No (%) No (%)

Ascites 0 0 12 128 9 096 21 224
SDS 2 021 3 032 4 043 9 096
Others 8 085 2 021 11 1.18 21 2.24
Total 10 1/07 17 1.82 24 256 51 545
p-value 0.0471

*The same superscript alphabets in the same row indicate a
non-significant different at P<0.05.

*Treatments (n=3 Mash, Pellet, Extruded); replicates
(Mash (n= 12), Pellet (n= 12), Extruded (n= 12) 26 bird in
each pen

Number: 936 day-old broiler chicken; Number (No), Per-
cent (%)

The relative breast weight to the carcass was low-
er by the M diet form than the E and P treatments
(p<0.05). The greater relative weight of the cecum and
gizzard to the carcass weight were indicated than the E
and P treatments at 42 days of age (p<0.05) (Table 5).
No significant differences were monitored in carcass
percentage, lung, abdominal fat, liver, intestine length
and tibia bone yields in respect to all treatments.

Table 5. Average relative weights (%) of the viscera of the broil-
ers by treatments at 42 day of age

Variable Dietary treatments SEM P-Value
Mash Pellet Extruded

Carcass yield, % 68.49® 71.33* 71.38* 2.429 0.0928
Breast, % 23.10° 2539 26.19* 0.376 0.0118
Lung, % 0.46* 036* 0.44* 0.022 0.1775
Liver, % 2.48* 2.53*  2.65* 0.059 0.4918
Gizzard , % 1.84% 1.21°% 0.84°¢ 0.061 0.0001
Abdominal fat, % 0.93* 1.22° 0.95* 0.058 0.1136
Length of 7.29* 6.82¢ 7.02* 02221 0.107

intestine, %/g

Cecum, % 0.63* 0.56* 0.46° 0.018 0.0054
Tibia bone, % 0.93> 091* 0.85* 0.040 0.7032

*The same superscript alphabets in the same row indicate a
non-significant different at P< 0.01, P<0.05.

DISCUSSION

With the increase of the average daily weight gain,
a better FCR was found by applying E and P treat-
ments, in comparison to the M diet form. The aver-
age daily feed intake was increased by the P diet form
rather than the M one in the broiler chickens.

Atapattu et al. (2005) have found that broiler
chickens spend more and less time in feeding and
resting by M and P diet respectively. Therefore, bet-
ter utilization of energy and nutrients in the case of
P diets, may be increased. Nir et al. (1996) have also
indicated a higher weight gain in those broiler chick-
ens fed with an extruded soybean meal rather than
those fed with a non-extruded soybean meal. Also,
Asha Rajini et al. (1998b) have reported a heavier
body weight in the chickens fed with the P form than
the M diet.

Hamm and Stephenson (1959) have indicated that
P diets could give a greater feed intake than the M
form diet. Asha Rajini et al. (1998b) have stated that
P diet could have a better feed efficiency than the M
diet. Munt et al. (1995) observed that broilers fed by
the P diet showed a better growth performance in
comparison to those fed by the M diet. Increased body
weight, feed intake and improved the feed: the gain
ratio was shown by feeding the P, as compared with
those birds fed by the M diets.

Many researchers have indicated the positive ef-
fect of E on the performance of the chicken (Moritz et
al., 2005; Marsman et al., 1997). They have attributed
this better performance to improved gelatinization,
intake, digestibility, removal of antinutritional fac-
tors and the good quality of the extruded feed or in-
gredients. The different performance of poultry and
nutrient digestibility could be mainly due to various
processing techniques and extrusion conditions. To
obtain the maximum nutrient digestibility and ensure
the best performance of the poultry processing tech-
niques and extrusion conditions should be maintained
at the standard levels.

Moritz et al. (2005) observed that the E process
of corn led to an increase in the body weight of broil-
er chickens when they were in 0 to 3 weeks of their
age. The improved growth performance of the broil-
ers fed by the extruded (E) SBM has been lighted by
Marsman et al. (1997). In modern feed milling op-
erations, E can be considered as the basic process to
enhance the profitability of the feed. The E process
can be useful in terms of the enhanced nutritional
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value and efficiency of ingredients and feed, de-
pending upon many factors such as the structure and
chemical composition of the ingredients, processing
conditions and the machinery used in processing
(Rahman et al., 2015).

The nutritional value and, digestibility of feed in-
gredients, therefore, could influence the performance
of the poultry based on the variations in temperature,
moisture, screw speed, pressure, time along with
extruded material chemical composition and struc-
ture. To attain the maximum results from the extru-
sion processing techniques, all conditions should be
maintained at optimum levels (Lin et al., 1997). In
general, heating improves the digestibility of proteins
by inactivating enzyme inhibitors and denaturing the
proteins that may expose new sites for enzyme attacks
(Camire et al., 1990). Conditioning time can change
gelatinization degree of starch. So, the degree of gela-
tinization can affect the growth rate and body weight
in the poultry.

Several studies have also shown that AS and SDS
could cause high mortality in the broilers which are in
3 to 5 weeks of their age (Gardiner et al., 1988; Wide-
man, 2001).Broilers in the M treatment had a signifi-
cantly lower mortality rate due to ascites and SDS.

Genetic selection for growth and feed conversion
ratio increased the final body weight and performance
(Decuypere et al.,2005; Olkowski et al., 2008); this
was accompanied by the insufficiency of oxygen sup-
ply to the tissues in rapidly growing broiler chick-
ens (Huchzermeyer, 2012; Wideman et al., 2013;
Hasanpur et al., 2015). This could be as a result of
the enhanced cardiac output and the reduced oxy-
gen content of blood, the increased production of red
blood cells and hematocrit value; these were consis-
tent with the results of the current study (Decuypere
et al., 2005).

Feed form is one of the effective factors on the per-
formance and growth rate in the broilers. Feeding by
the P diet form, as compared to the M one, increased
body metabolism, hence raising the incidence of SDS
and ascites in the broiler chickens; so it could identi-
fied as the major causes of mortality related to the fast
growth (Proudfoot and Hulan, 1982; Kaul and Trang-
dia, 2003; Druyan et al., 2009).

In the broilers susceptible to AS and SDS syn-
dromes, the biochemical conditions, hematologi-
cal parameters and enzymes, and hormones were

changed. The P and E diet forms increased the feed
intake and growth rate due to high metabolic de-
mand; this was as a result of the increase in hemo-
globin, hematocrit and enzymes such as AST, ALT
and ALP values (Schindhelm et al., 2006). Broiler
chickens fed with E and P diet forms showed in-
creased hematological parameters, as well as higher
serum levels including urea, uric acid, triglyceride,
as well as the rise of the ratio of LDL/HDL, VLDL,
AST and ALT, as compared with those fed by the
M diet form. The changes in enzymes activities and
lipid metabolism could be related to the metabolic
abnormalities and the high metabolic demand in the
liver. This could lead to hepatocellular degeneration
and destruction of the liver cells, which, in turn, re-
sult in the leakage of these enzymes into the blood
stream; so, liver damage could occur (Hung et al.,
2008; Saki and Hemati, 2011;Parmar et al., 2012;
Shen et al., 2014; Senanayake et al., 2015). There is,
however, little information regarding the changes in
biochemical parameters and enzymes activities that
can cause AS and SDS in different forms of feed.

In this experiment, carcass characteristics such as
the relative breast weight were increased and the rel-
ative weight of cecum and, gizzard was decreased by
E and P diet forms. The results, therefore, showed that
feeding the mash form had a limited effect on carcass
characteristics.

Amerah et al. (2007) also observed that the
weight of the breast was significantly increased by
the P diet than the M diet form in broiler chickens;
this was in agreement with our study. Ahmed and
Abbas (2013) indicating that the decrease in the rela-
tive weight of gizzard could be realized by the P diet
rather than the M one in chickens. Gizzard weight
was influenced by the diet form and size, resulting
in a higher weight and yield in the broilers fed by
M, as compared to the P diets. The gizzard function
might have been affected by the M diet, resulting in a
significant muscle development. Detailed results are
reported in the literature (Lopez and Baiao, 2004),
demonstrating that the gizzard relative weight of the
broilers fed by the M diets was greater than of those
fed by the P feeds, which was in agreement with the
current study.

CONCLUSION

The results of this study, therefore, showed that the
diet form played an important role in the feed efficien-
cy, carcass characteristics and mortality of the broiler
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chickens. The P and E diet forms increased the per-
formance and carcass characteristics; so the increase
in these parameters was associated with the mortality
of ascites and SDS in the broiler chickens. Howev-
er, the association between mortality (AS and SDS)
and changes in hematology and enzymatic parameters
needs to be further investigated in the future studies.
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Investigation of antimicrobial resistance in pigeons (Columba livia domestica)
using indicator bacteria

0. Aslantas”, N. Govce

Hatay Mustafa Kemal University, Faculty of Veterinary Medicine, Department of Microbiology, 31060, Hatay, Turkey

ABSTRACT: The aim of this study was to determine the prevalence of antibiotic resistance as well as presence of
resistance-associated genes in Escherichia coli and Enterococcus spp. strains isolated from pigeons. One hundred and
fifty cloacal swabs were collected from apparently healthy pigeons in Hatay, Turkey, between March 2014 and June
2014. Antimicrobial susceptibilities of the isolates were tested with disc diffusion method, and resistance genes were
investigated by polymerase chain reaction (PCR). E. coli were isolated from 94.7% (142) of the examined cloacal swab
samples. E. coli isolates revealed higher resistance rates to tetracycline (51.4%) and ampicillin (50%), followed by
nalidixic acid (19.7%), streptomycin (12.7%), amoxycillin-clavulanic acid (15.5%), trimethoprim-sulfamethoxazole
(10.6%), cephalothin (7.0%), ciprofloxacin (6.3%), kanamycin (4.9%), gentamicin (4.2%), tobramycin (4.2%), cef-
tazidime (4.2%), cefotaxime (4.2%), chloramphenicol (2.8%), aztreonam (2.8%), and cefoxitin (0.7%), respectively.
Twentyeight (%19.7) E. coli isolates were susceptible to all tested antimicrobials. A total of 136 (90.7%) Enterococcus
spp. were isolated and species distribution of the isolates was determined by species-specific PCR. The isolates were
identified as 64 (47.1%) E. hirae, 17 (12.5%) E. faecium, 8 (5.9%) E. faecalis, 4 (2.9%) E. columbea, and 2 (1.5%)
E. durans. The rest of the isolates (30.1%) were identified as Enterococcus spp. with the used primers. Enterococcus
spp. were resistant to tetracycline (67.6%), erythromycin (23.5%), rifampicin (17.6%), chloramphenicol (6.6%) and
ciprofloxacin (5.9%). By contrast, 38 (27.9%) Enterococcus spp. were sensitive to all tested antimicrobials. The data
obtained in the study showed that pigeons were carriers of antimicrobial resistant E. coli and Enterococcus spp. in their
intestinal microbiota, and may pose public health risk due to not only transmission of these resistant bacteria to humans
but also contamination of the environment. The current status of antimicrobial resistance in different animal species
should be continuosly monitored and control measures should also be taken.
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INTRODUCTION
Bacterial resistance to antimicrobials are growing
problem in both human and veterinary medicine
worldwide. The main risk factor for the emergence of
resistant bacteria is misuse and overuse of antibiotics
(van den Bogaard and Stobberingh, 2000). Pigeons
can not only play an important role for the dissemina-
tion of zoonotic agents such as chlamydiosis, crypto-
coccosis, aspergillosis and can also host antimicrobial
resistant bacteria such as Escherichia coli, Campylo-
bacter spp., Salmonella spp. and Enterococcus spp.
(Vasconcelos et al., 2018; Perez-Sancho et al. 2020).
Oral administration of various antibiotics for prophy-
lactic and therapeutic purposes causes selective pres-
sure on the microbiota and leads the selection of re-
sistant bacteria (Mehdi et al. 2018). Tetracyclines and
beta-lactam antibiotics are widely used for the treat-
ment of poultry infections due to its low cost, efficacy,
and lack of side effects ( Filazi et al. 2017)

E.coli and Enterococcus spp. are commensal in-
habitants of gastrointestinal flora of animals, and have
been used as a indicator bacteria not only for faecal
contamination of environment and but also of food, in
particular, monitoring antimicrobial resistance in dif-
ferent animal species (Kojima et al., 2009; Persoons
et al., 2010; Radimersky et al., 2010). In additon to
being a potential reservoir for resistance genes, in-
dicator bacteria are of particular importance because
they can transfer resistance genes to other bacterial
populations either with in the same or other any host.
Indicator bacteria have also important role for giving
an overview of the resistance load of the ecosystem
in which they are in (Wray and Gnanou, 2000). An-
timicrobial resistance in bacteria occured by intrinsic
or acquired mechanisms. Acquired resistance occurs
due to different mechanisms in bacteria: (i) target
mutation, (ii) acquisition of resistance genes located
on mobile transmissible elements such as plasmids,
transposoons, and integrons via conjugation, trans-
duction and transformation (Munita and Arias, 2016).

Recent studies have shown that both free-living
pigeons and domesticated pigeons are potential res-
ervoirs of resistant bacteria (Radimersky et al., 2010;
Askar et al., 2011; Blanco-Peiia et al., 2017). Due to
the fact that pigeons are close proximity to humans
and its impact on public health, it is important to in-
vestigate the antimicrobial resistance in pigeons us-
ing indicator bacteria. In Turkey, pigeon keeping and
breeding on the roof of the houses are a common
hobby. However, the data on carriage of antimicrobial

resistance in their gastrointestinal flora is very limit-
ed (Askar et al., 2011). Therefore, the objectives of
this study were to investigate the occurence of anti-
microbial resistance in indicator bacteria in faeces of
pigeons and the mechnanisms mediating resistance.

MATERIAL AND METHODS

Ethical statement

The study was approved by the Animal Ethi-
cal Committee of Hatay Mustafa Kemal University
(2013-7/7).

Sampling

A total of 150 cloacal swab samples were collected
from the houses belonging to people dealing with pi-
geon breeding as a hobby in three locations in Hatay,
Turkey, between March 2014 and June 2014. For this
purpose, five pigeon premises from each settlement
were sampled, and the cloacal swab samples were
taken from 10 pigeons from each premises.

Isolation of E. coli strains

Individual cloacal swab samples were taken by
Stuart Transport Medium and transported to labora-
tory in cold chain. For E. coli isolation, cloacal swab
samples were directly inoculated onto Eosin Meth-
ylene Blue (EMB) agar and incubated at 37 °C for
24 h. Following biochemical tests, the isolates were
confirmed by polymerase chain reactions (PCR) us-
ing E. coli species specific primers E16S-F 5’-CCC
CCT GGA CGA AGA CTG AC-3 ‘and E16S-R 5’-
ACC GCT GGC AAC AAA GGATA-3’ (Wang et al.,
2002).

Antimicrobial susceptibility testing and detection
of resistance genes of E. coli isolates

Antimicrobial susceptibilities of E. coli isolates
to nineteen antimicrobials were determined by disk
diffusion method in accordance with Clinical and
Laboratory Standards Institute (CLSI, 2012) guide-
lines. The antimicrobial disks (Bioanalyse, Turkey)
used were: ampicillin (AMP, 10 pg), amoxycil-
lin-clavulanic acid (AMC,20/10 pg), nalidixic acid
(NA, 30 pg), ciprofloxacin (CIP, 5 pg), cefpodoxim
(CPD, 10 pg), ceftriaxone (CRO, 30 pg), cefepime
(FEB, 30 pg), cefoxitin (FOX, 30 pg), cefuroxime
(CXM, 30 pg), cephalothin (KF, 30 pg), aztreonam
(ATM, 30 pg), imipenem (IMP, 10 pg), chloram-
phenicol (C, 30 pg), gentamicin (CN, 10 pg), to-
bramycin (TOB, 10 pg), amikacin (AK, 10 pg), ka-
namycin (K, 30 pg), tetracycline (TE, 30 pg), and
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sulphamethoxazole-trimethoprim (SXT, 1.25/23.75
ng). E. coli ATCC 25922 strain was used as control
strain for antimicrobial susceptibility testing. The iso-
lates showing resistance to three or more antimicro-
bials from different classes were defined as multidrug
resistant (MDR). Penicillins and cephalosporins were
considered as separate classes. The isolates showing
resistance to 3™ generation cephalosporins were con-

firmed as extended spectrum beta-lactamase (ESBL)
producer by double disk synergy (Jarlier et al., 1988)
and disk combination method according to guidelines
of CLSI (2012).

The isolates showing resistance to particular an-
tibiotics were screened for the presence of antibiotic
resistance genes in E. coli by PCR using the primers
listed in Table 1.

Table 1. Primers used for detection of antibiotic resistance genes in E. coli isolates

Product

Antibiotics Gene  Sequence (57-37) Size (bp) Reference
i A) GCTACATCCTGCTTGCCTTC 210
CATAGATCGCCGTGAAGAGG
(eH(B) TTGGTTAGGGGCAAGTTTTG 659
GTAATGGGCCAATAACACCG
1C) CTTGAGAGCCTTCAACCCAG 418
Tetracvelings ATGGTCGTCATCTACCTGCC
y (e4(D) AAACCATTACGGCATTCTGC 57
GACCGGATACACCATCCATC
tet(E) AAACCACATCCTCCATACGC 278 Ngetal. (2001)
AAATAGGCCACAACCGTCAG
GCTCGGTGGTATCTCTGCTC
tet(Q) 468
AGCAACAGAATCGGGAACAC
wyy AGTTGCTCAATGTACCTATAACC 47
TTGTAATTCATTAAGCATTCTGCC
. oy ACACTTTGCCCTTTATCGTC 43
Chloramphenicol TGAAAGCCATCACATACTGC
TTCGCCGTGAGCATTTTG Maynard et al. (2004)
catlll 1GGATGAGTATGGGCAAC 286
it MAGAATGGAGTTATCGGGAATG 391
" GGGTAAAAACTGGCCTAAAATTG
. . CTGCAAAAGCGAAAAACGG
Trimethoprim AV N GCAATAGTTAATGTTTGAGCTAAAG 432
GGTAATGGCCCTGATATCCC
VI L GTAGATTTGACCGCCACC 265
Maynard et al. (2004
X TCTAAACATGATTGTCGCTGT C 16 aynard et al. ( )
TTGTTTTCAGTAATGGTCGGG
CAGGTGAGCAGAAGATTTTT
XL 1o A AAGGTTTGATGTACC 294
GTGGATGGCGGCCTGAAGCC
aadA 525
AATGCCCAGTCGGCAGCG
sy XTGGTGGACCCTAAAACTCT 203
SIAISID 0 GTCTAGGATCGAGACAAAG
TGCTGGTCCACAGCTCCTTC
Aminoslvcosides @BV GG ATGCAGGAAGATCAA 653
gy 5 GAGGAGTTGGACTATGGATT 208
aa CTTCATCGGCATAGTAAAAG
Kozak et al. (2009)
gy ATGGGCTCGCGATAATGTC 500
P CTCACCGAGGCAGTTCCAT
i, GATTGAACAAGATGGATTGC 47
ap CCATGATGGATACTTTCTCG
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gy CGGCGTGGGCTACCTGAACG 433
GCCGATCGCGTGAAGTTCCG
. CGGCATCGTCAACATAACCT
Sulphanamid U2 T GTGCGGATGAAGTCAGCTC 721 Kogak ot al. (2009
CAACGGAAGTGGGCGTTGTGGA ozak et al. (2009)
U3 GCTGCACCAATTCGCTGAACG 244
v ATGCGTTATATTCGCCTGTG 47
stV TGCTTTGTTATTCGGGCCAA
ba TCGCCGCATACACTATTCTCAGAATGA 145
B-lactams T ACGCTCACCGGCTCCAGATTTAT Monstein et al. (2007)
v ATGTGCAGYACCAGTAARGTKATGGC 593
X TGGGTRAARTARGTSACCAGAAAYCAGCGG
bl gggﬁggg/{fggg /fgé“TCAA 1015 Zhao etal. (2001)
ATTTCTCACGCCAGGATTTG
A G ATCGGCAAAGGTTAGGTCA >16
GATCGTGAAAGCCAGAAAGG
9B ATGAGCAACGATGCCTGGTA 416
. GGGTTGTACATTTATTGAATCG
Quinolones 9C  ACCTACCCATTTATTTTCA 307 Kim etal., 2009
GCAAGTTCATTGAACAGGGT
9"S  TCTAAACCGTCGAGTTCGGCG 428
aac(6’)- TTGCGATGCTCTATGAGTGGCTA
Ib(-cr) CTCGAATGCCTGGCGTGTTT 482 Parketal, 2006

Enterococcus spp. isolation and species determina-
tion using PCR

Cloacal swab were firstly inoculated into Entero-
coccosel Broth (BD, USA) and incubated at 37 °C for
24 h. In case of colour change, a loopful of culture
was plated onto VRE agar. Plates were incubated at
37 °C for 24 h, and then one typical colony was select-
ed and passaged to blood agar plates supplemented
with 5% defibrinated sheep blood in order to obtain
pure culture. The isolates were identified on the ge-
nus level by Gram staining, catalase tests. Determina-
tion of Enterococcus spp. on genus and species level
were done by using primers and method described by
Layton et al. (2010), except E. columbae, which was
examined as previously described by da Silva et al.
(2012).

Antimicrobial susceptibility testing and detection
of resistance genes of Enterococcus spp.
Antimicrobial susceptibilities of the isolates to
eight antimicrobials were determined by disk diffu-
sion method in accordance with CLSI (2012) criteria,
and the used disks were as follow: ampicillin (AMP,
10 pg), vancomycin (VA, 30 pg), erythromycin (E, 15
ng), tetracycline (TE, 30 pg), teicoplanin (TEC, 30
ng), ciprofloxacin (CIP, 5 pg), and chloramphenicol
(C, 30 pg). For the phenotypic determination of high
level gentamicin resistance (HLGR), 120 pg gentami-
cin containing disks were used. The isolates showing
resistance to particular antibiotics were screened for
the presence of antibiotic resistance genes in entero-
cocci by PCR using the primers listed in Table 2.
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Table 2. Primers used for detection of antibiotic resistance genes in enterococci

Antibiotic Primer  Sequence (5°-3”) Sl:;g(?;;t) Reference
erm(A) CCCGAAAAATACGCAAAATTTCAT 590
CCCTGTTTACCCATTTATAAACG
. TGGTATTCCAAATGCGTAATG
Macrolides erm®B)  TGTGGTATGGCGGGTAAGT 743
CAATATGGGCAGGGCAAG
mefAAE) -\ AGCTGTTCCAATGCTACGG 317
tet(K) GATCAATTGTAGCTTTAGGTGAAGG 155
TTTTGTTGATTTACCAGGTACCATT
tet(M) GTGGACAAAGGTACAACGAG 406 Malhotra-Kumar et al.
Tetracycline CGGTAAAGTTCGTCACACAC (2005)
et(O) AACTTAGGCATTCTGGCTCAC 515
TCCCACTGTTCCATATCGTCA
te(L) TGGTGGAATGATAGCCCATT 279
CAGGAATGACAGCACGCTAA
aac(6)-le- CAGGAATTTATCGAAAATGGTAGAAAAG 369
aph(2)-la.  CACAATCGACTAAAGAGTACCAATC
aac(6)-le- CAGAGCCTTGGGAAG ATG AAG 348
aph(2)-la  CCTCGTGTAATTCATGTTCTGGC
aph(2)-Ib CTTGGACGCTGAGATATATGAGCAC R67
GTTTGTAGCAATTCAGAAACACCCTT
. . CCA CAATGATAATGACTCAGTTCCC
Aminoglycosides — aph(2)-Ie 0 A CAGCTTCCGATAGCAAGAG 444
aph(2)-Id GTG GTTTTTACAGGAATGCCATC 641
CCCTCTTCATACCAATCCATATAACC Vakulenko et al.
GGCTAAAATGAGAATATCACCGG (2003)
aph(3)-Illa " p-pTp AAAAATCATACAGCTCGCG 523
ant(4)-Ia CAAACTGCTAAATCGGTAGAAGCC 204
GGAAAGTTGACCAGACATTACGAACT
. CatplP 501- GGATATGAAATTTATCCCTC
Chloramphenicol tli 59. CAATCATCTACCCTATGAAT 505 Aerestrup et al. (2000)
vand GGGAAAACGACAATTGC 732
GTACAATGCGGCCGTTA
vanB ACGGAATGGGAAGCCGA 647
TGCACCCGATTTCGTTC
vanC1/2  ATGGATTGGTAYTKGTAT 815/827
Vancomycin TAGCGGGAGTGMCYMGTAA
vanD TGTGGGATGCGATATTCAA 500
TGCAGCCAAGTATCCGGTAA Depardieu et al
vanE TGTGGTATCGGAGCTGCAG 430 (2002) )
ATAGTTTAGCTGGTAAC
vanG CGGCATCCGCTGTTTTTGA 941
GAACGATAGACCAATGCCTT
RESULTS 7.0%), ciprofloxacin (9, 6.3%), kanamycin (7, 4.9%),

E. coli isolation and antimicrobial testing

One hundred and forty two (94.7%) E. coli were
isolated from 150 cloacal swab samples. Various rates
of resistance among E. coli isolates were observed to
tetracycline (73, 51.4%), ampicillin (71, 50%), nali-
dixic acid (28, 19.7%), amoxycillin-clavulanic acid
(22, 15.5%), streptomycin (18, 12.7%), trimetho-
prim-sulfamethoxazole (15, 10.6%), cephalothin (10,

gentamicin (6, 4.2%), tobramycin (6, 4.2%), ceftazi-
dime (6, 4.2%), cefotaxime (6, 4.2%), chloramphen-
icol (4, 2.8%), aztreonam (4, 2.8%), and cefoxitin (1,
0.7%), respectively (Figure 1). Twentyeight (19.7%)
isolates were found susceptible to all antimicrobials
tested. Twentyseven (19%) isolates showed MDR
phenotype. Among the isolates showing MDR pheno-
type, resistance to 6, 5, 4, and 3 isolates were observed
in 2, 3, 8, and 14 isolates, respectively (Table 3).
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Figure 1. Antibiotic susceptibilities of 142 E. coli isolates

Table 3. Antibiotic resistance phenotypes among the E. coli isolates

Phenotype Number of the isolates

AM, AMC, KF, TE, CN, S, K, TOB, SXT

AM, KF, TE, K, TOB, SXT, CIP NA, C

AM, TE, K, TOB, SXT, CIP, NA, C

AM, TE, CN, S, K, TOB, SXT

AM, TE, CN, TOB, CIP, NA, C

AM, AMC, TE, CN, S, K, SXT

AM, AMC, TE, S, K, SXT

AM, AMC, KF, TE, NA

AM, TE, SXT, CIP, NA

CN, TOB, CIP, NA, C

AM, TE, S, SXT, NA

AM, TE, CN, K, SXT

AM, AMC, TE, S, K

AM, AMC, KF, TE

AM, SXT, CIP, NA

AM, KF, TE, NA

AM, TE, S, SXT

AM, AMC, TE

AM, AMC, KF

AM, TE, S

AM, KF, TE

TE, S, NA

AM, AMC

AM, CIP

TE, SXT

CIP, NA

AM, TE 20

TE, NA 8

AM, S 1

TE, S 1

AM 5

TE 8

NA 7
1
1
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KF
S
Susceptible 28
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Table 4. Antibiotic resistance and resistance mechanisms of Enterococcus spp.

Phenotype

Resistance Genes

Species (n)

C,CIP, E, RA, TE
CIP, E, RA, TE

cat, tetM, tetlL, ermB
tetM, tetL, ermB

E. faecium (1)
Enterococcus spp. (1)

C,E,RA, TE cat, tetM, tetL, ermB  E. faecium (1)
CIP, E,RA ermB E. faecium (1)
CIP,E, TE tetM, tefl., mefA/E E. columbea (1), E. faecium (2)
E,RA, TE tetM, ermB Enterococcus spp. (2)
E,RA, TE tetM, tetl., mefA/E Enterococcus spp. (1)
E,RA, TE tetM, tetL, ermB E. hirae (2)
C,E, TE tetM, tetlL, ermB Enterococcus spp. (2), E. hirae (1)
C,E, TE tetM, tetl E. hirae (1)
RA, TE tetM, tetL. Enterococcus spp. (5), E. faecalis (1), E. faecium (1), E. hirae (4)
RA, TE tetM E. faecium (1), E. hirae (1)
CIP, E - E. columbea (1)
C,TE tetM, tetLL Enterococcus spp. (1)
C, TE tetM E. hirae (1)
E, TE tetM, tetL, ermB Enterococcus spp. (3)
E, TE tetM, ermB Enterococcus spp. (1)
E, TE tefL Enterococcus spp. (1), E. faecium (1), E. hirae (1)
E, TE tetM, tetl., ermB Enterococcus spp. (1), E. faecium (1), E. hirae (2)
E, TE tetM, tetL, mefA/E Enterococcus spp. (1), E. faecium (1), E. hirae (2)
TE tetM, tetl. E. hirae (2)
TE tetM, tetl. Enterococcus spp. (4), E. columbea (2), E. faecium (1), E. hirae (3)
TE tetM Enterococcus spp. (6), E. hirae (26)
TE tetL E. hirae (1)
TE - E. hirae (2)
RA - E. faecalis (2)
CIP - E. faecium (1)
C - E. hirae (1)
- Enterococcus spp. (12), E. durans (2), E. faecalis (5), E. faecium (5), E.
Sensitive hirae (14)

Distribution of resistant genes among resistant E. ESBL producing E. coli isolates carried bla

coli isolates

bla

CTX-M? C-
vy Z€ne was only detected in one cefoxitin isolate.

Tetracycline resistance was only associated with

tetA and fefB genes, which were found in 77 (95.1%)
of 81 tetracycline resistant E. coli isolates. The dis-
tribution of resistance genes were as follows: 62
(80.5%) tetA, 14 (18.2%) tetA and tefB, and one
(1.3%) terB. All isolates were negative for tetC, tetD,
tetE and tetG.

Among ampicillin resistant isolates, bla  , was
found in 66 (91.7%) isolates. PMQR genes were de-
tected in four ciprofloxacin resistant isolates, of which
three isolates carried aac(6’)-Ib-cr, and one carried
gnrA. Among trimethoprim-sulfamethoxazole resis-
tant isolates (n=15), the distribution was determined
as follows: sull-sul2 in four isolates, sull-sul2-dhfrl
in two isolates, su/l-dhfrl in two isolates, sul2-dh-
fr5 in two isolates, sull in two isolates, su/l in two

isolates, and sull-sul2-dhfr5 in one isolate. While all

Of 18 streptomycin resistant isolates, 15 (83.3%)
carried strA/B. Three isolates didn’t carry any of the
genes examined. Out of four chloramphenicol resis-
tant isolates, only 3 (75%) carried catl. Of kanamycin
resistant eight isolates, aphAl was only detected in 6
(75%) isolates. The aad and aac(3)IV genes were not
detected in any tobramycin and gentamicin resistant
isolates.

Isolation, species determination and antimicrobial
susceptibility of Enterococcus spp.

Enterococcus spp. were isolated 136 (90.7%) from
pigeon’s cloacal swabs. Based on species spesific
PCR, distribution of enterococci were as follow: 64
(47.1%) E. hirae, 17 (12.5%) E. faecium, 8 (5.9%)
E. faecalis, 4 (2.9%) E. columbea, and 2 (1.5%) E.
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durans. However, 41 (30.1%) isolates were only de-
tected as Enterooccus spp. with current primers used.

Antibiotic resistance rates of 136 enterococci were
67.6% (92) to tetracycline, 23.5% (32) to erythromy-
cin, 17.6% (24) to rifampicin, 6.6% (9) to chloram-
phenicol, and 5.9% (8) to ciprofloxacin. Thirty-eight
(27.9%) isolates were sensitive to all tested antimi-
crobials. Resistance phenotypes and resistance-medi-
ated genes in enterococcal isolates are shown in Table
4. MDR phenotype was observed in 16 (11.8%) iso-
lates. Among the isolates showing MDR phenotype,
resistance to 5, 4, and 3 antimicrobials was observed
in one, two and thirteen isolates, respectively.

DISCUSSION

Pigeons not only freely lives in urban and rural ar-
eas, but also they were raised by people as a hobby.
In addition, pigeons are in close contact with humans
in different public locations, such as historical plac-
es, parks, and squares. These birds may pose possible
risks to public health due to carriage of different zoo-
notic microorganisms (bacteria, fungi, viruses, and
protozoa) and antimicrobial resistant bacteria (Vas-
concelos et al., 2018; Perez-Sancho et al. 2020).

In this study, 80.3% of the E. coli isolates were
resistant to one or more antimicrobials tested. In other
conducted studies on the occurence of antimicrobial
resistant E. coli isolates in pigeons, low or lower rates
of resistance in E. coli isolates have been reported by
Radimersky et al. (2010) in Czech Rebuplic (1.5%)
and da Silva et al. (2009) in Brazil (37.9%), respec-
tively.

Nineteen percent (n=27) of E. coli isolates showed
MDR phenotype. MDR bacteria are an increasing an
healthcare problem because the presence of patho-
gens with MDR phenotype, making treatment options
very limited. The fact that co-existence of resistance
genes on transmissible genetic elements such as plas-
mid and transposon, facilitate horizantal transfer of
resistance genes to susceptible bacteria and lead to
an expansion in MDR bacteria population. Therefore,
continuous surveillance of antimicrobial resistance in
different animal species and environments are import-
ant for taking timely necessary measures (Frye and
Jackson, 2013)

Resistance to tetracycline (51.4%) and ampicillin
(50%) were the most prevalent among the isolates in
this study, which are consistent with the findings of
Kimpe et al. (2002), who reported resistance rates

of 65% and 42%, respectively. However, in Poland,
Stenzel et al. (2014) reported a higher resistance rate
for amoxicillin (63%) and oxytetracycline (75%), re-
spectively. The fetA was the most common resistance
gene in comparison with other resistance genes in the
study. High prevalence of tetA among the tetracycline
resistant isolates also indicates that the main resis-
tance mechanism is the active efflux system (Blake
et al., 2003). There are few studies on prevalence of
antimicrobial resistance genes in pigeons around the
world. Blanco-Pena et al. (2017) found sull and catl
as the most common gene by real time PCR from di-
rectly enema samples of pigeons from Public Parks
in Costa Rica. In Iran, Ghanbarpour et al. (2020) re-
ported phenotypically the prevalence of tetracycline
resistance as very high (98%), but detected a lower
prevalence of fetA (6.5%) and tetB (6.5%) genes.

Nearly all ampicillin resistant isolates carried
bla ., gene (91.7%, 66/72), which was the second
most common gene found in the study. In contrast, in
Iran, bla_,,, was reported to be the most common gene
(52.6%) by Ghanbarpour et al. (2020). Similarly, the
TEM type beta-lactamase has also been reported as
main resistance mechanism of ampicillin resistance
in E. coli isolates from different origin of animals in
previously conducted studies (Radhouani et al., 2012;
Santos et al., 2013; Aslantag, 2018).

Sulfanamids and trimethoprim are folate patway
inhibitors, and main resistance mechanisms to these
antimicrobials are due to mutations in target enzymes,
encoded by sul and dhfrr genes (Skold, 2001). Tri-
methoprim-sulfamethoxazole resistant isolates had a
combination of su/ and dhfr genes, except four iso-
lates which carried only su/1 and su/2 genes. None of
the isolates harbored sul3, dhfi7, dhfr9 and dhfri3.
Recently, Aslantas (2018) reported not only high
sulfanamid and trimethoprim resistance but also high
frequency of these resistant genes among commensal
E. coli isolates from broilers in Turkey. Widespread
dissemination of the resistance genes in E. coli could
be explained by localization of these genes on plas-
mids, integrons, or insertion elements (Frye and Jack-
son, 2013).

Aminoglycoside resistance in E. coli strains are
mainly related with aminoglycoside modifying en-
zymes, which is encoded by genes located on plas-
mids (Frye and Jackson, 2013). Low rate of amino-
glycoside resistance is not surprising, because these
drugs are not widely used in veterinary field in Tur-
key. Similarly, Ghanbarpour et al. (2020) reported a
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low prevalence of resistance (11%) for gentamicin.
Occurence of low resistance might be originated from
contaminated feeds and their environments of the pi-
geons (Radimersky et al., 2010).

Low level of ciprofloxacin resistance was observed
in this study. This is important due to the fact that flu-
oroquinolones are critically important antimicrobials
used for the treatment of E. coli infections (WHO,
2012). The ciprofloxacin resistance rate is consistent
with previous studies conducted by Radimersky et al.
(2010) and Askar et al. (2002), who reported resis-
tance rates of 2% and 0%, respectively.

Resistance to 3™ and 4™ generation cephalosporins
mediated by ESBL have clinical importance for both
human and veterinary medicine (WHO, 2012). Prev-
alence of ESBL producing E. coli isolates was found
to be low in this study. It should be cautiously ap-
proached to low rate of resistance. Because selective
isolation methods are needed to determine the true
prevalence of these bacteria in different animal spe-
cies (Aslantag, 2018).

Although 41 (30.1%) isolates were assigned as
Enterococcus spp. with current primers used in this
study. The most common species were identified as
E. hirae (47.1%), followed by E. faecium (12.5%),
and E. faecalis (5.9%), respectively. E. columbea
(2.9%) and E. durans (1.5%) were detected only in
small number of the isolates. In Belgium and Brazil,
E. columbea was reported as the most frequent spe-
cies by Baele et al. (2002) and da Silva et al. (2012),
respectively. Radimersky et al. (2010) reported that E.
faecalis and E. faecium were as the most frequent spe-
cies among enterococci isolated from feral pigeons in
Czech Republic. Askar et al. (2011) reported E. avi-
um as most prevalent species among enterococci from
domestic pigeons. In a recent study, E. faecium and
E. durans were reported as dominant species in pi-
geons in Egypt by Osman et al. (2019). Species dis-
tribution of enterococci in pigeon in different geogra-
phies could be explained by dietary habits of pigeons,
which leads colonization of pigeon with different en-
terococci (Beale et al., 2002).

Although enterococci can exhibit intrinsic resis-
tance to different classes of antimicrobials at low or
high levels, they can frequently acquire antimicrobial
resistance to different class of antimicrobials such as
high-level aminoglycoside resistance (HLAR), fluo-
roquinolones, glycopeptides, and beta-lactams (am-
picillin), via mutations or acquisition of resistance

genes (Marothi et al., 2005). The prevalence of anti-
microbial resistance in enterococci (72.1%, 98/136)
was higher in comparison with previous studies in
pigeons, and tetracycline resistance were the most
prevalent type of resistance, and were mainly associ-
ated with fefM. Similar resistant rate (78%) and resis-
tance determinant were also reported by Radimersky
et al. (2010) in Czech Republic. Recently, Zigo et al.
(2017) found both higher prevalence of antimicrobial
resistant enterococci and high resistance rate to tet-
racycline (75.2%) in Slovakia. In this study, the high
observed tetracycline resistance can be attributed to
empirical use of this antibiotic for many years by pi-
geon owners.

The second most common resistance observed
was to erythromycin (23.5%), mainly associated with
ermB gene (79.2%). In contrast, Askar et al. (2011)
and Zigo et al. (2017) reported higher resistance rate
for erythromycin (52%) and 52.2%, respectively.
However, a low resistance rate was reported by Rad-
imersky et al. (2010) in Czech Republic, who found
a resistance rate of 9% for erythromycin. Interesting-
ly, Osman et al. (2019) found resistance rates ranging
from 63.4% and 100% for antibiotics tested, except
linezolid (17.1%), in enterococci in Egypt.

Low rate resistance to chloramphenicol (6.6%)
among enterococci in this study is not surprising.
Since the use of chloramphenicol was banned in
food producing animals in Turkey (Regulation No:
2002/68 of 19 December 2002). Low rate resistance
to this drug could be explained by the persistence of
chloramphenicol resistant strains in the environment
(Persoons et al., 2010) or co-existence of chloram-
phenicol resistance genes with other resistance genes
on the same mobile genetic elements (Harada et al.,
2006). However, in contrast with this study, da Silva
et al. (2009) reported a higher resistance rate (21.7%)
in Brazil.

Main resistance mechanism to fluoroquinolones
in enterococci is characterized by mutations in the
quinolone determining regions of gyrA and parC
genes. The level of resistance to fluoroquinolones
varies according to the intensity and duration of use
of these antimicrobials. Indeed, in countries where the
use of fluoroquinolones is prohibited in food-produc-
ing animals, no or low resistance rates can be accept-
ed as an indication of this view (Cheng et al., 2012).
Ciprofloxacin resistance rate (5.9%) observed in this
study was consisted with previous studies conducted
by da Silva et al. (2012) in Brazil and Radimersky et
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al. (2010) in Czech Rebuplic, who reported resistance
rates of 8.4% and 5%, respectively. But, Askar et al.
(2011) found higher resistance rate (37%) in Kirik-
kale, Turkey. The low resistance rate observed in this
study was due to low level empirical use of this drug
by pigeon owners for the treatment or prevention of
infectious diseases.

One of the striking results of the study was no
resistance against high level gentamicin and vanco-
mycin. Gentamicin is one of the antimicrobials hav-
ing clinical importance. Because combination of this
drug with beta-lactams have been widely used for the
treatment of enterococcal infections. However, this
combination is ineffective in the treatment of infec-
tions caused by enterococci with HLGR resistance
(del Campo et al., 2000). Vancomycin is a last resort
antibiotic to be used for the treatment of nosocomial
infections caused by Gram positive bacteria. Similar-
ly, no vancomycin resistance was reported by Silva
et al. (2012) in Brazil, Blanco-Pefia et al. (2017) in
Costa Rica and Askar et al. (2011) in Turkey. How-
ever, Radimersky et al. (2010) in Czech Rebuplic
reported vancomycin resistance in three E. faecalis
isolates (2%) carrying vanA gene. In a study conduct-

ed in Egypt, Osman et al. (2020) reported higher lev-
el (40/41, 97.6%) of VRE colonization and detected
frequency of vanA, vanB and vanC genes as 17.1%,
24.4%, and 22%, respectively

CONCLUSIONS

In conclusion, various rates of resistance to dif-
ferent classes of antimicrobials in E. coli and Entero-
coccus spp. isolates from the faeces of pigeons were
observed in this study. These findings are important
not only due to spreading of resistant bacteria to envi-
ronment and susceptible animals, but also transfer of
resistance genes to pathogenic bacteria. Based on the
results of this study, there is an urgent need to inves-
tigate the antimicrobial resistance in different animal
species, and to promote prudent use of antimicrobials
for the treatment and control of bacterial infections.
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ABSTRACT: This study aims to determine the changes in serum homocysteine (Hcy) and nitric oxide (NO) concen-
trations in sheep naturally infected with F. hepatica. The animal material of the study consisted of a total of 50 sheep:
40 sheep with fascioliasis and 10 healthy sheep.

The statistical analysis indicated that serum homocysteine concentrations, folate and vitamin B, levels of the sheep
infected with F. hepatica were higher than those of the control group (P<0.001 P<0.001 and P<0.05, respectively),
whereas the nitric oxide levels of the sheep infected with F. hepatica were significantly lower than those of healthy
sheep (P<0.001).

In conclusion, it is thought that vitamin B, and folate are not used sufficiently for the conversion of homocysteine to
methionine in the remethylation cycle due to the damage in the liver tissue of sheep naturally infected with F. hepatica.
This results in the increase of homocysteine which in turn inhibits the formation of nitric oxide.
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INTRODUCTION

urkey has about 31.507.934 sheep (Tuncer et al.,

2017; Tuncer et al., 2018; Tuncer 2019) and is the
7™ greatest sheep raiser country in the world (Tuncer,
2019). F. hepatica is a severe disease causing signifi-
cant economic losses in the countries across the world
where sheep, goats, buffalo (Alvarez et al., 2009), and
cattle are raised (Yang et al., 1998). This parasitic dis-
ease may cause failure to thrive, decrease in meat and
milk production, and even death in animals (Souza
et al., 2002; Alcala-Canto et al., 2007; Hodzi¢ et al.,
2013). Young forms of the parasite destroy the pa-
renchymal tissue, and mature forms destroy the bile
ducts (Benzer and Ozan, 2003). Many researchers
have focused on changes in serum enzyme activities
to determine the level, prognosis, and diagnosis of
liver damage caused by F. hepatica (Kozat and Den-
izhan, 2010).

Homocysteine is an intermediate in methionine
metabolism, which takes place mainly in the liver
(Still and McDowell, 1998; Garcia-Tevijano et al.,
2001; Kozat and Okman, 2017). Hcy is a sulfuric
amino acid formed during the methionine metabolism
and does not enter the primary structure of proteins
(Garcia-Tevijano et al., 2001; Fischer et al., 2003;
Kozat and Okman, 2017). 70% of total homocyste-
ine in plasma is bound to protein. One-fourth of it is
present as disulfide homocysteine by binding to each
other, the rest as cysteine-homocysteine or homocys-
teine thiolactone (Kozat and Okman, 2017). Hcey is
metabolized in two major metabolic pathways: the
remethylation and transsulfuration cycle (Blom and
Smulders, 2011). Hey is converted to methionine with
the addition of a methyl group in a reaction catalized
by vitamin B ,-dependent methionine synthase. The
methyl donor can be either 5,10-methyltetrahydrofo-
late (MTHF) or betaine. The reaction of MTHF takes
place in all tissues and is dependent on vitamin B ..
The reaction in which the betaine is the methyl donor
takes place in the liver and kidney and is independent
of vitamin B, . Methionine is converted to S-adenosyl
methionine (SAM) in the presence of ATPand S-ade-
nosyl methionine synthetase. SAM acts as a methyl
donor in many reactions. This methylation reaction
results in S-adenosyl homocysteine (SAH). SAH is
converted into Hcy by a reaction catalyzed by the en-
zyme hydrolase, and all reactions occur in the liver
(Kozat and Okman, 2017). The liver plays a crucial
role in sulfur amino acid metabolism. Therefore, Hcy
metabolism may be impaired in chronic liver diseas-
es (Ventura et al., 2005).The sulfur-containing ami-

no acid methionine and its derivatives play a central
role in the metabolism of homocysteine and cysteine.
Chronic liver diseases and especially cirrhosis cause
abnormalities in the methionine metabolism, which
reflects disorders in multiple enzyme levels. Disorders
in methionine demethylation, transsulfuration and
remethylation of homocysteine, as well as cystathi-
onine synthesis and hydrolysis, have been described
both at the functional and genetic levels throughout
the natural course of chronic liver diseases (Ventura et
al., 2005; Kozat and Okman, 2017). Increases in total
homocysteine levels, that is, the role of homocysteine
in atherogenesis, atherosclerosis and thrombosis in
hyperhomocysteinemia, cause cardiovascular system
disease (Cayir and Kozat, 2016). Hyperhomocystein-
emia leads directly to vascular endothelial damage;
endothelin changes the anticoagulant effect to pro-
coagulant and causes proliferation of smooth muscle
cells (Temel and Ezerol, 2002). Some researchers
have reported that the release of nitric oxide (NO),
a potent vasodilator and platelet aggregation inhibi-
tor, from bovine endothelium is inhibited by Hcy and
inhibition and/or reduction of NO release may cause
thrombotic events in hyperhomocysteinemia (Kerke-
ni et al., 2006).

This study was carried out to determine whether
the Hey remethylation mechanism was affected in
sheep that were naturally infected with F. hepatica.
Moreover, it aimed to determine whether there is a
relationship between serum homocysteine values and
NO changes in liver disorders.

MATERIALS AND METHODS

Animals

This study was conducted on all sheep that
came from one farm: 40 sheep with fascioliasis
and 10 healthy sheep. This research was approved
(07/03/2017 and 27552122-604.01.02-E.16823) by
the Animal Research Ethics Committee of Van Yuzu-
ncu Yil University in Van, Turkey.

At the beginning of the study, all the animals were
subjected to general clinical examination and the
body temperature, respiratory rate, and heart rate of
all sheep were recorded. At the end of the clinical ex-
aminations of sheep, approximately 30-50 g of faeces
were taken from the rectum of each sheep and placed
in the faeces collection containers. Samples were
numbered according to the pedigree chart. Faecal
samples were taken to the laboratory and kept at -20
°C until examinion. Benedek’s sedimentation method
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was used to examine the samples (Toparlak and Tu-
zer, 1994) and determine determine which sheep were
infected with F. hepatica and which were healthy.

Homocysteine measurements

Sera from blood samples were collected and ho-
mocysteine levels in serum healthy sheep and the
sheep infected with fascioliasis were determined by
ELISA device (ELISA reader®-DAS).

Nitric oxide measurements

Suitable Nitrate/nitrite for sheep was determined
by ELISA device (ELISA reader®-DAS) using the
colourimetric assay kit (Cayman Chemical Company,
catalogue No. 780001/USA).

Vitamin B,, and Folate measurements

Vitamin B , and Folate levels in serum samples
were determined by autoanalyser (Elecyc 2010 Roche
Hitachi-Japan).

Statistical Analysis

Descriptive statistics for the measured parame-
ters are expressed as Mean, Standard Deviation. To
compare the groups, Student’s t-test was performed.
The statistical significance level was taken as 5% and
SPSS (ver: 21) statistical package program was used
for calculations.

RESULTS

Table 1 shows the statistical analysis of the mea-
surements of serum Hcy, NO concentrations, folate
and vitamin B, levels of healthy sheep and sheep
infected with F hepatica. Homocysteine concen-
trations, folate and vitamin B, levels of the sheep
infected with F. hepatica were higher than those of
the control group (P < 0.001, P < 0.001 and P<0.05,
respectively), whereas the nitric oxide levels of the
sheep infected with F. hepatica were significantly
lower than those of healthy sheep (P < 0.001).

Table 1. Serum homocysteine, nitric oxide, folate and vitamin B12 levels in healthy sheep and the sheep infected with F. hepatica

Control Infected with F. hepatica
Parameter (n=10) (n=40) P<
(Mean+SD) (Mean+SD)
Hcey (pg/ml) 5.83+0.93 9.99+2.99 .001
Vit B, (pg/ml) 1227.25+431.16 1552.75+450,74 .05
Folate (ng/ml) 1.56+0.31 2.34+0.54 .001
NO (umol/L) 53.19+7.20 34.15+15.82 001
DISCUSSION homocysteine plasma values in patients with cirrhosis

The purpose of this study was to investigate the
changes in serum Hcy and NO concentrations of
sheep infected with F hepatica. The liver plays a key
role in the synthesis and metabolism of Hcy, which
is an essential intermediate metabolite of methionine
metabolism. Methionine is largely metabolized in
this organ. The liver has activated genes involved in
the methionine and homocysteine metabolism. MAT
(Methionine adenosyltransferases), which plays a
role in the homocysteine metabolism is found only
in the liver, whereas the majority of BHMT (Beta-
ine-homocysteine methyltransferase) and CBS (Cys-
tathionine B-synthetase) are synthesized in the liver
((Finkelstein, 1990; James et al., 1999). For these rea-
sons, damage of the liver affects the metabolism of
homocysteine (Paxton et al., 1986; Ciftci and Yuce,
2013). It has been reported that the mean plasma ho-
mocysteine levels in human patients with cirrhosis
were much higher than in healthy controls, and there
was a statistically significant difference between the

and healthy subjects (Culafi¢ et al., 2013). In another
study a disorder in the liver is thought to cause dis-
orders in Hcy metabolism. Plasma Hcy levels in fat-
ty liver patients are higher than in nonalcoholic and
healthy individuals (de Carvalho et al., 2013). It is
thought that basal hyperhomocysteinemia in cirrho-
sis is due to impaired transsulfuration and remeth-
ylation mechanisms (Duce et al., 1988; Look et al.,
2000; Bosy-Westphal et al., 2001). In human studies
it has also been reported that homocysteine metabo-
lism is impaired in chronic liver diseases and leads
to an increase in baseline hyperhomocysteinemia in
hepatitis patients by 34%, in the fatty liver by 50%,
in patients with cirrhosis by 54% and in 52% after
orthotopic liver transplantation (Bosy-Westphal et
al., 2003). When we examined the Hcy results from
sheep infected with fascioliasis in this study (Table
1), serum homocysteine levels were significantly
higher (P < 0.01) than in the control group. For these
reasons, significant changes occur in the metabolism
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of Hcy when the liver is damaged. These results are
consistent with literature findings indicating that ho-
mocysteine levels are high in living organisms with
liver damage (Paxton et al., 1986; Culafi¢ et al., 2013;
James et al., 1999; Ciftci and Yuce, 2013). There is
a reported relationship between serum / plasma Hcy
levels and folate and vitamin B, levels. (Klee, 2000,
Blom and Smulders, 2011; Kozat and Okman, 2017).
Hcy is increased in the plasma of patients with defi-
ciency in vitamin B, or folate (Klee, 2000). In this
study, Hcy concentrations, folate and vitamin B,
levels of the sheep infected with F. hepatica were
higher than those of the control group (P < 0.001, P <
0.001 and P<0.05, respectively). High concentrations
of Hcy are consistent with increases in serum folate
and vitamin B, levels. A significant increase in ho-
mocysteine concentrations of sheep infected with £
hepatica can be attributed to the deterioration of the
mechanism of remethylation due to inadequate use of
folate and Vitamin B , as a result of liver damage

Some researchers have reported that the release of
nitrite oxide (NO), a potent vasodilator and platelet
aggregation inhibitor, from bovine endothelial cells
is inhibited by homocysteine (Danishpajooh et al.,
2001). Several studies have confirmed that the bio-
availability of NO is decreased in hyperhomocystein-
emia (Fisher et al., 2003; Stanger and Weger, 2003),
which might be attributable to diminished NO pro-
duction or to alternative mechanisms such oxidative
stress or nitrosylation (Fisher et al., 2003; Stanger
and Weger, 2003, Dayal et al., 2004; Kerkeni et al.,
2006). Many studies have been conducted on changes
in NO levels in liver disorders (Gupta et al., 1998;
Cervi et al., 1998; Clemens, 1999; Benzer and Ozan,
2003; Chen et al., 2003). In a study investigating the
functional role of vascular endothelium on increased
vascular tone in intrahepatic microcirculation in rats
with experimental cirrhosis; a decrease was reported
in endothelial dysfunction and NO production in in-
trahepatic microcirculation of cirrhotic rats (Gupta et
al., 1998). Another study investigated the prolifera-
tive responses of spleen cells against mitogens in F.
hepatica -infected rats and reported a decrease in the
amount of NO produced, and this decrease was partly
associated with extra secretory antigens of F. hepatica
(Cervi et al., 1998). A study examining lipid peroxi-
dation, antioxidant enzymes and nitric oxide levels in
the sheep infected with F. hepatica compared the re-
sults with those of healthy sheep and reported that se-
rum NO levels of the sheep infected with F. hepatica
were not affected but there was a significant decrease

in NO levels in the liver disease (Benzer and Ozan,
2003). Some experimental and clinical studies have
reported that hyperhomocysteinemia causes vascular
oxidative stress and disrupts the vascular response to
NO, indicating endothelial dysfunction in rats (Gupta
et al., 1998). It has also been reported that homocys-
teine reacts with NO and inhibits not only the biolog-
ical activity of endothelium-derived NO but also the
biological activity of exogenously supplied NO (Nap-
po et al., 1999; Fu et al., 2002). In this study, serum
NO levels of sheep with fascioliasis were found to be
significantly lower than serum NO levels of healthy
sheep. The decrease in NO levels in the infected sheep
is consistent with the data reported by the researchers
(Cervi et al., 1998; Gupta et al., 1998). Furthermore,
in the sheep infected with F. hepatica, homocysteine
concentrations were found to be significantly higher
(P < 0.001) while nitric oxide levels were found to
be lower than in healthy sheep (P < 0.001). Hyper-
homocysteinemia and decreased NO concentration in
the diseased group support the data of the research-
ers (Still and McDowell, 1998; Bosy-Westphal et al.,
2003; Fisher et al., 2003; Stanger and Weger, 2003;
Dayal et al., 2004; Kerkeni et al., 2006; Culafié et al.,
2013).

In conclusion, homocysteine, folate and vitamin
B,, changes can be caused by the following reasons:
1) It is thought that F. hepatica infection causes severe
damage in the liver, which, in turn, leads to the deteri-
oration of functions and disruption in the conversion
of homocysteine to methionine, and, as a result, caus-
es hyperhomocysteinemia, 2) Folate and Vitamin B,
levels were found to be high in the fascioliasis group
because folate and Vitamin B ,, used as cofactors in
the conversion of homocysteine to methionine due to
functional disorders in the liver, are not used suffi-
ciently, 3) Low NO level in the diseased group may
be due to intrahepatic vascular endothelial disorder or
may be due to the inhibition of NO synthesis due to
the increase of Hcy.

The present study concludes that there is a nega-
tive correlation between serum Hcy values and NO
values in liver disorders caused by F hepatica. Be-
sides, since the present study is the first study to pres-
ent evidence with regards to hyperhomocysteinemia
in liver damage, it is thought that it will promote fu-
ture research on liver damage.
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INTRODUCTION
Avian pathogenic Escherichia coli (APEC) are E.
coli strains that can cause a localized or a sys-
temic disease in birds of all ages named colibacillo-
sis (Guabiraba and Schouler, 2015) one of the most
important bacterial diseases in the poultry industry
throughout the world (Kunert filho et al., 2015, Paix-
ao et al., 2016). Avian colibacillosis is responsible for
significant economic losses due to decreased egg pro-
duction and hatching rates, morbidity, mortality, low-
ered production, carcass total or partial condemnation
at processing and antibiotic treatment costs (Ewers
et al., 2004). Furthermore, the potential for zoonotic
transmission must be considered, since poultry serves
as the main host for APEC and the consumption of
undercooked poultry may infect humans, which can
serve as a reservoir of this pathotype (Kunert filho et
al., 2015).

Long considered secondary pathogen, APEC has
become in recent years accepted as a primary patho-
gen rather than a consequence of respiratory or im-
munosuppressive viral or mycoplasmal infections
(Vandekerchove et al., 2004; Collingwood et al.,
2014). This pathogen seems to be mainly restricted
to a few O-serogroups where O1, 02, and O78 are
the most common in epidemiological studies (Jeong
et al., 2012; Kunert Filho et al., 2015)

Recently, multiple virulence factors were described
in APEC including adhesins, toxins, iron uptake sys-
tems, invasins, autotransporters and resistance to the
host serum (Ewers et al., 2004; Schouler et al., 2012).

However, no single common virulence factor has
been identified in all APEC strains (Collingwood et
al., 2014). Furthermore, some APEC isolates carry
few, if any, of the most common APEC virulence fac-
tors and they are all rarely present in the same isolate
(Collingwood et al., 2014; Guabiraba and Schouler,
2015).

Due to a lack of definitive consensus of classifica-
tion APEC pathotype, multiple studies have attempt-
ed to define common associated virulence genes of
APEC using essentially multiplex PCRs (Ewers et al.,
2005; Johnson et al., 2008; Jeong et al., 2012; Schoul-
er et al., 2012; Dissanayake et al., 2014). However,
one of the most adopted studies is the work of John-
son et al (2008) based on the presence of five genes
located on ColV plasmid and considered as poten-
tial markers for differentiation and identification of
highly pathogenic APEC that has a strong potential

of causing extra-intestinal diseases in birds (Johnson
et al., 2008). These genes include the episomal out-
er membrane protease (ompT) that cleaves colicins,
the outer membrane siderophore receptor gene (iroN)
and the aerobactin gene iut4 (iron uptake transport-
er) implicated in iron acquisition, the increased serum
survival gene (iss) which has a role in the complement
resistance and the new class of avian haemolysin gene
(hlyF) implicated in the production of outer meme-
brane vesiscule, toxin releasing and contribute to iron
uptake (Morales et al., 2004; Murase et al., 2016).

Other virulence factors like the type 1 fimbriae
fimC are also highly associated with APEC (Ewers et
al., 2004; Jeong et al., 2012). This gene is implicated
in the adherence to host epithelial cells of the respira-
tory tract and colonization (Jeong et al., 2012).

On the other hand, it has been shown that APEC
can harbor a number of virulence genes described for
diarrheagenic E. coli like eae, stx, elt/est, ipaH and
aggR (Hughes et al., 2009; Ramadan et al., 2016) sug-
gesting its zoonotic potential and its possible risks to
humans.

Little literature is available on molecular char-
acterization of APEC strains isolated from Algeria.
This study was carried out in order to provide more
information on the virulence factors of APEC strains
isolated from chicken with colibacillosis in Algeria.

MATERIALS AND METHODS

Bacteria

Seventeen (17) isolates were obtained from a diag-
nosis veterinary laboratory located in the department
of Tizi Ouzou, Algeria. These isolates were previous-
ly isolated from birds (turkey, layer, breeders) with
clinically symptoms of colibacillosis from different
departments. The isolates were subcultured on Mac
Conkey agar (Celmed Company, Algeria) at 37 °C
for 18 to 24 h. One suspected colony was picked and
subcultured on nutrient agar (Institut Pasteur Algeria)
overnight at 37 °C. Isolates with typical characteristics
were identified biochemically using API20E® system
(Biomerieux, France). All E. coli isolates were stored
at 4 °C until use. The biochemical identification was
performed at the Laboratoire d’Hygi¢ne Intercommu-
nal, Draa El Mizan, Algeria.

DNA extraction
For the molecular detection of the genes, DNA of
the E. coli isolates was extracted by boiling method
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as described by Blanco et al (2004). E. coli isolates
were, subcultured overnight at 37 °C in Trypticase
Soy Broth (TSB) agar. A bacterial suspension was
obtained by adding 200 pL of sterile water. Bacteria
were boiled for 10 min to release the DNA and centri-
fuged at 10,000 rpm/5 min. The supernatant contain-
ing DNA was poured into a new microtube and stored
at -20 °C until use for PCR analysis.

Polymerase chain reaction (PCR)

All E. coli isolates were analyzed by PCR for the
presence of the virulence-associated genes. The de-
tection of AlyF, iroN, iss, ompT, iutA and fimC was
analyzed by simplex PCR as previously described
(Jeong et al., 2012) (Table 1). The PCR reaction was
carried out in 25 pL volumes using 200 ng of DNA,
12.5 pL of GO Taq® Green Mix (Promega), 10.5 puL
nuclease-free water (Sigma-Aldrich) and 0.5 pL of
each primer (10 uM). The cycling conditions consist-
ed of a 5 min activation step at 95 °C followed by
35 cycles of 95 °C for 30 s, annealing temperatures
(Table 1) for 30 s, an elongation step at 72 °C for 1
min followed by the final extension step at 72 °C for
10 min.

The prevalence of genes eae, stx, est, elt, ipaH and
aggR were determined by multiplex PCR as described
by Toma et al (2003) (Table 1). The amplification was
performed in 25 pL volumes with 200 ng of DNA,
12.5 pL of GO Taq® Green Mix (Promega), 10.5
uL nuclease-free water (Sigma-Aldrich) and 1 puL of
mixed primer (10 uM).

The PCR program consisted of a 5 min activation
step at 95 °C, followed by 35 cycles of 95 °C for 30
s, annealing at 56 °C for 30 s, an elongation step at 72
°C for 1 min and a final extension step at 72 °C for
10 min.

The amplified products were separated by 1%
ethidium bromide-stained agarose gel electrophoresis
along with a 100-bp ladder (BIOWEST, Hong Kong,
China) and visualized under UV light. An E. coli iso-
late was considered positive for the gene of interest if
it produced an amplicon of the expected size (Table 1).

Statistical analysis

Statistical analysis was performed using Fisher’s
exact test. Data were considered as significant when
the p value was < 0.05.

Table 1. Primer sequences and annealing temperature for the targeted virulence genes

Gene Primers sequences (3’-5’) Annealing (°C)  References

hiyF For GGCGATTTAGGCATTCCGATACTC 59 Jeong et al., 2012
Rev ACGGGGATCGCTAGTTAAGGAG

iroN For AAAGTCAAAGCAGGGGTTGCCCG 61 Jeong et al., 2012
Rev GACGCCGACATTAAGACGCAG

iss For AGCAACCCGAACCACTTGATG 57 Jeong et al., 2012
Rev TAATAAGCATTGCCAGAGCGG

ompT For ATCTAGCCGAAGAAGGAGGC 57 Jeong et al., 2012
Rev CCCGGGTCATAGTGTTCATC

SimC For GGAAATAACATTCTGCTTGC 51 Jeong et al., 2012
Rev TTTGTTGCATCAAGAATACG

iutA For GGCTGGACATCATGGGAACTGG 61 Johnson et al., 2008
Rev CGTCGGGAACGGGTAGAATCG

eae For CCCGAATTCGGCACAAGCATAAGC 56 Toma et al., 2003
Rev CCCGGATCCGTCTCGCCAGTATTCG

stx For GAGCGAAATAATTTATATGTG 56 Toma et al., 2003
Rev TGATGATGGCAATTCAGTAT

est For TTAATAGCACCCGGTACAAGCAGG 56 Toma et al., 2003
Rev CCTGATCCTCAAAAGAGAAAATTAC

elt For TCTCTATGTGCATACGGAGC 56 Toma et al., 2003
Rev CCATACTGATTGCCGCAAT

IpaH For GTTCCTTGACCGCCTTTCCGATACCGTC 56 Toma et al., 2003
Rev GCCGCTCAGCCACCCTCTGAGAGTAC

aggR For GTATACACAAAAGAAGGAAGC 56 Toma et al., 2003

Rev ACAGAATCGTCAGCATCAGC
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Table 2: Presence or absence of virulence genes and genotype of APEC isolates

Strains iss hlyF ompT iroN iutA FimC  Genotype
1 - - - - - + JimC
2 + + + + - + iss, hylF, ompT, iroN, fimC
3 - + + - + + hylF, ompT, iutd, fimC
4 + + + - - + iss, hylF, ompT, fimC
5 + - + + + + iss, ompT, iroN, iutA, fimC
6 + + + + + + iss, hylE, ompT, iroN, iutA, fimC
7 + + + + + + iss, hylF, ompT, iroN, iutA, fimC
3 + - - - - - iss
9 + + + + + + iss, hylF, ompT, iroN, iutA, fimC
10 + - + - + - iss, ompT, iutA
11 + - - + - + iss, iroN, fimC
12 + + - + - + iss, hylF, iroN, fimC
13 + + + + + + iss, hylE, ompT, iroN, iutA, fimC
14 + + + + + + iss, hylE, ompT, iroN, iutA, fimC
15 + - + + + + iss, ompT, iroN, iutA, fimC
16 - + + - + + hylF, ompT, iutA, fimC
17 + + + + + + iss, hylF, ompT, iroN, iutA, fimC
Total 14 9 13 9 9 15
Frequency (%) 82,4 52,9 76,5 52,9 52,9 88,2

RESULTS

Prevalence of virulence-associated genes

In the present study, seventeen 17 APEC isolates
were examined for the presence of 11 virulence-asso-
ciated genes described as APEC specific (hlyF, iroN,
iss, ompT iutA and fimC) and diarrheagenic E. coli
genes (eae, stx, est, elt, ipaH and aggR). The prev-
alence of each gene in APEC isolates is shown in
Table 2. PCR analysis revealed that all the isolates
had at least one of the APEC specific virulence factor
while none of them harbored the diarrheagenic E. coli
specific gene. Genes fimC (88.2%), iss (82.3%) and
ompT (76.5%) are the most prevalent. The genes hylF,
iutA and iroN were present with the same frequency
(52.9%).

Association of the virulence genes:

Results show that 88.2% of the isolates had 3 or
more virulence genes. Furthermore, 23.5%, 17.6%
and 35.3% harbored 4, 5 and 6 genes (Table 3).

Table 3. Percentage of associations between the detected viru-
lence-associated genes in APEC isolates

ompT hlyF iroN iutA fimC

iss

iss -

ompT 70.6 -

hiylF 529 588 -

iroN 64.7 529 592 -

iutA 58.8 64.7 47.1 47.1 -
fimC 70.6 70.6 64.7 64.7 58.8 -

Regarding genes of the association of Johnson et
al (2008), results show that 35.3% were positive for
the five genes and all the isolates also harbored the
gene fimC while 63.6% of the negative strains (strains
without the combination of the five genes) harbored
this gene.

Different combinations were also tested. Results
show that the association iss-ompT, iss-fimC and
fimC-ompT were the most prevalent (70.6%) while iu-
tA-hylF and iutA-iroN were the less prevalent among
APEC strains (Table 4).

Table 4. Number and frequency of virulence genes among APEC
isolates

Number of genes Number of positive Percentage (%)

strains
6 6 353
5 3 17,6
4 4 23,5
3 2 11,8
2 0 0,0
1 2 11,8

All the strains were farther classified according to
the study of Johnson et al, (2008) on highly pathogen-
ic APEC strains for those possessing the five genes.
Results show that 4ylF, ompT and iutA were statisti-
cally associated with highly pathogenic strains (Table
5).
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Table 5. Frequency of virulence genes among highly and moder-
ate APEC isolates

Highly pathogenic Moderate pathogenic
APEC (%) APEC (%)

iss 100 72,7

hlyF 100 36,4%

ompT 100 63,6

iroN 100 36,4*

iutA 100 45,5%

fimC 100 63,6

Results were compared using the Fisher’s exact test *p <
0.05

DISCUSSION

E. coli is present in the normal microflora of the
intestinal tract and in the environment of poultry; cer-
tain strains must possess specific virulence attributes
to cause disease. APEC is a particular pathotype of
E. coli that carries specific virulence genes which in-
duce avian colibacillosis; an extraintestinal syndrome
commonly encountered which has a major econom-
ic impact in the poultry industry through the world
(Colingwood et al., 2014; Guabiraba and Schouler,
2015).

In this study, seventeen E. coli isolates were ob-
tained from birds (turkey, layer, breeders) with con-
firmed cases of colibacillosis and were screened for
11 virulence genes.

Results show that fimC, which encodes a peri-
plasmic chaperone that directs assembly of type
1 fimbriae was the most frequent gene detected in
APEC isolates (88.2%) which is in accordance of the
results of different studies in the world describing a
prevalence exceeding 90% (Ewers et al., 2004; Won
etal., 2009; Jeong et al., 2012; Dou et al., 2016; Pax-
iao et al., 2018). This gene however, has been also
detected with high prevalence in non-pathogenic
isolates (McPeak et al., 2005; Lounis et al., 2018;
Paxiao et al., 2018) suggesting that fimC may not
play an important role in the pathogenesis of avian
colibacillosis.

The iss (increased serum survival) gene usually
located on large ColV and ColBM plasmids encodes
a protein that plays a role in serum resistance, protect-
ing against the actions of complement, and contribute
to increase in E. coli virulence in one day old chicks
(Binns et al., 1979). Gene iss was one of the most
prevalent genes (82.8%) in this study. Similar ob-
servations were also reported (McPeack et al., 2005;
Hussein et al., 2013; Ahmed et al., 2013; de Oliveira

et al., 2015; Dou et al., 2016 ; Lounis et al., 2018 ;
Paxiao et al., 2018; Varga et al., 2018).

All these data suggests that iss may be critically
important in the pathogenesis of avian colibacillosis.
Several trials were done using this gene as a poten-
tial vaccine target in the protection of this infection
(Lynne et al, 2006, Lynne et al, 2012).

The outer episomal membrane protein encoded by
the gene ompT, was also detected with high preva-
lence (76.5%) in this study. ompT could play a role
in adherence to eukaryotic cells and cleaves antimi-
crobial peptides, protamine, plasminogen and colicins
and may be implicated in the pathogenesis of avian
colibacillosis (Stumpe et al., 1998; Hejair et al, 2017).
Results obtained in our study are consistent with other
reports describing high prevalences of this gene (John-
son et al. 2008; Ahmed et al, 2013; De Carli et al.,
2015; de Olivera et al., 2015; Sola-Gines et al. 2015;
Dissanayake et al., 2016; Chalmers et al., 2017; Varga
et al, 2018). Lower prevalence were also described by
Lietal (2015) and Mbanga and Nyararai (2015). This
gene has been also isolated among commensal-fecal
strains with prevalences that can reach 60% (Jeong
et al., 2012; Hussein et al., 2013; Mohsenifard et al.,
2016; Lounis et al., 2018).

Genes HIlyF, iroN and iutA; all implicated in
iron uptake were detected with the same prevalence
(52.2%). These prevalences are generally lower than
those described in several publications (Johnson et
al., 2008; Ahmed et al., 2013; Hussein et al., 2013;
Lietal, 2015 ; Wang et al., 2015; Mohsenifard et al.,
2016; Lounis et al, 2018).

However, these genes are more frequent in high-
ly pathogenic isolates than the others isolates deter-
mined by the association of Johnson et al (2008). This
suggests that these genes may play critical role in the
avian colibacillosis pathogenesis.

It has been reported that highly pathogenic APEC
lead to primary infections while less pathogenic
strains only cause disease when the poultry are un-
der severe stressful conditions such as other diseases
and environmental stress factors. In this study, 88.2%
of the APEC isolates harbored 3 or more of the viru-
lence factors which are in accordance with the avail-
able literature (Ahmed et al., 2013). In another hand,
only 35.3% of the isolates are positive for the com-
bination of the five genes iss-ompT-hylF-iutA-iroN.
Higher frequencies of this combination were reported
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in APEC isolates through the world with prevalence
from 57.6% to 91% (De Carli et al., 2015; De Olivera
et al., 2015, Hussein et al., 2013; Lounis et al., 2018)
while Li et al (2015) found that four isolates (4.6%)
only among 87 APEC harbored these combination.
Our results revealed that not all the APEC isolates are
equally virulent.

Regarding the specific genes of diarrheagenic E.
coli, our results shows that all the 17 APEC isolates
were negative the genes eae, stx, elt/est, ipaH and
aggR. Similar to the results of current study, none of
the isolates from septicemic broilers and quails har-
bored ipaH, stx1, stx2, and eaeA genes (Ghanbarpour
et al., 2010; Salehi and Ghanbarpour, 2010). In a pre-
vious study, Lounis et al (2018) reported that all the
92 APEC strains tested are negative for eae and aggR
genes while 5.4%, 2.1% and 2.1% were positive for
the genes est/elt, stx and ipaH respectively. These re-
sults suggest that APEC strains have a lower potential
to cause diarrhea in human.

CONCLUSIONS
In conclusion and despite the potential biases
related to the relatively small sample size of APEC

isolates; this study could contribute to the molecular
characterization of APEC in Algeria.

Results of the prevalence of the virulence associat-
ed genes of APEC in this study are generally lower to
those reported in several countries.

Concerning the specific genes of diarrheagenic £
coli, our results show that APEC isolates have a low
potential in inducing diarrhea to humans

Other studies using a large sample size are needed
which could provide more informations and definitive
conclusions about the molecular profile of APEC.
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ABSTRACT: This study was conducted to determine parasite infection with Posthodiplostomum cuticola in eight
fish species collected from five Rivers Basins of Turkey (Aras, Coruh, Sakarya, Marmara and Susurluk River Basins).
Five of eight fish species are endemic to Turkey. The highest values of prevalence and mean intensity (60.87%; 4.86)
of cysts with metacercaria of P. cuticola were recorded in Alburnus filippii, a native fish species in Agil Creek. At the
gross examination numerous black lesions were observed at the skin of the fishes. Microscopically black-spot disease
was revealed by melanin pigmentation and atrophy of fish muscles in lesioned areas. Parasites were covered by thing
connective tissue capsule. Alburnus escherichii, Alburnus filippii, Capoeta tinca, Chondrostoma angorense, Chon-
drostoma colchicum, Squalius pursakensis and Squalius turcicus were found as new host records for P. cuticola.
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INTRODUCTION
Poszhodiplostomum cuticola (Nordmann, 1832) is
a digenean parasitic fluke, responsible for black-
spot disease, a pathological condition manifested by
an intensive pigmentation of the cyst wall located
in the skin, muscle tissue and fins of freshwater fish
hosts throughout the world (Ondrac¢kova et al., 2004;
Zrn¢i¢ et al., 2009; Kvach et al., 2017).

In the complex life-cycle of P. cuticola involving
piscivorous birds as definitive hosts and planorbid
snails as first intermediate host, various fishes belong-
ing mainly to Cyprinidae and Cobitidae families play
the role of the second intermediate host (Ondrackova
et al., 2004; Markovic and Krsmanovic, 2008; Zrnci¢
et al.,, 2009). Members of Escoidae, Percidae and
Salmonidae could also represent hosts for P. cuticola
(Mierzejewska et al., 2004).

Fish reaction to the parasite presence consists in
dark pigment produced by decomposition of hemo-
globin and chromatophores disposed around metacer-
caria, the penultimate development stage of P. cutico-
la (Markovic and Krsmanovic, 2008; Markovic et al.,
2012). Although the black-spot disease is not deadly
to fish hosts in general, symptoms such as body defor-
mation, muscle fibers necrosis, kidney and liver dys-
trophy may occur and could be harmful to fry (Rol-
biecki, 2004; Markovic and Krsmanovic, 2008; Igbal
et al., 2014).
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Figure 1. Map of sampling localities
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To date, occurrence of P. cuticola infection was re-
ported only in six cyprind species from ichthyofauna
of Turkey: Alburnus chalcoides, Blicca bjoerkna, Co-
bitis cf. turcica, Cyprinus carpio, Scardinius erythrop-
thalmus and Vimba vimba (Oztiirk, 2005; Kirankaya
and Ekmekgi, 2011; Oktener, 2014; Altan and Soylu,
2018). Therefore, the aim of this paper was to assess
new host-parasite relationships in native and endemic
fish species from Turkish inland waters in which the
causal agent of black-spot disease is spread.

MATERIALS AND METHODS

Overall, 153 individuals from eight fish species
belong to 2 families (Cyprinidae and Cobitidae) and
5 genera were analysed: Alburnus escherichii Stein-
dachner, 1897 (Caucasian bleak); Alburnus filippii
Kessler, 1877 (Kura bleak); Capoeta tinca Heckel,
1843 (Anatolian khramulya); Chondrostoma an-
gorense Elvira, 1987 (Ankara nase); Chondrostoma
colchicum Derjugin, 1899 (Colchic nase); Cobitis
taenia Linnaeus 1758 (Spined loach); Squalius pur-
sakensis Hanko, 1925 (Sakarya chub) and Squalius
turcicus De Filippi, 1865 (Transcaucasian chub). The
study was carried out during 2010-2018 years. Fishes
were collected from seven different locations (Sey-
disuyu Creek, Pasinler Creek, Siivari Creek, Diizkdy
Creek, Cerpes Creek, Karagalti Creek, Agil Creek)
(Figure 1) capturing five different river basins of Tur-
key: Aras, Coruh, Sakarya, Marmara and Susurluk.
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For parasitic isolation, the skin and fins of the
host fish specimens were taken into Petri dishes with
physiological water. The parasites were separated by
a scalpel. Subsequently, the parasites were fixed in
70% ethyl alcohol medium between the lamella for
24 hours. The parasite samples were then stained with
hematoxylin (Pritchard & Kruse, 1982) and species
identified, according to Bykhovskaya et al (1962).

During the necropsy, clinically lesioned and ab-
normal pigmented samples of analyzed fish species
were collected and fixed in 10% neutral formalin
solution for histopathological examination. After fix-
ation tissue samples were routinely prepared by auto-
matic tissue processing equipment (Leica ASP300S;
Leica Microsystem, Nussloch, Germany). The sam-
ples were embedded in paraffin, and 5 pm serial sec-
tions taken from sections were prepared u