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The Effect of Mixture of Rapeseed Meal, White Lupin Seed, and Pea 
Seed in Rabbit Diets on Performance Indicators and Fatty Acid 
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Abstract
Quality of rabbit’s carcasses is largely determined by the composition of the lipid fraction. The objective of this study was to determine 
the effect of partial or complete substitution of soybean meal with a combination of rapeseed meal, white lupin seed and pea seed on the 
production results and fatty acid profile of meat and fat in rabbits. Ninety New Zealand White rabbits were divided into three feeding groups, 
30 in each group: Control - C (mean protein source - 15% soybean meal in the diet), Experimental 1 - E1 (7.5% soybean meal, 5% rapeseed 
meal, 4% white lupin seed, 3% pea seed) and Experimental 2 - E2 (0% soybean meal, 10% rapeseed meal, 8% white lupin seed, 6% pea seed). 
No significant differences were determined in the final body weights of rabbits. Feed efficiency was better in both of the E groups than in 
group C. Dressing percentage was higher in group E2 than in group C. Also, protein content in thigh muscle was higher in groups E than 
in group C. As the dietary proportion of soybean decreased, the proportion of SFA in meat and in perirenal fat decreased, and that of PUFA 
increased. The obtained results indicate that soybean meal may be successfully replaced in rabbit diets by the combination of rapeseed meal, 
white lupin seed, and pea seed.

Keywords: Brassicaceae, Fabaceae, Fatty acid profile, Growth performance, Meat composition, Rabbit feeding

Tavşan Diyetlerinde Kolza Tohumu, Beyaz Acı Bakla Tohumu ve Bezelye 
Tohumu Karışımının Et ve Yağ Performans Göstergeleri ve Yağ Asidi 

Profili Üzerine Etkisi

Öz
Tavşan karkaslarının kalitesini büyük ölçüde lipit fraksiyonunun kompozisyonu belirler. Bu çalışmanın amacı, kolza tohumu küspesi, beyaz acı 
bakla tohumu ve bezelye tohumu kombinasyonu ile kısmen veya tam ikame edilmiş soya fasulyesi küspesinin tavşanlarda et ve yağın üretim 
sonuçları ve yağ asidi profili üzerindeki etkisini belirlemektir. Doksan Yeni Zelanda Beyaz tavşanı, her biri 30 tavşan içeren üç besleme grubuna 
ayrıldı: Kontrol - C (ortalama protein kaynağı - diyette %15 soya küspesi), Deneme 1 - E1 (%7.5 soya küspesi, %5 kolza tohumu küspesi, %4  
beyaz acı bakla tohumu, %3 bezelye tohumu) ve Deneme 2 - E2 (%0 soya küspesi, %10 kolza tohumu küspesi, %8 beyaz acı bakla tohumu, %6 
bezelye tohumu). Tavşanların final vücut ağırlıklarında anlamlı bir fark saptanmadı. Yemden yararlanma her iki E grubunda da C grubuna göre 
daha iyiydi. Tüylenme yüzdesi E2 grubunda C grubuna göre daha yüksekti. Ayrıca, but kasındaki protein içeriği E gruplarında C grubuna göre 
daha yüksekti. Soya fasulyesinin diyet oranı azaldıkça, et ve perirenal yağdaki SFA oranında azalmaa ve PUFA oranında artış görülmekteydi. 
Elde edilen sonuçlar, soya fasulyesi ununun kolza tohumu küspesi, beyaz acı bakla tohumu ve bezelye tohumu kombinasyonu ile tavşan 
diyetlerinde ikame olarak başarıyla değiştirilebileceğini göstermektedir.
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The Effect of Mixture of Rapeseed ...

INTRODUCTION
Complete pelleted mixtures are used in intensive rabbit 
production. As much as 19% of crude protein with an 
appropriate amino acid composition has to be supplied 
to the rabbits to ensure good fattening results. The most 
important limiting amino acids in rabbit nutrition are 
lysine, tryptophan, cystine, and methionine [1,2]. Soybean 
meal is currently the most common source of protein 
in the diets of rabbits from large-scale farms. However, 
soybean is also used in the countries where soybean is not 
grown and has to be imported. To become independent  
of soybean imports, research is being conducted to replace 
it with other components in rabbit diets. These include  
by-products of biofuel production, mainly rapeseed meal 
and rapeseed cake as well as dried distillers grains with 
solubles - DDGS [3-6]. Products such as sunflower cake and 
sunflower meal are also used for replacement [7-9]. Moreover, 
attempts to use the seed of white lupin [7,9-11], pea [12-14], and 
other plants of the Fabaceae family have been made [15,16]. 
All these products come from plants that have for years 
been grown in the transitional temperate climate zone. 
It was shown that even complete replacement of dietary 
soybean meal with a combination of rapeseed meal and the 
seeds of the pea and white lupin did not have a negative 
effect on production results, digestibility of nutrients 
nitrogen retention, and functioning of the gastrointestinal 
tract in rabbits [17,18].

However, regardless of the production parameters of rabbits, 
an important consideration is the quality of carcasses 
used for consumption, which is largely determined by the 
composition of the lipid fraction. Today, efforts are made to 
reduce the amount of saturated fatty acids and to increase the 
amount of unsaturated fatty acids in animal fat deposits [19]. 
There are plenty of studies indicating that rabbit nutrition has 
an effect on the fatty acid composition of the carcasses [5,20-22]. 
Therefore, when studying the usefulness of a component 
in rabbit nutrition, evaluation of production results should 
be followed by the investigation of its effect on fatty acid 
profile in muscle and adipose tissue.

It was hypothesized that replacement of soybean meal in 
the diets of meat rabbits with a mixture of Brassicaceae 
and Fabaceae plants seeds and by-products will have no 
adverse effect on the fatty acid profile of the carcasses. 
Thus, the objective of the study was to determine the 
effect of partial or complete substitution of soybean meal 
with a combination of rapeseed meal, white lupin seed and 
pea seed on the production results and fatty acid profile of 
meat and fat in New Zealand White rabbits.

MATERIAL and METHODS
Animal Care

The animal protocol used in this study was approved by 
the Local Institutional Animal Care and Use Committee in 

Olsztyn (Number: 24/2015), and the study was carried out 
in accordance with EU Directive 2010/63/EU for animal 
experiments.

Experimental Factor

The experimental factor was the contribution of rapeseed 
meal (RSM), white lupin seed (WLS) and pea seed (PS) in 
pelleted feed mixtures. The chemical composition and 
energy value of these components and of the soybean meal 
(SBM) are presented in Table 1. The control feed mixture (C 
group) contained 15% extracted soybean meal (SBM). In the 
first experimental group (E1), the diet contained 7.5% SBM, 
which was partially substituted with a mixture of RSM, 
WLS and PS. In the second group (E2), soybean meal was 
completely substituted with RSM, WLS and PS in pelleted 
feed mixtures. The formulation, chemical composition and 
energy value of feed mixtures are presented in Table 2, and 
the fatty acid content of these mixtures is given in Table 
3. All rations met the nutritional requirements of growing 
rabbits [1].

Animals and Treatments

Ninety New Zealand White (NZW) rabbits were selected 
from 18 litters for the experiments. They were divided into 
3 groups, 30 rabbits in each, being analogous in terms of 
origin, proportion of sexes, and body weight. The experiment 
was carried out from September to November and started 
when rabbits were weaned at 35 d of age (average body 
weight - 926.23±6.08) and terminated when they reached 
90 d of age. Rabbits were kept in a closed experimental 
pavilion, in wire net flat deck cages (0.5´0.6´0.4 m; 2 animals 
each), and were fed pelleted diets ad libitum. They were 
kept under standard conditions: temperature of 18-20°C 
and relative air humidity of 60-75%, intensive ventilation 
of rooms, and regulated photoperiod (16-h lighting and 
8-h darkness).

Table 1. Chemical composition (%) and measured energy content of soybean 
meal, rapeseed meal, white lupine seed and pea seed

Specification SBM RPM WLS PS

Dry matter 90.11 91.02 88.79 88.14

Crude ash 6.26 7.24 4.09 3.37

Crude protein 45.19 34.57 41.09 22.26

Ether extract 1.85 3.63 2.02 0.85

NDF 14.12 23.93 27.89 11.26

ADF 6.24 13.31 19.64 6.96

ADL 5.01 5.84 5.32 4.71

Lysine 2.38 1.67 1.37 1.51

Methionine + cystine 1.01 1.45 0.75 0.60

Threonine 1.37 1.64 1.12 0.84

Tryptophan 0.41 0.44 0.27 0.22

Gross energy (MJ/kg) 17.53 15.91 16.67 16.60

SBM: soybean meal; RPM: rapeseed meal; WLS: white lupine seed; PS: pea seed; 
NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent lignin
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The rabbits were weighed individually on an electronic 
scale on days 35, 63 and 90. These data allowed calculating 
daily body weight gains (BWG) of the rabbits and the feed 
efficiency (FE) [BWG (g)/feed intake (g)]. At the end of the 
production trial, after 24-h fasting, the animals were weighed 
and killed according to the accepted recommendations 
for euthanasia of experimental animals (rabbits were 
stunned and bled, and the whole procedure took about 

2 min). After the slaughter, the animals were skinned 
and eviscerated. After cooling the carcasses (for 24 h, at 
4°C), tissue samples were taken for chemical analyses, and 
dressing percentage was calculated as follows: 

DP (%) = Chilled carcass weight without head and giblets 
(kg)/Live weight (kg) x 100%

In addition, the percentage content of the primal cuts: 
forepart, loin and hind part, was calculated in the carcass. 
The carcasses were divided into the head (cut through the 
craniovertebral joint), the fore part (cut between the 7th and 
8th thoracic vertebrae), the loin (cut between the 6th and 
7th thoracic vertebrae) and the hind part (carcass section 
remaining after separation of the loin from the front, 
comprising the hindquarters and hind limbs). For fatty 
acids in the muscles and in adipose tissue, the saturation 
index (S/P) was calculated using equations presented by 
Peiretti and Meineri [21] and Volek and Marounek [9]: 

S/P = (C14:0 + C16:0 + C18:0)/∑MUFA + ∑PUFA

Chemical Analyses

The nutrient content of feed was determined by AOAC [23] 

standard methods in duplicate samples. Dry matter content 
(method 978.10) was determined in a laboratory drier, at 

Table 2. Ingredients, chemical composition and measured energy content of 
feed mixtures

Specification
Group

C E1 E2

Ingredients (%)

Soybean meal (48% CP) 15.0 7.5 -

Rapeseed meal - 5.0 10.0

White lupine seed - 4.0 8.0

Pea seed - 3.0 6.0

Barley 14.5 12.5 10.5

Wheat 6.0 7.5 9.0

Corn 16.0 12.5 9.0

Dried alfalfa (18% CP) 23.0 23.0 23.0

Wheat bran 11.0 11.0 11.0

ARBOCEL* 6.0 5.5 5.0

Beet molasses 2.0 2.0 2.0

Skimmed milk powder 2.0 2.0 2.0

Dried brewer’s yeast 1.0 1.0 1.0

Calcium carbonate 1.0 1.0 1.0

Dicalcium phosphate 1.0 1.0 1.0

Mineral-vitamin premix† 1.0 1.0 1.0

NaCl 0.5 0.5 0.5

Chemical composition (%)

Dry matter 90.66 91.00 90.56

Crude ash 6.58 6.71 6.16

Crude protein 17.40 17.95 17.95

Ether extract 2.28 2.90 3.37

NDF 22.57 22.45 24.16

ADF 13.14 13.91 15.48

ADL 3.22 3.16 3.28

Lysine 0.78 0.85 0.79

Methionine + cystine 0.73 0.74 0.82

Threonine 0.70 0.79 0.77

Tryptophan 0.16 0.16 0.15

Gross energy (MJ/kg) 16.86 16.91 16.85

NDF: neutral detergent fibre; ADF: acid detergent fibre; ADL: acid detergent 
lignin; * Crude fibre concentrate; † Composition mineral-vitamin premix 1 kg: 
Vit. A: 3.500.000 IU, Vit. D3: 200.000 IU, Vit. E: 28.000 mg, Vit. K3: 200 mg, Vit. B1: 
1.500 mg, Vit. B2: 2.800 mg, Vit. B6: 2.800 mg, Vit. B12: 20.000 mcg, Folic acid: 200 
mg,  Niacin: 10.000 mg, Biotin: 200.000 mcg, Calcium pantothenate: 7.000 mg, 
Choline: 30.000 mg, Fe: 17.000 mg, Zn: 2.000 mg, Mn: 1.000 mg, Cu (copper 
sulfate x 5H2O, 24.5%): 800 mg, Co: 1.000 mg, I: 100 mg, Methionine: 150 g, Ca: 
150 g, P: 100 g

Table 3. Fatty acid content in feed mixtures (% of total fatty acid pool)

Fatty Acids
Group

C E1 E2

SFA

C12:0 (lauric) 0.43 0.35 0.35

C14:0 (myristic) 0.48 0.43 0.44

C16:0 (palmitic) 17.73 15.10 14.50

C18:0 (stearic) 2.99 3.00 2.94

C20:0 (arachidic) 0.51 0.97 1.23

Other SFA 0.32 0.34 0.33

Total SFA 22.46 20.19 19.79

MUFA

C16:1 (palmitoleic) 0.22 0.27 0.34

C18:1 (oleic) 23.36 24.44 24.99

Other MUFA 0.71 0.94 1.17

Total MUFA 24.29 25.65 26.50

PUFA

C18:2 (linoleic) 46.50 46.12 45.62

C18:3 (α-linolenic) 6.13 7.57 7.41

C20:4 (arachidonic) 0.40 0.27 0.48

C20:5 (EPA) 0.21 0.20 0.19

Other PUFA 0.00 0.00 0.01

Total PUFA 53.24 54.16 53.71

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: 
polyunsaturated fatty acids
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103°C. Crude ash content (method 942.05) was estimated 
by sample mineralization in a muffle furnace (Czylok, Poland) 
at 600°C. Total nitrogen content (method 984.13) was 
determined by the Kjeldahl method, in the FOSS TECATOR 
Kjeltec 2200 Auto Distillation Unit. Ether extract content 
(method 920.39) was estimated by the Soxhlet method, in 
the FOSS SOXTEC SYSTEM 2043. NDF (neutral detergent 
fiber), ADF (acid detergent fiber) and ADL (acid detergent 
lignin) were estimated in the FOSS TECATOR Fibertec 2010 
System. NDF was determined according to the procedure 
proposed by Van Soest et al.[24]. ADF and ADL were 
determined according to procedures of AOAC [23] (methods 
973.18 and 973.18D, respectively). The levels of amino 
acids in diets (method 982.30) were determined using 
the Biochrom 20 plus amino acid analyzer and Biochrom 
amino acid analysis reagents (Biochrom Ltd., Cambridge, 
England). Gross energy content was determined using a 
bomb calorimeter (IKA® C2000 basic, Germany).

Fat from ground samples of feed and animal tissues were 
extracted by the Soxhlet extraction procedure [23]. To 
determine fatty acid composition, all fat samples were 
methylated by the modified Peisker method [25] (1.5 cm3 of 
a methanol:chloroform:concentrated sulfuric acid mixture, 
100:100:1 v/v, was added to ca 150 mL fat, thermostat 
-80°C, 3 h), and fatty acid methyl esters were obtained. 
Fatty acids were separated and determined 
by gas chromatography: VARIAN CP-3800 gas 
chromatograph-Netherlands, flame-ionization 
detector (FID), capillary column (length - 50 m, f 
= 0.25 mm, film d = 0.25 μm), split injector, split 
ratio 50:1, 1 μL sample, detector temperature 
-250°C, injector temperature - 225°C, column 
temperature –200°C, carrier gas - helium, flow 
rate - 1.2 cm3/min. Fatty acids were identified 
by comparing the retention times of individual 
fatty acid methyl ester standards (Sigma-
Aldrich) and the retention times of peaks in the 
analyzed samples. The relative content of each 
fatty acid was expressed as percent of the total 
peak area of all fatty acids in the sample.

Statistical Analysis

Calculations were made with Statistica soft- 
ware [26]. Cage was considered the experimental 
unit. Data are expressed as means ± standard 
error of the mean (SEM). The results were 
processed statistically using least squares means 
in GLM procedures. For comparison of data, the 
Yijk = µ + αi + βj + αiβj + εijk model was used, where 
µ is the general mean, αi is the effect of diet, βj 
is the effect of sex, αiβj is the interaction effect 
between diet and sex, and εijk is the random 
error. Analyses did not reveal significant effects 
of sex or significant interactions between fixed 
effects, therefore they are not reported in the 
tables.

RESULTS

Body weights and daily BWG of rabbits showed no 
significant differences among groups (Table 4). Rabbits 
fed a control diet (C) consumed overall more feed (107.53 
g/d) compared to rabbits fed E1 and E2 diets (99.91 g/d 
and 92.69 g/d, respectively), and the difference between 
groups C and E2 was statistically highly significant. 
Calculated FE parameter achieved more favorable values 
in E1 and E2 groups (3.38 g/g and 3.30 g/g, respectively) 
than in C group (3.78 g/g). DP was higher in group E2 
compared with groups C and E1. The experimental factor 
appeared to have no impact on the content of the primal 
cuts (forepart, loin and hind part) in the carcass among 
rabbits’ groups. Dry matter content (%) in thigh muscle did 
not differ between the groups, but crude protein content 
(%) was higher in both of the experimental groups than 
in the control group. A reverse trend was observed for 
ether extract, which was more abundant in the muscles of 
rabbits receiving 15% soybean meal in the diet compared 
to the experimental groups.

Table 5 shows the proportion of fatty acids in thigh muscle 
of the rabbits. Total SFA content was higher in the meat 
of rabbits from group C compared to those of groups E1 
and E2. Among these fatty acids, the proportion of myristic 
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Table 4. Productivity parameters of rabbits (mean±SEM)

Specification
Group

C E1 E2

BW at 35 d (g) 926.20±10.78 928.74±5.53 923.75±1.92

BW at 63 d (g) 1705.45±12.45 1699.92±16.82 1714.46±17.02

BW at 90 d (g) 2490.77±113.19 2554.42±134.36 2468.63±138.41

BWG 35-63 days od age (g/d) 27.83±3.86 27.54±3.75 28.24±4.14

BWG 63-90 days od age (g/d) 29.09±4.09 31.65±4.20 27.93±3.96

BWG 35-90 days od age (g/d) 28.45±3.92 29.56±4.46 28.09±4.41

FI 35-63 days od age (g/d) 96.05±11.53a 89.59±10.87 83.71±10.34b

FI 63-90 days od age (g/d) 119.43±13.26a 110.61±12.09b 101.99±11.70b

FI 35-90 days od age (g/d) 107.53±12.83A 99.91±11.52 92.69±11.18B

FE 35-63 days od age (g/g) 3.45±0.04A 3.25±0.03 2.97±0.03B

FE 63-90 days od age (g/g) 4.10±0.05A 3.50±0.04B 3.65±0.05B

FE 35-90 days od age (g/g) 3.78±0.05A 3.38±0.03B 3.30±0.04B

DP (%) 45.33±0.28B 46.39±0.47b 48.46±0.41Aa

Forepart (%) 36.65±0.18 35.52±0.16 35.37±0.18

Loin (%) 26.21±0.13 27.40±0.11 27.04±0.12

Hind part (%) 37.14±0.16 37.08±0.14 37.59±0.14

DM (%) in thigh muscle 28.68±0.37 28.02±0.21 28.43±0.13

CP (%) in thigh muscle 21.19±0.18B 22.31±0.19A 22.26±0.19A

EE (%) in thigh muscle 4.96±0.54a 3.58±0.46b 3.78±0.32b

SEM: standard error of the mean; BW: body weight; BWG: body weight gains; FI: feed intake; 
FE: feed efficiency; DP: dressing percentage; DM: dry matter; CP: crude protein; EE: ether 
extract; a,b Values with different superscripts are significantly different at P<0.05; A,B Values with 
different superscripts are significantly different at P<0.01
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and palmitic acids was highest in group C, lower in E1, and 
lowest in E2. An opposite trend was found for stearic and 
arachidic acids, the proportions of which were highest in 
group E2 and lowest in group C. On the other hand, total 
MUFA proportion was higher in C and E1 than in E2 group. 
A similar relationship occurred for palmitoleic acid. The 
proportions of oleic acid did not differ significantly among 
the groups. Meanwhile, total PUFA showed high levels 
in group E2, insignificantly lower in E1, and significantly 
lowest in C group. The same relationship between the 
groups was observed for the two most important PUFA: 
linoleic and α-linolenic acids, in which highly significant 
differences between groups E2 and C were noted. The 
proportion of arachidonic acid was significantly higher in 
rabbit meat of group E2 compared to the other groups, 
and significantly higher in E1 than in C. There were 
no significant differences between the groups in the 
amount of EPA (eicosapentaenoic acid). Also, differences in 
PUFA 6/3 ratio were only numerical and statistically not 
significant. The S/P ratio was higher in group C than in 
both experimental groups.

Table 6 presents the proportions of fatty acids in the loin  
of the studied rabbits. Overall, the loin showed similar 
trends for fatty acids as did the thigh. The highest SFA 
content was noted in the loin of rabbits from group C, 
followed by groups E1 and E2, which was largely due to 
the differences in the amounts of palmitic acid and to a 
lesser extent in the amounts of myristic acid. However, 
the proportions of arachidic acid were lowest in group C 
and highest in group E2. Total MUFA was higher in group 
C than in group E2. In groups C and E1 there was more 
palmitoleic acid than in group E2. The proportions of PUFA 
were highest in the group of animals receiving no soybean, 
lower in the group fed 7.5% soybean, and lowest in the  
loin of animals from group C. This tendency was in relation 
to the proportions of linoleic and α-linolenic acids, for 
which the same intergroup relationships were observed. 
No significant differences between the groups were 
observed in the PUFA 6/3 ratio, just like in the thigh muscle. 
The S/P ratio was highest in group C and lowest in group 
E2, with a statistically significant difference between 
these groups.
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Table 5. Fatty acid content in thigh muscle (% of total fatty acid pool; 
mean±SEM)

Fatty Acids
Group

C E1 E2

SFA

C12:0 (lauric) 0.26±0.04 0.30±0.02 0.27±0.01

C14:0 (myristic) 3.42±0.10Aa 3.06±0.11b 2.81±0.13B

C16:0 (palmitic) 30.01±0.51Aa 27.53±0.42Ab 26.35±0.48B

C18:0 (stearic) 5.94±0.17B 6.63±0.31b 7.01±0.15Aa

C20:0 (arachidic) 0.10±0.00B 0.11±0.00b 0.13±0.00Aa

Other SFA 0.19±0.03Bb 0.32±0.04A 0.39±0.03Aa

Total SFA 39.92±0.53Aa 37.95±0.40b 36.95±0.53B

MUFA

C16:1 (palmitoleic) 4.57±0.28A 4.45±0.24A 3.14±0.22B

C18:1 (oleic) 25.85±0.49 25.64±0.45 24.97±0.38

Other MUFA 0.02±0.00A 0.01±0.00B 0.01±0.00B

Total MUFA 30.44±0.73a 30.10±0.52a 28.12±0.57b

PUFA

C18:2 (linoleic) 21.39±0.67B 22.61±0.55b 24.36±0.52Aa

C18:3 (α-linolenic) 3.85±0.07Bb 4.52±0.12a 4.53±0.10Aa

C20:4 (arachidonic) 3.49±0.34Bb 3.80±0.23Ba 4.81±0.35A

C20:5 (EPA) 0.21±0.01 0.24±0.01 0.23±0.01

Other PUFA 0.70±0.04b 0.78±0.05 1.00±0.07a

Total PUFA 29.64±1.06B 31.95±0.70b 34.93±0.95Aa

PUFA 6/3 5.31±0.22 5.08±0.10 5.11±0.09

S/P 0.66±0.06a 0.60±0.05b 0.57±0.05b

SEM: standard error of the mean; SFA: saturated fatty acids; MUFA: mono-
unsaturated fatty acids; PUFA: polyunsaturated fatty acids; S/P: saturation 
index; a,b Values with different superscripts are significantly different at P<0.05; 
A,B Values with different superscripts are significantly different at P<0.01

Table 6. Fatty acid content in loin (% of total fatty acid pool; mean±SEM)

Fatty Acids
Group

C E1 E2

SFA

C12:0 (lauric) 0.22±0.03 0.29±0.03 0.22±0.02

C14:0 (myristic) 3.53±0.07Aa 3.20±0.13b 2.92±0.10B

C16:0 (palmitic) 30.15±0.55Aa 28.55±0.49Ab 26.36±0.42B

C18:0 (stearic) 5.64±0.13 5.98±0.26 6.38±0.22

C20:0 (arachidic) 0.10±0.00Bb 0.11±0.01Ba 0.16±0.00A

Other SFA 0.20±0.02B 0.39±0.03Aa 0.26±0.03b

Total SFA 39.84±0.57A 38.52±0.60a 36.30±0.46Bb

MUFA

C16:1 (palmitoleic) 4.09±0.26A 3.94±0.32A 2.59±0.23B

C18:1 (oleic) 27.42±0.48 26.64±0.47 26.56±0.32

Other MUFA 0.03±0.01A 0.01±0.00B 0.03±0.01A

Total MUFA 31.54±0.58a 30.59±0.50 29.18±0.41b

PUFA

C18:2 (linoleic) 21.77±0.77B 23.20±0.87b 25.79±0.79Aa

C18:3 (α-linolenic) 4.23±0.12Bd 4.82±0.22bc 5.40±0.14Aa

C20:4 (arachidonic) 1.81±0.14 2.13±0.42 2.45±0.15

C20:5 (EPA) 0.13±0.01B 0.21±0.02A 0.16±0.02

C22:6 (DHA) 0.03±0.01A 0.03±0.01A 0.00±0.00B

Other PUFA 0.66±0.07 0.50±0.06 0.73±0.07

Total PUFA 28.63±0.84Bb 30.89±0.68Ba 34.53±0.76A

PUFA 6/3 5.40±0.23 5.04±0.12 5.09±0.09

S/P 0.65±0.05a 0.61±0.05 0.56±0.04b

SEM: standard error of the mean; SFA: saturated fatty acids; MUFA: 
monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; S/P: saturation 
index; a,b; c,d Values with different superscripts are significantly different at P<0.05; 
A,B Values with different superscripts are significantly different at P<0.01
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The proportion of fatty acids in perirenal fat of the studied 
rabbits is given in Table 7. Total SFA was higher in groups  
C and E1 than in group E2. Similar to the case of thigh 
muscle and loin, the proportion of myristic acid in perirenal 
fat was highest in the control group, lower in group E1, and 
lowest in group E2. Also, the proportions of palmitic acid 
in the studied rabbits reflected the situation observed in 
the muscles: they were highest in group C and lowest in 
group E2. No differences were found between the groups 
in total MUFA, although the proportion of palmitoleic acid 
was highest in the control group, lower in group E1, and 
lowest in group E2. In turn, total PUFA was highest in group 
E2 and lowest in the control group. Similar tendencies 
were observed for individual PUFA. Perirenal fat of the 
rabbits fed diets E1 and E2 contained more linoleic and 
α-linolenic acids compared to the rabbits fed the control 
diet. In addition, there was more EPA in group E2 than in 
group C. However, for the fatty acid profile, no differences 
between the groups were found for PUFA 6/3 ratio. The  
S/P ratio was highest in group C, lower in group E1, and 
lowest in group E2.

DISCUSSION

In our experiment we found that partial or complete 
replacement of soybean meal with the experimental 
components did not cause differences in body weight 
between the studied groups of rabbits, but it considerably 
improved feed efficiency. The experimental diets (E1 and 
E2) contained rapeseed meal, white lupin seed and pea 
seed. The proportions of barley, wheat and corn were 
manipulated to balance the diets. The content of protein, 
including lysine, methionine + cystine, and threonine in 
the experimental diets was higher than in the control diet 
and this probably caused differences in protein content in 
thigh muscle, the highest DP in group E2, and the lowest 
DP in the control group. The obtained content of dry 
matter, protein and ether extract in meat is characteristic 
of broiler rabbits. Chełmińska and Kowalska [27] observed 
a similar content of dry matter and protein to ours, and a 
slightly lower fat content in the meat of NZW rabbits. Also, 
the range of DP obtained in our study is consistent with 
the findings of Daszkiewicz et al.[28] and Chełmińska and 
Kowalska [27]. The BW of NZW rabbits in our experiment 
were slightly higher than those obtained by the previous 
studies. However, BWG of the rabbits investigated by 
Chełmińska and Kowalska [27] were similar to ours. Similar 
BWG in NZW rabbits, although calculated for the age range 
of 30-80 days, were reported by Cardinali et al.[29]. It is 
worth emphasizing that rabbits’ body weights and BWG 
may differ according to the subject breed. In our previous 
experiment, Californian rabbits achieved body weights of 
2291-2371 g at age 98 days, with BWG of 24.6-26.2 g [4]. 
Today, commercially bred hybrid rabbits may reach over 
3000 g on day 84 of age [6,30].

Compared to the meat of other livestock species, rabbit 
meat is characterized by a low content of intramuscular 
fat, which has a beneficial composition of fatty acids for 
the consumer [19]. The diet of rabbits has a major effect on 
the subsequent fatty acid composition of the carcasses, 
because most fatty acids supplied to rabbits with the diet 
is not modified during the digestion and they quickly 
enter the fat depots with minor modifications [31,32]. Our 
results confirm this observation for total SFA and PUFA, 
although a different trend for total MUFA was observed. 
Nowadays, attempts are being made to reduce SFA levels 
and increase MUFA and PUFA levels in the human diet. 
In our study, relatively most PUFA in the thigh muscle 
of the rabbits was found in group E2, in which soybean 
meal was completely removed from the ration. Among 
PUFA, methylene-interrupted polyenes are considered 
particularly beneficial. Among these, special attention 
should be given to n-3 α-linolenic acid, which is usually 
consumed in inadequate amounts by humans. As reported 
by Dalle Zotte [19], its content in the loin of rabbits is 3.14% 
compared to 2.98% in the thigh muscle. The content of 
this acid in the thigh muscle of the rabbits studied by us 
ranged from 3.85 to 4.53% and it was much more favorable 
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Table 7. Fatty acid content in perirenal fat (% of total fatty acid pool; mean±SEM)

Fatty Acids
Group

C E1 E2

SFA

C12:0 (lauric) 0.36±0.07 0.52±0.06 0.35±0.03

C14:0 (myristic) 4.96±0.14Aa 4.38±0.18b 4.04±0.12B

C16:0 (palmitic) 32.68±0.66Aa 30.62±0.44Ab 28.32±0.35B

C18:0 (stearic) 5.25±0,10 5.61±0.29 5.83±0.26

C20:0 (arachidic) 0.03±0.00 0.04±0.01 0.07±0.01

Other SFA 0.25±0.04Bb 0.63±0.07A 0.38±0.04Ba

Total SFA 43.53±0.79A 41.80±0.64A 38.99±0.29B

MUFA

C16:1 (palmitoleic) 4.88±0.41A 4.46±0.44a 2.93±0.24Bb

C18:1 (oleic) 25.94±0.35 25.81±0.34 26.50±0.31

Other MUFA 0.02±0.01 0.01±0.00 0.01±0.00

Total MUFA 30.84±0.61 30.28±0.58 29.44±0.40

PUFA

C18:2 (linoleic) 20.82±0.76Bb 22.49±0.70a 25.22±0.60A

C18:3 (α-linolenic) 3.93±0.10B 4.43±0.25Ab 5.10±0.08Aa

C20:4 (arachidonic) 0.33±0.02 0.40±0.05 0.45±0.02

C20:5 (EPA) 0.03±0.00b 0.04±0.01 0.05±0.01a

Other PUFA 0.52±0.07b 0.56±0.08 0.75±0.10a

Total PUFA 25.63±0.84Bd 27.92±0.97bc 31.57±0.61Aa

PUFA 6/3 4.84±0.15 4.69±0.12 4.57±0.09

S/P 0.76±0.07Aa 0.70±0.06bc 0.63±0.05Bd

SEM: standard error of the mean; SFA: saturated fatty acids; MUFA: mono-
unsaturated fatty acids; PUFA: polyunsaturated fatty acids; S/P: saturation 
index; a,b; c,d Values with different superscripts are significantly different  
at P<0.05; A,B Values with different superscripts are significantly different at 
P<0.01
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in groups E1 and E2. A similar situation was found for the 
proportion of α-linolenic acid in perirenal fat, where the 
most favorable amount was noted in group E2, followed 
by E1, and the lowest amount in group C. This tendency 
is generally consistent with the proportions of this acid 
observed in the dietary mixtures, although in diet E1 it was 
slightly higher than in group E2. The dietary n-6/n-3 PUFA 
ratio is another important consideration. In most European 
countries, this ratio in the human diet is too high, at 10-
20:1. The optimal n-6/n-3 PUFA ratio in the human diet 
should not be higher than 5-6:1. As stated by Newton [33], 
excessive consumption of n-6 fatty acids disrupts the 
metabolism of n-3 acids and the physiological balance 
of the compounds synthesized from these acids. In the 
present study, the n-6/n-3 PUFA ratio was relatively low 
in all carcasses, ranging from 5.08 to 5.31 and from 4.57 
to 4.84 in thigh muscle and in perirenal fat, respectively; 
however, it did not differ statistically between groups. By 
way of comparison, in rabbits fed 10% of maize DDGS, the 
n-6/n-3 ratio was 6.51 [27]. We also calculated the simple 
saturation index (S/P) in the analyzed tissues (Table 5, 6, 
7). In general, both in muscles and in adipose tissue, this 
index was lower in groups E1 and E2 than in group C. 
Therefore, human consumers would benefit from eating 
rabbits in whose diets soybean meal was replaced with  
a combination of rapeseed meal, white lupin seed, and 
pea seed.

Based on the results obtained in our experiment, it may 
be concluded that substitution of soybean meal with 
white lupin and pea seeds improved the feed efficiency 
as well as dressing percentage and crude protein content 
of the carcasses. Importantly for human consumers, as the 
dietary proportion of soybean decreased, the proportion 
of SFA in meat and in perirenal fat decreased, and that of 
PUFA increased. As a result, the saturation index was more 
beneficial in the groups supplemented with rapeseed 
meal, white lupin seed and pea seed compared to group 
C. This indicates that soybean meal in rabbit diets may be 
replaced by the mixture of the above components.
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Abstract
Contamination of retail meat with extended spectrum beta-lactamase (ESBL) and/or AmpC type beta-lactamase (AmpC) producing 
Escherichia coli may contribute to increased incidences of infections in humans.  Regular monitoring of these bacteria is required in the view 
of one health approach. In this study, 100 chicken meat samples obtained from Kars, Turkey were analysed and 214 isolates recovered from 
72/100 samples were identified as E. coli. Antibiotic susceptibility tests showed that 15.42% of isolates (33/214) were resistant to at least one 
cephalosporin antibiotic, 20 (9.34%) were beta-lactamase producer. Among beta-lactamase producing E. coli isolates 8 had blaTEM, 7 had 
blaCTX-M and 3 had blaSHV genes. Plasmid-mediated AmpC beta-lactamase (blaCMY) gene was present in 13 isolates. Plasmid mediated quinolone 
resistance genes were also screened by polymerase chain reaction and identified by sequencing of the isolates. As a result, 3 isolates were 
found to be positive for qnrB, whereas the qnrS gene was detected in 4 isolates. Regarding the virulence genes 19 isolates were positive for 
fimH and 2 isolates were carrying kpsMT II. Phylo-group D2, A0, A1, B1 and D1 were detected in 13, 2, 2, 2 and 1 isolates, respectively. Our 
findings indicate that poultry meat could be an important carrier of ESBL positive E. coli.

Keywords: Escherichia coli, Chicken, Cephalosporin, ESBL, AmpC 

Tavuk Etlerinde Sefalosporine Dirençli Escherichia coli Varlığı ve 
Moleküler Karakterizasyonu

Öz
Etlerin geniş spektrumlu beta-laktamaz (GSBL) ve/veya AmpC tipi beta-laktamaz üreten Escherichia coli ile kontaminasyonu, insanlarda 
meydana gelen enfeksiyonların insidensinde artışa neden olabilir. Bu nedenle bu bakterilerin düzenli olarak taranması, halk sağlığının 
korunması açısından önemlidir. Bu çalışmada Kars ilinden temin edilen100 adet tavuk eti incelenmiş ve bunlardan 72’sinden 214 adet E. coli 
izolatı elde edilmiştir. Yapılan antibiyotik duyarlılık testleri izolatlardan 33’ünün (%15.42) en az bir antibiyotiğe dirençli olduğunu, 20’sinin 
(%9.34) beta-laktamaz, 5’inin ise (%2.33) GSBL ürettiğini göstermiştir. Moleküler testler, beta-laktamaz üreten E. coli izolatlarından 8’inin 
blaTEM, 3’ünün blaSHV, 7’sinin blaCTX-M ve 13’ünün plazmid aracılı AmpC beta-laktamaz (blaCMY) genlerine sahip olduğuna işaret etmiştir. Plazmid 
aracılı kinolon direnç genleri de polimeraz zincir reaksiyonu ile görüntülenip sekanslanarak identifiye edilmiş; 3 izolatın qnrB, 4 izolatın da 
qnrS taşıdığı belirlenmiştir. Bunun yanında izolatlardan 19’unun fimH ve 2’sinin kpsMT II virulens genlerine sahip olduğu görülmüştür. Son 
olarak 13, 2, 2, 2 ve 1 izolatın sırasıyla filogrup D2, A0, A1, B1 ve D1’e dahil olduğu ortaya konmuştur. Bu çalışmadan elde edilen bulgular, 
kanatlı etinin GSBL pozitif E. coli açısından önemli bir taşıyıcı rolü üstlenebileceğini göstermiştir.

Anahtar sözcükler: Escherichia coli, Tavuk, Sefalosporin, GSBL, AmpC 

INTRODUCTION
The Enterobacteriaceae are considered as a hygiene indicator 
in food industry [1]. This family possesses various bacterial 
species that can be pathogenic to humans and animals [2]. 
Among these species, E. coli strains in particular can cause 

postsurgical, urinary tract, blood-stream and central 
nervous system infections [3]. The successful treatment of 
bacterial infections commonly requires a careful usage of 
antimicrobials [4]. However, because of the several reasons 
including the use of antimicrobial agents in animal 
production, the resistance in this family has increased. 
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Addition of antimicrobial agents into animal feeds and 
veterinary use of cephalosporins and fluoroquinolones 
played a significant role in selecting resistant clones. The 
most important mechanism of that resistance is production 
of β-lactamases that hydrolyses the beta lactam ring and 
inactivates the β-lactam group antibiotics [1,5]. Among them, 
extended spectrum β-lactamases (ESBL) and AmpC are the 
most common enzymes around the world. ESBL producing 
microorganisms are resistant to 3rd and 4th generation 
cephalosporins but they are sensitive to carbapenems and 
cephamycins (cefoxitin), and are inactivated by clavulanic 
acid. On the other hand, the AmpC enzymes confer resistance 
to third generation cephalosporins and cephamycins but 
microorganisms having these enzymes are not inhibited 
by clavulanic acids and other β-lactamase inhibitors [6]. 

Extended spectrum β-lactamases genes are commonly 
located on plasmids that can be easily transferred between 
and within bacterial species. Some ESBL genes are mutant 
derivatives of established plasmid-mediated β-lactamases 
(e.g., blaTEM/SHV), and others are mobilized from environmental 
bacteria (e.g., blaCTX-M) [7]. 

Prevalence of ESBL producing E. coli infections are rapidly 
increasing in European countries causing longer hospital 
stays, increased costs and mortality [8]. They are considered 
as a serious threat causing therapy failure in human 
medicine [9]. 

Studies indicated that food producing animals carry 
increasing numbers of ESBL/AmpC producing E. coli isolates 
leading to the hypothesis that animals might become 
infection sources or even reservoirs contributing to the 
spread of these bacteria [10,11]. They also showed that ESBL 
producers could spread along the broiler production chain [12]. 
Other researchers reported that human and broiler ESBL 
E. coli were possibly associated and proposed broilers as 
a potential reservoir of foodborne resistant bacteria that 
infect human [13,14]. High levels poultry meat contamination 
with ESBL producers serving as a possible reservoir for 
human colonization has also been declared by other 
researchers [15]. According to The European Food Safety 
Authority (EFSA) the presence of ESBL producing E. coli in 
poultry meat is a significant threat to public health [16]. 

Regular monitoring of these bacteria is required in the 
view of one health approach. This study was conducted to 
understand the current situation of resistance to cephalo- 
sporins and its molecular mechanisms in E. coli isolated from 
raw chicken meat samples hoping to quantify the impact of 
the broiler meat production chain on consumer exposure.

MATERIAL and METHODS

Collection of Samples

One hundred retail packaged raw poultry meat samples 
were purchased from 47 markets in Kars Province, Turkey 

during the period from May to August 2017. The samples 
were transported to the laboratory on ice and processed 
within 24 h. 

Bacterial Isolation 

Two hundred and twenty-five millilitres of buffered peptone 
broth (Oxoid, UK) were added to 25 g of each sample and 
homogenized by stomacher blender. The homogenate 
was incubated at 37°C for 24 h. The next day 100 µL of 
enriched broth were inoculated on Violet Red Bile Lactose 
Agar (Oxoid, UK) and incubated at 37°C for 24 h [17].

Three colonies per plate exhibiting typical E. coli 
morphological appearance (pink to red, entire-edged 
colonies that are surrounded by a reddish zone of precipitated 
bile) were selected and phenotypically confirmed by 
evaluating catalase activity (positive), motility (positive), 
indole production from tryptophan amino acid (positive or 
negative), H2S production (negative), urea hydrolyzation 
(negative) and utilization of citrate (negative). Voges-
Proskauer (negative), triple sugar iron (glucose and lactose 
fermentation and CO2 production positive) and methyl red 
(positive) tests were also applied to the isolates [18]. E. coli 
isolates were grouped phylogenetically by polymerase 
chain reaction (PCR) assay targeting the chuA, yjaA and 
TESPE4 genes [19,20] (Table 1). 

Resistance to Cephalosporin Antibiotics and Phenotypic 
ESBL Detection

Antimicrobial susceptibility testing for cephalosporins 
was performed using disc diffusion assay. Discs containing 
Cefpodoxime (10 µg), Ceftaximide (30 µg), Aztreonam 
(30 µg), Cefotaxime (30 µg) and Ceftriaxone (30 µg) were 
used alone and in combination with Clavulanate (10 µg). 
The phenotypic ESBL confirmation was carried out with 
a disc combination test, in which the isolates having ≥5 
mm larger inhibition zone around the disc containing 
ceftaximide/clavulanate and cefotaxime/clavulanate than 
the one without clavulanate were considered ESBL producer. 
The results interpreted according to the Clinical Laboratory 
Standards Institute guidelines [21].	  

Molecular Detection of Antimicrobial Resistance Genes

PCR assay was conducted to determine whether the 
isolates harboured β-lactamase (blaAmpC, blaTEM, blaSHV and 
blaCTX-M) [22-24] and plasmid-mediated quinolone resistance 
(PMQR) (qnrA, qnrB, qnrC, qnrS and aac[6’]-lb) genes [25-29]. 
Specific ESBL and PMQR gene types were identified 
by amplicon sequencing, and then by comparing the 
obtained sequences with those submitted the online 
database (http://blast.ncbi.nlm.nih.gov).	

Determination of Virulence Genes

A total of 12 E. coli virulence genes including papAH, papC, 
papEF, papG allele II, papG allele III, papG allele II-III, kpsMT 
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Table 1. PCR conditions and primers used in this study

Target Gene Primer Sequence Amp. Size (bp) PCR Conditions Ref.

chuA
F: 5’-ATGGTACCGGACGAACCAAC-3’ 

288

Initial denaturation at 94°C for 4 min, followed by 30 cycles at 94°C for 
5 s and at 59°C 20 s and final extension at 72°C for 5 min

[19,20]

R: 5’-TGCCGCCAGTACCAAAGACA-3’

yjaA
F: 5’-CAAACGTGAAGTGTCAGGAG-3’

211
R: 5’-AATGCGTTCCTCAACCTGTG-3’

TESPE4
F: 5’-CACTATTCGTAAGGTCATCC-3’ 

152
R: 5’-AGTTTATCGCTGCGGGTCGC-3’

blaAmpC

F: 5’-GCACTTAGCCACCTATACGGCAG-3’ 758
Initial denaturation at 95°C for 5 min, followed by 30 cycles at 95°C 
for 30 s, at 60°C for 30 s and at 72°C for 30 s and final extension at 
72°C for 10 min

[22]

R: 5’-GCTTTTCAAGAATGCGCCAGG-3’

blaCTX-M

F: 5’- ATGTGCAGYACCAGTAARGTKATGGC-3’
593

Initial denaturation at 95°C for 5 min, followed by 30 cycles at 95°C 
for 30 s, at 60°C for 30 s and at 72°C for 30 s and final extension at 
72°C for 10 min

[24]

R: 5’-TGGGTRAARTARGTSACCAGAAYCAGCGG-3’

blaTEM

F. 5’-TGAGTATTCAACATTTCCGTGT-3’
861 Initial denaturation at 95°C for 5 min, followed by 30 cycles at 95°C 

for 30 s, at 53°C for 30 s and at 72°C for 30 s and final extension at 
72°C for 10 min

[23]
R: 5’-TTACCAATGCTTAATCAGTGA-3’

blaSHV

F: 5’-CAAAACGCCGGGTTATTC-3’
937

R: 5’-TTAGCGTTGCCAGTGCT-3’

qnrB
F: 5’-GGMATHGAAATTCGCCACTG-3’

262
Initial denaturation at 95°C for 5 min, followed by 32 cycles at 94°C 
for 45 s, at 53°C for 45 s and at 72°C for 60 s and final extension at 
72°C for 10 min

[25]

R: 5’-TTTGCYGYYCGCCAGTCGAA-3’

qnrS
F: 5’-TCGACGTGCTAACTTGCG-3’	

466
Initial denaturation at 95°C for 5 min, followed by 32 cycles at 94°C 
for 45 s, at 53°C for 45 s and at 72°C for 60 s and final extension at 
72°C for 10 min

[26]

R: 5’-GATCTAAACCGTCGAGTTCGG-3’

aac[6’]-lb
F: 5’-TTGCGATGCTCTATGAGTGGCTA-3’

482
Initial denaturation at 95°C for 5 min, followed by 35 cycles at 95°C 
for 30 s, at 56°C for 30 s and at 72°C for 30 s and final extension at 
72°C for 10 min

[29]

R: 5’-CTCGAATGCCTGGCGTGTTT-3’

papAH
F: 5’-ATGGCAGTGGTGTCTTTTGGTG-3’

720

Initial denaturation at 95°C for 15 min, followed by 25 cycles at 94°C 
for 30 s, at 63°C for 30 s and at 68°C for 3 min and final extension at 
72°C for 10 min

[30]

R: 5’-CGTCCCACCATACGTGCTCTTC-3’

fimH
F: 5’-TGCAGAACGGATAAGCCGTGG-3’

508
R: 5’-GCAGTCACCTGCCCTCCGGTA-3’

papEF
F: 5’-GCGCATTTGCTGATACTGTTG -3’

336
R: 5’-CATCCAGACGATAAGCATGAGCA-3’

iutA
F: 5’-GGCTGGACATCATGGGAACTGG-3’

300
R: 5’-CGTCGGGAACGGGTAGAATCG-3’

papG allele III
F: 5’-GGCCTGCAATGGATTTACCTGG-3’

258
R: 5’-CCACCAAATGACCATGCCAGAC-3’

kpsMT K1
F: 5’-TAGCAAACGTTCTATATTGGTGC-3’

153
R: 5’-CATCCAGACGATAAGCATGAGCA-3’

hlyA
F: 5’-AACAAGGATAAGCACTGTTCTGGCT-3’

1.177
R: 5’-ACCATATAAGCGGTCATTCCCGTCA-3’

papC
F: 5’-GTGGCAGTATGAGTAATGACCGTTA-3’

200
R: 5’-ATATCCTTTCTGCAGGGATGCAATA-3’

kpsMT II
F: 5’-GCGCATTTGCTGATACTGTTG-3’

272
R: 5’-CATCCAGACGATAAGCATGAGC-3’

papG allele II
F: 5’-GGGATGAGCGGGCCTTTGAT-3’

190
R: 5’-CGGGCCCCCAAGTAACTCG-3’

papG allele 
II-III

F: 5’-CTGTAATTACGGAAGTGATTTCTG-3’
1070

R: 5’-ACTATCCGGCTCCGGATAAACCAT-3’

univenf
F: 5’-ATCTTATACTGGATGGGATCATCTTGG-3’

1.105
R: 5’-GCAGAACGACGTTCTTCATAAGTATC-3’

ireA
F: 5’-AAGTCAAAGCAGGGGTTGCCCG-3’

665
R: 5’-GACGCCGACATTAAGACGCAG-3’



466

K1, kpsMT II, hlyA, fimH, iutA, ireA and univenf were detected 
with multiplex PCR [30]. 

RESULTS
In this study coliform bacteria were detected in 99 of 100 
chicken samples and 214 isolates recovered from 72/100 
samples were identified as E. coli. Antibiotic susceptibility 
tests showed that 33 isolates recovered from 20/100 samples 
(15.42%) were resistant to at least one cephalosporin 
antibiotic, 20 isolates recovered from 15/100 (9.34%) were 
β-lactamase producing and 5 isolates recovered from 4/100 
(2.33%) were ESBL producing E. coli phenotypically (Table 
2). Based on the phylogenetic PCR analysis developed by 
Clermont et al.[20], phylo-group D2, A0, A1, B1 and D1 were 
detected in 13, 2, 2, 2 and 1 isolates, respectively. 

PCR was used to determine the ESBL and PMQR genes 
among the β-lactamase producing E. coli isolates (n=20); 
(Table 2). The blaTEM and plasmid-mediated blaCMY genes 
were detected in eight (%40) and 13 (65%) of the isolates, 
respectively. Additionally, ten isolates (50%) harboured 
ESBLs encoding genes, of which the blaCTX-M genes were 
detected in seven isolates, whereas the blaSHV-12 gene  
was present in three isolates. CTX-M type enzymes were 
further identified as CTX-M-1 (n=3), CTX-M-8 (n=2) and 
CTX-M-55 (n=2). 

Among the PMQR genes tested, the qnrS and qnrB19 genes 
were detected in four (20%) and three isolates (15%), 

respectively (Table 2). However, none of the isolates were 
found to possess the other PMQR genes (qnrA, qnrC, and 
aac[6’]-lb). 

Of the virulence genes 19 isolates were positive for fimH 
and 2 isolates were carrying kpsMT II (Table 2). Other virulence 
genes tested were not found among the E. coli isolates. 

DISCUSSION
Because of plasmid-mediated acquisition of ESBL producing 
genes by Enterobacteriaceae family, especially E. coli, there 
has been increased resistance to beta-lactam antibiotics, 
lately. Although majority of the ESBL producers related 
studies are confined within the hospital premises, recent 
reports indicating ESBL positive microorganisms’ presence 
in chicken meat and raw milk shows that focus should also 
be given on their occurrence and dissemination of in food 
producing animals [31]. 

Cephalosporin antibiotics are one of the most important 
class of antibiotics in human medicine and the development 
of resistance to this class antibiotics have been identified as 
the major concern during the last decade. In this study, 214 
isolates recovered from 72/100 samples were identified 
as E. coli. Antibiotic susceptibility tests showed that 33 
isolates recovered from 20/100 meat samples (15.42%) 
were resistant to at least one cephalosporin antibiotic. In 
fact, the findings of this study are not surprising in view 
of the high frequency of resistance to β-lactam antibiotics 

Occurrence and Molecular Characterization of ...

Table 2. Characteristics of β-lactamase producing E. coli isolates≠

Isolate No Phylogenetic Type Antibiotic Resistance Genes Virulence Genes

22a* D2 blaCTX-M-1 + qnrB19 fimH

51a* D2 blaCTX-M-55 fimH

KH51b* D2 blaCTX-M-55 fimH

93a* B1 blaTEM fimH

96a* D2 blaCTX-M-1 + qnrB19 fimH

2b D2 blaCTX-M-1 + qnrB19 fimH

6c A1 blaTEM + blaCMY fimH

8a A0 blaCMY nd

11b D2 blaCMY fimH + kpsMT II 

13a A1 blaTEM + blaSHV-12 + blaCMY + qnrS fimH

22b D2 blaSHV-12 + blaCMY + qnrS fimH

KH22c D2 blaSHV-12 + blaCMY + qnrS fimH

33a A0 blaCMY fimH

36a D2 blaTEM + blaCTX-M-8 + blaCMY fimH

K36b D2 blaTEM + blaCTX-M-8 + blaCMY fimH

KH36c D2 blaCMY fimH

39b D2 blaCMY fimH + kpsMT II 

40b D2 blaTEM fimH

99a D1 blaTEM + blaCMY  fimH

KH99c B1 blaTEM + blaCMY  fimH
≠ All isolates are phenotypically resistant to Cefpodoxime, Ceftriaxone, Cefotaxime, Ceftaximide and Aztreonam; * indicating the phenotypic ESBL positive isolates, 
nd: not detected
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as Kürekci et al.[32] already reported that the frequency of 
ESBL producing E. coli isolates in raw chicken meat samples 
reached 86.6% in Turkey. In addition, cephalosporin 
resistance has been frankly linked to the heavy field use 
of these antibiotics in animal husbandry for many years, 
and the occurrences of resistance frequency was markedly 
dropped when the usage of ceftiofur in animal production 
was discontinued in Japan [33]. Therefore, the perpetuation 
of cephalosporin resistance phenomenon would be 
expected, even though the use of antibiotics has not been 
allowed as a growth promoting agent in animal industry in 
Turkey since 2006.

In this study, based on the phylogenetic PCR analysis 
developed by Clermont et al.[19], phylo-group D2, A0, 
A1, B1 and D1 were detected in 13, 2, 2, 2 and 1 isolates, 
respectively. Kürekci et al.[32] also indicated that phylo-
group D was the most prevalent in isolates (82.7%) 
followed by A (15.3%), and B2 (only 1 isolate). However, 
according to Tansawai et al.[34] phylogenetic grouping of 
the isolates showed that 51% belonged to group A, 27.5% 
to group B1 and 17.6% to group D. Only 4 isolates (3.9%) 
belonged to group B2. In addition, twenty isolates were 
further identified as β-lactamase producer and tested in 
details. Among these isolates only 5 isolates were found 
to be phenotypically ESBL positive, whereas ten isolates 
possessed ESBLs enzymes. This is not surprising, as the 
discrepancies between methods have already been reported 
for determination of ESBL producers [35]. In addition, it has 
been proven that combination of these methods might 
produce false negative results among the isolates having 
inducible AmpC enzyme  [36]. The findings of this study in  
terms of ESBL production among E. coli isolates are in 
agreement with other published results from different 
countries including Nigeria (0.98%) [37], South Korea 
(2.43%) [38] Germany (5.4%) [39], and India (5.69%) [31]. 

Of the β-lactamase producing E. coli isolates, 50% had 
ESBLs enzymes with CTX-M type being the predominant, 
and followed by SHV-12. Overdevest et al.[15] also noted 
that the predominant ESBL genotype in chicken meat 
they analysed was blaCTX-M-1 (58.1%) followed by blaTEM-52 

(14%) and blaSHV-12 (14%). Similar results were also reported 
by Garcia-Graells et al.[6], who reported the frequency of 
CTX-M (48%), TEM (28%) and SHV (24%) in commensal 
E. coli with an ESBL phenotype. In the current study, the 
blaCTX-M-1 gene was found to be predominant, followed 
by the blaCTX-M-8 and blaCTX-M-55 genes. Kürekci et al.[32] also 
indicated the occurrence of the blaCTX-M-55 among ESBL 
producing E. coli isolates obtained from raw chicken meat 
samples. The blaCTX-M-8 gene has also been identified among 
raw chicken meat products in Turkey, with low frequency 
rate (2.8%) [40]. It is a well-known fact that PMQR genes are 
commonly found on the same mobile elements carrying 
ESBL resistance genes, in particular blaCTX-M 

[32]. In the 
current study, we also demonstrated the presence of the 
qnrB and qnrS genes together with ESBLs enzymes. Other 

scientists also reported that they detected quinolone 
resistance gene (qnrB) [31], qnrS and qnrB [32]. 

In our study, 19 isolates were positive for the fimH gene 
with together the kpsMT II gene (n=2). Kürekci et al.[32] 
also indicated that the fimH, iutA, iroN, kpsMT II, papC, 
papG allelle II-III and papEF genes were present among the 
ESBL producer E. coli isolates obtained from the chicken 
samples. Similarly, Kim et al.[38] found that three isolates 
they obtained harboured, fimH, fyuA, iutA, papC, pap EF, 
papG allele II, rfc and traT virulence genes. 

Taken together, our results showed poultry meat as an 
important carrier of ESBL positive E. coli, although more 
studies are needed to understand the dissemination of 
these clones among the poultry products.  

Statement of Author Contributions

NB defined the research theme, designed the experiment, 
contributed to cultural analyses and wrote the manuscript. 
ÇS and LV conducted the cultural analyses and have made 
supervised the analysis of the results. SPÖ conducted the 
molecular analyses and has made a substantial contribution 
to interpretation of data. All authors discussed the results 
and contributed to the final manuscript. 

REFERENCES

1. Smet A, Martel A, Persoons D, Dewulf J, Heyndrickx M, Catry B, 
Herman L, Haesebrouck F, Butaye P: Diversity of extended-spectrum 
beta-lactamases and class C beta-lactamases among cloacal Escherichia 
coli isolates in Belgian broiler farms. Antimicrob Agents Chemother, 52 (4): 
1238-1243, 2008. DOI: 10.1128/AAC.01285-07

2. Pitout JDD: Extraintestinal pathogenic Escherichia coli: A combination of 
virulence with antibiotic resistance. Front Microbiol, 3:9, 2012. DOI: 10.3389/
fmicb.2012.00009

3. Clements A, Young JC, Constantinou N, Frankel G: Infection strategies 
of enteric pathogenic Escherichia coli. Gut Microbes, 3 (2): 71-87, 2012. DOI: 
10.4161/gmic.19182

4. EFSA Panel on Biological Hazards (BIOHAZ): Scientific opinion on 
the public health risks of bacterial strains producing extended-spectrum 
beta-lactamases and/or AmpC β‐lactamases in  food and food producing 
animals. EFSA J, 9:2322, 2011. DOI: 10.2903/j.efsa.2011.2322

5. Hao H, Cheng G, Iqbal Z, Ai X, Hussain HI, Huang L, Dai M, Wang Y, 
Liu Z, Yuan Z: Benefits and risks of antimicrobial use in food-producing 
animals. Front Microbiol, 5:288, 2014. DOI: 10.3389/fmicb.2014.00288

6. Garcia-Graells C, Botteldoom N, Dierick K: Microbial surveillance of 
ESBL E. coli in poultry meat, a possible vehicle for transfer of antimicrobial 
resistance to humans. WIV-ISP, 13, 1-6, 2012.

7. Hawkey PM, Jones AM: The changing epidemiology of resistance.  
J Antimicrob Chemother, 64 (Suppl. 1): i3-i10, 2009. DOI: 10.1093/jac/
dkp256

8. de Kraker MEA, Davey PG, Grundmann H: Mortality and hospital 
stay associated with resistant Staphylococcus aureus and Escherichia coli 
bacteraemia: Estimating the burden of antibiotic resistance in Europe. PLoS 
Med, 8 (10):e1001104, 2011. DOI: 10.1371/journal.pmed.1001104

9. Livermore DM: Has the era of untreatable infections arrived? J Antimicrob 
Chemother, 64 (Suppl. 1): i29-i36, 2009. DOI: 10.1093/jac/dkp255

10. Smet A, Martel A, Persoons D, Dewulf J, Heyndrickx M, Herman 
L, Haesebrouck F, Butaye P: Broad-spectrum β-lactamases among 
Enterobacteriaceae of animal origin: Molecular aspects, motility and 
impact on public health. FEMS Microbiol Rev, 34 (3): 295-316, 2010. DOI: 
10.1111/j.1574-6976.2009.00198.x

BİLGE, SEZER, VATANSEVER
PEHLİVANLAR ÖNEN

https://aac.asm.org/content/aac/52/4/1238.full.pdf
https://www.frontiersin.org/articles/10.3389/fmicb.2012.00009/full
https://www.tandfonline.com/doi/full/10.4161/gmic.19182
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2011.2322
https://www.frontiersin.org/articles/10.3389/fmicb.2014.00288/full
https://academic.oup.com/jac/article/64/suppl_1/i3/750430
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1001104
https://academic.oup.com/jac/article/64/suppl_1/i29/750087
https://academic.oup.com/femsre/article/34/3/295/628983


468
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Abstract
AmpC type beta-lactamase enzyme production by Escherichia coli confers resistance to penicillin and cephalosporins including oxyimino-
cephalosporin, cephamycin and aztreonam (variably). Screening of AmpC beta-lactamase determinants in both commensal and pathogenic E. 
coli isolates in livestock is important to reveal the resistance status of the bacteria. Therefore, we aimed to investigate the AmpC beta-lactamase 
producing E. coli isolates in cattle and sheep populations in Burdur, Turkey. The fecal samples were collected from 250 Holstein cows, older than 
12 months of age and apparently healthy, and from 225 sheep from different breeds, older than 6 months of age and apparently healthy. After 
selective isolation and identification of the agent in coliform/E. coli selective medium supplemented with cefotaxime (2 µg/mL) or ceftazidim 
(2 µg/mL), the cefoxitin resistant E. coli isolates were determined by agar disc diffusion test (ADDT). Then, pAmpC beta-lactamase genes were 
determined by multiplex polimerase chain reaction (PCR) as gold standart test for pAmpC beta-lactamase producing E. coli. Finally, the isolates 
were characterized by PCR for phylogeny and Enterohemorrhagic/Shiga toxin producing E. coli (EHEC/STEC) related virulence genes. Totally 17 
(6.8%) cattle fecal samples were found positive for pAmpC beta-lactamase producing E. coli. None of the sheep fecal samples yielded culture 
positive results for the bacteria of interest. Among the E. coli isolates, only CIT (origin, Citrobacter freundii) family pAmpC gene was found. The 
predominant phylogenetic group was found as group A and only eae gene was detected in only one E. coli isolate. Multidrug resistance (MDR) 
was observed in 7 (41.2%) isolates. Consequently, the present study revealed that pAmpC beta-lactamase producing E. coli, with MDR and low 
phylogenetic group diversity, exists in cattle population, but not in sheep population.

Keywords: Beta-lactamase, Escherichia coli, intimin, pAmpC, Phylogeny, Ruminant

Sığır ve Koyunlarda Plasmidik AmpC Beta Laktamaz Üreten Escherichia 
coli Taşıyıcılığı ve İzolatların Antibiyogram Profilleri, Filogenetik ve 

Virulans Yönünden Karakterizasyonu 

Öz
Escherichia coli tarafından AmpC beta laktamaz enzim üretimi penisilinlere, oksiimino sefalosporinler dahil tüm sefalosporinlere, sefamisinlere 
ve değişken olmakla birlikte aztreonama direnç sağlar. Çiftlik hayvanlarında komensal ve patojenik E. coli izolatlarında AmpC beta laktamazların 
taranması bakterilerdeki antibiyotik dirençliliğinin durumunu göstermesi açısından önemlidir. Bu nedenle, Burdur ilindeki sığır ve koyun popülasyonunda 
AmpC beta laktamaz üreten E. coli yaygınlığını ortaya çıkarmayı amaçladık. Bu çalışmada, 12 aylık yaştan daha büyük ve sağlıklı görünümdeki 
250 Holştayn ırkı sığır ve 6 aylıktan daha büyük ve sağlıklı görünümdeki 225 değişik ırktan koyundan dışkı örneği toplandı. Sefotaksim (2 µg/
mL) veya seftazidim (2 µg/mL) ilave edilmiş Koliform/E. coli besi yerinde selektif izolasyon ve identifikasyon gerçekleştirildikten sonra, agar disk 
difüzyon testi (ADDT) ile sefoksitine dirençli E. coli izolatları belirlendi. Takiben pAmpC beta laktamaz genleri, pAmpC beta laktamaz üreten E. 
coli belirlenmesi için altın standart test olan multipleks polimeraz zincir reaksiyonu (PZR) ile belirlendi. Son olarak, izolatlar PZR ile filogenetik 
ve enterohemorajik/Siga toksin üreten E. coli (EHEC/STEC) virulans genleri açısından karakterize edildi. Toplam 17 (%6.8) sığır dışkı örneği 
pAmpC beta laktamaz üreten E. coli yönünden pozitif bulunurken koyun örneklerinin tümü negatif bulundu. Izolatlarda sadece CIT ailesi pAmpC 
geni tespit edildi. İzolatlarda en yaygın filogenetik grubun grup A olduğu ve sadece 1 izolatta eae virulans geninin olduğu tespit edildi. Çoklu 
antibiyotik dirençliliği 7 (%41.2) izolatta tespit edildi. Sonuç olarak, bu çalışma pAmpC beta laktamaz üreten E. coli’nin koyunlarda bulunmadığı 
ve sığırlarda çoklu antibiyotik dirençliliğine sahip ve az sayıda filogenetik çeşitlilikte var olduğu belirlendi.

Anahtar sözcükler: Beta laktamaz, Escherichia coli, İntimin, pAmpC, Filogenetik, Ruminant
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INTRODUCTION

Beta-lactamase enzymes that inactivate the beta-lactam 
antibiotics by hydrolysing the beta-lactam ring of the 
antibiotic [1,2] posses highly heterogenic character in nature. 
They were divided to several groups for classification that is 
updated regularly by the researchers [3,4]. Several classification 
schemes for bacterial beta-lactamases have been described. 
One of them was based on the activity of the beta-
lactamases against different beta-lactam antimicrobials [5]. 
The other scheme developed by Ambler divides the beta- 
lactamase enzymes into four classes as A, B, C, and D, 
according to their amino acid sequence differences [6]. 
The group of beta-lactamases classified as Ambler Class C 
and named AmpC beta-lactamases can confer resistance 
to penicillins and cephalosporins including oxyimino-
cephalosporins (e.g., cefotaxime, ceftazidime and ceftriaxone), 
cephamycins (e.g., cefoxitin and cefotetan), and aztreonam 
(variably) [5,7]. It has been reported that use of beta-lactams 
for treatment of several infections causes development of 
AmpC beta-lactamase producing E. coli isolates in animal 
and human intestinal microflora. This casual use also 
triggers an increase in AmpC beta-lactamase production 
in Gram-negative pathogens in humans and animals due 
to the horizontal transfer of resistance genes [8,9].

The genes encoding AmpC beta-lactamases can be located 
on a conjugative plasmid or chromosome of a Gram-
negative bacterium [7]. Plasmid mediated AmpC beta-
lactamases (pAmpC) are composed of 6 families which were 
formed based on amino acid sequences. These families 
are named as ACC (Ambler class C), CIT (origin, Citrobacter 
freundii), DHA (site of discovery, Dhahran hospital in Saudi 
Arabia), EBC (origin, Enterobacter claocae), FOX (resistance 
to cefoxitin) and MOX (resistance to moxalactam). Unlike 
to extended-spectrum beta-lactamases (ESBL), AmpC 
beta-lactamases can not be inhibited by beta-lactamase 
inhibitors (clavulanic acid and tazobactam) [7,8].

Escherichia coli strains causing diarrhea in human have 
been classified into several pathotypes based on virulence 
characteristics and infection mechanisms. There have been 
described 5 main intestinal pathogenic E. coli strains named 
as enteropathogenic  E. coli  (EPEC), enterohemorrhagic  E. 
coli (EHEC), enteroaggregative E. coli (EAEC), enterotoxigenic  
E. coli (ETEC) and enteroinvasive E. coli (EIEC). EHEC strains 
are responsible from bloody diarrhoea, haemorrhagic 
colitis (HC) and the Haemolytic Uraemic Syndrome (HUS) 
in human and can be transmitted to human by consumed 
food [10]. All are life threating infections for human. On 
the other hands, animals especially cattle are known the 
reservoir of EHEC/Shiga toxin producing strains (STEC) and 
especially carriage status of O157:H7 strains have been 
revealed by several researchers in cattle [11]. Therefore, it 
is important to investigate the multidrug resistant E. coli 
isolates, such as ampC beta-lactamase producing E. coli, 
for EHEC/STEC virulence determinants to reduce the fecal 

shedding of such E. coli isolates in animals that prevents 
fecal contamination of food of animal origin.

The studies conducted in several countries in the world 
report the existence and prevalence of AmpC beta-lactamase 
producing Gram-negative bacteria isolated from live- 
stock [2,12-15]. In Turkey, Pehlivanoglu [16] reported the presence 
of pAmpC producing E. coli in laying hens, Aslantaş et al.[17] 
reported in cattle, Gumus et al.[18] reported in dogs and 
cats and Aslantas and Yilmaz [19] reported in dogs, but more 
studies are needed to reveal the true prevelance of AmpC 
producing E. coli in Turkey. Hence, the present study was 
carried out to investigate the existence of pAmpC beta-
lactamase producing E. coli isolates in healthy cattle and 
sheep in Burdur, Turkey and to characterize the isolates for 
antibiotic susceptibility pattern, phylogeny and virulence.

MATERIAL and METHODS

Sampling

Approximate sample size of the study was determined to 
be 138 using a 10% expected field prevalence [16,17] at the 
95% confidence level and the desired absolute precision 
of 5% [20], but more animals were included to the present 
study for higher precise results. Twenty dairy cattle and 
12 sheep farms with no close contact to cattle farms were 
selected randomly from different locations of Burdur. 
Approximately 50% of animals were selected randomly 
from each cattle and sheep farms. Total 250 Holstein cows, 
older than 12 months of age and apparently healthy, and 
225 sheep from different breeds, older than 6 months of 
age and apparently healthy, were included in the study. 
Fecal samples (at least 5 grams) were collected from rectum 
of the animals by using separate disposable examination 
gloves for each animals. The fecal samples were put into 
sterile screw-top vials, transported to the laboratory on 
ice in a cooler within 2 h and kept at 4ºC until processing 
within 24 h. The protocol for fecal collection from animals 
in the present study was approved by Burdur Mehmet Akif 
Ersoy University (Turkey) Animal Care and Use Committee 
(approval number: 07.09.2012/05).

Selective Isolation 

Isolation was initiated with preparation of a 10% suspension 
of each fecal sample in buffered peptone water (Lab M, UK) 
and incubation at 37ºC for 24 h under aerobic conditions. 
Fifty microliters from each suspension was plated onto 
Brilliance E. coli/coliform Selective Agar (Oxoid, UK) 
supplemented with cefotaxime (CTX, 2 µg/mL) (Sigma 
Aldrich, Germany) or ceftazidime (CAZ, 2 µg/mL) (Sigma 
Aldrich, Germany) and the plates were incubated at 37ºC 
for 24 h under aerobic conditions. 

Presumptive E. coli colonies (purple or blue colour) from 
each plate (one colony from the selective agar with CTX and 
one colony from the selective agar with CAZ) per culture 
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positive fecal sample were selected randomly.  Identification 
of the suspicious colonies were carried out by the bio-
chemical tests [21]. Finally, molecular confirmation of the E. 
coli isolates were performed by PCR [22] after DNA extraction 
yielded by boiling method [23] (Table 1). 

Determination of the Presumptive AmpC Beta-lactamase 
Producing E. coli 

Firstly, the E. coli isolates were tested in terms of ESBL 
production by agar disc diffusion test (ADDT) [24]. In this 
test, aztreonam (ATM, 30 µg), cefotaxime (CTX, 30 µg), 
cefpodoxime (CPD, 10 µg), ceftazidime (CAZ, 30 µg) and 
ceftriaxone (CRO, 30 µg) discs were used [24]. The isolate 
resistant to at least one of them were further tested with 
ESBL confirmatory test [24] and 34 isolates found positive 

for ESBL production were excluded from the study. Then, 
non-ESBL-producing isolates were tested for cefoxitin 
resistance by ADDT for phenotypic determination of AmpC 
beta-lactamase producers [24,25]. ADDT was performed by 
plating of each E. coli isolates with an inoculum (McFarland 
turbidity 0.5) on Mueller Hinton Agar (MHA) (Oxoid, UK) 
plates followed by the disc placement of cefoxitin (FOX, 30 
μg) (Oxoid, UK). The plates were incubated at 37ºC for 24 h. 
Inhibition zone diameter lower than 18 mm was accepted 
for the evidence of FOX resistance [24]. 

PCR Analysis of Plasmid Mediated AmpC  
Beta-lactamase Genes (pAmpC)

As the gold standard test for detemination of pAmpC 
producing E. coli, PCR was performed for pAmpC genes 

Table 1. Primers used in the present study

Target 
Gene

Primer Sequence
(5’--------------3’) 

Amplicon
(bp)

Reference

MOX F-GCTGCTCAAGGAGCACAGGAT
R-CACATTGACATAGGTGTGGTGC 520 Perez-Perez and Hanson [8]

CIT F-TGGCCAGAACTGACAGGCAAA
R-TTTCTCCTGAACGTGGCTGGC 462 Perez-Perez and Hanson [8]

DHA F-AACTTTCACAGGTGTGCTGGGT
R-CCGTACGCATACTGGCTTTGC 405 Perez-Perez and Hanson [8]

ACC F-AACAGCCTCAGCAGCCGGTTA
R-TTCGCCGCAATCATCCCTAGC 346 Perez-Perez and Hanson [8]

EBC F-TCGGTAAAGCCGATGTTGCGG
R-CTTCCACTGCGGCTGCCAGTT 302 Perez-Perez and Hanson [8]

FOX F-AACATGGGGTATCAGGGAGATG
R-CAAAGCGCGTAACCGGATTGG 190 Perez-Perez and Hanson [8]

chuA F-GACGAACCAACGGTCAGGAT
R-TGCCGCCAGTACCAAAGACA 279 Clermont et al.[26]

YjaA F-TGAAGTGTCAGGAGACGCTG
R-ATGGAGAATGCGTTCCTCAAC 211 Clermont et al.[26]

TspE4.C2 F-GAGTAATGTCGGGGCATTCA
R-CGCGCCAACAAAGTATTACG 152 Clermont et al.[26]

16S rRNA F-CCCCCTGGACGAAGACTGAC
R-ACCGCTGGCAACAAAGGATA 401 Wang et al.[22]

rfbO157 F-CAGGTGAAGGTGGAATGGTTGTC
R-TTAGAATTGAGACCATCCAATAAG 296 Bai et al.[27]

fliCH7 F-GCTGCAACGGTAAGTGAT
R-GGCAGCAAGCGGGTTGGT 948 Wang et al.[22], Osek [28]

stx1 F-TGTCGCATAGTGGAACCTCA
R-TGCGCACTGAGAAGAAGAGA 655 Bai et al.[27]

stx2 F-CCATGACAACGGACAGCAGTT
R-TGTCGCCAGTTATCTGACATTC 477 Bai et al.[27]

eae F-CATTATGGAACGGCAGAGGT
R-ACGGATATCGAAGCCATTTG 375 Bai et al.[27]

ehxA F-GCGAGCTAAGCAGCTTGAAT
R-CTGGAGGCTGCACTAACTCC 199 Bai et al.[27]

espP F-GATTACAGCACGCATTCATGGTAT
R-TCCAGGCATCCTCAGTGACA 73 Posse et al.[29]

katP F-GAAGTCATATATCGCCGGTTGAA
R-GTCATTTCAGGAACGGTGAGATC 73 Posse et al.[29]

saa F-CGTGATGAACAGGCTATTGC
R-ATGGACATGCCTGTGGCAAC 119 Paton and Paton [30]

F: Forward, R: Reverse, bp: base pair
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according to the method developed by Perez-Perez and 
Hanson [8]. The PCR protocol was modified slightly in our 
laboratory as follow: Two sets of triplex PCR (set 1: ACC, 
CIT, FOX and set 2: DHA, EBC, MOX) were established 
for detection of pAmpC genes. The first triplex PCR was 
adjusted as 25 µL consisted of; 50 mM KCl, 0.2 mM each 
dNTP, 1.5 mM MgCl2, 0.4-0.6 µM primer sets (specific 
for FOX, ACC and CIT, respectively), 1.25 U of Taq DNA 
polymerase (Thermo Scientific) and 2 µL template DNA. 
The second triplex PCR was adjusted as 25 µL consisted of; 
50 mM KCl, 0.2 mM each dNTP, 1.5 mM MgCl2, 0.5-0.6 µM 
primer sets (specific for EBC, DHA and MOX, respectively), 
1.25 U of Taq DNA polymerase (Thermo Scientific) and 2 
µL template DNA. Thermal cycling conditions for both of 
triplex PCRs were 5 min at 94ºC for initial denaturation, 
followed by 35 cycles of 45 sec at 94ºC, 45 sec at 64ºC and 
1 min at 72ºC, and a final elongation step of 7 min at 72ºC. 
The primer sequences used were presented in Table 1.

Antibiotic Susceptibility Profiles, Phylogroups and 
Virulence Genes of the Isolates

Susceptibility of pAmpC beta-lactamase producing E. coli 
isolates to beta-lactam antibiotics and to other classes of 
antibiotics were determined by ADDT [24,31,32]. The beta-
lactams antibiotic discs (Oxoid, UK) tested were ampicillin 
(AMP, 10 μg), cefepime (FEP, 30 μg), cefuroxime sodium (CXM, 
30 μg), cephalothin (CEF, 30 μg) and imipenem (IPM, 10 
μg). The antibiotics (Oxoid, UK) from other classes tested 
were chloramphenicol (C, 30 μg), ciprofloxacin (CIP, 5 μg), 
enrofloxacin (ENR, 5 μg), florfenicol (FFC, 30 μg), gentamicin 
(CN, 10 μg), kanamycin (K, 30 μg), nalidixic acid (NA, 30 μg), 
streptomycin (S, 10 μg), sulfamethoxazole-trimethoprim 
(SXT, 25 μg) and tetracycline (TE, 30 μg). E. coli ATCC 25922 
strain was used as the control strain in ADDT. The inhibition 
zone diameters were evaluated according to CLSI critical 
zone diameters in CLSI document M10 0-S26 [24], M31-A3 [31] 

and VET01-S2 [32]. Based on the results, the isolates were 
classified as resistant, intermediate or susceptible. In the 
present study, a pAmpC beta-lactamase producing E. coli 
isolate that was resistant to at least 3 different classes 
of antibiotics excluding beta-lactams was accepted as 
multidrug-resistant (MDR) strain.

The phylogroups (groups A, B1, B2 and D) of the E. coli 
isolates were determined according to a triplex PCR 
protocol as described elsewhere [26], with the modified PCR 
conditions by Higgins et al.[33]. The triplex PCR is based on 
the amplification of a 279 bp fragment of the chuA gene, 
211 bp fragment of the yjaA gene and 152 bp fragment 
of TspE4.C2 (a noncoding DNA region of E. coli genome). 
The phylogenetic groups of the isolates were assigned 
according to following criteria: the phylogenetic group 
A (chuA-, TspE4.C2-), B1 (chuA-, TspE4.C2+), B2 (chuA+, 
yjaA+), or D (chuA+, yjaA-). Additionally, phylogenetic 
subgroups (A: A0 and A1; B2: B22 and B23; D: D1 and D2) 
were investigated as described by Escobar-Páramo et al.[34].  
E. coli ATCC 25922 was used as positive control strain 

(chuA+, yjaA+ and TspE4.C2+) in the triplex PCR.

The pAmpC beta-lactamase producing E. coli isolates 
were screened by PCR for serotype O157:H7 (rfbO157 
and fliCH7 genes) [27,28] and eae (intimin, attaching and 
effacing protein), ehxA (enterohemolysin), espP (extra-
cellular serine protease), katP (catalase-peroxidase), saa 
(autoagglutinating adhesin), stx1 (Shiga toxin 1) and 
stx2 (Shiga toxin 2) to determine if the isolates were 
Enterohemorrhagic E. coli (EHEC) [27,29,30].

RESULTS

As the results of culture of cattle fecal samples, presumptive 
E. coli colonies were observed on at least one of both media 
(supplemented with CTX or CAZ) from 51 fecal samples. All 
colonies were identified as E. coli by phenotypic tests and 
PCR. After ESBL confirmatory test, E. coli isolates from 34 
fecal samples were separated as ESBL-producing isolates. 
The remaining E. coli isolates (non-ESBL producers) were 
from 17 fecal samples and growth of E. coli colonies 
on these fecal samples (n=17) were observed on both 
medium (supplemented with CTX or CAZ) and therefore 
total 34 non-ESBL-producing E. coli were obtained. All of 
34 non-ESBL- producing E. coli isolates were found to be 
resistant to cefoxitin by ADDT and therefore they were 
accepted as potential AmpC producers. In the present 
study, both potential AmpC beta-lactamse producing 
E. coli isolates (one from selective agar with CTX and the 
other one from the selective agar with CAZ) from a single 
fecal sample showed the same antibiotic susceptibility 
profile and the same phylogenetic group in all of the fecal 
samples. Therefore, the prevalence was estimated as 6.8% 
(17/250) for cattle in the study. E. coli was not isolated from 
sheep fecal samples.

All E. coli isolates from cattle harbored only CIT family 
pAmpC gene (Fig. 1). In total, 5 (25%, 5/20) cattle herds were 
found positive in terms of carrying pAmpC beta-lactamase 
producing E. coli isolates (Table 2). 

According to phylogenetic analysis by PCR, 11 (11/17, 
64.7%) E. coli isolates were found belong to group A 
(subgroup A1), 3 (3/17, 17.6%) isolates to group D (subgroup 
D1), 2 (2/17, 11.8%) isolates to group B2 (subgroup B22) 
and 1 (1/17, 5.9%) isolate to group B1 (Table 2).

In total, 7 of 17 (41.2%) pAmpC beta-lactamase producing 
E. coli isolates were found MDR. Among the MDR isolates, 
3 isolates belonged to phylogoup A (subgroup A1), one 
isolate to phylogoup B1 and one isolate to D (subgroup 
D1) (Table 2). The highest resistance was found against TET 
(9/17, 52.9%) whereas the lowest resistance was against 
CIP, ENR and NA (1/17, 5.9%). All isolates were susceptible 
to FEP and IPM (Table 3).

Among the virulence genes screened among the isolates, 
only eae (intimin) gene was detected in only one isolate 
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Table 2. Distrubition of the pAmpC beta-lactamase producing E. coli isolates (cattle) according to herds, phylogenetic group and antibiogram profiles

Farm 
No

E. coli Isolates
(n)

E. coli Isolates (n): 
Phylogenetic Group

Resistance Profile
blapAmpC Gene 

Family

3 8
7:A (A1) - CIT

1:B2 (B22) - CIT

6 1 A (A1) CN, S, K, FFC, C, TE* CIT

7 6

1:A (A1) TE CIT

1:B1 CN, S, K, SXT, NA, ENR, CIP, FFC, C, TE* CIT

1:B2 (B22) S, K, TE CIT

3:D (D1) S, SXT, TE* CIT

8 1 A (A1) CN, S, K, SXT, FFC C, TE* CIT

9 1 A (A1) CN, S, K, FFC, C, TE* CIT

*  Multidrug resistant isolate (MDR, resistant to at least 3 classes of antibiotics except beta-lactam antibiotics). C: chloramphenicol, CIP: ciprofloxacin, 
ENR: enrofloxacin, FFC: florfenicol, CN: gentamicin, K: kanamycin, NA: nalidixic acid, S: streptomycin, SXT: sulfamethoxazole-trimethoprim, TE: 
tetracycline

Table 3. Antibiotic susceptibilities of pAmpC beta-lactamase producing E. coli isolates (cattle)

Beta- Lactams

pAmpC Producing 
E. coli (n=17) Other Antibiotics

pAmpC Producing
E. coli (n=17)

R (n) I (n) R(n) I (n)

AMP 17 0 CN 4 0

ATM 17 n/a K 5 0

FEP 0 0 S 8 1

CTX 17 n/a CIP 1 0

CPD 17 n / a ENR 1 0

CAZ 17 n/a NA 1 0

CRO 17 n /a TE 9 0

CXM 13 0 SXT 5 0

CEF 17 0 FFC 4 0

IPM 0 0 C 4 0

n/a: not applicable, R: resistant, I: intermediate, AMP: ampicillin, ATM: aztreonam, CAZ: ceftazidime, FEP: cefepime, CPD: cefpodoxime, CRO: ceftriaxone, CXM: 
cefuroxime, CEF: cephalothin, CTX: cefotaxime, FOX: cefoxitin, IPM: imipenem, C: chloramphenicol, CIP: ciprofl oxacin, ENR: enrofl oxacin, FFC: fl orfenicol, CN: 
gentamicin, K: kanamycin, NA: nalidixic acid, S: streptomycin, SXT: sulfamethoxazole-trimethoprim, TE: tetracycline

Fig 1. Results of PCR test performed for pAmpC 
beta-lactamase genes of E. coli isolates (cattle). M: 
Marker (a:500 bp, b:400 bp, c:300 bp, d:200 bp, e:100 
bp), Lane 1-12: E. coli isolates positive for CIT type 
pAmpC beta-lactamase gene (462 bp), Lane 13: 
negative control
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from Farm 3. This E. coli isolate belonged to B22 phylo- 
genetic group and was not resistant to any of the antibiotics 
(except beta lactams) tested. None of the pAmpC beta-
lactamase producing E. coli isolates was O157:H7 serotype 
of E. coli. 

DISCUSSION 

The real prevalence of pAmpC beta-lactamase producing 
E. coli is still unknown in healthy cattle and sheep in Turkey. 
There is only one local study conducted on this topic in 
healthy cattle in Turkey and it was found only one E. coli 
isolate carrying ampC (cmy) gene out of 312 cattle rectal 
swab samples [17]. On the other hand, there is no report 
for pAmpC beta-lactamase producing E. coli in healthy 
sheep in Turkey. Even though some studies have shown 
the existence of AmpC beta-lactamase producing E. coli 
and AmpC genes on cattle origin food products (cheese, 
meat, and milk) in different parts of Turkey [35-37], these 
studies do not reflect exactly the extent of these isolates 
in live animals in Turkey due to possible contamination  
of the animal origin food during processing. Therefore, 
the present study conducted have given additional 
information about the presence of AmpC beta-lactamase 
producing E. coli in cattle and sheep in Turkey.  

Although we detected AmpC beta-lactamase producing E. 
coli in 17 cattle, no sheep was detected positive for AmpC 
beta-lactamase producing E. coli. This can be attributed 
to use of the beta-lactams and other classes of antibiotics 
(aminoglycosides, beta-lactams, phenicols, quinolones, 
sulfamethoxazole-trimethoprim and tetracycline) more 
widely in the prevention and treatment of wide variety 
of infections (mastitis, lameness, calf diarrhea, metritis, 
arthritis, pneumoniae, salmonellosis, urinary tract infections, 
septisemia, etc.) in cattle population than sheep population 
in Turkey and some of them may cause co-selection of AmpC 
beta-lactamase producing E. coli isolates in gut microflora. 
It has been known that ampC genes are located on a large 
plasmid together with other antimicrobial resistance 
genes such as the genes responsible for aminoglycosides, 
phenicols, quinolones, sulfamethoxazole-trimethoprim 
and tetracycline resistances and frequent use of these anti- 
biotics in livestock for several purposes leads the selection 
pressure for AmpC beta-lactamase producing Gram-
negative bacteria in gut microflora [2]. In line with this it was 
detected co-resistance to at least one of these antibiotics 
in 9 (9/17, 52.9%) isolates and MDR in 7 (41.2%) isolates in 
this study.

Escherichia coli isolates obtained in this study were found 
fall into four main phylogenetic groups (A, B1, B2 and D). 
It is known that E. coli strains belonging to group A and 
B1 are primarily found in the commensal microflora [26,34]. 
The pathogen E. coli strains associated with extra- 
intestinal infections and diarrhea mainly belong to B2 
and D groups [26,34]. Later, Escobar-Paramo et al.[34] stated 

phylogenetic subgroups (A: A0 and A1; B2: B22 and B23; 
D: D1 and D2). Likewise, in the present study, phylogentic 
analysis of E. coli isolates showed that group A (subgroup 
A1) (n=11) is the predominant group, followed by group D 
(subgroup D1) (n=3), group B2 (subgroup B22) (n=2) and 
group B1 (n=1). On the other hand, the reports indicate 
that E. coli strains from B2 and D phylogroups possess 
more virulence factors but less MDR pattern than A and B1 
phylogroups [38,39]. Similarly, in the present study the E. coli 
isolates from A and B1 phylogroups showed resistance to 
more antibiotics than the B2 and D phylogroup isolates and 
EHEC/STEC related virulence gene (eae, intimin) detected 
was found in the E. coli isolate belonging to B22 phylogroup 
with no co-resistance to other classes of antibiotics. The 
eae gene encodes the intimin protein on the surface of 
EPEC/STEC/EHEC isolates and it is located on the locus 
of enterocyte effacement (LEE) pathogenicity island. The 
intimin protein is important for intimate attachment to 
the intestinal mucosa and the formation of the attaching 
and effacing lesions in EPEC and STEC/EHEC infections [40].  
Therefore, it is possible to state that the eae gene positive 
and pAmpC beta-lactamase producing E. coli isolate from 
B22 phylogenetic group determined in cattle in this study 
can be pathogenic for both human and calf even thogh 
this isolate is not a STEC/EHEC isolate.

Overall, based on the similarity of phylogenetic analysis 
results and antibiogram profiles of the isolates, three farms 
(Farm 6, 8 and 9) had only one isolate, one farm (Farm 
3) had 2 different isolates and one farm (Farm 7) had 4 
different isolates. Additionally, all isolates had the same 
blapAmpC gene family (CIT). Hence, it can be stated that 
few parent E. coli strains with the same pAmpC gene (CIT) 
were circulating in the cattle farms in Burdur, Turkey. 

It is generally accepted that food producing animals 
serve as reservoir for MDR E. coli strains and they can be 
transmitted to human by direct contact and/or via food 
chains. This issue has also been considered for AmpC beta-
lactamase producing E. coli since there are many studies 
showing the similar pAmpC genes and plasmids in both 
animal and animal owners or farm workers [41-43]. Therefore, 
we can mention the possible health risk for people close 
contact to the cattle population in the present study.  

In conclusion, the present study showed the absence 
of pAmpC beta-lactamase producing E. coli in sheep 
population and presence of few multi-drug resistant pAmpC 
beta-lactamase producing E. coli strains with only one type 
pAmpC gene family (CIT) in cattle population in Burdur, 
Turkey. However, more studies are needed to reveal and 
understand the course of prevalence of pAmpC beta-
lactamase producing E. coli (pathogen and commensal) and 
diversity in pAmpC genes in livestock populations in 
Turkey. The other point that should be considered, as known, 
emergence of E. coli isolates possesing pAmpC genes may 
also bring the increase in production of the AmpC beta-
lactamases in other Gram-negative bacteria due to horizontal 
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transfer of plasmids between Gram-negative bacteria 
species. Hence, the necessary preventive measurements 
should be taken, for examples, livestock sector workers 
and veterinarians should be informed regularly about 
increase in antimicrobial-resistant strains and proper 
selection of antimicrobials should be provided in the 
treatment of the infections in animals. Also, monitoring 
should be performed for antimicrobial resistance levels to 
limit the escalating trend in antimicrobial resistance and 
the emergence of resistance traits in genetic material of 
Gram-negatives.
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Abstract
Intraocular pressure (IOP) is dependent on equilibrium between the rate of formation and outflow humor aqueous in the eye. Determination 
of IOP is one of the most important points and a very useful parameter in ophthalmic surgery. The aim of this study was to compare the 
effects of propofol + sevoflurane, midazolam + sevoflurane, medetomidine + ketamine + sevoflurane anesthetic combinations on IOP, and 
to find out suitable anesthesia protocol in rabbits for ophthalmic surgery. For this purpose, a total of 40 healthy four months old New 
Zealand female rabbits (Mean weight 2.34±0.67 kg) were used as subjects. The animals were divided into four groups; propofol + sevoflurane 
(PS), midazolam + sevoflurane (MS), medetomidine + ketamine + sevoflurane (MKS), and control (C), each having 10 rabbits. The IOP was 
measured from the right eyes before injection of anesthetics (0. min), during sevoflurane anesthesia at 5th, 10th, 15th, 20th, 25th and 30th min, 
and post anesthesia at 10th, 20th, 30th, 60th, 120th min and 24 h in the study groups. In PS group; IOP values decreased during anesthesia 
between 5th and 25th min. In general, the measured IOP values of MS group were higher than 0th min, and the increases continued at 10th 
min in post anesthesia. The measured IOP values of MKS group during anesthesia were higher than other time points. As a result of this 
study PS anesthetic combination is an ideal anesthesia for ocular surgery in rabbits. The increase in IOP is undesirable in ocular surgery due 
to operative and postoperative complications. It was also concluded that investigating the effects of anesthetic combination on IOP should 
continue in more detailed researches including in different species.

Keywords: Propofol, Sevoflurane, Midazolam, Medetomidine, Ketamine, Anesthesia, Intraocular pressure, Rabbit

Tavşanlarda Propofol-Sevofluran, Midazolam-Sevofluran ve 
Medetomidin-Ketamin-Sevofluran Anestezi Kombinasyonlarının 

Göz İçi Basıncına Etkileri

Öz
Göz içi basıncı (GİB), humor aközün dengeli bir şekilde üretimi ve drenajına bağlı olarak şekillenmektedir. GİB, oftalmik cerrahide önemli ve 
yararlı parametreler arasında yer almaktadır. Bu çalışmanın amacı tavşanlarda propofol + sevofluran, midazolam + sevofluran ve medetomidine + 
ketamin + sevofluran anestezi kombinasyonlarının GİB üzerine etkilerinin karşılaştırılması, oftalmik cerrahi için optimal anestezi protokolünün 
araştırılmasıdır. Çalışmada 40 adet 4 aylık sağlıklı dişi (ortalama ağırlık 2.34±0.67 kg) Yeni Zelanda tavşanı kullanıldı. Hayvanlar; propofol + 
sevofluran (PS), midazolam + sevofluran (MS), medetomidine + ketamin + sevofluran (MKS) ve kontrol (K) grubu şeklinde her bir grupta 10 
adet tavşan olmak üzere toplam dört gruba ayrıldı. GİB ölçümleri çalışma gruplarında sağ gözden anestezi öncesi (0. dk), sevofluran anestezisi 
boyunca 5, 10, 15, 20, 25 ve 30. dakikalarda ve anestezi sonrası 10, 20, 30, 60, 120. dakikalarda ve 24 saat sonra yapıldı. PS grubunda anestezi 
süresi boyunca 5 ve 25. dk’lar arasında GİB değerlerinde azalma görüldü. Genel olarak MS grubunun ölçülen GİB değerlerinin 0. dk’dan 
yüksek seyrettiği ve anestezi sonrası 10. dk’ya kadar artışın devam ettiği görüldü. MKS grubunun anestezi sırasında ölçülen GİB değerinin 
anestezi öncesi ve sonrası değerlerden yüksek olduğu tespit edildi. Bu çalışma sonunda PS kombinasyonunun göz cerrahisi için daha uygun 
bir anestezi kombinasyonu olduğu görüldü. Oküler cerrahide GİB değerinin artışı operatif ve postoperatif olarak istenmeyen bir durumdur. 
Özellikle GİB üzerine anestezi kombinasyonlarının etkileri daha ayrıntılı ve türlere özel olarak araştırılması gerekmektedir.

Anahtar sözcükler: Propofol, Sevoflurane, Midazolam, Medetomidine, Ketamine, Anestezi, Intraoküler basınç, Tavşan
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Anesthesia Effects on Intraocular Pressure

INTRODUCTION

The rabbit is widely used at researches on ophthalmic 
surgery due to the large size of its eyes, docile character, 
easiness at handle and economy. The use of general 
anesthesia is very important in ocular surgery for central 
positioning of the globe, relaxation of the extra ocular 
muscle and maintenance of intraocular pressure [1].

Intraocular pressure (IOP) is dependent on equilibrium bet-
ween the rate of formation and outfl ow humor aqueous in 
the eye [2]. Determining IOP is one of the most important 
points and is a very useful parameter in ophthalmic surgery [3].
However, the use of certain drugs such as general 
anesthetics may cause an alteration in IOP. Alteration 
of IOP may cause complication after ophthalmic surgery. 
Because of this, investigations on an ideal anesthetic 
procedure for ophthalmic surgery were carried out by 
researchers [2,4,5].

Ketamine and propofol are widely used as anesthetic agents
in rabbits. But their eff ects on IOP are diff erent. For instance, 
propofol reduces IOP while ketamine increases IOP [6,7]. 
Midazolam causes decrease in IOP and has been used in 
general with ketamine in ocular surgery [1,8]. Medetomidine 
produces sedation and hypertension depending on the 
administration routes in animals. The prior studies have 
been demonstrated that medetomidine lowers the IOP 
after topical application in normotensive cats and rabbits [9].
Sevofl urane is an inhalation anesthetic and used widely 
for the maintenance of general anesthesia. Induction and 
recovery of sevofl urane anesthesia are rapid and safe in 
comparison to injectable anesthetics [10]. Furthermore, 
potent inhalation anesthetics decrease IOP by lowering 
humor aqueous rate formation and increase the trabecular 
outfl ow facility [2].  

The aim of this study was to compare the eff ects of propofol 
+ sevofl urane, midazolam + sevofl urane, medetomidine + 
ketamine + sevofl urane anesthetic combinations on IOP, 
and to find out suitable anesthesia protocol in rabbits for 
ophthalmic surgery.

MATERIAL and METHODS

Ethical Approval

Erciyes University Local Board of Ethics Committee for 
animal experiments has approved the study protocol of 
this research (EUHADYEK, decision no: 14/140). 

Animals

Forty healthy four months old New Zealand female rabbits 
(Mean weight 2.34±0.67 kg) were used as the study 
materials. Each of rabbits was kept in a separate, maintained 
on a 12 h light/dark cage, cycle, 21±1ºC temperature 
in the Balıkesir University, Veterinary Faculty, Surgery 

Department, before the study. The rabbits were fed with 
normal pellet diet and given water ad libitum. The animals 
were divided into four groups; as propofol + sevofl urane 
(PS), midazolam + sevoflurane (MS), medetomidine + 
ketamine + sevofl urane (MKS) and control (C) groups, each 
having 10 rabbits. Prior to anesthesia, the animals were 
transported to the examination table, and waited about 
10 min to calm for accommodation to the environment 
conditions. Erol et al.[11] measured IOP with TonoVet from 
left and right eyes prior to anesthesia in healthy rabbits. 
They did not find significant differences between left 
and right eyes for IOP values. Therefore, we preferred 
the right eye for all the assessments.  IOP was measured 
by TonoVet (RBT, I care Vet, Helsinki, Finland) with five 
repetitive measurements from right eyes (0. min) in all 
animals (Fig. 1). Mean values of repetitive measurements 
were recorded. 

Anesthesia Protocol

In PS group; 7 mg/kg Propofol (Propofol 10 mg/mL, 
PROPOFOL ABBOTT, Abbott Laboratories, USA) was applied 
intravenously (IV) from right vena auricularis. In MS group 
0.3 mg/kg midazolam (Demizolam, DEM, Turkey) and in 
MKS group 0.3 mg/kg medetomidine (Domitor, Zoetis, 
Turkey) were applied intramuscularly (IM). After 5 min, 
30 mg/kg ketamine (Ketasol 10%, Interhas, Turkey) was 
applied IM in MKS group. Group C received no anesthetic.

For endotracheal intubation of animals, the head and 
neck were held in atlantooccipital extension to displace 
the epiglottis to provide a straight passage for the 
endotracheal tube. The mouth was opened and local 
anesthetic, 2% lidocaine HCl, was sprayed into larynx. The 
neonatal intubation tube (2.5 mm diameter) was placed 
into trachea. After intubation the tube was connected to 
anesthetic machine (Non-breathing system, Magill circuit) 
and anesthesia was maintained 4% sevofl urane during 
30 min in all study groups. At the end of anesthesia, the 
anesthetic machine was shut down and the system was 
washed with oxygen, then oxygen support was carried out 
for 2 min. The animals were followed until chewing refl ex 
returned, then extubated. 

Fig 1. IOP measurement before anesthesia
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IOP Measurement

All animals were placed on the operation table dorso-
ventrally and fixed with hypoallergenic patch. The 
immobilization of animals was achieved by fixation, and 
the tightly fixing was avoided for the IOP measurement 
(Fig. 2). The IOP was measured from right eyes before 
injectable anesthesia (0. min), during sevofl urane anesthesia 
at 5th, 10th, 15th, 20th, 25th and 30. min, and post anesthesia 
(after extubation) at 10th, 20th, 30th, 60th, 120. min and 24 h 
after in study groups. In group C, at the same time intervals 
IOP were also measured.

Statistical Analysis

The obtained data were statistically evaluated with IBM 
SPSS Statistics 21.0 (USA) program. Shapiro-Wilk test was 
used for normality. One-way ANOVA was used to compare 
values between groups’, Student-Newman-Keuls test was 
used for multiple comparisons. The diff erences between 
repeated measurements were analyzed by repeated 
measure variance analysis and Bonferroni test. P<0.05 was 

accepted statistical significance and results are presented 
as Mean ± Standard error (SE).

RESULTS

In-group measurements and statistical evaluations of IOP 
are presented in Table 1. In PS group IOP values decreased 
during anesthesia between 5 and 25 min. The decreases 
between 0 and at 5th, 10th and 25th min during anesthesia 
were significant (P<0.05). In post anesthesia time intervals; 
significant alterations were recorded between 30 and 120th

min (P<0.05). The measured value of IOP at 120th min was 
higher than the values measured at 30th min.

In general, the measured IOP values obtained from MS 
group were higher than the values obtained at 0 time, and 
the increase continued at 10th min during post anesthesia, 
which was statistically significant (P<0.05). At 30th min in 
post anesthesia the value of IOP approached to normal. 
Furthermore, the recorded values between 5th min during 
anesthesia and post anesthetic 30th min were higher than 
0 time. The alteration in IOP were detected in MKS group. 
During anesthesia the measured values of IOP were higher 
than 0 time which were statistically different during 
anesthesia (between 5th, 10th and 15th, 20th, 30th) (P<0.05). In
group C, there were some decreases and increases detected 
between measurements, but they were not significant.

When values obtain from different groups evaluated 
(Table 2), MS and MKS values were higher and statistically 
diff erent than PS group (P<0.05). Furthermore, increases in 
IOP were higher in MS than MKS group. In post anesthesia 
intervals the lowest values were recorded in PS group. 
Generally, IOP values approached to normal values at 60th

min post anesthesia in MS and MKS groups. At the same 
time, it was also low in PS group.

Table 1. Ingroup comparison of IOP measurements (Mean±SE)

Groups
0th 

min
5th 

min
10th

min
15th

min
20th

min
25th

min
30th

min
PA 

10th min
PA 

20th min
PA 

30th min
PA 

60th min
PA 

120th min
PA 

24th h

PS 13.1±2.18 10.6±0.96b 10.4±0.84b 9.7±1.41ab 9.3±1.33ab 8.6±1.34a 9.2±2.2ab 8.6±2.06a 9.1±2.51ab 8.7±1.25a 8.8±2.78a 10.4±2.06b 14.1±1.91

MS 11.2±2.82 22.5±5.60a 21.2±6.01a 18.9±5.38a 17.8±5.18a 18.1±5.30a 19.2±5.41a 13.0±2.40b 12.1±2.51 11.4±2.98 11.1±2.46 11.7±1.82 11.9±2.13

MKS 13.1±2.07 19.1±4.58a 18.6±5.66a 17.9±6.04b 17.3±5.16b 17.1±5.46b 17.8±5.61b 11.2±2.14 11.2±3.15 11.7±2.71 12.4±2.75 12.3±3.02 11.1±2.60

C 13.2±1.68 13.6±1.57 14.3±2.26 14.3±2.71 13.8±1.98 14.0±1.63 14.6±1.89 14.6±1.34 14.3±1.41 14.10±2.18 13.4±1.83 12.9±2.07 13.3±2.21

PS: Propofol + Sevofl urane, MS: Midazolam + Sevofl urane, MKS: Medetomidine + Ketamine + Sevofl urane, PA: Post anesthesia,  a,b in same line is statistically significant (P<0.05)

Table 2. Between groups comparison of IOP measurements (Mean±SE)

Groups
0th 

min
5th 

min
10th

min
15th

min
20th

min
25th

min
30th

min
PA 

10th min
PA 

20th min
PA 

30th min
PA 

60th min
PA 

120th min
PA 

24th h

PS 13.1±2.18 10.6±0.96 10.4±0.84 9.7±1.41 9.3±1.33 8.6±1.34 9.2±2.2 8.6±2.06 9.1±2.51 8.7±1.25 8.8±2.78 10.4±2.06 14.1±1.91

MS 11.2±2.82 22.5±5.60* 21.2±6.01* 18.9±5.38* 17.8±5.18* 18.1±5.30* 19.2±5.41* 13.0±2.40 12.1±2.51 11.4±2.98 11.1±2.46 11.7±1.82 11.9±2.13

MKS 13.1±2.07 19.1±4.58* 18.6±5.66¥ 17.9±6.04* 17.3±5.16* 17.1±5.46* 17.8±5.61¥ 11.2±2.14 11.2±3.15 11.7±2.71 12.4±2.75 12.3±3.02 11.1±2.60

C 13.2±1.68 13.6±1.57 14.3±2.26 14.3±2.71 13.8±1.98 14.0±1.63 14.6±1.89 14.6±1.34 14.3±1.41 14.10±2.18 13.4±1.83 12.9±2.07 13.3±2.21

PS: Propofol + Sevoflurane, MS: Midazolam + Sevofl urane, MKS: Medetomidine + Ketamine + Sevofl urane, PA: Post anesthesia, *,¥ in same column is statistically significant (P<0.05)

Fig 2. IOP measurement during anesthesia
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DISCUSSION
Intraocular pressure is defined as the pressure of eye 
ball and its components, and the pressure against to 
the surrounding tunica fibrosa. It is affected by humor 
aqueous, choroid blood volume, volume of corpus vitreum, 
scleral flexibility, muscle tone surrounding the eye ball and 
external pressure [11]. At the same time, the laying position 
of the patient may cause the alteration in IOP. In the present 
study, the measurements of animals were done in sterno 
abdominal position by the same person (ME) to minimize 
the alterations in IOP. Blood pressure, diurnal cycle, posture 
and blood biochemistry may cause short time alteration 
in IOP. On the other hand, species, sex, age, season and 
weight may also affect the IOP in long time period [12-14]. In 
this study, same sex and species of animals were used, and 
the anesthesia was planned to coincide in the same hours 
during the day. In this way, the conditions that can cause 
intraocular pressure changes were minimized.

Usage of propofol for induction of anesthesia is known to 
reduce the intraocular pressure [6,15,16]. Sator-Katzenschlager 
et al.[15] emphasized that using sevoflurane and propofol 
anesthetic combination in humans decreases the IOP in 
non-ophthalmic surgery. They related this decrease to the 
potential effects of anesthetic agents on IOP.

Benzodiazepines such as midazolam are widely used with 
ketamine in laboratory animals’ anesthesia. It decreases 
systemic arterial blood pressure, cerebral blood flow, 
cerebral pressure and IOP [2]. In general, benzodiazepines 
relax the extraocular muscles and increase outflow of 
humor aqueous. Thus, the relaxing and the other effects of 
benzodiazepines decrease the IOP. In ocular surgery, one of 
the essential aims of anesthetic management is to prevent 
the increase of IOP during anesthesia. The anesthesia 
related practices (Laryngoscopy, endotracheal intubation 
and extubation) cause increase in IOP through the 
stimulation of sympathetic nervous system. Additionally, 
hypoxia and hypercarbia also induce an increase in 
choroidal blood volume [17,18]. However, in the present study 
IOP values in MS group were higher than other groups 
during anesthesia. Statistically significant differences were 
detected among MS, PS and C groups. It has been thought 
that the rises in IOP at MS group might occur due to the 
tracheal intubation. Because benzodiazepines cause loss 
in airway muscle tone and results an increase in airway 
resistance [19]. In the present study, the intubation in MS 
group animals were more difficult than others. At the end 
of anesthesia, animals in all study groups were supported 
with oxygen to eliminate hypoxia and hypercarbia.

Alpha-2 adrenergic agonist such as medetomidine can 
affect IOP by several mechanisms. It decreases IOP by 
suppressing sympathetic neuronal function in rabbits [7]. 
Ketamine induces a dose dependent central nervous 
system depression that leads to a dissociative anesthesia. 
It increases cerebral blood volume, intracranial pressure 

and cerebrospinal fluid pressure. For all these reasons, the 
increase in IOP is a side effect of ketamine [8]. Hofmeister 
et al.[20] used ketamine alone in dogs for anesthesia, 
and investigated alteration in the IOP. They found that 
ketamine increases the IOP in dogs and suggested not 
to use alone in patients with glaucoma risk. Furthermore, 
Kılıç [21] investigated the clinical effects of medetomine + 
ketamine and xylazine + ketamine anesthetic combinations 
in rabbits. He found that the heart rate and venous partial 
oxygen pressure of medetomidine + ketamine groups 
were lower than that of xylazine + ketamine group during 
anesthesia. He explained this difference as the effects 
of medetomidine + ketamine on cardiovascular system 
in rabbits. The injection of ketamine (30-90 mg/kg, IM) 
increases 6 mmHg in IOP of rabbits that last for 2-4 h [4]. 
In the present study, 30 mg/kg ketamine injected IM 
to MKS group’s animals, and the IOP increased about 6 
mmHg during anesthesia. However, the increase did not 
continue for 2 h. In fact, the measured value at 10th min 
post anesthesia was lower than 0 time in MKS group. This 
situation showed that medetomidine causes suppression 
on sympathetic neuronal function in humor aqueous 
production and ciliary vasoconstriction in a short time 
period. Furthermore, reduction in IOP value at MS group 
at 10th min post anesthesia can be explained by the 
relaxing effect of midazolam on extraocular muscles and 
its increasing outflow effect of humor aqueous.

At the same time, sevoflurane causes dose dependent 
decrease in IOP [22]. In the present study, same dose 
sevoflurane was used in all study groups during 30 min 
anesthesia. The increase in IOP in MS and MKS groups 
supported above-mentioned literature [22]. There were no 
decreases recorded during sevoflurane anesthesia in MS 
and MKS groups. The decreases were detected only in PS 
group. These decreases can be explained by the effects of 
propofol on IOP.

As a result of this study, PS anesthetic combination is an 
ideal anesthesia for ocular surgery in rabbits. The increase 
in IOP is undesirable in ocular surgery due to operative and 
postoperative complications. It was also concluded that 
investigating the effects of anesthetic combination on IOP 
should continue in more detailed researches including in 
different species.
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Abstract
In this study, histologic and electromyographic (EMG) evaluation of neuroregenerative effect of stromal vascular fraction (SVF) following periferal nerve 
anastomosis was aimed. Totally, 31 Wistar Albino, male rats (weighing about 300 g) were studied, and these rats were grouped according to surgical 
techniques performed on the right sciatic nerve: group I (GRI) micro suture (n=7), group II (GRII) micro suture + SVF (n=7), group III (GRIII) fibrin glue (n=7) and 
group IV (GRIV) fibrin glue + SVF (n=7). Fat tissue was taken from 3 rats to prepare SVF, and SVF was produced by non-enzymatic method. The left sciatic nerve 
of all rats was evaluated for EMG as control. Under general anesthesia, after transversal incision of the sciatic nerve, microsurgical epineural repair technique 
was performed with 10/0 nonabsorbable suture. EMG examinations were performed in terms of conduction rate, amplitude, distal latency and spontaneous 
muscle activity at 0th day and postoperative (PO) 1st and 8th weeks. EMG results between and within the groups were statistically evaluated by one-way 
analysis of variance. Rats in all groups were sacrificed by decapitation at PO 8th week and histological examinations of the sciatic nerves were performed 
following preparation of the neural tissues. EMG examination results showed the highest nerve conduction in GRI, the highest amplitude in GRIII, normal 
latency in GRII and longer distal latency in GRIV at PO 8th week. Amplitude and conduction velocity increased gradually in all groups. In needle EMG, the best 
muscle membrane stabilization was achieved in GRII and GRIV at PO 8th week. Statistically, the values of amplitude, distal latency, conduction velocity, and 
spontaneous muscle activity were found to be at normal levels at PO 8th week in all groups (P>0.05). In the histological results, although fibroconnective 
tissue reactions in the anastomosis area had similar scores in GRII and GRIV, maximum fibroconnective tissue reaction and the best axonal regeneration was 
seen in GRI and GRIII, respectively. In addition, GRI and GRII had the most inflammatory cells accumulation in the suture region, and less inflammatory cells 
were seen in the anastomosis area of GRIII and GRIV. As a conclusion, fibrin glue presents good electrophysiological and histological results; however, it is 
clear that local SVF usage on the nerve anastomosis area can be a good choice to decrease fibroconnective tissue reaction and inflammation.

Keywords: Electromyography, Histology, Neuroanastomosis, Rat, Stromal vascular fraction

Nöroanastomoz Sonrası Stromal Vasküler Fraksiyonun Nörorejeneratif 
Etkisinin Histolojik ve Elektromiyografik Değerlendirilmesi

Öz
Bu çalışmada, periferal sinir anastomozunu takiben stromal vasküler fraksiyonun (SVF) nörorejeneratif etkisinin histolojik ve elektromiyografik (EMG) 
değerlendirilmesi amaçlandı. Toplamda, 31 Wistar Albino, erkek sıçanda (yaklaşık 300 gr ağırlığında) çalışıldı ve bu sıçanlar sağ siyatik sinirde uygulanan 
cerrahi tekniklere göre gruplandı: grup I (GRI) mikro dikiş (n=7), grup II (grup GRII) mikro dikiş + SVF (n=7), grup III (GRIII) fibrin yapıştırıcı (n=7) ve grup IV 
(GRIV) fibrin yapıştırıcı + SVF (n=7). SVF’yi hazırlamak için 3 sıçandan yağ dokusu alındı ve SVF, enzimatik olmayan bir yöntemle üretildi. Bütün sıçanların 
sol siyatik siniri EMG için kontrol olarak değerlendirildi. Genel anestezi altında, siyatik sinirin transversal ensizyonundan sonra 10/0 emilemeyen dikiş ile 
mikrocerrahi epinöral onarım tekniği uygulandı. EMG muayeneleri, 0. günde ve postoperatif (PO) 1. ve 8. haftalarda iletim hızı, amplitüt, distal latans ve 
spontan kas aktivitesi açısından yapıldı. EMG bulguları istatistiksel olarak gruplar arası ve grup içi tek yönlü varyans analizi ile değerlendirildi. Tüm gruplardaki 
sıçanlar PO 8. haftada dekapitasyon ile sakrifiye edildi ve sinir dokularının hazırlanmasından sonra siyatik sinirlerin histolojik incelemeleri yapıldı. EMG 
muayene sonuçları, GRI’de en yüksek sinir iletimini, GRIII’te en yüksek amplitütü, GRII’de normal latansı ve GRIV’te ameliyat sonrası 8. haftada daha uzun distal 
latansı gösterdi. Amplitüt ve iletim hızı, tüm gruplarda kademeli olarak arttı. İğne EMG’de, en iyi kas zarı stabilizasyonu PO 8. haftada GRII ve GRIV’te sağlandı. 
İstatistiksel olarak amplitüd, distal latans, ileti hızı ve spontan kas aktivitesi değerlerinin tüm gruplarda anlamlı olarak PO 8. haftada normal değerlerde 
olduğu görüldü (P>0.05). Histolojik sonuçlarda, anastomoz alanındaki fibrokonnektif doku reaksiyonları GRII ve GRIV’te benzer skorlara sahip olsa da, 
maksimum fibrokonnektif doku reaksiyonu ve en iyi aksonal rejenerasyon sırasıyla GRI ve GRIII’te görülmüştür. Ek olarak, GRI ve GRII dikiş bölgesinde en 
fazla enflamatuar hücre birikimine sahipti ve GRIII ve GRIV’ün anastomoz alanında daha az enflamatuar hücreler görüldü. Sonuç olarak, fibrin yapıştırıcısı iyi 
elektrofizyolojik ve histolojik sonuç sunar; ayrıca sinir anastomoz bölgesinde lokal SVF kullanımı fibrokonnektif doku reaksiyonu ve enflamasyonu azaltmak 
için iyi bir seçim olabileceği açıktır.

Anahtar sözcükler: Elektromiyografi, Histoloji, Nöroanastomoz, Sıçan, Stromal vasküler fraksiyon
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INTRODUCTION

Peripheral nerve regeneration after surgical repair of nerve 
tissue is a complex process that continues as molecular 
healing. Neurorrhaphy, tissue adhesives, and grafting 
are the routine techniques of nerve anastomosis [1,2]. 
Neurorrhaphy is the most common choice, especially in 
situations where tension-free nerve endings are attached [1-7]. 
Fibrosis, adhesion neuroma and glioma formation after 
neurorrhaphy has a negative effect on nerve healing [1,4,5]. 
Because of the negative effects of neurorrhaphy on healing, 
tissue adhesives have been developed as an alternative [1,2,8] 

and fibrin glue, which is used for neural anastomosis, reduces 
local inflammation and fibrosis and provides neurotropic 
factors [2,6,9-11]. However, fibrin glue has been shown to 
inhibit local axonal regeneration by increasing local scar 
tissue formation and thus its usage has been limited [6,9].

In recent years, cell-based therapy techniques have been 
applied in the field of regenerative medicine. Stromal 
vascular fraction (SVF) obtained from adipose tissue is also 
among these treatment techniques [12-15]. SVF is a rich cellular 
source containing preadipocytes, mesenchymal stem cells, 
endothelial progenitor cells and adipose tissue-derived 
macropages [5,12,14,16-18]. SVF, composed of heterogeneous 
cell groups, contributes to nerve regeneration with its 
angiogenic and immunosuppressive effects [17,19]. Therefore, 
SVF has many indications such as lipotransfer, cardiac 
diseases, diabetes-related complications, nerve regeneration 
and burn wounds [12,14,16,17]. In addition, SVF is used as 
uncultured adipose-derived stromal cells and has advantages 
such as rapid derivation and reduction in transplantation, 
economize and reducing the risk of cell culture [5,13,20-23]. 

On the basis of the literature information given above, using 
histological and electromyographic (EMG) examinations, 
this presented study aimed to investigate the neuro- 
regenerative effect of locally applied SVF in neuro-
anastomosis following suture and fibrin glue after sciatic 
nerve transection.

MATERIAL and METHODS

Animals and Grouping

This study was approved by Bursa Uludag University 
Animal Experiments Local Ethics Committee (Decision no: 
2019-03/07).

The materials of the study consisted of 31 adult (n=31) 
Wistar Albino male rats weighing approximately 300 
grams. All rats were allowed to illuminate for 12 h daytime 
and 12 h nighttime with an average temperature of 22°C, 
and the rats were fed ad libitum. Rats were randomly 
selected for the study groups. The study was performed 
on the right sciatic nerve: group I (GRI) micro suture (n=7), 
group II (GRII) micro suture + SVF (n=7), group III (GRIII) 
fibrin glue (n=7) and group IV (GRIV) fibrin glue + SVF 

(n=7). Fat tissue was taken from 3 rats to prepare SVF. The 
sciatic nerve of the left extremity of all rats was evaluated 
for EMG examination as control. 

Experimental Procedure

The microsurgical procedure was performed under general 
anesthesia in accordance with the rules of asepsis and 
antisepsis. Xylazine HCl (9 mg/kg, IM) (Alfazine®, Egevet, 
Turkey) was used as preanesthetic and ketamine HCl (50 
mg/kg, IM) (Alfamine®, Egevet, Turkey) was administered 
for induction. The sciatic nerve on the right extremity of 
the rats was reached by lateral approach. Transversal incision 
was made with scalpel one cm proximal to the bifurcation 
of the nerve. The surgical loop was used during the operation 
for magnification, so that the micro-imaging and nerve 
endings were confronted. In GRI and GRII, four micro sutures 
were applied by epineural repair technique using 10/0 non- 
absorbable suture material (Ethicon®, USA) (Fig. 1-A). After 
the suturing procedure in GRII, the SVF prepared before 
the surgical procedure was absorbed into the surgicel 
(Ethicon®, USA) and delivered to anastomosis area locally 
(Fig. 1-B). After transection in GRIII and GRIV, nerve endings 
were adhered with 4 mL fibrin glue (Tisseel®, Baxter, Austria) 
(Fig. 1-C). After adhesion of nerve endings in GRIV, SVF 
impregnated with surgicel (Ethicon®, USA) was applied 
locally (Fig. 1-D). After the procedures applied to the nerves 
in all groups, the surgical site was routinely closed.

In the postoperative (PO) period, meloxicam (1 mg/kg, IM) 
was used once daily for three days and enroflaxacin (10 
mg/kg, IM, qd) was used for a week to all rats. All groups 
were sacrificed by decapitation at PO 8th weeks.

EMG Procedure

To assess functional nerve healing, EMG examination was 
performed at 0th day and PO 1st and 8th weeks using Medtronic 
Dantec Keypoint 4 EMG (Bourgogne, France). For the motor 
conduction velocity examination of the sciatic nerve, supra- 
maximal stimulation was given by monopolar needle 
electrodes from the back of genu and acetabulum. The 
ground electrode was placed between stimulator and 
recording electrode. The compound muscle action potential 
(CMAP) was recorded from gastrocnemius muscle. Distal 
latency, amplitude and nerve conduction velocity were 
evaluated. In needle EMG, tibialis cranialis muscle and 
gastrocnemius muscle, at 0.2 mV and 10 ms/D, spontaneous 
muscle activity was examined with concentric needle 
electrodes. Spontaneous activity of the muscles examined 
as reported previously [24]; +1: sparse fibrillation potentials 
or positive sharp waves, +2: fibrillation potentials or 
positive sharp waves in multiple sites in a muscle, +3: 
abundant spontaneous activity, +4: significant fibrillation 
potentials or positive sharp waves to fill the screen. 

Collection of Adipose Tissue and SVF Preparation Protocol

For SVF preparation, the fat tissue was taken of the inguinal 
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region under general anesthesia from three rats. In total, 
2.898 g of clean adipose tissue was harvested from the 
animals. Non-enzymatic SVF method (mechanic) was 
performed as described previously [25]. The adipose tissue 
was cut into small pieces then sterilized with alcohol for 
2 sec in 50 mL falcon tube. Subsequent adipose tissues 
were washed with Dulbecco’s phosphate buff ered saline 
(D-PBS) separately performed in sterile petri dish. Adipose 
tissue samples was removed from D-PBS, placed into the 
100 mm2 petri dish and cut into the more small pieces 
(1-2 mm2) for mincing process [26]. After this mincing 
process, 1.5 g of fat tissue + 1.5 mL of 0.08% isotonic 
content were added to 2 centrifuge tubes (15 mL volume). 
The centrifugation was carried out at 3500 rpm, 4°C for 4 
min. After the supernatant was discarded, the pellet was 
filtered with 70-micron filter to use SVF. The 100 µL volume 
of fresh SVF was injected by insulin syringes into nerve 
anastomosis area of the rats. 

Histological Procedure

After decapitation, nerve was quickly collected; soft tissues 
were removed from the nerve surfaces, and cut into small 
pieces. Specimens were fixed in 10% neutral buffered 
formalin for 3 days. When the fixation was completed, 
specimens were rinsed in water briefl y. After dehydration 

in 70% ethanol, 80% ethanol, 96% ethanol, and absolute 
ethanol, specimens were embedded in paraffin wax and 
than 6-7 µm thickness tissue sections were cut and stained 
with Crossman’s triple staining method [27]. Histology 
sections were examined microscopically (Nikon® Eclipse 
80i Microscope, Netherlands). Photographs were taken with 
a camera (Nikon® Ds Camera Control Unit DS-L1, Japan).

The nerve regeneration was evaluated by nerve fiber 
alignment and fibrous tissue reaction in each section. To 
evaluate the axonal regeneration, fiber alignment of nerve 
was scored semiquantitatively: (+) weak, (++) moderate, 
(+++) strong, (++++) very strong. The fibrous tissue 
reaction in the lesion area, all slides were scored as no 
collagen and/or connective tissue (−), weak (+), moderate 
(++) and strong (+++) by two researchers in a blind manner. 
The analysis was performed as reported previously [28].

Statistical Evaluation

Statistical analyzes were done in SigmaStat verison 
12.5 program (GmBH®, Germany). One-way analysis of 
variance (ANOVA) repeated measures test was used to 
compare electromyographic findings within and between 
groups. The results were evaluated at P<0.05 significance 
level. 

Fig 1. Intraoperative view of the procedures 
applied in GRI (A), GRII (B), GRIII (C) and 
GRIV (D)
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RESULTS

The operation wound of all rats recovered without any 
complications and all rats survived until the end of the 
study. Nerve transection revealed right posterior limb 
paralysis in all rats which was evident in PO 1st week.

EMG Results

In GRI; conduction velocity was 31.6±1.6 m/s at PO 1st week 
and 71±5.8 m/s at PO 8th weeks. Amplitude was 0.6±0.5 mV 
at PO 1st week and 5.7±1.4 mV at PO 8th weeks; the distal 
latency was 4.95±0.05 ms at PO 1st week and 1.4±0.2 ms at 
PO 8th week. The amplitude, distal latency and conduction 
velocity were found to be increased when the values of 
PO 1st and 8th week were compared. Compared with the 
left extremity for control, conduction velocity was close to 
normal values at PO 8th weeks, but amplitude was lower 
than normal value and distal latency was longer. In needle 
EMG, severe fibrillation and positive sharp waves were 
observed in PO 1st week, denervation potentials became 
stable in PO 8th week. 

In GRII, conduction velocity was 37.1±7.4 m/s in PO 1st

week and 53±7.9 m/s in PO 8th week. The amplitude was 
3±1.5 mV at PO 1st week and 4.1±0.7 mV at PO 8th week; 

distal latency was 1.7±0.6 ms at PO 1st week and 1.1±0.1 ms 
at PO 8th week. When compared with control, conduction 
rate and amplitude were significantly lower than normal 
value and distal latency was longer than normal. In needle 
EMG, severe fibrillation and positive sharp waves were 
observed in the PO 1st week, denervation potential was 
stable in many rats individually at PO 8th weeks.

In GRIII; conduction velocity was 59.2±7.5 m/s in PO 1st

week and 68.3±3.1 m/s in PO 8th week. Amplitude was 
1±0.5 mV at PO 1st week and 6.6±1.5 mV at PO 8th weeks; 
the distal latency was 1.3±0 ms at PO 1st week and 1.4±0.4 
ms at PO 8th week. When compared to left extremity as 
control, conduction velocity was found to be close to 
normal value. Severe spontaneous activity was observed 
in needle EMG at PO 1st week. Fibrillation and positive 
sharp wave potentials decreased to the minimum and 
muscle membrane was stable at PO 8th weeks.

In GRIV; the rate of conduction was 39.1±8.2 m/s at PO 1st

week and 52.7±9.3 m/s at PO 8th weeks. The amplitude was 
1.4±0.3 mV at PO 1st week and 3.4±0.8 mV at PO 8th weeks; 
the distal latency was 1.6±0.4 ms in PO 1st week and 2.5±1.6 
ms in PO 8th week. When compared to left extremity as 
control, conduction velocity and amplitude were lower 
than normal value and distal latency was longer than 

normal. Severe spontaneous activity was
observed in needle EMG at PO 1st week. It 
was observed that fibrillation and positive 
sharp wave potentials minimized and 
membrane stability was not achieved in 
many rats at PO 8th week.

Graphical changes in amplitude and 
conduction velocities of all groups at 0th

day and PO 1st and 8th weeks were shown 
in Fig. 2.

Histological Results

Macroscopically, color change and thinning
of the anastomosis area was observed in 
all groups. In GRI and GRII, suture materials 
were observed in the anastomosis area. 
Longitudinal continuity in the sciatic 
nerve was seen in all rats of all groups. 
Separation of the distal and proximal 
nerve segments and adherence of the 
segments to muscle tissues were not 
observed. During the study, ototomy was 
observed in one rat in GRII and four rats 
in GRIII.

Histological assessments are given in 
Table 1.

Regeneration of Ischiadic Nerve: Axonal 
regeneration and fiber alignment were 
found to be better in GRIII compared 

Histologic and Electromyografi c Evaluation of ...

Table 1. Score results of axonal regeneration of sciatic nerve

Parameter of Histologic 
Evaluation

GRI GRII GRIII GRIV

Fiber alignment ++ + +++ ++

Fibrous tissue reaction 
(anastomosis area) +++ ++ + ++

Fiber alignment: (+) weak, (++) moderate, (+++) strong, (++++) very strong; Fibrous connective 
tissue reaction: (-) no collagen; (+) collagen and/or connective tissue between fibers; (++) 
connective tissue that partially interrupts fiber passage; (+++) connective tissue that totally 
interrupts fiber passage

Fig 2. EMG examination results of all groups
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to the other groups (Table 1, Fig. 3-C). In GRIII, less 
fibroconnective tissue reactions were determined (Fig. 
3-C), and maximum fibroconnective tissue reactions 
were observed in GRI (Fig. 3-A). Fibroconnective tissue 
reactions in the anastomosis area had similar scores (++) 
in GRII (Table 1, Fig. 3-B) and GRIV (Table 1, Fig. 3-D). A 
significant decrease in fiber alignment was observed due 
to increased density of fibrous connective tissue reaction 
(Fig. 3-A). Furthermore, it was found that the fiber alignment 
was partially and completely interrupted in GRI (Fig. 3-A). 
There was a considerable connective tissue reaction in 

the perineural area of all groups compared with the 
controls. When the infl ammation of the nerve fibers was 
examined, it was seen that GRI and GRII had the most 
infl ammatory cells in the sutured area (Fig. 4), and less 
inflammatory cells were observed in GRIII and GRIV 
(Fig. 3-C,D).

Statistical Results

The statistical comparisons of amplitude, distal latency, 
conduction velocity, and needle EMG results are detailed 
in Table 2 and Table 3.
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Fig 3. Longitudinal histologic section of 
GRI (A), GRII (B), GRIII (C) and GRVI (D): 
experimental groups. Fibroconnective tissue 
reactions (*); decrease of fiber alignment 
and interruption-suture area (arrows); Triple 
stain, Bar 100 µm

Fig 4. Longitudinal histologic section. * High density of 
infl ammatory cells observed in GRI; Triple stain, Bar 25 µm
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In the Evaluation of Nerve Conduction Velocity

Amplitude Values: The decrease in the amplitude values 
of GRI and GRIV at PO 1st week was significant within 
the group comparison (P<0.05), it was close to normal 
values in GRI, GRII, GRIII at PO 8th week but there was no 
statistical significance (P>0.05). In the GRIV, the PO 8th 
week, amplitude value was not close to values of day 0 
(P<0.05). There was no significant difference in the 8th 
week amplitude values between the groups (P>0.05).

Distal Latency: In the groups comparison, a significant 
difference was found between values of day 0 and PO 1st 
week of GRI, GRII and GRIII (P<0.01). In the PO week 1, GRI 
had a significant difference between the other groups 
(P<0.01), and there was no significant difference between 
the groups at PO week 8 (P>0.05).

Conduction Velocity: There was a significant difference 
in the comparison of GRI, GRII and GRIV within the group 
(P<0.01). In the comparison between the groups, no 
significant difference was determined between the PO 8th 
week values (P>0.05).

In the Evaluation of the Needle EMG

The increase in spontaneous activity of tibialis cranialis 
and gastrocinemius muscles at PO 1st week was found 
to be significant within grup evaluations of all groups 
(P<0.001). At PO 8th week, decrease in spontaneous activity 
of tibialis cranialis muscle was significant in GRI, GRII and 
GRV (P<0.001). While spontaneous muscle activity of 

gastrocnemius was significant only in the GRI at PO week 1 
(P<0.001), it was statistically significant among all groups 
at PO 8 week (P>0.05).

DISCUSSION

In peripheral nerves, morphological and cellular changes 
occur in the nerve fragments as a result of partial or 
total damage [7,11]. The success of peripheral nerve repair 
depends on the density of regenerated axons and 
prominent regenerating myelin at the junction along 
with regenerating axons [11,29]. From past to present, many 
methods have been used to achieve optimal functional 
recovery in nerve regeneration [10,30]. Among these methods, 
micro suture technique is frequently preferred [3,5,8,31]. 
Epineural and perineural techniques provide better contact 
between nerve segments in nerve repair and cause nerve 
fibers to deteriorate and become more traumatized [8,9,11,31,32]. 
However, fibrin glue is an atraumatic technique that does 
not have foreign body effects on the nerve [31,32] and also 
reduces inflammation and fibrosis [8,10,32]. Fibers in fibrin 
glue-repaired nerves generally extend parallel to the axis, 
whereas suture-repaired nerves are known to interfere 
with axonal growth during regeneration [9,10,32]. In addition, 
suturing can prevent blood circulation by compressing the 
fascicles [11,32]. 

Thus, there is still a controversial statement, which surgical 
technique is ideal for peripheral nerve repair [10,31]. In this 
presented study, neuroanastomosis was performed in the 
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Table 3. The mean and standart errors (SE) and also statistical analysis results of the needle EMG values in groups

Group

Tibialis cranialis muscle
Mean±SE

Gastrocnemius muscle
Mean±SE

0. day 1. week 8. week 0. day 1. week 8. week

GRI 0±0aA 4±0b***A 2±0c***A 0±0aA 4±0b***A 1±0b***A

GRII 0±0aA 3±0.3b***A 0.6±0.3abA 0±0aA 3±0.2b***B* 0.8±0.3c***A

GRIII 0±0aA 3±1b*A 0.5±0.5abA 0±0aA 3±0b**B* 0±0aA

GRIV 0±0aA 2.4±0.3b***A 1±0.2c***A 0±0aA 3±0b***B* 0.8±0.1c**A

* P<0.05, ** P<0.01 and *** P<0.001; Within groups: Same letters (a, b and c) in the same line are not statistically significant (P>0.05); Between 
groups: Same letters (A and B) in the same column are not statistically significant (P>0.05)

Table 2. This table points out the nerve conduction study values of the groups

Group

Amplitude (mV)
Mean±SE

Distal Latency (ms)
Mean±SE

Conduction Velocity (m/s)
Mean±SE

0. day 1. week 8. week 0. day 1. week 8. week 0. day 1. week 8. week

GRI 11.3±1.6aA 0.6±0.5b**A 5.7±1.4abA 1.0±0.3aA 4.9±0.0b**A 1.4±0.2aA 71.8±5.1aA 31.6±1.6b**A 71±5.8aA

GRII 8.5±2.1aA 3±1.5b*A 4.1±0.7abA 0.8±0.1aA 1.7±0.6b**B** 1.1±0.1b*A 70.5±2.6aA 37.1±7.4b**A 53±7.9abA

GRIII 9.3±2.6aA 1±0.5aA 6.6±1.5aA 0.5±0aA 1.3±0.0b*B** 1.4±0.4abA 70.3±9.7aA 59.2±7.5aA 68.3±3.1aA

GIV 7.7±1.6aA 1.4±0.3b**A 3.4±0.8b**A 0.8±0.1aA 1.6±0.4B** 2.5±1.6aA 69±3.6aA 39.1±8.2b**A 52.7±9.3aA

* P<0.05, ** P<0.01 and *** P<0.001; Within groups: Same letters (a, b and c) in the same line are not statistically significant (P>0.05); Between 
groups: Same letters (A and B) in the same column are not statistically significant (P>0.05)
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sciatic nerve using epineural micro suture and fibrin 
glue repair techniques. And the local effect of SVF on 
nerve regeneration, following to nerve repairement, was 
investigated by PO EMG examinations and nerve histology 
study, which was determined as 8 weeks based on axonal 
re-growth and functional regeneration time, as reported 
previously [33,34]. 

In comparative studies with fibrin glue and epineural repair, 
there is no detail in which the superiority was reported with 
histological findings [11,32]. It has been reported that fibrin 
glue may cause compression of the nerve by causing 
connective tissue reaction [11]. However, Breshah et al.[2] 
and Rafijah et al.[6], have been reported that fibrin glue 
has no negative effect on nerve regeneration and may 
even be functionally alternative to epineural suture repair. 
In addition, fibrin glue applied for neural anastomosis 
has better functional return and has superiority electro-
physiologically [35,36]. In this study, there was a reduction 
in the continuity of the axons in group applied only micro 
suture. Moreover, comparing to the suturing groups 
(GRI and II), fibrin glue (GRIII) presented better electro-
physiological results, and minimal inflammatory reaction 
and fibrosis on the anastomosis site of the nerve in 
histological evaluation. 

The effect of SVF on nerve regeneration is not fully under-
stood, but stromal, multipotent and hematopoietic cell 
populations are known to contribute to regeneration. 
It is also reported that regenerated axons heal faster 
and myelinated fibers have larger diameters [17]. Local 
neuroprotective effect of SVF was reported in diabetic 
rats [9]. In a nerve graft study, regeneration is better in SVF 
filled vein grafts and these grafts can be used in peripheral 
nerve regeneration instead of autologous nerve graft [15]. 
Mohammadi et al.[22] has been reported that SVF has 
favorable effects on nerve regeneration histologically. In 
SVF groups (GRII and GRIV) of this study, the inflammation 
was significantly minimal. Furthermore, SVF showed less 
fibroconnective tissue reaction compared to the group 
where only micro sutur was applied, and it was considered 
as an important result of reducing the fibrous tissue 
reaction of SVF.

Electromyografic examination provides important infor-
mation for the determination of axonal regeneration and 
functional recovery after surgical repair of peripheral 
nerves [37]. In addition, Sta et al.[38], has been stated that 
the electrophysiologic evaluation is very sensitive in early 
stage nerve regeneration. Amplitudes, an indicator of 
regenerated axon count [7,9,19,32], increased gradually in all 
groups at PO 8th weeks. As informed by Martins et al.[39], the 
highest amplitude was determined in fibrin glue group 
(GRIII) at PO 8th week. The absence of statistical significance 
in amplitude values of GRIII during the study was 
interpreted that fibrin glue had a positive effect on nerve 
regeneration. CMAP latencies are also indicative of nerve 
conduction velocity and correlate with the level of axonal 

myelination and nerve regeneration. Low distal latency is 
revealing of higher conduction velocity and recovery [9]. 
Comparing to the and 8th week distal latency values of 
the groups, there was the longest distal latency in micro 
suture group at PO 1st week, which could be indicative for 
demyelinisation; however, the closest distal latency value 
was determined in micro suture plus SVF group (GRII) at 
PO 8th week. In the comparison between the groups, the 
message speed reached normal values in the 8th week EMG 
examination of all groups and there was no statistically 
significant difference between them (P>0.05). 

Needle EMG is performed in the target organ muscles in 
order to evaluate reinnervation [7]. Electrophysiological 
methods have been reported to be the best indicator of 
nerve healing in the period from nerve repair to muscle 
re-innervation [28]. In addition, the fibrillation potentials 
used in clinical routine and the numerical evaluation scale 
of positive sharp waves ranging from +1 to +4 provide 
semi-measurable results about denervation in muscles [24]. 
In needle EMG, there was serious denervation potential 
in all groups at PO 1st week, but this activity decreased 
until the end of the study period, but the muscles were 
not completely stable. In the evaluation of spontaneous 
muscle activity, it was determined that gastrocnemius 
muscle activity was higher in the GRI at PO 1st week 
compared to the other groups (P<0.001), but there was 
no significant difference between the groups at the PO 
8th week (P>0.001). The best recovery was the fibrin glue 
group as a result of semi-quantitative evaluation in parallel 
with histological findings. Muscle membrane stabilization 
was faster in SVF groups in the evaluation of re-innervation. 
Also, the fact that the potential for denervation in the 
groups using SVF started to decrease earlier may mean 
that SVF can contribute to renervation.

In conclusion, considering the presented study data, fibrin 
glue offers the best electrophysiological and histological 
results; SVF has been shown to reduce fibroconnective 
tissue reaction and inflammation, and may contribute 
to renervation by creating electrophysiological early 
denervation potential. Therefore, it is clear that SVF can be 
a potential alternative to the use of stem cells and growth 
factors.
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Abstract
This study analyzed the characteristics of 133 Haemophilus parasuis isolates in southern China. These isolates belonged to eleven serovars 
(1, 2, 4-10, 13 and 15) with 12.0% of them being characterised as non-typable. A relatively high level in resistance was encountered for 
trimethoprim + sulfamethoxazole (89.9%), tetracycline (75.3%), amoxicillin (69.1%), streptomycin (63.6%), carbenicillin (60.2%), kanamycin 
(46.6%) and ampicillin (45.6%). A total of 60% of the isolates were negative for group 1 virulence-associated autotransporters (vtaA). All group 
1 vtaA negative isolates fell into polyacrylamide gel electrophoresis (PAGE) type I, while all group 1 vtaA positive isolates were classified as 
PAGE type II. The results of Multi-locus sequence typing (MLST) indicated a high degree of variation, 45 isolates in the study were assigned 
into 31 sequence types with 28 of these being new (not found in the MLST database). Antimicrobial resistance was observed in every serovar, 
there was no statistically significant correlation between the antimicrobial resistance and the serovars. The isolates allocated to clade 2 
(based on MLST target sequences) showed the molecular characteristics of highly pathogenic strains in whole-cell protein profiling, vtaA 
groups 1, superoxide dismutase (sodA) sequence and MLST.

Keywords: Haemophilus parasuis, Antimicrobial susceptibility, MLST, PAGE, vtaA, SodA

Güney Çin’de Haemophilus parasuis İzolatlarının Serovarları, 
Antimikrobiyal Duyarlılıkları ve Moleküler Özellikleri

Öz
Bu çalışmada, Güney Çin’deki 133 H. parasuis izolatının özellikleri analiz edildi. Bu izolatlar, %12.0’ı tiplendirilemeyen olarak karakterize edilen 
on bir serovara (1, 2, 4-10, 13 ve 15) aitti. Trimetoprim + sülfametoksazol (%89.9), tetrasiklin (%75.3), amoksisilin (%69.1), streptomisin (%63.6), 
karbenisilin (%60.2), kanamisin (%46.6) ve ampisilin (%45.6) için nispeten yüksek bir direnç seviyesine rastlandı. İzolatların %60’ı, grup 1 
virülansa bağlı ototransportörler (vtaA) yönünden negatifti. Tüm grup 1 vtaA negatif izolatları poliakrilamid jel elektroforezi (PAGE) tip I’e 
dahil edilirken, tüm grup 1 vtaA pozitif izolatları PAGE tip II olarak sınıflandırıldı. Multi-lokus sekans tiplendirmesinin (MLST) sonuçları yüksek 
derecede bir varyasyon gösterdi. Çalışmadaki 45 izolat 31 sekans tipine atanırken bunların 28’inin yeni olduğu belirlendi (MLST veritabanında 
bulunamadı). Her serovarda antimikrobiyal direnç gözlendi, antimikrobiyal direnç ile serovarlar arasında istatistiksel olarak anlamlı bir ilişki 
yoktu. Clade 2’ye ayrılan izolatlar (MLST hedef sekanslarına dayanarak) hücre proteini profillemesi, vtaA grupları 1, süperoksit dismutaz 
(sodA) dizilimi ve MLST sonuçları patojenitesi yüksek suşların moleküler özelliklerini gösterdi.

Anahtar sözcükler: Haemophilus parasuis, Antimikrobiyal duyarlılık, MLST, PAGE, vtaA, SodA

INTRODUCTION
Haemophilus parasuis (H. parasuis) is a Gram-negative 
bacterium that colonizes the upper respiratory tract of pigs. 
After invasion of the host, it causes Glasser’s disease, which  
is associated with fibrinous polyserositis, meningitis, and 

arthritis. The infection of H. parasuis can be controlled by 
the use of serovar specific vaccines and antibiotics [1-3].

A total of 15 serovars and a large number of non-typable (NT) 
strains have been identified [3]. The high level of intrinsic 
diversity among H. parasuis populations has hindered 
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the development of effective cross-protective vaccines [3]. 
Although antibiotic treatment is the most common 
intervention in the control of Glasser’s disease, the use of 
antibiotics may lead to increased antibiotic resistance [4], 
therefore, antimicrobial susceptibility testing is a crucial 
step prior to antibiotic prescription.

Multi-locus sequence typing (MLST) discriminates among 
isolates by comparing DNA sequences of six to ten house- 
keeping genes [5]. As an objective and highly standardized 
method, the MLST allows full characterization of all 
sampled isolates. In H. parasuis research, Olvera et al.[6] 

were the first to use the MLST method to genetically 
characterize H. parasuis isolates. Mullins et al.[7] then 
optimized the MLST-based analysis of population structure 
and genetic diversity among H. parasuis populations.

H. parasuis isolates range from highly virulent to non-
pathogenic. Although the molecular basis underlying the 
virulence of many H. parasuis isolates has not been completely 
established, some virulence markers or factors have been 
proposed [7-11]. In this study, the antimicrobial susceptibility 
of 133 isolates of H. parasuis from southern China was 
tested against 26 antimicrobial agents. These isolates were 
characterized by serotyping, whole-cell protein profiling, 
identification of virulence-associated autotransporters 
(vtaA), and the sequencing of the superoxide dismutase 
(sodA) gene and by MLST. A phylogenetic analysis between 
the 45 isolates based on MLST target sequences was also 
conducted.

MATERIAL and METHODS

Serotyping of H. parasuis Isolates 

A total of 133 H. parasuis isolates were collected either from 
the blood, joint fluid, lungs and nasal cavity of possibly 
diseased pigs accompanied by symptoms associated with 
Glässer’s disease or from the nasal cavity of healthy pigs 
between 2007 and 2016 in southern China; A total of 88% 
of the 133 isolates were isolated from the nasal cavity 
of pigs, and 12% of the isolates were from blood, joint 
fluid, and lungs of pigs. Identification of the isolates was 
carried out by nicotinamide adenine dinucleotide (NAD) 
dependency, biochemical tests and using PCR [12]. The 
isolates were serotyped using a multiplex PCR method [13].

Antimicrobial Susceptibility

The antimicrobial susceptibility of the H. parasuis isolates 
was assessed by the disk diffusion method with the use  
of blood agar medium with 0.0025% of NAD [14]. Anti-
microbial disks (Hangzhou Tianhe Microbiological Co., 
Hangzhou, China) and associated concentrations are 
described in Table 1. Growth inhibition was assessed against 
Clinical and Laboratory Standards Institute standards and 
the isolates were classified as susceptible, intermediate or 
resistant [15,16]. Actinobacillus pleuropneumoniae (ATCC 27090) 

and Escherichia coli (ATCC 25922) reference strains were 
used as experimental controls.

Whole-cell Protein Profiling and Identification of 
Virulence-associated Autotransporters

The whole-cell protein profiles of H. parasuis isolates were 
evaluated using the method described by Oliveira and 
Pijoan [9]. And the polyacrylamide gel electrophoresis 
(PAGE) types were identified. Isolates containing major 
proteins weighing between 36 and 38 kDa, were classified 
as PAGE type II and isolates lacking this group of proteins 
were classified as PAGE type I. All H. parasuis isolates were 
grown under the same culture conditions. The vtaA of 
the H. parasuis isolates were identified using the method 
described in Olvera et al.[10]. Accordingly, a multiplex PCR 
was used for the diagnosis of H. parasuis at the species 
level (group 3 vtaA positive) and to differentiate putative 
non-virulent isolates (group 1 vtaA negative). 

Table 1. Antimicrobial resistance profiles of H. parasuis isolates from 
southern China

Antibiotic Tested
(μg)

Level of Susceptibility 

Sensitive 
(%) 

Intermediate 
(%)

Resistant 
(%)

Erythromycin (15) 59.6 37.5 2.9 

Tilmicosin (15) 100 0 0

Amoxicillin (10) 29.1 1.8 69.1 

Ampicillin (10) 33.8 20.6 45.6 

Carbenicillin (100) 30.5 9.3 60.2 

Cefazolin (30) 91.3 2.5 6.3 

Cefalexin (30) 80.4 8.4 11.2 

Cefuroxime (30) 84.9 0.8 14.3 

Ceftiofur (30) 100 0 0

Ceftriaxone (30) 100 0 0

Cefalotin (30) 100 0 0

Gentamicin (10) 79.6 4.9 15.4 

Kanamycin (30) 41.0 12.4 46.6 

Amikacin (30) 59.1 15.2 25.6 

Spectinomycin (100) 95.1 0.0 4.9 

Streptomycin (10) 22.7 13.6 63.6 

Tetracycline (30) 17.8 6.8 75.3 

Deoxytetracycline (30) 100 0 0

Enrofloxacin (5) 78.2 21.0 0.8 

Ciprofloxacin (5) 66.5 26.1 7.5 

Norfloxacin (10) 80.9 11.1 8.0 

Ofloxacin (5) 100 0 0

Trimethoprim (1.25) +
Sulfamethoxazole (23.75) 8.2 1.9 89.9 

Lincomycin (2) 29.4 43.7 26.9 

Rifampicin (5) 100 0 0

Albamycin (5) 100 0 0
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MLST

A total of 45 isolates were selected for the MLST analysis 
and 7 housekeeping genes were used in the MLST analysis 
of the H. parasuis isolates: malate dehydrogenase gene 
(mdh), β chain of ATP synthase (atpD), translation initiation 
factor IF-2 (infB), ribosomal protein β subunit (rpoB), 
6-phosphogluconate dehydrogenase(6pgd), glyceraldehyde 
-3-phosphate dehydrogenase (g3pd) and fumarate reductase 
B (frdB). These genes were amplified with primers described 
in Mullins et al.[7]. The PCR reaction conditions were: 5 
min at 95°C; 35 cycles of 95°C for 1 min, 48°C for 30 s and 
72°C for 30 s, followed by a final elongation step of 72°C 
for 10 min. The PCR products were sequenced by Sangon 
Biotech (Shanghai) Co., Ltd. (Shanghai, China), using the 
dideoxy chain-termination method. The housekeeping 
gene sequences, obtained for each isolate, were edited, 
assembled, and aligned by the software MEGA version 
5.0 [17]. Then, the sequences were submitted to the MLST 
database (http://pubmlst.org/hparasuis) for the analysis 
of allele number and sequence type (ST) according to 
the methodology described by Jolley and Maiden [18]. A 
Neighbor-Joining tree, based on the Maximum Composite 
Likelihood distance estimation model with 1000 bootstrap 
replicates, was created from the concatenated sequences 
of the seven housekeeping genes [7]. 

Characterizing the Genetic Diversity of sodA 

Le [19] and Chen et al.[20] reported there are some changs in 
sodA amino acid sites between virulent and avirulent strains 
of H. parasuis, focusing on changes in four sodA amino 
acid sites (at the 16th position: Asp-to-Glu, 49th position: 
Leu-to-Phe, 69th position: Arg-to-Gln, and 186th position 
Ile-to-Val). In the current study, the sodA gene of the 45 
isolates were PCR amplified using the primers sodA F (5’ATG- 
GCATACACAT TACCTGAG T TAGA3’) and sodA R (5’TTATG- 
CTTGGGAT TCAAAACGT3’). Subsequently,  the PCR product 
obtained from each isolate was sub-cloned into the pUCm-T 
vector and sequenced using the dideoxy chain termination 
method (Sangon Biotech Ltd., Shanghai, China).

Statistical Analysis

A neighbour-joining tree derived from the MLST target 
sequences of 45 H. parasuis isolates was constructed by 

using MEGA version 5.0 software. An x2-test was used to 
assess correlation between the antimicrobial resistance 
and the serovars, and a resulting P value lower than 0.05 
was regarded as significant.

RESULTS
From the 133 serotyped H. parasuis isolates, eleven distinct 
serovars were identified. Serovar 10 (15.8%) was the most 
prevalent, followed by serovars 15 (12.8%), 6 (12.0%), 8 
(9.8%), 5 (8.3%), 4 (7.6%), 9 (7.5%), 1 (6.8%), 7 (5.3%), 13 
(1.5%) and 2 (0.8%). A total of 12.0% of the isolates tested 
were NT (Table 2). 

We tested the antibiotic resistance of the 133 isolates of H. 
parasuis against 26 different antibiotics in this study. The 
resistance rates to 7 antibiotics were over 40%, to 5 anti- 
biotics were 10%-30% and to 6 antibiotics were below 10%, 
while, the resistance rates to 8 antibiotics were 0% (Table 1). 
The resistance to 26 antimicrobial agents among all these 
isolates was counted and compared it with the distribution 
of serovars to the distribution of antimicrobial resistance. 
We found that the isolation frequency in serovar 5, 1, 7 
and 8 was a little higher than the incidence of antimicrobial 
resistance in the corresponding serovar, while, the isolation 
frequency in serovar 6 and 9 was a little lower than the 
incidence of antimicrobial resistance in the corresponding 
serovar, but there was not significant difference (x2-test, 
P>0.05). For other serovars, the isolation frequency of each 
serovar was very similar to the incidence of antimicrobial 
resistance in the corresponding serovar (Fig. 1).

A total of 39.8% of the isolates were classified as PAGE  
type II, including some of those included in serovars 1, 2, 
4, 5, 6, 7, 9, 13, 15 and some NT isolates (Table 2). A total 
of 60.2% of the isolates were classified as PAGE type I, 
including some of those included in serovars 1, 4, 6, 8, 9, 
10, 15, and some NT isolates (Table 2).

In this study, all isolates were positive for group 3 vtaA 
and 60% of the isolates were negative for group 1 vtaA. 
All group 1 vtaA negative isolates were PAGE type I, while  
all group 1 vtaA positive isolates were classified as PAGE 
type II. All serovars 2, 5, 7, 13 isolates were group 1 vtaA 
positive and all serovars 8, 9, 10 isolates were group 1 vtaA 
negative (Table 2).

Table 2. Characteristics of the H. parasuis isolates in this study

Characteristics
Serovars

1 2 4 5 6 7 8 9 10 13 15 NT

PAGE type I strains or Group 1 vtaA 
negative strains 1 0 1 0 15 0 13 8 21 0 12 9

PAGE type II strains or Group 1 vtaA 
positive strains 8 1 9 11 1 7 0 2 0 2 5 7

Serotypeable strains 9 1 10 11 16 7 13 10 21 2 17 16

Serotypeable strains frequency (%) 6.8 0.8 7.5 8.3 12.0 5.3 9.8 7.5 15.8 1.5 12.8 12.0
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In this study, we identified 13 new alleles across five of 
the seven housekeeping genes. Five new alleles were 
identified in 6 pgd (55-59), two in atpD (31-32), one in frdB
(48), four in infB (51-54), and one in mdh (42). A total of 

31 STs were found in this study, and 28 STs (ST239-ST266) 
were new MLST STs. clonal complex (CC)1 comprised 
ST241 and ST254; CC2 comprised ST245, ST246, ST250, 
ST251, and ST253; and CC3 comprised ST247, ST249 

Serovars, Antimicrobial Susceptibility and ...

Fig 1. Distribution of H. parasuis serovars and antimicrobial 
resistance among each of these serovars.Serovars: frequency 
(%) = number of strains belonging to a certain serovar/total 
number of strains ×100%.Antimicrobial resistance: incidence 
(%) = number of resistances to all tested antimicrobial 
agents among strains of a certain serovars/total number 
of resistances to all tested antimicrobial agents across all 
strains×100%

Fig 2. Analysis of 31 H. parasuis STs in the 
study using eBURST

Fig 3. Analysis of all H. 
parasuis STs from the MLST 
database of H. parasuis using 
eBURST
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and ST260 (Fig. 2). ST245 was the predicted founder. 

We also analyzed the population structure based on 318 
STs from the MLST database of H. parasuis. The eBURST 
organized the 318 STs into 31CCs and 209 singletons. The 
predicted founders of CC1, CC2, CC4, CC6, CC9, CC13, CC14 
and CC16 were ST309, ST245, ST314, ST203, ST211, ST180, 
ST184 and ST207, respectively. The predicted founders of 
CC3, CC5, CC7, CC10 and CC11 were multiple candidates. 
There were no predicted founders in other CCs (Fig. 3).

The sodA gene of 45 H. parasuis isolates were sequenced. 
The results identified only 7 H. parasuis isolates (HN2-3,
HN2, 2XIN-1, ZS36, ZS37, DF8 and NG03) with all four 
highly pathogenic sites of amino acids: aspartic acid 
at position 16 (Asp-16), leucine at position 49 (Leu-49), 
arginine at position 69 (Arg-69) and isoleucine at position 

186 (Ile-186), other isolates with 1 to 2 changes at position 
16, 49 and 69.

A neighbour-joining tree derived from the MLST target 
sequences of 45 H. parasuis isolates was constructed. Two 
major clades were obtained (clade 1and clade 2). Clade 1 
includes the majority of isolates (84.4%) and STs (80.6%), 
including serovars 1, 2, 4, 6, 7, 8, 9, 10, 15, and some of 
the NT isolates. Clade 2 includes a minority of the isolates 
(15.6%) and STs (19.4%), including serovars 4, 5, 13 and 
some NT isolates (Fig. 4). These isolates allocated to clade 2 
all classified as PAGE type II (whole-cell protein profiling), 
contained all four highly pathogenic amino acids sites 
(sodA sequencing), and were positive for vtaA groups 1 
(vtaA characterization). However, 65.8% of the 45 isolates 
allocated to clade 1 classified as PAGE type I and were 
negative for vtaA groups 1 (Fig. 4).

PENG, YUAN, FANG
LIU-FU, WEN, YANG

Fig 4. Neighbor-Joining tree derived from MLST 
target sequences of 45 H. parasuis strains. AMP: 
Ampicillin, BAR: Carbenicillin, AMX: Amoxicillin, 
CFZ: Cefazolin, CEX: Cefalexin, CXM: Cefuroxime, 
KAN: Kanamycin, GEN: Gentamicin, AMI: Amikacin, 
SPE: Spectinomycin, ENR: Enrofloxacin, NOR:
Norfl oxacin, CIP: Ciprofl oxacin, SXT: Trimethoprim 
+ Sulfamethoxazole, LIN: Lincomycin, ERY:
Erythromycin, TET: Tetracycline, STR: Strepto-
mycin; N: nasal, B: blood, J: joint, L: lung, H: 
healthy pig, D: diseased pig
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DISCUSSION

This work was based on 133 H. parasuis isolates from southern 
China. These isolates belonged to eleven serovars (1, 2, 
4-10, 13 and 15) with 13% of them being characterized 
as NT. Previous studies have reported that different H. 
parasuis isolates may belong to the same MLST ST, even if 
they consist of different serovars. Olvera et al.[21] and Olvera 
et al.[22] found that although H. parasuis isolates CD7-3 
(serovar 14), CD9-1(serovar15), and CD10-4 (serovar 10) 
belonged to different serovars, they were all assigned 
to H. parasuis ST 46. Similarly, Wang et al.[11] found that 
although H. parasuis isolates H33 (NT), H35 (serovar 15), 
and H36 (serovar 14) belonged to different serovars, they 
were all assigned to H. parasuis ST 181. In this study, we 
found a similar result (Fig. 4), which illustrates a lack of 
correlation between the H. parasuis STs and serovars.

In this study, 28 out of the 31 STs identified with the MLST 
method were novel. The eBURST organized the 31 STs 
into 3 CCs and 21 singletons, and organized all STs from 
the MLST database of H. parasuis into 31 CCs and 209 
singletons, which illustrates the high heterogeneity of the 
population structure of H. parasuis.

In China, Zhou et al.[23] reported that 44.5% and 70.9% 
of 110 isolates were resistant to trimethoprim + sulfa-
methoxazole and enrofloxacin, respectively. Xu et al.[24] 
reported that most of the tested 112 isolates in theirs 
study were resistant to nalidixic acid (84.8%), TMP (67.9%), 
trimethoprim + sulfamethoxazole (58%), enrofloxacin (45.5%) 
and ciprofloxacin (41.1%). Zhao et al.[25] reported that 82.5% 
and 55.9% of 143 isolates were resistant to nalidixic acid 
and enrofloxacin. In our study, we observed a relatively high 
level of resistance to trimethoprim + sulfamethoxazole 
(89.9%), tetracycline (75.3%), amoxicillin (69.1%), streptomycin 
(63.6%), carbenicillin (60.2%), kanamycin (46.6%), and 
ampicillin (45.6%). This high frequency of resistance may 
be attributed to the intensive use of these antibiotics in 
the hog industry in China. We compared the distribution 
of serovars with the distribution of the incidence of 
antimicrobial resistance, and concluded that there was no 
statistically significant correlation between the antibiotic 
resistance and the serovars (x2-test, P>0.05).

The association between drug resistance and the H. 
parasuis MLST STs was ambiguous. For example, although 
the isolates of N9, N1-24, 23 and SG25 were isolated from 
different farms and belonged to the same ST (ST185), they 
had different resistances (Fig. 4). Similarly, the isolates ZS27 
and ZS30, isolated from same farm and assigned to the same 
ST (ST259), also had different drug resistance patterns. 

The isolates allocated to PAGE type II (whole-cell protein 
profiling), group 1 vtaA positive (vtaA characterization) and 
clade 2 (based on MLST target sequences) are potentially 
virulent strains of H. parasuis; whereas the isolates 
allocated to PAGE type I, group 1 vtaA negative and clade 

1 are generally avirulent [7,9-11]. In the study, the majority 
of the isolates were classified as ‘non-pathogenic, one 
explanation for this finding can be that the majority of 
the isolates (88%) were isolated from the nasal cavity. The 
isolates allocated to clade 2 all classified as PAGE type II and 
group 1 vtaA positive, these isolates showed the molecular 
characteristics of highly pathogenic strains in whole-cell 
protein profiling, vtaA groups 1 and MLST.

Previous research has suggested that the mutations of in 
sodA amino acid sites can influence the activity of sodA [26,27]. 
Le [19] further reported there are four changs in sodA amino 
acid sites between virulent and avirulent strains of H. 
parasuis. In the study, the isolates allocated to clade 2 
(potentially virulent isolates) contained all four highly 
pathogenic amino acids sites in sodA, the isolates allocated 
to clade 1 (potentially avirulent isolates) were identified 
with 1 to 2 mutations in four highly pathogenic amino 
acids sites in sodA, which illustrates the sodA sequence 
may be uesd to predict the virulence of H. parasuis isolates, 
which requires further testing.

In summary, the current findings illustrates a high levels of 
drug resistance in H. parasuis isolates in Southern China, 
a high heterogeneity of the population structure of H. 
parasuis, a lack of correlation between the H. parasuis 
STs and serovars, there was no statistically significant 
correlations between antimicrobial resistance and the 
serovars and the sodA sequence may be uesd to predict 
the virulence of H. parasuis isolates, just as whole-cell 
protein profiling, vtaA groups 1 and MLST can be uesd to 
predict the virulence.
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Abstract
In this study, 240 organic chicken pieces (80 thighs, 80 wings, 80 skinless-breast meat) were analyzed for the presence of Listeria monocytogenes. 
Within the framework of the analysis findings; L. monocytogenes was detected in 60 (25%) of all 240 collected samples. In particular, L. 
monocytogenes was detected in 24 (30%) of 80 thigh samples, 20 (25%) of 80 wing samples and 16 (20%) of 80 skinless-breast meat samples. 
Serotyping distribution of 96 L. monocytogenes isolates determined as 71.8% serotype 1/2a, 21.9% serotype 1/2b, 4.2% serotype 4b and 2.1% 
serotype 1/2c. According to antibiotic resistance profile, 26 isolates (27%) were found to be resistant to ampicillin. The other isolates were found to 
be resistant to meropenem, tetracycline, sulfamethoxazole/trimethoprim, penicillin G, amoxicillin/clavulanic acid, vancomycin, oxytetracycline, 
erythromycin and chloramphenicol as 23 (23.9%), 14 (14.5%), 13 (13.5%), 12 (12.5%), 9 (9.3%), 7 (7.2%), 5 (5.2%), 4 (4.1%) and 3 (3.1%) respectively. 
Multiple antibiotic resistance profiles were determined in 12 of L. monocytogenes isolates. The findings of this study are thought to be unique 
data for serotyping studies that will help in revealing the epidemiology of L. monocytogenes in organic poultry meat, enterprises operating in 
food sector and diagnosis and treatment of listeriosis.

Keywords: Listeria monocytogenes, Organic chicken, Serotype, mPCR, Antibiotic resistance

Organik Tavuk Etlerinden İzole Edilen Listeria monocytogenes İzolatlarının 
Serotip ve Antibiyotik Direnç Profilinin Belirlenmesi

Öz
Bu çalışmada, 240 organik tavuk parça eti (80 but, 80 kanat, 80 derisiz-göğüs eti) Listeria monocytogenes varlığı yönünden analiz edildi. Analiz 
bulguları çerçevesinde; toplam 240 örneğin 60’ında (%25) L. monocytogenes saptandı. Bulgularının örneklere göre dağılımı incelendiğinde; 
but örneklerinin 24’ünde (24/80-%30), kanat örneklerinin 20’sında (20/80-%25), derisiz göğüs eti örneklerinin ise 16’sında (16/80-%20) L. 
monocytogenes tespit edildi. Serotip dağılımında ise but örneklerinden elde edilen 40 L. monocytogenes izolatının 31’inin L. monocytogenes 
1/2a, 6’sının L. monocytogenes 1/2b, 3’ünün L. monocytogenes 1/2c, 1’inin ise L. monocytogenes 4b serotipinde olduğu, kanat örneklerinden elde 
edilen 34 L. monocytogenes izolatının 24’ünün L. monocytogenes 1/2a, 9’unun L. monocytogenes 1/2b, 1’inin ise L. monocytogenes 4b serotipi 
olduğu,  derisiz göğüs eti örneklerinden elde edilen 22 L. monocytogenes izolatının 14’ünün L. monocytogenes 1/2a, 6’sının L. monocytogenes 
1/2b, 2’sinin ise L. monocytogenes 4b serotipi olduğu belirlendi. Antibiyotik direnç profiline bakıldığında; 26 izolat (%27) ampisiline dirençli 
bulunurken, meropenem, tetrasiklin, sülfametoksazol/trimetoprim, penisilin G, amoksisilin/klavulanik asit, vankomisin, oksitetrasiklin, eritromisin 
ve kloramfenikole karşı dirençli izolat sayısı sırası ile 23 (%23.9), 14 (%14.5), 13 (%13.5), 12 (%12.5), 9 (%9.3), 7 (%7.2), 5 (%5.2),  4 (%4.1) ve 3 (%3.1) 
olarak saptandı. L. monocytogenes izolatlarının 12’sinde ise çoklu antibiyotik direnç profili belirlendi. Sonuç olarak bu çalışmada tespit edilen 
bulguların L. monocytogenes’in organik kanatlı etlerinde epidemiyolojisini ortaya koyacak serotiplendirme çalışmalarına, gıda sektöründe faaliyet 
gösteren işletmelere ve listeriyosizin tanı ve tedavisinde özgün veri niteliğinde olacağı düşünülmektedir.

Anahtar sözcükler: Listeria monocytogenes, Organik tavuk, Serotip, mPCR, Antibiyotik direnç

INTRODUCTION
The awareness of balanced nutrition, which emerged after 
the second half of the twentieth century, has led to drastic 

changes in people’s lifestyles and food consumption. 
However, the increase in chronic diseases in recent years 
drove people’s desire towards eating more reliable and 
healthier food, and it is observed that people prefer organic 
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products in their nutrition [1,2]. “Organic”, “biological”, 
“biodynamic” and “agricultural ecological production” is a 
production system in which animal welfare comes to the 
fore in a controlled and certified manner with appropriate 
breeding techniques for the consumer mass demanding 
of high quality, healthy and risk-free products [3].

Besides the high nutritional value of poultry meat, it is an 
ideal environment for the development of saprophyte and 
pathogenic microorganisms as a result of the shredding 
and possible cross-contamination due to the technological 
processes that applied. Poultry meat is most commonly 
contaminated with pathogens such as Salmonella spp., 
Campylobacter spp., Staphyloccus aureus, Escherichia coli, 
Listeria spp., Yersinia enterocolitica, Aeromonas spp. and 
Clostridium perfringens [4].

Several studies have focused on the comparison of 
conventional and organic production techniques in the 
presence of pathogens in poultry. Control of pathogens 
cannot be guaranteed due to the fact that poultry in 
organic breeding is more likely to be released in the open 
environment by free release, and there are restrictions 
on antimicrobial agents in feed and therapeutic use [5-7]. 
However, it is emphasized that contamination in poultry 
meat produced by both organic and conventional methods 
occurs through cross-contamination in the slaughter-
house and during the processing [8]. The presence and 
serotype distribution of L. monocytogenes, which is the 
most common cause of foodborne infections among 
pathogenic microorganisms in poultry meat, is of great 
importance. L. monocytogenes is one of the most 
emphasized microorganisms due to the occurrence of 
the sporadic or epidemic character of listeriosis in humans, 
especially through food of animal origin, and its presence 
as a common flora in the food production [9]. In various 
studies, it was reported that contamination with L. 
monocytogenes was mostly observed in slaughter-houses 
and in the processing of foodstuffs, and that the prevalence 
of L. monocytogenes increased after cutting by 70-100% 
compared to pre-slaughter [10].

This study was aimed to i) determine the incidence of L. 
monocytogenes in organic chicken piece meats by using 
classical culture and IMS techniques, ii) confirm the isolates 
by PCR, iii) make a serotyping of isolates by mPCR and iv) 
detect the resistance status of the obtained isolates to 
selected antibiotics.

MATERIAL and METHODS
In the study, 240 pieces of organic chicken meat (thigh, 
skinless-breast meat, wing) which were sold in Samsun 
province in packed form were used as material. Each 
month 80 samples were obtained between October and 
December of 2018. Samples were purchased at least 500 g 
and were brought to the laboratory under the cold chain 
as soon as possible. 

Isolation and Identification of Listeria monocytogenes

The IMS-based culture technique recommended by ISO 
11290-1 [11] and Dynal [12] was used for the isolation. 25 g of 
the samples were weighed under aseptic conditions and 
diluted with 225 mL of Half Fraser Broth (Oxoid-CM0895) 
and homogenized in the stomacher for 90 sec at medium 
speed and then incubated at 30°C for 24 h. Following pre-
enrichment, 20 μL of the immunomagnetic microparticle 
solution (Dynabeads anti‐Listeria 710.06) homogenized 
with vortex was placed into the 1.5 mL microcentrifuge 
tubes according to the manufacturer’s instructions 
and placed into the Dynal magnetic particle port with 
the magnetic stick removed. Subsequently, 1 mL of 
homogenized pre-enriched in Half Fraser Broth was added 
and the ongoing steps were completed in accordance 
with the recommendations of the manufacturer. From  
the obtained 100 μL Dynabeads Listeria complex, 50 
μL was streaked on MOX (Modified Oxford Agar, Oxoid-
CM0856 + Modified Listeria Selective Supplement, Oxoid-
SR0206) agar and plates were incubated at 35°C for 24-48 h. 
After incubation, up to 5 suspected colonies were selected 
from the plaques and these colonies were cultured into 
TSA-YE (Tryptic Soy Agar-Yeast Extract, Oxoid-CM131) 
for biochemical tests and plates were incubated at 30°C 
for 24 h. The colonies that breed in TSA-YE (Tryptic Soy 
Agar-Yeast Extract, Oxoid, CM131) were tested by using, 
respectively; Gram staining, catalase, oxidase activity in 
SIM medium (Sulphate Indole Motility Medium; Merck 
5470), ß-hemolysis and CAMP tests, sugar fermentation 
and nitrate reduction tests.

Verification of Listeria monocytogenes by PCR

DNA extraction of identified isolates was performed 
according to the boiling method. In addition, PCR protocol 
was designed using the primer sequences shown in Table 
1 designed by Bohnert et al.[13] and Doumith et al.[14] for 
PCR confirmation and serotyping. Electrophoresis of 
amplicons were performed in 2% agarose at 80 volts.

Antibiotic Resistance

Antibiotic resistance of the isolates were determined by 
the disc diffusion method on Mueller Hinton Agar (Oxoid, 
CM0337) based on the methods reported by CLSI [15] and 
EUCAST [16]. Besides, minimum inhibition concentration 
(MIC) of isolates resistant to various antibiotics were 
determined by Etest (Epsilometer test) method.

RESULTS

According to analysis, 60 (25%) of 240 samples were 
positive for L. monocytogenes. Distribution of isolates 
regarding to sample types was shown in Table 2 and  
Fig. 1. Consisting of a large amount of portion (71.8%),  
1/2a was found to be the dominant serotype. Distribution  
of all serotypes according to sample type was shown in 
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Table 3 and Fig. 2. The antibiotic resistance profile of our 
study revealed that 26 isolates (27%) were resistant 
to ampicillin. The other portion of the isolates were 
resistant to meropenem, tetracycline, sulfamethoxazole/
trimethoprim, penicillin G, amoxicillin/clavulanic acid, 
vancomycin, oxytetracycline, erythromycin and chloram-

phenicol; as 23 (23.9%), 14 (14.5%), 13 (13.5%), 12 (12.5%), 9 
(9.3%), 7 (7.2%), 5 (5.2%), 4 (4.1%) and 3 (3.1%) respectively. 
However, multiple antibiotic resistance profiles were 
determined in 12 of L. monocytogenes isolates (Table 4, 
Table 5). Datas including the MIC levels were mentioned in 
Table   6.

Table 1. Primer sequences used in the study [13,14]

Target Gene Primer Sequence PCR Product (bp) Serotype

hlyA F:GAATGTAAACTTCGGCGCAATCAG
R:GCCGTCGATGATTTGAACTTCATC 388 L. monocytogenes

Imo0737 F: AGGGCTTCAAGGACTTACCC
R: ACGATTTCTGCTTGCCATTC 691 1/2a, 1/2c, 3a, 3c

Imo1118 F: AGGGGTCTTAAATCCTGGAA
R: CGGCTTGTTCGGCATACTTA 906 1/2c, 3c

ORF2819 F: AGCAAAATGCCAAAACTCGT
R: CATCACTAAAGCCTCCCATTG 471 1/2b, 3b, 4b, 4e, 4d

ORF2110 F:AGTGGACAATTGATTGGTGAA
R: CATCCATCCCTTACTTTGGAC 597 4b, 4e, 4d

Table 2. Incidence of L. monocytogenes in organic poultry

Sample Number of Samples
Number of L. monocytogenes

Positive Samples (%)
Number of L. monocytogenes

Positive Isolates

Thigh 80 24 (30%) 40

Wing 80 20 (25%) 34

Breast 80 16 (20%) 22

Total 240 60 (25%) 96

Fig 1. PCR electrophoresis image of L. monocytogenes isolates: [M: 100 bp DNA ladder, lane 1: L. 
monocytogenes positive control (L. monocytogenes RSKK 471), lane 2: negative control, lane 3‐13: L. 
monocytogenes positive isolates]

Table 3. Serotype distribution of L. monocytogenes isolates

Number of 
Samples

Number of L. monocytogenes 
Positive İsolates Obtained by 

IMS-based Conventional Method

Number of L. monocytogenes 
Positive Isolates Verified by 

PCR (hlyA gene)

Distribution of L. monocytogenes
Serotypes by PCR

1/2a (3a) 1/2b (3b) 1/2c (3c) 4b (4d,4e)

Thigh (n: 80) 40 40 31 6 2 1

Wing (n: 80) 34 34 24 9 - 1

Breast (n: 80) 22 22 14 6 - 2

Total (n: 240) 96 96 69 21 2 4
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DISCUSSION
From last few decades to present, studies on the presence 
of L. monocytogenes in poultry meat continue to be 

important in the worldwide. Unlikely to our findings, in 
many other studies a high-value prevalence was recorded, 
like Schafer et al.[17], who detected L. monocytogenes in 
8.64-44.19% of chicken meat samples; Rahmat et al.[18], in 

Serotyping and Antibiotic Resistance Profi le of  ...

Fig 2. Multiplex PCR electrophoresis image of serotypes: [M: 100 bp DNA ladder, lane 1-3:
L. monocytogenes serotype 1/2a, lane 4: L. monocytogenes serotype 1/2c, lane 5‐7: L. monocytogenes 
serotype 1/2b, lane 8-9: L. monocytogenes serotype 4b, lane 10: L. monocytogenes serotype 1/2a 
positive control (L. monocytogenes RSKK 471), lane 11: L. monocytogenes  1/2c positive control 
(L. monocytogenes ATCC 7644), lane 12: L. monocytogenes serotype 1/2b positive control (L. 
monocytogenes RSKK 472), lane 13: L. monocytogenes serotype 4b positive control (L. monocytogenes
RSKK 475), lane 14: negative control]

Table 4. Phenotypic antibiotic resistance profiles of L. monocytogenes isolates

Antibiotic Number of Resistant Isolates (%)

Ampicillin (2 μg) 26 (27%)

Meropenem (10 μg) 23 (23.9%)

Tetracycline (30 μg) 14 (14.5%)

Sulfamethoxazol/Trimethoprim (1.25/23.75 μg) 13 (13.5%)

Penicillin G (1U) 12 (12.5%)

Amoxicillin/Clavulanic acid (30 μg) 9 (9.3%)

Vancomycin (30 μg) 7 (7.2%)

Oxytetracycline (30 μg) 5 (5.2%)

Erythromycin (15 μg) 4 (4.1%)

Chloramphenicol (30 μg) 3 (3.1%)

Table 5. Phenotypic multiple antibiotic resistance profile of L. monocytogenes

Number of Antibiotics Antibiotic Profi le* Serotype Sample Origin

4 AMP, TE, VA, SXT 1/2a Thigh

4 E, PG, MEM, SXT 4b Thigh

4 AMC, TE, VA, SXT 1/2a Thigh

4 C, OT, VA, MEM 1/2a Wing

3 AMP, OT, MEM 4b Wing

3 PG, TE, SXT 1/2a Breast

3 AMC, TE, VA 1/2a Thigh

3 AMP, TE, MEM 1/2b Thigh

3 AMC, E, MEM 1/2a Wing

3 AMP, E, TE 1/2b Breast

3 AMP, TE, SXT 1/2a Wing

3 AMP, MEM, SXT 1/2a Wing

AMC: Amoxicillin/Clavulanic acid, AMP: Ampicillin, C: Chloramphenicol, E: Erythromycin, OT: Oxytetracycline, PG: Penicillin G, TE: Tetracycline, 
VA: Vancomycin, MEM: Meropenem, SXT: Sulfamethoxazole/Trimethoprim; * Only one of the same antibiotic group was evaluated
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62.5% of 24 carcass samples; Weis [19], in 62.5% of 8 chicken 
samples; Farber et al.[20], who reported the presence of 
50% L. monocytogenes in 16 chicken meat; Elmalı et al.[21], 
who detected L. monocytogenes in 45% of chicken wing 
meat samples. On the other hand, many others reported 
the presence of L. monocytogenes in proportions similar 
to the findings of our study, like Bailey et al.[22] in 23% of 
90 chicken carcasses; Rorvik et al.[23] in 20% to 100% of 
chicken carcasses from 5 slaughterhouses. In literature 
review, some of the studies that reported the presence of 
L. monocytogenes at lower values than the results of our 
study were as follows: Alsheikh et al.[24], 13.6% of the 250 
ready-made chicken products; Alsheikh et al.[25], 12.8% of 
the 500 frozen chicken samples; Genigeorgis et al.[26] 12.5% 
of 160 chicken meats; Zeinali et al.[27] 18% of 200 fresh 
chicken carcasses; Basaran Kahraman et al.[28] 0% of 400 
chicken carcasses. Although there were no studies on the 
presence of L. monocytogenes in organic poultry in Turkey, 
a limited number of studies are available in the literature. 
In a comparasive study of L. monocytogenes in organic 
and conventional poultry, the contaminations levels of 
products were reported 49.1% to 41% respectively [5].

In the present study, 71.8% of L. monocytogenes isolates 
were detected as serotype 1/2a. In other studies, Carvalho 
et al.[29] reported mostly 1/2a (94.6%) in chicken meat and 
chicken-meat processing environment, Oliveira et al.[30] 

identified 87% of the L. monocytogenes isolates as 1/2a 
in samples of chicken carcasses, and Zeinali et al.[31] 
determined that 52.77% of L. monocytogenes 1/2a sero-
type were predominant in chicken carcasses, followed  
by 4a and 4c serotypes (27.77%) in İran. Arslan and 
Baytur [32] revealed 57.6% of L. monocytogenes strains 
isolated from chicken meat were 1/2a. In contrast, Zeinali 

et al.[33] and Maung et al.[34] reported 1/2b dominance in 
samples of chicken meats. In addition, Ayaz and Erol [35] 
identified 4b as the dominant serotype (51.4%) in samples 
of turkey meats. Serotype dominance appears to be 
different due to changes in animal species, geography and 
seasonal parameters.

In terms of antibiotic resistance, in parallel to our study, in 
Ireland, Walsh et al.[36] reported that 351 L. monocytogenes 
isolates obtained from various foods were highly resistant 
to ampicillin, erythromycin, penicillin, and tetracycline. 
Davis and Jackson [37] investigated the antimicrobial 
resistance properties of L. monocytogenes isolates from 
human, environmental and food origin in the United 
States using Sensititre® method and similar to our study, 
isolates were found to be resistant against ampicillin, 
penicillin G, erythromycin and tetracycline. Harakeh et 
al.[38] revealed that 93.33% of L. monocytogenes isolates 
isolated from dairy products in Lebanon were resistant 
to oxacillin and 90% were resistant to penicillin. Similarly, 
Rahimi et al.[39] reported that L. monocytogenes isolates 
isolated from milk and dairy products in Iran were resistant 
to various antibiotics such as nalidixic acid, ciprofloxacin, 
erythromycin, tetracycline, gentamicin, ampicillin, penicillin, 
and chloramphenicol. Researchers have linked this high 
resistance to genetic material transfers that may occur 
between different species and unconscious drug use. Bilir 
Ormanci et al.[40], conducted the antibiotic resistance tests 
of L. monocytogenes isolates isolated from turkey meat by 
disk diffusion method and reported that the isolates they 
obtained were resistant to penicillin and ampicillin. Ayaz 
and Erol [35] reported that L. monocytogenes isolated from 
turkey meats were resistant to penicillin and ampicillin 
and were resistant to erythromycin but they couldn’t 
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Table 6. MIC values of L. monocytogenes serotypes with multiple antibiotic resistance profiles

Serotype 1/2a 4b 1/2a 1/2a 4b 1/2a 1/2a 1/2b 1/2a 1/2b 1/2a 1/2a

Sample Origin Thigh Thigh Thigh Wing Wing Breast Thigh Thigh Wing Breast Wing Wing

Multiple Antibiotic 
Resistance Profile

AMP
TE
VA

SXT

E
PG

MEMSXT

AMC
TE
VA

SXT

C
OT
VA

MEM

AMP
OT

MEM

PG
TE

SXT

AMC
TE
VA

AMP
TE

MEM

AMC
E

MEM

AMP
E

TE

AMP
TE

SXT

AMP
MEM
SXT

MIC
(μg/mL)

AMC - - 16 - - - 16 - 16 - - -

AMP 2 - - - 2 - - 2 - 2 2 2

C - - - 32 - - - - - - - -

E - 2 - - - - - - 1.5 2 - -

OT - - - 32 32 - - - - - - -

PG - 3 - - - 4 - - - - - -

TE 16 - 24 - - 16 16 24 - 24 16 -

VA 4 - 4 4 - - 4 - - - - -

MEM - 0.5 - 0.5 0.5 - - 0.75 0.75 - - 0.5

SXT 0.064 0.064 0.064 - - 0.125 - - - - 0.094 0.064

AMC: Amoxicillin/Clavulanic acid, AMP: Ampicillin, C: Chloramphenicol, E: Erythromycin, OT: Oxytetracycline, PG: Penicillin G, TE: Tetracycline, VA: 
Vancomycin, MEM: Meropenem, SXT: Sulfamethoxazole /Trimethoprim
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detect resistance to tetracycline, chloramphenicol and 
vancomycin. As an emerging problem of this century, 
increasing resistance to multiple antibiotics complicates 
the treatment of infections. In the present study, 12.5% 
of the isolates were found to be resistant to at least two 
different antibiotic type and MIC values were determined. In 
comparasion to other studies conducted, Lemes-Marques 
et al.[41] determined the MIC values of 13 L. monocytogenes 
isolates obtained from patients with listeriosis in Brazil 
against ampicillin and vancomycin by microdilution 
method. They identified that the isolates were not resistant 
to vancomycin and ampicillin. In our study, also resistance 
to vancomycin was not detected. Filiousis et al.[42] reported 
that one of the 30 L. monocytogenes isolates obtained 
from various foods in Greece was resistant to tetracycline 
and this MIC was determined to be 64 μg/mL. However, 
they reported that they could not detect any resistance 
to other antibiotics. Osaili et al.[43] reported that 11% of 
L. monocytogenes isolates obtained from ready-to-eat 
chicken products in Jordan were resistant to tetracycline 
and MIC values were determined as 16 μg/mL. Conter et 
al.[44] searched MIC values against 19 antibiotics including 
penicillin G, ampicillin, erythromycin, vancomycin and 
tetracycline by VITEK 2. The researchers reported that 
they could not detect any resistance to penicillin and 
erythromycin, but reported that 2% of their isolates 
were resistant to ampicillin and 0.8% to tetracycline 
and vancomycin. Yan et al.[45] investigated the antibiotic 
resistance profiles of 70 L. monocytogenes isolates obtained 
from various foods in China by microdilution method and 
according to their findings, 14 isolates were resistant to 
tetracycline, 2 isolates to ampicillin, erythromycin and 
chloramphenicol, and 1 isolate was resistant to penicillin 
and vancomycin. Okada et al.[46] mentioned in their study 
on 201 L. monocytogenes isolated from food, environment, 
animals, and humans in Japan, 31 of 32 isolates found to 
be resistant to chloramphenicol and had MIC values of 16 
μg/mL and 1 isolate had MIC of 32 μg/mL. The researchers 
found that MIC of 1 isolate found to be resistant to 
oxytetracycline was 64 μg/mL. Despite the prohibition of 
antimicrobial use in organic poultry production, several 
studies have demonstrated that pathogenic and non-
pathogenic bacteria have drug resistance properties. In 
the second half of the twentieth century, glycopeptide 
(vancomycin) resistance was not reported, but since the 
1980s, staphylococci and enterococci suddenly developed 
resistance to vancomycin [47]. In studies, it was determined 
that enterococcal and streptococcal plasmids and trans-
posons that carrying antibiotic resistance genes were 
transferred to Listeria species by conjugation. Charpentier 
and Courvalin [48] reported that plasmid pIP501, which is 
responsible for the resistance of chloramphenicol, macrolide, 
lincosamide and streptogramin was found in Streptococcus 
agalactie, and can be transferred to L. monocytogenes 
under in-vitro conditions. Similarly, Biavasco et al.[47] 
reported that the resistance gene from vancomycin-
resistant Enterococci strains was transferred to Listeria 

species. In our study, the resistance that we detected for 
different antibiotics can be attributed to the occurring of 
mutations in bacteria and to genetic material transfers 
caused by the interaction between bacteria.
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Abstract
Alkyd Resin method, patented by the Turkish Patent Institute, is a cadaver preparation and preservation technique. This study examines 
whether exhibition-museum materials can be produced from rat cadavers processed with alkyd resin method in different postures and 
whether dissection and suturing can be performed on the samples. Besides, samples prepared with alkyd resin and samples prepared freshly 
were compared in terms of dissection and suturing. 14 Wistar Albino Rats were used in the study. Seven were prepared with alkyd resin 
method and the others were freshly prepared for comparison in terms of suturing and dissection. The alkyd resin method was applied to 
two cadavers as a pretrial and to five cadavers for them to be museum-exhibition and educational materials. Alopecia was detected in two 
cadavers. In some of the exhibition samples processed with the method mentioned, shrinkage and hardening of the skin was noticed. All the 
samples prepared with this method became products suitable for suturing and dissection. The exhibition-museum materials prepared with 
the alkyd resin method have maintained their first body postures. We believe that alkyd resin method can be applied to the entire body, and 
the products can be used for exhibition and educational purposes. Furthermore, the method should be further popularized, and it should be 
applied to cadavers of different species so that its applicability increases.

Keywords: Alkyd Resin, Cadaver, Museum-exhibits, Rat

Alkid Resin Metoduyla Hazırlanan Wistar Ratlarının Müze-Sergi ve Eğitim 
Materyali Olarak Kullanımı

Öz
Türk Patent Enstitüsü tarafından patentlendirilen Alkid Resin metodu, kadavra hazırlama ve muhafaza tekniğidir. Bu çalışmada Alkid resin 
yöntemi ile işlenen rat kadavralarından farklı postürlerde sergi-müze materyalleri üretilip üretilemeyeceği ve elde edilen örneklerin üzerinde 
diseksiyon ve dikiş uygulamalarının yapılıp yapılamayacağı araştırılmıştır. Buna ilaveten, alkid resinle hazırlanan örnekler ile taze olarak 
hazırlanan örnekler diseksiyon ve dikiş uygulamaları yönünden karşılaştırılmıştır. Çalışmada 14 adet Wistar Albino Rat kullanıldı.  Bunlardan 7 
tanesi alkid resin yöntemi ile geriye kalan 7 tanesi ise dikiş uygulaması ve diseksiyon açısından Alkid resinle hazırlanan örneklerle karşılaştırmak 
amacıyla taze olarak hazırlandı. Alkid resin yöntemi iki rat kadavrasına ön deneme amacıyla beş rata ise müze-sergi ve eğitim materyali olacak 
şekilde uygulandı. Deneme amacıyla işlenen 2 adet rat kadavrasında kıllarda dökülme belirlendi. Derisi üzerinde adı geçen yöntemle işlenen 
sergi örneklerinin bazılarında deride büzüşme ve sertleşme dikkati çekti. Bu yöntem ile hazırlanan tüm örnekler dikiş atmaya elverişli ve 
diseksiyona imkân tanıyan ürünlere dönüştü. Alkid resin metodu ile hazırlanan sergi-müze materyallerinin işlendiği günden beri verilen 
vücut pozisyonlarını koruduğu gözlendi. Alkid resin tekniğinin deri ve iç organlar dâhil tüm vücuda uygulanabildiği, elde edilen ürünlerin 
sergi ve eğitim amaçlı kullanılabileceği sonucuna varılmıştır. Ayrıca, adı geçen tekniğin yaygınlaştırılması ve uygulanabilirliğinin arttırılması 
için insan dâhil değişik canlı türlerinin kadavralarında çalışılması gerekmektedir.

Anahtar sözcükler: Alkid resin, Kadavra, Müze-sergi, Rat

INTRODUCTION
Anatomy is one of the oldest areas of medicine and one 
of the cornerstones of medical education. In addition to 

providing information to students and physicians, anatomy 
also designs emotions and thoughts regarding the dead 
body [1,2]. Cadavers have been used for anatomy education 
and training for centuries. Cadaveric dissection does not only 
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provide students with information about the shape and 
size of organs, but also gives an idea about how each organ 
is positioned relative to the rest of the body. Dissection is 
believed to support self-learning and teamwork [3]. However, 
in recent years, anatomy education has changed drastically 
due to financial and ethical concerns, developing technology 
and difficulties in procuring cadavers [4]. The importance of 
anatomy education in medical schools and concerns about 
teaching standards should be discussed persistently. After 
many years, Warner and Rizzolo [5] and Turney [6] brought 
forward how anatomy education has fallen below the 
sufficient level. The way to cope with modern practices 
is to strengthen the traditional dissection education by 
introducing innovations into it. Many institutions officially 
reported that traditional cadaver dissection, which replaced 
anatomical models and technology, is obsolete [3,7,8].

The contribution of different methods to education and 
training in medical schools has always been a research 
topic [9]. In schools, small animals such as rats and frogs 
were often used to teach simple aspects of anatomy. 
Due to the increasing recognition of animal rights laws, 
this practice has also decreased in recent years. This 
has led to the teaching of anatomy in a variety of ways, 
including Procedures, Problem Based Learning Scenarios 
(PBL) or more recently computer systems derived from 
imaging techniques [3]. In anatomy education, discussions 
arose about using models, videos, 3D reconstruction 
and technological devices instead of using cadavers [4]. 
However, the studies conducted increase the opinion 
that education with cadaver facilitates learning, increases 
respect for body, and positively affects sense of touch and 
feeling [10,11]. Animal models and human bodies are utilized 
in training with cadaver [12].

Today, studies for education, research and surgical 
experiences on laboratory animals have gained speed. 
The cadavers prepared for training are preserved with 
various solutions or alternative methods. Many of these 
methods offer excellent opportunities to learn tissues and 
organs [3,13].

The most up-to-date technique of preparing cadavers for 
education and exhibition is plastination developed by 
Gunther Von Hagens who preserved cadavers by keeping 
them in different positions [1]. Developed in the last 30 to 
40 years, plastination is a method that allows cadavers to 
be used in education and training for a long time and that 
brings a new perspective to gross anatomy [14]. In particular, 
with the introduction of plastination technology, the limits 
of human anatomy samples available for teaching have 
begun to expand and the potential value of these samples 
in research has increased appreciably [15].

Plastinated body or organs do not emit fluids or odors 
and do not contain insects and bacteria. They do not need 
extra space for storage, do not require maintenance and 
are harmless [16]. 

As it was reported by the visitors, compared to the odor, 
wetness and disturbing appearance in human and animal 
cadavers prepared using traditional methods, there was 
no odor, wetness and disturbing appearances in bodies 
created using this method, which was displayed in museums 
with the name “Body Worlds” in many countries (Japan, 
Germany, Belgium, England and the USA) and attracted 
considerable attention of the participants [17].

Arı and Çınaroğlu [18] developed a cadaver preparation 
method where alkyd resin is used. This method includes 
various steps. Firstly, in the fixation step, muscles and 
tissues are embedded in formaldehyde solution. Secondly, 
in the dehydration step, tissues are dehydrated and 
de-fatted. The third step, which is the embedding step, 
reduces the volumetric loss and softens the cadaver so that 
surgical interventions on the cadaver can be performed. In 
the fourth step, the pre-drying step, the excess chemical 
is drained out. The fifth step, impregnation step, allows 
the tissues to retain their peculiar properties after the 
specimen is treated with a preservative solution containing 
Alkyd resin and a solution containing toluene and xylene. 
Finally, the post-drying step is the step when alkyd resin in 
the specimens are hardened after being dried. Since alkyd 
resin is a natural resin, cadavers prepared with this method 
provide a great advantage since they do not require any 
special storage-preservation conditions in addition to having 
normal color and consistency being elastic and odorless so 
that intervention can be performed on them [19-22].

Working with laboratory animals requires staff who is 
experienced, trained and knowledgeable in biosafety 
regulations. Well-trained and experienced staff is very 
important practically, theoretically and also in terms of 
implementing international ethical regulations (Three R’s 
principle of Russell and Burch) [13,23,24].

In this study, we aimed to examine the applicability of the 
Alkyd resin method to the whole body, skinless or with 
skin, its usability in the preparation of educational and 
museum-exhibition materials, and whether it will allow 
suturing and dissection on the produced materials.

MATERIAL and METHODS

The study was approved by the Animal Experiments Local 
Ethics Committee of Van Yüzüncü Yıl University (Decision 
no: 275521-238 Date: 11.05.2015).

In the study, the use of living material and texture was 
planned in two different ways. 

1. In the experimental animal unit, of the 14 adult Wistar 
Albino Rats (11 males, 3 females) weighing 250-350 g, which 
were excluded from production and intended for sacrifice 
at various times, seven of them were prepared with the 
alkyd resin method to be used as sample and seven of them 
(whole body cadaver, including internal organs) were freshly 
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prepared for comparison with those prepared with alkyd 
resin. The combination of 5-8 + 75-90 mg/kg IM Xylazine + 
Ketamine was used for euthanasia. The abdominal aorta of 
the animals deeply euthanatized were cut, and their blood 
was drained out.

2. In the study titled “Examination of the eff ects of selenium 
in protecting against the negative eff ects of amiodarone 
on the thyroid” conducted in the experimental animals 
unit, some of the body parts of the animals taken as control 
group were kept fresh for use in the panel, while others 
were prepared with alkyd resin in addition to the seven 
whole body cadavers again for comparison on the panel.

Comparison Panel

Seven whole body cadavers prepared with alkyd resin, 
seven fresh whole body cadavers taken out of cold storage 
and body parts were taken to the room where the panel 
would be held to perform the dissection and suture 
processes. The panel was held with a total 35 participants 
in total consisting of lecturers and instructors (PhD students) 
in the medical and veterinary faculties (eight surgeons, two 
of whom were general surgeons, seven anatomists, four 
pharmacologists, four zootechnicians, two histologists 
and three biochemists who did not know how to perform 
suture, three physiologists, two internal diseases specialists 
and two gynecologists). However, five people who did 
not know how to perform suture were removed from the 
evaluation. Suture was applied to cadavers’ muscle tissue 
in the form of simple suture. The people participating in the 
panel were taken to the hall where the panel was held one 
by one and asked to answer the questions given in Table 1. 
The answers were analyzed with the Mann-Whitney U Test.

Preparation of Fresh Cadavers

In the aforementioned study, the sacrificed body parts of 
the rats used as the control group were kept in the cold 
storage at -18°C until the day that the panel was held.

Application of the Alkyd Resin Method

Two of the seven whole body cadavers were processed with 

the alkyd resin method for trial purposes (the application 
of the method by determining the waiting period in 
solutions). According to the trial results, five rats in 
diff erent postures were prepared with the same method to 
be used as educational and exhibition-museum material. 
Fixation, washing, dehydration, embedding, pre-drying, 
impregnation and final post-drying procedures were applied 
to each sample prepared with the alkyd resin method.

Fixation

The first step of the alkyd resin method is fixation. A 
catheter was placed into the abdominal aorta of the 
materials to be prepared for demonstration. After the 
probing, the vessels were washed with the physiological 
saline solution administered. Then, the cadavers were 
brought to the desired position with the help of various 
ropes, fishing line, cloth and a small hanging apparatus 
(Fig. 1). Following the position procedure, the animals 
were fixed by administering Spence’s cadaver fixing fl uid 
via the same vessel by means of the catheter. For a 64 
kg living being, this fixing fl uid is obtained by mixing 2 L 
formaldehyde, 4 L methyl alcohol, 600 mL glycerin, 800 g 
phenol and 3 L water [25]. The materials, which were applied 
the fixing fl uid were placed in 10% formalin, and the fixing 
process continued for one month. Before proceeding from 
this step to the next, the cadavers were properly dissected.

Washing

Samples taken from the fixation were washed with tap 
water for 24 h, and the excess formaldehyde was rinsed out.

Dehydration

The washed samples were processed through 50%, 60%, 
70%, 80%, 90% and 96% alcohol series. The samples were 
kept for approximately eight hours in each alcohol series. 
The samples taken out of the alcohol were then kept in 
alcohol-acetone (50% alcohol and 50% acetone) solution 
for 24 h. In the last part of the dehydration step, the 
materials were immersed in acetone at room temperature 

Table 1. Panel questions asked for materials prepared fresh and with 
alkyd resin

Applicability characteristics: Dissection and incision

√ Dissection and incision are not applicable (0-2) 
√ Dissection and incision are very diffi  cult (3-5)
√ Dissection and incision provide limited opportunity (6-8)
√ Dissection and incision are applicable (9-10)

Do you know how to perform suture?    

Yes  √   No   √

If your answer is yes, please mark one of the following

√ Cannot be sutured (0-2) 
√ Very diffi  cult to suture (3-5)
√ Can be sutured (6-8)
√ Can be sutured very easily (9-10) Fig 1. Rat cadaver, which was administered the fixation procedure
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for 48 h. In this way, the fat and water levels in the samples 
were minimized.

Embedding

Dehydrated samples were placed in glycerol in vacuum 
desiccators and left under vacuum (220-380 mm Hg) for 
three days. Thus, the tissues hardened by acetone were 
partially softened.

Pre-drying

The samples taken out of glycerol were kept on a blotting 
paper for three days and cleared of excess glycerol.

Impregnation

Pre-dried materials were then immersed in alkyd resin 
solution in containers with a vacuum feature. They were 
kept in the vacuum (220-380 mm Hg) for 48 h. Thus, the 
alkyd resin was ensured to penetrated into the materials, 
and the impregnation phase ended. 

Post-drying

The materials that thoroughly absorbed the alkyd resin 
solution were left to dry under normal room conditions for 
15 days, and the alkyd resin method was finalized [18,19,21]. 
All the products were then taken onto the exhibition stand 
to protect them from damage after use.

RESULTS

The most challenging thing in the presented study 
was keeping the cadavers in the appropriate position 
while performing fixation. Alopecia, and shrinkage and 
hardening of the skin were detected in two rat cadavers 
used in the trial study (Fig. 2). It is believed that the 
shrinkage and hardening of the skin, and alopecia are 
related to the waiting periods during the preparation of the 
materials. The preparation of the other five cadavers took 
26 days, excluding the fixation period. The educational 
and exhibition-museum materials prepared with the alkyd 
resin method were found to have preserved their positions 
since the day they were processed. The original structure 
and size of the cadavers abdominal and chest organs 
were also observed to have been preserved (Fig. 3, 4).
The panel results for dissection and suturing applications 
are presented in Table 2. According to the results in Table 
2, the diff erence between fresh and alkyd resin cadavers 

was revealed to be statistically insignificant in terms of 
dissection and suturing applications (Fig. 5). The obtained 
samples have been preserved under room conditions for 
46 months.

In terms of dissection characteristics, it was determined 
that the group with the alkyd resin behaved like fresh 
tissue and both groups were easily dissectable according 
to the participants’ responses. Although there was no 
statistical diff erence between the responses given to the 
question regarding the applicability of dissection and 
incision for both groups, both groups were found to be 
100% applicable regarding dissection and incision.

In the study, the participants of the panel stated that 
cadavers prepared with the alkyd resin behaved like fresh 
cadavers, and suturing was applicable for both groups.

DISCUSSION

Similar to other studies [18,19,21] conducted using the same 
alkyd resin method, in the present study, an apparent 
yellow color was not noticed among the observed colors 
of the samples obtained with the Alkyd resin method. 

According to the anatomical study conducted by Thomas 
et al.[26], the presentation style of the anatomical study 
materials and the lack of the interrelationship between 
tissues and organs (the presentation of organs separately 
outside the cadaver) can be a disadvantage for training 
with cadaver. Whole body cadavers were prepared for 
the first time with this method, and it was concluded 

The Use of Alkyd Resin Method ...

Table 2. Panel comparison results of materials prepared fresh and with alkyd resin

Processing Properties of Materials N Group Median M SD Min. Max. P

Dissection Characteristics 30
Fresh 10.00 9.30 1.70 4.00 10.00

.21
A. Resin 10.00 9.80 0.76 7.00 10.00

Can Be Sutured (Yes) 30
Fresh 7.00 7.73 2.34 2.00 10.00

.79
A. Resin 7.00 8.11 1.49 7.00 10.00

Fig 2. Alopecia and shrinkage of the skin
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that there was no change in the shape and size of the 
internal organs and the total structure of the cadaver. The 
cadavers prepared with alkyd resin method in this study, 
will eliminate the disadvantage of the lack of presentation 
stated in Thomas et al.[26] in terms of shape and image.

In their study, using an acetone meter, Ekim et al.[27]

maintained the dehydration phase of the plastination 
method until the acetone concentration was balanced. In 
our study, it was revealed that there is more than one phase 
in the dehydration phase and an acetone meter cannot 
be used because of the alcohol use in these phases, and 
that keeping the samples in the dehydration phase longer 
causes shrinkage and hardening of the skin. However, it 
was also determined that establishing a standard in the 
application of this method for processing the skin of all 
other living groups was necessary. 

Panel participants who knew how to perform sutures 
evaluated the samples prepared fresh and with the alkyd 
resin as “suturable”. Only one panel participant (3.3%) 
emphasized that fresh tissues cannot be sutured. 100% of 
the participants stated that tissues with alkyd resin can be 
sutured. Panel participants expressed that dissection can 
be performed in both groups. This result coincides with 
the study results of Arı and Çınaroğlu [18], and Çınaroğlu 
and Arı [19] who stated that procedures such as dissection 
and suturing can be performed on tissues with alkyd resin. 

ÇINAROĞLU, KELEŞ

Fig 3. Products for educational and museum-exhibition purposes prepared with the alkyd resin method

Fig 4. General view of the internal organs in cadavers prepared with the 
alkyd resin method

Fig 5. Incision and suturing applied materials
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Lewis et al.[28] argued that anatomical knowledge is 
required to learn surgery, that basic anatomical information 
and dissection times offered in the first year are decreasing, 
and that intern students do not remember this basic 
anatomical information. The authors state that detailed 
anatomical knowledge yields a high level of tissue and 
organ manipulation by improving the efficiency and safety of 
a surgeon in order to heal and save a patient, which is called 
anatomical engineering. They argue that while anatomy 
can also be learned from textbooks, atlases, computer 
models and projections, dissection is the most efficient 
method. In the same study, it was emphasized that the fact 
that endoscopic interventions, which largely replaced open 
surgeries, are performed on a two-dimensional screen 
limits the examination of the anatomical structures of the 
three-dimensional organs. Based on these arguments, 
they concluded that dissectible cadavers prepared fresh or 
prepared with alternative methods will increase knowledge 
and skill in surgical education and specific surgeries. There 
are also some other studies [29,30] where it is suggested 
that plastine rodents can be an excellent resource to learn 
their anatomy and to gain knowledge, and can be useful 
for innovative applications such as developing practice,  
comprehension, understanding complex anatomical 
relationships, surgical maneuvers, endoscopic trials, and 
developing autopsy protocols [13]. In addition to all these 
mentioned elements, it is reported that learning a new 
procedure with daily practices on living beings is quite 
dangerous for education and that practices on cadavers 
increase the education experience [31].

The present study proved that the alkyd resin method 
can be applied to the whole body and supported the 
arguments of Huri et al.[12], Lewis et al.[28] Stuart and Henry [29], 
Latorre et al.[30] and Tjalma et al.[31]. They argued that 
education with cadavers should not only be offered during 
schooling but should also be used in surgical training, the 
teaching of various surgical interventions, trial of new 
procedures and training of specialist physicians. 

According to a study, it is estimated that 192.1 million 
experimental animals (including those that were produced 
for scientific studies but were not used or could not be 
used) were used worldwide in 2015 [32]. According to 
another study, it is stated that approximately one third of 
the experimental animals are lost as a result of education 
and wrong practices [33]. People working on laboratory 
animals should complete their education by avoiding toxic 
effects of the samples reflecting real tissue and by using 
the least number of animals [34]. Working with harmless 
materials reflecting the real tissue also reduces the anxiety 
that trainees and scientific researchers may have while 
handling live animals [34]. Within the framework of the 3R 
rule and due to ethical concerns, the alkyd resin method 
may be useful in order to prevent or reduce this number 
of animal losses in animal experiments. We produced rat 
cadavers that can be preserved in room conditions for 46 

months. In studies conducted with lab animals, specifically 
with rats, these cadavers can be used for determining  the 
places of organs and tissues, recognizing normal situses, 
marking the surgical intervention points, giving training 
before the study, teaching about anatomic structures, and 
preventing concerns that may occur with live animals.

With the innovations it will bring to anatomy education, 
the alkyd resin method may be an alternative to the old 
dissection methods mentioned by McLachlan et al.[3], 
Guttmann et al.[7] and McLachlan [8]. On this subject, the 
studies conducted by Arı and Çınaroğlu [18], Çınaroğlu 
and Arı [19], Çınaroğlu et al.[20], Keleş and Çınaroğlu [21], 
and Çınaroğlu and Keleş [22] contribute to gross anatomy. 
Similar to the abovementioned studies, this study also 
developed inexpensive anatomical models that can be 
preserved in room conditions for a long time. In addition 
to the mentioned studies, this study proved that these 
anatomical models can be dissected and incised and are 
suitable for suturing. Furthermore, with the six exhibitions 
opened in various regions in Turkey so far, this method is 
estimated to be a method that can be used together with 
the plastination method. These rat cadavers, which have 
been produced so far, have been presented to the scientific 
world for the purpose of exhibition and education, and 
academicians who want to conduct scientific studies and 
receive training visit the hall where cadavers are exhibited. 
In addition to the advantages brought by plastination of 
rodents stated in Ottone et al.[13], Stuart and Henry [29] and 
Latorre et al.[30], the alkyd resin method can offer similar 
advantages in anatomy classes and postgraduate studies. 

In conclusion, given the purposes of the study, the alkyd 
resin method can be applied to the entire body, including 
skin and internal organs, and the products obtained can 
be used for exhibition and educational purposes. The 
technique in question should be applied to cadavers 
of different species to pursue its dissemination and to 
increase its applicability. Furthermore, it is believed that 
the examination of the alkyd resin method’s dyeability 
characteristics like the ones in the plastination method, 
which we consider as a reference method in preparation of 
museum and exhibition materials is necessary.

REFERENCES 

1. Al-Hossain MM: Museum and research center of anatomy. PhD Thesis, 
28-31, BRAC University, Dhaka, Bangladesh 2015.

2. Çetkin M, Turhan B, Bahşi İ, Kervancıoğlu P: Tıp fakültesi 
öğrencilerinin anatomi eğitimi hakkındaki düşünceleri. Gaziantep Med J, 
22 (2): 82-88, 2016. 

3. McLachlan JC, Bligh J, Bradley P, Searle J: Teaching anatomy 
without cadavers. Med Educ, 38, 418-424, 2004. DOI: 10.1046/j.1365-
2923.2004.01795.x

4. Estai M, Bunt S: Best teaching practices in anatomy education: A critical 
review. Ann Anat, 208, 151-157, 2016. DOI: 10.1016/j.aanat.2016.02.010 

5. Warner JH, Rizzolo LJ: Anatomical instruction and training for 
professionalism from the 19th to the 21st centuries. Clin Anat, 19, 403-414, 
2006. DOI: 10.1002/ca.20290

The Use of Alkyd Resin Method ...

https://eurjther.com/content/files/sayilar/2/buyuk/6.pdf
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2923.2004.01795.x
https://www.sciencedirect.com/science/article/pii/S0940960216300322?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/ca.20290


513

6. Turney BW: Anatomy in a modern medical curriculum. Ann R Coll Surg 
Engl, 89, 104-107, 2007. DOI: 10.1308/003588407X168244

7. Guttmann GD, Drake RL, Trelease RB: To what extent is cadaver 
dissection necessary to learn medical gross anatomy? A debate forum. 
Anat Rec, 281B, 2-3, 2004. DOI: 10.1002/ar.b.20042

8. McLachlan JC: New path for teaching anatomy: Living anatomy and 
medical imaging vs. dissection. Anat Rec, 281B, 4-5, 2004. DOI: 10.1002/
ar.b.20040

9. Onuk B, Colak A, Arslan S, Sizer SS, Kabak M: The Effects of clay 
modeling and plastic model dressing techniques on veterinary anatomy 
training. Kafkas Univ Vet Fak Derg, 25 (4): 545-549, 2019. DOI: 10.9775/
kvfd.2018.21304

10. Erbay H, Bilir A, Gönül Y, Turamanlar O, Songur A: Tıp fakültesi 
öğrencilerinin kadavra algısı ve eğitimde kadavra kullanımına yönelik 
yaklaşımları. TJOB, 2 (1): 63-72, 2015. DOI: 10.5505/tjob.2015.14633 

11. Ögenler O, Kara A, Kadıoğlu S, Öztürk AH, Sungur MA: Bir 
grup anatomi öğretim elemanının kadavra ve eğitimde kadavra kullanma 
hakkındaki görüşleri. TJOB, 1 (1): 57-68, 2014. DOI: 10.5505/tjob.2014. 
29292 

12. Huri E, Ezer M, Chan E: The novel laparoscopic training 3D model 
in urology with surgical anatomic remarks: Fresh-frozen cadaveric tissue. 
Turk J Urol, 42 (4): 224-229, 2016. 

13. Ottone NE, Cirigliano V, Lewicki M, Bianchi HF, Aja-Guardiola S, 
Algieri RD, Cantin M, Fuentes R: Plastination technique in laboratory 
rats: an alternative resource for teaching, surgical training and research 
development. Int J Morphol, 32 (4): 1430-1435, 2014. DOI: 10.4067/S0717-
95022014000400048

14. Bolintineanu SL, Pop E, Stancu G, Stancu G, Vaida MA, Sisu AM, 
Patrascu JM, Florescu S: Anatomical structures preservation using 
plastination techniques. Mater Plast, 54 (2): 221-224, 2017.

15. Priya K, Lama S, Magar A: Plastination--an unrevealed art in the 
medical science. Kathmandu Univ Med J (KUMJ), 5 (1): 139-141, 2007.

16. Ravikumar C: Plastination. J Pharm Sci Res, 6 (8): 271-273, 2014. 

17. Moore CM, Brown CM: Experiencing body worlds: Voyeurism, 
education, or enlightenment? J Med Humanit, 28, 231-254, 2007. DOI: 
10.1007/s10912-007-9042-0

18. Arı HH, Çınaroğlu S: A new approach to preservation of some 
organs using alkyd resin. Res Vet Sci, 1, 16-19, 2011. DOI: 10.1016/j.rvsc. 
2010.05.017

19. Çınaroğlu S, Arı HH: Investigation of macro anatomy of the 
urogenital system organs of norduz sheep by using the method of alkyd 
resin and preparation of their cadavers. Van Vet J, 26, 129-139, 2015. 

20. Çınaroğlu S, Keleş H, Soygüder Z, Arı HH: Alkid resin yöntemi 

kullanılarak kadavra ruminant karaciğerinin hazırlanması. 9. Ulusal Veteriner 
Anatomi Kongresi, Bildiri Kitabı, pp.49-50, 7-10 Eylül, Elazığ, 2015.

21. Keleş H, Çınaroğlu S: Taze ve alkid resinle hazırlanan rat sindirim 
sistemi organlarının tekstür ve renk değerlerinin karşılaştırılması. Erciyes 
Üniv Vet Fak Derg, 16 (3): 198-203, 2019. 

22. Çınaroğlu S, Keleş H: Preparation of cadaver brain by using alkyd 
resin method. 20. Ulusal Anatomi Kongresi, pp.146, 27-31 Ağustos, 
İstanbul,  2019. 

23. Cornwall J, Hildebrandt S: Anatomy, education, and ethics in a 
changing world. Anat Sci Educ, 12, 329-331, 2019.DOI: 10.1002/ase.1898

24. Clark JM: The 3Rs in research: A contemporary approach to replacement, 
reduction and refinement. Br J Nutr, 120 (1): S1-S7, 2018. DOI: 10.1017/
S0007114517002227

25. Yıldız B, İkiz İ: Kadavra yapımında ve korunmasında yaygın olarak 
kullanılan tespit sıvıları. Uludağ Üniv Vet Fak Derg, 12, 129-135, 1993.

26. Thomas RG, William John N, Delieu JM: Augmented reality for 
anatomical education. J Vis Comm Med, 33 (1): 6-15, 2010. DOI: 10.3109/ 
17453050903557359

27. Ekim O, Tunalı S, Hazıroğlu RM, Ayvalı M: Evcil memeli hayvanlarda 
böbreklerin soğuk ortam tekniği ile silikon plastinasyonu. Vet Hekim Der 
Derg, 85 (2): 1-11, 2014.

28. Lewis CE, Peacock WJ, Tillou A, Hines OJ, Hiatt JR: A novel cadaver-
based educational program in general surgery training. J Surg Educ, 69 (6): 
693-698, 2012. DOI: 10.1016/j.jsurg.2012.06.013

29. Stuart MD, Henry RW: Plastinated specimens can improve the 
conceptual quality of biology labs. Am Biol Teach, 64 (2): 130-134, 2002. 
DOI: 10.1662/0002-7685(2002)064[0130:PSCITC]2.0.CO;2

30. Latorre RM, García-Sanz MP, Moreno M, Hernández F, Gil F, López 
O, Ayala MD, Ramírez G, Vázquez JM, Arencibia A, Henry RW: How 
useful is plastination in learning anatomy? J Vet Med Educ, 34 (2): 172-176, 
2007. DOI: 10.3138/jvme.34.2.172

31. Tjalma WAA, Degueldre M, Van Herendael B, D’Herde K, Weyers 
S: Postgraduate cadaver surgery: An educational course which aims at 
improving surgical skills. Facts Views Vis Obgyn, 5 (1): 61-65, 2013. 

32. Taylor K, Alvarez LR: An estimate of the number of animals used for 
scientific purposes worldwide in 2015. Altern Lab Anim, 47 (5-6): 196-213, 
2019. DOI: 10.1177/0261192919899853

33. Taylor K, Gordon N, Langley G, Higgins W: Estimates for worldwide 
laboratory animal use in 2005. Altern Lab Anim, 36 (3): 327-342, 2008. DOI: 
10.1177/026119290803600310

34. Streber ML, Davila T, Solano G, Esquivel L, Henry R: Production 
and use of plastinated rat models for teaching/Learning methods for 
bleeding. ALTEX Proceedings 8th World Congress, 21-25 Agust, Montreal,  2011.

ÇINAROĞLU, KELEŞ

https://publishing.rcseng.ac.uk/doi/10.1308/003588407X168244
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.b.20042
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.b.20040
http://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2484.pdf
https://www.journalagent.com/tjob/pdfs/TJOB_2_1_63_72.pdf
https://www.journalagent.com/tjob/pdfs/TJOB_1_1_57_68.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5125734/
https://scielo.conicyt.cl/scielo.php?script=sci_arttext&pid=S0717-95022014000400048&lng=en&nrm=iso&tlng=en
https://revmaterialeplastice.ro/pdf/5%20BOLONTINEANU%20S%202%2017.pdf
https://www.jpsr.pharmainfo.in/Documents/Volumes/Vol6Issue08/jpsr06081402.pdf
https://link.springer.com/article/10.1007/s10912-007-9042-0
https://www.sciencedirect.com/science/article/pii/S0034528810001864?via%3Dihub
https://dergipark.org.tr/tr/pub/vanvetj/issue/23565/251043
https://dergipark.org.tr/tr/download/article-file/857964
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ase.1898
https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/3rs-in-research-a-contemporary-approach-to-replacement-reduction-and-refinement/6ED70F637C9D4D80260B0CEC942C14F2
https://www.tandfonline.com/doi/full/10.3109/17453050903557359
https://dergipark.org.tr/tr/download/article-file/405388
https://www.sciencedirect.com/science/article/pii/S1931720412001663?via%3Dihub
https://bioone.org/journals/the-american-biology-teacher/volume-64/issue-2/0002-7685(2002)064%5b0130%3aPSCITC%5d2.0.CO%3b2/Plastinated-Specimens-Can-Improve-the-Conceptual-Quality-of-Biology-Labs/10.1662/0002-7685(2002)064[0130:PSCITC]2.0.CO;2.short
https://jvme.utpjournals.press/doi/10.3138/jvme.34.2.172
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3987353/
https://journals.sagepub.com/doi/10.1177/0261192919899853
https://journals.sagepub.com/doi/10.1177/026119290803600310


 



Effects of Semen Extender Supplemented with Bovine Serum 
Albumin (BSA) on Spermatological Traits of Saanen Buck Semen 

Stored at +4°C

Asiye Izem SANDAL 1,a  Hatice SENLIKCI 1,b   Alper BARAN 1,c   Ozen Banu OZDAS 1,d

1 Department of Reproduction and Artificial Insemination, Faculty of Veterinary Medicine, Istanbul University -  
  Cerrahpasa, TR-34320 Avcilar, Istanbul - TURKEY
  ORCIDS: a 0000-0002-4952-7861; b 0000-0002-9568-2088; c 0000-0001-7053-3337; d 0000-0002-6867-5915

Article ID: KVFD-2019-23674    Received: 28.11.2019    Accepted: 27.03.2020   Published Online: 27.03.2020

How to Cite This Article

Sandal AI, Senlikci H, Baran A, Ozdas OB: Effects of semen extender supplemented with bovine serum albumin (BSA) on spermatological traits of 
Saanen buck semen stored at +4°C. Kafkas Univ Vet Fak Derg, 26 (4): 515-520, 2020. DOI: 10.9775/kvfd.2019.23674

Abstract
The aim of this study was to investigate the effects of two modified semen diluents on the spermatological parameters of Saanen goat 
sperm stored at 4°C. Ejaculates were obtained from five Saanen bucks by means of an electro-ejaculator and divided into five aliquots. Then, 
aliquots of ejaculates were used to create five experimental groups as follows: Group 1 (control), group 2A containing seminal plasma (SP) 
and bovine serum albumin (BSA; 10 mg/mL-1), group 2B containing BSA without SP, group 3A containing egg yolk (EY; 17.00%) and SP and 
finally group 3B containing EY without SP. All aliquots of semen were extended with Tris-based extender. Spermatological parameters of 
experimental groups were observed at 0, 6, 12 and 24 h periods during storage at 4°C. Motility of semen in groups 2A and 2B was found to be 
best values compared to other groups. However, the motility of group 3A at 24 h was 0.00%. In conclusion, it was concluded that the addition 
of 10 mg/mL-1 of BSA to Tris-based extender could be useful in the storage of Saanen goat semen regardless of SP at 4°C.

Keywords: Bovine serum albumin, BSA, Extender, Goat semen, Short term storage

Sığır Serum Albumin (BSA) Katkılı Sulandırıcının +4°C’de Saklanan Saanen 
Teke Spermasının Spermatolojik Özellikleri Üzerine Etkileri

Öz
Bu çalışmanın amacı, modifiye edilmiş farklı iki sperma sulandırıcısının, 4°C’de saklanan Saanen ırkı teke spermalarının spermatolojik özellikleri 
üzerindeki etkilerini araştırmaktır. Ejakülatlar beş adet tekeden elektrojakülatör yardımıyla toplanmıştır ve beş eşit parçaya bölünmüştür. Daha 
sonra beş deney grubu oluşturmak üzere ejakülatlar şu şekilde porsiyonlanmıştır: grup 1 (kontrol), grup 2A seminal plazma (SP) ve bovine 
serum albumin içeren (BSA; 10 mg/mL-1), grup 2B BSA içeren seminal plazma içermeyen, grup 3A yumurta sarısı (YS; %17.00) ve SP içeren 
ve son olarak grup 3B YS içeren SP içermeyen. Tüm semen porsiyonları Tris bazlı sulandırcılar ile sulandırılmışlardır. 4°C’ye soğutulma süresi 
boyunca deney gruplarının spermatolojik parametre gözlemleri 0., 6., 12. ve 24. saatlerde yapılmıştır. Grup 2A ve 2B’nin motilite değerlerinin 
diğer gruplarla karşılaştırıldığında en iyi sonuçları verdiği bulunmuştur. Fakat grup 3A’nın 24. saatteki motilitesi %0.00 olarak saptanmıştır. 
Sonuç olarak, Tris-bazlı sulandırıcıya ilave edilen 10 mg/mL-1 BSA’nın Saanen ırkı keçi spermasının soğutulmasında (4°C) seminal plazma farkı 
gözetilmeksizin kullanılabileceği sonucuna varılmıştır.

Anahtar sözcükler: Sığır serum albumini, BSA, Sulandırıcı, Keçi semen, Kısa süreli saklama

INTRODUCTION
The demand for goat milk has increased since processed 
goat milk form can be used as an alternative to cow’s 
milk in terms of high levels of small fat spheres, calcium, 
iron, vitamin B12, vitamin C and vitamin D contents in 
the absence of breast milk [1]. Artificial insemination (AI) 
technique has an important place in goat breeding. It is 

one of the most frequently preferred biotechnological 
methods, especially in intensive cultivation production 
systems, to control reproduction and creation of high 
yield (meat, milk and wool) elite herds [2]. The AI has several 
advantages in terms of goat breeding. For example, transfer 
of the genes of an animal with high milk yield to another 
low-yielding animal with AI, transfer of genes between 
different farms and short-term storage options are a few 
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of these advantages. By storing semen in the cold (+4°C) 
or transport of chilled semen from one place to another in 
suitable semen extenders requires less equipment and labor 
than cryopreservation and allows the transfer of good 
quality genes over long distances [2,3]. At the same time, 
since the metabolism of cooled spermatozoa is reduced to 
the basal level, sperms can maintain their  viability for up to 
24 h or more [4]. To support this, one of the studies reporting 
higher the pregnancy rate obtained using semen stored at 
room temperature or cooled to +4°C than that of frozen 
semen can be given as an example [4]. For example, Kulaksız 
et al.[5], have shown that domestic or exotic goat breeds’ 
semen samples may have different sensitivities against cryo- 
preservation. In addition, in a study conducted in Gurcu 
bucks, fresh and post-thawing spermatological parameters 
have been reported to vary depending on the season [6]. 
Of course, in chilled semen, problems like decreased motility, 
deterioration of structural integrity, decreased fertility and 
increased embryonic losses can occur [7]. However, all these 
complications due to spermatozoa damage are less than 
frozen semen. The most common method of protection 
against harmful effects that may occur during sperm chilling 
is to add egg yolk to the extenders [8]. However, egg yolk 
has a dis-advantage; each prepared extender with egg yolk 
may not have the same structure. That is, it is difficult to 
standardize it. Because eggs may contain various pathogens 
and also quality differences may occur depending on the 
time period after laying and storage conditions [9,10]. The 
presence of the egg yolk coagulation enzyme (EYCE), 
which is secreted from the bulbourethral gland and named 
as phospholipase A2, reduces the survival rate of goat 
spermatozoa [11]. The EYCE shows this effect by hydrolyzing 
egg yolk lecithin to fatty acids and lysolecithin [12]. Toxic 
substances released after hydrolysis cause damage to 
spermatozoa membrane and DNA by stimulating chromatin 
decondensation as a result of acrosome reaction. Considering 
all of these reasons, separation of seminal plasma may be a 
good choice with different solutions or it may be necessary 
to develop a different type of extender that does not 
contain egg yolk [13,14]. There are studies mentioning the use 
of bovine serum albumin (BSA) as an alternative protein 
source in goat semen extenders instead of egg yolk and 
it has been reported that it can be used not only for buck 
semen but also for ram semen extenders [10,15]. The BSA is a 
protein molecule with a large structure which is available in 
reproductive system fluids. Furthermore, in many research, 
it has been reported that BSA increases the viability and 
motility of spermatozoa after cryopreservation [16]. This 
study was conducted to investigate the usability of Tris-
based semen extenders supported by BSA instead of egg 
yolk as a cryoprotectant in the cooling of buck semen.

MATERIAL and METHODS

Ethical Approval

All procedures on animals were carried out according 

to approval by the Local Ethics Committee for Animal 
Experiments of Istanbul University with the number of 
2016/24 during this study.

Bucks and Semen Collection

In breeding season (September-December), semen samples 
were collected from five Saanen bucks (3-4 years of age) 
housed for this aim. The bucks belonged to the Reproduction 
and Artificial Insemination Department, Faculty of Veterinary 
Medicine, Istanbul University, Turkey and kept under 
regular nutrition and care conditions (roughage = 2.000 g, 
concentrated feed = 500 g; crude protein = 20.00%; crude 
cellulose = 6.80%; crude ash = 7.40%; crude fat = 3.20%; 
Calcium = 1.00%; Phosphorus = 0.60% and Sodium = 0.40%). 
Semen was collected from each buck by electro-ejaculation 
method and during this time, the bucks were sedated with 
0.22 mg/kg-1 intramuscular injections of xylazine (Alfazyne, 
Ege Vet, Izmir, Turkey) and 1.10 mg/kg-1 flunixin meglumine 
(Finadyne, Intervet, Istanbul, Turkey). Semen was obtained 
with the aid of small electrical currents using an electro-
ejaculator device (Ruakura, MK IV Ram Probe; Alfred Cox, 
Surrey, UK). This process was repeated 10 times, twice a 
week. During the semen collection procedure, the pre-
lubricated rectal probe was placed in about 10 cm into the 
rectum of the sedated buck, laying on its side. Semen was 
collected into sterile tubes heated to 35°C at specific time 
intervals and in sets, as a result of a total of 10 electrical 
stimulations. 

Evaluation of Semen

Immediately after ejaculates were obtained from each 
buck, they were stored in the water bath at 26°C and 
samples were taken for spermatological examinations from 
each ejaculate. Sperm volume, motility, and concentration 
were determined for ejaculates. Volume was measured 
with the help of an automatic pipette. Subjective motility 
was evaluated in a phase-contrast microscope and 
spermatozoa concentration was assessed with a Thoma 
cell counting chamber (Paul Marienfeld GmbH & Co. KG, 
Lauda-Königshofen, Germany) using Hancock solution [17]. 
As a result of all these examinations, only ejaculates with 
≥80% motility rate and 2×109 per mL sperm concentration 
were used for dilution, cooling, and storage stages in 
the current study. All selected ejaculates were pooled to 
minimize individual differences among bucks before the 
study procedures.

Dilution and Cooling

Pooled ejaculates were divided into five aliquots and 
processed as follows: 1) Aliquot was diluted with Tris-based 
extender (TBE; Tris 273.70 mM, Fructose 55.50 mM, Citric 
acid 72.87 mM, Penicillin 1000 IU/mL-1 and Streptomycin 1 
mg/mL-1) with seminal plasma as control (group 1) [18]. All 
chemicals used in this study were purchased from Sigma-
Aldrich (St. Louis, Missouri, USA); 2) An aliquot was diluted 
with TBE containing BSA (10 mg/mL-1) with seminal plasma 
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in group 2A; 3) An aliquot was diluted with TBE containing 
BSA (10 mg/mL-1) and without seminal plasma in group 2B; 
4) An aliquot was diluted with TBE added with egg yolk 
(17.00%) with seminal plasma in group 3A; 5) An aliquot 
was diluted with TBE added with egg yolk (17.00%) and 
without seminal plasma in group 3B [17]. Aliquots from 
pooled ejaculate were centrifuged for 5 min at 1.500 g in 
group 2B and group 3B in order to separate seminal plasma. 
Instead of removed supernatants, extenders of their own 
group were added, as much as the volume they were 
removed. All semen samples were diluted, to reach final 
concentration of 800×106 per mL spermatozoa. Cooling was 
performed with Bio Cool® (BC-III-40; SP Industries, New York, 
USA) at a rate of 0.20-0.30°C per min. Motility, progressive 
motility, viability and morphology (percentage of abnormal 
spermatozoa) examinations were recorded at 0th, 6th, 12th 
and 24th h in semen cooled from 26°C to 4°C [2,19]. Post-cooling 
motility and progressive motility control were performed 
with a computer-assisted sperm analyzer (CASA, HTM-
IVOS, version 12.3; Hamilton Thorne Biosciences, Beverly, 
USA). The ratio of live spermatozoa was determined using 
eosin-nigrosin staining method [19]. Dead/alive examination 
was evaluated under a light microscope at 400× [17,19]. 
Morphological examinations (acrosome, head, mid-piece 
and tail abnormalities) were performed on samples taken 
from the mixture prepared with Hancock solution with 
immersion oil technique under a phase-contrast microscope 
(1000×). At least 200 spermatozoa were evaluated for each 
sample in the calculation of morphological examination 
and viability percentage [17,19].

Statistical Analysis

All analyses were performed using IBM SPSS Statistics for 
Windows, Version 21.0. (Armonk, NY: IBM Corp.). All data 
were expressed as mean ± standard deviation. Two-way 
mixed ANOVA method was performed for motility, live 
spermatozoa and abnormal spermatozoa rates. Observations 
at 0th, 6th, 12th and 24th h were taken as within-subject 
variables, groups (1, 2A, 2B, 3A and 3B) were taken as 
between-subject factor and followed by Games-Howell 
post  hoc  tests. Shapiro-Wilk Normality Test was used to 
test the normality of distribution assumption, Levene’s Test 
for homogeneity of variance assumption and Mauchly’s 
Test of Sphericity for testing the sphericity assumption. All 
statistics were two-tailed and a P value of less than 0.05 
was considered significant.

RESULTS
Motility Assessment

A two-way mixed ANOVA was conducted to examine 
the effect of experimental groups (1, 2A, 2B, 3A and 3B) 
and time (0th, 6th, 12th and 24th h) on motility rate (%). The 
analysis revealed a main effect of time (F (2.7, 121.56) = 
479.72, P<0.001) and an interaction between time and 
groups (F (10, 8, 121.56) = 33.26, P<0.001). 

Post hoc tests showed that motility rate was significantly 
higher in Group 1 compared to Group 3A (Mdiff = 21.4, 
P<0.01), in Group 2A compared to Group 3A (Mdiff = 28.4, 
P<0.001), in Group 2B compared to Group 3A (Mdiff = 25.5, 
P<0.001) and in Group 3B compared to Group 3A (Mdiff = 
15.4, P<0.05). 

Also, there was no statistical significance between Group 
1-Group 2A, Group 1-Group 2B, Group 1-Group 3B, Group 
2A-Group 2B, Group 2A-Group 3B, Group 2B-Group 
3B (P>0.05). The worst results were found in Group 3A 
compared to all groups in terms of motility (Table 1).

Viability Assessment

A two-way mixed ANOVA was conducted to examine the 
effect of experimental groups (1, 2A, 2B, 3A and 3B) and 
time (0th, 6th, 12th and 24th h) on live spermatozoa rates 
(%). The analysis revealed a main effect of time (F (3, 135) 
= 401.7, P<0.001) and an interaction between time and 
groups (F (12, 135) = 13.9, P<0.001). 

Post hoc tests showed that live spermatozoa rates were 
significantly higher in Group 1 compared to Group 3A 
(Mdiff = 26.1, P<0.001), in Group 2A compared to Group 
3A (Mdiff = 27.8, P<0.001) and in Group 2B compared to 
Group 3A (Mdiff = 32.7, P<0.001).

Also, there was no statistical significance between Group 
1-Group 2A, Group 1-Group 2B, Group 1-Group 3B, Group 
2A-Group 2B, Group 2A-Group 3B, Group 2B-Group 3B, 
Group 3A-Group 3B (P>0.05). The worst results were 
found in Group 3A compared to all groups in terms of live 
spermatozoa rates (Table 2).	

Morphological Assessment

A two-way mixed ANOVA was conducted to examine the 

Table 1. 0, 6, 12 and 24 h motility results (%)

Time
Group 1
Control

Group 2A
BSA & SP+

Group 2B
BSA & SP-

Group 3A
EY & SP+

Group 3B
EY & SP-

0 h 50.00±7.61 71.80±7.75 71.50±8.51 70.80±11.24 74.00±6.99

6 h 66.50±12.70 64.50±10.91 61.00±11.49 29.00±20.78 50.00±16.49

12 h 55.50±14.99 47.00±14.94 42.00±20.02 8.50±5.29 32.50±15.32

24 h 22.00±4.83 38.50±11.55 36.00±16.46 0.00±0.00 13.50±14.91

BSA: Bovine Serum Albumin; SP: Seminal Plazma; EY: Egg Yolk; +/-: with/without
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effect of experimental groups (1, 2A, 2B, 3A and 3B) and 
time (0th, 6th, 12th and 24th h) on abnormal spermatozoa 
rates (%). The analysis revealed a main effect of time (F (2.5, 
114.7) = 423.6, P<0.001) and an interaction between time 
and groups (F (10.1, 114.7) = 22.2, P<0.001). 

Post hoc tests showed that abnormal spermatozoa rates 
were significantly higher in Group 1 compared to Group 
2A (Mdiff = 9.2, P<0.001), in Group 1 compared to Group 
2B (Mdiff = 6.3, P<0.05), in Group 3A compared to Group 1 
(Mdiff = 10.6, P<0.001), in Group 3A compared to Group 2A 
(Mdiff = 19.9, P<0.05), in Group 3A compared to Group 2B 
(Mdiff = 17, P<0.001), in Group 3A compared to Group 3B 
(Mdiff = 10.5, P<0.001), in Group 3B compared to Group 2A 
(Mdiff = 9.3, P<0.001) and in Group 3B compared to Group 
2B (Mdiff = 6.4, P<0.05).

Also, there was no statistical significance between Group 
1-Group 3B, Group 2A-Group 2B, Group 2A-Group 3B, 
Group 2B-Group 3B (P>0.05). The worst results were found 
in Group 3A compared to all groups in terms of abnormal 
spermatozoa rates (Table 3).

DISCUSSION

In recent years, proteins that reduce cell damage and cell 
loss, such as BSA, have been added to freezing solutions as 
membrane stabilizers to optimize cryopreservation of cells. 
It has been reported that the use of 10% or 15% of BSA can 
replace egg yolk in ram semen diluents and can be used 
to increase sperm motility and viability after thawing [20]. 
Similar to this research, our study showed that the addition 
of BSA (10%) to two groups’ extenders used in cooling 
activities of buck semen has a positive effect on motility, 
viability, and abnormal spermatozoa rates. It is thought 
that BSA can show this positive effect due to its protein 

structure, cryoprotective and cold protection properties. 
In other words, BSA, used instead of egg yolk, was found 
to be beneficial in terms of spermatological traits in the 
short-term storage of buck semen with or without seminal 
plasma. In the present study, motility and viability rates 
(%) were found to be 38.50±11.55 & 36.90±7.27 for group 
2A and 0.00±0.00 & 0.00±0.00 for group 3A at 24th h, 
respectively. These results support the motility data of the 
study of Naijian et al.[15], in which they frozen and thawed 
buck semen using 10.00% BSA supplemented Tris-based 
extender. It is well known that egg yolk-based extenders 
are often used to protect spermatozoa against cold shock 
during short-term storage and it is recommended by many 
researchers that low-density lipoproteins (LDL) may be 
required for spermatozoa protection [21,22]. Some scientists 
also claim that LDL adheres to the cell membrane during 
cooling and freezing [23,24]. In this study, we aimed to 
investigate a substitute for egg yolk by considering different 
thoughts about egg yolk based extenders. Besides all 
these effects, there are a few important points to remember 
about egg yolk. That is since the egg yolk is a biological 
substance, it is unlikely that each egg will have the same 
characteristics. In such a case, the percentage of protein 
contained in each semen extender prepared with egg 
yolk will not be the same. In addition to this, it should 
be taken into account that individual egg yolk quality 
may vary depending on the number of days after laying 
and storage as well as the fact that egg yolk may be the 
carrier of various pathogens [9,10]. Moreover, the presence 
of EYCE, also known as phospholipase A, originating from 
the bulbourethral gland, is reported to reduce the survival 
rates of goat spermatozoa [11]. This function of EYCE is 
known due to the hydrolysis of egg yolk lecithins to fatty 
acids and lysolecithins [12]. This final component is harmful 
for the buck spermatozoa. For these reasons, it may be 

Effects of BSA on Saanen Buck Semen Stored at +4°C

Table 2. 0, 6, 12 and 24 h live spermatozoa rates (%)

Time
Group 1
Control

Group 2A
BSA & SP+

Group 2B
BSA & SP-

Group 3A
EY & SP+

Group 3B
EY & SP-

0 h 73.60±10.47 68.00±11.82 76.60±10.69 67.60±14.51 71.20±9.97

6 h 56.90±14.11 58.10±12.87 68.80±15.61 24.80±20.16 50.60±22.18

12 h 54.50±16.16 53.30±15.83 49.50±10.12 12.50±3.27 41.10±21.58

24 h 24.60±8.69 36.90±7.27 40.90±18.42 0.00±0.00 13.80±15.31

BSA: Bovine Serum Albumin; SP: Seminal Plazma; EY: Egg Yolk; +/-: with/without

Table 3. 0, 6, 12 and 24 h abnormal spermatozoa rates (%)

Time
Group 1
Control

Group 2A
BSA & SP+

Group 2B
BSA & SP-

Group 3A
EY & SP+

Group 3B
EY & SP-

0 h 9.50±3.50 10.60±4.40 10.90±5.25 12.40±5.68 11.50±4.42

6 h 12.00±3.43 14.00±4.39 15.20±7.34 18.50±13.31 14.80±4.61

12 h 34.50±3.43 17.70±3.83 21.20±7.68 42.60±7.98 34.40±2.50

24 h 52.40±9.29 29.00±6.61 35.60±7.54 77.50±7.01 48.10±5.06

BSA: Bovine Serum Albumin; SP: Seminal Plazma; EY: Egg Yolk; +/-: with/without
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necessary to develop a synthetic extender without egg 
yolk. The sudden drop in the motility rate (%) in group 3A 
(8.50±5.29) at the 12th h supports this idea. Additionally, 
the abnormal spermatozoa ratios given in Table 3 were 
quite high in group 3A (77.50±7.01), although this ratio 
was lower in group 2A at 24th h (29.00±6.61) compared 
to group 1 (52.40±9.29). These results strongly support 
the harmful effect of EYCE and the positive effect of 
BSA on spermatological traits. At the 12th h, although 
there was no distinction in motility between the group 
1 (55.50±14.99) and group 2A (47.00±14.94) or group 2B 
(42.00±20.02), a higher value was observed in the control 
group in terms of morphological disorder. This shows that 
the cryoprotective effect of BSA in seminal plasma or non-
seminal plasma medium positively affects spermatozoon 
morphological integrity in cooling and storage of goat 
semen. BSA maintains membrane integrity by regulating 
the cholesterol flow from the plasma membrane of 
the mammalian spermatozoa to the outside of the cell 
to prevent fat accumulation on the cell membrane [25]. 
Cryoprotective effect of BSA is still continuing as the 
prolonged period of cold storage of sperm (by the 24th 
h) and synergistic effect especially in seminal plasma 
environment. In the group 3A there was a reduction more 
than 80% in motility within 12 h, whereas in group 2A 
there was no dramatic decrease like in group 3A. Similarly, 
when the motility ratio was evaluated in the seminal 
plasma groups [group 2A (47.00±14.94) and group 3A 
(8.50±5.29)] at the 12th h, there was a strong distinction 
between them in terms of motility. When the same groups 
were examined at 24th h, it was observed that the motility 
continued in group 2A but stopped completely in group 
3A. As expected in live spermatozoa rates at 24th h, the best 
percentage values were found in groups 2A (36.90±7.27) 
and 2B (40.90±18.42) compared to group 3A (0.00±0.00). 
When the abnormal spermatozoa rates were examined at 
24th h, the best value was found in group 2A (29.00±6.61) 
and the worst value was found in group 3A (77.50±7.01). 
Further, the BSA is a special and critical source of protein 
for the reproductive system. It has been preferred in many 
experiments related to in vitro embryo production of different 
species and successful results have been obtained [26-28]. 
Moreover, it has been reported by researchers that BSA has 
beneficial effects on sperm motility and viability in many 
experiments [10,15,16]. Many studies have supported that BSA-
supplemented extenders reduce contact between buck 
seminal plasma proteins and seminal plasma components 
like spermatozoa membrane [28]. In a study by Beltran et 
al.[29], the use of 10 mg of BSA resulted in 32.91% motility 
after thawing. In the same study, they used different 
amounts of egg yolk to the diluent and found that the best 
motility result after thawing was found in the 5% egg yolk 
group. This result suggests that the low egg yolk ratio may 
cause less coagulation and may be higher for post-thaw 
motility. In our study, the best results in terms of motility, 
viability and abnormal spermatozoon after cooling in 
group 2A were similar to Beltran et al.[29]. As a result, the 

known disadvantages of EYCE on spermatozoa are tried to 
be overcomed with the use of BSA. Positive results such as 
enabling the transfer of Ca2+ ions to the plasma membrane, 
cholesterol and phospholipid ratio reduction in the external 
acrosomal membrane and sperm hyperactivity stimulation 
appear to be the evidence of the beneficial effect of using 
BSA as a supplement in semen extenders [30]. According 
to many works, it has been reported that BSA protects 
the integrity of the preserved membrane of sperm cells 
against unexpected temperature changes and oxidative 
stress [10,30]. For all these reasons, this study suggests the use 
of BSA instead of egg yolk in extenders used for cooling of 
buck semen. In conclusion, the best values found in the 
BSA-supplemented groups (groups 2A and 2B) in terms of 
motility, morphology, and viability. The harmful effects of 
egg yolk supplemented Tris-based extender on motility, 
morphology, and viability were observed intensely between 
6 h and 24 h. In the cooling process up to the 6th h, when 
the groups 2A, 2B and 3B were examined, no sudden and 
rapid reduction was found in the motility rates, but it was 
observed that the motility decreased rapidly in group 
3A. The reason for this is thought to be denaturation 
of proteins, agglutination and initiation of ROS activity 
as a result of the reaction of EYCE with egg yolk. If 
seminal plasma is removed by centrifugation, egg yolk-
supplemented Tris-based extender can be used. However, 
since this method has a negative effect on spermatozoa 
viability and consequently causes time and material losses, 
it can be said that the use of BSA instead of egg yolk may 
be more beneficial in short-term storage of buck semen.
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Abstract
Biometrical knowledge in both illness and health is important for correct diagnosis and treatment. There is little information on 
the biometric and disorders of sea turtles. In this study, we evaluated the use of orbital ultrasonographic examination in sea turtles 
(Caretta caretta and Chelenoidas mydas). We used 10-12 MHz probes to examine clinically healthy eyes in the 10 Caretta caretta and 10 
Chelenoidas mydas through ocular ultrasonography. Polar axis, equatorial axis, corneal thickness, anterior chamber, lens thickness and 
vitreous chamber were all determined. Statistical differences in the sea turtle were noted in the corneal thickness (P<0.01). Statistical 
difference was not found between Caretta caretta, Chelenoidas mydas and right or left eyes in the measurements of polar diameter, 
equatorial diameter, corneal thickness, anterior camera, lens thickness, vitreous space. In this study, ultrasonographic findings of the 
eye of sea turtles were evaluated. These data are the first in terms of literature and therefore, it is important.

Keywords: Wild life, Sea turtle, Caretta caretta, Chelenoidas mydas, Eye, Ultrasonographic biometry

Deniz Kaplumbağaları (Caretta caretta ve Chelenoidas mydas) Gözlerinin 
Ultrasonografik İncelenmesi

Öz
Hem hastalıklı hem de sağlıklı göze ait biometrik bilgi doğru tanı ve tedavi için önemlidir. Deniz kaplumbağalarının biometrisi ve 
hastalıkları hakkında çok az bilgi vardır. Bu çalışmada, Caretta caretta ve Chelenoidas mydas kaplumbağa gözlerinin ultrasonografik 
muayene bulguları değerlendirildi. On Caretta caretta ve 10 Chelenoidas mydas klinik açıdan sağlıklı gözlerinin ultrasonografik 
muayenesi için, 10-12 MHz’lik prob kullanıldı. Polar çap, ekvatoryal çap, korneal kalınlık, ön kamera, lens kalınlığı ve vitröz boşluk 
değerlendirildi. Caretta caretta ve Chelenoidas mydas deniz kaplumbağaları gözleri arasında, istatistiksel fark korneal kalınlıkta (P<0.01) 
belirlendi. Polar çap, ekvatoryal çap, korneal kalınlık, ön kamera, lens kalınlığı, vitröz boşluğun ölçümlerinde hem Caretta caretta, 
Chelenoidas mydas türleri arasında hem de sağ veya sol gözleri ölçümleri arasında istatistiksel fark bulunamadı. Bu çalışmada deniz 
kaplumbağalarına ait gözün ultrasonografik bulguları değerlendirilmiştir. Bu veriler literatür açısından ilk veridir ve bu nedenle 
önemlidir.

Anahtar sözcükler: Yaban hayatı, Deniz kaplumbağaları, Caretta caretta, Chelenoidas mydas, Göz, Diagnostik ultrasonografi 

INTRODUCTION
The species of sea turtle examined lives in the Mediterranean 
Sea of Greece, Turkey, Italy and Africa. The main nesting 
sites are on the Sicilian and Calabrian coasts. Both juvenile 
and adult sea turtles forage in these rich shallow local 
habitats [1-3]. These animals are threatened and are in 
danger of extinction through the destruction of nesting 

sites, the pollution of the seas, from fish-hooks and other 
foreign bodies, including plastic bags, from propeller injuries 
and accidents with fishermen or boats [3-6]. Anatomical 
knowledge of the sea turtle using diagnostic imaging 
techniques can help to improve their preservation and 
their treatment following injury [7-9]. The turtle’s sense 
organs function both in the water and out of it and include 
the orbit, ear and cloaca, but biologists and veterinarians, 
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as yet, have little information about them. Turtles suff ering 
from ocular illness and injuries are brought into the 
rescue centres; therefore, a knowledge of anatomical 
orbital features is of high importance. Ultrasonography 
has already been used to identify normal biometrics in 
many other species [10-12]. The aim of this study was to use 
ultrasonography (US) to describe the normal anatomical 
features of the eyes of the sea turtle. 

MATERIAL and METHODS

Forty sea turtles’ eyes were examined by US. The Caretta 
caretta and Chelenoidas mydas species of sea turtles 
living along the Samandağ coast were used in this study. 
The ultrasonographic examinations were applied by one 
researcher and the study was authorised by the Republic 
of Turkey Ministry of Agriculture and Forestry (11.10.2019 
date and 3121635 protocol number). After completion 
of the ophthalmic examination such as rutin clinicial and 
ophthalmoscopic examination, measurement of intra-
ocular pressure, schirmer tear test, all the turtles were 
found to have normal eyes. First, all the animals were 
gently restrained manually. A topical anaesthetic was 
then administered (intravenous, 1-2 mg/kg diazem and 
4-5 mg/kg propofol), and the B-mode US process was 
then applied. The eye is closed during the ultrasound 
examination and useful a gel. All eye examinations were 
done using ultrasound devices, equipped with a 12-MHz 
linear probe (MyLab30©) (Esaote, Florence, Italy) at the 
hospital centre. The probe (Sterile Aquasonic 100; Parker 
La. Inc., Fairfield, NJ, USA) was used in a horizontal and 
vertical position until optimal images were obtained for 
the corresponding US scans. The ocular parameters were: 
polar axis (PA), equatorial axis (EA), corneal thickness 
(CT), anterior chamber (AC), lens thickness (LT), vitreous 
chamber, distance between the anterior and the posterior 
capsules, the distance from the posterior capsule of the 
lens to the retinal surface, the distance from the posterior 
line of the cornea to the anterior capsule of the lens, the 

distance between the two lines of the cornea, the maximal 
diameter perpendicular to the PA, and the distance from 
the corneal surface to the posterior wall of the retinal layer. 
These were all measured using the US device (Fig. 1). 

Data collected were analysed using the SPSS programme 
and were reported as Mean ± SD in the 10 CC and 10 CM [13].
Diff erences between the CC and CM eyes in PA, EA, CT, AC, 
LT, were analysed with the t-test or the Mann Whitney U 
test. The level of statistical significance used was P<0.01. 

RESULTS

The turtles were all adults and females. There is a retraction 
refl ex in this species, and for this reason some difficulties 
were encountered. However, the US exam of the eye was 
successfully performed within three minutes for each 
turtle. The anatomical structures of the eye were examined 
through the ultrasonographic examination. The optic 
disc was not visible. Regular retinal fundus was seen. The 
vitreous chamber (VC) was anechoic. The anterior chamber 
was somewhat thin and had an anechoic area. The lens 
contained two hyperechoic convex lines, presenting as 
the anterior and posterior capsules. The scleral appeared 
as a shadowing artefact as two hyperechoic lines at the 
level of the limbus. The cornea was seen as a slight anterior 
convexity with two hyperechoic parallel lines. 

The ultrasonographic ophthalmic measurements for the 
sea turtle are summarized in Table 1.

In this species; statistical diff erences were not identified 
between PA, EA, AC, LT and right or left eyes. Statistical 
diff erences between the CC and CM eyes of the sea turtles 
were identified in CT (P<0.01). 

DISCUSSION
In the sea turtle, the eye is placed dorsally and laterally in 
the skull [14], there are three keratinized eyelids, the dorsal 

Fig 1. Loggerhead eye with the measurements performed 
and Ultrasonographic image of the Loggerhead eye; Legend 
1= corneal thickness; Legend A = anterior chamber depth; B 
= lens thickness; C = vitreous chamber depth; D = polar axis; 
E = equatorial axis; 1 = cornea; 2 = scleral ossicle; 3 = anterior 
chamber; 4 = anterior capsule of the lens; 5 = posterior 
capsule of the lens; 6 = vitreous body; 7 = retinal layer; 8 = 
scleral cartilage; 9 = artifact shadowing from scleral ossicle; 
10 = salt gland
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and ventral eyelids are mobile, the medial lid (secondary 
lid) is non-mobile [15,16].  The ocular globe is formed by three 
layers: 1) the sclera and the cornea, formed by connective 
tissue; 2) the intermediate and vascularized layer, the 
uvea; and 3) the inner sensory layer, the retina. Differing 
from other animals, in addition there are two supporting 
structures: posteriorly the scleral cartilage and anteriorly 
the scleral ossicle [16-18]. The study using US was very easy to 
perform but the scleral ossicle and the retraction reflex did 
give some difficulties. There are good correlations between 
the eye dimensions. This study determined the normal 
ocular ultrasonographic features of the sea turtle. We 
learned that the orbit has a polar axis that is shorter than 
the equatorial in addition to a slight corneal curvature, a 
very thin anterior chamber and a relatively small lens. The 
orbit and the equatorial border of the lens do not permit 
complete visualization due to the shadowing artefact of 
the scleral ossicle. This muscle determines the movement 
of the sclera towards the inside and the outside of the eye 
within its orbit. 

Sea turtles can be affected by many eye diseases, which 
can make the anterior portions of the eye opaque, and 
these situations prevent normal ophthalmic examina- 
tion [14,17-19]. Ultrasonography allows the evaluation of the 
direct visualization resulting from any disease that causes 
ocular opacity. 

The results of Brudenall et al.[16] and Raposo et al.[10] are 
very close to each other and one of them reported in 
Leatherback sea turtle in post mortem examination. They 
reported significant differences among CT, anterior chamber 
depth, lens thickness, vitreal cavity depth (P<0.001). Our 
results may be slightly higher than those of the reported 
since our results were reported in healty sea turtles under 
anesthesia. We found a statistically significant difference 
between the CC and CM in the CT (P<0.001). This finding is 
first reported in the world.

We conclude that the technique of ultrasonographic 
evaluation is very useful for studying the eye in this species. 
The ultrasonographic features are useful for clinical 
evaluation and for presenting reliable information on the 
normal dimensions and intraocular anatomy of sea turtles’ 
eyes. Use of the 10-12 MHz probes in US allows images to 

be obtained of all ocular structures. Ultrasonographical 
examination of the orbit should become routine in the 
technic of clinical examination. Diagnosis of diseases 
causing disruption of the normal biometry of the eye can 
be easily made using US.
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Abstract
In the study, it was aimed to investigate by geometric morphometric analysis to shape of the skull and mandible in adult male wolf and 
German Shepherd Dog. The skulls and mandibles were photographed from left side. The shape of skulls and mandibles were optimized 
by using tpsDig programme with 20 landmarks (in skulls), and 13 landmarks (in mandibles) on 2-D images. The skulls and mandibles were 
superimposed via PAST software and the principale component analysis was conducted. How and where the shape changes occurs in the 
cranium was shown using MorphoJ software. Also, morphological differences of the cranium between two groups were determined. As 
a result, German Shepherd Dog’s cranium were significantly seperated from the wolf’s cranium in respect of cranium shapes. In skull and 
mandible, about 70% and 78% of the total shape variation, is reflected by the first three principal components, respectively. Shape differences 
were most distinct in parietal, occipital, zygomatic, temporal bone and posterior mandible between two groups. The findings of the study 
are important in terms of evaluating the materials to be extracted from the area of archeological excavation and creating a database that will 
provide to prominent information about the history of domestication.

Keywords: Wolf, German Shepherd Dog, Mandible, Skull, Geometric morphometry

Kurt ve Alman Çoban Köpeğinde Kafatasının Geometrik Morfometrik 
Analizi

Öz
Çalışmada Kurt ve Alman Çoban Köpeği’nin alt çene kemiği ve kafatası şeklinin geometrik morfometrik analiz yöntemi ile araştırılması 
amaçlandı. Bu amaçla kafatası ve mandibula sol taraftan fotoğraflandı. Kafatası ve alt çene kemiğinin şekli, 2D fotoğraf üzerinde 20 landmark 
(kafatasında) ve 13 landmark (alt çene kemiğinde) ile tpsDig programda optimize edildi. Kafatası ve mandibula’lar PAST yazılımı ile üst üste 
bindirildi ve temel bileşenler analizi yapıldı. Kafatası ve mandibula’daki şekil farklılıklarının nerede ve nasıl oluştuğu MorphoJ yazılımında 
görüntülendi. Ayrıca, iki grup arasında morfolojik şekil farklılıkları da belirlendi. Sonuç olarak, Alman çoban köpeği kafatasının şekilsel olarak 
kurt kafatasından önemli derecede ayrıldığı belirlendi. Kafatası ve alt çene kemiğinin ilk üç temel bileşeni toplam şekil varyasyonunun 
sırasıyla %70 ve %78’ini açıkladığı saptandı. İki grubun kafatasında şekil farklılıkları en fazla parietal, occipital, zygomatic, temporal kemiklerde 
ve mandibula’nın posterior’unda belirgindi. Çalışmanın bulguları arkeolojik kazı alanından çıkarılacak malzemelerin değerlendirilmesi ve 
evcilleştirme tarihi hakkında önemli bilgiler sağlayacak bir veri tabanı oluşturulması açısından önemlidir.

Anahtar sözcükler: Kurt, Alman Çoban Köpeği, Mandibula, Kafatası, Geometrik Morfometri

INTRODUCTION
Wolf (Canis lupus Linnaeus, 1758) is the first known 
animal to be domesticated as gray wolf or timber wolf [1]. 

Although archeological and genetic data inform us that 
domestication of wolves took place 16 thousand years 
ago, current studies also indicate that this period may date 
back to 36 thousand years ago [2]. The gray wolf (Canis lupus) 
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is a carnivore with a vast distribution range, occupying 
habitats in North America as well as in Europe and Asia [1]. 
Various subspecies of the gray wolf are identified due to 
morphological diff erences in color, size of body and bones, 
especially the skull, and behavior [3]. The German Shepherd 
dog is a breed of medium to large sized, slightly elongated, 
powerful and well-muscled with dry bone and firm overall 
structure and, originated from Germany [4]. 

The shape of the skull in dogs varies significantly among 
species and individuals in terms of its form and size [5]. 
The shape of the skull is the most important criteria in 
determining common dog breeds. Therefore, various 
researchers have examined the skulls of dog breeds 
anatomically [6]. Also, there are studies in which the skull 
and mandible of some dog breeds were examined using 
the classical morphometric method [7-10].

Geometric morphometric is a method of shape analysis 
defined as the analysis of all geometric information taken 
from Cartesian coordinates of anatomical points [11]. 
Geometric morphometry has also been proven to be a 
useful tool for the study of morphological evolution in 
mammals. This method is based on the analysis of data 
obtained from the anatomical points called landmark, 
which are identified in homologous regions which may 
reveal the shape and have reliability and reproducibility [11].
Many studies have been conducted on wolves and dogs 
using this method, which has been used extensively in
scientific studies in recent years [12-16]. Also, there are geo-
metric morphometric studies conducted on rodents [17], 
sheep [18], squirrels [19]. This study aimed to reveal similar 
or diff erent aspects of wolf and German shepherd dog 
cranium, which are very similar in an external examination, 
with the geometric morphometric method. 

MATERIAL and METHODS 
Ethical Approval

The Local Ethics Committee for Animal Experiments of the 
Mehmet Akif Ersoy University has granted the required 
permission (Date: June 07, 2017; no: 299).

Animals

Cranium of the 5 adult male wolves and 5 adult male 
German shepherd dogs were used in the study. The study 
materials were obtained from the German shepherd dogs 
and the gray wolves collected from the Kars-Ardahan-
Iğdır (in Turkey) region. The age and gender of the wolves 
and German Shepherd dogs were previously determined 
in the study. The animals used in the study were already 
death prior to the study and therefore no euthanize was 
needed to be performed.  

Geometric Morphometric Analysis

In the study, 2-dimensional photographs of the cranium 

(18X205 Canon EOS 1000D with Sigma lens) were taken 
from the left side at a latero-lateral position for the geometric 
morphometric analysis.

The photographs were taken from a distance of 1 meter 
by a camera placed on a tripod with a water gauge. 
The landmarks were detected in two phases using Tps 
programs over 2-dimensional photographs. In the first 
phase, the photographs were introduced into the program 
named tpsUtil Version 1.60 [20] and were saved as tps files. 
In the second phase, the landmarks were marked on the 
photographs through tpsDig2 Version 2.18 program [21] and 
Cartesian coordinates were determined. Twenty landmarks 
were taken on the skull (Fig. 1) and 13 landmarks were 
taken on the mandible (Fig. 2).

To remove the eff ect of factors such as direction, position, 

Fig 1. The points of landmarks on the cranium of the Wolf’s and German 
Shepherd dogs
1. Anterior point of the incisive bone (os incisivum), 2. Anterior point of the 
nasal cavity (cavitas nasalis), 3. Anterior end of the suture between nasal 
bones (os nasale), 4. Suture between nasal bone and nasal branch of 
premaxilla, 5. Level of angulus oculi medialis, 6. Anterior point of external 
sagittal crest (crista sagittalis externa), 7. Posterior point of external sagittal 
crest, 8. The midpoint of the posterior level of the external sagittal crest 
and the ventral level of occipital condyle (condylus occipitalis), 9. Most 
posterioventral point of the occipital condyle, 10. Posterior point of the 
zygomatic process of temporal bone (proc. zygomaticus ossis temporalis), 
11. Ventral point of retroarticular process (proc. retroarticularis), 12. Posterior 
end of the pterygoid process (hamulus pterygoideus), 13. The posterior point 
suture between the zygomatic process of temporal bone and temporal 
process of zygomatic bone (proc. temporalis ossis zygomaticus), 14. The 
superior point suture between the zygomatic process of temporal bone and 
temporal process of zygomatic bone, 15. Anterioventral point of zygomatic 
arch (arcus zygomaticus), 16. Posterior edge of 3rd molar alveolus, 17.
Posterior edge of 1st molar alveolus, 18. Anterior edge of 1st molar alveolus, 
19. Posterior edge of canine alveolus, 20. Anterior edge of canine alveolus
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and size on variation over the Cartesian coordinates that 
were obtained by marking of the landmarks, the data 
were overlapped by Generalized Procrustes Analysis and 
PAST 3.21 program [22]. Principal Component Analysis was 
performed over the new coordinates that were obtained 
by overlapping, and the shape variation was revealed in 

this way. Also, it was shown that the principal components 
caused what kind of shape changes on which landmarks 
using the MorphoJ 1.06 program [23]. The data on the 
landmarks were saved as a text file for statistical analyses.

RESULTS

Geometric Morphometric Values of the Skull

The first principal component explained to 42% of the 
total shape variation in this geometric morphometric 
study conducted on 10 skulls with 20 landmarks as shown 
in Table 1.

The skulls of wolves and German shepherd dogs were 
distinctly separated from each other for the first principal 
component according to the graph of principal component 
analysis in Fig. 3. When the groups were evaluated within 
themselves, German shepherd dogs showed a much 
greater variation than the wolves. Also, when all individuals 
were classified hierarchically, the individuals of both two 
groups were classified within their groups as indicated in 
Fig. 4.

Shape diff erences were the most distinct in os parietale, 
os zygomaticum, os temporale, and os occipitale in 
the analysis of the first principal component (Fig. 5). A 
significant shape diff erence, which is less distinct when 
compared with the other bones, was in os maxilla between 

Table 1. The values of principal component analysis for the skull

PC Eigenvalue % Variation

1 0.00135799 42.376

2 0.000481068 15.012

3 0.000434587 13.561

4 0.000319461 9.9687

5 0.000208181 6.4962

6 0.000158723 4.9529

7 0.000129919 4.0541

8 7.66E+00 2.3888

9 3.82E+00 1.1906

Fig 2. The points of landmarks on mandible of the Wolf’s and German 
Shepherd dogs
1. Anterior end of the corpus mandibula, 2. Anterior edge of the canine 
alveolus, 3. Posterior edge of the canine alveolus, 4. Anterior edge of the 
1st molar alveolus, 5. Posterior edge of the 1st molar alveolus, 6. Top of the 
coronoid process (proc. coronoideus), 7. Dorsocaudal end of the coronoid 
process, 8. Level of the mandibular incisura (incisura mandibula), 9. Caudal 
edge of the condylar process (proc. condylaris), 10. Caudal edge of the 
angular process (proc. angularis), 11. Level of ventral margin of the corpus 
mandibula at the level of posterior of the 1st molar alveolus, 12. Level of 
ventral margin of the corpus mandible at the level of anterior of the 1st molar 
alveolus, 13. Level of ventral margin of the corpus mandibula at the level of 
posterior of the canine alveolus

Fig 3. The graphic of principal component analysis for 
skull (GSD: German Shepherd dog, W: Wolf )
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Fig 4. The graphic of hierarchical classifi cation for skull (GSD: German 
Shepherd Dog, W: Wolf )

Table 2. The values of principal component analysis for the mandible

PC Eigenvalue % Variation

1 0.000973965 52.638

2 0.00029352 15.863

3 0.000228735 12.362

4 0.000172245 9.309

5 7.09E-02 3.8339

6 5.16E+00 2.7905

7 3.36E+00 1.8145

8 1.45E+00 0.7819

9 1.12E+00 0.60733

Fig 6. Lineal representation of the shape diff erences of 
skull for the first principal component

Fig 5. Landmark representation of shape diff erences 
of skull between wolf and German Shepherd Dog 
for the fi rst principal component

Fig 7. The graphic of principal component 
analysis for mandible (GSD: German Shepherd 
dog, W: Wolf )
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the two groups. Fig. 6 lineally showed how the overall skull 
shape varied between the groups.

The Geometric Morphometric Values of the Mandible

The first principal component explained to 53% of the total 

shape variation in this geometric morphometric study 
conducted with 13 landmarks as shown in Table 2.

In consequence of the analysis regarding the first principal 
component, the mandibles of the wolves and German 
shepherd dogs were distinguished from each other distinctly, 
according to the Fig. 7. When the groups were evaluated 
within themselves, in contrast to the skull, the mandible of 
wolves showed a much greater variation when compared 
with the German shepherd dogs. Also, when all individuals 
were classified hierarchically, the individuals of both two 
groups were classified within their groups (Fig. 8).

There were significant shape differences in all of the 
regions of mandible, but they were more distinct in 
posterior mandible in the analysis of the first principal 
component (Fig. 9).

Fig. 10 lineally showed how the overall skull shape varied 
between the groups.

Morphological Diff erences of the Skull

External sagittal crest (crista sagittalis externa) was observed 
to have a higher and caudoventral directional slope than os 
parietale in the wolves when compared with the German 
shepherd dogs at the level of landmark no. 6 and 7. The 
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Fig 8. The graphic of hierarchical classification for mandibles (GSD: 
German Shepherd Dog, W: Wolf )

Fig 9. Landmark representation of shape diff erences 
of mandible between wolf and German Shepherd 
Dog for the fi rst principal component

Fig 10. Lineal representation of the shape diff erences of 
mandible for the fi rst principal component
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caudal end of external sagittal crest reached occipital 
condyle (condylus occipitalis) with a concave curve in the 
wolves at the level of landmarks no.7 and 8. But the caudal 
end of external sagittal crest reached occipital condyle 
with a vertical slope in the German shepherd dogs (Fig. 1, 
Fig. 5, Fig. 6). 

When the skull was placed on a flat ground, the hamulus 
pterygoideus was inclined towards to caudoventral in the 
wolves, but it was relatively parallel to the ground in the 
German shepherd dogs at the level of landmark no.12 
(Fig. 1, Fig. 5, Fig. 6).

The concavity between the medial angle of the eye and 
frontal process of nasal congestion (processus (proc.) 
frontalis ossis nasalis) was relatively higher in the German 
shepherd dogs as shown in the landmark no.3, 4, 5 and 6 
(Fig. 1, Fig. 5, Fig. 6).

At the zygomatic arc, the upper edge of the zygomatic 
process of temporal bone (proc. zygomaticus ossis temporalis) 
was inclined towards to caudoventral in the wolves, but 
it was relatively parallel to the ground in the German 
shepherd dogs at the level of the landmarks no.13 and 14 
(Fig. 1, Fig. 5, Fig. 6).

Morphological Differences of the Mandible

The caudal end of the coronoid process was relatively 
inclined backwards in the wolf when compared with the 
German shepherd dog at the level of landmarks no. 7 and 
8 (Fig. 2, Fig. 9, Fig.10).

The ventral margin of mandible (margo ventralis mandibula) 
was more convex in the German shepherd dog when 
compared with the wolf at the level of landmarks no. 11, 
12 and 13 (Fig. 2).

The mental foramen (foramen mentale) in the caudal was 
placed at the ventral of 2nd and 3rd premolar tooth level in 
the wolves, but it was placed at the ventral of 3rd premolar 
tooth level in the German shepherd dogs (Fig. 2).

The landmark no.8 accounted for the fact that the 
mandibular notch (incisura mandibula) was relatively deeper 
in the wolves when compared with the German Shepherd 
dogs (Fig. 2, Fig. 9, Fig.10).

DISCUSSION

Wolves, which are used in hunting and for protection, 
have been transformed into dog breeds with different 
phenotypical characteristics in accordance with human 
needs with also the impact of artificial selection. Thanks to 
this transformation, it is known that 361 dog breeds, which 
have been defined by the World Canine Organization, 
exist today [4]. In the study, the cranium of the wolf and the 
German shepherd dog, a dolichocephalic breed, which 
has a similar skull image, have been analyzed in terms of 

their shapes. However, this study includes some limitations 
in terms of the number of wolf samples due to strict 
protection of this species by law, therefore the number 
of samples were kept minimum just to provide statistical 
meaning. However, in geometric morphometric studies, 
relatively small samples provide accurate results especially 
shape variation is in the case [24]. 

The shape of the cranium is associated with the differences 
in nutritional behavior along with the environmental and 
genetic factors [25]. The masticatory muscles, responsible 
for the feeding, form the main load of the skull and affect 
growth morphology [26]. The activation and coordination 
of the masticatory muscles determine the direction of the 
movement of the chin and control the masticatory force. 
At the same time, the difference in the skull and mandible 
in terms of shape affects the cross-sectional area of the 
masticatory muscles and therefore biting power [27].

External sagittal crest in carnivore is the anatomical 
structure which exists in the skull and constitutes a basis 
on the holding of especially masticatory muscles. Igado [28] 

reported that a distinct external sagittal crest existed in 
57.14% of the males and 66.67% of the females in at least 
2-years-old Nigerian Local dogs, but either it did not exist 
or was more flattened in the other skulls. Therefore, it was 
difficult to determine which gender had more powerful 
masticatory muscles [28]. However, the morphometric values 
of the skull increased with the age in the German shepherd 
dogs in the age group of 45-105 days was reported [7]. 
Based on this information, it was considered that external 
sagittal crest may become more distinct depending on the 
age [28]. Considering that the German shepherd dogs and 
the wolves that were employed in this study were adults, 
external sagittal crest was observed to have a higher than 
parietal bone and caudoventral directional slope in the 
wolves when compared with the German shepherd dogs 
at the level of the landmark no.6 and 7.

In a literature which examined the skulls and mandibles 
of Dinaric-Balkan and Carpathian grey wolves using the 
geometric morphometrics methods, it was reported that 
the difference in shape was statistically significant [29]. In 
the same literature, the most distinct difference of shape 
in the skull between the genders was an anterior-posterior 
shifting of zygomatic arches [29]. Milencovic et al.[29] also 
indicated that shift of zygomatic arches might have 
affected jaw movement. Similarly, in this study, the 
zygomatic arch was found to be significantly different in 
shape between the two groups, at the levels of landmarks 
no. 13 and 14. The top edge of zygomatic arc was inclined 
with caudoventral direction in wolves and relatively parallel 
to the ground in German Shepherd dogs. 

In the morphological study on wolf and dog skulls, Janssens  
et al.[8] stated that canine tooth remained on dorsal position 
in wolves and ventral position in dogs when the skull was 
put on a flat ground in such a way that it contacted the 
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ground at the level of bulla tympanica and 1st premolar 
tooth. In this study, unlike the findings of the researchers [8], 
canine tooth remained in ventral position in the wolves 
and German Shepherd dogs. Also, Milencovic et al.[29] 
notified that the facial bone was in dorsoflexion position 
in Dinaric Balkan wolves, and in ventro-flexion position in 
Carpathian wolves. These changes in nonallometric cranial 
flexion are associated with the changes in the convexity 
or concavity of mandible [29].

Milencovic et al.[29] reported that combination of the 1st 
and the 2nd principal component of mandible explained 
to 64.7% of nonallometric shape variation in Dinaric 
Balkan wolves (female and male) and Carpathian wolves. 
In the literature, it was declared that mandible was more 
concave in Dinaric-Balkan wolves when compared with 
the Carpathian wolves [29]. In the present study, the first 
principal component in mandible explained to 53% of 
total shape variation and corpus mandible was determined 
to be more convex in German Shepherd dogs when 
compared with the wolves.

Olsen and Olsen [30] reported that the turned back 
morphological structure of dorsal part of ramus mandible 
was specific in domestic dogs and Chinese wolves (Canis 
lupus chanco) and did not exist in other dogs. On the other 
hand, Janssens et al.[31] stated that the coronoid process 
of mandibles of all dog species did not have a specific 
“turned back morphology” in consequence of their study 
on 384 dog skulls from 72 breeds and 60 wolf skulls from 
4 wolf subspecies. Therefore, researchers [31] indicated that 
this feature could not be used in the distinction of dog 
or wolf species. In this study, at the levels of 7th and 8th 
landmarks, the caudal end of coronoid process was observed 
to be relatively “turn back morphology” in wolves when 
compared with German shepherd dogs.

In conclusion, it is a fact that the differences and data 
determined between the head bones of the wolf and 
the German shepherd dog will contribute to the inter-
pretation of osteoarcheological remains excavated from 
archeological sites. Besides, it is considered that this study 
will support morphometric or geometric morphometric 
studies to be conducted on the other species of the family 
Canidae.  
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Abstract
The aim of this study was to examine the relationship between clinical symptoms recorded during the antemortem inspection in the lairage 
and pathological lesions at postmortem inspection of slaughter pigs. If clinical symptoms were an accurate indicator of pathological lesions 
at postmortem inspection it could be possible to incorporate only those parameters in the health and welfare monitoring system. The study 
was conducted on 1033 pigs  originated from 39 small-scale farms. During the antemortem inspection, pigs were clinically inspected for 
the presence of coughing, sneezing and laboured breathing. The plucks of slaughtered pigs from each farm were examined for pneumonia, 
pleurisy and liver milk spots. No relationship was found between clinical symptoms and pathological lesions using Spearman correlation 
analysis. According to receiver operating characteristic curves and the area under the curves, ‘positive farms’ for pathological lesions at 
the postmortem inspection could not be accurately detected by the clinical symptoms recorded during antemortem inspection. These 
results suggest that the recording of pathological lesions at postmortem inspection is more reliable and feasible method for pig health and 
welfare monitoring than the recording of clinical symptoms during the antemortem inspection. Therefore, incorporating of pathological 
lesions scoring as part of the routine postmortem veterinary inspection process could function as iceberg indicators of underlying problems 
affecting pig health and welfare at farm level.

Keywords: Coughing, Liver milk spots, Lung lesions, Receiver operating characteristic analysis, Sneezing

Domuzlarda Antemortem Muayenedeki Klinik Bulgular İle Postmortem 
Muayenede Belirlenen Patolojik Lezyonların Tutarlılığı

Öz
Bu çalışmanın amacı, kesim domuzlarının barınakta antemortem muayenesi sırasında kaydedilen klinik semptomlar ile post-mortem 
muayenesinde belirlenen patolojik lezyonlar arasındaki ilişkiyi incelemektir. Böylece, klinik semptomlar postmortem muayenede belirlenen 
patolojik lezyonların doğru bir göstergesi ise, sadece bu parametreleri hayvan sağlığı ve refahı takip sistemine dahil etmek mümkün olabilir. 
Çalışma 39 küçük ölçekli çiftlikten temin edilen 1033 domuz üzerinde gerçekleştirildi. Antemortem muayene sırasında domuzlar öksürük, 
aksırma ve solunum güçlüğü yönünden klinik olarak incelendi. Kesilen domuzlar pnömoni, plörezi ve karaciğer süt lekeleri açısından 
incelendi. Spearman korelasyon analizi kullanılarak yapılan değerlendirmede klinik semptomlar ile patolojik lezyonlar arasında ilişki 
bulunmadı. Oluşturulan karakteristik eğrilere ve eğrilerin altında kalan alana göre, ölüm sonrası incelemede patolojik lezyonlar bakımından 
“pozitif çiftlikler”, ön inceleme sırasında kaydedilen klinik semptomlarla doğru bir şekilde tespit edilemedi. Bu sonuçlar, domuz sağlığı ve 
refahının izlenmesinde postmortem muayenede patolojik lezyonların kaydedilmesinin, antemortem muayene sırasında klinik semptomların 
kaydedilmesinden daha güvenilir ve uygulanabilir bir yöntem olduğunu göstermektedir. Bu nedenle, rutin postmortem veteriner hekim 
muayene sürecinin bir parçası olarak patolojik lezyon skorlamasının kullanılması, çiftlik düzeyinde domuz sağlığını ve refahını etkileyen altta 
yatan sorunların göstergesi olarak işlev görebilir.

Anahtar sözcükler: Öksürük, Karaciğer süt lekeleri, Akciğer lezyonları, Alıcı işletme karakteristik analizi, Aksırma 
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Clinical Symptoms and Pathological Lesions

INTRODUCTION

Respiratory diseases and ascariasis are one of the major 
contributors to reduce health and welfare in pig production. 
Respiratory disorders in pigs may be accompanied by the 
clinical symptoms such as coughing, sneezing, laboured 
breathing, nasal discharge, lethargy, and fever [1,2], while 
Ascaris suum-induced respiratory distress in pigs can be 
followed by coughing and laboured breathing [3]. As a 
consequence of respiratory diseases and ascariasis in 
fattening pigs, pathological lesions at the postmortem 
inspection are frequently found, as an incidence between 
12% and 45% for lung lesions and between 14.5% and 40% 
for liver milk spots [4-6]. These lesions are associated with 
significant economic losses for the pig producers, primarily 
due to a reduction in average daily weight gain, growth rate 
and feed conversion efficiency and increased morbidity, 
mortality, medication and veterinary expenses [7,8]. They 
also cause financial losses to the slaughterhouse as a 
consequence of reduced carcass and pork quality, increased 
carcass and viscera trimming procedures and disposal of 
organs unfit for human consumption [9-11].

A certain degree of contradiction exists between the 
studies whether the clinical examination is actually needed 
for a reliable health and welfare assessment at farm level or 
assessment of pathologic lesions at postmortem inspection 
would be a more sufficient way to assess pig health and 
welfare. Several studies [2,12-14] have reported that animal 
health and welfare at farm level can be estimated by 
calculating the frequency of clinical symptoms recorded 
during the antemortem inspection at the slaughterhouse 
and/or on the farm of origin. However, some authors [15-18] 
did not detect the relationship between clinical symptoms 
of respiratory diseases and Ascaris suum invasion and 
pathological lesions at postmortem inspection, indicating  
that the clinical observation during antemortem inspection 
was not a sensitive indicator of pig health and welfare. 
Therefore, the aim of this study was to examine the 
relationship between clinical symptoms (coughing, sneezing 
and laboured breathing) recorded during antemortem 
inspection in the lairage and pathological lesions obtained 
for the same batches of slaughter pigs during postmortem 
inspection. The hypothesis was that the level of clinical 
symptoms recorded in a given batch of pigs would be a 
good measure to detect ‘positive farms’ for pathological 
lesions at the postmortem inspection.

MATERIAL and METHODS

The study was conducted between 1 January 2016 and 1 
January 2019 on 1033 slaughter pigs (539 barrows and 494 
gilts), about six months old, with an average live weight of 
approximately 115 kg. All pigs were of the same genetics 
([Yorkshire × Landrace] sows sired with Pietrain boars) and 
originated from 39 small-scale commercial farms. The study 
farms showed a large variability in housing conditions, 

microclimate control, feeding plan and management. On 
the day of slaughter, all pigs were subjected to similar 
pre-slaughter handling, transportation and lairaging in 
compliance with the standard marketing conditions for 
Southeastern Europe [19]. Slaughter procedure and carcass 
processing were identical for all pigs and were performed 
in accordance with the standard industry-accepted practices 
in the same low-input slaughter facility, with a weekly 
slaughter rate of 175 pigs.

Antemortem Inspection

One group of pigs for each of the 39 small-scale farms 
was selected during lairaging, whereby the animals were 
inspected for clinical symptoms by three trained assessors. 
At each sampling day, two pens which best represent 
the farm of origin, holding a minimum of 10 pigs were 
selected. Hospital pens were not included in the sampling 
plan. During clinical examination, assessors were stationed 
in the corridor with a clear view into all pigs in the selected 
pens. The pigs in the pens under surveillance are firstly 
roused and then have five minutes to calm down until 
their activity had gone back to normal.

Three symptoms were taken into account to evaluate 
the presence of clinical symptoms of respiratory diseases 
and Ascaris suum invasion: coughing, sneezing and 
laboured breathing. Coughing was recorded when pigs 
displayed an audible expulsion of air through the mouth. 
Sneezing was defined as a sudden involuntary expulsion 
of air from the nose and mouth due to irritation of one’s 
nostrils. A pig exhibited laboured breathing when at 
least one of the following signs was observed: tachypnea 
(breathing frequency higher than 20 breaths/min), 
enforced abdominal breathing, breathing in a pumping 
way and excessive nostril movements. Coughing and 
sneezing were counted in each pen under surveillance 
for five minutes using the Welfare Quality® protocol [20]. 
In addition, the percentage of pigs showing coughing, 
sneezing and laboured breathing was also calculated. 
The farm level score was calculated based on the Welfare 
Quality® protocol [20]. 

Postmortem Inspection

The pluck from each slaughtered pig consisted of heart, 
lung and liver that are removed from the carcass by abattoir 
personnel and first visually and then by palpation assessed 
for macroscopically visible lesions of pneumonia, pleurisy 
and liver milk spots by the three trained investigators using 
the Welfare Quality® protocol [20]. Pigs that were inspected 
in the slaughterhouse were those which were clinically 
observed during an antemortem inspection in lairage. The 
assessment was performed directly at the slaughter line 
before the routine postmortem veterinary inspection, to 
include organs that would have been discarded during 
inspection. Pneumonia, pleurisy and liver milk spots were 
recorded as binary variables with the lesion being scored 
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as either present (score 2) or absent (score 0) in each organ. 
The farm level score was calculated based on the Welfare 
Quality® protocol [20]. 

Statistical Analysis

Statistical analysis of the results was conducted using 
SPSS software (Version 23.0, IBM Corporation, Armonk, 
NY, USA) [21]. The incidence of clinical symptoms and 
pathological lesions in slaughter pigs was calculated at 
the batch level. A batch was defined as a group of pigs 
belonging to the same farm that were killed on the same 
day at the same slaughterhouse. Batch size ranged from 20 
to 35 pigs, with an average of 26.5 pigs per batch. The batch 
was used as an experimental unit for all statistical analyses. 
Data were described by descriptive statistical parameters 
as the mean value, standard deviation, standard error of 
means, and minimum and maximum range. A probability 
level of P<0.05 was chosen as the limit for statistical 
significance in all tests.

Spearman rank correlation analysis (rsp) was run between 
the clinical symptoms and pathological lesions in slaughter 
pigs to numerically summarise the degree of association 
between any two variables. A further set of analysis 
compared the incidence of pathological lesions observed 
for the 39 batches (one per farm) with a benchmark value 
above which the health and welfare situation of the batch 
should be regarded as seriously compromised. Those farms 
with the incidence of pathological lesions that exceeded 
the alarm threshold set by the Welfare Quality® protocol [20] 

were considered as ‘positive’ farms (55% for lung lesions 
and 23% for liver milk spots). Threshold for lung lesions 
percentage was established based on alarm threshold for 
pleurisy [20], since it corresponded to the mean percentage 
of lung affected by lesions in the 39 screened farms. For 
each clinical symptom were created the receiver operating 
characteristic (ROC) curves, and the areas under the ROC 
curve (AUC) were calculated to acquire the accuracy of the 
prediction. The optimal cut-off points on the ROC curves 
(percentage of pigs expressing the clinical symptom) 
were determined by selecting the optimal sensitivity (SE) 
and specificity (SP) using the following formula: minimal 
value of [(1 − SE)2 + (1 − SP)2] [22]. Sensitivity, specificity 
and positive predictive values were calculated for the 
selected cut-off point for each clinical symptom. Values 
of AUC were interpreted as follows: i) area greater than 
0.9 indicates high accuracy; ii) area between 0.7 and 
0.9 indicates moderate accuracy; iii) area between 0.5 
and 0.7 indicates low accuracy; iv) area lower than 0.5 is 
interpreted as non-informative [22]. To determine if the 
detection of ‘positive farms’ for pathological lesions based 
on clinical examinations would improve when multiple 
clinical symptoms were considered, a logistical regression 
analysis was carried out with pathological lesion scores 
as a binary response variable (2 for an incidence above 
55% for lung lesions; 23% for liver milk spots; and 0 for an 
incidence below aforementioned thresholds).

RESULTS
Incidence of Clinical Symptoms at Antemortem 
Inspection and Pathological Lesions at Postmortem 
Inspection

Incidence of clinical symptoms at antemortem inspection 
and pathological lesions at postmortem inspection calculated 
at farm level is shown in Table 1. Coughing was the most 
prevalent clinical symptom at antemortem inspection, 
with a mean value of 4.55% (0.06 coughs/pig) of the pigs 
affected, followed by sneezing (3.11%, 0.06 sneezes/
pig) and laboured breathing (0.43%). The frequencies of 
coughing (ranged from 0.00 to 0.14 coughs/pig), sneezing 
(ranged from 0.00 to 0.24 sneezes/pig) and laboured 
breathing (ranged from 0.00% to 3.85%) at the farm level 
(n=39) were maintained under alarm threshold values set 
by the Welfare Quality® protocol [20].

The most prevalent pathological lesion at postmortem 
inspection was pneumonia (43.04%), followed by liver milk 
spots (31.83%) and pleurisy (21.68%) (Table 1). According to 
Welfare Quality® protocol [20], each farm had the incidence 
of pneumonia above the alarm threshold set for this health 
criterion. In addition, of the 39 farms assessed, 30.77% 
exceeded the warning threshold and 5.13% exceeded the 
alarm threshold set for pleurisy. Of the 39 farms assessed, 
33.33% exceeded the warning threshold and 48.72% 
exceeded the alarm threshold for liver milk spots.

Spearman Correlations Between Clinical Symptoms at 
Antemortem Inspection and Pathological Lesions at 
Postmortem Inspection

Spearman rank correlations between clinical symptoms 
at antemortem inspection and pathological lesions at 
the postmortem inspection are depicted in Table 2. No 
significant correlation was found between clinical symptoms 
during antemortem inspection and pathological lesions at 
the postmortem inspection (P>0.05).

ROC Curve Analysis for the Detection of ‘Positive Farms’ 
for Pathological Lesions at Postmortem Inspection 
based on Clinical Symptoms during Antemortem 
Inspection

When considering the alarm thresholds for pigs with 
pathological lesions at postmortem inspection set by the 
Welfare Quality® protocol [20], the incidence of ‘positive 
farms’ was 35.90% for lung lesions and 48.72% for liver 
milk spots.

The ROC curves for the detection of ‘positive farms’ for 
lung lesions using the clinical symptoms are shown in Fig. 
1. The AUC were 0.63 for coughing (95% CI of 42.50-82.50), 
0.66 for sneezing (95% CI of 47.60-84.20) and 0.67 for 
laboured breathing (95% CI of 50.00-84.70). For coughing 
the optimal cut-off value was 3.39% with a sensitivity of 
68.20%, a specificity of 50.00%, and a positive predictive 
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value of 52.16%. For sneezing the optimal cut-off  value 
was 1.67% with a sensitivity of 63.60%, a specificity of 
35.70% and a positive predictive value of 44.00%. For 
laboured breathing, the optimal cut-off  value was 1.47%, 
with a sensitivity of 68.20%, a specificity of 52.16% and a 
positive predictive value of 52.68%.

The logistic regression model that predicted high 
incidence of lung lesions best, comprised the following 
three clinical symptoms: coughing, sneezing and laboured 
breathing. As can be seen in Fig. 1, using this multivariable 
model for the detection of ‘positive farms’ for lung lesions 

did not significantly improve the quality of the ROC curve. 
The AUC using a multivariable model was slightly lower 
compared to the AUC for ROC curves obtained for single 
clinical symptoms: 0.62.

The ROC curves for the detection of ‘positive farms’ for liver 
milk spots using the clinical symptoms are shown in Fig. 2. 
The AUC were 0.63 for coughing (95% CI of 43.90-81.20) 
and 0.60 for laboured breathing (95% CI of 40.90-79.10). 
For coughing the optimal cut-off  value was 1.67% with a 
sensitivity of 84.60%, a specificity of 52.20% and a positive 
predictive value of 47.71%. For laboured breathing the 

Clinical Symptoms and Pathological Lesions

Table 1. Incidence of clinical symptoms at antemortem inspection and pathological lesions at postmortem inspection calculated at farm level (n = 39)

Parameter Mean SD SE Minimum Maximum
Warning 

Threshold [20]
Alarm 

Threshold [20]

Clinical 
symptoms

Coughing (%) 4.55 3.78 0.61 0.00 10.00 - -

Coughs/pig1 0.06 0.05 0.01 0.00 0.14 >0.15 >0.46

Sneezing (%) 3.11 3.31 0.53 0.00 10.00 - -

Sneezes/pig2 0.06 0.07 0.01 0.00 0.24 >0.27 >0.55

Laboured breathing (%) 0.43 1.15 0.18 0.00 3.85 >1.8 >5.0

Pathological 
lesions

Pneumonia %) 43.04 25.98 4.16 8.00 89.29 >2.7 >6.0

Pleurisy (%) 21.68 18.99 3.04 0.00 71.43 >28.0 >55.0

Liver milk spots %) 31.83 24.81 3.97 0.00 93.33 >10.0 >23.0
1 number of coughs per pig during 5 min; 2 number of sneezes per pig during 5 min; SD: standard deviation; SE: standard error of means

Table 2. Spearman rank correlations (rsp) between clinical symptoms at antemortem inspection and pathological lesions at 
postmortem inspection

Variables Coughing Sneezing Laboured Breathing

Pneumonia 0.202 0.267 0.137

Pleurisy 0.034 0.248 0.120

Milk spots 0.017 - 0.108

* Statistical significance at (P<0.05)

Fig 1. ROC curves for the detection of 
‘positive farms’ for lung lesions using the 
clinical symptoms
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optimal cut-off  value was 1.47% with a sensitivity of 76.90%, 
a specificity of 52.20%, and a positive predictive value of 
45.25%.

The logistic regression model that predicted high incidence 
of liver milk spots best, comprised the following two 
clinical symptoms: coughing and laboured breathing. As 
depicted in Fig. 2, using this multivariable model for the 
detection of ‘positive farms’ for liver milk spots did not 
significantly improve the quality of the ROC curve. The 
AUC using a multivariable model was marginally improved 
compared to the AUC for ROC curves obtained for single 
clinical symptoms: 0.69.

DISCUSSION

The incidence of clinical symptoms recorded at ante-
mortem inspection remained low throughout the entire 
study period. In addition, the frequencies of coughing, 
sneezing and laboured breathing were below both 
warning and alarm threshold values set by the Welfare 
Quality® protocol [20]. Therefore, according to the results 
of clinical examination, it can be argued that there was no 
indication of a health and welfare problem on the farm 
of origin. The incidence of pathological lesions detected 
at the postmortem inspection was much higher than 
the incidence of clinical symptoms recorded during the 
antemortem inspection. Furthermore, each pig farm had 
the incidence of at least one of the pathological lesions 
detected at the postmortem inspection above the alarm 
threshold set by the Welfare Quality® protocol [20]. Hence, 
according to the incidence of pathological conditions in 
slaughtered pigs, there was a strong indication of a serious 
health and welfare problem on the farm of origin.

The possibility to detect ‘positive farms’ for pathological 
lesions at postmortem inspection by recording the incidence 
of clinical symptoms during antemortem inspection was 

tested by ROC curve analyses. This statistical approach 
should not be interpreted as an assessment of the potential 
capability of clinical symptoms to be used in the diagnosis 
of pig diseases. ROC analysis was conducted to assess the 
potential use of clinical symptoms recorded at antemortem 
inspection as parameters able to discriminate between 
‘positive’ and ‘negative’ farms for pathological lesions 
recorded at the postmortem inspection as indicators of 
health and welfare on the farm of origin. The positive 
predictive values found can be considered as low given 
the fact that only 44.00%-52.68% of the farms regarded 
as positive based on one of the clinical symptoms 
exceeded the positive threshold for pathological lesions 
at postmortem inspection. During this investigation, the 
incidence of ‘positive farms’ for lung lesions and liver milk 
spots was relatively high and, thus, it could be expected 
high positive predictive values [23]. Furthermore, AUC values 
between 0.63 and 0.67 for individual clinical symptoms 
and 0.62 for a multivariable model, indicating that ‘positive 
farms’ for lung lesions could not be accurately predicted 
by clinical observation. Likewise, AUC values between 
0.60 and 0.69 for individual clinical symptoms and 0.62 
for a multivariable model, indicating that the ability of 
the coughing and laboured breathing to detect ‘positive 
farms’ for liver milk spots was very low. Sensitivity between 
63.60%-84.60% and specificity between 35.70%-52.20% 
were achieved for clinical symptoms in discriminating 
‘positive farms’ for pathological lesions at the slaughter 
line. However, obtained specificity means that between 
two thirds and half of ‘negative farms’ would be incorrectly 
identified as ‘positive farms’ for pathological lesions at 
postmortem inspection. This indicates that this measure 
would not be of practical use in informing pig producers 
of potential health and welfare issues within the herd as 
feedback would be inaccurate in many cases. The results 
obtained by the ROC curve analyses were strengthened 
because in the present research, no relationship was found 
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Fig 2. ROC curves for the detection of 
‘positive farms’ for liver milk spots using the 
clinical symptoms
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between clinical symptoms and pathological lesions using 
Spearman correlations (rsp ranged from 0.017 to 0.267; 
P>0.05) (Table 2). Therefore, it can be considered that clinical 
symptoms recorded during antemortem inspection did 
not allow an accurate detection of ‘positive farms’ for 
pathological lesions at the postmortem inspection.

The results obtained in this study are comparable to 
several studies [15-18], who found a high prevalence of lung 
lesions in the herds without clinical symptoms. These 
results can be explained by the fact that respiratory 
diseases and ascariasis in fattening pigs are characterised 
by vague and nonspecific clinical symptoms [1,24]. These 
diseases occur in a subclinical form or as uncomplicated 
infections, and produce pathological lesions that can be 
only identified during postmortem inspection [1,15,17]. There 
is a possibility that sporadic clinical symptoms recorded in 
this study were not only provoked by lung inflammation, 
but also by inadequate environmental conditions in the 
lairage and/or on the farm of origin, such as high ambient 
temperature and relative humidity, presence of aerial dust 
and manure gases. In these situations, gross irritation 
of the nostrils and airways, together with suppression 
of the microscopic lung defense mechanisms resulted 
in sporadic coughing, sneezing and laboured breathing 
in finishing pigs. Thus, clinical examination cannot be 
regarded as an efficient and reliable method for the health 
and welfare assessment [16,25,26]. Accordingly, the evaluation 
of pathological lesions during postmortem inspection is 
of paramount importance to identify subclinical diseases, 
which are not possible to detect by clinical examination 
during an antemortem inspection at the slaughterhouse 
and/or on the farm of origin [26]. In addition, there are 
several advantages of pathological lesion assessment at 
the slaughter line compared with clinical examination 
at antemortem inspection at the slaughterhouse and/
or on farm of origin. Although clinical examination is an 
inexpensive method for pig health and welfare assessment, 
it may be labour intensive, time-consuming and usually 
require pig handling or the pig needs to be forced to move [26]. 
The advantage of pathological lesion examination at the 
postmortem inspection is that the pigs from different farms 
can be examined on the same day, reducing travelling costs 
and minimising the risks of disease transmission within and 
between farms during assessments [26]. Also, postmortem 
health and welfare assessment avoid potential problems 
associated with having to assess pigs in crowded, dirty or 
poorly-lit conditions such as in the lairage pens and/or on 
the farm of origin [26].

Contrary to the findings of this study, some authors [2,12-14] 

found a positive association between the occurrence 
of pathological lesions at the postmortem inspection 
and clinical symptoms on farm during fattening. Several 
possible factors can be raised to explain this discrepancy. 
Data on clinical symptoms on farm during fattening  
and pathological lesions at the postmortem inspection 

are based on a slightly different sample of animals in the 
batches [13]. In addition, animals delivered to a slaughter-
house are clinically healthy, while those individuals 
who exhibit clinical symptoms during production cycle 
usually stay on farm and receive medical treatment until 
full recovery. Furthermore, some of the severely diseased 
pigs will not complete the production cycle because 
they will die or be culled during fattening prior to cohort 
slaughter. It is also possible that respiratory infections  
and ascariasis at the early stage of the fattening period 
will not necessarily result in pathological lesions as these 
might heal or become less evident at the postmortem 
inspection [13].

In conclusion, the results of this study showed that, in the 
context of pig health and welfare monitoring, the recording 
of pathological lesions at postmortem inspection is more 
reliable and feasible method than the recording of clinical 
symptoms during antemortem inspection. Therefore, 
incorporating of pathological lesions scoring as part of the 
routine postmortem veterinary inspection process could 
function as iceberg indicators of underlying problems 
affecting pig health and welfare on the farm of origin. 
However, before any firm conclusions can be drawn, 
further investigation is required to clarify the potential 
use of clinical symptoms in pigs during fattening on the 
farm of origin, concentration of acute phase proteins 
and serological testing for the most common respiratory 
pathogens and Ascaris suum to forecast the ‘positive farms’ 
for pathological lesions in slaughtered pigs.
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Abstract
The study investigates the classification of milk quality with support vector machines (SVM) using the raw milk composition and somatic cell 
count (SCC) data on buffalos. For this purpose, 11-variable (dry matter, fat-free dry matter, fat (%), protein, lactose, casein, urea, density, acidity, 
pH, freezing point) on milk composition and SCC of 288 buffalos were used. SVM is a classifier with a high generalization ability that is based on 
structural risk minimization with a statistical learning system and can be applied to both linear and non-linear data. The classification successes 
of some kernel functions used in the SVM (polynomial kernel, normalized polynomial kernel and radial basis kernel) were investigated and their 
classification performances were compared with a multilayer perceptron algorithm. The results showed that the classification successes of 
polynomial kernel, normalized polynomial kernel and radial basis kernel were 93.06%, 92.36% and 90.97%, respectively, while the classification 
success of the multilayer perceptron was 81.60%. The comparison of the results with respect to the root mean square error (RMSE) values 
revealed that the polynomial kernel had the lowest value (0.263), while the multilayer perceptron had the highest value (0.384). According to this 
criterion, the best classifier was the polynomial kernel function, while the weakest classifier was the multilayer perceptron (0.384). Considering 
the receiver operating characteristic (ROC) area values, with respect to the closeness to 1 criterion, normalized polynomial kernel was the best 
function, while the multilayer perceptron function was the weakest function. The separate evaluation of the precision, sensitivity and F-measure 
values showed that the polynomial kernel was the most successful function, while the multilayer perceptron was the weakest function.

Keywords: Support vector machine, Somatic cell count, Kernel model optimization

Mandalarda Çiğ Süt Bileşimi ve Somatic Hücre Sayısının Destek Vektör 
Makinaları İle Sınıflandırılması

Öz
Bu çalışmada amaç mandalarda çiğ süt bileşimi ve somatik hücre sayısı verilerini kullanarak süt kalitesinin destek vektör makineleri (DVM) 
ile sınıflandırılmasını araştırmaktır. Bu amaçla, 288 mandaya ait somatik hücre sayısı ve 11 değişkenli (kuru madde, yağsız kuru madde, yağ, 
protein, laktoz, kazein, üre, yoğunluk, asitlik, pH, donma noktası) süt bileşenleri kullanılmıştır. DVM, istatistiksel öğrenme sistemi ile yapısal 
risk minimizasyonuna dayanan, hem doğrusal hem de doğrusal olmayan verilere uygulanabilen yüksek genelleme kabiliyetine sahip bir 
sınıflandırıcıdır. DVM’de kullanılan bazı çekirdek fonksiyonlarının (polinom çekirdeği, normalleştirilmiş polinom çekirdeği ve radyal temel 
çekirdeği) sınıflandırma başarıları araştırılmış ve sınıflandırma performansları çok katmanlı bir algılayıcı algoritması ile karşılaştırılmıştır. Sonuçlar, 
polinom çekirdeğinin, normalize polinom çekirdeğinin ve radyal temel çekirdeğin sınıflandırma başarılarının sırasıyla %93.06, %92.36 ve %90.97 
olduğunu, çok katmanlı algılayıcı algoritmanın sınıflandırma başarısının %81.60 olduğunu göstermiştir. Çekirdek fonksiyonlarının hata kareleri 
ortalamasının karekökü (RMSE) değerleri ile karşılaştırılması yapıldığında, polinom çekirdeğinin en düşük değere (0.263) sahip olduğunu, çok 
katmanlı algılayıcının en yüksek değere (0.384) sahip olduğu tespit edilmiştir. Bu kritere göre, en iyi sınıflandırıcının polinom çekirdek fonksiyonu, 
en zayıf sınıflandırıcının ise çok katmanlı algılayıcı (0.384) olduğu görülmüştür. ROC eğrisi altında kalan alan değerleri göz önüne alındığında, 1’e 
yakınlık kriteri açısından, normalleştirilmiş polinom çekirdeği en iyi fonksiyon, çok katmanlı algılayıcının en zayıf fonksiyon olduğu gözlenmiştir. 
Hassasiyet, duyarlılık ve F-ölçüm değerlerinin ayrı ayrı değerlendirilmesi sonucunda sınıflandırmada en başarılı fonksiyonun polinom çekirdeğini, 
en başarısız fonksiyonun ise çok katmanlı algılayıcı olduğu belirlenmiştir.

Anahtar sözcükler: Destek vektör makinesi, Somatik hücre sayısı, Çekirdek model optimizasyonu

INTRODUCTION
The studies regarding the solution of classification problems 

hold an important place in data mining. The generalization 
performance of an algorithm is an important criterion 
that should be considered in the selection of the machine 
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learning algorithm that will be developed for the solution 
of classification problems. Generalization performance 
depends on factors such as training data, number/structure 
of independent qualities, model selection and parameter 
selection. Considering these factors, retrieving classified 
and meaningful information from the data and obtaining 
accurate information are directly proportionate to the 
generalization success of the algorithm. In other words, the 
better the generalization performance of the algorithm, 
the more realistic the retrieved information [1]. 

In recent years, Support Vector Machines (SVM) have 
become one of the most successful machine learning 
algorithms in the solution of the classification problems [1]. 
The method carries out classification either using a linear 
or non-linear function. The SVM method is based on 
estimating the more suitable function for separating 
the data. 

The most prominent advantage of the SVM is they solve 
the classification problem by turning it into a quadratic 
optimization problem. Thus, they minimize the number of 
processes during the learning stage for the solution of a 
problem and reach solutions faster than other methods/
algorithms [1]. They especially provide advantages in large 
scale datasets thanks to this feature. Moreover, as an 
optimization-based system, their classification performance, 
calculation complexity and practicality are better than 
other methods [2]. During the application of the SVM to the 
solution of the classification problems for various datasets, 
the selection of the kernel function and optimization of 
parameters play important roles. Based on data trans-
formations, the solution of the kernel function finds the 
most suitable boundary among the possible outputs. This 
method is used in various fields including the classification 
of data in animal breeding. 

Buffalo milk, the material of the study, contains relatively 
higher levels of protein, fat and mineral matters (especially 
calcium and phosphorus) and, thus, is more nutritious than 
cow milk [3]. Due to its high milk quality and availability for 
processing into other dairy products add to the demand 
for buffalo milk. Milk composition and somatic cell count 
(SCC) are important parameters in the determination 
of milk quality [4]. The number of somatic cells in normal 
milk is low and high number of somatic cells indicate that 
the milk is of low quality. In addition to its function as a 
quality measure, SCC in milk is an indicator of udder health 
in herd management and indicator in the diagnosis of 
mastitis [5,6]. The SCC limit for raw buffalo milk is 400.000 
cells/ml according to the European Union (EU) directives 
(92/46 CEE and 94/71CEE) [7], while it is ≤500.000 cells/mL 
according to the Turkish Food Codex [8].

The study investigates the data mining applications for 
classification that is based on the critical SCC limit for 
animal breeding and especially for buffalo milk content 
using the SVM method. 

MATERIAL and METHODS
The study material consisted of milk yield recordings on 
the 288 Anatolian buffalos that gave birth between 2011 
and 2013 in Tokat and its counties, Turkey. The milk yields 
of the Anatolian buffalos were obtained with the help of 
the National Buffalo Improvement by the Public Project 
supported by the General Directorate of Agricultural 
Research and Policies. On the control days, the milk yields 
of the buffalos were recorded in kilograms in the morning 
and evening. The buffalo breeding in the research area 
is carried out under extensive conditions. The breeders 
usually do not use additional feeding especially during the 
foraging period, but additional feeding can be carried out 
during winter depending on available feed types (hay, dry 
clover, silage, etc.). 

Support Vector Machines is controlled classification 
algorithm that is based on the statistical learning theory. 
The mathematical algorithms of SVM were first designed 
for the solution of the classification problem of two-class 
linear data and, then, generalized for the classification of 
multiclass and nonlinear data. The working principle of SVM 
is based on the estimation of the most suitable decision 
function for the distinction of two classes, in other words, 
it is based on the identification of the hyperplane in which 
the distance between two classes is the maximum and 
most appropriate distance [9,10]. There are two cases in the 
SVM: data are linearly separable or not linearly separable.

Linear Separability

Let’s assume the data that will be used in training and 
contain N number of elements is θ = {xi, yi},i = 1, 2…, N. Here, 
yi ∈ {-1, 1} is the label values and xi ∈ Rd is the feature vector. 
In the case of linear separation, these two-value data can 
directly be separated by a hyperplane. This hyperplane is 
called the separating hyperplane. The purpose of the SVM 
is to make sure the hyperplane is at the same distance to 
the sample groups in both classes.

If the training data comprising k number of samples in 
a two-class linearly separable classification problem is 
accepted as {xi, yi}, i = 1, .., k, the equations of the optimum 
hyperplane will be: 

w.xi+b≥1, for each y= +1           			          (1)

w.xi+b≤1, for each y= -1    				          (2)

Here, x ∈ Rn represents an N-dimension space, y ∈ {-1, 
+1} represents class labels, w represents weight vectors 
(the normal of the hyperplane) and b represents the bias 
value [11]. To determine the optimum hyperplane, two 
hyperplanes that are parallel to this plane and form its 
boundaries should be created. The points forming these 
hyperplanes are referred to as support vectors and defined 
as w.xi+b<1 or w.xi+b>1. Fig. 1 shows the hyperplane for 
linearly separable datasets.
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To maximize the boundary of the optimal hyperplane, ||w|| 
should be minimized. In this case, determining the most 
suitable hyperplane requires solving the following limited 
optimization problem.

 ,                                                                 (3)

The corresponding boundaries are defined as [9]. 

                   (4)

The optimization problem can be solved using the Euler-
Lagrange equations. After this process, equation 5 is 
obtained.

     (5)

In conclusion, the decision function for a linearly separable 
two-class problem can be described as [11]. 

             (6)

Non-Linear Separability

As is the case in the classification of some data, the linear 
separation of many problems is not possible. In this case, 
the problem stemming from a portion of the training data 
that remains on the other side of the optimal hyperplane 
is solved by defining a positive dummy variable (ζi). The
balance between maximizing the boundary and minimizing 
the inaccurate classification errors can be controlled by 
defining a regularization parameter that has positive 

values and is shown with C (0< C< ∞) [12]. The optimization 
problem for the data that cannot be linearly separated 
using a regularization parameter or a dummy variable is: 

        (7)

The corresponding boundaries are defined as: 

(8)            

As seen in Fig. 2, for the solution of the optimization 
problem given in Equation 7 and 8, the data that cannot 
be linearly separated in the input space is displayed in a 
high-dimension space defined as the feature space. Hence, 
the data can be separated linearly and the hyperplane 
between the classes are determined. 

The SVM can make nonlinear transformations with the aid 
of a kernel function that is defined as fallow:

                   (9)

Thus, it allow the linear separation of the data in a higher 
dimension.

As a result, the decision rule for the solution of a two-class 
problem that cannot be linearly separated using the kernel 
function can be written as [11].

           (10)                                                                                            

The most important point of a classification process that 

Fig 1. Hyperplane for linearly separable datasets

Fig 2. Transformation of the data into a higher dimension 
with the kernel function
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will be carried out with SVM is the determination of the 
kernel function and optimum parameters of this function. 

Table 1 shows the most commonly used kernel functions 
(polynomial, radial basis function and normalized poly-
nomial kernels) in the literature. 

A comparison of the kernel functions reveal that the 
polynomial and radial basis kernels are simpler and more 
understandable. Although it can appear mathematically 
simple, the increase in the degree of a polynomial function 
can complicate the algorithm, which both prolongs the 
process and reduces the accuracy of classification after a 
certain point. On the other hand, the eff ect of the changes 
in the kernel size parameter (γ) of the radial basis function 
on classification performance was determined to be 
relatively lower [13]. The normalized polynomial function was
suggested by [14] to normalize the mathematical statement 
of the polynomial kernel instead of the normalization of 
the dataset. The normalized polynomial kernel can be 
viewed as a generalization of the polynomial kernel. 

Multilayer Perceptron

Multilayer perceptron is a feedforward artificial neural 
network model in which the input data are adjusted on 
an appropriate output sequence. It is a non-parametric 
artificial neural network method that carries out various 
detection and estimation processes. In the multilayer 
perceptron, each j neuron in the hidden layer takes the 
sum of the multiplication of the input signals with the 
connection weight wji and calculates the yj output as a 
function of this sum: 

      (11)

Here, f is an activation function that transforms the weighted 
sum of the signals aff ecting a neuron into the output value. 
The activation function can be a simple threshold function, 
sigmoidal or hyperbolic tangent function. 

The sum of the quadratic diff erences between the calculated 
and desired values of the output neurons is defined as:

      (12)

Here, yj* and yj are the calculated and desired values of the 

j. output neuron, respectively. Each wji weight is adjusted 
to reduce the e value as fast as possible. How the wji value 
will be adjusted depends on the training algorithm.

Comparison of the Performances

Comparing the classifiers and determining the best
classifier are of great importance in data mining [15]. The
classification performances of algorithms are usually 
compared with respect to accurate classification percentage, 
accuracy rate, RMSE, ROC area, sensitivity, precision and 
F-measure.

Accuracy Rate: It gives the accurate classification per-
centages of observations.

            (13)

Root Mean Square Error: Also known as the quadratic 
mean, it is a statistical method used in the measurement 
of the sizes of changing amounts.

                (14)

Here, n: number of samples, ei: models error.

ROC Area: ROC area curve determines the estimation 
performances of diff erent classification algorithms. The
area below the ROC curve is one of the important measures 
in selecting the best classification algorithm. When the 
area below the curve approaches 1, it indicates that the 
classification is accurate. 

Confusion Matrix: The confusion matrix shows the numbers 
of inaccurate or accurate classifications of data (Table 
2). The confusion matrix is used in the calculation of 
precision, sensitivity and F-measure, which measure the 
performances of classification algorithms. 

The most popular and simple method in measuring the 
performance of a model is the accuracy and error rates 
of the model. Accuracy is the ratio of the accurately 
classified sample number (TP+TN) to the total sample 
number (TP+TN+FP+FN). This value is completed to 1 by 
the error rate. In other words, error rate is the ratio of the 
inaccurately classified sample number (FP+FN) to the total 
sample number (TP+TN+FP+FN) [16].

Classifi cation of Raw Milk Composition and ...

Table 1. Kernel functions and parameters used in support vector machines
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Sensitivity: Sensitivity is the ratio of the accurately classified 
positive sample number to the total positive sample 
number [16].

Precision: Precision is the ratio of the number of True 
Positive samples with a class estimated to be 1 to the total 
number of samples with a class estimated to be 1 [16].

Precision and sensitivity are not separately sufficient 
to derive a meaningful comparison. Considering both 
measures together will yield more accurate results. The 
F-measure is defined for this purpose.

F-measure: F-measure is the harmonic mean of precision 
and sensitivity.

In the SVM, the WEKA 3.8.3 (Waikato Environment for 
Knowledge Analysis) software and IBM SPSS 21.0 statistical 
package program were used for the analysis of the 
classification results. WEKA is a popular machine learning 
package written with Java and developed in Waikato 
University, New Zealand, and contains visualization tools and
algorithms for data analysis and estimation modelling and 
graphical user interfaces for easy access to these functions.

RESULTS

Table 3 shows the descriptive statistics for the variables 
used in the study. Considering the SCC as a criterion of 
milk quality, the groups with high and low milk quality 
were formed with respect to these variables. As seen in
Table 3, in terms of the -DM- and fat variables, there were 

statistically significant diff erences between low and high
SCC according to the investigated criterion (P<0.05, P<0.01, 
respectively). 

However, in terms of the fat-free dry matter (FDM), protein, 
lactose, casein, urea, density, acidity, pH and freezing point 
variables, there were no statistically significant diff erences 
between the low and high SCC (P>0.05). Moreover, the 
significant relationship between SCC and fat and dry 
matter was supported by the correlation matrix results in 
Table 4. 

Table 4 shows the correlation matrix of the variables used 
in the study. As seen in Table 4, the highest correlation 
was between fat and -DM- (0.93, P<0.01), while the lowest 
correlation was between freezing point and pH (0.02, 
P>0.05). The relationship between the variables and SCC 
showed that it had the highest correlation with protein 
(0.69, P<0.01), while the lowest correlation was with urea 
(-0.02, P>0.05). 

For the detailed analysis of the classification results, the
performances of the algorithms were statistically compared. 
The WEKA 3.8.3 (Waikato Environment for Knowledge 
Analysis) software was used for classification with SVM. The 
SMO (Sequential Minimal Optimization) algorithm in the 
software and Multilayer perception algorithm were used 
for the multilayer perceptron. The 10-fold cross validation 
was selected and used for the data. Table 5 shows the 
statistical results for the classification algorithms. 

As seen in Table 5, the results for the classification algorithms 
revealed that, for the polynomial kernel, the accurate 
classification percentage was 93.06% and ROC area value 
was 88.7%, which agrees with the accurate classification 
percentage. Moreover, RMSE, precision, sensitivity and 
F-measure values were 0.263, 0.913, 0.995 and 0.931, 
respectively.

The accurate classification percentage of the normalized 
polynomial kernel was 92.36%. Furthermore, the ROC 
area value was 89.2%, which agrees with the accurate 
classification percentage. The RMSE, precision, sensitivity 
and F-measure values were 0.276, 0.924, 0.970 and 0.922, 
respectively. 

As seen in Table 5, the accurate classification percentage 
of radial basis function kernel was 90.97%. In a similar 
fashion, the ROC area value was 86.6% and agreed with 
the accurate classification percentage. In addition, the 
RMSE, precision, sensitivity and F-measure values were 
0.301, 0.903, 0.975 and 0.904, respectively.

The accurate classification percentage for the multilayer 
perceptron was 81.60%. The ROC area value was 81.2%, 
which is in keeping with the accurate classification 
percentage. Moreover, the RMSE, precision, sensitivity 
and F-measure values were 0.384, 0.843, 0.866 and 0.816, 
respectively.

TAHTALI

Table 2. Classification according to the confusion matrix

Accurate 
Class

Estimated Class

Class 1 Class 2

Class 1 a b

Class 2 c d

a: TP (True-Positive), b: FN (False-Negative), c: FP (False-Positive), d: TN 
(True-Negative)
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Table 6 shows the confusion matrix results. As revealed 
by the table, for the polynomial kernel, the number of 
accurately classified observations in the high class was 201 
and the number of observations that were in the low class 
while they should have been in the high class was 1; the 
number of accurately classified observations in the low 
class was 67 and the number of observations that were in 
the high class while they should have been in the low class 

was 19. In a similar manner, for normalized polynomial 
kernel, the number of accurately classified observations 
in the high class was 196 and the number of observations 
that were in the low class while they should have been in 
the high class was 6; the number of accurately classified 
observations in the low class was 70 and the number of 
observations that were in the high class while they should 
have been in the low class was 16.

Classification of Raw Milk Composition and ...

Table 3. Descriptive statistics for the milk characteristics

Milk Characteristics
Low (n=76)

Mean ± Std. Deviation
High (n=212)

Mean ± Std. Deviation
P-value

DM 16.35±2.53 17.29±2.78 0.011

FDM 11.07±1.21 10.87±0.83 0.179

Fat 5.18±2.43 6.25±2.85 0.002

Protein 4.90±1.47 4.91±0.95 0.981

Lactose 5.23±0.61 5.16±0.53 0.366

Casein 3.54±1.12 3.63±0.87 0.542

Urea 0.04±0.02 0.04±0.02 0.833

Density 1029.45±8.21 1028.97±7.47 0.651

Acidity 7.92±5.40 8.21±3.37 0.658

pH 6.56±0.15 6.55±0.14 0.704

Freezing Point 0.57±0.16 0.59±0.16 0.573

DM: dry matter; FDM: fat-free dry matter

Table 4. Correlation coefficients between the variables and significance test results

Milk Characteristics SCC DM FDM Fat Protein Lactose Casein Urea Density Acidity pH

DM 0.68** 1

FDM 0.28* 0.21* 1

Fat 0.66** 0.93** -0.16* 1

Protein 0.69** 0.58** 0.83** 0.29* 1

Lactose -0.55** 0.58** -0.19* -0.54** -0.67** 1

Casein 0.38** 0.69** 0.43** 0.59** 0.76** -0.80** 1

Urea -0.02 -0.31** 0.39** -0.51** 0.15* 0.17* -0.32** 1

Density -0.05 0.08 -0.08 0.20* 0.09 -0.35* 0.63** -0.41** 1

Acidity 0.34** 0.57** 0.34** 0.49** 0.68** -0.76** 0.92** -0.21* 0.63** 1

pH -0.56** -0.23* -0.16* -0.19* -0.37** 0.44** -0.32** 0.08 -0.06 -0.34** 1

Freezing Point -0.04 0.05 -0.04 0.07 0.03 0.13* 0.08 -0.04 0.10 0.10 0.02

* significant at the 0.05 level (2-tailed); ** significant at the 0.01 level (2-tailed); DM: dry matter; FDM: fat-free dry matter

Table 5. Comparison of the classification algorithms

Algorithms
Features

Accuracy RMSE ROC Area Precision Sensitivity F-Measure

Polynomial kernel 93.06 0.263 0.887 0.913 0.995 0.931

Normalized polynomial kernel 92.36 0.276 0.892 0.924 0.970 0.922

Radial basis function kernel 90.97 0.301 0.866 0.903 0.975 0.904

Multilayer perceptron 81.60 0.384 0.812 0.843 0.866 0.816

RMSE: Root Mean Square Error
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For radial basis function kernel, the number of accurately 
classified observations in the high class was 197 and the 
number of observations that were in the low class while 
they should have been in the high class was 5; the number 
of accurately classified observations in the low class was 
21 and the number of observations that were in the high 
class while they should have been in the low class was 65.

Furthermore, for the multilayer perceptron, the number 
of accurately classified observations in the high class was 
175 and the number of observations that were in the low 
class while they should have been in the high class was 27; 
the number of accurately classified observations in the low 
class was 26 and the number of observations that were 
in the high class while they should have been in the low 
class was 60. 

The error rates for the polynomial kernel, normalized poly-
nomial kernel, radial basis function kernel and multilayer 
perceptron were calculated to be 0.071, 0.081, 0.092 and

0.181, respectively. The precision, sensitivity and F-measure 
values given in Table 5 were calculated using the accuracy 
and error rates. 

In the analysis using the WEKA data mining software, the 
classification algorithms were summarized in Table 5 in 
light of various statistical criteria. According to the accuracy 
percentage in Table 5, the polynomial kernel function had 
the highest accuracy rate (93.06%), while the multilayer 
perceptron had the lowest accuracy rate (81.60%). When 
the functions were compared considering their RMSE 
values, the polynomial kernel had the lowest value (0.263), 
while the multilayer perceptron had the highest value 
(0.384). According to this criterion, polynomial kernel was 
the best classifier, while the weakest classifier function was 
the multilayer perceptron (0.384). 

When the ROC area values are evaluated by their closeness 
to 1, normalized polynomial kernel was determined to be 
the best function, while the multilayer perceptron was 
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Table 6. Confusion matrix of the classifications

Accurate Class
Estimated Class

Error Rates
High Low

Polynomial kernel
High 201 1

0.071
Low 19 67

Normalized polynomial kernel
High 196 6

0.081
Low 16 70

Radial basis function kernel
High 197 5

0.092
Low 21 65

Multilayer perceptron
High 175 27

0.181
Low 26 60

Fig 3. ROC curves of of different classification algorithms
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the weakest function. The separate examination of the 
precision, sensitivity and F-measure values revealed that 
the normalized polynomial kernel was the most successful 
function, while the weakest function was the multilayer 
perceptron. ROC curve are shown in Fig. 3.

DISCUSSION
Milk composition and the SCC in milk are important 
parameters in the determination of milk quality [4]. As SCC 
increases, the shelf-life and quality of milk decrease [17]. 
In addition to its role as a milk quality parameter, SCC is 
an indicator of udder health and used in the diagnosis of 
mastitis [5,6]. The SCC in milk is an important parameter in 
the determination of milk quality and early diagnosis of 
subclinical mastitis.

Although the number of studies on the issue is limited, 
SVM are used to the estimation of clinical and subclinical 
mastitis in dairy cows [18]. The researchers divided the 
animals into 2 groups as healthy and infected animals 
by determining the SCC in milks obtained monthly from 
Holstein cows for 12 months and reported that SVM 
achieved classification with an accuracy rate of 91% [18]. 
In the present study, accuracy rates were in the range of 
81.59% and 93.05% for the kernel functions, which are 
close to the results found in the previous study. 

Support vector machines are used to the diagnosis of 
clinical mastitis [19,20]. SVM are achieved classification with an 
83.2% accuracy rate [19], while accuracy rate was 84.6% [20] 
These results are close to the results obtained with the 
multilayer perceptron in our study. SVM are used to 
develop a milk recognition system and classify milk with 
respect to its content after UHT [1]. In addition SVM are 
used to the estimation of rumen acidosis in dairy cattle 
and the classification of SCC [21,22]. Milk fatty acids and 
rumen pH value were taken as classification variables and 
linear kernel and radial basis kernel functions were used in 
classification with SVM [21]. 

Dry matter, fat, protein and lactose contents of milk 
obtained from 222 milch Murrah buffaloes were in the range 
of 16.94%-18.55%, 6.28%-8.38%, 4.05%-4.59% and 4.96%-
5.34%, respectively, and the lactose content decreased 
as the SCC increased [23]. In this study, the dry matter, fat, 
protein and lactose contents of the milk obtained from 
288 Anatolian buffaloes were close to those previously 
obtained by the researchers. As the SCC in milk increased, 
lactose content decreased (r=-0.55), while dry matter, 
fat and protein contents (r=0.68, r=0.66, 0.69) increased. 
Sekerden and Avsar [24] found that the ash, fat, dry matter, 
protein, acidity, density, pH and urea content of buffalo 
milk were 0.47%, 7.67, 17.55, 5.28, 0.17, 1.028, 6.61 and 3.78 
mg/100 mL, respectively. Fernandes et al.[25] determined 
that the dry matter, fat, protein and lactose contents of 
milk were in the range of 14.5-17.1%, 6.1-6.9%, 3.9-4.2% 
and 4.5-5.2%, respectively, and stated that SCC did not 

affect the composition of buffalo milk. Ayasan et al.[26] 
investigated the effects of SCC on milk urea nitrogen and 
milk composition. 30 Holstein cows were divided into 2 
groups based on their SCC. The researchers found that 
SCC (Group 1: x<268.000 cells/mL; Group 2: x>268.000 
cells/mL) had a significant effect on the milk fat, milk 
lactose, fat-free dry matter and density (P<0.05) but did 
not have a significant effect on milk urea nitrogen, milk 
protein, milk casein, urea, dry matter, acidity, free fatty 
acid, citric acid and freezing point (P>0.05). In this study, 
SCC had a statistically significant effect on dry matter and 
fat (P<0.05), but did not affect other milk components 
(P>0.05). Furthermore, Ayasan et al.[26] found a significant 
relationship between SCC and milk fat (r=0.209; P=0.026), 
fat-free dry matter (r=-0.183; P=0.050), milk lactose  
(r=-0.196; P=0.037) and density (r=-0.281; P=0.002). In 
this study, there was a significant relationship between 
SCC and milk fat (r=0.68, P<0.01), fat-free dry matter 
(r=0.28, P<0.05), lactose (r=-0.55, P<0.01), but SCC did 
not have a statistically significant relationship with urea 
(r=-0.02, P>0.05), density (r=0.05, P>0.05) and freezing 
point (r= -0.04, P>0.05). Yesilova et al.[27] demonstrated that 
lactation milk yield in Anatolian buffaloes can be classified 
using mixture model. In our study, we investigates the 
classification of milk quality with SVM using the raw milk 
composition and SCC data on buffalos.

Somatic cell count is a good classifier in the determination 
of milk quality and mastitis. A review of the scientific 
literature revealed that although SVM was used in the 
determination of mastitis, the number of studies on its use 
in the determination of milk quality was limited. Within this 
context, in the study, SVM models were developed with 
polynomial, normalized polynomial and radial basis kernel 
functions. The classification performances of the kernel 
functions with SVM were compared with the multilayer 
perceptron method.

The study on SVMs analyzed the effects of critically 
important kernel functions on the classification results, i.e. 
performance, in detail and investigated the classification of 
milk quality with SVMs with three different kernel functions 
and multilayer perceptron using raw milk composition and 
SCC data. Compared with the results obtained with the 
multilayer perceptron method, the most commonly used 
kernel functions in SVM were more efficient and successful.

The dataset in the study comprised 12 variables including 
raw milk composition in buffaloes (DM, FDM, fat, protein, 
lactose, casein, urea, density, acidity, pH, freezing) and 
somatic SCC. The SCC in milk were divided into two classes as 
high and low in accordance with the Turkish Food Codex [28,29]. 

After the analysis of these variables, the performances of the 
algorithms were compared with respect to their accuracy, 
RMSE, ROC area, precision, sensitivity and F-measure and 
the results showed that the classification performances of 
SVMs were better than the multilayer perceptron algorithm.

Classification of Raw Milk Composition and ...
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Considering the kernel functions used in the study, the 
highest accuracy in SVM was obtained with the polynomial 
kernel function. The values obtained with the normalized 
polynomial kernel and radial basis function kernel were 
close to those obtained with the polynomial kernel. The 
algorithm of the multilayer perceptron had a lower accuracy 
value and thus, was not useful when compared with the 
kernel functions. 

Considering the precision measure, the best result was 
obtained with the normalized polynomial kernel function. 
However, precision should not be interpreted separately; 
instead, it should be considered together with the sensitivity 
measure. As seen in Table 3, according to the sensitivity 
measure, the algorithms in descending order were poly-
nomial kernel, radial basis function kernel, normalized 
polynomial kernel and multilayer perceptron. Evaluation 
with the F-measure in which the precision and sensitivity 
measures are considered together will yield better results.

In conclusion, using the performance measures for 
the models that were developed using different kernel 
functions for SCC revealed that higher or lower SCC than 
the specified criteria affected the quality of milk and other 
products obtained from milk. The systematic analysis 
and classification of the results are of great importance 
in the classification of milk quality. Future studies with 
larger datasets will add to the success of computer-based 
diagnosis systems.
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Abstract
A prospective study was designed to test the hypothesis that the degree and location of tracheal collapse may influence its pattern of cough. 
Objective evaluation of cough was made in 45 dogs with tracheal collapse. The relationship between location and degree of collapse and 
cough was tested. Location of collapse did not have a significant effect on cough except for the moderate effect on the nature of cough 
(P=0.002; rs=0.45) while its degree had a significant effect (P<0.0001) on all cough parameters except for nature of cough (P=0.354). The 
pattern of cough associated with tracheal collapse is mainly influenced by the degree of collapse rather than its location.

Keywords: Tracheal collapse, Cough, Dog

Griffon Irkı Köpeklerde Trakeal Kollaps İle İlişkili Öksürük Modelinde Yeni 
Yaklaşımlar

Öz
Bu prospektif çalışma, trakeal kollaps derecesi ve lokalizasyonunun öksürük şeklini etkileyebileceği hipotezini araştırmak için tasarlandı. 
Trakeal kollaps şekillenmiş olan 45 köpekte öksürüğün objektif değerlendirmesi yapıldı. Lokasyon ve kollaps derecesi ile öksürük arasındaki 
ilişki incelendi. Kollaps lokasyonunun öksürük şekline orta düzeyde etkisi (P= 0.002; rs= 0.45) dışında öksürük üzerinde anlamlı bir etkisi 
olmamakla birlikte, derecesinin öksürük şekli (P=0.354) dışındaki tüm öksürük parametreleri üzerinde anlamlı etkisi (P<0.0001) olduğu 
belirlendi. Trakeal kollaps ile ilişkili öksürük modeli esas olarak kollapsın lokasyonu yerine derecesinden etkilenir.

Anahtar sözcükler: Trakeal kollaps, Öksürük, Köpek

INTRODUCTION

Tracheal collapse is a dynamic dorso-ventral reduction in 
the tracheal diameter which may involve isolated tracheal 
segment (cervical or thoracic) or the entire tracheal length [1,2]. 
The condition is commonly diagnosed in middle aged 
toy and miniature breed dogs with a prevalence of 0.5-
2.9% [3-5]. The exact cause of tracheal collapse is unknown; 
the condition may arise due to flaccid dorsal tracheal 
membrane, weakened cartilaginous rings or both [6]. In 
lateral radiographs, tracheal collapse may be graded into 
mild, moderate and severe tracheal collapse based on 
the degree of reduction of the tracheal lumen diameter 
compared to the thoracic inlet width [7].

Tracheal collapse may remain asymptomatic till signs of 
respiratory distress appear including dyspnea, labored 

breathing, abnormal respiratory sounds and frequent  
cough. Cough is a protective air way function serving both 
corrective and preventive role [8]. It’s a reflex triggered by 
compression or irritation of the airways and controlled 
by cough centers in the brainstem [9]. A characteristic 
paroxysmal goose-honking cough is the most common 
sign of tracheal collapse in order to overcome the resistance 
of air flow to maintain ventilation [2,10]. This pattern of 
cough may be a result of the action exerted by respiratory 
muscles to overcome the increased resistance of air  
flow at the area of the narrowed tracheal lumen. Based  
on Poiseuille Law, the resistance to air flow in straight 
circular tube is inversely proportional to the fourth power  
of its radius (R=1/r4). This means that if the tracheal  
diameter is reduced by one half (50% reduction), the 
resistance of air within the tracheal lumen increases 
16-fold [11].
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Cough Pattern in Tracheal Collapse

It is not clear whether the degree and possibly the location 
of tracheal collapse may have an infl uence on the pattern 
of cough associated with tracheal collapse. The aim of 
the present study was to test the hypothesis that the 
degree and location of tracheal collapse may have an 
infl uence on the pattern of cough in Griff on dogs with 
tracheal collapse.

MATERIAL and METHODS
Animals and Design

A prospective study was conducted on 45 Griff on dogs 
(32 males and 13 females), weighing 16.4±4.2 (mean±SD) 
kg and aging 7.5±3.2 (mean±SD) years. These dogs 
were admitted to clinic of the Department of Surgery, 
Anesthesiology and Radiology, Faculty of Veterinary 
Medicine, Cairo University. All study procedures were 
approved by Cairo University Institutional Animal Care and 
Use Committee (CU-IACUC) (approval No. CU/II/F/56/18). All 
dogs’ owners were aware that their animals will be included 
in research purposes and signed a written consent 
indicating their approval.

Inclusion criteria of dogs included in the study are those 
dogs diagnosed with tracheal collapse based on clinical 
and radiographic examination and did not receive 
medicinal therapy during the last two weeks. The clinical 
manifestation of these dogs included signs of respiratory 
distress, periodical attacks of dyspnea and frequent coughing. 
Diagnosis of tracheal collapse was confirmed by right 
lateral inspiratory and expiratory radiographs. 

Radiographic Evaluation

The location of tracheal collapse was categorized into 

cervical or thoracic tracheal collapse based on inspiratory 
and expiratory radiographs (Fig. 1). The degree of tracheal 
collapse was graded based on the degree of reduction 
in tracheal lumen into mild, moderate and severe (25%, 
50%, >75% respectively) based on Tanger and Hobson [7]

grading system of tracheal collapse. 

Objective Evaluation of Cough

Objective evaluation of cough was scored by the same 
examiner who was blind to the result of radiographic 
examination. Scoring was done based on clinical examination 
as well as owners’ questionnaire designed to score cough 
evaluation parameters. Evaluation parameters included 
the onset of cough (acute: 0-3 weeks; subacute: 3-8 weeks; 
chronic: >8 weeks), frequency of cough (Grade I: 6 cough/h; 
Grade II: 6-12 cough/h; Grade III: >12 cough/h), nature of 
cough (Productive; Non productive), cough refl ex (Present; 
Absent), control of cough (Voluntary; Involuntary), type of 
cough (Typical: initiated by inspiratory phase, pause then 
forced expiration; Atypical: missing inspiratory phase of 
cough) and wheezes (Present; Absent).

Statistical Analysis

Cough evaluation scores were tabulated for all dogs. 
A Spearman’s correlation was run to determine the 
relationship between the degree and location of tracheal 
collapse with different cough evaluation parameters. 
Data were considered statistically significant when the 
P value <0.05. The strength of relationship was judged 
based on Spearman’s correlation coefficient (rs=0.00-0.19
very weak; 0.20-0.39 weak; 0.40-0.59 moderate; 0.60-0.79
strong; 0.80-1.00 very strong correlation). Data were analyzed 
using SPSS software 21 (IBM SPSS Inc., Chicago, IL).

Fig 1. Right lateral inspiratory (a,c)
and expiratory (b,d) thoracic radio-
graphs demonstrating reduction in
the tracheal diameter at the cervical 
(a,b) and thoracic (c,d) trachea
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RESULTS
Radiographic Evaluation

Fortyfive Griffon dogs were diagnosed with tracheal 
collapse based on clinical and radiographic examination. 
The location of the collapsed trachea was in the cervical 
region in 33 (73.3%) dog and in the thoracic region in 
the remaining 12 (26.7%) dogs. Tracheal collapse was 
graded to be mild in 11 (24.4%), moderate in 22 (48.9%) 
and severe in 12 (26.7%) dogs. Distribution of the degree 
and location of tracheal collapse among presented dogs is 
demonstrated in Table 1.

Objective Evaluation of Cough

The characteristic cough associated with tracheal collapse 
had an acute onset in dogs with mild and moderate tracheal 
collapse, while dogs with severe tracheal collapse had a 
history of chronic cough lasting for more than 8 weeks 
(Fig. 2). The frequency of cough increased with the more 
compromised tracheal lumen as manifested by increased 
frequency of cough in severe of degree of tracheal 
collapse (Fig. 3). Productive cough was mostly prevalent in 
severe degree of tracheal collapse, while non-productive 
cough was predominant in mild and moderate degrees of 
tracheal collapse. In cervical tracheal collapse the nature 

of cough was mostly non-productive while productive cough 
was predominant in thoracic tracheal collapse (Fig. 4).
The presence of cough refl ex and the voluntary control 
of cough were mostly associated with mild and moderate 
degrees of tracheal collapse. While dogs with severe 
tracheal collapse exhibited involuntary control of cough 
and absence of cough refl ex (Fig. 5, Fig. 6). Typical cough 
was only reported in mild tracheal collapse, while atypical 
form of cough was reported in moderate to severe tracheal 
collapse (Fig. 7). Wheezes was absent in mild tracheal collapse, 
while it was recorded in moderate to severe degrees of 
tracheal collapse (Fig. 8).

The location of tracheal collapse did not have a significant 
eff ect on all cough evaluation parameters except moderate 
eff ect on the nature of cough. A non significant correlation 
was reported between the location of tracheal collapse and 

Table 1. Degree and location of tracheal collapse among the presented 45 
Griff on dogs

Degree of Tracheal 
Collapse

Location of Tracheal Collapse
Total

Cervical Thoracic

Mild (25% reduction) 8 3 11

Moderate (50% reduction) 17 5 22

Severe (75% reduction) 8 4 12

Total 33 12 45

Fig 2. Evaluation of the onset of cough (acute-subacute-chronic cough) 
in relation to the location and degree of tracheal collapse

Fig 3. Evaluation of the frequency of cough (acute-subacute-chronic 
cough) in relation to the location and degree of tracheal collapse

Fig 4. Evaluation of the nature of cough (productive-non productive 
cough) in relation to the location and degree of tracheal collapse 
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duration of cough (P=0.78; rs=0.04); frequency of cough
(P=0.45; rs=0.17); cough refl ex (P=0.73; rs=0.14); control of 
cough (P=0.37; rs=0.14); type of cough (P=0.33; rs=0.15) and 
wheezes (P=0.30; rs=0.16). The only significant correlation 
between the location of tracheal collapse and the pattern 
of cough was on the nature of cough (P=0.002; rs=0.45).

The degree of tracheal collapse had a significant eff ect 
(P<0.0001) on all cough evaluation parameters except for 
the nature of cough (P=0.354). A strong positive correlation 
was reported between the degree of tracheal collapse 
and the duration of cough (rs=0.74), frequency of cough 
(rs=0.62), type of cough (rs=0.66) and wheezes (rs=0.61). 
Moderate correlation was reported between the degree 
of tracheal collapse and the presence of cough refl ex and 
its voluntary control (rs=0.58). No significant correlation 
between the degree of tracheal collapse and the nature 
(productive /non-productive) of cough (rs=0.74).

DISCUSSION
The present study demonstrated that the pattern of cough 
associated with tracheal collapse is mainly infl uenced by 
the degree of the collapse rather than its location.

All presented dogs were of middle age (7.5±3.2 years) 
which is concurrent with the progressive nature of the 
disease. Advancement of age may results in lack of tracheal 
cartilage rigidity and laxity of the dorsal tracheal membrane 
resulting in dorso-ventral narrowing in the tracheal lumen. 
Ideally, normal trachea should be relatively firm to allow 
free movement of the air during respiration when negative 
pressure is induced by breathing in. Although numerous 
toy breeds may be affected with tracheal collapse [3-5], 
all presented cases were Griffon dogs which is mainly 
attributed to the over presentation of Griff on dogs among 
the admitted dog population. 

Cough Pattern in Tracheal Collapse

Fig 5. Evaluation of cough reflex (present-abscent) in relation to the 
location and degree of tracheal collapse

Fig 6. Evaluation of the control of cough (voluntary-invoulantry cough) 
in relation to the location and degree of tracheal collapse

Fig 8. Evaluation of wheezes (presence-absence of wheezes) associated 
with cough in relation to the location and degree of tracheal collapse

Fig 7. Evaluation of the type of cough (typical cough-atypical cough) in 
relation to the location and degree of tracheal collapse
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In the present study, the diagnosis of tracheal collapse was 
made through radiographic examination. Inspiratory radio- 
graphs were more helpful in the diagnosis of cervical tracheal 
collapse while expiratory radiographs were recommended 
for diagnosing thoracic tracheal collapse. This supports the 
concept that tracheal collapse is a dynamic rather than static 
compression in the dorso-ventral diameter in tracheal 
lumen [12]. During inspiration, there is a negative pressure 
created within the pleural space, the wall of the cervical 
trachea tends to collapse as the surrounding pressure in the 
neck is relatively positive. In the mean time, the wall of the 
intrathoracic trachea tends to be held open. During expiration, 
the reverse process occurs, where the wall of the intra- 
thoracic trachea tend to collapse and the cervical trachea are 
forced to be open by the change in the relative pressure [11].

The progressive nature of tracheal collapse was clearly 
manifested by the predominance of chronic cough in dogs 
with severe tracheal collapse while acute and subacute 
duration of cough were reported in dogs with mild and 
moderate degrees of tracheal collapse. Persistent chronic 
cough can seriously impair the quality of life and may result 
in vomiting and muscle pain [13]. The increased frequency 
of cough in dogs with severe tracheal collapse may be a 
result of the more forced action of respiratory muscles to 
maintain ventilation. The prevalence of productive cough 
in severe tracheal collapse may be a result of long standing 
inflammation of the tracheal mucosa resulting in loss of 
epithelium, fibrinous membrane formation, squamous 
metaplasia and increased subepithelial glands secreation [14]. 
Thoracic tracheal collapse was mostly productive which 
could be correlated to the predominance of subepithelial 
secretory glands and cilia in the thoracic part of the trachea [15].

The presence of cough reflex and its voluntary control in 
mild and moderate tracheal collapse is an attempt of the 
body to overcome the narrowed tracheal lumen. While 
severe tracheal collapse is a life threatening condition 
resulting in spontaneous involuntary cough to overcome 
the severe reduction in tracheal lumen. Typical cough 
initiated by inspiratory phase followed by pause and 
expiratory cough was only reported in mild tracheal 
collapse. Typically, cough is an aerodynamic sequence of 
inspiration, compression and forced exhalation against 
a closed glottis [8]. Atypical cough that was not preceded 
by inspiratory phase was reported in moderate and 
severe tracheal collapse to achieve faster maintenance 
of ventilation. The presence of wheezes in moderate and 
severe tracheal collapse could be attributed to turbulence 
of air within the reduced tracheal lumen.

The main limitations of the present study are the use of 
only one breed of dogs (Griffon dog) and the absence 
of follow up data of cough following medical or surgical 
treatment. Further studies should be directed to studying 
the pattern of cough following medical and surgical 
treatment in different breeds of dogs with tracheal collapse. 
In conclusion, the pattern of cough associated with tracheal 

collapse is mainly influenced by the degree of the collapse 
rather than its location.
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Abstract
In this study, we aimed to evaluate the microbiological, molecular and pathological findings of abortus cases detected in a sheep herd 
consist of 200 animals. Macroscopically, irregular necrotic foci were observed in the liver in aborted fetuses. Selective and non-selective 
media were used for the isolation of causative agent. Phenotypic and molecular tests were performed for identification. Campylobacter fetus 
subsp. fetus (Cff) was isolated from organs of four foetuses aborted. While the vaginal swap samples taken from sheep that did not abort, 
water, feed and litter samples produced negative results for Cff, 5 of the 20 faecal samples and 5 of the vaginal swaps taken from the sheep 
that had aborted, yielded Cff. Multilocus Sequence Typing (MLST) was used for genotyping and all isolates were detected as Sequence Type 
2 (ST2). This is the first documented report of an ovine abortion caused by Cff ST2 in Turkey. It is considered that the development and use of 
vaccines, containing local Campylobacter species, would contribute to both prophylaxis and control of abortions caused by campylobacters 
including Campylobacter fetus subsp. fetus.

Keywords: Campylobacter fetus subsp. fetus, MLST, Sheep abortion

Türkiye’de Campylobacter fetus subsp. fetus ST2 İlişkili Koyun Abortusu

Öz
Bu çalışmada, 200 başlık bir koyun sürüsünde görülen abortus olgularının mikrobiyolojik, moleküler ve patolojik bulgularının değerlendirilmesi 
amaçlandı. Aborte fetuslarda makroskopik olarak karaciğerde düzensiz nekrotik odaklar gözlendi. Etken izolasyonu için seçici ve seçici olmayan 
besiyerleri kullanıldı. İdentifikasyonda fenotipik ve moleküler testlerden yararlanıldı. Atık dört fötüsun organlarından Campylobacter fetus 
subsp. fetus (Cff) izole edildi. Abort yapmayan koyunlardan alınan vajinal swap, su, yem ve altlık örnekleri Cff yönünden negatif bulunurken, 
abort yapan 20 koyunun dışkı örneklerinin 5’i ve vajinal swap örneklerinin 5’i Cff pozitif olarak saptandı. Genotiplendirmede Multilokus 
Sekans Tiplendirme (MLST)’den yararlanıldı ve tüm izolatların ST2 (Sekans Tip 2) olduğu belirlendi. Bu çalışma, Türkiye’de koyunlarda abort 
olgularından Campylobacter fetus subsp. fetus ST2’nin bildirildiği ilk rapordur. Yurdumuzda abort olgularından izole edilen Campylobacter 
türlerini içeren aşıların geliştirilmesi ve kullanımının, Campylobacter fetus subsp. fetus’un da neden olduğu abortusların hem profilaksisine 
hem de kontrolüne katkıda bulunacağı düşünülmektedir.

Anahtar sözcükler: Campylobacter fetus subsp. fetus, MLST, koyun abortus
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Ovine Abortion Associated with Campylobacter fetus

INTRODUCTION
The pregnancy and delivery rates of sheep and goats are 
quite high during the mating season (85-95% and 75-85%, 
respectively). Although factors that may show negative 
impact on fertility are rather few in sheep compared to cattle, 
still major problems are encountered in the maintenance 
of pregnancy in ewes and the delivery of healthy lambs [1,2]. 
The main problem in both sheep and cattle that is faced 
is abortion, which also causes grave economic loss. 
Infectious abortions are mostly observed at herd/flock 
level, rather than as sporadic cases [3,4]. Campylobacter fetus 
subsp. fetus (Cff) colonizes mainly in the intestinal tract of 
cattle and sheep and may cause sporadic abortion in both 
species [5]. Cff is recognised as a significant causative agent 
of ovine abortions. 

Once a flock is exposed to the Cff, it rapidly spreads within 
the flock via the faecal-oral route, eventually causing a 
high abortion rate of 50-60% throughout the lambing 
season, and thus, heavy economic loss occurs [1,6]. 

It was aimed to determine the etiology of the abortion 
that was seen in a flock of 200 sheep and to report 
Campylobacter fetus subsp. fetus ST2 isolation.

MATERIAL and METHODS
Animals

In a flock of 200 Akkaraman sheep, 20 animals aborted in 
the 4th month of gestation, and four of the aborted foetuses 
were submitted to the Faculty of Veterinary Medicine of 
Erciyes University (ERU). The animals were vaccinated 
against enterotoxemia in the 2nd month of gestation, and 
it was informed that the flock was fed on beet pulp silage.

Necropsy 

Necropsy was performed under aseptic conditions. The 
liver, spleen, stomach, and different parts of the small and 
large intestines, as well as the pancreas, kidneys, lungs, 
heart, and brain were dissected. Two specimens were 
taken from each tissue, one for histopathological analysis 
and the other for microbiological analysis. 

Histopathological Analysis

For histopathological analysis, the tissue samples were 
fixed in 10% neutral buffered formalin solution, which 
was changed several times. The tissue samples were 
dehydrated through graded concentrations of ethanol 
prior to automated tissue processing, and then were 
embedded in paraffin wax. Deparaffinised sections were 
stained with haematoxylin and eosin stain and a modified 
Brown and Brenn method [7]. 

Bacteriological Analysis 

The foetal organ specimens collected at necropsy and 40 

faecal samples and 40 vaginal swap samples taken from 
20 sheep that aborted and 20 sheep that did not abort, 
as well as 3 feed, 3 water and 3 litter samples underwent 
bacteriological analysis. Gram staining was used for 
slides prepared from the foetal tissue (liver, abomasum 
content, lung) samples. For the bacterial culture method, 
the foetal organ samples (liver, abomasum content, lung) 
were inoculated onto blood agar (containing 7% sheep 
blood), MacConkey Agar, and Eosin Methylene Blue Agar 
(EMB). Furthermore, in view of the hepatic lesions showing 
similarity to those observed in campylobacteriosis, the 
foetal liver samples were also inoculated onto blood agar 
base No: 2 (enriched with 7% sheep blood; Skirrow Selective 
Supplement, Oxoid, SR0069, UK). The inoculated plates 
were incubated under aerobic, microaerobic (Gas generating 
kits, Anaerocult C, Merck, Germany) and anaerobic (Gas 
generating kits, Anaerocult A, Merck, Germany) conditions 
for 48-72 h at 37°C. For the isolation of Cff from faecal 
samples, vaginal swap samples, feed, water and litter, a 
technique combining pre-enrichment and membrane 
filtration was used [8]. However, in the present study, we used 
Brucella broth supplemented with Skirrow’s supplement 
(Skirrow Selective Supplement, Oxoid, SR0069, UK) and a 
0.65 µm pore-size cellulose acetate membrane filter. 

Phenotypic tests including Gram staining, motility test, 
oxidase and catalase activity, growth at 25°C and 42°C 
tests [8] and molecular analysis [9,10] were performed for 
identification of the isolates.

Molecular Analysis

DNA Extraction: Template DNA was prepared from 
pure cultures grown on blood agar by using boiling and 
centrifugation method.

Identification of the Isolates at Genus, Species and 
Subspecies Level: Phenotypic tests including Gram staining, 
motility test, oxidase and catalase activity, growth at 25°C 
and 42°C tests [8] and molecular analysis [9,10] were performed 
for identification of the isolates.

We performed three different PCR for the genus, species 
and subspecies identification of the isolates. Genus detection 
PCR was performed using C412F and C1288R primers 
described by Linton et al.[9], while species and subspecies 
detection PCR were carried out according to Schulze et 
al.[11] by using MG3F/MG4R and VenSF/VenSR primers. In 
addition, identification of other Campylobacter species 
were carried out according to method of Wang et al.[10].

16S Ribosomal RNA Gene Sequencing: In order to identify 
the species of the isolates, 16S rRNA gene sequencing was 
performed using the universal primers 27F and 1492R [12]. 
The amplified products were purified using the QIA-quick PCR 
Purification Kit (Qiagen, USA), and sequence analysis was 
performed using the Big Dye Direct Cycle Sequencing Kit 
(Applied Biosystems, USA) according to the manufacturer’s 
instructions. After cycle sequencing, the amplicons were 



559

AYDIN, ABAY, ATASEVER, ÇAKIR BAYRAM, KARAKAYA, ABAY
EKEBAŞ, MÜŞTAK, GÜMÜŞSOY, GRAAF-VAN BLOOIS, DİKER

purified with Sephadex G-50 (Sigma-Aldrich, USA) by using 
spin columns and sequenced on the Applied Biosystems 
3500 Genetic Analyser (Applied Biosystems, USA). 

All sequences were analysed with the CLC Main Workbench 
6 and compared with reference sequences available on the
website of the National Centre for Biotechnology Information 
using the Basic Local Alignment Search Tool for Nucleotides 
(BLASTn) programme (https://blast.ncbi.nlm. nih.gov/Blast.
cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_
LOC=blasthome).

Enterobacterial Repetitive Intergenic Consensus Poly-
merase Chain Reaction (ERIC-PCR): The ERIC primers 1R 
(5’-ATG TAA GCT CCT GGG GAT TCA C-3’) and 2 (5’-AAG 
TAA GTG ACT GGG GTG AGC G-3’) were used for molecular 
typing of the isolates [8].

Multilocus Sequence Typing (MLST): The multilocus 
sequence type (ST) of the C. fetus subsp. fetus isolates 
was determined according to a previously described MLST 
protocol [13]. Briefly, seven housekeeping genes of the C.
fetus subsp. fetus isolates (aspA: aspartase, glnA: glutamine 
synthetase, gltA: citrate synthase, glyA: serine hydroxy methyl 
transferase, pgm: phospho glucomutase, tkt: transketolase, 
and uncA: ATP synthase alpha subunit) were amplified. 

The PCR products were sequenced in both forward and
reverse directions. Alleles, STs, and clonal complex (CC) 
assignments were made using the PubMLST database 
(https://pubmlst.org/bigsdb?db=pubmlst_campylobacter_ 
nonjejuni_seqdef)

RESULTS
Necropsy Findings

Macroscopic examination showed that irregular necrotic 
foci with a light brown dented centre and a pale periphery 
were scattered throughout the hepatic lobes (Fig. 1-A). No 
characteristic lesions were observed in the other organs 
examined. 

Histopathological Analysis

Histologically, the liver presented with multifocal areas 

of coagulative necrosis, mononuclear cell infiltration 
and numerous large bacterial colonies surrounding the 
necrotic areas, sinusoidal dilatation, and haemorrhage 
(Fig. 1-B,C). Fig. 1-C shows many Gram negative curved-
shaped bacteria within and around an area of necrosis. 
Different from the liver, the other organs that were 
examined did not present with any characteristic histo-
pathological finding.

Bacteriological Analysis

Numerous Gram-negative spiral shaped bacteria were 
observed in the stained tissue preparations. At the end of 
the incubation period, no specific growth was observed 
on the aerobic and anaerobic incubated plates, while 
the blood agar plates incubated microaerobically showed 
the growth of smooth, translucent, non-haemolytic colonies, 
measuring 1-2 mm in diameter. These colonies were 
subcultured for pure culture of the isolates. Based on 
the results of the phenotypic tests, the isolates were 
identified as Campylobacter spp. Thus, organs belong 
to four foetuses analysed were found to be positive for 
Campylobacter spp.

Molecular Analysis

All isolates tested were identified as Campylobacter spp. 
according to Linton et al.[9]. 16S rRNA sequence analysis 
revealed that isolates were identified as C. fetus. However 
BLAST results showed that 16S rRNA sequencing could 
not diff erentiate between C. fetus subsp. fetus and C. fetus 
subsp. venerealis.  Next, the isolates were identified as C. 
fetus subsp. fetus according to the PCR method (Fig. 2)
described by Schulze et al.[11]. In addition, the biochemical 
1% glycine tolerance test was used for diff erentiation and 
isolates were found to be tolerant to 1% glycine. 

While the vaginal swap samples taken from sheep that 
did not abort, water, feed and litter samples analysed with 
enrichment technique produced negative results for Cff , 5 
(25%) of the 20 faecal samples taken from the sheep that 
had aborted, yielded Cff . Similarly 5 (25%) of the 20 vaginal 
swap samples taken from the sheep that had aborted, 
were positive for Cff . Campylobacter isolation results of the 
current study are presented in Table 1.

Fig 1. Pathology of the liver taken from the aborted foetus. A) Pale, necrotic areas scattered throughout the surface of the liver (yellow 
arrows), B) Multifocal moderate necrotizing hepatitis (yellow star), with neutrophil leukocyte and mononuclear cell infiltration (blue 
stars); Bar: 100 μm, Haematoxylin and eosin stain, C) Easily distinguishable clusters of spiral bacteria (arrows) in the hepatic lesions
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In the genotyping performed by ERIC-PCR, it was determined 
that all of the 22 isolates (Table 1) obtained from aborted 
foetuses, sheep faecal samples, and sheep vaginal samples 
had the same band patterns (Fig. 3); thus, a single repre-
sentative Cff  isolate belongs to each source was used in the 
MLST step of the study. The isolates which were deposited 
in the GenBank, were the representative Cff  isolates.

16S rRNA Gene Sequencing 

The 16S rRNA sequences of Cff isolates obtained from
aborted foetus, ovine faeces and vaginal swaps were 
deposited in GenBank under accession numbers MK806573, 
MK818524 and MK818525 respectively.

Multilocus Sequence Typing (MLST)

In result, it was determined that the isolates obtained from

the aborted foetuses, ovine faeces, and vaginal swaps 
were of the ST2 genotype (Table 2).

DISCUSSION

Campylobacter coli [14], C. jejuni [15], and C. fetus subsp. fetus [16]

are the main Campylobacter species isolated from ovine 
abortion cases, and several literature reports have been 
published on their isolation. In cases of ovine abortion 
associated with Cff , diagnosis is based on the results of 
phenotypic and molecular tests. In the ovine abortion 
case described in this report, the isolates obtained from 
the aborted foetuses and other material were identified as 
Cff  on the basis of the results of phenotypic tests [8] and 
molecular analyses [9,17]. In the species identification of C. 
fetus isolates, diff erent results have been reported for the 

Ovine Abortion Associated with Campylobacter fetus

Fig 2. Agarose gel electrophoresis of PCR products obtained 
by using primer pairs MG3F/MG4R (750 bp) and VenSF/
VenSR (142 bp); 1: C. fetus subsp. fetus control strain, 2: C. fetus
subsp. venerealis control strain, 3: C. fetus subsp. fetus isolate 
recovered from aborted foetus, 4: C. fetus subsp. fetus isolate 
recovered from ovine feces, 5: C. fetus subsp. fetus isolate 
recovered from ovine vaginal swab, 6: Negative control, M: 
Marker, 100bp DNA Ladder H3 RTU, GeneDireX

Fig 3. Agarose gel electrophoresis of ERIC-PCR 
products obtained by using 1R and 2 primer 
pairs. F1: Aborted foetus 1, F2: Aborted foetus 
2, F3: Aborted foetus 3, F4: Aborted foetus 4, 
L: Liver isolate, A: Abomasum content isolate, 
Lu: Lung isolate, OF: Ovine faeces isolates (1-5), 
OV: Ovine vaginal swap isolates (1-5), M: Marker 
GeneDirex 100 bp DNA Ladder H3 RTU
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band size obtained with the use of MG3F/MG4R primers in 
previous studies. For example, while Hum et al.[17] reported 
to have obtained 960 bp bands, Schulz et al.[11] and 
Wagenaar et al.[18] reported to have obtained 750 bp bands 
with the use of these primers. Interestingly, the size of the 
bands obtained in the present case study was also 750 bp. 
The differences in the amplicon sizes in studies performed 
in different countries cannot be explained [11]. 

It is indicated that the reference test for the differentiation 
of C. fetus isolates at subspecies levels is the 1% glycine-
tolerance test, and the results of this test are reported to 
be generally in agreement with PCR results [11]. Likewise, 
the results of these two methods were observed to be in 
agreement in the present study, both methods identified 
the isolates as Cff.

Only few literature reports are available on the MLST 
analysis of Cff isolates obtained from cases of ovine and 
bovine abortions [13]. There is no study performed on the 
typing of Cff with MLST in Turkey. However, in the study 
conducted by Van Bergen et al.[13], Cff isolates from several 
countries were genotyped by MLST, and of the 4 Cff 
isolates from Turkey that were tested, 3 were reported to 
have been identified as sequence type 2 (ST2), and 1 as 
sequence type 5 (ST5). In the current study, the isolates 
obtained from the aborted foetuses, vaginal swap samples 
and faecal samples were identified as ST2. However, there 
is no information on the isolation source (from abortion 

cases or intestinal carriage etc.) of the Turkish Cff isolates 
analysed in the study of Van Bergen et al.[13].  

It is reported that, the macroscopic observation of 
multifocal necrotic areas, as if staple-punched, in the 
foetal liver, and the detection of coagulation necrosis at 
histopathological examination are specific to abortions 
associated with campylobacters. The macroscopic and 
histopathological findings detected in the foetal livers 
examined in the present study (Fig. 1) were in agreement 
with these specific findings reported in literature. 

In conclusion, Campylobacters are frequently isolated  
from ovine abortions occurring in different locations in 
Turkey [14,15,19,20]. On the other hand, prophylactic vaccination 
is not periodically implemented against ovine abortions 
caused by campylobacters in Turkey. Therefore, it is 
considered that the development of inactive vaccines from 
local Campylobacter species isolated from the cases, and 
the immunisation of animals with these vaccines would 
contribute to both prophylaxis and disease control. 
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A Case of Polyostotic Fibrous Dysplasia in a Spider Monkey (Ateles 
paniscus) [1]
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Abstract
This paper presents the gross and histopathologic findings of polyostotic fibrous dysplasia which is rarely seen in non-human primates. A 
3-year-old female spider monkey (Ateles paniscus) was referred to the clinics of our faculty with the complaints of severe dyspnea, lethargy 
and cough and was diagnosed with dilated cardiomyopathy following the radiographic examination. However, the monkey died due to 
depression of respiration before treatment was done.  Necropsy was performed on the request of the owner. Dilated cardiomyopathy and 
irregularly shaped tumoral masses with diameters of 0.5-1.0 cm in the right and left ribs were detected. Following the histopathological 
examination, the lesions were diagnosed as fibrous dysplasia.

Keywords: Fibrous dysplasia, Histopathologic findings, Spider monkey 

Bir Örümcek Maymununda (Ateles paniscus) Poliostotik Fibröz Displazi 
Olgusu

Öz
Bu bildiri, insan olmayan primatlarda nadir olarak görülen polyostotik fibröz displazinin makroskobik ve histopatolojik bulgularını 
sunmaktadır. Üç yaşındaki dişi örümcek maymunu (Ateles paniscus) şiddetli dispne, letarji ve öksürük şikayetleri ile fakültemiz kliniklerine 
getirilmiştir. Yapılan radyografik muayene neticesinde dilate kardiyomiyopati teşhisi konulmuştur. Ancak, herhangi bir tedavi uygulanmadan 
önce, solunum yetmezliği sonucunda ölüm gerçekleşmiştir. Hasta sahibinin isteği üzerine uygulanan nekropside, dilate kardiyomiyopatinin 
yanısıra, sağ ve sol kostalarda çapları 0.5-1.0 cm arasında değişen, düzensiz şekilli tümoral kitleler tespit edilmiştir. Histopatolojik inceleme 
sonucunda lezyonlar fibröz displazi olarak teşhis edilmiştir.

Anahtar sözcükler: Fibröz displazi, Histopatolojik bulgular, Örümcek maymunu

INTRODUCTION
Fibrous dysplasia (FD) is a tumor-like intramedullary fibro-
osseous lesion of any bone in humans and animals [1-3]. 
FD is commonly described as the replacement of normal 
bone elements with benign cellular fibrous connective 
tissue within which irregular trabeculae of woven bone 
are haphazardly distributed [4]. The lesions of FD develop 
during skeletal formation and growth and have a variable 
natural evolution [2]. FD occurs throughout the skeleton 
with predilection for the long bones of extremities, 

ribs, pelvis and craniofacial bones [2,5], which leads to 
severe consequences including pathological fractures, 
impairment of limb function, facial and limb deformities, 
and compressive damage of sensory nerves resulting 
in blindness or deafness [4,6]. It has three clinical patterns 
namely; monostotic, polyostotic, and the McCune-Albright 
syndrome. In monostotic fibrous dysplasia, there is 
single bone involvement. Ribs and craniofacial bones 
are the most common sites. Polyostotic fibrous dysplasia 
involves two or more of the long bones, pelvis bones and 
ribs. In McCune- Albright syndrome polyostotic form is 
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accompanied by endocrine disturbances and cutaneous 
hyperpigmentation [3,7].

Although it has been documented in several animal 
species, including horse, pig, dog, and domestic cat, there 
are still few reports of FD in animals [1,8-10]. Only three cases 
have been reported in non-human primates up to date [11-13]. 
This paper presents a case of polyostotic fibrous dysplasia 
which was detected in the ribs of a spider monkey.

CASE HISTORY
A 3-year-old, 4.2-kg, female spider monkey which was 
housed in a private zoo was referred to the Clinics of 
Veterinary Faculty of Istanbul University- Cerrahpasa with the 
complaints of severe dyspnea, lethargy and cough. She 
was diagnosed with dilated cardiomyopathy following 
the radiographic examination. There were no distinct 
abnormalities that could be attributed to FD in the 
thoracic radiograph. The monkey died due to depression 
of respiration before treatment was done. Necropsy was 
performed at the Pathology Department of Veterinary 
Faculty of Istanbul University- Cerrahpasa on the request 
of the owner. Informed consent form was obtained from 
the owner for the procedures to be applied to this case.

On postmortem examination, severe edema, congestion 
and areas of consolidation in the lungs and dilated 
cardiomyopathy were observed. Irregularly shaped, nine 

tumoral masses with diameters of 0.5- 1 cm were detected 
in the left 3rd, 6th and 7th ribs and in the right 8th rib. They 
were moderately dense, gritty and whitish in colour. No 
gross lesions were noted in the skull or long bones. 

Several sections of the tumoral masses and various 
organs were fixed in 10% neutral buffered formalin. 
Following decalcification in ethylenediamine tetraacetic 
acid (EDTA) solution the tissue samples were routinely 
processed, embedded in paraffin, cut at 5 µm, stained with 
hematoxylin and eosin (H&E), and evaluated under light 
microscopy. 

Histopathological examination revealed severe areas of 
collateral hyperemia, edema and atelectasis in the lungs. 
The tumoral masses of the ribs consisted of thin, curved 
trabeculae of woven bone embedded in a loose fibrous 
connective tissue stroma. There was a variably cellular 
fibroblastic proliferation in storiform pattern with osteoid 
or bony trabeculae which was poorly formed (Fig. 1-A). 
Collagen fibers in the stroma were generally delicate. 
Osteoblasts were not rimmed on trabecular surfaces 
(Fig. 1-B). The hook-like, long crooked spicules of bone 
were typically seen in specimens (Fig. 1-C). The degree 
of calcification of trabeculae was variable. Degeneration 
including hyalinization of stroma was seen in the primary 
lesion. There was no sign of atypia in the stroma. Clusters 
of giant cells resembling osteoclasts were often found in 
close proximity to the trabecule (Fig. 1-D). Hemorrhagic 

Fig 1. Osteodisplastic lesions, ribs; A: Cellular fi broblastic proliferation in storiform pattern with osteoid or 
bony trabecule which was poorly formed (arrow), B: Osteoblasts were not rimmed on trabecular surfaces, 
C: The hook-like, long crooked spicules of bone (arrow), D: Clusters of giant cells resembling osteoclasts 
(arrow), rib, (H&E)
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scattered areas and cartilaginous foci were present, but 
cysts or necrotic foci were not seen in the lesions. The 
number of inflammatory cells and mitotic figures were 
rare. No sign of malignancy was observed in any of the 
specimens. The lesions were diagnosed as polyostotic 
fibrous dysplasia according to the histopathologic findings. 

DISCUSSION
Tumor-like lesions of bone are uncommon in domestic 
animals and even less in non-human primates [11-14]. Bauer 
et al.[11] reported FD in the long bones of extremities 
(tibia, fibula and femur) in a cynomolgus macaque and 
Duncan et al.[12], reported FD in the maxilla and mandibula 
of a 4.5-year-old male spider monkey [11,12]. In veterinary 
literature, in comparison with the elder ones, young 
animals are reported more likely to be affected by FD [15]. 
The spider monkey of this report was a young individual 
like the ones described in previous reports [11-13]. Patients 
with FD are generally reported to have swellings, skeletal 
deformities and fracture symptoms in the localization 
sites. Generally, lesions are difficult to distinguish from 
malignancies on gross and radiologic examinations because 
of their infrequent clinical occurrence resulting in few 
specimens available for study by veterinary radiologists 
and pathologists [1]. In this case, those findings were 
not observed during physical examination. In routine 
radiographs, global cardiac enlargement was prominent, 

but no distinct abnormalities attributed to FD were 
noticed.

Common sites of skeletal involvement of FD in humans are 
long bones, ribs, craniofacial bones, vertebra and pelvis [2]. 
In domestic animals lesions have been found in sinuses, 
mandible and long bones [15]. In the case reports of non-
human primates with FD, lesions were present in the maxilla 
and in the long bones [11-13]. In this case polyostotic lesions 
were observed only in the ribs. Although localization of FD 
lesions in the ribs have been reported in humans [16,17], it 
has not been reported in animals according to the authors 
knowledge.

The pathogenesis of FD suggests that it arises from a somatic 
mutation of the gene associated with cell differentiation 
from mesenchymal stem cells into mature osteocytes [18]. 
At necropsy, cytogenetic analysis on the monkey was not 
performed as the lesions were evaluated as neoplasia. As 
there were no endocrine disturbances involved such as 
cutaneous hyperpigmentation, hyperthyroidism, hyper-
parathyroidism, acromegaly and no pathologic lesions in 
thyroid and parathyroid gland, McCune-Albright syndrome 
was not considered as a potential diagnosis.

Fibrous dysplasia, fibro-osseous lesion of bone, is thought 
to be a developmental abnormality of bone-forming 
mesenchyme rather than a neoplasm. Benign fibro-osseous 
proliferations of bone in veterinary medicine include 
ossifying fibroma, osteoma, osteofibrous dysplasia [14]. 

Sometimes the tumor-like lesions can be confused with 
even malign neoplasia. Thus, FD can be distinguished histo-
pathologically from ossifying fibroma, osteoma, osteo- 
sarcoma, and perhaps even from fibrous osteodystrophy [4,18]. 
FD consists of bone spicules that are usually more uniform 
and are not rimmed by osteoblasts, which is also a feature 
that helps to distinguish this lesion from other fibro-
osseous lesions [18]. In the present case, collagen fibers 
in the stroma were generally delicate and the hook-like, 
long crooked spicules of bone were present in specimens 
and there were no osteoblasts on trabecular surfaces of 
immature woven bone. Thus, possibility of other fibro-
osseous lesions for diagnosis were eliminated and the 
case was evaluated as polyostotic fibrous dysplasia. Since 
polyostotic fibrous dysplasia of ribs in a non-human 
primate is rarely seen, the authors believe that this case 
report is going to contribute valuable information to the 
veterinary literature.
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Abstract
Transmissible venereal tumor (TVT) is a transmissible cancer that typically affects the external genital organs in canines. It can spread to other 
parts of the body via auto- and hetero-transplantation in a way that neoplastic cells are inoculated into the degraded mucosa or skin during 
the interaction of the animals, such as licking and sniffing, or less commonly via hematogenous or lymphatic routes. Here, we presented the 
clinical, cytological, and histopathological characteristics of two rare cases of TVT that developed ocular involvement and were associated 
with a poor prognosis. Fine needle aspiration biopsy was the initial method of choice in the diagnosis which is rapid, minimally invasive, and 
effective. It was diagnostic in one case and aided in the diagnosis in the other. The latter was considered a malignant round cell tumor in the 
cytological examination that needed further clinical and histopathological examination for definitive diagnosis. TVT is a round cell tumor 
that should be considered in the differential diagnosis of ocular lesions in canines.

Keywords: Transmissible venereal tumor, TVT, Eye, Dog

İki Köpekte Oküler Bulaşıcı Veneral Tümör: Klinik ve Sito-histopatolojik 
Değerlendirme

Öz
Bulaşıcı veneral tümör (BVT), köpeklerde tipik olarak dış genital organları etkileyen bulaşıcı bir kanser türüdür. Vücudun diğer kısımlarına 
oto- ve heterotransplantasyon ile yayılabilir. Bu yayılım hayvanların etkileşimi sırasında, yalama ve koklama gibi, hasarlı mukozaya veya deriye 
ekilen neoplastik hücreler ile ya da daha az rastlanan hematojen veya lenfatik yollarla olabilir. Bu yazımızda, oküler tutulum geliştiren ve kötü 
prognoz gösteren iki nadir BVT olgusunun klinik, sitolojik ve histopatolojik özelliklerini sunduk. İnce iğne aspirasyon biyopsisi hızlı, minimal 
invaziv ve efektif olmasıyla tanıda ilk tercih edilen yöntemdi. Bu yöntem, bir olgumuzda tanısal iken, diğer olguda tanıya yardımcı oldu. İkinci 
olgunun sitolojik incelemesinde malign yuvarlak hücreli tümör düşünüldü ve daha ileri klinik değerlendirme ve histopatolojik inceleme ile 
kesin tanıya gidildi. BVT, köpeklerde oküler lezyonların ayırıcı tanısında akılda tutulması gereken yuvarlak hücreli bir tümördür.

Anahtar sözcükler: Bulaşıcı veneral tümör, TVT, Göz, Köpek

INTRODUCTION
Transmissible venereal tumor (TVT) is a neoplasm that 
particularly involves the external genital organs in dogs. 
It is common among free-ranging dogs that suffer from 
malnutrition and live in groups in tropical and subtropical 
regions. The disease is transmitted to young and sexually 
mature dogs through coitus [1]. While spontaneous regression 

can be observed in some dogs infected with TVT, others 
may have a clinical picture that can lead to metastasis 
and even death [2]. When TVT cases are left untreated 
for a long time, metastases have been reported to occur 
usually to the lips and buccal and nasal mucosa; whereas 
metastases to the kidney, spleen, mesenteric lymph nodes, 
liver, pancreas, tonsils, lungs, brain, mediastinum, pituitary 
gland, skin, regional lymph nodes, and eyes were less 
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common [3-7]. We aimed to explain the clinical, cytological, 
and histopathological characteristics of TVT in two dogs 
located in the anogenital region, in addition to bilateral 
intraocular and palpebral conjunctiva involvement in one 
dog and multiple organ metastases including nictitating 
membrane and bilateral palpebral involvement in the other.

CASE HISTORY
Case 1: A 4-year-old non-castrated female pointer mix 
was admitted to the Near East University Animal Hospital 
with loss of vision and bilateral eye redness. Clinical 
examination showed bilateral chemosis, photophobia, 
epiphora, blepharospasm, and 180-degree corneal 
vascularization originating at the limbus. There were 
buphthalmos, corneal edema, and episcleral congestion 
due to bilaterally increased intraocular pressure. Physical 
examination revealed negative direct-indirect pupillary 
light reflexes and positive corneal reflex. In the direct 

ophthalmoscopic examination of the anterior chamber, 
neoplastic uveal masses were detected at 11-03 o’clock 
iridal quadrant in the right eye and at 08-12 o’clock iridal 
quadrant in the left eye in addition to a conjunctival mass 
in the left upper palpebra (Fig. 1-a,b).

Abdominal and thoracic imaging results were normal; 
however, masses were detected in vaginal and rectal 
examinations. Ocular ultrasonography (USG) examination 
was performed with a transpalpebral approach using a 
9 MHz microconvex probe under sedation, and sagittal, 
dorsal, and transversal sections were obtained. Ocular USG 
revealed a solid mass at the ciliary body level and retinal 
detachment in both eyes (Fig. 2, Fig. 3). A complete blood 
count, biochemistry, and serology analyses were within 
the normal range.

Fine needle aspiration biopsy (FNAB) was performed in 
the anterior chamber and vitreous body by aspirating 0.1 
mL material for cytological examination [8] (Fig. 4). Touch 
and smear preparations were made from the aspirates, 
fixed in 96% ethanol and stained with Papanicolaou stain. 
Microscopically, the slides were sufficiently cellular and 
composed of monotonous neoplastic cells forming small, 
poorly cohesive groups or dispersed in an isolated fashion. 
The cells had round to oval nuclei and single prominent 
nucleoli. Although most of the tumor cells had large 
cytoplasm, occasional cells had an increased nuclear-
cytoplasmic ratio. In some cells, intracytoplasmic brown 
pigment compatible with melanin was encountered. 
Several mitotic figures were identified. Cytomorphologic 
findings were consistent with a group of tumors known 
as “malignant round cell tumors,” and melanoma was 
suspected primarily due to the tumor location and the 
presence of pigmented cells. At the time of cytological 
evaluation, a physical examination revealed two other 
masses in the anal and vaginal areas. With this clinical 
finding, TVT, another blue round cell tumor, was also 
considered at the top of the diff erential diagnosis list. The 

Fig 2. Homogenous and moderately echoic, solid masses (*) at the level of the ciliary body taken from 
right eye of case 1 and «fl ying seagull» appearance of the retinal (R) detachment (a); Advanced retinal 
detachment (R) and echogenic masses (*) protruding from the caudal aspect of the ciliary body to the 
vitreous (b); L: Lens

Fig 1. Appearance of uveal TVT in the right eye (a); appearance of uveal, 
upper eyelid, and conjunctival TVT in the left eye of case 1 (b)
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patient was considered to have malignant cytological 
findings consistent with a malignant round cell tumor 
(Fig. 5-a).

Bilateral bulbus oculi extirpation was performed due 
to the rapid growth of intraocular masses and retinal 
detachment. Both eyes and two other anogenital masses 
were excised and immediately fixed in 10% neutral 
buff ered formaldehyde solution. Grossly, the cut surface of 
the tumors was gray-white, solid, and nodular. In the left 
eye, the tumor was located predominantly in the anterior 
chamber, whereas the right eye was entirely involved and 
penetrated by the tumor (Fig. 5-b). The sampled tissues 
were processed using a fully automated tissue processing 
machine, then embedded in paraffin, sectioned at 4 μm, 

and stained with hematoxylin and eosin. Histological 
examination revealed solid or trabecular sheets of large 
and monotonous round cells with a single prominent 
nucleolus. The cells had a moderate amount of eosinophilic 
to clear cytoplasm. Some cells contained clear cytoplasmic 
vacuoles. There were an arborizing fibrovascular network 
and scant stroma among the tumor cells. Melanin pigment 
was found to be dispersed from the iris (Fig. 5-c). The anal 
and vaginal tumors looked blander with very few mitoses 
and without necrosis, while the tumors located in the 
eyes showed more pronounced mitotic activity and foci 
of necrosis in the areas corresponding to fibrovascular 
septa (Fig. 5-d). Clinical, cytological, and histopathological 
findings were consistent with a diagnosis of TVT. Vincristine 
was recommended; however, the patient died within 1 
month after refusing treatment.

Case 2: A 5-year-old male dog was admitted to the Near 
East University Animal Hospital with a tumor located in 
bilateral palpebra and subcutaneous spread of the tumor 
in the whole body. Examination of the eyes revealed 
no intraocular problems; however, there was bilateral 
conjunctival hyperemia, chemosis, masses with varying 
sizes on the edges of lower and upper eyelids, hyperplasia 
and a subsequent prolapse in the left nictitating membrane 
(Fig. 6-a, Fig. 7-a). As no intraocular lesion was detected 
in this case, FNAB was not performed. In the clinical 
examination, subcutaneous masses with varying sizes 
were detected in the head, neck, abdomen, extremities, 
and penis. Abdominal and thoracic radiographs and 
USG examination showed involvement of the liver and 
spleen as well as multilobular heterogenous masses in 
the vicinity of paraaortic, iliac, and inguinal lymph nodes. 
There was a prominent thickening of the submucosal layer 

Fig 3. In the nearly sagittal sections of the left eye of case 1, a homogeneous, moderately echoic, solid 
structure (*) protruding towards the anterior chamber at the level of ciliary body was observed. The 
echogenic structures in the lens (L) were noted as two separate clusters. The retinal layer (R) appeared 
as a hyperechoic line that was thickened and separated from the ground (a); The appearance of the 
left eye of case 1 from a diff erent aspect, with an echogenic mass spreading into the anterior chamber 
(*). The mass may be originating from the iris or ciliary body. Hyperechoic structures within the lens (L) 
may indicate a cataract onset or swelling of the lens. Foci of irregular echogenic refl ex and membranes 
are also seen in the corpus vitreum, which is expected to be anechoic. These are thought to be caused 
by degeneration or posterior separation of the vitreous. In addition, retinal detachment (R) and/or 
retinal retraction results in chorioretinal thickening (b)

Fig 4. FNAB entrance points at the anterior chamber (a) and vitreus (b)
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of the stomach and small intestine. Ocular USG revealed 
irregularity and thickening in both bulbus oculi at the 
lateral ciliary body level. Fine needle aspiration biopsy 
was performed on one of the skin lesions, and slides fixed 
in 96% alcohol were stained with PAP, whereas air-dried 
slides were stained with Giemsa. Cytological evaluation 
revealed mostly isolated or sporadic groups of neoplastic 
cells with round nuclei and prominent nucleoli that exhibited 

slight pleomorphism. The cells had a moderate amount 
of eosinophilic cytoplasm and contained multiple small 
and clear vacuoles. There were occasional mitotic figures. 
Cytomorphologic findings were consistent with TVT. 
Vincristine (Vincristine 2 mg vial, Koçak Farma) 0.075 mg/
m2 was administered intravenously once a week for a total 
of 10 times and doxorubicin hydrochloride (Adriamycin 50 
mg vial, Saba İlaç San.) 25 mg/m2 iv was administered every 

Cyto-histopathological evaluation of ocular TVT in Dogs

Fig 6. Significant tumor masses of TVT on the eyelid margin in the right eye of case 2 (a); Shrinkage of the masses following the first 
(b) and second vincristin application (c)

Fig 7. In the left eye of case 2, TVT-induced third eyelid hyperplasia and associated prolapse (a); Shrinkage of the masses following the 
first (b) and second vincristin application (c)

Fig 5. Cytologically, isolated or 
small groups of tumor cells with 
round nuclei, prominent nucleoli, 
and moderate cytoplasm are present 
(a); Gray-white nodular tumor with
a solid appearance. Extensive intra-
ocular involvement is seen (b); 
Histopathological examination of 
the excised eyes showed a round cell 
tumor in a sheet-like pattern. There 
are fibrovascular cores among tumor 
cells with foci of necrosis. Melanin 
pigment which was confusing in the 
cytologic examination found to be 
originating from the melanocytes 
in the iris (c); Monotonous round 
tumor cells and rare mitoses in the 
histopathological examination of 
the masses excised from the anal 
and vaginal regions (d)
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3 weeks for a total of three times. The masses were found to 
gradually shrink after the first and second administration 
(Fig. 6-b,c, Fig. 7-b,c). Approximately three months after 
the start of treatment, the patient died following bulbus 
oculi extirpation due to intraocular metastasis of TVT, 
despite the treatment administered to treat severe uveitis 
that developed in both eyes and continued vincristine 
administration.

DISCUSSION
Although it has been reported that TVT primarily involves 
the genital region, it could also involve other parts of 
the body without genital findings when animals lick and 
sniff the genital areas of infected animals [5,7,9]. Metastases 
are caused by spread from a genital tumor primarily via 
autotransplantation or heterotransplantation due to neo- 
plastic cells inoculated into the degraded mucosa or 
skin through licking, sniffing, itching, and biting, or less 
commonly via hematogenous or lymphatic routes  [10,11]. Some 
researchers highlighted that TVT should also be included in 
the differential diagnosis if there are extragenital, especially 
ocular masses in dogs living in geographical regions 
with a high TVT prevalence to avoid such incidents [12,13]. 
Metastatic ocular TVTs involving the cornea and sclera and 
primarily ocular TVTs localized in the nictitating membrane 
and bulbar conjunctival tissue have been reported [8,10,14,15]. 
Although to a lesser extent, metastatic lesions resulting  
in widespread intraocular damage have also been 
reported [10,16,17]. TVT could be confused with various eye 
diseases such as severe uveitis and glaucoma when TVT 
is solely present in extragenital regions like the eyes in 
the absence of a simultaneous genital tumor [14,15,18]. In 
cases with intraocular neoplasms, USG examination is 
important for showing the involvement of the ciliary body 
and posterior structures by anterior uveal tumors. Bulbus 
oculi resection performed before the tumor spreads to the 
orbit in blind and painful eyes has been reported to be 
therapeutic [19,20]. In both cases, lesions were not noticed 
until palpebral and intraocular metastases occurred, which 
led to delayed admission and, in turn, delayed diagnosis and 
treatment. Intraocular USG; benefited in the decision of the 
extirpation of blind and painful eyes. It has been reported 
to cause tumor regression with TVT cell lysates by inducing 
canine dentritic cells [21,22]. In cases with conjunctival and 
palpebral TVT it has been stated that surgical excision and 
vincristine application may be curative [14]. Intratumoral 
therapy of vincristine and IL2 has also been reported to 
have impressive therapeutic effects on TVT [23,24]. Although 
chemotherapy is thought to be effective in preventing 
spread, it is believed that it does not benefit tumors with 
intraocular localization. In recent studies additionally to 
histological and cytological analyzes, LINE-c-myc PCR test 
is envisaged for the diagnosis of extragenital TVT [25]. The 
diagnosis of TVT relies on the clinical, cytological, and/or 
histopathological findings [1]. Grossly, TVTs in the genital  
area have a mean diameter of 4.0-7.5 cm, they bleed easily; 

have an irregular, cauliflower-like, pedunculated shape; and 
are friable. Extragenital lesions have an irregular nodular 
or multilobular appearance with a solid cut surface and 
whitish color [2]. Histopathologically, TVT is composed of 
monotonous tumor cells, which are poor in stroma and 
have sheet-like or trabecular alignment in the arborizing 
fibrovascular network. The tumor cells are sometimes 
accompanied by lymphocytes, plasma cells, and macro-
phages [1,6,14]. Cytomorphologically, TVT cells are typically 
uniform, large and round or slightly polyhedral. They 
have round to oval, centrally located nuclei, high nuclear-
cytoplasmic ratio, and generally have one prominent 
basophilic nucleolus. The cytoplasm is generally large 
and typically has a varying number of clear vacuoles. Fine 
needle aspiration biopsy should be the primary choice 
in suspected TVT cases, as it is a minimally invasive, 
inexpensive, and fast technique that provides diagnostic 
information [11]. In cases where a definitive diagnosis 
cannot be made with cytology, diagnosis can be made 
through examining the tissue biopsy specimen with 
histopathologic and immunohistochemical stains. TVT 
must be distinguished from other round cell tumors, 
i.e., histiocytoma, lymphoma, mast cell tumors, poorly 
differentiated carcinoma, and melanoma [10,11,14]. In a study, 
an algorithm was used for the differential diagnosis of TVT. 
It was reported that the presence of cytoplasmic granules 
in the presence of discrete round cells indicated a mast 
cell tumor, whereas the absence of cytoplasmic granules 
along with the presence of vacuolization indicated TVT. 
In the absence of cytoplasmic granules in neoplastic 
cells, the presence of bean-shaped nuclei with indented 
appearance indicates histiocytoma, whereas the presence 
of giant cells indicates histiocytic sarcoma. Since there 
was no pronounced ocular mass in Case 2, FNAB samples 
were taken from one of the skin lesions and the typical 
cytomorphological findings were diagnostic. Whereas, in 
Case 1, a diagnosis of malignant round cell tumor could 
be made based on the cytological features of the tumor 
obtained via aqueocentesis and hyalocentesis. In this 
case, a straightforward diagnosis of TVT could not be 
made for three reasons: i) atypical location of the tumor, 
ii) lack of evident cytoplasmic vacuolization in tumor cells, 
which was previously reported as a diagnostic difficulty 
in cytology samples, and iii) the detection of pigments 
consistent with melanin in some cells led to a melanoma 
suspicion [10]. A subsequent physical examination and 
imaging studies revealed tumors in the anogenital region. 
In the histopathological examination of both intraocular 
and anogenital tumors, melanin pigment was found to 
be dispersed from the iris instead of being produced by 
tumor cells, and the tumor demonstrated typical features 
of TVT consisting of monotonous tumor cells with some 
of them having vacuolated large eosinophilic or clear 
cytoplasm, single prominent nucleoli in a background 
of thin fibrovascular network. The diagnosis of TVT was 
made based on the combination of clinical, cytological, 
and histopathological findings. In dogs, TVT can spread 

ÖZGENCİL, DİRİLENOĞLU, SEYREK İNTAŞ, GÖKÇE
ÇIRAY AKBAŞ, PİLLİ, GÜLTEKİN, ÇETİNKAYA, MOCAN



572

to other parts of the body aside from the genital organs 
via auto- and hetero-transplantation. In patients with 
ocular involvement, the owners generally present to a 
clinic due to the presence of an externally visible tumor in 
the bulbus oculi and surrounding tissues or loss of vision. 
In the presence of intraocular masses larger than 2 mm, 
cytological examination of FNAB samples collected from 
the anterior and vitreous chambers has been reported to 
be practical and beneficial in the diagnosis. On the other 
hand, histopathological examination is recommended 
in cases when it is not possible to sample by FNAB or 
make a definitive diagnosis on cytological examination. 
In the presence of intraocular tumors, USG is useful in 
determining whether the eye is functional and deciding 
whether to perform a bulbus oculi extirpation. It was 
observed that chemotherapy provided a temporary 
improvement but failed to provide a cure in cases with 
metastases to the eye and the surrounding tissues.
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Abstract
Pyometra, a diestrus period disorder with a long term of progesterone exposure to endometrium, is a common disease of nulliparous female 
dogs. Closed-cervix pyometra is an emergency medical condition that requires rapid intervention. The possibility of treatment is further 
limited when associated with a chronic disease such as diabetes. This case describes a closed cervix pyometra in a 4-year-old bitch with 
comorbid diabetes mellitus and long-term contraceptive therapy. Closed-cervix pyometra was diagnosed and confirmed by ultrasound 
examination typical of pyometra, vaginal smear indicating diestrus and serum progesterone level (52 ng/mL). Serum fructosamine level was 
475 µmol/L, interpreting diabetes mellitus. Treatment included ovariohysterectomy and normoglycemia was achieved with glargine insulin. 
Although, reproductive hormones and diestrus are associated with Type II diabetes mellitus in bitches, there are no reports limited to our 
search, on pyometra concomitant with diabetes mellitus except Elkhounds. Since the situation has a vital clinical importance, this report 
aims to emphasize the insidious diabetes mellitus development potential and treatment in canine pyometra which is usually misdiagnosed 
or unconsidered in clinical practice.

Keywords: Dog, Diabetes mellitus, Pyometra

Dişi Bir Köpekte Piyometra ve Eşlik Eden Diyabetes Mellitus Olgusunun 
Başarılı Tedavisi

Öz
Piyometra hiç doğum yapmamış dişi köpeklerde sıklıkla görülen, endometriumun uzun süreli progesterona maruz kalması sonucunda 
şekillenen bir dioestrus dönemi hastalığıdır. Kapalı serviks piyometra ise prognozu zayıf, mortalite oranı yüksek hızlı müdahale gerektiren 
acil bir tıbbi durumdur. Diyabet gibi kronik bir hastalık ile ilişkili olduğunda tedavi olasılığı daha da sınırlıdır. Progesteron kaynaklı insülin 
direncinden dolayı köpeklerde diabetes mellitusun eşlik ettiği piyometra vakalarına rastlanması olası bir durumdur. Bu olgu, uzun süre 
kontraseptif uygulanmış 4 yaşlı bir köpekte diyabetes mellitus eşlik eden kapalı serviks piyometrayı tanımlamaktadır. Tanı, kapalı serviks 
piyometra için tipik ultrason görüntüsü, diöstrusu işaret eden vajinal smear bulgusu ve yüksek (52 ng/mL) serum progesteron seviyesi 
ile doğrulandı. Eşlik eden diabetes mellitus durumu, yüksek serum fruktozamin seviyesi (475 µmol/L) ile teşhis edildi. Tedavi amacıyla 
ovaryohisterektomi operasyonu ve normoglisemi sağlamak için glarjin insulin uygulaması gerçekleştirildi. Bu rapor, klinik pratikte köpeklerde 
piyometra olgularında genellikle eksik tanıya neden olan ve dikkate alınmayan, sinsi diyabetes mellitus gelişim potansiyelini vurgulamayı 
amaçlamaktadır.

Anahtar sözcükler: Köpek, Diyabetes mellitus, Piyometra

INTRODUCTION
Pyometra is the most common life-threatening uterine 
disorder of intact female dogs. Unlike most other female 
mammals, the female dog secretes ovarian progesterone 
for approximately 55-75 days after ovulation. It occurs 

due to prolonged exposure of the endometrium to 
progesterone during diestrus. Pyometra is classified as 
closed cervix pyometra in which purulent substance 
accumulates in the uterus and open cervix pyometra in 
with presence of vulvar discharge [1-5]. Vaginal discharge, 
inflammation, abdominal distension in the genital tract 
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together with systemic disease are observed in dogs with 
pyometra [2]. Sepsis is a result of an exaggerated systemic 
inflammatory response (SIRS)and may commonly be 
a result of canine pyometra [3,4]. Endotoxemia and SIRS 
are life threatening probable results of pyometra [2].
The safest and most eff ective treatment of closed cervix 
pyometra is ovariohysterectomy (OHE) [5]. After surgical 
removal of the uterus, some complications may occur 
such as sepsis, septic shock, diff use bacterial infection, 
peritonitis and bleeding. Diabetic patients who need 
any major surgical procedures require careful medical 
management [6,7].

In cases of closed cervix pyometra with serious metabolic 
load and risk of complications, treatment process is very 
difficult to manage. It is known that closed cervix pyometra 
more dangerous than open cervix pyometra [8]. One major 
complication of pyometra is development of canine 
diabetes mellitus (CDM), due to the insulin resistance 
creating effect of long-term progesterone exposure. In 
addition, the excessive uterine inflammatory actions 
resulting with inflammatory substances inducing the 
release of catecholamines and hormones, such as growth 
hormone, cortisol, glucagon causing hyperglycemia must 
be considered [9]. This report describes a closed cervix 
pyometra in a 4-year-old bitch with comorbid diabetes 
mellitus and long-term contraceptive therapy, and aims 
to emphasize the insidious diabetes mellitus development 
potential in canine pyometra that is usually misdiagnosed 
or unconsidered in clinical practice.

CASE HISTORY

A 4-year-old intact female Cocker Spaniel dog was admitted 
to the Animal Hospital of Ondokuz Mayıs University Faculty 
of Veterinary Medicine. The dog was kept indoor, with 
complete vaccination and deworming program and had 
no previous serious medical situation. On arrival at the 
hospital, the dog was clinically depressive. According to 
the history, the estrus cycle was postponed with synthetic 
progestogen medroxyprogesterone acetate (MPA) three 
times at an epicenter clinic. 

Clinical presentation included polydipsia, polyurea, lethargy, 
abdominal distention and dehydration, sinus tachycardia, 
tachypnea and body temperature of 39.3°C. Whole blood 
count was performed with Mindray BC5000 Vet® (Mindray, 
China), indicating severe leukocytosis with WBC- 67 × 109 L-1

(reference interval 6-17 × 109 L-1) and left shift. Serum bio-
chemistry profile (total protein, albumin/globulin ratio, 
alanine aminotransferase, aspartate aminotransferase, 
gammaglutamyltransferase, urea, creatinine, glucose, lipase) 
was analyzed with Mindray BS 120® (Mindray, China) 
revealing severe hyperglycemia (520 mg/dL) and mild 
uremia (17 mmol L-1). Pyometra was suspected despite the 
absence of vaginal discharge regarding the laboratory data. 
Closed cervix pyometra was diagnosed and confirmed by 

ultrasound (USG) examination (Esaote MyLab FiveVET® 
Esoate, Genoa). The vaginal smear and history indicated 
that the dog was in diestrus. Serum progesterone (P4) 
level was determined with ELISA, as 52 ng/mL. USG 
examinations of the abdominal viscera did not reveal any 
abnormal findings. Pancreas was also in normal clinical 
view, 6.5 mm thick with a pancreatic ductal diameter of 0.5 
mm and normal echogenecity, as expected. Fructosamine 
level was analyzed by ELISA (Canine FTA ELISA Kit®, 
MyBiosource®, UK) in order to determine the etiology of 
hyperglycemia and demonstrated as 475 µmol/L (reference 
range: 200 to 375 µmol/L) indicating CDM and eliminating 
a pyometra-induced transient hyperglycemia. 

The dog was hospitalized and treated presurgically with
intravenous fl uids and a subcutaneous injection of insulin
glargine (Lantus Solostar®, Sanofi, China) 1 U/kg. Aggressive 
intravenous antibiotic therapy was started with metro-
nidazole (Flagyl® i.v., Sanofi, Turkey) 10 mg/kg, BID and 
cefepime hydrochloride (Unisef® 1 mg IM/IV, Mustafa 
Nevzat, Turkey) 20 mg/kg BID, 14 days.  

An OHE was performed the next day and the ovaries 
and uterus, which was severely distended with purulent 
material, was removed (Fig. 1). Presence of corpus luteum 
on the right ovary was observed in post-operative ovary 
check. Normoglycemia was achieved during and after 
the operation, due to successful diabetes management. 
Regression of infl ammatory process was achieved in 7 days 
with normal blood count, but normalizing blood glucose 
lasted longer with labile glucose curve and confusing 

Fig 1. The image of uterus with closed cervix pyometra in OHE
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resistance, but 16 U of glargine insulin (1 U/kg) at noon 
and total 10 U of glargine insulin at midnight, with the 
appropriate diet was determined as the ideal regimen for 
this individual patient. Blood urea level regressed following 
the operation. Follow up visits for 2 weeks demonstrated a 
fast-wound healing and recovery. Follow up for CDM after 
achieving the ideal regimen was carried out with monthly 
intervals and three months fructosamine measurements 
were back in reference levels within 6 months, indicating 
a successful CDM management.

DISCUSSION

It is reported that the incidence of pyometra is increased 
in nulliparous dogs older than 4 years [10]. The present bitch 
was a four years old nulliparous Cocker Spaniel.

Pyometra is defined as purulent fluid collection within 
the uterus with variable amounts of inflammatory cells in  
the uterine wall, that may or may not be preceded by 
cystic endometrial hyperplasia [11] associated with diestrus. 
Insulin resistance mediated by progesterone is well 
documented [1]. Fall et al.[12] described a diagnostic prevalence 
of 17% for pyometra with concomitant CDM during 
diestrus. The last report is concordant with our clinical 
observations and also the present case.

Arena et al.[9] reported 33% pyometra prevalence in dogs 
with CDM, although with limited subjects. Pöppl et al.[13] 
reported remission of CDM in 6 dogs, from 57 intact 
dogs with CDM after spaying.  In the present case, CDM 
was not in a transient etiology, and insulin treatment 
continued in order to maintain normoglycemic status. As 
serum fructosamine concentration is not affected by acute 
increases in the blood glucose concentration, as occurs 
with stress- or excitement, measurement of a single serum 
fructosamine concentration demonstrates preceding 2-3 
weeks status, high fructosamine concentration of the 
present dog shows a preceding CDM disorder [14], in which 
a regression would not be expected. 

Moreover, increased risk of developing pyometra has  
been associated with hormone administration (estrogen 
and progestogen compounds) [2]. Progestagen contra-
ceptives are predisposing for pyometra development 
which unfortunately is a frequent application in practice [6]. 
It is stated that dogs may have diabetes mellitus 
associated with progesterone intake [13,14]. It is thought that 
progesterone intake, as a contraceptive, may be effective 
in the formation of both pyometra and diabetes. In the 
present case, the etiology of CDM in a young dog is more 
likely to be due to this iatrogenic intervention of triple 
usage of progestogen to postpone of estrus. 

Sepsis is a common condition in closed cervix pyometra 
presented with depression,  leukocytosis, neutrophilia and 
monocytosis, with poor prognosis [8]. In the present case, a 
very fast wound healing process and clinical recovery, to a 

large extent due to an appropriate metabolic management, 
especially CDM, was achieved. Fructosamin level evaluation 
of the insulin-treated diabetic dog provides information 
on the status of glycemic control during the month 
prior to the evaluation and follow up checks in this case 
revealed the proper management of CDM [14,15]. Satisfactory 
metabolic equilibrium and tissue glucose feeding gives 
major contribution to healing processes. 

Blood glucose levels under 300 mg/dL are generally 
neglected by the practitioner, but high fructosamine levels 
may be present in which urgent insulin therapy is indicated. 
Therefore, in similar cases of pyometra, fructosamin 
level analyze will be beneficial for diagnosing diabetes 
development due to high progesterone levels and must 
be included in conventional protocol in practice [16].

Although reproductive hormones and diestrus are 
associated with Type II diabetes mellitus in bitches, 
there are no reports limited to our search, on pyometra 
concomitant with diabetes mellitus except Elkhounds [12]. 
This case emphasizes the importance of blood glucose 
monitoring and if present, CDM management in the 
prognosis of canine pyometra, together with insidious 
diabetes mellitus development potential in canine pyometra, 
which is usually misdiagnosed or unconsidered in clinical 
practice.
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Dear Editor,

Congenital anomalies are common in cattle breeding and 
this problem causes great economic losses [1,2]. It has been 
determined that 26.6% of congenital anomalies occur in the 
musculoskeletal system in calves in Kars region, Turkey [2]. 
Micromelia is the small and imperfect development of one 
or more limbs [3,4]. Ectrodactyly is the congenital absence of 
all or part of one or more phalanges [1,3,4]. 

Many environmental factors and genetic disorders act alone 
or together in the formation of these malformations [2,3]. 
It is known that a dominant gene causes the formation 
of ectrodactyly in calves [3]. Also, nutritional disorders 
including some vitamin and mineral deficiencies, various 
teratogenic agents, stress factors, the use of bulls with 
genetic disorders, and not preferred artificial insemination 
in reproduction have important roles in etiology [2].

In congenital musculo-skelatal malformations, mostly 
dystocia occurs. Also, the calf has difficulty in moves and 
feeding. Even if existing disorders are treated and calves 
live, these animals have no reproductive value.

For the presented case, an informed consent form was 
taken from the owner.

A conformational disorder was observed in the back left 
leg of a 4-day, male, Simmental calf brought to the surgical 
outpatient clinic of Kafkas University Veterinary Faculty 
Animal Hospital. The tarsal joint was in the hyperflexion 
position in the cranial-dorsal direction, and it was found 
that the joint had no movement capacity during passive 
strains. It was determined that the entire part of the 

extremity at the distal of the tarsal joint was atrophic, and 
only the metatarsus-3 and its phalanges were shaped, 
and the metatarsus-4 and related fingers were absent, 
considering the rotational state of the limb. In addition, 
the limb section distal from the tarsal joint had a 180° 
rotational view. Due to this rotational structure, the solea 
part of the nail was located at the dorsal (Fig. 1). Radiological 
examination revealed that metatarsus-3 did not have a 
proximal physical line and it was determined that tarsal 
bones showed an abnormal structure and localization. In 
addition, phalanx 1 and 2 were similarly fused to one bone 
appearance, fused together (Fig. 2).

With the evaluations made, it was thought that keeping 
the relevant extremity under the abdomen in the flexion 
position without touching the ground would not cause 
much trouble in terms of sustaining the animal’s life. The 
fact that the relevant limb was shaped in a rudimentary 
structure and rotationally created an unfavorable picture 
for operative intervention.  In addition, operation was not 
required due to the known risks of amputation and not to 
cause extra economic losses.

Congenital anomalies are frequently encountered in calves, 
and many of them are considered unfavorable for operative 
treatment. Generally, it is known that the patient cannot 
stand and feed on its own in musculoskeletal anomalies. 
Although there are anatomical defects in the other extremity 
in our case, the fact that the patient can stand up and meet 
its needs until it can be cut is considered as an important 
criterion. The described case is considered as a congenital 
malformation whose multifactorial factors need to be 
determined, such as different, interesting and other patterns. 
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Fig 1. A, B: View of the patient from 
right and left side with the animal 
standing; The animal can easily stand 
and walk on three limbs; C: Excessive 
fl exural deformity and appearance 
of torsioned joint (arrow). The front 
face of the limb is at the back and 
the front of the back is at the distal 
part of the distal part of the tarsal 
joint (there is approximately 180° 
rotation); D: In the rotated limb, the 
solea part of the 3rd phalanx was 
located dorsally (arrow)

Fig 2. A: Normal appearance of tarsal joints, 
metatarsus and phalanges in intact limbs. 
It is noteworthy that the 2nd phalanx and 
proximal sesamoid bones are not normal 
in this extremity, even if the bone roof of 
the limb has a normal appearance; B: The 
appearance of the absence of proximal 
growth plate of metatarsus 3, with the 
abnormal localization of the tarsal bones in 
the limb with anomaly. Proximal sesamoid 
bones were not formed in the matatarsus 4 
and its associated phalanges and anomaly 
leg; C: Phalanx 1 and 2 are formed together, 
but their borders are not clear. Phalanx 1 has 
a very small structure and seems to be fused 
with phalanx 2
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Dear Editor,

Dirofilariasis is a vector borne disease “inexorable dreaded 
threadworm’’ accepted as the most important parasitic 
disease of canids caused by Dirofilaria immitis [1] with 
zoonotic potential and endemic in many parts of Europe, 
including Turkey [2-4]. The clinical symptoms and onset of 
the disease depend on of the adult worm burden, host-
pathogen response, the duration of infection, and level of 
exercise [1]. Most of the cases have a history of weight loss, 
lethargy, diminished exercise tolerance, cough, dyspnea, 
syncope, poor condition, and abdominal distension [5]. 
Due to the right heart failure jugular venous distension 
and pulsation typically accompany hepato-splenomegaly, 
and ascites commonly seen in dogs with dirofilariasis [6]. 
However, to date presence of microfilariae in the urine has 
presented as a rare condition in two cases from dogs [7,8]. 
Thus, it is aimed to present this third case report of canine 
microfilaruria in the world within this lettering.

A male, 10-year-old, 20 kg, mix breed dog was brought 
to the Veterinary Teaching Hospital on November 2018 
with the chief clinical signs of stranguria, hematuria, and 
constipation. 

Besides the aforementioned symptoms the dog was in a 
good condition and any other abnormalities were seen 
in the physical examination. However, urinary bladder 
carcinoma was suspicioned because of the severe hematuria. 
Blood and urine samples were collected for routine analysis. 
The patient checked for hematological and biochemical 
analyzes. Same as thoracic and abdominal x-rays with 
echocardiography were performed. Laboratory findings 

both whole blood count and serum biochemical profile 
with revealed as normal. Only enlarged caudal lobar arteries 
with tortuous in appearance were seen in the lateral 
thoracic x-ray. The echocardiography of the dog assessed 
any right heart enlargement or abnormalities in the right 
ventricular end-diastolic dimension and septal or right 
ventricular free wall thickness. 

On gross clinical examination, the urine was detected as 
brownish-red (Fig. 1-a). During the microscopic examination 
live microfilariae were seen in the voided urine sediment 
(Fig. 1-b). Later peripheral blood smears stained with 
Giemsa were examined for microfilaremia. Same as micro-
filariae were also seen in the stained blood smear (Fig. 
1-c). Finally, our diagnosis was serologically confirmed 
within the positive rapid heartworm antigen test (Fig. 1-d) 
and immediately a treatment protocol according to the 
“American Heartworm Society Guidelines for the Current 
Heartworm Infection Management in Dogs” was started 
to the patient [9]. The dog was being well after the second 
week of treatment and the urine sediment turned back to 
normal (Fig. 1-e). 

Contrary other cases of microfilaruria in dogs [7,8] our 
patient was not represented renal failure or lower urinary 
tract infection. Glomerulonephritis caused by antigen-
antibody complex deposition in the kidneys is common 
in heartworm-infected dogs [1] and progression to renal 
failure, however, is uncommon [1,10]. This situation results 
in a measurable proteinuria (albuminuria), and heartworm 
antigen can be detected in the urine of infected dogs [1]. 
Therefore, microfilaruia could be expected as in the case 
herein due to this condition. 
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In conclusion, prevention with controlling strategies of 
dirofilariasis is quite important to reduce their diff usion 
in animals and humans. But at most, making the true 
diagnosis makes these controlling strategies vitally important. 
Therefore, we wanted to draw extra attention on urine 
analyzes in dogs suspected with dirofilariasis within this 
third canine microfilaruria case in the world. 
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Fig 1. Severe hematuria of the patient (a),
live microfilariae (red arrows) in the voided 
urine sediment (b), microfilariae in the 
stained blood smear (c), view of the result 
of rapid heartworm antigen test (d), post-
treatment urine (e)
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2- The manuscripts submitted for publication should be prepared in the format of Times New Roman style, font 
size 12, A4 paper size, 1.5 line spacing, and 2.5 cm margins of all edges. The legend or caption of all illustrations 
such as figure and table and their appropriate position should be indicated in the text. Refer to tables and 
figures in the main text by their numbers. Also figure legends explanations should be given at the end of the text. 
The figures should be at least 300 dpi resolution. 
The manuscript and supplementary files (figure etc.) should be submitted by using online manuscript submission 
system at the address of http://vetdergi.kafkas.edu.tr/
During the submission process, the authors should upload the figures of the manuscript to the online manuscript 
submission system. If the manuscript is accepted for publication, the Copyright Transfer Agreement Form 
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3- The authors should indicate the name of the institute approves the necessary ethical commission report and 
the serial number of the approval in the material and methods section. If necessary, the editorial board may 
also request the official document of the ethical commission report. In case reports, a sentence stating that 
“informed consent” was received from the owner should be added to the main document. If an ethical problem 
is detected (not reporting project information, lack of ethical committee information, conflict of interest, etc.), 
the editorial board may reject the manuscript at any stage of the evaluation process.
4- In the interests of brevity and standalone readability, Kafkas Universitesi Veteriner Fakultesi Dergisi strongly 
discourages the submission of multi-part manuscripts. Authors who feel that their topic requires an exception 
should obtain approval from the editor before submission of a multi-part manuscript. If submitted, multi-part 
manuscripts can be assigned to different editorial board members and independent outside expert reviewers. 
All parts of the manuscript are required to be loaded into the online system at the same time. 
5- Types of Manuscripts
Original (full-length) manuscripts are original and proper scientific papers based on sufficient scientific investigations, 
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Manuscripts consist of the title, abstract and keywords, introduction, material and methods, results, discussion, 
and references and it should not exceed 12 pages including text. The number of references should not exceed 
50. The page limit does not include tables and illustrations. Abstract should contain 200±20 words. 
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SUBMISSION CHECKLIST 

Please use below list to carry out a final check of your submission before you send it to the journal for review. 
Ensure that the following items are present in your submission:

- Cover letter

• Importance and acceptability of the submitted work for the journal have been discussed (Please avoid 
repeating information that is already present in the abstract and introduction).

• Other information has been added that should be known by the editorial board (e.g.; the manuscript (or any 
part of it) has not been published previously or is not under consideration for publication elsewhere.	

- Title page

• Title, running title (should be a brief version of the title of your paper, no exceed 50 characters)

• The author’s name, institutional affiliation, Open Researcher and Contributor ID (ORCID) 

• Congress-symposium, project, thesis etc. information of the manuscript (if any) 

• Corresponding author’s address, phone, fax, and e-mail information 

- Manuscript

• Title, abstract, keywords and main text

• All figures (include relevant captions)

• All tables (including titles, description, footnotes)

• Ensure all figure and table citations in the text match the files provided

• Indicate clearly if color should be used for any figures in print

Further considerations

• Journal policies detailed in this guide have been reviewed

• The manuscript has been “spell checked” and “grammar checked”

• Relevant declarations of interest have been made

• Acknowledgment and conflicts of interest statement provided


	00
	01
	02
	03
	04
	39. Müller A, Jansen W, Grabowski NT, Monecke S, Ehricht R,Kehrenberg C: ESBL- and AmpC-producing Escherichia coli from legallyand illegally imported meat: Characterization of isolates brought intothe EU from third countries. Int J Food Microbiol, 283, 52-58, 2018. DOI:10.1016/j.ijfoodmicro.2018.06.009

	05
	06
	07
	08
	09
	10
	11
	17. Salamon S, Ritar AJ: Deep freezing of Angora goat semen: Effectsof diluent composition and method and rate of dilution on survival ofspermatozoa. Aust J Biol Sci, 35, 295-304, 1982. DOI: 10.1071/BI9820295

	12
	15. İşler CT, Altuğ M, Cantekin Z, Özsoy ŞY, Yurtal Z, Deveci MZY:Evaluation of the eye diseases seen in loggerhead sea turtle (Carettacaretta). Revue Méd Vét, 165 (9-10): 258-262, 2014.

	13
	14
	15
	16
	17
	18
	19
	(Fig. 4)

	20
	21
	22
	23



