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Research Article

The Ability of Febuxostat on Periodontal Inflammation and Bone Loss in 
Rats with Periodontitis by Regulating Nuclear Factor-κB 

Yanzhong YANG 1   Cuiqiong MO 2   Xiaohua TIAN 1   Ying ZHENG 2   Jie ZOU 2    
Chen CHEN 3 (*)  

1	 Department of Integrated Medicine, Hangzhou Stomatology Hospital, 310000, Hangzhou, Zhejiang Province, P.R. CHINA
2 The 903rd Hospital of the Joint Logistics Support Force of PLA, 310000, Hangzhou, Zhejiang Province, P.R. CHINA
3 Zhuji Affiliated Hospital of Wenzhou Medical University, 311800, Zhuji, Zhejiang Province, P.R. CHINA

ORCIDs: Y.Y. 0000-0002-1426-0415; C.M. 0000-0003-0418-7960; X.T. 0000-0003-2282-4329; Y.Z. 0000-0002-7051-9188; J.Z. 0000-0001-6738-2064;  
C.C. 0000-0002-7914-3471

Article ID: KVFD-2022-28781 Received: 14.11.2022 Accepted: 27.05.2023 Published Online: 27.05.2023

Abstract: We aimed to evaluate the effects of febuxostat on periodontal inflammation and bone loss in rats with periodontitis by 
regulating nuclear factor-κB (NF-κB). Sixty rats were randomly divided into sham (Group S), periodontitis model (Group P), febuxostat 
(Group F), minocycline hydrochloride (Group M), NF-κB p65 inhibitor PDTC (Group C), and febuxostat + NF-κB p65 inhibitor PDTC 
(Group F+C) groups (n=10). The levels of serum tumor necrosis factor-α (TNF-α), interleukin-17 (IL-17), and IL-10 were detected by 
enzyme-linked immunosorbent assay. The pathological changes in periodontal tissues were detected by hematoxylin-eosin staining, and 
bone loss was detected using micro-CT. Western blotting was performed to measure the protein expression of NF-κB p65 in periodontal 
tissues. Group P had significantly higher levels of TNF-α and IL-17 and lower IL-10 levels than those of Group S (P<0.05). Group F had 
significantly lower levels of serum TNF-α and IL-17 and higher IL-10 levels than those of Group P (P<0.05). The protein expression of 
NF-κB p65 in the periodontal tissues of Group P was significantly higher than that of Group S, which was lower in Group F and M than 
that in Group P (P<0.05). Compared with Group P, Group C had significantly lower levels of TNF-α and IL-17, CEJ-AC and protein 
expression of NF-κB p65, but a higher level of IL-10 (P<0.05), and the trends were the same between Group F+C and Group F (P<0.05). 
Febuxostat can inhibit periodontal inflammation and reduce alveolar bone loss in rats with periodontitis, probably by inhibiting the 
activation of NF-κB.

Keywords: Febuxostat, Alveolar bone loss, Periodontitis, NF-κB

Febuksostat’ın Periodontitisli Sıçanlarda Nükleer Faktör-κB’yi 
Düzenleyerek Periodontal Enflamasyon ve Kemik Kaybı Üzerine Etkisi

Öz: Bu çalışmada, febuksostatın, periodontitisli sıçanlarda nükleer faktör-κB’yi (NF-κB) düzenleyerek periodontal enflamasyon ve kemik 
kaybı üzerine etkilerini değerlendirmeyi amaçladık. Altmış sıçan rastgele, sham (Grup S), periodontitis modeli (Grup P), febuksostat (Grup 
F), minosiklin hidroklorür (Grup M), NF-κB p65 inhibitörü PDTC (Grup C) ve febuksostat + NF-κB p65 inhibitörü PDTC (Grup F+C) 
gruplarına ayrıldı (n=10). Serum tümör nekroz faktörü-α (TNF-α), interlökin-17 (IL-17) ve IL-10 seviyeleri enzime bağlı immünosorbent 
yöntemi ile tespit edildi. Periodontal dokulardaki patolojik değişiklikler hematoksilen-eozin boyama ile ve kemik kaybı mikro-BT 
kullanılarak tespit edildi. Periodontal dokularda NF-κB p65 protein ekspresyonunu ölçmek için Western blotlama yapıldı. Grup P’nin 
TNF-α ve IL-17 düzeyleri, Grup S’ye göre anlamlı derecede yüksek ve IL-10 düzeyleri daha düşüktü (P<0.05). Grup F’nin serum TNF-α ve 
IL-17 düzeyleri, Grup P’ye göre anlamlı derecede düşük ve IL-10 düzeyleri daha yüksekti (P<0.05). Grup P’nin periodontal dokularında 
NF-κB p65 protein ekspresyonu, Grup S’den anlamlı derecede yüksek, Grup F ve Grup M’de ise Grup P’den daha düşüktü (P<0.05). Grup P 
ile karşılaştırıldığında, Grup C’de TNF-α ve IL-17 seviyeleri, CEJ-AC ve NF-κB p65 protein ekspresyonu anlamlı derecede düşükken, IL-10 
seviyesi daha yüksekti (P<0.05) ve Grup F+C ile Grup F arasındaki eğilimler aynıydı (P<0.05). 
Febuksostat, NF-κB aktivasyonunu inhibe ederek periodontitisli sıçanlarda periodontal enflamasyonu inhibe edebilir ve alveolar kemik 
kaybını azaltabilir.

Anahtar sözcükler: Febuksostat, Alveolar kemik kaybı, Periodontitis, NF-κB
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Introduction
Periodontitis is a chronic inflammatory disease mainly 
caused by microbial infection, which leads to the 
continuous destruction of periodontal tissues, such as 
gingival swelling, alveolar bone resorption, and tooth 
loosening, as one of the major causes of tooth loss in adults 
[1]. Periodontitis is closely linked to cardiovascular disease, 
diabetes mellitus, rheumatoid arthritis, osteoporosis, and 
other systemic diseases in addition to local periodontal 
damage [2]. Currently, periodontitis is primarily treated 
by removing pathogenic factors such as dental plaque 
and calculus on the tooth surface with instruments. 
However, such treatment causes discomfort to patients 
with dentin hypersensitivity [3]. Therefore, researchers 
have endeavored to overcome the problem. Local 
periodontal inflammation leads to metabolic syndromes 
such as hyperuricemia, which can raise the risk of the 
vascular inflammatory response [4]. Febuxostat is an oral 
selective inhibitor of xanthine oxidase (XO) that mediates 
uricogenesis as a catalytic enzyme for uric acid [5]. 
Currently, drugs that inhibit uricogenesis mainly function 
by inhibiting XO. Febuxostat can inhibit the aggregation 
of XO and substrates by binding the molybdopterin active 
site in XO [6]. However, the effect of febuxostat on serum 
inflammatory factors in rats with periodontitis has not 
been reported hitherto. Nuclear transcription factor-κB 
(NF-κB), as a pleiotropic eukaryotic transcription factor 
expressed in a variety of cells, is able to regulate cell 
growth, differentiation, apoptosis, and inflammation [7]. 
It has high expression in the case of local inflammation 
in various cells [8]. When gingival epithelial cells undergo 
pathogenic periodontal infection, NF-κB is activated, 
thereby inducing inflammation [9]. Furthermore, NF-
κB can damage periodontal tissues by releasing multiple 
enzymes, aggravating the inflammatory response. Upon 
periodontitis, NF-κB is involved in the generation 
of inflammatory factors [10], but whether febuxostat 
can ameliorate periodontitis through NF-κB remains 
unclear. Therefore, the aim of this study was to explore 
the mechanism by which febuxostat affected periodontal 
inflammation and bone loss in rats with periodontitis by 
regulating NF-κB. 

Material and Methods
Ethical Approval

This study has been approved by the animal ethics 
committee of Zhuji Affiliated Hospital of Wenzhou 
Medical University Medical University (approval No. 
ZAHWMU2020008).

Laboratory Animals

A total of 60 healthy SPF male SD rats (10 weeks old, 
200-220 g) were purchased from Hunan SJA Laboratory 

Animal Co., Ltd. [certificate No. SYXK (Hunan) 2019-
0004; China]. All rats were housed in an SPF animal room 
at 20-24°C and humidity of 40-70%, with a 12/12 h light/
dark cycle. 

Reagents and Apparatus

The following reagents and apparatus were used: febuxostat 
(2-[3-Cyano-4-(2-methylpropoxy)phenyl]-4-methyl-
5-thiazolecarboxylic acid) (Fig. 1) (Jiangsu Wanbang 
Biochemical Pharmaceutical Co., Ltd., China), NF-κB p65 
antibody (Cat. No. AN365, Wuhan Amyjet Scientific Inc., 
China), NF-κB p65 inhibitor pyrrolidine dithiocarbamate 
(PDTC) (Cat. No. S1809, Beijing Biolab Technology Co., 
Ltd., China), ST16 low-temperature high-speed centrifuge 
(Xi’an Kangrui Trading Co., Ltd., China), DM-1 dissecting 
microscope (Zeiss, Germany), Medesy periodontal probe 
(Shanghai Kangqiao Dental Instruments Factory, China), 
and enzyme-linked immunosorbent assay (ELISA) kit 
(Cat. No. RE52001, Wuhan Huamei Biological Engineering 
Co., Ltd., China).

Preparation of Periodontitis Model and Grouping

All rats were adaptively fed for one week, and given 2% 
co-trimoxazole suspension in the first week and normal 
drinking water in the second week. The rats were 
randomly divided into a sham group (Group S, n=10), a 
periodontitis model group (Group P, n=10), a febuxostat 
group (Group F, n=10), a minocycline hydrochloride 
group (Group M, n=10), an NF-κB p65 inhibitor PDTC 
group (Group C, n=10), and a febuxostat + NF-κB p65 
inhibitor PDTC group (Group F+C, n=10) according to 
the principle of equal body weight.

After anesthesia by intraperitoneal injection using 10% 
chloral hydrate, the palatal gingival crevices of bilateral 
maxillary second molars were injected with 20 μL of 
sterile PBS only and applied with 100 μL of PBS for 
modeling in Group S. In the remaining five groups, 20 
μL of Porphyromonas gingivalis W83 was injected into 
the palatal gingival crevices of bilateral maxillary second 
molars, the dental neck was ligated with silk ligature, and 
100 μL of bacterial solution (1.5×109 CFU/mL) was applied 
at the site of ligation. The above treatment was repeated 

Fig 1. Chemical formula of febuxostat
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every two days for a total of four times. Eight weeks after 
modeling, periodontal inflammation, attachment loss, 
tooth loosening and alveolar bone resorption shown in CT 
suggested successful modeling. The modeling failed in five 
rats, so five new ones were replenished. Local medication 
was given for each group after the ligature was removed. 
Febuxostat (8 mg/kg) was injected in the gingiva of Group 
F, 20 μL of 2% minocycline hydrochloride was injected in 
the gingiva of Group M, 20 μL of PDTC was injected in 
the gingiva of Group C, febuxostat (8 mg/kg) and 20 μL of 
PDTC were injected in the gingiva of Group F+C, and an 
equal amount of normal saline was injected in the gingiva 
of Group S and P. The rats were administered once daily 
for four consecutive weeks.

Detection of Levels of Serum Tumor Necrosis Factor-α 
(TNF-α), Interleukin-17 (IL-17), and IL-10 by ELISA

After drug intervention, the rats were anesthetized, and 
4 mL of venous blood was drawn from the tail vein, left 
still, and centrifuged at 3.500 r/min for 15 min. The 
supernatant was harvested to detect the serum levels of 
TNF-α, IL-17, and IL-10.

Pathological Observation of Periodontal Tissues

After the last administration and 12-hour fasting, three 
rats from Group S, P, F, and M were randomly selected 
and sacrificed by cervical dislocation. The molar segment 
of the left mandible was fixed with 4% paraformaldehyde 
solution for 48 h. Then the tissue was decalcified with 
EDTA (100 g/L) for three weeks, embedded in paraffin, 
and sliced into 5 μm-thick sections along the median 
coronal section of the mandible. After hematoxylin-
eosin (HE) staining, the sections were observed and 
photographed under a light microscope.

Detection of Bone Loss Using Micro-CT

At 12 h after the last administration, three rats randomly 
selected from each group were sacrificed by cervical 
dislocation. The maxilla, upper molar, dental tissue, and 
periodontal tissue were fixed with 4% paraformaldehyde 
for 24 h, followed by trimming. Jawbone and periodontal 
tissue in the molar section were preserved, and other 
tissues were removed. Then three-dimensional CT imaging 

was performed for Group S, P, F, and M, and the distances 
from the cemento-enamel junction to the alveolar  
crest (CEJ-AC) of all groups were measured. The alveolar 
bone resorption at the left mandibular molar was 
observed.

Detection of NF-κB p65 Protein Expression in 
Periodontal Tissues by Western Blotting

The periodontal tissues at the left mandibular molar were 
harvested and thoroughly ground. Then 100 mg of samples 
were placed into a pre-cooled 1.5 mL centrifuge tube, lysed 
with RIPA lysis buffer, and centrifuged in a centrifuge 
tube at 12.000 r/min for 10 min. The supernatant was 
harvested to measure the protein level, and 5% spacer gel 
and 8% separation gel were prepared. The protein samples 
were loaded, electrophoresed for 100 min, and transferred 
onto a PVDF membrane by wet transfer for 2 h. Then 
the membrane was blocked with 5% blocking buffer at 
room temperature for 1 h, and incubated with NF-κB 
p65 (1:800) and internal reference β-actin primary anti- 
body solution at 4°C overnight. After the primary antibody 
was washed away, HRP-labeled secondary antibodies were 
added for 2-h incubation, and the membrane was washed 
again. Finally, the membrane was soaked in ECL solution 
for 2 min and imaged by a chemiluminescence system.

Statistical Analysis

GraphPad Prism 8.0 software (IBM, New York, USA) was 
used for statistical analysis. The measurement data were 
expressed as mean ± standard deviation (x ± s). The data 
were analyzed by one-way analysis of variance among 
groups and compared by the t test between two groups. 
P<0.05 was considered statistically significant.

Results
Group P had significantly higher levels of serum TNF-α 
and IL-17 and lower level of IL-10 than those of Group S 
(P<0.05). Group F had significantly lower levels of serum 
TNF-α and IL-17 and higher level of IL-10 than those of 
Group P (P<0.05). There was no significant difference 
in the serum levels of TNF-α, IL-17, and IL-10 between 
Group F and M (P>0.05) (Table 1).

Table 1. Serum levels of TNF-α, IL-17 and IL-10 (`x ± s, pg/mL)

Group n TNF-α IL-17 IL-10

S 10 100.16±5.42 312.45±15.32 286.33±10.25

P 10 312.73±14.68* 618.23±21.46* 113.28±5.31*

F 10 186.54±8.31*# 409.31±18.15*# 197.32±7.54*#

M 10 185.36±8.16*# 402.18±12.96*# 195.06±7.82*#

F 806.4 562.7 795.4

P <0.0001 <0.0001 <0.0001
* P<0.05 vs. Group S, #P<0.05 vs. Group P
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The HE staining results of Group S showed that the 
gingival epithelium was intact, without loss of attachment 
or abnormal changes in connective tissue. In Group P, 

the junctional epithelium underwent down-growth. The 
collagen fibers were degenerated, some of which were 
degraded. Meanwhile, there was significant alveolar bone 

Fig 2. Pathological morphology of periodontal tissues (HE staining). 1: Group S, 2: Group P, 3: Group F, 4: Group M. A: Maxillary first molar; 
B: alveolar bone. Arrows indicate periodontal pockets

Fig 3. Bone loss. CEJ-AC significantly rose in Group P compared with that in Group S, declined in Group 
F and M compared with that in Group P, and had no significant difference between Group F and M. A: 
Micro-CT image reconstruction in each group, B: Comparison of CEJ-AC among groups. 1: Group S, 2: 
Group P, 3: Group F, 4: Group M. *P<0.05 vs. Group S, #P<0.05 vs. Group P. Unit for CEJ-AC: mm

Fig 4. Protein expression of NF-κB p65 in periodontal tissues. The protein expression of NF-κB p65 in 
periodontal tissues was significantly higher in Group P than that in Group S, significantly lower in Group 
F and M than that in Group P, and had no significant difference between Group F and M. A: Group S, B: 
Group P, C: Group F, D: Group M. *P<0.05 vs. Group S, #P<0.05 vs. Group P
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resorption. The periodontal tissues of Group F and M 
were markedly improved, and the periodontal pockets 
became shallow (Fig. 2).

CEJ-AC was significantly greater in Group P than in 
Group S (P<0.05). Group F and M had lower CEJ-AC 
values than that of Group P (P<0.05), but there was no 
significant difference between the values of Group F and 
M (P>0.05) (Fig. 3).

The protein expression of NF-κB p65 in periodontal 
tissues was significantly higher in Group P than that in 
Group S (P<0.05), significantly lower in Group F and M 
than that in Group P (P<0.05), and had no significant 
difference between Group F and M (P>0.05) (Fig. 4).

Compared with Group P, Group C had significantly 
decreased levels of serum TNF-α and IL-17, CEJ-AC, and 
protein expression of NF-κB p65 but increased level of IL-
10 (P<0.05) (Fig. 5).

Compared with Group F, Group F+C had significantly 
decreased levels of serum TNF-α and IL-17, CEJ-AC, and 
protein expression of NF-κB p65 but elevated level of IL-
10 (P<0.05) (Fig. 6).

Discussion
Periodontitis is a destructive inflammatory disease, and 
its primary pathogenesis is the destruction of pathogenic 

bacteria to periodontal tissues and the local host 
response. Pathogenic bacteria, such as Gram-negative 
anaerobic bacteria, can induce infectious diseases in 
dental supporting tissues as a main cause for periodontitis [11]. 
Different methods have been proposed to establish 
periodontitis models. Currently, the rat model of peri-
odontitis is usually established through molar ligation, 
inoculation of P. gingivalis, or the combination of them. 
A periodontitis model has been successfully induced in 
laboratory rabbits through silk-suture ligation, high-
glucose water intake, and putative periodontal pathogens [12]. 
Until now, many kinds of animals, such as pigs, dogs, 
rats, and mice, have been used to successfully establish 
periodontitis models with the manifestations of induced 
periodontitis. Among them, the rat periodontitis model 
is most commonly used. Since rat and human molars 
have similar physiological structures and pathological 
mechanisms, their kinetics of inflammatory cytokines in 
the case of periodontitis also quite resemble each other [13,14]. 
In this study, the periodontitis model was established 
by gingival inoculation of P. gingivalis solution and silk 
suture ligation of the molar tooth cervix. The periodontal 
tissue destruction and disorderly distributed ligament 
fiber bundles, and considerable inflammatory cell 
infiltration suggested that P. gingivalis solution combined 
with silk suture ligation can cause inflammatory injury in 
periodontal tissue, verifying the successful establishment 
of the periodontitis model.

Fig 5. Effects of NF-κB p65 inhibitor PDTC on serum inflammatory factor levels, CEJ-AC and NF-κB p65 protein expression. Compared with 
Group P, Group C had significantly decreased levels of serum TNF-α and IL-17, CEJ-AC and protein expression of NF-κB p65, but increased 
level of IL-10. A: TNF-α level, B: IL-17 level, C: IL-10 level, D: CEJ-AC, E: NF-κB p65 protein expression. *P<0.05 vs. Group P

Fig 6. Effects of febuxostat combined with PDTC on serum inflammatory factor levels, CEJ-AC and NF-κB p65 protein expression. Compared 
with Group F, Group F+C had significantly decreased levels of serum TNF-α and IL-17, CEJ-AC and protein expression of NF-κB p65, but 
elevated level of IL-10. A: TNF-α level, B: IL-17 level, C: IL-10 level, D: CEJ-AC, E: NF-κB p65 protein expression. *P<0.05 vs. Group F
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Both inflammatory response and host immunomodulatory 
response are of significance to remodeling after 
periodontal bone loss, and cytokines released by specific 
cell populations play crucial roles in the host response 
and alveolar bone resorption. TNF-α mediates various 
pathological processes, such as inflammatory response, 
alveolar bone resorption, and loss of connective tissue 
attachment [15]. Upon stimulus by IL-23, T cell subset 
Th17 can produce a variety of inflammatory chemokines 
and cytokines, including IL-17, which dominate the host 
immune response. The protein expression of IL-17 rises 
during the onset and progression of periodontitis [16]. The 
disorders of IL-17 enhance the generation of osteoclasts 
and promote local inflammatory response, accompanied 
by the increase in inflammatory mediators such as TNF-α. 
On the contrary, IL-10 produced by Treg cells is widely 
expressed in inflammatory periodontal tissues, which can 
alleviate bone loss by inhibiting osteoclast formation [17].  
In this study, febuxostat reduced the serum levels of  
TNF-α and IL-17 and significantly raised the level of 
IL-10 in rats with periodontitis. Guo et al.[18] proved that 
febuxostat significantly reduced the levels of inflammatory 
mediators and ameliorated the endothelial function in 
patients with chronic periodontitis complicated by uricemia.

NF-κB regulates the inflammatory response by modulating 
inflammatory factors, as well as immune function- and 
inflammatory stimulus-related cytokines [19]. By regulating 
IL-6 and TNF-α, NF-κB controls the proliferation and 
differentiation of immune cells and mediates immune 
response. Suppressing its activation can inhibit the 
production of various inflammatory mediators [20]. 
Moreover, the enhanced activity of NF-κB corresponds to 
the enhanced synthesis of IL-6, IL-8, and TNF-α [21]. These 
cytokines are implicated in the regulation of immune 
response and osteoclasts, thereby inducing matrix 
degradation, bone resorption and loss of connective 
tissue attachment. Hiyari et al.[22] proved that the level of 
NF-κB in periodontal tissues significantly rose in mice 
with periodontitis. Minocycline hydrochloride is a semi-
synthetic derivative of tetracycline which is effective in 
treating periodontitis [23]. In this study, febuxostat (Group 
F) worked similarly to minocycline hydrochloride (Group 
M) regarding all detected data, suggesting that febuxostat 
may also be effective for periodontitis treatment. 
Additionally, febuxostat had significantly decreased 
protein expression of NF-κB p65 in periodontal tissues 
and CEJ-AC, suggesting that it inhibited the activation of 
NF-κB, reduced CEJ-AC, and inhibited bone resorption by 
suppressing the expressions of inflammatory mediators.  
To further validate the postulation, the rats with peri-
odontitis were subjected to PDTC intervention. PDTC 
significantly decreased the levels of serum inflammatory 
factors in rats with periodontitis and also CEJ-AC and 

NF-κB p65 protein expression. After the combined use of 
febuxostat and PDTC, the levels of serum inflammatory 
factors, CEJ-AC and NF-κB p65 protein expression all 
declined compared with those after the use of febuxostat 
alone. Collectively, febuxostat can, through regulating 
NF-κB, inhibit periodontal inflammation and alveolar 
bone loss in rats with periodontitis.

In conclusion, febuxostat can inhibit periodontal 
inflammation and reduce alveolar bone loss in rats with 
periodontitis, probably by suppressing the activation 
of NF-κB. Due to limited time and budget, HE staining 
and micro-CT image reconstruction were not performed 
for Group C and F+C in this study, so the results have 
limitations. Further experimental studies are ongoing in 
our group to provide a valuable experimental basis for the 
clinical treatment of periodontitis.
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Abstract: Listeriosis is a rare but severe foodborne infection caused by Listeria monocytogenes.  In this study, we performed comparative 
whole-genome sequencing (WGS) on 28 Listeria monocytogenes from seven invasive listeriosis cases in animals and 21 food samples in 
Türkiye for the first time.  Food isolates were delineated into eleven clonal complexes (CCs), namely CC1, CC2, CC3, CC8, CC9, CC20, 
CC69, CC124, CC155, CC204, ST3002. The isolates from meningoencephalitis cases were associated with CC1, whereas CC9 and CC7 were 
associated with the isolates from sheep abortus cases. All the isolates carried the fosX, lin, norB, and sul genes.  In addition, emrC (n=15), 
bcrC (n=4), emrE (n=2), qacA (n=1), cadA (n=5) and cadC (n=1) genes, conferring resistance to stress and disinfectants were detected. 
Listeria pathogenicity island (LIPI)-1 and LIPI-2 were distributed in all isolates, but LIPI-3 was closely related to CC1, CC3, and ST3002 
isolates. LIPI-4 was not found in any of the L. monocytogenes isolates.  The Inc18(rep25) and Inc18(rep26) plasmids were found in 16 
(57.1%) isolates. A total of 15 different intact prophage genomes ranging from one to three were detected in the genomes of 24 isolates. The 
hypervirulent CC1 and CC2 clones that pose a significant threat to food safety and public health were detected among food isolates. These 
findings highlight the importance of continuous surveillance of hypervirulent L. monocytogenes strains in different settings.

Keywords: Food, Genetic diversity, Invasive infection,  Listeria monocytogenes, Whole Genome Sequencing

Gıda ve Hayvan Klinik Listeria monocytogenes İzolatlarının Tam Genom 
Dizilimine Dayalı Karakterizasyonu

Öz: Listeriosis, Listeria monocytogenes’in neden olduğu nadir görülen fakat ciddi klinik seyre sahip gıda kaynaklı bir enfeksiyondur. Bu 
çalışmada, hayvanlardaki invaziv listeriozis vakalarından (n=7) ve farklı gıda örneklerinden (n=21) izole edilen 28 Listeria monocytogenes 
suşunun karşılaştırmalı tam genom dizileme (WGS) ile analizi yapıldı.  Gıda izolatları CC1, CC2, CC3, CC8, CC9, CC20, CC69, CC124, 
CC155, CC204, ST3002 olmak üzere onbir klonal komplekse (CC) ayrıldı. Meningoensefalit vakalarına ait izolatlar CC1’e ait iken, koyun 
abortus vakalarına ait izolatlar CC9 ve CC7’e ait bulundu. Tüm izolatlarda fosX, lin, norB ve sul genleri belirlendi.  Ayrıca, değişen oranlarda 
stres ve dezenfektan direncine aracılık eden emrC (n=15), bcrC (n=4), emrE (n=2), qacA (n=1), cadA (n=5) ve cadC (n=1) genleri tespit 
edildi.  Listeria patojenite adası (LIPI)-1 ve LIPI-2 tüm izolatlarda tespit edilirken; LIPI-3 CC1, CC3 ve ST3002’e ait izolatlar ile yakın 
ilişkili bulundu. LIPI-4 L. monocytogenes izolatlarının hiçbirinde bulunmadı. Inc18(rep25) ve Inc18(rep26) plazmidleri 16 (%57.1) izolatta 
bulundu. Yirmidört izolatta bir - üç arasında değişen toplam 15 farklı intakt profaj genomu tespit edildi. Bu çalışmada gıda izolatları 
arasında gıda güvenliği ve halk sağlığı için önemli bir tehdit oluşturan hipervirülent CC1 ve CC2 klonları tespit edilmiştir. Bu bulgular, farklı 
ortamlarda hipervirülent L. monocytogenes suşlarının sürekli izlenmesinin önemini vurgulamaktadır.
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Introductıon 
Listeria monocytogenes is an opportunistic food-borne 
pathogen that may cause life-threatening infections in 
many mammalian species following ingestion [1]. In 
ruminants, listeriosis is associated with gastroenteritis, 
abortions, septicemia, central nervous system (CNS) 
infections (neurolisteriosis), as well as rarely anatomically 
localized infections such as mastitis, eye infections and 
keratitis [2]. Infected ruminants are frequent asymptomatic 
carriers of L. monocytogenes in their gastrointestinal 
tract that allows the pathogen to multiply and spread the 
environments [3]. Throughout the world, listeriosis most 
commonly occurs in a sporadic form affecting a single 
or a few animals or may occur as outbreaks within a 
farm [4]. In humans, the infection, is frequently linked to 
consumption of ready-to-eat (RTE) food, occurs mostly 
in immunocompromised individuals, the elderly people 
and pregnant women, which manifests itself symptoms 
similar to those seen in ruminants [5]. Although incidence 
of listeriosis is low in comparison with other food-borne 
infections, high fatality rate associated with this infection 
makes it a major public health concern [6]. L. monocytogenes 
is a ubiquitous microorganism that colonizes a variety of 
ecological niches, including soil, water, food processing 
facilities, mammalian intestinal tracts and faeces, making 
surveillance and control of environmental lifestyle of the 
pathogen very challenging [7]. In particular, persistence 
of L. monocytogenes in food processing environment for 
months even years despite sanitation measures applied 
often results in cross-contamination of the final product, 
which increases the risk of outbreaks [8]. Presence of same 
L. monocytogenes genotypes were also reported in farm 
environments and animals [9,10]. Multiple virulence factors 
(VFs) are key for the adaptation of L. monocytogenes to its 
host and different environmental niches [2].

Molecular epidemiological studies have revealed the 
variable distribution of genetic and serological subtypes 
of L. monocytogenes with respect to food products and 
processing environments as well as among human and 
animal clinical listeriosis cases. Lineage II or serotypes 
1/2b, 1/2a, and 1/2c are more frequent in food isolates, 
and lineage I or serotype 4b is the predominant serotype 
among clinical isolates. Moreover, clones CC1, CC2, CC4, 
and CC6 are strongly associated with clinical strains, CC9 
and CC121 are hypovirulent food-associated clones [11-14].

Whole genome sequencing (WGS) greatly improved the 
analysis of bacterial genome sequences and facilitated 
the evaluation of L. monocytogenes isolates from clinical, 
environmental, and food sources [13,15]. WGS also allows 
the detection of virulence genes responsible for the 
pathogenicity of different isolates. So far, four virulence 
gene clusters, known as Listeria pathogenicity islands 

(LIPIs) have been identified. LIPI-1 and LIPI-2 contain the 
key genes responsible for promoting adhesion or binding, 
invasion, polymerization, and cell-to-cell spread within 
the host organism [2]. LIPI-3 encodes listeriolysin S (LLS), 
shows hemolytic and cytotoxic activity associated with 
the destruction of gut microbiota and thus dysregulates 
host-microbiota homeostasis during infection [16]. More 
recently, LIPI-4 gene cluster considered as hypervirulent, 
strongly linked with neural and placental infections has 
been described [14]. 

The objectives of this study were to (i) assess the genomic 
diversity of L. monocytogenes isolates from food and 
animal invasive infections, (ii) determine the absence and 
presence of antimicrobial and disinfectant resistance 
and virulence genes.

Material and Methods 
Bacterial Strains

The strains of L. monocytogenes tested were isolated from 
food (n = 21) and animal clinical cases of listeriosis (n = 
7) [five from sheep abortus cases and two from CNS cases 
(one from sheep and one from cattle)] in four provinces 
of Türkiye over a period of three years (from January 
2017 to July 2020). The characteristics and sources of the 
L. monocytogenes strains used in this study are reported 
in Table 1. Species identification was carried out both 
using MALDI-TOF MS (Bruker Daltonics, Billerica, MA, 
United States) and VIDAS system (Biomérieux, France).

DNA Isolation, Library Preparation and Sequencing

Genomic DNA was extracted using a QIAamp DNA 
Mini Kit (Qiagen, Hilden, Germany) following the 
manufacturer’s instructions. DNA concentration was 
evaluated using fluorometric (Qubit 3.0, ThermoFisher 
Scientific, Waltham, MA, USA) method. The sequencing 
libraries of genomic DNA were prepared according to the 
Illumina protocol and paired-end (2x150 bp) sequencing 
was performed on a NovaSeq 6000 platform (Illumina, 
San Diego, USA). After trimming low-quality reads and 
removing adapter sequences using Trimmomatic v0.36 [17], 
the quality of both raw reads and trimmed reads was 
assessed using FastQC (v 0.11.9). The de novo genome 
assembly was conducted using the Shovill pipeline (v 
0.9.0) by applying the default parameters [18]. The quality 
of assemblies was evaluated using QUAST v4.5 [19]. The 
detailed L. monocytogenes sequence parameters used in 
the present study are listed in Table 1. The draft assemblies 
of all L. monocytogenes isolates were deposited in the 
BIGSdb-Lm database (https://bigsdb.pasteur.fr/listeria) under 
the accession number 86311-86338.

WGS Characteristics of L. monocytogenes

All L. monocytogenes sequences were analyzed using the 
publicly available web-based WGS tools on the BIGSdb-

https://bigsdb.pasteur.fr/listeria
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Lm platform (https://bigsdb.pasteur.fr/listeria, accessed 
on 12 July 2022). MLST profiles with the same alleles for 
seven loci were classified into sequence types (ST) and 
grouped into clonal complexes (CCs) if at least five out of 
seven loci were the same as previously described. cgMLST 
(1748 loci) profiles were grouped into cgMLST types (CTs) 
and sublineages (SLs), using the cut-offs of seven and 150 
allelic mismatches, respectively, as previously described. 
Allele numbers, CTs, and SLs were determined according 
to the Listeria sequence typing database (BIGSdb-Lm 
platform) [13].

Identification of Virulence and Other Genetic Markers

Assemblies were also screened in silico for virulence, 
antimicrobial, metal, and biocide resistance genes, Listeria 
Stress Islands as well as the sigB and rhamnose operons 
using the BIGSdb-Lm platform [13]. The presence of 
premature stop codons (PMSCs) in the inlA gene was also 

investigated. When the BIGSdb-Lm database reported 
that a PMSC mutation was present, the mutation position 
and the length of the resulting truncated inlA protein were 
specified [13]. 

Detection of Prophage and Plasmid Sequences

The putative prophage determinants within the genomes 
of the L. monocytogenes were tested, the WGS sequences 
were analyzed with the PHASTER (PHAge Search Tool 
Enhanced Release) web server [20]. The criteria for scoring 
prophage regions (as intact, questionable or incomplete) 
have been described in PHASTER. If the region’s total 
score was less than 70, it was marked as incomplete, 
between 70-90 as questionable, and when greater than 90 
defined as intact. The presence of plasmid sequences was 
identified using the PlasmidFinder v2.1 for the specified 
Gram-positive scheme [21].

Table 1. L. monocytogenes sequence parameters

No BIGSdb id Contigs Total 
Length

Max. 
Contig 
Length

Min. 
Contig 
Length

Mean 
Contig 
Length

StdDev 
Contig 
Length

L50 
Contig 

Number

N50 Contig 
Length 
(L50)

L90 
Contig 

Number

N90 
Contig 
Lenght

L95 
Contig 

Number

N95 
Contig 
Lenght

GC%

1 86311 17 3.022.337 745.156 238 177.785 232.446 3 513.002 7 224.989 8 97.911 37.79

2 86312 12 2.939.770 1.507.484 238 244.981 442.900 1 1.507.484 4 229.475 5 101.052 37.86

3 86313 16 3.022.564 745.156 238 188.911 236.106 3 518.154 7 97.911 8 97.911 37.79

4 86314 16 2.950.838 848.413 238 184.428 270.484 3 530.836 5 230.756 7 100.203 38.08

5 86315 16 2.950.938 848.173 238 184.434 270.430 3 530.836 5 230.756 7 100.203 38.08

6 86316 15 2.950.898 848.413 238 196.727 268.487 3 530.836 5 230.552 7 100.203 38.08

7 86317 16 2.950.975 848.173 238 184.436 261.841 3 530.836 5 230.756 7 100.203 38.08

8 86318 15 2.964.264 909.192 238 197.618 278.461 2 604.948 4 229.071 6 100.992 37.82

9 86319 15 3.010.367 816.421 221 200.692 289.618 2 774.368 5 228.558 6 101.088 37.83

10 86320 15 2.964.210 909.192 238 197.614 279.456 2 604.948 5 229.071 6 100.992 37.82

11 86321 16 2.964.383 909.192 238 185.274 274.770 2 604.948 5 228.923 6 100.992 37.82

12 86322 23 3.012.987 575.528 217 131.000 175.906 4 397.443 8 167.829 9 100.992 37.73

13 86323 18 2.996.628 1.486.655 238 166.480 335.230 2 430.186 6 99.054 8 75.397 37.86

14 86324 19 2.986.983 1.486.782 238 157.210 336.919 2 430.186 6 99.054 8 75.397 37.85

15 86325 16 2.964.377 909.192 238 185.274 274.769 2 604.942 5 228.923 6 100.992 37.82

16 86326 17 2.957.225 1.243.617 296 173.955 307.671 2 521.587 6 225.190 6 225.190 37.85

17 86327 28 2.877.061 632.635 201 102.753 178.162 3 476.856 7 225.046 8 99.748 37.93

18 86328 20 3.011.077 588.120 238 150.554 190.746 3 439.574 8 99.051 10 71.994 37.83

19 86329 16 2.964.363 909.186 238 185.273 274.773 2 604.942 5 229.071 6 100.992 37.82

20 86330 20 2.956.218 759.675 296 147.811 215.408 3 483.632 7 227.892 8 99.751 37.87

21 86331 16 2.964.368 909.192 238 185.273 274.774 2 604.942 5 229.071 6 100.992 37.82

22 86332 14 2.964.682 909.192 238 211.763 284.144 2 604.942 5 229.071 6 100.992 37.82

23 86333 16 2.964.376 909.192 238 185.274 274.772 2 604.942 5 228.923 6 100.992 37.82

24 86334 17 2.964.487 909.192 238 174.382 270.099 2 604.492 5 228.923 6 100.992 37.82

25 86335 14 2.882.660 1.502.479 238 205.479 386.440 1 1.502.479 5 167.055 6 99.228 37.89

26 86336 24 2.922.545 505.602 259 121.773 160.986 4 331.745 8 207.136 10 96.460 37.88

27 86337 20 3.026.339 745.155 238 151.317 212.219 3 478.320 7 225.128 8 151.808 37.91

28 86338 28 2.877.058 632.635 201 102.753 178.163 3 476.856 7 225.046 8 99.748 37.93

https://bigsdb.pasteur.fr/listeria
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Results
WGS-based Typing of L. monocytogenes

Overall, all strains were grouped into five PCR-serogroups 
IIc (comprising serotypes 1/2c, 3c), IIa (1/2a, 3a), IIb 
(1/2b, 3b), IVb (4b, 4d, 4e) and L. The most frequent PCR-
serogroup was IIc (n=9, 32.1%), followed by IIa (n=7, 
25%), IVb (n=5, 17.9%), L (n=4, 14.3%), and IIb (n=3, 
10.7%) (Table 2). PCR-serogroup IVb was determined in 
two CNS related isolates and three food isolates. Of the 
five isolates related with aborted sheep fetuses, four were 
PCR-serogroup IIc, and one was IIa.

A total of three lineages was identified, Lineage II (17, 
60.7%) was the most numerous, followed by Lineage I (7, 
25%), and Lineage III (4, 14.3%), respectively. While CNS 
infection related isolates belonged to Lineage I, all isolates 
associated with sheep abortus cases belonged to Lineage 
II. Eleven different STs were identified, ST122 (9, 32.1%) 
was the most abundant, followed by ST202 (4, 14.3%), 
ST1 (4, 14.3%), ST20 (2, 7.2%), and ST3002 (2, 7.2%), 
respectively. Seven STs (25% of all STs) were represented 
by single isolates. ST3002 was submitted as new ST to the 
Listeria PasteurMLST database. Ten CCs and one singleton 
(ST3002) were identified. CC112 (9, 36%) was the most 
prevalent, followed by CC1 (4, 14.3%), CC69 (4, 14.3%), 

Table 2. Molecular characterization of L. monocytogenes strains tested

BIGSdb-Lm 
ID Source Province Phylogenetic 

Lineage
PCR-

Serogroup ST CC SL cgMLST

86311 Butter Diyarbakır I IIb 3002* ST3002 SL3 CT11733

86312 Cheddar cheese Diyarbakır II IIa 124 CC124 SL124 CT11738

86313 Cake Diyarbakır I IIb 3002* ST3002 SL3 CT11733

86314 Ice cream Diyarbakır III L 202 CC69 SL69 CT996

86315 Cream Diyarbakır III L 202 CC69 SL69 CT996

86316 Cream Diyarbakır III L 202 CC69 SL69 CT996

86317 Cream cheese Diyarbakır III L 202 CC69 SL69 CT996

86318 Sausage Diyarbakır II IIc 122 CC9 SL9 CT630

86319 Roasted meat Diyarbakır II IIa 155 CC155 SL155 CT11740**

86320 Meatball Diyarbakır II IIc 122 CC9 SL9 CT630

86321 Lahmacun Diyarbakır II IIc 122 CC9 SL9 CT630

86322 Hamburger Hatay II IIa 204 CC204 SL204 CT11737

86323 Pastry Hatay II IIa 20 CC20 SL20 CT11735

86324 Pizza Hatay II IIa 20 CC20 SL20 CT11736

86325 Cake Hatay II IIc 122 CC9 SL9 CT630

86326 Sausage Adana I IVb 1 CC1 SL1 CT11732

86327 Ice cream Adana I IVb 1 CC1 SL1 CT11730**

86328 Beans Adana II IIa 8 CC8 SL8 CT11739

86329 Raw meat Adana II IIc 122 CC9 SL9 CT630

86330 Cattle 
Meningoencephalitis Şanlıurfa I IVb 1 CC1 SL1 CT11731

86331 Sheep aborted fetus Şanlıurfa II IIc 122 CC9 SL9 CT630

86332 Sheep aborted fetus Şanlıurfa II IIc 122 CC9 SL9 CT630

86333 Sheep aborted fetus Şanlıurfa II IIc 122 CC9 SL9 CT630

86334 Sheep aborted fetus Şanlıurfa II IIc 122 CC9 SL9 CT630

86335 Sheep aborted fetus Şanlıurfa II IIa 12 CC7 SL7 CT720

86336 Döner Şanlıurfa II IVb 145 CC2 SL2 CT375

86337 Cake Şanlıurfa I IIb 3 CC3 SL3 CT11734

86338 Sheep 
Meningoencephalitis Şanlıurfa I IVb 1 CC1 SL1 CT11730**

*new ST type, **new cgMLST type
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CC20 (2, 14.3%) and ST3002 (2, 14.3%). The remaining 
seven (25%) strains, which were mainly recovered from 
food, were grouped into six CCs, with single isolates in 
each (Table 2). Minimum spanning tree (MST) analysis 
based on the cgMLST profiles of 28 L. monocytogenes 
strains was generated using the publicly available web-
based WGS tool on the BIGSdb-Lm platform.

The isolates were further divided into 14 different types 
of cgMLST (CTs), with the most numerous CT630 (10, 
35.7%) and CT996 (4, 14.3%). The isolates associated with 
sheep aborted fetuses belonged to CT630 and CT720, 
whereas CNS infection related isolates belonged to 
CT11731 and CT11730. CT11730 and CT11740 were new 
cgMLST types designated for the first time. cgMLST based 
analyses results revealed ten different sublineages (SLs). 
The predominant SLs identified were SL9 (10, 35.7%), 
SL69 (4, 14.3%), SL1 (4, 14.3%), SL3 (3, 10.7%) and SL20 
(2, 3.6%). The remaining SLs (SL24, SL155, SL20, SL8, 
and SL2) were only determined in one isolate of each. 
Of the CNS infection related SLs, SL1 was also identified 
in two food isolates. SLs recovered sheep aborted fetus 
isolates were SL9 and SL7. Molecular relationship of 28 L. 
monocytogenes strains based on the cgMLST analysis are 
shown in Fig. 1.

Antimicrobial Resistance and Virulence Gene Profiles

Half of the strains had the same resistance profile with 
the presence of the fosX (fosfomycin), lin (antibiotic 
ABC transporter ATP-binding protein), norB (multidrug 
efflux pump), and sul (dihydropteroate synthases) genes, 
according to the screening screening of L. monocytogenes 
WGS data for 17 antimicrobial resistance genes. Other half 
of the isolates also carried mprF (phosphatidyl glycerol 
lysyl transferase) gene together with the genes above-
mentioned. Acquired antibiotic resistance traits were not 
detected.

Presence of LIPI-1 was observed in all strains. The LIPI-2 
was present in all isolates. However, four strains belonged 
to ST202 (CC69) did not carry inlC, inlE, inlF, inlG, inlH 
and inlJ genes. In addition, inlG in six isolates and inlJ in 
one isolate were not present. The LIPI-3 virulence genes 
were identified in seven isolates. LIPI-4 was not found in 
any of the L. monocytogenes studied. The premature stop 
codon (PMSC) in the inlA gene was not present in all the 
isolates.

The gltA and gltB genes involved in teichoic acid 
biosynthesis were found in the only strains belonging to 
serogroup IVb (n=5) isolates. Similarly, aut_IVb gene 
(autolysin) was only present in the isolates belonging to 
serogroup IVb. 

Benzalkonium Chloride (BC) and Other Tolerance 
Genes

Of the bcrABC gene cassette, encoding benzalkonium 
chloride resistance protein, bcrC was identified in four 

isolates. The emrE gene (encoding the putative small 
multidrug-resistant (SMR) efflux pump), the qacA gene 
(encoding the quaternary ammonium compound efflux 
major facilitator superfamily (MFS)), and the Tn6188 
qac (ermC) sequence responsible for benzalkonium 
chloride tolerance were found in two, one and 15 isolates, 
respectively. The cadA and cadC genes, responsible for 
cadmium resistance, were present in five and one isolate, 
respectively. All five genes of the stress survival islet 1 (SSI-
1) were observed in 21 isolates. The remaining isolates 
had only one of the SSI-1 islets. 

Identification of Prophage Sequences

DNA sequence analysis of 28 L. monocytogenes isolates 
revealed the presence of 41 different intact, questionable 
or incomplete prophage sequences among the L. 
monocytogenes isolates. Intact prophage sequences were 
determined in 24 L. monocytogenes isolates (Table 3). 
Phage_Lister_LP_HM00113468 (NC_049900) (n=10, 
41.7%) were the most prevalent. 

Detection of Plasmids

Plasmids were found in 57.1% (16/28) of the strains 
(Table 4). pLM330006(pLM33) (rep25) and pLGUG1 
(rep26) were detected in 13 (81.3%) and three (18.7%) 
isolates, respectively.

Fig 1. MST based on the cgMLST profiles of 28 L. monocytogenes strains 
studied. Circles with red rim represent L. monocytogenes strains from CNS 
infections. Circles with blue rim represent L. monocytogenes strains from 
foods belonged to CC1. Circles with yellow rim represent L. monocytogenes 
strains from sheep abortus cases
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Discussion
This study describes the WGS-based characterization of 
L. monocytogenes strains isolated from food and animal 
clinical cases in Türkiye for the first time. MLST typing 
revealed that L. monocytogenes strains isolated from 
food were assigned to eleven clonal complexes. The 
detected CCs in the present study have been also shown 
to be globally distributed in foods and food-processing 

environments. As previously reported, CC1 and CC2 
are highly associated with clinical human and animal 
listeriosis cases, but they have also been detected in food 
products and considered hypervirulent [22,23]. The higher 
gut colonization ability of hypervirulent L. monocytogenes 
clones, particularly CC1, may lead to prolonged fecal 
shedding, resulting in persistence dairy cattle farm 
environment and high frequency contamination of milk 
and dairy products and thus pose a potential health risk 

Table 3. Prophages in L. monocytogenes strains tested

No BIGSdb 
id

cgMLST 
Type

Total 
Lenght 

(bp)

Total 
Number of 
Prophages 

Regions

No of Prophages Regions According 
to the Status

Names of Phages with Intact Status

Characteristics of Phages with Intact 
Status

Intact Questionable Incomplete Size 
(Kb)

No of 
Proteins Position

1 86311 CT11733 3.022.337 5 1 1 3 PHAGE_Lister_B054_NC_009813(44) 65.9 82 445354-511181

2 86312 CT11738 2.939.770 3 1 1 1 PHAGE_Lister_A118_NC_003216(12) 35.6 53 1042532-1078228

3 86313 CT11733 3.022.564 5 1 1 3 PHAGE_Lister_B054_NC_009813(44) 65.9 82 445354-511181

4 86314 CT996 2.950.838 5 2 1 2
PHAGE_Lister_LP_030_2_NC_021539(16) 41.3 62 140503-181867

PHAGE_Lister_LP_030_3_NC_024384(28) 28.1 41 6465-34603

5 86315 CT996 2.950.938 5 2 1 2
PHAGE_Lister_2389_NC_003291(16) 41.3 62 348970-390388

PHAGE_Lister_LP_030_3_NC_024384(28) 28.1 41 6465-34603

6 86316 CT996 2.950.898 5 2 1 2
PHAGE_Lister_LP_030_2_NC_021539(16) 41.3 62 140503-181867 

PHAGE_Lister_LP_030_3_NC_024384(28) 28.1 41 44-28182 

7 86317 CT996 2.950.975 5 2 1 2
PHAGE_Lister_2389_NC_003291(16) 41.3 62 140503-181867

PHAGE_Lister_LP_030_3_NC_024384(28) 28.1 41 44-28182

8 86318 CT630 2.964.264 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(38) 42.9 69 389956-432915 

9 86319 CT11740 3.010.367 5 3 2 0

PHAGE_Strept_315.2_NC_004585(7) 35.3 48 359352-394680

PHAGE_Lister_B054_NC_009813(65) 48.2 79 455703-503959

PHAGE_Lister_A006_NC_009815(26) 53 60 34644-87714 

10 86320 CT630 2.964.210 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(40) 57.4 70 461710-519120

11 86321 CT630 2.964.383 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(40) 57.4 70 461710-519120

12 86322 CT11737 3.012.987 4 1 2 1 PHAGE_Lister_vB_LmoS_188_NC_028871(23) 24.8 32 550716-575528

13 86323 CT11735 2.996.628 1 1 0 0 PHAGE_Lister_A006_NC_009815(39) 38.2 59 296189-334422

14 86324 CT11736 2.986.983 1 1 0 0 PHAGE_Lister_A006_NC_009815(39) 38.2 59 296189-334422

15 86325 CT630 2.964.377 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(40) 57.4 70 461710-519120

16 86326 CT11732 2.957.225 3 1 1 1 PHAGE_Lister_vB_LmoS_188_NC_028871(31) 48.7 68 252224-300962

17 86327 CT11730 2.877.061 2 0 1 1 - - - -

18 86328 CT11739 3.011.077 3 1 2 0 PHAGE_Lister_LP_HM00113468_NC_049900(38) 47.4 57 392173-439574

19 86329 CT630 2.964.363 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(38) 42.9 69 389956-432915

20 86330 CT11731 2.956.218 4 2 1 1
PHAGE_Lister_2389_NC_003291(48) 37.9 56 153-38085

PHAGE_Lister_vB_LmoS_293_NC_028929(34) 34.4 47 1223-35650

21 86331 CT630 2.964.368 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(38) 42.9 69 389956-432915

22 86332 CT630 2.964.682 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(38) 42.9 69 389956-432915

23 86333 CT630 2.964.376 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(40) 57.4 70 461710-519120

24 86334 CT630 2.964.487 3 1 1 1 PHAGE_Lister_LP_HM00113468_NC_049900(38) 42.9 69 389956-432915

25 86335 CT720 2.882.660 3 1 1 1 PHAGE_Lister_LP_101_NC_024387(47) 43.5 65 983003-1026580

26 86336 CT375 2.922.545 2 0 1 1 - - - -

27 86337 CT11734 3.026.339 6 0 1 5 - - - -

28 86338 CT11730 2.877.058 2 0 1 1 - - - -

https://phaster.ca/submissions/ZZ_0a509cf4f0#region_dna4
https://phaster.ca/submissions/ZZ_818ea94a8d#region_dna1
https://phaster.ca/submissions/ZZ_818ea94a8d#region_dna4
https://phaster.ca/submissions/ZZ_315a1ff954#region_dna0
https://phaster.ca/submissions/ZZ_6cfedd9230#region_dna0
https://phaster.ca/submissions/ZZ_6cfedd9230#region_dna3
https://phaster.ca/submissions/ZZ_cd5dac3e8a#region_dna0
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to humans [18]. Moura et al. [22] reported that CC1 was 
the most prevalent clonal group associated with human 
listeriosis cases in the world and was strongly associated 
with cattle and dairy products. In addition, the teichoic 
acid biosynthesis genes gltA and gltB and the invasion 
gene aut_IVb were only detected in isolates belonging 
to CC1 and CC2. Other CCs, despite, were defined as 
hypovirulent or intermediate clones with low clinical 
frequency [14], invasive infections caused by these clones 
were also reported in humans [24,25] and animals [26,27].

L. monocytogenes strains have many virulence factors that 
determine their pathogenic potential and all of which 
have an important role at various stages of the infection 
cycle. The current study looked for 69 potential virulence 
markers that could be used to predict the level of virulence 
in L. monocytogenes isolates. Based on virulence markers, 
it was suggested to classify L. monocytogenes isolates 

as putatively hypo-virulent, with unknown virulence 
potential, and putatively hypervirulent [8]. Markers were 
identified across the isolates suggesting that most virulence 
markers are ubiquitous across L. monocytogenes strains. 
Intact LIPI-1, which harbors Prf-A dependent virulence 
cluster genes that are critical in the infectious cycle of L. 
monocytogenes, was observed in all isolates. In the current 
study, the LIPI-3, which is associated with promoting the 
virulence capabilities of L. monocytogenes, was found in 
four isolates from ST1 from serogroup IVb belonging to 
lineage I, but was also present in two isolates from lineage 
I belonging to ST3002 which was identified as the new ST, 
and one isolate from lineage I belonging to ST3. The LIPI-
3 carries a gene encoding the hemolytic and cytotoxic 
factor known as listeriolysin S, which contributes to 
the intracellular survival of L. monocytogenes in human 
polymorphonuclear neutrophils [8]. Painset et al. [28] and 
Chen et al. [29] reported similar findings and revealed that 

Tablo 4. Plasmids in L. monocytogenes strains tested

No BIGSdb id cgMLST 
Type

Total lenght 
(bp)

No. of 
Plasmids

Locus 
Targeted Note Contig Position Lenght 

(bp)

1 86311 CT11733 3.022.337 1 rep25 pLM330006(pLM33) NODE_9_length_57672_cov_44.684682 34694..36454 1761

2 86312 CT11738 2.939.770 1 rep25 pLM330006(pLM33) NODE_6_length_48704_cov_35.285329 3761..5521 1761

3 86313 CT11733 3.022.564 1 rep25 pLM330006(pLM33) NODE_9_length_57728_cov_40.328931 34750..36510 1761

4 86314 CT996 2.950.838 - - - - - -

5 86315 CT996 2.950.938 - - - - - -

6 86316 CT996 2.950.898 - - - - - -

7 86317 CT996 2.950.975 - - - - - -

8 86318 CT630 2.964.264 1 rep25 pLM330006(pLM33) NODE_8_length_48727_cov_40.326559 43465..45225 1761

9 86319 CT11740 3.010.367 - - - - - -

10 86320 CT630 2.964.210 1 rep25 pLM330006(pLM33) NODE_8_length_48727_cov_35.097293 - -

11 86321 CT630 2.964.383 1 rep25 pLM330006(pLM33) NODE_8_length_48727_cov_36.925559 - -

12 86322 CT11737 3.012.987 - - - - - -

13 86323 CT11735 2.996.628 1 rep26 repA(pLGUG1) NODE_8_length_75397_cov_15.714901 - -

14 86324 CT11736 2.986.983 1 rep26 repA(pLGUG1) NODE_8_length_75397_cov_16.905055 - -

15 86325 CT630 2.964.377 1 rep25 pLM330006(pLM33) NODE_8_length_48727_cov_42.370043 - -

16 86326 CT11732 2.957.225 - - - - - -

17 86327 CT11730 2.877.061 - - - - - -

18 86328 CT11739 3.011.077 1 rep26 repA(pLGUG1) NODE_9_length_79235_cov_25.598162 36670..38478 1809

19 86329 CT630 2.964.363 1 rep25 pLM330006(pLM33) NODE_8_length_48469_cov_34.140432 43207..44967 1761

20 86330 CT11731 2.956.218 - - - - - -

21 86331 CT630 2.964.368 1 rep25 pLM330006(pLM33) NODE_8_length_48469_cov_34.332148 3503..5263 1761

22 86332 CT630 2.964.682 1 rep25 pLM330006(pLM33) NODE_8_length_57720_cov_38.563263 34750..36510 1761

23 86333 CT630 2.964.376 1 rep25 pLM330006(pLM33) NODE_8_length_48727_cov_38.600831 3503..5263 1761

24 86334 CT630 2.964.487 1 rep25 pLM330006(pLM33) NODE_8_length_48469_cov_38.818954 43207..44967 1761

25 86335 CT720 2.882.660 - - - - - -

26 86336 CT375 2.922.545 - - - - - -

27 86337 CT11734 3.026.339 1 rep25 pLM330006(pLM33) NODE_9_length_48469_cov_58.455540 3503..5263 1761

28 86338 CT11730 2.877.058 - - - - - -
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LIPI-3 is ubiquitous to lineage I, which was also observed 
in the present study. The recently described pathogenicity 
island LIPI-4 that confers hypervirulence by enhancing the 
invasion of the CNS and placenta was not detected among 
the L. monocytogenes isolates. LIPI-4 was reported to be 
the most prevalent in CC4 strains in Western countries 
and in CC87 strains in Asia [2].

Except for L. monocytogenes strains belong to CC69 
(ST202), the rest of the isolates generally carried the 
virulence genes examined. However, the known adhesion 
and invasion related genes, such as inlC, inlE, inlF, inlG, 
inlH, inlJ, ami, vip, and aut were not found in genomes 
of CC69 strains, which suggests a possible limitation of 
the invasiveness and virulence of these L. monocytogenes 
strains [30,31]. The inlA gene was found in all of the isolates 
in the current study.  A recent study showed that the 
truncation of the gene inlA due to premature stop codon 
resulted in reduced invasiveness in L. monocytogenes 
strains [32].  Therefore, it has been noted that this mutation 
may serve as a marker of hypovirulence. None of the 
isolates showed mutations in the inlA gene leading to 
premature stop codon (PMSC).  

Various resistance genes, lin (lincosamides), mprF 
(cationic antimicrobial peptides), fosX (fosfomycins), 
norB (quinolones) and sul (sulfonamides) were found in 
the WGS of L. monocytogenes isolates using the BIGSdb-
Lm database (https://bigsdb.pasteur.fr/listeria/, accessed 
on 12 July 2022). Hanes and Huang [33] reported that 
the genes fosX and lin were present in nearly every L. 
monocytogenes isolate, presence of other resistance genes 
other than fosX and lin changed according to country or 
isolation sources (clinical, environmental or other).

In the current study, two isolates from central nervous 
system (CNS) infection belonged to CC1. It was shown 
that CC1 was the most prevalent CCs isolated from 
rhombencephalitis-associated cases in ruminants [1,23]. 
Dreyer et al.[1] reported that neurotropism of L. 
monocytogenes strains belonged to this clone was 
associated with their hyperinvasiveness and increased 
intracellular replication. Furthermore, cgMLST analyses 
of L. monocytogenes ST1 strains revealed two different 
cgMLST types (CT11730 and CT11731), were not 
previously reported among ruminant rhomboencephalitis 
isolates. This could be explained by the fact that such 
strains have not been previously isolated or such sequences 
have not been submitted to the PasteurMLST BIGSdb-Lm 
database.

CC9 (ST122) and CC7 (ST12) were detected an abortion-
associated CCs in the current study. CC7 was reported in 
Latvia [27] and in Slovenia [23] from abortus cases, despite 
not being amongst the three most common clones. In 
contrast, CC7 (7/46) were reported as the most prevalent 
CCs among L. monocytogenes isolates from different 
animal the clinical cases (abortus, bacteremia, CNS 

infection) from the USA [26]. CC9 is considered as food-
associated hypovirulent MLST clones which were rarely 
implicated in clinical listeriosis cases. The genes of LIPI-
1 and internalin family are the main virulence factors 
involved in the pathogenesis of L. monocytogenes. These 
genes are required for the intestinal infection stage, 
the entry into the host cells, and the adaptation to an 
intracellular lifestyle [17]. These genes were observed in all 
the isolates from abortus cases. Indeed, even if prevalence 
rate is low, invasive infections caused by CC9 have been 
reported both in humans [24,25] and animals [27]. It could be 
argued that the emergence of infections caused by CC9 
could be related with the predisposing factors as well as 
virulence factors.

Like many bacterial species, L. monocytogenes strains 
are known to harbor plasmids with frequencies reaching 
as high as 92%. To date, plasmids obtained from L. 
monocytogenes strains have been shown to contain genes 
that confer resistance to disinfectants, heavy metals, 
antimicrobials, biotics. In addition, plasmids have been 
reported to carry the genes related with oxidative, osmotic, 
and heat stress [34]. The most common plasmid was 
Inc18(rep25), and only three strains carried Inc18(rep26). 
These plasmids contain genetic determinant for cadmium 
resistance [35]. Environmental and foodborne isolates have 
been reported to harbor plasmid in higher rates than 
clinical isolates [36,37]. Similarly, plasmids were detected 
with food-related isolates, none of the isolates belonged to 
CC1, CC2 and CC3 strains did not harbor plasmids.

WGS analysis revealed 15 different intact prophages across 
the L. monocytogenes isolates. Multiple prophages were 
observed in some isolates, supporting the previous studies 
that prophages were highly prevalent in the genomes of L. 
monocytogenes [38,39]. The prophages have been regarded as 
an important contributor to the evolution and virulence 
of L. monocytogenes [40,41], conferring an ecological 
advantage for persistence and survival over time [38]. This 
demonstrates that prophage diversification is a driving 
force for the adaptation to specific environmental niches 
and genetic evolution of L. monocytogenes strains [34].

Quaternary ammonium compounds (QACs), such 
as benzalkonium chloride (BC) are the factors that 
could contribute to the persistence and survival of L. 
monocytogenes in food processing environments, through 
the activity of various efflux pumps encoded by brcABC 
cassette, qacA, qacC, qacH, emrE and emrC [42]. QACs, 
like the factors that could contribute to the persistence 
and survival of L. monocytogenes in food processing 
environments, through the activity of various efflux pumps 
encoded by brcABC cassette, qacH, qacA, qacC, emrE and 
emrC [7]. In the present study, emrC gene (53.6%), was first 
described on plasmid pLMST6 [43], was most frequently 
detected in L. monocytogenes isolates, followed by bcrC 
(14.3%), emrE (7.1%), and qacA (3.6%). Similarly, emrC 
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(40%) was the most frequently detected gene responsible 
for BC resistance in L. monocytogenes strains originating 
from food chain in South Africa [39]. In contrast, a higher 
prevalence for qacH were reported in France (18.8%) [44], 
Norway (22%) [45], and Czechia [42]. In the present study, 
two chromosomal major efflux pump genes, mdrL and lde, 
were detected in all L. monocytogenes isolates. The high 
prevalence of QAC efflux genes may give L. monocytogenes 
an advantage for survival and persistence in their specific 
environments [46].

The WGS analysis performed in the current study revealed 
the genetic diversity of L. monocytogenes strains from 
different food and clinical cases of animals in Türkiye. 
Novel ST and cgMLST types were also identified, which 
were previously not present in the Listeria database. Several 
hypervirulent strains were detected among the food-
associated isolates belonging to CC1 and CC2, which could 
present a major public health threat. L. monocytogenes 
strains from CNS infections belonged to CC1, whereas 
strains from maternal-neonatal infections belonged to 
CC9 and CC7. According to our knowledge, this is the first 
study based on WGS analysis of L. monocytogenes from 
different food and animal invasive infections in Türkiye. 
The findings of this study also highlight the importance 
of WGS to provide more detailed genetic information on 
L. monocytogenes obtained from different sources. The 
present study also shows the necessity of implementation 
of effective hygienic procedures to prevent contamination 
of food with L. monocytogenes.
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Abstract: In the present study, it was aimed to reveal the genetic diversity and bottleneck status of  Karacabey Merino sheep with the 
help of 14 microsatellite markers recommended by the FAO. The study was carried out in a sheep breeding farm in Bandırma and 103 
unrelated Karacabey merino sheep. The microsatellites used in this study showed high levels of polymorphism. A total of 290 alleles were 
detected in this study. The mean values of polymorphic information content (PIC=0.90), observed heterozygosity (Ho=0.89) and expected 
heterozygosity (He=0.91) were high, suggesting that the total analysed population is characterized by noticeable genetic variability. Ten out 
of the fourteen microsatellite markers studied had a positive FIS value. The mean value of FIS was 0.032. The infinite allele model (IAM), 
two-phase mutation model (TPM) and stepwise mutation model (SMM) in the Bottleneck software were used to check genetic bottlenecks. 
The L-shaped curve obtained from the analysis indicates the absence of a bottleneck in the Karacabey Merino sheep population studied.
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Karacabey Merinos Koyunu Yetiştirme Çiftliğinde Mikro Uydu 
İşaretleyiciler Kullanılarak Irk İçi Genetik Çeşitlilik ve Genetik  

Darboğaz Testleri
Öz: Sunulan çalışmada bir Karacabey Merinosu koyun çiftliğinde populasyon içi genetik çeşitlilik ve darboğaz durumunun FAO tarafından 
önerilen 14 mikrosatellit belirteç yardımıyla ortaya konması amaçlanmıştır. Bu çalışma, Bandırma’da bir koyun yetiştirme çiftliğinde 
akraba olmayan 103 Karacabey merinos koyunu ile yürütülmüştür. Kullanılan mikrosatellitler yüksek düzeyde polimorfizm göstermiştir. 
Çalışmada toplam 290 allel gözlemlenmiştir. Polimorfik bilgi içeriği (PIC=0.90), gözlemlenen heterezigotluk (Ho=0.89) ve beklenen 
heterozigotluk (He=0.91) değerlerine ait genel ortalamalar çalışılan populasyonların dikkat çekici düzeyde genetic çeşitliliğe sahip olduğunu 
göstermektedir. İncelenen on dört mikrosatellit işaretleyicinin onunda pozitif FIS değerleri gözlemlenmiştir. FIS değerlerinin ortalaması 0.032 
olmuştur. Çalışılan ırktaki genetik darboğaz durumunun kontrolünü sağlamak Bottleneck programındaki sonsuz alel modeli (IAM), iki fazlı 
mutasyon modeli (TPM) ve aşamalı mutasyon modeli (SMM) kullanılmıştır. Analizden elde edilen mode-shift grafiğindeki L şeklindeki 
eğri, çalışılan Karacabey Merinosu koyun populasyonunun yakın zamanlarda herhangi bir genetik darboğaza girmediğini göstermiştir.
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Introduction
Türkiye has rich genetic diversity in terms of sheep 
breeding. Nevertheless, it is known that there have been 
losses in terms of farm animal genetic resources in the 
past 50 years. When evaluated on a world scale, 14% of 
the sheep breeds in the world, especially in Europe, have 

disappeared [1]. Despite these aforementioned adversities, 
issues such as the fact that Türkiye is in a suitable geography 
for different animal production models with its ecological 
and genetic richness, the role of animal production in 
rural development, and the protection of animal genetic 
resources, which have been developing in recent years, 
increase their importance [2,3].
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Genetic diversity is variation in the genetic material 
possessed by individuals in a population. Genetic 
diversity, calculated by characterizing statistically, includes 
allelic diversity, allele richness, observed and expected 
heterozygosity at the population level [4]. As the number of 
individuals in the population decreases, genetic diversity 
decreases, as it increases, genetic diversity increases and 
this is associated with high evolutionary resistance [5]. To 
maintain genetic diversity and variability, the number 
of individuals capable of effective reproduction within 
the population is important. Genetic bottlenecks occur 
when the effective population size is subject to serious 
reductions due to human influence, environmental effects, 
diseases and inbreeding. Genetic bottlenecks resulting 
from a founding event cause loss of genetic diversity in 
the population [6-8]. On the other hand, high inbreeding in 
small populations is one of the important causes of loss of 
genetic diversity [9].

Genetic drift as a result of the decrease due to the genetic 
bottleneck causes a decrease in the number of alleles in 
the population and especially the loss of rare alleles. For 
this reason, the occurrence of genetic bottlenecks that 
cause a decrease in genetic diversity should be genetically 
monitored [10-12]. The study of genetic diversity is especially 
important for the conservation and continuation of 
genetic resources [13]. All over the world, studies have been 
carried out using various molecular techniques based on 
DNA to reveal genetic variation in sheep breeds and to 
define intra and interbreed diversity. Molecular definitions 
for populations that are valuable genetic resources 
play a guiding role in conservation programs and the 
effectiveness of conservation activities can be tested with 
these studies. Genetic diversity can only be revealed in a 
healthy way with definitions made at the DNA level [14]. 
Through the molecular techniques, local gene resources, 
evaluation of conservation studies in public and institutes 
at the molecular level, genetic similarity, intrabreed 
difference, genetic diversity, possible bottleneck and 
genetic drift in populations can be determined. For this 
purpose, it was reported by FAO [15] that microsatellite 
markers can be used safely to reveal intra and interbreed 
genetic diversity in genetic resources.

FAO [15] has recommended over 30 microsatellite loci 
that can be used for genetic diversity. However, the use 
of such a large number of microsatellites causes high 
costs in genetic diversity studies [16]. Yılmaz et al.[17] tested 
the reliability of microsatellite panels with different loci 
numbers, and the reliability of panels with 8 or fewer loci 
was found to be low. They found that panels with 12 or 
more loci can be used with high reliability.

Molecular markers are genetic markers used to evaluate 
genetic differences between two or more individuals. 
They are capable of detecting polymorphism that exists 

in a genetically related population [16]. Microsatellites 
are found in large numbers in the genome, represent 
noncoding intron regions of DNA, and have multiple 
and codominant inheritance. For this reason, it is widely 
used in studies of detecting intra and interbreed genetic 
diversity and detecting bottlenecks in farm animals [6,14,18-21]. 
Particularly in small populations, genetic bottlenecks may 
cause a decrease in genetic diversity due to genetic drift 
and inbreeding. Models used to understand the processes 
that lead to reduced genetic diversity must yield consistent 
results. For this reason, it has been reported that the two-
phase mutation model (TPM) is the most useful model 
to test the excess heterozygosity in bottleneck tests with 
microsatellites [22].

In this study, we aimed to reveal the parameters of the 
genetic diversity, similarity and inbreeding levels and the 
bottleneck status with the help of microsatellite markers 
of Karacabey Merino sheep bred on a farm in Bandırma, 
Türkiye.

Material and Methods
Ethical Statement

The study was conducted with the permission of the 
Balikesir University Animal Experiments Local Ethics 
Committee dated 27.10.2021 and numbered 2019/9-5.

Animals

The animal material of the study consisted of a total of 103 
unrelated Karacabey Merino sheep in a farm operating in 
Bandırma, Balıkesir.

Blood Sample Collection

After taking the necessary precautions to prevent direct 
contact with blood, the animal to be bled was sedated, 
and the vein was slowly entered with a vacuum needle 
placed in the needle holder by slowly pressing the vena 
jugularis from the lateral side. Then, the blood was filled 
into a vacuum tube containing K3-EDTA in a controlled 
manner. Animal number, gender and date were written on 
the tubes from which approximately 10 mL of blood was 
collected and stored at -20°C until use.

DNA Isolation from Blood

DNA from blood samples was isolated using a commercial 
isolation kit (Applied Biological Materials Column-Pure 
Blood Genomic DNA Kit, Canada). The quantity and 
quality of the obtained DNA samples were checked with a 
NanoDrop 2000 (ThermoScientific, USA).

Microsatellite Markers Used in the Study

Fourteen microsatellite markers recommended by FAO 
were used in the study [15]. For use in capillary electro-
phoresis and fragment analysis, the forward primer of 
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each locus is labeled with a WELL-RED (D4, D3 or D2) 
fluorescentdye suitable for the Beckman CoulterGe XP 
Genetic Analysis System. Detailed information about 
the microsatellites used and the fluorescent dyes used in 
marking are given in Table 1.

DNA Amplificationby PCR

In the PCR stage, 0.2 mL thin-walled Eppendorf tubes 
were used to amplify the primer-specific regions. 10X PCR 
Buffer, MgCl2, dNTP mix (dATP, dTTP, dGTP, dCTP), 18 
fluorescently labeled microsatellite markers used in the 
study (Sigma, Interlab), Taq DNA Polymerase Enzyme, 
~100 ng Genomic DNA and sterile PCR mix containing 
ddH2O was created. In this study, the touch-down (TD) 
PCR technique was applied to perform DNA replication 
more effectively and quickly. Optimization of this PCR 
method is accomplished by focusing on annealing (heat of 

adhesion) rather than buffers used and cycling conditions. 
TD-PCR is widely used in studies with markers with 
unknown annealing temperatures. In this method, 
annealing degrees are arranged to change sequentially 
during the course of a single cycle program. Since the ratio 
of the target sequence that begins to be amplified in the 
template population increases, only the target sequence 
increases at decreasing temperature [23].

The PCR programs specific to the multiplex groups 
used for amplification of the DNA regions specific to 
the primers in the thermal converter are summarized in 
Table 2.

Statistical Analysis

Allele counts (Na), mean allele count (MNa), effective allele 
number (Ne), polymorphic information content (PIC), 

Table 1. Some information about the microsatellites used in thestudy

Multiplex Marker Microsatellite Primary Base Sequence Allel Size Ranges

M1

D2 OarFCB20
F AAATGTGTTTAAGATTCCATACAGTG

92-118
R GGAAAACCCCCATATATACCTATAC

D2 OarAE0129
F AATCCAGTGTGTGAAAGACTAATCCAG

135-165
R GTAGATCAAGATATAGAATATTTTTCAACACC

D3 INRA0023
F GAGTAGAGCTACAAGATAAACTTC

195-225
R TAACTACAGGGTGTTAGATGAACTC

D3 OARFCB193
F TTCATCTCAGACTGGGATTCAGAAAGGC

96-136
R GCTTGGAAATAACCCTCCTGCATCCC

D4 INRA0132
F AACATTTCAGCTGATGGTGGC

152-172
R TTCTGTTTTGAGTGGTAAGCTG

D4 D5S2
F TACTCGTAGGGCAGGCTGCCTG

190-210
R GAGACCTCAGGGTTGGTGATCAG

D4 BM1818
F AGCTGGGAATATAACCAAAGG

258-270
R AGTGCTTTCAAGGTCCATGC

M2

D2 OARJMP29
F GTATACACGTGGACACCGCTTTGTAC

96-150
R GAAGTGGCAAGATTCAGAGGGGAAG

D3 BM8125
F CTCTATCTGTGGAAAAGGTGGG

110-130
R GGGGGTTAGACTTCAACATACG

D3 McM0527
F GTCCATTGCCTCAAATCAATTC

165-179
R AAACCACTTGACTACTCCCCAA

D3 CSRD0247
F GGACTTGCCAGAACTCTGCAAT

209-261
R CACTGTGGTTTGTATTAGTCAGG

D4 OARFCB128
F ATTAAAGCATCTTCTCTTTATTTCCTCGC

96-130
R CAGCTGAGCAACTAAGACATACATGCG

D3 BM8125
F AGTGCTTTCAAGGTCCATGC

110-130
R CTCTATCTGTGGAAAAGGTGGG

D4 HSC
F CTGCCAATGCAGAGACACAAGA

267-301
R GTCTGTCTCCTGTCTTGTCATC
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observed heterozygosity (Ho), expected heterozygosity 
(He), compliance with Hardy-Weinberg equilibrium, 
Wright’s F- statistics (FIS) [24,25] and null allele frequencies 
GenAlEx [26,27], POPGENE [28] and CERVUS 3.0.3 [29,30] 
were calculated using the programs.

The population structure was tested in the STRUCTURE 
program [31,32] using the clustering technique based on 
the Bayesian approach. In STRUCTURE analyses using 
independent allele frequencies and admixture model, 
the length value was taken as 20.000 and the Markov 
Chain Monte Carlo iteration number as 100.000, and the 
analysis was performed with 20 replications at different 
K values (K=2-5). The CLUMPAK [33,34] program was 
used to generate alignment charts from the obtained 
STRUCTURE results. The most appropriate cluster 
(cluster-K) value from the findings obtained as a result of 
the analysis was determined by considering the method 
(ΔK= m|L’’(K)|/s[L(K)]) reported by Evanno et al.[35]. 
The STRUCTURE HARVESTER program was used to 
determine the cluster-K value [36]. To reveal the status 

of the populations in terms of genetic bottlenecks, the 
data set was tested using IAM (InfiniteAllel Model), 
SMM (Stepwise Mutation Model) and TPM (TwoPhase 
Mutation Model) in the Bottleneck 1.2.0.2 program [37], 
using Sign, Standardized and Wilcoxon tests and 1000 
simulations.

Results
In this study, 290 alleles belonging to 14 microsatellite 
loci from the Karacabey Merino sheep breed were 
determined. Molecular genetic polymorphism statistics 
are presented in Table 3.

The highest number of alleles was obtained from 
HSC(28), and the lowest number of alleles was obtained 
from INRA0132(14). The overall mean of the observed 
heterozygosity value (0.89) was lower than the expected 
heterozygosity value (0.91).

The PIC values of microsatellite markers greater than 0.5 
and the number of alleles greater than 4 in genetic diversity 
studies are an indication that these markers can be used 
in population genetic analyses [38,39]. The lowest PIC value 
obtained from the markers used in the present study was 
obtained from INRA0132 (0.86), and the highest was 
obtained from McM0527 and HSC (0.93). According to 
the results obtained, the average allele numbers and PIC 
values show that the studied breeds have high genetic 
diversity.

Table 2. Thermalcycler conditions according to the touchdown PCR method

Multiplex
Group

I.
Denaturation

II.
Denaturation Annealing Extension Cycle Final

Extention

1 95ºC
(5 min)

95ºC
(40sec)

63-54ºC
(40 sec)

72ºC
(60 sec) 40 72ºC

(10 min)

2 95ºC
(5 min)

95ºC
(40sec)

60-50ºC
(40 sec)

72ºC
(60 sec) 34 72ºC

(10 min)

Table 3. Polymorphism statistics of microsatellite loci

Locus N Na Ne Ho He PIC FIS HWE F(Null)

OarFCB193 108 22 12.01 0.89 0.92 0.91 0.035 ns 0.0148

INRA0023 106 17 10.09 0.87 0.90 0.89 0.041 ns 0.0188

OarFCB20 106 21 13.03 0.93 0.92 0.92 -0.007 * -0.0057

BM1818 106 19 10.91 0.82 0.91 0.90 0.101 ns 0.0508

INRA0132 107 14 8.00 0.84 0.87 0.86 0.043 ns 0.0171

OARAE129 108 18 10.37 0.94 0.90 0.90 -0.030 ns -0.0158

D5S2 108 15 10.31 0.93 0.90 0.90 -0.021 *** -0.0136

CSRD0247 107 25 13.38 0.85 0.93 0.92 0.086 ns 0.0423

McM0527 106 22 14.11 0.85 0.93 0.93 0.091 ns 0.0457

HSC 106 28 14.85 0.88 0.93 0.93 0.064 ns 0.0306

OarFCB128 105 20 11.82 0.88 0.92 0.91 0.048 ns 0.0216

OarJMP29 107 26 11.82 0.88 0.92 0.91 0.045 ns 0.0214

MAF214 107 25 10.76 0.89 0.91 0.90 0.026 ns 0.0107

BM8125 108 18 10.33 0.98 0.90 0.90 -0.082 *** -0.0433

Mean 20.71 11.56 0.89 0.91 0.90 0.032

Na:Number of alleles, Ne:Effective number of alleles, PIC:Polymorphic information content, Ho:Observed heterozygosity, He:Expected 
heterozygosity, FIS:Wright’s F-statistics (According to Wright’s statistics to Weir and Cockerham[25], HWE:Hardy-Weinberg equilibrium, F 
(Null): Null allele frequency* P<0.05, ** P<0.01, *** P<0.001
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Fısvalues, which are a measure of the deviations of 
genotypic frequencies from Panmixia in populations, are 
a parameter used to determine heterozygous deficiency or 
excess. The overall Fıs value calculated for all populations 
in the study was 0.032. Fıs values, which are of great 
importance in terms of defining the population structure 
and determining heterozygosity losses in the study, 
varied between 0.082 and 0.101. When the general 
average of the Fıs value, which is defined as the inbreeding 
coefficient, is examined, it can be said that there is no 
loss of heterozygosity in the population. In the chi-square 
test, it was determined that allele distributions of 11 loci, 
excluding 3 microsatellite loci, did not statistically deviate 
from Hardy-Weinberg equilibrium.

The graph of the factorial relationship analysis (FCA) of 
the individuals included in the study is given in Fig. 1, and 
the STRUCTURE analysis results containing different 
clustering numbers (K=2-4) are given in Fig. 2.

The results of the factorial relationship analysis (FCA) 
indicate that there are 3 different groups in the studied 
population. Similarly, the results obtained for the 
STRUCTURE analysis are in agreement with the FCA 
results, as expected.

Findings including the estimation of posterior probabilities 

([Ln Pr(X|K)]) for clustering numbers (K) and ΔK values 
are presented in Table 4.

Particularly in the STRUCTURE analysis, it was observed 
that the studied populations were partially intertwined 
[36]. It is noteworthy that the most appropriate number of 
groups was 3 (Table 4).

Genetic bottlenecks were investigated using the Infinite 
Allele Model (IAM), Stepwise Mutation Model (SMM), 
and Two Phase Model of Mutation (TPM) [37,40,41]. These 
three distinct mutation models were examined using the 
obtained data set (Table 5).

To identify potential bottlenecks in the studied population, 
Mod-shift plots were obtained using allele frequency 
classes of 14 microsatellite loci (Fig. 3). An L-shaped graph 
consistent with the distribution ranges of the normal 
frequency class is obtained from the mod-shift plot.

Fig 1. Graph of factorial relationship analysis (FCA) of individuals in the study

Fig 2. Structure test analysisresults in the Karacabey Merinopopulation (K=4)

Table 4. Estimated posterior probabilities [Ln Pr(X|K)] and ΔK statistics

K [Ln Pr(X|K)] ΔK

2 -7436.1250 -

3 -6976.8750 3.1499

4 -6616.4150 -
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Discussion
The variation between changes in allele number and 
heterozygosity has been used as a basis for statistical 
testing in identifying recent genetic bottlenecks in the 
population [37]. The PIC value indicates the probability of 
the presence or absence of that marker in two randomly 
selected individuals in a population [16]. Accordingly, the 
PIC value ranges from 0 to 1 and should be 0.50 for genetic 
diversity. Bostein et al.[42] classified the PIC value as highly 
informative (PIC >0.5), reasonably informative (0.5> PIC 
>0.25), and slightly informative (PIC <0.25). The PIC 
value close to 1 is desirable for high genetic diversity in 
that population [42]. Considering that the PIC values of 
microsatellite markers must be greater than 0.5 and the 
number of alleles must be greater than 4 to discuss genetic 
diversity, the results obtained in the study are quite high. 
As a matter of fact, as a result of the findings in the study, 
it is seen that the PIC value varies between 0.86-0.93 and 
its average is 0.90, and the average number of alleles varies 
between 14-28 and the average is 20.71. Considering the 
average allele numbers and PIC values, the population has 
high genetic diversity. The Na, PIC, Ho, and He values 
obtained in the aforementioned population were observed 
to be higher than the values obtained in previous similar 
studies on Turkish native breeds and foreign breeds [12,43-45]. 
High PIC value and allele number indicate that the 
studied population has high genetic diversity and no 

genetic bottleneck. It can be said that genetic diversity will 
continue in the future unless there are situations that will 
reduce genetic diversity, such as inbreeding.

While the overall FIS value obtained in the study [44] was 
observed to be low, some studies [16,46-50] reported higher 
values. Although it is considered that these results are due 
to the difference in the number of microsatellites used 
in the relevant studies and the ampling methodology, 
attention should be paid to the loss of heterozygosity 
that may occur in existing populations. It was reported 
by Dakin and Avise [49] that null allele frequencies below 
0.20 do not have a significant effect on paternity tests 
and determination of genetic diversity. When an allele 
is not oxidized by polymerase chain reaction (PCR) in 
heterozygous individuals, but only one allele gives a peak 
such as homozygous and thus causes erroneous reading, 
it is noteworthy that all studied loci are lower than the 
specified value. This indicates that the loci used in the 
study can be used safely.

Infinite allele models (IAMs) and stepwise mutation 
models (SMMs) are known to cause inconsistent results 
in studies using microsatellites. Therefore, the two-phase 
mutation model (TPM) has been reported to be the most 
useful model for testing heterozygous excess in bottleneck 
tests with microsatellites [37,41,50]. On the otherhand, it has 
been reported that the Wilcoxon test can be used with 
high confidence even in studies using a limited number 
of loci (<20) for bottleneck analysis [45]

. In the sheep 
population that is the subject of the research, Wilcoxon 
test results, which were carried out considering the TPM 
model, indicate that serious demographic bottlenecks do 
not occur.

First, Luikart et al.[41], the L-shaped graph obtained from 
the mode-shift plot, which graphically shows the allele 
frequency distribution, which is widely used in the 
detection of bottlenecks, shows that no genetic bottlenecks 
have occurred in the studied population in the recent past.

One of the limitations of this study may be the 
determination of the number of sheep used within the 
scope of the Project possibilities. However, this situation 
can be ignored as the situation in a single sheep farm is 
tried to be determined in the study.

In conclusion molecular genetic studies to identify the 
variation within and between populations of sheep breeds 
have been ongoing for a long time. Determining the 
relationships of individuals with each other in revealing 
the kinship within the same herd is very important for a 
healthy selection practice. In this context, this study makes 
important contributions to the literature. The findings 
obtained in the study show that the microsatellite markers 
used are polymorphic and can be used successfully in 
genetic diversity studies. The bottleneck test was used 

Table 5. Test results according to three different mutation models 
forbottleneck analysis

Mutation
Model

Sign Test Standardized
Differences Test

Wilcoxon Rank 
Test

(One Tail for H 
Excess)

Hee He P T2 P P

IAM 16.44 19 0.20937 2.267 0.01168 0.00480

TPM 16.01 9 0.00577 -4.577 0.00000 0.99131

SMM 15.80 3 0.00000 -17.356 0.00000 1.00000

IAM: The infinite allele model, TPM: Two-phase model, SMM: The stepwise mutation 
model, Hee: Expected number of loci with heterozygosity excess, He: heterozygosity 
excess

Fig 3. Mode-shift plot for bottleneck analysis in the studied population
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to determine whether there was any genetic bottleneck 
danger as a result of increased inbreeding levels in the 
studied population. The findings indicated that the 
population did not enter any bottleneck in the recent past. 
As a result, the findings obtained from this study clearly 
revealed that the microsatellites used can be used safely 
in the identification of genetic diversity and detection 
of genetic bottlenecks in the studied Karacabey Merino 
population. At the same time, it can be said that the 
microsatellite markers used in the study can be used safely 
in future studies.
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Abstract: Escherichia coli K99 (F5) strain is one of the bacterial agents that cause calf deaths. F5 is an adhesin that allows pathogenic E. coli 
attach to the small intestine cells and colonize there. The presence of F5 in E. coli strains in isolated bacteria is classified as Enterotoxigenic. 
Bee venom and bee venom-derived exosomes are bioactive compounds that exhibit antimicrobial and antibiofilm activity. The aim of 
this study is to demonstrate the antimicrobial and antibiofilm activity of bee venom and bee venom-derived exosomes against E. coli, 
which cause calf diarrhea. Bee venom-derived exosomes and bee venom effects against E. coli strains were determined by using Minimal 
inhibition concentration (MIC), antibiofilm activity, fractional inhibition concentrations (FIC), and measurement of L929 cells viability 
ratio. Cell damage was examined under a fluorescent microscope by an immunohistochemical method. In our study, the MIC value of 
the bee venom-derived exosome was determined as 1.95 µg/mL. A synergistic effect was detected with a value of 0.44 in combinations of 
amoxicillin with clavulanic acid. Antibiofilm activity was determined at the rate of 48.8% in bee venom, while bee venom-derived exosomes 
inhibited the biofilm layer by 60.4%. In L929 cell lines, combination groups have been reported to reduce viability. Bee venom-derived 
exosomes are more effective on bacteria than pure bee venom. In conclusion; It is important that the bee venom-derived exosome, which is a 
biocompatible molecule and acts as a cargo element, exhibits antimicrobial and especially antibiofilm activity and is an alternative approach 
against increasing antibiotic resistance. 

Keywords: Antibacterial activity, Antibiofilm activity, Escherichia coli, Exosome, Fractional inhibition concentration, Synergistic effect

Escherichia coli K99 Suşuna Karşı Arı Zehiri ve Arı Zehrinden İzole 
Edilen Eksozomun Antimikrobiyal ve Antibiyofilm Etkinliğinin 

Değerlendirilmesi

Öz: Escherichia coli K99 (F5) suşu buzağı ölümlerine sebep olan bakteriyal etkenlerden biridir. F5, patojenik E. coli suşlarının bağırsak 
hücrelerine yapışmasını ve ince bağırsağı kolonize etmesini sağlayan bir adezindir. F5’in varlığı, bakteri izolatının Enterotoksijenik E. coli 
olarak sınıflandırılmasını sağlar. Arı zehiri ve arı zehrinden izole edilen eksozomlar, antimikrobiyal ve antibiyofilm aktivite sergileyen 
bioaktif bileşiklerdir. Bu çalışmanın amacı buzağı ishaline sebep olan E. coli,’ye karşı arı zehiri ve arı zehrinden izole edilen eksozomların 
antimikrobiyal ve antibiyofilm aktivitesini ortaya koymaktır. E. coli suşlarına karşı hem eksozom hem de arı zehirinin minimum inhibisyon 
konsantrasyonu (MIC), antibiyofilm aktivitesi ve fraksiyonel inhibisyon konsantrasyonları (FIC) ve L929 hücrelerinde canlılık oranları 
belirlendi. İmmünohistokimyasal olarak hücre hasarı floresan mikroskop altında incelendi. Çalışmamızda arı zehirinden izole edilen 
eksozomların MIC değeri 1.95 µg/mL olarak tespit edildi. Amoksisilin klavulonik asit ile yapılan kombinasyonlarda 0.44 değer ile sinerjik 
etki tespit edildi. Antibiyofilm aktivitesi arı zehrinde %48.8 oranında belirlenirken arı zehri eksozomu % 60.4 oranında biyofilm tabakasını 
inhibe ettiği tespit edildi. L929 hücre hatlarında kombinasyon grupların canlılık oranını düşürdüğü rapor edildi. Arı zehri eksozomları arı 
zehrinden daha fazla bakteriler üzerinde etkili olmaktadır. Sonuç olarak; biyouyumlu molekül olan ve kargo elemanı olarak görev yapan 
arı zehiri eksozomunun antimikrobiyal ve özellikle antibiyofilm aktivite sergilemesi artan antibiyotik direncine karşı alternatif bir yaklaşım 
olması önem arz etmektedir.

Anahtar sözcükler: Antibakteriyel aktivite, Antibiyofilm aktivitesi, Eksozom, Escherichia coli, Fraksiyonel inhibisyon konsantrasyonu, 
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Introduction
Resistance to antimicrobials has reached the level of 
red alert all over the world [1]. Although humanity won 
a great victory against microorganisms in the early 
days of the struggle that started with the discovery of 
antibiotics, this victory gained a great momentum towards 
defeat with factors such as resistance developed by 
microorganisms and internal mutations [2]. Unconscious, 
and excessive use of antibiotics, leads to appear resistance 
of microorganisms. Biofilm prevented antimicrobial 
drugs from penetrating at an effective dose [1,2]. This is 
how they managed to stay alive. In addition, they allowed 
the spread of mutant strains with their biofilm properties, 
which are a silent communication community [1,2]. Multi-
drug resistance struggle, which threatens human health, 
has recently started to be seen as a major threat in terms 
of animal health. Among these factors, Eschericia coli 
strains are among the effective pathogens in the transfer 
of antimicrobial resistance genes in cattle and milk E. 
coli strains, which cause calf deaths in particular [3,4]. 
Resistance to β-lactams and fluoroquinolones, which 
are widely used in human and veterinary fields, causes 
alternative searches. The resistance to the carbapenem 
antibiotics in human medicine reveals the importance 
of its precautions once again. In addition, reasons such 
as increased resistance with mutant strains and the 
inadequacy of available antimicrobials led to the search 
for new antimicrobial candidates with the same mode of 
action. Among the candidates in these searches, many 
bee products rich in bioactive compounds were also of 
interest. Data showing that bee venom (BV) and other 
natural products exhibit remarkable activity against 
various diseases have taken their place in the literature [3-6]. 
Bee venom, called apitoxin, has been used in the treatment 
of arthritis, rheumatism, pain, cancer, skin diseases and in 
the field of traditional medicine. Studies have shown that 
it has anti-inflammatory, antimicrobial and antioxidant 
activities [7-11]. The peptides determined in the bee venom 
have antimicrobial activity against some gram-negative 
and gram-positive bacteria. It has been determined that 
the bee venom has a synergistic effect, especially in studies 
conducted with combinations with antimicrobials. The 
synergy that exists in poison combinations with antibiotics 
such as vancomycin and amikacin is promising [5,12,13]. 
Bee venom contains biologically active amines, enzymes, 
peptides, and non-peptide components. 50% of the dry 
weight of bee venom is a peptide component called melittin. 
Melittin is a characteristic component, especially with its 
strong cytotoxic properties and antimicrobial activity [14]. 
Exosomes with a double lipid layer and nanoscale 
membrane vesicles are involved in intercellular signal 
trafficking involving protein regulation mechanisms. 
They are secreted from almost all cells and have the 

characteristics of the cell of origin [15,16]. They were 
detected in biological fluids, isolated from cell culture 
media, and have cell-specific cargo properties [17-19]. The 
cargo molecules in them are composed of lipids, protein, 
DNA, mRNA, miRNA, and sRNA (small RNA) [19]. In 
addition to all these cargo elements, exosomes also 
contain tetraspanins, which play an important role in 
cell penetration and fusion [20]. Thanks to all these cargo 
elements that mediate signalling to recipient cells or 
tissues, exosomes are promising to become a biomarker 
and therapeutic tool in the treatment of cancer and 
pathogens with their role in intercellular signalling, cell-cell 
communication, immune responses, cellular homeostasis 
and autophagy. Recently, in addition to mortality rates due 
to various cancer types, the high mortality rates caused 
by microorganisms with multidrug resistance make it 
necessary to develop new treatment methods urgently. At 
this point, more research is needed on the mechanisms 
of action of exosomes in order to use them as biomarkers 
in the diagnosis, prognosis, and surveillance of multidrug 
pathogens. In addition, the antimicrobial properties and 
carrier capacities of the vesicles need to be determined in 
order to use drug-delivery vesicles without undesirable 
side effects. Based on all these concerns and information, 
we aimed to determine the antimicrobial activity of bee 
venom and exosome and to examine its antibiofilm ability. 
We planned to examine the synergistic effects due to the 
Fractional Inhibitory Concentration Index-Combination 
FIC indices with antibiotics approved by EUCAST. We 
designed to investigate the MTT values formed in the cells 
according to the synergy concentrations and cell damage 
immunohistochemically.

Material and Methods
Ethical Approval

Since the E. coli F82 (O101:K-:F5(K99)+) bacterial strain 
used in our study is the reference strain, ethical approval 
is not required.

Bacterial Strain Production

Bacteria to small intestinal epithelial cells K99 (F5) fimbrial 
antigen in classical Enterotoxigenic E. coli isolates isolated 
from calves is the most commonly detected antigenic 
structure.  E. coli F82 (O101:K-:F5(K99)+) strain was stored 
in trypticase soy agar at room temperature.  Standard 
bacteriological methods were used  to isolate and identify 
the E.coli strain. E. coli strain was inoculated into Eosin 
Methylene Blue (EMB) medium and incubated at 37°C for 
24 h. Then, 108 CFU/mL suspension was prepared from 
the growing colonies according to McFarland 0.5 chart.

MIC Values

MIC values of bee venom and bee venom-derived 
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exosome compounds against E. coli were determined using 
microdilution method. Bee venom and bee venom-derived 
exosome were traditionally determined in triplicate by the 
microdilution broth method. Serial dilutions of both bee 
venom and bee venom-derived exosome were prepared 
in microdilution at concentrations ranging from 1028-
32 µg/mL. Bacterial colonies prepared according to 
McFarland 0.5 scale (108 CFU/mL) with serial dilutions 
were inoculated into all wells as 100 µL. Then, 100 µL of 
Mueller Hinton Broth (MHB) (MilliporeSigma) medium 
and a bee venom and exosome were added to the wells 
by dilution. The sample was incubated at 37°C for 24 h. 
MIC values ​​were determined depending on the formation 
of agglutination [21].

Biofilm Analysis

The bacteria strain was incubated in MHB medium at 
37°C for 18-24 h. Bacterial suspensions were prepared 
by standardizing them according to the McFarland 0.5 
chart; 100 µL were added to the flat-bottomed wells and 
incubated at 37°C for 24 h. At the end of the incubation 
period, the wells were washed with distilled water and the 
cell residues associated with the biofilm were stained with 
1% crystal violet (MilliporeSigma) for 37°C for 15 min. 
Biofilms observed in bacteria were photographed after the 
excess dye was washed off with water. To quantitatively 
determine biofilm formation, optical densities were 
measured on an ELISA reader (Biotek ELX800; BioTek 
Instruments, Inc.) at OD 570 - OD 630 nm. During the 
test, sterile TSB was used as a negative control [22]. After 
these procedures, bee venom and bee venom-derived 
exosome were added to each well and the antibiofilm 
activity was determined according to the formula below.

SBF = (AB-CW)/G

SBF: Specific biofilm formation; AB: Absorbance of 570 
nm the attached end stained bacteria; CW: Absorbance of 
570 nm of stained control wells containing only bacteria- 
free medium; G:  Absorbance of 630 nm of cell growth in 
broth

Fractional Inhibitor Concentration Index-
Combination (FIC)

When the in-vitro effectiveness of antibiotic combinations 
based on the Clinical and Laboratory Standards Institute 
(CLSI) and European Committee for Antimicrobial 
Susceptibility Test (EUCAST) standards are performed, if 
the effect is higher than the sum of the effect obtained when 
the same drugs are used alone, it is synergistic interaction, 
if it is equal to the sum, additive interaction. It is the test 
principle in which it is defined as indifference if the result 
obtained with one drug is equal, and as antagonism if it is 
lower than the effect of both drugs. Bee venom and bee 
venom-derived exosome with amoxicillin-clavulanic acid 

on bacterial strain checkerboard to test the effect of the 
combination (checkerboard) method was applied. This 
test is one of the synergy tests based on microdilution. 
Combination activity of antimicrobial agent has been 
tested on 96-well plate. 4xMIC and 1/32xMIC dilution 
was determined. First, each test tube was containing 
cation-regulated MHB. Graded dilutions from specified 
concentrations of the agent were prepared. Solutions of 
amoxicillin clavulanic acid plaque vertically, bee venom 
and bee venom-derived exosome were placed in the 
horizontal plane from right to left. Bacterial inoculum 
0.5 McFarland (1x108 CFU/mL) in sterile 0.9% NaCl 
solution by standard density prepared. The final bacterial 
concentration in the wells 10 µL was added to each well 
at a rate of 5 x105 CFU/mL. Microdilution plates was 
incubate at 37°C for 24 h. 

It was applied according to the FIC index formula used to 
determine the effectiveness of the combinations. And the 
results were determined according to the formula.

Calculation of the FIC index:

MIC numerical value of A in the presence of B

FIC A = 

MIC numerical value of A alone

MIC numerical value of B in the presence of A

FIC B = 

MIC numerical value of B alone

A: Antimicrobial 1 used in combination; B: Antimicrobial 
2 used in combination

Σ FIC index = FIC A + FIC B

Σ FIC index ≤ 0.5: synergy

Σ FIC index >0.5 and <1: additive

Σ FIC index ≥1 and 4 ≤: ineffective (indifference)

Σ FIC index >4: antagonism

Bee Venom and Bee Venom-Derived Exosome 
Isolation

Bee venom New Techniques Laboratory Ltd. (Certificate 
No: 1543, Batch#1-5, Mtskheta Str. Tbilisi, 0149. Georgia). 
It was first centrifuged at 1000 g to remove debris. After 
the exosome isolation kit procedure (Total Exosome 
Isolation Reagent; Thermo Fisher; Massachusetts, USA) 
was applied, isolation was performed by centrifugation at 
10.000 g for 30 min.

Scanning Electron Microscopes Analysis

The dimensions of the exosomes were evaluated by 
scanning electron microscopy (SEM) and images were 
taken under high vacuum and 20 kV EHT with the Carl 
ZeissEvo 40 SEM device (Jena, Germany).
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Cell Culture

The L929 (CCL-1, ATCC) cell line was obtained from 
the medical pharmacology department of Bilecik Seyh 
Edebali University (Bilecik, Turkey). Briefly, the cell 
suspension was centrifuged at 1200 rpm for 5 min. Cells 
were resuspended in fresh medium (% Dulbeco-modified 
eagle medium (DMEM-F12), Fetal bovine serum (FBS) 
10%, and antibiotic 1% (penicillin, streptomycin, and 
amphotericin B) and seeded in 25 cm2 flask (Corning, 
USA) planted [21].

MTT Test

Control (cell medium only), E. coli, Amoxicilin 4 mg/
mL, BV (bee venom) 62.5 µg/mL, BVE (Bee venom-
derived exosome) 1.95 µg/mL, Amoxicilin 4 mg/mL + E. 
coli, BV 62.5 µg For the determination of cytotoxicity of 
/mL + Amoxicilin 4 mg/mL + E.coli, BVE 1.95 µg/mL + 
Amoxicilin 4 mg/mL + E. coli groups, ‘direct contact test 
method’ will be applied, 3-(4,5-dimethylthiazol-2-yl)-2,5-
Diphenyltatrazilium bromide containing MTT material 
(Sigma Aldrich inc, St.Louis, USA) will be evaluated. In 
order to determine the cytotoxicity with the MTT test, 
the mixture to be prepared with 5 mg of MTT powder 
in 1 mL of PBS will be passed through a sterile 0.20 μm 
filter (Corning, Wiessbaden, Germany) and kept at +4°C 
until the time of use, after its outer surface is covered with 
aluminium foil. After the medium liquids of the incubated 
cells are withdrawn, the previously prepared samples will 
be placed in each well and left to incubate again for 24 
h at 37°C in an environment containing 5% CO2. Thus, 
the cytotoxic effects of the groups at the end of the 24th 
h will be evaluated. In order to solubilize the formazan 
crystals formed as a result of the application of MTT, 99.4 
mL dimethylsulfoxide (DMSO), 0.6 mL (HCl) and 10 g 
sodium laurylsulfate (SDS) will be added to the mixture 
as 100 μL/well and allowed to incubate again for 4 h. After 
this, the absorbance (optical density) will be measured in 
a spectrophotometer (µQuant, Bad Friedrichshall, Biotek, 
CA, United States) at a wavelength of 570 nm.

Immunofluorescence Analysis

Cells cultivated in cell culture were incubated for 30 min 
in paraformaldehyde solution for 30 min. The cells were 
then incubated in 3% H2O2 for 5 min. 0.1% Triton-X 
solution was dripped onto the cells washed with PBS 
and left for 15 min. After the incubation period, protein 
blocks were dripped onto the cells and kept in the dark 
for 5 min. Then, the primary antibody (8-OHdG cat no: 
sc-66036, Dilution Ratio: 1/100 US) was dropped and 
incubated in accordance with the instructions for use. 
Immunofluorescence secondary antibody was used as a 
secondary marker (FITC Cat No: ab6785 Diluent Ratio: 
1/500. UK) and kept in the dark for 45 min. Then, DAPI 
with mounting medium (Cat no: D1306 Dilution Ratio: 

1/200 UK) was dripped onto the sections and kept in 
the dark for 5 min, then the sections were closed with a 
coverslip. The stained sections were examined under a 
fluorescent microscope (Zeiss AXIO GERMANY) [21].

Statistical Analysis 

In order to determine the intensity of positive staining 
from the pictures obtained as a result of the dyeing; 
5 random areas were selected from each image and 
evaluated in the ZEISS Zen Imaging Software program. 
Data were statistically defined as mean and standard 
deviation (mean±SD) for % area. Mann-Whitney U test 
was performed to compare positive immunoreactive cells 
and immunopositively stained areas with healthy controls. 
As a result of the test, an AP value of <0.05 was considered 
significant and the data were presented as mean ± SD.

Results
Microbiological Results

In our study, minimal inhibition concentrations of bee 
venom and the obtained bee venom-derived exosome were 
determined against E. coli K99 (F5) strain. Amoxicillin 
clavulonic acid, one of the β-lactam antibiotics, was 
included in the study as a positive control in the MIC 
range determined by EUCAST. Minimal inhibition 
concentration value of bee venom, bee venom-derived 
exosome and amoxicillin-clavulanic acid against E.coli 
respectively, it was determined as 62.5 µg/mL 1.95 µg/mL 
and 4000 µg/mL. The MIC concentration of bee venom 
and exosome against E. coli is shown in Table 1.

Bee venom, bee venom-derived exosome and antibiotic 
concentrations prepared according to MIC values were 
determined by the checkerboard method to determine 
the FIC index. According to the FIC index formula, 
the synergistic effect of bee venom and exosome with 
amoxicillin clavulonic acid was observed. All these values 
are shown in Table 2.

Antibiofilm activity against biofilm ability was measured 
at a wavelength of 570 nm. And the results are summarized 
in Table 3 and Table 4. In the results obtained, it was 
determined that the exosome structure inhibited the 
formation of biofilm. In our study results, while the 
antibiofilm activity was determined at the rate of 48.8% 
in bee venom, it was determined that the bee venom-

Table 1. MIC values of bee venom, bee venom exosome and antibiotics 
against reference bacteria strains

Bacteria Strains 
ATCC No

Bee Venom
MIC µg/mL

Bee Venom
Exosome MIC 

µg/mL

Antibiotics
MIC mg/L

E. coli K99 (F5) 62.5 µg/mL 1.95 µg/mL 4 mg/La

a Amoxicillin-clavulanic acid
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derived exosome inhibited the biofilm layer by 60.4%. E. 
coli ATCC 25922 strain was used as positive control in our 
study.

Scanning Electron Microscopes Results

The obtained data are shown in Fig.1. Looking at the data 
obtained, it was determined that the particle sizes were 
between 67.47 nm and 105.9 nm.

MTT Results

Control (cell medium only), E. coli, Amoxicillin 4 mg/
mL, BV (bee venom) 62.5 µg/mL, BVE (Bee venom-
derived exosome) 1.95 µg/mL, Amoxicillin 4 mg/mL + 
E. coli, BV 62.5 µg. The cytotoxic effects of BV 62.5 µg/
mL + Amoxicillin 4 mg/mL + E. coli and BVE 1.95 
µg/mL + Amoxicillin 4 mg/mL + E. coli groups were 
determined after 24 h using the MTT method (Fig. 2). E. 
coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, 
BVE data were compared with the control group. The cell 
viability rate of the control group was 100%. Amoxicillin 4 
mg/mL + E. coli, BV 62.5 µg/mL + Amoxicillin 4 mg/mL 
+ E. coli, BVE 1.95 µg/mL + Amoxicillin 4 mg/mL + E. coli 
groups were compared with the E. coli group. The E. coli 
group was compared with the control group (## P<0.001). 
The lowest viability was observed at Amoxicillin 4 mg/
mL + E. coli (viability rate was 158%) (P<0.05). BV 62.5 
µg/mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 µg/
mL + Amoxicillin 4 mg/mL + E. coli groups showed more 
toxicity (P<0.001) (Fig. 2).

Immunofluorescence Results

Data of immunofluorescent staining results and statistical 
analysis results are also presented in Table 5 and Fig. 3. 
Our results were in line with cell culture results.

Discussion 
Bee venom (BV) antimicrobial and antibiofilm activity may 
be due to the presence of various peptides such as melittin, 
melectin, apamin, adolapin, mast cell degranulating 
peptides, enzymes, biologically active amines, and non-
peptide components [23-25]. There are many studies on the 
antimicrobial and antibiofilm activity of bee products [26-30]. 
In this study, we tried to determine the antibacterial and 
antibiofilm activity of bee venom and exosome, which is a 

Table 2. Results of the checkerboard assay with fractional inhibitory 
concentration and FIC indices of two-drug combinations

Bacteria Strains 
ATCC No Agent FIC Interpretation

E. coli K99 (F5) Bee venom
Amoxicillin-clavulanic acid 0.33 Synergy

E. coli K99 (F5) Bee venom exosome
Amoxicillin-clavulanic acid 0.44 Synergy

Table 3. Biofilm OD values for bee venom at 570 nm wavelength

Bacteria Strains ATCC 
No

Positive 
Control

Negative
Control

Highest OD 
Value

E. coli K99 (F5)
0.795 0.426

2.700

E. coli K99 (F5) + Bee 
venom 1.381

Table 4. Biofilm OD values for bee venom exosome at 570 nm wavelength

Bacteria Strains 
ATCC No

Positive 
Control

Negative
Control Highest OD Value

E. coli K99 (F5)

0.149 0.079

0.500

E. coli K99 
(F5)+Bee venom 
exosome

0.198

Fig 1. SEM evaluation of bee venom exosomes

Fig 2. Cell viability rate of L929 cell after 24 hours. Control (cell medium 
only), E. coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, BVE 
(Bee venom exosome) 1.95 µg/mL, Amoxicillin 4 mg/mL + E. coli, BV 
62.5 µg Viability rates of /mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 
µg/mL + Amoxicillin 4 mg/mL + E. coli groups are shown. Control (cell 
medium only), E. coli, Amoxicillin 4 mg/mL, BV (bee venom) 62.5 µg/mL, 
BVE (Bee venom exosome) 1.95 µg/mL compared with the control group 
(## P<0.001). The viability rates of Amoxicillin 4 mg/mL + E. coli, BV 62.5 
µg/mL + Amoxicillin 4 mg/mL + E. coli, BVE 1.95 µg/mL + Amoxicillin 
4 mg/mL + E. coli groups were compared with the E. coli group (*P<0.05, 
** P<0.001)



244

Bee Venom and Exosome against Escherichia coli K99 Strain Research Article

bee product, against E. coli K99 (F5) strain. Keles et al.[31], 
in their study investigated the etiology and predisposing 
factors of diarrheal calves from Kayseri province and 
surrounding provinces between January 2016 and 
September 2019. 270 newborn calves from diarrhea 
included in this study. It was determined that 15.6% (42) 
caused by E. coli K99 strain. Alternative treatments are 
important in diarrhea cases due to the antibiotic resistance 
of E. coli strains. Increasing antibiotic resistance has led to 
an increase in the search for bee products and alternative 
treatments [32-36]. Studies have shown that E. coli strains 
show high resistance to antibiotics. Karacan Sever et al.[37] 
in their study, 99 E. coli strains were isolated from poultry. 
High antibiotic resistance in isolated E. coli strains and 
serotyped E. coli. It was determined that O78 was the 
dominant serotype in strains. Cujova et al.[17] reported that 
honey BV contains melittin, which is more active against 
gram-positive bacteria than gram-negative bacteria. In 
our results, antimicrobial and antibiofilm effects of bee 
venom and bee venom-derived exosome were determined. 
The antimicrobial activity of the exosome was 1.95 μg/
mL, and the FIC concentration created by the antibiotic 
showed a synergistic effect of 0.44. In a study, the MIC 
values of bee venom against S. salyarius, S. sobrinus, S. 
mutans, S. mitis, S. sanguinis, L. casei and E. faecalis were 
found to be between 20 and 40 µg/mL. Melittin, one of 
the main components of this poison, showed MIC values 
ranging from 4 to 40 µg/mL, while the MIC value of PLA2 
was found to be over 400 µg/mL [26]. FIC values of bee 
venom combined with traditionally administered drugs 
yielded fractional inhibitory concentration (FIC) indices 
ranging from 0.24 to 0.5. [27] BV and melittin are a potent 
antimicrobial against Methicillin-resistant Staphylococcus 
aureus (MRSA) at MIC values of 6-800 μg/mL showed 
activity [28]. In another study, it was determined that both 
melittin and bee venom had a bactericidal effect on MRSA 
ATCC 33591 strain [29]. Previously, honey and honey-
derived defensin-1 have reported antibiofilm activity on 

wound pathogens [30,32]. In a study by Arteaga et al.[33], a 
MIC value of 512 μg/mL was determined against S. enterica 
isolated from poultry, and their potential to inhibit biofilm 
formation was found to be up to 68%. In a study by Elsayed 
et al.[34], when the antimicrobial activities of Apis mellifera 
venom were examined, it was reported that a MIC value 
of 15.65 μg/mL was detected in E. coli ATCC 8739 strain. 
In our study, the MIC value of bee venom was determined 
as 62.5 μg/mL. The MIC value obtained from the exosome 
of bee venom was determined as 1.95 μg/mL. Considering 
the damage of E. coli, which is the causative agent of calf 
diarrhea. In addition, the synergistic effect of antibiotic 
and bee venom-derived exosome adds originality to our 

Table 5. Data and statistical analysis results of immunofluorescent staining 
results

Groups 8-OHdG

Control 18.19±2.79a

E. coli 71.73±4.5c

Amoxi (Amoxicillin) 26.44±1.96a

B (BV) 28.55±3a

Bexo (BVE) 27.56±2.08a

Amoxi (Amoxicillin) + E. coli 58.13±2.76d

BV (B) + Amoxi (Amoxicilin) + E. coli 41.12±4.94b

Bexo (BVE) + Amoxi (Amoxicilin) + E. coli 29.18±4.46b

a,b,c,d different letters in the same column are considered statistically significant difference 
(P<0.05)

Fig 3. Control, E. coli, Amoxi (Amoxicillin) ​​4 mg/mL, B (BV) 62.5 µg/
mL, Bexo (BVE) 1.95 µg/mL, Amoxi (Amoxicillin) 4 mg/mL + E. coli, B 
(BV) 62.5 µg/mL + Amoxi (Amoxicillin) ​​4 mg/mL + E. coli, Bexo (BVE) 
1.95 µg/mL + Amoxi (Amoxicillin) ​​4 mg/mL + E. coli groups, 8-OHdG 
expressions in L929 cells are shown. (FITC), IF Bar:100 µm
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study. It is understood that exosomes, which act as a 
cargo element, which is a bioactive molecule, are effective 
especially at low concentrations and will be considered as 
an alternative in the search for new antimicrobials. In the 
study of Lima et al.[35], in vitro and in vivo antibacterial 
and anti-biofilm activities of melittin, a peptide derived 
from honey bee venom, against uropathogenic E. coli were 
examined and the MIC values were found to be 0.5 to 8 
µM. It has also been reported that it degrades the biofilm 
layer by 39.58%. In a study by Picoli et al.[36], melittin had 
40-42.5 µg/mL (∼13 µM) MIC and 64-128 µg/mL (∼20-40 
µM) MBC’s against E. coli ATCC 8739. In a study by Han 
et al.[38], it was reported that the MIC of melittin purified 
from honey bee venom against E. coli ATCC 25922 was 
0.125 µg/mL (∼0.04 µM). The cytotoxicity test with 
melectin, a component of bee venom, was evaluated using 
normal human fibroblast cells and it was determined 
that melectin at 32 µM showed low cytotoxicity, such 
as 10%, at concentrations below 16 µM. In our study, 
cytotoxicity was very evident in the toxicity model made 
with fibroblast cells [39]. Although not, it has been shown 
to significantly and significantly reduce the bacterial 
population in co-cultures. Similar results are shown in 
immunohistochemistry analyses. 

Although studies on bee venom and its peptides are 
presented in the literature, there are no studies on the 
antibacterial and antibiofilm activity of exosomes obtained 
from bee venom. It has been determined that bee venom 
exosome has a synergistic effect when used in combination 
with antibiotics. It is important that more studies should 
be done on the cytotoxic effect, which is not seen in studies 
on cells. We see that bee venom and exosome will shed 
light on further studies and as a bioactive antimicrobial 
candidate against increasing antibiotic resistance.
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Abstract: As antibiotics are now prohibited or heavily regulated in farming in most countries, nutritionists and veterinarians are 
increasingly turning to probiotic supplements, prebiotics, and synbiotics to promote animal health and improve production performance. 
The study aimed to evaluate the effects of Bacillus subtilis, fructooligosaccharides (FOS), and their combined use on geese, compared 
to antibiotics, and evaluate their suitability as an alternative to antibiotics. 240 14-day-old geese were randomly divided into five groups 
and were fed a basal diet or supplemented with 100 mg/kg chlortetracycline, 400 mg/kg FOS, 2x105cfu g/kg B. subtilis, or a combination 
of 200 mg/kg FOS and 1x105cfu g/kg B. subtilis for 56 days. The study measured the body weight, feed consumption, serum parameters, 
and intestinal morphology of the geese. The results showed that the combination of B. subtilis and FOS had a positive impact on the body 
weight, feed consumption, and serum parameters of the geese, while improving their intestinal morphology. The results suggest that 
the combination of B. subtilis and FOS may provide multiple benefits to animal health and performance and could be used as a suitable 
alternative to antibiotics.

Keywords: Bacillus subtilis, Fructooligosaccharide, Goose, Intestinal morphology, Performance parameters, Serum

Antibiyotik İkamesi Olarak Bacillus subtilis ve Fruktooligosakkaritin 
Kazlarda Performans Parametreleri, Serum Biyokimyasal Göstergeleri ve 

Bağırsak Morfolojisi Üzerine Etkisi

Öz: Antibiyotikler artık çoğu ülkede çiftçilikte yasaklandığından veya ağır düzenlemelere tabi tutulduğundan, beslenme uzmanları ve 
veterinerler hayvan sağlığını desteklemek ve üretim performansını artırmak için probiyotik takviyelere, prebiyotiklere ve sinbiyotiklere 
giderek daha fazla yönelmektedir. Bu çalışmanın amacı, antibiyotiklere kıyasla Bacillus subtilis, fruktooligosakkaritler (FOS) ve bunların 
birlikte kullanımının kazlar üzerindeki etkilerini ve antibiyotiklere alternatif olarak uygunluğunu değerlendirmektir. İkiyüz kırk adet 14 
günlük kaz rastgele beş gruba ayrılmış ve 56 gün boyunca bazal diyet veya 100 mg/kg klortetrasiklin, 400 mg/kg FOS, 2x105cfu g/kg B. 
subtilis ve 200 mg/kg FOS ve 1x105cfu g/kg B. subtilis kombinasyonu ile beslenmiştir. Çalışmada kazların vücut ağırlığı, yem tüketimi, serum 
parametreleri ve bağırsak morfolojisi ölçülmüştür. Sonuçlar, B. subtilis ve FOS kombinasyonunun kazların vücut ağırlığı, yem tüketimi ve 
serum parametreleri üzerinde olumlu bir etkiye sahip olduğunu ve bağırsak morfolojilerini iyileştirdiğini göstermiştir. Sonuçlar, B. subtilis 
ve FOS kombinasyonunun hayvan sağlığı ve performansına birçok fayda sağlayabileceğini ve antibiyotiklere uygun bir alternatif olarak 
kullanılabileceğini göstermektedir.
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How to cite this article?
Li GQ, Wang XZ, Liu Y, Yang YZ, Wang C, Gong SM, He DQ, Wang HY: The effect of Bacillus subtilis and fructooligosaccharide as antibiotic substituent 
on goose performance parameters, serum biochemical indicators and intestinal morphology. Kafkas Univ Vet Fak Derg, 29 (3): 247-254, 2023.
DOI: 10.9775/kvfd.2023.29134 

(*) Corresponding author: Da-qian HE & Hui-ying WANG
Phone: +86-18918162216 (D.Q. He); +86-18964198956 (H.Y. Wang)  
E-mail: daqianhe@aliyun.com (D.Q. He); yjshywang@sina.com (H.Y. Wang)

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)

http://vetdergikafkas.org
http://vetdergikafkas.org
http://vetdergikafkas.org
https://orcid.org/0000-0003-1050-634X
https://orcid.org/0000-0002-7507-3437
https://orcid.org/0000-0002-7237-6010
https://orcid.org/0000-0003-1036-8047
https://orcid.org/0000-0003-2723-5929
https://orcid.org/0000-0002-9354-1804
https://orcid.org/0000-0002-8714-4781
https://orcid.org/0000-0002-8312-7028
mailto:daqianhe@aliyun.com
mailto:yjshywang@sina.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


248

B. subtilis Combined with FOS can Replace Antibiotics in Goose Diets Research Article

Introduction
Antibiotics have a long history of being added to animal 
feed as growth promoters [1], It is widely used because of 
its ability to treat diseases infected by microorganisms 
such as bacteria, chlamydia, and mycoplasma [2]. However, 
with the continuous understanding of antibiotics, many 
bacteria have developed resistance to antibiotics [3],  
and the abuse of antibiotics will remain in animals or 
products [4,5], which will damage human health [6].

Probiotics widely exist in nature, animals and plants, 
can secrete a variety of metabolites, have a wide range of 
beneficial effects on the host [7]. As a typical probiotic, B. 
subtilis can secrete protease and cellulase to promote the 
digestion and utilization of nutrients [8]. At the same time, 
B. subtilis can produce spores during the dormant period [9], 
and has tolerance to high temperature and pressure during 
feed processing and the acidic environment of the animal 
gastrointestinal tract [10]. FOS have been widely used in 
animal husbandry as a prebiotic supplement in animal 
feed [11,12]. FOS are short chains of fructose molecules 
that act as a substrate for beneficial bacteria in the gut, 
promoting the growth of probiotics and maintaining gut 
health [13]. The application of FOS in animal husbandry 
has been found to be effective in improving gut microbiota 
balance, increasing feed efficiency, promoting growth, and 
reducing the incidence of digestive disorders. FOS have 
been particularly useful in poultry and swine production, 
where they have been shown to enhance gut health and 
improve feed utilization [14,15]. Overall, FOS have been a 
valuable addition to animal nutrition, providing multiple 
benefits to animal health and performance.

The use of probiotics or prebiotics alone can have limited 
benefits when compared to combining them [16,17]. There 
are few studies on B. subtilis and FOS in geese [18]. This 
experiment aims to study the effects of B. subtilis, FOS 
and their combined use on geese, compare its effect with 
that of antibiotics, and evaluate whether it can be used as 
a suitable alternative to antibiotics.

Material and Methods
Animal Ethics

Animal experimentation was approved by the Laboratory 
Animal Ethics Committee of the Shanghai Academy of 
Agricultural Sciences (SAASPZ0522046).

Material

The B. subtilis used in the experiment (the number 
of viable bacteria ≥1.0x108cfu/g) was purchased from 
Shanghai Shenya Animal Health Products Fuyang 
Co., Ltd, Anhui, China. FOS (content ≥97.15%) was 
purchased from Dongguan Zhenshang Industrial Co., Ltd, 

Guangdong, China. Zhedong white geese were purchased 
from Xiangshan County Zhejiang White Goose Research 
Institute, Zhejiang, China.

Experimental Design

Total 240 14-day-old Zhedong white geese were randomly 
divided into five groups, six replicates in each group, each 
replicate has eight geese (half male and half female). The five 
groups were basal diet group, 100mg/kg chlortetracycline 
(CTC) group, 400 mg/kg FOS group, 2x105cfu g/kg B. 
subtilis group and 200mg/kg FOS+ 1x105cfu g/kg B. 
subtilis group, the experiment lasts for 56 d [19]. The basal 
diet refers to the nutritional level recommended by NRC-
1994 (Table 1) [20]. During the experiment period, Geese 
in each replicated was housed in an 80 cm x 80 cm cage 
with access to natural light during the day and low-level 
artificial light at night. They had free access to food and 
water, and routine feeding management and immunization 
procedures were carried out.

Performance Parameters

Body weight (BW) was recorded before the start and end 
of the experiment (8 h fasting, 2 h water deprivation), then 
weigh the amount of feed consumed for each repetition, 
and the average daily gain (ADG), average daily feed 
intake (ADFI) and feed/gain (F/G) were calculated at last.

Table 1. Feed ingredients and analyzed chemical composition of geese diets 
(air-dry basis %)

Ingredients
Content %

1-28 d 28-70 d

Corn 60.30 58.80

Soybean meal (43% 
CP) 32.60 25.60

Fish meal (60.3% CP) 2.00 10.10

Soybean oil 2.00 1.50

Lys + Met 0.10 0.00

Limestone 0.00 1.00

Premix a 3.00 3.00

Total 100 100

Nutritional Level

ME/(MJ/kg) 12.13 12.55

Crude protein 20.23 16.00

Crude fiber 3.07 7.00

Ca 0.55 0.68

P 0.45 0.43
a Per kilogram of diets including: Vit-A: 1500 IU, Vit-B1: 2.3 mg, Vit-B2: 5.0 mg, Vit-B6: 
5 mg, Vit-B12: 2 mg, Vit-D3: 200 IU, Vit-E: 12.5 IU, Vit-K: 1.5 mg, Trace elements: 50 g, 
Garlicin: 30 g, Lysine: 100 g, Methionine: 50 g, Salt: 100 g, Stone powder: 100 g, Myco-
Ad: 100 g, Zeolite powder: 420 g; b Nutrient levels were all calculated values
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Serum Biochemical Indicators

At the end of the experiment, one male and female geese 
with close to average body weight were selected for each 
repetition, and blood was collected from the wing vein 
to prepare serum and stored at -20°C for later use. All 
serum were sent to Shanghai Pinyi Biological Co., Ltd. 
for testing total protein (TP), albumin (ALB), globulin 
(GLOB), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), glucose (GLU), blood urea 
nitrogen (BUN), total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C) and low-density lipo-
protein cholesterol (LDL-C).

Intestinal Morphology

The geese were slaughtered through exsanguination of the 
jugular vein.In reference to the methods used by Xue et 
al.[21], the duodenum, jejunum, and ileum were collected 
and analyzed. In summary, the contents of their intestines 
were carefully emptied, rinsed with saline solution, and 
dried with filter paper. The first quarter of the duodenum, 

jejunum, and anterior ileum were then cut into 2 cm 
sections for paraffin embedding. From each sample, five 
representative intestinal villus crypts were selected, and 
measurements were taken of the villus height (VH) and 
crypt depth (CD). The ratio of VH to CD (VH/CD) was 
calculated.

Statistical Analysis

The data were preliminarily processed using Excel 2019, 
followed by a one-way ANOVA using SPSS 26.0 software. 
Multiple comparisons were conducted using Duncan’s 
post hoc test, and the results were presented as mean ± 
standard deviation. Statistical significance was defined as 
P<0.05, indicating significant differences.

Results
Performance Parameters

It can be seen from Table 2 that adding 100 mg/kg CTC 
to the goose diet was the best for improving the growth 
performance, compared to the basic diet group, it 

Table 2. Effects of B. subtilis and FOS on growth performance in geese

Items
Treatments

Basal Diet 100 mg/kg
CTC

400 mg/kg
FOS

2×105cfu g/kg 
B. subtilis

200 mg/kg FOS+1×105cfu g/kg 
B. subtilis

Initial BW, g 677.08±14.44 656.47±13.76 659.57±11.23 662.78±13.54 655.93±13.15

Final BW, g 3904.92±103.72b 4111.11±123.98a 3919.33±117.51b 4055.82±85.16a 4076.97±107.88a

ADFI, g/d 304.41±1.31 304.96±1.05 301.87±1.06 309.66±1.22 310.03±1.62

ADG, g/d 57.64±8.59b 61.69±10.26a 58.21±7.93ab 60.59±8.65ab 61.90±7.86a

F/G 5.21±0.56a 4.92±0.86b 5.13±0.53ab 5.07±0.57ab 5.03±0.93ab

The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline, FOS: 
Fructo oligosaccharide

Fig 1. The effect of different treatments on goose performance parameters. CTC: chlortetracycline, 
FOS: Fructo oligosaccharide, BW: body weight, ADG: average daily gain, F/G: feed/gain
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significantly increased the final BW, ADG and F/G 
(P<0.05). The ADG and Final BW of the 200mg/
kg FOS+1x105cfu g/kg B. subtilis group improved 
significantly compared to the basic diet group (P<0.05). 
Adding 2x105cfu g/kg B. subtilis can also improve the 

Final BW (P<0.05), but there is no significant difference 
in other parameters. There was no significant difference 
between 400 mg/kg FOS and basal diet group. Significant 
differences in performance parameters between groups 
are shown in Fig. 1.

Fig 3. The effect of different treatments on goose intestinal morphology. CTC: chlortetracycline, FOS: Fructo oligosaccharide

Fig 2. The effect of different treatments on goose serum biochemical indicators. CTC: chlortetracycline, 
FOS: Fructo oligosaccharide, ALT: alanine aminotransferase, BUN: blood urea nitrogen, HDL-C: high-
density lipoprotein cholesterol
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Serum Biochemical Indicators

As shown in Table 3, There was no significant difference 
in serum TP, ALB, GLOB, AST, GLU, TC and LDL-C 
levels among the groups. The ALT level in 100 mg/kg 
CTC group was significantly higher than in other groups 
(P<0.05). Adding 100 mg/kg CTC, 2x105cfu g/kg B. subtilis 
and 200 mg/kg FOS+1x105cfu g/kg B. subtilis can improve 
the BUN and HDL-C (P<0.05). Significant differences  
in serum biochemical indicators between groups are 
shown in Fig. 2.

Intestinal Morphology

The intestinal morphology is shown in Fig. 3. It can be 
seen from Table 4 that in duodenum, the CD of the CTC 
group was lower than that of the BD group (P<0.05), 
and the VH/CD were higher (P<0.05), but there is no 
difference between VH/CD of 100 mg/kg CTC, 2x105cfu 
g/kg B. subtilis and 200 mg/kg FOS+1x105cfu g/kg B. 
subtilis groups. In jejunum, the CD of the 100 mg/kg CTC 
and 200 mg/kg FOS+1x105cfu g/kg B. subtilis groups was 
lower than that of the BD group (P<0.05), and the VH/CD 

Table 3. Effects of B. subtilis and FOS on serum biochemical indicators in geese

Items

Treatments

Basal Diet 100 mg/kg 
CTC

400 mg/kg 
FOS

2×105cfu g/kg 
B. subtilis

200 mg/kg 
FOS+1×105cfu g/kg 

B. subtilis

TP, g/L 31.43±6.48 39.89±3.42 32.90±8.77 37.06±8.83 39.02±7.00

ALB, g/L 12.06±1.97 15.19±1.13 13.74±2.86 14.56±2.67 14.68±2.34

GLOB, g/L 19.36±4.61 24.70±2.50 19.16±5.96 23.50±6.24 24.34±4.67

ALT, U/L 7.50±2.33b 13.50±3.89a 7.13±2.53b 7.75±2.96b 6.00±2.35b

AST, U/L 23.25±10.28 21.63±4.47 19.88±7.36 21.13±7.16 20.2±5.12

BUN, mmol/L 0.35±0.15a 0.14±0.11b 0.28±0.12ab 0.16±0.09b 0.18±0.13b

GLU, mmol/L 6.10±1.45 9.46±1.25 5.50±1.70 6.70±1.26 5.04±2.25

TC, mmol/L 2.74±0.63 3.39±0.69 2.89±1.14 3.75±1.22 2.83±1.08

HDL-C, mmol/L 1.67±0.28b 2.32±0.44a 1.70±0.70b 2.18±0.53a 2.08±0.60a

LDL-C, mmol/L 0.98±0.26 0.78±0.17 1.00±0.25 0.76±0.29 0.88±0.50

The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline, 
FOS: Fructo oligosac charide, TP: total protein, ALB: albumin, GLOB: globulin, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GLU: glucose, BUN: blood urea 
nitrogen, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol

Table 4. Effects of B. subtilis and FOS on intestinal morphology in geese

Intestine Items

Treatments

Basal Diet 100 mg/kg
CTC

400 mg/kg
FOS

2×105cfu g/kg
B. subtilis

200 mg/kg
FOS+1×105cfu g/kg

B. subtilis

Duodenum

VH, um 504.54±134.18 511.64±66.11 516.74±82.99 504.02±37.84 501.24±66.70

CD, um 124.03±16.89a 107.27±37.72b 115.86±23.58ab 109.85±17.27ab 111.30±40.63ab

VH/CD 4.16±0.94b 4.54±1.82a 4.25±1.07ab 4.38±1.20ab 4.30±2.95ab

Jejunum

VH, um 504.98±50.81 506.92±55.92 507.72±51.80 511.14±54.23 506.89±68.33

CD, um 100.73±21.13a 92.21±22.21b 96.34±30.43ab 95.24±21.78ab 93.18±21.67b

VH/CD 4.80±1.59b 5.29±0.90a 5.00±1.79ab 5.13±1.28ab 5.23±1.43a

Ileum

VH, um 518.49±36.85 534.50±62.81 531.09±75.33 537.14±97.02 540.45±49.71

CD, um 129.72±21.91 135.84±42.42 135.49±17.47 134.77±14.53 136.16±18.01

VH/CD 4.10±0.66 4.15±1.46 4.12±0.98 4.14±1.23 4.15±0.77

The data in the table are compared in the same row, and different lowercase letters indicate that the difference has reached a significant level (P<0.05); CTC: chlortetracycline, FOS: 
Fructo oligosaccharide,VH: villus height, CD: crypt depth
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were higher (P<0.05). There is no difference between VH, 
CD and VH/CD among the groups in ileum and there is 
no difference in the VH of each intestinal tract.

Discussion
Measuring animal growth performance is important 
because it provides information on the efficiency of feed 
utilization and overall health of the animal [22]. The ADG 
and F/G are critical metrics for assessing the growth 
performance of animals, a high ADG is indicative of 
strong digestive and absorption capabilities, while a low 
F/G signifies efficient feed conversion. The better an 
animal’s ability to transform feed into weight gain, the 
more successful it will be in its growth performance [23]. 
Antibiotics have a direct impact on the gut microbiome by 
reducing the population of harmful bacteria and promoting 
the growth of beneficial bacteria [24]. This can improve gut 
health and enhance the absorption of nutrients from feed, 
leading to increased weight gain [25]. Alternatively, using 
probiotics, prebiotics, and synbiotics can achieve similar 
results without leaving any residue of antibiotics [26,27]. FOS 
is non-digestible compounds that stimulate the growth of 
beneficial bacteria in the gut [28]. Many studies have shown 
that FOS can improve the growth performance of animals [29]. 
However, an excessive amount of FOS can also put a strain 
on the intestines. As a result, FOS is typically used in 
conjunction with probiotics in animals [30,31]. B. subtilis is 
known for its ability to improve digestive health, increase 
nutrient absorption, and boost the immune system in 
animals. This bacterium also has antimicrobial properties, 
which can help reduce the risk of infection. In studies, the 
application of B. subtilis in livestock has been shown to 
improve feed efficiency, increase weight gain, and enhance 
overall performance in chickens, pigs, and ruminants [32-34]. 
In this experiment, adding 0.2% B. subtilis or 0.1% B. 
subtilis + 0.2% FOS increased the final body weight and 
adding 0.1% B. subtilis+0.2% FOS average daily gain, so 
we think it improved the growth performance of geese.

A higher villus height or shallower crypt depth can 
contribute to higher digestibility [35,36]. At the same time 
a higher VH/CD ratio is generally associated with a more 
efficient small intestine, as there is a greater surface area 
for nutrient absorption [37]. Conversely, a lower VH/CD 
ratio is associated with a less efficient small intestine and 
can be a sign of damage to the intestinal lining [38]. In the 
experiment, no significant differences were observed in 
the Ileum indicators among the groups. This is due to 
the fact that the Ileum is the final segment of the small 
intestine, where nutrient absorption capacity is limited. 
Antibiotics can reduce the proliferation of harmful 
bacteria and promote the differentiation of intestinal 
epithelial cells, leading to a decrease in the crypt depth 
and an increase in VH/CD [39]. In our experiment, we 
observed similar outcomes, however, it is noteworthy 

that the simultaneous addition of FOS and B. subtilis also 
yielded comparable results, particularly in the jejunum, 
which has the highest digestion capacity. FOS have been 
found to enhance the synthesis of polyamines and play a 
positive role in regulating the growth and development 
of the small intestine and colonic mucosa. Studies have 
shown that adding 0.25% FOS to pig feed can increase 
the villus height and the VH/CD in the proximal small 
intestine [40]. Additionally, adding 0.4% or 0.6% FOS to pig 
feed resulted in an increase in villus height and the VH/
CD in the jejunum [41]. A study by Howard et al.[42] found 
that feeding neonatal piglets with FOS led to an increase 
in the density of cecal epithelial cells and the depth of 
mucosal crypts in the proximal and distal epithelial cells 
of the colon. This was attributed to the short-chain fatty 
acids produced by bacteria metabolizing FOS, which 
provide energy for intestinal cell proliferation, thus 
effectively promoting intestinal development. B. subtilis 
has been found to reduce the proliferation of harmful 
bacteria in the gut, which is likely a contributing factor 
to the decrease in crypt depth. Several studies have 
demonstrated that the presence of B. subtilis can positively 
impact the morphological structure of the intestine [43,44]. 
In this experiment, the combination of B. subtilis and FOS 
was found to have an improved effect on the intestinal 
morphology of geese.

Serum ALB, GLOB, and TP are important indicators of 
overall health and nutrition [45]. Despite the absence of 
significant differences between the groups, we observed 
an improvement compared with basal diet group. ALT, 
and AST are commonly used as markers for liver and heart 
damage or disease [46,47]. Antibiotic-induced liver injury 
is a known adverse effect of certain antibiotics, and can 
cause an increase in ALT levels [48]. This increase can be a 
sign of liver damage, and may be seen in animals receiving 
certain antibiotics, such as tetracyclines, aminoglycosides, 
and sulfonamides [49]. The findings of this experiment align 
with our expectations. The highest levels of both ALT and 
AST were observed in the group treated with 0.1% CTC. 
It is worth noting that the level of ALT in the 0.1% CTC 
group was significantly higher than those seen in any of 
the other groups. HDL-C, a type of cholesterol commonly 
referred to as “good” cholesterol. Some antibiotics, such 
as statins, can lower serum HDL-C level [50], while others 
may have no significant effect. While the 0.1% CTC group 
showed elevated levels of HDL-C, it is important to note 
that this did not diminish the observed liver damage in this 
group. BUN is a non-protein nitrogenous compound in the  
blood and is one of the primary products of protein 
metabolism in the body. Impaired renal function and 
excessive protein intake can lead to an elevated level of 
BUN in the blood [51,52]. In this experiment, we found that 
both CTC and B. subtilis can reduce the level of BUN, 
which indicates that there is more protein or amino acids 
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degraded into urea in the basal diet group. Both antibiotics 
and probiotics can reduce the abundance of harmful 
bacteria, improve intestinal villi, and enhance the ability 
to absorb protein [19]. Therefore, we believe that adding 
CTC and B. subtilis can both improve the absorption level 
of protein in geese, and adding 0.1% B. subtilis + 0.2% 
FOS and 0.1% CTC has a similar effect.

In summary, adding 100 mg/kg B. subtilis and 2x105cfu 
g/kg FOS to the diet as an alternative to antibiotics can 
significantly improve the growth performance of geese in 
14-70 d, improve the intestinal morphology of the jejunum, 
and prevent liver damage associated with antibiotics.
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Abstract: The aim of this work was to study the histomorphometry and the immunohistochemistry of the Corpus luteum (CL) of Bedouin 
goat living in arid zones. Pregnant and non-pregnant females ovaries were collected from slaughterhouses, weighed, measured and then 
fixed in buffered formalin for histological, histochemical and immunolocalization of Ki-67, active caspase-3, aromatase and progesterone 
receptor. Our results showed that CL affected significantly the ovarian weight (P<0.001). The CL (P<0.05) and the large luteal cells 
(P<0.001) diameters were higher in pregnant compared to the non-pregnant CL. In the non-pregnant CL, the immunostaining of Ki-67 
was only observed in the small luteal cell’s nuclei whereas the active caspase-3 was detected in the large and small luteal cells cytoplasm. 
The aromatase was also detected in the CL and capsule cells cytoplasm, in contrast the progesterone receptor was observed in all luteal 
cell’s cytoplasm and in some luteal cell nuclei. We conclude that in the Bedouin goat, the CL affects the ovarian biometric parameters. The 
development and luteolysis of non-pregnant CL seem to be under the balance between luteotropic and luteolytic markers, with luteolysis 
occurring by apoptosis via the caspase-3 pathway.

Keywords: Active caspase-3, Aromatase, Corpus luteum, Goat, Histomorphometry, Immunohistochemistry, Progesterone receptor

Kurak Ortamda Yetiştirilen Göçebe Keçilerin Corpus Luteum’u Üzerine 
Histomorfometrik ve İmmünohistokimyasal Çalışmalar

Öz: Bu çalışmanın amacı, kurak bölgelerde yaşayan göçebe keçilerin Corpus luteum’unun (CL) histomorfometrisini ve immünohistokimyasını 
incelemektir. Gebe ve gebe olmayan keçilerin ovaryumları mezbahalardan toplanmış, tartılmış, ölçülmüş ve daha sonra Ki-67, aktif kaspaz-3, 
aromataz ve progesteron reseptörünün histolojik, histokimyasal ve immünolokalizasyonu için tamponlu formalin içinde sabitlenmiştir. 
Bulgular, CL’nin ovaryum ağırlığını önemli ölçüde etkilediğini göstermiştir (P<0.001). CL (P<0.05) ve büyük luteal hücrelerin (P<0.001) 
çapları gebe CL’de gebe olmayan CL’ye kıyasla daha yüksekti. Gebe olmayan CL’de, Ki-67’nin immün boyanması sadece küçük luteal hücre 
çekirdeklerinde gözlenirken, aktif kaspaz-3, büyük ve küçük luteal hücre sitoplazmalarında tespit edilmiştir. Aromataz, CL ve kapsül 
hücrelerinin sitoplazmasında tespit edilmiş, buna karşın progesteron reseptörü tüm luteal hücrelerin sitoplazmasında ve bazı luteal hücre 
çekirdeklerinde gözlenmiştir. Göçebe keçilerinde, CL’nin ovaryum biyometrik parametrelerini etkilediği sonucuna vardık. Gebe olmayan 
CL’nin gelişimi ve luteolizi, luteotropik ve luteolitik belirteçler arasındaki denge altında görünmektedir ve luteoliz, kaspaz-3 yolu üzerinden 
apoptoz ile gerçekleşmektedir.
Anahtar sözcükler: Aktif kaspaz-3, Aromataz, Korpus luteum, Keçi, Histomorfometri, İmmünohistokimya, Progesteron reseptörü
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Introduction 
The Algerian Sahara is reputed to be the hottest and 
most deserted region in the world. Despite this hostile 
conditions, Bedouin goat, a small ruminant perfectly 
adapted to its environment [1], manages to maintain a good 
reproductive performance. This testifies to their great 
capacity for adaptation, the mechanism of which remains 
poorly understood. These species play an important 
economic role for the population living in arid regions. The 
Bedouin goat was known for its high fertility, fecundity, 
prolificacy rates and seasonal breeding activity [2-5], 
to ensure the survival of the offspring by coinciding 
parturition with the adequate period of nutrition and 
climatic conditions [6].

The corpus luteum (CL), called “temporary endocrine 
gland” is an important ovarian structure resulting from 
the differentiation of follicular cells from the ovulatory 
follicle after the expulsion of the oocyte [7]. The presence 
of CL characterizes the luteal phase in the non-pregnant 
female and determines the appropriate course of the 
oestrous cycle; it also ensures the subsequent maintenance 
of pregnancy [8]. Pregnancy in the goat has been shown 
to be dependent on the presence of CL even after mid-
gestation due to the low amount of progesterone produced 
by the goat’s uterus. Indeed, the goat placenta of the goat 
does not produce progesterone in sufficient amounts to 
support pregnancy [9]. The lifespan of CL is a function of 
luteotropic and luteolytic factors [10]. Many studies have 
reported that the CL regulation is under hypothalamic and 
pituitary-gonadal hormones, progesterone, aromatase, and 
oestrogen cited as local regulatory hormones that acting as 
paracrine and/or autocrine factors and angiogenic factor 
like Ki-67, their activity is a sign of maintained luteal 
activity and CL progression [11]. Luteolysis is classified 
into two forms; functional and morphological luteolysis. 
Functional luteolysis is the underlying deterioration of 
progesterone discharge while morphological luteolysis is 
the consequent change in the CL [12]. It was reported that 
apoptotic cell death are mediated by locally produced 
factors such as caspase family molecules [13]. However, 
the process of CL growth and regression remains poorly 
understood in the goat due to lack of evidence. Some 
aspects of ovarian structure in the Bedouin goat have been 
carried out in previous studies [3,14]. The CL homeostasis 
must be maintained in order to avoid any reproductive 
issues. Indeed, luteolysis is involved in the maintenance of 
pregnancy if this later took place, otherwise the CL must 
regress in order to give the female the opportunity to start 
another ovarian cycle and thus become pregnant. 

The aim of the current study was to provide more 
information on the histomorphometric analysis of non-
pregnant and pregnant CL and also the immunolocalization 

of Ki-67, active caspase-3, aromatase (P450-Arom) and 
progesterone receptor (PR) in the non-pregnant CL of 
the Bedouin goat which will allow us to understand the 
molecular mechanisms that regulate the function of the 
non-pregnant LC 

Material and Methods 
Ethical Statement 

This study was approved by the Algerian Ministry of 
Higher Education and Scientific Research (Executive 
Decree 10-90 supplementing the Algerian government 
decree 04-82) and the AASEA (45/DGLPAG/DVA.
SDA.14).

Animal Protocol and Sample Preparation 

A total of 29 adult goat, pregnant (n=12) and non-pregnant 
(n=17) aged from 2 to 5 years were used in this study. The 
diagnosis of pregnancy was carried out in post-mortem. 
After the slaughtering of goats at Bechar slaughterhouses 
(South West of Algeria, 31°62’N, 2°22’W), the genital 
tract was removed, examined and ovaries were excised 
immediately, washed with phosphate-buffered saline 
(PBS), classified according to the presence or absence of 
CL and then measured by estimating the weight, length, 
width and thickness. The diameter of non-pregnant and 
pregnant CL was measured after longitudinal sectioning, 
along the axis of the helium, using the caliper (Fig. 
1). Then, the ovaries were fixed in buffered formalin 
(10%) to perform histological, histochemical and the 
immunohistochemical technics.

Histological Preparation 

The fixed and sectioned ovaries were dehydrated in a 
graded series of ethanol (70, 80, 90 and 100°), clarified 
in xylene, embedded in paraffin and sectioned at 4 µm. 
Sections were used for the histological technique, mounted 

Fig 1. Ovarian biometric measurements using caliper
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on slides, deparaffinised and hydrated then stained 
with modified azan to demonstrate collagen fibres. For 
histochemical studies, the sections were stained by alcian 
blue at pH 2.5 to visualize carbohydrates [15]. 

Immunohistochemistry 

Immunohistochemical detection of Ki-67, active caspase-3, 
P450-Arom and PR was performed on paraffin-
embedded sections of ovaries using avidin-biotin complex 
method (ABC) (vectastain Elite ABC kit, Vector 
Laboratories, Burlingame). Before proceeding with the 
immunodetection of active caspace-3, sections were 
deparaffinised, hydrated and put in PBS (0.1 M; pH=7.2) 
then permeabilized at room temperature in 0.2 mg/mL 
saponin (Fischer Scientific UK) and proteinase K (Eurobio) 
mixture [3]. For the immunolocalisation of P450-Arom, 
PR and Ki-67 [15], the antigen retrieval step was realised 
by immersing of the section in 10 mM of sodium citrate 
solution (pH=6.0) in a water bath during 40 min at 95°C. 
The endogenous peroxidases are blocked by H2O2 (3% in 
PBS) during 5 min then rinsed in PBS. The nonspecific 
background was blocked by a normal horse serum for 
30 min at room temperature. Sections were incubated 
with different primary antibodies at room temperature: 
rabbit monoclonal active caspase-3 antibody (1:50, 
ab32042 Abcam, Cambridge, UK Cambridge, UK) for 
1h, mouse monoclonal Ki-67 antibody (1:50, RM-9106-S, 
Thermo Fisher Scientific, USA) for 1h, rabbit polyclonal 
CYP19A1 antibody (1:100, H-300, SC-30086 Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) and mouse 
monoclonal PR antibody (1:50, AB-52, sc-810, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) overnight at 
4°C. After rinsing for PBS, all sections were incubated 
with a biotinylated anti-mouse/rabbit IgG secondary 
antibody (CA 94010, Vectastain Elite ABC Kit, Vector 
Laboratories, Burlingame) for 1 h at room temperature. 
They were incubated for 1h at room temperature with 
Avidin-Horse Radish Peroxidase complex and then rinsed 
in PBS. For the visualisation of the immunolabeling, the 
DAB (3,3′-diaminobenzidine) chromogen (Dako) was 
added as a chromogen staining substrate. Sections were 
counterstained in Harris haematoxylin (Hematoxylin QS, 
H-3404; Vector lab, Burlingame, A, USA). After rinsing 
in water, the sections were dehydrated and cover slipped 
with Eukitt. For negative controls, a similar protocol 
was performed for each antibody, except for incubation 
of the primary antibody which is replaced by the normal 
horse serum.

Morphometric Analysis

The histological slides were stained with modified azan 
coloration and observed with light microscope (Optika 
B-350) using a computer program Ts View connected to a 
digital eye-camera (Hirocam MA88-500). The parameters 

evaluated for CL were: CL, large luteal cell (LC), small luteal 
cell (SC), large luteal cell nuclei (LCN), small luteal cell 
nuclei (SCN) diameters and cytoplasm-to-nucleus ratio 
(CNR) of LCN and SCN. The area (A) of these parameters 
was measured using Axiovision software. The shape 
of the CL cells and nuclei was assumed to be spherical; 
their diameter (D) was deduced by the mathematical 
relationship applied for the calculation of the area.

with A= π x r2 and r=D/2                                  

Statistical Analysis

The results were represented by means ± SEM. Statistical 
analyses were performed using the SPSS for Windows 
v.26.0 (IBM Corp., NY, USA). Data which were not 
normally distributed were submitted to logarithmic 
transformations. The data were analysed with independent 
t-test or with Mann-Whitney test as appropriate. These 
tests were used to compare the differences in parameters 
between the ovaries with and without CL also between 
pregnant and non-pregnant CL groups. We considered 
that P<0.05 was statistically significant. 

Results 
Morphological Study 

The morphological study of the ovaries (Fig. 2-A) revealed 
an ovoid shape with an irregular surface (Fig. 2-B) 
containing some follicles and CL (Fig. 2-C). Both of ovaries 
from pregnant and non-pregnant females were exhibited 
the same colour and did not show apparent differences in 
their morphology. 

Fig 2. Genital tract of Bedouin goats reared in arid environment. A- 
Localisation of the ovary in the genital tract. B- External view of ovary. 
C- Sectioned ovary. CL: corpus luteum, H: horn, O: ovaries, U: uterus, V: 
vulva, *: Ovarian follicles
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Ovarian Morphometric Study

The morphometric analysis of the ovaries parameters were 
reported in the Fig. 3 and Fig. 4. The weight of ovaries with 
and without CL (2.04±0.16 g vs 1.4±0.12 g respectively) 
showed a highly significant difference (P<0.001) (Fig. 3). 

Ovaries with and without CL showed a non-significant 
difference (P>0.05) in length (19.09±0.74 vs 18.05±0.63 
mm), width (15.55±0.45 vs 12.33±0.54 mm) and thickness 
(11.00±0.38 vs 10.53±0.52 mm) (Fig. 4).

The diameter of pregnant CL was higher (P>0.05) than 
the diameter of non-pregnant CL (9.63±0.34 mm vs 
8.12±0.59 mm respectively) (Fig. 5).

Histomorphometry of Corpus Luteum

Histologically, the CL was delimited by a capsule which 
was composed of fibroblasts, mainly comprised of 
collagen fibbers and blood vessels surrounded the CL 

parenchyma (Fig. 6-A). Histochemically, this capsule 
exhibited a positive reaction to the alcian blue (Fig. 6-C). 
The CL parenchyma was crossed by trabeculae containing 
connective tissue and constituted by endothelial, blood, 
small and large luteal cells (Fig. 6-B,C). Both of LC and 
SC were spherical cells centred by spherical nucleus. 
However, the LC is characterised by its large size and the 
presence of vacuoles in its cytoplasm (Fig. 6-B).

The morphometric measurements of the diameter of luteal 
cells and nuclei between pregnant and non-pregnant CL 

Fig 3. Weight of the ovaries with and without corpus luteum of Bedouin 
goats reared in Arid environment. Data are presented as mean ± SEM. 
***P<0.001

Fig 4. Measurements of the ovaries with and without the corpus luteum 
of Bedouin goats reared in arid environment. Data are presented as mean 
± SEM

Fig 6. Histology of corpus luteum of Bedouin goats reared in arid 
environment. A: Photomicrograph showing capsule and trabeculae richly 
vascularised (yellow arrow) surrounding the parenchyma which is crossed 
by trabeculae, B: Photomicrograph showing the composition of CL 
parenchyma, LC are ovoid and enclose vacuole and eccentric nuclei with 
a prominent nucleolus, small luteal cell (SC), blood cells (yellow arrow) 
and fibroblast cells (black arrow), C-D: Photomicrographs showing the 
carbohydrates in the CL, the capsule were highly reactive to the alcian blue 
and were richly vascularized (yellow arrow), the alcian blue reactivity was 
also observed surrounding the luteal cells (yellow arrow ahead) in (D). C: 
capsule; LC: Large luteal cells; SC: small luteal cells; P: parenchyma; T: 
trabeculae; V: vacuole. Stained with modified azan (A and B) and alcian 
blue (C and D)

Fig 5. Diameter of corpus luteum from pregnant and non-pregnant 
Bedouin goats reared in arid environment. Data are presented as mean 
± SEM
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were reported in Fig. 7. The LC diameter from pregnant 
CL (25.44±0.34 µm) was significantly higher (P<0.001) 
than LC diameter from the non-pregnant CL (19.85±0.21 

µm). The LCN diameter was significantly higher (P<0.001) 
in the pregnant CL (8.33±0.08 µm) than that of non-
pregnant CL (7.14±0.1 µm). Moreover, the SC diameter 

Fig 7. Diameter of luteal cells and nuclei from pregnant and non-pregnant 
corpus luteum of Bedouin goats reared in arid environment. LC: large 
luteal cells; LCN: large luteal cells nuclei; SC: small luteal cells; SCN: small 
cells nuclei. Data are presented as mean ± SEM. ***P<0.001

Fig 8. The cytoplasme-to-nucleus ratio of luteal cells from pregnant and 
non-pregnant corpus luteum of Bedouin goats reared in arid environment. 
LC: large luteal cells; SC: small luteal cells. Data are presented as mean ± 
SEM. *P<0.05

Fig 10. Immunohistochemistry of aromatase 
and progesterone receptor in non-pregnant 
corpus luteum of Bedouin goats reared in arid 
environment. A and B- Immunolocalization 
of P450-Arom in non-pregnant CL showed 
cytoplasmic staining in the luteal cells and 
capsule cells. C and D- immunolocalization of 
PR in the cytoplasm of CL cells predominantly 
and in some nuclei (black arrow), DAB 
visualization system. Negative controls insert 
in B and D

Fig 9. Immunohistochemistry of Ki-67 and 
active caspase-3 in non-pregnant corpus 
luteum of Bedouin goats reared in arid 
environment. A - Immunolocalization of Ki-
67 in nuclei of SC (black arrow). B- Immuno-
localisation of active caspase-3 in both LC 
and SC cytoplasm, DAB visualization system. 
Negative controls insert in A and B
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from pregnant CL (10.27±0.29 µm) was lower compared 
to that to the SC from the non-pregnant CL (10.89±0.44 
µm) (P>0.05). A significant difference has been observed 
between the SCN from pregnant CL and that from non-
pregnant CL (P<0.001). Additionally, the CNR of LC 
(6.078±0.06 vs 5.85±0.06) (P<0.01) and SC (2.05±0.16 vs 
1.50±0.09) (P<0.001) was significantly higher in pregnant 
CL than that of non-pregnant and (Fig. 8). 

Immunohistochemistry of Corpus Luteum 

The immunohistochemistry of Ki-67 and active caspase-3 
in non-pregnant CL was reported in Fig. 9. The immuno-
localization of Ki-67 was observed only in nuclei of 
SC (Fig. 9-A); the other CL cells did not exhibit any 
immunostaining. However, the active caspase-3 was 
immunolocalized in the cytoplasm of both LC and SC of 
non-pregnant CL (Fig. 9-B). 

The immunohistochemistry of P450-Arom and PR in  
non-pregnant CL was reported in Fig. 10. The CL expressed 
P450-Arom in all of the CL cells cytoplasm and capsule 
fibroblasts (Fig. 10-A). The PR was observed in SC and LC 
cytoplasm with a variable intensity of immunostaining 
at the level of the nucleus of these cells (Fig. 10-B). 

Discussion 
In this study, the morphological aspects of the goat ovaries 
collected from local slaughterhouses have been described; 
we reported that all of the ovaries were similar in shape 
and colour. Macroscopically, the description of ovaries 
was similar to those reported in other goats [16]. Regarding 
the presence or absence of CL, these ovaries were recorded 
as ovaries with and without CL. On the other hand, the 
mean weight of ovaries was significantly higher (P<0.01) 
and length, width and thickness were comparatively 
higher in the ovaries with CL than that without CL. It has 
been revealed that the presence of CL in ovaries increases 
ovarian biometric measurements. The same observations 
have been reported in other goat breeds [17-19]. Shathi et 
al.[20] and Mervat et al.[21] demonstrated the effect of CL 
presence on the morphometry of goat and cow ovaries 
respectively which affects the weight and dimensions. 
Miranda-Moura et al.[22] showed the existence of positive 
correlation between the dimensions of the ovary and 
the CL and between the weight of the ovary and the CL. 
Jablonka-Shariff et al.[23] explained that the higher value 
of biometric measurements of ovaries were due to the 
hypertrophy of luteinized granulosa cells, hyperplasty  
of fibroblasts of the connective  tissues and vascularity of 
the CL. 

The diameter of the non-pregnant CL found in this study 
was lower than that of pregnant CL. The non-pregnant 
CL of Bedouin goat was similar of that of the Alpine 
goat in dioestrus phase [24]. This increase in CL diameter, 

during pregnancy, suggest that the growth of luteal tissue 
is positively correlated with CL functionality which is 
represented by synthesis and production of progesterone [24]. 

Histologically, it was observed that the CL in the Bedouin 
goat is formed by heterogeneous population cells (small 
luteal, large luteal, fibroblastic and endothelial cells) in 
accordance with the composition of the CL observed in 
the Alpin goat [19],  Nelore sheep [25] and cows [10].  

Our study demonstrates that the morphometric diameters 
of the large and small luteal cells was higher compared 
to the luteal cells from Angora goat which varied  as CL 
aged [26]. The CNR of both large and small luteal cells 
was significantly higher in the pregnant CL than in the 
non-pregnant CL; it is admitted that in growing cells, 
the cytoplasm is continuously expanding from amino-
acid and nutrient import, and also protein synthesis [27]. 
Moreover, the CNR was affected by numerous factors: 
protein and ribosome synthesis, transport across both cell 
surface and the nuclear envelop and protein degradation 
and ribosome disassembly [28]. This may explain why  
the luteal cells of the pregnant CL were more active 
than the luteal cells of the cyclic CL , this activity seems 
to be related to steroidogenic synthesis to maintain the 
pregnancy which is essentially dependent on the presence 
of CL in goat [9] .

In this study, we have highlighted some factors such as 
Ki-67 as a cell proliferation marker, active caspase¬-3 a 
luteolytic factor, P450-Arom and PR. Indeed, the activity 
of CL was influenced by the balance between luteotropic 
and luteolytic factors which affected the structural and 
morphological appearance of the CL [29]. Investigating the 
CL activity, we found that the Ki-67 was localized in the 
nucleus of steridogenic cells, more precisely in the SC in 
the non-pregnant CL. The same observation was reported 
by Yoshioka et al.[30] in cattle CL which demonstrated that 
only SC proliferate during luteal development. Indeed, 
during the ruminant CL life, granulosa-derived luteal 
cells were predominantly non-proliferative while theca-
derived luteal cells were proliferative during the early 
luteal phase and become non-proliferative by the late 
luteal phase [31]. In addition, it was reported that in the 
early luteal phase the development of CL is supported by 
robust angiogenesis which is accompanied by dynamic 
extracellular matrix remodelling that affects deeply the CL 
development and maturation [32]. As a result, the mature 
CL is a highly vascular gland and luteal endothelial cells 
comprise the larger part of its cells [32]. 

In the other hand, we reported that the luteal cells in some 
of CL were positive to active caspase-3 suggesting that these 
luteal cells initiated the cell death pathway via a caspase 
dependent mechanism. In this study, caspase-3 activity 
(marker of apoptosis) was detected in the large and small 



Research Article
261

KASSOURI-MAOUCHE, BOUKENAOUI-FERROUK, 
AINOUZ-AMMAR AOUCHICHE, MOUDILOU, EXBRAYAT, KHAMMAR

luteal cells cytoplasm. It was reported in a previous study 
in the Bedouin goat, that morphological changes reach 
atretic follicles wall  by apoptosis via caspase-3 signalling 
pathway in breeding and non-breeding seasons [3]. 
The active caspase-3 being expressed in the granulosa and 
theca cells [3] suggested that these cells retain the same 
cell death mechanism after their differentiation into luteal 
cells in CL. Caspase-3 has been also shown to be involved 
in luteal regression in cows [33], sheep [34], rabbits [35], 
women [36] and mice [37]. However, morphologically we 
did not observe any structural changes indicating the 
luteolysis, it seems probably a functional luteolysis as 
reported in the study of Hiti et al.[38] yet, the transition from 
functional luteolysis to structural luteolysis has not been 
precisely presumed. In another study, It was reported that 
the activity of caspase-3 was involved in initial process of 
cell death and observed before morphological changes [32]. 
In addition, It seems that the expression of the active 
caspase-3 interfered with functional luteolysis including 
cessation [39]. Accumulating evidence indicates that 
luteolysis was divided into two phases, namely functional 
luteolysis characterized by a decline in progesterone 
concentration and structural luteolysis characterized by 
the degradation of luteal tissues from the ovary [40].

The present study shows that both large and small luteal 
cells exhibited positive cells immunostaining to P450-
Arom, this finding agreed with the study done in Japanese 
Shiba goat [41], Criollo goat, sheep [42] and pigs [43]. Previous 
studies demonstrated the expression of P450-Arom in 
both luteal cell type which increased as the luteal phase 
progresses [44]. Gregoraszczuk reported a few positive 
cells to P450-Arom in the early porcine CL cells but no 
reactivity was detected in mid luteal CL [44].The presence 
of positive signal for P450-Arom in the non-pregnant 
CL of the Bedouin goat suggested that this tissue has the 
capacity to produce oestrogen. 

As a result of our study, we observed strong immunostaining 
for PR in goat luteal cells in non-pregnant CL; the 
immunolabeling was essentially cytoplasmic with few 
occasional immunostaining nuclei which suggest specific 
genomic response. It is well known that the primary 
function of the CL is the secretion of progesterone (P4), 
which is required for maintenance of normal pregnancy 
in mammals [42]. The P4 exerts its main function by 
binding with progesterone receptors PR to induce cellular 
responses through genomic or non-genomic signalling 
cascades[45]. The increase of the diameter of large luteal 
cell in our study seems due to its steroidogenic activity 
to produce more progesterone during CL progression 
to prepare and maintain the gestation. It is reported in 
the previous data that both SC and LC, are capable of 
producing this steroid, however, LC are more secretory-
active [46]. In the Nelore cow, it is suggested that there is a 
stimulatory effect of progesterone in a paracrine/autocrine 

manner on the formation and the initial secretory activity 
of the CL. In addition, in the pseudo pregnant rabbit, the 
atretic large lutein cells of the regressed corpus luteum 
showed negative immunostaining for PR [47]. Indeed, While 
the majority of the existing research on Progesterone 
focuses on classic P4/PR paired actions such as nuclear 
transcriptional factors, there is new evidence suggesting 
that P4 also induces a wide variety of P4 actions through 
non-classic membrane PR receptors [45]. 

In conclusion, the presence of CL caused a significant 
increase in the ovarian wight and also increased various 
ovarian biometric parameters. The large luteal cells 
increased in diameter in the pregnant CL compared to the 
non-pregnant CL suggesting that the steroidogenic activity 
may be provided by the large luteal cells more than the 
small ones which are characterised by proliferative ability. 
The functioning of the non-pregnant CL is represented by 
the oestrogen production via the aromatase activity and 
P4/PR regulation. The luteolysis in CL of the Bedouin 
goat undergoes the apoptotic mechanism via caspase-3 
pathway.
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Abstract: Bacillus cereus is a foodborne pathogen that has a widespread presence in the environment and frequently found in foods 
especially in dairy products. Raw milk contaminated with B. cereus could be the cause of its widespreadness in the environment. 
In this study, it was aimed to determine the genotypes, biofilm formation, antimicrobial susceptibilities, and antibiotypes of B. 
cereus isolates from raw milk. For this aim, B. cereus isolated and identified from 10 of 250 raw milk samples were investigated. 
Biofilm forming abilities were determined in vitro by Congo Red Agar Method. Kirby Bauer Disc Diffusion Method was used for 
determining the antibiotic susceptibilities of the isolates. According to the antibiotic susceptibility results, quantitative antibiotyping 
was implemented. Genotyping of the isolates were performed by RAPD-PCR. Biofilm formation was determined in 40% of the 
isolates. The resistances against amoxicillin-clavulanic acid, gentamicin, erythromycin, vancomycin, chloramphenicol, tetracycline, 
trimethoprim-sulfamethoxazole were determined in 100%, 0%, 30%, 0%, 0%, 0%, and 50% of the isolates, respectively. In the 
quantitative antibiotyping, the isolates showed similarity between 0.75 to 1.00. The phylogenetic similarities were calculated between 
29% to 82%. In conclusion, raw milks might threat the public health because of having potential of containing the antibiotic resistant 
B. cereus.

Keywords: Antibacterial resistance, B. cereus, Biofilm, Genotyping, Raw milk

Çiğ Süt Kökenli Bacillus cereus İzolatlarının Biyofilm Oluşturma, 
Antibakteriyel Direnç ve Genotiplerinin Belirlenmesi

Öz: Bacillus cereus, doğal ortamlarda yaygın olarak bulunan, gıdalarda, özellikle süt ürünlerinde sıklıkla bulunan, gıda kaynaklı 
patojendir. Çiğ süt, çevrede yaygın olarak bulunmasından dolayı B. cereus ile kolaylıkla kontamine olmaktadır. Bu çalışmada çiğ sütten 
izole edilen B. cereus izolatlarının genotip, biyofilm, antimikrobiyal duyarlılıkları ve antibiyotiplerinin belirlenmesi amaçlandı. Bu 
amaçla 250 adet çiğ süt örneğinden izole ve identifiye edilen 10 adet B. cereus izolatı incelendi. Biyofilm oluşturma yetenekleri Kongo 
Red Agar Metodu ile belirlendi. İzolatların antibiyotik duyarlılıklarının belirlenmesinde Kirby Bauer Disk Difüzyon testi kullanıldı. 
Antibiyotik duyarlılık sonuçlarına göre kantitatif antibiyotiplendirme gerçekleştirildi. İzolatların genotiplendirilmesi RAPD-PCR ile 
yapıldı. Suşların %40’ında biyofilm oluşumu saptandı. İzolatların amoksisilin-klavulanik asit, gentamisin, eritromisin, vankomisin, 
kloramfenikol, tetrasiklin, trimetoprim-sülfametoksazol dirençleri sırasıyla %100, %0, %30, %0, %0, %0 ve %50 olarak belirlendi. 
Kantitatif antibiyotiplendirme sonucunda izolatlar 0,75 ile 1,00 arasında benzerlik gösterdi. Filogenetik benzerlikler %29 ile %82 
arasında hesaplandı. Sonuç olarak, çiğ sütler antibiyotiğe dirençli B. cereus içerme potansiyeline sahip olduğundan halk sağlığını tehdit 
edebilir bulunmuştur.

Anahtar sözcükler: Antibakteriyel direnç, B. cereus, Biofilm, Çiğ süt, Genotiplendirme
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Introduction 
Composition of raw milk is a key point that influence 
the quality of milk and milk products. Microbiological 
ingredients play a major role in spoilage of raw milk. Some 
of the microorganisms, such as Bacillus cereus, affect on the 
safety and quality of raw milk [1]. B. cereus is a foodborne 
pathogen spread in environment and found in foods 
especially in dairy products [2]. The contamination of B. 
cereus has a higher rate than the other foodborne pathogens 
and its growth resulted to various dairy defects [3,4]. 
B. cereus remains a problem for dairy products in terms 
of shelf life and public health safety. Food and Agriculture 
Organization of the United Nations/World Health 
Organization (FAO/WHO) announced that B. cereus is 
the third agent reason of communal foodborne infections 
in Europe. In 2016, European Union announced that 5.5% 
of the outbreaks by foodborne pathogens are related to 
Bacillus [5]. The goal of dairy producers is to supply good 
quality products, but psychrotrophic bacteria in raw milk 
complicates this goal.

Microorganisms in milk have the ability like adhering and 
aggregating on stainless steel surfaces, resulted by biofilm 
formation in storage tanks and process surfaces. Adhesive 
biofilms formed by B. cereus can provide a source of 
contamination during production and processing. Biofilm 
formation increases the risk of cross-contamination 
by negatively affecting shelf life and reliability of dairy 
products. The structure of the biofilm also increases the 
resistance to immune system and antimicrobial agents as 
well as causes mechanical damage [6]. B. cereus can adhere 
to a wide variety of materials used in food processes to 
form biofilms. Biofilms often cannot be removed during 
Cleaning in Places (CIP) procedures. This makes B. cereus 
a foodborne pathogen causing deterioration of food 
quality and health hazards. Bacillus spp. can form resistant 
biofilms. This can result in continued contamination and 
is a significant risk for food quality and safety [7]. 

It is important not only to indicate the presence of B. 
cereus in foods, but also to detect disease-causing factors. 
Except beta-lactam antibiotics, most of the B. cereus 
isolates are susceptible to commonly used antimicrobial 
agents [8]. Antibiotic-resistant B. cereus strains are the 
cause of horizontal gene transfer [4]. B. cereus can also 
cause problems in the dairy industry due to its resistance 
to disinfectants. Establishing a B. cereus antibiotic 
resistance profile is important for public health [9,10]. 
Reports announced that B. cereus isolated from different 
foods are resistant to many antibiotics like ceftriaxone, 
tetracycline, streptomycin, trimethoprim, ampicillin, 
and penicillin. It is important to determine the resistance of 
foodborne B. cereus to antibiotics in order to better manage 
infectious diseases [11]. Mobile genetic elements lead to 
the spread of antibiotic resistance between Bacillus and 

the other pathogens through horizontal gene transfer [12]. 
Investigation of antibiotic resistance of B. cereus is 
important for food safety and public health. 

Genome analyzes reveal that B. cereus was activated 
in protein metabolism, suggesting the adaptation of B. 
cereus to a symbiotic or parasitic life cycle. Evaluation of 
the relationships of microbial changes through chemical 
analyzes or analytical technologies should allow for 
the identification of the metabolic activity of the active 
degradation microbiota [13]. Methods for genotyping of 
B. cereus have been reported as multiple-locus variable-
number tandem repeat analysis (MLVA), amplified 
fragment length polymorphism (AFLP), repetitive 
element palindromic-PCR (rep-PCR), and randomly 
amplified polymorphic DNA PCR (RAPD-PCR) [9]. 
Molecular biology methods determine the specific genes of 
B. cereus and it is time-saving and highly specific, but have 
difficulties like equipment and personnel needs and in 
achieving constant temperature sensing. Methods based 
on PCR like RAPD-PCR are more common in use [14]. 
The VITEK2 BCL card method has made significant 
progress in the reliable identification of Bacillus spp. 
and related genera [15]. This method is an automatic 
microbial identification system that provides accurate 
and reproducible results, and is also a fast and reliable 
application for pathogen identification. The VITEK2 
method is advantageous over PCR [16,17].

The aim of this study was to determine the biofilm 
formation, antimicrobial resistance, genotypes and 
antibiotypes of B. cereus strains isolated from raw milk. 

Material and Methods
Isolation and Identification of B. cereus

Raw milk samples (n=250) from İzmir, Türkiye were brought 
to Bornova Veterinary Control Institute, Bacteriology 
Laboratory under cold chain conditions. 

The raw milk samples were plated onto Columbia Agar 
(5% sheep blood, Liofilchem) and incubated at 37°C for 
24-48 h. After the incubation period, colonies with strong 
β-hemolytic activity were applied Gram staining [18]. 
Gram-positive bacilli colonies were purified and then 
identified with the BCL ready card on the VITEK 2 
(bioMérieux) instrument [16]. 

The identifications of the isolates were confirmed by  
PCR. The specific motB gene targeting PCR for the 
identification of B. cereus was carried out with the 
protocol as reported [19]. The presence of a 575 bp band 
after imaging was considered positive for B. cereus.

Determination of Biofilm Formation

Biofilm formation of isolates was detected in vitro by 
Congo Red Agar (CRA) method. CRA method was carried 
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out with the reported method [20]. By taking a single colony 
from the pure colonies in Trypticase Soy Agar (TSA), it 
was inoculated to CRA, and incubated at 37°C for 24-48 h 
under aerobic conditions. After incubation, color changes 
were observed. Isolates forming black-gray colony on CRA 
were determined as positive for the biofilm production 
and the pink-red colonies were determined as negative.  

Determination of Antimicrobial Resistance and 
Antibiotyping

Antimicrobial resistances of B. cereus isolates were tested 
by Kirby-Bauer Disc Diffusion Method. A bacterial 
suspension was prepared from fresh cultures of the isolates 
in Physiological Buffer Solution (PBS) with a density of 
0.5 McFarland. The prepared suspension (100 µL) was 
inoculated on Mueller Hinton Agar (MHA) surface. 
The 7 antibiotics including chloramphenicol (30 µg), 
erythromycin (15 µg), gentamicin (30 µg), vancomycin (5 
µg), trimethoprim-sulfamethoxazole (25 µg), amoxicillin-
clavulanic acid (20 µg/10 µg) and tetracycline (30 µg) 
were selected. Antibiotic discs were placed on the 
medium and incubated at 37°C for 24 h. Zone diameters 
formed after incubation period were measured and 
evaluated according to Clinical and Laboratory Standards 
Institute (CLSI) 2020 (for chloramphenicol, gentamicin, 
trimethoprim-sulfamethoxazole, tetracycline), CLSI 2012 
(for amoxicillin-clavulanic acid) and to the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) 2023 (for erythromycin, vancomycin) guidelines. 
The interpretive categories and zone diameter breakpoints 
of the antibiotics (except erythromycin and vancomycin) 
against S. aureus ATCC 25923 were used for testing 
resistances of the isolates according to CLSI guidelines. 
For erythromycin and vancomycin breakpoints against 
Bacillus spp., EUCAST guideline was used [10,21-23]. 

The antibiotyping was performed according to the 
resistance profiles of the strains by means of the 
Unweighted Pair Group Method using arithmetic 
averages (UPGMA) cluster analysis, and the dendrogram  
was created for evaluation of relatedness between the 
strains [24,25]. For this method, the antibiotic resistance 
patterns were recorded to a table as susceptible (S), 
intermediate resistant (I) or resistant (R) for each 
antibiotics tested. This table was converted to a figure 
showing bands like a genotyping pattern. Then, this figure 
was analyzed in commercial band analyzes software (e.g. 
Quantitity One, BioRad). The phylophenotypic tree were 
drawn with using the software depending on the antibiotic 
resistance profiles.

Genotyping of Bacillus cereus	  

The ERIC-2 (Enterobacterial Repetitive Intergenic 
Consensus-2) primer (5’-AAG TAA GTG ACT GGG 
GTG AGC G-3’) was used to evaluate RAPD-PCR 

patterns of B. cereus isolates. For PCR, a 25 µl RAPD 
master mix containing 1X PCR Buffer, 2.5 mM MgCl2, 
200 µM each dNTP, 2.5 U Taq DNA polymerase, 25 
pmol primer and 5 µL template DNA was prepared. This 
mixture was pre-denatured for 5 min at 94°C followed 
at 94°C by 1 min denaturation, at 40°C 1 min bonding, 
at 72°C 3 min elongation at 40 cyclus and for 7 min at 
72°C were subjected to amplification at final elongation 
conditions. Amplification products were visualized by UV 
transilluminator with 1.5% agarose gel electrophoresis 
containing ethidium bromide (2 μg/mL) [26]. The UPGMA 
clustering method was used to generate dendrograms of 
RAPD patterns by using image analysis program. Genetic 
relationship between the isolates was also evaluated by 
considering the 70% similarity coefficient.

Results
Isolation and Identification of B. cereus

The Gram-positive bacilli colonies were purified after 
incubation period, and identified with BCL ready card on 
VITEK 2 (bioMérieux) instrument. The identifications 
of the isolates were confirmed by PCR, and all 10 isolates 
gave specific bands of 575 bp for B. cereus (Fig. 1).  B. 

cereus was isolated and identified from 10 of 250 raw milk 
samples at the rate of 4%. 

Determination of Biofilm Formation

Biofilm formations of B. cereus isolates (n=10) were 
evaluated with CRA method.  It was determined that 4 of 
10 B. cereus isolates at the percentage of 40% had biofilm 
activity.   

Determination of Antimicrobial Resistance and 
Antibiotyping

B. cereus isolates were tested for antimicrobial resistance 
profiles against 7 selected antibiotics. All the isolates 
(n=10) were susceptible to chloramphenicol, gentamicin, 

Fig 1. Confirmation of identifications by PCR. M: marker, 1-6: B. cereus 
isolates, N: negative control (Escherichia coli)
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tetracycline and vancomycin as well as resistant to 
amoxicillin-clavulanic acid (Table 1). After determining 
antibiotic resistance/susceptibility status of the isolates, 
their phylophenotypicv similarities were determined by 
considering the resistance to the relevant antibiotics. The 
phylophenotypicv similarities of B. cereus isolates were 
calculated and they showed 75-100% similarity (Fig. 2). 
The phylophenotypic relationship between isolates was 
evaluated by considering the 70% similarity coefficient. 

As the result of the evaluation, it was determined that 
isolates had 1 multiple antibiotype (AA). 

Genotyping of Bacillus cereus	  

The phylogenetic analysis of B. cereus isolates by RAPD-
PCR for genotyping was determined that the isolates 
showed similarity between 29-82% (Fig. 3). Genetic 
relationships among isolates were evaluated by considering 
the 70% similarity coefficient. It was determined that 

Table 1. Antibiotic resistance/susceptibility of 10 Bacillus cereus isolates in this study

Antibiotic
Susceptible* Intermediate** Resistant***

n % n % n %

Amoxicillin-Clavulanic acid           0 0 0 0 10 100

Gentamicin 10 100 0 0 0 0

Erythromycin  7 70 0 0 3 30

Vancomycin 10 100 0 0 0 0

Chloramphenicol 10 100 0 0 0 0

Tetracycline 10 100 0 0 0 0

Trimethoprim-sulfamethoxazole 2 20 3 30 5 50

*Susceptible: indicates the diameter of inhibition zone (DIZ) against B. cereus strain was larger than the 
quality control strain; **Intermediate: indicates the DIZ against B. cereus strain was between SUS and 
RES; ***Resistant: indicates the DIZ against B. cereus strain was less than the quality control strain

Fig 2. Dendrogram of 10 Bacillus cereus isolates according to their antibiotic 
susceptibility profiles 

Fig 3. Dendrogram of 10 Bacillus cereus isolates after phylogenetic analysis for genotyping 
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isolates had 8 single genotypes (RA-RH) and 1 multiple 
genotype (RI). It was observed that 2 isolates in the RI 
multiple genotypes showed 82% similarity.

Discussion
B. cereus has long been a health threat to human and 
animals, also have a significant impact on the food 
industry and agriculture [2,27]. B. cereus can cause hygiene 
problems and economic losses due to the deterioration of 
dairy products and sticking on process equipment [3]. B. 
cereus can weaken the bactericidal effect of disinfectants [10]. 
B. cereus has a higher contamination ability than 
other foodborne pathogens [4]. B. cereus isolates from 
pasteurized milk placed in same cluster, indicates that 
they came from a similar source, on the other hand raw 
milk isolates varied at a level showing different sources [28]. 
The studies can determine the distribution and genetic 
diversity of B. cereus strains found in raw milk and can 
provide a theoretical basis for controlling potential harms 
of this pathogen in dairy and dairy products [29]. In this 
study, B. cereus was detected in 10 of 250 raw milk samples 
at the rate of 4%. Compared to previous studies, it is the 
lowest contamination level of raw milk samples compared 
with 6.66% in a cheese plant at Alexandria [30], 9.8% in 
dairy farms in China [31], 23.3% in 60 raw milk samples [1], 
26% in China [4], 29.5% in milk samples from the dairy 
animals [32], 33.3% in Guangxi, Yunnan, and Guizhou, 
the provinces of China [10], 37.5% in household milk 
from dairy environments [33], 40% in Pakistan [34], 40% in 
Zagazig city [35], 47% in Ghana [36],  and 85% in Egypt [37].

In our research, it was determined that 4 of the 10 B. cereus 
isolates at the percentage of 40% had biofilm activity. 
Compared to previous studies, it is lower compared with 
the isolates in Victoria, Australia those had 53.7% biofilm 
forming ability [28]. In a previous study, they measured the 
ability to form biofilms of 5 groups of B. cereus with 41 
ST (sequence type) on stainless-steel tubes [10]. In another 
study, all the isolates of B. cereus bacteria were selected 
to verify biofilm formation ability in microtiter plates and 
results showed that all isolates (100%) could form biofilm. 
Data highlights that dairy industry needs to reinforce 
control in the initial quality of raw material and in CIP 
cleaning applications [38]. 

In this study, it was determined that all isolates were 
susceptible to chloramphenicol, gentamicin, tetracycline 
and vancomycin as well as resistant to amoxicillin-
clavulanic acid. Compared to a previous study, B. cereus 
isolates had resistance to amoxicillin at the rate of 80% 
whereas our rate was 100%. The isolates were susceptible to 
erythromycin, vancomycin at the rates of 100%, 93.33% [35] 

respectively, whereas our rates were respectively 70% and 
100%. In another study, B. cereus isolates showed resistance 
to amoxicillin and tetracycline with 68.9% and 51.1% [33] 

whereas our rates were 100% and 0%, respectively. The 
study in Ghana presented that, B. cereus isolates were 
resistant to amoxicillin at the rate of 100% that was same 
in our study. The isolates susceptible to gentamicin and 
chloramphenicol at the rates 100% and 99% [36] whereas 
similar to our study 100% and 100%, respectively. The 
study in Southwestern China introduced that all isolates 
were susceptible to gentamicin and chloramphenicol [10] 
same as in our study. The antibiotic susceptibility of 54 B. 
cereus isolates to 17 antibiotics was tested and all isolates 
were determined susceptible to chloramphenicol and 
gentamicin [4] same as our study. Isolates were susceptible 
to tetracycline, trimethoprim-sulfamethoxazole, erythro-
mycin at the rates of 98.15%, 85.18% and 83.33% [4] 
whereas 100%, 20% and 70% in our study, respectively. 
Accept trimethoprim-sulfamethoxazole, the other rates 
are quite similar with our study. In another study, B. cereus 
isolates were susceptible to gentamicin at the rate of 100% 
as same in our study [39].   

The phylogenetic analysis of B. cereus isolates determined 
that the isolates showed similarity between 29-82%. It was 
determined that the isolates had 8 single genotypes (RA-
RH) and 1 multiple genotype (RI). It was observed that 2 
isolates in the RI multiple genotype showed 82% similarity. 
A previous study determined that the 96 B. cereus strains 
containing 41 ST (sequence type) were divided into 5 
clusters using 90% similarity for the critical threshold [10]. 
Another study presented that 56 B. cereus strains were 
detected from 300 environmental samples and 50 raw 
milk samples divided into 18 sequence types (STs) using 
multilocus sequence typing method. The results could 
reveal the distribution and genetic diversity of B. cereus 
strains in raw milk and cattle farm environments, and 
provide a theoretical basis for controlling the potential 
harm of these pathogenic bacteria in dairy products [29]. 
It was presented that 54 strains of B. cereus isolates were 
divided into 24 ST in raw milk samples. An elaborated 
phylogenetic relationship of the 54 B. cereus strains was 
clustered into 3 groups. The results showed no obvious 
association between B. cereus genotype and collection 
regions [4]. A previous study introduced that 14 sequence 
types of B. cereus were found in raw bovine milk samples 
and all isolates in the research and 13 selected reference 
strains showed phylogenetic relationship [40].

As the biofilm formation ability positive strains (no. 
3,6,7,9) were evaluated, it was determined that the 
phylophenotypic similarities of antibiotic resistance/
susceptibility of the strains 3 and 9 showed 100% similarity 
while their genetic relationship showed 29% similarity. 
The strains 6 and 7 showed 64% genetic similarity while 
their phylophenotypic similarity of antibiotic resistance/
susceptibility was determined as 75% similarity. The 
strains 2 and 8 which were biofilm formation ability 
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negative, showed the highest genetic similarity rate as 
82% while their phylophenotypic similarity of antibiotic 
resistance/susceptibility was 100%.  

In conclusion, the widespread presence in the natural 
environment, high biofilm formation ability, resistance to 
heat treatment and antibiotics make B. cereus an important 
bacterium to follow in terms of public health. B. cereus 
shows a wide diversity from raw milk to the final product. 
In order to reduce the risks of this foodborne pathogen 
in terms of raw milk, dairy products and public health, 
it is very important to implement sanitation rules at all 
stages from raw milk to the final product. Determination 
of critical control points such as transport tanks, storage 
tanks, production equipment, in places and personnel 
from the raw milk stage to the final product stage and the 
implementation of sanitation practices at these points is 
highly important against B. cereus contamination.
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Abstract: Time-dependent effects of 6% desflurane applied for 6 h on erythrocyte deformability and tissue oxidative stress levels within 
24 h period are unknown. This study aimed to investigate the influences of 6% desflurane, on erythrocyte deformability and serum, 
heart, lung, kidney oxidative stress in a time-dependent manner (6 h intervals) following exposure. 10-12 week-old Wistar-albino male 
rats were divided into five groups (n=6 per group). Rats of the 0h group were not exposed desflurane. The other rats were named in 
terms of time (6 h, 12 h, 18 h, 24 h) passed following anesthesia. Desflurane was administered at concentration of 6% in 6L min−1 flow-
rate of 100% oxygen for 6 h in an anesthetic chamber. Erythrocyte deformability was determined using an ectacytometer. Total oxidant 
status (TOS), total antioxidant status (TAS) were determined using commercial kits, while oxidative stress index (OSI) was calculated. 
Desflurane inhalation caused a general decrement in erythrocyte deformability, the effect being more prominent at 18th h following 
anesthesia. Oxidative stress was not altered in serum, heart. TOS was increased at 6th and 18th h following desflurane exposure in lung. 
TOS and OSI in kidney were decreased at 18th and 24th h compared to 6th. Our results suggest that the oxidative potential and adverse 
effect of deflurane on tissue oxygenation by inhibiting RBC deformability in the first 24 h should be kept in mind especially in the 
presence of comorbidities.

Keywords: Desflurane, Erythrocyte deformability, Oxidative stress, Lung, Kidney

%6 Desfluran İnhalasyonu Eritrosit Deformabilitesini İnhibe Eder  
ve Sıçan Akciğeri İle Böbreğindeki Oksidatif Stresi Zamana Bağlı  

Olarak Değiştirir
Öz: Altı saat boyunca uygulanan %6’lık desfluranın, 24 saatlik periyotta zamana bağlı olarak eritrosit deformabilitesi ve doku oksidatif 
stres seviyeleri üzerindeki etkileri bilinmemektedir. Bu çalışma, %6’lık desfluranın eritrosit deformabilitesi ve serum, kalp, akciğer, 
böbrek oksidatif stres indeksleri üzerindeki etkilerini, desfluran inhalasyonunu takiben 24 saatlik sürede zamana bağlı bir şekilde (6 
saat aralıklarla) araştırmayı amaçladı. 10-12 haftalık Wistar-albino erkek ratlar beş gruba ayrıldı (her grupta n=6). 0.saat grubundaki 
sıçanlar desflurana maruz bırakılmadı. Diğer sıçanlar anestezi inhalasyonundan sonra geçen süreye (6. saat, 12. saat, 18. saat ve 24. saat) 
göre isimlendirildi. Anestezi odasında altı saat boyunca 6 L dk-1 akım hızında %100 oksijen içinde %6 desfluran uygulandı. Eritrosit 
deformabilitesi, bir ektasitometre kullanılarak belirlendi. Toplam oksidan kapasitesi (TOK) ile toplam antioksidan kapasitesi (TAK) 
ticari kitler kullanılarak belirlendi ve oksidatif stres indeksi (OSI) hesaplandı. Desfluran inhalasyonu eritrosit deformabilitesinde genel 
bir azalmaya neden oldu ve bu etki anesteziden sonraki 18. saatte daha belirgin hale geldi. Oksidatif stres serum ve kalpte değişmedi. 
Akciğerde desfluran maruziyetini takiben 6. ve 18. saatlerde TOS arttı. Böbrekte TOS ve OSİ 18. ve 24. saatlerde 6. saate göre azaldı. 
Sonuçlarımız, desfluranın oksidatif hasara neden olma potansiyelinin ve ilk 24 saatte eritrosit deformabilitesini inhibe ederek doku 
oksijenasyonu üzerindeki olumsuz etkisinin özellikle komorbidite varlığında önemini düşündürmektedir.

Anahtar sözcükler: Desfluran, Eritrosit deformabilitesi, Oksidatif stres, Akciğer, Böbrek
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Introduction
Desflurane, one of the third generation inhaled anesthetic 
drugs, is frequently preferred in clinical use for providing 
safe and effective anesthesia. Recovery and extubation are 
also rapid following desflurane anesthesia [1]. Desflurane 
is minimally metabolized but it is known to affect 
various systems such as the central nervous, respiratory, 
neuromuscular and cardiovascular systems. Desflurane 
generally depresses these systems in a dose-dependent 
manner [2]. Like other anesthetics, desflurane can cause a 
decrease in cardiac and urinary output, and glomerular 
filtration. Although there was a significant decrease in 
perfusion pressure following desflurane anesthesia; based 
on the mixed venous oxyhemoglobin saturation, oxygen 
consumption, oxygen transport and oxygen transport/
consumption ratio, it has been suggested that tissue 
perfusion may be sufficient [3].

Microcirculation is essential for adequate tissue oxygenation 
and therefore organ function. Red blood cell (RBC) 
deformability is an important determinant of resistance 
to flow since erythrocytes need to change their shape 
(deformability) in order to pass through narrow capillaries [4]. 
Thus, erythrocyte deformability is not only a very 
important feature for the cell to perform its gas transport 
function, but also for the cell’s circulating half-life [5]. 
Although a few studies in the literature report alterations 
in RBC deformability after desflurane inhalation [6,7], it 
is not clear yet how long these changes persist following 
anesthesia.

Oxidative stress is one of the determinants of erythrocyte 
deformability. Membrane proteins forming cross-bridges 
with each other and/or with hemoglobin due to oxidative 
stress adversely affect erythrocyte deformability [8]. It is 
known that the effects of desflurane on oxidative stress 
occur depending on the concentration and duration 
of anesthesia [9-13]. 6% desflurane is commonly used in 
clinics, and the amount of anesthetic substance exposed 
in long-term surgeries also increases proportionally with 
time. Time-dependent oxidative status of different organs 
following anesthesia may be an important factor for post-
op recovery.

In this study, we aimed to investigate the time-dependant 
effects of desflurane at 6% concentration in 100% oxygen 
6 L min-1 for 6 h on erythrocyte deformability and 
oxidative stress in serum, heart, lung and kidney tissues. 
Tissues were selected considering the organs and systems 
that may be affected by desflurane as mentioned above. 
Samples were obtained at 6-h intervals (0, 6, 12, 18 and 
24 h) within 24 h following anaesthesia. Blood flow 
affected by anesthetics at various parts of the body may 
lead to organ dysfunction in the postoperative period. It 
is anticipated that our data may provide contribution to 
this clinical issue.

Material and Methods
Ethical Approval

All experimental procedures were carried out according to 
Pamukkale University animal care guidelines and Animal 
Experiments Ethics Committee of the same University 
(PAUHADYEK-2022/20, 08.08.2022-06) approved the 
study. 

Animals

200-250 g, 10-12 week-old Wistar albino male rats (n=30, 
Pamukkale University Animal Laboratory, Denizli, 
Türkiye) were used in the experiments. Rats were housed 
in a temperature and humidity controlled (22-23°C, 
50±5%) room under a 12 h light-dark cycle. Standard diet 
food and water were available ad libitum. The animals 
were divided into five groups (n=6 per group).

Anesthesia Protocol

Rats of the 0 h group were not exposed to desflurane 
but were placed in the anesthetic chamber to minimaze 
the stress and then were sacrified at 07.00 am. The other 
rats were administered desflurane at 6% concentration 
in 6 L min-1 flow rate of 100% oxygen and divided in 
terms of time passed following anesthesia inhalation 
as; 6 h group (Rats were exposed to desflurane at 07:00-
13:00 am and sacrified 6 h after anesthesia), 12 h group 
(Rats were exposed to desflurane at 07:00-13:00 am and 
sacrified 12 h after anesthesia), 18 h group (Rats were 
exposed to desflurane at 07:00-13:00 am and sacrified 
18 h after anesthesia) and 24 h group (Rats were exposed 
to desflurane at 07:00-13:00 am and sacrified 24 h after 
anesthesia). 

Rats were placed in the anesthetic chamber approximately 
for 1 h, 4 days before beginning the experimental 
procedure for adaptation. Desflurane at a concentration 
of 6% in 6 L min-1% 100% oxygen for 6 h was applied to 
anesthesia groups in a transparent anesthesia box between 
07:00-13:00 am. After anesthesia, the fresh gas flow was 
decreased to 1 L/min. These procedures were performed 
under dark conditions, and under a dim red light that did 
not affect the circadian rhythm. The rats were sacrified 
every 6 h following anesthesia within a 24-h period and 
blood, heart, lung, kidney tissues were immediately 
obtained. Blood samples from the tail vein of the animals 
were collected into standard tubes containing EDTA (3.5 
mg/mL) for the determination RBC deformability. Serum 
obtained by centrifugation (6450 g, 5 min) was used for 
measuring oxidative stress indices. RBC deformability 
was determined within 4 h; while serum, heart, lung and 
kidney were stored at –80°C until use. 

Determination of RBC Deformability

The deformability of erythrocytes was determined at nine 
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shear stresses between 0.3 and 30 Pa using an ectacytometer 
(LORCA; RR Mechatronics, Hoorn, The Netherlands) at 
37°C, and similar patterns of RBC deformability alterations 
were obtained between groups at all stress levels [14]. A 
suspension of low hematocrit (Hct) RBC in an isotonic 
viscous medium (4% polyvinylpyrrolidone 360 solution; 
MW 360 kD; Sigma P 5288; St. Louis, MI) was sheared in 
a Couette system consisting of a glass beaker and a close-
fitting flask with a gap of 0.3 mm between the cylinders. 
Through the sheared sample, a laser beam was directed 
and the diffraction pattern produced by the deformed 
RBC was examined by a computer. Based on the geometry 
of the elliptical diffraction pattern, an elongation index 
(EI) was calculated as EI = (L−W)/(L+W), where L and 
W are the length and width of the diffraction pattern, 
respectively. 

Measurement of TOS, TAS and Calculation of OSI

Serum, heart, lung and kidney TOS and TAS were determined 
using novel automated colorimetric measurement method 
(Thermo Scientific, Multiskan Go) using commercial kits 
(Rel Assay Diagnostics, Turkey). Results were expressed 
in micromolar hydrogen peroxide equivalents per liter 
(mol H2O2 Eq/L) for TOS and mmol Trolox/L for TAS. 
OSI was calculated according to the following formula; 
OSI (arbitrary unit)=TOS (mol H2O2 Eq/L)/TAS (mmol 
Trolox Equiv./L) X 100 [15,16].

Statistical Analysis

As a result of the power analysis we performed, it was 
calculated that a power of 80% at a confidence level of 
95% could be obtained if at least 6 rats (at least totally 

30 rats for all groups) were included in the study and the 
effect size was d=0.69. All calculations and power analysis 
were performed by the G-power program (version 3.1.9.2. 
Heinrich-Heine-Universitat. Duesseldorf. Germany). All 
statistical analyses were performed using SPSS 25.0 
(IBM SPSS Statistics 25 software (Armonk, NY: IBM 
Corp.). Continuous variables were defined by the mean 
± standard deviation. Shapiro Wilk tests were used for 
determination of normal distribution. For independent 
groups comparisons, we used One Way Analysis of 
Variance (post hoc: Tukey method) when parametric 
test assumptions were provided, Kruskal Wallis Variance 
Analysis (post hoc: Mann Whitney U test with Bonferroni 
Correction) were used when parametric test assumptions 
were not provided.  The level of statistical significance was 
set at P≤0.05.

Results
Table 1 demonstrates time-dependant alterations in RBC 
deformability at 9 different shear stresses between 0.30 
and 30 Pa following desflurane anesthesia. When all shear 
stresses are evaluated together, the effect of desflurane 
anesthesia on reducing erythrocyte deformability was 
most evident at the 18th h. Namely; RBC deformability 
measured at 0.3-3 Pa at the 18th h was lower than both 0 
and 6 h groups (P<0.05). On the other hand, erythrocyte 
deformability determined under at 5.33-16.87 Pa shear 
stresses at the 18th h following anesthesia was decreased 
compared to the group which did not receive desflurane 
(P<0.05). The desflurane anesthesia applied, resulted in a 
decrement in RBC deformability under 0.95 and 1.69 Pa 

Table 1. Time-dependant effects of desflurane anesthesia on RBC deformability under different physiological shear stresses

EI
Shear Stress (Pa) 0 h 6 h 12 h 18 h 24 h

0.30 0.186±0.022 0.157±0.032 0.126±0.035 0.096±0.007*,# 0.113±0.008

0.53 0.252±0.021 0.227±0.031 0.188±0.039 0.158±0.008*,# 0.178±0.006

0.95 0.337±0.007 0.314±0.025 0.2765±0.037* 0.248±0.007*,# 0.268±0.004

1.69 0.420±0.006 0.397±0.017 0.365±0.031* 0.342±0.004*,# 0.361±0.003

3.00 0.483±0.009 0.469±0.010 0.4445±0.026 0.426±0.002*,# 0.441±0.005

5.33 0.532±0.008 0.520±0.016 0.5055±0.02 0.492±0.006* 0.502±0.007

9.49 0.566±0.004 0.554±0.023 0.549±0.015 0.54±0.006* 0.548±0.008

16.87 0.597±0.002 0.578±0.029 0.582±0.011 0.577±0.007* 0.582±0.007

30.00 0.622±0.001 0.597±0.034 0.608±0.011 0.610±0.007 0.608±0.007*

Values are expressed as mean ± SD. * P<0.05, difference from 0 h group; # P<0.05, difference from 6 h group
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shear stress at 12 h post-anesthesia and under 30 Pa at 24 h 
following desflurane compared to the 0 h group (P<0.05) 
(Table 1). 

Fig. 1 demonstrate that serum oxidative stress was not 
altered within a 24 h period after desflurane anesthesia. 
When the oxidative stress states of different organs were 
exemined, it was observed that, desflurane anesthesia 
applied herein, did not affect oxidant-antioxidant levels in 
the heart, as well (Fig. 2). 

Lung TOS, TAS and OSI levels following desflurane 
inhalation are shown in Fig. 3. Although desfluare 
inhalation resulted in increment of lung TOS the 
alteration being statistically significant at 6 and 18 h 
groups compared to 0 h group (P<0.05), no statistically 

significant alteration was observed in lung TAS and OSI. 
Desflurane at 6% concentration resulted in a decrement in 
kidney TOS and OSI at 18 and 24 h following anesthesia 
compared to 6 h group. Additionally, OSI of 24 h group 
was less than 12 h group (P<0.05). TAS of kidney was not 
affected by desflurane (Fig. 4).

Discussion
Sevoflurane, isoflurane and desflurane are the most 
commonly used inhalation anesthetics in clinical practice [17,18]. 
Lungs, kidney and vessel rich group of organs are especially 
important to find out the time constants for wash-out 
of an anesthetic drug [19]. Renal and hepatic toxicity of 
halogenated ethers result from biotransformation to toxic 

Fig 1. Serum TOS, TAS and OSI of the groups. A. Total oxidant status 
(TOS) levels of serum in the control and experimental groups. B. Total 
antioxidant status (TAS) levels of serum in the control and experimental 
groups. C. Oxidative stress index (OSI) levels of serum in the control and 
experimental groups. Values are expressed as mean ± SD

Fig 3. Lung TOS, TAS and OSI of the groups. A. Lung total oxidant status 
(TOS) levels of the groups. B. Lung total antioxidant status (TAS) levels of 
the groups. C. Lung total oxidative stress index (OSI) levels of the groups. 
Values are expressed as mean ± SD. ∗:P<0.05, difference from 0 h group

Fig 4. Kidney TOS, TAS and OSI of the groups. A. Kidney total oxidant 
status (TOS) levels of the groups. B. Kidney total antioxidant status (TAS) 
levels of the groups. C. Kidney oxidative stress index (OSI) levels of the 
groups. Values are expressed as mean ± SD. Values are expressed as mean 
± SD. # :P<0.05, difference from 6 h group: Ω: P<0.05 difference from 12 
h group

Fig 2. Heart TOS, TAS and OSI of the groups. A. Heart total oxidant status 
(TOS) levels following desflurane anesthesia. B. Heart total antioxidant 
status (TAS) levels following desflurane anesthesia. C. Heart oxidative 
stress index (OSI) levels following desflurane anesthesia. Values are 
expressed as mean ± SD



Research Article
277

AKBUDAK, KILIC-ERKEK, BOR-KUCUKATAY

metabolites [20]. Although desflurane has lower solubility 
in blood and tissues compared to other halogenated 
agents [1], it was also suggested that, the estimated tissue 
distribution of desflurane may not differ significantly 
from that of isoflurane [20]. On the other hand, the low fat 
solubility of desflurane provides benefits in long surgeries. 
Studies have shown that midazolam, sufentanil, propofol, 
desflurane and sevoflurane may result in alterations in 
sublingual microcirculation [21,22]. In the present study, the 
effects of 6% desflurane applied for 6 h were investigated 
on RBC deformability and oxidative stress in serum, heart, 
lung and kidney tissues of rats within a 24-h period. The 
dose of desflurane was selected in accordance with the 
dose commonly used in surgeries in our hospital, and the 
duration of anesthesia was chosen as 6 h in order to observe 
the alterations in cases requiring long-term anesthesia 
such as some cancer and bypass surgeries. It was observed 
that, desflurane inhalation resulted in a general decrement 
in RBC deformability, the effect being more prominent 
at the 18th h (12-24 h) following anesthesia. Although 
oxidative stress was not altered in serum and heart, TOS 
was increased at 6th and 18th h following exposure to 
desflurane in lung. Kidney TOS was also increased at the 
6th h but this alteration was not statistically significant. On 
the other hand, TOS in kidney tissue was decreased at the 
18th and 24th h measurements compared to the 6th h value. 
OSI in kidney was also decreased at 18th and 24th.

Circulatory disorders caused by anesthetic agents may 
cause organ failure by disrupting tissue oxygenation due to 
their systemic cardiovascular and direct hemorheological 
influences [23]. On the other hand, although desflurane 
has dose-dependent depressive effects on cardiovascular 
functions and myocardial contractility, it was demonstrated 
that hemodynamic stability may be maintained after 
desflurane inhalation [20]. RBC deformability affects both 
the microcirculation and the macrocirculation. At the 
microcirculatory scale, RBC deformability is essential for 
perfusion of small vessels, in which capillary diameters are 
smaller than that of the eryrtrocyte [24]. In larger vessels, 
the ability to change its shape aids in the orientation of the 
erythrocyte to the streamlines as well as their migration 
towards the central regions of the vessel. These factors 
contribute to improvement of blood fluidity [25]. Yerer et 
al.[7] observed an increment in erythrocyte deformability 
using a laser diffractometer (Myrenne Rheodyne SSD) 
in male and female rats in response to 6% desflurane 
anesthesia administered for 1 h. In another study, it 
was observed that erythrocyte deformability increased 
in young rats, while it decreased in aged rats following 
the administration of 6% desflurane for 1 h [6]. Authors 
have commented that this anesthetic agent may reduce 
erythrocyte deformability due to changes in membrane 
structure with age and inhalation of desflurane may 

cause more serious problems during surgery by affecting 
hemorheological parameters in the elderly [6]. In the 
current study, we used 10-12 week-old adult male rats and 
showed for the first time that, 6% desflurane anesthesia 
applied for 6 h causes decrement in RBC deformability, 
the alteration being more prominent at all shear stresses 
18 h after the inhalation. RBC deformability was measured 
at nine shear stresses between 0.3 and 30 Pa using an 
ectacytometer (LORCA) in our study. 9 different shear 
stresses are selected to mimic the different flow conditions 
encountered by RBC in different parts of the body. We 
observed that, at smaller shear stresses (0.95 and 1.69 
Pa) desflurane anesthesia resulted in a decrement in RBC 
deformability earlier (12 and 18 h), while at higher shear 
stresses (30 Pa) at 24 h. The instrument (LORCA) we 
used to measure erythrocyte deformability is accepted as 
a trustworthy device with a good repetition of consecutive 
measurements. Our results recommend that the patient 
should be followed closely in terms of circulatory 
disorders for at least 24 h after exposure to desflurane and 
emphasize once again the importance of dose and time 
dependent effects of anesthesia. 

Both erythrocyte deformability and osmotic fragility 
are physical features applied to diagnostics of RBC. 
Deformability determines the extensibility of a RBC 
upon mechanical stress, while osmotic fragility shows 
membrane extensibility upon hypotonic stress [26]. 
Therefore, erythrocyte osmotic fragility would be a good 
parameter to support the results of deformability. We did 
not investigate osmotic fragility in this study, and to the 
best of our knowledge, there is no study measuring this 
parameter following desflurane anesthesia. On the other 
hand, halothane or its metabolites, at concentrations 
occurring during anaesthesia, were demonstrated not to 
alter erythrocyte fragility in malignant hyperthermia-
susceptible and resistant pigs [27].

Determinants of RBC deformability may be listed as 
“passive” properties in response to external forces, RBC 
morphology, internal viscosity and membrane flexibility [5]. 
Oxidative stress impairs RBC deformability through 
disruption of the biconcave disc structure by affecting the 
erythrocyte membrane lipids and especially proteins such 
as hemoglobin [8]. Studies examining the alterations in 
oxidative stress parameters following desflurane anesthesia 
in the literature have obtained contradictory results 
depending on the species and tissue studied, the measured 
oxidant/antioxidant levels, the duration and dose of 
desflurane, the sampling period following anesthesia, and 
the method used [9,11-13]. The measurement of TOS and TAS 
used in our study practically represents the cumulative 
action of oxidant and antioxidants and their synergistic 
interaction, which reflects the total oxidant-antioxidant 
status as well as OSI of the organism. We observed that, 
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serum TOS, TAS and OSI were not altered significantly 
in response to 6% desflurane anesthesia for 6 h. It may 
be concluded that, the decrement in RBC deformability 
is far from beeing explained by blood oxidative stress 
levels. Nogueira et al.[12] investigated blood oxidative 
stress markers in humans undergoing septoplasty surgery 
based on protein carbonyls, lipid peroxidation and 
antioxidant defense following 6% desflurane ansthesia, 
and similar to our results found no alteration within 18 
h after the induction of anesthesia. On the other hand, 
measurement of oxidative indices directly on erythrocyte 
membrane would be a more suitable way to discuss 
effects of desflurane-induced oxidative stress on RBC 
deformability compared to measuring serum oxidative 
status. Unfortunately, we did not determine oxidative 
stress on erythrocyte membrane directly; but Turkan 
et al. examined erythrocyte malondialdehyde (MDA), 
superoxide dismutase (SOD), glutathione peroxidase 
(GSH-Px) up to 3 days following desflurane anesthesia 
and observed no change, supporting our comment above 
that the change in RBC deformability is not related to 
oxidative stress [10]. 

There is a growing interest in the field of anesthesiology on 
the cardioprotective effects of myocardial preconditioning 
provoked by halogenated anesthetics especially in cases 
of ischemic myocardial damage. Preconditioning with 
desflurane was demonstrated to reduce oxidative stress-
induced cardiomyocyte death [9]. We have observed that, 
desflurane administered at a dose of 6%, for 6 h does 
not alter TOS, TAS and OSI at heart. The tissue directly 
exposed to anesthetic gases is the lung. Lung MDA levels 
were shown to be increased in response to desflurane 
(4%) inhalation [10]. Additionally, desflurane inhalation 
for 2 h was demonstrated not only to decrease GSH, 
but also cause neutrophil and macrophage infiltration, 
hemorrhage, alveolar damage, and edema in the rat 
lung [13]. Another study suggested that isoflurane and 
sevoflurane prevent ventilator-induced lung injury, while 
desflurane does not [11]. Here, we have demonstrated 
that 6% desflurane applied for 6 h causes oxidative 
stress by increasing TOS in lung until at least the 18th h 
post exposure. Blood and urine fluoride metabolites are 
considered as markers of fluorinated ether anaesthetic 
metabolism. Exposure to desflurane was demonstrated to 
cause slight rises in urine and serum trifluoroacetic acid 
levels [28]. When we examined the effects of desflurane on 
the kidneys, we observed that the main effect was again on 
total oxidants and OSI, causing a non-significant increase 
at the 6th h and a time-dependent decrease afterwards, 
the decrements being most pronounced at the 18th and 
24th h. Post-exposure first 24 h seems remarkable in 
terms of desflurane’s effects on oxidative status as well as 
erythrocyte deformability. Türkan et al.[29] evaluated liver, 

brain, kidney, and lung oxidative stress in rats exposed to 
4%. desflurane. They demonstrated that lung MDA levels 
increased (in line with our results), while liver decreased 
after four h of exposure. Liver SOD level decreased and 
brain increased in response to desflurane exposure. Brain 
is one of the organs that will be mostly affected by the 
alteration of erythrocyte deformability. Unfortunately, 
liver and brain oxidative status following desflurane 
anesthesia were not assessed in the current study due to 
technical reasons. 

Findings of the current study are important in terms of 
giving information to anesthetists about a few issues they 
should pay attention to when choosing the anesthetic agent 
they will use. First one is that, while preferring desflurane 
they should be aware that, RBC deformability may be 
inhibited and thus tissue oxygenation may be adversely 
affected for at least 24 h. Other points to be considered are 
that desflurane may cause oxidative damage, especially in 
the lungs, in the first 18 h following exposure, and may 
increase oxidants in the kidneys in the early period while 
decreasing them over time within 24 h. These data may 
be particularly important in the presence of additional 
cardiovascular, respiratory and/or renal disorders. The 
physiological mechanisms of these effects are not fully 
clarified yet. This study was conducted in adult, male, 
healthy rats. The time-dependent influences of different 
desflurane concentrations on hemorheological parameters 
and oxidative stress indices in humans of different ages 
especially in the presence of some comorbidities may 
also be examined. Another limitation of the study is that; 
erythrocyte osmotic fragility was not examined herein. 
Investigation of oxidative stress indices in brain and other 
tissues expected to be affected by desflurane anesthesia as 
well as erythrocyte osmotic fragility in future studies may 
contribute to the clarification of the subject. Determination 
of oxidative stress directly on RBC membrane may also 
be a more suitable approach to interpret the alteration in 
erythrocyte rheological properties in future studies.
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Abstract: Mycobacterium bovis, the causative agent of  bovine tuberculosis (BTB), is one of the most significant endemic diseases confronting 
government, veterinary professionals, and farming industry worldwide nowadays. M. bovis has not only a negative impact on bovine health 
and economy, but also poses a threat to public health as a zoonotic disease that could be transmitted from animal to human. Although, 
bacillus Calmette-Guérin (BCG) vaccine of M. bovis has been extensively used in many animals, only few studies had reported its side 
effects in these animals. In this study, the systemic pathological lesions and immunoglobulin levels associated with intranasal (IN) and 
subcutaneous (SC) injection of BCG vaccine in Swiss male mice have been evaluated. The results revealed an elevation in IgM and IgA 
levels in both routes (nebulization, subcutaneous injection) while there was a dramatic increase in IgG levels in subcutaneously injected 
mice. Aerosolization of BCG vaccine using a nebulizer resulted in severe pulmonary lesions with numerous megakaryocytes in the spleens 
of mice. On the other hand, SC injection had mild effect on pulmonary tissues and induced moderate extramedullary hematopoiesis in 
the hepatic tissues of mice. In conclusion, inadvertent vaccination of BCG in Swiss mice, triggered adverse tissue reaction and remarkable 
increase in Ig level. The severity of tissue lesions corresponded to the injection route in mice.

Keywords: Aerosol, BCG, Extramedullary hematopoiesis, Mice, Vaccine

Ksenojenik İmmünokompetan Bir Hayvanda BCG Aşısına 
İmmünopatolojik Yanıtın Değerlendirilmesi

Öz: Sığır tüberkülozunun (BTB) etkeni olan Mycobacterium bovis, günümüzde dünya genelinde hükümetlerin, veteriner hekimlerin ve 
tarım endüstrisinin karşı karşıya kaldığı en önemli endemik hastalıklardan birisidir. M. bovis sadece sığır sağlığı ve ekonomisi üzerinde 
olumsuz bir etkiye sahip olmakla kalmayıp, aynı zamanda hayvandan insana bulaşabilen zoonotik bir hastalık olarak halk sağlığı için de 
tehdit oluşturmaktadır. M. bovis basilinin Calmette-Guérin (BCG) aşısı birçok hayvanda yaygın olarak kullanılmasına rağmen, sadece 
birkaç çalışma bu hayvanlarda yan etkilerini bildirmiştir. Bu çalışmada, İsviçre erkek farelerinde BCG aşısının inhalasyon ve subkutan (SC) 
enjeksiyonu ile ilişkili sistemik patolojik lezyonlar ve immünoglobulin seviyeleri değerlendirilmiştir. Sonuçlar, her iki yolla da (nebülizasyon, 
subkutan enjeksiyon) IgM ve IgA seviyelerinde artış olduğunu ortaya koyarken, subkutan olarak enjekte edilen farelerde IgG seviyelerinde 
dramatik bir artış olduğunu göstermiştir. BCG aşısının bir nebülizör kullanılarak aerosolize edilmesi, farelerin dalaklarında çok sayıda 
megakaryosit içeren ciddi pulmoner lezyonlarla sonuçlanmıştır. Öte yandan, SC enjeksiyonunun pulmoner dokular üzerinde hafif bir etkisi 
olmuş ve farelerin hepatik dokularında orta derecede ekstramedüller hematopoezi indüklemiştir. Sonuç olarak, İsviçre farelerinin BCG 
ile yanlışlıkla aşılanması, olumsuz doku reaksiyonunu ve Ig seviyesinde kayda değer bir artışı tetiklemiştir. Doku lezyonlarının şiddeti, 
farelerdeki enjeksiyon yolu ile uyumluluk göstermiştir.

Anahtar sözcükler: Aerosol, BCG, Ekstramedüller hematopoez, Fare, Aşı
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Introduction
Mycobacterium bovis is a member of Mycobacterium 
tuberculosis complex (MTBC), the main causes of 
tuberculosis (TB) in livestock and wildlife across the 
globe and most noticeably in Africa and Asia [1-6]. Bovine 
tuberculosis (BTB) is a zoonotic disease that not only has 
a substantial impact on the world economy and animal 
health, but also poses a hazard to both animals and humans [7]. 
It has been estimated that cases of BTB among cattle 
worldwide will be greater than 50 million annually with 
$3 billion loss in economy [8]. Therefore, there is an urgent 
need for BTB control strategies, especially in low- and 
middle-income countries and other regions where test-
and-slaughter methods are not feasible and standardized [9]. 
MTBC are known to induce granulomatous-caseous-
necrotizing lesions mainly in the lungs and regional 
lymph nodes, but they could also induce lesions in the 
liver, spleen, kidneys, mammary glands, pericardium, 
uterus, and brain [10]. 

In Egypt, BTB is considered one of the most significant 
animal health hazards since cattle represent the main 
source of meat and milk in Egyptian community and their 
health status have a great impact on economy and social 
life [11]. In the recent years, there was an increase in the 
incidence of BTB due to the export of live animals from 
endemic regions with a high prevalence of M. bovis [12, 13].

The most effective method of controlling BTB is known to 
be vaccination combined with reliable diagnostic testing. 
Currently, the only alternative for protecting humans and 
livestock against tuberculosis is the live attenuated Bacillus 
Calmette-Guérin (BCG) vaccine [14]. BCG was originally 
intended as a cattle vaccine, and its efficacy against BTB is 
still debated [4]. However, modest clinical symptoms have 
been observed on rare occasions during BCG vaccine 
testing in a few animal species [15]. The individual’s age, 
immunological status, vaccination dose, strain, and route 
of administration of BCG vaccine are the main variables 
that could predict the severity  of tissue reaction to BCG 
vaccine [16]. Most tissue reactions against BCG were 
reported to be local/regional and self-limiting, whereas 
suppurative lymphadenitis and abscessations were the 
most severe tissue reactions that occurred in some cases [15]. 
A large dose of BCG administered subcutaneously to cattle 
resulted in topical lesions with no further problems, and 
the TB bacilli were cleared from the body, but following 
oral administration of BCG to mice, mild side effects were 
observed including infrequent cervical lymphadenitis [17, 18]. 
Although large doses of intranasal BCG provided 
better lung protection, it also caused BCG postvaccinal 
granulomatous pneumonia [19]. Moreover, few studies 
focused on the parenchymatous lesions and altered Ig 
levels caused by live attenuated BCG vaccine.

Consequently, the aim here is to study the histopathological 
alterations in parenchymatous organs after intranasal 
aerosolization (IN, via nebulization) and subcutaneous 
injection (SC) of BCG vaccine in xenogeneic Swiss mice 
and evaluate the changing in Ig level of vaccine mice.

Materials and Methods 
Ethical Statement

The Benha University ethical committee for animal 
experiments approved all procedures that involved the 
handling and collection of blood samples (approval Nr. 
BUFVTM 02-09-22). 

Vaccine 

Servac Freeze-dried BCG vaccine used in trials of the 
present study, was prepared from a living attenuated BCG 
and M. bovis strain. It was produced by the Veterinary 
Serum and Research Institute (VSRI, Abbasia, Egypt). 

Experimental Animals

For this study, 15 Swiss male mice with one and half 
month age, weighing 20 g were purchased from the Center 
for Laboratory Animals at Benha University’s Faculty of 
Veterinary Medicine in Egypt. Before the experiment, all 
mice were acclimated for two weeks (in a light/dark cycle 
of 25±2°C and 12:12 h) and given a standardized pellet 
meal and free access to water.

Vaccination Protocol

As stated in Table 1, the 15 mice were divided into three 
groups, each with five mice. Group 1 (control) mice were 
not immunized. Mice in groups 2 received 0.1 mL Servac 
BCG vaccine by SC injection, while mice in group 3 
received 0.1 mL from the vaccine via IN using a nebulizer 
(Uhde GmbH, Germany) for 5 min. After 21 days, all of 
the mice in the three groups were scarified.

Blood Sampling and Serological Analysis

Before the mice were euthanized, they received an 
intraperitoneal (IP) dosage of 120 mg/kg of ketamine (100 
mg/mL) to anaesthetize them, then blood samples were 
obtained from the retro-orbital plexus in collecting tubes 
containing dipotassium ethylenediamine tetra acetic acid. 
Serum was separated from the collected blood samples 
after centrifugation of the blood tubes for 15 min at 

Table 1. Animal groups and vaccines used in the study

Group Animals Route and Dose

1 (control) Five mice Non-vaccinated

2 (SC- vaccinated 
mice) Five mice 0.1 mL SC and booster dose 14 

days later

3 (IN- vaccinated 
mice) Five mice 0.1 mL IN and booster dose 14 

days later
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1200xg. Immunoglobulins (Ig) IgM, IgA, and IgG levels 
were assessed. Each Ig was tested using enzyme-linked 
immunosorbent assays (ELISAs): rat IgG, IgA, and IgM 
ELISA kits (Creative Biolabs, USA).

Histopathological Analysis

After 21 days of vaccination, all mice were euthanized 
and tiny samples of lung, spleen, kidney, liver, and lymph 
node tissue were taken from each mice. The specimens 
were fixed for 72 h in 10% neutral-buffered formalin, 
dehydrated, cleaned, embedded in paraffin wax, sectioned, 
and stained with hematoxylin and eosin (H&E) dye. 
Using a Nikon eclipse E800 microscope with an OMAX 
eye-piece camera, photomicrographs of histopathological 
changes were taken.

Statistical Analysis

The data was analyzed using the Graph Pad Prism 6.0 
software (San Diego, USA). Parametric one-way analysis 
of variance (ANOVA) and Dunnett’s multiple comparisons 
tests were used to compare outcome variables between 
groups. 

Results
Serum Immunoglobulin Levels

The BCG vaccine induced remarkable changes in the level 
of immunoglobulins in xenogeneic mice via both routes. 
In comparison to control unvaccinated mice, there was 
a significant rise in the level of IgG in the sera of both 
IN (P=0.0015) and SC (P<0.0001) vaccinated mice (Fig. 
1-A; Table 2). Notably, mice with the SC immunization 

of BCG had much higher IgG levels than mice with the 
IN administration. The level of IgM and IgA in the blood 
of both IN and SC vaccinated mice was also significantly 
higher than that in the unvaccinated mice (P<0.0001) 
(Fig. 1-B,C; Table 2).

Histopathology

In most of the examined parenchymatous organs, the 
control group exhibited no degenerative alterations or 
inflammation. In contrast, mice vaccinated via both routes 
had varying degrees of cell damage and inflammation. 
There were no significant microscopic lesions in the lungs 
of control mice (Fig. 2-A). 

The IN-vaccinated mice had more severe pulmonary 
lesions than the SC-vaccinated mice. Bronchioles had 
significant hyperplasia/hypertrophy of the epithelial 
lining, as well as intraluminal homogeneous eosinophilic 
material infiltrated with cellular debris (Fig. 2-B). 
The majority of the mice in this group had significant 
peribronchial mononuclear cellular infiltration. Congestion 
of interalveolar blood vessels was the frequent finding 
in all the mice. There was also multifocal interalveolar 
inflammatory cellular aggregations specially lymphocytes 
in many examined lungs (Fig. 2-C). Intra alveolar oedema 
and hemorrhages were reported in 75% of the mice 
(Fig. 2-D). Hyperplasia of pneumocytes type II was also 
prominent in all the lungs where the hemorrhage was 
extensive (Fig. 2-D). 

In SC vaccinated mice, BCG had less adverse effects 
compared to IN vaccinated mice. Mild bronchial mucosal 
hyperplasia was evident in many mice in SC vaccinated 

Fig 1. Serum levels of immunoglobulins (IgG, IgA and IgM) in vaccinated and unvaccinated mice. 
The graph represent the fold increase in Ig level following vaccination compared to unvaccinated mice. 
Significance difference is indicated as ****P≤0.0001, **P≤0.01

Table 2. The means and standard deviations of immunoglobulin concentrations in control, vaccinated mice by BCG vaccine

Immunoglobulin
Control IN-vaccinated Mice SC-vaccinated Mice

Mean SD Mean SD Mean SD

IgG 390.8 64.3 755.2 50.9 1710.8 209.3

IgM 215.0 26.7 584.2 26.7 779.8 86.5

IgA 357.8 48.4 606.4 19.6 700.4 32.3
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mice (Fig. 2-E). Foci of peribronchial mononuclear 
inflammatory cellular infiltration were also seen in few 
mice in this group (Fig. 2-F). 

The control group’s livers showed no significant 
microscopic alterations (Fig. 3-A). The adverse effect 
of BCG vaccination was more pronounced in the mice 
vaccinated via IN compared to SC route. The hepatic 
parenchyma of IN-vaccinated mice showed foci of 
extramedullary haematopoiesis (EH) and Kupffer 
cell infiltrations. Many of the examined livers in this 
group had hepatocellular deterioration in the form of 
hydropic degeneration (Fig. 3-B). In many mice, there 
were many hepatocytes with basophilic cytoplasm in 
the hepatic parenchyma (Fig. 3-C). Some mice in this 
group had multifocal areas of hepatic necrosis mixed in 

with inflammatory cells (mostly mononuclear and a few 
giant cells) (Fig. 3-D). Congestion of hepatic sinusoids 
with multifocal areas of hemorrhage were also observed 
in IN-vaccinated mice (Fig. 3-E). Thrombosis of some 
central veins was among the incidental findings in few 
mice. Furthermore, periductal moderate infiltration of 
mononuclear cells was detected in a few IN-vaccinated 
mice (Fig. 3-F). In SC vaccinated mice, mild hepatocellular 
degeneration with few foci of hepatic necrosis were 
evident in some examined livers. Many mice had central 
vein congestion with perivascular focal mononuclear 
cellular aggregations (Fig. 3-G). Mild hyperplasia of the 
bile ducts with periductal fibrosis and inflammatory 
cellular aggregation were seen (Fig. 3-H). 

The control mice had no noticeable kidney lesions, 

Fig 3. Liver photomicrographs of control, IN, and SC vaccinated mice with BCG. A) Liver of control group showing normal 
hepatocyte and patent sinusoids. B-F) Liver of I/N vaccinated mice showing hydropic degeneration (B), hepatocytes with basophilic 
cytoplasm in the hepatic parenchyma (C), multifocal areas of hepatic necrosis mixed in with inflammatory cells (D), congestion of 
hepatic sinusoids with multifocal areas of hemorrhage (E), and moderate periductal mononuclear cells infiltration (F). G-H) Liver 
of SC vaccinated mice showing central vein congestion with perivascular focal mononuclear cellular aggregations (G), and mild 
hyperplasia of the bile ducts with periductal inflammatory cellular aggregation (H)

Fig 2. Pulmonary photomicrographs of control, IN, and SC vaccinated mice with BCG. A) lung of control 
group showing nearly normal alveoli and interstitial tissue. B-D) Lungs of IN vaccinated mice showing 
hyperplasia/hypertrophy of the epithelial lining with intraluminal homogeneous eosinophilic material 
(B), interalveolar inflammatory cellular aggregations (C), and Intra alveolar oedema and hemorrhages 
(D). E-F) Lungs of SC vaccinated mice showing mild bronchial mucosal hyperplasia (E), and foci of 
peribronchial mononuclear inflammatory cellular infiltration (F)
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whereas both vaccinated groups had similar renal lesions 
(Fig. 4-A). Proliferative glomerulonephropathy was 
the most common microscopic lesion in the kidneys 
of IN-vaccinated mice (Fig. 4-B). In IN-vaccinated 
mice, necrotic cellular debris was seen in the bowman’s 
space of some glomeruli (Fig. 4-C). Periglomerular and 
intertubular hemorrhage were noted in some mice in this 
group (Fig. 4-C). The IN-vaccinated mice showed a lot of 
basophilic cytoplasm in their renal tubular epithelia (Fig. 
4-D,E). In SC-vaccinated mice, there were a few foci of 
infiltrating intertubular and periglomerular mononuclear 
inflammatory cells in the kidney (Fig. 4-F). 

Control mice showed no significant microscopic changes 

in their heart (Fig. 5-A). Degeneration (vacuolation) of 
cardiomyocytes was prominent in IN-vaccinated mice 
compared to SC-vaccinated mice (Fig. 5-B). Congestion 
and oedema of intermuscular blood vessels were evident 
in IN-vaccinated mice (Fig. 5-C). Cardiomyocytes with 
basophilic cytoplasm and marked loss of striations 
were evident in many IN-vaccinated mice (Fig. 5-D). 
On the other hand, no degeneration was detected in 
the cardiomyocytes in SC-vaccinated mice. Similar to 
IN-vaccinated mice, cardiac muscles with basophilic 
cytoplasm were also seen in some mice in this group.  

No significant microscopic alterations were seen in the 
spleens of the control mice (Fig. 5-E). Megakaryocyte 

Fig 4. Kidney photomicrographs of control, IN, and SC vaccinated mice with BCG. A) Kidney of control 
group showing normal renal glomeruli as well as normal renal tubules. B-E) Kidney of IN vaccinated 
mice showing proliferative glomerulonephropathy (B), necrotic cellular debris in the bowman’s space (C), 
and basophilic cytoplasm in the renal tubular epithelia (D-E). F) kidney of SC vaccinated mice showing 
intertubular and periglomerular mononuclear inflammatory cells

Fig 5. Heart and spleen photomicrographs of control, IN, and SC vaccinated mice with BCG. A) Heart of control group showing 
cardiomyocyte. B-D) Heart of IN vaccinated mice showing vacuolation of cardiomyocytes (B), congestion and oedema of 
intermuscular blood vessels (C), and basophilic cytoplasm and marked loss of cardiomyocytes striations (D). E) Spleen of control 
group showing normal microscopic structure. F) Spleen of IN vaccinated mice showing low number of megakaryocyte proliferation. 
G) Spleen of SC vaccinated mice showing high number of megakaryocyte proliferation
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proliferation was evident in both IN and SC-vaccinated 
mice, but it was more significant in SC-vaccinated mice 
than in IN-vaccinated mice (Fig. 5-F,G). 

Discussion 
BCG is one of the most popular and safest human 
vaccine against tuberculosis worldwide [14]. Although 
BCG has 70-80% effectiveness against the most serious 
complications of TB, i.e TB meningitis, it is less potent 
in preventing pulmonary tuberculosis [20]. Reports of 
adverse reactions to BCG are relatively rare in healthy 
immunocompetent individuals while serious adverse 
reactions were recorded in some immuno-compromised 
individuals [21]. Many factors affect the development of 
various adverse reactions to BCG vaccine including the 
potency and dose of the vaccine strain, administration 
route, age, and host immunity [21]. Post vaccinal adverse 
reactions and complications in humans are mainly in the 
form of mild and transient fever, injection site abscesses, 
lymphadenitis, skin rash, and systemic disseminated BCG 
infection [22]. Although BCG has also been widely used 
in vaccine research in laboratory animal hosts, and it is 
currently being developed for usage in a range of livestock 
and wild animals, the detrimental effects of BCG on lab 
animals i.e mice, however, are not well understood [23]. In 
this study, we studied the adverse effect of BCG vaccine in 
xenogeneic mice using two different routes (IN and SC) 
and assessed the alteration in the immunoglobulin levels 
post vaccination.

The results confirmed that BCG vaccine significantly 
increased the level of IgG in the sera of both IN and SC 
vaccinated mice and caused notable alterations in the level 
of immunoglobulins in xenogeneic mice via both routes. 
Additionally, SC immunization caused a greater rise in all 
immunoglobulins than nebulized BCG vaccination and 
compared to control mice. 

The obtained results come in accordance with previous 
findings of Husain, Kashyap [24] and Husain, Warke [25] 
where they observed increased IgG level in comparison 
with IgA and IgM in mice after BCG vaccination. In 
addition, Medeiros, Armôa [26] found significant increase 
in IgG1 following vaccination of BALB/c mice with BCG 
vaccine. Contrary to these results, other studies has found 
that intranasal BCG vaccination significantly increases IgA 
upregulation compared to subcutaneous BCG vaccination 
and unvaccinated mice [27]. Mice are thought to be more 
resistant to M. tuberculosis infection than humans, and 
they could tolerate large numbers of Mycobacterium in 
their lungs for months without apparent progression of 
disease [28]. 

Our results suggest that BCG vaccination have adverse 
effects on parenchymatous organs which are route-
dependent. The severity of the effects was more 

pronounced in mice vaccinated via the IN route, implying 
that aerosolization of BCG induces an inflammatory 
response with moderate irritation of the respiratory tract. 
The hepatic lesions demonstrate that BCG vaccination 
using IN route alters hepatic architecture and promotes 
more extramedullary hematopoiesis and Kupffer cell 
infiltrations compared to the SC route in rats. 

The present findings showed that BCG vaccine induced 
moderate granulomatous response in the lungs of 
mice after 21 days of vaccination without showing 
intragranulomatous necrosis. This finding has been 
observed in some of previous studies [29]. As an argument 
for this, mice immunized with mucosal vaccination had 
a higher lymphocyte proliferation than mice immunized 
with SC route [30].

Consistent with our findings, intraperitoneal BCG 
vaccination induced significant inflammatory cellular 
infiltration and hepatocyte damage in 3 weeks post 
vaccination [31]. Moreover, it has been reported that BCG 
induced granulomas in some organs, mainly lungs and 
liver, though these granulomas may represent a natural 
immune response [32].

Megakaryocyte proliferation and extramedullary hemato-
poiesis in spleen and livers were prominent in all BCG 
vaccinated mice in this study. Similarly, other studies have 
reported these findings in the mice post vaccination [33,34]. 
In addition, platelets and  the megakaryocyte of which they 
were developed, perform a range of immune functions 
including activating and adhering leukocytes and 
endothelium, creating extracellular traps for neutrophils, 
sensing pathogens, and clearing them [35,36]. As part of 
an immune response to pathogens, extramedullary 
hematopoiesis occurs as well. This response is mainly 
directed towards the spleen and liver, where antigen-
presenting cells and phagocytes take place [35].

Both vaccinated groups endured comparable renal 
lesions. However, cardiac degeneration was one of the most 
severe lesions observed in IN vaccinated mice compared 
to SC vaccinated mice. BCG can be phagocytosed 
and degraded by macrophages, giving rise to various 
immunogenic components [37] that can strongly stimulate 
an inflammatory response through the activation of 
different pattern recognition receptors (PRRs) [38].

The limitation of the current study was the vaccine 
should be evaluated with more routes and study the 
immunological and pathological effects of these routes. 

The present findings clearly showed that a change in the 
route of administration of BCG to mimic the natural 
route of infection might be a successful strategy to prevent 
pulmonary tuberculosis. However, further researches are 
needed to avert aggravating undesirable concerns.
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Abstract: Aim of this work was to study effectiveness of prediction of cows’ milk productivity (yield, fat and protein content) using artificial 
neural network (ANN) technology for data sets with missing values. Four variants of data sets, which consist of different numbers of 
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Ukrayna’da İneklerin Süt Verimliliğinin Tahmininde Yapay Sinir 
Ağlarının Kullanımı

Öz: Bu çalışmanın amacı, ineklerin süt verimliliğinin (verim, yağ ve protein içeriği) tahmin edilmesinde eksik değerlere ait veri setleri için 
yapay sinir ağı (YSA) teknolojisini kullanılarak etkinliğini incelemektir. Farklı sayıda aylık test-günlük süt kayıtlarından (MTDMR) oluşan 
dört farklı veri seti seçilmiştir. Test Aralık Yöntemi (TIM) kullanılarak hesaplanan süt verimliliği kontrol değeri olarak kullanılmıştır. Elde 
edilen sonuçlar, eksik veriler olsa bile süt verimliliğinin YSA kullanılarak tahmin edilebileceğini göstermiştir. Kontrol ile tahmin edilen 
sonuçları arasındaki sıralama korelasyon katsayıları, süt verimi, protein ve yağ içeriği için sırasıyla 0.918, 0.949 ve 0.852 olarak saptanmıştır.
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Introduction
The improvement of modern breeds of farm animals 
occurs with the widespread use of mathematical methods 
integrated into software. One of the basic elements of 
successful application of programs is the availability of 
data on the productivity of animals, collected as a result of 
organized reliable breeding [1]. The list of traits is usually 
regulated by national and international associations 
and unions. Maintenance of such recording scheme is 
important for both, traditional breeding and genomic [2].

In the world, there is a tendency for a constant increase 
in the number of traits, particularly in dairy farming [3], 
which necessitated the use of modern methods of data 
processing, including ANN, machine learning algorithms, 
and other methods [4].

In Ukraine ANN did not find their application in breeding 
practice. However, the main problem in Ukraine is not a 
large amount of data, but the presence of incomplete data 
(missing values) in productivity records, as in many farms 
it is not recorded regularly.
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Therefore, it is often not possible to assess milk productivity 
by classical methods. In this case, there are several ways to 
predict milk productivity of cows [5].

Based on the above mentioned, it was decided to study the 
effectiveness of prediction of milk productivity of cows 
using the capabilities of ANN technology for the cases 
with missing values about milk productivity.

Material and Methods
Ethical Statement

This study was approved by the Commission on bioethics 
of Research Institute of Animal Health of the National 
University of Life and Environmental Sciences of Ukraine 
(Approval no: 103-07 from 01.07.2019).

General Conditions

Cows of different origins, years of birth, and lactation 
were involved in the study. Their milk yield exceeded 6000 
kg per standard lactation (lactation duration 305 days). 
Analysis of milk, collected on the farm, was performed 
in the laboratory. Contents of fat (%), protein (%), lactose 
(%), and somatic cell counts (SCC, thousand/cm3) were 
determined [6].

To transform the somatic cell counts (SCC) into the 
somatic cell scores (SCS) the formula by Wiggans and 
Shook [7] was applied.

For prediction of cows’ productivity 4 variants of the 
data sets were tested, which included different MTDMRs 
counted from the beginning of lactation:

1) first, second, fifth, eighth, and tenth MTDMRs; 2) 
first three, ninth and the tenth MTDMRs; 3) first five 
MTDMRs; 4) second, fifth, and tenth MTDMRs.

Obtained results were compared with results, calculated 
according to TIM [8], using the data of 10 MTDMRs of 
144 cows.

The animals whose data were included in the prediction 
of productivity were the same for all four variants.

Development of ANNs and Their Training

Procedures for training ANNs and prediction were carried 
out for each data set separately. For training of each ANN, 
milk productivity data, calculated using TIM on the basis 
on 10 MTDMRs, were used.

A feedforward ANN was used for training. The number 
of inputs of each ANN corresponded to the dimension of 
the input vector for a certain task (36 - for ANN-1, ANN-
2 and ANN-3, 24 - for ANN-4). For all tasks, the output 
of the ANN was represented by a four-component vector 
of the following traits (data): milk yield, fat and protein 
content per standard lactation.

The number of hidden layers of the ANN was equal to 

one, and the number of neurons in the hidden layer was 
10. The activation function for all neurons is a hyperbolic 
tangent. For all of the neurons biases were used as well.

The estimation of unknown ANNs’ parameters corresponds 
to the total number of biases and weights. The number 
of biases in the hidden layer equals 10 and in the output 
layer - 4. The ANNs’ weights form two matrices: the first 
one for the hidden layer, and the second one - for the 
output layer. For the ANN-1, ANN-2, and ANN-3 cases, 
the hidden layer weights matrix is of 36x10 dimension. 
For the ANN-4 the matrix is of 24x10 dimension. The 
output layer weights matrix for all of the ANNs is of 10x4 
dimension. This data allows the determination of a total 
number of needed parameters: 414 weights and biases 
for ANN-1, ANN-2, and ANN-3, 294 weights and biases 
for ANN-4.

The function that reflected the quality of training (loss 
function) was the root mean square deviation of the 
prediction and training data. Moving on the surface of 
the loss function a training algorithm must determine 
such values of weights and biases, that the corresponding 
value of the loss function reaches a minimum (the best 
variant - the global one). This problem is quite difficult, 
because of the huge dimensionality of the loss function, 
and its topology complexity (non-linearity, multimodality, 
non-separability, etc.). Thus, the selection of a training 
algorithm is a very important stage of the study, it 
influences ANN prediction quality. Here we applied the 
gradient-base ADAM algorithm [9], which is a common 
and effective method of ANNs training. In the ADAM 
algorithm, the size of the data sets, on which one gradient 
was calculated, was chosen to be 50. The number of 
training rounds was 5000 (this number was defined to be 
sufficient to minimize the loss function).

The training pair in the prediction tasks described above 
was represented by data in the following format: input 
vector (traits of the cow) - scalar (productivity of the 
cow per standard lactation). The input vector included 
a different number of components for different task 
statements.

In all samples, the individual cow number, year of birth of 
the cow, sire number (coded with numbers from 1 to 51), 
calving age (in days from birth of cow), day of MTDMR 
(in days from calving) and performance data for each 
MTDMR (milk yield, fat-, protein-, lactose content, and 
SCS) were considered.

All data were normalized. So, numerical values in both 
groups (for training and for prediction) for all traits vary 
from 0 to 1. This makes it possible to train ANNs since 
input vector components vary in the limited domains, and 
no activation function saturation will occur. The feature of 
the current work, which should be stressed, is connected 
with quite a big number of traits in data. This provides 
additional factors to involve in prediction. Their influence 
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we might assess indirectly by analyzing the prediction 
performance of a trained ANN.

Verification of the Accuracy of the Prediction

To compare the received (predicted by ANN) data with 
the control data (TIM), coefficient of variation (Cv) [10] 

and Spearman’s rank correlation coefficients (rs)  [11] were 
calculated.

Results
All average predicted values of milk yield for all ANN 
variants were higher than the control values. Results of 
the first and fourth ANNs most deviated from the control 
values, and the average values of the second and third 
ANNs were the closest to the control ones (Table 1).

A comparison of the results obtained using ANNs 
showed that individual predictions of cows’ milk yield, 
calculated by ANN-1 were the most precise (deviation 
from the control value - Cv=5.16%). Least precise were 
the predictions, calculated by ANN-4 (Cv=7.91). Analysis 
of rank correlation coefficients, confirm the previous 
conclusion.

Since the breeding value of cows is usually calculated 
involving different traits, the predictions for other traits 
like fat and protein content also were made, because these 
traits directly affect the price of milk.

Coefficient of variation of differences between control 
and predicted values of protein content was from 2.17 to 
3.07%, for ANN-1, and ANN-4, respectively. Statistically 
significant Spearman’s rank correlation coefficients 
(P<0.001) were established between predicted and control 

values for all ANNs (rs ranged from 0.88 to 0.95). ANN-
4 was characterized by the smallest rs (0.888), while the 
highest value of rs between predicted and control values 
had ANN-1 (0.949).

Calculation of prediction of fat content in the milk, 
showed the advantage in the accuracy of ANN-2 over 
other variants. The coefficient of variation of ANN-2 was 
smaller by 1.09, 1.39, and 3.64 percentage points compared 
to ANN-1, ANN-3, and ANN-4, respectively.

Based on the results of analysis, it was found that trained 
ANNs are able to predict milk productivity with different 
accuracy. Some ANNs better predicted milk yield, while 
others - fat or protein content (Table 2).

Discussion
Since the last 5 years the number of articles dealing 
with the application of artificial intelligence in animal 
husbandry has increased significantly [12].

The ANN-1 gave the best prediction for milk yield and 
protein content. ANN-2 was more suitable for prediction 
of fat content. ANN-4 showed the worst prediction for 
all traits, however, this can be explained by the smallest 
number of MTDMRs that were included in the database 
for its training (3 MTDMRs from each cow compared to 
5 in other ANNs).

An important criterion for farmers is the cost of this 
assessment. Taking into account the cost of one laboratory 
analysis of milk quality (0.95 USD), the total cost of 
analyzing of milk productivity of a single cow during 
lactation (10 MTDMRs) is 9.5 USD. Using ANNs in 

Table 1. Milk yield, protein, and fat content per standard lactation of cows, calculated by ANN’s with different variants of data sets (n=49)

Parameter Indicator TIM ANN-1 ANN-2 ANN-3 ANN-4

Calculation for 
Milk Yield

M±Se, kg 8467.1±167.61 8569.1±142.65 8474.8±168.28 8505.7±157.95 8590.4±135.19

Cv, % - 5.16 5.98 6.54 7.91

ΔМ, kg - 102.0 7.7 38.6 123.3

rs - 0.918* 0.886* 0.866* 0.815*

Calculation for 
Protein Content

M±Se, % 3.24±0.033 3.234±0.028 3.246±0.027 3.261±0.030 3.248±0.029

Cv, % - 2.17 2.94 2.83 3.07

ΔМ, % - 0.0060 0.0056 0.0213 0.0085

rs - 0.949* 0.909* 0.901* 0.888*

Calculation for 
Fat Content

M±Se, % 4.15±0.061 4.116±0.050 4.139±0.055 4.204±0.051 4.075±0.046

Cv, % - 5.40 4.31 5.70 7.95

ΔМ, % - 0.0345 0.0102 0.0544 0.0751

rs - 0.852* 0.910* 0.853* 0.612*

* Correlation is significant at the 0.001 level; rs - Spearman’s rank correlation coefficients (control: prediction); ΔМ - differences between the average values for control and predicted 
values
TIM: Test Interval Method; ANN-1: Artificial Neural Network-1; ANN-2: Artificial Neural Network-2; ANN-3: Artificial Neural Network-3; ANN-4: Artificial Neural 
Network-4
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various variations, it is possible to reduce the cost of 
evaluation of one cow by more than 50% (ANN-1, ANN-
2, and ANN-3).

The obtained results allow us to conclude that by using 
ANN it is possible to reduce the number of MTDMRs 
during the assessment of milk productivity of cows per 
standard lactation without losing the accuracy of the 
assessment.

Obviously, the number of MTDMRs, included in the 
calculations, is one of the important factors affecting 
the accuracy of the prediction of each ANNs. A similar 
conclusion was reached by other researchers, because 
the precision of the models increases with increase in the 
number of test-day milk records generally [13].

Other important factor is the month of MTDMRs from 
the beginning of lactation. So, the most correct results 
were obtained by ANN-1, which used the data of 5 
MTDMRs, measured on different periods during lactation: 
on the first, second, fifth, eighth, and tenth months.

The application of ANN can help to compute (predict) 
milk productivity of cows for standard lactation if there 
are missing values in the database [14]. This method is 
advisable to use in breeding both at the farm level and in 
breeding centers.
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Abstract: This case report describes a rare condition of a pregnant cat that has endometrial carcinoma. A 5-year-old cat was presented 
because of vaginal discharge on the 40th day after the mating. USG examination revealed small embryonic structures, and thickened 
endometrium. It was decided to perform an ovariohysterectomy operation. The ovaries and uterus were sent to the laboratory for 
histopathological examination. The uterine mucosa showed papillary growth and atypical cells with mild to moderate anisokaryosis 
and occasional mitotic figures. The estrogen beta receptor was mildly positive in some neoplastic epithelium and stromal cells. The 
progesterone receptor was significantly positive in the lamellar layers of the placenta and myometrium but only slight positivity was 
observed in neoplastic cells. In summary, the gestational sacs were still at the implantation stage on the 40th day after mating may 
have been due to the carcinoma in the uterine endometrium and implantation could not occur for this reason. Our case might suggest 
that estrogen-dependent uterine tissue negatively affects embryonal development in cats and thus pregnancy couldn’t be completed 
properly.

Keywords: Endometrial carcinoma, Neoplasm, Queen, Pregnancy

Bir Kedide Endometriyal Karsinoma ve Gebelik Olgusu
Öz: Bu olgu raporu, nadir görülen endometriyal karsinomlu gebe bir kedinin durumunu anlatmaktadır. Beş yaşında bir kedi çiftleşme 
sonrası 40. günde vajinal akıntı nedeniyle getirildi. USG incelemesinde küçük embriyonik yapılar ve kalınlaşmış endometriyum belirlendi. 
Ovariohisterektomi operasyonu yapılmasına karar verildi. Ovaryumlar ve uterus histopatolojik inceleme için laboratuvara gönderildi. 
Uterus mukozasında papiller büyüme ve hafif ila orta derecede anizokaryoz, bazı bölgelerde de mitotik yapılar içeren atipik hücreler görüldü. 
Östrojen beta reseptörü, bazı neoplastik epitel ve stromal hücrelerde hafif pozitifti. Progesteron reseptörü, plasenta ve miyometriumun 
lameller tabakalarında önemli ölçüde pozitifti, ancak neoplastik hücrelerde sadece hafif pozitiflik gözlendi. Özetle, gebelik keselerinin 
çiftleşmeden sonraki 40. günde hala implantasyon aşamasında olması uterus endometriumdaki karsinomdan kaynaklanmış olabilir ve bu 
nedenle implantasyon gerçekleşememiştir. Olgumuz östrojene bağımlı uterusun kedilerde embriyonal gelişimi olumsuz etkilediğini ve bu 
nedenle gebeliğin tam olarak tamamlanamadığını düşündürebilir.
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Introduction
Endometrial carcinoma is a tumor formed by the irregular 
division and proliferation of cells in the endometrium 
of the uterus. One of the most important factors in the 

formation of this disease is that the level of estrogen  
in the circulation is higher than normal [1]. Although cases 
of endometrial carcinoma are commonly observed in 
humans, rabbits, and cows, they are rarely observed 
in cats [2,3].
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According to the data of one study, endometrial carcinomas 
accounted for 0.29% of carcinoma cases in cats [4]. The most 
common symptoms observed in endometrial carcinoma 
cats include abdominal mass, weight loss, loss of appetite, 
pain, and vaginal bleeding [3,4].

In the literature review, it was determined that cases of 
endometrial carcinoma during pregnancy have been 
reported in humans before, and it was evaluated that it 
would be significant to prepare a case report of endometrial 
carcinoma observed during pregnancy in a female cat. [5-8]. 
In this case, clinical, laboratory, ultrasonographic 
and histopathological findings of a pregnant cat with 
endometrial carcinoma and recovery status after an 
ovariohysterectomy operation are presented.

Case History
Before the patient was examined, the owner approved 
the informed consent form that she accepted all the 

procedures to be performed.

The material of this case was a 5-year-old cat brought to 
Burdur Mehmet Akif Ersoy University Veterinary Faculty 
Obstetrics and Gynecology clinics on 7 September 2023 
with the complaint of vaginal discharge on the 40th day 
after the mating. It was learned that 40 days ago, the cat 
stayed with a male cat in another house for three days 
and left that house after mating, did not run away from 
the owner’s house, and did not mate with another male 
cat for 40 days. In the physical examination, it was seen 
that the patient’s pulse, respiratory rate, and rectal body 
temperature were within the reference ranges. It was 
determined that the cat felt pain on abdominal palpation, 
the general appearance of the cat was normal, there was a 
transparent discharge from the vagina, and it was learned 
that her appetite was good. Complete blood count (H60 
Vet, Edan, China) and serum biochemical (Respons®910, 
DiaSys, Germany) examination were performed by taking 
blood samples from the cephalic vena. Serum E2 and 

Table 1. Vital parameters, complete blood count, and biochemical findings

Parameter Value Reference Value Parameter Value Reference Value

WBC (x109/L) 16.35 5.5-19.5 GGT (U/L) 2 0-5

RBC (x1012/L) 7.32 5-10 Glucose (mg/dL) 94.48 56-153

HGB (g/dL) 9 8-15 Total Bilirubin (mg/dL) 0.30 56-13

HCT 50.1 24-45 ALT (U/L) 64.3 26-128

MCV (fL) 41 39-55 AST (U/L) 46.1 14-54

PLT (x109/L) 430 300-800 Albumin (g/dL) 2.57 2.3-3.9

Ostradiol (pg/mL) 5.2 <20 BUN (mg/dL) 35.51 18-36

Progesterone (ng/mL) 28.3 >2 Body temp (ºC) 38.5 37.5-39

Creatine (mg/dL) 0.64 0.6-2 Heart rate (bpm) 124 120-140

Urea (mg/dL) 76 Respiratory rate (rpm) 18 15-30

Total Protein (g/dL) 6.32 5.9-8.4

Fig 1. A- Image of uterine endometrium (yellow arrow) and embryonic sac (blue arrow), B- Size of the 
uterus
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P4 concentrations were measured (Cobas E800, Roche, 
Switzerland) in accordance with the relevant instructions 
using electrochemiluminescence immunoassay kits 
(Elecsys Estradiol III and Elecsys Progesterone III, Roche, 
USA). All values were determined to be within the 
reference range (Table 1).

It was decided to perform a B-mode ultrasonography (7.5-
MHz micro-convex; MyLab™X8 Platform, Esaote, Italy) 
examination for pregnancy examination. During the 
examination, the uterus and gestational sacs were detected. 
The embryonic structures that could be identified were 
quite small compared to the 40th day and there was no 
sign of life [9], the lumen in cervix uteri, corpus uteri and 
cornu uteri was thicker than those of normal (Fig. 1-A), 
and the dimensions of the uterus were determined in the 
area where pregnancy occurred (Fig. 1-B).

Since the patient’s general condition was good and the 
owner did not want his cat to have kittens in the future, it 
was decided to perform an ovariohysterectomy operation. 
Chemotherapy could not be performed because the 
patient owner did not accept chemotherapy treatment.

General anesthesia induction was performed with 5.5 
mg/kg propofol (Propofol®, Polifarma, Türkiye). Then 
the patient was intubated and standard anesthesia 
monitoring was applied. Anesthesia was maintained with 
sevoflurane (Sevorane®, Abbvie, USA). The operation was 
performed with the routine ovariohysterectomy method. 
The gestational sacs were of different sizes and irregular 
shapes, and they were taken out. Then, the ovaries and 
uterus were ligated, removed, and sent to the pathology 
laboratory in 10% formaldehyde for histopathological 
examination. For prophylaxis, 10 mg/kg amoxicillin-
clavulanic acid (Synulox®, Zoetis, Germany) for 5 days, 
and 0.2 mg/kg meloxicam (Meloxicam®, Bavet, Türkiye) 
for 1 day were administered s.c. after the operation. In 
the follow-up examination performed one week later, the 
patient had recovered.

Histopathology Findings

Pregnancy was detected on the macroscopic examination 
of the uterine tissue. The uterus’ lumen was seen to be 
enlarged, contain some purulent material, and occasionally 
have thickened mucosa (Fig. 2). Four kittens in the early 
stages of gestation were also present. Uterine samples 
were fixed in 10% formaldehyde and were embedded in 
paraffin after routine follow-up procedures. Sections of 
5-micrometer thickness were taken from paraffin blocks, 
stained with hematoxylin-eosin, and evaluated under a 
light microscope. In the histopathological examinations, 
the uterine mucosa showed papillary growth and atypical 
cells with mild to moderate anisokaryosis and occasional 
mitotic figures. Furthermore, stromal invasion, irregular 
and merged cribriform pattern of glands, stromal 

disappearance, and surface syncytial changes were 
noticed (Fig. 3-A,B). There was no cystic formation 
which is characteristics of cystic endometrial hyperplasia. 
Immunohistochemical staining was performed with 
cytokeratin, vimentin, estrogen receptor alpha (ER-alpha), 
beta (ER-beta), and progesterone receptor. Neoplastic 
cells exhibited significant cytokeratin positivity (Fig. 3-C). 
Vimentin positivity was observed in stromal cells and 
placental cells but not in the neoplastic epithelium (Fig. 
3-D). ER-alpha receptor was negative in all sections. ER-
beta was mildly positive in some neoplastic epithelium 
and stromal cells (Fig. 3-E). The progesterone receptor was 
significantly positive in the lamellar layers of the placenta 
and myometrium but only slight positivity was observed 
in neoplastic cells (Fig. 3-F). 

Fig 2. Macroscopical view of the gravid uterus with embryonal sacs

Fig 3. A- Papillary proliferation of endometrial epithelium with merged 
endometrial glands and stromal invasion, B- Papillary growths and 
occasional mitotic figures (arrow) in atypical neoplastic cells, C- 
Cytokeratin positivity in neoplastic cells (arrows), D- Negative vimentin 
reaction in neoplastic cells but a positive reaction in the stroma (arrows), 
E- Mild ER-beta positivity in some neoplastic epithelial cells (arrows) 
and prominent positivity in stromal cells, F- Mild progesterone receptor 
positivity in neoplastic epithelial cells (arrows)
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Discussion
It is known that the sudden increase in the level of estrogen 
in the circulation stimulates the formation of endometrial 
carcinoma in female mammals and accelerates its 
development [8]. 

While progesterone suppresses estrogen-induced endo-
metrial growth during the luteal phase, it also prepares the 
endometrium for blastocyst implantation. In this balance 
between growth-stimulating estrogen and growth-
suppressing progesterone, the hormone that triggers 
cancer formation is usually estrogen. In domestic animals, 
estrogen levels that are not suppressed by progesterone 
can lead to endometrial hyperplasia or cancer [10]. In this 
case, the fact that the progesterone level was high and 
the estrogen level was relatively low during pregnancy 
suggests that the carcinoma may have formed in the first 
days of pregnancy or before pregnancy.

Histological differentiation of well-differentiated endo-
metrial carcinoma with atypical hyperplasia is challenging. 
According Kurman and Norris[11], stromal invasion, 
irregular infiltration of glands, desmoplastic response, 
confluent glandular pattern, and extensive papillary 
pattern are indicators of malignancy. Yet, Silverbeerg[12] 

suggested that papillary growth is not a reliable criterion 
but stromal invasion with stromal disappearance, 
desmoplasia and necrosis or combination of them are 
the best criteria of low-grade carcinoma. In our case, 
mild to moderate nuclear atypia, extensive papillary 
growth with surface syncytial changes, irregular and 
merged cribriform pattern of glands, stromal invasion, 
and stromal disappearance were encountered. Thus, 
well-differentiated carcinoma was diagnosed based on 
histopathological findings.

The expression of estrogen and progesterone receptors in 
tumor masses in humans has been linked to the prognosis 
of endometrial carcinomas [13,14]. In feline endometrial 
carcinomas, ERs-alpha are positive in 50-83.3% of cases, 
whereas progesterone receptors are generally positive [3,15]. 
In another study, loss of ER-alpha expression was detected 
in the endometrium and myometrium, while progesterone 
receptor expression was observed in the stroma and 
myometrium [16], and suggested that alternative pathways 
involving local growth factors can influence epithelial 
proliferation. Similarly, in the presented case, the lack of 
the progesterone receptor in the tumoral tissue and its 
presence in the myometrium were observed. ER-alpha was 
also found to be negative throughout the section, however, 
the ER-beta was revealed to be positive in some tumoral 
epithelial and many stromal cells. Negative ER-alpha 
expression has been linked to the loss and methylation 
of transcriptional activators in tumor tissue, as well as 
the trans domination of ER-beta [16,17]. It has also been 

observed that ER-alpha deficiency is associated with a poor 
tumor prognosis in feline endometrial carcinomas [16]. 
Furthermore, the ER-beta receptor has been discovered 
as a uterine proliferation controller [19]. In our case, the 
negativity of ER-alpha and the very low positivity of ER-
beta might be interpreted as a negative prognostic factor.

In this case, it was observed that the embryonic sacs were 
approximately 9 mm in diameter on the 40th day after the 
mating. In cats, implantation occurs between 12-14 days 
of pregnancy. It has been determined in previous studies 
that the outer embryonic sac diameter is approximately 
8 mm in diameter at this stage [9,20]. In the early stages 
of pregnancy, endometrial carcinoma adversely affects 
embryo development and implantation [6]. In summary, 
we think that the reason why the gestational sacs were 
still at the implantation stage on the 40th day after mating 
may have been due to the carcinoma in the uterine 
endometrium and implantation could not occur for this 
reason. Our case and clinical review of the literature might 
suggest that estrogen-dependent uterine tissue negatively 
affects embryonal development in cats and thus embryos 
may not have developed properly.
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Abstract: This report identifies clinical, Magnetic Resonance Imaging (MRI), surgical and histological findings of recurrent solitary 
spinal meningothelial meningioma in a dog. Five-year-old female Pomeranian dog with a history of severe cervicalgia was subjected. A 
solitary mass between C3-C4 vertebras were diagnosed by MRI, and surgery was carried out with successful results; however, clinical signs 
reappeared one year after surgery.  Control MRI revealed the recurrence of the mass at the same location. Patient reoperated and it was 
histopathologically reconfirmed as meningothelial meningioma. In conclusion, reoperation of the recurrence of spinal meningioma can be 
suggested for the practitioners. 
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Bir Köpekte Nüks Eden Soliter Spinal Meningothelial Meningioma
Öz: Bu rapor bir köpekte nüks eden soliter spinal meningothelial meningiomanın klinik, manyetik rezosans görüntüleme (MRG) ve 
histopatolojik sonuçlarını bildirmektedir. Şiddetli servikalji ile kliniğe getirilen 5 yaşlı dişi Pomerian ırkı köpekte, C3-C4 vertebraları 
arasında solid yapılı bir kitle MRG ile tespit edildi ve operatif mudahale ile başarılı sonuç alındı. Ancak 1 yıl sonra klinik bulguların 
tekrar ortaya çıkmasıyla birlikte çekilen kontrol MRG’sinde kitlenin nüks ettiği görüldü. Hasta tekrar operasyona alındı ve alınan kitlenin 
histopatolojik incelemesinde ilk sonuçla aynı olan meningothelial meningioma tanısı kondu. Sonuç olarak, nüks eden spinal meningioma 
hastalarına operasyon yapılması pretisyen hekimler için önerilir bulundu.
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Introduction
Spinal meningiomas can be classified as encapsulated 
like tumors according to their well-defined shape. They 
constitute between 55-65% of spinal tumors [1]. MRI is the 
method of choice in diagnosing of meningiomas because 
the scenery of the tumor is typical which has a well-
defined shape and is located intradural-extramedullary or 
extradurally. They often have a broad-based attachment 
to the duramater [2,3]. Tumor appears as iso-intense or 
hypointense in T1W images and mildly hyperintense in 
T2W images. In addition to that, it has a homogeneous 
contrast enhancement [4]. However, histopathologic 
examination is required for definitive diagnosis. 

Optimal treatment for spinal meningioma is surgery. 
Other treatment options for spinal meningioma are 

chemotherapy, radiotherapy or different combinations 
of them with surgery. The combined treatments of 
surgery and radiotherapy can significantly extend the life 
expectancy and decrease the rate of recurrence [5]. 

The aim of representing this report was to evaluate 
the clinical symptoms, advanced diagnostic work up, 
surgical management and histopathologic characteristics 
of cervical meningioma in a dog that faced a recurrence 
one year after surgery, and to determine the successful 
reoperation for the second time with satisfactory 
improvement.

Case History
Five-year-old Pomeranian dog was admitted to Ankara 
University Faculty of Veterinary Medicine Department 
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of Surgery with a history of severe pain in cervical spine 
and she had a certain loss of appetite. An “informed 
consent form” involving the whole process was obtained 
in the presented case. In neurologic examination, the dog 
was mentally alert and had normal cranial and spinal 
reflexes. All limbs had intact deep pain perception. Serum 
biochemistry and cell blood count were checked and they 
were all in reference. Spinal radiographs were normal. 

MRI was carried out with 3 Tesla (Siemens). Anesthesia 
was induced by butorphanol (0.1 mg/kg) and diazepam 
(0.5 mg/kg) and it was maintained by Total Intravenous 
Anesthesia (TIVA) consisted of propofol with a dosage 
of 0.3 mg/kg/min. Images acquired as sagittal, dorsal and 
transverse views in T1W, T2W and post contrast T1W 
(Gadolinium Dimeglumine was used at dose of 0.1 mmol/
kg body weight (BW) intravenously). The lesion was 
observed as a focal mass. It looked hypointense in T1W 
and isointense to hyperintense in T2W images. Lesion was 
located at the right side adjacent to the dural margin. Post 
contrast T1W image revealed a broad-based attachment 
to the duramater located both extra and intradurally 
in C3-C4 region (Fig. 1). The images mimicked nerve 
sheath tumor.

In preoperative period, cefazolin (Equizolin 500 mg/2 mL) 
was used at dose of 20 mg/kg intravenously for prophylaxy. 
Butorphenol (0.1 mg/kg) was applied subcutaneously 
in order to apply preemptive analgesia. Intravenously 
diazepam (0.5 mg/kg) was used (Diazem 10 mg/2 mL) 
for premedication. Propofol, with a dosage of 3 mg/kg, 
was used to make induction of anesthesia and the dog 
intubated orolaryngeally. The anesthesia was maintained 
by isoflurane. Constant Rate Infusion (CRI) of ketamine 
at a dosage of 0.3 mg/kg/h with the speed rate of 5 mL/
kg/h was applied for perioperative analgesia. 

The dog was positioned in sternal recumbency with the 
head gently flexed in a neutral position, and operation 
table was slightly tilted to the left side. Midline incision 
was made over the C2-C5 spinous processes. Paraspinal 

muscles were separated by subperiosteal dissection. 
Hemilaminectomy was performed at C3-C4 intervertebral 
foramen by surgical burr and hemilaminectomy defect 
was extended both cranially and caudally based on 
the size of the mass. A pale yellowish tumor along the 
nerve roots and invading intradurally was revealed by 
durotomy. The mass including root was removed by 
microdissection and aspiration under the operation 
microscope blood vessels of the meninges were obscured 
by electrocoagulation. Durotomy defect was not sutured. 
Fat graft, which was harvested subcutaneously, was placed 
in hemilaminectomy defect.  

In the post-operative period gabapentin (Neruda 250 
mg/5 mL suspension) with a dose of 10 mg/kg was 
administered in every 12 h PO for two weeks after the 
surgery. Prednisolone at a dose of 0.5 mg/kg, PO, BID for 
two weeks and amoxicillin and clavulonic acid was used 
(Augmentin 625 mg) at dosage of 25 mg/kg PO, BID for 
one week after the surgery. Ten days after operation patient 
was clinically normal and was followed by telephone 
communications in certain periods.

The retrieved mass was examined histopathologically 
(Fig. 2). Uniform meningothelial cells with large, round/
oval, normochromatic basophilic nuclei were seen. 
In some regions, fibrous bundles were identified, as 
well. These cells tend to come together as lines or small 
clusters in which the cytoplasmic borders could not 
be distinguished. Microcalsification was observed in 
some areas. In addition to that, psammoma bodies were 
observed. Furthermore, there exists an ascending rate of 
mitotic activity of the cells without necrosis. The results 
were at the same line with meningothelial meningioma 
which was classified as grade 1 tumor of meningioma.

Twelve months after surgery, the similar clinical signs 
reappeared. In addition to cervicalgia, incoordination and 
ataxia was observed in the gait analysis. MRI was taken 
for the second time with the same anesthesia protocol, 
accordingly (Fig. 3). The tumor became larger than the 

Fig 1. T1W, T2W and post contrast T1W sagittal and transversal images of the patient.  A: The T1W 
sagittal image indicates the hypointense lesion at C3-C4 (black arrow), B: T2 W sagittal image shows the 
iso-to-hyperintense lesion (black arrow), C-D: shows sagittal and transversal postcontrast T1W images, 
respectively. The dural tail sign can be seen (black arrow) in the sagittal image
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beginning which was filling nearly about 2/3 diameter of 
spinal canal. The lesion was hypointense in both T1W and 
T2W images; however, in T2W image the circumference 
of the lesion was hyperintense, and well contrast enhanced 
in postcontrast T1W images. 

Surgical intervention was carried out with the same 
protocol. The difference from the first surgical findings 
was swelling and a purplish color change in the duramater. 
Based on the differences, hemilaminectomy defect was 
enlarged, the mass was revealed in greyish color, well 
demarcated and it pushed the spinal cord to left side. The 
mass was removed by microdissection and aspiration. 
The dural attachment was extensively coagulated. The 
dural defect was not repaired for the possibility of tumor 
recurrence. Operation wound was closed with the same 
procedure as the first operation. In the post-operative 
period, the same pharmacy was used in order to make 
pain management and prophylaxis for infection. The 
patient’s neurological status was indistinguishable from 
before the operation at the 2nd day; however, it was 
deteriorated from second month to the fourth by the 
time. The owner declined further diagnostic workup and 
preffered euthanasia, accordingly.

Discussion
Surgery is the optimal treatment option for solid 
spinal meningiomas, although there is limited data for 
reoperation of meningioma after recurrence[6,7]. In human 
studies, the residual volume of meningioma after the 
operation considered as an important cause of recurrence. 
Thus, gross total resection is the primary goal of surgeons, 
however retrieving tumor is carry a high risk of neural 
damage. In the presented case, the authors did not have 
information about the residual volume because of absence 
postoperative control MRI, but it was estimated that there 
was no residual tumor in both interventions. 

MRI provides evaluation of the tumors with their 
characteristic features to reach presumptive diagnosis. 
The reported case introduces a meningioma which 
mimics nerve root tumor. The shape and location of the 
mass led us to consider nerve sheath tumor rather than 
meningioma in MRI. In generally, meningiomas do not 
spread through the intervertebral foramen and they are 
located as intradural-extramedulary as a solid mass and 
causing root compression in some cases [6]. However, 
in this case report meningioma protrudes through 
intervertebral foramen which is an important finding and 

Fig 2. The histopathologic examination of the mass that was retrieved at C3-C4.  A: Psammoma bodies and fibrous 
bundles were observed, B: Increased mitotic activity of the cells is shown and there does not exist any necrotic area

Fig 3. Sagittal T1 and T2 W images as well as sagittal and transversal postcontrast T1W images of the same patient 
one year after surgery with the recurrence signs. A: T1W sagittal image indicates the iso - hypointense lesion, B: 
Indicates the iso-hyperintense lesion in the T2W sagittal image, C-D: Well contrast enhanced mass in both sagittal 
and transversal images, D: It relocated intradural- extramedullary in transversal image
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it highlights the uniqueness of the study. In accordance 
with these findings, histopathologic examination should 
be taken into account so as to come up with the definitive 
diagnosis. These unusual data should be considered by the 
practitioners.

Reoperation for spinal disorders carry heavy risk of 
surgical morbidity.  As for the presented case, fibrous tissue 
was filled and adherent to the free fat graft. It was gently 
removed. The tumor was appeared as darker color and 
almost totally located intradurally. It was retrieved under 
the surgical microscope. In this case, after the second 
surgical intervention, recovery of the neurologic status of 
the patient was fast enough like the first surgery. However, 
the reason of faster deterioration of the neurological 
status of the case after second surgery compared with the 
first, could not be clarified because of not having further 
diagnostic work-up.

In general, histologically benign tumors prove to 
be non-recurring and non-metastasizing lesions; 
furthermore, histologically malignant tumors usually 
behave aggressively. In human grade I meningioma, 
surgery is the method of choice for the treatment and 
results are satisfactory and postoperative recurrence is 
low which is found approximately 3-20% [7]. Thus, for 
veterinary medicine, it is known that the observation rate 
of recurrence in grade 2 and grade 3 subtypes are higher 
than grade 1 subtype as human being. However, the 
natural history of recurrences of benign meningiomas in 
veterinary medicine have been described that there exists 
no specific rate of recurrence for grade 1 meningiomas [2,7-10]. 
In the presented case with grade 1 meningioma (WHO 
classification), recurrence was seen one year later, and 
required a reoperation. This illustrates that tumor regrowth 
is possible after gross total resection and careful follow-up 
is important for the recurrence.

Several important histologic variants of meningioma, 
and even a histopathologically typical meningioma can 
have unusual radiological features so less frequent and 
uncharacteristic imaging features should be known 
so as to suggest the correct pre-operative diagnosis in 
clinical cases. [11,12]. In this case, tumor has characteristic 
image which mimicked the nerve sheat tumor. After 
hemilaminectomy, the mass was seen alongside the nerve 
roots and adherent to the duramater. The appearance and 
location of the tumor was at the same line with MRI findings 
and consistent with nerve sheath tumor. In addition, after 
durotomy the part of intradural mass was also mixed with 
rootlets. In contrast, histological examination revealed 
type 1 meningothelial meningioma rather than nerve 
sheath tumor. This illustrates the uncharacteristic MRI 
images for the solitary meningothelial meningioma, and 
this should be taken into account in the pre-operative 
period [11].

In conclusion, further studies are needed for determining 
the rate of recurrence according to the tumor subtypes 
of meningiomas and for outcome of reoperation. The 
control MRI and detailed histological evaluation of 
the tumor are essential for the follow up of the cases. 
With respect to the experience that was gained from 
the presented case, reoperation of meningioma can be 
considered for the practitioners, should it be possible for 
them to evaluate and follow-up the case more in detail.
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Abstract: Feline progressive histiocytosis is a rare proliferative disorder manifested by solitary or multiple cutaneous nodules and papules 
with potential late distant metastasis. This case study presents clinical, diagnostic imaging, and histopathologic findings and therapeutic 
approach to progressive ocular histiocytosis detected in a 1.5-year-old male Domestic Shorthair cat with a complaint of a painless firm mass 
on the left lower eyelid. Magnetic resonance imaging (MRI) of the orbit revealed a tumoral lesion expanding from the left lower eyelid into 
the intraorbital space, translocating the bulbus from ventrolateral to dorsomedial. The computed tomography (CT) visualized a destructive 
lesion on the infraorbital edge, which was histopathologically confirmed to be progressive nodular histiocytosis. 
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Bir Kedide Progresif Oküler Histiyositozis
Öz: Feline progresif histiyositozis, olası geç dönem uzak metastazlı soliter veya çoklu kutanöz nodüller ve papüllerle kendini gösteren nadir 
bir proliferatif hastalıktır. Bu olgu sunumunda sol alt göz kapağında ağrısız sert kitle şikayeti ile başvuran 1.5 yaşında erkek evcil kısa tüylü 
bir kedide saptanan ilerleyici oküler histiyositozun klinik, tanısal görüntüleme, histopatolojik bulgular ve tedavi yaklaşımı sunulmaktadır. 
Orbitanın manyetik rezonans görüntülemesinde (MRG), sol alt göz kapağından intraorbital boşluğa doğru genişleyen ve bulbusu 
ventrolateralden dorsomedial’e kaydıran tümöral bir lezyon görüldü. Bilgisayarlı tomografi (BT), infraorbital kenarda histopatolojik olarak 
progresif nodüler histiyositoz olduğu doğrulanan yıkıcı bir lezyonu görüntüledi.
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Introduction
Feline progressive histiocytosis (FPH) is a rare disorder, 
with limited reports in horses, cattle, dogs, and 
humans [1,2]. The incidence of the disorder in cats is 
unknown due to the differential diagnostic challenge. 
Histiocytic neoplasms are classified as focal and self-
restricting (cutaneous histiocytoma), locally aggressive 
(localized histiocytic sarcoma), and multisystemic lesions 
(disseminated histiocytic sarcoma) [1,2]. No breed, age, and 
gender predisposition has been noted [3]. 

The lesions emerge as solitary or multifocal painless, 
alopecic, or ulcerated cutaneous nodules on the head, 
neck, and distal extremities and can be easily confused 
with other allergic, infectious, and neoplastic types of 
skin disorders [2-4] . Histiocytosis may show a spontaneous 

regression in dog [5], on the contrary, it can progress into a 
malignant histiocytic sarcoma-like neoplasm, with lymph 
node, liver, spleen, kidney, lung, and even bone marrow 
metastasis in cat [2,3,6]. It is usually a fatal disorder with the 
lack of efficient therapeutic options. 

This report presents clinical, imaging, and histo-
pathological findings and surgical treatment, and its 
postoperative outcome of an infrequently encountered 
diffuse progressive histiocytosis case in a male Domestic 
Shorthair cat expanding from the lower eyelid skin of the 
left eye into the soft tissues of the intraorbital cavity. 

Case History
A veterinary practitioner submitted a 1.5-year-old neutered 
male Domestic Shorthair to the Istanbul University-
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Cerrahpaşa, Veterinary Teaching and Research Hospital 
for further evaluation of a fast-growing mass on the left 
lower eyelid. In the relevant case, an “informed consent 
form” containing the entire process was obtained. The 
patient initially received for a week systemic antibiotics 
and anti-inflammatory drugs with no recovery. 

Physical examination revealed no abnormailty in the 
patient’s general health status. However, a round-shaped 
solid tumoral mass with an approximate diameter of 3 cm 
was detected on the lower eyelid of the left eye, attached 
firmly to the underlying zygomatic arch. Conjunctival 
congestion, hyperemia, and partial dorsomedial 
eyeball deviation were noted. The affected eye resisted 
retropulsion, and the protruding third eyelid could not be 
stretched onto the ocular surface (Fig.1-A). No intraocular 
lesion was detected. Menace response, pupillary light, and 
dazzle reflexes were normal. Right (15 mm/min) and 
left (7 mm/min) eyes Schirmer’s tear test and right (22 
mmHg) and left (24 mmHg) intraocular pressure values 
were within reference range, of 11-23 mm/min and 15-25 
mmHg, respectively. The left submandibular lymph node 
was mildly enlarged. Detailed blood testing exhibited no 

abnormal values, and thoracal and abdominal radiography 
revealed no evidence of metastasis. 

Orbital magnetic resonance imaging (MRI) revealed an 
exophytic, infiltrative mass with heterogeneous contrast 
expanding from the subcutaneous space of the left lower 
eyelid into the intraorbital cavity with conjunctival and 
muscle involvement. Orbital computed tomography (CT) 
confirmed destructive lesions on the base of the orbit. 

MRI of the brain and orbit was performed by a 1.5 T 
MRI unit. T1W FLAIR images were obtained after 
intravenous injection of gadopentetate dimeglumine (0.1 
mmol/kg). Sequences of transverse, sagittal, and coronal 
planes revealed a maximum of 2.6x2.6x2.2cm-sized 
ventrolaterally located mass with a subcutaneous fatty 
content on the caudal aspect of the left eye. T2-weighted 
images showed a mass lesion with heterogeneous 
hyperintense signals, and T1-weighted contrast images 
revealed a centrally hypointense nodular lesion with partial 
peripheral contrast enhancement, particularly indicating 
a potential malignant mass of aggressive behavior with 
central necrosis. Fatty planes between the defined lesion 
and the orbit were undistinguished (Fig. 2-A,B). 

Fig 1. A 1.5 years old Domestic Shorthair cat. A- with photophobia and retrobulbar swelling. B- This 
swelling appeared to be a large solid mass attached tightly to the bulbar surface of the left lower eyelid

Fig 2. Preoperative magnetic resonance image of progressive histiocytosis. A- Coronal T2-weighted 
image. Image of the mass with heterogeneous hyperintense signals, B- Axial T1-weighted contrast image. 
A nodular lesion with central necrotic hypointense and partial peripheral contrast enhancement.
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CT imaging was performed by the Siemens SOMATOM 
Scope VB30 (0.6 mm, 110 Kv, 28 mA with an exposure 
time of 14 sec). The scans demonstrated a mass of 
approximately 2.6x2.6x2.2 cm ventro-laterally located 
within the subcutaneous fat plane on the caudal aspect of 
the left eye, and partial destruction of the orbital bone was 
noted (Fig. 3-A,B). 

Immediately after MR and CT imagines and while the 
patient was still under general anesthesia, the mass with 
extraocular soft tissue and bone involvements along 
with bulbus oculi were surgically removed. The tumoral 
lesion on the left lower eyelid was excised through a 
linear incision on the skin, and then orbital exenteration 
was performed (Fig.1-B). Honeycomb-like lesions on the 
inferior wall of the bony orbit were removed by a 16 cm 
rongeur until macroscopically intact tissue was achieved, 
and the resected tissues were then submitted in 10% 
neutral buffered formalin for histopathology. After routine 
histopathological preparation and sectioning procedures, 
4 μm thick sliced samples were stained with hematoxylin 
and eosin (H&E) and examined by a light microscope. The 
histologic examination of the tumor revealed multinodular 
histiocytic infiltrates composed of round to polygonal 
cells with a light eosinophilic cytoplasm and irregular 

vesicular nuclei. Moderate anisocytosis and anisokaryosis 
were observed, and a reactive inflammatory response 
was prominent (Fig. 4-A,B). After ocular enucleation, a 
drain was placed in the medial canthus. Following full 
anesthetic recovery, the patient was discharged prescribing 
ceftriaxone (50 mg/kg SID IM), and meloxicam (0.01 
mg/kg SID SC) for one week. An Elizabethan collar was 
recommended for two weeks. The drain and the sutures 
were removed on the fourth and twelfth postoperative 
day, respectively, and periodic follow-ups were scheduled 
to evaluate potential recurrence and infection. The owner 
declined postoperative radiotherapy and chemotherapy. 
During five months follow-up period no health complaint 
was noted. 

Discussion
This is the first comprehensive case study to present 
clinical findings, including diagnostic imaging scans (MRI 
and CT), histopathological features, and a therapeutic 
approach to feline progressive ocular histiocytosis 
among few previously reported cases in cats [4,6]. This is 
also the first and only case in a cat where ocular tissues 
were affected, and advanced imaging techniques were 
utilized for clinical diagnosis. Therefore, this report is 

Fig 3. Preoperative computed tomography images. A- Ventrolateral appearance of the mass in the axial 
plane, B- Partial destruction of the left orbital bone in the coronal plane

Fig 4. Histopathological findings. A- Subcutaneous densely cellular histiocytic nodule with inflammatory 
cells (H&E, original magnification x200), B- Atypical cells with round to polyglonal cell borders, lightly 
eosinophilic cytoplasm and irregular vesicular nuclei with marginated chromatin. Moderate anisocytosis 
and anisokaryosis are remarkable (H&E, original magnification x400)
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considered to provide a better understanding of the lesion 
and contribute to the literature. A comparative evaluation 
of imaging scans of its human counterpart suggests the 
potential efficacy of these techniques in feline practice.

Progressive histiocytosis is usually encountered in young 
dogs [7], whereas in cats it typically affects middle-aged to 
older cats (Age range=7-17) [2]. Despite the lack of known 
breed and gender predisposition, females are slightly 
more prone to develop the disorder [8]. In a study by Costa 
et al.[8], 21 of 26 cases were represented by approximately 
9.3-year-old Domestic Shorthair cats. FPH is initially 
manifested by well-circumscribed solitary skin nodules 
that may extend to 4 cm in diameter [9]. Nevertheless, it 
is usually smaller than 2 cm, showing progressive growth 
as multiple papules, nodules, and plaques [2]. Skin lesions 
are most likely to have developed in different species 
diagnosed with progressive histiocytosis; however, there 
are only few reported cases of FPH, particularly with 
ocular involvement [1]. Unlike the previously documented 
cases, progressive histiocytosis occurred in a young (1.5 
years of age) male cat, developing as a primary ocular mass 
showing rapid growth in two months in the presented 
report. Moreover, the lower eyelid skin was affected, 
including the intraorbital soft tissues with inferior orbital 
wall involvement. The solid lesion was more extensive 
than the previously reported cases and showed exophytic 
growth, compressing the bulbus oculi on the orbit’s caudal 
portion. 

Clinical findings in FPH differ due to the affected 
organ systems. Yaygıngül et al.[10] reported that unilateral 
exophthalmos, nictitating membrane protrusion, secondary 
conjunctival hyperemia, keratitis, strabismus, dysphagia, 
blindness, glaucoma, retinoschisis, circulatory alterations 
or edema, changes in pupillary light or corneal reflexes 
were detected in a calf due to progressive paraorbital 
histiocytosis. In our case restricted ocular and lower eyelid 
movements of the left eye due to the lesion’s localization 
and tumoral infiltration of the extraocular muscles 
were determined. Decreased palpebral reflex resulting 
in lagophthalmos, exophthalmos, protruded nictitating 
membrane, conjunctival hyperemia, the eyeball’s partial 
dorsomedial deviation, and partial ventral resistance to 
retropulsion were also noted. 

Histological examinations of tumor masses often reveal 
proliferation of pleomorphic histiocytes with marked 
hemophagocytosis [2]. It is well known that FPH and  
feline histiocytic sarcoma (FHS) have common histologic 
features [2,7,8]. Especially, the morphological features 
of the advance form of FPH resemble of those of 
FHS [2]. In our case, the round to polygonal cells that 
constituted the multinodular histiocytic infiltrates with 
moderate anisocytosis and anisokaryosis and the reactive 
inflammatory response was compatible with the histologic 

findings of the previous reports of FPH [2,7]. Also, absence 
of high mitotic index and numerous multinucleated 
giant cells with bizarre mitotic figures differentiated the 
histologic findings of our case from those of FHS [8].

Advanced imaging techniques (MRI and CT scan) are 
utilized to identify the depth and extent of the ocular and 
orbital lesions aiding in differential clinical diagnosis, 
which facilities the most efficient therapeutic protocol, and 
also to monitor the prognosis of the defined disorder [9]. 
Despite the valuable diagnostic and surgical guidance 
of CT scan and MRI [11], Park et al.[12]  suggested that 
both imaging techniques might fail to make a specific 
radiological diagnosis in malignant fibrous histiocytoma 
(MFH) cases due to the poor or inconsistent signaling. 
In CT scans, MFH usually appeared to be a large 
multilobulated soft-tissue mass isoattenuating to muscle 
due to necrosis, hemorrhage, or myxoid material at the 
center, and calcification or ossification could be imaged 
with relatively poor preciseness like 5-20%. In MRI, MFH is 
typically visualized as isoattenuating mass to muscle tissue 
in T1-weighted scans and heterogenous hyperintense 
mass in T2-weighted sequences. Khan and Sepadhari [9] 

reported that a CT scan of the brain demonstrated 
osteolytic lesions in the right frontal and zygomatic bones 
in a patient with ocular histiocytosis, and MRI revealed a 
heterogenous exophytic infiltrative mass extending from 
the intraorbital cavity to the subcutaneous space. In the 
presented case, we obtained similar data concerning the 
radiographic imaging of the lesion. The closeness of the 
mass to the orbit necessitated MRI for clinical diagnosis. 
MRI of the patient’s orbit and periocular areas revealed 
a left lower eyelid-originating mass near the left medial-
inferior orbital wall, extending into the left orbital cavity 
and intraorbital soft tissues, pushing out the eye bulb from 
ventrolateral to dorsomedial. The indistinct moth-eaten 
appearance of the medial-inferior orbital wall suggestive 
of lytic areas was confirmed as the destruction of the 
orbital bone on CT scans.      

While localized eyelid lesions are successfully treated by 
excisional biopsy, surgical management of FPH varies. 
Kim et al.[5] suggested that the primary therapeutic 
approach to canine cutaneous histiocytomas is surgical 
excision, and local recurrence or occurrence of a new 
lesion on the other body parts is highly unlikely. Coste 
et al.[8] showed that a wide local excision with clear 
surgical margins generated favorable outcomes in seven 
cats with FPH located on different body regions other 
than the orbit. On the contrary, in a study by Affolter 
and Moore [2], local recurrence was noted in four out of 
8 cats with a solitary mass or limited cutaneous lesions 
with a few nodules that underwent surgical excision and 
new tumoral lesions developed in other body parts in all 
surgically treated cats. The results of the presented case are 
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compatible with the outcomes of some of the previously 
mentioned therapeutic approaches. Our treatment 
protocol comprised exenteration of the affected eye and 
partial ostectomy of the orbital floor. Although the mean 
survival time for progressive ocular histiocytosis in cats 
documented only in few case studies is unknown, survival 
for FPH encountered in different body sites other than 
the orbit was shown to be 96 days (range=41-238 days). 
In another study, the mean survival time was reported to 
be 13.5 months [13]. Neither complications nor metastases 
were detected in the presented case study in which we 
evaluated an ocular form of FPH in a 5-month-follow up 
period. Therefore, a radical surgical removal in FPH with 
ocular involvement might be a good treatment choice like 
its human counterpart. 

In conclusion, progressive histiocytosis, is very rare in cats, 
usually occurs as a skin lesion and sometimes self-limited 
and regressed, while it can become very aggressive and 
metastasize to internal organs. For this reason, early and 
differential diagnosis of the disease is very important for 
the prognosis of the patient. This case report showed that 
FPH can also occur in the paraorbital region and orbit. 
In addition, it is aimed to emphasize here the diagnostic 
value of cross-sectional imaging and the efficacy of 
surgical excision and curettage in the treatment of ocular 
lesion.
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Abstract: Contagious Ecthyma is an infectious disease of sheep and goats that causes dermatitis primarily on the lips, mouth and muzzle. 
In this article, we describe a case report of Contagious Ecthyma in a wild sheep (Ovis orientalis) in Fars province of Iran. One wild lamb was 
found in the border of Bamou National Park near human communities. The lamb died during the transfer to the rehabilitation center. Gross 
lesions were characterized by multifocal scabs, proliferative and crusty wart-like multiple lesions on the muzzle, nose, between the eyes, 
ears, neck and coronary band. Skin samples were taken from lesions and sent to the collaborator laboratory of Veterinary Organization for 
DNA extraction and analysis by PCR tests. Laboratory results confirmed Contagious Ecthyma (Orf) virus in the wild sheep. This is the first 
documented report of Orf in wild sheep from Bamou National Park.

Keywords: Bamou National Park, Contagious Ecthyma, Wild sheep, PCR

İran’da Bir Yaban Koyununda (Ovis orientalis) Bulaşıcı Püstüler Dermatit
Öz: Bulaşıcı Ektima koyun ve keçilerde görülen ve esasen dudaklarda, ağızda ve burunda dermatite neden olan bulaşıcı bir hastalıktır. Bu 
çalışmada, İran’ın Fars eyaletinde bir yaban koyununda (Ovis orientalis) görülen bir Bulaşıcı Ektima vakası bildirilmiştir. Bamou Ulusal 
Parkı sınırında insan topluluklarının yakınında bir yaban kuzusu bulunmuştur. Kuzu rehabilitasyon merkezine nakli sırasında ölmüştür. 
Makroskobik lezyonlar, ağız, burun, gözler arası, kulaklar, boyun ve koroner bantta multifokal kabuklanmalar, proliferatif ve kabuklu siğil 
benzeri çoklu lezyonlar şeklindeydi. Lezyonlardan deri örnekleri alınmış ve DNA ekstraksiyonu ve PCR analizi için Veteriner Teşkilatının 
ilgili laboratuvarına gönderilmiştir. Laboratuvar sonuçları yabani koyunda Bulaşıcı Ektima (Orf) virüsünü doğrulamıştır. Bu, Bamou Ulusal 
Parkı’ndaki yaban koyunlarında belgelenmiş ilk Orf raporudur.

Anahtar sözcükler: Bamou Ulusal Parkı, Bulaşıcı Ektima, Yaban koyunu, PCR
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Introduction
Orf (contagious pustular dermatitis or contagious 
ecthyma) is one of the most widespread, contagious, 
communicable, zoonotic, economically important viral 
diseases caused by Parapoxvirus that is a genus of virus in the 
family Poxviridae, in the subfamily Chordopoxvirinae [1]. 
The disease has been recognized as an entity since the last 
century and was shown to be caused by a specific virus 
in 1923 [2]. Orf virus infections in humans typically occur 
when broken skin comes into contact with the virus from 
infected animals or contaminated equipment [3].

In general, in domestic animals, the disease is more 
severe in goat than sheep [4]. Transmission is by contact 

with affected animals or with contaminated objects or 
surfaces (fomites) [5]. Transmission probably follows a 
similar pattern in wild ungulates [3]. This virus primarily 
causes acute pustular lesion, where the severe oral and 
facial effects can be seen in goats rather than sheep [6]. 
Interestingly, the virus can also spread to other parts of the 
body such as the vulva, udder, under the tail and scrotal 
sac. In more severe cases, the skin of the eyes and feet 
also may be affected [7]. During outbreak, morbidity can 
approach 100% while mortality is usually less than 1%. 
However, mortality can increase by 20%~50% as a result of 
secondary bacterial infection, stress, immunosuppression 
or concomitant disease and may exceed 90% in case of 
malignant Orf [8].
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The 486 km2 Bamou (also transliterated as Bamoo or 
Bamu) National Park is in Fars Province, north-east of 
Shiraz. Established in 1967 and upgraded to National Park 
in 1970, it encompasses three parallel mountain ridges 
extending in an east-west direction and the hilly plains 
between. The flora comprises 350 vascular plant species, 
including 51 endemics and the fauna includes 143 species 
of vertebrates [9]. The western part of Bamu is separated 
by the Isfahan-Shiraz highway and its large mammalian 
fauna has been depleted by poaching. Only the eastern 
part (356 km2) is effectively protected [10].

In the present paper, described a clinical aspect of 
Contagious ecthyma infection in a wild sheep (Ovis 
orientalis) that had found by rangers in Bamou National 
Park.

Case History
The permission of publishing this article has been given by 
Wildlife Department of Fars Environmental Organization 
of Iran.

On July, 2021 Bamou National Park rangers, during the 
daily control of the protected area in one of the border 
areas of the park in the surrounding of The Bardej village, 
observed a three-month-old wild sheep lamb that was 
decubitus and agonized (Fig.1). The rangers transferred 
the lamb to wildlife rehabilitation center at the entrance 
of the National Park. Unfortunately, the lamb died before 
reaching the rehabilitation center. The carcass of the 
lamb was examined and severe skin lesions including 
proliferative lesions, severely crusted wart-like multiple 

lesions and multifocal necrotic scabs on the muzzle, nose, 
between the eyes, ears, neck and coronary band and also 
inflammation of three joints in the forelimb and hindlimb 
were observed (Fig. 2, Fig. 3, Fig. 4, Fig. 5, Fig. 6).

Despite of the daily protection and control of the whole 
area of Bamou National Park, in order to find more 
infected individuals and/or carcasses a more extensive 
surveillance was advised to the rangers of the National 
Park, especially in the border area of Park and the Bardej 
village. But during the 15 days of searching in the border 
areas, no other cases of the infected were found.

Fig 2. Orf virus infection is evident lik scaby and proliferative lesions on 
the muzzle of the lamb

Fig 1. The location where the Infected lamb was found (Google Map. 2021)
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Initially, several diseases like contagious ecthyma and 
foot and mouth disease were suspected as the primary 
possible diagnoses. Therefore, for differential diagnosis 
and sampling for diagnosis of the causative agent of 
the disease, the carcass of the lamb was sent to the Iran 
Veterinary Organization laboratory of Fars province 
where necropsy was performed and tissue sections were 
collected: joint fluid was collected aseptically and scabs 
were taken from lesions of lips and the muzzle of the lamb. 
For histopathological examination, tissue specimens were 
taken from the junction between normal skin and the 
lesions on the lips and muzzle and fixed in 10% buffered 
formalin. The samples were processed aseptically and then 
sent to collaborator laboratory of Fars Provincial Office of 
Veterinary Organization for DNA extraction by PCR tests.

During the necropsy, no specific internal lesions were 
detected. Standard bacteriological examination on blood 
agar plates was carried out on samples from joint fluid. The 
plates were incubated aerobically at 37.8ºC and examined 
after 24-48 h. Staphylococcus aureus and Streptococcus spp. 
were isolated from samples of joint fluid.

Electron microscopy analysis from lesions revealed 
epithelial hyperplasia (Fig.7), necrotic crusts and marked 
epidermal proliferation with elongated rete ridges covered 

by a thick crust. The affected epidermis showed multifocal 
ulcerations, intraepidermal covered by serocellular 
crust. Furthermore, hyperemia, diffuse infiltration of 
lymphocytes and variable amounts of neutrophils were 
found.

Fig 5. Growth of tumor-like lesions on the ear of the lamb

Fig 3. Severely crusted wart-like multiple lesions on the muzzle, nostril 
area and between eyes in the lamb

Fig 4. Proliferative lesions on the coronary bands of the lamb
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Envelope membrane glycoprotein (B2L) gene of the orf 
virus was targeted using PCR assay as per the standard 
protocol described by Inoshima et al.[11]. The high pure 
PCR template preparation kit (Roche Company, Germany) 
was used for extracting DNA from 200 μL samples based 
on the manufacturer’s guidelines. a set of three primer 
pairs in a semi nested PCR format was used. In the first 
PCR, a set of pan-parapox primer (PPP-1) and pan-
parapox primer (PPP-4) primers was used to generate the 
product. In the semi nested PCR, a set of PPP-4 and PPP-3 
was used. In the result, the analysis of the semi nested PCR 
revealed the confirmation of the Orf virus only in the scab 
samples collected from wild sheep.

Discussion
Since secondary bacterial contamination in Orf virus 
infection is common [12], some secondary bacterial 
infections like staphylococci, streptococci, fusobacterium, 
cornyebacterium and less often dermatophilius have been 
also recorded along with Contagious ecthyma on sheep 
and goats [13]. Therefore, isolation of Staphylococcus aureus 
and Streptococcus spp. from joint fluid of this case can be 
considered as a secondary infection and probably had 
happened due to the weakness of immune system of the 
lamb and also the long period of the virus infection.

The disease is widespread in variety species of artiodactyls 
like alpacas, reindeer (Rangifer tarandus), Japanese serows 
(Capricornis crispus), musk oxen (Ovibos moschatus), 
bighorn sheep (Ovis canadensis), Sichuan takin (Budorcas 
taxicolor tibetana), deer, pronghorn (Antilocapra americana) 
and wapiti/elk (Cervus canadensis), and it is suspected to 
occur in some wild chamois (Rupicapra rupicapra) [3].

Contagious ecthyma infects a broad range of wild artio-
dactyls. The total confirmed species from order of artio-
dactyla in Fars Province of Iran comprises 6 species in 5 
genera of 3 families living in different habitats that 4 out 
of these 6 species are present in Bamou National Park [14].

The virus is very resistant in the environment, particularly 
in dry atmosphere areas where the virus has been shown 
to be infective for up to 17 years [15], and no clinical disease 
in persistently Orf virus infected animals   have also been 
described, and it is possible that such animals contribute 
to inter-epidemic survival of the virus. The lesions on such 
persistently infected animals may not be readily detected. 
Thus, apparently normal animals may have trivial lesions 
that are capable of being a source of infection for other 
fully susceptible animals [1]. Therefore, there are concerns 
about the possibility of disease transmission to susceptible 
species of the park.

Based on a research, fifty suspected clinical samples were 
analyzed in Fars province for the Orf DNA presence 
using PCR technique, and 50% positivity was shown [16]. 
Furthermore, one of the old problems in the way of 
protecting Bamou National Park that has never solved is 
the illegal grazing of livestock inside the protected area 
especially in areas where there are the borders of Park 
with human communities. To investigate the possibility 
of disease transmission from livestock to wild species, 
through a letter, we asked the Iran Veterinary Organization 

Fig 6. Multiple Arthritis seen in the wild lamb

Fig 7. Histological appearance of Orf virus disease with epithelial 
hyperplasia
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of Fars province if there are any reports of this disease in 
the livestock of Bardej village or not and realized during 
last six months there were two reports of infected livestock 
by Contagious ecthyma in that village. So as a result, it 
can be said the presumption of disease transmission from 
livestock animals to the wildlife of Bamou National 
Park is high.

In conclusion, the domestic animals/wildlife interface is 
an important global problem and solving this requires 
to expansion studies on different aspect of interactions 
between wild and domestic animals. The transmission 
of infectious or some zoonotic diseases like contagious 
ecthyma due to frequent contact between humans, 
domestic and wild animals is becoming an issue of major 
interest. Reducing and eliminating the direct and indirect 
contact of domestic animals with wildlife species is 
probably the most effective and important way to prevent 
the transmission of infectious diseases.
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Abstract: Strongyloides have been known to infect many hosts, including humans and animals around the world. The two, S. stercoralis and 
S.  fuellborni,  were zoonotic species that cause human strongyloidiasis. The disease induces a hyper infection syndrome in an 
immunocompetence person, while the clinical signs of infections in animals vary from asymptomatic to sudden death in severe and fatal 
cases. However, integrated data on Strongyloides infection among human and animal hosts in Indonesia is sparse. The present study 
aims to provide information on the prevalence of  Strongyloides  concerning host type and geographical region in Indonesia. Literature 
searches were conducted to identify epidemiological data on the occurrence of  Strongyloides  in humans and animals from 1985-2022 
in seven regions of Indonesia, including 1) Sumatra; 2) Java; 3) Kalimantan; 4) Bali and Nusa Tenggara; 5) Sulawesi; 6) Maluku; and 
7) Papua. The data were described and mentioned as percent prevalence and confidence intervals (CIs) of 95%. A total of 46 articles 
confirmed the  Strongyloides  infection in Indonesia during 1985-2022. The articles consisted of nine on humans (12 data) and 37 on 
animals (59 data). Human strongyloidiasis could be confirmed in five regions (Bali and Nusa Tenggara, Kalimantan, Maluku, Papua, and 
Sulawesi). Strongyloides infected some animal group hosts, such as pigs, ruminants (beef cattle, swamp buffalo, sheep, and goat), rodents, non-
human primates (orangutan, lutung (Trachypithecus auratus), and long-tailed macaque), and others (rabbit, snake, and chicken) in different 
regions. This study provides the prevalence data on Strongyloides infection in human and animal hosts. The limited data on Strongyloides in 
Indonesia indicated that the disease is still being neglected and under-reported. More epidemiological studies with the improved diagnostic 
method are needed to determine the societal burden of the parasites.

Keywords: Strongyloides, Indonesia, Human strongyloidiasis, Animal strongyloidiasis

Endonezya’da İnsan ve İnsan Dışı Konaklar Arasında Strongyloides 
Enfeksiyonları: Sistematik Bir Değerlendirme

Öz: Strongyloides’in dünya çapında insanlar ve hayvanlar da dahil birçok konağı enfekte ettiği bilinmektedir. S. stercoralis ve S. fuellborni, insan 
strongyloidiasis’ine neden olan zoonotik türlerdir. Hastalık, immünokompetanslı bir insanda hiper enfeksiyon sendromuna neden olurken, 
hayvanlardaki enfeksiyonların klinik belirtileri asemptomatikten şiddetli ve ölümcül vakalarda ani ölüme kadar değişir. Bununla birlikte, 
Endonezya’da insan ve hayvan konakçıları arasında Strongyloides enfeksiyonuna ilişkin entegre veriler nadirdir. Bu çalışma, Endonezya’da 
konak tipi ve coğrafi bölgeye göre Strongyloides prevalansı hakkında bilgi sağlamayı amaçlamaktadır. 1985-2022 yılları arasında insan ve 
hayvanlarda Strongyloides görülme sıklığına ilişkin epidemiyolojik verileri belirlemek için Endonezya’nın 1) Sumatra; 2) Java; 3) Kalimantan; 
4) Bali ve Nusa Tenggara; 5) Sulawesi; 6) Maluku ve 7) Papua olmak üzere yedi bölgesinde literatür taraması yapılmıştır. Veriler, yüzde 
prevalans ve %95’lik güven aralıkları (CI) olarak tanımlanmış ve belirtilmiştir. 1985-2022 yılları arasında Endonezya’da toplam 46 makalede 
Strongyloides enfeksiyonu bildirilmiştir. Makalelerin 9’u insanlar (12 veri) ve 37’si hayvanlar (59 veri) üzerinedir. İnsan Strongyloidiasis’i 
5 bölgede (Bali ve Nusa Tenggara, Kalimantan, Maluku, Papua ve Sulawesi) doğrulanabilmiştir. Strongyloides, farklı bölgelerde domuz, 
geviş getiren hayvanlar (sığır, bataklık mandası, koyun ve keçi), kemirgenler, insan olmayan primatlar (orangutan, lutung (Trachypithecus 
auratus) ve uzun kuyruklu makak) ve diğerleri (tavşan, yılan ve tavuk) gibi bazı hayvan grubu konakçılarını enfekte etmiştir. Bu çalışma, 
insan ve hayvan konakçılarında Strongyloides enfeksiyonuna ilişkin prevalans verilerini sunmaktadır. Endonezya’da Strongyloides ile ilgili 
verilerin sınırlı olması, hastalığın hala ihmal edildiğini ve yeterince rapor edilmediğini göstermektedir. Parazitlerin toplumsal yükünü 
belirlemek için gelişmiş tanı yöntemleriyle daha fazla epidemiyolojik çalışmaya ihtiyaç vardır.

Anahtar sözcükler: Strongyloides, Endonezya, İnsan strongyloidiasisi, Hayvan strongyloidiasisi

How to cite this article?
Nurhidayah N, Jayanegara A, Satrija F: Strongyloides infections among human and non-human host in Indonesia: A systematic review. Kafkas Univ Vet 
Fak Derg, 29 (3): 317-325, 2023.
DOI: 10.9775/kvfd.2023.29241 

(*) Corresponding author: Nanis NURHIDAYAH
Phone: +62 8111 9333631 Cellular phone: +62 8151 5652622  
E-mail: nanis.nurhidayah@brin.go.id

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0)

http://vetdergikafkas.org
http://vetdergikafkas.org
http://vetdergikafkas.org
https://orcid.org/0000-0001-7416-281X
https://orcid.org/0000-0001-7529-9770

https://orcid.org/0000-0001-8512-5862

mailto:nanis.nurhidayah@brin.go.id
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


318

Strongyloides Infection in Indonesia Review

Introduction
Strongyloides  is a genus of gastrointestinal nematodes 
infecting many hosts, such as mammals, reptiles, 
amphibians, and birds worldwide [1]. Around fifty species 
have been identified, with two major species responsible 
for human strongyloidiasis, a zoonosis disease transmitted 
from companion animals such as dogs and cats, namely S. 
stercoralis and S. fuellborni [2]. Strongyloides stercoralis was 
first reported from the stool samples of French soldiers 
who have severe diarrhea during their duty in Vietnam 
in 1876. The disease was also known as Cochin-China 
diarrhea [3]. The disease was typically chronic and 
non-pathognomonic, such as indigestion, diarrhea, 
constipation, irritable bowel syndrome, urticaria, and 
larva currents. The infection could induce hyper infection 
syndrome in the immunocompetence group induced 
by the large numbers of larvae in organs. The clinical 
manifestations involving diarrhea, intestinal bleeding, 
alveolar hemorrhages, heart failure, jaundice, bacteremia 
with fatality rate near to 90% [4].

Strongyloides  species that infect animals are more 
varied but specific to each animal group.  For example, 
S.  stercoralis  is species that infect dogs, while cats are 
infected with  S. felis,  S. tumefaciens,  S planiceps, and 
perhaps  S. stercoralis. In farm animals, pigs enabled 
to be infectedwith  S.  ransomi. On the other hand,  S. 
papillosus has been an infecting agent for cattle and other 
ruminants in many countries [5].

As a large and developing country, Indonesia has 
become a house of more than 270 million people with a 
high diversity of flora and fauna. Transmission of soil-
transmitted helminth (STHs), including  Strongyloides, 
is potentially found among humans and animals occurs 
due to minimal hygiene practice and low awareness of the 
transmission route of the disease. In addition, the close 
habitat of animal and human are increasing the potency 
of zoonotic disease transmission.  Strongyloides infections 
in humans and animals have been previously reported, 
but the national distribution following region and 
host are sparse. This study provides information 
on  Strongyloides  prevalence concerning host type and 
geographical region in Indonesia.

Methods
Study Area

Indonesia is the largest country in Southeast Asia, located 
on 6°08’ N-11°15’S and 95°45 W’-141°05’E. It consists 
of 17.504 islands in the area of 1.913.578,68 km2 [6]. 
The country borders are Malaysia, Singapore, the 
Philippines, and the Pacific Ocean to the north, Papua 
New Guinea and the Pacific Ocean to the east, the Indian 

Ocean to the west, and the Democratic Republic of Timor-
Leste and the Indian Ocean to the south. Kalimantan, 
Sumatera, Java, and Sulawesi are among the largest islands 
in the country. Furthermore, Indonesia has a large area of 
rainforest and the house of the highest biological diversity 
in the world. The geographical condition varies from west 
to the east, including lowland to the mountainous region. 
As a tropical country, Indonesia has an extended period 
of dry and wet seasons within a year, providing a suitable 
environment for parasites including the gastrointestinal 
parasites. 

Literature Selection and Data Extraction

A literature search was conducted to identify an 
epidemiological field survey of the infection of 
Strongyloides  among human and non-human hosts 
in Indonesia. We conducted a literature search on the 
website of Google scholar and PubMed with the date 
restriction of the study set from January 1, 1985, to August 
1, 2022, and the search terms: Strongyloides Indonesia, OR 
Strongyloidiasis Indonesia, OR gastrointestinal nematode 
Indonesia, both in Bahasa Indonesia and English. The 
whole search output is provided in Attachment 1 and 
Attachment 2. During the literature selection, the title and 
abstract were screened based on the following criteria:

1.	 Dealing with infection of  Strongyloides  spp. in 
humans and animals in Indonesia;

2.	 Providing the primary data based on an 
epidemiological study or questionnaire survey;

3.	 Data reported from January 1, 1985, to August 1, 
2022;

4.	 The full text was published in Bahasa Indonesia 
and English in a peer-reviewed journal or indexed 
proceeding.

According to the geographical condition, the region is 
divided into: (i) Sumatera, (ii) Java, (iii) Bali and Nusa 

Fig 1. Flow diagram of the search strategy for strongyloidiasis in human 
and animal host
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Tenggara, (iv) Kalimantan, (v) Sulawesi, (vi) Maluku, 
and (vii) Papua. Data added to the analysis were treated 
individually, even when published within one article. In 
addition, the data analysis was separated into humans 
and animals. Figure 1 describes the flow diagram of the 
literature search and selection strategy.  

Data Analysis

Data synthesis and calculation on prevalence of 
Strongyloides spp. in human and animals was done in the 
Microsoft Excel. The prevalence provided in percent and 
confidence intervals (95% CIs). 

Results
The search initially revealed 6.503 articles, of which only 
46 articles contained sufficient epidemiological data on 
infection of Strongyloides in Indonesia from 1985 to 2022 
(attachments 1 and 2). The articles could be divided into 
nine articles (including 12 data) on humans and 37 articles 
(59 data) on animals (Table 1). Unfortunately, the data 
on Strongyloides at the province or national level cannot 
be extracted for humans and animals, but the regional 
prevalence of Strongyloides is available in Table 2. 

Nine articles (containing 12 data) confirmed Strongyloides in 
humans in five regions, including Bali and Nusa Tenggara, 
Maluku, Kalimantan, Sulawesi, and Papua. The highest 
prevalence of human strongyloidiasis was found in Papua, 
followed by Kalimantan and Maluku (Table 2). Eleven out 
of 12 data on humans were obtained from a conventional 
coprology study, such as the Kato-Katz smear, Harada 
Mori coproculture, and Agar Plate Culture (APC). Only 
one data on humans in Mimika District, Papua, confirmed 
the infection agent into species level,  S. stercoralis, by a 
real-time PCR technique [11]. 

Strongyloides  spp. also infected numerous groups of 
animals on the farm, village, or district level (Table 2). 
Most data on ruminants and pigs followed the standard 
coprology techniques for gastrointestinal nematodes, such 
as native, sedimentation, simple flotation  and McMaster, 
and continued with Baermann coproculture method. The 
host range included Bali cattle, Madura cattle, Bligon goat, 
Kacang goat, swamp buffalo, crossbred sheep, and pigs. 

Most data on ruminants were obtained in the center of 
ruminant production in Java, Bali, and Nusa Tenggara 
region, while infection in pigs was most prevalent in 
Papua, Bali and Nusa Tenggara and a small part of Java 
where Islam is not predominantly practiced.

We identified 20 data on captive, semi-captive, and free-
ranging endemic non-human primates, such as lutung 
(Trachypithecus auratus), orangutan (Pongo pigmaeus), 
and long-tailed macaque (Macaca fascicularis). The data 
was collected from zoo, captivity, rehabilitation center, 
or national park in Java, Sumatera, Kalimantan, Bali and 
Nusa Tenggara. Moreover, the helminth was also found 
in animals that have close contact with humans, such as 
rodents, dogs, layer chickens, and captive phyton-snake. 
Since the golden standard method was unavailable for 
helminth identification on non-human primates, reptiles, 
and exotic animals, non-invasive methods such as scotch-
tape perianal smear, Kato-Katz, McMaster, and sugar 
flotation could be chosen. On the other hand, a necropsy 
was feasible for rodents and chickens (domesticated fowl) 
following trapping in their habitat. None of the molecular 
epidemiology was recorded in animals in all regions, 
so the species of  Strongyloides  infecting each group of 
animals could not be determined.  

Discussion
Human Strongyloidiasis

To our knowledge, the present study was the first 
systematic review of the epidemiology and distribution 
of Strongyloides in human and animal hosts in Indonesia. 
Our finding shows that the report on infection 
of Strongyloides  in a human was very limited in the last 
three decades. Although study on human has covered at 
least five out of seven regions, none of the eligible studies 
were published for Java and Sumatera region, which has 
the highest human population in Indonesia. Moreover, 
the absence of data at the national level indicated that 
human strongyloidiasis is still being neglected and 
underreported; even disease control was prioritized in the 
national strategy for neglected tropical diseases control by 
the Ministry of Health of Indonesia in 2020-2024 [7]. 

Table 1. Eligible data revealed during 1985-2022

Publication Years Human
Animals

Pig Ruminants Rodents Non-human Primates Others

1985-2000 6 na na 2 6 na

2001-2015 na 5 3 1 10 1

2016-2022 6 7 17 na 4 3

Total 12 12 20 3 20 4

na= not available
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In general, the prevalence of human strongyloidiasis 
conducted with the conventional parasitological 
technique was low [8]. Diagnosis of Strongyloides infection 
is challenging due to the low parasite load, irregular larval 
output, so the detection rate may be low, and multiple 
samples must be examined to achieve adequate sensitivity [2]. 
Results of a single stool examination using conventional 
techniques fail to detect larvae in up to 70% of cases [9]. 
The development of molecular diagnostics gave a chance 
to reach an accurate and timely diagnosis. In 2011, a 
real time-PCR was developed to diagnose the infection 
of Strongyloides spp. The 95 % detection limit, as determined 
by probit analysis, was one larva per PCR, equivalent to 
100 larvae per 200 mg stool with 100% specificity [10]. The 
same technique was used in one epidemiological study 
on humans in Mimika Papua, which resulted in a high 
prevalence (32.00 %) of humans [11]. More epidemiological 
surveys with enhanced coprological methods from across 

the region and province are required to determine 
Indonesia’s prevalence and disease burden.  Estimation 
of prevalence at the country level has been developed by 
using a spatiotemporal statistic modeling approach, but 
it needs the large number of datasets including Gross 
Domestic Product (GDP), percentage of rural population, 
territory roughness, sanitation, annual mean temperature, 
and annual precipitation [8].

Another factor presumed to be linked to the prevalence 
of  Strongyloides  spp. is geo-climatic factors, such as 
temperature, humidity, rainfall, soil textures and farming 
ecosystem [12,13]. The combination of some climatic 
factors (such as temperature [10-21°C], humidity [40-
75%], and annual rainfall [1 001-1 500 mm]), countries 
or regions with low-personal income, and availability 
contact to infected animals [14]. As a developing country, 
Indonesia shares a similar situation. Most studies on 
human strongyloidiasis were recorded from rural and 

Table 2. Regional prevalence and techniques for diagnosing Strongyloides spp. infection among human and animals in Indonesia

Region
Human 
(n=12)

Animals

Pig 
(n=12)

Ruminants 
(n=20)

Rodents 
(n=3)

Non-human 
Primates 

(n=20)

Others 
(n=4)

% Prevalence (CI 95%)

Bali and Nusa 
Tenggara 1.02 (0-2.21) 9.71 (2.98-16.44) 11.52 (1.11-21.92) na 25.33 (3.12-47.55) 33.35 (0-85.64)

Java na 6.1 (-) 13.47 (4.85-22.08) 53.00 (-) 71.92 (32.78-100) 15.67 (0-39.84)

Kalimantan 8.90 (0-18.30) na na na 35.52 (22.36-48.69) na

Maluku 5.59 (3.31-7.86) na na 48.98 (32.99-64.97) na na

Papua 9.42 (0-24.27) 18.25 (4.87-31.63) 65.22 (0-100) na na na

Sulawesi 1.19 (-) na 20.05 (-) na na na

Sumatera na na na na 59.79 (33.68-85.89) na

Bali and Nusa 
Tenggara

Parasitological Techniques

Kato-katz, 
Baermann 

coproculture, Koga 
Agar Plate, Harada 

Mori

Sodium Acetic 
Formaldehyde Sugar Flotation na

Formalin 
ethyl acetate 

concentration 
technique, Sugar 

Flotation

Sedimentation, 
Sugar Flotation

Java na Sugar Flotation

Sedimentation, 
Sugar flotation, 

McMaster Flotation, 
native

Kato-katz Sugar Flotation Sugar Flotation, 
Whitlock

Kalimantan Kato-katz, agar 
plate culture na Na, Whitlock na McMaster Flotation na

Maluku Kato-katz na na Necropsy na na

Papua Direct smear, PCR
Necropsy, Sugar 

Flotation, McMaster 
Flotation

Sugar Flotation, 
McMaster Flotation na na na

Sulawesi Kato-katz na Sugar Flotation na na na

Sumatera na na na na Scotch-tape 
perianal smear na

n: number of data; na: not available
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urban areas of Indonesia, targeting students, farmers, 
and housewives who have a high potential to contact 
the soil in their daily activities. Most face hygiene and 
sanitary problems due to poverty, limited access to proper 
public health care, and minimum intervention of health 
education to increase social awareness of the diseases. In 
addition, the low-personal income also directly affects the 
low-quality management of companion animals, such as 
the provision of caging and feeding. Through this study, 
we could see the zoonotic potency of  Strongyloides  spp. 
from possible carrier animals, such as the dog. Although 
only one eligible study on the dog was reported in the 
Java region in 2018, the disease is threatening the dog’s 
owner due to the presence of zoonotic species on humans 
belonging to  S. stercoralis [1]. As a possible transmission 
route is through skin penetration by the infective 
larvae, education on personal hygiene after contact with 
companion animals was crucial. More epidemiological 
investigation and transmission risk of  Strongyloides  spp. 
in dogs in another region was needed with enhanced 
diagnostic methodology.

Non-human Primates

The highest number of  Strongyloides  spp. infection 
data in animals were reported from the non-human 
primates’ group. High prevalence of  Strongyloides  has 
been confirmed in foci habitat of endemic non-human 
primates, such as in Java, Kalimantan, Sumatera and Bali 
and, Nusa Tenggara. This situation must be considered a 
severe threat to human and animal health since the close 
habitat of animals to human as well as increasing number 
of ecotourism which involving non-human primates as the 
object [15]. The first molecular identification confirmed S. 
fuellborni  transmission from an adult female with 
frequent contact with long-tailed macaque in Thailand 
and Lao-PDR [16]. According to the national conservation 
program perspective, research on  Strongyloides  in non-
human primates needs to focus on early detection and 
developing a control strategy to avoid severe and fatal 
cases. A previous study reported the severe clinical 
symptoms of  Strongyloides  infection in 5-month-old 
Sumatran Orangutan, such as acute lethargy, dry and 
non-productive cough, pneumonia, and icterus [17]. 
Strongyloides caused histopathological changes in infected 
Bornean orangutans, characterized by multiple nodular 
elevations of the mucosa of the colon, hemorrhages in 
lungs, and ulcerations in the mucosa of cecum, appendix, 
and proximal colon [18].

- Ruminants 

A total of 19 data of  Strongyloides  in ruminant was 
revealed through the present study. Strongyloides spp. was 
prevalent in Java, Bali and Nusa Tenggara, Sulawesi, and 
Papua region, which play the center of national ruminant 

production. The diseases may cause economic loss due 
to health disturbance and even mortality in livestock, 
including ruminants. For example, the prevalence 
of  Strongyloides  spp. in dairy calves (4-month-old) in 
Costa Rica was 4-20 % [19], and sudden death has also been 
reported by heavy experimental infection by 10.000 L3 on 
days 11-17 post-infection [20]. However, the prediction of 
sudden death also could be made through coproscopy if 
the egg count per gram of fecal samples (EPG) is more 
than 10.000 [5].

A young-infected goat might perform anorexia, cachexia, 
anemia, foaming at the mouth, and nervous system 
disturbance (ataxia, stupor, nystagmus), dehydration and 
diarrhea. In addition, some histological changes might be 
seen, such as liver rupture, nephrosis, pulmonary edema, 
interstitial pneumonia, and pneumonia. Six percents 
of goats died due to acute and fatal hepatic rupture. 
Undeveloped immunity in young calves and goats makes 
them susceptible to infection [21]. 

Infection was also detected in swamp buffalo in Java and 
Bali, and Nusa Tenggara region. Most of them are used for 
saving, working animals to plow paddy fields, and meat 
producers for the community [22]. However, close habitat 
to other farm animals, such as cattle, gave a chance for 
disease transmission. Therefore, further investigation 
needs to be conducted to provide information on cross-
transmission among the livestock group in the same area. 

- Pigs

The highest report on the pigs was obtained in Papua, Bali 
and Nusa Tenggara, and a small part of Java (Tangerang, 
Banten Province), where Islam is not predominantly 
practiced. A high prevalence of Strongyloides spp. in pigs 
was reported from high latitude in Jayawijaya, Papua, the 
center of the pig market, which sells both healthy and sick 
or dead (referred to as dead pig hereafter). The pigs are 
usually kept under the traditional farming system and 
slaughtered for consumption and cultural purposes, so the 
collection of helminth sample through necropsy or fecal 
sample collection were feasible even in the mountainous 
area in Papua [23]. 

In urban areas such as Denpasar, Bali (Bali and Nusa 
Tenggara region), and Tangerang, Banten (Java region), 
pig farming plays an essential role in economic activity. 
The pig population in Bali has become the second 
largest at the national level since Balinese Hindu people 
preferred to consume pig meat over cattle. Fecal collection 
usually obtained from slaughterhouse taken before the 
slaughtering process [24-26].

- Rodents

The report of Strongyloides spp. in rodents from Indonesia 
are few, but it is also likely that prevalence is high in urban 
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and rural areas. According to the collected data, there 
were two data collected from palm plantations and forests 
in Maluku, and one data from house rats in Surabaya (Java 
region) with the prevalence of both regions was 48.98% 
and 53.00%, respectively. The most recent study conducted 
in Malang City, East Java showed the lowest prevalence, 
but low-level of knowledge of people participating in 
the Knowledge, Attitude and Practice (KAP) study on 
strongyloidiasis are enhancing the potency of zoonotic 
transmission of parasite to human [27]. Eventhough all 
studies conducted in Indonesia used the coprological 
techniques with microscopic examination as the gold 
standart for egg determination, but those methods were 
insufficient to provide the data on the Strongyloides’ 
species level. According to previous study, two most 
prevalence species found in rats were identified as S. ratti 
and S. venezuelensis which also become the rodent models 
of Strongyloides infection [28]. 

- Other Animals

Strongyloides  spp. also infected exotic animals such as 
rabbits and phyton, as well as fowl in the region of Bali and 
Nusa Tenggara, and Java. More epidemiological surveys 
should be performed in another region since many exotic 
animals are kept in captivity and used as a pet animal. 

Conclusion 
The data on infection of  Strongyloides  in humans and 
animals at the national level was absent. The limited study 
on humans and each animal group suggest that parasite 
is under-reported in Indonesia. More epidemiological 
studies with improved diagnostic methodology are 
needed. 

Moreover, the government at the local and national 
level must conduct active surveillance since mapping 
occurrences in humans and animals within a region will 
provide an integrated description of the disease as a basis 
for disease control at the national level.  Support from 
private sector as well as community are needed as a key 
to combat Strongyloides infection among humans and 
animals in Indonesia.
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Attachment 1. Infection of Strongyloides spp. in human host in Indonesia

Author N Positive Prevalensi Host Group Technique Region

Widjana dan Sutisna [2000] 2394 39 1.63% Human Kato Katz Bali and Nusa Tenggara

Onesiforus et al.[2020] 238 1 0.42% Human Baermann, KAP, Haradamori Bali and Nusa Tenggara

Sedionoto et al.[2019] 213 0 0.00% Human Kato Katz Kalimantan

Sedionoto et al.[2019] 213 35 16.43% Human Agar Plate Culture Kalimantan

Sedionoto et al.[2021] 107 11 10.28% Human Kato Katz Kalimantan

Mangali et al.[1994] 226 10 4.42% Human Kato Katz Maluku

Mangali et al.[1994] 163 11 6.75% Human Kato Katz Maluku

Bangs et al.[1996] 278 3 1.08% Human Direct smear Papua

Bangs et al.[1996] 200 1 0.50% Human Direct smear Papua

Yuwono et al.[2019] 147 6 4.08% Human Direct smear Papua

Kridaningsih et al.[2020] 331 106 32.02% Human RT PCR Papua

Toma et al.[1999] 589 7 1.19% Human Kato Katz Sulawesi

Attachment 2. Infection of Strongyloides spp. in animal host in Indonesia

Author N Positive Prevalensi Host Group Technique Region

Akbar et al.[2022] 12 2 15.67 Pig Flotation Bali and Nusa Tenggara

Akbar et al.[2022] 90 8 8.89 Pig Flotation Bali and Nusa Tenggara

Akbar et al.[2022] 63 0 0 Pig Flotation Bali and Nusa Tenggara

Akbar et al.[2022] 35 0 0 Pig Flotation Bali and Nusa Tenggara

Antara et al.[2017] 50 1 2 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Antara et al.[2017] 50 1 2 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Apsari et al.[2022] 55 13 23.64 Ruminants (beef cattle) Flotation Bali and Nusa Tenggara

Awaludin et al.[2020] 175 14 8 Ruminants (sheep) Sedimentation Java

Baihaqi et al.[2015] 50 25 50 Ruminants (swamp buffalo) Flotation Bali and Nusa Tenggara

Collet et al.[1986] 22 20 90.91 Non-human primates Scotch-tape perianal smear Java

Collet et al.[1986] 14 13 92.86 Non-human primates Scotch-tape perianal smear Java

Collet et al.[1986] 21 14 66.67 Non-human primates Scotch-tape perianal smear Kalimantan

Collet et al.[1986] 11 4 36.36 Non-human primates Scotch-tape perianal smear Kalimantan

Collet et al.[1986] 13 13 100 Non-human primates Scotch-tape perianal smear Sumatera

Collet et al.[1986] 8 6 75 Non-human primates Scotch-tape perianal smear Sumatera

Dwinata et al.[2018] 100 4 4 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Ekawasti et al.[2019] 289 37 12.8 Ruminant (beef cattle) Sugar Flotation Java

Fadli et al.[2014] 100 4 4 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Guna et al.[2014] 20 6 30 Pig Necropsy Papua

Guna et al.[2014] 10 0 0 Pig Necropsy Papua

Hasegawa et al.[1995] 49 20 40.82 Rodents Necropsy Maluku

Hasegawa et al.[1995] 49 28 57.14 Rodents Necropsy Maluku

Hasyim et al.[2019] 150 30 20.05 Ruminants (Bali cattle) Flotation Sulawesi

Joesoef et al.[2018] 50 7 14 Non-human primates FECT Bali and Nusa Tenggara

Joesoef et al.[2018] 50 7 14 Non-human primates FECT Bali and Nusa Tenggara

Kurniawati et al.[2020] 100 32 32 Non-human primates Flotation Java

Kusuma et al.[2021] 150 42 28 Non-human primates Whitlock Java
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Labes et al.[2010] 163 62 38.04 Non-human primates McMaster Kalimantan

Labes et al.[2010] 61 20 32.79 Non-human primates McMaster Kalimantan

Labes et al.[2010] 38 22 57.89 Non-human primates McMaster Kalimantan

Mul et al.[2007] 54 44 81.48 Non-human primates Ridley Method Sumatera

Mul et al.[2007] 32 15 46.88 Non-human primates Ridley Method Sumatera

Mul et al.[2007] 19 9 47.37 Non-human primates Ridley Method Sumatera

Murdayasa et al.[2019] 50 24 48 Non-human primates Flotation Bali and Nusa Tenggara

Nasution et al.[2018] 30 1 3.33 Dog Flotation Java

Nugroho et al.[2016] 103 16 15.7 Pig McMaster Papua

Nugroho et al.[2016] 92 25 27.3 Pig Flotation Papua

Nurcahyo and Prastowo 
[2013] 171 41 24 Non-human primates McMaster Kalimantan

Nurcahyo and Prastowo 
[2013] 80 11 13.75 Non-human primates McMaster Kalimantan

Nurcahyo and Prastowo 
[2013] 75 11 14.67 Non-human primates McMaster Kalimantan

Nurhidayah et al.[2019] 340 10 2.94 Ruminants (swamp buffalo) McMaster Java

Oka and Dwinata [2011] 501 37 7.4 Pig Sodium Acetic Formaldehid Bali and Nusa Tenggara

Prasetyo [2016] 98 52 53.00 Rodents Kato-Katz Java

Purwaningsih and Sumiarto 
[2012] 1432 90 6.28 Ruminants (beef cattle) Native Java

Purwaningsih et al.[2017] 32 32 100 Ruminants (Kacang goat) Flotation West Papua

Purwaningsih et al.[2020] 120 37 30.43 Ruminants (beef cattle) McMaster West Papua

Purwati et al.[2021] 35 12 34 Ruminants (Bligon goat) Native Java

Rahmi et al.[2010] 25 2 8 Non-human primates Flotation Sumatera

Ridwan et al.[2018] 263 12 4.56 Ruminants (beef cattle) McMaster Java

Ridwan et al.[2018] 270 19 7.04 Ruminants (beef cattle) McMaster Java

Sajuri et al.[2017] 100 8 8 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Sawitri et al.[2019] 109 35 32.1 Ruminants (beef cattle) Flotation Java

Sismami et al.[2014] 15 9 60.03 Reptile Sedimentation Bali and Nusa Tenggara

Suastini et al.[2021] 150 4 2.7 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Suastini et al.[2021] 150 11 7.3 Ruminants (Bali cattle) Flotation Bali and Nusa Tenggara

Telnoni et al.[2016] 30 2 6.67 Reptile Flotation Bali and Nusa Tenggara

Wardhana et al.[2020] 196 12 6.1 Pig Flotation Java

Widisuputri et al.[2020] 50 13 26 Pig Flotation Bali and Nusa Tenggara

Widisuputri et al.[2020] 50 5 10 Pig Flotation Bali and Nusa Tenggara
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professional fields of each author.
The corresponding author of the article should declare the contributions of the authors to the work under the title of “Author contributions”. 
The corresponding author is primarily responsible for the problems that may arise in this regard.
In multidisciplinary studies, 2 authors who are from different disciplines can be “equivalent first name authors” and up to most 3 authors 
who are also from different disciplines can be “equivalent second name authors”.
• Originality of Research Findings 
The authors should declare that the article they presented contained the original research results, that the study data were analyzed 
correctly, and that they were prepared for publication using adequate and appropriate references, in the “cover letter” section of the on-line 
system at the submission stage. Using expressions such as “it is the first study done”, “there has been no previous study on this subject” and 
“there is a limited number of studies” to add originality and importance to the article is not acceptable and may cause prevention of the 
scientific evaluation of the article by the editor.
• Similarity
Articles submitted to the journal are subjected to similarity analysis using appropriate software (iThenticate by CrossCheck) at the 
beginning and at every required stage. If unethical similarities are detected regardless of the rate of similarity, this situation is reported 
to the authors and corrections are requested or articles containing excessive similarities are rejected at the first evaluation stage without 
being evaluated.
• Plagiarism/Self-Plagiarism, Duplicate Publication
Kafkas Universitesi Veteriner Fakültesi Dergisi applies publication ethics and verifies the originality of content submitted before 
publication and checks all submitted manuscripts for plagiarism/self-plagiarism, similarity and duplication. All submitted manuscripts 
are meticilously screened by a similarity detection software (iThenticate by CrossCheck). Papers previously presented at scientific 
meetings and published only as an “abstract” should be indicated in the Title Page file as stated in the “Guidance for Authors”. Authors 
do not have the right to use entire paragraphs from their previous publications into a new submission. These actions are also 
considered as a plagiarism. In any case, the manuscript should be original in terms of scientific contents and writing. In the event of 
alleged or suspected research misconduct, the Editorial Board will follow and act in accordance with “COPE Guidelines”.
• Multi-part Publication (Piecemeal Publication)
Some authors may tend to divide study data into two or more articles and publish the results in different journals also having different 
authors names and orders. In principal, Kafkas Universitesi Veteriner Fakultesi Dergisi is against multi-part publication. When necessary, 
the ethical committee approval information of the study, project information, congress presentations, etc. are checked and such situations 
that will create an ethical problem are identified and reported to the authors.
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Authors may think that their work should be published in multi parts that complement each other. For this, each part of the article should 
be titled “Part-I”, “Part-II” and submitted to the journal “simultaneously”. This issue can be evaluated by the editor-in-chief/subject editors/
referees who may suggest that the article can be published in parts or as a whole. In addition, rejection of a submission presented in parts 
means that all parts will be rejected.
• Animal Rights and Ethics 
The authors are responsible for conducting experimental and clinical studies on animal experiments within the framework of existing 
international legislation on animal rights. Authors must also obtain permission from the Animal Experiment Ethics Committees and 
provide relevant information in the Material and Method section to experiment with animals. In clinical studies, as well as the approval 
of the ethics committee, an “informed consent form” should be obtained from the animal owners and the information related to it should 
be declared in the Material and Method section. Declaration of “informed consent form” is sufficient for the articles in the “Case report” 
and “Letter to the Editor” category.
Ethics committee permission taken for a study can only be used in one article. It is unacceptable to use the same ethics committee approval 
number in articles with different names and contents. The editor/subject editors can request from the corresponding author, if necessary, 
to send a copy of the ethics committee approval form to the journal (electronically or by post).
In cases of violation ethical rules, the article is not taken into consideration or if it is in the evaluation stage, the procedure is terminated 
and the article is rejected.
• Conflicts of Interest/Competing Interests
The editor-in-chief pays attention to whether there is a conflict of interest or union of interest between editors, reviewers and author (s) 
for an objective and unbiased evaluation of the article. In addition, the authors should disclose any financial interests or links or any 
conditions that may raise the bias issue in research and article under the above heading.
• Copyright 
Authors retain the copyright to their published work licensed under the Creative Commons Attribution-NonCommercial 4.0 International 
license (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/) and grant the Publisher non-exclusive right to publish the 
work. CC BY-NC 4.0 license permits unrestricted, non-commercial use, distribution, and reproduction in any medium, provided the 
original work is properly cited.
The authors must fill in the “Copyright Agreement Form” and sign it with a wet signature. Authors who submit articles from abroad should 
scan the signed form and send it to the editor via the system or by e-mail. Original forms that are wet signed for articles sent domestically 
should be submitted to the journal via mail or cargo. The works of the authors who do not submit the Copyright Agreement Form on time 
are not published.
• Withdrawal of a Submission
In case of if the authors detect a significant error or deficiency in their article under review or if this error is reported to them by the editor/
subject editor/referees they can contact immediately to the editor-in-chief and ask the request to withdraw the article by stating the reason. 
The decision on this issue is up to the editorial board.
• Erratum
After an article has been published, the corresponding author may request the editor to publish “erratum” for any errors or inaccuracies noticed 
by the authors, editors or readers. In collaboration with the authors, the editor prepares and publishes the Erratum article in the first 
upcoming issue. These articles, like other publications, should contain the publication tag and DOI number.
• Retraction
If any ethical problem is detected about the article that cannot be compensated and cannot be eliminated with erratum after the article 
is published, the editor-in-chief and associate editors prepare a justification about the article and apply the retraction procedure to the 
article. The text file on the web page of a retracted article is blocked and the reason for retraction is added to the system as a file, ensuring 
that it is constantly in the archive.
• Advertising
Kafkas Universitesi Veteriner Fakultesi Dergisi do not accept advertising and sponsorships that are believed to create a potential conflict of 
interest. If the article sent to Kafkas Universitesi Veteriner Fakultesi Dergisi is for the promotion of a commercial product and/or the work 
carried out is directly supported by a company, it is rejected without consideration.
OPEN ACCESS STATEMENT
Kafkas Universitesi Veteriner Fakultesi Dergisi is an open access publication. The journal’s publication model is based on Budapest Open 
Access Initiative (BOAI) declaration.  Articles published in Kafkas Universitesi Veteriner Fakultesi Dergisi are available online, free of 
charge at https://vetdergikafkas.org/archive.php. 
Except for commercial purposes, users are allowed to read, download, copy, print, search, or link to the full texts of the articles in this 
journal without asking prior permission from the publisher or the author. The open access articles in the journal are licensed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) licence.
ARTICLE EVALUATION AND PUBLICATION PROCESS
• Initial Evaluation Process
Articles submitted to Kafkas Universitesi Veteriner Fakultesi Dergisi are primarily evaluated by the editors and associate editors. At this 
stage, articles not having suitable scope and aims, with low original research value, containing scientific and ethically important errors, 
having low potential to contribute to science and the journal, and having poor language and narration are rejected by the editor 
without peer-review process. Initial evaluation process takes up to most 2 weeks.
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• Preliminary Evaluation Process
Articles that are deemed appropriate for editorial evaluation are sent to the subject editor related to the category of articles to be examined 
in terms of scientific competence and to the statistics editor for evaluation in terms of statistical methods. The suject editors examine 
the article in all aspects and report their decisions (rejection, revision or peer-review) to the chief editor. This stage takes about 1 month.
• Peer-review Process
Double-blind peer-review is applied to the articles that have completed preliminary evaluation process. Suggestions of subject editors are 
primarily considered in referee assignment. In addition, reviews can be requested from the referees registered in the journal’s referee pool. 
At least 2 referees are assigned for peer-review. Opinion of more referees can be required depending on the evaluation process. At this 
stage, referees send their decision (reject, revision or accept) about the article to the editor-in-chief. If the rejection decision given by a 
referee reflects sufficient examination and evidence-based negativities or ethical problems about the scientific content and accuracy of the 
article, this decision is checked by the editor-in-chief and associate editors and submitted to the authors regardless of the other referees’ 
decisions. The time given to referees to evaluate an article is ~4 weeks.
• Publication Process of an Article
Total evaluation period of an article, which is completed in the peer-review phase after completing the initial and preliminary evaluation 
process, takes 4-6 months. The articles that have completed the subject editorial and peer-review evaluation stages and accepted by the 
editorial are sent to the corresponding author for final checks and necessary final additions. After the acceptance, the article designed in 
the publication format of the journal is given an DOI number and published immediately on the Article in Press page. When it is time to 
publish the periodic edition of the journal, a selection is made from the articles kept on the Article in Press page, taking into account the 
submission date. The time it takes for the article to be published by taking the page number is 6-12 months.
NO PUBLICATION FEE
Processing and publication are free of charge with the journal. There is no article processing char-ges, submission fees or any other fees 
for any submitted or accepted articles.
RESPONSIBILITIES OF THE PUBLISHER, EDITORS AND ASSOCIATE EDITORS
The publisher (Dean of the Faculty of Veterinary Medicine of Kafkas University) contributes to the execution of the journal’s routine 
processes such as printing, archiving, and mailing, in line with requests from the editor. 
The publisher undertakes to carry out an independent and fair decision-making mechanism for its editors and assistants in the article 
evaluation process and decisions.
The publisher undertakes to carry out an independent and fair decision-making mechanism for its editors and associate editors in the 
article evaluation process and decisions.
Editor-in-chief/editors/associate editors of Kafkas Universitesi Veteriner Fakultesi Dergisi evaluate the articles submitted to the journal 
regardless of their race, gender, religious belief, ethnicity, citizenship or political views. In addition, it undertakes not to give any information 
about the article except for the authors, subject editors and referees. 
Kafkas Universitesi Veteriner Fakultesi Dergisi follows internationally accepted principles and criteria and takes the necessary decisions 
to apply in the journal.
Editor-in-chief/editors/associate editors conduct the evaluation and decision process in the journal in coordination within the principles of 
confidentiality and have independent decision-making authority and responsibility without being affected by any internal or external factors.
Editor-in-chief/editors/associate editors make and implement all kinds of planning for the development of the journal and its international 
recognition. They also follow national and international meetings or events on the development of journals and article evaluation, and 
ensures that the journal is represented on these platforms.
The editor-in-chief/editors/associate editors make every effort to ensure that the journal’s subject editors and referee pool have international 
qualifications. Likewise, it makes the necessary attempts to strengthen the author’s profile.
Editor-in-chief/editors/associate editors make plans to improve the quality of the articles published in the journal and carry out the 
necessary process.
Editor-in-chief/editors/associate editors regularly conduct and control the initial evaluation, preliminary evaluation, peer review and 
acceptance-rejection decisions of articles submitted to the journal. While carrying out these procedures, features such as the suitability 
of the study for the aims and scope of the journal, its originality, the up-to-date and reliability of the scientific methods used, and the 
potential it will contribute to the development of the journal as well as its benefit to science/practice are taken into consideration.
Editor-in-chief/editors/associate editors systematically review, inspect and make decisions about the articles submitted to the journal in 
terms of features such as author rights, conflict of interest, observance and protection of animal rights, and compliance with research and 
publication ethics.
The editor-in-chief conducts the evaluation/revision process between the authors and subject editors and referees, and ensures that it is 
completed within the prescribed time.
ARCHIVE POLICY
The editorial office of the Kafkas Üniversitesi Veteriner Fakültesi Dergisi and the publisher (Dean’s Office of the Faculty of Veterinary Medicine, 
Kafkas University) keep all the articles (electronic and printed) published in the journal in their archives. All articles and their attachment files 
sent to the journal are kept securely in the archive. In light of the technological developments, the editorial office of the Kafkas Üniversitesi 
Veteriner Fakültesi Dergisi regularly performs electronic processes for the development and updating of materials in digital environment and 
presents them to its readers on condition of keeping in safe the original documents and information regarding the articles. 
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Even if the journal ceases to be published for any reason, the publisher (Dean’s Office of the Faculty of Veterinary Medicine, Kafkas 
University) will continue to protect the journal content in the long term and provide convenient access to users. Electronic services of 
Kafkas University Information Technologies Department will be used for the journal to maintain this responsibility.

RESPONSIBILITIES OF SUBJECT EDITORS

Subject editors do reviews and evaluations in accordance with the main publication goals and policies of the journal and in line with the 
criteria that will contribute to the development of the journal.
Author information is kept confidential in articles sent to the subject editor for preliminary evaluation by the editor.
Subject editors thoroughly examine the sections of the introduction, materials and methods, results, discussion and conclusion, in terms of 
journal publication policies, scope, originality and research ethics. Subject editor submits its decision (rejection, revision or peer-review) 
after evaluation to the chief editor in a reasoned report.
Subject editor may request additional information and documents related to the study from the authors, when necessary.
In multidisciplinary studies, the article can be submitted for the evaluation of multiple subject editors.

RESPONSIBILITIES OF REFEREES

Double-blinded peer-review procedure is applied in Kafkas Universitesi Veteriner Fakultesi Dergisi in order to evaluate the articles 
submitted to the journal in accordance with the principle of impartiality and in objective criteria; that is, referees and writers do not know 
about each other.
The referees submit their opinions and reports to the editor-in-chief to ensure the control and suitability of a submitted article, its scientific 
content, scientific consistency and compliance with the principles of the journal. When a referee makes a decision “reject” about an article, 
he/she prepares the reasons for the decision in accordance with the scientific norms and presents it to the editor.
The referee(s) also gives the authors the opportunity to improve the content of the article. Accordingly, the revisions requested from the 
authors should be of a quality that explains/questions specific issues rather than general statements.
Referees appointed for the evaluation of the articles agree that the articles are confidential documents and will not share any information 
about these documents with third parties, except for the editors participating in the evaluation.
Referees should place their criticism on scientific infrastructure and write their explanations based on scientific evidence. All comments 
made by the referees to improve the articles should be clear and direct, and should be written away from disturbing the feelings of the 
author. Insulting and derogatory statements should be avoided.
If a referee has an interest relationship with the author(s) on one or more issues, he/she must report the situation to the editor and ask his/
her to withdraw from the referee position. The same is also applicable when the authors illegally obtain information about the referees of 
the article and try to influence them.
The editor-in-chief can share the comments and reports from the referees with the editors/associate editors and the relevant subject editor, 
as necessary, to ensure that the decision on the article is optimal. If necessary, the editor may share the critical decision and its grounds that 
a referee has sent about the article with the other referee(s) and present them to their attention.
Referee(s) may request revision many times for the article they evaluated.
The content of the referee reports is checked and evaluated by editor-in-chief/editors/associate editors. The final decision belongs to the 
editorial.

RESPONSIBILITIES OF AUTHOR(S)

It is not tolerable for the author (s) to send an article, which has been already sent to another journal, to Kafkas Universitesi Veteriner 
Fakultesi Dergisi within the scope of “which accepts” or “which publishes first” approach. If this is detected, the article is rejected at any 
stage of the evaluation. As a possible result of these actions, in the process following the previous acceptance of the article sent to another 
journal, the withdrawal request with this excuse that the authors submit for this article, the evaluation process of which is going on in our 
journal, is evaluated by the editors and associate editors of the journal and disciplinary action on the grounds of ethical violations about 
those responsible is started. This unethical action is also informed to the journal editor (if known) who accepted the article.
It is essential that the articles to be sent to Kafkas Universitesi Veteriner Fakultesi Dergisi include studies that have up-to-date, original and 
important clinical/practical results and prepared in accordance with the journal’s writing rules.
Authors should choose the references they use during the writing of the article in accordance with the ethical principles and cite them 
according to the rules.
The authors are obliged to revise the article in line with the issues conveyed to them during the initial evaluation, preliminary evaluation 
and peer-review phases of the article and to explain the changes they made/did not make sequentially in the “response to editor” and 
“response to reviewer comments” sections.
If information, documents or data regarding to the study are requested during the evaluation process, the corresponding author is obliged 
to submit them to the editorial.
Authors should know and take into account the issues listed in the “General Ethical Principles” section regarding scientific research and 
authors.
The authors do not have the right to simultaneously submit multiple articles to Kafkas Universitesi Veteriner Fakultesi Dergisi. It is more 
appropriate to submit them with acceptable time intervals for the journal’s policy.
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1- Kafkas Universitesi Veteriner Fakultesi Dergisi (abbreviated title: Kafkas Univ Vet Fak Derg), published bi-
monthly (ISSN: 1300-6045 and e-ISSN: 1309-2251). We follow a double-blind peer-review process, and therefore 
the authors should remove their name and any acknowledgment from the manuscript before submission. Author 
names, affiliations, present/permanent address etc. should be given on the title page only. 
The journal publishes full-length research papers, short communications, preliminary scientific reports, case 
reports, observations, letters to the editor, and reviews. The scope of the journal includes all aspects of veterinary 
medicine and animal science. 
Kafkas Universitesi Veteriner Fakultesi Dergisi is an Open Access journal, which means that all content 
is freely available without charge to the user or his/her institution. Users are allowed to read, download, copy, 
distribute, print, search, or link to the full texts of the articles, or use them for any other lawful purpose, without 
asking prior permission from the publisher or the author. This is in accordance with the BOAI definition of Open 
Access.
The official language of our journal is English. Additionally, all the manuscripts must also have Turkish title, 
keywords, and abstract (translation will be provided by our journal office for foreign authors).
2- The manuscripts submitted for publication should be prepared in the format of Times New Roman style, font 
size 12, A4 paper size, 1.5 line spacing, and 2.5 cm margins of all edges. The legend or caption of all illustrations 
such as figure and table and their appropriate position should be indicated in the text. Refer to tables and figures 
in the main text by their numbers. Also figure legends explanations should be given at the end of the text. 
The figures should be at least 300 dpi resolution. 
The manuscript and supplementary files (figure etc.) should be submitted by using online manuscript submission 
system at the address of http://vetdergi.kafkas.edu.tr/
During the submission process, the authors should upload the figures of the manuscript to the online manuscript 
submission system. If the manuscript is accepted for publication, the Copyright Agreement Form signed by all 
the authors should be sent to the editorial office.
3- The authors should indicate the name of the institute approves the necessary ethical commission report and 
the serial number of the approval in the material and methods section. If necessary, the editorial board may also 
request the official document of the ethical commission report. In case reports, a sentence stating that “informed 
consent” was received from the owner should be added to the main document. If an ethical problem is detected 
(not reporting project information, lack of ethical committee information, conflict of interest, etc.), the editorial 
board may reject the manuscript at any stage of the evaluation process. 
4- Authors should know and take into account the issues listed in the “Ethical Principles and Publication 
Policy” section regarding scientific research and authors.
5- Types of Manuscripts
Original (full-length) manuscripts are original and proper scientific papers based on sufficient scientific 
investigations, observations and experiments. 
Manuscripts consist of the title, abstract and keywords, introduction, material and methods, results, discussion, 
and references and it should not exceed 12 pages including text. The number of references should not exceed 50. 
The page limit does not include tables and illustrations. Abstract should contain 200±20 words. 
Short communication manuscripts contain recent information and findings in the related topics; however, they 
are written with insufficient length to be a full-length original article. They should be prepared in the format 
of full-length original article but the abstract should not exceed 100 words, the reference numbers should not 
exceed 15 and the length of the text should be no longer than 6 pages in total. The page limit does not include 
tables and illustrations. Additionally, they should not contain more than 4 figures or tables.
Preliminary scientific reports are a short description of partially completed original research findings at an 
interpretable level. These should be prepared in the format of full-length original articles. The length of the text 
should be no longer than 4 pages in total.
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Case reports describe rare significant findings encountered in the application, clinic, and laboratory of related 
fields. The title and abstract of these articles should be written in the format of full-length original articles (but 
the abstract should not exceed 100 words) and the remaining sections should be followed by the Introduction, 
Case History, Discussion and References. The reference numbers should not exceed 15 and the length of the text 
should be no longer than 4 pages in total. The page limit does not include tables and illustrations.
Letters to the editor are short and picture-documented presentations of subjects with scientific or practical 
benefits or interesting cases. The length of the text should be no longer than 3 pages in total. The page limit 
includes tables and illustrations.
Reviews are original manuscripts that gather the literature on the current and significant subject along with the 
commentary and findings of the author on a particular subject (It is essential that the author/s have international 
scientific publications on this subject). The title and summary of this manuscript should be prepared as described 
for the full-length original articles and the remaining sections should be followed by introduction, text (with 
appropriate titles), conclusion, and references.
“Invited review” articles requested from authors who have experience and recognition in international publishing 
in a particular field are primarily published in our journal. 
Review articles submitted to our journal must be prepared in accordance with any of the three categories listed 
below. 
Narrative reviews describe current published information on a scientific topic. However, it does not include a 
specific methodological process. 
Systematic reviews include the search for original studies published in that field on a specific topic, the evaluation 
of validity, synthesis and interpretation within a systematic methodology. 
Meta-analysis is a method of evaluating the results of many studies on a subject with the methods defined in this 
category and statistical analysis of the obtained findings.
6- The necessary descriptive information (thesis, projects, financial supports, etc.) scripted as an italic font style 
should be explained below the manuscript title after placing a superscript mark at the end of the title. 
7- At least 30% of the references of any submitted manuscript (for all article categories) should include references 
published in the last five years.
References should be listed with numerical order as they appear in the text and the reference number should be 
indicated inside the parentheses at the cited text place. References should have the order of surnames and initial 
letters of the authors, title of the article, title of the journal (original abbreviated title), volume and issue numbers, 
page numbers and the year of publication and the text formatting should be performed as shown in the example 
below.
Example: Yang L, Liu B, Yan X, Zhang L, Gao F, Liu Z: Expression of ISG15 in bone marrow during early 
pregnancy in ewes. Kafkas Univ Vet Fak Derg, 23 (5): 767-772, 2017. DOI: 10.9775/kvfd.2017.17726
If the reference is a book, it should follow surnames and initial letters of the authors, title of the book, edition 
number, page numbers, name and location of publisher and year of publication. If a chapter in a book with an 
editor and several authors is used, names of chapter authors, name of chapter, editors, name of the book, edition 
number, page numbers, name and location of publisher and year of publication and the formatting should be 
performed as shown in the example below.
Example: Mcllwraith CW: Disease of joints, tendons, ligaments, and related structures. In, Stashak TS (Ed): 
Adam’s Lameness in Horses. 4th ed., 339-447, Lea and Febiger, Philadelphia, 1988.
DOI number should be added to the end of the reference.
In the references can be reached online only, the web address and connection date should be added at the end 
of the reference information. The generally accepted scientific writing instructions must comply with the other 
references. Abbreviations, such as “et al” and “and friends” should not be used in the list of the references.
Follow the link below for EndNote Style of Kafkas Universitesi Veteriner Fakultesi Dergisi; 
https://researchsoftware.com/downloads/journal-faculty-veterinary-medicine-kafkas-university
8- Latin expression such as species names of bacteria, virus, parasite, and fungus and anatomical terms should be 
written in italic character, keeping their original forms.
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9- The editorial board has the right to perform necessary modifications and a reduction in the manuscript 
submitted for publication and to express recommendations to the authors. The manuscripts sent to authors for 
correction should be returned to the editorial office within a month. After pre-evaluation and agreement of the 
submitted manuscripts by the editorial board, the article can only be published after the approval of the field 
editor and referee/s specialized in the particular field.
10- All responsibilities from published articles merely belong to the authors. According to the ethical policy 
of our journal, plagiarism/self-plagiarism will not be tolerated. All manuscripts received are checking by 
plagiarism checker software, which compares the content of the manuscript with a broad database of academic 
publications.
11- There is no copyright fee for the authors.
12- The authors are charged a fee on acceptance of the manuscript to cover printing costs and other expenses. 
This payment information can be found at http://vetdergi.kafkas.edu.tr/

SUBMISSION CHECKLIST 

Please use below list to carry out a final check of your submission before you send it to the journal for review. 
Ensure that the following items are present in your submission:
- Cover letter
• Importance and acceptability of the submitted work for the journal have been discussed (Please avoid repeat-
ing information that is already present in the abstract and introduction).
• Other information has been added that should be known by the editorial board (e.g.; the manuscript or any 
part of it has not been published previously or is not under consideration for publication elsewhere.	
- Title page
• Title, running title (should be a brief version of the title of your paper, no exceed 50 characters)
• The author’s name, institutional affiliation, Open Researcher and Contributor ID (ORCID) 
• Congress-symposium, project, thesis etc. information of the manuscript (if any) 
• Corresponding author’s address, phone, fax, and e-mail information 
- Manuscript
• Title, abstract, keywords and main text
• All figures (include relevant captions)
• All tables (including titles, description, footnotes)
• Ensure all figure and table citations in the text match the files provided
• Indicate clearly if color should be used for any figures in print
- Availability of Data and Materials
- Acknowledgements
- Funding Support
- Competing Interests
- Authors’ Contributions
Further considerations
• Journal policies detailed in this guide have been reviewed
• The manuscript has been “spell checked” and “grammar checked”
• Relevant declarations of interest have been made
• Statement of Author Contributions added to the text
• Acknowledgment and conflicts of interest statement provided
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