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Morphometric examination of glandula lacrimalis of Hamdani sheep by
computed tomography
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Abstarct: This study was carried out to obtain morphometric measurements of glandula
lacrimalis of Hamdani sheep on computed tomography (CT) images and to determine the
biometric differences of these measurement values in terms of both homotypic variations and
sexual dimorphism. In the study, CT images of glandula lacrimalis obtained from 10 adult
healthy Hamdani sheep, containing five males and five females were used. Morphometric
measurements were taken from the transversal, sagittal and dorsal sections of the right and left
glandula lacrimalis. Statistical analysis was performed for morphometric values. In the
morphometric examinations, the mean length, width, and height values for both the right and
left glandula lacrimalis were found to be 15.71 + 0.17 mm, 9.39 £ 0.9 mm, 4.84 = 0.5 mm,
respectively, for male Hamdani sheep; in females, these values were determined as 13.80 £ 0.37
mm, 8.40 + 0.5 mm and 4.14 £ 0.67 mm, respectively. As a result, statistical gender differences
in the measurement parameters of glandula lacrimalis of adult Hamdani sheep were determined
using computed tomography images.

Keywords: Computed tomography, glandula lacrimalis, Hamdani sheep.

Hamdani koyunlarmin glandula lacrimalis’inin bilgisayarh tomografi ile
morfometrik incelenmesi

Ozet: Bu ¢alisma, Hamdani koyunlarinin glandula lacrimalis’in bilgisayarli tomografi (BT)
goriintiileri iizerinden morfometrik Olgiilerini elde etmek ve bu Ol¢lim degerlerinin hem
homotipik varyasyonlar hem de seksiiel dimorfizm bakimindan biyometrik farkliliklarini
belirlemek amaciyla yapildi. Calismada bes erkek, bes disi olmak iizere toplamda 10 adet
eriskin sagliklt Hamdani koyunu’nun glandula lacrimalis’ine ait BT goriintiisti kullanildi. Sag
ve sol glandula lacrimalis’e ait transversal, sagital ve dorsal kesitlerden morfometrik élguimler
alindi. Morfometrik degerlerin istatistiki analizi yapildi. Yapilan morfometrik incelemelerde
sag ve sol glandula lacrimalis’e ait ortalama uzunluk, genislik, yiikseklik degerlerinin erkek
Hamdani koyunlarda en yiksek 6lgii sirasiyla ortalama 15,71 £ 0,17 mm, 9,39 £ 0,9 mm, 4,84
+ 0,5 mm,; disilerde ise, bu degerler sirastyla ortalama 13,80 + 0,37 mm, 8,40 £ 0,5 mm, 4,14 +
0,67 mm olarak belirlendi. Sonug olarak, eriskin Hamdani koyunlarinin glandula lacrimalis’e
ait 0l¢lim parametrelerinin istatistiksel olarak cinsiyetler arasindaki farkliliklar1 bilgisayarli
tomografi gortintiileri kullanilarak tespit edildi.

Anahtar kelimeler: Bilgisayarli tomografi, glandula lacrimalis, Hamdani koyunu.

Introduction
Hamdani sheep is a locally bred breed in the Eastern and Southeastern Anatolia region,

albeit small in number (Oztiirk, 1998). Hamdani sheep, which originate from Iran, have a very
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high adaptation to the harsh conditions of nature (Abdul-Rahman & Al-Barzinjy, 2007; Bingol
& Bingol, 2015). Computed tomography (CT) is based on the cross-sectional examination of
the object with X-rays (Baykal & Oyar, 2003; Capello & Cauduro, 2008; Tuncel, 2007). In
computed tomography, sections are obtained by rotating the tube and detector around the object
(Kaya et al., 1997). Combining sections and creating a 3D model is called reconstruction. It is
used to create treatment protocols in 3D images obtained and to visualize irregular structures
and organs in pathological cases and anatomy (Saritas, 2015; Verhoff et al., 2008). While it
provides operational contributions such as calculating bone volume, implant positions, and
bone angles before surgical procedures, computerized tomography also provides high-
resolution soft tissue images (Siu et al., 2010). Apparatus lacrimalis is the anatomical structure
that plays a role in the formation of tear secretion and the transmission of the secretion in
mammals. This structure consists of five main parts. It consists of glandula lacrimalis, ductuli
excretorii, canaliculus lacrimalis, saccus lacrimalis and ductus nasolacrimalis (Konig &
Liebich, 2014; Demiraslan & Dayan, 2021). Glandula lacrimalis is located on the upper and
outer sides of the eyeball. The fluid secreted in all mammals except pigs is substantial (Dyce &
Wensing, 2010).

This study was carried out to obtain morphometric measurements of the glandula
lacrimalis of Hamdani sheep on computed tomography images and to reveal the differences

between the sexes and other species of the obtained values.

Materials and Methods

Hamdani heads (five female, five male) obtained from slaugterhouses in Sirnak, Tiirkiye
used in our study. In order to obtain CT images of the glandula lacrimalis of the Hamdani sheep,
the total heads were placed in the device in an upright and symmetrical manner. The heads were
scanned with a 64-detector multi-slice Simens computer tomography device, 80 kV, 200 MA,
639 mGY, 0.625 mm section thickness. The resulting images were saved in DICOM (Digital
Imaging and Communication in Medicine) format. The obtained sections were transferred to
3D-Slicer (5.02) software. Morphometric measurements were taken from the transversal,
sagittal and dorsal sections of the right and left glandula lacrimalis using electronic calipers.
The definitions and abbreviations of the selection points of these measurement parameters used
are presented in Table 1. Measurement points on the glandula lacrimalis are presented in Figures
1, 2, and 3. SPSS 22.0 program was used in our study. An independent t-test was used to reveal
statistical differences between males and females, and the Pearson correlation technique was

used to examine the correlation between all measurement points.
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Table 1. Measurement points and abbreviations of glandula lacrimalis.

Direction Description Abbreviation

Transversal Length: From the most lateral end of the GI gland to the most medialend TL

Height: Most dorsal to most ventral at widest point TH
Dorsal Length: distance from the most lateral end of the gland to its most medial DL

end

Width: distance from cranial edge to caudal edge at the widest point DW

perpendicular to length in the same image

Sagittal Width: distance from cranial edge to caudal edge at the widest point SW
perpendicular to Height in the same image

Height: Distance from the most dorsal edge of the gland to the most SH
ventral edge

-
B: 4: Unnamed Series f B: 4: Unnamed

Figure 1. A: Outline of the glandula lacrimalis in a transversal view in Hamdani sheep. B: Measurement points of
the glandula lacrimalis in the Hamdani sheep in the transversal view. a: Transversal Height, b: Transversal Length.
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Figure 2. A: dorsal outline of the glandula lacrimalis in Hamdani sheep. B: Measurement points of glandula
lacrimalis in the dorsal view in Hamdani sheep. a: Dorsal Length, b: Dorsal Width.

Figure 3. A: Sagittal view outline of glandula lacrimalis in Hamdani sheep. B: Measurement points of glandula
lacrimalis in the dorsal view in Hamdani sheep. a: Sagittal Width, b: Sagittal Height.

Results
Statistical differences between the sexes of the measurement points of Hamdani sheep
are given in Table 2 and Table 3. Correlation values between measurements are given in Table

4. When the tables are examined, it has been determined that the glandula lacrimalis of males



Giizel & Demircioglul Vet. J. KU. 2022. 1(2): 1-9

is larger than that of females. When the right and left glandula lacrimalis measurements of male
Hamdani sheep were examined, it was seen that the dorsal width (DW) was 9.39 £ 0.9 mm on
the right and 9.38 £ 0.20 mm on the left, the sagittal Height was 4.84 + 0.5 mm on the right and
4.40 £ 0.20 mm on the left, and it was found to be statistically significant (P<0.05). When the
right and left glandula lacrimalis measurements of female Hamdani sheep were examined,
dorsal length (DL) was 14.14 £ 0.20 units on the right and 14.42 £ 0.78 mm on the left, dorsal
width (DW) was 8.25 £ 0.17 mm on the right and 8.40 + 0.05 mm on the left (P<0.01). Sagittal
Height was measured as 3.10 £ 0.8 mm on the right and 4.14 £ 0.6 mm on the left, and it was
found to be statistically significant (P<0.05). When the correlation table is examined, there is a
strong positive correlation between the measurement parameters TH-TL, DW-TL, DW-TH,
SW-TL, SW-TH, SW-DL, and SW-DW (P<0.01). There was a positive correlation between
DL-TL, DL-TW, DW-DL, and SW-SH measurement parameters (P<0.05).

Table 2. Descriptive statistics and homotypic variations of biometric parameters of glandula

lacirmalis according to male Hamdani sheep obtained using computed tomography images.

Direction N Mean (mm) Standard Deviation P

TL Right 5 15.71 0.17 NS
Left 5 15.55 0.30

TH Right 5 4.75 0.15 NS
Left 5 4.57 0.12

DL Right 5 15.47 0.04 NS
Left 5 15.32 0.22

DW Right 5 9.39 0.09 *
Left 5 9.38 0.20

SH Right 5 4.84 0.05 *
Left 5 4.40 0.20

SW Right 5 9.68 0.23 NS
Left 5 9.47 0.25

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
*: P<0.05, NS: No Significant.
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Table 3. Descriptive statistics of biometric parameters of glandula lacirmalis according to

female Hamdani ewes obtained using computed tomography images.

Direction N Mean Standard Deviation P

TL Right 5 13.77 0.56 NS
Left 5 13.80 0.38

TH Right 5 3.27 0.40 NS
Left 5 3.25 0.07

DL Right 5 14.14 0.21 kel
Left 5 14.42 0.78

DW Right 5 8.25 0.17 falel
Left 5 8.40 0.06

SH Right 5 3.10 0.08 *
Left 5 4.14 0.67

SW Right 5 8.24 0.18 NS
Left 5 8.44 0.17

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
*: P<0.05, **: P<0.01, ***P<0.001, NS: No Significant.

Table 4. Correlation between biometric measurement points in Hamdani sheep.

TL TU DL DW SH SW
TL 1
TU 0.92** 1
DL 0.73* 0.78* 1
DW 0.88** 0.92** 0.76* 1
SH 0.57 0.54 0.49 0.59 1
SW 0.89** 0.88** 0.80** 0.91** 0.70* 1

TL: Transversal Length, TH: Transversal Height, DL: Dorsal Length, DW: Dorsal Width, SH: Sagittal Height,
SW: Sagittal Width.
Green: P<0.01, Yellow: P<0.05, Red: P>0.05.

Discussion
This is the first study to determine the morphometric measurement values of right and
left glandula lacrimalis in female and male animals using computed tomography in Hamdani
sheep. Measurement values of glandula lacrimalis have been evaluated in many studies in terms
of sexual dimorphism and homotypic variations in many mammals (Cabral et al., 2005; Gedar
etal., 2018; Giingor and Urfalioglu, 2019; Nawaz et al., 2020; Park et al., 2016; Zwingenberger

etal., 2014). In the study, it was determined that the morphometric values of glandula lacrimalis
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of Hamdani sheep were higher in males than in females. In addition, when the measurement
parameters are examined in terms of homotypic variations, it has been determined that the right
side glandula lacrimalis measurement values are generally higher than the left side. In the study
conducted by Demircioglu & Yilmaz (2019) on Awassi sheep, it was observed that the right
bulbus oculi were larger at some measurement points, while the left bulbus oculi were larger at
some measurement points.

Yilmaz (2021), in his study on Van cats, reported that glandula lacrimalis is larger in
males than females, and the right gland is larger than the left gland. Abdelbaset-Ismail et al.,
(2022) found that while the total length was 16.09 + 1.6 mm in ultrasound, it was 25.1 = 3.9
mm in macro measurement in his study, in which he compared the ultrasonographic images and
macroscopic measurements of the glaucoma of donkeys. In the study, it was observed that the
transversal length was 15.80 + 0.37 mm at the highest and the highest dorsal length was 15.47
+ 0.04 mm. When studies were compared, it was seen that donkeys had a larger glandula
lacrimalis than Hamdani sheep in ultrasound and macroscopic measurements. Alsafy, (2010)
found that the length in camels, donkeys, and goats was 1.7-1.9 cm, 2.5-2.8 cm in goats, and
3.2 cm in donkeys. When the Hamdani sheep were examined, it was seen that while they were
close to the camel, they were smaller than the glandula lacrimalis lengths of the goats and
donkeys. Zwingenberger et al. (2014), in the study of dogs, reported the length as 11.61 + 1.98
mm in gross anatomical measurement and 9.35 + 2.34 mm in computerized tomography
measurement, with measurements taken on macro-anatomical and computerized tomography
images. Glandula lacrimalis of Hamdani sheep was found to have a larger gland than dogs in
measurements taken from both males and females on computed tomography images. Abdalla
et al. (1970) reported the transversal length as 40 mm and the sagittal width as 20 mm in their
study on humped camels. It was seen that the transversal length and sagittal width

measurements of males in Hamdani sheep were smaller than those of humped camels.

Conclusion
As a result, the statistical differences between the sexes of the measurement parameters
were taken from the glandula lacrimalis of Hamdani sheep on computed tomography images
were revealed. This study will contribute to the studies on anatomical, pathological and surgical

clinical sciences of sheep.
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Abstract: The aim of the present study was to determine the effect of administration of single
increasing doses of pentoxifylline on biochemical and hematological parameters in sheep. The
study was carried out on six healthy Merino sheep. Pentoxifylline was given to sheep
intravenously at doses of 10, 20, and 40 mg/kg. Blood samples were taken from the jugular vein
before (0 hour) and after (12 hour) pentoxifylline administration. Biochemical parameters such
as creatine kinase, albumin, blood urea nitrogen, creatinine, alkaline phosphatase, aspartate
aminotransferase, alanine aminotransferase, gamma glutamyltransferase, cholesterol,
triglyceride, total bilirubin and total protein were measured in autoanalyzer. Hematological
parameters such as hemoglobin, hematocrit, platelet, red blood cells and white blood cells were
determined in blood cell counter. Hematological parameters did not alter between the groups,
although it was found that the hematocrit value in 20 mg/kg dosage group dropped. There were
no significant changes in biochemical values following administration of the pentoxifylline at
all dose level. These results show that pentoxifylline does not cause significant changes in
biochemical and hematological parameters in sheep after intravenous administration at different
doses. However, the safety study on pentoxifylline is also also necessary for multiple ascending
doses in sheep.

Keywords: Biochemical, hematological, sheep, pentoxifylline.

Koyunlarda farkh dozlarda pentoksifilin uygulamasinin hematolojik ve
biyokimyasal parametreler tzerine etkisi

Ozet: Bu arastirmanin amaci, koyunlarda artan tek doz pentoksifilin uygulamasinin
hematolojik ve biyokimyasal degerler (izerine etkisini belirlemektir. Arastirma 6 bas saglikli
Merinos koyun tizerinde gergeklestirildi. Pentoksifilin koyunlara 10, 20 ve 40 mg/kg dozlarinda
intravendz olarak uygulandi. Kan ornekleri pentoksifilin uygulamasi oncesi (0. saat) ve
uygulama sonras1 12. saatte juguler venden alindi. Kreatin kinaz, albimin, kan dre nitrojen,
kreatinin, alkalin fosfataz, aspartat aminotransferaz, alanin aminotransferaz, gama-glutamil
transpeptidaz, kolesterol, trigliserit, total bilirubin ve total protein gibi biyokimyasal
parametreler otoanalizOr cihazinda Olculdi. Hemoglobin, hematokrit, trombosit, alyuvar ve
akyuvar gibi hematolojik parametreler ise kan hiicresi sayim cihazinda belirlendi. Hematolojik
parametrelerde gruplar arasinda fark bulunmazken, 20 mg/kg doz grubunda hematokrit
degerinin diistigli belirlendi. TUm doz gruplarinda pentoksifilin uygulamasi sonrasi
biyokimyasal parametrelerde 6nemli bir degisiklik goriilmedi. Bu sonuglar, farkli dozlarda
intravendz yolla uygulama sonras1 pentoksifilinin koyunlarda hematolojik ve biyokimyasal
parametrelerde 6nemli degisikliklere neden olmadigini gostermektedir. Bununla birlikte,
koyunlarda ¢oklu artan dozlar icinde pentoksifilin giivenlik ¢alismalarinin yapilmasi gereklidir.
Anahtar kelimeler: Biyokimyasal, hematolojik, koyun, pentoksifilin.

10



Corum et al./ Vet. J. KU. 2022. 1(2): 10-16

Introduction

Pentoxifylline is a non-selective phosphodiesterase inhibitor used especially in the
treatment of circulatory disorders (Uney et al., 2019). Pentoxifylline is preferred in circulatory
disorders because it reduces the viscosity of the blood and provides oxygenation of peripheral
tissues. In addition, it has anti-inflammatory and antioxidant effects (Corum et al., 2018; Sezik
et al., 2020). Pentoxifylline is recommended for the treatment of lameness, vasculitis, collagen
disorders, endotoxemia, septicemia, diabetic disorders and cancer in humans (Corum et al.,
2019; Samlaska & Winfield, 1994). It has been reported that pentoxifylline can be used in the
veterinary field in cases such as vasculitis, atopic dermatitis, dermatomyositis, contact allergy
and systemic lupus erythematosus in dogs, cutaneous vasculitis in horses, laminitis,
endometritis-placentitis, septicemia in foals, and vasculitis, laminitis, endometritis-placentitis
in cattle (Sykes & Papich, 2014; Uney et al., 2019).

Although pentoxifylline is not approved in sheep, it has been used extra-label at different
doses (10 to 60 mg/kg) in conditions such as septic shock, endotoxemia, preeclampsia, and
bronchopulmonary injury (Chalmeh et al., 2016; Ogura et al., 1994; Sigurdsson & Youssef,
1993; Talosi et al., 2001). In extra-label use, adverse effects should be assessed for effective
and safe use of drugs. Biochemical and hematological parameters may be relevant in assessing
adverse drug effects (Corum et al., 2015; Corum et al., 2016). However, no information was
found about the effect of pentoxifylline on biochemical and hematological values in sheep. This
study was conducted to assess the effect of pentoxifylline on biochemical and hematological

parameters in sheep following a single intravenous injection of 10, 20, and 40 mg/kg.

Materials and Methods

Animals: The investigation was conducted on six female Merino sheep (57 * 4 kg of
body weight and 1.6 + 0.3 years old) defined to be healthy by general clinical examination,
biochemistry panel, and complete blood count. All animals were housed in individual pens
throughout the study and were fed with commercial feed, and water was given ad-libitum. The
experiment was approved by The Ethics Committee of the Faculty of Veterinary Medicine
(University of Selcuk, Konya, Turkiye).

Experimental design: The study consisted of three periods with a 15-day washout
period between treatments according to the crossover design. For drug administration to sheep,
the analytical standard of pentoxifylline (Tokyo Chemical Industry, Europe) was dissolved with
physiological saline (50 mg/mL). Pentoxifylline was administered to sheep via rapid
intravenous (1 min) bolus injection at doses of 10, 20 and 40 mg/kg. Blood samples were

collected into gel-containing tubes for biochemical analyses (3 mL) and into EDTA-containing
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tubes for hematological analyses (2 mL) through jugular venipuncture (jugular vein) prior to
pentoxifylline administration (0 h, control) and at 12 h after the pentoxifylline administration.
Hematological parameters were analyzed immediately after taking blood samples. The blood
samples collected for biochemical analyzes were centrifuged at 4.000 x g for 10 minutes, and
the serum samples obtained were stored at —80 °C until the time of analysis. During the
investigation, animals were also clinically observed.

Hematological and biochemical analyzes: The hemocell counter (Auto Hematology
Analyzer, Shenzhen Mindray Bio-Medical Electronics, BC-2800, China) measured
hematological characteristics such as hemoglobin, hematocrit, platelet, red blood cell (RBC)
and white blood cell (WBC). Autoanalyzers (ILab-300 bioMerieux Diagnostics, Milan, Italy)
were used to measure biochemical values such as creatine kinase (CK), albumin, blood urea
nitrogen (BUN), creatinine, alkaline phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gamma glutamyltransferase (GGT), cholesterol, triglyceride,
total bilirubin (TBIL) and total protein (TP).

Statistical analysis: Hematological and biochemical parameters were presented as
mean£SD. Shapiro-Wilk and Levene tests were used to determine the homogeneity and
normality of the data distribution. The paired-t test was used to statistical analysis within the
group. For the evaluation between groups, one-way analysis of variance (ANOVA) and post
hoc Tukey tests were used. SPSS 19.0. (IBM Corp, Armonk, NY) statistics program was used

for the statistical analysis. Statistical significance was considered as P< 0.05.

Results

No clinical adverse effects were observed in animals in the 10 and 20 mg/kg dose groups.
In the 40 mg/kg dose group, tachycardia and hypersalivation were observed and the animals
were agitated for approximately 4 hours. Hematological and biochemical parameters in sheep
following intravenous administrations of pentoxifylline at different doses are presented in Table
1 and Table 2, respectively. There was no difference in biochemical parameters (BUN,
creatinine, albumin, ALT, ALP, AST, cholesterol, CK, GGT, TBIL, TP, and triglyceride) in the
in-group and between-group comparisons (P> 0.05). While there was no difference between
the groups in hematological parameters (P> 0.05), it was determined that the hematocrit value

decreased in the 20 mg/kg dose group (P< 0.05).
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Table 1. Hematological parameters in sheep (n=6) following single intravenous administrations
of pentoxifylline at doses of 10, 20 and 40 mg /kg (mean £ SD).

Parameters 10 mg/kg 20 mg/kg 40 mg/kg

Oh 12 h Oh 12 h Oh 12 h
WBC (*10%/L) 7.1520.76 7.68+1.09 7.29+1.13 7.4021.06 7.48+1.05 7.28+1.33
RBC (*10%/L) 11.29+1.65 11.62+1.45 10.99+0.89 11.07+0.84 10.69+0.98 11.63+1.73
HGB (g/dL) 10.12+¢1.73 10.23+1.34 11.17£1.25 10.40£1.00 9.52+1.17 10.02+1.79
HCT (%) 31.77+4.64 32.87+4.21 38.50£3.15 31.45+3.28" 30.53+4.37 31.80+3.75
Platelet (*10%/L)  240.17+5157  257.33%51.15 238.00+42.31 243.17+37.08 239.50£31.73  246.33%43.79

" The value is statistically different from the 0 h in the same group.
WBC; white blood cells, RBC; red blood cells, HGB; hemoglobin, HCT; hematocrit.

Table 2. Biochemical parameters in sheep (n=6) following single intravenous administrations
of pentoxifylline at doses of 10, 20 and 40 mg/kg (mean + SD).

Parameters 10 mg/kg 20 mg/kg 40 mg/kg

Oh 12h Oh 12h Oh 12h
ALB (g/dL) 3.44%0.30 3.40+0.29 3.54+0.27 3.51+0.41 3.5720.41 3.4020.36
ALP (U/L) 147.67+32.72 156.83+29.69 159.33£17.10  159.83+12.67 146.00£34.09  164.17+30.86
ALT (U/L) 16.50+3.56 16.67+2.66 16.17+3.31 16.00+2.53 17.502.59 15.33+3.88
AST (U/L) 151.50+38.38 151.50235.19 139.17+46.76  145.83+39.46  146.67+46.07 154.83+33.44
BUN (mg/dL) 21.93+3.33 20.78+2.58 20.73+2.05 20.68+3.49 21.25+3.11 21.17+3.22
CHOL (mg/dL)  52.838.80 53.009.19 50.17+8.68 50.839.60 53.50+7.42 54.00+8.29
CK (U/L) 168.67+38.30 169.67+22.21 176.67+38.26  178.83+32.36  177.83+32.39  187.00+36.52
CRE (mg/dL) 0.70+0.10 0.700.12 0.70£0.12 0.69+0.11 0.75+0.10 0.73+0.12
GGT (U/L) 57.50+6.09 57.17+7.33 57.17+8.13 59.00+7.67 59.50+9.71 59.17+7.19
TBIL (mg/dL) 0.09+0.04 0.07+0.03 0.08+0.04 0.07+0.05 0.09+0.07 0.0620.04
TP (g/dL) 6.57+0.25 6.58+0.26 6.4620.34 6.55+0.33 6.730.35 6.71%0.22
TRIG (mg/dL) 15.17+4.62 18.00£2.37 16.67+4.80 18.00£3.29 19.17+4.07 18.17+3.37

ALB; albumin, ALP; alkaline phosphatase, ALT; alanine aminotransferase, AST; aspartate aminotransferase,
BUN; blood urea nitrogen, CHOL,; cholesterol, CK; creatine kinase, CRE; creatinine, GGT; gamma
glutamyltransferase, TBIL; total bilirubin, TP; total protein, TRIG; triglyceride.
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Discussion

Pentoxifylline is used in human and veterinary medicine to promote microcirculation and
to provide peripheral oxygenation (Sezik et al., 2020). In experimental studies in sheep,
pentoxifylline was used in the dose range of 10-60 mg/kg (Chalmeh et al., 2016; Ogura et al.,
1994; Sigurdsson & Youssef, 1993; Talosi et al., 2001). However, the use of drugs in increased
doses may cause adverse effects. Biochemical and hematological values are used to judge the
effects of medications on physiological and pathological states (Corum et al., 2022). The
biochemical values (BUN, creatinine, aloumin, ALT, ALP, AST, cholesterol, CK, GGT, TBIL,
TP, and triglyceride) indicate the functionality of the kidney, liver, muscle, heart, and lipid
metabolism. Hematological parameters (hemoglobin, WBC, RBC, hematocrit, and platelet)
reflect fluid-electrolyte balance situation and bone-marrow functions (Kerr, 2002a; Kerr,
2002b; Turgut, 2000).

In this study, when different dose groups of pentoxifylline were compared, there was no
difference in hematological parameters. In the in-group comparison, it was seen that the
hematocrit value decreased in the 20 mg/kg dose group. However, this change was within the
reference values specified in merino sheep (Lepherd et al., 2009). Similarly, oral (30 mg/kg)
and intravenous (8 mg/kg) administration of pentoxifylline did not cause any change in
hematological parameters in dogs (Rees et al., 2003). Intravenous administration of
pentoxifylline (10, 20 and 40 mg/kg) in goats caused changes in WBC and hemoglobin (Coskun
et al., 2022). It has been reported that pentoxifylline increases the level of hemoglobin in
hemodialysis-induced anemia by suppressing the production of pro-inflammatory cytokines,
which inhibit the efficacy of erythropoietin (Cooper et al., 2004; Shahbazian et al., 2017). It
also increased the value of hematocrit in humans (Antunes et al., 2008; Golbasi et al., 2003).

Intravenous administration of pentoxifylline (10, 20 and 40 mg/kg doses) to sheep did not
cause any difference in biochemical parameters. It has been reported that there was no
difference in biochemical parameters following intravenous administration of pentoxifylline at
a dose of 10 mg/kg to cattle and 8.5 mg/kg to horses (Liska et al., 2006; Uney et al. 2019).
However, administration of pentoxifylline at a 10, 20 and 40 mg/kg doses to goats caused
significant changes in biochemical (BUN, ALT, AST, TP, GGT, creatinine, albumin) values
(Coskun et al., 2022). In addition, pentoxifylline decreased AST, ALT, and GGT levels in non-
dyslipidemic and non-alcoholic human with fatty liver disease, and BUN and creatinine values
in male rats (Cioboata et al., 2017; El-Haggar & Mostafa 2015; Jalili et al., 2019).

While no clinical side effects were observed at 10 and 20 mg/kg doses of pentoxifylline
in sheep, tachycardia and hypersalivation and transient agitation were observed at 40 mg/kg

doses. The rapid (1 min) intravenous bolus injection of pentoxifylline at 40 mg/kg dose may
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cause these side effects. In goats, administration of pentoxifylline at the same dose and route
did not cause any clinical changes (Coskun et al., 2022). Pentoxifylline caused transient
hypersalivation and discomfort in cattle (10 mg/kg, intravenous), increased heart rate, sweating,
and fasciculations in muscles in horses (8.5 mg/kg, intravenous), and deep respiration, eye
closing, and lethargy in chickens (100 mg/kg, intravenous and oral) (De Boever et al. 2005,
Liska et al., 2006, Uney et al., 2019).

Conclusion
This study showed that pentoxifylline did not cause significant changes in biochemical
and hematological values in sheep after intravenous administration at 10, 20 and 40 mg/kg
doses. However, pentoxifylline caused clinical adverse effects at 40 mg/kg doses. Therefore,
the slow bolus injection (>1 min) or continuous infusion of pentoxifylline at 40 mg/kg dose
would likely decrease these adverse effects. However, in sheep, the safety study on
pentoxifylline is also necessary for multiple ascending doses as pentoxifylline is often used in

repeated doses.
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Abstract: In this case report, it was aimed to share a case of diaphragmatic hernia and its
treatment in a 5-month-old female stray dog. In the clinical examination of the patient, dyspnea
and ecchymosis in the mucous membranes were detected, while the diaphragm border was not
clearly seen in the radiographic examination. The dog was diagnosed with diaphragmatic
hernia. It was determined that the dog who underwent herniorrhaphy operation recovered
rapidly in the postoperative period.

Keywords: Canine, diaphragmatic hernia, dyspnea, herniorrhaphy, trauma.

Bir sokak kopeginde diyafram fitig1 ve tedavisi

Ozet: Bu olgu sunumunda, 5 aylik, disi bir sokak kopeginde karsilasilan diyafram fitig1 olgusu
ve tedavisinin paylasilmasi amaglandi. Hastanin klinik muayenesinde dispne ve mukozalarda
ekimoz tespit edilirken, radyografik muayenesinde diyafram sinirmin belirgin sekilde
goriilmedigi belirlendi. Képege diyafram fitig1 teshisi konuldu. Herniorafi operasyonu yapilan
kopegin postoperatif donemde hizla iyilestigi belirlendi.

Anahtar kelimeler: Kopek, diyafram fitigi, dispne, herniorafi, travma.

Introduction

Diaphragmatic hernia is a health problem with a high mortality rate in which abdominal
organs pass into the chest cavity due to ruptures in the diaphragm tissue. Diaphragmatic hernia,
which is mostly caused by trauma, causes important clinical symptoms (Radlinsky & Fossum,
2013; Hunt & Johnson, 2012; Ozer et al., 2007; Park & Lee, 2018; Yaygingul et al., 2019;
Zamirbekova et al., 2020). The center of the diaphragm, which has a musculotendinous
structure, is more durable than its peripheral parts. Therefore, abnormal openings on the
diaphragm mostly occur in the region of attachment of the diaphragm to the ribs (Zamirbekova
et al., 2020).

Although diaphragmatic hernia can occur congenitally in cats and dogs, it mostly occurs
due to blunt trauma (Radlinsky & Fossum, 2013; Hyun, 2004; Yaygingul et al., 2019;
Zamirbekova et al., 2020). Diaphragmatic hernias are caused by 85% traumatic reasons, 5-10%
congenital, 10-15% unknown reasons (Park & Lee, 2018). The most frequently herniated

organs in diaphragmatic hernia cases are liver (64-82%), stomach (47-56%), omentum (26-
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44%) and pancreas (4-8%). In hernias formed on the left side of the diaphragm, mostly stomach,
spleen and small intestines pass into the chest cavity. In hernias that occur on the right side of
the diaphragm, mostly the liver, small intestine and pancreas pass into the chest cavity
(Zamirbekova et al., 2020).

In cases of diaphragmatic hernia, the severity of the symptoms may differ according to
the condition of the organs displaced into the thorax. The most obvious clinical finding in
patients with diaphragmatic hernia is respiratory depression due to pressure on the lungs. Cats
and dogs with dyspnea and exercise intolerance due to respiratory depression usually take a
dog-sitting position in order to reduce the pressure on their lungs. In cases where the stomach
and intestines pass into the thorax, digestive system symptoms such as loss of appetite,
vomiting, diarrhea, constipation can also be seen. On physical examination, muffled heart
sounds and decreased lung sounds are detected on auscultation of the thorax, while abdominal
palpation may reveal that the organs are not in the abdominal cavity. The most common
laboratory findings in diaphragmatic hernia in cats and dogs are increased alanine
aminotransferase activity and serum calcium concentration (Burns et al., 2013; Nikiphorou et
al., 2016).

Direct and indirect radiography is required for the definitive diagnosis of diaphragmatic
hernia. The most prominent radiographic findings are the absence of the diaphragm line, the
silhouetted appearance of the heart, the displacement of the lungs, the presence of abdominal
organs and gas in the chest cavity (Burns et al., 2013; Hyun, 2004; Nikiphorou et al., 2016;
Ozer et al., 2007).

The only treatment for diaphragmatic hernias is surgery (Park & Lee, 2018; Randall,
2018; Yaygingul et al., 2019). In diaphragmatic hernia operations, first of all, the herniated
organs are slowly taken back into the abdominal cavities. Then, the damage to the diaphragm
is repaired with simple continuous sutures using absorbable and non-absorbable suture
materials. In order to create negative air pressure in the thorax, the lungs are completely filled
with air before the last suture is applied (Ozer et al., 2007).

In this case report, it was aimed to contribute to the literature and clinician veterinarians
by giving information about the diagnosis, treatment and postoperative prognosis of a
diaphragmatic hernia case encountered in a crossbred stray dog brought with the complaint of

post-traumatic respiratory depression.
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Case Description

In this case report, a 5-month-old female and cross breed dog, who was brought to Firat
University Animal Hospital Surgery Department with the complaint of respiratory distress after
trauma (traffic accident), was discussed.

In the inspection examination, respiratory distress and ecchymosis of the mucous
membranes were determined in the dog. It was determined that abdominal organs could not be
detected in the abdominal cavity on palpation, and heart and lung sounds decreased on
auscultation of the thorax. In addition, bowel sounds were detected on auscultation of the
thorax. After clinical examinations, it was suspected that the dog had a diaphragmatic hernia.
For the definitive diagnosis, thorax and abdomen radiographs of the dog were requested. In the
radiographs taken in the LL position, it was determined that the diaphragm line could not be
seen (Figure 1-a, b, ¢), the heart was seen in silhouette (Figure 1-b,c), and the abdominal organs
were located in the thorax (Figurel-a). However, the presence of free air in the thorax was
detected in the radiographic examination (Figure 1-c). Thus, the patient was definitively

diagnosed with diaphragmatic hernia.

Figure 1. Direct radiography of the thorax and abdomen in the LL position: the diaphragm line cannot be seen
(a,b,c), the view of the digestive system contents inside the thorax (blue arrow) (a), the silhouette view of the heart
(red arrow) (b,c), free air in the thorax (star) (c).

It was decided to take the dog, which was diagnosed with diaphragmatic hernia, to
urgent operation. First of all, the large area from the half of the sternum to the pubis was

prepared for the operation. After the preparations were completed, induction was achieved by
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intravenous administration of propofol at a dose of 4 mg/kg to the dog with diaphragmatic
hernia. Afterwards, the patient was placed under inhalation anesthesia with isoflurane by
placing an endotracheal tube (6 mm diameter, cuffed).

A median incision was made in the anesthetized dog, and the abdominal cavity was
entered. In the examination of the abdominal organs by inspection and palpation, it was
determined that the stomach, spleen, duodenum and jejunum were herniated through the
opening on the left side of the diaphragm. After the reduction of the herniated organs into the
abdomen with slow movements, the diaphragm was started to be repaired by suturing with
reverdin sutures (Vicryl, USP:2-0) (Figure 2).

To reduce the risk of pulmonary edema, the lungs were fully inflated before the final
suture was applied to the diaphragm. In the postoperative radiograph, it was determined that
the diaphragm line and the heart were clearly seen (Figure 3).

In the postoperative period, oxygen support was provided to the patient for 24 hours. In
addition, amoxicillin-clavunic acid (Synulox, Zoetis, Italy) at a dose of 8.75 mg/kg was
administered intramuscularly for 7 days. In the postoperative period, meloxicam (Bavet
meloksikam, Bavet, Istanbul) was administered subcutaneously at a dose of 0.2 mg/kg for pain
management. In the clinical and radiological examinations performed on the 15th, 30th and
60th days after the operation, it was determined that the general condition of the patient was

good and there was no respiratory problem (Figure 4).

Figure 2. Abnormal opening formed by the left side of the diaphragm, diaphragmatic hernia (a, b, c), closure of
the opening in the diaphragm, herniorrhaphy (d, e, f).
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Figure 3. Postoperative radiographic findings; image of the heart (red arrows) and the diaphragm line (blue-white
arrows).

Figure 4. Postoperative 15th day (a) and 30th day (b) image of the patient, postoperative 15th day thorax
radiograph of the patient (c), diaphragm line (red arrows), heart (blue-white arrows).
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Discussion

Diaphragmatic hernia is a health problem with a high mortality rate in cats and dogs
caused by congenital (5-10%) and traumatic (85%) causes. The cause of 10-15% of
diaphragmatic hernias is unknown (Radlinsky & Fossum, 2013; Park & Lee, 2018;
Zamirbekova et al. 2020). It is thought that the diaphragmatic hernia formed in the stray dog,
which is the subject of this case report, was formed due to the trauma that occurred as a result
of the traffic accident three days ago.

Liver, stomach, omentum and pancreas are among the organs that are most displaced
towards the thoracic cavity in cases of diaphragmatic hernia. Hernias on the left side of the
diaphragm mostly herniate the stomach, spleen and small intestines, while hernias on the right
side of the diaphragm hernia the liver, small intestines and pancreas (Hyun, 2004; Zamirbekova
etal., 2020). In the study of Zamirbekova et al. (2020), it was reported that liver (81%), stomach
(43%), small intestine (35%), omentum (13%) and pancreas (13%) were the most herniated
organs in diaphragmatic hernia cases in cats and dogs. Hyun (2004), on the other hand, reported
that the liver (65%), stomach (95%), and small intestine (50%) were the most herniated organs
in hernias on the left side of the diaphragm. In this case report, it was determined that the
stomach, spleen, duodenum, and jejunum of the dog, which had a hernia on the left side of the
diaphragm, were displaced into the thorax.

The most common clinical findings in diaphragmatic hernia cases are dyspnea and
exercise intolerance due to respiratory depression. The muffled heart and lung sounds during
auscultation of the thorax are among the most important clinical examination indicators (Burns
et al., 2013; Nikiphorou et al., 2016; Park & Lee, 2018; Zamirbekova et al., 2020). In the study
of Park & Lee (2018), reported moderate dyspnea and lethargy complaints in a two-month-old
cat with diaphragmatic hernia. In the same study, they reported that during auscultation of the
thorax, heart sounds were heard clearly from the right side and muffled from the left side. In
this case report, dyspnea and ecchymoses on the mucous membranes were detected in the
clinical examination of the dog. In addition, it was determined that lung and heart sounds could
not be heard clearly and bowel sounds were heard during auscultation of the thorax. In
diaphragmatic hernias, digestive system symptoms such as diarrhea, constipation, vomiting,
loss of appetite can also be seen, depending on the herniated organs and their condition (Burns
et al., 2013; Nikiphorou et al., 2016). In this case report, it was determined that the dog with
diaphragmatic hernia did not have any digestive system symptoms.

Radiographic examinations are very important for the definitive diagnosis of

diaphragmatic hernias. The most prominent radiographic findings are the absence of the
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diaphragm line, the silhouetted appearance of the heart, the displacement of the lungs, the
presence of abdominal organs and gas in the chest cavity (Burns et al., 2013; Hyun, 2004;
Nikiphorou et al., 2016; Ozer et al., 2007). In the study of Hyun (2004), reported that in cats
and dogs with diaphragmatic hernia, the heart was displaced in 70%, there was a gas mass
originating from the stomach and intestines in the thorax in 73%, and the abdominal organs
were displaced cranially in 97%. In this study, in the radiographic examination of the dog, the
absence of the diaphragm line, the silhouetted image of the heart, the presence of intestinal
contents and free air in the thorax facilitated the diagnosis of diaphragmatic hernia. In addition,
in this case report, it was found that the apex part of the heart of the dog diagnosed with
diaphragmatic hernia was displaced cranially.

The only treatment for diaphragmatic hernias is surgery. Pre-anesthetics that will not
cause respiratory depression due to possible dyspnea should be used (Park & Lee, 2018;
Randall, 2018; Yaygingul etal., 2019). Park & Lee (2018), reported that they achieved induction
by intravenous administration of 8 mg/kg of propofol before the operation of a two-month-old
cat with diaphragmatic hernia. In this case report, 4 mg/kg of propofol was administered
intravenously to the dog for induction before the operation. Similar to the other study after
induction, isoflurane anesthesia was administered via intermittent positive pressure ventilation.

In diaphragmatic hernia operations, in cases of collapsed lungs and/or pneumothorax, a
chest tube can be placed in the lateral chest wall to evacuate free air (Tobias, 2017). In the case
report, it was decided that there was no need for chest tube placement, since collapse did not
occur in the lungs. However, in order to evacuate the small amount of free air accumulated in
the chest cavity, the lungs were expected to be fully inflated before the last suture was placed
on the diaphragm.

In diaphragmatic hernias, hypoventilation, shock, multi-organ failure and heart
arrhythmias can cause death in the preoperative period (Boudrieau & Muir, 1987). In the
intraoperative period, during the induction phase, delayed intubation and failure to control
ventilation can result in death (Bednarski, 1986). In the postoperative period, the first 24 hours
is the most critical period (Radlinsky & Fossum, 2013). The prognosis after the operation in
diaphragmatic hernias is quite good. The survival rate in dogs is 81-87.5%, while the survival
rate in cats is 86-97% (Burns et al., 2013; Nikiphorou et al., 2016). In this case report, it was
determined that the prognosis of the dog that was operated for diaphragmatic hernia was good.
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Conclusion
As a result, it was concluded that diaphragmatic hernia is a health problem that causes
important clinical symptoms in cats and dogs and has a high mortality rate if not treated.
Contrary to this situation, it is very important to have a very high postoperative survival rate.
In this study, it was aimed to contribute to the literature and our colleagues by sharing the

diagnosis and treatment stages of a stray dog with diaphragmatic hernia.

Financial Support

This research received no grant from any funding agency/sector.

Ethical Statement
This study does not present any ethical concerns.

Conflict of Interest
The authors declared that there is no conflict of interest.

References

Bednarski, R. M. (1986). Diaphragmatic hernia: Anesthetic considerations. Veterinary Medicine and Surgery,
1(3), 256-258.

Boudrieau, S.J., & Muir, W.W. (1987). Pathophysiology of traumatic diaphragmatic hernia in dogs.
Compendium on Continuing Education for the Practising Veterinarian, 9(4), 379-385.

Burns, C. G., Bergh, M. S., & McLoughlin, M. A. (2013). Surgical and nonsurgical treatment of
peritoneopericardial diaphragmatic hernia in dogs and cats: 58 cases (1999-2008). Journal of the
American Veterinary Medical Association, 242(5), 643-650. https://doi.org/10.2460/javma.242.5.643

Hunt, G. B., & Johnson, K. A. (2012). Diaphragmatic Hernias. In: Veterinary Surgery: Small Animal (pp. 1380-
1390). Elsevier Saunders.

Hyun, C. (2004). Radiographic diagnosis of diaphragmatic hernia: Review of 60 cases in dogs and cats. Journal
Veterinary Sciences, 5(2), 157-162. https://doi.org/10.4142/jvs.2004.5.2.157

Nikiphorou, X., Chioti, R., Patsikas, M.N., & Papazoglou, L.G. (2016). Peritoneopericardial diaphragmatic
hernia in the dog and cat. Journal Hellenic Veterinary Medicine Society, 67(3), 189-194.
https://doi.org/10.12681/jhvms.15638

Ozer, K., Guzel, O., Devecioglu, Y., & Aksoy, O. (2007). Diaphragmatic hernia in cats: 44 cases. Medycyna
Weterynaryjna, 63(12), 1564-1567.

Park, S., & Lee, J.M. (2018). Diaphragmatic hernia in a two-month old cat. Journal of Veterinary Clinics, 35(5),
237-239. https://doi.org/10.17555/jvc.2018.10.35.5.237

Radlinsky, M. G., & Fossum, T. W. (2013). Perineal hernias. In: Small Animal Surgery (4th ed., pp.568-573).
Moshy Elsevier.

Randall, E. K. (2018). Canine and feline diaphragm. In: Textbook of Veterinary Diagnostic Radiology (pp. 633-
648). WB Saunders.

Tobias, K.M. (2017). Manual of Small Animal Soft Tissue Surgery. John Willey & Sons.

Yaygingul, R., Bozkan, Z., Bilgen Sen, Z., Kibar Kurt, B., & Belge, A. (2019). Traumatic diaphragmatic hernia
in cats: A retrospective study of 15 cases (2016-2017). Kocatepe Veterinary Journal, 12(2), 205-212.
https://doi.org/10.30607/kvj.493594

Zamirbekova, N., Uzunlu, E.O., & Arican, M. (2020). Kedi ve kopeklerde travmatik hernia diyaframatika: 40
olgu. Bozok Veterinary Sciences, 1(1), 7-12.

24



Veterinary Journal of Kastamonu University Case Report
Volume 1 (Issue 2) (2022) Pages 25-31

A case of cystic mammary adenocarcinoma in rabbit

Gozde OKUYUCU", Zafer OZYILDIZ?P, Volkan IPEK?®

Mehmet Akif Ersoy University, Institute of Health Sciences, Burdur, Turkiye; 2Mehmet Akif Ersoy University,
Faculty of Veterinary Medicine, Department of Pathology, Burdur, Turkiye.
30RCID: https://orcid.org/0000-0001-5433-3271; PORCID: https://orcid.org/0000-0001-5874-7797; “CORCID:
https://orcid.org/0000-0002-6009-9191

“Corresponding author: gozdeokuyucu97 @gmail.com
Received 02.11.2022 - Accepted 19.12.2022 - Published 31.12.2022

Abstract: Mammary adenocarcinomas are a type of malignant tumor frequently encountered
in domestic animals. It is rarely seen in rabbits, most often in cats and dogs. In recent years,
cases of mammary tumors in domestic rabbits have been increasing. Cases such as
adenosquamous carcinomas, anaplastic carcinomas, carcinomas in situ, spindle cell carcinomas
and carcinosarcomas have also been reported, most commonly in rabbits, along with variants
of invasive adenocarcinomas. In this case, a biopsy sample taken from the mammary region of
a 6-year-old female hybrid rabbit was examined histopathologically and
immunohistochemically. As a result of the examinations, histopathologically, a large number
of neoplastic cells with features of malignancy were found in the breast tissue. Cystic
formations filled with proteinous material of varying sizes were found in the neoplastic tissue.
Anti-cytokeratin and anti-vimentin expressions of neoplastic cells were observed in
immunohistochemical findings. A diagnosis of mammary cystadenocarcinoma was made in the
presence of histopathological and immunohistochemical findings. According to the authors'
knowledge, the cyst adenocarcinoma variant is rarely encountered among mammary tumors
observed in rabbits.

Keywords: Cyst adenocarcinoma, mammary, rabbit.

Bir tavsanda kistik meme adenokarsinomu olgusu

Ozet: Meme adenokarsinomlar1 evcil hayvanlarda siklikla karsilasilan kotii huylu bir timér
cesididir. En ¢ok kedi ve kdpeklerde goriilmekte olup, tavsanlarda nadiren bildirilmektedir. Son
yillarda evcil tavsanlarda meme tiimoriiniin teshisi de giderek artmaktadir. Tavsanlarda en
yaygin olarak invaziv adenokarsinomlarin gesitleri ile birlikte baz1 adenoskuamoz karsinomlar,
anaplastik karsinomlar, in situ karsinomlar ve mekik hicreli karsinom ve karsinosarkom gibi
olgular bildirilmistir. Bu olguda ise 6 yasli, disi, melez bir tavsanin meme bdlgesinden alinan
biyopsi 6rnegi histopatolojik ve immunohistokimyasal olarak incelendi. Yapilan incelemeler
sonucunda histopatolojik olarak meme dokusunda ¢ok sayida belirgin derecede anizositozis,
anizokaryozis, makronikleoli ve polinikleoluslarla birlikte gozlenen neoplastik hicrelere
rastlandi. Neoplastik hiicrelerin yiiksek mitotik aktiviteye sahip oldugu goriildii. Neoplastik
doku icerisinde farkli biiytlikliiklerde proteindz materyal ile dolu kistik olusumlara rastlandi.
Immunohistokimyasal olarak neoplastik hiicrelerde hem anti-sitokeratin hem de anti-vimentin
pozitifligi gozlendi. Histopatolojik ve immunohistokimyasal bulgular esliginde kitleye kist
adenokarsinom tanist konuldu. Kist adenokarsinom varyant1 yazarlarin bilgisine gore
tavsanlarda gézlenen meme tiimorleri igerisinde oldukca nadir olarak karsilasilmaktadir.
Anahtar kelimeler: Kist adenokarsinom, meme, tavsan.
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Introduction

Mammary gland tumors are the second most common type of tumor in female dogs after
skin tumors. In cats, the most common site of tumors is the mammary glands, apart from the
cutaneous, lymphoid, and hematopoietic tissues. Mammary gland tumors are rare in other pet
species (Jubb et al., 2012). In domestic rabbits (Oryctolagus cuniculus), mammary gland
neoplasia has been reported relatively less frequently than in cats and dogs. Spontaneous
mammary tumors in rabbits are often associated with uterine hyperplasia or adenocarcinomas.
Therefore, it is thought that there is a relationship between these conditions (Walter etal., 2010).

Mammary carcinomas are subclassified as adenocarcinomas, solid carcinomas, spindle
cell carcinomas, anaplastic carcinomas, squamous cell carcinomas, and mucinous carcinomas.
The most frequently reported histological types are adenocarcinomas (Baum & Hewicker-
Trautwein, 2015). Adenocarcinomas are classified as solid, papillary, cystic, comedo, follicular,
tubular, and trabecular (Baum, 2021), based on the appearance of the glandular tissues formed
by the cells that from the tumor, or as mucinous and colloid based on the characteristics of the
substance secreted by the cells that form the tumor (Hudaverdi & Kiran, 2005). Mammary gland
adenocarcinomas in rabbits were found to be tubular, papillary, solid, and tubulopapillary in
appearance. Cystic forms, as well as tubular and papillary formations, have been documented
in a few cases (Schoniger et al., 2014; Sikoski et al., 2008). At least 70% of mammary tumors
identified in rabbits are malignant and may metastasize to the lung, liver, kidney, pancreas,
adrenal gland, ovary, bone marrow, and regional lymph nodes (Schoniger et al., 2014).

In this case report, cystic mammary adenocarcinoma, which is uncommon in rabbits,

was examined histopathologically and immunohistochemically.

Case Description

The case material is a biopsy sample taken from the thoracic mammary region of a 6-
year-old female hybrid rabbit (Figure 1). The mass was approximately 5x4x3 (cm) in size.
Macroscopically, the mass was firm in consistency and the cross-sectional surface was
homogeneous. Following standard follow-up procedures, the biopsy sample was fixed in a 10%
formaldehyde solution, embedded in paraffin, and cut into five micrometer-thick sections
(Leica RM 2155) for examination under a light microscope. Cystic formations of various sizes
filled with proteinous substances were found in the mammary tissue during the microscopic
examination (Figure 2). In the neoplastic regions, cells with numerous polymorphisms were
observed. These cells displayed several mitotic figures with distinct anisocytosis, anisokaryosis,

macronucleoli, and multinucleoli (Figure 3). Additionally, in the immunohistochemical
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examination, the sections were stained with the Avidin-Biotin Peroxidase Complex method.
Vimentin (Dako, clone Vim 3B4, 1:200 dilution) and cytokeratin (Dako, clone AE1-AE3, 1:100
dilution) were used as primary antibodies. 3,3’-Diaminobenzidine (DAB) was used as

chromogen, and counterstaining was made with Mayer hematoxylin. Neoplastic cells were

positive for both antibodies (Figure 4-5).

Figure 2: Cystic formation filled with proteinous material in the mammary gland tissue, H&E, Bar: 200 pum.
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Figure 3: Multiple mitotic figures (arrows), with solid neoplastic growth areas showing distinct features
malignancy. H&E, Bar: 50 pum.

Figure 5: Anti-cytokeratin positivity in neoplastic cells, DAB, Bar: 50 pm.

of
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Discussion

In rabbits, mammary tumors can develop at any age, with a mean of 4.9 to 5.5 years and
a range of 8 months to 14 years (Sikoski et al., 2008). Additionally, according to Schoniger et
al. (2014), all rabbits with mammary tumors of known sex are female or neutered females. The
rabbit in our case was also 6 years old and female, which was compatible with the literature. In
a study conducted by Bertram et al. (2021) on rabbits, metastasis was found in 12 necropsy
cases of malignant mammary tumors and tissue samples to the lung in five cases, the liver in
two cases, the regional lymph node in one case, and the spleen in one case. In our case, the
presence of metastasis could not be determined because radiography and necropsy could not be
performed.

It has been reported that the majority of rabbit mammary tumors are carcinomas
(Schoniger et al., 2014; Baum and Hewicker-Trautwein, 2015; Degner et al., 2018). According
to the study of Bertram et al. (2021), the most common tumor growth patterns are simple
adenoma/carcinoma, intraductal papillary adenoma/carcinoma, and comedocarcinoma.
Schoniger et al. (2014) also stated tubular, solid, and cystic growth patterns in their study. They
also reported that tumors with some cystic cavities are filled with proteinaceous material.
Previous studies have shown that in addition to cystic formations in tumors, tumor cells
reproduce in a tubular or papillary fashion. In this present case, however, cystic formations
were seen together with solid growth of epithelial tumor cells. Furthermore, the cystic
formations were filled with proteinous material.

Cytoplasmic lipid droplets are frequently found in the luminal epithelial cells of normal
and hyperplastic mammary glands, epithelial tumor cells, and cystic lesions (Baum &
Hewicker-Trautwein, 2015; Degner et al., 2018). Due to the high fat content of rabbit milk,
their presence is likely also related to lactation activity (Maertens et al., 2006). In our study, it
was noted that mammary gland epithelial tumor cells showed solid growth; cell shapes varied
from cuboidal to polygonal cells, but there were no vacuoles in the cytoplasm of the cells. In
addition, Baum & Hewicker-Trautwein (2015) suggested that rabbit mammary carcinomas
have a wide spectrum of mitotic activity, ranging from 0-36 mitotic figures at x100 high
magnification. In the presented case, 4-5 mitotic activities were observed in the x100
magnification area.

Immunohistochemistry is an important method for the diagnosis of neoplasms. The
diagnosis of neoplasms has been facilitated by revealing the existence of a wide variety of
antibodies and using antibodies that bind to cell-specific proteins. Since all epithelial cells

contain cytokeratin and all mesenchymal cells contain vimentin, cytokeratin and vimentin are
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the most commonly used intermediate filaments (Jubb et al., 2012). Cytokeratin antibody has
been found to be positive in the squamous and columnar epithelial cytoplasms of the skin,
cervix, colon, esophagus, small intestine, and stomach, as well as in epithelial tumors (Listrom
& Dalton, 1987). The vimentin antibody has been shown to strongly stain fibrocytes, lipocytes,
smooth muscle cells, vascular endothelial cells, sweat, and salivary gland myoepithelial cells.
However, positivity has also been reported in epithelial tumors (such as adenocarcinomas,
cholangiocarcinomas) when the tumor is poorly differentiated (Azumi & Battifora, 1987). This
condition is called the “epithelial-mesenchymal transition” and is a complex process involved
in embryonic development, wound healing, and carcinogenesis. During this process, epithelial
cells lose their defining features and acquire mesenchymal features. With the epithelial-
mesenchymal transition, the cells move away from their normal structure and allow it to pass
through blood and lymphatic vessels to invade different organs. Therefore, it has been seen as
a cause of metastasis and tumor invasiveness (Cervantes-Arias et al., 2013; Raposo-Ferreira et
al., 2018). In our case, cytokeratin positivity confirms epithelial origin, while vimentin
positivity supports the presence of epithelial-mesenchymal transition and/or malignancy

increase.

Conclusion
To the authors' knowledge, the cyst adenocarcinoma variant is extremely rare among
mammary tumors in rabbits, and this case report may contribute to understanding the

histopathology of this tumor in rabbits.
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Abstract: In human and animal body, especially in the gastrointestinal tract, there are many
microorganisms that coexist in a mutually beneficial relationship with the host. The main
function of the intestinal microbiome is to ferment indigestible substrates and short-chain fatty
acids, etc. to inhibit the proliferation of pathogens, among other functions. For example, by
increasing beneficial microorganisms that produce important antimicrobial metabolites. The
gut microbiota can prevent the colonization of pathogens through the mechanism of
colonization resistance. Antibiotic exposure to the gut microbiome can trigger the response that
affects colonization resistance. This review provides an overview of the gut microbiome and
the effects of antibiotic therapy on pathogen and disease colonization, the relationship between
diet and microbiota, and the use of functional foods.

Keywords: Functional food, microbiota, probiotic-prebiotic.

Insan ve hayvanlarda mikrobiyota ve fonksiyonel gidalarin kullanim ile
iliskisi

Ozet: insan ve hayvan viicudunda, 6zellikle de mide-bagirsak sisteminde, konaket ile karsilikli
olarak yararli bir iligki i¢cinde birlikte gelisen bircok mikroorganizma bulunmaktadir. Bagirsak
mikrobiyomunun ana rolii, sindirilemeyen substratlarin fermentasyonu ve diger islevlerin yani
sira patojenlerin ¢ogalmasini engellemek icin kisa zincirli yag asitleri vb. gibi 6nemli
antimikrobiyal metabolitler {iireten faydali mikroorganizmalarin artmasidir. Bagirsak
mikrobiyotasi, kolonizasyon direnci mekanizmasit yoluyla patojen kolonizasyonunu
Onleyebilir. Bagirsak mikrobiyomunu antibiyotik maruziyetine birakmak, bagirsak
kolonizasyon direncini etkileyen yanit1 tetikleyebilir. Bu derlemede, bagirsak mikrobiyomu ve
antibiyotik tedavisinin patojen kolonizasyonu ve hastaliklar1 tizerindeki etkilerine, diyetin
mikrobiyota ile iligkisine ve fonksiyonel gidalarin kullamimina yonelik genel bir bakis
sunulmaktadir.

Anahtar kelimeler: Fonksiyonel gida, mikrobiyata, probiyotik-prebiyotik.

Introduction
Humans live in a biosphere where microorganisms have existed for 3.8 million years
and have influenced the biosphere for 10 thousand years. Over the same period, we have also
been influencing the microorganisms that make up our internal biosphere, i.e., our microbiota

(Lederberg & McCray, 2001). Ecological communities formed by commensal, symbiotic, and
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pathogenic microorganisms found in various parts of the human body used to be referred to as
normal body flora but are now called the "microbiota”. The term microbiome refers to the sum
of genomes of microorganisms living in an ecological niche (Koroglu, 2017). The human
microbiota is mainly composed of bacteria, viruses, fungi, and many eukaryotic
microorganisms (Tug et al., 2002). It is reported that the bacterial genome in the human body
is ~ 150 times larger than the human genome (Cénit et al., 2014; Walker & Lawley, 2013).
This combination of human and microbial genomes is referred to as the "hologenome™. In
addition, it is reported that the number of microorganisms in the human body is ten times greater
than the number of human cells, as they also have advantages in terms of their genome (Belkaid
& Hand, 2014). Most of the human microbiota has occupied in the digestive system, skin,
urogenital system, and respiratory system. The digestive system provides the most suitable
environment for microorganisms to colonize due to its large surface area and abundance of
nutrients. For this reason, the colon alone is reported to contain more than 70% of the
microorganisms in our bodies (Whitman et al., 1998).

The relationship among microorganisms and between microorganisms and hosts is
studied through microbiome studies. The Microbiome Project, launched in 2007 with 300
volunteers, aimed to determine all microorganisms in the human body and to investigate
whether changes in the microbiome can be associated with the disease (Tug et al., 2002). The
gastrointestinal microbiota more than 1500 species of microorganisms. The two dominant
bacterial phyla Firmicutes and Bacteroides make about 90% of the gut microbiota of a healthy
adult person, with lesser amounts of other phyla like Actinobacteria (mostly Bifidobacterium),
Proteobacteria, Fusobacteria, and VVerrucomicrobia (Kamada et al., 2013; Qin et al., 2010).

The microbiome has some protective, metabolic, and structural effects. These protective
effects are the removal of pathogenic microorganisms, competition with food, competition with
receptors and the production of antimicrobial factors. Their structural effects are strengthening
the mucosal barrier, induction of IgA, tightening the tight junctions, and developing the immune
system. Its metabolic effects are control of epithelial cell differentiation and proliferation,
metabolism of dietary carcinogens, synthesis of vitamins, epithelial-derived fermentation of
indigestible food residues, and lowering pH (Hansen et al., 2015).

Relationship of microbiota with diseases: The bacteria in the microbiota contain a
certain amount of beneficial and harmful bacteria. When the ratio between beneficial and
harmful bacteria decreases, a pathological process called "microbial dysbiosis” begins. The
healthy microbiota is called eubiosis (Whitman et al., 1998). The microbiota plays an important

role in many bodily functions, including homeostasis, metabolism, the production of minerals
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and vitamins, the formation of some endocrine stimulation, the prevention of the colonization
of some pathogenic microorganisms, the regulation of immune reactions, and the metabolism
of xenobiotic substances (Barko et al., 2018; Nicholson et al., 2012). The microbiota also plays
a critical role in the immune system's maturation, distinguishing between commensal and
pathogenic bacteria and fostering tolerance and immunity to own and foreign antigens. The
immunological balance of the mucosa has essential tasks, such as the correct differentiation
between billions of harmless microorganisms and rare pathogenic invasive microorganisms.
The immune system attempts to directly prevent pathogen colonization through local and
generally systemic inflammatory responses (Barko et al., 2018).

Some microorganisms that live with us in the gastrointestinal tract are recognized by M
cells and dendritic cells in the epithelium. These stimulate the maturation of T lymphocytes by
turning into Regulatory T cells (Treg) cells that secrete cytokines that control the immune
system and have an anti-inflammatory function. Lymphocytes, one of the most critical cells in
our immune system, stimulate epithelial cells to secrete defensin-like substances with
antimicrobial activity (Belkaid & Naik, 2013). In people with dysbiosis, the structure of the
mucus layer deteriorates with the decrease in the diversity of the microbiota or the deterioration
of the balance of the microbial composition in the intestinal contents and the composition of
the microbiota and, consequently, the metabolism of the microbiome. This results in a
deterioration of the functions of the mucus layer that are very beneficial to the host, such as
maintaining the microbial composition in the gut and preventing colonization by pathogenic
microorganisms (Haller, 2018). It has been reported to play a very influential role in gut
microbial composition, digestive system peristalsis, and intestinal epithelial function (Bjérksten
et al., 2001; Vrieze et al., 2010). The bidirectional relationship between the gut microbiota and
immune system development and function involves multiple interactions in homeostasis and
disease states. At the same time, the immune system regulates the maintenance of the basic
features of the relationship between the host and the symbiotic microbiota. In a genetically
susceptible host, imbalances in the interactions between the microbiota and the immune system
are thought to influence the pathogenesis of many immunological diseases (Shi et al., 2017).

Effects of antibiotics on microbiota: One of the most important factors affecting the
microbiota is the use of antibiotics. Antibiotics not only have specific toxicity to the target
pathogen, but they also affect the microbiota. The beta-lactam and fluoroquinolone group
antibiotics are among the antibiotics that have the most effects on the microbiota due to their
frequent use. On the other hand, combined effects on the microbiome often occur due to their

frequent use for combined therapy applications (Panda et al., 2014). In one study, it was found
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that after a 7-day application of clindamycin, the Bacteroides phyla in the microbiota did not
return to its normal composition even after two years (Jernberg et al., 2007).

According to the Canine Microbiota Dysbiosis Index data from the College of Texas, it
has been reported that although the gut microbiota returns to its previous composition within a
few weeks after antibiotic administration in many dogs, this process takes a long time in some
animals (Suchodolski et al., 2016).

Microbiota interaction in animals and humans: The gastrointestinal tract is the most
important habitat for the microbiota of humans and other animal species. The microbiota of the
mammalian digestive tract is diverse and complex, consisting of many interdependent and
noncompeting species. The composition of the microbiota varies throughout the gastrointestinal
tract. It has been observed that anaerobic bacterial groups dominate in distal sections, whereas
aerobic and anaerobic bacteria are more evenly distributed in proximal sections (Simpson et al.,
2002; Suchodolski et al., 2008). Cats and dogs have a relatively simple gastrointestinal tract
compared to humans and livestock (Eckburg et al., 2005; Ley et al., 2008). In a study using
bacterial culture techniques from canine gastric biopsies, the number of bacteria in the stomach
was 10° cfu/g and it was found that the most abundant indices belonged to the Proteobacteria
phylum (99.6%). In addition, only a few (0.3%) indices belonging to the phylum Firmicutes
were found (Benno et al., 1992; Garcia-Mazcorro et al., 2012).

It is reported that the part with the greatest similarity in the microbiota of humans and
animals living together is the skin and hair regions. Microbiologically, studies have shown that
the skin microbiota of adults is more similar to the microbiota of their dog or dogs than to that
of other dogs. People with dogs share more common bacterial phylotypes than people without
dogs (Song et al., 2013). The taxa that share the most significant similarity between dogs and
their owners are the Betaproteobacteria (Methylophilaceae), the Actinobacteria, and the
Acidobacteria pylotype (Lauber et al., 2009).

It has been observed that the microbiota of the digestive system benefits the host through
many mechanisms. Commensal bacteria in the digestive tract form a temporary defense barrier
against pathogens. They aid in the digestion of nutrients, provide important metabolites for the
host, and have important functions in modulating the host's immune system (Suchodolski,
2011).

The idea that pets are beneficial to human health was first introduced in 1989 by David
Strachan, who attributed the risk of allergic disease to a highly hygienic environment (Strachan,
1989). With further evidence that dysbiosis of the gut microbiome in infancy is associated with

the development of allergic disease, this view has been revised as the microbiota hypothesis
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(Ezell et al., 2013; Hesselmar et al., 1999; Litonjua et al., 2002; Lodge et al., 2012; Nermes et
al., 2013; Ownby et al., 2002; Wold, 1998). In a pilot study including 24 newborns, it was
discovered that 3-month-old infants who were around dogs had increased gut microbial richness
and variety, as well as more Bifidobacterium pseudolongum, an important marker of the
transition from animal to human (Azad et al., 2013; Lodge et al., 2012; Nermes et al., 2013).
Additionally, Alistipies, Pseudomonas, Slackia, Subdoligranulum, the bacterial group
Eubacterium coprostanoligenes, and Barnesiella were not discovered in the gut microbiota of
dogs in a study comparing the gut microbiota of wild wolves and domestic dogs to evaluate the
domestication of dogs and their coexistence with humans. This indicates that, unlike their wild
ancestors, the microbiota of style of living and human influence. In parallel, the same study
found that the Dorea, Parabacteroides, Streptococcus family and, Bacteriodales, and
Clostridiales pylum, which are not found in wild wolves, are found in humans and domestic
dogs (Alessandri et al., 2019).

According to the researches, most of the studies on respiratory microbiota have been
conducted on humans. Information on the composition of the respiratory microbiota in domestic
animals sharing the same environment as humans seems to be rather limited. A recently
developed PCR-based algorithm called the "dysbiosis index" is a tool that veterinarians can use
to measure gut dysbiosis and can be used to monitor disease progression and response to
treatment (AlShawaqgfeh et al., 2017).

In recent studies, Protobacteria, Tenericutes, and Actinobacteria phylum have been
identified in the respiratory tract microbiota of dogs, and these data in healthy dogs have been
determined to be important for understanding the role of microbial communities in infectious
and non-infectious inflammatory respiratory diseases (Ericsson et al., 2016). No study has yet
documented the composition of a healthy respiratory microbiota composition in cats yet
(Vientds-Plotts et al., 2017). In microbiota studies in dogs, it was determined that the bacterial
and fungal communities in the microbiota of animals with atopic dermatitis have been found to
be less diverse than in healthy animals. Similar to humans, the different skin areas in each dog
are surrounded by a diverse and unique microbiota, with significant individual differences in
different dogs and different regions and higher microbial diversity in hairy areas than on
mucosal surfaces (i.e. lips, nose, ear, and conjunctiva). The nostril and conjunctiva contained
the lowest microbial density, whereas the axillary region and dorsal part of the nose had the
highest microbial diversity. The dominant phyla on all these surfaces were Proteobacteria,

Firmicutes, Actinobacteria, and Bacteroidetes (Rodrigues-Hoffmann et al., 2020).
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Microbiota-diet relationship: It is well known that nutrient composition or dietary
content significantly affects gastrointestinal function, microbiota composition, and bacterial
metabolites in the gut (Grzeskowiak et al., 2015). Some carbohydrate ingredients are not
enzymatically digested in the small intestine or not be absorbed in the upper gastrointestinal
tract, but are fermented by the gut microbiota and represent the main source of energy and
carbon for the gut microbiota. These indigestible carbohydrates (mostly fibers) are called
prebiotics and increase the activity of beneficial microorganisms in the gut microbiota.
Prebiotics; consist of soybeans, inulin, unrefined wheat, raw oats, fructans, polydextrose,
fructooligosaccharides, galactooligosaccharides, xylooligosaccharides, and arabinooli-
gosaccharides (Pandey et al., 2015). Regardless of the specific bacteria, prebiotics have been
reported to increase lactic acid bacteria and beneficial bacteria, and whole grain products have
beneficial effects on the gut microbiota due to their high fiber content (Halmos et al., 2015).

Fava et al. (2013) studied the effects of dietary fat content on the gut microbiota and
found that a low-fat diet increased bifidobacteria density, resulting in a decrease in fasting
glucose and total cholesterol. On the other hand, it was found that feeding monounsaturated
fatty acids had no effect on bacterial gene richness but decreased total bacterial load and LDL
cholesterol.

Probiotics used as functional food: Functional foods; these are foods and food
ingredients that provide additional benefits to human physiology and metabolic functions
beyond meeting basic nutrient needs, thus protecting against disease and enabling healthier
living. In addition, these foods are defined as foods that can be consumed in the form of food
in the daily diet, do not contain synthetic compounds, and have health- and wellness-promoting
properties (Erbas, 2006). For a food to be functional, it must contain factors such as bioactive
compounds, probiotic microorganisms, and prebiotic substances, and these factors must reach
the right part of the body in sufficient quantities (Dayisoylu et al., 2014). Probiotics are also
defined as "live microorganisms that, when ingested in sufficient quantities, improve the
properties of the body's microflora and positively affect the health of the host”. For a product
define as a probiotic, it must be resistant to gastric acid and bile acids, survive in the digestive
tract, adhere to the intestinal epithelium, adapt to the microbiota, colonize in the digestive tract,
secrete antimicrobial substances (such as bacteriocin), be nonpathogenic and toxic, and have a
positive effect on host health. 1t must have beneficial effects and be stable and viable during
production and storage (FAO/WHO, 2002).

Although many microorganisms are used as probiotics, the most commonly used group

of microorganisms are the bacteria belonging to the genera Lactobacillus and Bifidobacterium.
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In addition, some other bacterial species, yeast and mold species are also used for probiotic
production (Uymaz, 2010; Yilmaz, 2004). The most commonly produced probiotic products
are yogurt and fermented milk drinks. In recent years, probiotic cultures are added to the
composition of fermented milk products in addition to the classic yogurt starters, which give
the product additional physiological effects and higher nutritional value (Canbulat & Ozcan,
2015). Nowadays, different methods are used for probiotic cultures to settle in the host digestive
system and become resistant to harmful factors that could prevent them from maintaining their
viability. Among these methods, the selection of acid-resistant and bile-resistant strains, the use
of oxygen-tight packaging, two-stage fermentation, stress adaptation, the addition of peptide-
and amino acid-containing micronutrients, and microencapsulation are commonly preferred
(Martin et al., 2015; Pradeep Prasanna & Charalampopoulos, 2018).

Conclusion

Studies have shown that proper manipulation of the microbiota contributes to the
treatment of some diseases, and it seems that the potential therapeutic efficacy of prebiotics and
probiotics (a symbiotic combination) is being elucidated day by day. The mechanisms
underlying the prevention of colonization of the gut by pathogens by the gut microbiota are
controversial due to the lack of detailed mechanisms and direct evidence. A better
understanding of how the commensal microbiota interacts with the host is essential to determine
the pathogenic and pathophysiological aspects of disease and developing more effective
therapeutic agents. On the other hand, the complex structure of the microbiota, its functions,
and its effects on the organism have only recently been explored and considered in veterinary
medicine. Existing studies on microbiota indicate that microbiota research in veterinary
medicine has an important counterpart in the fields of health and economics. Future research
projects in microbiome-based disease diagnosis, prognosis monitoring, prophylaxis, and

treatment have the potential to revolutionize current disease prevention and treatment measures.
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Abstract: The first detection of Bunyamweravirus in 1943 and many other antigenically related
viruses identified in the following years led to the formal establishment of the Bunyaviridae
family in 1975. This family became the Bunyavirales order in 2017 following proposals
submitted to International Committee on Taxonomy of Viruses when the establishment of the
Peribunyaviridae family was also approved for the Orthobunyavirus and Herbertvirus genera.
The Peribunyaviridae family includes the Orthobunyavirus, Herbertvirus, Pacuvirus, and
Shangavirus genera. Many types of viruses within this family can infect humans, mammals,
plants, and insects. However, many of these viruses are transmitted by arthropod vectors
without requiring mammals for their viability, which propose that Peribunyaviruses might have
initially evolved as viruses that only infect insects. The leading factors contributing to genetic
diversity in the Peribunyaviridae family are mutations and genetic reassortment. Mutations are
generally detected in the M segment, which encodes the surface glycoproteins that enable
viruses to avoid the immune response.

Keywords: Classification, genetic reassortment, mutation, Peribunyaviridae.

Peribunyaviridae ailesinin glincel olarak siniflandirilmasi: genetik
cesitlilik ve etki eden faktorler

Ozet: ilk olarak 1943 yilinda Bunyamweravirus tespit edilmesi ve sonraki yillarinda pek gok
serolojik olarak iligkili virusun bulunmasi ile birlikte, 1975 yilinda kurulan Bunyaviridae ailesi
2017 yilinda Uluslararas: Virus Taksonomi Komitesi (International Committee on Taxonomy
of Viruses)’ne sunulan oneriler neticesinde Bunyavirales takimina yiikseltilmistir. Yine bu
tarihten itibaren Orthobunyavirus ve Herbertvirus genuslari igin Peribunyaviridae ailesinin
kurulmast onaylanmigtir. Peribunyaviridae ailesi iginde Orthobunyavirus, Herbertvirus,
Pacuvirus ve Shangavirus genuslari bulunmaktadir. Bu aile iginde insan, memeli, bitki ve
insektleri enfekte etme 6zelligine sahip pek ¢ok virus tlrl mevcuttur. Ailedeki pek ¢ok virusun
arthropod vektorlerle aktarilmasi ve viruslarin devamliligr icin memelilere ihtiyag duymamasi
sonucu, bu viruslarin ilk basta sadece artropodlart enfekte eden viruslardan evrimlestigi
diistiniilmektedir. Peribunyaviridae ailesindeki genetik cesitlilige katkida bulunan fakt6rlerin
basinda mutasyonlar ve genetik reassortment gelmektedir. Bazi arastiricilar tarafindan bu
ailedeki cogu virusun genetik reassortment yoluyla olustugu diisiiniilmektedir. Mutasyonlara
ise en ¢ok yiizey glikoproteinleri kodlayan M segmentinde rastlanilmakta ve bu sayede viruslar
immun yanittan kacabilmektedir.

Anahtar kelimeler: Siniflandirma, genetik reassortment, mutasyon, Peribunyaviridae.
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Introduction

The history of the classification of viruses is not as old as virus discovery. While
Beijerinck was the first to detect a virus in 1898, viruses were not classified by virologists until
the 1920s. The first system was generally based on pathological features. However the plant
viruses were classified according to host reaction and differential host species using a binomial-
trinomial nomenclature based on the name of the infected plant (Holmes, 1939). Detailed virus
classification began only after the invention of the electron microscope in the 1950s. Hundreds
of new viruses were then quickly discovered using this technology. Virologists at the
International Microbiology Congress, held in Moscow in 1966, established the International
Committee on Nomenclature of Viruses (ICNV) to develop a globally recognized nomenclature
and taxonomy system for all viruses that detected so far. In 1974, this was later renamed the
International Committee on Taxonomy of Viruses (ICTV) and accepted as an official
organization in matters related to the nomenclature and taxonomy of viruses (Fauquet, 1999).

Viruses in the order Bunyavirales were named after Bunyamweravirus (BUNV),
isolated from Aedes species in Uganda’s Semliki forests during yellow fever research in 1943.
Within 25 years, many other antigenically related viruses had been detected in laboratories in
India, South America, and Africa (Rosenberg et al., 2013), which were first classified as
Bunyamwera supergroup viruses. However, following advanced biochemical and structural
analyzes, they were regrouped as the Bunyaviridae family in 1975 (Vaheri et al., 2013).

After further studies, the ICTV approved the promotion of the Bunyaviridae family to
the Bunyavirales order. Bunyaviridae included five established genera of trisegmented
negative-strand RNA viruses (Hantavirus, Nairovirus, Orthobunyavirus, Phlebovirus, and
Tospovirus). Almost half of the currently known bunyaviruses have not been or cannot be
assigned to these five genus based on established classification criteria. Besides, novel viruses
have recently been discovered that cluster with classical trisegmented bunyaviruses in
phylogenetic analyses of all their proteins, yet are bisegmented (e.g., Withan millipede virus 2,
South Bay virus) (Li et al., 2015; Tokarz et al., 2014). Lastly, in a large number of plant viruses
with more than three genomic segments, currently members of the unassigned genera
Emaravirus and Tenuivirus, have long been referred to as clearly “bunyavirus-like” based on
the clustering of encoded proteins with bunyavirus proteins (Elebaino et al., 2009; van Poelwijk
etal., 1997).

The ICTV Bunyaviridae study group assured to take initial steps to clarify this
taxonomic confusion in 2016. A thorough reconsideration/review of the “bunyavirus-like

supergroup” was agreed upon a series of Taxonomic proposals: first, to classify recently
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unassigned viruses to existing genera; second, to establish novel genera to assign typical
bunyaviruses that cannot be assigned to the existing five genera (Junglen, 2016); third, to accept
Tenuiviruses and Emaraviruses as official members of the bunyavirus supergroup; terminally,
to reorganize the family taxonomically to adequately reflect the relationships of the various
now included and classified bunyaviruses while at the same time establishing taxonomic
“room” for further revisions in 2017.

This work demonstrated that the existing Bunyaviridae family should be upgraded to
the Bunyavirales in order to reflect the evolutionary relationships of various bunyaviruses
within a broader taxonomic framework in a better way. The phylogenetic analysis of the S, M,
and L (small, medium, and large) segments of Bunyaviruses indicated that the genera within
the Bunyaviridae should be reclassified as families. The creation of the Bunyavirales order also
required a family for the remaining two genera (Herbevirus and Orthobunyavirus). This family
was named Peribunyaviridae (ICTV, 2017).

When classifying viruses within the Bunyavirales order, S, M, and L segments open
reading frame (ORF) full-length products (respectively nucleocapsid protein, surface
glycoproteins, and RNA-dependent RNA polymerase [RdRp]) are analyzed separately with
multiple sequence alignment (MAFFT) and classified according to their similarities. As a result,
the Pacuvirus genus was added to the Peribunyaviridae family (Piet et al., 2018).

Classification of the Peribunyaviridae family: According to the latest ICTV taxonomy
data, there are 12 families in the Bunyavirales order, with four genera (Orthobunyavirus,
Herbevirus, Pacuvirus, and Shangavirus) and 97 species in the Peribunyaviridae family (Table
1). Most of the Peribunyaviruses are transmitted by arthropod vectors, such as midges,
mosquitoes, ticks and sandflies (Hughes et al., 2020). Most viruses in this group infect
mammals, while the others infect only arthropods. Infection usually occurs during feeding by a
blood-sucking arthropod. Arthropods can be persistently infected.

The infections that viruses in this family cause vary by virus type (Hughes et al., 2020).
The most important species in the Peribunyaviridae family for veterinary medicine belong to
the Orthobunyavirus genus. Many of them are transmitted by vectors that can cross the
placental barrier in economically valuable animals and cause clinical symptoms, such as

abortion, congenital anomalies, and stillbirths (Table 2).
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Table 1. Comparison of former and current Bunyaviridae family classification (ICTV, 2020).

Former classification

Recent classification

Family: Order: Family:
Bunyaviridae Bunyavirales Arenaviridae
Genus: Cruliviridae
Hantavirus Fimoviridae
Nairovirus Hantaviridae
Orthobunyavirus Leishbuviridae
Phlebovirus Mypoviridae
Tospovirus Nairoviridae

Peribunyaviridae
Phasmaviridae
Phenuiviridae
Tospoviridae
Wupedeviridae

Genus

Herbevirus

Shangavirus

Orthobunyavirus

Pacuvirus

Table 2. Peribunyaviridae family members and the diseases that they cause (Amroun et al.,

2017).
Family Genus Species Diseases Vector Host Geographical
distribution
Orthobunyavirus ~ Schmallenberg Abortion, foetal Culicoides  Cattle, sheep, Europe
orthobunyavirus malformation, spp. goat
stillbirth
Orthobunyavirus ~ Akabane Abortion, Culicoides  Cattle, sheep, Africa, Asia,
orthobunyavirus Congenital spp. goat Australia
abnormalities
Peribunyaviridae Orthobunyavirus ~ Bunyamwera Fever, headache, Mosquito Primary human Africa, Asia,
orthobunyavirus rash, rarely CNS Australia
diseases
Orthobunyavirus ~ Aino Abortion, foetal Culicoides  Cattle, Sheep, Australia, Japan,
orthobunyavirus malformation, spp. goat, horse Just Ethiopia, Israel
stillbirth ab +
Orthobunyavirus ~ Peaton Abortion, foetal Culicoides  Cattle, sheep, Japan, Australia,
Orthobunyavirus ~ malformation, spp. goat, horse pig, Israel

stillbirth

cat, dog

Infection begins when the virus enters the body via the bite of infected arthropod. The
virus first targets striated muscles, causing a high level of viremia due to replication. Then, the
virus spreads to organs and can cross the blood-brain barrier to reach its main target — neurons
(Taylor et al., 2014). Central nervous system (CNS) infection is age-dependent, with younger
animals being more susceptible than adults. For example, malformed lambs and calves born
from animals infected with the Schmallenberg virus (SBV) have high levels of viral antigens in
their brain tissue. Analogous findings have been reported for other peribunyaviruses with
teratogenic effects (Varela et al., 2013). The genus with the most species is Orthobunyavirus,
with 88, including important mammal pathogens (ICTV, 2020), some of which are listed in
Table 3.
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Table 3. The classification of the Peribunyaviridae (ICTV, 2020).

Genus Species Viruses

Herbevirus Herbert herbevirus Herbert virus (HEBV)
Herbevirus Kibale herbevirus Kibale virus (KIBV)
Herbevirus Tai herbevirus Tai virus (TAIV)

Pacuvirus Pacui pacuvirus Pacui virus (PACV)

Pacuvirus Rio Preto da Eva pacuvirus Rio Preto da Eva virus (RPEV)
Pacuvirus Tapirape pacuvirus Tapirapé virus (TAPV)

Shangavirus
Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus

Orthobunyavirus
Orthobunyavirus
Orthobunyavirus

Insect shangavirus
Acara orthobunyavirus

Aino orthobunyavirus

Akabane orthobunyavirus

Anopheles A orthobunyavirus

Anopheles B orthobunyavirus

Bunyamwera orthobunyavirus

Cache Valley orthobunyavirus

California encephalitis
orthobunyavirus
Gamboa orthobunyavirus

Guama orthobunyavirus

Kaeng Khoi orthobunyavirus
La Crosse orthobunyavirus

Leanyer orthobunyavirus

Shuangao insect virus 1 (SgI'V-1)

Acaré virus (ACAV)
Moriche virus (MORV)
Aino virus (AINOV)

Akabane virus (AKAV)

Tinaroo virus (TINV)

Yaba-7 virus (Y7V)

Anopheles A virus (ANAV)
Arumateua virus (ARTV = ARMTV)
Caraipé virus (CPEV = CRPV)
Las Maloyas virus (LMV)
Lukuni virus (LUKV)

Trombetas virus (TRMV)
Tucurui virus (TUCV = TUCRV)
Anopheles B virus (ANBV)
Boracéia virus (BORV)
Bunyamwera virus (BUNV)
Germiston virus (GERV)

Lokern virus (LOKV)

Mboké virus (MBOV)

Ngari virus (NRIV)

Northway virus (NORV)

Santa Rosa virus (SARV)
Shokwe virus (SHOV)

Stanfeld virus (STAV)

Xingu virus (XINV)

Cache Valley virus (CVV)
Cholul virus (CHLV)
Tlacotalpan virus (TLAV)
California encephalitis virus (CEV)
Morro Bay virus (MBV)

Brus Laguna virus (BLAV)
Calchaqui virus (CQIV)

Gamboa virus (GAMV)

Pueblo Viejo virus (PVV)
Soberania virus (SOBV)
Ananindeua virus (ANUV)
Guama virus (GMAV)
Mahogany Hammaock virus (MHV)
Moju virus (MOJUV)

Kaeng Khoi virus (KKV)

La Crosse virus (LACV)
Leanyer virus (LEAV)
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Table 3 continued. The classification of the Peribunyaviridae (ICTV, 2020).

Orthobunyavirus Oropouche orthobunyavirus Iquitos virus (IQTV)d
Madre de Dios virus (MDDV)
Oropouche virus (OROV)
Perddes virus (PDEV)
Pintupo virus (PINTV)

Orthobunyavirus Peaton orthobunyavirus Peaton virus (PEAV)

Orthobunyavirus Schmallenberg orthobunyavirus Douglas virus (DOUV)
Sathuperi virus (SATV)
Schmallenberg virus (SBV)
Shamonda virus (SHAV)

Orthobunyavirus Simbu orthobunyavirus Para virus (PARAV)
Simbu virus (SIMV)

Orthobunyaviruses are divided into more than 18 serogroups based upon the
presence/absence or degree of serological cross-reactions using various analyses, such as
hemagglutination inhibition (HI), complement fixation (CF) and neutralization assays (Calisher
et al., 1983). These serogroups are Anopheles A, Anopheles B, Bakau, Gamboa, Guama,
Capim, Mapputta, Tete, Koongol, Turlock, Group C, Koongol, Nyando, Bwamba, California,
Bunyamwera, Minatitlan, Simbu, Olifanstlei, Patois, Wyeomyia (Wikipedia, 2020). Within the
Orthobunyavirus, the most important species for veterinary medicine are in the Simbu
serogroup, particularly Akabane (AKAV), Aino (AINOV), Douglas (DOUV), Peaton (PEAV),
Sabo (SABOV), Sango (SANV), Sathuperi (SATV), Schmallenberg (SBV), Shamonda
(SHAV), Shuni (SHUV), and Simbuvirus (SIMV). Although some of these viruses, such as
AKAYV, SBV, AINOV, and PEAV, progress asymptomatically in ripe sheep, cattle, and goats,
they cause various CNS symptoms in fetuses infected in the second trimester of pregnancy,
including arthrogryposis, torticollis, hydranencephaly, and scoliosis. Although these viruses
can cause abortion throughout pregnancy, they most commonly occur in the first trimester. As
the immune system develops during the last trimester of pregnancy, offspring infected at this
point are usually born healthy (Uchida et al., 2000).

Genomic features: Members of the Peribunyaviridae family contain an enveloped,
negative-sense, and segmented RNA genome. These segments are Small (S), Medium (M) and
Large (L), each of which encodes a different protein (Elliott, 2014). The most variable segment
is M, which encodes the surface glycoproteins, whereas the most stable segment is S (Wernike
et al., 2015).

Peribunyaviruses encode four structural proteins. The surface glycoproteins (Gn and
Gc), N (nucleocapsid) and L (viral RdRp) integral proteins. Electron microscopic images proves

that purified virions have from pleomorphic to spherical particles nearly 90 nm in diameter, a
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pair of membrane envelopes, and pointed spikes predicted to be glycoproteins. Virions have an
average diameter of 108 + 8 nm and are pleomorphic. The glycoprotein spikes are about 18 nm
long, projecting from their membranes. The spikes consist of trimers of Gn-Gc proteins with a
tripod-like formation on the viral surface (Obijeski et al., 1976). Figure 1 shows the Virion

structure of Peribunyavirus (Bowden et al., 2013).
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Figure 1. Virion structure of Peribunyavirus. a: Schematic diagram of orthobunyavirus virion. Segments of
orthobunyaviruses (S, M, L) are encapsulated via the N protein to form RdRp-associated Ribonucleoprotein (RNP)
complexes. RNPs are packaged in a lipid envelope originating from the host cell Golgi complex modified by the
addition of viral glycoprotein Gn and Gc. b: Cross-sectional model of Bunyamwera virus (BUNV) virion. c:
Structure of glycoproteins on the envelope surface of peribunyaviruses. This structure consists of two interrelated
proteins: the floor region adjacent to the envelope and the head region distal to the envelope. These two protein
contacts are separated from each other by a stalk region (Bowden et al., 2013).

Genome organization: The terminal nucleotides at the 3" and 5’ ends of each segment
are species-specific. They form a panhandle structure that functions as a promoter for both the
replication and transcription of each segment (Barr et al., 2003). In spite of the length of each
coding region and the size of the encoded proteins are conserved between different
Peribunyaviruses, the length and sequence of UTRs are different. Also, UTRs are required for
the genomic RNA encapsulation by the N protein, termination of mRNA transcription, and
packaging of RNPs into virions. (Kohl et al., 2006). The integral sequences deletion in UTRs
of BUNV causes mistakes in virus attenuation and replication and eliminates its cytopathic
effect (CPE) in mammalian cells. However, the mechanism has not been elucidated yet, so
further studies are required (Mazel-Sanchez & Elliot., 2012).

To translate genomic RNA segments (with negative polarity), they must first transcribe
into positive polarity mMRNA, which occurs instantly after infection. The S segment encodes the
N protein, while the M segment encodes surface glycoproteins Gc and Gn, and the L segment
encodes RdRp. (Elliott & Blakqgori, 2011). Glycoproteins are encoded as a precursor

polyprotein, including the non-structural protein NSm. The coding sequence of the M segment
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MRNA is Gn-NSm-Gc, which is simultaneously translated by host proteases to produce these
three proteins (Fazakerley et al., 1988). The S segment of most orthobunviruses encodes a
second non-structural protein, NSs, translated from the same mRNA within the N protein-
coding sequence while using an alternative AUG initiation codon (Fuller et al., 1983). Some
Peribunyaviruses produce small amounts of NSs, while others even lack the gene region
responsible for the production of this protein (Mohamed et al., 2009).

Structural and non-structural Peribunyavirus proteins:

L protein: The L protein is the RdRp responsible for catalyzing both transcription and
replication. The L protein amino-terminal domains contain an endonuclease domain that
separates capped oligonucleotides from the 5’ ends of the host mRNAs and is then used to
initiate viral MRNA synthesis. That feature, called as “cap snatching,” has been defined in the
transcription of influenza viruses. In Peribunyaviruses, however, it occurs in the cytoplasm
(Patterson et al., 1984; Reguera et al., 2010). L protein is the primary classification protein in
the Bunyavirales order.

Gn-Gc proteins: The two proteins are type | integral membrane proteins and modified
by N-linked glycosylation. Gn and Gc form heterodimers in the endoplasmic reticulum. Their
carriage to the Golgi complex leans on the target signal, found in the transmembrane domain
of Gn in Peribunyavirus. When only Gc is expressed, it remains in the endoplasmic reticulum,
that proves it needs Gn to bud from the Golgi apparatus. (Shi et al., 2004). Gc appears to have
a class 11 fusion area. In BUNV, residue mutations around the fusion peptide in Gc dramatically
reduce membrane fusion, whereas deletion of the Gc ectodomain N-terminal domain has only
minimally affected virus replication (Shi et al., 2009).

The Gc surface glycoprotein N-terminal variable region is extremely immunological
and the main target region of neutralizing antibodies (Hellert et al., 2019). Wernike et al. (2021)
developed a triplex ELISA based on the Gc proteins of SBV, AKAV, and SHUV. Compared
to the neutralization test, which is the gold standard for diagnosing Simbu serogroup viruses,
the respective specificities were 84.56%, 94.68%, and 89.39%, while the respective sensitivities
were 89.08%, 69.44%, and 84.91%. Although these proteins are diagnostically important, their
reliability is questionable since they have many variable regions.

Recently, inactive-live attenuated vaccines have been applied in endemic areas for SBV
control. Since these vaccines do not differentiate vaccinated from infected animals (DIVA),
Endalew et al. (2019) developed a subunit vaccine containing SBV surface glycoproteins.
However, these vaccines were ineffective after challenging infection and unable to prevent

viremia or disease.
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N protein: N protein is a highly immunogenic protein that is the main protein produced
by the infected cell. N protein encapsulates genomic-antigenomic RNA. The region that
generates the signal for encapsulation is located at the 5'end. N protein also interacts with Gc,
Gn, and RdRp (Shi et al., 2006).

Since an antibody response occurs in every infection against the N protein, and the S
segment encoding this protein is the most conserved region in the viral genome, ELISA Kits,
which have been used in diagnosis and surveillance programs since 2013, have been developed
based on this protein (Breard et al., 2013).

Non-structural proteins: Peribunyaviruses often encode one or two non-structural
proteins. The BUNV NSm protein is localized in the Golgi apparatus independently of other
viral proteins and interacts with the C terminus of the Gc protein (Nakitare & Elliott, 1993).
This suggests that NSm may have functions like budding and virus release related to the
localization of virion particles close to the maturation zone (Lappin et al., 1994). Also, electron
microscopy has demonstrated that infected cells contain new tubular structures containing
cellular proteins and NSm protein. Although the NSm protein is not necessary for virus
viability, the viruses with deleted NSm protein grow more slowly and have lower titers than
field strains (Shi et al., 2006).

Most Peribunyaviruses encode another 10kDa non-structural protein (NSs). Unlike the
N protein, the amino acid sequence of NSs are disposed to vary more among distinct
Peribunyaviruses and is localized to both cytoplasm and nucleus (Thomas et al., 2004).
Although the NSs protein is not essential for viral replication, this protein contributes to viral
pathogenesis by playing a role in vector/host immune system interactions. The NSs protein has
also been associated with apoptosis (Eifan et al., 2013). They also inhibit cellular translation in
mammalian cell cultures as deletion mutants with this protein removed cannot stop cellular
translation. However, NSs do not effect on protein synthesis in mosquito cell cultures (Elliott
etal., 2013).

Genetic reassortment: Similar to all negative-sense RNA viruses, Peribunyavirus RdRp
lacks a proofreading function, leading to significant genetic heterogeneity in virus populations.
Moreover, the reassortment of the genome segments observed during the co-infection of viruses
belonging to the same family increases genetic diversity since they have a segmented genome.
During co-infection with two different Peribunyaviruses, new reassortant viruses can occur
with six distinct possibilities to those identified with parental viruses. However, there are some
conditions for genomic reassortment. In particular, reassortment can only occur between closely

related viruses (within the same serogroup). For Bunyamwera (BUNV) serogroup viruses, the

50



Sahinkesen et al.l Vet. J. KU. 2022. 1(2): 42-58

S and L segments appear to be genetically linked, hence commonly transmitted in pairs,
whereas no such link has been observed between viruses in the California serogroup (Iroegbu
& Pringle, 1981; Urquidi & Bishop, 1992).

Genetic reassortment is more frequent in arthropod vectors because, by sucking blood
from different vertebrate hosts, such vectors make co-infection with two distinct Peribunyavirus
species far more likely. The phenotypes of reassortant viruses vary (Beaty et al., 1983) because
reassortment generally occurs in the M segment, which encodes surface glycoproteins (Figure
2). The vectors that transfer these viruses also vary. For example, if a new vector is different
biologically (e.g., blood-sucking from distinct animal species), new viruses may be introduced
to other hosts (Beaty et al., 1981). An instance of a phenotypic mutation is the Ngari virus. This
newly formed virus is a reassortant virus with the S and L segments of BUNV but the Batali
virus (BATV) M segment. BUNV and BATYV only infect humans and cause febrile illness,

whereas the Ngari virus is related with severe hemorrhagic disease (Briese et al., 2006).

B

Sagmant 1 and 3 Sagmant 2
Parent 1
1 = Foeansortant
Parant 2

Figure 2. Peribunyaviruses genome reassortment (Vijaykrishna et al., 2015).

Table 4 shows from which virus the genome segments of various Peribunyaviruses
originated from and cited the relevant studies. Most peribunyaviruses are thought to result from
genomic reassortment. For example, the M segment of the SBV is thought to originate from the
Sathuperi virus and Douglas virus meanwhile, the S and L segments are taken from the

Shamonda virus (Yanase et al., 2012).
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Table 4. Possible genome segment organization of the heterotypic reassortant Bunyavirales
order (Briese, 2013).

Family / Virus S segment M segment L segment Reference

Serogroup

Grup C Itaqui ScaARV Moriv Lna Nunes et al. (2005)
Simbu Iquitos Sorov Munique Lorov Aguilar et al. (2011)
Simbu Aino B7974 Speavcsiro1lo  Mainov Lreavcsiro11o  Yanase et al. (2010)
Simbu Shamonda SsaTviDOUV My7v Lsatvipouyy  Goller et al. (2012)
Simbu Schmallenberg  Sgsnavsaty) Matvioouv)  LisHawsatvy  Yanase et al. (2012)
Bunyamwera  Ngari Seunv Megatv Lsunv Gerrard et al.(2004)
Bunyamwera  Macaua Sunique Maiavawvyov)  Lunigue Chowdhary et al.(2012)
Bunyamwera  Tucunduba Stalav Mwvov Lraiav Chowdbhary et al. (2012)
Bunyamwera  Cholul Scw MpoTviKRIV Lotvicwy  Blitvich et al. (2012)
Phlebovirus Granada Smasv Munique Lmasv Collao et al. (2010)

Goller et al. (2012) compared the nucleotide sequences of SBV segments and the amino
acid similarities of the proteins encoded by these segments with those in other Peribunyaviruses.
The N gene nucleotide sequence was furthest from Oropouche virus (OROV) (67.8% and
67.9% aa) and closest to SHAV (97.7% and 100% aa). The L gene nucleotide sequence was
furthest from ORQOV (60.4% and 57.4% aa) and closest to SHAV (92.9% and 98.4% aa). The
M gene nucleotide sequence was closest to SATV (82.1% and 90.1% aa) and furthest from
SHAV (48.2% and 36.5% aa). In general, the nucleotide sequence of the M gene region of
SHAV is not similar to other Simbu serogroup viruses. For example, it is 45.6% similar to
OROV on a nucleotide basis and 33.4% as aa, 55% similar to Sangovirus on a nucleotide basis
and 47.9% as aa. These results prove that SHAV inherited its M segment from another virus
and indicating that SATV and SBV can be classified under the same species since they are
closely related.

The life cycle of the peribunyaviruses in vectors: Most Peribunyaviruses are
transmitted by mosquitoes and Culicoides as vectors, while Kaeng Khoi Orthobunyavirus is
transmitted by bed bugs. Generally, peribunyaviruses are transmitted by one or very few
arthropod vectors, even in regions with a wide variety of vector and virus species and a tight
connection between vector and virus (Beaty & Calisher, 1991). Contrary to the generally
persistent infection of arthropod cells, peribunyavirus infection of vertebrate cells causes a lytic
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infection. The cellular interactions between the virus and the host that allow viral replication
without damaging the vector are not known, even though persistent infection studies of
mosquito cell cultures conducted with many Orthobunyaviruses have provided some data on
the infection mechanism (Borucki et al., 2002). More specifically, the production of defective
particles created by the L segment, the encapsulation of the mRNA formed by the S segment,
and the self-restriction of the N protein contribute to viral persistence. In infected mosquito
cells, transient morphological changes and widespread phyllopod-like structures occur in the
cell in the early stages of infection. Furthermore, in virus-infected mosquito cells, the virus
passes from cell to cell without damaging the cell membrane (Szemiel et al., 2012).

Female arthropods acquire the virus during blood-sucking from infected hosts. Infected
arthropods vary their feeding behavior, such as sucking blood from different host species (Reese
et al., 2009). Arthropods are persistently and systematically infected. Vertical (transovarial)
transmission has also been reported in some peribunyavirus infections. Transovarial
transmission is an significant mechanism for the survival of some peribunyaviruses, especially
during the winter months. Many peribunyaviruses are transmitted by arthropod vectors and do
not require mammals for their viability. This propose that they initially evolved as the viruses
that only infect insects. The recent confirmation of this is that viruses isolated from different
biting midge species (such as Herbert virus-Herbert associated viruses) do not replicate in
vertebrate cells and are phylogenetically classified as Peribunyavirus (Hughes et al., 2020).

The mechanism for evading innate immunity in vertebrate cells: The foreign
molecules known as pathogen-associated molecular patterns (PAMPS) are identified by Pattern
recognition receptors (PRRs). In the case of viruses, these pathogen-related molecules include
different forms of nucleic acids, such as dsRNA and 5’ triphosphorylated RNA. Melanoma
differentiation-associated protein 5 (MDADS) and retinoic acid-inducible gene I (RIG-I) which
are RNA helicases recognize these foreign molecules intracellularly (Randall & Goodbourn,
2008). The linking of an RNA ligand to these PRRs activates the signal chain that stimulates
the expression of several transcription factors [nuclear factor-kB (NF- «B), IFN regulatory
factor 3 (IRF3)] and cyclic AMP-dependent transcription factor (ATF2). This stimulates
interferon-(IFNP) transcription which causes to the upregulation of hundreds of IFN-induced
genes (ISG) (Schoggins & Rice, 2011). Recently, RIGI was reported to recognize the La Crosse
encephalitis virus (LACV) nucleocapsid containing 5' triphosphate and terminal panhandle, and
recognition precedes transcription. This situation shows that the innate immune response is
triggered at the first stage of infection, namely, after viral entry (Weber et al., 2013). There is

minimal information about that the antiviral activities of most ISG products but but they
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presumably restrict the viral replication at the many stages. For example, MxA protein binds to
the newly synthesized N protein and inhibits LACV and BUNV replication, which blocks
replication. Interferon (IFN) released from mammalian cells is extremely potent in controlling
virus replication. The cause of the replication restriction of Orthobunyaviruses in cells
pretreated with IFN has been reported. NSs proteins of BUNV, LACV, and SBV reduce IFN
release in mammalian cells (Carlton-Smith & Elliott, 2012).

Hofmann et al. (2015) demonstrated the genetic stability of SBV by comparing the
nucleotide sequence of the field isolate identified during the Swiss epidemic in 2012 with SBV
isolates in GenBank. They found 101 mutations, mostly randomly distributed along the L and
M segments, specifically in sequence between nucleotides 2100 and 2300 of the M segment
and nucleotide 2000 of the L segment. The S segments were conserved, while changes in the
amino acid level were seen in the highly variable region at the center of the M segment. In
contrast, mutations in the L segment did not change amino acid sequences. Coupeau et al.
(2013) demonstrated that the greatest genomic variability in viruses isolated during the SBV
epidemic in Belgium was in the region encoding the N-terminal domain of the Gc protein in
the M segment (1394-2562 nucleotide sequences). They concluded that mutations in the Gc
protein might help the virus evade the immune response. Given that this protein is highly
immunological and stimulates the neutralizing antibody response in the host when its structure
changes, the virus can evade the immune response because previously formed antibodies cannot

fully recognize the new structure.

Conclusion

The classification of viruses is constantly changing due to the detection of new viruses,
mutations that change amino acid levels, and genetic reassortment in segmented viruses as new
viruses are formed. The most important factor contributing to the genetic diversity of
Peribunyaviruses is genetic reassortment, which is observed in most segmented viruses.
Segment reassortment usually takes place in arthropods co-infected with two distinct
peribunyaviruses. As in all viruses, another factor contributing to genetic diversity is mutations.
Most mutations in Peribunyaviruses occur in the M segment, particularly in the highly variable
region of the Gc surface glycoprotein coding sequence, which helps the virus evade the immune

response.
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