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Ankara University. The first issue of our journal appeared in 1954. Since then, it has been published 
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will begin to be published in a new format as of this issue and we hope you enjoy this new layout. In 

this issue, there are 12 research articles, 1 short article, 1 case report and 1 review article. Article 
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this stage, the preliminary report on the submitted arricle is prepared by the relevant field editors. 

These reports are evaluated at the weekly meeting held by the Editorial Board; where the decision to 

initiate the further evaluation steps are confirmed. Rejected articles are returned to the author with 

their preliminary evaluation reports. Articles that passed this stage are then moved to the second 

stage, which is names as the “Pre-Evaluation” stage. In this stage, English language, fluency, spellings, 

plegiarism, ethics committee requisities and statistics are carefully examined. At this stage, necessary 

corrections and adjustments, if any, are recommended to the author. This stage is followed by the 

third stage which is the “Referee Evaluation”. Each article is subjected to double-blind review. Articles 

that successfully complete this stage are taken to the fourth stage, which is the "Proofreader" stage. 

The paper is now finalized and arranged by the journal editors in accordance with the rules for journal 

writing, and the layout is completed by getting the DOI number. The fifth stage is the "Pre-press 

Control" stage; where the article is sent to the authors for final control before printing and their 

approval for publication and the article publication process is completed. I would like to extend a very 

warm welcome to the readers and academics; and would like to conclude as an open invitation that 

you will join us as authors. 

Wishing out readers all the very best, 

Sincerely. 

 

Dr. Levent ALTINTAŞ 

Editor in Chief 

Ankara Üniversitesi Veteriner Fakültesi Dergisi 

 



Research Article 

 

 

 

Assessment of the feather score and health score in laying 

hens reared at different cage densities 
 

 

Uğur ÖZENTÜRK1,a, , Ahmet YILDIZ1,b, Murat GENÇ1,c 

  

1Ataturk University, Faculty of Veterinary Medicine, Department of Animal Science, Erzurum, Türkiye 

aORCID: 0000-0002-2037-9340; bORCID: 0000-0002-4812-6089; cORCID: 0000-0002-9565-0887 

 

A R T I C L E  I N F O   A B S T R A C T  
  

Article History 

Received : 21.04.2021 

Accepted : 24.10.2021 

DOI: 10.33988/auvfd.925177 

This study aimed to investigate plumage conditions, injuries in the comb, 
cloaca, and feet at the end of the laying period (73 weeks of age) in native 
Atak-S (A-S) and foreign Isa Brown (IB) and Novogen White (NW) genotypes 
reared at two different cage densities. A total of 480 hens, including 160 of 
each hybrid, were used in the present study. Each hybrid group was divided 
into subgroups containing eight (468.75 cm2/hen) and 12 animals (312.50 
cm2/hen) each with eight replications. The feathering status in six different 
regions of the body (neck, breast, back, wing, tail, and cloaca) was assessed by 
scoring these regions both separately and as a whole. To detect injuries in the 
body, the comb, cloaca, and foot regions were examined. In the study, the 
effect of genotype on the feather score was found to be significant in all body 
regions except for the tail region (P<0.05). In all hybrids, the highest plumage 
loss was in the tail region, while the lowest was in the cloaca region in IB and 
the neck and wing regions in NW and A-S. The best results were obtained from 
the IB hybrid in terms of the total plumage condition. Genotype had a 
significant effect on the health scores in all body regions except for the comb 
(P<0.05). In terms of the feather score, the effect of cage density was 
determined to be significant in all body regions (P<0.01). It was observed that 
plumage loss increased as the cage density increased. 
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Introduction 
The integument of hens is associated with animal health 

(16) and behavior (33). In the assessment of the effects of 

factors that influence the health and welfare levels of hens 

such as genotype, breeding systems, cage density, and 

nutrition on integument, the scoring method is extensively 

used. Integument is frequently determined based on 

scoring the feathers, feet and skin (30). Feathers protect 

hens from the abrasive effect of the cage material and 

injuries (14). The feather score is a relatively neglected 

parameter in commercial laying poultry in comparison to 

some other classical performance data such as egg yield 

and feed consumption. Nevertheless, feathering status is 

an important indicator in interpreting health, performance 

and welfare (21). This is because a disruption occurring in 

feathers may lead to injuries and deaths by triggering  

cannibalistic behavior (14). In addition to the economic 

loss brought about by deaths, the increase in feed 

consumption observed for the preservation of body 

temperature due to plumage loss also raises economic 

costs (14, 38). It was also reported that the egg yield of 

hens decreases in relation to increased stress in broods 

where feather pecking occurs (11, 38). 

It has been emphasized that the easiest method of 

assessing the welfare of laying hens is to assess the state 

of their feathers and injuries (9, 14, 29). In a study that 

included expert opinions for the purpose of creating a 

protocol to assess welfare, it was reported that the plumage 

condition in hens was the most significant indicator 

among 17 different parameters (32). It was stated that the 

main cause of plumage loss leading to reduced welfare is 

the behavior of feather picking and pecking (4). It is 

specified that this behavior cannot be eliminated even 

though the most suitable conditions are provided, and 

thus, to reduce the effect of the behavior of feather picking 

and feather pecking, it is needed to regularly observe the 

brood and visually assess the integument (3). Factors such 

as cage systems (23), cage density (20), and nutrition 

affect the formation of the behavior of feather picking and 

pecking (1, 32). Additionally, it was stated that the 
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formation of this behavior varies in different hybrids (5). 

This situation suggests a genetic background (8, 24). 

In Türkiye, which is one of the most prominent 

countries in the world in terms of egg production, native 

laying hybrids constitute approximately 2.5% of the hens 

used in production (12). In the poultry farming program of 

the 2016-2020 Master Plan of the General Directorate of 

Agricultural Research and Policies of the Turkish Ministry 

of Agriculture and Forest Affairs, it has been planned to 

conduct efforts towards supplying breeding stock 

resources for laying and broiler hen production from 

domestic sources and to create feeding and breeding 

methods appropriate for this objective. For this reason, it 

was emphasized that it is needed to carefully investigate 

breeding and nutrition techniques in native hybrids and 

yields under private sector conditions with the effects of 

environmental factors (18).  

This study aimed to investigate plumage conditions, 

injuries in the comb and cloaca, and feet in relation to 

bumblefoot syndrome at the end of the laying period (73 

weeks of age) in native (Atak-S) and foreign (Isa Brown, 

Novogen White) genotypes reared at two different cage 

densities. 

 

Materials and Methods 

The study was carried out at the Food and Animal Farming 

Research and Application Center of Atatürk University. 

This study was approved by the Animal Ethics Committee 

of Animal Experiments of the Veterinary Medicine 

Faculty at Atatürk University (2020/07). 

As the animal material, native Atak-S (A-S) and 

foreign Isa Brown (IB) and Novogen White (NW) hens, 

all at the same age (73 weeks old), were used. In the trial, 

3 different genotypes (A-S, NW, and IB) and 2 different 

cage housing densities (8 hens/cage and 12 hens/cage) 

were utilized. A total of 480 hens, including 160 of each 

hybrid, were used, and each hybrid group was divided into 

subgroups containing 8 and 12 animals, each with 8 

replications. Cage density-1 (CD-1) was defined as 468.75 

cm2 cage floor space per hen, while Cage Density-2 (CD-

2) was defined as 312.50 cm2 of cage floor space per hen. 

All cage units had equal dimensions to each other. The 

cage dimensions were as a depth of 60 cm, a width of 62.5 

cm, the rear height of 46 cm, the front height of 51 cm, 

feeder length of 62.5 cm, and base slope of 7°. Each cage 

had 2 nipple waterers. The animals were grown in the 

same poultry house during both rearing and laying 

periods. The in-house temperature was kept at 16-24°C 

with sensors connected to the ventilation and heating 

systems. Lighting was adjusted as 17 hours of light per day 

with fluorescent bulbs giving white light. In the laying 

period, the animals were given egg starter feed (2750 ME 

17.50 HP) in the 16th-20th weeks, 1-st period laying feed 

(2750 ME 16.26 HP) in the 21st-45th weeks, 2-nd period 

laying feed (2720 ME 15.83 HP) in the 46th-65th weeks, 

and 3-rd period laying feed (2720 ME 15.65 HP) after the 

65th week in granule form as ad libitum. 

 

Feather Scoring Method: At the end of the laying period 

(73 weeks of age), each hen was individually examined by 

visual examination for feathering score. Two methods are 

frequently used in scoring integuments. The first one of 

these is the assessment of the body as a whole, while the 

other is the assessment of body regions separately. While 

the former provides the opportunity for a faster and 

simpler assessment, it cannot explain the reasons for 

plumage loss occurring in different regions of the body 

(30). In the study, the feathering status in 6 different 

regions of the body (neck, breast, back, wing, tail, and 

cloaca) was assessed by scoring these body regions both 

separately and as a whole. The scoring was made in the 

range of 1-4 (Table 1) (8, 30). In total scoring, scores 

lower than 10 to 12 indicate a significant plumage loss in 

the entire body. Scores of 3 and higher locally and higher 

than 18-20 in total scoring show that the state of the 

plumage and integument is good (30). 

 

Health (Integument) Scoring Method: To detect injuries 

in the body, the comb and cloaca regions were examined, 

and the feet were checked in relation to bumblefoot 

syndrome. The scoring was made in the range of 1-4 

(Table 1) (8, 30). Scores of 2 and lower by body region 

show that the integument and plumage are significantly 

damaged, or they indicate the presence of heavy injury, 

abrasion, aggressive behavior in the brood, and 

bumblefoot syndrome (8, 30). 

 
Table 1. Description of the scoring scheme used for the assessment of plumage and integument condition. 

Parameter/Score Feather Loss Integument Damage 

1 
>75% of the feathers of the body region 

missing 
Single or multiple injuries of >1.0 cm 

2 
>50% and <75% of the feathers of the body 

region missing 

Multiple injuries of <0.5 cm or single injuries of >0.5 cm 

and <1.0 cm 

3 
>25% and <50% of the feathers of the body 

region missing 
Single injury of <0.5 cm diameter or length 

4 
No feather loss or <25% of the feathers of the 

body region missing 
No integument damage 
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Statistical analysis: The non-parametric Kruskal-Wallis 

H test was used for the genotypes (IB, A-S and NW) for 

plumage damage and injuries observed in different regions 

of the body on a Likert-type scale, whereas the non-

parametric Mann-Whitney U test was utilized for the 

pairwise comparisons of density (CD-1 and CD-2) and the 

genotypes. By analyzing the normality of the distribution 

of the data with the Shapiro-Wilk test, it was determined 

that the data were non-normally distributed. The statistical 

analyses were carried out using the SPSS package 

software. 

 

Results 

The feather and health scores of the different genotypes 

are presented in Table 2. In the study, the effect of 

genotype on the feather score was found to be significant 

in all body regions except for the tail region (P<0.05). The 

mean total feather score was determined for IB, A-S, and 

NW as 11.53±0.250, 10.55±0.193 and 10.69±0.284, 

respectively. In terms of the feather score, the difference 

between the A-S and IB hybrids was found to be 

significant in all regions except for the tail region 

(P<0.05). Between the A-S and NW hybrids, the feather 

scores showed differences in the breast, cloaca and back 

regions (P<0.05). In all hybrids, the highest plumage loss 

was in the tail region, while the lowest was in the cloaca 

region in IB and the neck and wing regions in NW and A-

S. Genotype had a significant effect on the health scores 

in all body regions except for the comb (P<0.05). The 

hybrid with the lowest health score in the cloaca region 

was IB. The NW hybrid showed higher values in terms of 

both foot scores than the other hybrids (P<0.05).  

The feather and health scores of the hens at different 

cage densities are shown in Table 2. In terms of the feather 

score, the effect of cage density was determined to be 

significant in all body regions (P<0.01). It was observed 

that plumage loss increased as the cage density increased. 

While the total feather score was 12.94±0.211 for CD-1, it 

was 9.62±0.136 for CD-2. In the CD-1 conditions, the 

lowest plumage loss was in the cloaca region with a score 

of 2.40±0.056, while the highest one was in the tail region 

with a score of 1.93±0.050. In the CD-2 conditions, the 

lowest plumage loss was in the neck region with a score 

of 1.98±0.036, while the highest one was in the tail region 

with a score of 1.25±0.028. In terms of the health scores, 

both the comb and foot scores were found to be higher in 

the hens reared at the cage density-1 (P<0.01). 

The feather and health scores of the hybrids in the 

cage density groups are presented in Table 3 and Figure 1. 

According to the findings of the study, in the IB and NW 

hybrids, as the cage density increased, the feather score 

showed a significant decrease in all body regions 

(P<0.01). In the A-S hybrid, in all body regions except for 

the breast region, as the cage density increased, the 

presence of plumage significantly decreased. In both 

density conditions, in terms of the total presence of 

plumage, the scores of the IB hybrid were higher than 

those of the others. In terms of the health score, it was 

observed that the cloaca region was not significantly 

affected by cage density in all hybrids. It was determined 

that the cage density showed a significant effect on the 

foot scores of the IB and A-S hybrids and the comb scores 

of the A-S and NW hybrids. 

 
Table 2. The effects cage density on feather and health scores in laying hen hybrids. 

 IB A-S NW CD-1 CD-2 P 

  x̄ ± SE x̄ ± SE x̄ ± SE x̄ ± SE x̄ ± SE 
Cage 

Density 
Hybrid IB-AS IB-NW AS-NW 

Feather Score                 

Neck 2.20±0.047a 2.00±0.044b 2.06±0.065ab 2.25±0.047x 1.98±0.036y 0.001 0.010 0.002 0.075 0.466 

Breast 1.95±0.060a 1.53±0.046b 1.81±0.072a 1.99±0.059x 1.58±0.039y 0.001 0.000 0.000 0.133 0.001 

Cloaca 2.25±0.063a 1.92±0.052b 1.59±0.069c 2.40±0.056x 1.68±0.041y 0.001 0.000 0.000 0.000 0.000 

Back 1.77±0.059a 1.58±0.046b 1.73±0.065a 2.09±0.054x 1.42±0.033y 0.001 0.025 0.015 0.850 0.037 

Wing 1.81±0.044b 2.00±0.038a 2.04±0.051a 2.30±0.034x 1.71±0.029y 0.001 0.000 0.001 0.001 0.457 

Tail 1.54±0.050 1.53±0.047 1.46±0.059 1.93±0.050x 1.25±0.028y 0.001 0.518 0.715 0.253 0.395 

Total 11.53±0.250a 10.55±0.193b 10.69±0.284b 12.94±0.211x 9.62±0.136y 0.001 0.009 0.003 0.035 0.839 

Health Score                 

Comb 2.70±0.040 2.66±0.038 2.68±0.048 2.79±0.033x 2.61±0.033y 0.001 0.796 0.534 0.596 0.992 

Cloaca 2.82±0.037a 2.91±0.025b 2.92±0.025b 2.90±0.026 2.87±0.024 0.518 0.025 0.010 0.001 0.565 

Right Foot 2.91±0.023b 2.88±0.025b 2.97±0.015a 2.99±0.009x 2.86±0.022y 0.001 0.029 0.419 0.039 0.007 

Left Foot 2.88±0.031b 2.86±0.028b 2.97±0.015a 2.99±0.007x 2.83±0.026y 0.001 0.017 0.517 0.018 0.004 

IB: Isa Brown, A-S: Atak-S, NW: Novogen White, CD-1: Cage density-1, CD-2: Cage Density-2. 
a,b,c Values within a row with different superscripts differ significantly at P<0.05. 
x,y Values within a row with different superscripts differ significantly at P<0.01. 
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Figure 1. Feather and health scores of the hybrids in the cage density groups (%). 
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Table 3. The effects laying hen hybrids on the feather and health scores in the cage density groups. 

 IB A-S NW 

 CD-1 CD-2  CD-1 CD-2  CD-1 CD-2  

Feather Score x̄ ± SE x̄ ± SE P x̄ ± SE x̄ ± SE P x̄ ± SE x̄ ± SE P 

Neck 2.41±0.080a 2.11±0.057b 0.003 2.13±0.072x 1.92±0.055y 0.029 2.29±0.094k 1.85±0.082l 0.001 

Breast 2.43±0.098a 1.73±0.066b 0.000 1.63±0.081 1.46±0.054y 0.157 2.11±0.104k 1.53±0.087l 0.000 

Cloaca 2.79±0.091a 2.00±0.071b 0.000 2.42±0.077x 1.58±0.054y 0.000 1.96±0.108k 1.23±0.060l 0.000 

Back 2.41±0.095a 1.48±0.058b 0.000 1.93±0.082x 1.34±0.044y 0.000 2.00±0.095k 1.48±0.077l 0.000 

Wing 2.23±0.057a 1.61±0.049b 0.000 2.36±0.052x 1.75±0.041y 0.000 2.25±0.069k 1.85±0.066l 0.000 

Tail 2.05±0.082a 1.30±0.048b 0.000 1.92±0.083x 1.27±0.043y 0.000 1.82±0.089k 1.12±0.048l 0.000 

Total 14.32±0.342a 10.23±0.254b 0.000 12.39±0.316x 9.33±0.177y 0.000 12.43±0.400k 9.07±0.268l 0.000 

Health Score x̄ ± SE x̄ ± SE P x̄ ± SE x̄ ± SE P x̄ ± SE x̄ ± SE P 

Comb 2.79±0.061 2.67±0.051 0.171 2.78±0.052x 2.58±0.053y 0.006 2.80±0.059k 2.57±0.073l 0.010 

Cloaca 2.79±0.071 2.83±0.043 0.522 2.94±0.030 2.89±0.036 0.467 2.95±0.030 2.90±0.039 0.352 

Right Foot 3.00a 2.87±0.033b 0.006 2.98±0.016x 2.81±0.039y 0.001 2.98±0.018 2.97±0,023 0.601 

Left Foot 2.98±0.018a 2.83±0.044b 0.015 2.99±0.011x 2.77±0.044y 0.000 3.00 2.95±0.028 0.091 

IB:Isa Brown, A-S: Atak-S, NW: Novogen White, CD-1: Cage density-1, CD-2: Cage Density-2. 
a,b Values within a row with different superscripts differ significantly at P<0.05. 
x,y Values within a row with different superscripts differ significantly at P<0.05. 
k,l Values within a row with different superscripts differ significantly at P<0.05. 

 

 

Discussion and Conclusion 

In this study, the integument status of native and foreign 

laying hybrids that were at the end of their laying period 

was assessed by the method of scoring by checking each 

animal one by one. 

It was found in this study that the feather score in all 

body regions except for the tail region and the health score 

in the cloaca and feet showed a significant difference 

among the genotypes (P<0.05). It has been reported that 

feather pecking originates from behavioral disorders in 

hens, and this behavior shows genetic differences (8, 19, 

26). When the plumage status in different body regions 

was examined in the study, it was observed that the highest 

plumage loss was in the NW hybrid in the cloaca region, 

in the A-S hybrid in the breast and back and in the IB 

hybrid in the wings. Studies have stated that, in animals 

with different feather colors, the genes that determine 

feather pigmentation may affect pecking behavior (2, 19). 

The IB, A-S, and NW hybrids that were used in this study 

had the respective feather colors of brown, black and 

white. Supporting this result, the effect of feather colors 

on the feather score was found significant in hens with 

white, black, and gray feathers (2). In some other studies, 

too, the changes in plumage conditions have been 

explained by the color of the feathers in brown, and white 

hens (4, 5, 8, 37). 

It was explained that the feather and health scores in 

hens showed genetic differences between white- and 

brown layer hens (9, 27). Onbaşılar et al. (23) reported that 

feather scores differed in the neck, back, wings and tail 

regions of brown and white layer hens. In the study, while 

the NW hybrid had a white layer, the other two hybrids 

had brown-layers. White-layer hybrids are lightweight 

hybrids, while brown-layer hybrids have a medium-

weight body structure (6, 23, 31). For this reason, their 

animal-specific area requirements should be kept in mind 

(32). Additionally, the different egg weights of the hybrids 

(22) may explain the differences in cloaca injuries as they 

lead to prolapse (25). 

In the study, the highest amount of plumage loss 

occurred in the tail and back regions. It was reported that 

the reason for this is the behavior of pecking directed 

frequently towards these body regions (38). Giersberg et 

al. (8) also reported that, at the end of the laying period, 

the region’s most affected in hens are the back and the tail. 

Studies where body regions were separately assessed and 

reported the highest plumage loss values in the cloaca and 

tail (3), and back, cloaca, and tail (10) regions have 

supported the results of this study. 

In this study, the total feather score values for the IB, 

A, S and NW hybrids were 11.53, 11.00 and 10.55, 

respectively. Also, it was determined that the lowest loss 

of plumage was in the IB hybrid (P<0.05). However, in a 

study evaluating five different body regions, the total 

feather score was determined to be 14.7 in the LB hybrid 

and 14.8 in the LW hybrid. In the study, it was stated that 

there was no difference between hybrids in terms of total 

feather score (23). Tauson et al. (30) considered a total 

whole-body score of 10-12 and lower as a serious loss of 

plumage. It was reported that the plumage condition 

deteriorates in time throughout the laying period (23, 37), 

and loss of plumage reaches the highest level at the end of 
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the laying period (4, 14). These reports supported the 

finding in this study on the severe loss of plumage that was 

observed. 

Assessment of the total feather score cannot explain 

the causes of plumage losses occurring in different regions 

of the body. Plumage and integument damage are affected 

by different causes in different genotypes (9). This 

situation is attributed to some behaviors that are 

genetically observed. The behavior of feather pecking in 

animals is expressed by animals non-aggressively pulling 

each other’s feathers off. The basis of this behaviors is 

associated with the behaviors of searching for food and 

inadequate nutrition. This behaviors is frequently 

observed in the form of pecking the back, tail and cloacal 

regions (26, 32). Feather pecking is a significant problem 

in commercial breeding. Today, genetic selection and 

management programs that aim to reduce feather pecking 

are being applied at commercial coops (19). Aggressive 

pecking behaviors, on the other hand, is seen frequently in 

the form of pecking the head and neck region, which is 

associated with the formation of social hierarchy among 

the animals (26, 28). It is stated that this behavior becomes 

prevalent in the brood through social learning and that it  

leads to cannibalism and injuries involving blood through 

the pecking of the skin (8, 26). Besides these, the loss of 

plumage observed in the breast and abdomen regions is 

associated with the mobility of the animals within the cage 

and abrasion caused by the cage material (32, 34). 

In this study, the effects of two different cage 

densities on the feather and integument health scores were 

examined. It was determined that, as the cage density 

increased, loss of plumage in all body regions and injuries 

in the comb and feet in the hens increased (P<0.01). 

To increase their revenue, laying hen farmers have a 

tend to utilize their coops to the maximum extent (27). On 

the other hand, reducing the cage density has a significant 

effect on animal health and welfare (13, 25, 35). Providing 

hens with more area will affect their ability to move (36) 

and increase their welfare by allowing them to show their 

natural behaviors (i.e., stretching, turning around, 

walking, standing and wing flapping) (15). 

Factors such as breeding, cage systems and cage 

density affect the formation of the behavior of feather 

picking and pecking (21). It was reported that reducing 

cage density affected pecking behavior in a positive 

direction (38).  In the study by Weimer et al. (32) where 6 

different housing densities (465-484, 581-606, 652-677, 

754-780, 799-832, and 923-955 cm2) were created, 

plumage conditions in 6 different body regions were 

investigated throughout the laying period. In their study, it 

was reported that, as the housing density increased, the 

presence of plumage significantly decreased in all body 

regions. Onbaşılar and Aksoy (20) examined the total 

feather scores (5 body regions) in their study, in which 

they formed a cage density of 1968 cm, 656 cm and 393.8 

cm, and determined them as 16.56, 14.85, and 12.42, 

respectively. In the study, it was emphasized that the 

feather score was low in chickens that were raised 

intensively. Similarly, another study (35) stated that hens 

reared within 520 cm2 had a poorer plumage condition 

than those reared within 748 cm2. In support of the result 

of this study, different studies have reported that, by 

reducing cage density, plumage conditions (7, 13, 27, 35) 

and foot health (7, 29) were positively affected. It was 

reported that plumage loss is affected by an increase in 

cage density due to a reduction in feeder distance per 

animal and increased stress (7). The competition during 

feeding may increase the tendency of pecking by affecting 

social behaviors (32). In hens housed at high densities, as 

a result of the increased time of contact with the feeder 

area in the front of the cage, plumage loss and injuries may 

ocur, especially in the breast region (13). The poorer 

plumage score of densely populated cages can be caused 

by abrasion against cage wire or other hens (20). As 

opposed to the result of this study, Campe et al. (4) 

determined the effect of the factor of housing density on 

the feather score to be insignificant. In the housing density 

groups they created, Liebers et al. (17) examined plumage 

conditions (neck, back, wing), body injures (neck, breast, 

back, wing, leg, tail, cloaca), and head injuries, and they 

reported that housing density did not create a significant 

effect in any of the parameters. Onbaşılar and Aksoy (20) 

reported that cage density did not have a significant effect 

on foot health scores. The fact that the density groups in 

the aforementioned studies were close to each other and 

that the area per animal was broader in comparison to this 

study may explain the differences between the results. 

Also, some strains have a greater ability to adapt to high-

density environments, and this may explain the 

differences between experiments (20). 

Consequently, in all genotypes, a severe loss of 

plumage was observed at the end of the laying period. In 

the study, the best results were obtained from the IB 

hybrid in terms of the total plumage condition. Values 

observed in different body regions allow the assessment 

of animal welfare and poultry management. The highest 

plumage loss values were in the NW hybrid in the cloaca 

region, the A-S hybrid in the breast and back regions, and 

the IB hybrid in the wings. With the increase in cage 

density, the highest plumage loss occurred in the tail 

region in all hybrids. It was also concluded that, as the 

cage density increased, plumage loss and injuries in the 

comb and feet increased. 
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In this study, the antioxidant, anti-inflammatory, and neuroprotective effects 
of kefir were investigated in spinal cord injury that was experimentally created 
on rats with a compression trauma model. A total of 56 Wistar-Albino male 
rats were used in the study. Daily freshly prepared 18 ml/kg/day of kefir was 
given by oral gavage to animals 7 days before and during the trauma and 
during the trauma. Spinal cord injury was created according to the weight drop 
method. On the 1st and 7th days before euthanasia, intracardiac blood was 
collected for analysis, and then they were sacrificed. The damaged spinal cord 
segments were examined biochemically, immunohistochemically, and 
histopathologically. When compared to the sham groups, kefir had a positive 
effect in the preconditioning and treatment groups by decreasing spinal cord 
bleeding, edema, myelin sheath damage, liquefactive necrosis, neuronal 
necrosis, selectivity of canalis centralis, and gitter cell levels significantly. 
When compared to the sham groups, kefir was found to have a positive effect 
in the treatment groups by decreasing the neuron specific enolase (NSE), 
ionized calcium binding adapter molecule 1 (IBA-1), inducible nitric oxide 
synthase (INOS), cyclooxygenase 2 (COX-2) and myelin basic protein (MBP) 
levels significantly on the 1st and 7th days, and by increasing the glial fibrillary 
acidic protein (GFAP) level significantly. As a result, it was demonstrated that 
kefir had a protective and therapeutic effect on spinal cord injury.  
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Introduction  

Acute spinal injuries have increased recently with the 

rapid growth of the industry, transportation, and 

construction industries (23). Spinal cord injury has two 

mechanisms, which are primary and secondary. Primary 

injury refers to mechanical damage, and secondary injury 

refers to the progressive cell damage that occurs after the 

trauma (25, 35). Spinal cord injuries (SCI) could lead to a 

complete and permanent loss of neurological function (38, 

39). Despite the advancement of current drug and surgical 

techniques, there is no surgical technique or therapeutic 

agent that would provide a complete recovery in cases of 

spinal cord injury (16, 18). Therefore, researchers are still 

looking for new medical treatments for the treatment of 

spinal injuries (23). Guven et al. (17) emphasized that 

ultrastructural studies are needed to develop kefir as a 

promising therapeutic agent to be used in spinal cord 

injury. Kefir has a polysaccharide structure with a whitish 

yellowish color. It owes its strong antioxidant 

characteristic to the high amount of lactic acid bacteria it 

involves (5). In addition, kefir is reported to have anti-

inflammatory (4, 30), antibacterial (29), antitumoral (26), 

immunological (11), cholesterol-lowering (27, 36), and 

antiapoptotic effects (10, 27, 29).  

Brain-Derived Neurotrophic Factor (BDNF) is 

considered an important protein that affects brain function 

as well as the peripheral nervous system. In addition to 

preventing cell deaths, it demonstrates a neuroprotective 

effect under adverse conditions such as cerebral ischemia, 

hypoglycemia, neurotoxicity, and glutamatergic 
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stimulation by supporting neuronal differentiation, 

maturation, and survival in the nervous system (3, 21).  

Spinal cord (medulla spinalis) damage causes 

important social and economic problems and there is no 

clear solution regarding its definitive treatment. There are 

drugs used today, but new searches continue because their 

efficacy cannot be fully demonstrated and they have 

serious side effects. With many studies, it is aimed that the 

individual, who has lost his active life as a result of the 

damage and lost his work force, can return to social life 

again. This study, which was planned based on previous 

experimental studies on the usability of this 

neuroprotective effect for treatment in cases with neural 

tissue damage such as trauma and ischemia, was planned 

to investigate the antioxidant, anti-inflammatory, and 

neuroprotective effects of kefir in spinal cord damage 

induced by an experimental trauma model in rats. The 

present study is a prerequisite study, and both the 

protective efficacy of kefir on the damaged spinal cord 

tissue and the therapeutic efficacy after trauma were 

evaluated. 

 

Materials and Method 

In this study, 56 healthy male Wistar-Albino rats that were 

10-12 weeks old and weighed 300-400g were used. The 

animals were placed in individual cages and divided into 

seven equal groups with eight animals in each group. 

Experimental applications were carried out in accordance 

with the conditions for the care and use of laboratory 

animals (12 hours of light; 12 hours of darkness, and 

24±3°C, in individual cages). During the experimental 

applications, rats were fed on commercial rat food (pellet 

food) including 22.5% HP, 2750 Kcal/kg, and tap water  

ad libitum. 

The animals with spinal cord injury were given 18 

ml/kg/day (13) oral gavage of freshly prepared kefir. Kefir 

grains were washed with distilled water and inoculated in 

UHT (Ultra High Temperature) whole milk. After each 

preparation of the beverage, the grains were filtered by 

sieving the fermented milk and washed again for later use. 

When the grains were not used, they were maintained in 

milk at 4°C. Kefir was prepared by adding 5% kefir grains 

sterile milk and fermenting at 25°C for 24 hours. The 

number of yeast cells was found to be 1.65x107 (log10 

cfu/g). 

 

Animals: Group I; (Control group) The control group 

received no treatment and was used as a reference.  Group 

II; (Sham-A group) trauma was created only and they were 

sacrificed on the 1st day. Group III; (Sham-B group) 

trauma was created only and they were sacrificed on the 

7th day. Group IV; (Preconditioning A) were given 

18ml/kg/day PO kefir for 7 days before the trauma, and 

they were sacrificed one day after the trauma was created. 

Group V; (Preconditioning B) It was the preconditioning 

group that was given 18ml/kg/day PO kefir for 7 days 

before the trauma, continued to be fed on 18ml/kg/day PO 

kefir for 7 days after the trauma, and were sacrificed on 

the 7th day. Group VI; (Treatment A) They were given 

18ml/kg/day PO kefir after the trauma and were sacrificed 

on the 1st day. Group VII; (Treatment B) They were given 

18ml/kg/day PO kefir for 7 days after the trauma and were 

sacrificed on the 7th day. The animals were determined to 

be healthy during the clinical examinations performed 

before the trauma. Their neurological examinations were 

evaluated through the Modified Tarlov Scale and finger 

opening tests. After the trauma, neurological examinations 

of the related groups were repeated on the 1st, 3rd, and 7th 

days.  

 

Creation of spinal cord damage: In all surgical groups, 

10 mg/kg Xylazine hydrochloride intraperitoneal (ip) 

(Alfazyne 2% injection 50 mL, EGE-VET, Türkiye) and 

50 mg/kg ketamine hydrochloride (ip) (Alfamine 10% 

injection 50 mL EGE-VET, Türkiye) were given for 

general anesthesia. After the general anesthesia rats were 

identified in the sternal position, the back part was shaved 

and antisepsis was provided with povidone-iodine. 

Paravertebral muscles were reached after crossing the skin 

and subcutaneous tissues with a two-cm incision at the T5-

T12 level with reference to the interscapular distance. The 

paravertebral muscles were dissected and the vertebral 

laminae were reached through the spinous process. The 

spinal cord was exposed at the T7-T10 level by total 

laminectomy preserving dura mater integrity.  

Spinal cord injury was created using the weight drop 

method by dropping a 10g metal bar with a 3mm diameter 

from a height of 10 cm (100 g/cm). Rats were made 

paraplegic. Following hemostasis, paravertebral muscles 

and skin were sutured in accordance with their anatomical 

layers. While animals were under general anesthesia on 

the 1st and 7th days before euthanasia, intracardiac blood 

was collected for analysis, and then they were sacrificed. 

After sacrification, sections were taken from the proximal 

and distal of the trauma for tissue analysis. The samples 

were examined biochemically, immunohistochemically, 

and histopathologically.  

 

Neurological examination: In the study, neurological 

examinations were performed before the sacrification in 

groups 2, 4, and 6, which underwent a surgical procedure 

and were sacrificed on the first day; and they were 

performed on the 1st, 3rd, and 7th days in groups 1, 3, 5 and 

7, which underwent a control and surgical procedure and 

were sacrificed on the seventh day. 

Modified Tarlov Scale was used for clinical motor 

examination and classified as follows; 0:complete 
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paralysis in the back extremities, no movements in the 

back extremities, no weight bearing; 1:noticeable back 

limb movements, no weight bearing; 2: frequent and / or 

strong back limb movements, pronounced posterior limb 

movements that do not result in weight overlay or 

locomotion; 3:back extremities support body weight, can 

take one or two steps; 4: there is a slight loss in walking; 

5: normal walking (12). 

Finger opening test used for a neurological 

examination.  The rat was lifted from its back and its back 

extremities were suspended. Opening of the fingers was 

observed and the reflexes were classified as follows: 0: 

fingers not opened; 1: fingers slightly opened; 2: fingers 

fully opened (12).  

 

Biochemical analyses: Plasma was extracted from the 

serous fluid and stored in the freezer (-24 C). In the 

samples, BDNF (Brain Derived Neurotrophic Factor) 

levels were calculated by ELISA using commercial kits. 

 

Histopathological and immunohistochemical 

assessments: Macroscopic changes that could occur in the 

spinal cord after the experimental trauma were noted and 

photographed. For histopathological examinations, the 

spinal cord extracted was placed in 10% buffered formalin 

stained with Hematoxylin Eosin (HE). For 

immunohistochemical examination Mouse specific HRP 

(ABC) (Abcam, ab128971) kit was used and the 

recommended procedure was applied in the kit. 

Endogenous peroxidase activity was eliminated by 

maintaining 3% H2O2 methanol for 30 minutes. 

Depending on the type of antibodies, either 10 minutes 

45C Proteinase K (Abcam, ab64220) (NSE, GFAP, IBA-

1 antibodies) or temperature was applied as antigen 

retrieval (pH 6.0, % 0,1 Tween) (3x5 minutes) (INOS, 

MBP, COX-2 antibodies). Sections were incubated with 

the blocking serum of the kit at 37˚C for 10 minutes to 

prevent non-specific antigenic binding. Anti-Iba-1 

antibody (Abcam, ab108539, 1/100, 15 minutes room 

temperature), Anti-iNOS antibody (Abcam, ab3523, 

1/100, +4C overnigth), Anti COX-2, C-Terminal 

antibody (Sigma, SAB4502491-100UG, 1/200, 2 hours 

37˚C), Anti-GFAP antibody (Abcam, ab7260, 1/100, 1 

hour 45˚C), Anti-NSE C Terminal antibody (Sigma, 

SAB4500768-100UG, 1/100, 1 hour 45˚C) and Anti- 

MBP antibody (Sigma, ab40390, 1/100, 1 hour 45˚C) were 

used in order to identify the lesions that could occur in the 

spinal cord. This was followed by treatment steps with 

biotinized serum (goat serum, at 37˚C for15 min) and 

streptavidin peroxidase (at 37˚C for 20 min). The AEC 

(RED) Substrate kit (Zymed Laboratories inc. Cat. No: 

00-2007) (NSE,  IBA1, INOS, COX-2) and DAP (3,3′-

diaminobenzidine tetrahydrochloride, ScyTek Laboratories, 

Logan, UT) (GFAP, MBP) were used as the chromogene. 

The samples were counterstained with Harris 

hematoxylin. All steps were carried out in a moist camera 

environment, preventing the sections from drying out. 

Phosphat Buffer Saline (PBS, pH 7.4) was used in the 

washes. After all the microscopic results obtained were 

examined under a light microscope, their microphotographs 

were taken. 

 

Statistical Analysis: Statistical analyses were performed 

using SPSS (version 17) software. Data were given as 

mean ± standard error (SE). The differences between the 

groups were analyzed with the One Way ANOVA 

Bonferroni Test. General Linear Model, Repeated 

Measures, multiple comparisons bonferroni test was used 

to evaluate time-dependent differences in neurological 

examination findings. Statistical significance was 

interpreted according to P<0.05 level.  

 

Results 

Neurological examination findings: MTS and the finger 

opening test were performed while evaluating the 

neurological examination (Day 1 was evaluated as acute; 

days 3 and 7 were evaluated as subacute). 

In terms of MTS values, significant differences were 

found between the control groups and, the sham groups, 

preconditioning groups and treatment groups on the 1st day 

(P=0.000, Table 1). In the neurological examination 

performed on the first day, the MTS values in the 

preconditioning groups were higher compared to the sham 

and treatment groups. MTS values on the 3rd and 7th days 

in the preconditioning (group 5) and treatment (group 7) 

groups were higher compared to the sham (group 3) value. 

MTS values in the treatment group were higher compared 

to the preconditioning groups on the 3rd and 7th days. 

Looking at the MTS values, it can be argued that kefir 

provides clinical improvement (Table 1). 

In terms of finger opening tests, significant 

differences were found between the control groups and, 

the sham, preconditioning and treatment groups on the 1st 

day (P=0.000). On the first day, finger opening test values 

in the preconditioning groups were higher compared to the 

sham and treatment groups. The fact that the finger-

opening test values in the preconditioning group were 

higher compared to the sham and treatment groups on the 

1st day showed that preconditioning played a protective 

role in preventing peracute injury. On the 7th day, finger 

opening test values in the preconditioning (group 5) and 

treatment (group 7) groups were found to be higher 

compared to the sham (group 3) value (Table 1). Looking 

at the finger opening test values, it can be argued that kefir 

provides a clinically moderate benefit in both the peracute 

and subacute periods. 
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Table 1. Effects of kefir on Modified Tarlov Test and Finger Opening Test in experimental spinal cord injury. 

Groups Modified 

Tarlov 1. 

day 

Modified 

Tarlov 3. 

day 

Modified 

Tarlov 7. 

day 

Finger 

extension test 

1. day 

Finger 

extension 

test 3. day 

Finger 

extension 

test 7. day 

 Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE 

Group 1: Control A 5.00±0.00 5.00±0.00 5.00±0.00 2.00±0.00 2.00±0.00 2.00±0.00 

Group 2: Sham A 1.66±0.33*    0.16±0.16*   

Group 3: Sham B 1.71±0.47* 1.14±0.55** 1.42±0.57* 0.28±0.18* 0.28±0.28* 0.42±0.29* 

Group 4: Preconditioning A 1.85±0.67*   0.57±0.29*   

Group 5: Preconditioning B 2.50±0.42** 1.87±0.54* 2.28±0.60* 0.87±0.22* 0.25±0.16*,β 0.85±0.34*,& 

Group 6: Treatment A 1.25±0.55*    0.00±0.00*,≠   

Group 7: Treatment B 2.00±0.68* 2.00±0.75** 3.14±0.55 0.50±0.26* 0.62±0.26* 0.71±0.18* 

A: Group sacrificed on day 1, B: Group sacrificed on day 7 

*: When compared with the control group, the differences between the groups were found significant (P <0.005-0.000). 

**:When Compared with the control group, the differences between the groups were found significant (P <0.05). 
≠: Finger extension test, on the first day, the differences between the Peconditioning Group B and treatment A groups were found to be significant (P 

<0.05). 

β: When compared to the first day, the differences in the finger extension test were found significant (P <0.05). 
&: When compared to the third day, the differences in the finger extension test were found significant (P <0.05). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Histopathological changes in the medulla spinal of control and sham groups. 
a. Medulla spinalis normal gray matter and white matter structure, Control group, HE, ×100 µm. 
b. Hemorrhage and microglial cells in both gray and white matter, Sham A group, HE, ×20 µm. 

c. Large necrosis sites in the transverse section, vacuolization in myelin sheaths and damaged canalis centralis, Sham B group, HE, ×200 µm. 

d. Intensely gitter cells (arrows) and hemorrhage (stars), Sham B group, HE, ×20 µm. 
 

 

Histopathological results: The cells in the anterior horn 

of the spinal cord were examined for damage. For this 

reason, the cells that have lost their eosinophilic cytoplasm 

and nucleus were considered dead neurons due to 

ischemic damage. Cells with cytoplasmic Nissl bodies, 

thin chromatin, and a prominent nucleolus were considered 

alive. Histopathological findings observed were classified 

as none (0), mild (1), moderate (2) and severe (3). 

Group I; control group: The spinal cord had normal 

gray and white matter structure (Figure 1a).  No 
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morphological changes were observed. Group II; (Sham-

A): There was prevalent edema, hemorrhage in both gray 

and white matter, vacuolization in myelin sheaths and 

neuronal necrosis; and the structure of neurons lined with 

ependymal cells were observed to be damaged. A small 

number of microglia cells were noted (Figure 1b). Group 

III; (Sham-B): They were similar to Group 2, with more 

severe morphological changes in the damage zone (Figure 

1c). In addition, intensive gitter cells were noted in this 

group (Figure 1d). Group IV (Preconditioning A): There 

was localized edema, hemorrhage, vacuolization in 

myelin sheaths and neuronal necrosis; and the structure of 

neurons lined with ependymal cells were observed to be 

damaged. Group V (Preconditioning B): There was no 

hemorrhage, liquefactive necrosis and gliosis; however, 

there was edema, hemorrhage, damage and vacuolization 

in myelin sheaths and neuronal necrosis; and the damage 

in the structure of neurons lined with ependymal cells 

were observed to decrease (Figure 2a and Figure 2b). 

Group VI (Treatment A): Moderate edema, hemorrhage, 

vacuolization in myelin sheaths and neuronal necrosis 

were also present in this group. It was observed that while 

the structure of the canal where ependymal cells were 

lined was preserved in some parts it was  damaged in some 

other parts (Figure 2c). Group VII (Treatment B): The 

edema, hemorrhage, vacuolization in myelin sheaths and 

neuronal necrosis were milder compared to Group VI. It 

was observed that the structure of the canal lined with 

ependymal cells was preserved in part and deteriorated in 

another part (Figure 2d). 

Histopathological changes shaped in the spinal cord 

are summarized in Table 2. 

When compared to the sham groups, it was observed 

that kefir had positive effects in the preconditioning and 

treatment groups by significantly reducing spinal cord 

bleeding, edema, myelin sheath damage, liquefactive 

necrosis, neuronal necrosis, selectivity of the canalis 

centralis and gliosis/gitter cell levels (P=0.000, Table 2). 

On the other hand, kefir demonstrated a therapeutic effect 

on the 7th day by reducing liquefactive necrosis and 

gliosis/gitter cell levels more than the first day in the 

preconditioning and treatment groups (P=0.000, Table 2).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Histopathological changes in the medulla spinal of the preconditioning and treatment groups. 
a.  Basophilic necrotic neurons (arrows) with loss of nuclei, damage and vacuolization (stars) in myelinated sheaths, Preconditioning B group,  HE, 

×20 µm.  

b.  Canalis centralis structure is preserved, Preconditioning B group, HE, ×200 µm. 
c.  Pericellular edema (arrows) and condition of the canalis centralis (star), Treatment A group,  HE, ×20 µm. 

d.  The appearance of the spinal cord, Treatment B group, HE. ×200 µm. 
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Table 2. Histopathological changes in the spinal cord. 

Groups Haemorrhage Edema Myelin Sheath 

Damage 

Liquefaction 

Necrosis 

Necrosis in 

Neurons 

Canalis 

Sentralis Not 

Selected 

Gliosis-

Gitter Cells 

 Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE 

1:Control 0.00±0.00 0.00±0.00 0.12±0.12 0.00±0.00 0.00±0.00 0.12±0.12 0.00±0.00 

2:Sham A 2.00±0.18 1.75±0.16 1.87±0.22 2.00±0.18 1.62±0.18 2.25±0.16 0.62±0.18 

3:Sham B 2.25±0.25 2.25±0.16 2.75±0.16 2.62±0.26 2.87±0.12 2.87±0.12 2.50±0.37 

4:Preconditioning A 1.75±0.16 1.75±0.25 1.50±0.26 β 1.75±0.31≠ 0.87±0.22*,β 2.25±0.16 0.25±0.16 

5:Preconditioning B 0.25±0.16€,β 1.00±0.00*,β 1.00±0.00*,β 0.37±0.18€,β 1.00±0.00β 1.00±0.00€,β 0.00±0.00β 

6:Treatment A 1.50±0.26 2.00±0.18 2.25±0.16 1.87±0.12 1.75±0.16β 1.12±0.35€,β 0.25±0.16β 

7:Treatment B 1.12±0.22β 1.00±0.00*,β 1.00±0.00*,β 0.00±0.00€,β 0.75±0.16€,β 0.50±0.26€,β 0.12±0.12β 

A: First day, B: Seventh day.  

Compared with the Sham A group: * : P<0.05; € : P<0.005. 

Compared with the Sham B group: ≠ : P<0.05, β : P<0.005.  
Compared with the Preconditioning A group:   α : P<0.05, ¥ : P<0.005. 

Compared with the Preconditioning B group: $ : P<0.05, & : P<0.005. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Immunohistochemical findings for GFAP, COX-2 and NSE antibodies. 
a. Medulla spinalis GFAP negative, Control group DAB, ABC, ×100 µm. 
b. Medulla spinalis GFAP positive astrocytes (arrows), Preconditioning B group, DAB, ABC, ×20 µm. 

c. COX-2 positive microglia (arrows) and mild positive neuron cytoplasm in medulla spinalis, Sham A group, AEC, ABC, ×20 µm. 

d. NSE positive neurons (arrows) in medulla spinalis, Sham A group, AEC, ABC, ×20 µm. 

 

 

Immunohistochemical results: While immunoreactivity 

was not observed against GFAP, NSE, INOS and IBA-1 

antibodies in the control group (Figure 3a); in the 

uninjured central nervous system, COX-2 positive 

staining in neurons and MBP positive staining in cords in 

myelin sheaths were observed. 

GFAP positive fibrous astrocytes attracted attention 

most intensely in the 5th and 7th groups, as a result of the 

increase in the severity of the lesion and the repair in the 

astrocytes in parallel with the increase in the experimental 

period in the groups where experimental spinal cord injury 

was created (Figure 3b). Weaker immunoreactivity was 
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observed in Groups 3, 4, and 6, respectively, whereas  

immunosuppressive staining was not observed in Group 2. 

The strongest immunoreactivity against the antibody 

used to demonstrate the COX-2 protein levels increasing 

after the spinal cord injury in astrocytes and microglia was 

observed in Groups 3, 2, 6, 4, 7 and 5, respectively. In 

addition, immunoreactivity was noted in non-damaged 

neuron cytoplasms (Figure 3c).  

The strongest staining against the NSE antibody used 

to determine neuronal damage was observed in groups 3, 

2, 6 and 4, respectively (Figure 3d). While there was 

moderate immune reactivity related to neuronal damage in 

group 7 compared to other groups and group 5, there was 

a significant decrease in the number of immune positive 

cells in group 5. 

Immunohistochemical staining was performed for 

the presence of myelin basic protein (MBP) to determine 

the destruction of myelin sheaths. The strongest staining 

was observed particularly in the areas with severe damage. 

In the myelin sheaths with granular and irregular 

appearance among the healthy myelin sheaths in the form 

of cords, the strongest immunoreactivity was observed in 

the animals that belonged to the 3rd and 2nd groups, 

respectively (Figure 4a). Immunoreactivity in the form of 

wires and organized myelin sheaths as a result of more 

minimal myelin fragmentation due to reduced damage was 

also noticed in groups 5, 7, 4 and 6, respectively (Figure 4b).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Immunohistochemical findings regarding MBP, IBA-1 and INOS antibodies. 
a. Medulla spinalis MBP positive myelin sheaths, Sham B group, DAB, ABC, ×100 µm. 
b. MBP weak positive myelin sheaths in medulla spinalis, Preconditioning A group, DAB, ABC, ×20 µm. 

c. IBA-1 positive microglia (arrows) in medulla spinalis, Sham A group, AEC, ABC. 

d. IBA-1 weak positive microglia (arrows) in medulla spinalis, Treatment A group, AEC, ABC, ×20 µm. 
e. Medulla spinalis INOS moderate positive microglia (arrows), Sham B group, AEC, ABC, ×20 µm. 

f. Medulla spinalis INOS weak positive microglia (arrows), Treatment B group, AEC, ABC, ×20 µm. 
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Table 3. Immunohistochemical changes in the spinal cord. 

Groups GFAP NSE IBA iNOS COX-2 
MBP 

organized 

MBP 

unorganized 

 Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE 

1: Control 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 3.00±0.00α 3.00±0.00 0.00±0.00 

2:Sham A 0.00±0.00 2.75±0.16 1.25±0.16 1.00±0.18 2.00±0.00 2.00±0.18 2.12±0.12 

3:Sham B 0.62±0.18 3.00±0.00 1.75±0.16 1.87±0.12* 2.75±0.16€ 1.12±0.12€ 1.87±0.12 

4:Preconditioning A 0.62±0.18* 1.62±0.18€.β 0.87±0.22≠ 0.75±0.16β 1.62±0.18Β 0.75±0.16€ 1.12±0.12€,β 

5: Preconditioning B 2.00±0.00€,β 0.50±0.18€,β 0.37±0.18*,β 0.37±0.18β 0.87±0.12€,Β 2.00±0.00β 0.50±0.18€,β 

6:Treatment A 0.50±0.18 2.00±0.00€,β 0.62±0.26β 0.62±0.26β 1.75±0.16Β 0.62±0.18€ 1.00±0.00€,β 

7:Treatment B 2.00±0.00€,β 1.00±0.00€,β 0.50±0.18β 0.50±0.18β 1.00±0.00€,Β 0.87±0.12€ 0.87±0.12€,β 

A: First day, B: Seventh day, α : Immunoreactivity in neurons  

Compared with the Sham A group: * : P<0.05; € : P<0.005 

Compared with the Sham B group: ≠ : P<0.05, β : P<0.005. 

 

 

Table 4. Effects of Kefir on Serum BDNF (ng / ml) in Experimental Spinal Cord Injury. 

Groups 
Group 1: 

Control 

Group 2: 

Sham A 

(1.day) 

Group 3: 

Sham B 

(7.day) 

Group 4: 

Preconditioning A 

(1.day) 

Group 5: 

Preconditioning B 

(7.day) 

Group 6: 

Treatment A 

(1.day) 

Group 7: 

Treatment B 

(7.day) 

Mean 63.94 12.06 31.14 30.96 33.41 26.09 36.58 

SE ±19.93 ± 5.51 ±14.32 ±11.10 ±16.57 ±10.77 ±13.84 

 
 

IBA-1 and INOS positive cells were observed in the 

microglia cells around the vacuolizations in the damage 

area in groups 3, 2, 4, 6, 7 and 5, respectively, ranging 

from minimal to mild according to the severity of 

immunoreactivity (Figures 4c, 4d, 4e, 4f). INOS 

immunoreactivity was observed in some blood vessel 

endothelial cells among these microglial cells (Groups 3, 

2, 4.6, respectively). 

Immunohistochemical changes in the spinal cord 

were graded as none (0), mild (1), moderate (2) and severe 

(3).  

When kefir was compared with the sham groups, it 

was found that the preconditioning groups showed a 

positive effect by significantly decreasing the NSE, IBA, 

INOS, COX-2, and unorganized-MBP levels and 

increasing the GFAP level on the 1st and 7th days and 

increasing spinal cord (P=0.000). 

Compared to sham groups, it was found that kefir 

demonstrated a positive effect in treatment groups by 

decreasing the levels of NSE, IBA-1, INOS, COX-2 and 

MBP significantly on the 1st and 7th day and increasing the 

GFAP level (P=0.000, Table 3). On the other hand, kefir 

had a therapeutic effect by decreasing the levels of NSE, 

IBA-1, INOS, COX-2, and MBP more than day 1 on the 

7th day in the preconditioning and treatment groups 

(P=0.005, Table 3). 

 

Serum BDNF findings: When compared to the control 

group, Serum BDNF levels decreased significantly in the 

Sham A-B, Preconditioning A-B and Treatment A-B 

groups. When compared to Sham and B groups, kefir 

increased BDNF levels in preconditioning and treatment 

groups on the 1st and 7th days. Compared to the Sham A 

group, kefir increased BDNF levels on the 1st day more 

than the 7th day in the preconditioning and treatment 

groups (P=0.292, Table 4). 

 

Discussion and Conclusion 

Pathological injury mechanisms after SCI are mostly 

focused on primary and secondary injuries. Primary 

trauma of the spinal cord leads to irreversible primary 

injury (33, 37). In contrast, primary injury cascade 

reactions lead to reversible secondary injury with more 

serious levels of injury compared to primary injuries (24). 

Acute spinal cord injuries could  result in severe central 

nervous system damage as well as motor and sensory 

dysfunction, and it has a high rate of disability (23). 

Despite the importance of motor dysfunction repair in SCI 

patients (34), the basic mechanisms have not been 

demonstrated yet and more basic research is required. In 

the study, the values in the preconditioning group were 

found to be higher compared to the sham and treatment 

groups in the neurological evaluation with the MTS. In 

terms of the finger opening test, the differences between 

the Preconditioning B and Treatment A groups were 

significant in the neurological evaluation on the 1st day 

(P=0.000). Many studies have reported that antioxidants 
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could delay the progression of neurodegeneration (1). 

Zhang et al. (40) applied compression from the T8 level to 

the spinal cord in rats and demonstrated locomotor healing 

in the MTS with combined anti-inflammatory therapy. In 

our study, it can be argued that the MTS values in the 

preconditioning group were higher than those in the other 

groups; and kefir contributed to the clinical improvement 

after trauma. Based on these findings, it can be argued that 

the preconditioned application of kefir provides clinical 

benefits. While there was a decrease in the finger opening 

test values after the trauma, an increase was observed in 

the groups that were fed kefir. Similar to the findings of 

our study, Şirin et al. (35) reported that there was a 

significant decrease in finger opening test values after 

spinal cord injury.   

BDNF mainly promotes the survival and 

regeneration of neurons, and it has been defined in many 

brain regions including the bulbus olfactorius, cortex, 

hippocampus, basal forebrain, mesencephalon, 

hypothalamus, brainstem, and spinal cord (2). After SCI, 

the requirement for BDNF is increased (8, 15). Therefore, 

we believe that BDNF could be useful in identifying spinal 

cord injury and in monitoring the post-treatment process 

and prognosis. When compared to the control group, 

Serum BDNF levels decreased significantly in the Sham 

A-B, Preconditioning A-B, and Treatment A-B groups. 

When compared to Sham and B groups, kefir increased 

BDNF levels in preconditioning and treatment groups on 

the 1st and 7th days. When compared to the Sham A group, 

kefir demonstrated a therapeutic effect by increasing the 

BDNF levels in the preconditioning and treatment groups 

more on the 1st day compared to the 7th day (P=0.292). 

Spinal cord injury always initiates an inflammatory 

response characterized by the infiltration of leukocytes 

and the synthesis of cytokines and chemokines. This 

excessive inflammation induced by a spinal cord injury 

induces degeneration of neurons and apoptosis of 

oligodendrocytes, causing a progressive injury. Astrocytes 

are one of the first cell populations to detect spinal cord 

injury. Astrocytes participate in repairing damaged parts 

of the brain; the presence of a significant increase in 

fibrous astrocytes during astrocytosis could be detected by 

strong GFAP expression in the brain tissue (6, 7). Intense 

astrocytosis does not occur within a short time following 

the spinal cord injury, and it is considered a chronic 

process. Similarly, myelin damage occurs immediately at 

the time of the injury; however, it does not start to appear 

morphologically within the few days following the trauma 

and it becomes visible with the sustained release of the 

metabolites applied to the damage (28). In the study, the 

GFAP and MBP expressions differed between the groups 

particularly in parallel with the increases in trauma and 

kefir application periods. However, it cannot be argued 

that kefir application provides full protection both in 

protecting myelin sheath structure and in sporrting 

astrocytosis. We attribute this to the short duration of both 

trauma and the kefir application in order to better observe 

morphological lesions. In the study, spinal cord damage 

lesions from kefir application that continued for 7 days 

before and after formation were observed less frequently 

compared to other groups, both in neurological 

examinations and at the histopathological level. 

The rise of neuron-specific enolase (NSE), known to 

play a role in the pathogenesis of hypoxic-ischemic brain 

injury, has been blamed for neuronal damage following 

spinal cord injury. For this reason, NSE is believed to be 

an important marker that directly evaluates functional 

damage in neurons (19). While a large number of NSE 

positive neurons were observed in the group that did not 

receive kefir after the trauma, a significant reduction in 

immunoreactivity was also noted despite complete 

protection was not provided with the inclusion of kefir 

(P=0.000).  

Traumatic spinal cord injury directly causes axonal 

and myelin damage as well as migration of inflammatory 

cells to the inflamed region (28). Miller et al. (28) reported 

that focal hemorrhage and necrosis were observed at the 

1st hour following the trauma and stated that there was an 

increase in IBA-1 and INOS expression in macrophages 

and microglia in the area of damage. Monocytes and 

microglia begin to multiply around the primary lesion 

after 48 hours following the spinal cord injury. 

Neutrophils are no longer present after 3 days. They are 

replaced by a large number of monocytes and microglia 

(40). Microglia activation is a common incidence in spinal 

cord trauma and is claimed to cause tissue damage during 

the elaboration of proinflammatory agents. INOS is an 

inducible enzyme found in macrophages and endothelial 

cells. INOS release is very low in the brain and often 

cannot be expressed. However, the production of 

cytokines causes INOS expression in microglia and 

astrocytes, resulting in continuous and high levels of nitric 

oxide production, which could lead to further tissue 

damage, especially with toxic byproducts such as 

peroxynitrite. Nitric oxide is also toxic to neurons and is 

responsible for neuronal death (28). 

IBA-1, which plays a role in the rearrangement of the 

actin cytoskeleton,is a cell surface marker directly 

associated with microglia activation, migration, and 

phagocytosis (22). Following the spinal cord injury, INOS 

and IBA-1 positive staining is observed in the microglia 

cells and macrophages around the vacuolizations and 

disintegrated myelin sheaths; however, immunoreactivity 

was observed to decrease due to the anti-inflammatory 

effect of kefir.    

There are two forms of the cyclooxygenase enzyme 

called COX-1 and COX-2. In experimental acute spinal 

cord injury, the production of COX-2, mRNA and proteins 
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is identified to increase between 2 and 48 hours, and it was 

determined that COX-2 inhibition would contribute to the 

results of spinal cord injury selectively. In the central 

nervous system without damage, the presence of COX-2  

in the neurons was demonstrated immunohistochemically 

(31); however, it was reported that the increase in COX-2 

related to the damage accelerated neuronal death and the 

neuroinflammatory response resulting from the 

production of prostaglandin E2 (PGE2) (14, 32). It is 

reported that COX-2, which is normally observed in 

neurons, is released with the injury from astrocytes and 

microglia, respectively (9, 20). In this study, severe COX-

2 immunoreactivity was observed in groups in which 

trauma was created but no kefir application was made. 

Despite the fact that the complete protective effect of kefir, 

which is reported to have an anti-inflammatory effect (4, 

30), was not observed, it was able to provide a reduction 

in the COX-2 release even with the application for 7 days 

before and after the experiment. 

As a result, histopathological examinations concluded 

that kefir had a positive effect in preconditioning and 

treatment groups by decreasing spinal cord bleeding, 

edema, myelin sheath damage, liquefactive necrosis, 

neuronal necrosis, the selectivity of canalis centralis and 

gitter cell levels significantly. Immunohistochemical 

examinations concluded that kefir had a positive effect in 

the treatment groups by decreasing the NSE, IBA-1, 

INOS, COX-2, and MBP levels on the 1st and 7th days and 

significantly increasing the GFAP level. This was 

supported by the increase that was observed in serum 

BDNF levels. In addition, no side effects or negative 

consequences have been reported for the consumption of 

kefir, which is a probiotic substance; on the contrary, it is 

reported to have antioxidant, anti-inflammatory, 

antiapoptotic, antitumoral, cholesterol-lowering, and 

neuroprotective effects. In the present study, it can be 

argued that kefir reduces the negativities formed at the 

cellular level against traumatic spinal cord damage; 

however, it cannot be argued that it provides complete 

protection. We believe that this may be related to the 

shortness of the period of kefir consumption. Therefore, 

there is a need for further studies, in which kefir would be 

applied for a longer time and in greater amounts. It is 

predicted that the consumption of this beverage, which is 

easily accessible and easy to prepare, would have 

protective effects on spinal cord injuries. 
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Visceral Larvae Migrans (VLM) is a syndrome in humans, caused by Toxocara 

canis larvae. A current and completely successful treatment protocol against 

such a common infection has yet to be established. In this study, the effect of 

combination of albendazole and N. sativa oil for the treatment of VLM was 

investigated. Five experimental groups were constituted and a total of 125 

Swiss albino (male, 6-8 weeks old) mice were used. All mice in each group were 

infected with 750 T. canis eggs with infective larvae, except the negative 

control group. 100 mg/kg albendazole and 0.15 ml Nigella sativa oil were 

applied orally to groups ALB and NSO separately and given orally to group COM 

in combination. The efficacy of the treatment was investigated 

parasitologically, histo-pathologically, and hematologically on the 7th, 14th, 

28th, 45th, and 60th days post-infection with necropsies. The larval recovery 

analyses revealed that, the highest treatment efficacy was obtained in group 

of combination. The treatment efficacy was 72.46%, 48.81%, 36.25% in the 

groups of COM, ALB, and NSO, respectively. The most severe pathological 

changes were developed in Group ALB, and the inflammatory reactions and 

pathological changes in Groups of COM and NSO were mild. We conclude that 

N. sativa oil enhances the larvicidal effect of albendazole by having an anti-

inflammatory effect and increasing tissue defense and immunity. 
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Introduction  

Toxocara canis is a parasite frequently encountered in 

both puppies and adult dogs. In addition to being a 

common parasite in carnivore animals, T. canis is also an 

important parasite in humans, especially in play-age 

children, causing a zoonotic infection known as Visceral 

Larvae Migrans Syndrome (11). 

Visceral Larvae Migrans (VLM) is characterized by 

hypereosinophilia (about 10.000 cells/mm3), hepatomegaly, 

fever, intermittent pulmonary infiltration, and 

hypergammaglobunemia, all caused by nematode larvae 

that have a non-human definitive host (5, 9). 

The main purpose of the treatment of infection is to 

reduce the number of larvae migrating to tissues and also 

alleviate or eliminate clinical symptoms (23). It is 

recommended that patients be treated with long-term 

anthelmintic as well as an anti-inflammatory agent (29). 

Currently, albendazole can be used for VLM treatment in 

humans (31, 38). Since a fully effective anthelmintic has 

not been established yet, the researchers were encouraged 

to use microparticles, immunomodulatory agents, 

probiotics, immune system supporters and stimulants, 

tissue defense strengthening, mucosal integrity 

strengthening, and anti-inflammatory agents as alternative 

treatments to increase the treatment efficiency (3, 4, 14, 

19, 32). There have also been several applications using 

molecules of plant origin for increasing the effectiveness 

of the treatments of VLM (34, 35). Nigella sativa has been 

considered as one of the medically important plants due to 

its immunomodulator effect on cellular and humoral 

immunity (13, 15, 27, 28) and anti-inflammatory effect on 

inflammation areas (6, 12, 24, 26). The main active agent 

showing this medicinal effect is thymoquinone (TQ) as a 

phytochemical agent (2-isopropyl-5-methyl-1,4-

benzoquinone, C10H12O2) (1, 36). Thymoquinone is found 

in 30-48% of the seeds (2, 16). 
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There have been a few studies investigating the 

effect of N. sativa on helminth infections (8, 25, 30). The 

aim of this study was to determine the effectiveness of a 

combination of albendazole and N. sativa oil against  

VLM in an experimentally infected mouse model. 

Albendazole is less absorbed from the digestive system, 

and it has been stated that this absorption increases in oily 

medium (16). Therefore, we hypothesized that whether a 

new drug formulation could be developed by enhancing 

the effect of albendazole with N. sativa oil. 

 

Materials and Methods 

Active substances and experimental groups: A total of 

125 male Swiss albino mice (mean weight 30g and 6-8 

weeks old) were used in this study, with 25 mice in 

experimental [albendazole (Vermiprazole oral suspension 

10%), N. sativa oil, and combination] and control groups. 

The amount of albendazole active substance in the 

preparation was analyzed by a spectrophotometric method 

(37). The anthelmintic was administered orally to mice at 

a dose of 100 mg/kg in group of albendazole (ALB) and 

combination (COM) (39). 

The oil obtained from the seeds of N. sativa was 

directly administered by oral gavage at a dose of 0.15 ml 

to mice in group of N. sativa oil (NSO) and COM (30). 

The modified method was used to determine the amount 

of TQ as the active ingredient in N. sativa oil, by High 

Performance Liquid Chromatography (HPLC) (10). 

 

Infecting mice and treatment procedure: Infected dogs 

were treated with Pyrantel Pamoate (Kontil®, oral 

suspension, 250 mg/5ml) at a dose of 0.1 cc/kg to collect 

mature T. canis. Eggs were collected from mature females 

and incubated in 0.5% formalin at 26-28°C in humidity for 

21-23 days until infective larvae developed. Mice were 

infected with 750 eggs containing infective larvae by oral 

gavage. The day infected mice were determined as day 0 

of the experiment. A physiological salt solution was given 

to the group of negative control by oral gavage to provide 

the same stress and ambient conditions. Albendazole (100 

mg/kg p.o), N. sativa oil (0.15 ml p.o), and  a combination 

of albendazole and N. sativa oil (100 mg/kg p.o 

albendazole + 0.15 ml p.o N. sativa oil) were applied to 

mice in treatment groups for 5 days post-infection. 0.2 ml 

dose of physiological salt solution was given orally to 

Groups of positive (PC) and negative control (NC). 

 

Necropsies of mice: Necropsies were performed on 5 

mice from each experimental group on the 7th, 14th, 28th, 

45th, and 60th days post-infection. Three of 5 mice were 

examined parasitologically and two of them were 

examined pathologically. 

Brain, eye, internal organs, muscle tissue, and 

mesenterial lymphatic nodules were examined for larvae 

(Figure 1). Also, the organs with lumen like stomach, 

intestine, urinary bladder, etc., and body cavities 

(abdominal and thoracic cavities) were examined 

parasitologically on stereo-microscope. The brain and eye 

were examined immediately after removal. The heart, 

lungs, diaphragm muscles, gastric mucosa, liver, spleen, 

kidneys, testes, mesenterial lymphatic nodules, forelimb, 

and hindlimb muscles, intestinal and urinary bladder 

mucosa were incubated in pepsin-HCl digestion solution 

(5 g pepsin + 7 ml HCl + 988 ml 0.9% isotonic solution) 

at 37°C for 24 hours. At the end of the period, the molten 

organs and tissue fragments were filtered and centrifuged 

in 15 ml conical falcon tubes at 2000 rpm for 10 minutes. 

After centrifugation, the supernatant was removed and the 

samples were kept at +4°C with 10% formalin until the 

larvae were counting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Toxocara canis larvae in different 

tissues. A. Brain, B. Hindlimb muscles,                 

C. Eye, D. Diaphragm muscles. 
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Haematological and histo-pathological examination: 

Blood taken during euthanasia was used to prepare smears 

for hematological analysis. Three preparations were made 

from each mouse to determine the effect of treatment on 

blood cells, especially eosinophil leukocytes. The May-

Grünwald Giemsa staining technique was used to stain the 

smears (21). The type and rate of the first 100 blood cells 

encountered in the microscopic area were calculated with 

the formula-leucocitaria method (18). 

In order to examine the histopathological changes, 

5μm thick sections were taken from tissue samples after 

10% formalin fixation and paraffin blocking. The 

preparations were stained with Hematoxylin & Eosin (21). 

All treatment groups were compared to Groups PC and NC. 

 

Statistical analysis: IBM SPSS Statistics Version 23 was 

used to evaluate the data. The statistical difference 

between the groups was analyzed by the Kruskal Wallis 

Test and the statistical difference was taken as P<0.10. 

 

Results 

Pharmacological results: In spectrophotometric analysis, 

the amount of albendazole in the oral suspension was 98%. 

Thymoquinone in N. sativa oil was found to be 1.39% 

using High Performance Liquid Chromatography method. 

According to the TQ percentage taken, 0.17% TQ was 

detected in 0.15 ml (0.13 g) N. sativa oil dosed to each 

mouse. 

 

Parasitological results: On the 7th day, the total number of 

migrated larvae were 343.65. The number of migrating 

larvae decreased in each treatment group. The fewest 

larvae was found in the Group COM. Larvae were 31.00 

in Group COM, and 36.33; 61.66 and 214.66 in Group 

ALB, NSO, and Group PC, respectively. They were 

especially concentrated in the liver and lungs, especially 

in Group PC. Numbers of larvae in liver and lungs were 

statistically different compared to the other necropsy days 

(P<0.05). It was also observed that the larvae began to 

migrate to brain on 7th day in all experimental groups. The 

decrease in the number of larvae in the extremity muscles 

of Group ALB was statistically different compared to 

Group PC (P<0.10). The decrease in the number of larvae 

of brain and diaphragm muscles in Group COM were 

statistically different compared to the Group PC and 

Group ALB (P<0.10) (Table 1). 

 

 

Table 1. Average number of larvae on 7th, and 14th days. 

  7th day 14th day 

 PC ALB NSO COM   PC ALB NSO COM   

  n=3 n=3 n=3 n=3 
P 

n=3 n=3 n=3 n=3 
P 

  �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� �̅� ∓ 𝑺�̅� 

Brain 22.00∓1.5283 10.67∓1.667 22.00∓2.517 6.33∓3.1803³ 0.033** 40.33∓2.603³ 24.67∓6.173 32.33∓5.207 13.00∓3.786³ 0.063* 

Eye - - 0.33∓0.333 - - 0.67∓0.333 - - - - 

Heart 1.33∓1.333 1.00∓1.000 0.33∓0.333 0.33∓0.333 0.983 1.67∓0.667 0.67∓0.333 1.33∓0.882 - 0.139 

Lungs 36.33∓15.857 8.67∓3.180 6.00∓1.732 4.33∓1.667 0.107 2.00∓0.577 1.67∓1.202 0.33∓0.333 1.33∓0.882 0.391 

Diaphragm 

Muscles 
1.67∓0.333 0.67∓0.3335 1.33∓0.667 4.00∓1.0005 0.083* 1.67∓0.667 1.00∓1.000 0.67∓0.333 0.67∓0.667 0.585 

Stomach - - - - - - - - - - 

Liver 122.33∓65.804 10.33∓4.978 8.67∓5.175 6.67∓4.702 0.281 26.67∓5.925³ 8.00∓4.041 11.33∓1.333 5.00∓0.577³ 0.051* 

Spleen - - - 0.67∓0.667 - 1.00∓0.577 0.67∓0.667 0.67∓0.333 - 0.415 

Kidneys 8.67∓1.667 2.00∓2.00 11.67∓3.667 4.67∓2.186 0.101 2.00∓0.000 2.00∓0.577 0.67∓0.333 0.67∓0.333 0.249 

Testes - - 0.33∓0.333 - - 0.33∓0.333 - - 0.33∓0.333 0.532 

M.Lymph    
Nodes 

1.33∓0.3333 0.33∓0.333 1.00∓0.000 0.00∓0.0003 0.040** 1.00∓0.000 0.33∓0.333 0.33∓0.333 0.67∓0.333 0.326 

Forelimb  
Muscles    

11.67∓2.8481 1.33∓0.8821 7.67∓3.667 2.33∓1.202 0.043** 5.67∓3.667 4.33∓0.333 4.67∓1.764 1.33∓0.333 0.137 

Hindlimb 

Muscles 
9.00∓1.1551 1.00∓1.0001 2.33∓0.882 1.67∓0.882 0.072* 10.00∓3.464³ 3.33∓0.333 7.00∓2.309 1.00∓0.577³ 

0.041*

* 

Intestines 0.33∓0.333 0.33∓0.333 - - 0.532 - - - - - 

Urinary 

Bladder 
- - - - - - - - - - 

*: P<0.10; **: P<0.05; There are statistically differences between groups 1: PC and ALB; 2: PC and NSO; 3: PC and COM; 4: ALB and NSO; 5: ALB 
and COM; 6: NSO and COM. 
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On the 14th day, the total number of migrated larvae 

was 222.99. The number of migrated larvae decreased, 

especially in Group COM compared with Group PC. The 

prevalences of larvae were 24.00; 46.00; 59.33; 93.00 in 

Groups COM, ALB, NSO, and Group PC, respectively. 

The number of larvae that passed into the neurotropic-

myotropic phase from 14th day was determined more 

intensively. In all experimental groups, the count of larvae 

in the internal organs such as the liver, lungs, and kidneys 

decreased and increased in the brain. The larvae in brain 

were found to be closer in Group NSO than in Group PC. 

The liver was the second most common larvae in all 

groups. The extremity and diaphragm muscles were the 

most common tissues in this period after brain and liver. 

Compared to all groups, the minimum number of larvae in 

the brain extremity muscles, and liver were determined in 

Group COM. The number of larvae in the brain, liver 

(P<0.10), and hindlimb muscles were statistically 

different compared to Group PC (P<0.05) (Table 1). 

The total number of migrated larvae on day 28th was 

587.65. The numbers of larvae were 91.00 in Group COM; 

102.66 in Group ALB; 179.66 in Group NSO; and 214.33 

in Group PC. In all groups, the maximum number of larvae 

was detected in the brain and decreased in the liver and 

lungs. The decrease in the number of larvae in hindlimb 

muscle in Group COM was statistically different 

compared to Group PC (P<0.05) (Table 2). 

The total number of migrated larvae on the 45th day 

was 603.99. The numbers of larvae were 42.00 in Group 

COM; 164.33 in Group NSO; 196.33 in Group ALB and 

201.33 in Group PC. On 60th day, a total of 319.65 larvae 

migrated. Numbers of larvae were 48.00 in Group COM; 

56.66 in Group ALB, 81.33 in Group NSO and 133.66 in 

Group PC. On the 28th, 45th, and 60th days, larvae in the 

brain were found to be increasing compared to the 7th and 

14th days and this increase was statistically different  

(P<0.05) (Table 2). 

Histopathological results: All histopathological results 

were evaluated by comparison with Groups NC and PC on 

each necropsy day. On the 7th day, Group ALB showed 

severe inflammatory cell infiltration in the lungs, liver, 

and diaphragm muscles. Severe neutrophil leukocyte cell 

infiltration around alveoli in the lungs, emphysema, 

edema, and eosinophil leukocytes were noted (Figure 2). 

Neutrophil leukocytes, mononuclear cell infiltration, and 

perivasculitis were detected with numerous Kupffer cells 

in the liver between the remark cords and around the Vena 

centralis. In Group NSO, severe inflammation replaced by 

mild cellular infiltration, and changed from 

polymorphonuclear to mononuclear (Figure 2). Also, it 

was found that the level of inflammation decreased and 

changed from polymorphonuclear to mononuclear in 

Group COM as Group NSO. 

On the 14th day, it was observed that the 

inflammation in Group ALB was severe and that many 

organs and tissues (lungs, liver, kidneys, etc.) were 

affected. There was mononuclear cell infiltration around 

the alveoli in the lungs and V. centralis and trias hepatis in 

the liver, as well as emphysema and focal granulomas. 

Mononuclear cell infiltrations and eosinophil leukocytes 

were noted in extremity muscles. There were no serious 

pathological observations in Group NSO, unlike in Group 

ALB. In Group COM, mild mononuclear cell infiltration 

in the lungs, liver, heart, extremity and diaphragm 

muscles, and kidneys, emphysema, edema, and eosinophil 

leukocytes and granuloma structures, were observed in 

part of the mice (Figure 3). 

On the 28th, 45th, and 60th days, similar organs were 

affected by infection. The inflammation became chronic, 

and the mononuclear cells dominated the lesions. Tissue 

repair was started on the 28th day. Also, granuloma 

formation was observed in the liver, heart, and lungs on 

the 45th and 60th days (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. A. 7th day, Group ALB; edema in lung tissue (a), eosinophil leukocytes (b), multiple neutrophil leukocyte cell infiltration 

around alveoli  (c) and emphysema (d). (H&E, scale bar: 50 µm).  B. 7th day, Group NSO; mild cell infiltration around the alveoli in 

lung tissue (c) and areas of emphysema (d) (H&E, scale bar: 100µm). 
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Figure 3. A. 14th day, Group ALB; heart muscle tissue severe mononuclear cell infiltration between muscles (a) and eosinophil 

leukocytes (b) (H&E, scale bar: 50 µm). B. 14th day, Group COM; mild mononuclear cell infiltration between muscles (a) (H&E, scale 

bar: 100µm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 60th day, Group NSO; coagulation necrosis in the center of liver tissue (d), around multinucleated giant cells (b), mononuclear 

cell infiltration (c) and granuloma structure surrounded by connective tissue (a) (A. H&E, scale bar: 50 µm), (B. H&E, scale bar: 20 µm). 

 

 

Hematologic results: Blood cell ratios for all necropsies 

are given in Table 3. On the 7th day, the treatment groups 

were compared with Group PC; the ratio was decreased in 

all groups, and the values were similar in Groups NSO and 

COM. There was a statistical difference (P<0.10) between 

Group ALB and NSO. No statistical difference was found 

between the groups in terms of cell availability on the 14th 

and 28th day (P>0.10). 

On the 45th day, when the ratios of all the 

experimental groups were compared with Group PC, it 

was observed that the lymphocyte ratio increased and the 

neutrophil leukocyte ratio decreased. Monocytes were 

increased in Group ALB, decreased in Group COM, and 

were similar in Group NSO. The absence of eosinophil 

leukocytes in Group COM showed statistical difference 

(P<0.10) with Group PC. No statistical difference was 

found between groups on 60th day (P>0.10). 

 

Discussion and Conclusion 

Numbers of migrated larvae were found at 856.98 in 

Group PC; 236.00 and 436.64 in Group COM and ALB 

respectively. It was found at 546.31 in Group NSO. The 

maximum reduction in the number of  larvae was seen in 

Group COM compared to Group PC. The second group 

was ALB, followed by Group NSO. The most effective 

group was Group COM (72.46%), the second group was 

ALB (48.81%), and Group NSO was found to be minimal 

(36.25%) in terms of parasitological effect level. 

Parasitological effect of treatment was 85.55% on 

the 7th day, and found to be 74.19%; 57.69%; 79.13%, and 

64.08% on the 14th, 28th, 45th, and 60th, respectively. Musa 

et al. (30) reported that the effect in the combination group 

was 87.00% on the 7th day, showing a similarity with this 

study (85.55%) and Nigella sativa oil in two different 

doses for 7 days was given to mice, and the effect level 

was determined as 31.0% and 39.3% on the 7th day. But, 

in this study, the effect level of Group NSO 71.27% were 

found on the 7th day and a much higher effect level was 

obtained. It was thought that using the oil extract obtained 

directly from seed, the difference in the amount of N. 

sativa and TQ in the extract used and the geographic 

differences in plant structure/components could be 

effective on an effect level. The geography of the plant, 

the way it is obtained, the döşe, and the application time 

can affect the percentage of activity (20). It is reported that 

most of the TQ found in the composition of Nigella sativa 

is found in the seeds (30-48%) (2). In addition, it is 

reported that the fatty extract of the plant is more easily 
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absorbed from intestinal cells than alcohol and aqueous 

extract (33). In the current study, the oil extract obtained 

from the seeds of N. sativa was applied directly, and it’s 

considered that a higher level of effect was achieved, 

unlike in the previous study (30). 

The partial decrease in the number of larvae in Group 

NSO arises from the immunomodulatory and anti-

inflammatory effect of the oil by increasing the host's 

tissue defense and regulating the immune response to 

affect the reduction of parasite settlement and tissue 

damage as noted by some researchers (7, 13, 15, 28). The 

changes in the tissues of mice in Group NSO and COM 

were milder than Group ALB and PC. Musa et al. (30) 

reported that the destruction of lungs, liver, and brain was 

decreased in N. sativa oil and albendazole group compared 

to the positive control group, whereas in the combination 

group. In this study, no antiparasitic effect was observed 

in Group NSO, as in some studies (17, 22, 25). In both 

Group NSO and COM, inflammation severity and degree 

of inflammatory changes were less than Group ALB. It has 

been observed that the application of oil with albendazole 

both regulates the body and tissue defense mechanisms of 

the host and prevents the localization of the parasite as 

well as mitigating the damage caused by the parasite. 

It was determined that the blood values during the 

first two weeks of migration of the infection were 

consistent with the pathological findings. When evaluated 

together with pathological findings, the predominance of 

lymphocytes and macrophages in the inflammatory cells 

supports the decrease in the amount of blood as a result of 

migration to the tissue. Some researchers reported that N. 

sativa oil can increase and decrease the neutrophil 

leukocytes and interleukins in the blood and regulate the 

severity of the immune response (13, 15, 28). 

In conclusion, the larvicidal-migration inhibitory 

effect of albendazole and the immunomodulatory, anti-

inflammatory effect of N. sativa oil were found in Group 

COM with the highest parasitological and pathological 

effects. It’s thought that N. sativa oil enhanced the effect 

of albendazole with its immunomodulatory and anti-

inflammatory properties, so that infection was observed to 

be milder both parasitologically and pathologically in 

Group COM. The effect of Nigella sativa oil, when used 

alone, is lower than the other two treatment groups and 

being close to the Group PC. It’s showed that plant oil 

does not directly affect larvae when applied alone. 

Pathological findings supported that the oil exhibits an 

anti-inflammatory effect in tissues and blood preparations. 

It is thought that such studies will open a new perspective 

on the development of the phytotherapy field in parasitic 

diseases. With this study, Nigella sativa oil has no direct 

lethal effect on the larvae, but may help in the 

development of supportive/complementary treatment 

procedures to reduce the side effects of immune system 

supplementation and/or host infection. 
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Effects of nano-selenium (nano-Se) and stocking density (SD) on growth 

performance, carcass yield, meat quality, and feathering score of broilers were 

investigated in this study. One-day-old 480 broiler chickens (45.32.4 g body 

weight) (Ross 308) were randomly divided into 4 treatments each comprising 

of 8 replicates. In the experiment, treatments consisted of a 2  2 factorial 

arrangement of dietary Se form (inorganic or nano) and SD (low = 12 birds/m2; 

LSD, and high = 18 birds/m2; HSD). No interaction was noted between Se form 

and SD for any trait. Nano-Se had no effect on growth performance, however, 

HSD decreased the body weight gain (BWG) (P0.05) and feed intake (FI) 

(P0.001) while feed conversion ratio (FCR) was unaffected. Neither nano-Se 

nor HSD had any effect on the relative carcass, breast, and thigh yields. Nano-

Se improved the water-holding capacity (WHC) of breast meat 72-hpost-

mortem (P0.05). However, pH, colour, and cooking loss of meat remained 

unaffected by Se form or SD. There were no differences between nano- or 

inorganic Se and LSD or HSD regarding feathering scores for back and wing. In 

conclusion, dietary nano-Se improved the WHC and had no significant effect 

on other parameters. In addition, HSD may negatively affect the growth 

performance. 
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Introduction  

Selenium (Se) belongs to the class of essential elements 

required for a wide range of functions such as sustaining 

of life, growth, meat quality, and feathering. The major 

factors that determine the effectiveness of Se are its 

dietary level and form. Today Se is still one of the most 

discussed elements in poultry nutrition (39). In a living 

organism, Se is present in the form of selenocysteine as 

part of selenoproteins (17, 38). 

The bioavailability of Se is related to its physical 

form and is found in diets in two basic forms, inorganic 

and organic. Mostly inorganic Se sources (e.g. sodium 

selenite and sodium selenate) used in broiler diets (39). 

However, there has been an increasing interest in using 

organic selenium sources (e.g. selenocysteine and 

selenomethionine) in poultry diets. Se in plants occurs 

only in organic form and mainly selenomethionine (10). 

Recently, another form of Se that has been of particular 
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interest is nano-selenium (nano-Se). Nanotechnology is 

used in animal feeding as well as many other areas and the 

most important application of nanotechnology in this area 

are nanominerals. Nanominerals are characterized by a 

particle size of 1 to 100 nm. (40). Nano minerals have a 

larger surface area, higher surface activity and are 

absorbed more easily and effectively than other forms of 

the same mineral (21). 

Optimal housing and nutrition are essential to keep 

the performance at the highest level in broiler production. 

One of these environmental conditions is stocking density 

(SD). High stocking density (HSD) can reduce fixed 

production costs (such as labor and maintenance) and 

increase the kilogram of chicken weight produced per unit 

of area, thus increasing the profitability (19). However, 

HSD creates stress among the animals, increasing the 

amount of ammonia in the environment, decreasing the 

litter quality, and adversely affecting animal health, 

performance, and product quality (13, 36). Some minerals, 

such as Se, may be used in broiler diets in order to 

decrease the adverse effects of HSD (38). 

Some studies have reported the use of supplemental 

nano-Se on growth performance, carcass yield, and meat 

quality of broiler (10, 29). Moreover, dietary nano-Se has 

been used to alleviate the negative effect of heat and 

oxidative stress in broilers (9, 18). However, no study has 

reported the effect of supplemental nano-Se in broilers 

under the stressful condition of HSD. Therefore, this study 

aimed to examine the effect of dietary nano-Se on growth 

performance, carcass yield, meat quality, and feathering 

score of broiler chicks under HSD. 

 

Materials and Methods 

Experimental design and diets: The experiment 

comprised of 480 one-day-old Ross 308 male broiler 

chickens (45.32.4 g body weight) randomly allotted to 4 

experimental groups with 8 replicates/group as a 

completely randomized design with 22 factorial 

arrangement of dietary Se form (inorganic or nano) and 

the SD (low = 12 birds/m2(LSD) or high = 18 birds/m2). 

At the end of experiment, an average 34.3 kg and 50.2 kg 

body weight/m2 were determined in groups subjected to 

LSD and HSD, respectively. Birds were housed in floor 

pens occupying 1 m2 floor space (feeders and drinker 

space excluded) with wood shavings as litter material. A 

23L:1D lighting program was implemented up to 7 days 

and 18L:6D thereafter until day 42. The temperature of 32 

C was maintained during the first week followed by a 

reduction of 3C per week until d 21 and a temperature of 

24-26C was maintained afterwards. Free access of birds 

to feed and water was ensured throughout the experiment. 

The duration of the experiment was 42 days. 

Starter (d 1 to 10), grower (d 11 to 24), and finisher 

(d 25 to 42) diets based on corn-soybean meal were 

formulated according to Aviagen (5) in mash form (Table 

1). Sodium selenite with 99.0% purity (Sigma-Aldrich 

Co., USA) was used as inorganic Se source. Nano-Se was 

prepared at the Department of Nanotechnology 

Engineering, Cumhuriyet University, Sivas, Türkiye. The 

nano-Se had 99.95% purity, ranging in size between 30 

and 60 nm. Sodium selenite and nano-Se were 

supplemented at 0.66 and 0.30 mg/kg, respectively, in 

order to provide 0.3 mg/kg Se in diets. First, the feed 

additives (vitamins and minerals) were mixed among 

themselves, then this mixture added to the feed mixture 

and mixed again. 

 

 

 

Table 1. Ingredient and nutrient composition of diets. 

Ingredients (%) 
Starter 

(1-10 d) 

Grower 

(11-24 d) 

Finisher 

(25-42 d) 

Corn 55.52 56.01 58.95 

Soybean meal (48% 

crude protein) 

37.51 36.05 33.44 

Vegetable oil 2.51 4.16 4.24 

Limestone 0.88 0.84 0.81 

Dicalcium phosphate 2.31 2.01 1.72 

Salt 0.36 0.34 0.36 

Methionine 0.36 0.24 0.13 

Lysine 0.20 - - 

Vitamin premix* 0.25 0.25 0.25 

Mineral premix** 0.10 0.10 0.10 

Nutrient composition (calculated) 

Metabolizable energy 

(ME), kcal/kg  

3033 3151 3191 

Crude protein (CP) 22.96 22.00 21.00 

Calcium 1.00 0.91 0.82 

Available phosphorus 0.50 0.45 0.40 

Methionine-cystine 1.09 0.95 0.80 

Lysine 1.42 1.21 0.15 

Selenium, mg/kg 0.35 0.35 0.35 

Nutrient composition (analyzed) 

Dry matter  91.2 90.8 90.5 

CP 23.16 22.18 21.24 

Ether extract 6.32 8.04 8.23 

Neutral detergent fiber 9.25 8.74 8.38 

Crude ash 5.51 5.45 5.39 

Selenium, mg/kg 0.34 0.34 0.34 

*Vitamin premix (per kilogram diet): vitamin A 12 000 IU, vitamin D3 3 

000 IU, vitamin E 50 mg, vitamin K3 5 mg, vitamin B1 3 mg, vitamin B2 

6 mg, niacin 30 mg, calcium-d-pantothenate 10 mg, vitamin B6 5 mg, 
vitamin B12 0.03 mg, d-biotin0.1 mg, folic acid 1 mg, choline chloride 

400 mg. 

**Mineral premix (per kilogram diet): manganese 100 mg, iron 60 mg, 
copper 5 mg, cobalt 0.2 mg, iodine 1 mg, zinc 80 mg. 
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Chemical analysis of feed: The proximate composition of 

experimental diets was determined according to AOAC 

(3). Van Soest (42) method was used to measure the 

neutral detergent fiber (NDF) values of the feeds. The Zn 

content of feeds was determined by inductively coupled 

plasma optical emission spectrometry (ICP-OES). Feed 

sample (0.3 g) was subjected to wet digestion with 8 mL 

65% nitric acid and 2 mL 37% hydrochloric acid in a 

sealing vessel at 180 C in a microwave (MARS 6, CEM 

Corporation, Matthews, NC) for 20 min. The digested 

samples filtered in flask and diluted to 25 mL by adding 

deionized water for analysis in ICP-OES.  

 

Performance parameters and carcass yield: The data for 

feed intake (FI) and body weight (BW) on per pen basis 

were recorded. Body weight gain (BWG) and feed 

conversion ratio (FCR) of broilers were calculated with 

these data for growth phases and overall growth period. 

Mortality was recorded daily. At d 42, three chickens from 

each replicate were slaughtered by decapitation. Carcasses, 

breasts, and thighs were weighed individually, and relative 

weights were calculated as a percent of live weight. 

 

Meat quality parameters: After weighing the breast, 

samples from the left part of breast meat were taken 

immediately and placed in a refrigerator at 4 C for 

storage. Breast muscle pH was measured at a depth of 2 

cm using a pH meter (Orion Model 720, Thermo Electron 

Corporation, Beverly, MA, US) from three different sites 

and the average value was used. A chromameter (CR-400, 

Minolta Camera Co., Osaka, Japan) was employed to 

determine the meat colorfor L* (lightness), a* (redness), 

and b* (yellowness). Water-holding capacity (WHC) of 

breast meat samples were determined according to Joo 

(24). For this purpose, five pieces of breast meat 

(approximately 5 g) were weighed and placed between the 

weighed two filter papers with 100 cm2 (1010 cm) area. 

Then the meat samples and filter papers were placed 

between two 1515 cm (225 cm2) glass plates. Loads of 

2250 g were applied on the glass plates to create a pressure 

of 10 g/cm2 for 5 min followed by weighing the filter 

paper and calculation of percent WHC as follows: 

Final weight of filter paper − Initial weight of filter paper

Initial weight of meat sample
× 100 

The breast meat samples were weighed, put in a 

polyethylene bag, heated at 75°C internal temperature in a 

water bath for 45 minutes, and weighed again after cooling 

and drying between the layers of filter paper to determine 

the cooking loss (CL). CL was calculated by ascertaining 

the weight loss after cooking (22). 

 

Feathering score: At d 42 of the experiment, 10 chickens 

from each pen were subjected to feather scoring according 

to Lai et al. (25). The back feathering was evaluated by 

using 5-point scoring method (1 to 5) with 1 indicating 

minimal coverage and 5 for complete coverage. A 3-point 

scoring method (0 to 2) was used for wing feathering. 

Wings without any defect were scored as 0, wings with 

lesions and torn feathers as 1, and wings with broken 

feathers and retarded feathering were scored as 2. 

 

Statistical analysis: The effect of dietary Se form and SD 

was assessed using the GLM procedures of SPSS (version 

22.0; IBM Corp., Armonk, NY, US). Feathering scores 

between groups were tested with Kruskal-Wallis and 

scores between main effects (Se form and SD) were 

compared with the help of the Mann-Whitney U test. The 

Duncan’s Multiple Range Test was used for the 

comparison of means. The difference at 95% confidence 

interval (P<0.05) was assumed as significant. 

 

Results 

In the current study, no interaction was found between SD 

and dietary Se form for performance, carcass yield, meat 

quality, and feathering scores of broilers (Tables 2 and 5). 

Table 2 shows the effect of dietary Se form on BWG, 

FI, and FCR of broilers under low or high stocking 

densities. Growth performance of broilers was not 

different regardless of dietary Se form. However, HSD 

significantly decreased the BWG (P0.05) and FI 

(P0.001) on d 25 to 42 and 0 to 42 whereas; there was no 

significant effect on FCR at any phase. 

Neither dietary Se form nor SD had any significant 

effect on carcass, breast, and thigh yields (Table 3). 

Dietary nano-Se significantly decreased the WHC of 

breast meat 72-h post-mortem (P0.05) but did not affect 

other meat quality parameters (Table 4). HSD had no 

effect on pH, meat colour, WHC, and CL of breast meat at 

15 min, 24-h and 72-h after slaughter. 

Both dietary Se form and SD did not affect the 

feathering score of back and wing of broilers (Table 5). 

 

Discussion and Conclusion 

Owing to the varying reports, growth performance of 

broilers remains inconclusive in response to dietary Se. 

The current study showed that growth performance was 

similar in broiler chickens fed nano- or inorganic Se in 

conformity with the results of Boostani et al. (9), Liu et al. 

(27), and El Deep et al. (18). On the contrary, Selim et al. 

(34) and Mohammadi et al. (29) stated that 0.3 mg/kg 

dietary nano-Se improved the growth performance of 

broilers compared with inorganic Se. The incoherent 

results may depend on the differences in preparation of 

nano-Se, the strain of birds, the composition of diets, and 

housing conditions. 
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Table 2. Effects of stocking density and dietary selenium form on growth performance of broilers. 

Item 
Body weight gain, g Feed intake, g Feed conversion ratio 

0-10 d 11-24 d 25-42 d 0-42 d 0-10 d 11-24 d 25-42 d 0-42 d 0-10 d 11-24 d 25-42 d 0-42 d 

LSD             

Inorganic Se 209.29 690.17 1964.08 2818.21 204.37 1008.55 3595.91 4808.82 0.98 1.46 1.83 1.71 

Nano-Se 203.92 686.18 1969.28 2814.05 204.88 987.77 3573.92 4766.57 1.01 1.44 1.82 1.70 

HSD             

Inorganic Se 203.07 688.74 1892.14 2738.60 200.22 1000.62 3440.26 4641.10 0.99 1.45 1.82 1.70 

Nano-Se 205.72 688.94 1900.13 2749.45 195.33 1003.94 3415.17 4614.44 0.95 1.46 1.80 1.68 

SEM 4.36 15.32 26.74 27.95 7.07 25.13 38.36 39.34 0.03 0.01 0.02 0.02 

             

SD             

Low 206.60 688.17 1966.68a 2816.13a 204.62 998.16 3584.91a 4787.70a 0.99 1.45 1.83 1.70 

High 204.40 688.83 1896.14b 2744.02b 197.77 1002.28 3427.72b 4627.77b 0.97 1.45 1.81 1.69 

Se form             

Inorganic 206.18 689.45 1928.11 2778.40 202.29 1004.58 3518.08 4724.96 0.98 1.46 1.83 1.70 

Nano 204.82 687.56 1934.71 2781.75 200.11 995.85 3494.54 4690.51 0.97 1.45 1.81 1.69 

SEM 3.08 10.83 18.91 19.76 5.00 17.77 27.12 27.81 0.02 0.01 0.02 0.01 

             

P-values             

SD 0.616 0.966 0.013 0.015 0.340 0.871 0.000 0.000 0.467 0.754 0.444 0.354 

Se form 0.757 0.902 0.807 0.906 0.759 0.731 0.544 0.389 0.884 0.531 0.412 0.354 

SD  Se form 0.365 0.892 0.959 0.790 0.705 0.635 0.968 0.844 0.328 0.255 0.977 0.839 

a,b: Means bearing different superscript within the same column are significantly different (P0.05), SD: Stocking density, Se: Selenium,  LSD: Low 

stocking density, HSD: High stocking density, SEM: Standard error of the mean. 

 

 

 

Table 3. Effects of stocking density and dietary selenium form on relative carcass, breast, and thigh yields of broiler, % of body weight. 

Item Carcass Breast Thigh 

LSD    

Inorganic Se 73.56 21.94 15.30 

Nano-Se 73.34 21.28 15.34 

HSD    

Inorganic Se 73.85 21.59 15.41 

Nano-Se 73.51 21.63 15.28 

SEM 0.324 0.221 0.078 

    

SD    

Low 73.46 21.61 15.32 

High 73.68 21.61 15.34 

Se form    

Inorganic 73.71 21.76 15.35 

Nano 73.43 21.45 15.31 

SEM 0.214 0.312 0.111 

    

P-values    

SD 0.466 0.998 0.843 

Se form 0.371 0.323 0.680 

SD  Se form 0.849 0.261 0.447 

SD: Stocking density, Se: Selenium, LSD: Low stocking density, HSD: High stocking density, SEM: Standard error of the mean. 
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Table 4. Effects of stocking density and dietary selenium form on pH, meat colour, water holding capacity (%), and cooking loss (%) 

of broiler breast meat at different times after slaughtering. 

Item 
15 minutes 24 hours 72 hours 

pH L a b pH L a b WHC CL pH L a b WHC 

LSD                

Inorganic Se 6.45 52.13 2.67 5.20 5.87 59.31 3.17 7.69 12.63 32.22 5.87 59.00 3.36 6.83 12.99 

Nano-Se 6.49 52.04 2.31 4.59 5.86 58.67 3.05 7.51 12.26 32.13 5.86 58.76 3.10 6.81 12.43 

HSD                

Inorganic Se 6.45 52.33 2.56 4.81 5.90 59.21 3.10 7.70 13.03 32.01 5.88 58.52 3.32 6.87 13.13 

Nano-Se 6.52 52.12 2.24 4.44 5.84 59.70 2.61 7.74 12.21 32.27 5.90 59.63 2.88 6.54 12.26 

SEM 0.04 0.57 0.18 0.36 0.02 0.56 0.22 0.44 0.40 0.53 0.02 0.59 0.22 0.33 0.33 

                

SD                

Low 6.47 52.09 2.49 4.89 5.87 58.99 3.11 7.60 12.44 32.18 5.86 58.88 3.23 6.82 12.71 

High 6.49 52.23 2.40 4.63 5.87 59.46 2.86 7.74 12.62 32.21 5.89 59.08 3.10 6.70 12.72 

Se form                

Inorganic 6.45 52.23 2.61 5.00 5.89 59.26 3.14 7.18 12.83 32.12 5.87 58.76 3.34 6.85 13.06a 

Nano 6.51 52.08 2.28 4.52 5.85 59.19 2.83 7.63 12.23 32.27 5.88 59.20 2.99 6.68 12.35b 

SEM 0.03 0.41 0.12 0.26 0.02 0.40 0.16 0.31 0.28 0.38 0.01 0.42 0.15 0.23 0.23 

                

P-values                

SD 0.725 0.807 0.598 0.463 0.853 0.409 0.258 0.747 0.659 0.947 0.161 0.736 0.541 0.721 0.964 

Se form 0.144 0.798 0.058 0.185 0.125 0.893 0.171 0.837 0.137 0.770 0.710 0.461 0.108 0.594 0.033 

SD  Se form 0.742 0.918 0.910 0.740 0.287 0.316 0.411 0.856 0.579 0.650 0.521 0.254 0.670 0.625 0.635 

a,b: Means bearing different superscript within the same column are significantly different (P0.05), L: Lightness, a: Redness, b: Yellowness, WHC: 

Water holding capacity, CL: Cooking loss, SD: Stocking density, Se: Selenium, LSD: Low stocking density, HSD: High stocking density. 

 

 

 

Table 5. Effects of stocking density and dietary selenium form on back and wing feathering score of broiler (xSx). 

Item Back Wing 

LSD and inorganic Se 4.450.08 0.430.06 

HSD and inorganic Se 4.500.08 0.390.06 

LSD and nano-Se 4.480.09 0.340.06 

HSD and nano-Se 4.560.08 0.290.05 

P-values 0.708 0.348 

SD   

Low 4.460.06 0.380.04 

High 4.530.06 0.340.04 

P-values 0.564 0.463 

Se form   

Inorganic 4.480.06 0.410.04 

Nano 4.520.06 0.310.04 

P-values 0.305 0.097 

SD: Stocking density, Se: Selenium, LSD: Low stocking density, HSD: High stocking density. 
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The SD is generally recommended as 13-15 birds/m2 

or 30-35 kg BW/m2 in environmentally controlled broiler 

houses (15, 16). Many researchers reported that increasing 

SD beyond these ranges exerts adverse effects on the 

growth performance of broilers (4, 6, 12). In our study, 

34.3 and 50.2 kg/m2 were found at d 42 in LSD and HSD 

groups, respectively. In line with these results, BWG and 

FI were significantly higher in LSD groups than HSD 

groups during 25 to 42 and 0 to 42 days. Particularly 

during the finishing phase, birds might have been 

difficulty accessing feed and water under HSD. This might 

have caused a decrease in FI and BWG. Additionally, 

Feddes et al. (20) stated that low FI and BWG may be due 

to a decrease in gaseous and heat exchange within the 

microclimate of the birds. However, disturbance in the 

digestive microbiota which affects the digestion and 

absorption of nutrients may decrease the performance of 

broilers at HSD (12). Increased dust and airborne 

pathogens may also affect performance negatively at HSD 

(33). Therefore, the FI might have decreased at HSD 

resulting in lowered BWG. However, FCR remained 

unaffected in response to SD in this study. Similar results 

were reported by Feddes et al. (20) and Madilindi et al. 

(28). In contrast, Astaneh et al. (4) found that HSD 

affected FCR negatively. In most of the studies involving 

SD revealed that HSD decreases both BWG and FI. 

However, in some studies including the present study, the 

decrease of FI and BWG might be so similar. In such a 

case, the FCR may not be affected. 

Dietary nano-Se was unable to affect the carcass, 

breast, and thigh yields of broilers. Similarly, 

Bakhshalinejad et al. (7) reported that dietary Se source 

(inorganic, organic, and nano) or level (0.1 and 0.3 mg/kg) 

did not influence the carcass, breast, and thigh yields in 

broiler. And also Ahmadi et al. (2) stated that different 

dietary nano-Se levels (between 0.1 to 0.5 mg/kg) had no 

significant effect on breast and thigh yields of broiler. Se 

deficiency causes muscular dystrophy as well as exudative 

diathesis in chicks (39). However, sufficient or excess (up 

to 1 mg/kg) dietary Se provides proper muscle growth but 

does not increase muscle growth (2, 11). In this study, 

since the Se level in the diet (0.34 mg/kg) was sufficient, 

either inorganic or nano Se could not affect the carcass, 

breast, and thigh yields. 

Carcass, breast, and thigh yields of broilers were 

similar irrespective of the SD. Likewise, other studies 

have suggested that SD does not affect carcass, breast, and 

thigh yields of broiler chickens (1, 41). However, Cengiz 

et al. (12) reported that HSD decreased the breast yield, 

increased the thigh yield, and had no effect on the carcass 

yield in broilers. The contrasting results may be associated 

with the differences in housing conditions and stocking 

densities. 

In this study, dietary nano-Se did not affect pH, 

colour, and CL of breast meat of broiler chickens but 

decreased WHC 72-h post-mortem. Most of the 

researchers have revealed that nano-Se improved drip loss 

(DL) or WHC and had no effect on pH. Cai et al. (10) 

reported that dietary nano-Se reduced DL but did not 

affect the meat colour of broiler. Mohammadi et al. (28) 

reported that nano-Se had no significant effect on pH and 

WHC of broiler breast meat. However, Bakhshalinejad et 

al. (7) found that dietary nano-Se had no significant effect 

on pH but increased redness and yellowness, decreased 

DL and CL of breast meat. It is well documented that Se 

is essential for the antioxidant systems of the organism 

(38, 39). According to Huff-Lonergan and Lonergan (23), 

oxidation of meat could decrease the sensitivity to 

hydrolysis, increase protein degradation, and reduce the 

WHC of myofibrils, which would increase the water loss 

of the meat. Therefore, the decrease of WHC can be 

explained by an augmented bioavailability of nano-Se in 

comparison with its inorganic counterpart. 

HSD did not affect the meat quality parameters of 

broilers in the present study. Similar results were reported 

by Tong et al. (41) and Patria et al. (31). In fact, it may be 

thought that the decrease in litter quality due to HSD 

would negatively affect breast meat quality. However, the 

broiler's breast skin and feathers probably prevented the 

meat quality from being adversely affected by the HSD. 

In the current study, it was determined that HSD has no 

significant effect on feathering. 

Dietary nano-Se had no significant effect on 

feathering score of broiler chickens. These results are in 

agreement with those of Ravindran and Elliot (32) who 

noted that Se supplementation (0.4 mg/kg organic Se) was 

ineffective on the feathering score of broiler chickens. In 

contrast, Choct et al. (14) stated that organic Se 

supplementation (0.25 mg/kg) improved the feathering 

score in broilers as compared to inorganic Se. The 

inconsistencies in the results may depend on the 

differences in the feather scoring method, housing 

conditions of birds, dietary Se level, and form. 

According to the results of the current study, HSD 

had no significant effect on the rate of feathering in 

broiler. Similarly, Skrbic et al. (35, 37) revealed that HSD 

(16 birds/m2) did not affect the feathering score of broilers. 

In addition, Moreire et al. (30) described that feathering 

remained unaffected by SD of 16 birds/m2. However, 

Beaulac and Schwean-Lardner (8) reported that HSD (50 

kg/m2) has negative effect on feathering in turkeys. 

According to these studies, it may be concluded that the 

number of birds in HSD groups was not enough to impose 

a negative effect on the feathering score. Moreover, it is 

well known that the process of feather forming is not only 

determined by environmental conditions but also by 
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genetics, the hormonal status of the organism, and 

nutrition (26). Differences between the results of the 

studies can be explained by these reasons. 

The present study demonstrated that dietary nano-Se 

had no effect on growth performance, carcass yield, and 

feathering but may affect meat colour in broiler. However, 

growth performance is negatively affected by HSD. 
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In this study, it was aimed to investigate the serum levels of ANGPTL4, FGF21, 

IL-1β, IL-6, SOD, MDA, and serum biochemical and hematological parameters 

in cows with subclinical ketosis. The mean serum β-hydroxybutyric acid (BHB) 

level was 1.37 ± 0.04 mmol/L in 10 dairy cows aged 3-5 years that were <21 

days postpartum and diagnosed with subclinical ketosis. The mean serum BHB 

level was 0.40 ± 0.08 mmol/L in 10 healthy dairy cows in the same period and 

in the same age range. An increase in serum AST (P<0.001) and a decrease in 

serum albumin levels (P<0.05) indicated altered liver functions. An increase in 

serum non-esterified fatty acid (P<0.001) and decreases in serum HDL, 

triglyceride, and total cholesterol levels (P<0.05) were interpreted as 

indicators of increased metabolic pathology risk due to negative energy 

balance. Increases in serum ANGPTL4, FGF2, IL-1β, IL-6, and MDA (P<0.001) 

and SOD levels (P<0.05) were evaluated as indicators of the development of 

effective metabolic, inflammatory, and oxidative stress. It was concluded that 

significant increases in serum ANGPTL4, FGF2, IL-1β, IL-6, and MDA and SOD 

levels in dairy cows with subclinical ketosis were associated with negative 

energy balance, effective cytokine responses, and oxidative stress. 
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Introduction  

In cows with high milk production, increased energy 

requirement and inadequate food intake result in negative 

energy balance (NEB) and subclinical ketosis at 7-28 days 

postpartum (6, 7). 

Subclinical ketosis is characterized by a decrease in 

blood glucose and depletion of liver glycogen and other 

glucose reserves and gluconeogenesis activity, and lipid 

degradation in the liver, and an increase in ketone bodies 

in the blood (24, 38). 

In NEB cows, changes in body lipid reserves result 

in increased circulating body levels of non-esterified fatty 

acids (NEFAs) and ketones. This adversely affects all 

tissues, but especially the liver (7, 12, 32). 

Serum HDL, triglyceride, and total cholesterol are 

the main indicators of postpartum lipid metabolism 

changes (12, 23). 

Angiopoietin-like 4 (ANGPTL4) is a glycoprotein 

that stimulates lipolysis by inhibiting lipoprotein lipase 

(LPL) activity, and thus regulates systemic energy and 

lipid metabolism. Fibroblast growth factor 21 (FGF21) is 

a hormonal factor that takes part in the regulation of 

metabolic response, such as hepatic lipid oxidation and 

ketogenesis, during energy deprivation (28). In dairy 

cows, circulating FGF21 and ANGPTL4 are 

predominantly expressed in the liver and adipose tissue 

metabolism due to negative energy balance (3, 20, 29).  

It is important to determine serum total protein, 

albumin, glucose, and aspartate amino transaminase 
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(AST) levels in dairy cows in NEB (22, 25). Previous 

researchers (15, 18) indicate the utility of blood urea and 

creatinine levels and urine creatinine/total protein ratio in 

the assessment of renal functions in cows with subclinical 

ketosis.  

Halliwell (13) reported that increased cellular 

respiration by-products in mitochondria during the 

postpartum period caused a marked increase in blood free 

radical levels, which is an indicator of oxidative stress. 

Oxidative stress, which increases due to lipid mobilization 

and activation of phagocytic cells and cytokines, is a part 

of the complex metabolic response process in cows in 

NEB (5, 35). One parameter used in determining oxidative 

stress is SOD, which is involved in the natural elimination 

of O2-. Another parameter is MDA, which is a by-product 

of lipid peroxidation, and is used to evaluate the oxidative 

degradation of lipids (1). 

In high milk yielding cows, hematological values can 

prove useful in determining the metabolic status and the 

presence, severity, and prognosis of clinical and 

subclinical diseases (11, 21). Lacetera et al. (17) reported 

a possible relationship between the lymphocyte count and 

serum BHB and NEFA levels.  

During the development of postnatal NEB, 

proinflammatory cytokines such as IL-1 and IL-6 actively 

participate in increases in serum NEFA and BHB, along 

with the acceleration of metabolic activation. IL-6 is 

involved in the development of metabolic inflammation 

and immunological response in cows with subclinical 

ketosis. In addition, IL-6 plays an important role in 

lipoprotein metabolism, fatty acid oxidation, urea cycle, 

oxidative stress, and proteasome activation (19, 37). 

In the present study, we aimed to investigate the 

serum levels of ANGPTL4, FGF21, IL-1β, IL-6, SOD, 

MDA, and serum biochemical and hematological 

parameters in cows with subclinical ketosis. 

 

Materials and Methods 

Sampling: Twenty dairy cows on the same dairy farm, 

<21 days postpartum, 3-5 years old, and having given birth 

to two or more calves were included in the study. Calving 

took place in the autumn–winter sessions. Cows with a 

BCS of 3.5 were selected from cows with a BCS <0.5 from 

the dry period to calving. Animals with a previous 

lactation period and a longer drying period and with a 

previous history of metabolic disease were excluded from 

the study. Blood samples were taken approximately 4 

hours after feeding. 

The subclinical ketosis group consisted of 10 dairy 

cows with atypical symptoms of subclinical ketosis 

(lethargy, weight loss, decreased appetite, decreased milk 

production, and change in milk consistency). In this group 

mean blood serum BHB (mean 1.37 ± 0.04 mmol/L) was 

>1.20 and ketone bodies were absent in their urine 

samples. The control group included 10 healthy dairy 

cows that did not have clinical symptoms of any diseases 

and whose blood serum BHB (mean 0.40 ± 0.08 mmol/L) 

was <1.20.  

 

Urinalysis: Samples were collected from urine during 

manual perineal massage. Urine samples were analyzed 

for ketone bodies within 1 hour with strip method, and the 

remainder aliquoted into 5 × 1.5 mL plastic tubes and 

stored at -80 °C until creatinine/protein ratio measurement. 

 

Blood analysis: A total of 7 mL of blood was collected 

from the tail vein of cows; 5 mL was placed into 

coagulation tubes for serum samples and 2 mL into tubes 

containing anticoagulant (EDTA). Serum samples 

separated from blood samples immediately after collection 

were placed in Dappen dishes and stored at -80 °C. 

Hematological parameters were studied in EDTA 

blood samples using a Mindray BC-5000 device. 

In serum and urine samples thawed at room 

temperature before test applications, serum albumin, 

glucose, urea, uric acid, creatinine, total protein, aspartate 

amino transaminase (AST), and total bilirubin were 

measured using an automated biochemistry analyzer 

(Mindray BS-120). Quantitative analysis of protein and 

creatinine in urine samples was performed using a 

Mindray BS-300 device. 

A portable measuring device (VET-TD-4235 Beta 

Keton Monitoring System, TalDoc Technology Corporation, 

Taiwan, ROC) was used to determine the level of BHB.  

ANGPTL4, FGF21, and serum NEFA, IL-1β, and 

IL-6 levels were measured using respective ELISA test 

kits (Sun Red Biotechnology Company, Cat No: 201-04-

291, Cat No: 201-04-3155, Cat No: 201-04-0186, Cat No: 

201-04-0157, and Cat No: 201-04-0008). Serum superoxide 

dismutase (SOD) level was measured using a Cayman 

706002 commercial test kit. Serum malondialdehyde (MDA) 

level was measured using a commercial ELISA test kit 

(Sun Red Biotechnology Company, Cat No: 2.01-04-0255).  

 

Statistical analysis: For statistical assessment, prior to 

testing for statistical significance, all data were tested for 

parametric test assumptions, namely normality with the 

Shapiro–Wilk test and homogeneity with Levene’s test. 

The differences between the two groups were analyzed 

using Student's t-test when parametric assumptions were 

met and the Mann–Whitney U test otherwise. All 

statistical analyses were examined with a 5% margin of 

error. The data were analyzed using SPSS v.14.01. 

 

Results 

Mean serum BHB level was 1.37 ± 0.04 mmol/L in the 

cows diagnosed with subclinical ketosis and 0.40 ± 0.08 

mmol/L in the control group. The significantly elevated 

BHB levels (P<0.001) in the cows with subclinical ketosis 

were ascribed to developing NEB.  
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The glucose, albumin, total protein, AST, total 

cholesterol, triglycerides, HDL, and AST levels of the 

cows with subclinical ketosis and the controls are 

presented in Table 1. In the cows with subclinical ketosis, 

increase in serum AST (P<0.001), decrease in serum 

albumin (P<0.05), and decrease in serum HDL, 

triglyceride, and total cholesterol (P<0.05) were 

determined compared to the values in the control group. 

The NEFA, BHB, ANGPTL4, FGF21, IL-1β, and 

IL-6 levels of the cows with subclinical ketosis and the 

controls are presented in Table 2. Significantly increases 

were found in serum BHB, NEFA, ANGPTL4, FGF21, 

IL-1β, and IL-6 values in the dairy cows with subclinical 

ketosis compared to the values determined in the healthy 

cows (P<0.001). 

The urea, creatinine, urine protein/creatinine, SOD, 

and MDA levels of the cows with subclinical ketosis and 

the controls are presented in Table 3. The urea and SOD 

levels of the subclinical ketosis and control groups were 

significantly different (P<0.05). Statistically significant 

changes were determined in serum urea, SOD, and MDA 

values in the cows with subclinical ketosis compared to 

the values determined in the control cows. There was no 

statistical difference in serum creatinine and urine 

protein/creatinine values (P<0.001). 

The WBC, lymphocyte, monocyte, neutrophil, and 

eosinophil counts of the cows with subclinical ketosis and 

the controls are presented in Table 4. No statistically 

significant difference was found in blood parameters. 

 

 

Table 1. Glucose, albumin, total protein, AST, total cholesterol, triglycerides, HDL, and levels of the cows with subclinical ketosis 

and the controls. 

 

 

Groups 

Biochemical Parameters 

Glucose  

(mg/dL) 

Albumin 

(g/dL) 

Total 

Protein 

(g/dL) 

Total 

Cholesterol 

(mg/dL) 

Triglyceride 

(mg/dL) 

HDL 

(mg/dL) 

AST 

(U/L) 

Control 55.5 ± 11.81 2.96 ± 0.66 6.95 ± 1.72 159.6 ± 3.82 8.3 ± 3.16 155.2 ± 10.35 57.2 ± 10.45 

Subclinical Ketosis 49.4 ± 12.24 2.35 ± 0.61* 5.90 ± 1.92 122.6 ± 34.21* 6.0 ± 2.62* 103.8 ± 21.65** 78.2 ± 10.32** 

The results are presented as arithmetic mean ± standard deviation.  

*The AST and HDL levels (P<0.001). 

**The albumin, total cholesterol, and triglyceride measurements (P<0.05) of the two groups were significantly different (albumin P=0.044, total 

cholesterol P=0.025, triglyceride P=0.094). 

 

 

Table 2. The NEFA, BHB, ANGPTL4, FGF21, IL-1β, and IL-6 levels of the cows with subclinical ketosis and the controls. 

Groups Biochemical Parameters  

NEFA 

(µmol/mL) 

ANGPTL4 

(ng/mL) 

FGF 21 

(ng/L) 

IL-1β 

(ng/mL) 

IL-6 

(ng/mL) 

BHB 

(mmol/L) 

Control  0.33 ± 0.07 5.81 ± 1.12 509.68 ± 26.36 113.20 ± 13.87 4.97 ± 0.45 0.40 ± 0.08 

Subclinical Ketosis 0.70 ± 0.05* 15.16 ± 2.5* 1323.58 ± 70.82* 148.85 ± 17.22* 13.38 ± 1.37* 1.37 ± 0.04* 

The results are presented as arithmetic mean ± standard deviation.  

* The NEFA, ANGPTL4, FGF 21, IL-1β, IL-6, and BHB levels of the two groups were significantly different (P<0.001). 

 

 

Table 3. Urea, creatinine, urine protein/creatinine, SOD, and MDA levels of the cows with subclinical ketosis and the controls. 

Groups Biochemical Parameters 

Urea 

(mg/dL) 

Creatinine 

(mg/L) 

Urine protein / 

creatinine 

SOD U/g protein MDA nmol/g 

protein 

Control  15.93 ± 3.69 0.96 ± 0.26 0.08 ± 0.02 67.60 ± 8.43 3.75 ± 0.23 

Subclinical Ketosis 18.94 ± 4.4* 1.22 ± 0.13 0.07 ± 0.02 80.14 ± 6.59* 4.68 ± 0.19** 

The results are presented as arithmetic mean ± standard deviation. 

* The urea and SOD levels of the subclinical ketosis and control groups were significantly different (P<0.05) (urea P=0.033, SOD P=0.002).  
** The MDA levels of the subclinical ketosis and control groups were significantly different (P<0.001). 

 

 

Table 4. WBC, lymphocyte, monocyte, neutrophil, and eosinophil counts of the cows with subclinical ketosis and the controls. 

Groups Hematological Parameters 

WBC 

(109/L) 

Lymphocyte 

(109/L) 

Monocyte 

(109/L) 

Neutrophil 

(109/L) 

Eosinophil 

(109/L) 

Control (n = 10) 8.83 ± 4.16 5.35 ± 2.48 0.24 ± 0.16 2.88 ± 2.81 0.30 ± 0.14 

Subclinical ketosis (n = 10) 9.84 ± 1.67 6.53 ± 2.48 0.30 ± 0.27 2.56 ± 1.03 0.33 ± 0.17 

No statistically significant difference was found in blood parameters. But there is a numerical increase in the lymphocyte count in the cows with 

subclinical ketosis, although it was not statistically significant. 
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Discussion and Conclusion 

The development and progression of NEB in dairy cows 

during the first 21 days postpartum and the subsequent 

mobilization of fat to the liver for utilization elevate serum 

BHB and NEFA levels, the most important laboratory 

indicators of subclinical ketosis (10). In the present study, 

subclinical ketosis was diagnosed in dairy cows at < 21 

days postpartum through significantly elevated serum 

BHB as well as serum NEFA levels and the absence of 

ketone bodies in the urine. In defining subclinical ketosis, 

Folnozic et al. (10) ann Basbug et al. (4) considered both 

serum BHB and NEFA levels was found decisive,  

In cows with subclinical ketosis, when the serum 

BHB value rises above 1.2 mmol/L, serum ANGPTL4 and 

FGF21 values also start to increase, indicating a response 

of lipid metabolism. If this metabolic response is 

prolonged, laboratory and clinical findings associated with 

subclinical ketosis become more prominent (9). Findings 

including clear clinical signs of ketosis and the presence 

of ketone bodies in urine suggest that ketosis has 

developed in cows (14). We thought that the cows in the 

present study were in the early stages of subclinical ketosis 

development, since the mean serum BHB level (1.37 ± 

0.04 mmol/L) measured in 10 cows with subclinical 

ketosis was slightly above the threshold value (1.2 

mmol/L). Issi et al. (15) stated that serum total protein, 

albumin, glucose, and aspartate amino transaminase levels 

provide important information about the functional status 

of the liver in cows with subclinical ketosis. In the present 

study, low total protein, albumin, and glucose levels and 

high aspartate amino transaminase levels measured in 10 

cows with subclinical ketosis were attributed to liver 

degradation, which was thought to be caused by changes 

in lipid metabolism. Chen et al. (8) reported low serum 

glucose, triglyceride, and creatinine levels and elevated 

serum NEFA and AST levels in cows with subclinical 

ketosis with BHB levels of 1.2-1.6 mmol/L.  

Many studies have shown that serum NEFA levels 

increase and HDL, triglyceride, and total cholesterol 

levels decrease as a result of NEB and lipid mobilization 

in the postpartum period (4, 10, 15, 27). In our study, a 

statistically significant increase in serum NEFA level in 

cows with subclinical ketosis showed that significant lipid 

mobilization had developed in the patients. In addition, 

statistically significant decreases in serum albumin, total 

protein, HDL, triglyceride, and total cholesterol levels 

indicated that the liver was mildly/moderately affected by 

the increased activity in lipid metabolism. 

Similar to our results, Marutsova et al. (22) reported 

reduced serum total protein and albumin levels in dairy 

cows with subclinical ketosis, whereas Antanaitis et al. (2) 

reported increased total protein level and reduced albumin 

level and Issi et al. (15) demonstrated that total protein had 

increased.  

Some researchers (15, 18) have suggested that serum 

urea, creatinine, and urine creatinine/total protein ratios 

are important indicators for evaluating renal functions in 

subclinical ketosis. In the present study, statistically 

significant changes were determined in serum urea, SOD, 

and MDA values in the cows with subclinical ketosis 

compared to the values determined in the control cows. 

However, there was no significant difference in serum 

creatinine or urine protein/creatinine values. The increase 

in serum urea level was found to be consistent with the 

findings reported by Issi et al. (15). Issi et al. (15) 

highlighted that serum urea and creatinine levels are 

increased in cows with subclinical ketosis and argue that 

glomerular filtration rate should be investigated to assess 

kidney functions. We recommend further studies that 

investigate renal functions using more sensitive and 

invasive methods.  

Consistent with the findings published by Senoh et 

al. (31) and Karimi et al. (16), in the present study 

significant increases in serum MDA (P<0.001) and SOD 

(P<0.05) values and changes in energy-related metabolic 

parameters in cows with subclinical ketosis suggested that 

the cause of oxidative stress occurring in animals with 

subclinical ketosis was "ketosis-related acceleration in 

lipid mobilization". Some researchers (5, 26, 35) claimed 

that oxidative stress in postnatal dairy cows developed as 

a result of lipid mobilization in cows in NEB. 

Zhang et al. (39) stated that an increase in serum 

NEFA level in the postpartum period in cows with NEB 

causes excessive production of polymorphic cells and 

proinflammatory cytokines, and, therefore, systemic 

inflammation and neutrophil counts may increase in cows 

with ketosis. The lack of statistically significant changes 

in hematological parameters in cows with NEB in our 

study may have been related to the severity of the disease 

and the length of the disease process, or it may have been 

due to the fact that serum NEFA values were not 

sufficiently elevated to affect hematological parameters. 

Schulz et al. (30) and Marutsova et al. (21) pointed out that 

the lymphocyte count is high in cows in the postnatal 

period in NEB. Similarly, in the present study, a numerical 

increase in lymphocyte count was noted in cows with 

subclinical ketosis, although it was not statistically 

significant. 

Serum levels of ANGPTL4 and FGF21, which are 

synthesized by the liver and adipose tissue, are important 

in evaluating the stimulation of lipolysis, inhibition of 

lipogenesis and hepatic lipid oxidation, fatty acid 

oxidation, and the stimulation of ketogenesis in the liver 

(8). Wang et al. (36) reported increased serum NEFA, 

ANGPTL4, and FGF21 levels in postpartum cows with 

ketosis and fatty liver. Chen et al. (8) reported that serum 

FGF21 is a significant biomarker in cows with subclinical 

ketosis, which FGF21 continues to increase until serum 

BHB reaches 1.6 mmol/L, and that FGF21 starts to 
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decrease after BHB exceeds 1.6 mmol/L. In the present 

study, serum BHB, ANGPTL4, and FGF21 levels were 

elevated in cows with subclinical ketosis (P<0.001). A 

concomitant significant increase in serum NEFA levels 

supports the stimulation of lipolysis, inhibition of 

lipogenesis, hepatic lipid oxidation, fatty acid oxidation, 

and the stimulation of ketogenesis in the liver.  

According to Trevisi et al. (33), high prenatal serum 

IL-1β and IL-6 levels were associated with increased 

oxidative stress parameters and this effect decreased, but 

postpartum 7-21. They stated that it continued. Trevisi et 

al. (34) recently reported a positive correlation between 

decreased liver function due to inflammation, metabolic 

stress, and increased serum IL-6 levels in lactating cows. 

Similarly, significant increases in serum BHB, NEFA, 

ANGPTL4, FGF21, IL-1β, IL-6, SOD, and MDA levels 

in dairy cows with subclinical ketosis showed effective 

metabolic, inflammatory, and oxidative stress in our study. 

As a result of the present study, it is thought that 

there is no renal dysfunction that will significantly change 

serum creatinine and urinary creatinine/protein levels in 

cows with subclinical ketosis, and the level of kidney 

function loss can be evaluated with more sensitive 

methods. The increase in serum AST level and decrease in 

serum albumin level showed some deterioration in liver 

functions in these patients. In response to the NEB that 

developed in the patients, serum NEFA levels increased, 

while serum HDL, triglyceride, and total cholesterol levels 

decreased. Significant increases in serum SOD and MDA 

levels showed that patients developed significant oxidative 

stress. Elevated serum ANGPTL4 and FGF21 levels in the 

patient indicated that the liver and adipose tissue still had 

the ability to respond to negative energy-induced 

metabolic stress in cows with subclinical ketosis in NEB. 

In conclusion, significant increases in serum IL-1β, 

IL-6, SOD, and MDA levels in dairy cows with subclinical 

ketosis were evaluated as indicators of effective 

metabolic, inflammatory, and oxidative stress 

development. The increase in oxidative stress markers 

along with the increase in FGF21 level was considered a 

remarkable finding. Considering that serum FGF21 has 

the function of supporting lipid oxidation and ketogenesis 

as an energy source in a low glucose environment, it was 

evaluated that significant increases in serum ANGPTL4 

and FGF2 levels were associated with NEB, cytokine 

responses, and metabolic disorders due to oxidative stress.  
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The purpose of this study was to determine and compare the Vertebral Heart 

Size (VHS) and Cardio-Thoracic Rate (CTR) in normal Wistar Rats. The size of 

the organs in the chest cavity and the size of the heart can be measured by 

taking thorax radiographs. Thorax radiographs of 85 male Wistar rats were 

taken under anesthesia, and VHS and CTR were calculated in the digital 

environment. The mean VHS was 7.22 mm in the right lateral position and 7.34 

mm in the left lateral position. In the radiography taken in the ventrodorsal 

position (P = 0.3530), the mean CTR was calculated as 0.89 mm. Also, no 

significant correlation was measured between VHS and CTR. In conclusion, our 

study results can be reference values, as no previous study has been found for 

Wistar rats. 
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Introduction  

Radiographic examination of heart tissue is one of the 

routines in veterinary medicine (22). Chest radiography 

has an important place in the diagnosis of heart diseases, 

especially in terms of changes in the size of the heart, 

edema, and the shape of pulmonary vessels (27). 

Radiographic evaluations are equivalent to other cardiac 

diagnostic methods (3). Besides, vertebral heart size 

(VHS) measurement, one of these methods, has 

advantages such as monitoring the heart with continuous 

images, and the method being accessible and applicable 

(13). In this method, which Buchanan and Bucheler 

defined as VHS in 1995 the long and short axis lengths of 

the heart are summed and compared with the thoracic 

vertebrae (7). Studies have been published about the wider 

range of VHS reference values since the study of 

Buchanan and Bucheler (4, 6, 15). One of the most 

important aspects of these methods is to mark the method 

of measuring heart size by comparing the length of the 

fourth thoracic vertebra to the heart size on chest 

radiography, as described by Ljubica (18). These methods 

give the same results as echocardiographic and 

electrocardiographic measurements. There is no race 

variation and there is no difference between right and left 

lateral recumbency while radiography is taken (23, 32). 

However, since normal heart size and shape are different 

in each race, these differences should be taken into 

account when considering VHS (2). The breed 

recumbency, gender, and body weight affect VHS (6, 36). 

Therefore, reported reference values do not apply to all 

breeds, and breed-specific values must be established (14). 

Although the VHS measurement system has been 

described in cats, dogs (19), sheep (31), monkeys (28), 

ferrets, and rabbits (12, 24, 35), little information is 

available on rodents (10, 35). Literature on the VHS 

values of Wistar rats is lacking. 

Thorax radiographs are widely used as a non-

invasive method in Veterinary Medicine to investigate the 

chest cavity (25). In addition to VHS measurements, it is 

also important to determine the cardiothoracic ratio 
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(CTR), which is widely used in human medicine. The 

main goal of CTR is to relate systolic dysfunction with the 

left ventricle (30). Besides, this method plays an important 

role in the diagnosis of heart diseases by revealing the 

difference between normal heart rate and enlarged heart 

size (5). To our knowledge, no studies are stating VHS and 

CTR values or comparing these measurement methods for 

rats. Therefore, the purpose of this study was to determine 

the VHS and CTR values for use in cardiac studies using 

Wistar rats as experimental animals, and to correlate the 

VHS and CTR values measured on radiographs taken in 

the right and left lateral position. 

 

Materials and Methods  

Animals: This study was conducted on healthy, male, 10 

months old Wistar rats (n=85), and free from 

cardiothoracic diseases upon the approval by Atatürk 

University Animal Experiments Local Ethics Committee 

(HADYEK) (2018/226). After clinical examinations of 

the rats including respiratory system (respiratory rate and 

type), cardiovascular system (heart rate, oxygen 

saturation), and body temperature, no heart disease was 

confirmed by monitoring via monitor (Cardell, 9404, 

Sharn Veterinary Inc., FL, USA), and right and left lateral 

thorax radiographs (Meditronics 3L 103, Japan) of all rats 

were obtained under xylazine-ketamine anesthesia (10 

mg/kg IP xylazine HCl, 75 mg/kg IP ketamine HCl). 

 

Measuring the Vertebral Heart Size: The VHS was 

measured according to the protocol established by Ljubica 

(18). The long heart axis (LA) was measured from the 

ventral border of the main stem bronchi (carina 

cranioventral border) to the apex of the heart (the farthest 

point in the ventral contour of the cardiac radiographic 

image) on the radiographs. The short axis (SA) was 

measured at the widest cardiac image point on a line 

perpendicular to the long axis at the level of the clavicle 

vena cava. Both measurements (long and short axes) were 

compared with the distance from the cranial edge of the 

4th thoracic vertebra (T4) to the cranial edge of the 5th 

thoracic vertebra (Figure 1). The VHS was calculated 

according to the formula given below:  

VHS = (LA / T4) + (SA / T4) 

 

Measuring the Cardio-Thoracic Ratio: The CTR was 

calculated as described by Schillaci et al (29). In the dorso-

ventral position, the distance between the thoracic walls 

and the width of the heart was measured at the T8 level. 

The thoracic diameter was measured as the longest 

thoracic distance (MTD) at the T8 level, and the longest 

distance (ML and MR) from the line passing through the 

middle of the heart to the right and left sides between the 

heart width organ boundaries. (Figure 2). The CTR was 

calculated according to the formula given below: 

CTR = (MR + ML) / MTD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. The vertebral heart size (VHS) measurement in lateral 

radiography. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The cardiothoracic ratio (CTR) measurement on 

ventrodorsal radiography. 

 

 

Statistical analysis: The data were subjected to the 

Student t-test and regression (PROC. REG) and 

correlation (PROC. CORR) analyses after testing for 

normality (Version 9.1; SAS Institute Inc., Cary, NC, 

USA). Statistical significance was declared at P < 0.05.  
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Results  

Thorax radiographs were performed on all rats. The VHS 

measurements were made on thorax radiographs of the 

rats taken at right (R-VHS) and left lateral (L-VHS). The 

mean R-VHS and L-VHS was not different (P = 0.3530) 

and was 7.22±0.78 mm and 7.34±0.78 mm, respectively 

(Figure 3). The mean CTR was 0.89 mm. There was no 

correlation between VHS and CTR (Figure 4). 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The vertebral heart size (VHS) measured in right and 

left lateral positions. 

 

 

Discussion and Conclusion  

This study determined and described the VHS and CTR in 

health Wistar Rats (18). It is important to determine the 

VHS for the diagnosis of heart diseases in veterinary 

medicine (21). The VHS is an effective method for 

objectively determining heart size on chest radiographs, 

and especially for detecting cardiomegaly caused by 

eccentric hypertrophy (27). In addition to method by 

Ljubica (18) suggesting calculation of the ratio of the long 

and short axis lengths of the heart to the width of the 4th 

thoracic vertebra, Buchanan and Bucheler (7) suggests 

transposing the long and short axes of the heart into the 

vertebral column. This method was preferred because it is 

a measurement that can be calculated automatically in the 

x-ray machine used in our study. The closest study of our 

study, has been newly published by Dias et al (9). Dias et 

al. measured the right lateral, ventrodorsal and dorsoventral 

VHS in Sprague-Dawley Rats (both male and female) and 

reported a mean of 7.70. In the present study the VHS was 

7.22- 7.34 mm and the CTR was 0.89 for Wistar rats with 

no evidence of cardiac disease. 

Abdolvahed Moarabi et al. (21) reported that the 

techniques used for VHS measurement are easy and the 

measurements taken are relatively independent of the 

patient (e.g., gender, right, or left lateral). However, there 

are studies in the literature suggesting that the VHS 

measurements vary depending on the side of lying down. 

For example, Onuma M et al. (24) reported that the VHS 

values were significantly different in rabbits whose thorax 

radiographs were taken during right and left lateral. Also, 

Bavegems et al. (2) suggested that the heart silhouette 

would always be larger on the left lateral radiographs, as 

the heart is located on the left side of the chest cavity. 

Kraetschmer et al. (16) reported that the heart was 

significantly larger on the right lateral radiography in 

beagle dogs. In our study, we considered having chest 

radiographs in both the right lateral and left lateral 

positions, as different opinions were found in the literature 

reviews. There was no difference between the VHS 

measurements taken in both positions. De Moura et al. (8) 

and Marin et al. (20) reported the same results in right and 

left lateral radiographs on ferrets and greyhounds. Many 

studies have been conducted on VHS measurements, but 

since there is no study on rats, we cannot compare our 

results with other studies. Lamb et al. (17) reported 

different VHS values in male and female dogs. Since the 

use of generic references determined for other species and 

breeds may cause misdiagnosis (33), detailed studies on 

rats should be performed and breed-specific reference 

ranges should be determined.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Relationship between the vertebral heart size (VHS) and cardiothoracic ratio (CTR) values. 
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The CTR is a method in which heart size is 

determined by measuring the heart and thorax cavity on 

radiographs (34). The main purpose of CTR measurement 

in humans is to compare the abnormalities of the left 

ventricle and systolic dysfunction (29). Studies reporting 

many types of CTR measurements have previously been 

published (1, 5, 26). However, as in the VHS, there is no 

study in which CTR measurements were made in Wistar 

rats in the literature review. The probability of getting the 

myocardial disease is higher with a high CTR value (30). 

Likewise, it is suggested that the CTR may be useful in the 

early diagnosis of heart diseases by detecting latent 

variations in the heart silhouette (26). In our study, the 

mean CTR was 0.89. These measurements should be 

evaluated by working together with different factors as in 

the VHS.  

In disagreement with the current study, Oana Bîrsan 

et al. (5) found a significant correlation between VHS and 

CTR in healthy cats. They also reported that the CTR 

measurement can be used to evaluate VHS in cats. When 

heart width is examined within the scope of previously 

determined reference values, it appears as an important 

parameter in the diagnosis of heart diseases. The best 

measurement of this parameter can be made on thoracic 

radiographs (11). Therefore, as a result of our study, we 

think that previously undetermined VHS and CTR values 

should be evaluated as the first findings in rats. 

Simultaneous determination of the CTR and VHS may 

have merit for cardiology patients. The limitations of this 

study include not taking gender and body weight into 

consideration and using only healthy animals. 

In conclusion, species, and breed-specific reference 

values should be determined to provide an accurate 

reference for clinical practitioners, to avoid misdiagnosis 

of heart diseases, and to be used in experimental 

cardiology studies. 
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The canine distemper virus (CDV), which infects dogs and a broad range of 
animal species, remains a serious concern in Türkiye and across the world. The 

current study shows that CDV can be detected and isolated rapidly and 
specifically in naturally infected dogs. Whole blood, nasal swab, ocular swab, 
rectal swab, and urine samples from 50 stray dogs were used in the study (n = 

250). The presence of the CDV genome was confirmed in 105 (42%) samples 
using one-Step real-time RT-PCR. In total, 39 dogs were diagnosed with CDV 

infection based on the detection of cytopathic effects in MDCK, which was 
verified by the fluorescent antibody technique. A total of 12 one-Step real-

time RT-PCR negative samples, consisting of 4 rectal swabs and 8 urine 
samples, were found to be positive by virus isolation. Blood, nasal swab, ocular 

swab (P<0.01, r = 1), rectal swab (P<0.01, r = 0.844), and urine samples (P<0.01, 
r = 0.697) all showed positive correlations in the tests for viral genome 

detection and virus isolation. CPE levels of high 37 (31.62%), medium 26 
(22.23%) and low 54 (46.15%) were detected in a total of 117 (46.8%) samples 

with viral growth in cell culture. The highest CPE levels detected by FAT were 
for rectal swab and urine samples. In conclusion, the one-step real-time RT-
PCR method on rectal swab samples proved to be a very sensitive method for 

the rapid and reliable CDV detection. Besides, non-modified MDCK can be 
used to isolate CDV from naturally infected dogs. 
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Introduction  

The canine distemper virus (CDV) causes an extremely 

contagious and fatal infection in domestic dogs and some 

other carnivores (3, 4, 33, 37). CDV belongs to the 

Morbillivirus genus of the Paramyxoviridae family of 

viruses. Morbilliviruses are negative-sense single-

stranded RNA viruses with genomes approximately 16 kb 

in size. Although they are known to infect a large variety 

of susceptible wild species, the main reservoir for CDV 

has largely been dogs (21, 39). The virus is a continuous 

threat to dogs, especially young dogs with inadequate 

immunity (7, 11, 20, 49). Some studies have shown that 

unvaccinated and stray carnivorous species can contract a 

CDV infection and threaten the vaccinated population of 

dogs (8, 11, 15). The prevalence of CDV is higher in urban 

and rural areas where there is no practice in place for 

regular vaccinations and where a higher number of stray 

dogs exist (13, 18, 42). Regular vaccination has proven to 

help reduce the incidence of disease in domestic dogs (12, 

24, 30). 

CDV infections can cause multi-systemic symptoms, 

involving the respiratory, gastrointestinal, and central 

nervous systems (6, 32). The most common clinical 

symptoms are fever, cough, oculo-nasal discharge, 

diarrhea, lymphopenia, skin hyperplasia, and tremors (27, 

43). The disease is primarily transmitted through aerosols 

or respiratory droplets since the infectious viral particles 

are abundant in the respiratory tract of infected dogs (1, 

21). Since there may also be viral scattering with 

secretions of clinical and subclinical sick animals, contact 

transmission becomes another important transmission 

route. 

The high mortality rates of CDV infections make it 

necessary to speed up the diagnostic procedure so that the 

infected dogs can be effectively quarantined and treated 

promptly. Hence there is a need for a sensitive and rapid 
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method to detect even small amounts of virus present in 

the early infection stages (17). Serological methods are 

useful in cases of CDV infection only when the results are 

evaluated together with clinical symptoms (42). However, 

it is difficult to follow the clinical symptoms in stray dogs. 

Moreover, subclinical cases often complicate the 

situation. A definitive diagnosis of CDV infection by virus 

isolation is fastidious as well as time-consuming. 

Therefore, researchers have developed modified cell 

cultures that are highly sensitive for characteristic CPEs of 

CDV when applied to clinical samples (44). 

Unfortunately, it is difficult to access such modified cells 

for routine diagnostic procedures. This study aimed to 

explore a rapid diagnostic method involving molecular 

and cell culture techniques to detect CDV in clinical 

samples of naturally infected dogs. Such an efficient and 

cost-effective method can make the control of CDV 

infection much easier. Our results also showed that CDV 

field strains could be replicated in non-modified MDCK 

without adaptation. 

 

Materials and Methods 

Samples: The samples for this study were collected from 

unvaccinated stray dogs under 1 year of age with clinical 

symptoms compatible with CDV from the Western 

Mediterranean Region of Türkiye during 2016–17. A total 

of 250 samples were obtained from 50 dogs and stored at 

–80°C (Haier, China). These included whole blood (BS), 

nasal swab (NaS), ocular swab (OcS), rectal swab (ReS), 

and urine (UrS) samples (50 each). The swab samples 

were processed by homogenization (10% w/v) in 

phosphate-buffered saline (PBS) supplemented with 1% 

antibiotic-antimycotic agents. The homogenates and urine 

samples were centrifuged at 2000xg for 10 min at 4°C. 

Then 250 µL of the supernatants were collected for 

molecular testing. The remaining parts were stored at –

80°C for virus isolation. All samples were quickly thawed 

in a 37°C water bath and passed through Millipore filters 

(Sartorius, Germany) of 0.22 µm pore size before 

inoculation. Blood samples were collected into EDTA-

treated tubes and centrifuged at 4°C and 1500xg for 10 

min until a buffy coat got separated. This buffy coat was 

diluted with 1 mL PBS after washing. The samples were 

divided into 4 groups according to the age of dogs as 

follows: 0–3, 4–6, 7–9, and 10–12 months of age. This 

study was approved by the Animal Ethics Committee 

(AEC) Burdur Mehmet Akif Ersoy University, Türkiye 

(No: 28-174-2016). The following assays were applied for 

all samples. 

 

Molecular Detection: Viral RNA was extracted from 250 

µL of supernatant, using a commercial kit (RiboExTM, 

GeneAll®, Korea) according to the manufacturer’s 

instructions. One-step real-time RT-PCR assay was 

performed on a StepOneTM (48-well) instrument (Applied 

BiosystemsTM, USA), using TaqMan probes and the one-

step real-time RT-PCR kit (GeneAll® 2xHyperScriptTM, 

Korea). Primer sets and probes targeting the N protein-

encoding gene and cycling conditions used were the same 

as those previously described by Elia et al. (17), with only 

slight modifications (Table 1). The reactions were 

performed according to the manufacturer’s instructions. 

Positive and negative control reactions were included for 

each reaction. Nuclease-free water and CDV RNA (strain 

Onderstepoort) were used as the negative and positive 

control, respectively. The protocol for the RT step 

involved incubation for 5 min at 58°C and 50°C. The 

cycling conditions included a pre-denaturation for 30 s at 

95 °C, followed by 50 cycles each of 95°C for 5 s, 60°C 

for 30 s, and 72°C for 1 s. After the final cycle, the tubes 

were incubated for an additional 30 s at 40°C. 

 

Cell culture and virus isolation: For the virus isolation, 

400 µl of supernatants were transferred to 24-well plates 

with a confluent monolayer of MDCK cells. A well 

containing only cells but no virus or serum was used as the 

control for each 24-well plate. The plates were then 

incubated at 37°C for 1 h. After the adsorption step, 2 mL 

of Dulbecco’s modified Eagle medium (DMEM) and high 

glucose (4.5 g/L) supplemented with L-Glutamine 

(Capricorn, Germany) were added along with antibiotics 

(10%) and antimycotics (7%). The plates were then 

incubated at 37°C and 5% CO2 for six days. After two 

serial passages, the plates were examined using a cell 

culture microscope (Life TechnologiesTM Floid®Cell 

Imaging Station, USA) for the presence of cytopathic 

effects (CPE). All supernatants gathered from the last 

passage were used for the Fluorescent Antibody Test 

(FAT). 

 

 

Table 1. Primer pairs and probe set for the amplification of CDV N gene. 

Primer/Prob* Position Sequence (5’-3’) Size (bp) 

CDV-F 905-931 AGCTAGTTTCATCTTAACTATCAAATT 

87 CDV-R 966-987 TTAACTCTCCAGAAAACTCATGC 

CDV-Pb 934-963 FAM-ACCCAAGAGCCGGATACATAGTTTCAATGC-TAMRA** 

*Flourogenic RT-PCR.  

**6-carboxyfluorescein (FAM), 6-carboxytetramethylrhodamine (TAMRA). 
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Fluorescent Antibody Test: 250 µL of each supernatant 

was transferred to 6-well plates containing coverslip and 

seeded with MDCK cells. The control used for each 6-well 

plate was a well with cells only. The plates were incubated 

at 37°C for 1 h. After the adsorption step, 4 mL DMEM 

(with high glucose L-Glutamine) was added along with 

antibiotics (10%) and antimycotics (7%). All plates were 

incubated at 37°C and 5% CO2 for five days, after which 

the plate coverslips were studied for FAT. The coverslips 

were rinsed in PBS. The staining procedure followed 

involved commercially available CDV polyclonal 

antiserum conjugated to fluorescein isothiocyanate (FITC) 

(catalog no: CJ-F-CDV-10ML; VMRD, USA) for direct 

FAT. The results were evaluated in a Floid®Cell Imaging 

system. The CDV-FAT substrate slide (containing two 

wells: one positive and one negative, catalog no: SLD-

FAC-CDV; VMRD, USA) was used as a reference. The 

coverslips were examined for the presence of CDV 

antigen-positivity using a cell culture microscope 

Floid®Cell Imaging system. The positivity was calculated 

based on a previously described method, as the number of 

CDV antigen-positive cells divided by the total cells (25). 

CPEs were identified for each sample, at different levels 

(high, medium, and low) using FAT. 

 

Statistical analysis: Data were analyzed using the IBM 

SPSS® Statistics 23.0 software. The statistical evaluation 

was performed using the Chi-squared and Spearman’s 

correlation tests. 

 

Results 

One-Step real-time RT-PCR: 31 out of all the 50 dogs 

tested positive for CDV infection. The 87-bp fragment 

was amplified from extracts, and it was used to identify 

the virus by targeting the N protein. Specific signal 

amplification was obtained for the positive samples with 

cycle threshold (Ct) values ranging from 18 to 36. In total, 

105 (42%) samples were positive for the presence of the 

CDV genome. BS, NaS, OcS, ReS, and UrS were positive 

in 20 (40%), 23 (46%), 22 (44%), 27 (54%) and 13 (26%) 

samples, respectively (Table 2). 

 

Cell culture and virus isolation: In total, 39 out of 50 dogs 

were found to be positive by virus isolation. In MDCK 

cells, the presence of CPE was detected in a total of 117 

(46.8%) samples, their distribution based on sample type 

being the following: 20 (40%) BS, 23 (46%) NaS, 22 

(44%) OcS, 31 (62%) ReS, and 21 (42%) UrS (Figure 1 

and Table 2). A total of 12 one-Step real-time RT-PCR 

negative samples were positive by virus isolation, of 

which 4 were ReS, and 8 were UrS. 

 

Fluorescent Antibody Test: A strong bright green 

fluorescence was detected in the cytoplasm of the infected 

cells, whereas no green fluorescence was observed in the 

control coverslips. Characteristic inclusion bodies of CDV 

were also counted as antigen positivity. However, non-

specific yellow stainings were not included in the 

interpretation. The interpretation of results was based on 

the intensity of fluorescence/staining reaction and 

accordingly categorized as high (>60%), middle (30–

60%), and low (<30%) levels of CPE (Figure 2). CPE 

levels for the different sample types are shown in Table 3. 

 

Statistical analysis: In viral genome detection, the 

relationship between real-time RT-PCR and virus 

isolation, demonstrated positive correlations for BS, NaS, 

and OcS (P<0.01, r = 1), ReS (P<0.01, r = 0.844), and UrS 

(P<0.01, r = 0.697). The highest positivity rate was 

detected in the age group of 0–3 months (68.1%) for viral 

genome detection and in the age group of 4–6 months 

(90.9%) for virus isolation. The distribution of CDV 

isolation and genome positivity rates in different age 

groups are shown in Table 4. 

 

Table 2. Comparison of the results of real-time RT-PCR and virus isolation. 

Real-time 

RT-PCR 

CPE in 

MDCK 

Sample numbers* 

BS NaS OcS ReS UrS 

+ + 20 (40%) 23 (46%) 22 (44%) 27 (54%) 13 (26%) 

- + 0 0 0 4 (8%) 8 (16%) 

+ - 0 0 0 0  0 

- - 30 (60%) 27 (54%) 28 (56%) 19 (38%) 29 (58%) 
*BS: Blood, NaS: Nasal swab, OcS: Ocular swab, ReS: Rectal swab, UrS: Urine. 

 

 

Table 3. Cytopathic effect (CPE) results according to the samples. 

Levels of CPE 

Samples* High Middle Low Total 

BS 1 2 17 20 (17.1%) 

NaS 1 10 12 23 (19.6%) 

OcS 3 5 14 22 (18.8%) 

ReS 21 6 4 31 (26.5%) 

UrS 11 3 7 21 (17.9%) 

Total 37 (31.62%) 26 (22.23%) 54 (46.15%) 117 (%100) 
*BS: Blood, NaS: Nasal swab, OcS: Ocular swab, ReS: Rectal swab, UrS: Urine. 
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Figure 1. Cytopathic effect (CPE) of CDV in MDCK cells infected with rectal swab samples belongings to dog no 24. 
A1-3: Untreated control cells. A1: 48h, A2: 96h, A3: 144h later. B1-B3: Sample inoculated cells.  B1: 48h, B2: 96h, B3: 144h later. Pictures were taken 
with a Sony 1.3MP 1/3” ICX445 EXview HAD CCD camera, 20x objective with 460x optical magnification under an inverted microscope (Life 

TechnologiesTM Floid®Cell Imaging Station, USA). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. CPE of MDCK cells before FAT. 
(A1: dog no 40, urine-low; B1: dog no 37, ocular swab-medium; C1: dog no 10, rectal swab-high). FAT was done on CDV-infected MDCK cells at 6 

days post-inoculation (A2, B2, C2). 

(A typical apple-green fluorescence indicating positive CDV antigens in infected cells).  

 

 

Table 4. Distribution of viral genome and virus isolation results by age groups. Real-time RT-PCR and virus isolation-FAT results 

according to age. 

Age group 

Months 

Real-time RT-PCR CPE 
Total 

(+) (-) (+) (-) 

0-3 15 (68.1%) 7 17 (77.2%) 5 22 

4-6 6 (54.5%) 5 10 (90.9%) 1 11 

7-9 6 (66.6%) 3 6 (66.6%) 3 9 

10-12 4 (50%) 4 6 (75%) 2 8 

Total 31 (62%) 19 39 (78%) 11 50 
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Discussion and Conclusion 

CDV infection causes high morbidity and mortality in 

domestic and wild canids across the world (35). The 

progress of the disease can differ from strain to strain and 

also depends on the amount of virus as well as the age, 

immunity level, and environmental factors of the sensitive 

host (32). The disease is easily transmitted to young and 

unvaccinated dogs, which come into direct or indirect 

contact with infected dogs (2). Dogs that have not received 

the necessary antibodies through either colostrum or 

vaccination during the first 12 months of their life are 

more susceptible to infection (16, 21, 23). Several 

molecular assays are widely used to detect CDV 

infections. It has been reported that CDV infection has a 

higher chance of detection using the RT-PCR method as 

compared to immunohistochemistry methods, especially 

in cases of subacute and chronically infected dogs (26, 

41). Some studies conducted using the conventional PCR 

techniques in Türkiye have reported the presence of CDV 

genomes in various samples collected from dogs (36, 40). 

In cases where intercalating dyes were used to measure 

real-time PCR products, there is the disadvantage of 

detecting the sum of all specific and non-specific PCR 

products (5). Recently, the real-time RT-PCR technique 

based on the TaqMan Probe system has enabled rapid, 

accurate, and highly specific diagnosis of CDV (16). The 

TaqMan Probe is used to avoid the disadvantages met 

while using other probes in detecting both specific and 

non-specific PCR amplification. The real-time RT-PCR 

method is preferred due to its higher sensitivity and 

specificity as compared to other diagnostic methods (14, 

17). Diagnosis of CDV is especially challenging due to the 

diverse and non-specific clinical manifestations and due to 

the high seroprevalence rate in sub-clinical dogs. 

Veterinarians are routinely confronted with cases where 

the clinical picture is compatible with the disease, but the 

diagnostic tests yield contradictory results. This study is 

unique in being the first in the detection of the CDV 

genome in Türkiye using the one-Step TaqMan real-time 

RT-PCR assay. 

The advantages of the one-Step TaqMan real-time 

RT-PCR method have been reported in several previous 

studies as well (5, 14, 16, 17, 45). The highly conserved 

nucleocapsid gene region of CDV was targeted in this 

study (17). This study aimed to obtain more specific and 

reliable positive results using fluorogenic probes that 

identify only specific PCR products. Based on our results 

(Table 2), we can confidently state that fluorogenic probes 

are highly useful reagents for the detection of CDV in 

naturally infected dogs. The detection was performed in a 

sensitive, specific, rapid, and reliable manner using the 

specific primer/probes designed for the reaction. Real-

time RT-PCR yielded a high rate of positivity for CDV 

infection in the 0–3 months of age category, as indicated 

in Table 4. 

As a result, we have successfully shown that a rapid 

and reliable diagnosis can be made for CDV infection in 

very young dogs using the real-time system with the 

TaqMan probe. Disadvantages of PCR methods in viral 

genome detection have already been widely reported (19, 

34, 38). Some of these disadvantages are that the viral load 

may be too low in samples taken from naturally infected 

animals and that even smaller volumes of these samples 

are used in the PCR test. Moreover, the fragile nature of 

the RNA genome and the contamination with RNases 

from the environment may adversely affect the results of 

a PCR test. As a result, the potential negative effects of 

PCR inhibitors hamper viral genome detection. These 

disadvantages may lead to false-negative results. In our 

study, virus isolation and FAT techniques were used to 

eliminate these disadvantages particularly. Moreover, it is 

always important to confirm test results with other reliable 

methods to eliminate the false-negative results. 

CDV polyclonal antiserum is known to be highly 

suitable for specific detection of CDV infection in cell 

cultures, as it does not stain for other non-specific viral 

agents. It is thus a specific tool used for the diagnosis of 

acute and primary infections in dogs and will continue to 

be the most popular critical reagent used in routine 

diagnosis via FAT. The only limitation of FAT is that it 

requires fluorescent imaging microscopy and the presence 

of skilled lab staff. Despite limitations, the FAT is one of 

the best methods of diagnosis as it is rapid, flexible, and 

accurate (31). 

Viral growth has been reported to successfully occur 

in MDCK cells and Vero but not in MV1 cells. Based on 

this study, wild-type CDV isolation in MDCK cells 

proved to be the most effective, though CPEs are the most 

evident in Vero (28). In our study, the characteristic CPEs 

observed in the MDCK cells were also identified by the 

CDV-specific antiserum. Similar findings have also been 

reported in other studies that were based on the isolation 

of the CDV in non-modified MDCK cells without 

adaptation (46, 47). It was reported that the Vero-

expressing signaling lymphocyte activation molecule 

(SLAM) was highly useful for the isolation of CDV from 

clinical samples. The major advantage of this cell type for 

CDV isolation is that CDV propagation can be detected as 

early as 1-day post-infection (44). In our study, the notable 

CPEs could be observed in MDCK cells 6-days post-

inoculation. 

Our findings show that some CDV strains can infect 

MDCK cells without the need for adaptation. The viral 

load in samples from naturally infected animals could be 

quite low and, the isolation of CDV in cell cultures tends 

to be prolonged, requiring blind-passages before the 

occurrence of CPEs (28). Blind passages play a crucial 
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role in virus isolation in natural infections. Therefore, at 

least two blind passages were made in the cell cultures of 

high-volume cultivated samples. 

In our study, ReS, and UrS were the most prominent 

samples with a high level of CPE identification (Table 3). 

The lowest level of CPEs was in the BS. A study by Pawar 

et al. (37) supports these findings of our study. CDV can 

be detected at high titers from several body fluids, 

including urine (17, 41). High levels of CPE were detected 

in ReS and UrS, which may be due to the high 

reproducibility of viral load in these samples (17). Here 

we report the first isolation of CDV in MDCK cell culture 

from naturally infected dogs in Türkiye and the successful 

isolation from urine samples. Likely, our careful sampling 

at the right time in the post-infection period increased the 

efficiency of CDV isolation. According to the findings of 

this study, notable CPEs were observed in infected MDCK 

cells, and the optimal harvest time was 6 days after 

inoculation, with UrS reaching the highest CPE level. 

Although there are previous studies related to CDV 

isolation from different sample types, they provide limited 

information about isolation from urine samples in 

particular (44, 47). In the CDV infection, the sample type 

used for molecular diagnosis and virus isolation may 

depend on the clinical symptoms (36). Based on our data, 

we recommend the use of ReS for CDV diagnosis and 

isolation. The data we obtained are coherent with several 

previous studies (17, 22, 40).  

The highest amount of positivity was found to be in 

the 0–3 months age group for viral genome determination 

and in the 4–6-months age group for virus isolation (Table 

4). According to these results, it was concluded that dogs 

under 6 months of age were at higher risk of CDV 

infection. The results of Gray et al. (20) support our 

findings. In stray dogs using the same habitats as infected 

animals, such high rates of CDV infection would likely be 

caused by continuous exposure to secretions/excretions of 

infected animals. Moreover, these dogs are periodically 

collected and kept in shelters for ear tagging, spaying, 

vaccination, etc. The potential for exposure and CDV 

transmission to susceptible dogs only increases during this 

period. Additionally, the fact that CDV persists in infected 

animals (21) and that they can spread the virus again after 

immunosuppression is a permanent threat to susceptible 

animal species. However, CDV prevalence was reported 

to be lower in places where vaccination programs are 

applied regularly (10, 30, 48). Mostly, domestic dogs that 

are taken out twice a day should be prevented from 

interacting with stray dogs. However, it may be difficult 

to prevent the dogs from exposure to infected materials in 

the area that is contaminated with secretion and excretion 

of infected dogs. Such material threatens the vaccinated 

dogs as well (9). Since there is no vaccination program 

intended for stray dogs, all carnivores are at risk of 

contracting the disease (29).  

It is important to have a vaccination program for 

stray dogs to decrease the constant presence of the virus in 

the environment in general. It has been shown in our study 

that field strains can be isolated by methods that are not 

difficult to apply in practice. In this way, using field strains 

in the vaccines will result in a more effective campaign 

against CDV. Stray dogs that roam for food, water, shelter, 

mating, etc., are the key reservoirs that allow the virus to 

circulate and persist in rural and urban areas. Moreover, it 

is necessary to follow wildlife animal movements as well. 

Since there is no control program in place for CDV in the 

wildlife, it increases the risk of transmission between wild 

and domestic carnivores. The one-step real-time RT-PCR 

and virus isolation methods used in this study are the 

preferred methods for the detection of CDV in clinical 

samples. These methods are sensitive, provide highly 

specific results, and are useful for rapid detection in 

naturally infected dogs. Besides, according to the findings 

of this study, non-modified MDCK cells should be 

preferred for the isolation of CDV from naturally infected 

dogs. CDV is likely to remain an important threat to dogs, 

particularly those that are 0–6 months of age, if there is no 

program in place to control the increasing population of 

stray dogs in urban areas (42).  

We concluded that ocular swabs and blood samples 

are the preferred alternative samples, although rectal and 

nasal swabs were found to be the best clinical samples for 

the detection of CDV. Based on our findings in the urine 

samples, we can also suggest that there is a need for more 

detailed studies on urinary system symptoms in infected 

dogs. 
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The study aimed to reveal the similarities and differences of the tongue of the 

merlin with other bird species. Merlin is the smallest bird of the Falconidae 

family and lives in America, the northern regions of Europe and Asia, the 

Middle East, and Central Asia. Since these species don’t have teeth, lips, and 

cheeks, the tongue fulfills significant functions related to nutrition, and it 

differs morphologically as a result of differences in eating habits. In this study, 

the tongues obtained from five adult merlin (falco columbarius) were 

examined by morphological and stereological methods. It was determined 

that the tongue of the merlin was thin, long, and rectangular, the front part 

was oval, W-shaped papilla linguales caudales were found between the body 

and root of the tongue. The average length of the tongue was 26.32 ± 1.38 

mm, the width was 7.26 ± 0.32 mm, and the thickness was 1.58 ± 0.14 mm. 

The histology of the tongue showed that the dorsal and ventral surfaces are 

covered with keratinized multilayered squamous epithelium; there are taste 

buds in the epithelial layer, the number of taste buds is higher especially on 

the root of the tongue; and the presence of paraglossum, which is in the 

hyaline cartilage structure. The volume of the tongue was on an average of 

374.2 ± 14.08 mm3. 
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Introduction  

Merlin is the smallest bird of the family Falconidae. This 

raptor has 24-33 cm length and 53-69 cm wingspan. Facial 

features are weaker than hawks. They live in the northern 

regions of America, Europe, Asia, the Middle East, and 

Central Asia (19). 

The tongue is located at the base of the mandible, 

containing various tissues such as cartilage and bone, 

glands, muscles, nerves, blood vessels, and connective 

tissue (3). The structure and function of the tongue are 

closely associated with the diet and adaptation of animals 

to nature (6). Teeth, lips, and cheeks are missing in avian 

species, so the tongue accomplishes significant functions 

such as capturing, separating, processing, and swallowing 

food (16). As a result of all these functions and different  

 

feeding habits in different birds, the tongue varies 

considerably in poultry morphologically (3, 27).  

The tongue of the bird consists of three parts: the 

apex lingua (tip), the corpus lingua (body), and the radix 

lingua (root) (31). It has both mechanical and taste buds. 

The number and localization of these taste buds depend on 

the bird's diet or whether it is a flightless or water bird. 

These taste buds localization and number vary depending 

on the bird's diet and changes between water birds and 

flightless birds (33, 35). Morphology of tongues especially 

in bird species has been studied but most of these 

investigations are interested in the tongue of herbivores 

and omnivorous birds (26, 27). It appears that studies on 

the tongue of carnivorous birds are scarce (13, 25). 
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It was aimed to examine the morphological, 

histological, and stereological examination of the merlin 

tongue and reveal the similarities or differences with other 

bird species in this study. 

 

Materials and Methods 

Five adult Merlins (Falco columbarius) obtained from the 

Afyon Kocatepe University Veterinary Faculty Animal 

Hospital were used. This study was approved by the local  

ethical committee (Afyon Kocatepe University Animal 

Experiment Local Ethical Committee No: 49533702/41). 

Due to untreatable diseases apart from digestive tract diseases 

birds were euthanized by the department of surgery with a 

combination of ketamine (60 mg/kg) and xylazine (6 mg/kg). 

The cadavers were fixed in 10% formaldehyde solution. 

For gross anatomical examination, five birds were 

decapitated and washed in running tap water. The tongues 

were examined in the oral cavity, and then they were cut 

and examined separately. Measurements were made with 

a digital caliper (Mitutoyo, Japan). Nomina Anatomica 

Avium was used for anatomic denomination (7).  

The volume of the tongue was estimated by using 

The Cavalieri principle. Since the cadavers had already 

been fixed, the shrinkage ratio could not be calculated in 

the volume calculation. The slice thickness of the tongues 

was 2 mm, and a point-counting grid with 1 mm dot 

spacing was randomly left on the same face of each slice 

(Figure 1). The tongue volume was calculated by the 

following formula; 

V = (t. a(p). ΣP) mm³ 

V= volume; t: section thickness (2 mm); a(p): area associated 

with one test point (1 mm x 1 mm); and ΣP: Total number of 

points hitting the tongue section (20). 

Slices corresponding to the apex (tip), corpus (body), 

and radix (root) parts of the tongue were subjected to 

histological tissue follow-up and embedded in paraffin 

blocks. The 5 µm thick histological sections were stained 

by the Hematoxylin-Eosin method. Histological 

examinations were carried out by a microscope camera 

(M-Shot brand, MDX4 model, Guangzhou, China) and M-

Shot Digital Imaging System 9.3.3.1 software integrated 

into a light microscope (Olympus brand, MD2 model, 

Shinjuku-ku, Tokyo) with a motorized table (Lang brand, 

MS 316 model, Hüttenberg, Germany). 

 

Results 

It was found that the tongue was thin, long, and 

rectangular with an oval front (Figure 2). The tongue did 

not fill the floor of the oral cavity, there were gaps in the 

front and sides, and it was attached to the floor of the oral 

cavity via the frenulum linguae almost in the middle of the 

tongue. 

Between the body (corpus linguae) (Figure 3a) and 

the root (Figure 3b) of the tongue, the alae lingua (Figure 

3 black arrows) was observed being shaped by the papilla 

linguales caudales (Figure 3c) in a W-shaped direction 

towards the tongue body. Moreover, these papillae linguae 

caudales showed dark brownish-black pigmentation. The 

number of papillae linguae caudales was determined to be 

14. These papillae were cone-shaped. 

There were many salivary glands with draining  

ducts on the body and root of the tongue (Figure 2*). 

Larynx cranialis and glottis (Figure 2b, Figure 4*) were 

observed just behind the radix linguae. There were 

papillae (Figure 4 white arrows) located behind the glottis 

forming the papillae pharyngis caudoventrales and the 

number in each half was 17-18. Most of these papillae 

(except the medial one) possessed pigmentation close to 

black. Morphometric measurements of the tongues were 

shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. A point-counting grid with point spacing 1 mm used for the measurement of 2 mm tongue sections. 
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Figure 2. The merlin tongue view 

from inside the roof of the oral cavity 

(a: larynx cranialis, b: glottis, c: 

corpus lingua, d: radix lingua, e: alae 

lingua, f: apex lingua, *: orifices of 

gll. linguales, black arrows: papilla 

linguales caudales, white arrows: 

papilla pharyngis caudoventrales). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Dorsal view of alae linguae 

located between corpus and radix 

linguae (a: corpus lingua, b: radix 

lingua, c: alae lingua, black arrows: 

papilla linguales caudales). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Dorsal view of papilla 

pharyngis caudoventrales (white 

arrows: papilla pharyngis 

caudoventrales, *: glottis). 



 

DOI: 10.33988/auvfd.882553 

60 Ankara Univ Vet Fak Derg, 70  1, 2023 http://vetjournal.ankara.edu.tr/en/ 

Table 1. Morphometric measurement values of animals. 

Measurements (mm) Min Max A.M. S.E. S.D. 

Frenilum linguae length 13.9 15.7 14.77 0.3077 0.6881 

Larynx cranialis length 11.4 12.6 12.02 0.1885 0.4214 

Glottis length 6.8 7.23 7.06 0.0628 0.1405 

Sulcus medianus linguae length 12.3 15.2 13.46 0.5162 1.1542 

Tongue length 24.5 28.2 26.32 0.6167 1.3789 

Tongue Width 6.9 7.6 7.26 0.1423 0.3183 

Tongue Thickness 1.42 1.78 1.58 0.0604 0.1351 

A.M.: Arithmetic Mean. 

S.E.: Standart Error. 

S.D.: Standart Deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Dorsal surface of the merlin tongue (Hematoxylin-

Eosin, 10X. a: keratinized layer, b: epithelial layer, c: connective 

tissue, d: gland). 

 Figure 6. Taste buds (black arrows) within the epithelial layer (e) 

of the merlin tongue (Hematoxylin-Eosin, 100X). 

 

 
Microscopic examinations revealed that the dorsal 

and ventral surfaces of the merlin tongue were covered 

with keratinized multilayered squamous epithelium 

(Figure 5a) and there were numerous taste buds in the 

epithelial layer. (Figure 6 black arrows) The number of 

taste buds was higher, especially on the root of the tongue. 

There was a richly vascularized connective tissue (Figure 

7b) just below the multilayered squamous epithelial layer 

(Figure 7a). The lamina propria layer from the loose 

connective tissue (Figure 7b) made protrusions called 

dermal papillae (Figure 7 black arrows) towards the 

epithelial layer. There were many glands (Figure 5d) 

embedded in the submucosa layer and surrounded by 

connective tissue. These glands were found in the body 

(anterior salivary glands) and root of the tongue (posterior 

salivary glands). Skeletal muscle fibers seen in tongue 

tissue sections were seen in the transversal section. In 

other words, the orientation of the skeletal muscles were 

parallel to the long axis of the tongue. In addition to 

skeletal muscle and numerous vessels in the tongue tissue, 

the extension of the paraglossum (Figure 8c), in the 

hyaline cartilage structure was noted.  

The average volume of the merlin tongue was 

calculated as 374.2 ± 14.08 mm3 (Table 2). 
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Figure 7. Cross-section of the merlin tongue 

(Hematoxylin-Eosin, 20X. a: epithelial layer, 

black arrows: dermal papilla, b: connective 

tissue, c: blood vessels, d: muscle layer). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Cross-section of the merlin tongue 

(Hematoxylin-Eosin, 4X. a: epithelial layer, b: 

connective tissue, c: paraglossum, d: muscle 

layer). 

 

 

Table 2. Tongue volume values of animals. 

 Animals  

I II III IV V A.M. 

Volume (mm3) 365 391 385 352 378 374.2 

Standart Error      6.2953 

Standart Deviation      14.0769 

A.M.: Arithmetic Mean. 

 

 

Discussion and Conclusion 

Avian tongues are mainly responsible for taking food and 

swallowing. For this reason, the tongue differs depending 

on the nutrition, type of food consumed and the shape of 

the lower beak (3, 16, 31). In the morphological studies, it 

has been reported that the tongue is in the form of a 

triangle in seagull (24), white-eared bulbul (32), black 

francolin (28); toothpick like in Japanese pygmy 

woodpecker (13); protruding arrow like in the African 

pied crow (21); arrow like in the hooded crow (11); needle 

like in the heron (12); mushroom in hummingbird (34); 

spearhead like in the jungle nightjar (14); lip like in the 
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scarlet macaw (15); and rasp like in penguins (29). The 

present study revealed that the merlin tongue was thin and 

elongated rectangular in shape and its tip was oval similar 

to the white-tailed eagle (25), golden eagle (33), and hawk 

(38) tongue. Some studies (3, 27) reported that the tongue 

fills the floor of the oral cavity, similar to our findings, the 

tongue did not fill the floor of the oral cavity in seagull 

(24), hawk (38), Euroasian coot (2). These differences in 

the shapes of tongues in poultry may be associated with 

the diet, lifestyle, and structure of the lower beak. 

Studies on the tongue size of carnivorous birds are 

limited. The length of the hawk's tongue was 17 mm with 

4 mm width, and 1.2 mm thickness on average (38). In this 

study, the average length, width, and thickness of the 

merlin tongue were 26.3 mm, 7.3 mm, and 1.58 mm, 

respectively. These differences between the tongue sizes 

of these birds, which have similar feeding habitats, could 

be related to the body size.  

Erdogan and Iwasaki (16) stated that the presence or 

the number of papillae, or the shape of the papillar row 

were not associated with the feeding habit of birds. 

Moreover there was no alae lingua in the tongue of the 

omnivorous greater rhea (35), along with the carnivorous 

heron (12) and the stork (39). However, in herbivorous 

been goose (23) and long-legged buzzard (18), alae lingua 

with papilla linguales caudales exist in the form of the 

letter "V" and the same pattern can be seen in carnivorous 

white-tailed eagle (25). The alae lingua in the herbivorous 

zebra finch (9) and omnivorous Euroasian coot (2) show 

the letter "W" shape whereas the omnivorous hooded crow 

(30) and carnivorous cattle egret (4) possess the letter "U" 

shape pattern. It was determined that the papilla linguales 

caudales were in the form of the letter "U" in the Merlin 

tongue.  

The number of papilla linguales caudales of the 

tongue was reported in long-legged buzzard (18), southern 

lapwing (17), hawk (38). In the present study, the number 

of papillae linguales caudales in the tongue of the merlin 

was found to be 14, similar to the Euroasian hobby (1). 

This similarity is not surprising since these birds are in the 

same genus (Falco).  

In microscopic studies in various bird species, 

keratinization of the tongue epithelium was a common 

feature of birds (5, 27). Besides, tongue epithelial 

keratinization was lower in waterfowl (22). The tongues 

of common buzzard (10), cattle egret (5), and hawk (8) 

have keratinized epithelial tissue and that this keratinized 

tissue acts as a toothlike function in poultry, especially in 

helping to pluck plants. In our current study, it has been 

determined that multi-layered squamous epithelial tissue 

in the merlin tongue showed significant keratinization.  

Kobayashi et al. (29) reported that there was no taste 

buds in the penguin tongue. On the other hand, the 

presence of taste buds in the epithelial tissue like the 

merlin tongue was mentioned in the African pied crow 

(22), common buzzard (10), and common kingfisher 

tongues (5). Loose connective tissue, skeletal muscle, 

blood vessels, and a large number of glands were found in 

the tongue tissue in various bird species (5, 8-10, 21). 

Microscopic findings in the merlin tongue were similar to 

these findings. The presence of paraglossum in the hyaline 

cartilage structure, which was located close to the ventral 

in the transversal sections of the merlin tongue, was 

reported in different bird species i.e. common kingfisher, 

long-legged buzzard, ostrich (5, 15, 26).  

Volume calculations are generally determined by 

stereological methods on images obtained by imaging 

techniques such as Magnetic Resonance Imaging (MRI), 

Computed Tomography (CT), and Ultrasound (US) in the 

human tongue (37, 40). The tongue volume was 

determined as 2.1 mm3 for the golden-winged sunbird, 1.1 

mm3 for the green-headed sunbird, and 0.6 mm3 for the 

variable sunbird (36). In the current study, we determined 

the average volume of the merlin tongue as 374.2 ± 14.08 

mm3. These sunbirds consume the nectar from flowers and 

have a small size tube-like tongue. Also, it is thought that 

the body dimensions being smaller than Merlin may reveal 

this difference. 

In conclusion, the morphological structure of the 

merlin tongue was revealed and its volume was calculated 

by the stereological method. We found that the multi-

layered squamous epithelial tissue was keratinized, and 

there was a paraglossum in the hyaline cartilage structure 

in the body and root of the tongue. The data generated here 

could be useful for those who are interested in the 

morphology of the tongue of the carnivorous birds, 

particularly in the Merlin. 
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With this study, carbapenem resistance genes were declared for the first time 

in Enterobacteriaceae isolates isolated from dairy cows’ mastitis infection in 

Türkiye. In the bacteriological examination of 212 milk samples, 14 (6.60%) E. 

coli, three (1.41%) Klebsiella oxytoca, and two (0.94%) Klebsiella pneumonia 

were isolated. At least two E. coli isolates were found to be resistant to all of 

the antibiotics used in the antibiogram test. The highest resistance was found 

against cefotaxime and amoxicillin in K. oxytoca isolates. According to the 

results of PCR targeting blaCTX-M, blaTEM, and blaSHV genes, the blaCTX-M 

gene was detected in one K. oxytoca and four E. coli isolates, which were found 

ESBL positive. According to the results of PCR targeting carbapenem and 

colistin resistance genes, the IMP gene was detected in four E.coli, one K. 

oxytoca, and one K. pneumonia isolates. OXA-48-like gene was detected in two 

E. coli isolates. This two E. coli isolates were also IMP gene positive. While NDM 

gene was detected in two E. coli, KPC gene was detected in one E. coli isolate. 

One of the colistin resistance genes, mcr-1 was detected in two E.coli strains 

with PCR. This study showed that ESBL production and carbapenem resistance 

in Enterobacteriaceae family strains to become prevalent and increasing, 

especially among E. coli isolates. Furthermore, identification of multiple 

antibiotic resistance in the isolates indicated that antibiotic resistance also 

spread rapidly and increased. 
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Introduction  

Multidrug resistance in E. coli has been known 

worldwide. Because mastitis is one of the most frequent 

infections that cause several economic losses particularly 

due to milk and milk quality loss and treatment expenses 

in dairies (30, 33, 54), antibiotics are the most common 

important treatment choice in mastitis infections of dairy 

cows (20, 34, 52, 54). However, as antibiotic use in 

animals produced to obtain human food, the presence of 

antibiotic residue in the milk and/or multiple antibiotic 

resistance (MDR) developing in bacteria may pass to 

drinking milk and dairy products, has great importance for 

food hygiene, safety, and public health (31, 34). In recent 

years, as a global problem in livestock and public health 

fields, it has been reported that the existence of 

Enterobacteriaceae strains, producing ESBL, especially 

E. coli, increases in the mastitis infections of dairy cows 

(35, 52). In agriculture and livestock breeding, the 

resistance developing against antibiotics which are also 

used in the treatment of humans has become a global 

problem for public health (34). It has been reported that 

the resistance developing rapidly against a new antibiotic 

active substance is one of the severe problems threatening 

public health (3, 57). A good antibiotic treatment is 

performed by administering an effective antibiotic active 

substance selected after determining the antibiotic 

susceptibility of the agents isolated from udder tissue 

and/or milk. However, as antibiotic treatment is started 

mostly without determining mastitis pathogens, it has 

been reported that the development of antibiotic resistance 

should be necessarily monitored. Although mastitis 

treatment is similar in all the countries across the world, 
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penicillin, aminopenicillins and their clavulanic acid 

combinations, and third and fourth-generation 

cephalosporins are mostly used in Europe (20, 54).  

Antibiotic-resistant E. coli strains increase due to the 

spread of carbapenem-resistant Enterobacteriaceae 

(CRE) isolates, which have multiple drug resistance, these 

are causing treatment difficulties (50). Third and fourth-

generation cephalosporins are stated as critical 

antimicrobials by the World Health Organization. In 

Enterobacteriaceae, resistance to cephalosporins is often 

associated with the production of extended-spectrum β-

lactamases (ESBLs). Among others, ESBL producing E. 

coli strains spreads around the world in humans as well as 

livestock, and it’s easily spread is associated with several 

factors such as high virulence gene content, transfer of 

plasmids carrying ESBL gene, or exchange of genes 

encoding ESBL on mobile elements (24). 

Extended-spectrum beta-lactamase (ESBL) enzymes 

are responsible for the hydrolysis of oxyimino-beta-

lactam antibiotics used in the treatment of human and 

animal infections. ESBL was first declared in 

Enterobacteriaceae (Enterobacterales in the new 

taxonomy) in 1983 and since then ESBL-producing 

Enterobacteriaceae (E-ESBLhas become a great risk to 

human health. These bacteria were responsible for 1700 

deaths in the USA due to treatment errors in most 

infections in 2013 (49). ESBL is one of the most known 

resistance mechanisms frequently observed in E. coli, 

Klebsiella, and Enterobacter spp. species included in the 

Enterobacteriaceae family (22). The major ESBL types 

determined in the species included in the 

Enterobacteriaceae family are TEM, SHV, and CTX-M. 

CTX-M, TEM, and SHV type beta-lactamases are 

considered to be plasmid-related (7, 22).  

Carbapenemases are beta-lactamases that hydrolyze 

penicillins, most often cephalosporins and varying degrees 

of carbapenems and monobactams. Monobactams are not 

degraded by metallo-beta-lactamases. Carbapenemases 

are a source of concern as they cause resistance to all beta-

lactams and can easily spread. Detection of these isolates 

is very important for infection control and public health 

(26).  

Carbapenem-resistant genes such as blaKPC, 

blaNDM, blaIMP, blaOXA48, and a plasmid-mediated 

mcr-1 gene that conferred colistin resistance in 

Enterobacteriaceae, specialize in more information 

worldwide. The spread of mcr-1 encoding plasmids 

among carbapenem-resistant Enterobacteriaceae raises 

concerns about the emergence of incurable bacterium and 

becomes a serious risk for public health worldwide. IMP 

carbapenemase is also common in some countries in the 

world. (26). In Türkiye, this is the first research study for 

these carbapenemase genes in animal bacterium isolates.  

The aim of this study is to perform phenotypic and 

genotypic characterization of Enterobacteriaceae strains 

isolated from mastitis infections in dairy cows in terms of 

ESBL production, carbapenem, and colistin resistance. 

 

Materials and Methods 

Materials and Sampling: In the study, 212 cow milk 

samples collected from the 52 different private family type 

dairy farms, which have 10 and more Holstein and/or 

Simmental cows, in Balıkesir city during the period of 

June 2018 and June 2020 were examined. In these farms 

there were a total of 639 dairy cows. The milk samples 

were taken  by veterinarians for microbiological 

examinations about 5 ml into the sterile sample containers, 

after teats were cleaned with antiseptic and first milk 

discarded. All samples were collected before 

administering antibiotic treatment. One hundred twenty 

milk samples were taken from the udder lobes from cows 

which with clinical mastitis symptoms such as 

inflammation, pain and reduced milk yield. Ninety two 

milk samples were collected from the udder lobe from 

dairy cows with subclinical mastitis, which were positive 

as a result of the California Mastitis Test. These samples 

were delivered to the laboratory under cold chain 

conditions (8, 42, 58). The samples not to be included in 

the analysis immediately were frozen at (-20) °C and 

stored.  

 

Isolation and Identification of bacterial strains from 

milk samples: At first, milk samples were slowly shaken 

for homogenization and then were inoculated onto 5% 

sheep blood agar (Merck, Germany), MacConkey Agar 

(Merck, Germany), Tryptone Bile X-Glucuronide (TBX) 

agar, Bile Aesculin Azide Agar (Merck, Germany), and 

RPF-Baird Parker (RPF-BP) (Merck, Germany) agar. 

While 5% sheep blood agar, Bile Aesculin Azide agar, 

RPF-Baird Parker (RPF-BP), and MacConkey Agar were 

incubated at 37°C for 24 hours; TBX agar was incubated 

at 44°C for 18-24 hours as reccommended by the 

manufacturers. At the end of the incubation, the pink 

colonies in MacConkey agar and blue-green colonies in 

TBX agar were selected for the identification of Klebsiella 

spp. and Escherichia coli (E. coli). Firstly, Gram staining, 

microscopic and colony morphologies, hemolysis 

characteristics, coagulase activity on RPF-BP agar, black 

or colorless colonies on Bile Aesculine Azide agar were 

evaluated, and then biochemical tests (indole, oxidase, 

catalase, TSI agar, metil red Voges Proskauer, etc.) were 

performed to all different colonies (53). As a result of the 

biochemical tests, the isolates identified as Klebsiella spp., 

K. pneumonia, K. oxytoca, E. coli, S. aureus, Staphylococcus 

spp., S. uberis, Streptococcus spp., Micrococcus spp., 

Pseudomonas spp., Mucor, Corynebacterium spp.,  

Enterococcus spp.. A few other colonies were arranged in 

the tubes with 3 ml sterile saline and adjusted to 

McFarland 0.5-0.63 turbidity and they were identified and 

verified in Vitek 2 Compact device (Biomerieux, France) 
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with Gram negative and Gram positive identification cards 

(Biomerieux, Vitek 2 GN Card, 2019; Biomerieux, Vitek 

2 GP Card, 2019). All identified isolates were taken into 

cryotubes and kept at -20°C.  

 

Determination of Antibiotic Susceptibilities of 

Enterobacteriaceae isolates: The antibiogram tests of 

Klebsiella spp. and E. coli isolates were performed based 

on disc diffusion method according to European 

Committee on Antimicrobial Susceptibility Testing 

(EUCAST) and Clinical and Laboratory Standards 

Institute (CLSI) standards (6, 12, 18, 19, 27). The 

antibiotic discs used in this study were selected not only 

for which they are used in the treatment of ruminants (21, 

29, 38, 42) but also observe for ESBL production and 

carbapenem resistance. For this purpose, a member of 

penicillins, cephalosporins, carbapenems quinolones, 

sulphonamides, aminoglycosides, macrolides, tetracyclines 

were used in disc diffusion tests. Used antibiotic discs are 

shown in Table 2.  

The isolates were thawed and inoculated onto Brain 

Heart Infusion Broth (Biomerieux, France) from 

cryotubes to review and incubated at 37 °C for 24 hours. 

At the end of the incubation, all isolates were confirmed 

with Gram staining then antibiogram tests were performed 

(27).  

After susceptibility tests, inhibition zones were 

recorded as resistant (R), intermediate (I), and susceptible 

(S) based on the breakpoints recommended by EUCAST 

in terms of Enterobacteriaceae for ampicillin, amoxicillin, 

amoxicillin-clavulanic acid, ofloxacin, doxycycline, 

cephalexin, cefotaxime, ceftazidime, ertapenem, 

meropenem, gentamycin, chloramphenicol, ciprofloxacin, 

sulfamethoxazole-trimethoprim, erythromycin, and 

tetracycline (27). Cephoperazone, penicillin G, and 

streptomycin were interpreted based on the breakpoints 

suggested by CLSI for Enterobacteriaceae (16, 17, 18). 

The susceptibility of neomycin was interpreted by criteria 

reported by Fouad et al. (29). Marbofloxacin and 

enrofloxacin were evaluated based on the breakpoints 

suggested by CLSI VET08 ED4:2018 (19). Phenotypic 

Detection of ESBL and Carbapenemase in 

Enterobacteriaceae isolates: In order to investigate the 

extended-spectrum beta-lactamase (ESBL) activities of 

the isolates, the combination disc diffusion tests were 

performed and evaluated according to EUCAST criteria 

(16). Cefotaxime (Liofilchem, 5µg) and cefotaxime- 

clavulanic acid (Liofilchem, 30+10µg) combination discs 

were used in this test.  

According to the EUCAST procedure (26), isolates, 

whose zone diameters were found to be <28 and <25 mm 

against meropenem and ertapenem in the screening test, 

respectively, were subjected to the confirmatory 

combination disc tests (KPC, AmpC, metallo-beta 

lactamase, OXA-48, ESBL/loss of porin). In this test, 

meropenem (Liofilchem, 10µg,), ertapenem (Liofilchem, 

10µg,), merpenem+dipicolinic acid (Liofilchem, Italy), 

meropenem+EDTA (Liofilchem, Italy), meropenem+ 

phenylboronic acid (Liofilchem, Italy), meropenem+ 

cloxacillin (Liofilchem, Italy), temocillin (Liofilchem, 

Italy) combined and single discs were used. Tests were 

evaluated by the EUCAST procedure (26).  

 

Detection of ESBL, carbapenemase, and colistin 

resistance by PCR: All E. coli and Klebsiella spp. isolates 

were subcultured into Nutrient Broth (NB, Oxoid, UK) to 

obtain pure cultures and incubated at 37°C for 18 hours. 

After incubation, 1 mL NB broth culture of the isolates 

was centrifuged at 5000 g for 10 min. After the 

centrifugation process, the supernatant was removed and 

DNA extraction was performed using the pellet through 

GeneJET Genomic DNA Purification kit (Thermo 

Scientific, US) and DNA Purification Protocol for Gram-

negative bacteria.  

PCR was performed to examine ESBL, 

carbapenemase, and colistin resistance gene regions. 

Specific primer pairs were used to amplify the sequences 

of these genes, which were synthesized commercially 

from the selected genes described previously by Bektaş et 

al. (7) and Hatrongjit et al. (32) (Table 1). 

The PCR reaction mix for all ESBL genes was 

carried out in a total volume of 25 µl, containing 5 µl of 

DNA extract (template DNA) and 20 µl of PCR mix. PCR 

mix contained 12.5 μL DreamTaq PCR Master Mix (2X) 

Kit (Thermo Scientific, US), 7.3 μL DEPC water, 0.1 μL 

Primer F (100 pmol/μL), and 0.1 μL Primer R (100 

pmol/μL). Amplification conditions were performed for 

these genes according to as described previously by 

Bektaş et al. (7).  

Isolates were tested for the presence of 

carbapenemase and colistin resistance genes by multiplex 

PCR as described previously by Hatrongjit et al. (32). The 

PCR reaction mix was performed in a total volume of 15 

µl, containing 2 µl of DNA extract (template DNA) and 

13 µl of PCR mix. PCR mix consisted of 8.8 μL DreamTaq 

PCR Master Mix (2X) Kit (Thermo Scientific, US), 2.2 μL 

DEPC water, 0.2 μL each Primer F (100 pmol/μL), 0.2 μL 

each Primer R (100 pmol/μL). Amplification conditions 

were performed for these genes according to as described 

previously by Hatrongjit et al. (32). 

All PCR amplicons (10 µl ampicon and 2 µl 

Bluejuice gel loading buffer 10X, Thermo Scientific, US) 

were electrophoresed on 1.5% agarose (Prona) gel 

prepared into 200 ml Tris-borate-EDTA (TBE) buffer 

(Thermo Scientific, US) and visualized on a bio-

visualizing system (EBOX CX5 TS EDGE, Vilber). DNA 

molecular weight marker (Gene Ruler 100bp DNA Ladder 

plus, Thermo Scientific, US) was used. 



 

DOI: 10.33988/auvfd.828306 

68 Ankara Univ Vet Fak Derg, 70  1, 2023 http://vetjournal.ankara.edu.tr/en/ 

Table 1. Primer sequences, target ESBL, and carbapenemase genes, base pairs and references. 

Primers Sequence Target ESBL genes Base pairs References 

CTX-M-F 

CTX-M-R 

TCTTCCAGAATAAGGAATCCC 

CCGTTTCCGCTATTACAAAC 

blaCTX-M 909 bp Bektaş et al. (7) 

TEM-F 

TEM-R 

TCCGCTCATGAGACAATAACC 

TTGGTCTGACAGTTACCAATGC 

blaTEM 931 bp Bektaş et al. (7) 

SHV-F 

SHV-R 

TGGTTATGCGTTATATTCGCC 

GGTTAGCGTTGCCAGTGCT 

blaSHV 868 bp Bektaş et al. (7) 

IMP-F 

IMP-R 

GGAATAGAGTGGCTTAAYTCTC 

GGTTTAAYAAAACAACCACC 

IMP 232 bp Hatrongjit et al. (32) 

OXA-48-like-F 

OXA-48-like-R 

GCGTGGTTAAGGATGAACAC 

CATCAAGTTCAACCCAACCG 

OXA-48-like 438 bp Hatrongjit et al. (32) 

NDM-F 

NDM-R 

GGTTTGGCGATCTGGTTTTC 

CGGAATGGCTCATCACGATC 

NDM 621 bp Hatrongjit et al. (32) 

KPC-F 

KPC-R 

CGTCTAGTTCTGCTGTCTTG 

CTTGTCATCCTTGTTAGGCG 

KPC 798 bp Hatrongjit et al. (32) 

MCR1-F 

MCR1-R 

GGGTGTGCTACCAAGTTTGC 

CATTGGCGTGATGCCAGTTT 

mcr-1 1126 bp Hatrongjit et al. (32) 

 

 

E.coli (ATCC ® 25922™), K. pneumoniae (ATCC 

® 700603™), E.coli (CCUG 62975; CTX-M positive), 

E.coli (NCTC 13846; colistin resistant mcr-1 positive), 

E.coli (NCTC 13476; IMP positive), K.pneumonia 

(NCTC 13438; KPC positive) and E.coli (NCTC 14320; 

IMP, KPC and OXA-48-like positive) were used as 

control strains in the isolation, identification, disc 

diffusion and PCR tests. 

 

Results 

On bacteriological examination, 14 (6.60%) E. coli, three 

(1.41%) Klebsiella oxytoca, and two (0.94%) Klebsiella 

pneumonia were isolated from 212 milk samples. Two of 

14 E. coli were isolated in the milk samples of the cows 

with clinical mastitis and 12 E. coli were isolated from 

milk samples of cows with subclinical mastitis. Klebsiella 

oxytoca (n:3) and Klebsiella pneumonia isolates (n:2) 

were isolated from subclinical mastitis cases. Table 2 

shows the isolation data of all bacterium from milk samples. 

 

Table 2. Isolates and milk sample numbers. 

Isolates 

Number of 

isolates 

Number of 

milk samples 

E. coli 14 14 

K. oxytoca 3 3 

K. pneumonia 2 2 

Staphylococcus aureus 12 12 

Staphylococcus spp. 7 7 

Enterococcus spp. 3 3 

Micrococcus spp. 1 1 

Streptococcus spp. 2 2 

Streptococcus uberis 7 7 

Pseudomonas spp. 1 1 

Corynebacterium spp. 7 7 

Kocuria spp. 1 1 

Mucor spp. 4 4 

No bacterial growth - 148 

Total 64 212 

Table 3 shows the results of disc diffusion tests. At 

least two E. coli isolates were found to be resistant to all 

of the antibiotics used in the antibiogram test. The highest 

resistance was found against cefotaxime and amoxicillin 

in K. oxytoca isolates, whereas, the highest resistance was 

found in K. pneumonia isolates against sulphamethoxazole/ 

trimethoprim. 

According to the results of the disc diffusion test, 

ESBL was detected positive in four E. coli and one K. 

oxytoca isolates. K. pneumonia isolates were showed no 

ESBL production. In combined disc diffusion tests, these 

ESBL positive strains also were found positive, which 

were much more 5 mm broad zone diameter with 

cefotaxime+clavulanic acid compared with cefotaxime disc.  

According to the PCR results of blaCTX-M, 

blaTEM, and blaSHV genes, the blaCTX-M gene was 

detected in one K. oxytoca and four E. coli isolates, which 

were found ESBL positive. (Figure 1A).  

In antibiogram tests, seven E. coli, one K. oxytoca, 

and one K. pneumonia isolates were found resistant 

against meropenem and ertapenem. Also, these isolates 

were confirmed in terms of carbapenem resistance 

according to the EUCAST procedure (26). In phenotypic 

mechanism determination tests, the presence of the OXA-

48-like gene was confirmed by the resistance of 

Temocillin. Two E. coli strains were shown Temocillin 

resistant. The presence of IMP and NDM gene to 

determine the mechanism of metallo-beta-lactamase 

(MBL), the presence of increased synergy with dipicolinic 

acid was detected in six E. coli (two of also have OXA-48 

type), one K. oxytoca, and one K. pneumonia strains by 

combined disk diffusion tests. The presence of the KPC 

gene was confirmed by synergie with boronic acid and one 

E. coli was found positive.
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Table 3. Disc diffusion test results of Enterobacteriaceae isolates. 

Antibiotic discs  

E. coli (n:14) K. oxytoca (n:3) K. pneumonia (n:2) 

S I R S I R S I R 

Amoxicillin (Oxoid, 10µg) 4 - 10 1 - 2 1 - 1 

Amoxicillin-clavulanic acid (Oxoid, 30µg) 4 1 9 2 1 - 2 - - 

Ampicillin (Oxoid, 10µg) 6 1 7 2 1 - 1 - 1 

Cephalexin (Oxoid, 30µg) 8 1 5 1 1 1 2 - - 

Cephoperazone (Oxoid, 75µg) 3 - 11 1 1 1 1 - 1 

Cefotaxime (Liofilchem, 5µg) 7 1 6 1 - 2 1 - 1 

Ceftazidime (Liofilchem, 30 µg) 8 1 5 1 1 1 1 - 1 

Chloramphenicol (Oxoid, 30µg) 4 - 10 3 - - 2 - - 

Ciprofloxacin (Oxoid, 5µg) 6 - 8 3 - - 2 - - 

Doxycyline (Oxoid,  4 3 7 3 - - 2 - - 

Enrofloxacin (Oxoid, 5µg) 2 1 11 3 - - 1 - 1 

Erithromycin (Oxoid, 15µg) 3 - 11 2 1 - 1 - 1 

Gentamicin (Oxoid, 10µg) 9 - 5 3 - - 2 - - 

Marbofloxacin (5µg) 2 1 11 3 - - 1 - 1 

Neomicin (Oxoid, 10µg) 3 - 11 2 - 1 1 - 1 

Ofloxacine (Oxoid, 5µg) 12 - 2 3 - - 2 - - 

Penicillin G (Oxoid, 10U) 4 - 10 2 - 1 2 - - 

Spiramycin (Oxoid, 100µg) 12 - 2 3 - - 2 - - 

Streptomycin (Oxoid, 10µg) 12 - 2 3 - - 2 - - 

Tetracyclin (Oxoid, 30µg) 10 - 4 3 - - 2 - - 

Trimethoprim-Sulfahamethoxazole (Oxoid, 25µg) - - 14 2 - 1 - - 2 

S: Susceptable, I:Intermediate, R:Resistant. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. A) PCR results of CTX-M gene for 

Enterobacteriaceae isolates (M: Marker, PC: 

Positive control, NC: Negative control: Line 2-

3: positive isolates Line 3-9: Negative isolates) 

B) Multiplex PCR results of carbapenemase 

and colistin resistance genes for 

Enterocteriaceae isolates with 100 bp plus 

ladder (PC: Positive control, NC: Negative 

control, Marked Lines: positive 

Enterobacteriaceae strains with marked gene). 
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According to the results of PCR targeting 

carbapenem and colistin resistance genes, the IMP gene 

was detected in four E.coli, one K. oxytoca and one K. 

pneumonia isolates, respectively. OXA-48-like genes 

were detected in two E. coli isolates. Also in these OXA-

48-like positive two E. coli isolates have an IMP gene. 

While NDM gene was detected in two E. coli, KPC gene 

was detected in one E. coli isolate. One of the colistin 

resistance genes, mcr-1 was detected in two E.coli strains 

with PCR (Figure 1B). 

 

Discussion and Conclusions 

In dairy cows, E. coli is a foodborne zoonosis with high 

importance for public health (48). In this study, the 

presence of E. coli was detected to be 6.60% in cow milk 

with mastitis. Messele et al. (44) have reported that the E. 

coli isolation rate was 7.1% from milk. Makolo et. al. (41) 

stated that they isolated six E. coli and seven Klebsiella 

pneumonia from 147 milk samples. Zhang et al. (58) 

reported that they isolated E. coli at the rate of 20.1% from 

393 milk samples. Klibi et al. (35) stated that they isolated 

79 E. coli and 30 Klebsiella pneumonia in 300 milk 

samples. Manasa et al. (42) reported that they isolated E. 

coli at the rate of 41%. Considering the mentioned studies, 

the presence rate of E. coli in this study was thought to be 

significant. In this study, two K. pneumonia and three K. 

oxytoca were isolated.  

According to the disc diffusion test results, multiple 

drug resistance was determined in E. coli isolates. 

According to these results, it was considered that multiple 

drug resistance may spread among the isolates. In K. 

oxytoca isolates, the highest resistance was found against 

cefotaxime, cephalexin, cefoperazone, neomycin, penicillin 

G, and trimethoprim-sulfamethoxazole, respectively. 

Dinç et al. (22) were found the resistance rates in 92 E. 

coli strains isolated from mastitis infections of cattle 

against erythromycin (69.6%), ampicillin (39.1%), 

tetracycline (34.8%), nalidixic acid (25.0%), 

chloramphenicol (22.8%), trimethoprim-sulfamethoxazole 

(21.7%) and amoxicillin-clavulanic acid (21.7%) and also 

25.0% of the 92 E. coli strains were susceptible to all 

tested antibiotics. They also reported that 54.3% of E. coli 

strains were resistant to two or more antibiotics, but they 

could not detect ESBLs in 92 E.coli strains. Makolo et al. 

(41) stated high multiple resistance to tetracycline, 

penicillin, and erythromycin. Bhat et al. (8) determined 

that the isolates were susceptible mostly to enrofloxacin 

and gentamicin but all the isolates were resistant to 

penicillin. Penicillin and gentamicin results in this study 

were found to be similar to the results of Bhat et al. (8) and 

they were found to be compatible with Dinç et al. (22) in 

terms of E. coli isolates with multiple resistance. 

ESBL-producing strains have been widespread 

throughout the world since they were first described in 

1983. This spread occurs as a result of clonal replication, 

transfer of ESBL genes to plasmids, and rarely, the 

emergence of new enzymes. The most important group 

among ESBLs is the CTX-M enzymes that emerged in the 

early 2000s. This group is followed by SHV and TEM-

derived ESBLs (9, 11, 14, 26, 40). Escherichia species 

where ESBL production is most common are E. coli and 

Klebsiella pneumoniae, but other clinically important 

Enterobacteriaceae species are also ESBL producers (9, 

15, 26, 39). According to EARS-Net data, rates of invasive 

K. pneumoniae non-sensitive to 3rd generation 

cephalosporins are more than 25% in most European 

countries and even more than 50% in many countries. 

KPC type, except Italy and Greece, where carbapenemase-

producing isolates are high. Most local ESBL test results 

had been considered ESBL positive (25, 26). 

Beta-lactam antibiotics are used frequently for 

treatment purposes in human and animal health. 

Extended-spectrum beta-lactamases are resistant to 

penicillin, 1st and 4th generation cephalosporins, and 

monobactams. Extended-spectrum beta-lactamases are 

generally associated with the plasmid. The most frequent 

beta-lactamases groups in Enterobacteriaceae isolates are 

TEM, SHV, and CTX-M. TEM and SHV groups are 

originated from TEM-1/TEM-2 and SHV-1 (blaTEM-

1/blaTEM-2 and blaSHV-1) beta-lactamase genes; the 

CTX-M gene may be transferred by conjugation (51). 

Dinç et al. (22) stated that they were not determined ESBL 

in 92 E. coli strains isolated from cattle mastitis. In this 

study, in one K. oxytoca isolates, CTX-M genes were 

determined. In four E. coli isolates, the blaCTX-M gene 

was found. Among the studies conducted in Türkiye last 

seven years, ESBL increase has been observed in E. coli 

strains which have been the isolates of cattle mastitis 

infection. 

Many researchers have reported that ESBL 

production among Enterobacteriaceae isolates has an 

increasing prevalence (51). This increase has been 

associated with the clonal transfer of the strains producing 

ESBL and the horizontal transfer of these genes carrying 

plasmids. Dinç et al. (22) conducted a study on milk 

samples taken from different cities, including Balıkesir in 

Türkiye and they reported that they could not detect ESBL 

in E. coli strains isolated from mastitis infection of cow’s. 

In this study, ESBL were identified in one K. oxytoca 

isolates and four E. coli isolate in Balıkesir city, which 

indicated that ESBL genes spread among the strains and 

the resistance became widespread in seven years. Aslantaş 

et. al. (4) detected 12 (46.2%) harbored blaCTX-M-15, 11 

(42.3%) blaCTX-M-1, two (7.7%) blaCTX-M-3 and one 

(3.8%) blaCMY-2. In addition to ESBL/AmpC genes, 

other β-lactamase genes were detected in 22 isolates 

(84.6%), of which 21 isolates harbored blaTEM-1b and 
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one isolate harbored blaOXA-1 in combination with 

ESBL/AmpC genes.  

Today, carbapenem resistance in Gram-negative 

bacteria is a worldwide problem. (46). Most 

carbapenemases are encoded by transposable elements on 

enzymes derived from plasmids. In Enterobacteriaceae 

members, changes or loss of porin (or possibly PBP) and 

ESBL or AmpC enzyme production can also be seen with 

reduced susceptibility to carbapenems. Carbapenemases 

are particularly sensitive to one of the carbapenems 

(imipenem, meropenem, ertapenem, doripenem) (26). 

In the 1990s, the problem of carbapenem resistance 

was reported in many Mediterranean countries in Europe, 

especially in Pseudomonas aeruginosa (13, 26). In the 

early 2000s, an outbreak of Klebsiella pneumoniae related 

to metallo-β-lactamase (VIM) encoded by Verona 

integron and K. pneumoniae carbapenemase (KPC) was 

reported in Greece (26, 56). Today, OXA-48 

carbapenemases are the most common carbapenemase 

group in Europe (2, 26). Other particularly problematic 

carbapenemases are New Delhi metallo-β-lactamases 

(NDMs) (2, 26), which are quite common in the Indian 

subcontinent and the Middle East and have been reported 

on several occasions in Europe, as well as instances of 

regional spread in some countries (5, 27). IMP-

carbapenemases are also common in some parts of the 

world (26, 47). 

Nordmann et al. (46) reported that carbapenem 

nonsusceptibility or resistance rates by region, especially 

for E. coli, up to 3% in Asia-Pacific, up 34% in India, 

Nepal, Pakistan, Vietnam, up to 7% in Europe, between 

0.2%–0.4% in North America, between 0.4%–9.0% in 

Latin America (46).  

Countries in Africa, including Morocco, Kenya, and 

South Africa have reported NDM-1 as the most dominant 

carbapenemase gene. Latin America and China have 

reported KPC-2 as the most dominant carbapenemase 

gene (12). In Türkiye, authors reported only AmpC-

producing E. coli strains (4).  

In Türkiye, there is no study about findings of 

carbapenem resistance and IMP, OXA-48 like, NDM and 

KPC genes in animal bacterium isolates. Recently Al et al. 

(1) reported that no carbapenem resistance in 

Enterocateriacae strains isolated from raw milk. With this 

study, carbapenem resistance genes (IMP, OXA-48 like, 

NDM and KPC) were declared for the first time in 

Enterobacteriaceae isolates isolated from dairy cows’ 

mastitis infection in Türkiye. 

Köck et al. (36) reported that they isolated 

carbapenem-resistant Enterobacteriaceae from poultry 

meat, chicken, pig, cows or raw milk, cattle, and various 

types of seafood. Pamipuntu et al. (50) were reported that 

they isolated a total of 182 E. coli isolates in 64 water 

samples obtained from drinking water containers of dairy 

cattle in 32 dairy farms. Also, they found two isolates 

resistant to imipenem but showed positive results for only 

blaNDM gene detection by the PCR in these E. coli strains. 

Carbapenemases are a source of concern because 

they may confer resistance to virtually all β-lactams, and 

are readily transferable. Because of this, resistance 

mechanisms to a wide range of antimicrobial agents and 

their infections with high mortality rates in 

epidemiologically (10, 26, 43, 55). 

Colistin (also known as polymyxin E) and other 

polymyxins are used for the treatment of severe human 

infections with Pseudomonas aeruginosa and carbapenem- 

insensitive ESBL-producing Enterobacteriaceae and 

Acinetobacter spp. Such strains are also has been found in 

foods of animal origin and there are signs of mcr-1 gene 

flow from animals to humans (28). In this study, the mcr-

1 gene was found in two E. coli isolates. However, colistin 

resistance is not very important for cow mastitis cases and 

colistin has not commonly used for the treatment of cow 

mastitis infection (28). But this result is important for 

public health. 

Until recently, in Türkiye has not been reported any 

IMP, OXA-48 like, NDM and KPC carbapenem resistance 

genes in E. coli and Klebsiella spp. from dairy cows' 

mastitis infection isolates. This study results showed that 

carbapenem resistance was detected for the first time in 

Türkiye and that occurred in Enterobacteriaceae strains in 

cow’s mastitis agents in Türkiye. So, this is important for 

the epidemiology of carbapenem resistance in Türkiye; 

but more epidemiological studies are needed in animal 

isolates in Türkiye. 

Consequently, determining ESBL and carbapenem 

resistance in the species especially included in the 

Enterobacteriaceae family revealed the presence of ESBL 

and carbapenem resistance, becoming prevalent and 

increasing, especially among E. coli isolates in Türkiye. 

Also, the fact that multiple antibiotic active substance 

resistance was determined in the isolates revealed that 

antibiotic resistance spread and increased rapidly. For 

these reasons, it has been considered that researching and 

monitoring the presence of ESBL and carbapenem 

resistance genes in the bacteria isolated in animal diseases 

are essential in terms of obtaining epidemiological data. 

Finally, this study is evaluated in terms of public health, it 

demonstrates the importance of control and prevention of 

antimicrobial resistance with the scope of the One Health 

concept. 
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The aim of this study was to monitor the presence of SARS-CoV-2, the virus 

that cause the coronavirus disease 2019 (COVID-19), particularly on certain 

foods and surfaces that come in contact with food in district supermarkets in 

Ankara, Türkiye, where the highest number of COVID-19 cases was reported 

based on data from the Ministry of Health. For this purpose, a total of 172 

samples were taken from 5 supermarkets in 4 districts in Ankara. RNA was 

extracted from the samples and RdRp gene-targeting reverse transcription 

quantitative polymerase chain reaction (RT-qPCR) assays were used to 

determine the presence of SARS-CoV-2. The results showed that all the 

supermarket samples collected during the period when there was a high 

number of COVID-19 cases in the district did not have SARS-CoV-2 except for 

one sample that was taken from a supermarket where COVID-19 had been 

detected among the staff. In this supermarket, COVID-19 RNA was detected 

with a high number of copies of 5 000, using Real-Time RT-PCR assay in pooled 

swab samples taken from salt shakers, pepper shakers, red pepper shakers, 

and vinegar and oil bottles in the social area that the staff used for lunchbreaks 

and other breaks. This finding shows that it is of great importance for public 

health agencies to monitor COVID-19 cases in food businesses in regions with 

a high number of cases and to take samples from these businesses at certain 

intervals, as a form of “early warning system.” 
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Introduction  

Coronoviruses (CoVs) were first known as viral agents 

related to the Coronaviridae family, which caused 

significant health problems mainly in mammals, birds, and 

fish. Later, human CoVs were discovered, associated with 

mild respiratory disorders (9, 17). In 2003, the severe 

acute respiratory syndrome-associated coronavirus 

(SARS-CoV) broke out globally; followed 10 years later 

by the Middle East respiratory syndrome-related 

coronavirus (MERS-CoV), which affected a more limited 

geographic area (26). In December 2019, a new 

coronavirus emerged in Wuhan, China. The novel 

coronavirus (2019-nCoV) was identified from a patient’s 

broncho-alveolar lavage fluid (28). Full genome 

sequencing and phylogenetic analysis revealed that it 

belongs to a distinct clade from the betacoronaviruses 

associated with the previous SARS-CoV and MERS-CoV 

(28). The International Virus Taxonomy Committee 

named the virus SARS-CoV-2 and classified it under the 

genus Betacoronavirus. Although the main source of the 

transmission of SARS-CoV-2 has not yet been clearly 

determined, it is presumed to have been transmitted to 

humans from wild animals sold in the Huanan Seafood 

Wholesale Market in Wuhan (5). The disease caused by 
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this virus was named coronavirus disease 2019 (COVID-

19) by the World Health Organization (WHO). 

A total of 124,218,483 cases of COVID-19, 

2,734,668 of which resulted in death, have been reported 

worldwide from the start of the epidemic to March 28, 

2021 (1). Official authorities, especially WHO, emphasize 

that the main route of transmission of SARS-CoV-2 is 

person to person through respiratory droplets released 

during coughing, sneezing, and/or speaking (25). Studies 

have reported that other potential routes of transmission 

are droplet-contaminated surfaces or aerosols (21). 

Therefore, people can indirectly come in contact with 

COVID-19 by touching a contaminated surface and then 

touching their mouth, nose, or eyes (27). Although no 

direct foodborne transmission has been reported, 

examination of clinical records has revealed high 

incidence rates of gastrointestinal symptoms, particularly 

diarrhea, nausea, vomiting, and abdominal discomfort (2, 

11, 14, 29, 12). 

Considering this information, this study was carried 

out to investigate if SARS-CoV-2 can be detected in foods 

offered for sale in supermarkets and on surfaces that come 

in contact with food in such supermarkets in the districts 

of Ankara province in Türkiye, where the number of 

COVID-19 cases was reported by the country’s Ministry 

of Health as the highest in the country. In addition, 

samples taken from the materials and surfaces used by the 

supermarket staff while eating in the social areas of the 

supermarket were collected and included in the study. 

 

Materials and Methods 

A total of 172 samples were taken from 5 supermarkets in 

4 districts in Ankara. First, samples were collected from a 

supermarket in district that was closed officially because 

COVID-19 had been detected in some staff. The samples 

were taken both from the staff’s social area and from the 

sales areas. Next, after examining the data from the 

Ministry of Health on districts with high numbers of 

COVID-19 cases, the districts of were chosen for further 

sampling. All samples were collected from popular 

supermarkets in these districts. 

 

Collection of samples: All staff who participated in the 

collection of the samples were trained on sample 

collection, labeling, documentation, and biosecurity 

measures, and were transported from the laboratory to the 

collection sites and back to the laboratory. During the 

sampling, the sample collectors wore high-level 

biosecurity clothing. All the samples were collected after 

the closing times of the supermarkets, when all customers 

and staff have left and before the routine cleaning 

procedures. The surface samples were collected using the 

swab method, but fresh vegetables and fruits that could be 

consumed unpeeled were collected as whole foods. The 

surfaces from which samples were taken were “high-touch 

surfaces” by customers and supermarket personnel, as 

identified in literature (24).  

The samples were delivered to the Etlik Veterinary 

Control Central Research Institute Virology Laboratory 

under a cold chain within two hours, where they were 

subjected to PCR analyses. 

 

Sampling model: In each supermarket, 3 swab samples 

from each of the surfaces in the list below (in nos. 1 and 

2) and 3 whole food samples of the fruits and vegetables 

listed below (in no. 3) were taken. 

1. Surfaces 

a.  Handles of supermarket trolleys  

b.  POS device 

c.  Cupboard and refrigerator covers and holders  

d.  Cashier counters (movable bands) 

e.  Butcher counter and cutting boards 

f.  Staff gloves from different sections 

2. Food packaging surfaces  

a.  PET bottles (water bottles, other drink bottles, 

etc.)  

b.  Glass vials 

c.  Paper packaging (of flour, chocolate, etc.)  

d.  Plastic packaging (of chips, pasta, yoghurt/ 

cheese, etc.) 

e.  Cardboard packaging products 

3. Vegetables and fruits 

a.  Green leafy vegetables (lettuce, roka, parsley, 

etc.)  

b.  Fruits (plums, strawberries, etc.) 

Apart from the above samples, a total of 33 samples 

were taken from plastic surfaces such as salt shakers, 

pepper shakers, red pepper shakers, and vinegar and oil 

bottles used only by the personnel in the staff social areas 

of the supermarket with confirmed COVID-19 cases 

among its personnel. The samples were taken 36 hours 

after the supermarket was closed down due to the COVID-

19 cases. No one had entered the officially closed plant 

during this period, and the samples were collected before 

the supermarket was cleaned and disinfected. 

The surface swab samples were taken using a swab 

with a synthetic tip and a plastic shaft. The swab specimen 

collection vials contained 1.5-2.0ml sterile water. The 

sampling was done from 3 to 4 different material surfaces. 

The swab surface area was planned to be approximately 

25 cm2 (24). To increase the positive predictive value of 

the sampling process, each sampling area was swabbed 

several times. All the swabs were transported to the 

laboratory under a cold chain within two hours. 

 

Extraction and real-time RT-PCR protocol: The swab 

samples were vortexed and 200µl samples were separated 

for RNA extraction. The RNA was extracted with the 
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cador Pathogen 96 QIAcube HT Kit using the QIAcube 

automated extraction robot (Qiagen, Hilden, Germany).  

Primers and probe sets that targeted the SARS-CoV-

2 RdRp gene were used (7). A 20μl reaction was set up 

that contained 5 μl of RNA and 12.5 μl of the 5x reaction 

buffer provided in the QuantiNova Pathogen+IC Kit 

(Qiagen, Hilden, Germany) that contained 0.8 nM each of 

a forward primer and a reverse primer and a 0.25nM 

probe. Thermal cycling was performed at 50°C for 10 

minutes for the reverse transcription, followed by 95°C for 

3 minutes and then 45 cycles each of 95°C for 5 s and of 

58°C for 30 s. The RT-qPCR assays were performed using 

a Bio-Rad CFX96 thermal cycler (Bio-Rad Laboratories, 

Montreal).  

Positive and negative controls were used for 

accuracy. The ETLVET3 (MW306668) isolate was used 

as the positive control. The DNA amount of the SARS-

CoV-2 RdRp gene region was also measured. The SARS-

CoV-2 RdRp gene region base was serially diluted 

according to log10 and was used as a standard in the 

evaluation of the results. 

 

Results 

All the samples from the supermarkets that were selected 

based on the high number of COVID-19 cases in their 

district were SARS-CoV-2-negative. However, the 

COVID-19 RNA was detected by real-time RT-PCR in 

the samples from the supermarket that had positive cases 

among its personnel.  

In that supermarket, the pooled swab samples taken 

from salt shakers, pepper shakers, red pepper shakers, and 

vinegar and oil bottles that the staff used at meal times in 

their social area were positive.  

The raw data, standard curve results, and copy 

number quantification summary were exported from 

Biorad CFX Manager Version 3.1. The slope of the 

standards was determined as -3.25 with an R2 value of 

0.99 and a reaction efficiency of 103%. 

As a result of the quantitation, the virus copy 

numbers in these samples were determined as 5 000 with 

a Ct value of 32. On the other hand, the other samples from 

this supermarket were determined as negative. The real-

time RT-PCR result diagram is shown in Figure1. 

 

Discussion and Conclusion 

This study was performed to investigate the presence of 

SARS-CoV-2 in some foods, different contact surfaces, 

and different food packages in supermarkets in regions 

where the number of COVID-19 cases is high. According 

to our results, all the samples were negative except for one 

supermarket that had positive cases among its staff, where 

SARS-CoV-2 RNA was detected with a very high copy 

number, due to which the supermarket was officially 

closed. The detection of SARS-CoV-2 in the swab 

samples taken from the salt shakers, pepper shakers, and 

vinegar and oil bottles that were used by the personnel and 

were pooled 36 hours after the official closure of the 

supermarket is of great importance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Real time RT-PCR result of a positive sample.
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These results show that if personnel in food 

businesses are infected with SARS-CoV-2, they may 

infect the surfaces that food and customers come in 

contact with. Considering that the sampling was done 36 

hours after the supermarket was closed, it showed that the 

virus RNA could be found on surfaces for more than 24 

hours. Furthermore, the surfaces where the samples were 

found to be positive were used during eating and 

socializing, at which times people have a lot of contact 

with their mouths and noses. Although the customers were 

unlikely to have come in contact with infected droplets 

here, the results emphasize the negative impact of hygiene 

and attention deficit, considering the mouth-nose-eyes 

infection route. Cai et al. (2) reported that people may 

indirectly contract SARS-CoV-2 by touching their mouth, 

nose, or eyes after touching a contaminated surface. 

Considering our findings, it is thought that personnel 

working in food businesses, with or without symptoms, 

may pose significant public health hazards in cases where 

the necessary precautions are not taken, considering the 

potential droplet contamination. 

It is general knowledge that viruses are obligate 

intracellular microorganisms. Thus, they cannot reproduce 

in environments other than living bodies, and they lose 

their vitality and infectivity doses over time. On the other 

hand, there have been studies on the viability of SARS-

CoV-2 on different surfaces under approximate room 

temperature conditions. In one such study, cardboard, 

stainless steel, and plastic surfaces that were 

experimentally contaminated with 105 viruses were kept 

under room temperature conditions with 40% humidity. It 

was found that SARS- CoV-2 can survive on cardboard, 

stainless steel, and plastic surfaces for 24 hours, 48 hours, 

and 72 hours, respectively (21). Another experimental 

study with a similar number of viruses showed that the 

virus could survive for up to 21 days in biosafety 

equipment, especially in masks and gloves (13). Although 

this result was extreme, the findings from these two 

studies coincide with our findings from this study. We also 

detected SARS-CoV-2 RNA in the samples that we took 

36 hours after the closure of the infected supermarket.  

WHO and the United Nations Food and Agriculture 

Organization (FAO) stated in their guidelines published in 

April 2020 that the possibility of COVID-19 transmission 

through food or food packaging is low. This guide noted 

that COVID-19 is a respiratory disease, and the primary 

route of transmission is through person-to-person contact 

through direct contact with respiratory droplets from the 

infected person when the person coughs or sneezes. The 

guidelines also state that there is no evidence of SARS-

CoV-2 transmission through food or food packaging (23). 

Since the publication of the guide, no other source of 

transmission of the disease has been reported besides the 

respiratory tract. However, this does not eliminate the 

possibility of fecal-oral contamination of food packaging 

or contact surfaces or their contamination with droplets 

from infected persons. 

According to many studies conducted in different 

countries, sewage systems can be considered an important 

sources of transmission of coronavirus (14, 18). The 

similarity between the results obtained in the first SARS-

CoV epidemic and the current findings is striking. In 2003, 

during the SARS-CoV outbreak, Lee (15) reported that the 

sewage system in Hong Kong served as a reservoir 

because the sewage system accommodated the feces of 

SARS-CoV patients. During the same period, SARS-CoV 

RNA was found in the sewage systems of two hospitals in 

Beijing (22). Chan et al. (4) also stated that the fecal 

excretion of SARS-CoV RNA may take more than 30 

days.  

The presence of SARS-CoV-2 in the feces of 

patients, in wastewater, on surfaces used in experimental 

studies, and finally, especially in frozen foods, is of great 

importance in terms of the characteristics of the agent, its 

spread, and its different potential transmission routes (3, 

19, 20, 10, 12, 16). 

Considering the homology between these three 

coronaviruses (SARS-CoV-2, SARS-CoV, and MERS-

CoV), another confirmation of possible fecal-oral 

contamination emerges with a low-temperature tolerance 

of up to two weeks and a survival capacity of 20–30°C. 

The longer-term persistence of SARS-CoV-2 in the stool 

compared to respiratory swabs provides strong clinical 

evidence that fecal-oral transmission is likely (8, 11). 

Cheung et al. (6) reported that while 70.3% of the stool 

tests of the patients remained positive for SARS-CoV-2 

RNA, their respiratory tract samples were negative. 

Additionally, Zhang et al. (27) confirmed the presence of 

live viruses in stool samples; and stool can contaminate 

food, water, hands, etc. and cause infection. Although 

these results strengthen the hypothesis that the virus may 

have a chance of spreading through the fecal-oral route, 

such hypothesis has not yet been proven. 

To the best of our knowledge, this study is the first 

to detect SARS-CoV-2 from the salt shakers, pepper 

shakers, and vinegar and oil bottles used on tables during 

staff meals in the staff social area of a supermarket where 

some staff contracted COVID-19. The results show how 

important it is for public health agencies to monitor food 

businesses for COVID-19 cases and to take and test 

samples from these businesses. In our results, in addition 

to the detection of the SARS-CoV-2 RNA in the 

supermarket with active staff cases, the copy number there 

was found to be high. It is likewise important that the RNA 

of the agent was not detected in the supermarkets whose 

staff were not known to be positive for COVID-19. For 

these reasons, collection and testing of samples from 

supermarkets, restaurants, and other food-related 
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establishments in regions with high numbers of COVID-

19 cases at certain intervals should continue as a form of 

“early warning system,” as it has been determined that 

there is a possibility of transmission of the virus to 

surfaces that food and customers come in contact with, 

especially in food businesses, if the personnel carry the 

agent, whether symptomatically or asymptomatically. 

Considering that the sampling was done 36 hours after the 

establishment was closed, it was determined that the virus 

could be found on the surfaces of the materials used during 

eating for more than 36 hours. Thus, it is thought that the 

people who came in contact with the droplets there also 

had hygiene and attention deficit, since they acquired the 

agent through their mouth, nose, and eyes. 
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The aim of this study was to determine dynamic thiol-disulphide homeostasis 

(TDH) parameters and ischemia modified albumin (IMA) levels in calves with 

neonatal diarrhea and compare with healthy controls. A total of 50 calves were 

included in the study. There were 25 calves in both diarrhea and healthy 

groups. Serum native thiol, total thiol, disulfide and IMA levels were measured 

using new methods. Native thiol (P=0.025) and total thiol (P=0.041) values 

decreased significantly in calves with neonatal diarrhea compared to the 

healthy control group. Disulphide (P= 0.133), disulphide/native thiol ratio 

(P=0.001) and IMA (P=0.0018) parameters were lower in healthy group, and 

the difference between the two groups was significant for the parameters 

other than disulphide. This study shows that TDH is impaired in neonatal calf 

diarrhea and IMA levels are increased due to oxidative stress. 
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Introduction  

Calf diarrhea is one of the most important problems of 

cattle breeding in the neonatal period when the levels of 

maternal antibodies transferred by passive immunity 

decrease rapidly. Neonatal calf diarrhea cases 

characterized by excessive and watery defecation due to 

infectious and non-infectious causes (5, 15, 16). Calf 

losses are in the range of 10-15% in developed European 

countries. Even in farms with very good management 

conditions, this rate generally does not fall below 5%. It 

has been reported that in herds where these conditions are 

not well provided, mortality and morbidity rates can reach 

50% and 100%, respectively. Diarrhea causes 60% of the 

deaths during the neonatal period (32, 34). Reasons such 

as calf death, costs for treatment and prophylaxis, growth 

retardation during the growth period, and the sale of 

animals below their value can be considered the most 

important economic problems in farms. The economic loss 

in the neonatal period depends on calf mortality in Türkiye 

is reported to be around 525 million euros annually (36). 

Thiols are organic compounds that react with 

oxidants to form disulfide bonds. (6, 30). These bonds can 

turn back into thiols, resulting in dynamic thiol-disulfide 

homeostasis (TDH) (18). Dynamic TDH has important 

effects on detoxification, protection with antioxidants, 

apoptosis, regulation of enzymatic activity, and signaling 

mechanisms of cells (4). In recent years, many studies 

have been carried out in the field of human medicine, 

including gastrointestinal system diseases (20, 23, 30, 40) 

related to TDH (10). Oxidative stress, especially in farm 

animals, can be seen in many diseases, including calf 

diarrhea (24, 26, 40). 
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In acute ischemic cases, the metal binding capacity 

of albumin decreases, resulting in the formation of the 

metabolic substance known as ischemia modified albumin 

(IMA) (22). New evidence has been provided that the 

concentrations of IMA, one of the biomarkers associated 

with oxidative stress clinically, differ in the diagnosis of 

acute intestinal disease (28, 33). 

The aim of the study was to analyse the TDH and 

serum IMA levels in calves with neonatal diarrhea. 

Considering the literature, it is the first study evaluating 

TDH and IMA levels in newborn calves with diarrhea.  

 

Materials and Methods 

Study population and location: A total of 50 calves were 

included in the study; 25 calves with diarrhea (15 males, 

10 females) and 25 healthy calves (14 males, 11 females) 

between the ages of 3-28 days. Animals with diseases 

other than calf diarrhea in the patient group and animals 

that were subjected to non-standard care and feeding 

conditions in both groups were excluded. The study was 

carried out in Bala Tarım Dairy Farm, which has a 

capacity of approximately 1000 dairy cows in the Bala 

district of Ankara. This study was approved by Kırıkkale 

University Animal Experiments Local Ethics Committee 

(Date:24/12/2020). 

 

Sample Collection and Analysis: Blood samples were 

taken from the jugular vein for TDH and IMA tests from 

diarrhea and healthy control groups. The samples were 

centrifuged at 3000 rpm for 10 minutes, after which the 

serum was separated and stored at -80 °C. Later, all 

parameters were studied in the same session and in the 

same serum sample. Serum native thiol, total thiol, 

disulphide and % disulfide/native thiol ratio were 

measured with the newly developed method by Erel and 

Neselioğlu (9). IMA levels were evaluated with the new 

method created by Bar-Or et al. (2). 

 

Statistical Analysis: Statistical analyses were performed 

using GraphPad Prism version 8.4.2. (GraphPad Software, 

La Jolla California USA, www.graphpad.com). For all 

analyses, P<0.05 was considered significant. Normality 

assumption was evaluated using the Shapiro-Wilk Test. 

Descriptive analysis, mean and standard deviation data 

were presented. Due to the normal distribution of data, an 

independent sample t test was used to compare parameters 

between groups. 

 

Results 

Demographic characteristics, TDH and IMA values of 

healthy and diarrhea groups are given in Table 1. There 

was no statistical difference between the two groups in 

gender (P>0.9999) and age (P=0.4222) data. 

In this study, neonatal diarrhea group was compared 

with healthy controls by measuring TDH and IMA 

parameters. Native thiol and total thiol values decreased 

significantly in calves with neonatal diarrhea compared to 

the healthy control group (Table 1, Figure 1a, Figure 1b). 

Disulphide, % disulphide/native thiol ratio and IMA 

parameters were lower in the healthy group, and the 

difference between the two groups was significant for the 

parameters other than disulphide (Table 1, Figure 1c, 

Figure 1d).  

 

 
Table 1. Demographic characteristics, TDH parameters and IMA values of the control and diarrhea groups. 

Variable 

Healthy Control group 

mean±SD 

(n=25) 

Diarrhea group 

mean±SD 

(n=25) 

P 

Native Thiol 386.40±32.74 360.3±45.33 0.0251* 

Total Thiol 437.8±37.19 409.4±56.60 0.0416* 

Disulphide 25.71±4.534 27.57±4.062 0.1331 

% Disulphide/native thiol ratio 6.663±1.056 7.910±1.422 0.001* 

IMA 0.887±0.0597 0.940±0.0537 0.0018* 

Age 17.84±8.107 16.04±7.607 0.4222 

Gender   >0.9999 

Male (n/%) 14/56 15/60  

Female (n/%) 11/44 10/40   

*Indicates a significant statistical difference with P<0.05. 
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Figure 1. Thiol-disulphide homeostasis parameters and ischemia-modified albumin levels in healthy control and neonatal diarrhea 

groups. a)Total thiol (μmol/L) values b)Native thiol (μmol/L) values c)%Disulphide/native thiol ratio d) IMA (Ischemia-modified 

albümin) (g/L) values. 

 

 

Discussion and Conclusion 

High levels of free oxygen radicals in blood samples taken 

from healthy newborn calves indicate the occurrence of 

oxidative stress immediately after birth. Although the 

level of oxygen radicals in the blood decreases within the 

first week, it tends to increase again after change of care 

and feeding conditions (13). In the study conducted by 

Topaktaş (39), there are different opinions. In the studies 

in which the changes in the total oxidant level (TOS) and 

total antioxidant level (TAS) in newborn calves in the first 

month period were followed; Blood samples were taken 

from 20 calves (10 males and 10 females) at 0, 24, 72 

hours and 14, 28 days in total 5 times after birth and 

analyzed in terms of TOS and TAS values (39). It was 

revealed that there was no significant change in TOS and 

TAS values in blood serum in the first 28-day period, 

which corresponds to the neonatal period in calves. Even 

though newborn calves can cope with oxidative stress, calf 

diarrhea, which is frequently encountered in the first 28 

days of age, makes this struggle difficult. In diarrhea 

cases, intestinal permeability is impaired and oxidative 

stress increases, often the 2nd and 3rd weeks as a result of 

the acceleration of oxidative metabolism with the resulting 

in sepsis, by triggering many local or systemic 
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pathological units (25, 29, 31, 38). Physiologically native 

thiol, disulfide and total thiol are in a balance. This system, 

also known as TDH, is affected by various situations 

where oxidative stress occurs as a result of oxidation and 

reduction reactions (9). In order to evaluate the effects of 

oxidative stress on TDH in calf diarrhea, serum TDH 

parameters of 3-28 days old calves with diarrhea were 

compared with those of healthy ones.  

Before the new method (Erel and Neselioglu 2014) 

was found, only the levels of some oxidant or antioxidant 

substances were determined in the studies (12, 14, 24). 

However, in our study, the levels of TDH parameters 

(native thiol, total thiol, disulfide and % disulfide/native 

thiol ratio) were measured with the aforementioned new 

method and TDH status was evaluated.  

Reactive oxygen species (ROS) are highly toxic to 

cells, and the formation of oxygen radicals above the 

physiological level can initiate oxidative damage in the 

gut, damaging the intestinal antioxidant defense system 

(34, 35, 37). Thiol protein groups form an important 

antioxidant group and account for 52.9% of total serum 

antioxidant capacity in healthy people (9). Therefore, it 

can be expected that compounds containing thiol will 

decrease in plasma due to oxidation in the inflamed 

intestine (30). In the studies carried out; it was observed 

that oxidative stress occurred in calves with diarrhea, 

antioxidant values were significantly decreased and oxidant 

levels increased compared to healthy calves (1, 24, 34). 

Similar results are also seen in treatment studies (14, 19).  

In the study of Neselioglu et al. (30) in people with 

ulcerative colitis; native thiol, total thiol and disulfide 

levels were significantly reduced when compared with 

healthy controls. According to our results, it is seen that 

native thiol and total thiol levels decrease in calves with 

diarrhea, and disulfide levels increase, although not 

statistically significant. In this ulcerative collitis study, it 

is stated that the reason for the reduction of disulfide bonds 

may be the conversion of thiol groups to disulfide bonds. 

Thus, it was observed that the TDH system did not shift to 

thiol group or disulfide bond formation and TDH system 

weakened. Similar to this study in humans, Çamkerten et 

al. (3) in their study in sheep with sarcoptic mange, it was 

revealed that the levels of native thiol, total thiol and 

disulfide were significantly lower in the patient group. 

According to the literature, it is known that while disulfide 

levels are higher in people with degenerative diseases, 

these values are lower in some immunological and 

oncological diseases (9). In our study, we see that disulfide 

levels in calves with diarrhea are higher than the healthy 

control group, although it is not statistically significant. 

In the current literature, there is no study on the status 

of the TDH system in gastrointestinal system diseases in 

the veterinary field. In a study by Erdoğan et al. (11); the 

effects of dehorning with hot iron under the effect of 

generel or local anesthesia and painkillers on TDH were 

investigated. Native thiol and total thiol levels decreased 

without any significance in all groups throughout the 

study period. Disulfide levels did not show any significant 

changes in group, time, and group by time interactions. In 

this dehorning study (11), the decrease in thiol 

concentrations without an increase in disulfide levels was 

attributed to either insufficient uptake or increased 

degradation. Another reason for this situation is that 

changes in thiol and disulfide levels are thought to be 

caused by factors related to nutrition, not oxidative stress. 

In our study, low thiol and high disulfide (not statistically 

significant) levels were observed in the diarrhea group and 

it is thought that the reason might be directly oxidative 

stress. 

Oxidative stress strongly affects albumin. Oxygen 

radicals bind to albumin and change its structure and IMA 

is formed. For this reason, IMA has been accepted as an 

indirect marker of increased oxidative stress. (27). In 

human medicine, studies conducted on people with 

inflammatory bowel disease, one of the gastrointestinal 

system diseases; It was concluded that IMA levels were 

higher than healthy controls (17) and positively correlated 

with disease activity levels (21). In a study conducted on 

children with irritable bowel disease; it was observed that 

TDH was impaired and IMA levels increased in the patient 

group (8). Although many parameters, indicate oxidative 

stress in gastrointestinal system diseases, have been 

evaluated in the field of veterinary medicine in the current 

literature, there is no study investigating IMA levels. In a 

study on dogs with Canine Distemper (7), IMA, disulfide, 

% disulfide/native thiol ratio and % disulfide/total thiol 

ratio levels were higher, while native thiol, total thiol, % 

native thiol/total thiol ratio and albumin levels were 

significantly lower than the control group, and this was 

interpreted as canine distemper increased oxidative stress 

in dogs. The results obtained in our study are parallel to 

the studies conducted in the field of human and veterinary 

medicine, both in terms of TDH parameters and IMA 

levels.  

In conclusion, this study shows that TDH is impaired 

and IMA levels are increased due to oxidative stress in 

neonatal calf diarrhea. More studies should be conducted 

to detail our results in etiological terms and to evaluate the 

effectiveness of antioxidants in prevention or treatment 

options for neonatal calf diarrhea.  
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In recent years, researchers have shown an increased interest in using 
medicinal plants for the synthesis of silver nanoparticles (AgNPs) having 
various therapeutic properties. Centella asiatica (CA), a medicinal plant, has 
been used to treat minor burn wounds, psoriasis, and hypertrophic wounds 
among many other pathological conditions. The current study aimed to 
synthesize CA coated AgNPs (CA-AgNPs) with appropriate biocompatibility and 
various therapeutic properties, including antimicrobial and analgesic activities. 
The synthesized CA-AgNPs were characterized by ultraviolet-visible (UV-Vis) 
spectroscopy, zeta potential measurements, and fourier transform infrared 
(FT-IR) spectroscopy. The formation of spherical CA-AgNPs was confirmed by 
a single surface plasmon resonance (SPR) peak emerging at 420 nm 
wavelength by UV-Vis. The average hydrodynamic diameter and zeta potential 
of the particles were found to be 29.5 nm and -24.5 mV, respectively. The FT-
IR analyses showed that the AgNPs were coated and stabilized by bioactive 
compounds from the CA extract. MTT cytotoxicity assay revealed that CA-
AgNPs at ≤1 mM concentrations exhibited biocompatibility for L929 fibroblast 
cells. The antimicrobial activity of CA-AgNPs was confirmed by significant 
inhibition of Staphylococcus aureus and Escherichia coli. In addition, the 
analgesic effect of CA-AgNPs was investigated for the first time in the literature 
by tail-flick and hot plate methods, and statistically significant results were 
obtained for both methods. Taken together, these results suggest that CA-
AgNPs can be used as an effective antibacterial and analgesic agent in a variety 
of biomedical applications, including coating wound dressings. 
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Introduction  

Plants have been used in the treatment of wounds, 

treatment of diseases, and protection against diseases 

since the earliest periods of human history. The 

ethnomedicinal use of plants (in the form of teas, syrups, 

oils, etc.) in the therapy of wounds and diseases is not only 

inexpensive and reachable, but also supplies a natural 

resource of medicinal materials. Studies on medicinal 

plants have approved that herbal drugs display fewer side 

effects in comparison to chemical (synthetic) matters, and 

are more cost-effective. While about 3% of the chemicals 

listed in the Western pharmacopoeia are effective for the 

treatment of wounds and skin diseases, herbal drugs are 

considered to be largely beneficial (23). With the 

development of science and scientific methods, the 

chemical structure of many bioactive components in the 

structure of plants has been clarified and many researches 

(in vitro and in vivo) have been made on these molecules 

(25). Many therapeutic effects of plants, such as 

antimicrobial, antitumor, antiviral, antiinflammatory, 
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antimalarial are known (45). In addition, the analgesic 

effects of some plants used in traditional medicine in 

recent years have been investigated by ethnobotanical 

studies. The analgesic effect of a plant is characterized by 

its activity to prevent, reduce, or relieve pain (44). 

Centella asiatica (CA) has critical importance among 

medicinal plants with therapeutic and analgesic effects. 

In Asian countries, CA has been utilized as a 

traditional herbal medicine for hundreds of years. This 

medicinal plant has been reported to enhance wound 

healing and reduce scar formation (11, 28, 38, 51). CA 

extract shows wound healing, antioxidant, anticonvulsant, 

anti-inflammatory, antidiabetic, anti-psoriatic, anti-ulcer, 

sedative, immunostimulant, and cardioprotective 

properties (35). It has also been reported that CA improves 

memory and cognitive functions in rats (14, 43). Besides 

all these features, a methanolic extract of this plant 

demonstrated in vitro antiproliferative property in mouse 

fibrosarcoma cells, human gastric adenocarcinoma cells, 

human liver cancer cells, murine melanoma cells, MK-1, 

B16F10, SVK-14, keratinocytes, and in vivo tumor model 

test systems (3, 4, 6, 54). CA extract contains major 

triterpenoid components (madecassoside, asiatic acid, 

asiaticoside, and madecassic acid, etc.), and mixtures of 

them can stimulate collagen synthesis in in vitro human 

fibroblasts (5). Among the components of CA extract, 

asiaticoside has strong wound healing properties and 

reduces wound formation (27, 50). Asiaticoside increases 

fibroblast proliferation and extracellular matrix synthesis 

in wound healing (19). Madecassoside's effect on wound 

healing can include many mechanisms, including 

antioxidant activity, collagen synthesis, and angiogenesis 

(27, 50). Asiatic acid has antioxidant, anti-inflammatory, 

and neuroprotective properties (30, 52).  

Nanoparticles research is an area of important 

scientific attention because of their large surface area to 

volume ratio and various physicochemical characteristics 

(33, 34). Many nanoparticles, such as copper, zinc, gold, 

and silver, have been synthesized by researchers. 

However, among these, silver nanoparticles (AgNPs) have 

proven to be highly effective against bacteria, viruses, and 

other eukaryotic microorganisms (31). AgNPs show the 

highest antimicrobial activity among all silver forms due 

to their large surface areas and sizes (42). AgNPs are 

synthesized by physical, chemical, and biological/green 

methods (21). The synthesis of AgNPs with plant extract 

(green synthesis) has attracted great interest in recent 

years because it is a low-cost and environmentally friendly 

method (46). The most important advantage of AgNPs 

synthesized from plant extracts is that they contain 

therapeutic molecules of plants used in traditional 

medicine (29). 

The analgesic effects of extracts of Centella asiatica 

prepared with various solvents were investigated in the 

literature, but no such study was found with CA-coated 

AgNPs (CA-AgNPs). Therefore, the aim of this study is to 

investigate the analgesic activities of Centella asiatica 

coated AgNPs, which we produced by the green synthesis 

method, in rats. Additionally, the cytotoxic and 

antibacterial effects of the synthesized CA-AgNPs were 

also investigated. We will use the obtained CA-AgNPs as 

an active agent in wound dressing materials due to their 

antimicrobial, biocompatibility and analgesic properties. 

 

Materials and Methods 

Materials: The dried CA leaves were purchased from a 

local market (Şifa Market, Bursa, Türkiye). For high-

performance liquid chromatography (HPLC) analyses, the 

analytical standards of asiatic acid, asiaticaside, 

madecassic acid and madecassoside were purchased from 

Sigma-Aldrich (Germany). For AgNPs synthesis, AgNO3 

was supplied from Sigma-Aldrich (Germany). For 

antibacterial analyses, the cultures of E. coli (ATCC 

25922) and S. aureus (ATCC 25923) were taken from 

Kırıkkale University Scientific and Technological 

Research Laboratories (KÜBTUAM). The solid and liquid 

broth used in antibacterial tests and bacterial culture were 

obtained from Sigma-Aldrich (Germany). For cytotoxicity 

test, cell culture chemicals (DMEM, FBS, Trypsin/EDTA 

solution, Penicillin/Streptomycin) were obtained from 

Biochrom (Merck, Germany) and other cell culture 

materials were taken from Greiner (Austria). 

 

Preparation of CA Plant Extract: Approximately 10 

grams of dried CA samples were taken and extracted in a 

mixture of 100 mL methanol-water mixture (10:90% v/v) 

with an automatic extraction apparatus for 1 hour. After 

extraction, the solvent was removed with the aid of an 

evaporator. The resulting solid plant extract was dissolved 

in water and the solution was filtered with a 0.45 µm filter. 

The prepared solution was analyzed by HPLC (41). 

 

Synthesis of CA-AgNPs: For CA-AgNPs synthesis, 1% 

solution of the plant extract obtained in the above-

mentioned method in methanol:water was prepared and 

the pH of the solution was adjusted to 11 with 5 M NaOH 

to form negative charge groups (COO- groups) in the plant 

extract. 5 mL of this solution was taken and added to the 

AgNO3 solution (20 mL) which was prepared at different 

concentrations (0.1, 0.2, 0.3, 0.4, 0.5, 1, 2, 4, 6, 8 and 10 

mM). With the addition of plant extract, the color of the 

AgNO3 solutions immediately turned yellow-brown. The 

resulting mixtures were stirred at room temperature until 

this color change was constant (approximately 24 h). The 

synthesized CA-AgNPs were then purified by passing 

through 0.45 µL filter and stored at +4 ºC in falcon tubes. 

 

Characterization of CA-AgNPs: The SPR peaks of the 

synthesized CA-AgNPs were measured by UV-Vis 

spectrophotometer between 350-600 nm to evaluate the 
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production of AgNPs. The size and zeta potential of CA-

AgNPs were found by a Zetasizer (Malvern Instruments, 

Malvern, UK). The chemical structure of the CA-AgNPs 

was investigated by a FTIR (Vertex 70V, Bruker) with 

ATR method after the CA-AgNPs powders obtained by 

drying the samples at room temperature. 

 

Evaluation of Antibacterial Properties of the Synthesized 

CA-AgNPs: A minimal inhibition concentration (MIC) 

assay was performed to determine the antimicrobial 

activity of the synthesized CA-AgNPs. Fresh 24-hour 

cultures of E. coli and S. aureus strains were used for the 

experiment. Bacteria concentration equivalent to 0.5 

McFarland turbidity solution (OD 0.08-0.13 at 600 nm) 

was prepared with sterile phosphate buffer solution from 

24-hour fresh cultures and spectrophotometric 

measurements were made to check the turbidity. The 

microorganisms whose concentration was adjusted were 

diluted 1:10 before MIC test. Microdilution method was 

used in the experiment. For the microdilution method, 100 

µL of Mueller Hinton broth and 100 µL of material were 

added to the 96-well plates to be tested. Then, 5 µL of the 

prepared microorganism was added to the suspension. For 

sterility control only wells with medium and antibiotic 

wells (Gentamicin-64 µg mL-1) were assayed for 

experimental control. The plate was incubated at 37 °C for 

16-20 hours. After incubation, the turbidity was checked 

with visually. The growth was observed only in wells 

containing microorganisms, while turbidity was not 

observed in wells containing antibiotic and materials. 

Sterility control was considered successful due to the 

absence of turbidity in the sterility wells. Since CA-

AgNPs have a brown color, the turbidity of samples could 

not be properly checked. To evaluate if bacteria have 

grown in suspensions containing CA-AgNPs, 10 µL was 

taken from each well and inoculated on Mueller Hinton 

agar. The samples were incubated at 37 °C for 18-24 

hours. The reproduction was checked after incubation. 

 

Cytotoxicity Tests: The cytotoxicity effects of CA and 

CA-AgNPs samples were investigated by MTT test. MTT 

is a very sensitive test to determine cell viability using 

3,[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 

bromide (MTT) salt. L929 fibroblast) cells were 

inoculated into 96-well plates at a concentration of 10x103 

per well. Cells were incubated at 37 ºC for 24 hours in a 

5% CO2 conditioned incubator. Then, CA and CA-AgNPs 

solutions at various concentrations (between 1 mM and 10 

mM) were applied to L929 fibroblast cells and incubated 

for 24 hours. For the control group, just cell medium was 

used. CA and CA-AgNPs were studied in triplicate. At the 

end of the 24-hour incubation, the cell medium was 

discarded from the wells and 50 µl of MTT solution                     

(1 mg/ml) was added each. After 2 hours of incubation, 

the MTT solution was removed from the wells and 100 µl 

of isopropanol was added to each well and read at 570 nm 

wavelength in the ELISA plate reader. Cell viability (%) 

was obtained by comparing the results from the ELISA 

reader with the control group (15, 32). 

 

Analgesic Effect: In this study, 14 healthy male Wistar 

albino rats aged 4-12 weeks were used. The number of 

animals to be used in the experiments was determined by 

performing a t-test with the G-power program according 

to the number of groups, 80% power expectation, and the 

expected effect width between groups on the basis of 

previous studies (46, 53). The rats were kept in separate 

cages at specific ambient conditions (22±3 ºC, 55±2% 

humidity, 12 hours dark-12 hours light). Rats were fed ad-

libitum with commercial feed and water without dietary 

restrictions. Before the study, all animals were weighed. 

The animals were divided into two groups, seven in each 

group. The tail flick method was used in one group and the 

hot plate method was used in the other group. Equal 

amounts (1 mL) of saline and 1 mM CA-AgNPs solutions 

were applied transdermally to both groups. All studies 

were carried out in Kırıkkale University Hüseyin Aytemiz 

Experimental Research and Application Laboratory. The 

study was approved by Kırıkkale University Animal 

Experiments Local Ethics Committee with the decision 

dated 26.05.2021, numbered 2021/05, meeting numbered 

24. 

The tail flick method, which is used to determine the 

analgesic effect, was first suggested by D'Amour and 

Smith (9). In this method, the analgesic effect is 

characterized by the time elapsed after thermal heat is 

applied to the tail of the animal until it withdraws its tail. 

In this study, the animals’ tail pulling response was 

monitored by applying heat to approximately 2 cm 

proximal part of the tail. Then, the time (seconds) was 

determined when the animal pulled its tail from the point 

where the radiant heat was applied. Experiment time was 

limited to a maximum of 15 seconds in order to avoid 

injury to the animal tail. 

The hot plate test was used to figure out analgesic 

effect by the method explained by Eddy and Leimbach 

(10). Rats were kept on a hot plate at 53±1 °C. The 

reactions of animals (such as pulling their hind legs, 

licking, kicking or jumping) placed on the hot surface 

were monitored from the first moment. The maximum 

experimental time was limited to 30 seconds to avoid 

injury to the animals (39). To measure of animals’ 

response to temperature, basal measurement was made 30 

minutes before serum and CA-AgNPs application. 

Statistical analysis: The data was first analyzed for 

the parametric test assumption. The distribution of 

differences (normality test) between saline and CA-

AgNPs application was tested by Shapiro Wilk test in both 

methods. Levene test was applied to inhibition percentage 

for homogeneity of variances in both methods. The test 
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results revealed that the data was normally distributed and 

variances are homogeneous. The paired t was applied to 

test the difference between saline and CA-AgNPs 

application in both methods. Student t test (independent t 

test) was applied to see if there is a difference between 

inhibition percentages in both methods. The P <0.05 was 

accepted as statistical significance level. IBM SPSS 

Statistics for Windows, Version 25.0 (Armonk, NY: IBM 

Corp.) was used for analysis. All results were expressed as 

mean ± SE. 

 

Results 

Synthesis and characterization of CA-AgNPs: In this 

study, biosynthesis of AgNPs was performed by using 

green synthesis method using CA plant extract. According 

to HPLC analysis results, it was determined that CA 

extract contains four bioactive molecules that play a role 

in wound healing and analgesic effect (Figure 1). When 

silver ions were added to the plant extract, they were 

reduced to AgNPs through the functional groups in the 

structure of the plant. The color change of the solution 

from yellow to dark brown indicates the formation of 

AgNPs. 

The formation and stability of AgNPs in colloidal 

solution were analyzed by UV-VIS (Perkin Elmer Lambda 

35) spectrometer. It was observed that the solution showed 

maximum absorbance at 420 nm and the absorbance value 

increased with increasing AgNO3 concentrations (Figure 

2a). The sizes and zeta potentials of the synthesized CA-

AgNPs were analyzed with Zeta sizer and the results are 

shown in Table 1. It was found that all of the synthesized 

AgNPs had negative zeta potential and these results 

showed that produced AgNPs were stable. The formation 

of a single peak in the zeta potential distribution graph 

(Figure 2b) proves that the solutions remained stable and 

were not subjected to sedimentation and aggregation. It 

was observed that the zeta diameters of the synthesized 

CA-AgNPs were different from each other, but all AgNPs 

had a hydrodynamic diameter below 100 nm. This is a 

desired result because in previous studies, it was showed 

that with the reduction of the diameter of AgNPs, their 

surface areas increased and thus their antimicrobial 

activity increased (42). 

 
Table 1. The zeta potential (mV) and zeta diameters (nm) of the 

synthesized CA-AgNPs. 

Concentration 

(mM) 

Zeta Potential 

(mV) 
Zeta Size (nm) 

0.1 -16.4 26.64 

0.2 -39.7 64.95 

0.3 -23.0 40.15 

0.4 -21.0 36.17 

0.5 -19.7 19.33 

1.0 -20.4 25.18 

2.0 -26.9 26.82 

4.0 -25.0 32.39 

6.0 -24.4 26.46 

8.0 -28.2 27.58 

10.0 -27.2 28.42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. HPLC chromatogram of the CA 

extract. 
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Figure 2. UV-VIS spectrums of CA-

coated AgNPs at different Ag+ 

concentration between 350-600 nm 

wavelength (a) and zeta potential 

distributions of synthesized 1.0 mM CA-

AgNPs group (b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. FTIR spectra of the CA extract 

and CA-AgNPs at different concentration. 

 

Since Centella asiatica leaf has a rich content in 

terms of saponin and phenolic compounds, it contains 

quite a lot of hydroxyl, carbonyl and carboxyl groups in 

its structure. Therefore, FTIR analysis was performed to 

investigate the presence of plant functional groups in both 

the plant extract and CA-AgNPs synthesized at different 

AgNO3 concentrations, and the results are shown in Figure 

3. In FTIR spectrum of pure plant extract, vibrations were 

observed at 1375 cm-1 and 1600 cm-1 due to C=O groups 

of carboxylic acids and phenols. The stretching at 1375 

cm-1 was assigned to C-O stretching and O-H deformation, 

possibly found in the acid groups found in CA leaf extract. 

Wide stretching at 3300 cm-1 was assigned free O-H 

groups in phenols. When FTIR spectra of the synthesized 

CA-AgNPs solutions of 1, 5 and 10 mM are examined, the 

change has emerged in the absorption bands in 1375 cm-1 

and 3300 cm-1 depending on the silver concentration in the 

absorption bands with the formation of silver nanoparticle. 

In addition, a change in the frequency of 1600 cm-1 

carbonyl stretching was observed in CA-AgNPs samples 

and the increase in the peak intensity of 1375 cm-1 may be 

caused by the occurrence of carbonyl groups during 

reduction in alkaline medium. The decrease in the 

intensity of the O-H stretching peaks at 3300 cm-1 

indicates that OH groups of plant extract were involved in 

reduction and stabilization of AgNPs (2, 15). 
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Figure 4. Antibacterial test results; 

colonies of S. auresus and E. coli bacteria 

at different concentrations after 

incubation with CA-AgNPs (a) and cell 

viability values of the synthesized CA-

AgNPs groups and CA extract determined 

by MTT test (b). 

 

 

Antibacterial and cytotoxicity testresults: For 

antibacterial test, microdilution method was used and the 

performed test image and results were given in Figure 4a. 

For S. aureus bacteria, 0.4 mM AgNPs was determined as 

the minimal inhibitory concentration and it was observed 

that bacteria incubated with concentrations lower than this 

concentration grew on agar. For E. coli, it was observed 

that bacteria did not grow at all AgNPs concentrations and 

all AgNPs groups were found to have a 100% lethal effect 

on this bacterium. In addition, there was no growth in the 

wells kept sterile and containing antibiotics. It was 

observed that bacteria that were incubated in sterile 

medium were grown on agar. 

The cytotoxic effect of synthesized CA-AgNPs on 

L929 fibroblast cells was examined by MTT test. The 

viability of cells incubated with CA-AgNPs at different 

concentrations for 24 h was calculated according to the 

control groups and the results obtained are given in Figure 

4b. According to the MTT test results, no significant 

toxicity was observed in L929 fibroblast cells, where CA-

AgNPs having concentration between 0.1 and 1 mM. In 

L929 fibroblast cells, where CA-AgNPs having 

concentration between 2 and 10 mM were applied, cell 

viability fell below 70%. According to the ISO 10993-5 

standard evaluation criteria, we can say that the 

synthesized CA-AgNPs with a concentration higher than 

1 mM show cytotoxic properties. 

 

Analgesic effects: In this study, the analgesic effects of 

CA-AgNPs prepared from the extract of Centella asiatica 

plant on rats were evaluated using tail flick test and hot 

plate test (Table 2). In these studies, the duration of pain 

sensation after the administration of CA-AgNPs to 

experimental animals was examined.  

As shown in Table 2, while the average time for 

animals to feel pain after transdermal saline application in 

the tail flick test was 4.38±0.34 seconds, this time 

increased to an average of 6.81±0.45 seconds after the 

administration of CA-AgNPs. Accordingly, CA-AgNPs 

inhibited pain by an average of 35.71 ± 2.16%. 

Statistically, the difference within and between groups 

was found significant (t=-11.20, df=6, P<0.001).  

In the hot plate method, the average time to feel pain 

after transdermal saline application to the right hind leg of 

the animals was 16.71±0.58 seconds, while this time 

increased to an average of 23.33±0.99 seconds after the 

application of CA-AgNPs. Accordingly, CA-AgNPs 

inhibited pain by an average of 27.80±3.04%. Statistically, 

the difference within and between groups was found to be 

significant (t=-7.22, df=6, P<0.001). 
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Table 2. Analgesic effect of Centella asiatica coated AgNPs by tail flick and hot plate methods in rats. 

Tail flick Hot plate 

Animal 

Animal 

 weight 

(g) 

After  

Saline  

(sec) 

After  

CA-AgNPs 

 (sec) 

Inhibition 

(%) 

Animal 

weight 

 (g) 

After  

Saline 

 (sec) 

After  

CA-AgNPs 

 (sec) 

Inhibition 

(%) 

1 161.9 3.5 5.2 32.7 150.8 15.3 19.1 19.9 

2 149.4 3.4 5.7 40.4 156.7 14.6 25.1 41.8 

3 158.4 4.7 7.1 33.8 159.1 17.5 21.3 17.8 

4 152.5 5.4 8.6 37.2 161.2 18.8 25.1 25.1 

5 159.1 4.1 7.3 43.8 154.5 16.7 23.7 29.5 

6 153.7 3.9 6.1 36.1 153.7 18.2 26.8 32.1 

7 153.1 5.7 7.7 26.0 160.8 15.9 22.2 28.4 

Value 155.4±4.4 4.38 ±0.34 6.81±0.45a 35.71±2.16 156.7±3.9 16.71±0.58 23.33±0.99a 27.80±3.04b 

Values are mean ± SEM (𝑛=7). a𝑃<0.001 represented significant compared to control (saline). b𝑃>0.05 represented no significant difference compared 
to tail flick inhibition percentage (P=0.055). 

 

 

Tail flick and hot plate methods measure the delay of 

analgesic response of animals to thermal stimulus. In 

principle, these two methods are similar to each other. 

However, while tail flick is a spinal response, the hot plate 

is predominantly supraspinal (44). In both methods, it was 

determined that CA-AgNPs prolong the time for animals 

to feel pain and thus have an analgesic effect. Even though 

there was no statistical difference between the two 

methods in terms of inhibition percentages according to 

P=0.055 value, the difference may be significant level 

(t=2.12, df=12, P=0.055). 

 

Discussion and Conclusion 

The present study clearly shows that CA extract can be 

utilized favorably to produce AgNPs with an easy green 

method. Increasing the Ag concentration (between 0.1-10 

mM) in the synthesis procedure yielded more AgNPs in an 

aqueous environment. The obtained CA-AgNPs at 

different concentration were characterized with many 

different techniques and it was found that the synthesized 

CA-AgNPs were stable and in spherical shape, have a SPR 

peak at around 420 nm. In the literature, AgNPs were 

reported to be yellow-brown solutions and showed SPR in 

the range of 420-430 nm (16, 17). This SPR peak observed 

in the nanoparticle samples we obtained shows that the 

silver ions were reduced to AgNPs with the used plant 

extract. Also, negative zeta potentials of AgNPs shows the 

stabilizer effect of CA plant extract, because, the 

negatively charged CA-AgNPs repels each other in 

solutions (13, 48). 

The fact that the spectrum of the synthesized CA-

AgNPs according to the FTIR results is highly similar to 

the spectrum of the plant extract shows that the CA-

AgNPs are stabilized by phenolics, saponins or 

carbohydrate-derived biomolecules containing high OH 

groups in the plant (12). 

According to the antibacterial test results, the 

synthesized CA-AgNPs have been shown to have 

antibacterial effects on both Gram positive and Gram 

negative bacteria and certain groups of AgNPs can have 

potential to be used as antimicrobial agents in many 

applications. The antibacterial effects of AgNPs have been 

studied in many previous studies and AgNPs show the 

high antimicrobial activity compared to other silvers salts 

due their small size and large surface area (42). In an 

aqueous environment, AgNPs are oxidized in the presence 

of oxygen and protons, and released Ag+ ions show 

antimicrobial effects (24, 26, 37). The release rate of these 

ions depends on the some parameters, such as shape, size, 

concentration and coating agents (26, 42, 47). AgNPs with 

a particle size of 1-100 nm have been showed to inhibit all 

bacterial strains at a concentration of 75 μg mL-1. It has 

also been observed that nanoparticles with a particle size 

of 1-10 nm have a high affinity to adhere to the surface of 

the cell membrane compared to larger nanoparticles. 

Therefore, small sized AgNPs can interact more with the 

bacterial cell membrane thanks to their large surface area 

and can cause more damage to the bacteria (42, 47). Ivask 

et al. (22) investigated the toxic effects of AgNPs with 

sizes ranging from 10 to 80 nm on bacteria, yeast, algae, 

crustacean and mammalian cells. At the end of this 

research, it has been confirmed that small size 

nanoparticles show highly toxic effects. According to 

another study that was performed to research the 

antimicrobial effects of AgNPs at different shape, it was 

observed that triangular nanoparticles have more 
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antimicrobial effects compared to spherical and rod-

shaped nanoparticles (36). 

The cytotoxic effect of all produced CA-AgNPs on 

L929 fibroblast were investigated with MTT test and it 

was found that the CA-AgNPs have cytotoxic effect when 

the concentration of CA-AgNPs was higher than 1 mM. 

Due to their high antimicrobial properties, AgNPs are 

frequently used in medicine, medical devices, health 

products, hygiene products, food and cosmetics industry. 

However, the strong oxidative activity of silver ions 

released from AgNPs induces cytotoxicity, genotoxicity, 

immunological responses and even cell death, causing 

various adverse effects on biological systems (1, 7, 8). The 

cytotoxic effects of AgNPs on human cells depend on the 

concentration, shape, synthesis method and coating agent 

used (1). Therefore, in our study, we investigated the 

cytotoxic effects of CA-AgNPs that we synthesized at 

different Ag concentration. 

Centella asiatica extract is a medicinal plant known 

to have analgesic effects as well as other therapeutic 

properties (46, 49). Inamdar et al. (20) stated that terpene 

acids (madecassic acid and asiatic acid), which are mainly 

responsible for the analgesic and anti-inflammatory 

activity of Centella asiatica, are effective in controlling 

inflammatory conditions or rheumatism. Somchit et al. 

(49) reported that CA extracts showed significant 

analgesic activity in hot plate and acetic acid-induced 

writhing tests. According to the study, intraperitoneal 

administration of CA significantly reduced PGE2-induced 

paw edema. The extract showed significant anti-

inflammatory activity even at 2mg/kg compared to the 

control and the larger dose was found to be more effective 

than mefenamic acid. Saha et al. (46) reported that both 

chloroform and methanol extracts of CA showed 

significant analgesic effects in mice. 

In this study, we also proved that CA-AgNPs, which 

we synthesized for use as a therapeutic and antimicrobial 

agent in a wound dressing material, have analgesic effects 

transdermally by thermal (tail flick and hot plate) 

methods. Pain is one of the symptoms that patients find 

particularly bothersome during the wound healing process 

(40). Therefore, the specific concentration of CA-AgNPs 

we synthesize is a biocompatible agent with properties 

that will increase the comfort of the patient during the 

wound healing process. Further studies are also 

recommended in in vivo infected and non-infected wound 

models. 
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Within the scope of the "National Ruam Eradication Project" carried out 

between 2000-2001, Glanders was eradicated in our country. Unfortunately, 

81 horses were culled in Türkiye in December 2019, following the detection of 

Epidemic in horses in Büyükada. In 2019, Glanders were reported in horses in 

Uşak and Bolu. No human cases have been reported. Türkiye is at risk for 

Glanders because of its geography. Therefore, reliable and fastly detection of 

Burkholderia mallei by PCR in a short time will prevent the distribution of 

unwanted infections that may occur in the future throughout the country. In 

this study; Burkholderia mallei strains isolated from horses were verified and 

optimized by PCR. The use of PCR for the detection of Burkholderia mallei was 

performed for the first time in our country. It has been concluded that the PCR 

as a diagnostic method with high reliability and sensitivity safely used together 

with diagnosis of Glanders. 
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Chemical Biological, Radiological Nuclear Threats 

(CBRN) is on the agenda of world health today as they can 

cause mass deaths by being used as weapons. One of the 

bacteria that has the potential to be used in biological 

attacks is Burkholderia mallei (B. mallei). It is included in 

the Bioterrorism Factors and Diseases List (Category B) 

made by the United States Center for Disease Protection 

and Control, the List of Important Dangerous Factors of 

the Biological Weapons Convention and the List of the 

European Union Bioterrorism Working Group. B. mallei 

is the causative agent of Glanders. Glanders is a systemic 

and zoonotic infection of equine animals with contagious 

character, acute and chronic course (20). Glanders is 

characterized by the formation of purulent nodules and 

ulcers in the skin, respiratory, and internal organs of 

patients. The disease can often be transmitted by direct 

contact, or it can also be transmitted aerogenously. 

Contamination of the food and water sources is generally 

seen as a result of the contamination of the environment 

with the nasal secretions of infected animals (1, 2). The 

disease follows an acute and chronic course. While it has 

an acute course in donkeys and mules, it has a chronic 

form in horses. In humans, in acute events; it progresses 

with 95% mortality and death occurs within 3 weeks. 

Treatment is possible with the use of antibiotics (2, 15). 

The first information about the presence of Glanders 

in Türkiye was found in letters written by Veterinarian 

Godlewsky (9, 19). In these letters, it is mentioned that 

animals with Glanders are used as long as they can work 

and then they were released when they were unable to 

work. This led to the rapid spread of the disease. Glanders, 

which caused significant damage to the national economy, 

human and animal health, spread rapidly during the 

Balkan, I. World and War of Independence showed an 

epidemic course. As a result of this epidemic, it has been 

reported that animals infected with the disease are used in 

the army without health checks (18). In the Public Health 

Law enacted in 1930 in Türkiye, it is mentioned that the 

notification of Glanders, the isolation of the sick animals, 

the transfer of the deceased animals, and the keeping of 
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culture of the bacteria in the laboratory are prohibited. 

Until 1999, cases were reported from various places in our 

country. Within the scope of the "National Ruam 

Eradication Project" carried out between 2000-2001, the 

Equidae animals available in our country were tested and 

the carrier animals were destroyed (25). Isolated cases of 

Glanders in horses are also reported from time to time in 

Türkiye. 

The aim of the study was to optimize the PCR 

detection of B. mallei against possible infection with 

Glanders. In this study, 14 isolates isolated between 1985 

and 2000 in Veterinary Control Central Research Institute 

and NH strain were used. The isolates from enriched 

Dorset-Henley medium were purified in a biosafety level-

3 laboratory. For the detection of the B. mallei, 

manufacturer’s instructions for High Pure PCR Template 

Preparation Kit (Roche Diagnostics, Germany) were 

followed in order to isolate DNA. Primers used for the 

detection of B. mallei are shown in Table 1. 

Following that, the primers targeting the 823 bp gene 

of B. mallei used by Merwyn et al. (13) were used in PCR. 

DNAs were stored at -20 °C. The DNA was stored at -20 

°C until analysis. 

In this study, the NH strain used in mallein 

production in our institute was used as a positive control. 

An optimization study was performed with NH strain used 

in mallein production in Veterinary Control Central 

Research Institute to determine the optimal working 

concentration of synthesized primers. Dilutions 3x101 to 

3x108 of NH strain were prepared. 1 ml of these dilutions 

were absorbed into the swabs and genomic DNA extracted 

from each dilution was tested in 5 replicates. Then, PCR 

process was performed. PCR yielded successful results in 

all dilutions. This shows us that although there are very 

few pathogens, the PCR process reliably detects the 

causative agent. In this way, the disease will be detected 

in the early period when the clinical symptoms of the 

disease are not seen and the spread of the disease will be 

prevented. 

According to the results of this study, 50 ng template 

DNA, 1.0 μM of each primer pairs (BM-4 ve BM-5), 1.25 

U of Taq DNA polymerase, 200 µM dNTP, 1.5 mM 

MgCl, DNase & RNase free water and 1x PCR buffer 

were arranged in 25 µl reactions. Class-2 laminar cabinet 

was used for mixing reagents, other buffer liquids and 

PCR and Isolation. The heat cycle was adjusted as 95°C 

pre-denaturation for 5 min, 35 cycles at 95°C for 1 min for 

denaturation, and 60.6 °C for 2 min and 72°C for 2 min. 

This was followed by 1 cycle at 72°C for 10 min. The 

reaction mixture was subjected to electrophoresis on 1.2% 

agarose gel to analyze (Figure 1). 

In our study, we performed the DNA extraction and 

PCR analysis of 14 different samples which were isolated 

between 1985 and 2000 as B.mallei which is a zoonotic 

and notifiable bacterial dissease causing high mortality in 

equidae. After the analysis of the results, it is concluded 

that PCR is a verified method for the detection of B. 

mallei. 

 

 

Table 1. Primers used in study to amplify the Glander Disease and Amplicon size. 

BM-4 5'-CGA TCC TGG TGT GCT CGG CCG_3' 823 bp 

BM-5 5'-CGC AGA CCT TCT TCC ATC GCG ATC-3' 823 bp 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. PCR for B mallei strains. Lane M: 100bp ladder; Lane P: Positive control; Lane N: Negative control; Lane 1-14: B. mallei 

isolates. 
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Many methods are used in the diagnosis of Glander 

Disease. Mallein and serological tests are the most 

important tests in the diagnosis of the disease. Mallein test 

is a specific and high sensitive test. During the application 

of this test, intradermo-palpebral or intradermo-cervical 

injections cause a reaction characterized with swelling of 

the skin is observed within 1-3 days in infected animals. 

Intradermic Sauton Mallein produced in our institute is a 

biological test material accepted and recommended by the 

OIE (16). Serological tests are Complement Fixation Test 

(CFT) and Enzyme-Linked Immunosorbent test (ELISA). 

CFT which has a good sensitivity as a screening test and 

is able to detect chronically infected glanders carriers. And 

CFT is prescribed by the World Organisation for Animal 

Health (OIE) for international trade of equines (17). This 

method remains difficult to standardise. CFT reliability 

depends on the choice of antigen and protocol, hence, 

specificity and sensitivity of the CFT test may vary and 

yet the sensitivity of this test may range from 62.5% to 

100%. In addition to those, the Rose-Bengal plate test is 

applied in some countries. Specific monoclonal 

antibodies, molecular methods, western blotting are 

among the other diagnostic methods used. In the early 

stages of the Glanders when clinical signs are mild, 

anamnesis and laboratory diagnoses are not sufficient for 

the diagnosis of the disease. Therefore, the use of methods 

such as PCR that are able to detect small numbers of 

pathogen for the diagnosis of B mallei is very important in 

terms of preventing possible epidemics (3, 6-8, 10, 11, 13, 

14, 21, 22). 

Molecular methods are used to support and confirm 

the diagnosis. It is used as a fast, sensitive and reliable 

diagnostic tool both in diagnosis and verification. Gee et 

al. (5) used 16S rRNA gene sequencing for rapid 

identification and differentiation of Burkholderia 

pseudomallei and B. mallei. Scholtz et al. (24) used the 

989 base pair gene regions of the bacterial flagellar 

antigen in the Glander Disease epidemic in the United 

Arab Emirates and the diagnosis of B. mallei was made 

that way. Merwyn et al. (13) successfully optimized B. 

mallei inoculated environmental samples with the primers 

they designed and detected Glander Disease quickly and 

reliably. Today, with the rapid advancement of 

technology, whole genome sequencing of B. mallei has 

been done. Thus, the epidemiology of the disease is tried 

to be understood. Fonseca et al. (4) identified 2 new 

genotypes of B. mallei in Brazil by Whole Genome 

Sequence (WGS). These study results show different 

introduction events regarding glanders in Brazil, including 

strains of European origin, in connection with 

colonization or trade. Singha et al. (23) identified targeting 

B. mallei strains in India and Pakistan by whole genome 

sequence of 10 B. mallei strains with four new markers. In 

this study, new SNP markers were determined as a result 

of SNP analysis. Such rapid and distinctive typing tools 

will contribute to the epidemiological monitoring of B. 

mallei infections in endemic regions of the disease. WGS 

could help in elucidating the origin of the disease. 

Glanders is listed as one of the notifiable diseases by 

the World Organization for Animal Health (WHO) due to 

the debilitating disease it causes in both animals and 

humans. The eradication programs applied against 

glanders disease, which spreads widely all over the world 

and causes great losses in equidae, started to give results 

especially in the first half of the 20th century (17). Today, 

some outbreaks of Glanders have been reported in 

Afghanistan, Bangladesh, India, Pakistan (South Asia), 

Bahrain, Iraq, Syria, Iran, Kuwait and United Arab 

Emirates (The Middle East), and Brazil (South America) 

(12). In the last 25 years, a marked increase in outbreaks 

or cases leading to a putative relapse has been observed 

(17, 18). It is worth considering that the disease is 

probably often misdiagnosed and certainly underreported 

in many countries (18). 
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In this study, cases of cutaneous clear cell adnexal carcinoma were diagnosed 
on the right forepaw of a 6-year-old female dog and on the right hind paw of 
an 8-year-old male dog. On the cytological examination, scattered cell groups 
were seen on the hemorrhagic background, whose cytoplasmic borders could 
hardly be distinguished. Although the cells showed marked pleomorphism, but 
were generally oval, round, or spindle-shaped. Anisokaryosis, karyomegaly, 
and one or more prominent nucleoli were noted in the nuclei. 
Pseudoinclusions were found in some cell nuclei. Histologically, it was centrally 
necrotic, expansive growth consisting of lobular areas in the dermis. The 
neoplastic cells consisted of oval round-shaped epithelioid cells with clear 
cytoplasm showing marked anisocytosis, anisorkaryosis and karyomegaly. 
Nuclei were oval or round in shape with prominent nucleoli. Cystic changes 
and calcified areas in layers (psammoma bodies) were noted in these areas. 
Few mitoses were found. In the immunohistochemical examination, tumor 
cells were positive for vimentin, S-100, MART1 (Melan A), and cytokeratin 
(MNF116) and negative for glial fibrillary acidic protein (GFAP) and smooth 
muscle actin (SMA). Based on these findings and results, the tumors were 
diagnosed as canine clear cell adnexal carcinoma. According to the literature 
review, this is the first case in which we found psammoma bodies and nuclear 
pseudo inclusions on microscopic examination of canine cutaneous clear cell 
adnexal carcinoma. 
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Canine cutaneous clear cell adnexal carcinoma is one of 

the rare tumors of dogs and has no differentiation between 

apocrine, sebaceous and follicular cells (11). First report 

of this tumor has been published in 1978 with the name of 

clear cell hidradenocarcinoma in dogs (5). The other 

reported name of this tumor is follicular stem cell 

carcinoma (7). Clear cells having vacuolated cytoplasm 

are the main histopathological findings related to this 

tumor. Epithelial stem cells of cutaneous region are the 

main origin for the development of this tumor (7, 11). 

Other canine cutaneous tumors including balloon cell 

melanoma, sebaceous carcinoma, clear cell trichoblastoma 

(12), and clear cell basal carcinoma reveal similarities 

with the cutaneous clear cell adnexal carcinoma in dogs 

(3, 4). Schulman et al. (11) have reported this tumor with 

the name of clear cell adnexal carcinoma for the first time 

and they proposed that clear cell hidradenocarcinoma and 

follicular stem cell carcinoma are the same tumors. Mean 

age of 7 years for the development of this tumor has been 

reported in dogs. Epithelial or follicular stem cells are the 

main origin of tumor because the positivity of cytokeratin 

and vimentin has been reported in different studies (7, 11). 

The purpose of this study was to evaluate cytological, 

histopathological and immunohistochemical features of 

canine cutaneous clear cell adnexal carcinoma and 

according to literature research, this is the first case in 

which we found psammoma bodies and nuclear 

pseudoinclusions on microscopic examination. 

Two dogs of 6 and 8 years of old were brought at the 

Petcode Animal Hospital, Ankara for the examination of 

swollen masses on right forepaw and right hind paw (Fig 

1). Cytological slides were prepared with the help of fine 

needle aspiration method and Wright stain was performed. 

After  that  excisional  procedure  was  performed  for  the  
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Figure 1. Macroscopic presentation of 

tumor at right forepaw. 

 

 

removal of tumor from the right forelimb and right hind 

limb of dogs. The excisional biopsy was preserved in 10% 

buffered formalin solution. Later it was sent Pathology 

laboratory of Afyon Kocatepe University, Afyonkarahisar 

for the histopathological and immunohistochemical 

examination. 

After cutting and routine processing of tissues, 

suitable sections of 4μ were taken on slides. Hematoxylin 

and eosin stain was performed for the histopathological 

examination. Immunohistochemical evaluation was done 

for the confirmation of cellular origin tumor. For this 

staining process, the slides were deparaffinized in xylene. 

The clearing of tissues was done in graded alcohol 

solutions. Quenching of endogenous enzymes was 

performed by treating the tissues with 3% solution of 

hydrogen peroxide in methanol. After the antigen retrieval 

primary antibodies of vimentin, S-100, cytokeratin, GFAP 

and SMA were dropped on the tissues. The detail of 

primary antibodies for immunohistochemical evaluation is 

given in Table 1. After overnight incubation secondary 

antibodies were dropped on the tissues. Special humidity 

chamber was used for the incubation of slides on room 

temperature. ABC kit (TA-125-UDX, UltraVision 

Polyvalent HRP Kit, LabVision / ThermoScientific-USA) 

was used. Biotinylated IgG was dropped and was 

incubated at room temperature for 1 hour. Peroxidase 

conjugated avidin was used and allowed to react for 30 

minutes at 37 ° C. Slides were washed with buffer solution 

and tissues were treated with red colored AEC (TA-060-

HA, AEC Substrate System, LabVision / ThermoScientific-

US) peroxidase substrate. After completion of reaction, 

the slides were taken into distilled water and counter 

stained with Mayer's hematoxylin. Slides were covered 

with coverslips using aqueous adhesive medium and 

examined under a light microscope (Zeiss Axio Lab.A1 

Microscope - AxioCam ICc 5 Camera). 
 

 

Table 1. The detail of antibodies used in immunohistochemical 

analysis of canine clear cell adnexal carcinoma. 

Primary 

antibody 

Detail of primary 

antibodies  

Species 

Cytokeratin 

(MNF116) 

Santa Cruz, SC-58830 Mouse 

Vimentin Abcam, 3B4, ab28028 Mouse 

S100 Thermo Fisher Scientific, 

RB-1805-A 

Rabbit 

MART1 (Melan 

A) (Ab-4) 

Thermo Scientific, MS-799-

P1 

Mouse 

SMA Dako M0851 Mouse 

GFAP Thermo Scientific, RB-087 Rabbit 

 

 

Cytological examination revealed scattered cell 

groups with clear cytoplasm borders on the hemorrhagic 

background. Although the cells showed marked 

pleomorphism, but were generally oval, round or spindle-

shaped. Anisokaryosis, karyomegaly and one or more 

prominent nucleoli were noted in the nuclei. 

Pseudoinclusions were found in some cell nuclei (Fig 2 A-

B). Histopathological examination showed that tumor was 

centrally necrotic, expansive growth consisting of lobular 

areas in the dermis. The neoplasic cells consisted of oval 

round shaped epithelioid cells with clear cytoplasm 

showing marked anisocytosis and anisorkaryosis. Their 

nuclei were oval or round in shape with prominent 

nucleoli. Cystic changes and calcified areas in layers 

(psammoma bodies) were noted in the areas. Few mitoses 

were found (Fig 2 C-D). 
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Figure 2. Cytological (A-B) and histopathological (C-D) images of the case (Scale bars=50 µm). A-B. Prominent and multi-nucleated 

oval nucleated, oval or round cytoplasm showing anisocytosis, anisokaryosis, karyomegaly and pseudoinclusion body (shown with 

arrow in B) (Wright’s Stain). C. The neoplasic cells consisted of oval round shaped epithelioid cells with clear cytoplasm showing 

marked anisocytosis, anisorkaryosis , karyomegaly (arrow head) and psuedoinclusion (arrow) in lobular areas (H&E). D. some 

mineralization (psammoma bodies, shown with arrows) in neoplastic areas (H&E). 

 

 

For immunohistochemical examination vimentin, 

cytokeratin, MART1, S-100, GFAP and SMA markers 

were used. Multifocal positivity with vimentin (Fig 3A), 

strong positivity especially of basal cells with cytokeratin 

(Fig 3B), diffuse positivity with MART1 (Fig 3C), and 

nuclear and cytoplasmic positivity with S-100 (Fig 3D) 

were evaluated. GFAP and SMA revealed no positivity. 

In this study we have evaluated the cytological, 

histopathological and immunohistochemical features of 

canine cutaneous clear cell adnexal carcinoma. Cellular 

pleomorphism, loosely arranged oval to polygonal 

neoplastic cells with cytoplasmic projections and pink 

colored inclusions have been reported in previous 

cytological study (9). The criteria for malignancy was 

significant anisocytosis, anisokaryosis, pleomorphism, 

multinucleation, karyomegaly, and atypical mitotic 

figures (9). Cytological results of this study were also 

similar to the previously reported study. The presence of 

cytoplasmic pseudoinclusions has been evaluated during 

cytological examination in this report that was not found 

in previous studies. Pleomorphic neoplastic cells with 

clear cytoplasm, multinucleation of oval to polygonal cells 

has been reported in different studies (9, 11, 13). 

Histopathological results of this study revealed similar 

findings like previous studies. The difference from the 

previous studies in histopathological findings was the 

presence of psammoma bodies in this tumor. For the 

confirmation of diagnosis of canine cutaneous clear cell 

adnexal carcinoma, staining of different markers including 

cytokeratin, vimentin, Melan A, S-100 and smooth muscle 

actin has been reported. The positive results of vimentin, 

cytokeratin, S-100 and Melan A and negative results of 

smooth muscle actin have been evaluated in these studies 

(9, 11, 13). The immunohistochemical results of this study 

were found similar to the results of previous studies. 

The differential diagnosis of canine cutaneous clear 

cell adnexal carcinoma with the other cutaneous tumors is 

really important. Cytokeratin could not be positive for the  
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Figure 3. Immunohistochemical images of the case (Scale bar=100 µm). A. Multifocal positivity with vimentin. B. Strong positivity 

especially of basal cells with cytokeratin. C. Diffuse positivity with MART1. D. Nuclear and cytoplasmic positivity with S-100. 

 

 

balloon cell melanoma and also it shows junctional 

activities that were not found in this report (11, 13). 

Positivity of Melan A and lack of sebaceous cells 

differentiation revealed that this is not a sebaceous 

carcinoma (4, 11). Epidermal contiguity has been found in 

clear cell basal carcinoma and it was not found in this 

report (3, 4). The negative result of smooth muscle actin 

is a consistent result with the previous studies (7, 11, 13). 

Liposarcoma has special features and it only shows the 

positivity of cytokeratin (11). Immunohistochemical 

results of this study were consistent with the correct 

diagnosis of cutaneous clear cell carcinoma in dogs. 

Psammoma bodies have normally been reported in 

different studies of meningioma in dogs (6, 8, 14) and cats 

(10). The positivity of vimentin and S-100 in meningioma 

(1, 2, 8) like clear cell adnexal carcinoma has also been 

reported. The presence of psammoma bodies in 

meningioma and clear cell adnexal carcinoma may have 

correlation. Future investigations have required to find out 

the correlation between the cells of origin of tumors. 

Canine cutaneous clear cell adnexal carcinoma is a 

rare tumor and this study evaluated the cytological, 

histopathological and immunohistochemical features of 

this tumor. The presence of pseudoinclusions and 

psammoma bodies during microscopical examination 

were the interesting findings that have not been reported 

in previous studies. 
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Microbial biofilms defined as extremely complex ecosystems are considered 

clinically important for humans. However, the concept and significant roles of 

microbial biofilms in the progression of disease have seriously lagged in 

veterinary medicine, when compared with human medicine. Although the 

importance of biofilms in animal health is just beginning to emerge, limited 

studies have paid attention that microbial biofilms are clinically important in 

the field of veterinary medicine, and lead to serious economic losses. In this 

review, the importance of microbial biofilms causing high economic losses in 

the livestock industry has been highlighted. Besides, the concept of microbial 

biofilm, their role in the pathogenesis of the animal diseases, as well as 

diagnosis approaches and possible therapeutic strategies needed to overcome 

their detrimental effects in veterinary medicine, have been discussed. 
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Introduction to microbial biofilms 

In the early years of microbiology, microorganisms were 

mainly characterized as planktonic or freely floating cells. 

However, scientific observations have dramatically shown 

that the predominant form of microbial growth is in 

biofilms that attach to the surface of living and nonliving 

materials, in an almost irreversible manner (16). Today, 

biofilm is generally identified as an accumulation of 

microbial communities which are enclosed in an 

extracellular matrix (11). According to the recent 

international consensus statement (23) biofilm is defined 

as “A structured community of microbes with genetic 

diversity and variable gene expression (phenotype) that 

creates behaviors and defenses used to produce unique 

infections (chronic infection)”. Biofilms are characterized 

by significant tolerance to antibiotics and biocides while 

remaining protected from host immunity. 

Microbial biofilm formation is considered as a 

complex process with the inclusion of a cascade of 

molecular, biochemical and physiological events that 

depend on the type of microorganism, the surface, and 

environmental factors (1). The multistage development of 

mature biofilm begins with the primary adhesion between 

the microorganisms and the abiotic or biotic surfaces. 

Following the reversible attachment (i), bacteria and biotic 

surfaces express multiple adhesins factors and receptors 

for specific adherence (ii). They form aggregates and 

microcolonies, differentiate by the production of extracellular 

matrix (iii), and finally, the maturation of biofilms occurs 

by the attachment of additional microorganisms (iv) 

(Figure 1). The matrix consists of extracellular polymeric 

compounds including polysaccharides, proteins, DNA, 

and lipids, and protects the bacteria from extreme and 

depleted environments and antimicrobials, and gives 

mechanical stability (30, 43). Within biofilms, bacterial 

cells are sheltered against different adverse environmental 

conditions such as ultraviolet light radiation, osmotic 

changes, pH variability, dehydration, antimicrobial drugs, 

disinfectants, and host immune responses (40). Besides, 

the bacteria in the microenvironment of the biofilm matrix 

can deploy cell to cell communication by a signal system 

called quorum sensing (QS) through the production of 
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autoinducers (48). With QS mechanisms, microbial 

populations in the biofilm matrix coordinate their behaviors 

and gain advantages compared to planktonic cells (5). 

The planktonic microorganisms have precisely been 

of value in strategies to combat diseases. However, recent 

studies have shown that microorganisms in biofilms show 

differences from their planktonic counterparts in terms of 

behavior, structure, and physiology (43). In addition, 

biofilms reduced the ability of the antimicrobials to get 

access to the microorganisms and make them resistant 

against certain antimicrobials. 

 

The importance of microbial biofilms in animal 

health 

With the increasing role of microbial biofilms in natural 

environments, it is not surprising that they are responsible 

for infection in both humans and animals. The Centre for 

Disease Control and Prevention (CDC) has suggested that 

65% of bacterial infections in humans are related with 

microbial biofilms (2). The National Institutes of Health 

(NIH) revealed that of among all microbial and chronic 

infections, 65% and 80% are associated with biofilm 

formation, respectively (28). Due to the different 

husbandry and living conditions of animals, the risk of 

infection as well as biofilm formations presumably much 

greater in animal species than in humans. Biofilms have 

been also linked with numerous infectious diseases in 

animals, including chronic wounds, periodontal diseases, 

mastitis, and Salmonellosis (Figure 1). In addition to their 

direct effect, they also have significant indirect effects on 

the industries (1, 11). 

 

Dental biofilms in oral health: Dental/oral biofilms are 

one of the most studied microbial biofilms in humans 

which is responsible for dental caries and periodontal 

diseases. As in humans, the oral microbiota of animals is 

structured in a variety of aerobic, facultative, or strictly 

anaerobic bacteria (61). Dysbiosis of oral microbiota leads 

to oral infections caused by dental plaques/biofilm 

bacteria which are highly prevalent in periodontal disease, 

soft tissue infections, and dental caries (59). Among oral 

infections, dental caries is a rare occurrence in pet animals 

(61). However, periodontal diseases as a chronic bacterial 

infection caused by microbial biofilms of mixed-species 

are one of the most common diseases of adult dogs and 

cats, and effect up to 80% of animals (31, 61). According 

to the American Veterinary Dental College, it is estimated 

that the majority of pets show symptoms of dental or 

periodontal diseases starting with dental biofilms, by three 

years of age. The formation of dental biofilm in the oral 

cavity of animals is a multi-stage process and mostly 

related to microorganisms in the oral cavity. Porphyromonas 

cangingivalis and oral protozoa such as Entamoeba 

gingivalis and Trichomonas tenax are the most common 

cariogenic microorganisms in canine dental biofilms 

which play an important role in canine periodontal disease 

(31). Borsanelli et al. (8) indicated that the significant 

antagonistic interactions between the Petrimonas spp., 

Porphyromonas spp., Prevotellaspp., and Fusobacterium 

spp. species in the oral microbiota of shep are the key 

factors for dental biofilm associated with ovine periodontitis. 

An interesting data obtained by Perez- Serrano et al. (44) 

showed that dental biofilm can be considered as a source 

and reservoir of antibiotic resistance genes (ARG) and can 

be shared between humans and pets living in a household. 

Their results showed that dogs seem to play an important 

role in the transference of ARG, and the children appear 

to be the most affected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation 

of the stages of microbial biofilm 

formation and its implications in the 

veterinary medicine. Figure created 

with BioRender.com (accessed on 

26 March 2022). 



 

DOI: 10.33988/auvfd.1097786 

109 http://vetjournal.ankara.edu.tr/en/ F Kıran et al. 

As with humans, dental biofilms in animals are 

highly important not only for oral health but also for their 

overall health. In addition to tooth loss, biofilm linked 

infections in the oral cavity may relate to various local 

consequences such as oral-nasal fistula, perioendo 

abscess, pathologic fracture because of chronic 

periodontal loss which weakens the bone in affected areas, 

inflammation close to the orbit which potentially leads to 

blindness, oral cancer and chronic osteomyelitis (61). The 

implications of "broken mouth" periodontitis especially 

affect the sheep grazed on rough pasture, and involves 

periodontal infection of the incisor teeth. In addition to 

being a painful condition, it reduces the efficiency of 

grazing of sheep and consequently leads to economic 

problems for sheep farmers (59). 

Evidence is emerging that biofilm-related 

periodontal infections are also associated with serious 

systemic diseases, in animals. Therefore, the microbial 

and matrix composition of dental biofilms and their 

mechanisms in animals is now considered important to 

understand their role in animal diseases. However, 

comparable studies of dental biofilms in animals are 

relatively limited, despite the fact that similar infections 

also occur in the case of humans. 

 

Biofilms in chronic wounds: In humans, microbial 

biofilms related to wound infections lead to chronic 

inflammation and delayed management (30). Although 

there are many biofilm-related researches conducted in 

animal models including rodents, rabbits, pigs, dogs, 

horses, etc., limited studies have been directly carried out 

for the determination of the clinical importance of 

microbial biofilms in the field of veterinary medicine. 

However, similar to humans, animals suffer from chronic 

wounds which are the common sites for biofilm formation 

in veterinary clinics (30). Recent limited studies have been 

identified the prevalence of microbial biofilms in wounds 

of dogs, cats, and horses. Nevertheless, their significance 

and the factors that modulate and stimulate their formation 

are still unknown (33). 

In veterinary medicine, horses are particularly at risk 

from chronic non-healing wounds of the lower limb 

similar to venous leg ulcers seen in humans (55). The first 

study which identified the microbial biofilms in the 

chronic wounds of horses was carried out by Cochrane et 

al. (12). In a recent experimental wound model of equine 

with bacterial inoculation, Jorgensen et al. (29) showed 

that microbial biofilms have a negative impact on wound 

healing of distal limb wounds but not another part of the 

body wounds. Although there are no investigations 

focused on the effect of microbial biofilms for wound 

healing of horses in the literature (30), the presence of 

biofilms in equine wounds partly explains the reluctance 

of many lower limb wounds to heal. The prevalence of 

biofilm in traumatic wounds of horses makes them 

important due to the non-healing limb wounds leading to 

well-documented welfare and economic concerns (58). In 

addition to horses, the first report of microbial biofilms in 

dog chronic wounds has been reported by Swanson et al. 

(54). A 4-year-old spayed female Mastiff was evaluated 

for the treatment of chronic non-healing pressure wounds, 

and biofilm reformation was prevented by treatment with 

antimicrobials. Although the microbial composition of 

biofilms in chronic wound infections of animals is still 

unclear, the majority of the microorganisms in chronic 

wounds of dogs were found belonging to the 

Propionibacteriaceae, Porphyromonadaceae, 

Deinococcaceae, Nocardiaceae, Methylococcaceae, and 

Alteromonadaceae which may not be cultured by 

conventional microbiological methods under laboratory 

conditions (33). 

In addition to the direct effect of biofilms on wound 

infections, the formation of biofilms on surgical implants 

has also a major role in chronic wound infection, in 

veterinary medicine (34). Based on the initial researches 

of microbial biofilms in wounds or on surgical implants, 

the role of microbial biofilm in wound management is 

dependent on various factors, mainly the wound bed and 

its microenvironment. However, additional knowledge is 

still needed to investigate the prevalence and etiology of 

biofilms in animal chronic wounds. 

 

Mastitis and microbial biofilms: Mastitis is one of the 

most important and multi-factorial disease affecting many 

species of animals including sheep, pigs, dogs, cats, goats, 

and horses. Bovine mastitis defined as an inflammation of 

the udder generally caused by microbial biofilm-related 

infection has a high incidence, worldwide (21). Besides, it 

is responsible for major economic losses on dairy farms 

with decreasing in milk production, increasing in health 

care costs, and leading to serious public health 

considerations (6, 21). 

Bovine mastitis is characterized by the infection of 

the mammary gland epithelium. In the pathogenesis of 

mastitis, biofilm formation is also considered another 

important virulent factor and also a selective advantage for 

mastitis-causing pathogens such as Staphylococcus 

aureus, S. epidermidis, S. uberis, and S. dysgalactiae. In 

addition to staphylococci, coliforms, enterococci, and 

streptococci are also the common isolated genus from 

cows which suffer from mastitis (53). During the last 

decade, over 200 studies have been published focused on 

the in vitro biofilm forming potential of bovine mastitis 

pathogens, especially to S. aureus, on their molecular 

mechanism to form a biofilm, and their potential 

treatments (41). However, the main role of microbial 

biofilms in the pathogenesis of bovine mastitis is still 

unclear. To investigate their actual role in bovine mastitis, 
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in vivo studies of biofilms in infected udders have to be 

carried out. Overall, it is considered very important to 

understand the role of biofilm in bovine mastitis to apply 

the best control strategies in veterinary medicine. It has to 

be also the main necessity in order to reduce economic 

problems in the dairy global market, and to ensure milk 

safety and quality, as well as animal welfare. 

 

Salmonella biofilms in poultry: Salmonellosis is an 

infection caused by different serotypes of Salmonella spp. 

live in the intestinal tracts of domestic animals, and cause 

ranging in the severity of symptoms such as diarrhea and 

enteritis to systemic syndrome (42). As an emerging 

zoonotic bacterial threat in the poultry industry, the 

infection of Salmonella spp. leads to important global 

public health problems (26). Salmonella-contaminated 

animal-derived food products resulted in 3% of the 

bacterial food-borne disease in all around the world, with 

approximately 80 million infections and 155.000 deaths, 

per year (3, 18, 35). According to the Interagency Food 

Safety Analytics Collaboration (27), 14% of outbreaks of 

Salmonellosis are estimated to be related with chicken 

meat and egg, which are contaminated by chicken 

intestinal contents (9, 45). In addition to public health 

concerns, Salmonellosis affects meat and egg production 

and results in a huge economic loss in the poultry industry 

(39). 

Although it consists of more than 2500 serologically 

different variants or serotypes, Salmonella enteritidis and 

Salmonella typhimurium are the most common serotypes 

isolated from Salmonellosis outbreaks and infected 

poultry products (7, 20). Salmonella infection is 

transmitted horizontally and vertically in poultry, with 

high incidence in one-day-old chicks (51), and the 

contamination with these bacteria in poultry-derived 

meat/eggs products can occur at multiple stages along the 

food chain (17, 39). Salmonella strains often exist not only 

as planktonic cells but also in biofilms formed on various 

surfaces (50). Salmonella spp. are able to adhere to abiotic 

and biotic surfaces and form biofilms. The formation of 

biofilm may lead to a direct interaction between the 

contaminated of food products in food processing 

environments (39). Approximately, 50% of the 

Salmonella strains isolated on poultry farms were able to 

produce biofilms (37). The biofilms formed by Salmonella 

strains provide them more resistance to antimicrobials, 

chemical, physical and mechanical stresses, and host 

immune systems (42), thus playing an important role in 

the survival of planktonic cells under unsuitable 

conditions, such as poultry farms and slaughterhouses 

(56). Therefore, special attention must be paid to the 

prevention and management of Salmonellosis (39). Since 

biofilms protect the bacteria from antimicrobial agents, 

sanitizers, as well as other environmental factors (4), 

Salmonella biofilms, represent a major problem, 

especially in the feed and food industry (dairy, fish, and 

meat industry) (50). As a consequence of the importance 

of biofilm-forming Salmonella spp., combating 

Salmonella infections gains importance not only for the 

public health but also for the poultry industry. Therefore, 

the multi-factorial and complex phenomenon of the 

biofilm formation has to be identified under laboratory 

and, in vivo conditions as well as in farm environments 

(42). Moreover, current approaches are still necessary to 

develop a control strategy to eradicate the biofilm formed 

by Salmonella spp. 

 

Medical device-associated biofilms: Medical devices can 

be suitable abiotic surfaces for biofilm formation of 

various microbial species (15). However, there are 

relatively few studies on biofilm infections from medical 

devices in the field of veterinary medicine. According to a 

study, catheterized dogs developed urinary tract infections 

more frequently than non-catheterized dogs and 

Escherichia coli, Proteus mirabilis, Pseudomonas, 

Enterococcus, and Klebsiella species were commonly 

described in catheter-related infections in domestic cats 

and dogs (10). 

Peritoneal dialysis is a procedure that has been used 

for many years in dogs with acute and chronic renal 

failure. Not surprisingly, S. aureus and S. epidermidis, 

which are commonly isolated in catheter-related biofilm 

infections, are also present in peritoneal catheters used in 

the treatment of animals. This is because staphylococci 

that migrate into the catheter from the skin microbiota, and 

can form biofilms on the catheter surface (38, 46). It is 

highly possible to encounter Pseudomonas, S. aureus, 

coagulase-negative staphylococci, and meticillin-resistant 

Gram-positive bacteria, which are also common in 

humans with catheter-associated bloodstream infections 

as well as in animals (25). In addition to these medical 

devices associated with biofilm, polyurethane or silicone 

surfaces of gastronomy tubes that are essential for animals 

if they can no longer feed themselves, are suitable 

environments for the bacterial adherence. Various Gram-

positive and Gram-negative bacteria can form biofilms in 

the lumen of these tubes (60). 

 

Diagnosis of microbial biofilms 

Diagnosis of biofilms in animals is very complicated due 

to the complex lifestyle of planktonic cells, the lack of 

evident clinical signs, and the requirements for advanced 

methods (30). Numerous approaches based on different 

methods have been developed for the phenotypic, 

biochemical and genotypic analysis of biofilm formation. 

These techniques aim to determine the viability of 

microorganisms (quantification of viable cells) and to 

analyze the components of biofilm matrix and biomass 
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(39). For the phenotypic identification of biofilm-

producing strains, the most common methods are based on 

microtitre-plate analysis (13). Macroscopic and 

quantitative estimation of bacterial biofilm on different 

surfaces can be determined by crystal violet staining 

assay, and the Congo red agar test (19) which lead to direct 

analysis of the colonies and the detection of slime-forming 

strains and non-slime-forming strains (39). 

It is also challenging to achieve an accurate diagnosis 

of the heterogenetic distribution of bacteria in biofilms 

through the conventional culture and isolation methods. 

Standard microbiological culture techniques can allow to 

detect only the culturable microorganisms but not the 

unculturable ones. To detect the microorganism composition 

of the biofilms, molecular techniques including RT-PCR 

(Real-Time Polymerase Chain Reaction), 16S ribosomal 

ribonucleic acid (rRNA) gene sequencing, next gene 

sequencing (NGS) give deeper information. However, 

they are not considered as the gold standards from the 

point of biofilm detection. When bacterial infection 

progresses to biofilm, there is an urgency to develop more 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Scanning electron microscopy micrographs of biofilm 

formation by Streptococcus mutans (a, cariogenic pathogen 

related with dental biofilm progress), and Pseudomonas 

aeuroginosa (b, pathogen related with wound infections). 

accurate diagnostic tools for analyzing the biofilm 

biomass (14). Considering this, scanning electron 

microscopy (Figure 2), confocal laser microscopy, and its 

combination with fluorescent in situ hybridization using 

different probes can be successfully used in the detection 

of microbial biofilms (47, 49). In addition to optical 

imaging techniques, nuclear and ultrasonic imaging 

techniques and their combination with other methods have 

been explored in order to detect and quantify early and 

mature microbial biofilms (14). However, microbial 

biofilm detection still possesses a challenge for the 

scientific community. Potential diagnostic markers which 

able to utilize the difference between planktonic and 

biofilm cells, are still needed. 

 

Novel strategies to control microbial biofilms 

Microbial biofilms are highly resistant to antimicrobial 

drugs (antibiotics, disinfectants, or antifungals) as well as 

the host immune response when compared to free-flowing 

planktonic bacteria. Although antimicrobial drugs often 

eliminate the planktonic cells that are released from the 

matrix, they have minimal effects on eradicating microbial 

biofilm that are formed (52). This is because that 

antimicrobial agent cannot gain access to the pathogens 

due to the impermeable nature of the biofilm extracellular 

matrix. This situation makes their treatment increasingly 

problematic (1, 14). Therefore, an effective treatment has 

to aim for the complete eradication of microbial biofilm of  

the pathogenic bacteria, not only to their planktonic form. 

Thus, alternative and effective strategies play a pivotal 

role to reach better animal health and bio-safety in 

veterinary medicine. 

Natural or synthetic substances such as 

chlorhexidine, polyethylemine, silver, nitric oxide, honey, 

plant extracts, probiotics, matrix-degrading enzymes, are 

in use as potential antibiofilm treatments (14, 24, 30, 49). 

Since the QS is a key regulatory system in the 

pathogenesis of various bacterial infections, applications 

of these compounds targeted the blocking of QS 

mechanisms may also provide novel strategies to combat 

with microbial biofilms (48). Novel therapeutic 

applications include the combination of conventional 

antimicrobial agents with ultrasound devices, electric 

current, phage therapy, or drug delivery systems (1). 

Ultrasounds enhance the bactericidal activity of the 

antimicrobials through their passage of non-invasive 

acoustic energy waves from the skin to the site of biofilm. 

The electromagnetic impulse increases the antimicrobial 

activity of cationic agents against bacterial biofilms (32). 

Although it is not commonly applied in veterinary biofilm 

therapeutics, phage therapy has the potential for the 

hydrolyzation and degradation of the extracellular matrix 

of biofilms (57). With the drug delivery system, 
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antimicrobials are incorporated into nano-carriers such as 

phosphatidylcholine or polyamidoamine, and display their 

mechanisms by prolonging the effect of the active 

molecules which is delivered to the appropriate action site 

(32). Another approach for microbial biofilm treatment 

especially in chronic wounds is using debridements 

combined with other antibiofilm strategies, although there 

are no specific guidelines exist for animals (36). 

Despite intense researches in animal models, the 

optimal antibiofilm treatment in veterinary science has not 

yet been identified. The use of new technologies as a 

treatment strategy can provide useful tools in veterinary 

medicine for the control of biofilm infections, in the 

future. 

 

Conclusions 

Considering the prevalence of microbial biofilms formed 

by microorganisms in different part of ecosystems in all 

over the world, it is not surprising that they are one of the 

main contributors causing serious medical complications 

in humans and animals. In the light of scientific 

knowledge that microbial biofilm formation is responsible 

for many infectious diseases affecting humans, the effect 

of microbial biofilms in veterinary medicine should not be 

ignored. Most of the biofilm-based infections are related 

with animal injuries, oral health, and mastitis cases which 

are similar to that of humans. It is also known that more 

than 50% of human biofilm infections are zoonotic origin. 

Despite the limited number of the studies focused on the 

importance of biofilm in veterinary medicine, their results 

highlight the need to develop an eradication treatment and 

preventive plan to combat the biofilm development in 

animals. Without effective diagnostic and treatment 

protocols for veterinary biofilms, their impact will remain 

a significant challenge. Therefore, additional researches 

are still needed to unravel the mystery of microbial 

biofilms in veterinary medicine. 
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