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Original Article
Ozgiin Arastirma

The assessment of the protein profiles and oxidant/antioxidant
status in conjunctival Brucella melitensis Rev.1 vaccinated sheep

Giilay Ciftci' ©, Alper Ciftci*
@ Department of Biochemistry, Faculty of Veterinary Medicine, University of Ondokuz Mayis, Atakum, Samsun, Turkey.
b Department of Microbiology, Faculty of Veterinary Medicine, University of Ondokuz Mayis, Atakum, Samsun, Turkey.

Gelis Tarihi / Received: 07.05.2021, Kabul Tarihi / Accepted: 08.07.2021

Abstract: Brucellosis is a zoonotic and economically significant animal disease worldwide. The most frequently used
vaccine to avoid brucellosis in small ruminants is the Rev.1 conjunctival Brucella melitensis vaccine. The aim of this
study was to investigate the effects of B.melitensis Rev.1 conjunctival vaccine on total protein, albumin, globulin
levels, protein profiles and oxidant/antioxidant status in sheep. Ten sheep were used as animal material for this
purpose. The bloods taken before vaccination were used as negative control. The sera obtained one month after
administration of single dose B.melitensis vaccine were used as experimental materials. The spectrophotometric
method estimated total protein, albumin, globulin levels, total antioxidant capacity (TAS), and total oxidant capacity
(TOS). Protein profile was determined by sodium-dodecyl-sulphate and native-polyacrylamide gel electrophoresis
methods. It was determined that total protein and globulin levels increased slightly in sero positive sheep (P>0.05).
There was no difference for protein profiles in both electrophoresis methods. The band densities of albumin
decreased but gamma globulin increased slightly after vaccination. TAS levels decreased significantly (P<0.05), but
TOS levels increased slightly (P>0.05). In conclusion, Rev.1 conjunctival Brucella vaccine was thought to be safe to
use to prevent Brucellosis, and the addition of antioxidant after vaccination can reduce oxidative stress.

Keywords: Brucella melitensis Rev.1, Conjunctival vaccine, Oxidative stress, Protein profile.

Konjunktival Brucella melitensis Rev.1 ile asilanmis koyunlarda protein
profillerinin ve oksidan/antioksidan durumunun degerlendirilmesi

Ozet: Bruselloz, diinya capinda zoonotik ve ekonomik acidan &énemli bir hayvan hastaligidir. Kiigiikbas hayvanlarda
brusellozdan korunmak icin en sik kullanilan asi Rev.1 konjunktival Brucella melitensis asisidir. Bu ¢alismanin amaci,
koyunlarda B. melitensis Rev.1 konjunktival asisinin total protein, albimin, globulin dizeyleri, protein profilleri ve
oksidan/antioksidan durumuna etkilerini arastirmaktir. Bu amacla hayvan materyali olarak on koyun kullanildi.
Asilama oncesi alinan kanlar negatif kontrol olarak kullanildi. Tek doz B. melitensis asisinin uygulanmasindan bir ay
sonra elde edilen serumlar deney materyali olarak kullanildi. Total protein, albimin, globulin seviyeleri ile antioksidan
kapasite (TAS) ve oksidan kapasiteyi (TOS) spektrofotometrik ydontem ile belirlendi. Protein profili, sodyum-dodesil-
sulfat ve natif-poliakrilamid jel elektroforez yontemleri ile belirlendi. Sero-pozitif koyunlarda total protein ve globulin
diizeylerinin hafif yiikseldigi belirlendi (P> 0,05). Her iki elektroforez yénteminde de protein profilleri agisindan fark
bulunmadi. Asilamadan sonra albtminin bant yogunluklarinin azaldigi, ancak gama-globdilin yogunluklarinin hafifce
artmis oldugu tespit edildi. TAS diizeyleri nemli dl¢tide azalmisken (P <0,05), TOS duzeylerinde biraz artis gozlendi
(P> 0,05). Sonug olarak, Rev.1 konjunktival Brucella asisinin Brucellozdan korunmak icin kullaniminin giivenli oldugu
ve asilamadan sonra rasyona antioksidan eklenmesinin oksidatif stresi azaltabilecegi diistinulda.

Anahtar kelimeler: Brucella melitensis Rev.1, Konjunktival asi, Oksidatif stres, Protein profili.

Ir o

Introduction

Brucellosis is a significant contagious bacterial
infection in animals worldwide, and a potential
zoonotic disease. In general, the disease can cause
significant productivity loss through abortion,
stillbirth, low herd fertility and low milk production
(Diaz Aparicio 2013). Control and eradication
programs are implemented in many countries where
brucellosis is observed. Many countries where
brucellosis is detected adopt control and eradication

programs (Revappayya et al. 2017). In this way it
seeks to reduce animal infection and mitigate the
impact of the disease on human health as well as
on animal health and development, and the other
step involves steps to avoid the reappearance of the
disease (Kaplan 1966; Alton and Elberg 1967; WHO
1986; Blasco 1997). The most widely used vaccine
for the prevention of brucellosis in sheep and goats
is the B. melitensis Rev.1 vaccine (Marzetti et al.
2013; Shome et al. 2014).
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There is a balance between the development
of free radicals and enzymatic and non-enzymatic
antioxidant defense mechanisms in the animal
body (Hornback and Roop 2006). Due to normal
aerobic metabolism, reactive oxygen species (ROS)
can be produced in all living organisms, and their
levels increase during infection. One of the essential
molecules that destroy bacteria in phagocytic
cells such as macrophages and polymorphonic
neutrophils (PMNs) is the reactive oxygen species
(Dieffenbach and Tramont 2005). They settle in
phagocytic cells and release phagosomes upon
the growth of bacteria (Rada et al. 2008). They
cause cell damage by peroxidation in DNA, protein
and fatty acids (Orem et al. 1997; Halliwell and
Gutteridge 1999). Reactive oxygen species, such as
superoxide, hydrogen peroxide and hydroxyl radical
are released by neutrophils and have been shown
to play an important role in inflammation, and cell
injury (Vladimirov 2004). Brucella infection induced
oxidative stress and lipid peroxidation in human,
cattle and rats (Erdogan et al. 2007; Nisbet et al.
2007). Cytotoxic effects of oxidants include protein
oxidation, lipid peroxidation, DNA damage and the
inhibition of cellular metabolic pathways (Kim et al.
2006). Cells and tissues have antioxidant systems that
inhibit radical products and reactions. Studies have
demonstrated altered total oxidant (TOC) and total
antioxidant capacity (TAC), or oxidative stress index
(OSI) in case of local and systemic inflammation or
infection (Usta et al. 2012; Celi and Gabai 2015; Oral
et al. 2015).

Sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) is a versatile
and powerful technique widely used for protein
separation based on their molecular weights
(Laemmli 1970). In this study protein fractions
were evaluated by SDS-PAGE and Native-PAGE
due to its importance in the resolution of serum
proteins. Determination of albumin and/or globulin
concentrations by serum protein electrophoresis
in domestic animals is an important diagnostic
method. Determination of the total oxidant and
antioxidant level and protein profile helps in the
evaluation and diagnosis of the disease process
along with other clinical and laboratory studies. For
this purpose, it was aimed to determine the effects
of Rev.1 conjunctival Brucella vaccine on sheep
protein protein profile, total oxidant/antioxidant
levels and oxidative stress index.

Materials and Methods
Experimental animals

Ten 5-months-old female Karayaka sheep, known to
be unvaccinated, were used in the study. The group
from which blood was collected from Vena jugularis
before vaccination formed the control group. The
experimental group consisted of animals from which
blood was collected one month after vaccination.
The vaccine, which was supplied lyophilized, was
homogenized by melting it with a dilution liquid
colored with Patent Blue V. 5-month-old female
Karayaka sheep was applied as 40 + 2 pl (1 drop)
by installing a dropper in the bottle containing the
reconstituted vaccine. The vaccine was administered
in a single dose. After vaccination, blood was
collected from Vena Jugularis (Ciftci et al. 2019).

Blood samples taken into anti-coagulated tubes
were centrifuged at 1550 g and 4°C for 10 minutes
to collect the serums to be used in the experiments.
The clear blood serum on top was taken into plastic
vials and kept at -80°C until analysis was performed.

Serological analysis

Rose Bengal (RB) Plate Test for the presence of
specific antibodies and Standard Tube Aglutination
(STAT) test for the determination of specific antibody
titers were applied to the sera obtained from blood
taken before and after vaccination (Ciftci et al. 2019).

Biochemical analysis

Total protein, globulin and albumin levels in
sheep were measured by serum biochemistry
autoanalysers (Autolab, AMS srl, Aotu analyzer,
Netherlands) using commercial autoanalyzer test
kits (Audit Diagnostics, Ireland).

Serum total antioxidant, total oxidant level
measurement and Oxidative Stress Index

Total antioxidant status (TAS) was measured using
commercial kits (Rel Assay Kit Diagnostics, Turkey)
(Erel 2005). Results are expressed as mmol Trolox
equiv/It.

Total oxidant status (TOS) was measured using
commercial kits (Rel Assay Kit Diagnostics, Turkey)
(Erel 2004). Results are presented as pmol H,O,
equiv/It.

The calculation of the OSI was expressed as the
percentage of the ratio of TOS levels to TAS levels, the
mmol value in the unit of the TAS test was converted
to umol as in the TOS test (Erel 2004). The results
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are presented as “arbitrary unit” (AU) and calculated
according to the formula [OSI = (TOS; umol H,O,
equiv/It)/(TAS, mmol Trolox equiv/It) x 10]

Serum protein profile

The serum protein profiles of the sera which were
obtained before and one month after vaccination
were determined by Native- and SDS-PAGE
methods as described by Laemmli (1970). Protein
concentration in the serum was measured by
spectrophotometric method before electrophoresis
with a nano-drop spectrophotometer.

Serum protein electrophoresis was used for the
determination of albumin, alpha-1 globulin, alpha-2
globulin, beta globulin and gamma globulin (Parish
and Marchalonis 1970). For this aim, twenty ul of
sample was loaded on the separation gel (4%).
Proteins were separated in 10% Native-PAGE gel
with a 100 V for 90 min. The gel was stained with
the Blue silver method (Candiano et al. 2004). The
serum proteins were differentiated SDS-by PAGE
(7.5 pl acrylamide + 10% SDS, 20 pl sample, 200 V
and 150 mA, about 60 min) according to molecular
weights (Laemmli 1970). After electrophoresis, the
bands were stained with the Blue silver method.
The molecular weights of the protein profile were
calculated using the Kodak Molecular Image
Analysis Software program.

Statistical analysis

SPSS statistical software v.21 (IBM Corp., Armonk,
NY) was used for statistical analysis. Pairent samples
T test was used to determine the variations among
the parameters examined in the groups.

Results

Serological analysis results

All sera from blood taken before the vaccination
gave negative RBPT results, while all sera from the
experimental groups (n=10) gave positive reactions.

Serum antibody titers were determined as a
result of STAT performed on 10 sera with positive
reaction after RBPT. The titers were varied between
1/20-1/80. The mean titer of STAT results was
calculated as 1/36. According to the STAT results,
the antibody titer increased significantly (p<0.001)
at 1 month after vaccination compared to the pre-
vaccination sera.

Biochemical parameter results

The concentrations of total protein, albumin and
globulin in sheep before and after vaccination were
6.79+0.18 and 7.13£0.23, 3.65+0.08 and 3.51+0.008,
3.194£0.18 and 3.63+0.2, respectively (Figure 1). It
was determined that the amount of total protein
and globulin increased slightly and the amount
of albumin decreased slightly after vaccination
compared to pre-vaccination (P> 0.05).

$ @BV mAV

TP(mgldI)

ALB(mg/dl)  GLO(mg/dI)

Figure 1. The mean + standard deviation (SD) levels
of measured total protein (TP), albumine (ALB),
globulin in sera obtained from before (BV) and after
vaccination (AV).

Protein profile was investigated by SDS- and
Native-PAGE methods. It was determined that
there was no difference in protein profiles before
and after vaccination by SDS- PAGE (Figure 2). In
Native — PAGE method, albumin, alpha-1 globulin,
alpha-2 globulin, beta globulin and gamma globulin
profiles were investigated. After vaccination, it
was determined that the albumin band density
decreased slightly and the gamma globulin band
density increased slightly compared to the prior
vaccination (Figure 3).

Serum total antioxidant, total oxidant level
measurement and oxidative stress index

The mean and standard error values of total
antioxidant, total oxidant and oxidative stress index
values in sheep pre- and postvaccinations are
presented in the table (Table 1). It was determined
that TAS level decreased after conjunctival
vaccination in sheep, which was statistically
significant (P <0.05), and total oxidant and oxidative
stress index increased slightly (P> 0.05) (Figure 4).
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AOgum AS AO

Figure 2. The protein profiles of serum taken before
(BV) and after vaccination (AV) by SDS-PAGE.

AO AS AO AS

Gama globulin

Beta globdlin
Alfa-2 globilin
Alfa-1 globiilin

Albimin

Figure 3. The protein profiles of serum taken before
(BV) and after vaccination (AV) by Native-PAGE.

Table 1. The average levels of TAS, TOS and OSl in pre- (BV)
and postvaccinated (AV) sheep.

TAS (mmol/L) TOS (micromol/L) OSI (AU)

BV 2.13£0.18 22.99+2.14 0.1+0.009

AV 1.39+0.11 27.65+2.91 0.2+0.021
P 0.001 0.516 0.104

= AV
8BV

TAS(mmolL)

TOS(mmolL) 0SI(AU)

Figure 4. The percentages of TAS, TOS and OSI in
pre- (BV) and post vaccinated (AV) sheep

Discussion and Conclusion

Brucellosis is a serious infectious disease that causes
direct and indirect economic losses for animal
owners around the world, such as reduction of milk
and meat production through abortions/culling
of positive reactors, disease control / eradication
expenses and compensation for farmers. While
eradication of brucellosis has been an important
economic value, it is important for treatment
purposes to determine its biochemical and cellular
changes (Polycarp et al. 2017).

The microorganisms have different enzymatic
and non-enzymatic antioxidant systems in place to
protect against the harmful effects of reactive oxygen
species. Antioxidant mechanisms are compromised
under certain conditions and/or increases in ROS,
and antioxidant mechanisms may be inadequate to
avoid oxidative damage altogether and as a result,
oxidative stress may evolve (Aruoma 1996; Halliwell
and Gutteridge 1999). Specific plasma antioxidants
influence the oxidant state and, in conjunction with
antioxidants, shield it from the harmful effects of
free radicals (Wayner et al. 1987). In our study, TAS
ability in sheep with Rev.1 conjunctival vaccine was
found to decrease significantly compared to pre-
vaccination, and this was statistically significant
(P<0.05), whereas total oxidant and oxidative
stress index increased marginally and this was
not statistically significant (P> 0.05). Serefhanoglu
et al. (2009) reported that TAC levels in people
infected with Brucella decreased dramatically, while
malondialdehyde, total peroxide and oxidative
stress index parameters increased (Serefhanoglu
et al. 2009; Al-Khafaji and Al-Farwachi 2012). TAC
values were found to be statistically significantly
lower and TOC and OSI values were found to be
significantly higher, compared to the control group
reported in cattle with brucellosis (Karaagac et al.
2011; Merhan et al. 2017). Brucella abortus-infected
cattle reported exposure of Brucella-infected bugs
to oxidative stress (Kataria et al. 2012; Perin et al.
2017).

Blood serum or plasma is a blood fluid which
sometimes changes as an active component
invades the blood. Albumin and immunoglobulins
are approximately 99 percent of the plasma
proteins. The quantity of low serum or plasma
proteins varies from pg/mL to ng/mL (Anderson
and Anderson 2002). The level of serum protein is a
critical component of animal laboratory diagnostic
assessments. The increase in the total amount of
protein may be due to the increase in the amount of
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albumin or globulin, or may be increased because
both are increased together. Hamada et al. (2013)
reported that between healthy sheep and Brucella-
infected sheep, there was no statistically significant
difference between total protein and albumin levels.
El-Boshy et al. (2009) reported a significant decrease
in the serum albumin content of healthy camels
compared to camels infected with Brucella. It was
determined that the amount of total protein and
globulin increased slightly and that the amount of
albumin in sheep with the conjunctival brucellosis
vaccine Rev.1 decreased slightly compared to before
vaccination (P>0.05). A small rise in the total protein
level was thought to be due to an improvement in
the level of gamma globulin.

The protein profile was evaluated using the
SDS-PAGE and Native-PAGE methods. It was
determined that there was no band difference
in the SDS-PAGE method in serums of pre- and
postvaccinated animals. The band density found
as increased slightly after vaccination. Albumin, af,
a2, B1, B2 and y globulins were determined by the
Native-PAGE method. Following vaccination, the
band intensity of the y globulin band increased
significantly compared with before vaccination.
Albumin, a1, a2, B1 and B2 globulins were observed
not to have changed significantly. Gamma globulin
band density has been reported to have increased
significantly in cows infected with Brucella, sheep,
camel and cows (El-Boshy et al. 2009; Hamada
et al. 2013; Nath et al. 2014; Eilazab 2015). It has
been stated that, in response to chronic antigenic
stimulation, the increase in globulin fraction in
chronic or subacute bacterial infections may result
from the development of various immunoglobulins
by plasma cells (Morag 2002).

Conjunctival Rev.1 vaccine in seropositive sheep
compared to non-vaccinated has been thought to
be significantly affected and a decrease of overall
antioxidant levels. In conclusion, Rev.1 conjunctival
Brucella vaccine can be used for protection against
Brucella in a safe manner.
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accordance with the Ethics Committee Decision
of the Ondokuz Mayis University Local Ethics
Committee Decision (2013/44).
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Abstract: Aflatoxin M, (AFM.), a hepatotoxic metabolite, occurs due to the consumption of feeds contaminated with
aflatoxin B, (AFB,) by lactating animals. This study aims to specify the presence and levels of AFM, in water buffalo
milk produced widely in our region.

Between the years 2019 - 2021, a total of 250 raw water buffalo milk samples were used as material. All samples
were transported to the laboratory in the cold chain (4°C) and analyzed. Tests were done with ELISA (Enzyme-Linked
Immunosorbent Assay) technique and AFM, specific test kits Ridascreen® Aflatoxin M,, r-biopharm were used for
detection of AFM,. First, the samples were prepared as described in the kit manufacturer’s instructions. Later, for the
calculation of AFM, levels, RIDASOFT WIN.NET software was also used as recommended.

Two hundred and fifty raw water buffalo milk samples were analyzed in duplicate, and the average values of the
results was taken into account. While AFM, was not detected in 174 samples (69.6%), 76 sample (30.4%) was
contaminated with AFM,. However, it was observed that the AFM, levels of these 76 samples did not exceed the
levels specified in the Turkish Food Codex.

In conclusion, although water buffalo milk and dairy products pose a potential risk in AFM,, this risk was found
relatively low in samples belong to our region. However, this situation may vary depending on the feeding conditions
of lactating animals and sampling season. Therefore, it is recommended that similar and further studies are needed
to diversify the data in the future.

Keywords: Aflatoxin M,, ELISA, milk, public health, water buffalo

Anadolu Manda siitiinde Aflatoksin M, kontaminasyonu

Ozet: Hepatotoksik bir metabolit olan aflatoksin M1 (AFM1), siit hayvanlan tarafindan aflatoksin B1 (AFB1) ile
kontamine olmus yemlerin tiketilmesi nedeniyle olusur. Bu calisma, bélgemizde yaygin olarak Uretilen manda
sttlinde AFM1 varligini ve diizeylerini belirlemeyi amaglamaktadir.

Calismada, 2019 - 2021 yillari arasinda toplam 250 adet ¢ig manda sttt numunesi materyal olarak kullaniimistir.
Tdm numuneler soguk zincirde (4°C) laboratuvara getirilmis ve analiz edilmistir. Testler ELISA (Enzyme-Linked
Immunosorbent Assay) teknigi ile yapilmis olup ve AFM1’in tespiti icin AFM1'e 6zgl test kitleri Ridascreen®
Aflatoxin M1, r-biopharm kullanilmistir. ilk olarak numuneler kit treticisinin talimatlarinda belirtildigi gibi hazirlandi.
Daha sonra AFM1 seviyelerinin hesaplanmasi icin de 6nerilen RIDASOFT WIN.NET yazilimi kullaniimistir.

iki yuiz elli ci§ manda siitii drnegi iki tekrar halinde analiz edilmis ve sonuclarin ortalama degerleri dikkate alinmistir.
Yapilan analizler sonucunda, 174 6rnekte (%69,6) AFM1 saptanmazken, 76 6rnekte (%30,4) AFM1 tespit edilmistir.
Ancak bu 76 6rnegin AFM1 seviyelerinin Turk Gida Kodeksi’'nde belirtilen seviyeleri asmadigi gézlemlenmistir.
Sonug olarak, manda sitl ve sit Urlnleri AFM1'de potansiyel risk olustursa da bdlgemize ait 6rneklerde bu risk
nispeten distik bulunmustur. Ancak bu durum, emziren hayvanlarin beslenme kosullarina ve érnekleme mevsimine
bagl olarak degisebilir. Bu nedenle gelecekte verilerin ¢esitlendirilmesi icin benzer ve daha ileri calismalara ihtiyac
oldugu 6nerilmektedir.

Anabhtar kelimeler: Aflatoksin M., ELISA, halk saghgi, manda, st

and G,. Aflatoxin M, (AFM,) is the monohydroxylated
hepatic metabolite of aflatoxin B, (AFB,) that can be
Aflatoxins are known as toxic and heterocyclic  found in the milk and milk products of livestock due
compounds synthesized by strains of Aspergillus to feeding with AFB, contaminated feed (Nguyen
flavus and Aspergillus parasiticus. Aflatoxins are et al. 2020). The International Agency Research on
divided into four groups, such as aflatoxin B, B,, G,  Cancer (IARC) has classified Aflatoxin M, in group
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1 human carcinogen (Guo et al. 2019; Hussain et al.
2010; Kara and Ince 2014).

It has been reported that Aflatoxin M, is
an exceptionally durable compound under milk
processing conditions such as pasteurization or
ultra-high temperature (De Roma et al., 2017; Oruc
et al. 2006). Furthermore, milk and dairy products
are essential food substances for humans because
of containing valuable animal protein, vitamins, and
essential fatty acids. At the same time, aflatoxin
contamination is overly critical in terms of public
health since milk and dairy products occupy an
important role in infant nutrition (Galvano et al.
1998). Because children are more sensitive to
aflatoxins than adults. It has been determined that
the long-term effects of consumption of aflatoxin
M, contaminated milk and dairy products may
cause DNA damage, chromosomal abnormalities,
and genotoxic effects (Galvano et al. 1996; Prandini
et al. 2009).

As reported and standardized by the Turkish
Food Codex, the maximum limit of contaminants
for aflatoxins has to be less than 50 ng/I in milk and
dairy products (TFC, 2011).

Anatolian Water Buffalo is a registered species
originating from the Mediterranean Water Buffalo
and adapted to the geography of Turkey, where it
has been breeding for approximately 1500 years in
Anatolia (Sahin, 2016).

According to the Turkish Statistical Institute
(TSI), there are around 183500 water buffaloes in
Turkey, and 20% of this population is in the Central
Anatolian Region. Aksaray province is located in
the Central Anatolia Region, where water buffalo
breeding is quite common. Likewise, according to
TSI data, in 2018, 66300 and 2019, 68000 tone water
buffalo milk was produced in Turkey (TSI, 2020).

This study was planned due to the lack of up-
to-date and detailed data about Anatolian water
buffalo milk, widespread consumption of water
buffalo milk and dairy products in our region, and
the fact that aflatoxin contamination is a biological
threat that should not be ignored in terms of public
health.

Material and Methods
Sampling

A total of 250 raw water buffalo milk samples were
collected from the breeders in Aksaray region of
Turkey between September 2019 - June 2021.

The samples were procured from seven different
breeders. All samples (approx. 50 mL) were taken
into sterile centrifuge tubes and brought to the
laboratory in an icebox at 2-4°C and stored at —20°C
until analysis.

Methods

The ELISA screening method was applied for the
analysis of water buffalo milk samples. For this
purpose, AFM, specific test kits Ridascreen®
Aflatoxin M, (r-biopharm R1121) were used
(Biopharm, 2021).

Preparation of Samples

The raw water buffalo milk samples were prepared
according to the kit manufacturer’s instructions.
First, samples were centrifuged at 3500 g for 10
min (NGve, NF80OR) to obtain skimmed milk. After
defatted supernatant was isolated, 100 pl of it was
used for analysis.

Test Procedure

According to the manufacturer’s instructions, firstly,
all reagents were brought to room temperature
before usage. Furthermore, all samples in this study
were analyzed twice to get more precise results.
After inserting enough wells into the microwell
holder, 100 ul antibodies were filled into wells.
Then, plates were mixed gently and incubated at
room temperature (20-25°C) for 15 minutes. After
completion of incubation, the liquid in wells were
poured out by micropipette, and wells were tapped
forcefully on absorbent paper three times to ensure
complete removal of liquid. Next, all wells were
washed by Phosphate Buffered Saline (PBS, Sigma-
Aldrich P4417). In the following step, 100 ul of
standards or samples were added into wells, then
plates were mixed gently and incubated at room
temperature (20-25°C) for 30 minutes in the dark.
Then, the washing procedure was repeated twice.
Before the next washing procedure, 100 pl conjugate
was pipetted into wells and mixed gently by shaking
the plate manually. Then, they were incubated for 15
minutes at room temperature in the dark. Later, 100
ul of substrate/chromogen was added to each well,
and the incubation step was repeated as written
above. In the last phase, 100 yl of stop solution was
added to each well, and the absorbance of samples
was measured at 450 nm with an ELISA reader
(ELX800, Bio-Tek Inst Inc USA). Specific software, the
RIDASOFT® Win.NET, was used for the evaluation
of data.
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The detection limit of the Ridascreen® Aflatoxin
M, kit was 5 ng/l, and the specificity was 100% to
aflatoxin M..

Results

In this research, 250 raw water buffalo milk samples
were investigated for Aflatoxin M, presence by
ELISA technique, and all analyzes were repeated
twice. Aflatoxin M, was detected in 76 (30.4%)
samples; however, the result of 174 (69.9%) samples
was found below the detection limit. Moreover, the

AFM, values of samples was detected between 5.12
- 36.7 ng/l. In Aflatoxin M, positive samples, the
contamination levels 5-10, 11-20, 21-30, and 31-50
ng/l, 60.5% 25%, 7.9% and 6.6% was determined,
respectively.

In this study, the resulting level of Aflatoxin M,
in raw water buffalo milk samples did not exceed
the levels specified in the Turkish Food Codex (50
ng/l).

The results are shown in Table 1.

Table 1. Occurrence of Aflatoxin M1 in Raw Anatolian Water Buffalo Milk Samples

Negative Samples <5 ng/I

Positive Samples

76/250 (30.4%)

Raw Water Buffalo Milk

(o)
Samples 174/250 (69.6%)

5-10 ng/I
46/76 (60.5%)

31-50 ng/l
5/76 (6.6%)

11-20 ng/I 21-30 ng/I
19/76 (25%) 6/76 (7.9%)

Discussion and Conclusion

In related investigations, Kamkar et al. (2014)
reported that 46 (79%) of their samples were
contained Aflatoxin M,. Moreover, %52 of positive
water buffalo milk samples contained higher levels
than the maximum limit of the European Union
and Codex Alimentarius (50 ng/l). These results
show that our region harbors relatively lower risk
in terms of AFM, contamination. In another study,
De Roma et al. (2017) determined that 28 (7,2%)
of water buffalo milk samples were observed to
contain AFM,. The AFM, contamination level in
water buffalo milk samples were found between
4-31 ng/l in the mentioned study, and similar to our
outcomes, they do not exceed the levels specified in
the Turkish Food Codex (50 ng/l) as well. In Pakistan,
Hussain et al. (2010) reported that 34.5% of their
water buffalo milk samples contained AFM.. In line
with our findings, it was detected that 84,2% of
contaminated samples were below the EU action
level of 50 ng/I for AFM,. Guo et al. (2019) revealed
that 62,5% (85) of their samples contained AFM, in
South China. In addition, similar to our results, 90,5%
of their samples contained less than 50 ng/l AFM,.
Rahimi et al,, (2010) investigated 75 water buffalo
milk samples in their study and in 66/75 samples
AFM, was found below the Turkish Food Codex (50
ng/l) levels consistent with our results.

There is very limited research in Turkey about
AFM, contamination in raw Anatolian water buffalo
milk. Kara and Ince (2014) reported that the
presence of AFM, in raw water buffalo milk samples

in Afyonkarahisar, Turkey was 27% (34/126), and
paralel to our results, none of the AFM, levels were
above the Turkish Food Codex.

It is known that several factors such as feed
quality, environmental contamination, and seasonal
factors affect the composition of milk. It has been
reported that the risk of Aflatoxin M, arises as a
result of feeding farm animals with aflatoxin B,
contaminated feed or silage. These specific and local
circumstances can be cited as the main reason for
different contamination rates between the present
study and others.

The results of this study indicated that the AFM,
contamination in raw Anatolian water buffalo milk
samples were not higher than the limit specified
in the Turkish Food Codex. However, these results
should be taken seriously in terms of public health
because people from all age groups can consume
milk and dairy products in different amounts.
Furthermore, in the strategy of “from farm to fork”
it is vital to struggle with AFB, contamination in
animal feeds by improving process and storage
conditions, so the AFM, risk does not exist in milk
and dairy products. Finally, milk, dairy products, and
animal feed should be monitored regularly to keep
the AFM, hazard under control.
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Abstract: Canine Adenovirus Type-1 (CAV-1) and Canine Adenovirus Type-2 (CAV-2) are causes of infectious canine
hepatitis and infectious canine laryngotracheitis in both domestic and wild life, respectively. The epidemiology of
the virus is not clear enough in the most territory. For this purpose, strains circulating in Turkey over a ten-year
period were examined at the molecular level and a genetic heterogeneity was observed. In order to carry out this
study, 32 fecal samples collected from shelter dogs with diarrhea in 2011 were used. Firstly, virus isolation was
performed in MDCK cell line and cytopathogenic effects were observed in 4/32 samples. Secondly, four CPE-positive
isolates were found positive for the E3 gene of CAV-2 by PCR. Strains obtained as a result of sequencing were placed
on a different branch from other Turkish isolates under the same subgroup in the phylogenetic tree. According to
partial E3 gene analysis, seven amino acid substitutions were detected between the strains. Due to Shannon entropy
value and ConSurf analysis, it was determined that all amino acid changes occurred in important antigenic regions.
This study pointed out the possible genetic heterogeneity among Turkish CAV-2 strains.

Keywords: Canine adenovirus type 2, molecular characterization, virus isolation

Gegmisten giiniimiize Tiirkiye'de sirkiile olan Canine
adenovirus tip 2 suslarinin genetik incelemesi

Ozet: Canine Adenovirus Tip-1 (CAV-1) ve Canine Adenovirus Tip-2 (CAV-2) hem evcil hem de vahsi yasamda
siraslyla enfeksiydz kopek hepatiti ve enfeksiydz kdpek laringotrakeitinin nedenleridir. Virus epidemiyolojisi cogu
bolgede yeterince net degildir. Bu amacla Turkiye'de on yillik bir stire zarfinda sirkile olan suslar molekiler diizeyde
incelendi ve genetik bir heterojenlik gézlemlendi. Bu calismanin gerceklestirilebilmesi icin 2011 yilinda ishalli barinak
képeklerinden toplanan 32 diski &rnegi kullanildi. ilk olarak, MDCK hiicre hattinda virus izolasyonu yapildi ve 4/32
drnekte sitopatojenik etkiler (CPE) gézlendi. ikinci olarak, CPE pozitif dért izolat CAV-2'nin E3 geni ydniinden PCR
ile pozitif bulundu. Sekans islemi sonucu elde edilen diziler filogenetik agagta ayni alt grup altindaki diger Tirk
izolatlarindan farkli bir dal Gzerine yerlesti. Kismi E3 gen analizine gore, suslar arasinda yedi amino asitte degisim
tespit edildi. Shannon entropi degeri ve ConSurf analizine gére tim amino asit degisikliklerinin 6nemli antijenik
bdlgelerde meydana geldigi belirlendi. Bu calisma, Tirkiye CAV-2 suslari arasindaki olasi genetik heterojeniteye
dikkat cekmektedir.

Anahtar kelimeler: Canine adenovirus tip 2, molekdler karakterizasyon, virus izolasyonu
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Introduction

Adenoviruses are enveloped, fully hexo-square, with
icosahedral symmetry and 70-90 nm in diameter.
The viral genome is a double-stranded single linear
DNA molecule size of 26-45 kbp, and the viral
genome synthesizes about 40 proteins (Barthold et
al. 2011). Mapping with restriction endonucleases
and sequencing of genomic DNA has been useful
for the precise categorization of viral strains. In

general, these results are consistent with the
categorization results based on serological cross-
reactions (Parthiban et al. 2009).

Canine adenovirus type-1 (CAV-1) causes
infectious canine hepatitis (ICH) by replicating in the
digestive tract and vascular endothelium. Clinical
signs of CAV-1 infection include fever, apathy,
anorexia, increased thirst, and abdominal pain on
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palpation behind the liver that appears swollen.
Most CAV-1 infections in dogs are subclinical,
in some cases, the virus causes systemic disease
(Mohammadi et al. 2011). Canine adenovirus type-
2 (CAV-2) mostly infects respiratory tissues and
induces canine infectious laryngotracheitis in dogs,
raccoons, foxes, wolves, and marine mammals (Hamir
et al. 1992; Hu et al. 2001; Parthiban et al. 2009;
Yang et al. 2020). It causes a localized respiratory
disease in dogs and is one of the potential causes
of the canine infectious respiratory disease complex
(CIRDC) or kennel cough syndrome (an acute
respiratory disease of canines). It is characterized by
sudden onset, cough with variable expectoration,
and nasovascular discharge (Chaturvedi et al. 2008;
Day et al. 2020). These signs may vary according to
the host immune status and virus strain. Puppies
are the most susceptible group to this infection
and present the highest fatality rate (Cunha et al.
2020). Even the main route of spread of CAV-2 is
the respiratory tract, both viruses are also shed in
the feces and urine of the infected or recovered
dogs (Hu et al. 2001; Mohammadi et al. 2011), thus
urine and feces are important sources of infection to
healthy dogs (Chaturvedi et al. 2008). Although there
are antigenic relationships and cross-protective
immunity between these two viruses, restriction
endonuclease analysis has shown that they are
genetically different types. The nucleotide similarity
between the two viruses has been reported to be
75% (Buonavoglia and Martella 2007). The killed or
attenuated CAV-2 vaccine can be used to protect
dogs from both infections and does not cause post-
vaccinal corneal edema unlike the CAV-1 vaccine
(Hu et al. 2001).

Vaccines have been widely used for many years.
It has been stated that ICH has disappeared with
herd immunity obtained in areas where vaccination
has been done for years (Barthold et al. 2011).
In Turkey, a programmed vaccination against
adenoviral infections is not carried out only imported
vaccines are applied upon request of animal owners
in private clinics.

The presence of adenovirus infections has
been demonstrated mostly by serological methods
and some strains have been sequenced (Yildirim
et al. 2009; Gir and Acar 2009; Bulut et al. 2013;
Can Sahna and Aslan 2015; Timurkan et al. 2018).
However, detailed molecular studies have not been
conducted in Turkey. For this purpose, to investigate
the genetic diversity among canine adenovirus
strains in Turkey, sequences obtained from the west

of the country were compared with other CAV-2
strains detected from eastern Turkey and the world.

Material and methods
Clinical samples

A total of 32 fecal samples collected from 0-6
months old unvaccinated dogs with diarrhea were
sent to Pendik Veterinary Control Institute (PVCI) in
2011 for the diagnosis from three shelters in Istanbul
province of western Turkey. Samples were dispersed
and homogenized in 2 ml of sterile PBS treated with
antibiotics (penicillin 5000 IU/ml, streptomycin 2500
pg/ml) and centrifuged at 3000 rpm for 30 minutes.
Supernatants were filtered by 0.22 pl and kept at
-80°C until use. As these samples were sent to the
PVCI for diagnosis, no ethical approval was required.

Virus isolation and titer determination

For the virus isolation, blind passages were
performed immediately after the samples reached
the laboratory. The 100 pl supernatants of the
samples were inoculated into Madin Darby canine
kidney (MDCK) cell cultures (2X10°/ml cells in 25
cm? flasks) then incubated for 1 hour at 37°C for
adsorption of the virus. The surface of the cells was
washed with PBS and the cell cultures were incubated
at 37°C by adding E-MEM (Multicell, Canada)
containing 2% FCS (GE Healthcare, Sweden). At the
end of the 7" day or when 80-90% cytopathic effect
(CPE) was observed in cells (within 3-4 days), flasks
were placed in the freezer at -20°C. Suspensions
were freeze-thawed in a 37°C water bath and then
centrifuged at 3000 rpm for 30 minutes at 4°C and
collected for the following passages and molecular
analysis.

Serial dilutions were performed from 107 to
10° in 96 well plates to determine the TCID, /ml
titers of CAV strains isolated in MDCK cell cultures.
From each dilution, 100 pl was placed in four wells,
and 50 ul of the MDCK cell culture (3X10°/ml cells)
was added to all dilutions. Wells were also prepared
for cell control. The plate was incubated at 37°C
with 5% CO, and checked every day. At the end of
four days, the formation of CPE due to the growth of
viruses was assessed. The TCID,, was calculated by
Spearman- Karber method (Spearman 1908; Karber
1931).

Molecular analysis

After the third blind passage, CPE positive cell
culture supernatants were analyzed by PCR assay.
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As a positive control, attenuated Vanguard Plus 514
CAV-2 vaccine strain (Pfizer Animal Health, Lincoln,
Nebraska, ABD) and for DNA extraction DNeasy
Blood & Tissue Kit (QIAGEN Group, US) were used
according to the protocols specified in the kit. To
amplification of E3 gene, HA1; forward 5-'CGC GCT
GAA CAT TAC TAC CTT GTC-3" and HAZ2; reverse 5'-
CCT AGA GCA CTT CGT GTC CGC TT-3' primers were
preferred in this study. HA1 is complementary to the
genomic L chain at positions 770 to 791 in CAV-1
and 1387 to 1408 in CAV-2. HA2 is complementary
to the genomic R chain at positions 1274 to 1253 in
CAV-1 and 2413 to 2392 in CAV-2 (Yang et al. 2020).
The PCR was optimized in 25 pl reaction volume. The
reaction mixture consisted of 1xPCR buffer, 1.5 mM
MgClI2, 0.2 mM of each deoxynucleotide, 15 pmol
of each primer, 0.5 U of Taq DNA polymerase (MBI,
Fermentas), and 5 pl of template DNA (50 ng). PCR
was conducted in a thermal cycler (Techne, UK) for
9 min at 95°C and 35 cycles at 94°C for 1 min, 59°C
for 1 min, 72°C for 1 min, and a final amplification
at 72°C for 10 min. PCR products (508 bp for CAV-
1 and 1030 bp for CAV-2) were visualized under
ultraviolet light after electrophoresis on 1% agarose
gel, stained with ethidium bromide.

Following the PCR, the products were purified
using PCR Purification Kit (Min Elute®, QIAGEN,
USA), and the purified PCR products were subjected
to an automatic sequencer (ABI 3130 XL, USA)
available in the Molecular Genetic Laboratory
Department of PVCIl. Four sequences have been
loaded to the GenBank under accession numbers
in 2021: MW811327- MW811330. Those and other
reference DNA sequences obtained from the

NCBI GenBank were analyzed in the MEGA 7.0.26
software. The Clustal W alignment method was used
to determine the differences in amino acids. For
phylogenetic relationships, the neighbor-joining
method was used with 1500 bootstrap replicates.
Other sequences GenBank accession numbers used
in the phylogenetic tree were: EF057101, GQ340423,

GQI15311, GU226970, JN418926, JX416838,
JX416841, JX416842, KF676978, KU315335,
KU725674, KY775390, KY775391, KY775392,
KY775393, M60937, MN652567, MT318141,

MT892837, S38212, S38238, U77082, YO7760.

Predicting the antigenic significance of variable
residues and estimating the epitopes in the E3 gene,
Shannon entropy (Threshold was set as default: 1)
(http://imed.med.ucm.es/PVS/), and conservation
surface mapping (ConSurf) were used, respectively
(Shannon 1948; Ashkenazy et al. 2010, 2016; Celniker
et al. 2013).

Results
Virus isolation and titers

After inoculation of specimens onto MDCK cells,
rounding of cells, detachment from the surface, and
the typical grape cluster-like CPE were observed in
MDCK cells only in 4/32 samples after 2"-3" passage
onwards (Figure 1). The titer of the strains in the
MDCK cells at 96 hours post-infection was found to
be as 10°°, 109, 10%, 107 TCID, /ml, and isolates
were named as CAV2/TUR/PenCAV-5/2011, CAV2/
TUR/PenCAV-6/2011, CAV2/TUR/PenCAV-7/2011,
and CAV2/TUR/PenCAV-9/2011, respectively.

Figure 1. CPE view of CAV isolates in MDCK cell cultures*.

*a: negative control, b: vacuole and rounding of cells between cells
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Molecular analysis

The supernatant of four isolates and positive control
were found positive by PCR of the E3 gene with
amplification of expected 1030 bp fragment in
agarose gel electrophoresis that indicates isolates
belong to CAV-2 (Figure 2).

Phylogenetic comparison of E3 gene
nucleotides of canine adenovirus isolates and
reference viruses from GeneBank are shown in
Figure 3. According to the reference gene (Acces.
No: GQ915311), the amino acid (aa) substitutions in
our four isolates were detected at positions: 17 H-P,
126 A-T, 178 D-N, and 184 I-T. The aa substitutions
between Turkey strains were shown in the grey
boxes, while the aa differences between Turkey and
America-Europe strains which also include one of
the CAV-2 vaccine strains were displayed in empty
boxes in Figure 4. Due to Shannon entropy value
the residues 15, 17, 52, 63, 70, 93, 97, 109, 119, 126,
138, 142,147,152, 172, 178, 184, 186, 201, 216, 221,
222, 243, 250, 251, and 254 on E3 gene had a score
bigger than 1. The lowest and the highest ConSurf

9B || BraziVKU315335.1

100 |_ Inda/GQ340423.1

antigenicity scores of the 23 aa positions, excluding
residues 93, 147, and 243, were detected at 4.579
and 7.515, respectively.

Figure 2. PCR product of amplified E3 gene of
canine adenovirus*.

*1: DNA ladder (100-2000 bp, Qiagen, cat no. 239135), 2: Negative
control, 3: Positive control, 4: CAV2/TUR/PenCAV-5/2011, 5:

CAV2/TUR/PenCAV-6/2011, 6: CAV2/TUR/PenCAV-7/2011, 7:
CAV2/TUR/PenCAV-9/2011

Turkey/CAV2TUR/PenCAV-7/2011/MW811329 7 )

0| Turkey/CAV2 TUR/PenCAV-9/2011/MW811330

Turkey/CAV2 TURPenCAV-6/2011/MW811328

Turkey/CAV2TUR/PenCAV-52011/MW811327

Turkey /KY775393.1

Turkey /KY 775390.1

Turkey /KY775391.1

Turkey /KY775392.1

China/GQ915311.1

9 | INdia/MNG52566.1
India/MT318141.1

~ Italy/JX416841.1 1

Italy/JX416842.1

China -Turkey Subgroup

]Ird'an Subgroup CAV-2

BrazilKU725674.1
54| Canacaru77082.1
Italy/KF676978. 1
NobivacDHPPivaccine/MNE52567. 1
India/MT892837. 1
USA/S38212.1
India/EF057101.1 7

America-Europe Subgroup

Netherlands/S38238.1
7 CAV-1

Italy /JX416838.1
Glaxo-vaccine/M60937.1
UK/Y07760.1 |

55 GU226970.2BatAdV 1

.—.{ Outgroup Adenoviruses
JIN418926./EGAQV1 |
[ —
0.05

Figure 3. Phylogenetic tree of E3 gene of canine adenovirus isolates and reference viruses.
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Figure 4. The amino acid comparison of CAV-2 strains among partial-length E3 gene (255 amino acids)*.
*The gray boxes indicate the aa substitutions between Turkey strains, while empty boxes indicate the aa substitutions between Turkey

and America-Europe strains.

Discussion and Conclusion

ICH is caused by CAV-1 by replicating in the digestive
tract and vascular endothelium, while CIRDC is
a disease complex that occurs in dogs usually
housed in groups, for example, in rehoming centers,
boarding kennels, or veterinary hospitals. Both CAV-
1 and -2 have been recovered from dogs suffering
from CIRDC, but CAV-2 has been more commonly
associated with the disease (Erles et al. 2004). There
have been indications that CAV-2 may also be an
enteric pathogen (Hamelin et al. 1985; Macartney et
al. 1988; Hu et al. 2001). Moreover, it was presented
that it can cross the blood-brain barrier (Benetka et
al. 2006).

Antigenically related but genetically different
two canine adenoviruses are important infectious
viruses not only in domestic dogs but also in foxes
in wildlife. However, the molecular epidemiology
of the virus is not clear enough. The nucleic acid
was detected in 58.8% of 51 dogs in Italy (Balboni
et al. 2014). In Mexico, the antigen was shown

immunohistochemically with a rate of 57% (Damian
et al. 2005). The seropositivity rates were 2.9%
and 19.9% in Japan and Korea, respectively (Kim
et al. 2006; Mochizuki et al. 2008). In Turkey, the
seropositivity rate was reported between 36.3% and
100% (Giir and Acar 2009; Yildirim et al. 2009; Bulut
et al. 2013; Can Sahna and Aslan 2015) and antigen
detection rate was 2.5% and 8.3% in clinically ill and
healthy dogs, respectively (Can Sahna and Aslan
2015; Timurkan et al. 2018).

In this study, virus isolation was performed
in 4/32 (12.5%) of fecal samples of dogs showing
signs of diarrhea. The positivity rate obtained by
other studies using fecal, pneumonic lung, and
nasal-oropharynx swab samples were 9.17%,
2.9%, 16%, and 12.7%, respectively (Mochizuki et
al. 2008; Posuwan et al. 2010; Yoon et al. 2010). In
addition, it was observed that CAV-2 isolation and
identification data, the reproduction time, and the
CPE feature of the MDCK cell culture were similar
to other researchers’ results (Ditchfield et al. 1962;
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Chaturvedi et al. 2008). Besides, the titers of CAV-2
were found 109, 10%* and 107 TCID, /ml, which
were among the titers obtained (10°-107> TCID, /
ml) in other studies (Hu et al. 2001; Chaturvedi et al.
2008; Yang et al. 2020).

For diagnosing and differentiating CAV-1 and
CAV-2, primers specific to the E3 region were used.
For this purpose, four strains isolated in MDCK
were tested in PCR and obtained positive in terms
of CAV-2 nucleic acid. Parthiban et al. (2009) were
gathered CAV-1 PCR amplicon from fecal samples
of dogs however only CAV-2 was detected in this
study. After all, it is known that the prevalence of
CAV-2 in dogs is higher than CAV-1 (Balboni et al.
2014).

Timurkan et al. (2018) detected 2.5% CAV-2
nucleic acid by PCR from nasal swab samples col-
lected from the eastern part of Turkey. As a result
of DNA partial sequence analysis, it has been re-
ported that the nine aa differences were obtained
between Turkey and America-Europe strains. On
the other hand, they were found to be very similar
to China strain. Therefore, they were located in the
same branch in the phylogenetic tree. For 10 posi-
tions, the same aa substitutions were observed in
all Turkey strains in contrast to the America-Europe
strains (empty boxes in Figure 4). Unlike Timurkan
et al. (2018), seven aa substitutions of MW811327-
MW811330 strains were seemed to be the same
as America-Europe strains (grey boxes in Figure 4).
Both Shannon entropy values and ConSurf scores
were determined as high in the aa substitution posi-
tions of 15, 97, 126, 142, 152, 221, and 250 in Turkey
strains. This may be the reason of Turkey branch is
divided into two (Figure 3). The strains were grou-
ped not only according to their location (eastern
and western Turkey) but also due to body systems
(respiratory and gastro-intestinal) in which they
were sampled. Two different studies conducted in
India pointed out some mutations have occurred
in the genome. One of them detected insertion of
a residue in the Indian CAV-2 strain that caused a
frameshift, and the other one reported nine predo-
minant mutations (Chander et al. 2021; Raja et al.
2021). Besides, in one study performed in red foxes
in Italy, two genetically different CAV-2 strains were
gathered from the same fox (in phylogenetic tree
accession no: JX416841, JX416842) revealed the
circulation of the different viral strains among the
fox population (Balboni et al. 2013). Accordingly, it
could conclude that the genetically different CAV-2
strains circulated in dog populations in Turkey for
the last ten years.

While struggling with canine adenovirus in-
fections vaccines have been widely used for many
years. After the CAV-1 vaccination corneal edema
could be seen. Therefore, the CAV-2 vaccine is pre-
ferred for cross-protection and has the advantage
that it does not cause side effects like CAV-1. The
positive effect of the vaccine has been described
elsewhere (Abdelmagid et al. 2004; Barthold et al.
2011; Andrukonis et al. 2021). In Turkey, a program-
med vaccination against adenoviral infections is
not carried out and imported vaccines are made at
the request of animal owners in private clinics. It is
shown that one of the vaccine strains and the local
CAV-2 isolates are located in different subgroups.
It is well known that E3 protein plays an essential
role in eliciting immunity by directly associated with
class | major histocompatibility complex, tumor nec-
rosis factor, and T-cell response (Kvist et al. 1978;
Gooding et al. 1991; Zhang et al. 1991). Amino acid
substitutions seen in the E3 gene region in strains
raise the question of whether vaccine strains should
be updated. However, genetic differences must be
shown antigenically. According to our results, it is
necessary to examine the protection of the vaccines
used in Turkey with the local strains.

In conclusion, this study pointed out the pos-
sible genetic heterogeneity among CAV-2 in Turkey.
This situation should be revealed clearly by exami-
nation of more samples from a wider area. In additi-
on, investigating hexon and fiber genes will help to
obtain more valuable data.
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Antibiotic resistance profiles of Pseudomonas aeruginosa
strains isolated from dogs with otitis externa
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Abstract: Pseudomonas aeruginosa is an important pathogen that is frequently isolated from otitis cases in dogs,
known to have high intrinsic and acquired resistance mechanisms to resist most antibiotics, and the ability to
develop multiple antibiotic resistance. The aim of this study was to determine the antibiotic resistance profile of P
aeruginosa strains isolated from dogs with otitis externa symptoms. Totally 43 (26.70%) P. aeruginosa strains were
isolated from 170 ear swab samples and all these strains were subjected to disk diffusion susceptibility testing and
the resistance profiles of the strains were found to be as follows; 100% to trimethoprim sulfamethoxazole, 93.02% to
doxycycline, 79.06% to neomycin, 58.13% to oxytetracycline, 34.88% to enrofloxacin, 25.58% to tobramycin, 20.93%
to gentamicin, 13.95% to ciprofloxacin, 9.30% to amikacin, 4.65% to polymyxin B. Furthermore, multiple antibiotic
resistance was detected in a total of 17 (39.53%) P aeruginosa strains. As a result, it was understood that the most
common Gram-negative bacteria isolated from otitis externa cases of dogs was P. aeruginosa and these isolates
have shown high resistance to antibiotics from many antibiotic groups.

Keywords: Antibiotic resistance, Dog, Otitis externa, Pseudomonas aeruginosa.

Otitis eksternali kopeklerden izole edilen Pseudomonas
aeruginosa suslarinin antibiyotik direncg profilleri

Ozet: Pseudomonas aeruginosa, képeklerin otitis vakalarindan siklikla izole edilen bir patojendir ve cogu antibiyotige
karsi bircok i¢sel ve edinilmis direng mekanizmasina sahip, ¢oklu antibiyotik direnci gelistirme kabiliyeti oldugu
bilinen bir bakteridir. Bu calismanin amaci, otitis eksterna semptomlari gosteren kdpeklerden izole edilen P
aeruginosa suslarinin antibiyotik direng profillerinin belirlenmesidir. 170 kulak strlintlist 6rneginden toplam 43
(%26,70) P aeruginosa susu izole edildi ve bu suslarin timii disk difiizyon duyarlilik testine tabi tutuldu. izole edilen
P aeruginosa suslarinin direng profilleri trimetoprim siilfametoksazole %100, doksisikline %93,02, neomisine %79,06,
oksitetrasikline %58,13, enrofloksasine %34,88, tobramisine %25,58, gentamisine %20,93, siprofloksasine %13,95,
amikasine %4,30, polimiksin B'ye %4,65 seklinde bulundu. Ayrica toplam 17 (%39,53) P. aeruginosa susunda ¢oklu
antibiyotik direnci saptandi. Sonug olarak kdpeklerin otitis eksterna vakalarindan en sik izole edilen Gram-negatif
bakterinin P aeruginosa oldugu ve bu izolatlarin farkl gruplardan antibiyotiklere yiiksek direng gdsterdigi anlasildi.

Anahtar kelimeler: Antibiyotik direnci, Képek, Otitis eksterna, Pseudomonas aeruginosa.

Introduction

Otitis externa is an acute or chronic inflammation
of the external ear canal. The incidence of otitis ex-
terna in small animal medicine is around 20% (Cole
2004). Infectious otitis externa which is a multifac-
torial disease; arise as secondary complications of
primary or predisposing causes such as atopic der-
matitis, chronic irritation, conformational disorders,
excessive moisture, obstructive causes, foreign bod-
ies, metabolic diseases, ectoparasites, keratinization
disorders (Graham-Mize and Rosser 2004).

The infectious agents that cause otitis externa
are mostly bacteria, yeast and fungi (Shaw 2016).
Staphylococcus spp, Pseudomonas aeruginosa,

Streptococcus spp., Proteus spp., Escherichia coli,
Enterococcus spp. are the most common bacterial
agents that are frequently isolated from canine ba-
cterial otitis externa cases (Petrov et al. 2013; Lee et
al. 2019). Among yeasts such as Malassezia pachy-
dermatis and Candida spp. are also frequently isola-
ted from canine otitis externa cases with or without
bacterial agents (Blanco et al. 2000; Yapicier et al.
2018).

P aeruginosa is the most frequently isolated
Gram-negative bacteria in canine otitis externa ca-
ses. P aeruginosa is a rod shaped, aerobic, opportu-
nistic bacteria which is frequently found in many en-
vironments such as soil, water, organic material and
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is not found in the normal ear flora of dogs (Morris
et al. 2017; Pye 2018).

P aeruginosa is intrinsically resistant to many
antibiotic groups. This intrinsic resistance can be
associated with different mechanisms such as low
outer membrane permeability, chromosomal AmpC
B-lactamase production, and the presence of a large
number of genes encoding efflux pumps that cause
multiple antibiotic resistance (Hancock 1998). P ae-
ruginosa may have resistance to most of penicillin,
B-lactam group antibiotics, often aminoglycoside
antibiotics, chloramphenicol and tetracyclines (Me-
ki¢ et al. 2011; Penna et al. 2011).

Antibiotic resistance is a remarkable problem in
both public and animal health. Increasing inciden-
ce of P aeruginosa with increased intrinsic resistant
strains and multiple antibiotic resistance makes it
difficult to select antibiotics for treatment (Rubin et
al. 2008; Pye 2018). Groups of antibiotics routinely
used against P ageruginosa infections in small ani-
mal medicine include aminoglycosides, fluoroqui-
nolones, polymyxins, tetracyclines and potentiated
sulfonamides (Martino De et al. 2016; Pye 2018).
Making the selection of antibiotics used in the tre-
atment according to the results of antibiotic sus-
ceptibility testing provides the increasing success of
treatment regimes.

In this study, it was aimed to determine the pre-
valence of P aeruginosa in otitis externa cases and
the resistance of the strains against routinely used
antibiotics.

Material and Method

Sample Collection

In this study, swab samples taken from the outer ear
canal of 170 dogs with a clinical diagnosis of otitis
externa sent from 13 veterinary clinics in the Anka-
ra region between September 2019 and December
2020 were used. The selection of the dogs parti-
cipating in the study was made by physical aurial
examination (head shaking, aurial hyperemia and
pruritus, discharge from the ear canal, unpleased
odor, erythema, trauma due to scratching itself, pain
on palpation, alopecia, ulceration, etc.) and otosco-
pic examination findings. Specimens were collected
from the external ear canal of dogs using Amies
Agar Gel Swabs (Oxoid, Hampshire, UK). The samp-
les taken into the transport medium were kept at
4°C until meintened and processed within 24 hours.
The swab samples have been examined in terms of
both bacteriological and mycological aspects. P. ae-

ruginosa AUVFM-07/01 strain obtained from Ankara
University Faculty of Veterinary Medicine Depart-
ment of Microbiology Culture Collection was used
as positive control in all tests.

Bacteriological and Mycological Examination

In bacteriological examination, specimens which
obtained using sterile swabs were inoculated on
blood agar containing 5% sheep blood, MacConkey
(MC) Agar (Oxoid CMO0115) and Eosin Methylene
Blue (EMB) agar (Oxoid CM0069B) and incubated at
37°C for 24-48 hours under aerobic conditions. Co-
lonies were Gram stained and inspected according
to their macroscopic and microscopic morphology.
Alongside, biochemical tests such as catalase, oxi-
dase, lactose fermentation, coagulase, indole, met-
hyl red, Voges-Proskauer, citrate, urease, oxidation/
fermentation tests were performed to identify ge-
nus and species. Cystine-Lactose-Electrolyte Defi-
cient (CLED) Agar (Oxoid CM0301) was also used as
a differential agar for the identification of pyocyanin
formation of P aeruginosa. Isolates were identified
at the genus and species level using staining, bio-
chemical tests and differential mediums (Holt et al.
1994; Quinn et al. 1994).

For mycological examination, collected swabs
were inoculated on Sabouraud Dextrose Agar (SDA)
(Oxoid CM0041) and incubated at 25°C for 2-4 we-
eks in an aerobic environment and colonies were
controlled daily. Inoculations were also made on
Chromogenic Candida agar (Oxoid CM1002) to dif-
ferentiate Candida species in yeast isolations and
incubated at 37-42°C for 48 hours. Mycological
diagnosis was made by examining the incubation
time and macroscopic/microscopic morphology of
the colonies. In macroscopic examination, colonies
were examined by considering their pigmentation
and structure. In microscopic examination, colonies
were stained with lactophenol cotton blue solution
using cellophane tape method (Ghannoum and Is-
ham 2009). Microscopically, hypha, septum, mac-
roconidium, microconidium and spore structures
belonging to fungal colonies were examined and
diagnosed by classical mycological culture methods
(Holt et al. 1994; Quinn et al. 1994).

Antibiotic Susceptibility Testing

Antibiotic susceptibility test was performed by the
disk diffusion method recommended by Clinical &
Laboratory Standards Institute (CLSI 2019). P. aeru-
ginosa strains identified by conventional methods
were inoculated on Mueller-Hinton (MH) agar (Oxo-
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id CMO0337). Antimicrobial susceptibility test dis-
ks (Oxoid, Hampshire, UK); gentamicin (CN10 ug),
oxytetracycline (OT 30 ug), tobramycin (TOB 10 ug),
polymyxin B (PB 300 U), enrofloxacin (ENR 5 ug), ne-
omycin (N 30 pg), trimethoprim sulfamethoxazole
(SXT 25 pg, 1.25 pg-23.75 pg), doxycycline (DO 5
Mg), ciprofloxacin (CIP 5 pg), amikacin (AK 30 ug)
were used. Agar plates were incubated at 37°C for
18-24 hours and inhibition zone diameters were
measured for each disk according to CLSI standards
(CLSI 2019; CLSI 2020). Escherichia coli ATCC 25922
strain was used as positive control in all tests. P ae-
ruginosa strains were defined as multi-drug resis-
tant (MDR) in the case of resistance to one or more
antibiotics from at least three different antibiotic
groups (Magiorakos et al. 2012).

Results
Bacterial and Mycological Examination Results

No growth was observed in 9 (5.2%) of the 170 swab
samples. Staphylococcus spp. (40.37%), P aeruginosa

Table 1. Antimicrobial resistance profiles of P aeruginosa strains.

(26.70%), Streptococcus spp. (18.01%), E. coli (4.96%),
Proteus spp. (4.34%), Corynebacterium spp. (3.10%)
and Enterococcus spp. (1.86%) were isolated among
161 samples.

Fungi and yeast growth were observed in 58
(34.11%) of 170 ear swab samples. According to
the results 38 (65.51%) Malassezia spp., 11 (18.96%)
Candida albicans, 5 (8.62%) Aspergillus spp. and 4
(6.89%) Penicillium spp. were isolated.

Antimicrobial Susceptibility Test Results

Among 43 P aeruginosa strains; 43 (100%) of them
were found resistant to trimethoprim sulfamethoxa-
zole, 40 (93.02%) to doxycycline, 34 (79.06%) to neo-
mycin, 25 (58.13%) to oxytetracycline, 15 (34.88%) to
enrofloxacin, 11 (25.58%) to tobramycin, 9 (20.93%)
to gentamicin, 6 (13.95%) to ciprofloxacin, 4 (9.3%)
to amikacin and 2 (4.65%) to polymyxin B (Table 1).
Some of these resistant strains of P aeruginosa were
found resistant to antibiotics from two or more anti-
biotic groups. Multiple antibiotic resistance profiles
have been shown in Table 2.

Antimicrobial Classes Antimicrobial

Number of Isolates

Zone diameter breakpoint Resistance (%)

Agents (n =43) for resistant strains (mm)

CIpy 6 <15 13.95
Fluoroquinolones

ENR? 15 <16 34.88

AK? 4 <14 9.3

CNe? 9 <12 20.93
Aminoglycosides

TOB® 11 <12 25.58

N@ 34 <17 79.06

Polymyxins PB® 2 <11 4.65

DOP 40 <18 93.02
Tetracyclines

ot 25 <18 58.13
Sulfonamides SXT® 43 <23 100

n: Total number of isolates tested. AK: Amikacin, ENR: Enrofloxacin, N: Neomycin, OT: Oxytetracycline, TOB: Tobramycin, CN: Gentamicin,
DO: Doxycycline, SXT: Trimethoprim-sulfamethoxazole, CIP: Ciprofloxacin, PB: Polymyxin B.

2@ Zone diameter breakpoints according to Performance Standards for Antimicrobial Disk and Dilution Susceptibility Test for Bacteria
Isolated from Animals; Approved Standard Document 5th ed. CLSI supplement VETO1S (CLSI, 2020).

bZone diameter breakpoints according to Performance Standards for Antimicrobial Susceptibility Testing. 29th ed. CLSI supplement

M100. Wayne, PA ABD (CLSI, 2019).
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Table 2. Multiple antibiotic resistance profiles of P aeruginosa
strains.

Multidrug No. of MDR Prevalence of
Resistance Profiles Isolates MDR Isolates
DO, SXT, N, ENR, OT 2 4.6
DO, SXT, N, ENR, AK 1 2.3
DO, SXT, N, PB, CN 1 2.3
DO, SXT, N, ENR 3 6.9
DO, SXT, N, OT 5 11.6
DO, SXT, N, AK 1 2.3
DO, SXT, OT, TOB 2 4.6
SXT, TOB, CIP, CN 2 4.6
Total: 17 39.5

Antimicrobial agent groups: Tetracyclines: DO, OT; Fluoroquino-
lones: ENR, CIP; Aminoglycosides: AK, CN, N, TOB; Sulfonamides:
SXT; Polymyxins: PB.

Discussion and Conclusion

Otitis externa cases in dogs can occur due to primary
and secondary causes (Shaw 2016; Pye 2018). It was
thought that the 9 swab samples with no growth
were considered to be according to primary non-in-
fectious causes such as allergic conditions, auto-
immune disorders, hormonal disorders, and obst-
ructive causes. The most common bacterial agents
isolated from otitis externa cases of dogs belong to
Staphylococcus spp. (Blanco et al. 2000; Turkyilmaz
2008; Penna et al. 2011; Petrov et al. 2013; Bajwa
2019). In this study, the prevalence of Staphylococ-
cus spp. from dogs with otitis externa was determi-
ned as 40.37%. This result supports the idea that
Staphylococcus spp. is the most common bacteria
isolated from dogs with otitis externa, as reported in
other studies (Petrov et al. 2013; Paterson 2016; Kor-
belik et al. 2019). P. aeruginosa is not found in the
normal ear flora of dogs, but it is frequently isolated
from canine otitis cases. In this study, prevalence of
P aeruginosa (26.7%) was found to be high which is
similar to Hariharan et al. (17.5%) (2006), Turkyilmaz
(17%) (2008), Bugden (35.5%) (2013), Petrov et al.
(17%) (2013), Bourély et al. (27.5%) (2019) and Dos
Santos et al. (27.6%) (2019) findings.

P aeruginosa is frequently isolated from otitis
cases and treatment is often unsuccessful due to its
high antimicrobial resistance (Ghannoum and Isham
2009; Mekic¢ et al. 2011; Bourély et al. 2019; Chan et
al. 2019). This is explained by the knowledge that P
aeruginosa is a bacterium that has an intrinsic anti-
biotic resistance mechanism and can exhibit MDR
and can also easily develop resistance to new antibi-
otics (Hancock 1998). It is known that P aeruginosa

has high intrinsic resistance to tetracycline, sulpho-
namide and quinolone group antibiotics (Meki¢ et
al. 2011; Penna et al. 2011; Arais et al. 2016). In this
study, all P aeruginosa strains were found to be re-
sistant to trimethoprim-sulfamethoxazole from the
sulfonamide group among the antibiotics tested
from five different groups. In similar studies, Schick
et al. (69%) (2007), Rubin et al. (57%) (2008), Ozturk
et al. (100%) (2016) and Turkyilmaz (100%) (2008)
reported that P aeruginosa was highly resistant to
trimethoprim-sulfamethoxazole.

In this study, P aeruginosa strains resistant to
oxytetracycline (58.1%) from tetracycline group is
very similar to the findings of Ozturk et al. (50%)
(2016) and the resistance to doxycycline (93%) is
very similar to the findings of Martino et al. (78.3%)
(2016) and Petrov et al. (78.3%) (2013).

The resistance of P aeruginosa to antibiotics
from the aminoglycoside group is provided by the
inactivation of the antimicrobial agents by bacterial
modifying enzymes (34). In this study, 90.7% P. aeru-
ginosa strains were found to be susceptible to ami-
kacin. Petrov et al. (100%) (2013), Schick et al. (81%)
(2007) and Park et al. (97.8%) (2020) also found high
sensitivity to amikacin in their studies. In this study,
P aeruginosa exhibited the highest sensitivity to
amikacin among the aminoglycoside antibiotics tes-
ted. This is attributed to the opinion that amikacin
has a low sensitivity to modifying enzymes, which is
also reported in the literature (Poole 2005; Ekinciog-
lu and Percin 2013).

Enrofloxacin is more lipophilic than ciprof-
loxacin (Davis et al. 2007). Therefore, efflux pum-
ps, which are important in the elimination of fluo-
roquinolones, are known to more easily eliminate
enrofloxacin (Wildermuth et al. 2007). Rubin et al.
(2008) reported that P aeruginosa strains isolated
from dogs with diseases such as otitis, pyoderma,
and soft tissue infections had 31% resistance to en-
rofloxacin and 16% resistance to ciprofloxacin. In
this study, prevalence of resistance to enrofloxacin
and ciprofloxacin was found to be 34.8% and 13%,
respectively. Similar to this study, Park et al. (2020)
reported that P aeruginosa was more resistant to
enrofloxacin than ciprofloxacin, thus supporting the
view that P aeruginosa exhibited higher resistance
to enrofloxacin than ciprofloxacin.

P aeruginosa strains isolated in this study ex-
hibited high sensitivity (95.4%) to polymyxin B that
has also been reported similarly in other studies
(Tam et al. 2005; Bugden et al. 2013; Pye et al. 2013;
Hyun et al. 2018). Polymyxin B is one of the limited
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antibiotic options that can be used in the treatment
of infections caused by Gram negative bacteria and
especially P aeruginosa that exhibit MDR, and is of-
ten preferred against P ageruginosa in cases of otitis
externa (Tam et al. 2005; Petrov et al. 2013). P, ge-
ruginosa exhibits a very low intrinsic resistance to
polymyxin B compared to other antibiotics and it is
known that its ability to develop mutational resis-
tance is limited (Fernandez et al. 2013).

In this study, MDR prevalence (39.53%) of P ae-
ruginosa strains was found to be similar to the MDR
prevalence of the studies reported by Dos Santos
et al. (61.9%) (2019) and Eliasi et al. (92%) (2020).
In these studies, sulphonamide, tetracycline, fluo-
roquinolone and aminoglycoside group antibiotics,
which are known to exhibit intrinsic resistance in P
aeruginosa, were found at high levels in MDR profi-
le combinations (Turkyilmaz 2008; Eliasi et al. 2020).
In addition, the ability of P aeruginosa to develop
acquired resistance also contributes to the formati-
on of MDR (Pang et al. 2019).

As a result, in this study which was conducted in the
Ankara region, it was confirmed that the most com-
mon Gram-negative bacteria causing otitis externa
in dogs was P, geruginosa. In this study, it was obser-
ved that the resistance profile of P aeruginosa stra-
ins isolated from otitis externa cases of dogs against
antibiotics selected from antibiotic groups known to
have resistance was consistent with similar studies.
For a successful treatment of otitis externa in this
region, it was thought that antibiotics such as ami-
kacin and polymyxin B, which P aeruginosa strains
showed low resistance, could be preferred instead
of trimethoprim-sulfamethoxazole, doxycycline and
oxytetracycline, which P aeruginosa strains show
high resistance. The high prevalence of multiple an-
tibiotic resistant strains emphasizes once again the
importance of antibiotic susceptibility testing in the
selection of antibiotics for treatment.

Conflict of Interest: The authors declare that they
have no conflict of interest.
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Abstract: Human toxocariasis is categorized as a neglected parasitic disease by the Center for Disease Control and
Prevention (CDC). The disease is more prevalent in children than adults because children are more frequently exposed
to the eggs of T. canis and T. cati which are the etiological agents of human toxocariasis during playing outside. This
study aimed to research the presence of helminth species in children’s playgrounds in Sivas using microscopic and
molecular techniques. For this purpose, 84 sand samples were taken from 25 children’s playgrounds from July 2020
to July 2021. Moreover, 68 stool samples that belong to cats, dogs, and red foxes were collected from and around
children’s playgrounds. Toxocara spp. eggs were found in five sand samples in this study. According to PCR results,
T cati was detected in three sand samples while T canis was found in two sand samples. Toxascaris leonina was
detected only in one dog stool sample, whereas no parasite species were found in cat stool samples. The eggs of T
canis, Acanthocephala, T leonina, Capillaria spp. were found in red fox stool samples. To the best of our knowledge,
children’s playgrounds were researched for the first time in terms of zoonotic helminth species in Sivas.

Keywords: Children’s playgrounds, helminth, PCR, Sivas, zoonosis.

Sivas ilinde ¢cocuk oyun parklarinda zoonotik helmintlerin arastirilmasi

Ozet: insan toxocariasisi ABD Hastalik Kontrol ve Onleme Merkezi (CDC) tarafindan g6z ardi edilen bir paraziter
hastalik olarak siniflandinimaktadir. Hastalik cocuklarda eriskinlere gére daha yaygindir. Clinkii cocuklar disarida
oyun oynarken insan toxocariasis etiyolojik etkenleri olan T. canis ve T. cati yumurtalarina daha sik maruz kalmaktadir.
Bu calismanin amaci Sivas'taki cocuk oyun parklarinda helmint tirlerinin varhigini mikroskobik ve molekdler teknikler
kullanarak arastirmaktir. Bu amacla Temmuz 2020 ve Temmuz 2021 tarihleri arasinda 25 ¢ocuk oyun parkindan 84
kum numunesi alinmistir. Ayrica ¢gocuk oyun parklarinin icinden ve etrafindan kedi, kdpek ve kizil tilkilere ait 68 diski
numunesi toplanmistir. Bu calismada bes kum &rneginde Toxocara spp. yumurtasi tespit edilmistir. PZR sonuglarina
gore U¢ kum orneginde T. cati, iki kum 6rneginde T. canis tespit edilmistir. Toxascaris leonina sadece bir kdpek diski
orneginde tespit edilirken, kedi diski drneklerinde parazit tirt bulunmamustir. Kizil tilki diski drneklerinde ise T. canis,
Acanthocephala, T. leonina, Capillaria spp. yumurtalar bulunmustur. Bildigimiz kadariyla Sivas'ta ¢ocuk oyun parklari
zoonotik helmint tirleri bakimindan ilk kez incelenmistir.

Anahtar kelimeler: Cocuk oyun parklari, helmint, PZR, Sivas, zoonoz.

Introduction

Dogs and cats have lived together with humans
since the domestication process and have become
the most popular pet animals in the world. However,
these animals are abandoned to the streets due to
the difficulties faced by their owners such as caring
and feeding. The number of these animals increases
gradually in the cities, and because of this, public
health is threatened by these animals (Robertson
and Thompson 2002) since cats and dogs are the
definitive hosts of different parasitic pathogens such
as Toxocara canis and T. cati which are the etiologi-
cal agents of human toxocariasis (Taylor et al. 2016).

Human toxocariasis is assessed to be one of the
most important neglected parasitic diseases in the
world by the Centers for Disease Control and Pre-
vention (CDC 2020). The global seroprevalence of
human toxocariasis was ranging from 1.6 to 92.8%
(Smith and Noordin 2006). The disease is more
prevalent in undeveloped or developing countries
than developed countries, due to the high number
of companion animals, lack of sanitary conditions,
and lack of personal hygiene (Smith and Noordin
2006; Nooraldeen 2015).

Humans become infected with Toxocara spp. by
ingestion of embryonated eggs from contaminated
vegetables, soils, or direct contact with infected cats
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or dogs, and consumption of infective stage larvae
present in undercooked organs of paratenic hosts
(Despommier 2003; Overgaauw and van Knap-
en 2013; Taylor et al. 2016). According to the re-
searches, embryonated eggs are generally present
in children’s playgrounds contaminated with de-
finitive host stool. Therefore, children’s playgrounds
are considered risky areas for human toxocariasis
(Overgaauw and van Knapen 2013). Many differ-
ent studies were conducted for the determination
of Toxocara spp. in children’s playgrounds in the
world (Borecka and Gawor 2008; Nooraldeen 2015;
Kleine et al. 2017; Bystrianska et al. 2019; Sadowska
et al. 2019) and the determination of zoonotic hel-
minth species in children’s playgrounds in Turkey
(Oge and Oge 2000; Glrel et al. 2005; Aydeniz6z-
Ozkayhan 2006; Avcioglu and Burgu 2008; Avcioglu
and Balkaya 2011; Bozkurt et al. 2012; Aydin 2020).
To the best of our knowledge, there is no study on
zoonotic helminth diseases in Sivas, although Sivas
province has a lot of stray cats and dogs like any
other city in Turkey. The present study aimed to de-
termine the presence and distribution of potential
zoonotic helminths eggs in children’s playgrounds
in Sivas province for the first time using microscopic
techniques and species-specific PCR for identifica-
tion of Toxocara spp. eggs.

Material and Methods

This research was performed in Sivas province, lo-
cated in the Central Anatolia Region of Turkey. The
average annual temperature of Sivas is 8.9°C, and
the average relative humidity is 65%.

From July 2020 to July 2021, sand samples were
taken from 25 children’s playgrounds, 20 of which
were from the city center, and five of which were
from recreation areas. A total of 84 sand samples
consisted of 60 sand samples collected from city
center parks, and 24 sand samples collected from
recreation areas. We also collected 68 stool samples
belonging to cats (n:19), dogs (n:21), and red foxes
(n:28) from and around children’s playgrounds dur-
ing the sampling period. Sand and stool samples
were stored at -80°C for seven days for inactiva-
tion of possible Echinococcus spp. eggs (Hofer et al.
2000).

Approximately 250 g sand samples were col-
lected from 10 cm depth of ground surface into
plastic bags from each children’s playground. Sand
samples were homogenized, and then a 50 g sam-
ple was examined in terms of helminth eggs. In the
laboratory, sand samples were mixed with distilled

water and 1 mL Tween-40. Homogenized material
was vortexed for five minutes and filtered through a
250 pL sieve to remove big particles. Out of 28 mL
homogenized material was taken into a 50 mL fal-
con tube, and 20 mL distilled water was added. The
material was centrifuged at 2500xrpm for 3 min.
The supernatant was removed and the same vol-
ume of distilled water was added to the sediment.
This procedure was repeated at least three times.
Final sediment was transferred in a centrifuge tube
to which saturated ZnSO4 (33%, density:1.18) solu-
tion was added (Kazacos 1983; Avcioglu and Burgu,
2008; Taylor et al. 2016). The homogenized sample
was centrifuged at 2500xrpm for 10 minutes. Sam-
ples were examined for helminth eggs under a light
microscope using 10x and 40x objectives.

Stool samples were examined by using flota-
tion and sedimentation methods as described in
detail by Taylor et al. (2016), and Zajac et al. (2012),
respectively.

Identification of helminth eggs was performed
based on their morphological features such as
shape, thickness, and color of the shell (Uga et al.
2000; Taylor et al. 2016).

DNA Extraction from Toxocara spp. eggs

The method of genomic DNA extraction from Toxo-
cara spp. eggs was performed as described by Din-
kel et al. (1998) with little modifications. Some mod-
ifications were as follows; Toxocara spp. eggs were
put in a boiling water bath for one minute and then
snap-frozen in a -196°C liquid nitrogen for one min-
ute. These procedures were repeated at least five
times. Furthermore, Toxocara spp. eggs were incu-
bated at 56°C for 4 hours with proteinase K (Cat No.:
P6556, Sigma-Aldrich®, Israel). Total genomic DNA
obtained from eggs was stored at -20°C until use.

Molecular Identification of Toxocara spp.

The second internal transcribed spacer (ITS-2) of ri-
bosomal DNA (rDNA) gene was amplified with spe-
cies-specific primers in order for the discrimination
of Toxocara spp. eggs obtained from sand and stool
samples. Further information about primers is given
in Table 1.

PCR amplification was performed in a total vol-
ume of 50 pL using DNase-RNase-free sterile water
(Cat No.: 129114, Qiagen®, Germany), 10x PCR buf-
fer (Thermo Scientific™, Lithuanian), 2.5 mM MqgCl,
(25 mM) (Thermo Scientific™, Lithuanian), 200 uM
of each dNTP (Cat. No.: DN021-1000, GeneDireX®),
1.25 U of Taqg DNA polymerase (Cat. No.: EP0402,
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Thermo Scientific™, Lithuanian), 2 pL (10 pmol/uL)
of each of the primers, and 5 pL template DNA. The
multiplex PCR conditions were as follows; 94°C for
5 min (initial denaturation), followed by 35 cycles
of 94°C, 1 min (denaturation), 55°C, 1 min (anneal-
ing), 72°C, 1 min (extension), and a final extension
of 72°C for 5 min (Li et al. 2007). Sterile deionized
water was used as the negative control, and DNA of
T canis and T cati which were obtained from adult

nematodes present in our laboratory were used as
the positive control in each PCR assay. About 10 pL
PCR product were loaded on 1.5% w/v agarose gel,
stained with ethidium bromide for screening spe-
cific band profile of T canis (~330 bp) and T cati
(~660bp). All PCR steps were done in separate
rooms to avoid cross-contamination.

Table 1. Primers used in the current research.

Species Primer Length of PCR product Target Gene References
. YY1 (5'-CGGTGAGCTATGCTGGTGTG-3') .
T. canis ~330 bp ITS-2 Li et al. 2007
NC2 (5'-TTAGTTTCTTTTCCTCCGCT-3")
. JW4 (5'-ACTGTCGAGGATGAGCGTGA-3') .
T. cati ~660 bp ITS-2 Li et al. 2007
NC2 (5'-TTAGTTTCTTTTCCTCCGCT-3')
Results

Toxocara spp. eggs were detected in five of 25
(20.0%) children’'s playgrounds. Toxocara spp.
eggs were found in three (15.0%) of 20 children’s
playgrounds located in the city center and in two

(40.0%) of five children’s playgrounds located in the
recreation areas. Toxocara spp. eggs were detected
in three of 60 sand samples (5.0%) collected from
the city center and in two of 24 sand samples (8.3%)
collected from recreation areas (Table 2).

Table 2. Distribution of helminths eggs detected in the sand and stool samples.

Number of Number of - - . e
Samples Samples Positive Samples T. canis* T. cati* T.leonina Capillaria spp. Acanthoceplaha
Sand samples from 60 3 1 2 - - -
the city canter
Sand samples from 24 2 1 1 - - -
the recreation areas
Dog stool samples 21 1 - - 1 - -
Red fox stool 28 13 G - 2 1 3
samples
Cat stool samples 19 - - - - -

* Species identification of T. canis and T. cati eggs were performed with PCR.

Figure 1. The eggs identified in the present study. A.
Toxocara spp. eggs, B. T leonina eggs, C. Capillaria
spp. eggs, D. Acanthocephala eggs.

Toxocara spp. (9/28), T. leonina (2/28), Capillar-
ia spp. (1/28), and Acanthocepla (3/28) eggs in fox
stool samples; Toxascaris leonina in one dog'’s stool
sample (Figure 1), and no helminths egg or larvae
in the cat stool samples were detected during the
microscopic examination.

The species-specific PCR assay revealed that
T. cati was found in three sand samples (two from
the city center and one from the recreation areas),
whereas T. canis was detected in two sand samples
(one from the city center and one from the recre-
ation areas). Furthermore, according to the PCR
results, all Toxocara spp. eggs obtained from nine
different red foxes stool samples were identified as
T. canis (Figure 2).
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Figure 2. Agarose-gel electrophoresis of Toxocara
spp. specific polymerase chain reaction. M. Marker,
Lane 1. T canis positive control DNA (~330 bp),
Lane 2. T cati positive control DNA (~660 bp), Lane
3. Negative control distilled water, Lane 4-6. T. cati
positive DNA, Lane 7-15. T. canis positive DNA.

Discussion and Conclusion

Toxocariasis is a parasitic disease caused by the in-
fective stage larvae of T. canis and T. cati in paratenic
hosts such as humans. Humans get infected with
Toxocara spp. after ingestion of embryonated eggs
or infective stage larvae (Despommier 2003). After
ingestion, larvae are released into the intestines
of humans and do not develop to the adult stage.
These infective stage larvae migrate to different
internal organs and can cause visceral and ocular
larvae migrants, covert toxocariasis, and neurotox-
ocarosis in humans (Overgaauw 1997; Despommier
2003). Definitive hosts such as dogs, cats, and wild
carnivores can shed Toxocara spp. eggs via feces
to the environment and cause severe contamina-
tion with Toxocara spp. in a short time. The reasons
are as follows; i.) female adult parasites might pro-
duce up to 200,000 eggs in one day, ii.) these eggs
develop within two weeks under optimal environ-
mental conditions and reach the infective stage for
paratenic (e.g. human and small rodent) or defini-
tive hosts, iii.) Toxocara spp. eggs have a sticky and
thick shell, these features protect eggs from harsh
environmental conditions and remain infective for
hosts for months (Overgaauw 1997; Despommier
2003; Overgaauw and van Knapen 2013; Traversa et
al. 2014). For these reasons, human health is threat-
ened by T. canis and T. cati, and eggs of these nema-
todes are mostly present in children’s playgrounds
(Overgaauw 1997; Despommier 2003). The aim of
this research was to determine the presence and
distribution of zoonotic helminths eggs in the chil-

dren’s playgrounds in Sivas province using micro-
scopic techniques and to identify Toxocara spp. to
species level using PCR.

Human toxocariasis is more prevalent in chil-
dren than adults (Overgaauw and van Knapen
2013). This situation could be related to that chil-
dren are more exposed to T. canis and T. cati eggs
while playing in children’s playgrounds (Overgaauw
1997; Despommier 2003). Because the definitive
hosts of these parasites can easily access public
parks and children’s playgrounds, these areas might
be more contaminated with Toxocara spp. eggs than
other areas (Sadowska et al. 2017). For this reason,
many different studies have been conducted to de-
termine the presence and distribution of Toxocara
spp. egg in children’s playgrounds (Avcioglu and
Burgu 2008; Borecka and Gawor 2008; Nooraldeen
2015; Sadowska et al. 2017; Bystrianska et al. 2019;
Aydin 2020). In a meta-analyses study, the global
prevalence of Toxocara spp. was determined as 21%,
while 16% in Turkey (Fakhri et al. 2018).

The flotation techniques have been used in
many studies for the detection of Toxocara spp.
eggs in sand samples. Because these techniques
are cheaper and faster compared to molecular di-
agnostic methods like PCR (Oge and Oge 2000;
Aydenizdz- Ozkayhan 2006; Avcioglu and Balkaya
2011; Nooraldeen 2015; Bystrianska et al. 2019;
Aydin 2020). However, flotation techniques are not
eligible for the discrimination of T. canis and T. cati
eggs since the eggs of these nematodes have simi-
lar morphologic features (Uga et al. 2000). Conse-
quently, researchers have used species-specific PCR
to recognize T canis and T cati eggs in contami-
nated materials (Borecka and Gawor 2008; Bozkurt
et al. 2012; Durant et al. 2012). In this study, sand
and stool samples were screened with both micro-
scopic (flotation) and molecular (species-specific
PCR) techniques.

In Turkey, many different studies were per-
formed for the assessment of the presence of Toxo-
cara spp. eggs in children’s playgrounds using flo-
tation (Glcli and Aydenizdz 1998; Oge and Oge
2000; Toparlak et al. 2002; Aydenizéz-Ozkayhan
2006) but there is only one study used PCR (Boz-
kurt et al. 2012). In these studies, Toxocara spp.
eggs were found in children’s playground in differ-
ent prevalences such as 8.33% in istanbul (Toparlak
et al. 2002), 15.05-30.6% in Ankara (Oge and Oge
2000; Avcioglu and Burgu 2008), 15.60% in Kirikkale
(Aydenizdz-Ozkayhan 2006), 18.91% in Aydin (Girel
et al. 2005), 4.16% in Konya (Glcli and Aydenizdz
1998), 25.97% in Van (Ayaz et al. 2003), 10% in K-
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tahya (Akdemir 2010), 14.01% in Erzurum (Avcioglu
and Balkaya 2011), and 25.53% in Karaman (Aydin
2020), respectively. Toxocara spp. eggs were de-
tected in 7.3% of the children’s playgrounds in a
study conducted with PCR in Kayseri (Bozkurt et al.
2012). With the current study, we detected Toxocara
spp. eggs in 5.9% of sand samples (5/84). This re-
sult showed that our result was only higher than in
Konya (Glcli and Aydenizéz 1998) and lower than
the other studies performed in Turkey. The preva-
lence of Toxocara spp. in sand samples may change
according to the climatic conditions of sampling ar-
eas, numbers of companion animals (cats or dogs),
and activities of the municipalities (Fakhri et al.
2018; Aydin 2020). Toxocara species need high tem-
peratures (25-30°C) and humidity to complete their
embryonic development in the environment (An-
derson 2000). The average annual temperature of
Sivas is +8.9°C. This low temperature in Sivas prov-
ince may not eligible for Toxocara spp. to complete
their development. For this reason, a lower amount
of Toxocara spp. eggs can reach the infective stage
in Sivas compared to the other cities that have mod-
erate climatic conditions. As a consequence of this,
a lower amount of definitive host is exposed to the
infective Toxocara eggs. It is also very important that
children’s playgrounds are surrounded with fences
by municipalities since it will be more difficult for
the definitive hosts of T canis and T. cati to enter
the fenced parks and these playgrounds (Avcioglu
and Balkaya 2011). In Sivas province, most of the
children’s playgrounds are fenced. We speculate
that thanks to the harsh climatic conditions of Si-
vas province and fenced children’s playgrounds,
Toxocara spp. was found in low prevalence in sand
samples in our study.

In the current study, a species-specific PCR as-
say was used for the discrimination of Toxocara spp.
eggs obtained from sand and stool samples. For the
identification of Toxocara spp. eggs with PCR, the
ITS-2 gene has been used by researchers. This gene
can be successfully used in the recognition of Toxo-
cara species such as T. canis, T. cati, T. vitulorum, and
T malaysiensis (Li et al. 2007; Borecka and Gawor
2008; Bozkurt et al. 2012; Durant et al. 2012). For
this reason, we used the ITS-2 gene in this study.
According to the PCR results in the present study, T.
cati was found in three sand samples, whereas T. ca-
nis was detected in two sand samples. Furthermore,
T. canis was found in nine red fox stool samples. PCR
results revealed that red fox is responsible for the
contamination of children’s playgrounds with Toxo-
cara eggs.

The red fox is the most widespread wild mam-
mal in Turkey (Ambarli et al. 2016). This animal is
known to be the definitive host of T canis in the
sylvatic cycle (Taylor et al. 2016). For this reason, the
red fox plays an important role in the contamination
of the environment with T canis eggs. In the current
study, the rate of T. canis eggs was found at 32.1%
(9/28) with PCR assay in red fox stool samples.
Moreover, T. leonina (2/28), Capillaria spp. (1/28),
and Acanthocephala (3/28) eggs were detected in
red fox stool samples. This study revealed that red
fox is also responsible for environmental contami-
nation with zoonotic helminth eggs. Therefore, au-
thorities should take precautions to prevent access
of red foxes to children’s playgrounds to protect hu-
man health.

In conclusion, this is the first survey of Toxocara
spp. in play gardens from Sivas. As a result of this
study, both T canis and T. cati eggs were detected
in sand samples. These results revealed that chil-
dren playing in contaminated play gardens could
be at risk in terms of human toxocariasis. Human
toxocariasis is one of the most dangerous parasitic
diseases in Turkey. This dangerous disease can also
be preventable with the precautions like eliminat-
ing infection in definitive hosts using anthelmintic
drugs, educating pet owners, and preventing access
of definitive hosts to children’s playgrounds.
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Abstract: This research aims to reveal the temporal changes and spatial patterns of Bovine Tuberculosis (bTB)
in Turkey in the last 16 years using OIE and MoAF data. Considering the zoonotic character and socio-economic
impact of the disease, the rapid increase in the number of bTB outbreaks has reached alarming levels recently. As
a matter of fact, around 20-fold increase in the number of outbreaks between 2005 and 2020 clearly shows this. In
the same period, the compensation payment of approximately 611 million new TL (£) for 168,244 cattle that were
conditionally slaughtered and died due to illness reveals the economic impact of the disease. Also, it is known that
human cases are caused by M. bovis, although at a low rate (5.3%). In parallel with the increase in the number of bTB
outbreaks, it has spread throughout the country (except for some provinces) geographically. It is important to fight
bTB disease effectively, to reduce the risks to public health and the socio-economic losses caused by the disease.
For this reason, it is extremely important to monitor the temporal course of the disease outbreaks epidemiologically
and to reveal their spatial patterns at various scales. For an effective fight against bTB, it is vital to monitor, analyze,
and put into practice the temporal changes and spatial distribution dynamics of all the variables (especially animal
movements) of the transmission dynamics in the epidemiology of the disease.

Keywords: Bovine tuberculosis, Mycobacterium bovis, spatial distribution, temporal distribution, zoonosis

Tiirkiye'de sigir tiiberkiilozu mihraklarinin zamansal
ve mekansal dagilimi (2005-2020)

Ozet: Bu arastirma, OIE ve Tarim ve Orman Bakanligi verileri kullanilarak Sigir Tiiberkiilozu (bTB)'nun Tiirkiye'de son
16 yildaki zamansal degisimi ile mekansal ortintllerini ortaya ¢ikarmayi amaclamaktadir. Hastaligin zoonotik karakteri
ve sosyo-ekonomik etkisi diistinildigliinde son zamanlarda bTB mihrak sayilarinin hizli artisi kaygi verici dlizeylere
erigmistir. Nitekim 2005-2020 yillari arasinda mihrak sayilarinin yaklasik 20 kat artisi bunu agik¢ca gostermektedir.
Ayni dénemde hastalik nedeniyle sarta tabi kesilen ve 6len 168.244 biylkbas hayvan icin yaklasik 611 milyon
yeni TL (%) tazminat 6demesi hastaligin ekonomik etkisini ortaya koymaktadir. Ayrica, insan vakalarinin distk bir
oranda (%5,3) olsa da M. bovis kaynakl oldugu bilinmektedir. bTB mihrak sayilarinin artisina paralel bir sekilde
hastalik cografik olarak tilke geneline (bazi iller disinda) yayilmistir. bTB hastaligiyla etkin miicadele edilebilmesi, halk
saghgina yonelik risklerin ve hastaligin neden oldugu sosyo-ekonomik kayiplarin azaltilmasi énemlidir. Bu nedenle
epidemiyolojik olarak hastalik mihraklarinin zamansal seyrinin izlenmesi ve cesitli dlceklerde mekansal ortntdlerini
ortaya ¢ikarmak son derece dnem arz etmektedir. bTB ile etkin bir micadele igin, hastaligin epidemiyolojisindeki
bulasma dinamiklerine ait tim degiskenlerin (6zellikle hayvan hareketleri) zamansal degisimi ve mekansal dagilim
dinamiklerinin izlenmesi, analiz edilmesi ve uygulamaya gegirilmesi hayati 6nem tasimaktadir.

Anahtar kelimeler: Mekansal dagilim, Mycobacterium bovis, sigir tiberkilozu, zamansal dagilim, zoonoz
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Introduction

Bovine Tuberculosis (bTB) is an infectious disease of
cattle caused by Mycobacterium bovis (M. bovis). It
has a zoonotic character and a wide host range that
caninfect wildlife, causes remarkable economic loss-
es such as yield losses, expenditures for the control
of the disease, and international trade restrictions
(Orloski et al. 2018; Raphaka et al. 2018; Mekonnen

et al. 2019). bTB is a major cause of economic loss to
livestock owners worldwide with an estimated over
50 million infected cattle and an annual cost of $3
billion (Waters et al. 2012). The disease causes zoo-
notic tuberculosis in humans, especially as a result
of unpasteurized milk consumption or living with
infected animals. For the control and eradication of
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the disease, the test and slaughter method is ap-
plied by most countries (Buddle et al. 2018).

bTB is a chronic disease that has an endemic
course in cattle herds in Turkey (Viviani et al. 2016).
In a study conducted in different provinces with
the Tuberculin Skin Test (TST) in 2000 to determi-
ne the prevalence of bTB, a positivity rate of 9.9%
was found (Dogan 2011). Finally, in a national study
conducted in 2011, the individual cattle prevalen-
ce was reported as 1.4% and the herd prevalence
was approximately 2.5% with a comparative intra-
dermal tuberculin test in 2011 (Bartels et al. 2012).
The socio-economic impact of bTB on public health
and the agricultural sector in Turkey is estimated to
be between $15 and $59 million annually (Cousins
2001). According to the data of the Ministry of Agri-
culture and Forestry (MoAF), while 59 bTB outbre-
aks were reported in Turkey in 2001, the number of
outbreaks showed an increasing trend in the fol-
lowing years and reached the highest level in the
country’s history with 2,248 bTB outbreaks in 2019
(Dogan 2011). This 38-fold increase in the number
of bTB outbreaks will also be reflected an increase
in public health risk and socio-economic loss. bTB
should also be monitored because of being a zoo-
notic disease. As a matter of fact, according to the
data of the Ministry of Health, the number of Tuber-
culosis patients in Turkey was reported as 11,821 in
2017 (Kara et al. 2020). When the strains isolated
from these patients were evaluated, it was reported
that 5.3% of them were caused by M. bovis (Bayrak-
tar et al. 2011).

With this study, it was aimed to monitor the
temporal course of bTB outbreaks in Turkey and to
determine their spread with spatial patterns accor-
ding to the World Animal Health Organization, Ani-
mal Health Information System (OIE, WAHIS), and
MoAF data. Changes in temporal increase trends
and spatial patterns of bTB outbreaks can provide
meaningful information in terms of determining
strategies in combating the disease.

Material and Method

In this descriptive study, the data on bTB outbreaks
of Turkey in annual animal health reports from OIE,
WAHIS between 2005 and 2020, and the number of
animals and compensation paid for the same period
due to bTB disease obtained from the General Dire-
ctorate of Food and Control (GDFC) of MoAF were
used. These reports were transferred to Microsoft
office programs and epidemiological analyzes of

the temporal course and spatial diffusion patterns
of bTB outbreaks by years, provinces, and months
were done retrospectively. In addition, the literature
was searched and the information about the num-
ber of outbreaks of previous years and the studies
carried out in the fight against the disease were inc-
luded in our research.

Since the subject of this research is a notifiable
disease, necessary legal permissions have been ob-
tained from MOAF to provide the data and publish
the results.

Results

Temporal changes of bovine tuberculosis
outbreaks (2005-2020)

According to the veterinary statistics published by
the MoAF on the notifiable animal diseases, 31 bTB
outbreaks between 1976-1978 and 45 bTB outb-
reaks between 1980-1985 were reported (Dogan
2011). In 1985, the "Turkey Tuberculosis Struggle
Project” was prepared. Turkey was divided into five
regions, starting from the 1% region, 20% of the
animal population in the first year and 40% in the
second and third years were included in the scope
of the struggle. Within the scope of the project, it
was aimed to carry out the struggle in 67 provin-
ces, 639 districts, and 36,610 villages and to apply
TST to a total of 5,851,000 animals. TST was app-
lied to 249,387 cattle in 1986, and a total of 1,983
(0.79%) cattle were found to be bTB positive in 153
outbreaks. TST was applied to 63,920 cattle in 1987
and a total of 252 (0.39%) cattle were found to be
bTB positive in 96 outbreaks. TST was applied to
117,500 cattle between 1988 and 1995, and a total
of 1,474 (1.25%) cattle were determined to be bTB
positive in 263 outbreaks. Although we do not have
data for 1996 and 1997, when the average between
1996 and 2004 is evaluated, it is understood that
TST was applied to approximately 40,000 cattle and
bTB outbreaks between 470-500 was observed (Sa-
yin 2010; Dogan 2011). According to these data, it
can be said that between 1976 and 2004, approxi-
mately 1,050-1,100 bTB outbreaks were detected
in Turkey. In a study carried out by the Veterinary
Control Central Research Directorate in 2000 to de-
termine the prevalence of bTB in Turkey as an indi-
cator between these years, positivity was found in
522 (9.9%) animals that were administered TST to
5,257 animals from different (Dogan 2011).

According to OIE-WAHIS data, the number of
bTB outbreaks in Turkey between 2005 and 2020 can
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be categorized as 1 period (2005-2010), 2" period
(2010-2016), and 3 period (2016 and after) as seen
in Figure 1. In these three periods, first there was
an increase and then a decrease as a general trend.
This course shows us that the slaughter of reactor
animals as a result of the combat efforts is reflec-
ted in the decrease of the outbreaks numbers in the
following years. The number of outbreaks in 2012

exceeded an important threshold by triple the num-
ber of outbreaks of the previous year. With 2,248
outbreaks in 2019, the annual number of bTB outb-
reaks reached the highest known level in the history
of our country. Between 2005 and 2020, there was
an approximately 20-fold increase in the number of
bTB outbreaks.
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Figure 1. Distribution of bTB outbreak numbers in Turkey (2005-2020) (OIE-WAHIS)

Distribution of bovine tuberculosis outbreaks by
months (2005-2020)

Epidemiological processes of infectious diseases
need to be monitored at different temporal sca-
les. In this context, the purpose of examining the
distribution of bTB outbreaks based on the current
data in Turkey according to the months in the year,
apart from the annual course is to consider latent
course of the disease, animal movements between
the premises during the year, the animals being in
the barns or pasture, sacrificial slaughter, the time
of compensation payment, the increase or decrease
in the slaughters due to the change in meat con-
sumption during the year, which may be effective
in the reporting of bTB suspected cases. All these
predicted factors require monitoring and examining
not only the annual but also the monthly course of
the disease outbreak numbers.

The general increase in the monthly course of
bTB outbreaks between 2005 and 2020 is shown in
Figures 2-3. When the distribution of the outbreaks
by months is carefully examined, it is notable that

there is a significant increase of outbreak numbers
in September 2016-2017, and in August 2018-2019-
2020, although there is no obvious seasonality. This
increasing trend in the monthly distribution and the
monthly shift towards the previous month over the
years should be related to the fact that the Feast of
Sacrifice coincides with these months in the menti-
oned years. As a reflection of the increasing preva-
lence of the disease, the possibility of macroscopic
lesions in sacrificial cattle has also increased. It is
considered that there is an increase in the number
of outbreaks due to the notifications made as a re-
sult of the presence of disease lesions during sacri-
ficial slaughter. This situation gives the impression
that within the scope of the relevant compensation
regulations, 3/4 of the value of their carcasses will
be compensated for the cattle slaughtered in sla-
ughterhouses or designated sacrificial slaughtering
places during the Feast of Sacrifice, and based on
these notifications the disease is diagnosed as a re-
sult of TST applied in the origin premises.
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Figure 2. Monthly distribution of bTB outbreaks in Turkey (2005-2012) (OIE-WAHIS)
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Figure 3. Monthly distribution of bTB outbreaks in Turkey (2013-2020) (OIE-WAHIS)

Temporal changes of the number of animals
compensated and the amount of compensation
paid (2005-2020)

The provisions regarding the culling and compen-
sation of the bTB (tederriin-The Ottoman Turkish
name of bTB in Legislations) were included for the
first time in the Law named “Zabita-i Sihhiye-i Hay-
vaniye Kanun-i Muvakkati” adopted on 18 Decem-
ber 1913 to combat animal diseases. In this Law, it
is stipulated that in case of culling of animals with
positive results in tuberculin application, 1/2 of the
value of the animal, and in case of culling of suspi-
cious animals, 2/3 of the price will be paid as com-
pensation (Dogan 2011). After various adjustments
were made in the legislation in the intervening pe-

riod, compensation is paid according to the provi-
sions of the “Veterinary Services Plant Health Food
and Feed Law” numbered 5996 published in the Of-
ficial Gazette on 13 June 2010 and the compensa-
tion regulations published within the scope of this
Law. Accordingly, compensation is paid at the rate
of 9/10 of their appreciated value for cattle deter-
mined with TST or killed or slaughtered during the
quarantine period, and 3/4 of their carcass value for
cattle detected as bTB as a result of slaughter in the
slaughterhouse or in the sacrificial slaughter places.

The general sum of the loss aimed to be preven-
ted by the project planned to combat bTB in 1985
was calculated as 201,162,537,000 TL, according to
the former TL. In 1986 which was the first year of
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the project 211,973,852 TL compensation was paid
for 1,983 cattle. However, financial problems were
encountered in the following years and 50,177,282
TL compensation was able to be paid for 252 cattle
in 1987. Between 2000 and 2004, a compensation
of 1,109,948,472 TL was paid for 1,361 cattle, accor-
ding to the total former TL (Dogan 2011).

Between 2005 and 2020, a compensation of
610,907,224 £ was paid for 168,244 cattle accor-
ding to the new TL (£). The number of compensated
animals and the amount of compensation paid in
this period are shown in Figure 4. In parallel with
the periodic increase or decrease in the number of
bTB outbreaks, an increase or decrease is observed
in the number of animals for which compensation
is paid and the amount of compensation paid. It is

seen that the deductions made according to the age,
gender, general valuation of the animals for which
compensation is paid; the price of roasting paid, and
the increase in the animal prices are also reflected in
the amount of compensation. For instance, althou-
gh the numbers of animals that were conditionally
slaughtered or died due to bTB positivity in 2013
and 2019 were similar, according to the data of the
Turkish Statistical Institute, there was an about two-
fold increase in the amount of compensation paid
due to the increase in livestock prices between the-
se years. In addition, starting the deduction of the
depreciation value of these animals over the value
of them in accordance with the legislation in these
years was reflected as a decrease in the amount of
paid compensation.
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Figure 4. The number of animals for which compensation was paid due to bTB disease in Turkey and the
amount of compensation (2005-2020) (MoAF) ($1=Approximately 9.5 new Turkish Lira)

Spatial distribution of bovine tuberculosis
outbreaks by provinces (2005-2020)

In addition to the general course of bTB disease in
the country, its spatial distribution should also be
monitored. At least 45.1% of bTB disease outbre-
aks are in other premises in the same settlement
and its spread shows spatially different patterns
(Gakir 2021). In this study, the data obtained from
the OIE-WAHIS database and organized according

to the provinces were mapped separately per years,
and the total numbers between 2005 and 2020 were
mapped thematically (choropleth). When the maps
are examined, it is understood that bTB disease has
spread over time to all provinces in Turkey, except
for some provinces of the Eastern Black Sea, Eastern
and Southeastern Anatolia regions (Figures 5-9).
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Figure 5. Distribution of bTB outbreaks by provinces in Turkey (2005) (OIE-WAHIS)
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Figure 6. Distribution of bTB outbreaks by provinces in Turkey (2010) (OIE-WAHIS)

The fact that the disease is less common in the
Eastern Black Sea region may be related to the ge-
ographical structure of the region and the small sca-
le and scattered premises. In some provinces in the
Eastern and Southeastern Anatolia regions, it can be
thought that the disease notifications may not have

been made sufficiently. In the provinces with a high
outbreak density, it has been considered that post-
mortem inspection is carried out effectively in sla-
ughterhouses and the disease notification is made
carefully as a result of the application of TST to the
animals in the suspicious premises by providing the
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feedback of the detected cases. The change in the on the change in the size of the total number of
distribution of both the annual and the total num-  cattle in the provinces and the differentiation of the
ber of outbreaks between 2005 and 2020 by provin-  premise typology.

ces is remarkable. For sure, it is necessary to focus
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The first 10 provinces with the highest number  can be said that the disease has spread more in the-
of bTB outbreaks in total between 2005 and 2020 se provinces or an effective struggle is carried out
and the number of outbreaks are shown in Figure  within the scope of combating the disease compa-
10. It is seen that provinces such as Denizli, Erzincan,  red to other provinces.

Erzurum, and Aydin always have more outbreaks. It

DENIZLI
ERZINCAN
ERZURUM
AYDIN
BOLU
EDIRNE
BURDUR
ELAZIG
CORUM

|
SIVAS 473

0 100 200 300 400 500 600 700 800 900
bTB Outbreak Numbers

Figure 10. Ten provinces with the most bTB outbreaks in Turkey and the number of outbreaks (2005-2020)
(OIE-WAHIS)
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The spatial aspects and frequencies of animal
movements also determine the spatial distributi-
on patterns of the disease. Several factors can be
mentioned in the emergence of different patterns of
spatial distribution. The spatial distribution patterns
of these factors according to the provinces can also
be mapped and associated with the spread of the
disease. Apart from this, knowing and monitoring
spatial patterns in the fight against the disease will
be useful for the development of control strategies.
The spatial scale of the data on the epidemiology of
the disease and the dynamics affecting it also nee-
ds to be carefully considered. Mapping can also be
done according to regions, provinces, districts, villa-
ges, and even premises. When we change the spati-
al scale of the map, the emerging patterns will differ
and the priority areas of intervention will be clear-
ly defined. Quarantine measures to be applied to
these areas when necessary are of vital importance
in preventing the spread (diffusion) of the disease.
Here, the spatial perspective will make a meaningful
contribution with all these aspects of the course of
the disease and the results it will reveal.

Discussion and Conclusion

bTB disease in cattle has inherent difficulties such as
its latent course, easy transmission, lacking sensiti-
vity and specificity of diagnostic tests, the fact that
an effective vaccine that provides enough immunity
and does not interfere with diagnostic tests has not
been developed so far, and its struggle is long-term.
In addition to all these, the existence of causes such
as Turkey's unique family-type premise structure, in-
sufficient control of animal movements, animal mar-
kets, dealers, pasture livestock, social projects, eco-
nomic situation, etc. accelerates the spread of bTB
disease among premises. The total number of bTB
outbreaks between 1976 and 2004 started to occur
annually after 2012. In 2012, it tripled the number of
the previous year and exceeded an important thres-
hold. Between 2005 and 2020, the number of outb-
reaks increased approximately 20 times and reached
the highest value in the country’s history in 2019.

The increase in the number of bTB outbreaks
in Turkey, especially in recent years, makes it diffi-
cult to fight against the disease effectively. At the
same time, it causes an increase in risks to public
health and an increase in multi-drug resistant M. bo-
vis strains in the treatment process of humans. The
incidence of the disease is also increasing in humans
whose immune system is suppressed (HIV+).

The fight against the disease brings a serious
socio-economic burden to the country in the long

term. It is extremely important that it causes an inc-
rease in socio-economic losses such as yield and
breeding animal losses, struggle costs, paid com-
pensations, treatment costs of humans, trade rest-
rictions due to the disease.

It is seen that the payment of compensation
due to the detection of bTB lesions in animals slau-
ghtered in slaughterhouses and designated sacrifi-
cial slaughtering places during the Feast of Sacrifice
is reflected in the disease notification figures. As a
result of the questionnaire study we conducted wit-
hin the scope of the national project, it was seen
that the failure to pay the compensations on time
negatively affected the decision of 24% of the bre-
eders (Cakir 2021). To fight the disease effectively, it
is important that compensation payments are paid
on time, without any deductions, and by providing a
sustainable source of finance. Otherwise, breeders
and slaughterhouses do not act sensitively in the
notification of the disease, causing the disease to
spread more and putting public health at more risk.
Since there has not been any research on the epide-
miology of bTB in Turkey until today, no comparison
has been made on a national scale. To conduct a
more detailed epidemiological study on the dyna-
mics of bTB infection, the direction and magnitude
of animal movements and the Geographic Informa-
tion System coordinate data of premises with bTB
outbreaks are needed. Apart from this, the possibi-
lity of transmission with wildlife contact should be
considered.
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Abstract: This study aims to examines the effect of the physically effective Neutral Detergent Fiber (peNDF) value of
the roughage on milk composition and milk yield. Physically effective NDF varies depending on the particle length
of the roughage and the amount of structural and non-structural carbohydrates in the ration. The quality, quantity,
and particle length of the roughage are extremely important for rumen health. The longer the particle length of
the roughage is, the more the cow ruminates and produces more saliva. The produced saliva is used to balance the
rumen pH. It is aimed to protect rumen and animal health, to improve milk production and fertility, and to make
more efficient animal husbandry with the optimum preparation of the physically effective NDF levels in the ration.
Providing the balance of energy, protein, and fiber required by cows in the early lactation period, maximizing the
microbial yield and protecting the rumen health are possible with the optimum NDF in the ration. In this period,
it is aimed to maintain the lactation peak by promoting dry matter intake. In our study, it was observed that the
difference between farms was significant for the milk composition properties of peNDF content and the number of
somatic cells (P<0.001). It has been determined that the difference between farms on the impact of peNDF value on
daily milk yield is was not significant.
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Fiziksel etkin n6tral deterjan lif'in siit bilesimi ve siit verimi lizerine etkisi

Ozet: Bu calismanin amaci kaba yemin fiziksel etkin Nétral Deterjan Lif degerinin siit bilesimi ve sit verimi (izerine
etkisini incelemektir. Fiziksel etkin NDF kaba yemin partikil uzunluguna ve rasyondaki yapisal olan ve olmayan
karbonhidratlarin miktarina bagh olarak degismektedir. Rumen sagligi acisindan kaba yemin kalitesi, miktari ve
partikll uzunlugu son derece 6nemlidir. Kaba yemin partikiil uzunlugu ne kadar artar ise inek o kadar fazla gevis
getirir ve daha fazla tiikriik Gretir. Uretilen tikriik rumen pH'sini dengelemede kullanilmaktadir. Rasyondaki fiziksel
etkin NDF dUlzeyinin optimum sekilde hazirlanmasi ile rumen ve hayvan sagliginin korunmasi, siit ve dol veriminin
iyilestiriimesi ve daha verimli bir hayvancilik yapilmasi amaclanmaktadir. Erken laktasyon dénemindeki ineklerin
ihtiyaci olan enerji, protein ve lif dengesinin saglanmasi ile mikrobiyal verimin en Ust diizeye cikarilmasi ve rumen
sagligini korumasi rasyondaki optimum NDF ile mimkindir. Bu dénemde kuru madde aliminin tesvik edilmesi ile
laktasyon pikinin strdirilmesi hedeflenmektedir. Calismamizda peNDF iceriginin siit bilesimi 6zellikleri ve somatik
hiicre sayisi icin isletmeler arasi farkliigin énemli oldugu goérilmistir (p<0,001). peNDF degerinin sit verimi
Uzerinde isletmeler arasi farkliligin 6nemsiz oldugu tespit edilmistir.

Anahtar kelimeler: Fiziksel etkin NDF, laktasyon, rumen saghgy, siit bilesimi, stit verimi

Introduction In plants, carbohydrates are divided into two

Total Mixed Ration (TMR) is used in feeding dairy
cattle in the world and our country. This system is
the most suitable feeding system in terms of milk
yield, fertility, and feeding costs. TMR is a feeding
system that roughage and concentrate feed are
mixed in the ration prepared according to the nut-
ritional requirements of animals and presented as
ad libitum.

as structural and non-structural carbohydrates. The
structural carbohydrates found in the cell wall are
pectin, B-glucan, galactosides, arabinoxylan (pento-
sans), hemicellulose, cellulose, and lignin. Non-stru-
ctural carbohydrates in the cell are organic acids,
starch, and sugars. Carbohydrates are produced
by photosynthesis and stored in plants. Vegetable
carbohydrates consist of cell contents (sugars and
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starch) and cell wall elements (cellulose, hemicel-
lulose, lignin). Among the carbohydrates, starch is
abundant in grain feeds, and cellulose is abundant
in roughages. Starch and cellulose are glucose mo-
lecules linked by different chemical bonds. Starch is
digested by enzymes in the digestive system, while
cellulose is digested by enzymes produced by mic-
roorganisms in the digestive system. Microorganis-
ms also digest hemicelluloses in the digestive sys-
tem and convert them into organic acids (volatile
fatty acids), which are the primary energy source of
the organism. The main component of the plant cell
wall is cellulose. Cellulose is a homogeneous glu-
cose polymer of glucose molecules linked by 3-1,4
glycoside bonds. It is only found in cotton in its pu-
rest form. Hemicellulose is a heterogeneous poly-
saccharide with 5 and 6 carbons and linked by -1,4
glycoside bonds such as xylose, arabinose, manno-
se, galactose, and glucose. Hemicellulose is soluble
in diluted alkalis (NaOH), but cellulose is insoluble.
Lignin has a structure like a glue that binds cellulose
and hemicellulose together. Lignin is not a carbo-
hydrate and has a water-repellent nature. The ba-
sic structure of lignin is phenyl propane derivative.
Microorganisms in the rumen break down cellulose
in feeds with the enzymes they synthesize and con-
verted into volatile fatty acids, carbon dioxide, and
methane gas. Thus energy is obtained (Kirchgessner
1985).

Forage crops contained in roughages are cru-
cial in feeding dairy cattle. Forage crops are indis-
pensable for ruminant nutrition. Since forage crop
cultivation is insufficient in Turkey, cattle breeding
confronts a roughage shortage. The ration should
include the amount of a nutrient that will promo-
te the desired yield level according to the animals’
genetic capacity. The forage crop should be harves-
ted when it contains the most protein. This period is
also the period when the amount of Neutral Deter-
gent Fiber (NDF) is the least. Ration NDF rate should
not exceed 30%, and the Acid Detergent Fiber (ADF)
rate should not exceed 19% for cattle producing
high milk yield. Animals like to consume high-qu-
ality roughage. When compared to high-quality al-
falfa consumption, low-quality alfalfa consumption
causes economic damage according to dry matter
intake and milk yield rates. Planting fodder crops
together (carbohydrates-rich Poaceae and prote-
in-rich Legume) improves the quality of feed. The
amount and ratio of fiber (NDF, ADF) found in fora-
ge crops determine the quality. The higher the fiber
ratio in the fodder crop is, the lower the digestion

rate is. While the structural, fibrous carbohydrates,
namely hemicellulose, cellulose, lignin in the cell
wall form the NDF fraction, cellulose and lignin form
the ADF fraction (Budak and Budak 2014).

The Weende chemical analysis method is used
to determine the nutrients in the feed. While this
method shows the chemical composition of feed
nutrients as raw nutrient content, it shows cellulo-
se, hemicellulose, lignin contents as crude cellulo-
se. In the Van Soest analysis method, the chemical
composition of feeds is divided into two as cell wall
and cell contents. Van Soest’s analysis method spe-
cifies the fibrous structures (cellulose, hemicellulose,
and lignin comprising the cell wall) in the NDF, ADF,
Acid Detergent Lignin (ADL), fractions. The Van So-
est method is based on the principle of determining
the remaining cell wall amount as NDF, ADF, ADL
after the feed sample is boiled with acid and neutral
detergent, filtered, dried, and weighed (Van Soest
et al. 1991).

In recent years, NDF and ADF values have been
used instead of raw cellulose (cellulose, hemicellu-
lose, lignin) values. NDF and ADF values provide in-
formation about the amounts of some compounds
in the plant cell wall. Since these woody substances
in the plant's structure are difficult to digest and
turn into energy, NDF and ADF values are extremely
important for healthy, efficient, and correct animal
nutrition. NDF can be characterized as the principal
part of the plant cell wall. It contains compounds
such as hemicellulose, cellulose, lignin. The NDF va-
lue of the feed is a ratio that determines the amount
of dry matter that the animal can directly consume
according to its body weight. ADF value is obtained
by subtracting the amount of hemicellulose from
the NDF value. The ADF value of the feed gives the
digestible dry matter amount. The digestible dry
matter consumption of the cow ensures the diges-
tible energy to be calculated. The more digestible
dry matter the animal consumes, the more energy
it produces, and the more energy, milk, and meat it
generates. The low ADF amount of the feed indica-
tes that it has a high digestion degree and energy.
The low amount of NDF and ADF in the feed shows
that its consumption, digestion, and energy are
high, while the high amount of NDF and ADF shows
that its consumption, digestion, and energy are low.
The digestibility degree of intracellular compounds
(starches, fats, proteins, sugars, pectins) is much hi-
gher than cell wall compounds. Therefore, the fo-
rage cell wall components (NDF, ADF) should be at
a low value. The excess amount of NDF and ADF
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in the feed reduces dry matter consumption, diges-
tibility, and energy intake. In the digestive system,
indigestible feed materials prevent dry matter con-
sumption as they create a feeling of satiety. Thus,
the critical nutrients cannot be taken for high pro-
ductivity. Easily digestible nutrients in the digestive
system increase animal’'s dry matter consumption
and energy. Minumum % NDF and % ADF require-
ments in the rations was reported as: NDF = 25-30
(Herdt 2014), 25-33 (NRC 2001), and ADF = 17-21
(NRC 2001). The animal consumption limit of the
NDF was estimated as 1.2% of the animal's weight
(Beauchemin 1996).

The TMR consumed by the cow contains 65-
75% dry matter. Starch, pectin, and sugar must be
high in TMR for maximum microbial protein for-
mation. If the forage plant is harvested before or
at the beginning of flowering, it contributes to the
increase in milk yield. Roughages can be listed ac-
cording to their quality as alfalfa hay, alfalfa silage,
corn silage, hay silage, and wheat silage. In terms
of the roughage ratio in TMR, if roughage NDF di-
gestion increases, dry matter consumption and milk
yield increase. If the amount of NDF in TMR is abo-
ve 25%, the rumen pH value will be greater than 6.
Grain feeds are listed as wheat, barley, oat, corn, and
sorghum according to their decomposition rate in
the rumen. Finely ground maize is better digested
than crushed corn (Oba and Allen 1999).

This study aims to examine the effect of the
physically effective NDF (peNDF) value of roughage
on milk composition and milk yield.

Material and Method

Feed analysis: peNDF value, particle size. The study
was carried out in two different commercial dairy far-
ms in Balikesir (coordinates: 39°42'31"N 27°53'11"E,
39°48'51"N 27°57'26"E). 0.5 kg of fresh TMR feed
samples were taken separately from both dairy far-
ms, brought to the laboratory in airtight bags, and
kept at -20°C until analysis. After the feed samples
were cut into small pieces (1 cm), they were dried in
the oven at 65°C for 48 hours until the weight did
not change and the nutrient levels were determi-
ned. TMR forage samples were ground in a 1 mm
sieve mill (Retsch ZM 200 ultra centrifugal mill) for
analysis. Nutrient values of TMR feed were analyzed
according to AOAC (1990) for dry matter (method

934.01), Crude Ash (method 942.05), Crude Prote-
in (method 954.01), Ether Extract (method 920.39),
Crude Cellulose (method 962.09), and Starch (met-
hod 920.40). NDF, ADF, and ADL analysis of TMR
feed samples were analyzed using the automatic
fiber device Gerhard FT12 (2014) according to the
methods reported by Van Soest et al. (1991). Penn
State Particle Separator (PSPS) TMR was helpful to
estimate particle size. The separator has three sieves
and a sub-sieve (cup). The diameters of the sieves
were 19 mm, 8 mm, 1.18 mm, respectively, from the
top. Each TMR sample particle size was found by
horizontally shaking at least 66-times per minute
in PSPS. The physical efficacy factor (pef) was cal-
culated as the percentage of particles retained on
the 1.18 mm screen of PSPS. The peNDF value was
determined by multiplying pef by the proportion
of NDF in the TMR (Mertens 1997; Kononoff et al.
2003a; Yang and Beauchemin 2005).

Milk analysis: For preservative purposes, milk
samples were collected into sterile sample contai-
ners containing potassium dichromate and brought
to the laboratory under the cold chain. Protein and
fat in the milk samples were determined using an
autoanalyzer (Bentley Instruments Inc USA) accor-
ding to the manufacturer’s instructions and Ifidn et
al., (2004). Somatic cell numbers and total bacterial
numbers were determined with the IRT method (IR
FlexCam S, Infrared Solutions Inc USA), under I1SO-
21187/IDF 196, according to Berry et al. (2003) met-
hod.

Statistical analysis: The statistical analysis of milk
composition properties was compared by General
Linear Model analysis. In the current statistical mo-
del, farm, measurement month, and farm x mea-
surement month interaction factors took place as
fixed effects. An independent sample t-test was
used to compare the dairy farms in terms of daily
milk yield. Statistical analyzes were made using the
SPSS 13.0 program.

Results

Table 1 shows the Nutrients Composition (DM%) of
the TMR, Table 2 shows the particle size distribu-
tions, NDF, and peNDF values of the TMR (DM%),
Table 3 shows the effect of peNDF value on milk
composition and Table 4 shows the impact of peN-
DF value on milk yield.
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Table 1. Nutrient composition (DM%) of total mixed ration
(TMR).

Table 2. Particle sizes distribution, NDF, and peNDF values of
the total mixed ration (DM%).

Item 1%t Dairy Farm TMR 25t Dairy Farm TMR Particle size 1%t Dairy Farm 25t Dairy Farm
PP o
DM % 4928 5548 distribution (DM%) TMR TMR
>19 mm 14.62 6.74
= 49 440 19-8 42.08 36.50
cp 16.82 16.75 . 1 1:m s s
CF 1843 11.15 1 I mm , o o
<
CA 7.22 7.83 ; mm(Fan) oul o
Starch 2217 3239 pe ' '
NDF 37.07 30.08
NDF 37.07 30.08
peNDF? 30.02 22.86
ADF 26.14 18.75
ADL 3.16 2.86
DM= Dry Matter, EE= Ether Extract, CP=Crude Protein, CF= Crude
Fiber, CA= Crude Ash, NDF= Neutral Detergent Fiber, ADF= Acid
Detergent Fiber, ADL= Acid Detergent Lignin
Table 3. The effect of physically effective NDF (peNDF) value on milk composition.
1t Dairy Farm 25t Dairy Farm
Item P-value
Mean Mean SE
Milk fat % 3.89 0.021 4.47 0.015 <0.001
Milk protein % 3.01 0.009 3.09 0.006 <0.001
Milk lactose % 4.89 0.004 4.85 0.003 <0.001
Dry matter % 12.16 0.029 12.51 0.020 <0.001
Urea % 12.58 0.059 11.94 0.042 <0.001
Somatic cell count (cells/ml) 208.56 3.553 243.6 2.499 <0.001
Between-farm differences are significant in milk composition characteristics and somatic cell count (P <0.001).
Table 4. The effect of physically effective NDF (peNDF) value on milk yield.
1t Dairy Farm 25t Dairy Farm
P-value
Mean Mean SE
Milk yield, kg/d 33.83 0.60 32.76 0.41 0.162

Discussion and Conclusion

It has been reported that the high peNDF content
of the ration has no effect on feed intake, milk pro-
duction, and milk composition, and also, the high
digestibility resulting from the high peNDF in the
ration does not significantly improve milk yield and
milk composition in mid-lactating cows (Yang and
Beauchemin 2005). It has been stated that when
there is a sufficient amount of peNDF in the ration,
the milk fat percentage may be constant (Gencoglu
et al. 2007).

It has been stated that the decrease in particle
size of corn silage and an increase in volatile fatty
acid do not affect rumen pH (Kononoff et al. 2003b).
Although chewing activity is closely related to roug-
hage particle size, it has been reported that its effect

on rumen pH is small, and also, when the NDF level
meets the recommended level, the specified factors
other than particle size have critical importance on
rumen pH level. Although small particle size clover
silage-based feeding results in animals consuming
more feed, it has been stated that milk yield is not
affected by this situation (Kononoff and Heinrichs
20030).

It has been suggested that peNDF measured
by Penn State Particle Separator (PSPS) has a weak
predictive effect on rumen pH level, but measuring
particle size using PSPS can help understand the fa-
ctors affecting feeding behavior (Kononoff and He-
inrichs 2003d).

In a study in which cottonseed and DDG roug-
hages were used instead of alfalfa silage, according
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to the milk fat test, the ration peNDF values were
found 58% and 31.5%, respectively. It was stated
that these peNDF rates did not affect milk yield
but caused an increase in milk fat and protein yield
(Clark and Armentano 1993). The current study is
also consistent with these results, and it has been
observed that the 30.91% and 22.86% of peNDF ra-
tio of rations did not affect the milk yield and the
milk composition properties.

In a study using alfalfa hay and wheat straw ins-
tead of corn silage, peNDF values were found betwe-
en 33.24 and 36.30, and it was stated no effect on
milk composition and yield (Gencoglu et al. 2007).
Contrary to these results, in our study, peNDF va-
lues in the farms were different, between 22.86 and
30.02, and the difference between the farms were
found significant in the milk composition characte-
ristics and the number of somatic cells (P<0.001).

Determining the NDF effectiveness for main-
taining milk fat production and optimizing ruminal
fermentation depends on the structural properties
and particle length of NDF, which affects milk fat
production, ruminal pH, and chewing activity (Mer-
tens 1997).

In conclusion, there is no information available
about the cattle’s peNDF requirements in TMR. Be-
sides, it is not known that whether the peNDF value
has any effect on milk composition and milk yield.
Therefore, more studies on peNDF are needed.
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Anadolu Merinoslarinda irisin hormon yaniti
lizerine baz fizyolojik parametrelerin etkisi
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Ozet: Bu calismanin amaci, Anadolu Merinosu koyunlarinda irisin hormon yaniti iizerinde viicut kondiisyon skoru
(VKS), laktasyon, gebelik, yas ve cinsiyetin etkisinin incelenmesidir. Calismaya dahil edilen tim gruplarda yer alan
Anadolu Merinosu koyunlari viicut kondusyon skorlarina (VKS<2,VKS=3-3.5,VKS>4) gére 3 gruba ayrilmistir. 1.grup
gebeligin ilk dénemindeki koyunlar (ilk gebeligin 100. giiniinde) (n=30), 2.grup erken laktasyon déneminde bulunan
koyunlar (n = 30),3.grup farkl yasta bulunan <2 (genc) (n=30), 2-8 (ergin) (n=30), 8> (yash) (n=30), erkek ve disi
koyunlar (n=180) olmak tizere toplam 240 hayvan olusturdu. Koyunlardan sabah yemlemesi dncesi vena jugularis'ten
kan 6rnekleri alindi. Kan serumu érneklerinde ELISA yéntemiyle irisin hormon diizeyleri belirlendi. Calisma sonucunda
laktasyon ve gebelik déneminde ortalama serum irisin hormon diizeyleri en distk VKS<2 grubunda, en yiksek ise
VKS >4 gruplarinda bulunan koyunlarda saptanmistir. Ayni sekilde farkli yas ve cinsiyet gruplarinda ise en dusuk
ortalama serum irisin hormon duzeyleri VKS<2 grubunda bulunan geng kuzu ve toklularda iken, en ylksek dlzey
ise VKS 24 grubunda yash koyun ve koglarda tespit edilmistir. VKS degisimine bagh olarak farkli yas, cinsiyet, gebelik
ve laktasyon dénemlerinin serum irisin hormonu diizeyi izerine etkisi oldugu belirlenmistir (p<0,05).Sonuclarimiz,
irisin hormonun miyokin olmasi ve fizyolojik roli nedeniyle, kas sistemine ait durumun incelenmesinde yararli bir
parametre olabilecegini gostermistir.

Anahtar kelimeler: Cinsiyet, gebelik, irisin, koyun, laktasyon, viicut kondisyon skoru, yas

Effect of some physiological parameters on the hormone
response of Irisin in Anatolian Merino Sheep

Abstract: The aim of this study was to examine the effect of body condition score (BCS), lactation, pregnancy, age
and gender on the hormone response of irisin in Anatolian Merino sheep. Anatolian Merino sheep in all groups
included in the study were divided into 3 groups according to their body condition scores (BCS<2, BCS=3-3.5,
BCS>4). 1st group, sheep in the first period of pregnancy (100 of the first pregnancy (n=30), 2nd group, of sheep
found in early lactation period (n = 30), 3rd group consisted of <2 (young) (n=30), 2-8 (adult) (n=30), 8> (old)
(n=30) ewe (n = 90) and rams (n = 90) were of different ages consisted of a total of 240 animals. Blood samples were
taken from vena jugularis before the morning feeding of the sheep. Hormone levels of the iris were determined by
ELISA method in blood serum samples. As a result of the study, mean serum irisin hormone levels during lactation
and pregnancy were found in sheep in the lowest BCS<2 Group and the highest BCS >4 groups. In the same way,
in different age and gender groups, the lowest mean serum irisin hormone levels were found in young lambs and
Toks in the BCS<2 group, while the highest level was found in older sheep and Rams in the BCS >4 group. It was
determined that different age, gender, pregnancy and lactation periods had an effect on serum irisin hormone level
depending on BCS change (p<0,05). Our results showed that irisin can be a useful parameter in the examination of
musculoskeletal state due to its myokine and physiological role.

Keywords: Age, body condition score, gender, irisin, lactation, pregnancy, sheep

Giris

irisin, 112 amino asitten olusan ve 12 kDa molekiiler
agirligina sahip yakin zamanda kesfedilmis bir miyo-
kin ve adipokindir (Bostrom ve ark., 2012; Roca-Ri-
vada ve ark., 2013). Ayrica, fibronektin tip Il doma-
in iceren protein 5 (FNDC5 / FRCP2 / PeP) olarak
adlandirilan tip | membran proteini bolinmesinin

Grinudir (Bostrém ve ark., 2012). irisin, esas olarak
iskelet kaslarinin yani sira deri alti ve i¢ organ yag
dokularindan salgilanan bir adipomiyokindir. im-
munohistokimyasal calismalar sonucunda testisler,
karaciger, pankreas, beyin, dalak, kalp ve mide tara-
findan daha kicuik miktarlarda irisin dretildigi bildi-
rilmektedir (Martinez Munoz ve ark., 2018).
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irisin hormonu, fiziksel aktivite sirasinda mi-
yositlerden salinarak kaslar ile diger dokular ve
organlar arasinda bir baglanti gérevi gérmektedir.
Kas dokusunun cesitli fizyolojik fonksiyonlarin di-
zenlenmesindeki rolii olan peroksizom proliferatdr
ile aktive edilen reseptdr gama koaktivator 1-alfa
(PGC-1a) tarafindan egzersize bagl olarak iske-
let kasinda iceren fibronektin tip Ill Alan 5 (FNDC
5) uyarimi sonucunda Uretilmektedir (Huh ve ark.,
2012; Bostrom ve ark., 2012). Boylece, uncoupling
protein-1 (UCP1) genin mRNA ekspresyonunu artir-
maslyla birlikte beyaz yag dokusu reseptdriine bag-
lanarak hiicre membranindaki adenilatsiklaz enzimi
aktive olmasiyla siklik adenozinmonofosfat (cAMP)
artmaktadir. cAMP miktarinin artisi, dnce protein ki-
nazi sonrasinda hormona duyarli lipaz sentezini ak-
tive etmektedir. Bunun sonucunda beyaz yag doku
yogun miktarda mitokondriye sahip kahverengi yag
dokusuna donusiimi uyariimaktadir. Boylece, enerji
metabolizmasi, termogenenezin diizenlenerek vi-
cut 1sisinin korunmasi yoniinde diizenleyici bir et-
kiye sahiptir (Bostrom ve ark., 2012).Ayrica, glikoz
homeostazini iyilestiriimesiyle birlikte metabolik
homeostazin sirdlrilmesini saglamakta ve diizen-
sizliginde metabolik bozukluk ve hastaliklarin bas-
lamasinda neden oldugu bildiriimektedir (Stanford
ve ark., 2013;So ve Leung,2016; Mahgoub ve ark.,
2018;Townsend ve Wright, 2019).

Vicut kondlsyon skoru (VKS), bel bdlgesinde
omurlarin Uzeri ve etrafindaki yag miktari ve kas
kalinhginin 6znel bir degerlendirmesine dayanan,
vicuttaki yag dizeyini tespit etmede stbjektif bir
yontemdir (Thompson ve Meyer, 1994). VKS, sri-
nin beslenme durumu hakkinda bilgi vermektedir.
Kas dokudan salinan irisin hormonu, beden kitle
indeksinin dizenlenmesinde efektif bir role sahip-
tir (Huh ve ark., 2012).Yas ilerlemesiyle birlikte yag
doku miktarindaki artisla birlikte serum irisin hor-
mon seviyesinin de yikseldigi bildirilmektedir (Ruan
ve ark., 2017;Ruan ve ark., 2019).Meme dokusundan
otonom olarak salgilanan irisin, yeni doganlarda
blylume, enerji regtilasyonu ve gastrointestinal sis-
temin gelisimi icin dnemli bir adipomyokindir (Mol
ve ark., 2018). Ayrica, Ureme fonksiyonunda ve fetis
blyumesine bagh olarak gerekli enerji ihtiyacinin
karsilanmasi ve gebelige bagli metabolik degisiklik-
lerde roli bulunmaktadir (Ebert ve ark., 2014). Cin-
siyet yoniinden erkeklerde kadinlara gore daha yuk-
sek serum irisin dlizeyine tespit edildigini bildiren
calismalar bulunmaktadir (Ruan ve ark., 2017; Ruan
ve ark., 2019).

Gergeklestirilen bu calismamizda, farkli vicut kon-
disyon skorunda bulunan Anadolu merinosu ko-

yunlarinda serumda irisin hormon dizeyi Uzerine
yas, cinsiyet, gebelik, laktasyon donemlerinin etkisi
incelenmistir.

Gereg ve Yontem

Galisma, Bayburt ili merkez ilgesinde bulunan, en-
tansif sartlarda yetistirilen koyunculuk isletmesinde
yapildi. Arastirmada kullanilan hayvanlar ayni bakim
ve her grubun kendi icerisinde tesadifi deneme
dizeni kullanilmasiyla olusturulan 240 bas hayvan
materyali kullanilmistir. Calismaya dahil edilen tim
gruplarda yer alan Anadolu Merinosu koyunlari vi-
cut kondisyon skorlarina (VKS <2, VKS=3-3,5, VKS
>4) gore 3 gruba ayrilmistir. 1.grup gebeligin ilk
dénemindeki koyunlar (ilk gebeligin 100. gliniinde)
(n=30), 2.grup erken laktasyon déneminde bulunan
koyunlar (n = 30), 3.grup farkli yasta bulunan <2
(geng) (n=30), 2-8 (ergin) (n=30), 8>(yash) (n=30),
erkek ve disi koyunlar (n=180) olmak Uzere top-
lam 240 hayvan olusturdu. VKS yoniinden gruplarin
olusturulmasinda, bel bdlgesine yapilan palpasyon
metoduyla belirlenmistir (Khan,1993).Thompson ve
Meyer, 2006 tarafindan bildirilen esaslar dogrultu-
sunda Bel bolgesindeki kas ve yag birikimine bagl
olarak VKS<2 (zayif), VKS=3-3,5 (normal) ve VKS >4
(sisman) olmak Uzere puanlama yapilmistir. Calisma
gruplarini olusturulan hayvanlarin vena jugularis'le-
rinden sabah yemlemesinden 6nce kan &rnekleri
alindi. Alinan kan orneklerinden elde edilen serum-
lar -80C° de saklandi. Serumda irisin hormon sevi-
yeleri ELISA yontemi ile belirlendi. Arastirma suresi
boyunca, cevre ve yem faktorinin (Tablo-1) ayni
olmasina dikkat edilmistir.

Tablo 1: Temel rasyon besin madde icerigi (%)

Rasyon icerigi Rasyon miktari (%)

Arpa Kirmasi 18
Kepek 18
Fig Samani 27
Yulaf Otu veya Yonca 37

Serum Orneklerinin Toplanmasi

Galisma gruplarini olusturan koyunlarin boyun top-
lardamarindan (vena jugularis) anti koagulant icer-
meyen tiplere (VACUETTE® TUBE 9 ml Z Serum Clot
Activator) 10 ml kan 6rnegi alinmistir. Tiplere alinmis
olan kanlar laboratuvarda sogutmali santrifiijde (NF
1200R, NUVE, Ankara, TURKIYE) 3000 devir/dk da
10 dk santrifiij edilmistir. Elde edilen serumlar steril
epondorf tliplere aktariimistir. Laboratuvar analizleri
gerceklestirilene kadar -80°C'ye ayarli derin dondu-
rucularda muhafaza edilmistir.

Etlik Vet Mikrobiyol Derg,
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Serumda irisin Hormon diizeyinin 6l¢iimii

Arastirma sonucunda elde edilen koyunlara ait kan
serum drneklerinde irisin hormon diizeyinin &lciil-
mesinde kullanilan kitin minimum saptanabilir kon-
santrasyonu 0,2 ng/mL olarak bildirilmistir. ELISA kiti
tlre 6zgl Sheep irisin (Sheep irisin (FNDC5) ELISA
kit, Product code: SG-70787, CHINA), determinas-
yonu 2 ng/ml-90 ng/ml, intra assay katsayisi % 8,0,
inter assay katsayisi %10 kullanilarak Uretici firmanin
katalogunda belirtilen prosedire uygun olarak cali-
siimistir.

Arastirmanin sonucunda elde edilen veriler IBM
SPSS Statistics programinda General Linear Model
Univariate'de ile istatistiksel olarak analiz edilmistir.
incelenen degiskenler ve istatiksel model ile arala-
rindaki etkilesimler asagida verilmistir:

Yijkl = p+ai +Bj +yk + (aB)ij + (ay)ik + (By)k +
(aBy)ijk + € ijkl.

Burada, Y: gozlem, u: ortalama, o: cinsiyet, {:
yas, y: mevsim ve ¢ ijkl: standart hata. Grup ortala-
malari arasindaki farkhilik Duncan Coklu Karsilastir-
ma testi ve tim anlamli farkliliklar p<0.05 diizeyinde
testlerle degerlendirilmistir (Steel ve Torrie, 1980).

Bulgular

Calisma grubunu olusturan farkli yas ve VKS'de bu-
lunan yas, cinsiyet, gebelik, laktasyon dénemlerinde
serumda irisin hormon duzeyleri Tablo 2-3'de ve-
rilmistir. Calisma grubunu olusturan farkl yas= <2,
2-8, 8> yas ve VKS araliginda VKS <2, VKS=3-3,5,
VKS 24 bulunan koyunlara ait ortalama ve serum-
da Irisin hormon diizeyi sirasiyla en yiiksek yash VKS
24 koyunda 0,73 ng/ml, en dusuk ise geng VKS <2
koyunda 0,45 ng/ml olarak tespit edilmistir (Tablo
2). Ayni sekilde koglara ait ortalama serum irisin hor-
mon dizeyleri incelendiginde en ylksek diizey yasli
VKS 24 koyunda 0,63 ng/ml, en duslk ise geng VKS
<2 koyunda 0,43 ng/ml olarak belirlenmistir.

Diger yandan gebelik déneminde bulunan Ana-
dolu merinosu koyunlarina ait ortalama serum irisin
hormon diizeyleri incelendiginde en yiksek dizey
VKS >4 bulunan koyunda 2,04 ng/ml, en dustk ise
VKS <2 bulunan koyunda 0,58 ng/ml olarak belir-
lenmistir. Laktasyon doneminde ise ayni sekilde se-
rumda ortalama irisin hormon diizeyi en ytksek VKS
>4 bulunan koyunda 0,64 ng/ml, en distk ise VKS
<2 bulunan koyunda 0,46 ng/ml olarak belirlenmis-
tir. Cahismamiza ait bulgular incelendiginde VKS de-
gisimine bagh olarak farkli yas ve cinsiyet, gebelik
ve laktasyon dénemleri serum irisin hormonu diizeyi
Uzerinde istatistiki agidan dnemli oldugu tespit edil-
mistir (p<0,05).
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Tablo 2: Farkli yas, cinsiyet ve VKS'de bulunan Anadolu Merinosu koyunlarinda ortalama serum irisin hormon diizeyleri (ng/
ml) ve istatiksel karsilastirilmasi (Ort.£SH)

Parametreler Disi Erkek
N VKS <2 VKS=3-3,5 VKS >4 VKS <2 VKS=3-3,5 VKS 24
Yag=<2 66 0,45 0,48 0,51 043 0,43 0,47
Yas=2-8 66 0,49 0,54 0,66 0,47 0,51 0,62
Yas=8> 66 0,51 0,58 0,73 0,48 0,57 0,68
SEM 0,02
Varyasyon kaynagi (P degerleri)
Yas 0,01
Cinsiyet 0,01
VKS 0,01
Yas * Cinsiyet 0,87
Yas * VKS 0,01
Cinsiyet * VKS 0,54
Yas * Cinsiyet *VKS 0,92
Hormon iizerine etkisi
Yas=<2 0,46¢
Yas=2-8 0,55°
Yag=8> 0,592
SEM 0,01
VKS <2 0,47¢
VKS=3-3.5 0,52°
VKS >4 0,612
SEM 0,01
Disi 0,55
Erkek 0,52
SEM 0,01
Hormon
irisin 0,53
SEM 0,004

VKS (Vicut Kondusyon Skoru), Ayni sttundaki farkh harfler (a,b,c) istatistiki acidan ¢nemlidir (p<0,05).

Tablo 3: Anadolu Merinosu Koyunlarinda Farkl VKS'lerine gore gebelik ve laktasyon déneminde serum irisin hormon duzeyleri
(ng/ml) ve istatiksel karsilastirilmasi (Ort.£SH)

Parametreler N Gebe Laktasyon
VKS <2 22 0,58¢ 0,46¢
VKS=3-3,5 22 1,46° 0,57°
VKS >4 22 2,042 0,642

SEM 0,04

Varyasyon kaynagi (P degerleri)

Gebelik 0,01
Laktasyon 0,01
VKS 0,01
Gebelik*Laktasyon*VKS 0,01
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Parametreler N

Gebe Laktasyon

Hormon lizerine etkisi

VKS <2 0,52¢
VKS=3-3,5 1,010
VKS >4 1,342

SEM 0,03
Gebe 1,36
Laktasyon 0,56

SEM 0,02

Hormon

irisin 0,96

SEM 0,02

VKS (Viicut Kondisyon Skoru), Ayni sttundaki farkl harfler (a,b,c) istatistiki agcidan énemlidir (p<0,05).

Tartisma ve Sonug

Yapilan klinik arastirmalar, irisinin glukoz toleransi-
ni artirmasina ek olarak glukoz ve lipid seviyesi ile
instlin duyarliligini reglilasyonunu saglamasi gibi
onemli roli bulunmasi nedeniyle metabolik 6zel-
liklerinden dolayi irisin, son zamanlarda pek cok
arastirmacinin ilgisini ceken arastirma konusudur
(Bostrom ve ark., 2012). Yetersiz ve yanls beslen-
meye bagl olarak koyunlarda gorilen metabolik
hastaliklar gebelik toksemisi, beyaz kas hastalig, hi-
pokalsemi, hipomagnezemi gibi kiiglikbas hayvanci-
ligin dnemli sorunlarindan birisidir. intraselliler Ca,*,
kas kasilimi, hormonal sekresyon, glikojen metabo-
lizmasi gibi dnemli fizyolojik slreclerde diizenleyici
roli bulunmaktadir (Shuttleworth, 1997). Bu anlam-
da, irisin Hormonu, hiicre ici Ca?* sinyallerini ve mi-
tokondriyal termojenez’i kontrol etmektedir. Diger
yandan, AMP ile aktive olan protein kinaz (AMPK) ile
iskelet kasi hticrelerinde glikoz alimini diizenleme-
sindeki roli nedeniyle metabolik sendrom, diyabet
gibi hastaliklar icin potansiyel bir biyolojik belirteg
olarak kabul edilen ¢ok fonksiyonlu bir hormondur
(Martinez Munoz ve ark., 2018; Lee ve ark., 2015).

Gebelik ve laktasyon doénemleri, fizyolojik ve
hormonal degisikliklerinin sekillendigi énemli bir
surectir. Ozellikle gebelik déneminde fetiisun besin
ve enerji ihtiyacinin karsilanmasinda 6nemli glu-
koz, lipid ve protein metabolizmasi bu hormonal
degisikliklerden etkilenmektedir (Bayraktar ve ark.,
2020). irisin hormonu ise glukoz toleransini artirarak
enerji homeostazi ve metabolizma diizenlenmesin-
de 6nemli roll bulunmaktadir. Calismamizin esasini
olusturan irisin hormonu gebelik sirasinda plasenta-
dan eksprese edilir ve tiim gebelik boyunca serum
seviyeleri daha ylksek diizeyde bulunmaktadir (Gar-
cés ve ark., 2014). St ve kolostrumda irisin hormon

dlzeyinin yiksek dizeyde olmasinin laktasyon si-
rasinda meme dokusunun otonom Uretimi sonucu
sekillendigi bildirilmektedir (Bienertova-Vaskl ve
ark., 2012; Mél ve ark., 2018). Mevcut arastirmamiz
sonucunda Farkli VKS degisimine bagl olarak gebe-
lik ve laktasyon donemlerinde ortalama serum irisin
hormon diizeyi en duslk VKS <2, en ylksek ise VKS
>4 gruplarinda bulunan koyunlarda tespit edilmis-
tir. Verilerin analizi sonucunda gebelik, laktasyon
ve VKS birlikte etkilerinin irisin hormon diizeyi lize-
rindeki etkisi istatistiksel olarak 6nemli bulunmus-
tur (p<0,05), (Tablo 3). Calismamiz koyunlarda VKS
degisimine bagl olarak gebelik ve laktasyon done-
minde serum irisin hormon diizeylerinin incelendigi
ilk calisma niteligindedir. Bu nedenle arastirmamiz
kisithilik gostermekle birlikte elde edilen sonuclar
literatlr verileriyle ve benzer arastirma sonuglariyla
uyumluluk gostermektedir (Aydin ve ark., 2013, Bie-
nertova-Vask({ ve ark., 2012; Mél ve ark., 2018).

Yas ilerlemesiyle birlikte yag doku miktarinda-
ki artigla birlikte serum irisin hormon seviyesinin
de yukseldigi bildirilmektedir (Ruan ve ark. 2017;
Ruan ve ark. 2019). Cinsiyet yoniinden erkekler-
de disilere gore daha yiksek serum irisin dlizeyine
tespit edildigini bildiren calismalar bulunmaktadir
(Ruan ve ark., 2017; Zigel ve ark., 2016). Calisma-
mizin farkh VKS, yas ve cinsiyetin etkisine iligkin elde
edilen veriler incelendiginde irisin hormonun yas ve
VKS'nun ortalama Uzerindeki etkisi istatiksel olarak
énemli oldugu saptanmistir (p<0,05). irisin hormo-
nun Yas*Cinsiyet, Yas*Cinsiyet *VKS ve Cinsiyet*VKS
interaksiyonu istatistiki acidan etkisinin olmadigi
(p>0,05) tespit edilmistir (Tablo 2). Mevcut arastir-
mamiz sonucunda elde edilen veriler incelendiginde
yas, cinsiyet, VKS, gebelik, laktasyon donemlerinde
irisin hormon duizeyleri sonuglar, literattirde bildiri-
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len benzer arastirma sonuclariyla uyumluluk goster-
mektedir (Palacios-Gonzalez ve ark., 2015; Ruan ve
ark., 2019).

Sonug olarak, bu calisma ile farkli VKS'na sahip
Anadolu Merinosu koyunlarinda serumda irisin hor-
mon dizeylerini, yas, gebelik, laktasyon dénemleri-
nin etkisi ortaya koyulmustur. Yakin zamanda kesfe-
dilen irisin hormonu, hem adipokin hem de miyokin
olmasi nedeniyle koyunlarda metabolik sendrom,
beyaz kas hastaligi gibi bir cok metabolik hastalik ve
rahatsizligin degerlendirilmesi ve takibinde serum-
da dlcllebilen yeni, kullanisl olabilecek prognostik
Oneme sahip biyomarker olacagini dislnuyoruz.
Ancak bu alanda yapilan ¢alismalarin kisitli olmasin-
dan dolayr daha kapsamli arastirmalara ihtiya¢ du-
yulmaktadir.

Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma, Bayburt Universitesi Yerel Etik
Kurulu onayi (Karar tarihi ve sayisi: 04.09.2020/67)
ile hayvan refahi ve haklan korunarak etik ilke ve
kurallari dogrultusunda gerceklestirilmistir.
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Ozet: Salmonella typhimurium, diinyada en sik izole edilen Salmonella serotiplerinden birisidir. Tim genom analizi
gibi yeni molekdler yontemlerin gelismesi ile, antibiyotik direnci ve farkli genlerin karsilastirmali analizleri daha kolay
yapilabilmektedir. Calismamizda farkli S. typhimurium kokenlerine ait genomik verilerin incelenmesi ile, tasidiklari
patojenite adalar, MLST tipleri, sekans serotipleri ve diren¢ genleri acisindan karsilastirmali in silico analizini
gerceklestirmeyi amagladik. Calismamiza genomik verileri NCBI'da yer alan 15 farkh S. typhimurium kokeni dahil
edildi. Kokenlerin birbirleri ile evrimsel olarak yakinhklari CSI filogeni, antimikrobiyal direng belirteclerinin varligi ise
ResFinder yazilimi ile gerceklestirildi. Salmonella kdkenlerine ait patojenite adalari, MLST ve sekans serotip tespiti
icin sirastyla SPIFinder, MLST ve SeqSero yazilimlari kullanildi. Calismamiza dahil edilen 15 S. typhimurium kdkeninin
birbirlerine %97 ve lstiinde genomik benzerlik gosterdikleri tespit edildi. MLST analizlerine gore 9 kdken (%60) ST19
olarak bulundu. Tum kokenlerin SPI-1, SPI-2, SPI-3, SPI-4, SPI-5, SPI-9, SPI-12, SPI-13, SPI-14 patojenite adalarini
tasidiklari gozlenirken, SGI1 patojenite adasi sadece 3 kdkende tespit edildi. Aminoglikozid direnci ile iliskili aac(6’)-
laa geni tim kokenlerde saptandi. Yeni nesil dizileme tekniklerinin gelisimi, S. typhimurium gibi 6nemli enfeksiyon
etkenlerine ait yeni molekiler epidemiyolojik veriler elde edilmesini saglamaktadir. Bu verilerin karsilastirmali in silico
analizleri ile enfeksiyonlarda kullandiklari virtilans genlerinin analizleri ve molekiiler patogenez mekanizmalarinin
aydinlatiimasi saglanabilecektir.

Anahtar kelimeler: Direnc genleri, in silico analiz, Salmonella patojenite adasi, Salmonella typhimurium.

In Silico analysis of pathogenicity island And resistance genes
carried by different Salmonella Typhimurium strains

Abstract: Salmonella typhimurium is one of the most frequently isolated Salmonella serotypes in the world. With
the path of the new strategy of analysis like whole genome, comparative analyzes of weakness and different genes
can be done more easily. In our study, S. typhimurium has different origins, it is aimed for different purposes to
analyze genomic data, calculus pathogens islands, belonging MLST, segs types and silico genes. Our study included
15 different S. typhimurium strains whose local data were obtained in NCBI. Evolutionary affinities of origins with
C. Pathogenicity islands of Salmonella origin, SPIFinder, MLST, and SeqSero software for MLST. It was determined
that Typhimurium origins showed 97% and more genomic similarity. According to MLST analysis, origin 9 (60%) was
found to be ST19. While all were observed to carry pathogenicity islands SPI-1, SPI-2, SPI-3, SPI-4, SPI-5, SPI-9, SPI-
12, SPI-13, SPI-14, only 3 were detected in SGI1 pathogenicity island. The aminoglycoside related aac(6')-laa gene
was detected in all strains. It would seem that the course of sequencing techniques such as the next generation is to
obtain a new epidemiological route for owners of S. Typhimurium. With these data comparative analyzes, virulence
genes that can be applied and the analyzes that can be corrected can be elucidated.

Keywords: Resistance genes, in silico analysis, Salmonella pathogenicity island, Salmonella typhimurium.

Giris

En yaygin zoonotik gida kaynakli enfeksiyonlardan
birisi olan Salmonelloz, diinya capinda énemli bir
halk sagligi sorunudur (Bahramianfard ve ark. 2021).
Salmonelloz etkeni olan Salmonella, Enterobacteria-
ceae ailesine ait Gram negatif bir bakteridir. Fekal-o-
ral yolla yayilir ve kontamine su ve yiyecekler yoluyla

bulasabilir. Su anda 2600'den fazla Salmonella sero-
varl tanimlanmistir (Barilleau ve ark. 2021). Salmo-
nella enterica’nin tifoid olmayan serovarlari (NTS),
diinya capinda gida kaynakh enfeksiyonlarin ve is-
hallerin 6nde gelen nedenleridir. NTS arasinda, S.
typhimurium, diinya capinda hastalardan en sik izo-
le edilenlerden Salmonella serotiplerinden birisidir

Yazisma adresi / Correspondence: Seda Ekici, Ahmet Sefik Kolaylt Cad. No: 23-1 Kegidren-Ankara

E-posta: seda.ergen@hotmail.com

ORCID IDs of the authors: "0000-0002-5411-5925 «20000-0007-9670-2426 «30000-0007-9758-1697 +

“0000-0002-7982-5261


https://doi.org/10.35864/evmd.960813
https://orcid.org/0000-0002-5411-5925
https://orcid.org/0000-0001-9670-2426
https://orcid.org/0000-0001-9758-1697
https://orcid.org/0000-0002-7982-5261

152

Ekici S ve ark. Farkli Salmonella Typhimurium Kékenlerinin in Silico Analizi

(Anderson ve Kendall 2017). insanlarda ve hayvan-
larda S. typhimurium'un neden oldugu Salmonelloz
vakalari enfeksiyon sonrasi 24 saat icinde gelisen
ates, akut bagirsak iltihabi ve ishal ile karakterizedir
(Gart ve ark. 2016). S. typhimurium neden oldugu
enfeksiyonlar icin asi bulunmamaktadir ve antibi-
yotiklerle tedavi secenekleri kisithdir. Clnku S. typ-
himurium kokenleri birgok antibiyotige karsi direng
gelistirebilmektedir (Anderson ve ark. 2021). Fenoti-
pik antibiyotik testleri yaninda son yillarda tim ge-
nom analizi (WGS) gibi yeni molekdiler ydntemlerin
gelismesi ile antibiyotik direnci ve farkli genlerin kar-
silastirmali analizleri daha kolay yapilabilmektedir
(Barilleau ve ark. 2021; Lerminiaux ve ark. 2020). Bu
yontemler ile yapilabilecek karsilastirmali genomik
analizler, bir tirlin tim Uyeleri tarafindan paylasilan
genleri ve turler arasinda degisken dagilimlara sahip
genlerin ayrimini saglayabilir. Horizontal gene trans-
fer (HGT) bu paylasima neden olan esas yoldur. Gram
negatif bakterilerde genomik veya patojenite adala-
rinin HGT ile aktarimi gerceklesebilir ve bu onlara
yeni ekolojik islevler, evrimsel sicramalarini saglaya-
bilir. Hatta yeni konaklar kazanmasina yardim ede-
bilir (Lerminiaux ve ark. 2020). Patojenite adalarinin
bakteri evrimini ve yeni konaklara adaptasyonunu
en iyi anlatabilecek model patojen Salmonella'lardir.
Bu cinste toplam 24 patojenite adasi tanimlanmistir,
ancak bu adalarin hepsinin viriilans faktorlerini tasi-
dig1 deneysel olarak dogrulanmamistir (Hayward ve
ark. 2014; Lerminiaux ve ark. 2020; Urrutia ve ark.
2014). Bizde bu galismamizda, tim genom analiz-
leri yapilarak genomik verileri agik veritabanlarinda
yer alan 15 farkli S. typhimurium kdkeninin karsilas-
tirmali in silico analizini gerceklestirmeyi ve tasidig
direng genlerini incelemeyi amacladik.

Gereg ve Yontem

Calismamiza tim genom analizleri yapilarak geno-
mik verileri acik veritabanlarinda yer alan 15 farkli
S. typhimurium kokeni dahil edilmistir. Bu kokenle-
re ait fasta dizileri NCBI (https://www.ncbi.nlm.nih.
gov/) veritabanindan indirilerek calismamizda in
silico analizleri amaciyla kullanildi. Karsilastirmali in
silico genomik analiz icin calismamiza dahil edilen
kokenlere ait bilgiler Tablo 1'de verildi.

Kokenlerin birbirleri ile evrimsel olarak yakin-
liklari CSI filogeni yazilimi ile (https://www.geno-
micepidemiology.org/) gerceklestirildi (Kaas ve ark.
2014). Kokenlerde bulunan antimikrobiyal direng
belirteclerinin varhigi ResFinder 4.1 online yazilimi
kullanilarak tespit edildi (Bortolaia ve ark. 2020).
Kokenlerin coklu lokus dizi tiplendirmeleri MLST 2.0

(Multi-Locus Sequence Typing) online yazilimi ile
gerceklestirildi (Larsen ve ark. 2012). Salmonella ko-
kenlerine ait patojenite adalarinin tespiti icin SPIFin-
der 2.0 online yazilimi kullanildi (Roer ve ark. 2016).
Kokenlerin dizi analizleri Gstliinden Kauffmann White
semasina gore serotipleri (O antijen: H1 antijen: H2
antijen) SeqgSero yazihmi kullanilarak tespit edildi
(Zhang ve ark. 2015).

Tablo 1. Calismaya dahil edilen S. typhimurium kdkenlerinin
NCBI erisim numaralari.

Salmonella enterica subsp.

NCBI numarasi . A A
enterica serovar Typhimurium

1 AE006468.2 LT2

2 CP001363.1 14028S

3 CP009102.1 ATCC 13311

4 CP012681.1 33676

5 CP014536.1 SO3

6 CP014965.1 CDC 2010K-1587
7 CP014967.1 CDC 2011K-1702
8 CP014975.1 CDC 2009K-1640
9 CP014979.2 CDC H2662
10 CP014983.1 CDC 2009K-2059
11 CP016385.1 13-931

12 CP024619.1 BL10

13 CP034719.1 RSEO04

14 CP067091.1 ER3625

15 CP067397.1 LB5000

Bulgular

GCalismamiza dahil edilen 15 S. typhimurium koke-
ninin ATCC 13311 kokenine gore birbirlerine olan
benzerlikleri incelendiginde, S. typhimurium CDC
2011K-1702 kdkeninin %100 benzer oldugu go-
raldu. BL10 kokeni %97.56'lik benzerlik orani ile en
uzak evrimsel benzerlige sahip kdken olarak tespit
edildi (Tablo 2, Sekil 1).

Calismamiza dabhil edilen kokenlerin dizi ana-
lizi Gstiinden Kauffmann White semasina gore se-
rotipleri (segsero; O antijen: H1 antijen: H2 antijen)
incelendiginde, 4:i:1,2 tipi kokenlerin 13’linde tespit
edildi, 2 koken ise 4:b:e,n,x olarak bulundu (Tablo 2).
MLST analizlerine gore 15 S. typhimurium kdkeni-
nin 9'u (%60) ST19 olarak tespit edilirken, 2 kdken
(%13.3) ST8128 olarak tespit edildi. (Tablo 2). K&-
kenlerdeki antibiyotik diren¢ genleri ResFinder 4.1
programi ile incelendiginde, tim kdkenlerde ami-
noglikozid direnci ile iliskili aac(6’)-laa geni tespit
edildi (Tablo 2). SGI1 patojenite adasi iceren kdken-
lerde, blaCARB-2, sull direng genlerinin ortak ola-
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rak bulundugu tespit edildi. S. typhimurium 33676
kdkeninde aac(6’)-laa geni yaninda florokinolon di-
renci ile iliskili gyrA geni bulunurken, SGI1 patojenite
adasi iceren 2 kokende aac(6)-laa, blaCARB-2, sull
genleri yaninda, aadA2b, floR, tet(G) genleri tespit
edildi. Sadece S. typhimurium ER3625 kdkeninde
aac(6’)-laa yaninda yine aminoglikozid direnci ile
iliskili aph(3’)-1la geni saptandi (Tablo 2).

Calismamiza dahil edilen kékenlerin tasidiklari
Salmonella patojenite adalari incelendiginde, tim
kokenlerde SPI-1, SPI-2, SPI-3, SPI-4, SPI-5, SPI-9,
SPI-12, SPI-13, SPI-14 patojenite adalarini tasidiklari
gozlendi. SGI1 patojenite adasi sadece 3 kokende
tespit edilirken, C63PI 10 kokende, CS54_island ise
14 kokende bulundu (Tablo 3).

Tablo 2. Calismaya dahil edilen kdkenlerin benzerlik, SeqSero, MLST ve antibiyotik direng genlerinin dagilimi.

NCZIUI::;zsr:ion Sequence Identitty  SeqSero Sequ':ennLcS:Type ResFinder
1 AE006468.2 99.69 41,2 19 aac(6’)-laa
2 CP001363.1 99.26 41,2 19 aac(6')-laa
3 CP009102.1 100 41,2 2066 aac(6')-laa
4 CP012681.1 97.93 41,2 213 aac(6)-laa, gyrA
5 CP014536.1 99.92 4:i:1,2 302 aac(6')-laa
6 CP014965.1 98.77 4:0:1,2 19 aac(6')-laa
7 CP014967.1 100 41,2 19 aac(6')-laa, blaCARB-2, sul1
8 CP014975.1 99.78 4i1,2 19 aadA2b, aac(ggﬂf‘fétk(’gCARB'z' sull,
9 CP014979.2 99.6 41,2 19 aadA2b, aac(ggéffét?gCARB 2 sull,
10 CP014983.1 98.9 41,2 19 aac(6')-laa
11 CP016385.1 99.86 4:i:1,2 19 aac(6)-laa
12 CP024619.1 97.56 41,2 36 aac(6')-laa
13 CP034719.1 99.22 4:i:1,2 19 aac(6')-laa
14 CP067091.1 98.97 4:b:e,nx 8128 aac(6')-laa, aph(3')-la
15 CP067397.1 99.01 4:b:e,n,x 8128 aac(6')-laa

[11,CP067091/1-11153
CP067397/1-11153
-CP009102.1/1-11153
1|CP014975.1/1-11133
0.992|CP014967.1/1 -11153

1|:E006468.2/1 -11153

1l e 1~|; CP014979.2/1-11153
e [ CP034719.1/1-11153

1[CP014965.1/1-11153
"[Q...9_.9“5.[CP014983/1-11153
CP012681.1/1-11153
,FCP014536.1/1-11153
“14CP001363.1/1-11153
CP016385/1-11153

A
0.44

CP024619.1/1-11153

Sekil 1. Calismaya dahil edilen S. typhimurium kdkenlerinin evrimsel agag analizi.
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Tablo 3. Calismaya dahil edilen kdkenlerin tasidiklari Salmonella patojenite adalarinin dagilimi.

Salmonella Patojenite Adalari

NCBI Erisim

humarasi C63PI |(;Isa5n4& SGI1 SPI-1 SPI-2 SPI-3 SPI-4 SPI-5 SPI-9 SPI-12 SPI-13 SPI-14
1 AE006468.2 + + + + + + + + +
2 CP001363.1 + + + + + + + + + +
3 CP009102.1 + + + + + + + + + +
4 CP012681.1 + + + + + + + + + + +
5 CP014536.1 + + + + + + + + + +
6 CP014965.1 + + + + + + + + + 4 +
7 CP014967.1 + + + + + + + + + + + +
8 CP014975.1 + + + + + + + + 4 i + +
9 CP014979.2 + + + + + + + + + + + +
10  CP014983.1 + + 1 4 + + + + 1 + +
11 CP016385.1 + + + + + + + + + +
12 CP024619.1 + + + + + + + + £ + +
13 CP034719.1 + + + + + + + + + + +
14  CP067091.1 + + + + + + o + + + +
15 CP067397.1 + + + + + + + + + + +

Tartisma ve Sonug

Salmonelloz morbidite ve mortalitede artisa sebep
olan énemli bir halk saghgr sorunudur. Salmonella
tlrlerinin 2600'den fazla serotipi bulunmakta olup,
bulaslari baglica kontamine su ve gidalar aracilig ile
fekal-oral yolla olmaktadir (Bahramianfard ve ark.
2021; Barilleau ve ark. 2021). Antimikrobiyal direng
paternleri serotipler arasinda varyasyon gdstermek-
te olup, S. enteritidis gastroenterit olgularindan en
fazla izole edilen serotip olmasina ragmen, ikinci en
sik izole edilen serotip olan S. typhimurium daha
fazla direng gelistirme potansiyeline sahiptir (Unlu
ve ark. 2018). Ayni zamanda bu serotipe ait kdken-
lerde 24 farkli patojenite adasinin tanimlanmis ol-
masl, kokenlerin virulans potansiyelini ortaya koy-
maktadir (Hayward ve ark. 2014; Lerminiaux ve ark.
2020; Urrutia ve ark. 2014). S. typhimurium koken-
lerinde artan antimikrobiyal direng tedavi secenek-
lerini sinirlandirmakta, kdkenlerde gelisen direncin
ve sahip oldugu patojenite adalarinin monitorizas-
yonunu zorunlu kilmaktadir. Konvansiyonel antibi-
yotik duyarlilik testlerine ek olarak son yillarda tiim
genom analizi (WGS) gibi yeni molekiler ydntemle-
rin gelismesi ile antibiyotik direnci ve farkh genlerin
karsilastirmali analizleri daha kolay yapilabilmekte-
dir (Barilleau ve ark. 2021; Lerminiaux ve ark. 2020).
Biz de calismamizda, tim genom analizleri yapilarak
genomik verileri acik veritabanlarinda yer alan 15
farkli S. typhimurium kdékeninin karsilastirmali in sili-

co analizini gerceklestirmeyi ve tasidigi direng gen-
lerini incelemeyi amacladik.

Calismamiz MLST analizlerine gore 15 S. ty-
phimurium kdkeninin 9'u (%60) ST19 olarak tespit
edildi. ST19 klonu tim dinyada zoonotik gastro-
enterit etkeni olmakla birlikte, sistemik enfeksiyon
potansiyeli ST313 gibi diger klonlara kiyasla ytksek
olmadigi bildirilmistir (Carden ve ark. 2015). Ancak
calismamiza dahil edilen 6rneklerden ST19 klonuna
ait bir kokenin (Accession number: CP016385) kan-
dan izole edilmis olmasi klonun invazyon yetenegini
ortaya koymaktadir. Ayrica ST19 klonu olarak sap-
tanan U¢ ayri kokende aminoglikozid direncinden
sorumlu aac(6’)-laa geni, karbenisilin direncinden
sorumlu blaCARB-2 ve sulfonamid direncinden
sorumlu sull geni birlikte saptandi. Monte ve ark.
(2020) North Carolina'dan izole edilen bes ST19 ko6-
keninin timinde carbenicillinase [blaCARB-2], ami-
noglycosides [aac(6’)-laa ve aadA2b], sulfonamide
[sulT], tetracycline [tetG], ve florfenicol [floR] diren-
cinden sorumlu genlerin birlikte bulundugunu bil-
dirmislerdir. Bununla birlikte ¢calismamizda tim ko-
kenlerde aac(6’)-laa aminoglikozid direng geni sap-
tanmistir. Rau ve ark. (2020) Brezilya Tarim bakanhgi,
gida kaynakli patojenlerin kontroli ulusal programi
(Brazilian National Program for the Control of Fo-
odborne Pathogens of Ministry of Agriculture) igin
topladiklari 490 Salmonella kdkeninin sekizinde ko-
listin direncinden sorumlu mcr-1 genini saptamislar
ve bu geni tasiyan kdkenlerin farkl antibiyotiklere
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de direngli oldugunu saptamislardir. Bu kdkenlerde
kolistin direncine ek olarak, yedi kékenin ampisiline,
alti kokenin tetrasikline, ayrica farkh beser kokende
nalidiksik asit, kloramfenikol, siprofloksasin ve gen-
tamisine karsi direng gosterdiklerini bildirmislerdir.
in silico analizler sonrasi elde ettigimiz sonuclari-
miz literatlirle uyumlu gorilmektedir. S. typhimuri-
um kokenlerinin ¢oklu dirence neden olabilen farkli
direnc genlerini tasidigi goralmustdr. Birbirlerine
filogenetik acidan benzer kdkenlerin tasidiklar gen-
leri birbirlerine aktarabilecek yetenekte olmalari da
bu kokenlerin genomik epidemiyolojik verilerinin ta-
kibini zorunlu kilmaktadir.

Bircok enterik patojenden farkli olarak tumi
virulan kabul edilen Salmonella'lar dogalari geregi
hastalik olusturabilme yetenegine sahiptir. Patojenin
konagi invazyonu slirecinde “Salmonella Patojenite
Adalarn” olarak isimlendirilen farkli genetik lokuslar
rol oynar. S. typhimurium kdkenlerinde 24 farkl pa-
tojenite adasinin tanimlanmistir. SPI-1 ve PI-2 bun-
lardan en fazla calisilmis olanlaridir. SPI-1 fagositoz
yapmayan hucrelerin invazyonu ve gastrointestinal
epitele penetrasyon gibi enfeksiyonun baslangig
evrelerinde etkili olurken, SPI-2 ise sistemik yayilim
ve konak organlara kolonizasyon gibi enfeksiyonun
daha ge¢ safhalarinda gereklidir. SGI1, ilk olarak epi-
demik S. typhimurium DT104 klonunda saptanmis
olup, ¢oklu antibiyotik direng genlerini (ACSSuT) ta-
slyan integronlari icerirken, C63PI demir alim sistemi
ile, CS54 island ise intestinal kolonizasyon ve persis-
tans ile iliskilidir (Hayward ve ark. 2014; Boyd ve ark.
2000; Patchanee ve ark. 2020). Boyd ve ark. (2000)
ACSSUT tipi direng paterninden (pentaresistance)
sorumlu aadA2, floR, pse-1, sull ve tet(G) genlerinin,
horizontal gen transferi ile iliskili faj ve plazmid gen-
lerini de taslyan SGI-1'de kiimelendigini bildirmisler-
dir. Patchanee ve ark. (2020) Tayvan Chiang Mai ve
Lamphun bdlgelerinde domuz tretim zincirlerinden
2011-2014 yillan arasinda sekanslanan 19 S. typhi-
murium kokenlerini in silico analiz ettikleri calisma-
larinda tim kokenlerin ST34 klonuna ait oldugunu
saptamislardir. Ayni zamanda tiim kokenlerde ami-
noglikozid ve beta laktam diren¢ genleri bulundu-
gunu ve yine kdkenlerin timiinin 7 patojenite ada-
sini tasidigini tespit etmislerdir. llyas ve ark. (2017)
derlemelerinde, horizontal gen transferinin S. typhi-
murium kokenleri icin cok dnemli oldugunu, bunun
icin SPI'lari kullandiklarini ve virtilans genlerinin ufak
degisimleri ile bircok hicre tipini enfekte edebilece-
gini ve cok siddetli enfeksiyonlarla karsimiza ¢ikabi-
lecegini belirtmislerdir. in silico olarak inceledigimiz
S. typhimurium kokenlerinde 16 farkli patojenite

adasl saptadik. Tim kokenlerde SPI-1, SPI-2, SPI-3,
SPI-4, SPI-5, SPI-9, SPI-12, SPI-13, SPI-14 saptanir-
ken, SGI1 sadece (¢ kokende, C63PI 10 kdkende,
CS54_island ise 14 kokende saptandi. SGI1 taslyan
kdkenlerin literatlire paralel olarak ¢oklu ilag direnci
gosterdigi saptanmis olup, aac(6’)-laa, blaCARB-2,
sull, aadA2b, floR, tet(G) direng genleri bir arada
tespit edildi. ilyas ve ark. (2017) belirttigi gibi, SPI-2,
SPI-11, SPI-12, SPI-13 kdkenlerin makrofajlarda ya-
samasi icin gerekli patojenite adalar olarak goril-
mektedir. SPI-14'de SPI-1 genlerinin regilasyonu ve
invazyon igin gerekli gorilmektedir. SPI-9'da fareler-
de yapilan calismalarda Salmonella kokenlerinde bi-
yofilm olusumui ile iliskili viriilans genleri icin dnemli
olarak tespit edilmistir (Velasquez ve ark. 2016). Tim
kokenlerde saptadigimiz SPI'lar, bu gérevleri dolayi-
siyla enfeksiyonlarda gorev almasi gereken viriilans
genlerini tagimalari agisindan énemli oldugu gordil-
mektedir ve literatlirle uyumludur.

Tim genom analizi verileri kullanilarak yapilan
sekans serotip analizleri son yillarda gelistirilmistir
ve birbirlerine filogenetik agidan %95 ve Ustliinde
benzer kokenlerde oldukga basarili oldugu antije-
nik serotipleme yerine genomik verilerle altin stan-
dart olarak kullanilabilecegi gosterilmistir (Banerji
ve ark. 2020; Ibrahim ve ark. 2018). Bizde calisma-
mizda kokenlerimizin WGS verilerini kullanilarak
seqserotipleri tespit ettik. inceledigimiz S. typhimu-
rium kokenlerinde 2 farkh seqgsero saptadik. Singh
ve ark. (2021) Florida'da tim Salmonella kdkenleri
Ustline yaptiklar analizde c¢alismamiz sonuclarina
benzer sekilde tek 4:i:1,2 seqserotipi saptadiklarini
bildirmislerdir. Yine bu calismada MLST analizlerinde
ST19'u en ylksek sayida saptadiklarini ve kdkenlerin
65'inin ST19 olarak oldugunu bildirmislerdir. Yang ve
ark. (2021) yilinda ¢alismalarinda evcil kdpeklerden
elde ettikleri 5 S. typhimurium kokeninin 1'inin ST19
oldugunu bildirmislerdir. Serotip ve MLST analizi so-
nuglarimizin literattirle uyumlu oldugu gorilmustar.

Sonug olarak ¢alismamiza dahil 15 S. typhimuri-
um kokenine ait genomik verilerin in silico analizi ile
bu kokenlerde sabit SPI'larin tasindigi tespit edilmis-
tir. Farkli kokenler olmalarina karsin birbirlerine %97
ve Ustlinde genomik benzerlik gosterdikleri tespit
edildi. MLST analizinde ST19'un baskin oldugu bu-
lundu. Yeni nesil dizileme tekniklerinin gelisimi, S.
typhimurium gibi dnemli etkenlere ait yeni molek{-
ler epidemiyolojik veriler elde edilmesini saglamak-
tadir. Bu verilerin karsilastirmali in silico analizleri
ile enfeksiyonlarda kullandiklari virtilans genlerinin
analizleri ve molekdler patogenez mekanizmalarinin
aydinlatiimasi saglanabilecektir.
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Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma etik ilke ve kurallar dogrultu-
sunda gerceklestirilmistir.
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Hidrojen peroksit dekontaminasyon etkinliginin belirlenmesine
yonelik mikrofluidik katalaz biyosensoérii: Mikrobiyal optimizasyon
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Ozet: Biyolojik suclar (biyoterérizm dahil) gibi biyolojik riskler, mikroorganizmalarin bulasmasina yol acarak
dekontaminasyon gerektirmektedir. Dekontaminasyon, mikroorganizmanin yayilmasini kontrol etmek icin kritik
bir noktadir. Dekontaminasyon igin bircok kimyasal kullanilmaktadir. Ancak ekonomik ve seckin antimikrobiyal
ozelliklerinden dolayi hidrojenperoksitin (H,0,) uygulamasida siktir. Dekontaminasyon sirecini izlemek icin uygun
bir sistem bulunamamistir. Bu calismada, H,O, uygulamalarinin etkinligini taramak icin katalaz pozitif oldugu
bilinen Staphylococcus aureus kullanarak bir bakteriyel mikrofluidic (mikroakiskan) biyosensor tasarladik. Bu
calismada oncelikle, kurutma prosesi ve prosesin validasyonu ile ilgili olarak calismanin mikrobiyal optimizasyon
kismi hazirlanmistir. Sonuclar, kurutmanin katalaz reaksiyonu Gzerinde higbir etkisi olmadigini ve satista bulunan
dekontaminantlarin bu yaklasimla degerlendirilebilecegini gdstermistir.

Anahtar kelimeler: Biyorisk, dekontaminasyon, hidrojenperoksit, staphylococci, validasyon.

Microfluidic catalase biosensor designed for efficacy of
hydrogenperoxide decontamination: Microbial optimization

Abstract: Microfluidic catalase biosensor designed for efficacy of hydrogenperoxide decontamination: Microbial
optimization Abstract Bio-risks, like bio-crimes (including bioterrorism), lead contamination with microorganism
that needs decontamination. Decontamination is a critical point for controlling spread of microorganism. Many
chemicals are used for decontamination where hydrogenperoxide (H,0,) is massively applied due to its antimicrobial
properties. However, no applicable system found to screen the process of decontamination. We designed a bacterial
microfluidic biosensor using Staphylococcus aureus, which is known to be catalase positive, to screen efficacy of
H,O, applications. In this study we are representing the microbial optimization part of the study with respect to
drying process and validation of the process. The results showed that drying had no effect on the catalase reaction
and retail decontaminants can be evaluated with this approach.

Keywords: Biorisk, decontamination, hidrojenperoksit, staphylococci, validation.

Mikrofluidik yapilar gaz kromatografisi ana-

Giris

Biyosensorler, kalitatif veya kantitif olarak sonug
vermek Uzere gelistirilmis, hizli tespit sistemleridir.
Sistemde analit ile spesifik biyoaktif bir bileseninin
etkilesimi sonucu ortaya cikan sinyalin, bir dlciim
sistemiyle degerlendirilmesi hedeflenir. Biyosensor-
ler, genel olarak U¢ ana bdlimden olustugu bildi-
rilmektedir. Bunlar; Analit/reseptdr, donusturlctler
ve sinyal isleyicilerdir (Young ve Mutharasan 2005;
Mehrotha 2016; Aldrami 2018).

Bir mikroorganizmanin bditin olarak bir yu-
zeye stabilize edilerek, mikroorganizmada mevcut
biyokimyasal reaksiyonlarin kullanildigi mikrobiyal
biyosensorler raf émri, ekonomiklik ve uygulama
kolayligindan dolayi bircok alanda kullaniimaktadir
(Yagi 2006). Mikrobiyal biyosensorler biyotoksinle-
rin tespitinde (Banerjee ve ark. 2013), oksidatif DNA
hasari tespitinde (Knight 2004; Mitchell ve Gu 2004;
Ahn ve ark. 2009; Chen ve ark. 2012) kullaniimustir.

lizlerinde kullaniimak tzere 70'li yillarda gelistiril-
mistir. Calisma prensibi, kimyasal analizde numune
veya reaktif miktarini kapillerler yardimi ile azaltmak
hedefine dayanmaktadir. Mikrofluidikler genel ola-
rak mikro seviyeli akiskanlarin tasinmasi, kontrolli
manipulasyonu ve analizi i¢in kullanihr. Mikro &lcek,
makro Olcekle karsilastirildiginda, disik ornek ve
reaktif hacmi ile maksimum bilgi elde etme, kar-
maslk protokollerin kullanilmasina olanak saglama
ve hlicre mikro ortaminin taklit edilmesini saglama
gibi cesitli avantajlari vardir. Mikroakiskan cihazlarin
kimya, fizik, biyoloji, hiicre analizi, ilag kesfi, patojen
tespiti, kanser taramasi, biyokimya, klinik bilimler,
adli bilimler ve biyomedikal arastirmalarda kullanimi
yayginlasmistir (Hennessy 2005; Kim ve ark. 2012;
Muguruma 2018; Shang ve ark. 2020; Basiri ve ark.
2021).

Dekontaminasyon, bir obje veya ylizeyin has-
talik yapan mikroorganizmalardan temizlenerek,
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temas etmeye uygun hale getirilmesi igin yapilan is-
lemler buttinlne verilen isimdir. Biyolojik kirlenme-
lerin yonetiminde uygulanan dekontaminasyon, bu-
lasmis nesnelerin sagliga zararli olamayacak sekilde
yeniden kullanilacak kadar temiz olacak sekilde ya
da halk sagligi agisindan risk kabul edilen biyosug-
lara ait bulasilarin tamamen imha edilmek Uzere
sterilize ve dezenfekte edilmesidir. Hidrojen peroksit
(H,0,) sterilizasyonda, dezenfeksiyonda ve antisep-
tik biyosid olarak kullanilmaktadir. Renksiz bir sividir.
Sporosidal aktivite plazma fazinda dnemli derecede
artmasina karsin, hidrojen peroksitin (% 10-30) yUk-
sek konsantrasyonlari ve daha uzun temas zamanla-
r gereklidir. Hidrojen peroksit serbest hidroksil ra-
dikallerini Urettigi icin glicli okside edici bir ajandir.
Serbest hidroksil radikallerinin DNA, lipit, protein
gibi hicre bilesenlerine baglandiklari ve oOzellikle
sulfidril gruplar ve cift baglari hedef aldiklar bilin-
mektedir. Genellikle, % 7,5'lik hidrojen peroksit ile
sterilizasyonda 20°C ve 6 saatlik temas suresi, ayni
kosullarda dezenfeksiyonda ise 30 dakikalik temas
suresi kabul edilmektedir (Rosendale 2002; DeQu-
eiroz ve Day 2008; Lineback ve ark. 2018; Wood ve
Adrion 2019; Zulauf ve ark. 2020).

Katalaz, hidrojen peroksitin su ve oksijene in-
dirgemesini katalize eden, tetramerik demir porfirin
iceren, ylksek molekdl agirlikli bir antioksidan en-
zimdir. Katalaz enzimi pH (4-10) ve sicaklik (20-50
°C) araliginda aktivite gosterebilmektedir. Aerobik
ve pek cok fakultatif anaerobik mikroorganizma
katalaz enzimine sahiptir. Stapylococcus spp., Mic-
rococcus spp., Proteus spp., Escherichia coli, Pseudo-
monas spp. ve Bacillus spp. katalaz pozitif mikroor-
ganizmlara 6rnek gosterilebilir (Kirkman ve Gaetani,
2007; Alfonso-Prieto ve ark. 2009; Rios-Castillo ve
ark. 2017).

Metot validasyonu terimi bir metodun kullanim
amacina uygunlugunun objektif kriterler ile teyit
edilmesi olarak tanimlanabilir. Metot validasyonu,
genellikle analiz surelerini kisaltmak amaci ile ge-
listirilen alternatif metotlarin referans metotlar ile
esdeger oldugunun teyit edilmesinde kullanilir. Bu
kapsamda uluslararasi standartlar tarafindan belir-
lenen analizler uygulanarak sonuclar elde edilir. Bu
yapilirken kullanilan altin standart metot ile kiyasla-
malar yapilarak elde edilen sonuclarda yanlis pozitif-
lik, yanhs negatiflik, spesifite ve sensitivite hesaplan-
mas! hedeflenir. Boylece gelistirilen yontemin altin
standart yontem ile uyumu ve kullanilabilirligi olctl-
mus olur. Bu amacla sonuclarin olusturulmasinda iki
metot Tablo 1 Uzerinde kiyaslanir (Anon 2016a-b;
Anon 2017; Anon 2019).

Tablo 1. Validasyon hesaplamalarinda kullanilan kiyaslama
tablosu.

Metot 1 Referans sonug¢  Toplam
Pozitif Negatif

~'§  Pozitif N11 N12 N1-

= On

Eos—

i3 § Negatif N21 N22 N2-
N=N1-+N2-

Toplam N-1 N-2 veya
N=N-1+N-2

N11=Her iki metot igin pozitif sonuclar

N12=Metot 1 ile ilgili negatif, Metot 2 ile ilgili pozitif sonuclar
N21= Metot 1 ile ilgili pozitif, Metot 2 ile ilgili negatif sonugclar
N22= Her iki metot icin negatif sonuclar

Buradan elde edilen verilerle asagida bildirilen
hesaplamalar yapilir:

a. Sensitivite: Pozitiflerin dogru tespit edildigini gos-
termek igin kullanilir. Tabloda N11/N1- seklinde
hesaplanir.

b. Spesifite: Negatiflerin dogru tespit edildigini gos-
termek igin kullanilir. Tabloda N22/N2- seklinde
hesaplanir.

c. Dogruluk: iki metot ile elde edilen sonuclarin
uyumlulugunu goéstermek igin kullanilir. Tabloda
(N11+N22)/N seklinde hesaplanir.

d. Yanlis Negatiflik Orani: Pozitif oldugu halde de-
gerlendirilen yontemle negatif olan sonuclarin
toplam beklenen pozitif sonuca oranidir. Tabloda
N12/N1- seklinde hesaplanir.

e. Yanlis Pozitiflik Orani: Negatif oldugu halde de-
gerlendirilen ydntemle pozitif olan sonugclarin
toplam beklenen negatif sonuca oranidir. Tablo-
da N22/N2- seklinde hesaplanir.

f. Kappa sayisi: iki metodun kiyaslanmasindan elde
edilen verilerin uygunlugu icin kullanilan belir-
teg olup ve tablodan k=[((N11+N22)/N)- ((N1-
xN-1)+  (N2-xN-2))/N?]/1-  ((N1-xN-1)+ (N2-
xN-2))/N2 seklinde hesaplanir.

Mikrobiyal Biyosensorlerin validayon ve verifi-
kasyonunda mikrobiyolojik yontem validasyon ve
verifikasyonu uygulanmaktadir (Dushek ve ark. 2014;
Goode ve ark. 2014; Anon 2016a-b; Anon 2017; Zutz
ve ark. 2017; Anon 2019; Fares ve ark. 2020).

Bu calismanin amaci, hidrojen peroksit iceren
dekontaminantlarin etkinliklerini 6l¢mek icin tasar-
lanan mikrofluidik katalaz biyosensori icin reaksi-
yonun optimizasyonu yapmaktir. Mikrobiyal katalaz
aktivitesinin biyosensoérlerde kullanimi igin gerekli
validasyon asamalarini gerceklestirip, mikrofluidik
yaplya adaptasyon dncesi reaksiyonun dogrulugunu
gostermek hedeflenmistir.
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Gereg ve Yontem

Calisma tic asamada hazirlanmistir. ilk asamada ka-
talaz reaksiyonu optimize edilmis, ikinci asamada da

Calismanin 1. agamasi

kurutma islemi yapilarak islem yeniden tekrar edil-
mis ve validasyon yapilmistir. Ugiinci asamada da
piyasa ornekleri yeni yaklagsim ile kontrol edilmistir.
Calismaya ait akis semasi Sekil 1.de gosterilmistir.

Calismanin 2. asamasi

Stok Kultur

Stok Kultiir

Stok kultirin
glcuntn
belirlenmesi

iki Petriye

Seri dilisyonlar paralel ekim

Diltisyonlarda
mevcut
bakteri

seviyesinin
belirlenmesi

Her bir dillisyon
tlpinden ayri
ayri seri diltisyon
yapilarak ekim
yapilmasi

iki Petriye
paralel ekim

Reaksiyon olan en
dustik kontaminasyon

Katalaz
reaksiyonun

Santrifij
(4000 rpm 3

Yikama islemi
(x3)

Stok kulturtin
gucinln
belirlenmesi

iki Petriye

Seri diltisyonlar
Y paralel ekim

Dilisyonlarda
mevcut
bakteri

seviyesinin
belirlenmesi

Her bir dilisyon
tliplinden ayri
ayri seri diltisyon
yapilarak ekim
yapilmasi

iki Petriye
paralel ekim

Orneklerin

seviyesinin
belirlenmesi

gucunin
Olctilmesi

Sekil 1. Calismaya ait islem semasi.

Bakteri kiiltiirii hazirlama

Stok kiiltir halinde -20°C'de depolanan Staphylo-
coccus aureus ATCC 29213 kultlrd 9 mL Brain Heart
Infusion broth (BHI, Oxoid, England) icerisinde pa-
sajlanmistir. Zenginlestirme 37°C etlivde 24 saatlik
Ureme icin bekletilmis takiben Baird Parker Agar (BP,
Oxoid, England) pasajlanmis ve 37°C'de 24 saat in-
kibasyona birakilmistir. Tipik koloni morfolojisi olu-
sana kadar islem 3 kere tekrar edilmistir. Tipik S.au-
reus kolonisinden 1 adet alinarak BHI icerisine pasaj-
lanmis ve 37 °C'de 24 saat inkiibasyona birakilmistir.
inkiibasyon sonucunda Maximum Recovery Diluent
(MRD, Merck, Almanya) ile seri dillisyonlar hazirla-
narak Plate Count Agar (PCA, Oxoid, England) yu-
zeyine yayma plak yontemi ile ekilmis ve 37°C'de 24
saat inkiibasyona birakilmistir. inkiibasyon sonunda
sayimi yapilmistir. Sayim sonuclari ¢ikana kadar seri
dilisyonlar +4°C'de saklanmistir. Seri dilisyonlar-
dan her bir tip ayn bir 6rnek olarak kabul edilerek
buradan da seri dilisyonlar yapilarak sayimlar yapil-
mistir. Y-bagiml degikeni ile X-bagimsiz degikenleri
arasindaki dogrusal korelasyon verilere ne diizeyde
uyumlu oldugu yaninda, regresyon denkleminin
egimiyle de ilgi kurularak (R?) hesaplanmis ve &l-
¢limlerde sapma belirlenmistir.

kurutulmasi

Katalaz reaksiyonu optimizasyonu

Ekim sonuclarina goére, buzdolabinda bir gece bek-
leyen seri dilusyonlarda her tipte bulunan bakteri
seviyesi yeniden PCA ile sayllmak (izere ekimler ya-
pilarak 37°C'de 24 saat inklibasyona birakilmistir. Bu
dilisyonlardan vortex ile homojenizasyonu takiben
100 pL temiz bir lam ylizeyine alinmig ve lzerine %
7,5'luk H,0, soltisyonundan 100 pL ile kanstinimis-
tir. K&plirme pozitif sonug olarak kabul edilmistir. Bu
asama Ug tekrarli calisiimistir. Toplam her bir dilts-
yondan 30 &rnekte analiz yapilmistir.

Kurutmanin katalaz reaksiyonu lizerine etkisinin
belirlenmesi

Stok kiltir yeniden BHI'ya pasajlanmis ve inklbas-
yonu takiben 4000 rpm'de 3 dakika santrifj edile-
rek stpernatant atilmistir. Takiben dipte kalan kisim
yeniden 1000 pyL MRD ile sulandiriimis ve santriflj
edilmistir. Yikama islemi toplam 3 kere tekrar edil-
mistir. Takiben son kez sulandirilan kaltdr, vorteks ile
homojenize edilerek seri dilisyonlar hazirlanmistir.
Bu dillisyonlardan seri ekimler yapilmis ayni zaman-
da lam yizeyinde 10 ayri yere damlatilmistir. Damla-
lar laminar kabin icerisinde oda sicakliginda kurutul-
mus (yaklasik 30 dakikada kurumustur) ve kurumayi
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takiben hemen % 7,5'luk H,O, eklenerek olclimler
alinmistir. Kurutmanin etkisinin olup olmadigi bu
sekilde belirlenmistir. Tim orneklerde kdplrmenin
oldugu son diliiyon katalaz reaksiyonunun en di-
stk sinin kabul edilmistir. Ayni ¢alisma Streptococ-
cus mutans (ATCC 25175) ile negatif kontrol olarak
tekrar edilmistir. TUm analiz asamalari 3 kere tekrar
edilmistir.

Validasyon

Etkinligi belirlemeyi takiben S. aureus stogundan en
disuk katalaz reaksiyonu belirlenen seviyede, orta
seviyede ve ylksek seviyede yeniden sulandirma
yapilarak lam ytzeyinde 10 ayr yere damlatilmistir.
Damlalar laminar kabin icerisinde oda sicakliginda
kurutulmus ve % 7,5'luk H,0, eklenerek 10 kere &l-
¢im alinmistir. Calismada negatif kontrol olarak S.
mutans kullanilarak en yiksek seviyede 10 kere ayni
Olcimler tekrar edilmistir. Elde edilen sonuclarda
yanlis pozitiflik, yanlis negatiflik, spesifite ve sensi-
tivite hesaplanmistir.

Farkli dekontaminantlar ile analiz yénteminin
tekrarlanmasi

icerisinde 2,87 log,,kob/mL seviyede S.aureus bulu-
nan ve laminar kabinde kurutulmus lamlar énceden
hazirlanmistir. Bu lamlar Gzerine piyasada satilan bes
farkli Grtn konularak reaksiyon hedeflenmistir. Bu
kapsamda piyasadan elde edilen urlnlerin etkinligi
kalitatif olarak &lctlmek istenmistir. Piyasadan elde
edilen ve analize alinan drlnlerin igerikleri Tablo
2.de bildirilmistir.

Tablo 2. Calismada kullanilan farkli dezenfektanlarin bilesim-

leri.
H202 Alkol  GUmis - Perasetik

nanopartikiil asit
Dezenfektan A %75 % 35 - % 3
Dezenfektan B % 7,5 A S

ppm

DezenfektanC %75 % 15 - -
DezenfektanD % 14 - = -
Dezenfektan E % 25 - - -

Bulgular

GCalismada kullanilan S.aureus susunun baslangig
kontaminasyon seviyesinin ortalama 8,90 log, kob/
mL oldugu (R®=0,9988) belirlenmistir. Her bir
dilisyonun gliciiniin belirlenmesine bagli olarak
elde edilen S.aureus dilisyonlarinda toplam canli
bakteri sayimlar Sekil 2/de gosterilmistir.

S.aureus seri diltisyonlarinda canli bakteri sayim

sonuglari
10
9 e
8 o
7 -
6 gt =
5 .
4 e
3 Sty
...
2 ey
d R?=0,0988"®
0
0 2 4 6 8 10

Sekil 2. S.aureus dilisyonlarinda toplam canli
bakteri sayimlari.

Bu dilisyonlardan yapilan katalaz reaksiyonu
sonucunda tamaminin pozitif oldugu en dusuk
bakteri seviyesi belirlenmistir. Buna gore 30 analizin
tamaminin pozitif oldugu son seviye 2,55 log, kob/
mL olarak belirlenmistir. Bu asamaya ait veriler Sekil
3/de 6zetlenmistir.

S.aureus seviyesine bagl olarak katalaz reaksiyonu veren

diltsyonlar
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
89 7,81 6,74 578 4,77 3,84 2,55 1,82 081 0 (Negatif

o Kontrol)
Kontaminasyon seviyesi

m%7,5H202 Poxitif sonugsayisi W %7,5H202 Negatif sonug sayisi

Sekil 3. Katalaz reaksiyonu veren minimum
dilisyonlarin belirlenmesine ait grafik (log,, kob/
mL).

Stok kiltirden yeniden pasaj yapilarak elde
edilen yeni stokta ilk asamada uygulanan konta-
minasyon seviyesi belirleme islemi tekrar edilmis-
tir. Buna gore kurutma asamasinda kullanilacak
S.aureus susunun sayisi 8,36 log, kob/mL olarak
(R?=0,9946) belirlenmistir ve buna ait veriler Sekil
4!de o6zetlenmistir. Calismada, negatif kontrol olarak
S.mutans susu en ylksek seviyeden (8 log, kob/mL)
hazirlanmis ve bir 6nceki asamaya benzer sekilde 10
damla lama konularak analiz yapilmistir.

ilk asamada yapilan analize benzer sekilde
30 damla 6rnegi kurutulmus ve bunlarda katalaz
reaksiyonu gozlemlenmistir. Buna gore 30 analizin
tamaminin pozitif oldugu son seviye 2,87 log, kob/
mL olarak belirlenmistir. Bu verilere ait gorsel Sekil
5.de sunulmustur.

Validasyon asamasinda Ug farkli seviyede (Du-
sik=2,87 log, kob/mL, Orta=3,841 log, kob/mL,
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Yiksek=4,531 log, kob/mL) S.aureus 10'ar damla
seklinde hazirlanmis ve kurutulmustur. Ek olarak ne-
gatif kontrol olarak S.mutans en ylksek seviyeden (8
log,,kob/mL) hazirlanmig ve 10 damla lama konula-
rak kurutulmustur. Bu asamaya ait veriler Tablo 3./de
sunulmustur.

Kurutma 6ncesi S.aureus seri diltisyonlarinda
canli bakteri sayim sonuglari

-
o

R2=0,9946"¢

O R N WA U ON ® O

0 2 4 6 8 10

Sekil 4. Kurutma asamasinda kullanilacak S.aureus
susunun glcinin belirlenmesi.

S.aureus seviyesine bagli olarak katalaz

reaksiyonuveren dilsyonlar

100%

90%

80%

70%

60%

50%
40%

30%

20%

10%

0%

8,361 7,65 6,49

5,88 4531 3841 2,87 1,44 0477 Negatif

o kontrol
Kontaminasyon seviyesi

W%7,5H202 Pozitif sonug sayisi M %7,5H202 Negatif sonug sayisi

Sekil 5. Katalaz reaksiyonu veren minimum
diltisyonlarin kurutulmus érneklerden belirlenmesine
ait grafik.

Tablo 3. Validasyon sonuclarina ait tablo.

Bilinen sonu¢ Toplam
Pozitif Negatif

Deney sistemi sonucu Pozitif 29 1 30
Negatif 0 10 10
Toplam 29 11 40

Analiz yonteminin yanls pozitiflik (% 0), yanlis
negatiflik (% 0,33), sensitivite (% 96), spesifite (%
100), dogruluk (% 97,5) olarak bulunmustur. Elde
edilen sonuglara goére kurutmanin etkisinin dusuk
oldugu gozlemlenmistir.

Piyasa orneklerinde yapilan analizlerde sadece
1 6rnekte negatif sonug alinmistir. Bu 6rnek igerisin-
de gumus nanopartikll icermektedir. Piyasa 6rnek-
lerine ait veriler Sekil 6.da gosterilmistir.

Ticari 6rnekler ile elde edilen katalaz reaksiyon
sonuglari

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

A B & D E

B Pozitif Reaksiyon

R

R

X

X

® Negatif Reaksiyon

Sekil 6. Ticari drneklere ait katalaz reaksiyon sonuc-
lari.

Tartisma ve Sonug

Katalaz enzimin farkli alanlarda kullanildigi bildiril-
mistir. Bu kapsamda, siite prezervatif olarak eklenen
H,O, giderilmesinde kullanilabilmektedir (Tarhan
1995). Tam aksine kan katalazinin seviyesini belir-
lemede de kullanilan farkli yéntemler mevcuttur
(Peimian ve ark. 1996; Mahmoud ve Hadwan 2016).
H,O, dekontaminasyon amaciyla yaygin kullanilan
bir kimyasaldir. Ozellikle tibbi sterilizasyon icin buhar
formunda veya plazma halinde kullanimi yaygindir
(Volker ve Moirandat 2000). COVID-19 salgininda
erisimi sikintili olan N95 maskelerde de, kullanim
stresini arttirmak icin, H,0O, dekontaminasyonu uy-
gulanmistir (Oral ve ark. 2020). Dekontaminasyonda
yaygin olarak kullaniimasina ragmen, etkinlik 6l¢u-
munde, tanimli standart bir yaklasim olusturulama-
mistir. Yaklasimlar daha cok laboratuvarda miktar
tespitine yoneliktir (Keisho ve ark. 2018).

Mikrofluidik biyosensorler daha kiiglik hacim-
lerde analizi yapmalarina bagli olarak hem tasar-
ruflu, hem ekonomik hem de tasinabilir secenekler
olarak kabul edilmektedir. Bizim calismamizda da
mikrofluidik biyosensor tasarimi icin ilk asama olan
mikrobiyal optimizasyon yapilmistir. Bu amagla mik-
roorganizmanin tamami kullanilmistir. Mikroorga-
nizmanin tamaminin kullanildigi mikrobiyal biyo-
sensorlerde enzimlerin aktivitesi kaybolmamaktadir.
Enzim temelli biyosensorler genellikle bir islem son-
rasinda ortamda kalan atik Grtnlerin kantitatif veya
kalitatif 6lcimini hedefleyen sistemlerdir. Katalaz
enzimi islevi geregi hidrojen peroksiti katalizleyen
ve ortamda su ve oksijen agiga cikaran bir enzim-
dir. Tarim UrUnleri basta olmak Uzere zararli mikro-
organizmalari veya bunlarin kalintilarini tayin etmek
icin biyosensor uygulamalarinda sik¢a katalaz en-
zimi kullanilmaktadir. Benzer bir calismada katalaz
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enzimi olusturulan bir biyosensor ile pestisit tayini
yapilmistir (Paltizar ve Ozcan 2017). Bakterinin tiim
olarak yerlestirildigi mikrobiyal sensorler raf omri
agisindan belirgin bir uzama sagladigi gibi, stabili-
zasyon ve kullanim acisindan da kolaylik saglamak-
tadir. Chen ve ark. (2011) Escherichia coli ile oksida-
tif DNA hasarini dlcen bir biyosensoér yapmislardir.
Calismalarinda tim bakteriyi kullanmanin enzim
kullanimindan daha iyi sonug verdigini bildirmisler-
dir. Benzer bir calismalarda bakterilerin kullanildi-
g1 biyosensdrlerin sensitivite ve spesifite acisindan
seckin olduklarini vurgulamislardir (Mitchell ve Gu
2004; Ahn ve ark. 2009; Chen ve ark. 2012). Bizim
calismada kullanilan S.aureus ile elde edilen sensi-
tivite ve spesifite sonuglarimiz bildirilen calismalarla
uyum gostermektedir. Mikrobiyal biyosensorlerle
yapilan calismalarda sonuglarin sensitivite ve spesifi-
tenin yiksek oldugu bircok ¢alisma ile gosterilmistir
(Hennessy 2005; Kim ve ark. 2012; Muguruma 2018;
Shang ve ark. 2020; Basiri ve ark. 2021). Bizim calis-
mamizda da elde edilen veriler yanlis pozitiflik (% 0),
yanlis negatiflik (% 0,33), sensitivite (% 96), spesifi-
te (% 100), dogruluk (% 97,5) olarak elde edilmistir.
Calismamizdan elde edilen veriler literatlr ile uyum
gOstermektedir.

Galismamizin son asamasinda piyasada bulu-
nan bes farkl Griin konularak reaksiyon izlenmistir.
Mikroorganizmanin piyasada bulunan H,0, iceren
dezenfektanlardan sadece birinde yapilan bir tek-
rarda negatif sonuc verdigi gdzlemlenmistir. Bunun-
da muhtemel sebebinin bakteri konsantrasyonunda
homojenizasyonda bozulma veya stabilizasyon so-
runu olabilecegi duslinulmustir. Ayni zamanda gu-
mus nanopartikil hizli bicimde antimikrobiyal etki
goOstermektedir. Buna bagli olarak da negatif sonug
gozlemlenebilecegi dislntlmustir. Goyal ve ark.
(2014) yaptiklar bir calismada virlsler tzerine H,0,
iceren dezenfektan buharinin etkili oldugunu bildir-
mis, ancak bakterilerde uygulanirken katalaz enzi-
minin etkinligi diistirebilecegini bildirmistir. Ozellikle
hastanelerde yapilan dezenfeksiyonda H,O, iceren
dezenfektanlarin kullaniminin yaygin oldugu ve 4
logaritma azalma tetikledikleri bildirilmistir. Ben-
zer sekilde bazi durumlarda katalaz pozitif mikro-
organizmalarin etkinligi disirebildigi bildirilmistir
(Weber ve ark. 2016). Benzer bir baska calismada,
Humayun ve ark. (2019), H,O, iceren dezenfektan-
larin fumigasyonunu takiben % 2 oraninda hastane
odalarinda canli bakteri bulunabildigini bildirmistir.
Benzer sonuglar Falagas ve ark. (2011) ve Ali ve ark.
(2016) tarafindan da bildirilmistir. Yaptiklari calisma-
da H,O, iceren dezenfektan uygulamasini takiben

katalaz aktivitesine bagl S.aureus suslarinin canli
kaldigini bildirmiglerdir.

Biyolojik kirlenmeler bircok ortamda meydana
gelebildigi gibi biyosuclar kapsaminda da meydana
gelebilir. Bilinen dekontaminantlarin uygulanmasin-
da kontrol mekanizmasi mevcut degildir. Kontrol
tim surecin bitiminde luminensans veya floresans
tabanli takip ile yapilmaktadir. Tarafimizdan mikrobi-
yal optimizasyonu yapilan sistem dekontaminasyon
sirasinda ilgili yuzeylere yerlestirilebilecek bdylece
dekontaminantin ilgili ylizeylere penetrasyonu ve
etkinligi olcilebilecektir. Bu amagla S.aureus butin
olarak yuzeye kurutularak sabitlenmesinin katalaz
reaksiyonu Uzerine etkisi olmadigi gozlemlenmistir.
Ayni zamanda elde edilen veriler 1siginda sistemin
glven aralidi yiksek ve hassas bir yapisi oldugu da
gozlemlenmistir. Bundan sonrasinda mikrofluidik
yaplya yerlestirilecek mikroorganizmanin uygula-
malarda etkinliklerine bakilmasi hedeflenmektedir.

Tesekkiir: Bu makale igerisinde yer alan veriler,
Pamukkale Universitesi Bilimsel Arastirma Projele-
ri Yuksek Lisans Projesi destegi alinarak yuritilen
2020FEBE037 kodlu “Hidrojen peroksit dekontami-
nasyon etkinliginin belirlenmesine ydnelik mikroflu-
idik katalaz biyosensori” projesi kapsaminda Uretil-
mistir.

Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma etik ilke ve kurallar dogrultu-
sunda gerceklestirilmistir.
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Ozet: Picobirnaviruslar (PBV) ilk olarak 1988'de insan ve sicanlarin diski 6rneklerinde tespit edilmelerinden bu
yana ishalli ya da asemptomatik diger kara ve deniz memelilerinde, kuslarda, omurgasizlarda ve ayrica gevresel su
orneklerinde rapor edilmistir. Buna karsin, kdpeklerde, PBV tespiti ve molekiiler epidemiyolojisi hakkinda sadece
birkag ¢alisma vardir. Bu calismada, klinik olarak ishal semptomu olan ve saglikli gériinen 0-6 ay yas arasindaki yavru
kdpeklere ait toplam 75 adet diski 6rneginde PBV'lerin tespiti ve molekiler karakterizasyonu hedeflenmistir. Bu
amagla orneklere, genogrup | (GGI) PBV'nin RdRp genini hedefleyen primerler kullanilarak RT-PCR uygulanmis ve
test edilen 6rneklerin dort tanesi (%5.33) GGI PBV yoniinden pozitif bulunmustur. Bu 6rneklerden biri (CB1) ishalli
bir kopekten, diger ¢ 6rnek (KB19, KB29, KB30) ise klinik olarak saghkli gérinimli kdpeklerden elde edilmistir.
Bu calisma ile lkemizde ilk defa ishalli ve klinik olarak saglikli gérinimlu kdpeklerde PBV varligi ve molekdiler
karakterizasyonu ortaya konulmustur.

Anahtar kelimeler: Genogrup |, kdpek, molekdler karakterizasyon, Picobirnavirus.

Detection and molecular characterization of Genogroup | Picobirnaviruses in dogs

Abstract: Picobirnaviruses (PBVs) have been reported in other terrestrial and marine mammals with or without
diarrhea, birds, invertebrates, as well as environmental aquatic samples with diarrhea or asymptomatic since they
were first detected in stool samples from humans and rats in 1988. However, in dogs, there are only a few reports of
PBV detection and its molecular epidemiology. In this study, it was aimed to detect and molecular characterization
of PBVs in a total of 75 stool samples obtained from puppies aged 0-6 months with diarrhea and clinically healthy.
For this purpose, the RT-PCR was performed by using primers targeting the RdRp gene of genogroup | (GGI) PBV,
and four of the tested samples (5.33%) were found positive for GGI PBV. One of these samples (CB1) was obtained
from a dog with diarrhea, and the other three samples (KB19, KB29, KB30) were obtained from clinically healthy
dogs. In this study, the presence and molecular characterization of PBV in dogs with diarrhea and clinically healthy
appearance were revealed for the first time in our country.

Keywords: Genogroup |, dog, molecular characterization, Picobirnavirus.

Giris

Picobirnaviruslar (PBV), Picobirnaviridae ailesin-
de yer alan, 35 nm capinda, 60 simetrik dimerden
olusan basit bir ikosahedral kapside sahip, kiigik,
zarfsiz viruslardir (Delmas ve ark. 2019; Ghosh and
Malik, 2021). Genomlari, iki segmentli ¢ift sarmal-
Il RNAdan (dsRNA) olusmaktadir. Blylk genom
segmenti (segment 1) 2.3 ila 2.6 kb boyutundadir
ve kapsid proteini ile birlikte fonksiyonu heniz bi-
linmeyen bir polipeptidi kodlamaktadir (Delmas ve
ark. 2019). Kiicik genom segmenti (segment 2) (1.5-
1.9 kb) viral RNA'ya bagimli RNA polimerazi (RdRp)
kodlar. RdRp gen bolgesinin dizilerine dayanarak,
PBV'ler genogrup | (GGI) (prototip susu, 1-CHN-97),
genogrup Il (GGII) (prototip susu, 4-GA-91) ve ge-
nogrup Il (GGIIl) olmak Uzere U¢ genogruba ayrilir
(ICTV, 2020).

PBV'ler ilk olarak 1988'de insan ve sicanlarin
diski 6rneklerinde tespit edilmelerinden bu yana
(Pereira ve ark. 1988, 1989), diger kara ve deniz me-
melilerinde, kuslarda, omurgasizlarda ve cevresel
su drneklerinde rapor edilmistir (Symonds ve ark.
2009; Ganesh ve ark. 2014; Kashnikov ve ark. 2020).
PBV'ler cogunlukla ishalli insan ve hayvanlarda tes-
pit edilmis olsa da, klinik olarak saglikli insan ve
hayvanlardaki varligi da rapor edilmistir (Fregolente
ve ark. 2009; Malik ve ark. 2014; Kleymann ve ark.
2020). Bu nedenle, PBV'ler genel olarak firsatgi en-
teropatojen olarak tanimlanmaktadir. Ayni zamanda
memelilerin solunum yollarinda PBV'lerin tespiti ile
ilgili cesitli calismalar bulunmaktadir (Woo ve ark.
2019; Huaman ve ark. 2021).

Bugline kadar, PBV'lerin gercek konaklari ve
cografi dagihmlari tam olarak aydinlatilamamistir
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(Joycelyn ve ark, 2020; Ghosh ve Malik, 2021). PBV'ler
cesitli turlerde tespit edilmesine karsin, kdpeklerde
PBV tespiti ve molekiler epidemiyolojisi hakkinda
sadece birkac calisma bulunmaktadir (Costa ve ark.
2004; Fregolente ve ark. 2009; Navarro ve ark. 2017).
Bu calismada, klinik olarak ishal semptomlari olan ve
saglikli gériinen 0-6 ay yas arasindaki yavru kdpek-
lerden PBV'lerin tespiti ve molekdler karakterizasyo-
nu amaglanmistir.

Gereg ve Yontem

Bu calismada, daha once laboratuvara gonderilen,
klinik olarak ishal semptomlari olan (n=45) ve sag-
hikh goriinen (n=30) 0-6 ay yas arasindaki yavru ko-
peklere ait toplam 75 adet diski 6rnedi kullanild.
Ornekler, ishalli képeklerden klinik semptomlarin
baslamasindan sonraki yedi gln icinde alind.

Viral RNA ekstraksiyonu TRIzol® LS Reagent
(Thermo Fisher Scientific, 10296-028) kullanila-
rak gergeklestirildi. Viral RNA'nin denatilrasyonu-
nu (95°C'de 5 dk sonrasinda 4°C'de 1 dk) takiben,
RevertAid First Strand cDNA Synthesis Kit (Thermo
Fisher Scientificc USA) kullanilarak cDNA sentezi
gerceklestirildi. Kopek diski 6rneklerinde GGI PBV'yi
tespit etmek amaciyla PCR testi uyguladi. Bu amacg-
la RdRp geninin 201 bp'lik bir parcasini hedefleyen
PicoB25 ve PicoB43 primerleri (Rosen ve ark. 2000)
kullanildi. PCR protokoli, 95°C'de 2 dk baslangig
denatiirasyonunu takiben toplam 40 siklus olmak
Uzere, denatlirasyon asamasi 95 °C'de 1 dk, anne-
aling asamasi 50°C'de 1 dk, uzama asamasi 72°C'de
1 dk ve son uzama asamasi 72°C'de 7 dk olan isi
dongisinden olustu. PCR sonucunda elde edilen
amplifikasyon Urlnleri SafeView™ Classic (ABM, Ca-
nada) ile hazirlanan %1'lik agaroz jel elektroforezi
sonrasinda UV 1s1g1 altinda gozlemlendi. Elde edi-
len PCR urinleri, amplifikasyon icin kullanilanlar ile
ayni primerler kullanilarak ¢ift yonde sekanslandi.
Farkli PBV RdRp genini temsil eden referans dizi-
ler, BLAST motoru araciligiyla GenBank veri taba-
nindan alindi. Elde edilen dizinler Aliview (Larsson,
2014) ve MUSCLE (Multiple Sequence Comparison
by Log- Expectation) yazihmi (Edgar, 2004) kullani-
larak GenBankasindan elde edilen referans viruslar
ve referans olmayan diger Ulkelerden bildirilen yerel
viruslarin genom dizileri ile hizaland.

Diger Ulkelerde tespit edilen viruslar ile bu calis-
mada elde edilen viruslar arasindaki genetik yakin-
lik dizeyinin ortaya konulmasi amaciyla niikleik asit
dizinleri Gzerinden gerceklestirilen filogenetik analiz
icin MEGAX (Kumar ve ark. 2018) programi kullanil-
di. Filogenetik agag, Maximum-likelihood metoduna
gore Tamura3+G modeli kullanilarak insa edildi ve
bootstrap analizi (1000 replicates) yapildi. Nukleotid
(nt) ve amino asit (aa) benzerlikleri, SIAS cevrimici
araci (http://imed.med.ucm.es/Tools/sias.html) kul-
lanilarak hesaplandi.

Bulgular

Test edilen toplam 75 diski 6rneginin doért tanesi
(%5.33) PBV yoniinden pozitif bulundu. Bu 6rnek-
lerden biri (CB1) ishalli bir kdpege, diger ¢ 6rnek
(KB19, KB29, KB30) ise klinik olarak saglikli goru-
nimli kdpeklere aitti. ishalli ve saglikli gérinimli
kdpeklerde GGI PBV pozitiflik orani sirasiyla %2.2 ve
%10 bulundu.

Filogenetik agactaki yerlesimleri (Sekil 1) ince-
lendiginde CB1'in kopek PBV suslari (PBV/dog/BR-
01/BRA/2004, PBV/dog/BR-02/BRA/2004 ve PBV/
Dog/KNA/RVC7/2015) ve kurt PBV susu (PBV/wolf/
PRT/1109/2015) ile ayni dalda yer aldigi gozlendi.
Buna karsin KB19, KB29 ve KB30 viruslarinin ise bir-
likte tek bir dalda yer aldigi ve domuz PBV suslari-
nin yani sira cogunlukla kanalizasyon sularinda tes-
pit edilen PBV suslariyla birlikte kiimelendigi tespit
edildi.

RdRp gen bdlgesinin kismi dizininin molekdiler
analizi, dort kdpekten saptanan viruslarin birbiriyle
%66.66-100 nt ve %71.21-100 aa benzerligi goster-
digini ortaya koydu. Bu analiz iki kopekten (K29 ve
K30) saptanan viruslarin nt dizinlerinin birbirleriyle
ayni oldugunu, bir digerinin (K19) ise bu ikisinden
yalnizca bir nt farkli bir dizine sahip oldugunu gos-
terdi. Dolayisiyla nt ve aa benzerlikleri, bu U¢ virus ile
CB1 arasinda en disuk diizeydeydi (sirasiyla %66.66
ve %71.21). Bu calismada saptanan viruslarin GGl'in
referans susu 1-CHN-97 ile olan nt ve aa benzerlik
oranlari sirasiyla %66.1-67.6 ve %60.6-65.1; GGl'de
yer alan diger suslar ile olan nt ve aa benzerlik oran-
lari ise sirasiyla %55.2-81 ve %45.5-84.8 olarak tespit
edildi.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 32, Sayt 2, 2021, 164-168



166

Hacioglu IK. Saglikli ve ishalli képeklerde Genogrup I Picobirnaviruslarin tespiti ve molekiiler karakterizasyonu

&7

| %

62

PBV/Porcine/ITA/221/04-16/2004 KF861773
22| L UnculturedPBV/rawsewage/USAMarylandRawSewage8/2007 EU938850
PBV/ovine/IND/ABT 356/PBVGG1/2016 MFT87759
PBVichicken/BRA/AVET 1clone3R/2010 KCBB5817
PBV/porcine/CHN/VIRES-HeB01-C1/2017 MK378839
PBV/RatKNA/RatS/2017 MH412924
PBV/chicken/BRAJAVE 54/2009 KC865803
PBV/wolfiPRT/1109/2015 KT934308
PBV/BRA/dog/BR-02/2004 FJ164032
PBVidog/BRA/BR-01/2004 EU814970
@® PBV/dog/TUR/CB1/2018 OK094712
PBVDog/KNA/RVCT/2015 KY399057
PBV/Mongoose/KNAM17B/2017 MN563301
PBV/Cat/KNA/K40/2014 MFO71281
PBV/human/BRA/RVH275/2013 MK038752
PBV/Pantholops/CHNIZLY2-ct202/2014 MT847012
PBV/Macaque/USAWUSTL2011 MG010915
PBV/human/CHN/1-CHN-97 AF246939
PBV/bovine/HKG/C374R-1/2012 KY120180
PBV/horse/BRA/BRA-01/2006 GU230476
PBV/chicken/BRAJAVE 77/2010 KC865819
UnculturedPBV/CHN/Hunanwastewater109/2012 KJ135899
UnculturedPBV/CHN/Hunanwastewater79/2012 KJ135869
UnculturedPBV/CHN/Hunanwastewater115/2012 KJ135905
_[ PBV/Otarine/HKG/PF090307/2009 KU729767
Uncultured PBVICHN/Hunanwastewater108/2012 KJ135898
PBV/Dromedary/UAE/78C/Gpli2013 LC338004
UnculturedPBV/CHN/Hunanwastewater10/2012 KJ135800
UnculturedPBV/rawsewage/USAWashingtonRawSewage10/2007 EU938908
UnculturedPBV/irawsewage/USA/FloridaKeysRawSewage28/2007 EU938799
UnculturedPBVirawsewage/USA/FlondaKeysRawSewage35/2007 EUS38806

2| PRV/Simian'HKG/11T/2009 KY120191

bs | PBV/Simian/HKG/1R/2009 KY120182

= @ PBV/dog/TUR/KB29/2018 OK094710

*I @ PBVidog/TUR/KB30/2018 OK094711
@ PBV/dog/TUR/KB19/2018 OK094709

22| — PBV/Porcine/CHN/CHHN-B14R/2012 KC846793

PBV/Otarine/HKG/PF090303/2009 KU729765

2 PBV/ipig/BRA/IBRA-01 clonel/1998 GU230519

50 | |' PBV/pig/BRA/BRA-01 cloneS/1998 GU230525
UnculturedPBV/rawsewage/USA/LouisianaRawSewage7/2007 EU938816
UnculturedPBV/rawsewage/USA/LouisianaRawSewage10/2007 EU938819

98 | UnculturedPBV/rawsewage/USA/FloridakeysRawSewage27R/2007 EU938798
UnculturedPBV/rawsewage/USA/LouisianaRawSewage15/2007 EU938824

—— PBV/bovine/IND/RUBV-P/2005 GQ221268

PBV/equine/USA/Equ3/2012 KR902507

PBV/goat/CHN/C1/2016 MH835428
as | | PBV/porcine/CHN/CYZ-II-1/2012 KP984805
72| PBV/human/USA/4-GA-91 AF246940

Beihaipicobirna-like virus7/CHN/BHNXC57916/2014 KX884062 ] GGl

b

GGl

GGlI

Sekil 1. RdRp gen bdlgesinin kismi uzunluktaki niikleotid dizilerine (201 bp) dayanilarak yapilan filogenetik
agac. Filogenetik agac, Maximum-likelihood metoduna gore Tamura3+G modeli kullanilarak insa edildi ve
bootstrap analizi (1000 replicates) yapildi. Bu calismada tespit edilen PBV'ler siyah noktalarla belirtildi.
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Tartisma ve Sonug

PBV bircok evcil ve yaban hayvan tirlerinden ali-
nan diski drneklerinde tespit edilmistir (Fregolente
ve ark. 2009; Chen ve ark. 2014; Malik ve ark. 2018;
Joycelyn ve ark. 2020; Teng ve ark. 2021). Bununla
birlikte, bugline kadar, PBV'nin kdpeklerdeki tes-
pitlerine iliskin sinirli sayida calisma (Costa ve ark.
2004; Fregolente ve ark. 2009; Navarro ve ark. 2017)
bildirilmis olup bunlardan yalnizca ikisi (Fregolente
ve ark. 2009; Navarro ve ark. 2017) molekdler karak-
terizasyonlarina iliskindir. Bu calismada Ulkemizde
ilk defa ishalli ve klinik olarak saghkl yavru kdpek-
lerde PBV'nin tespiti ve molekiler karakterizasyonu
gerceklestirilmistir.

PBV'ler siklikla ishalli insan ve hayvanlarda tek
baslarina ya da diger patojenlerle birlikte saptanma-
larina ragmen (Ganesh ve ark. 2014), asemptomatik
vakalarda da siklikla tespit edilmektedir (Fregolente
ve ark. 2009; Malik ve ark. 2014; Kleymann ve ark.
2020). Bu nedenle PBV'nin gastroenteritis enfeksi-
yonlarindaki rolleri tam olarak aciklanamamakta ve
genel olarak firsatcl enteropatojen olarak tanimlan-
maktadir (Kashnikov ve ark. 2020; Ghosh ve Malik,
2021). Kopeklere iliskin daha 6nce yapilan calis-
malarda bu ajanlarin varliginin hem ishalli hem de
asemptomatik drneklerde tespit edildigi bildirilmis-
tir (Costa ve ark. 2004; Fregolente ve ark. 2009; Na-
varro ve ark. 2017). Brezilya'da yapilan iki calismanin
birinde ishalli kopeklerde %1.8 oraninda PBV sapta-
nirken (Costa ve ark. 2004), diger calisma asempto-
matik kdpeklerde gerceklestirilmis ve %0.86 oranin-
da pozitiflik bulunmustur (Fregolente ve ark. 2009).
St. Kitts'de yapilan diger galismada ise ishalli kdpek-
lerde %2.3 oraninda pozitiflik bulunmustur (Navarro
ve ark. 2017). Bu calismada ishalli ve klinik olarak
saglkl gorinimlu kdpeklerde saptanan PBV pozi-
tiflik oranlari sirasiyla %2.2 ve %10; drneklenen po-
pllasyon icin ise %5.3 olarak bulunmustur. Saglikli
gorunimli kdpeklerdeki pozitiflik oraninin (%10)
hem kopeklerle ilgili bildirimlere (Costa ve ark. 2004;
Fregolente ve ark. 2009; Navarro ve ark. 2017) hem
de bu calismada ishalli kdpeklerde saptanan orana
gore oldukca yiksek olmasi, filogenetik agactaki
yerlesimleri de dikkate alindiginda, konakgi-cevre
etkilesiminin olasi etkisini akla getirmektedir.

Elde edilen PBV'lerin molekiler karakterizas-
yonu, timinitn GGl'de yer aldigini gostermektedir.
Tek bir nt farki haricinde 6zdes bulunan {¢ PBV'nin
(KB19, KB29 ve KB30), ayni yerde yasayan kopekler-
den elde edilmis olmasi, enfeksiyonun sirkiile olan
tek bir virustan kaynaklandigini dustindiirmektedir.
Bu Ug virus ile CB1 arasindaki nt ve aa benzerlikle-
ri sirasiyla %66.66 ve %71.21 olarak hesaplanmistir.

Filogenetik analize bakildiginda ise ishalli kdpekten
elde edilen CB1 ile klinik olarak saglkli gérintumli
kdpeklerden elde edilen viruslarin (KB19, KB29 ve
KB30) ayri dallarda kiimelendikleri gdzlenmistir. CB1
virusu, PBV/Dog/KNA/RVC7/2015 susu ile en yakin
olmak uzere, diger kdpek PBV suslari (dog/BR-01/
BRA/2004, dog/BR-02/BRA/2004) ve kurt PBV susu
(PBV/wolf/PRT/1109/2015) ile birlikte ayni dalda yer
almistir (Sekil 1). Buna karsin KB19, KB29 ve KB30
viruslari domuz PBV suslarinin yani sira cogunlukla
kanalizasyon sularinda tespit edilen PBV suslariyla
birlikte kiimelenmistir. Filogenetik aga¢ ve benzer-
lik oranlari, GGI PBV suslari arasinda gozlenen yiik-
sek dizeyde genetik cesitliligi dogrular niteliktedir
(Wang ve ark. 2012; Woo ve ark. 2016; Navarro ve
ark. 2017; Navarro ve ark. 2018). Filogenetik olarak
PBV icin tlire 6zgi kiimelenme modelleri simdiye ka-
dar g6zlemlenmemistir (Woo ve ark. 2016; Delmas
ve ark. 2019; Ghosh ve Malik, 2021). Bununla bir-
likte, sekans ve filogenetik analize dayali olarak, bu
calismalarin bircogunda insan dahil tirler arasi gecis
olabilecegi belirtiimesine ragmen bu durum kesinlik
kazanmamistir (Ganesh ve ark. 2011, 2014; Wang ve
ark. 2012; Joycelyn ve ark. 2020). Onceki calismalar,
insan, domuz ve simian PBV'leri arasindaki yakin ilis-
kiyi bildirmistir (Banyai ve ark. 2008; Wang ve ark.
2012; Chen ve ark. 2014; Joycelyn ve ark. 2020). Ay-
rica Amerika'da atik su numuneleri (izerinde yapilan
bir calisma, GGl PBV RNASsinin kanalizasyon suyu
numunelerinin %100'lUnde ve aritilmis atik su numu-
nelerinin de %33'Unde tespit edildigini gdstermistir
(Symonds ve ark. 2009). Wang ve ark (2012), ayni
ortamda farkli konakg! tiirlerde yakin iliskili PBV ile
olusan enfeksiyonlarin nasil edinildigini su kaynakli
bir PBV enfeksiyonu ile aciklayabilecegini bildirmis-
lerdir. Bu calismada da tespit edilen viruslarin mole-
kuler analizinde en yakin olarak kanalizasyon sula-
rinda tespit edilen PBV'lerin yani sira farkl turlerde
saptanan PBV'ler ile de yakin olmasi tirler arasi ge-
cise dair dnermeleri akla getirmektedir.

Bu calismada Ulkemizde ilk defa ishalli ve kli-
nik olarak saglikli gériinimla képeklerde PBV varhgi
ortaya konulmustur. Kopeklerde PBV hakkinda veri
eksikligi, tirler arasi gecis ve PBV'lerin zoonotik po-
tansiyeli hakkinda son bilgiler géz 6niline alindigin-
da, PBV'lerin tespiti ve molekiler karakterizasyonu
hakkinda daha fazla calisma yapilmasi dnemlidir.

Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma etik ilke ve kurallari dogrul-
tusunda gerceklestirilmistir ve deney hayvanlari etik
kurulu iznine gerek yoktur.
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Tiirkiye'de sigir tiiberkiilozu enfeksiyonun
epidemiyolojik sorunlari ve ¢6ziim analizi
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Ozet: Sigir Tiberkiilozu (bTB) Tirkiye'de sigir siiriilerinde endemik bir seyir izlemektedir. Bugiine kadar, hastalikla
micadele amaciyla yirutilen calismalardan cesitli nedenlerden dolayi istenen sonug elde edilememistir. Sigir
Tiberkilozu mihrak sayilari son yillarda artmaya devam etmektedir. Bu sulreg, tlkemiz hayvan saghgi ve halk
saglidi icin risk artisini, damizlik hayvan kaybini ve sosyo ekonomik kaybi beraberinde getirmektedir. Bu calismayla
Ulkesel olarak sahada bu artisin nedeni olan sorunlar epidemiyolojik olarak belirlenmeye calisilmistir. Ayrica tespit
edilen sorunlarin elde edilen bilgiler 1s1§inda ¢6zim analizi yapilip &neriler sunularak, mevcut ulusal micadele
stratejisinin gelistiriimesine katki saglanmasi ve hastalikla miicadelede politika olusturma stirecine rehberlik edilmesi
amaclanmistir. Sigir Tuberkilozu hastaliginin dogasi ve Tirkiye'nin sartlar dustinildiginde hastalik prevalansinin
azaltilmasi icin mucadelenin zorlu ve maliyetli olacagi anlasiimaktadir. Bu calisma sonucunda, sadece bu ise
odaklanacak bir veteriner hizmetleri teskilat yapisinin yeniden olusturulup, tim paydaslarla birlikte uzun siirede
ve sabirla yurutilecek bir calismayla hastaligin prevalansi azaltilip, kademeli ari bolgeler olusturularak basariya
ulasilacagi kanaatine variimistir.

Anahtar kelimler: C6zim analizi, epidemiyoloji, Mycobacterium bovis, sigir tiberkilozu, sorun analizi

Epidemiological problems and solution analysis of
bovine tuberculosis infection in Turkey

Abstract: Bovine Tuberculosis (bTB) has an endemic course in cattle herds in Turkey. Until today, the expected results
have not been achieved due to various reasons from the studies carried out to fight the disease. The number of
Bovine Tuberculosis outbreaks has continued to increase in recent years. This process brings an increase in risk for
animal health and public health, loss of breeding animals, and socio-economic loss in our country. In this study, the
problems that caused this increase in the field nationally were tried to be determined epidemiologically. In addition,
it is aimed to contribute to the development of the current national control strategy and to guide the policy-making
process in the fight against the disease by making solutions analyses and presenting suggestions in the light of
the obtained information. Considering the nature of Bovine Tuberculosis disease and the conditions of Turkey, it is
understood that the fight to reduce the prevalence of the disease will be difficult and costly. As a result of this study,
it has been concluded that a veterinary services organizational structure that will focus only on this work will be re-
formed, and success will be achieved by reducing the prevalence of the disease and creating progressive free zones
with a long-term and patient work with all stakeholders.

Keywords: Solution analysis, epidemiology, Mycobacterium bovis, bovine tuberculosis, problem analysis

Giris

Sigir Tuberkulozu (bTB) sigirlarin nemli bir hastahgi
olmanin yani sira halk saghgini etkileyen énemli bir
zoonoz hastaliktir (Claridge ve ark. 2012; Bezos ve
ark. 2014). Ayrica insanlar, evcil ve yabani hayvanlar
da dahil olmak lizere genis bir konakg yelpazesine
sahiptir (Rossi ve ark. 2015). bTB bircok tlkede hay-
van ve insan sagligi icin dSnemli derecede sorun olus-
turmaktadir (Hassan ve ark. 2014). bTB hayvanlarin
saghgr ve refahiyla birlikte cok sayida insanin hem
saghgini hem de ekonomisini olumsuz yénde etkile-

meye devam etmektedir. Bu kapsamda bu zoonotik
hastaligin 6nlenmesi ve kontrol altina alinmasi igin
hayvan, insan ve cevre sagligini birbirine baglayan
“Tek Saglhk” semsiyesi altinda sektorler arasi ve ¢ok
disiplinli bir yaklasima ihtiya¢ duyulmaktadir (Ole-
a-Popelka ve ark. 2017).

Resmi rakamlara gore diinya capinda 50 mil-
yondan fazla sigirin Mycobacterium bovis (M. bovis)
ile enfekte oldugu ve bTB'nin yillik 3 milyar $'dan
fazla tarimsal kayba neden oldugu tahmin edilmek-
tedir (Pandey ve ark. 2016). Ancak gercek sayilarin
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bunun cok Ustiinde oldugunu varsaymak zor de-
gildir. bTB'nin endemik oldugu dUlkelerde hastalik
nedeniyle olusan ekonomik kayiplar, sigir ihraca-
tina uygulanan uluslararasi kisitlamalarla daha da
artmaktadir (Claridge ve ark. 2012). Hastalik diin-
yanin en savunmasiz uluslarinda milyonlarca kisi-
nin yasaminda yikici etkiye sahip olabilir (Michel ve
ark. 2010). Son olarak 2016 yilinda Avrupa Birligi ve
Turkiye tarafindan yuritilen “Veteriner Hizmetleri
Strateji Belgesinin Hazirlanmasi icin Teknik Yardim
Projesi"nde Turkiye'de bTB, sigir populasyonunda
endemik ve kronik bir hastalik olarak tanimlanmistir.
Hastaligin prevalansina dair resmi bilgilere gére bTB
hastaligina iliskin ekonomik kayiplar yillik 78 Milyon
TL (~1 Milyon $) olarak hesaplanmistir (Viviani ve
ark. 2016). Ancak son yillarda mihrak sayilarinda
onemli bir artis gézlemlenmektedir. Turkiye'de bTB
hastaligi mihraklarinin artisina etki eden sahadaki
risk faktorlerinin epidemiyolojik olarak tespitinin,
mucadele stratejilerinin olusturulmasi igin gerekli
oldugu distnulmustar.

Bu calismayla, Ulkesel olarak yirutilen anket
calismalari ve mahallinde yiritilen epidemiyolojik
saha arastirmasi sonucunda tespit edilen sorunlara,
elde edilen bilgiler i1siginda ¢6zim Onerileri sunu-
larak mevcut ulusal micadele stratejisinin gelistiril-
mesine katki saglanmasi ve hastalikla micadelede
politika olusturma siirecine rehberlik edilmesi amag-
lanmistir.

Gereg ve Yontem
Veri tabanlarinin incelenmesi

Yuritmus oldugumuz tlkesel proje ve doktora tez
calismasi kapsaminda 2013-2019 yillar arasindaki
bTB mihrak sayilari Diinya Hayvan Saghgi Orgii-
ti-Hayvan Saghgi Bilgi Sistemi (OIE-WAHIS)'den
alinarak yillar ve aylar itibariyle analizi yapilmistir.
01.01.2017-06.03.2020 tarihleri arasinda Tarim ve
Orman Bakanligi (TOB), Veteriner Bilgi Sistemi (VET-
BiS)'nde goriilen aktif bTB mihraklari incelenmistir.
Saha epidemiyolojik arastirmasi icin tesadifi yon-
temle belirlenen bTB mihradi isletmelerin son bir
yilhk hayvan hareketleri TOB, Hayvan Kayit Sistemi
(TURKVET)'nden alinmistir. Bu isletmelere giris ve ci-
kis yapan hayvanlarin hareketleri sorgulanmistir.

Anketlerin hazirlanmasi ve 6rnekleme

Anketler bTB hastalik mihraklarinin sahada takibini
yapan Resmi Veteriner Hekimler (RVH) ve isletme-
sinde bTB hastaligi belirlenen yetistiricilere uygula-
mak Uzere iki kategoride 6zglin olarak hazirlanmis-
tir. Sahada 6n denemesi yapilan anketlerin uygula-

nabilir olduguna karar verilmis, daha kolay veri elde
edilmesi amaciyla elektronik ortama aktariimis ve
baglanti (https://docs.google.com/forms) verilerek
il/ilce Tarim ve Orman Miiddirlikleri (iTOM)'nin cev-
rimici veri girisine agilmistir. Katilimcilara verecegi
cevaplarin gizlilik kurallarina uyularak sadece bilim-
sel amaclarla kullanilacagi, anketlere ad-soyadi yaz-
mak zorunda olmadigi, verecegi yanitlarin anonim
olarak degerlendirilecedi, ankete katilmayabilecegi
veya istemedigi zaman devam etmeyebilecegi an-
ketin aciklama metninde bildirilmistir.

Turkiye'deki RVH anketinin hedef popllasyonu,
TOB'un 81 ilde iITOM'larinda hayvan hastaliklariyla
miicadelede gérev yapan ve Bakanligin VETBIiS'ten
erisim saglanarak alinan 6.543 RVH'dir. Bu sayi esas
alinarak anket yapilacak RVH'lerin sayisi 2 kademeli
tesadifi 6rnekleme ydntemine goére belirlenmistir.
Anket yapilacak RVH'lerin seciminde dikkate alinan
kriterler 1. kademede her bir ilde gorevli RVH sayisi,
2. kademede ise bu illerde 01.01.2017-06.03.2020
tarihleri arasinda cikan aktif bTB mihrak sayisidir.
%95 Guven Araligi (Cl) ve %5 hata payi dikkate ali-
narak iller bazinda anket yapilacak RVH sayisi 363
olarak hesaplanmistir. Turkiye geneli 72 ilden, 371
RVH'in ankete verdigi cevaplar degerlendirmeye
alinmistir.

Yetistirici anketinin hedef popilasyonu Turki-
ye'deki blytlkbags hayvan yetistiricileridir. Anketin he-
def popiilasyon sayisinin kaynagi ise VETBIS'dir. An-
ket yapilacak yetistirici sayisi 01.01.2017-06.03.2020
tarihleri arasinda cikan, aktif 752 bTB mihraginin
bulundugu 66 ilde, 2 kademeli tesadiifi 6rnekle-
me ydntemine gore belirlenmistir. Anket yapilacak
yetistiricilerin seciminde dikkate alinan kriterler 1.
kademede bTB mihraginin bulundugu ilceler, 2. ka-
demede ise bu ilcelerde mihrak ¢ikan koylerdir. S6z
konusu tarihler arasinda tespit edilen 752 mihraktan
%95 Cl ve %5 hata payi dikkate alinarak anket yapi-
lacak yetistiricilerin sayisi 255 olarak hesaplanmistir.
Turkiye geneli belirlenen illerden 59, diger illerden
2 olmak Uzere toplamda 61 ilden, 317 yetistiricinin
ankete vermis oldugu cevaplar degerlendirilmistir.

Epidemiyolojik saha arastirmasi

Epidemiyolojik saha arastirmasi icin Turkiye'nin 7
bdlgesinden 14 il, belirlenen her ilden de 2 yerle-
sim yeri (yedekli) secilerek toplamda 28 yerlesim
yeri belirlenmistir. Belirlenen 26 asil, 2 yedek isletme
olmak Uzere toplamda 28 yerlesim yerinde mihrak
isletmeler ve bu isletmelerde hastaligi takip eden
RVH’ler mahallinde ziyaret edilmistir. Yerlesim yer-
lerinin secimi cografi bolge, ildeki bTB mihrak yo-
gunlugu, ulasilabilirlik, proje blitcesi vb. kriterler g6z
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onuinde bulundurularak tesadifi yontemle yapilmis-
tir. Bu yerlesim yerinde ziyaret edilecek mihrak islet-
menin belirlenmesinde TOB'un, VETBIS ve TURKVET
kayitlar goéz 6niinde bulundurulmustur. Hastaligin
takibini yapan RVH'ler ve isletmesinde hastalik ¢ikan
yetistiricilerin bTB hastaligi hakkindaki degerlendir-
meleri alinmis ve yerinde gozlem yapilmistir.

Bulgular

OIE-WAHIS ve TOB, VETBIS-TURKVET veri taban-
larindan alinan raporlar, literatir okumasi, RVH ve
yetistirici anketlerinden elde edilen veriler, ylritilen
epidemiyolojik saha calismalarindan derlenen RVH
ve yetistirici gorlsleri ile mahallinde yapilan go6z-
lemlere dayanarak Tirkiye'deki bTB enfeksiyonun
epidemiyolojisinde rol oynayan temel dinamikler
sorun analizi ve ¢ozim analizi yapilarak iki bashk al-
tinda sunulmustur.

bTB enfeksiyonun epidemiyolojik sorun analizi

¢ Buglne kadar hastalikla miicadelede ilgili tim
paydaslarin katilimiyla devlet politikasi olarak
uzun sureli ve etkin bir micadele programinin
uygulanamadigy,

 Ylrutllen mevcut hastalikla miicadele programi-
nin uygulanmasinda iller/ilgeler arasinda konuya
duyarlihk bakimindan farkli uygulamalar yapildi-
e

« Bugune kadar uygulanan miicadele programlari-

na yeterli ve slrdirulebilir finansman desteginin
saglanamadigi,

« Belgesiz hayvan hareketlerinin ve alim-satiminin
onlenemedigi, bu konuda ilgili tim kurumlarla
birlikte hareket edilemedigi, cesitli nedenlerden
dolayi cezai yaptinmlarin uygulanamadigi,

« Kasaplik hayvanlarin nakilleri icin ayr bir uygula-
ma yapilmadig,

« Kolluk kuvvetlerinin yol kontrolleri, hayvan pa-
zarlar ve karantina uygulanan isletmelerdeki de-
netimleri yeterince yapmadig,

¢ Hayvan tlccarlarinin hayvan alim-satimlarini ge-
nellikle belgesiz ve kayitsiz yaparak bTB'nin bu-
lasmasindaki ana faktorlerinden birini olusturdu-
qu,

+ Ulke genelinde hayvan pazarlarinin kurulmasina
yonelik bir planlama yapilmadigi ve bazi yerlesim
yerlerinde hayvan pazari olmadig,

e Cahsma izinli hayvan pazarlarinda hayvanlarin
pazara giris-cikislarinda belgelerinin gerektigi
sekilde kontrol edilmedigi ve saghk kontrolleri-
nin yeterince yapilmadigi,

Hayvanlarin kimliklendirme araclarina (kipe, pa-
saport vb.) yetkisiz kisi ve kuruluslarca art niyetli
manipulasyonlar yapildig,

Damizlik ve sltcl isletmelerde bTB'nin daha sik
gorulmesi, hayvanlarin daha uzun sire kalmasi
nedenleriyle kayit ve kimliklendirmede daha faz-
la problem yasandig,

Kayit sistemlerinin yasi biytk hayvanlarin kaydi-
na agilmasi nedeniyle problem yasandigi ve ye-
tistiricilerde aliskanlik olusturdugu,

bTB cikan isletmelerin kayitlarinin genellikle glin-
cel olmadigi ve bu konuda personelin zorluk ya-
sadigl,

bTB slipheli hayvanlarin tani testlerine midahale
edildigi, bu hayvanlarin gayri resmi yollarla test
ettirilip el altindan pazarlanabildigi,

Hayvancilik isletmelerinin genellikle birbirlerine
yakin hatta bitisik oldugu, hayvan barinagi ola-
rak insa edilmemis alanlarda ve kiicik olcekli
isletmelerde hayvan sagligi ve refahi acisindan
uygun olmayan kosullarin reenfeksiyon kaynagi
olusturdugu,

Geng neslin sosyal nedenlerden dolayi hayvan-
cilik yapmak istememesi nedeniyle hayvancilik
isletmelerinin iyilestirmesi icin uzun vadeli proje-
lerin uygulanamadig,

il ve ilcelerde mesk(in mahalde bulunan eski is-
letmelerin yenilenmesine izin verilmedigi icin
hayvan saghgi ve refahi yoninden kosullarinin
uygun olmadigi,

isletmelerde ve hastaligin bulasmasinda risk tes-
kil eden diger yerlerde temizlik ve dezenfeksiyo-
nu da kapsayan biyoguvenlik uygulamalarinin
genellikle yetersiz oldugu,

isletmeler arasindaki mera, su kaynagi, boga, sa-
gim Unitesi vb. ortak kullanim alanlarinin bTB'nin
yayilimini artirdig,

Kesimhaneye giriste kesilecek hayvanlarin kipe
ve belgelerinin tam olarak kontrol edilmedigi ve
kayitlarin saglikli tutulmadigi, bTB tespit edilen
hayvanlarin geldigi isletmenin ve orijin isletme-
lerinin (6 ayliga kadar) geri izlemesinin dogru bir
sekilde yapilamadigi,

Et ve St Kurumu (ESK) kombinalarinin sarta tabi
kesim kapasitesinin yetersiz olmasi nedeniyle ta-
lebi karsilayamadigi,

bTB tespit edilen hayvanlari ivedilikle kesime
gonderecek bir sistemin bugiine kadar kurula-
madigi ve bTB pozitif hayvanlarin nakliyesinin
karsilanmadig,

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 32, Sayt 2, 2021, 169-177



172

Cakur § ve Diker KS. Tiirkiye'de sigur tiiberkiilozu enfeksiyonun epidemiyolojik sorunlart ve ¢éziim analizi

ESK'nin fiyatinin diistik ve 6deme siiresinin uzun
olmasi nedenleriyle yetistiricilerin nakliyeyi kar-
silayan, yuksek fiyattan hizli kesim yapan ve
bedelini kisa slirede ddeyen 6zel kesimhane ve
kavurma yerlerini tercih ettigi ancak bu yerlerin
denetimlerinin yetersiz oldugu ve halk saglig
agisindan risk teskil ettigi,

ITOM'lar tarafindan kavurma bedeli 6demesiyle
ilgili yurdtllen islemlerin zaman kaybi, is yukd,
sorumluluk, tazminat 6demesinin gecikmesi vb.
durumlara neden oldugu,

Tum bTB vakalarinin %90'dan fazlasinin kesim-
hanelerde tespit edildigi ancak burada gorevli
RVH'lerin gdrevlerini cesitli nedenlerle saglikli bir
sekilde yiiritemedigi,

Kacak kesimler ile kurbanlk kesimlerin muayene
ve denetimlerinin etkin bir sekilde yapilamadig,

Gorev yapan personelle denetimi yapan perso-
nelin ayni olmasi, givenligin ve uygun calisma
ortaminin saglanamamasi gibi nedenlerle dene-
timlerin etkin bir sekilde yapilamadig,

Kesimhanede ve kurbanlik kesimler sonrasi ya-
pilan postmortem muayenede bTB'nin %1-2
oraninda bulundugu ancak Tuberkdlin Deri Tes-
ti (TST) ile yapilacak bir taramada bu oranin ¢ok
daha yuksek olacaginin 6ngérildigd,

Hastalik cikan isletmede, hastaligin tespitinden
sOnlisline kadar sarta tabi kesime gonderilen
veya 6len hayvanlarin oranin %35-55 araliginda
oldugu,

TST'nin sensitivite (Se) ve spesifitesi (Sp)'nin ye-
terli olmadigi, interferon gama (IFN-y) testinin
numunelerin laboratuvara ulastirma siresi ki-
sitlamasindan (8 saat icerisinde) dolayi sahaya
yonelik kullaniminin pratik olmadigi ve anerjik
hayvanlarin tespitinde sorun yasandig,

Hastalikla mucadelede kullanilacak iyi bagisiklik
saglarken tani testlerine midahale etmeyen bir
asinin hala gelistirilememis oldugu ve TST'ni ka-
ristirmasina ragmen populasyonda hastalik sikli-
gini distrecek yeterlilikteki aginin kullanim alter-
natiflerinin bugiine kadar giindeme gelmedigi,

Tazminat ddemelerinin gecikmesi, karantina su-
recinin uzun olmasi ve meraya cikarmaya kisit-
lama getirilmesi, yetistiricilerin yeterince duyarl
olmamasi gibi nedenlerle hastalik siipheli olgula-
rin bildiriminin zamaninda veya hig yapilmadig,

Karantina sliresine bagli olarak hastaligin ciktigi
isletmenin ekonomisine yasattigi kayiplar (sut, et,
olim-kesim, damizlik, yavru vb.) nedeniyle zarar

verdigi ve bazen bu durumun ailenin gecimini
dahi etkiledigi,

bTB'nin isletmelere bulasmasinin blylk oranda
disaridan enfekte hayvan alimindan kaynaklan-
digi,

Sosyal projelerden dagitilan hayvanlar icin test
uygulama zorunlulugunun olmamasi nedeniyle
saglikli damizlik hayvan dagitilmadigi ve bTB ya-
yitlimini artiran bu durumun yetistiricilerin mag-
duriyetine neden oldugu,

Ari isletme sayisinin ve ari isletmelerdeki toplam
damizlik hayvan sayisinin yetersiz oldugu, fiyatla-
rinin yiksek ve temininin glc oldugu,

Ariisletmelere yakin yerlerde ari olmayan isletme
kurulmasina izin verildigi ve ari isletmeler ile ari
olmayan isletmelerin ortak alanlari kullandig,

isletmelere hastaliktan arilik durumuna goére yo-
netmelikte yer almasina ragmen bir gruplandir-
ma yapilmadigi, ari bolgelere hayvan hareketleri
Oncesi ve sonrasinda herhangi test uygulama zo-
runlulugu getirilmedigi,

Yetistiricilerin kesim talebi disinda RVH tarafin-
dan mihrak isletmedeki bTB pozitif hayvan sayisi
oranina gore depopiulasyon karari almasina izin
verilmedigi ve karkaslarin degerlendirilmesine
yonelik bir dizenleme bulunmadigi,

Hastalikla micadele calismalarina paydas ku-
rumlar olan Saghk Bakanhg ve icisleri Bakanli-
gi'ndan yeterince destek alinamadig,

Mevcut Veteriner Hizmetleri teskilat yapisinin
hastaliklarla miicadele calismalarina odaklanma-
ya uygun olmadig,

Tum Ulkede Tuberkiloz ihtisas enstitlist, insan
kaynag, laboratuvar altyapisi ve tiiberkdilin Greti-
minin sinirli oldugu,

Veteriner Kontrol Enstitllerinin rutin faaliyetleri
(kontrol hizmeti, asi Uretimi, izleme programlari,
egitim vb.) cok fazla olmasi nedeniyle arastirma
faaliyetlerine yeteri kadar zaman ayiramadig,

Uzun sliren miicadele calismalardan sonug alina-
mamasinin personelde motivasyon kaybina ne-
den oldugu, uzmanlasma, egitim ve karsilikli bilgi
paylasimina ihtiya¢ duyuldugu,

Bazi teskilatlarda personel, arag, ekipman eksik-
liklerinin oldugu,

Hastaligin dogasi geregi klinik belirti gosterme-
den seyretmesi ve diger hastaliklara kiyasla mu-
cadele icin araclarimizin az sayida oldugu muta-
laa edilmistir.

Etlik Vet Mikrobiyol Derg,

https://vetkontrol.tarimorman.gov.tr/merkez

Cilt 32, Sayt 2, 2021, 169-177



Cakur § ve Diker KS. Tiirkiye'de sigur tiiberkiilozu enfeksiyonun epidemiyolojik sorunlart ve ¢éziim analizi 173
g 5 | 3 . R . .
Hayvan pazarlan Kiipelerin diigmesi ve ESK’nin yetersiz kapasi- Karantinanin uzun ve Uzun siireli ve etkin [ NEDEN J
miidahaleye agik olusu tesi ve kullanilamamasi maliyetli olmasi programin olmamasi T
Hayvan tiiccarlar > ?
} Belgesiz hayvan | Ozel kesimhanelerin yet- Ari igletme-hayvanin Finansman ve ckipman
Hayvan alim hareketleri erince denetlenememesi yeterli olmayist yetersizligi
Kiipe affi 2 N - T
T — sletmelerin yakin, sart- arta tabi kesim ¢ Se ve Spnin
[ sl lerin yak bi k 'So>\ .|II {)r(:y. lt.lrdu lgsf TST Se ve Sp
I < | larimin uygun olmayisi problemleri Zorunlulugu olmamast yeterli olmamasi
sletmelerin giincel { %S 2 J
olmamasi ; ; -
< Kolluk kuvvetlerinin Geri izlemenin saghkh T\MT ':::::’\g; Cnlll::;:l IFN-y testinin sahada
Ortak kullammlar | yetersiz denetimi yapilamamasi e yapiim pratik olmamasi ‘
|
Yetistiricilerin ( - ) . T I I Meraya gikarmaya Etkin-marker bir agmmn
duyarl olmamasi Tc"f""k' dca.:nl'cks.l)*(.)n. Kagak kesimler Kisitlama uygulanmasi i ¢ ¥
. ve biyogiivenlik eksikligi olmamasi
S el - - Denetim eksikligi - i
Is birligi eksikligi ( ad Ekonomik zarar x = x
) Egitim ve bilgi Veteriner Hizmetleri
Motivasyon eksikligi paylagimi ihtiyaci Art niyetli uygulamalar Depopiilasyon izni otoritesinin olmayist
G ) I
bTB enfeksiyonu yayihimmnin Isleyen bir kesim sisteminin Artan halk sagligr riski Hastalikla miicadelede
artarak devam etmesi olusturulamamasi ve ekonomik kayip L basari elde edilememesi \ 4
= =
- SONUC |
L

bTB PREVALANSININ

Sekil 1. bTB enfeksiyonunun epidemiyolojik sorun analizi

bTB enfeksiyonun epidemiyolojik ¢6ziim analizi

Hastalikla micadelede basarili olan Ulke 6rnek-
leri incelenip, Ulkenin finansman kaynaklari ve
kendine 6zgln sartlari g6z oniinde bulunduru-
larak uzun sdreli ve sirdulrilebilir bir micadele
programinin olusturulmasi,

bTB ile miicadele programinin ilgili tim paydas-
larin katihmiyla, cografi alan ve sartlari uygun
olan bolgelerden baslanarak etkin ve tlkesel ola-
rak bir 6rnek sekilde uygulanmasi,

bTB hastaligiyla micadele icin uygulanacak
kontrol ve eradikasyon programina devlet poli-
tikasi olusturularak kesintisiz yeterli finansman
desteginin saglanmasi,

Her gegen gin artan, yeterince kontrol edile-
meyen, hastaligin yayllmasinda énemli roli olan
belgesiz hayvan hareketlerinin ve alim-satimin
mevzuatl geredi bu konuda sorumlulugu bulu-
nan ilgili tm kurumlarla birlikte hareket edilerek
tamamiyla kontrol altina alinmasi, bu konudaki
cezai yaptirimlarin uygulanabilir kilinmasi,

Kasaplik olarak sevk edilecek hayvanlarin canli
nakledilmeyip, bulundugu sehirlerdeki kesimha-

nelerde kesilerek gidecegi yere frigorifik araclarla
karkas olarak nakledilmesi,

Kolluk kuvvetlerinin yol kontrolleri, hayvan pa-
zarlari ve karantina uygulanan isletmelerdeki de-
netimlerini arttirmasi,

Hayvan tlccarlarinin kayit altina alinmasi, sayila-
rina kisitlama getirilmesi, egitim verilmesi, arac-
larinin cografi konum sistemi ile takip edilmesi ve
bitlin alim-satimlarini belgeli yapmasi icin yap-
tinm uygulanmasi da dahil gerekli olan her tarli
tedbirin alinmasi,

Ulke genelinde yeniden bir planlama yapilarak
ara¢ muayene istasyonlari benzeri bir modelle,
bdlgenin potansiyeline gore hayvan pazarlarinin
kurulmasina izin verilmesi, izinsiz kurulan hay-
van pazarlarinin kapatilmasi, izinli olanlarin pla-
na gore yeniden gozden gegirilmesi ve hayvan
borsasi, glivenli sanal hayvan pazari, dijital pazar
gibi bulas kaynagi olusturmayan yeni alim-satim
yontemlerinin gelistiriimesi,

Hayvanlarin pazara giris-gikislarinda kiipe ve
belgelerin mutlaka kontrol edilmesi ve sorumlu
Veteriner Hekimlerce yapilacak muayene ve de-
netimlerde hastalik stiphesi gorilen hayvanlarin
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satisina izin verilmeyerek gerekli islemler icin
ITOM‘a bildirim yapilmasi,

Sigir cinsi hayvanlarin kimliklendirme araglari-
nin kalici, dijital, disaridan miidahale edilemeyen
Ozellikte ve sahada kullaniminin kolay olmasi,

Kalici kayit ve kimliklendirme uygulamasinin
ozellikle damizlik ve siitcl isletmelerde zorunlu
hale getirilmesi,

Kayit sistemlerinin yasi blyuk hayvanlarin kaydi-
na agllmasi uygulamasindan vazgecilerek bunun
yerine yetistiriciye bdyle bir firsat birakilmadan
bilgilendirme yapilarak veya ciizi miktarda cezai
yaptirim uygulayarak bildirim yapma sorumlulu-
gu kazandiracak adimlarin atiimasi,

RVH'lerce yapilan saglk taramasi, kipelerin ve
kayitlarin incelenmesi sonucunda herhangi bir
problem olmamasi halinde glincel olmayan is-
letme kayitlari icin tutanak hazirlanmasi ve duru-
ma gore kademeli bir cezai yaptirim uygulayarak
glincelleme yapilabilmesi,

Hastaliklarla miicadele surecini etkileyen her tir-
[G art niyetli girisime gerekli cezai yaptirmin uy-
gulanmasi ve tazminat 6denmemesi,

Oncelikle hayvancilik isletmelerinde hayvan sag-
hgr ve refahi yonlinden olmasi gereken asgari
sartlarin belirlenerek bir siniflandirma yapilmasi,
birinci sinifta yer alacak isletmelere kendi Vete-
riner Hekimlerini istihdam etme ya da s6zlesme
yapma zorunlulugu getirilmesi, gerekliyse diger
siniflarda yer alan isletmelere bir plan dahilinde
TOB'ca devlet destekli kredi saglanarak konu-
mu uygun olmayanlarin baska yere tasinmasi ve
sartlarinin iyilestirilmesi,

Gecimini hayvanciliktan saglayan ailelerin geng
nesilleri hayvancilik yapacaksa taahhlt alinarak
sosyal glivenlik destegi, yasam alani destegi, ¢o-
cuklari icin egitim destegi, isletme kapasitesinin
artirlmasi icin uzun vadeli finansman destegi
gibi destekler verilip, isletmesinin sartlar iyiles-
tirilerek yetistiricilige devam etmesinin saglan-
mas|,

il ve ilcelerde mesk(in mahalde bulunan hayvan
saghg ve refahi yoniinden sartlari uygun olma-
yan isletmelerin iskana acilmayacak uzak bolge-
lerde kurulacak planli isletmelere tasinmasi,

isletmelerde ve hastaligin bulasmasinda risk tes-
kil eden diger yerlerde temizlik, dezenfeksiyon
ve biyoguvenlik dnlemlerine uyulmasi,

isletmeler arasinda bTB hastaliginin yayilmasini
en aza indirmek icin mimkin oldugunca mera,

su kaynagi, boga, sagim Unitesi vb. ortak kulla-
nim alanlarinin sinirlandirilmasi,

Kesimhanede hastalik tespit edilen hayvanlarin
geldigi isletmenin ve orijin isletmelerinin geri iz-
lemesinin dogru bir sekilde yapilabilmesi icin ke-
simhane girisinde kesilecek hayvanlarin kiipe ve
belgelerinin tam olarak kontrol edilmesi, kesim
kayitlarinin saglkl tutulmasi ve tutmayanlar hak-
kinda gerekli cezai yaptirimlarin uygulanmasi,

Halk sagligi onceliklendirilerek kamu adina go-
rev yapan ESK'nin kapasitesinin artirilmasi veya
sartlari uygun olan kesimhanelerle ESK'nin dene-
timinde olmak sartiyla ESK adina sozlesme ya-
pilmasi,

Bakanlik Makami tarafindan ihbari mecburi has-
talik tespiti nedeniyle sarta tabi olarak kesilecek
hayvanlarin ivedilikle kesime gdnderilecedi bir
sistemin kurulmasi icin ESK'ya mevzuatla kamu
gorevi verilmesi, kuruma personel ve cesitli si-
niflarda hayvan nakliye araclar alinarak RVH
tarafindan o ilden sorumlu ESK kesimhanesine
kesilecek hayvanlarin bilgileri verildikten sonra
mumkin olan en kisa slirede bir kesim progra-
mi olusturarak kuruma ait nakliye araclariyla is-
letmelerinden bu hayvanlarin tutanakla teslim
alinmasi,

Kavurma bedeli 6deme uygulamasindan vazge-
cilerek sarta tabi kesimlerin eksiklikler giderile-
rek ESK'ca yapilmasi, halk sagligi agisindan risk
teskil ettigi icin 6zel kesimhaneler ve kavurma
yerlerinde sarta tabi hayvanlarin kesimine izin
verilmemesi ve bu yerlerin ¢apraz denetime tabi
tutulmasi,

iTOM'larca tazminatlardan kavurma bedeli diis-
me uygulamasindan vazgecilerek tazminati bTB
icin mevzutta belirlenen oran lzerinden hazir-
lanmasi, yetistiriciye ddemenin bu rakam Gzerin-
den yapilmasi, sarta tabi hayvanlarin kesiminden
elde edilen kavurma ve etin ESK'ca pazarlanmasi,
buradan elde edilecek kazanctan her turlt ope-
rasyon bedeli ve belirlenecek miktarda kar pay!
dusuldikten sonra kalan kismin tazminat ode-
melerinin surdurdlebilirliginin - saglanmasi igin
tazminat 6demelerinde kullanmak Uzere ilgili
odeme bitcesine aktarilmasi,

bTB'nin tespiti ve halk sagligi acisindan kesim-
hanelerin dnemine binaen buralara yeterli sayida
RVH gorevlendirilmesi, glivenliklerinin saglana-
rak uygun mesleki calisma ortaminin olusturul-
masl, ante/postmortem muayenenin etkin bir
sekilde yapilmasi ve hastalik lezyonu gorilen
karkaslarin tamaminin bildiriminin saglanmasi,
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Bakanlik tarafindan gerekli tedbirler alinarak ka-
cak kesimler ile kurbanlik kesimlerin muayene ve
denetimlerinin etkin bir sekilde yapilmasi,

Kesimhanelerde ve hayvan pazarlarinda gorev-
lendirilen personelin gorevlerini saglikli bir sekil-
de ydritulebilmesi icin uygun ortam olusturul-
masl, guvenlik destegi saglanmasi ve denetimle-
rin capraz olarak yapilmasi,

bTB ile miicadele icin planlanacak calisma dncesi
sahanin gercek durumunun 6grenilmesi igin pilot
bir stirvey calismasi yapiimasi,

bTB mihrak isletmelerdeki sarta tabi kesime gon-
derilme orani géz 6nlinde bulundurularak yapi-
lacak slirvey calismasi sonrasinda tahmini bitce
hesaplamasi yapilarak pilot olarak koy, ilce, il
veya bolge olarak ari isletmelerin olusturulmasi
ve duruma gore calismanin Ulke geneline yayil-
mas|,

TST'nin Se ve Sp'nin yeterli olmamasina ragmen
halen saha sartlarinda alternatifsiz oldugu; ancak
bazi 6zel durumlarda IFN-y testinin yardimci test
olarak ve anerjik hayvanlarin teshisinde ise OIE
tarafindan da valide edilen antikor-ELISA testleri-
nin uygulanabileced;,

bTB hastaligiyla mucadelede kullanilacak tani
testlerinin, iyi bagisiklik saglayan ve tani testle-
rine midahale etmeyen marker asilarin gelistiril-
mesine yonelik arastirma projelerinin ytratilme-
si, alternatif mlcadele yontemlerinin degerlen-
dirmeye alinmasi,

Hastaliklarla muicadele ve stipheli vaka bildirim-
lerinin duyarli bir sekilde yapilmasi igin tazminat-
larin mUmkin olan en kisa sirede, degerinde,
kesinti yapilmadan ve 6denek durumuna bagl
kalinmadan 6denmesi,

bTB hastaliginin ¢ikmasi ve karantina surecinin
uzamasina bagh olarak isletmenin ekonomisinin
etkilendigi durumlarda ailenin gegiminin temini
ve hayvan yetistiriciligini strdurebilmesi icin bu
isletmelere uzun vade ddemeli finansman deste-
gi saglanmasi,

Damizlik ihtiyaci olan isletmelere saghkl damizlik
hayvan temini icin ari isletme sayisinin ve hayvan
mevcudunun artiriimasi,

Sosyal projelerin sartnamelerine bTB hastalig
igin test uygulama zorunlulugu konularak saghkli
damizlik hayvanlarin dagitilmasi, hastaligin yayi-
iminin ve yasanan magduriyetlerin énlenmesi,

Hastaliktan ari isletme olmak icin sartlarin kolay-
lastiriimasi, bu isletmelerin 6rnek olarak denetle-

mesi ve ari saglik sertifikasi desteklemesinin art-
tirlarak yetistiricilerin tesvik edilmesi, bTB hasta-
hgi sonlst yapilan isletmelerden sartlari uygun
olup, ari isletme olmayi kabul edenlere ari islet-
melerden damizlik temin etmesi ve ahir sartlarini
iyilestirmesi icin TOB'ca distik faizli kredi destegi
saglanmasi,

Ari isletme veya bolgeye zorunlu mesafede ari
olmayan isletme kurulmasina izin verilmemesi
ve mumkin oldugunca ortak alanlar kullanan
isletmelerin oldugu yerlerde toplu arilik calismasi
yurdtilmesi,

isletmelere hastaliktan arilik durumuna gére bir
skor verilerek gruplandirma yapilmasi, ari bdl-
gelere isletme risk skorlamasina gore belirlenen
riskli gruplara hayvan hareketi dncesi ve sonra-
sinda test uygulama zorunlulugu getirilmesi,

Fayda maliyet analizi yapilarak isletmedeki bTB
pozitif hayvan sayisi belirli bir orani gectiginde
RVH tarafindan mihrak isletme icin depopdilas-
yon karari alabilmesine izin verilmesi, depopi-
lasyon kapsaminda yapilan kesim sonucunda
postmortem muayenede bTB pozitiflik tespit
edilen hayvanlarin hastalikli olarak degerlendiri-
lerek tazminatinin verilmesi, saglikli hayvanlarin
karkaslarinin siniflandirilarak belirlenen karkas
fiyati Uzerinden ESK'ca ddemesinin yapilmasi,

TOB'un koordinasyonunda yurutulecek hastalik-
la mucadele calismalarina paydas kurumlar olan
Saglk Bakanligi ve icisleri Bakanligi'nca finans-
man destegdi de dahil olmak Uzere ihtiya¢ duyu-
lan her tlrll destegin saglanmasi,

Tek Saglk kavrami kapsaminda hastaliklarla ma-
cadeleye odaklanacak veteriner hizmetlerinin
yurltulecegi TOB'un merkez teskilatinda Genel
Muiduirlik dizeyinde, tasra teskilatinda ise ayni
sekilde hayvan saghgi disindaki is ylkinden
arindirilmis yeni bir yapilanmaya gidilmesi,

Tlberkiloz ihtisas laboratuvari iceren enstiti sa-
yisinin, insan kaynaginin ve tiberkulin Gretim ka-
pasitesinin artiriimasi,

Hayvan sagligi alaninda calismalarin yuritulece-
gi Ar-Ge merkezinin kurularak kurumsal arastir-
ma kapasitesinin gelistirilmesi ve uzman insan
kaynaginin artiriimasi,

Hastalikla micadelede gorev alacak hastaliklara
mudahale ekiplerinin olusturularak bu ise odak-
laniimasi, gorevli bu personele egitim verilerek
sertifikalandiriimasi, bu hususun personelin ata-
ma ve gorevlendirilmesinde g6z dninde bulun-
durulmasi, konu hakkinda yillik toplanti diizenle-
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nerek bilgi alisverisinde bulunulmasi, bu perso-
nelin hak kaybi yasamamasi adina ek 6deme icin
bir model gelistirilmesi, yuritilecek hastaliklarla
mucadele calismasina inancinin ve motivasyo-
nun yukseltilmesi,

« Hastalikla micadelede gorev alacak personelin
yeterli sayida olmasi, hastaliklara mtdahale icin
tam donaniml arazi araclari ve ekipmanin sag-
lanmasi,

Miidahale edilemeyen

Hayvan pazarlari ve
kalicr kiipe, pasaport

tiiccarlarin kontrolii

Kasaplik hayvanlar
i¢in karkas sevki

Belgesiz hayvan
hareketlerinin dnlenmesi

Liliis $5
S 3

Bildirim sor

leri simflandirma,
sartlarini iyilestirme

¢apraz denetl

ESK’nin kapasite artirimi,

ESK’nin kesim, ddeme

e DbTB hastaligiyla micadeleye hayvan saghgi ko-
nusu merkeze alinarak baglanmasi, hastaligin
dogasi geregi klinik belirti gostermeden seyret-
tiginin, diger hastaliklara kiyasla mucadele icin
araglarimizin az sayida oldugunun ve miicade-
lesinin uzun yillar alacaginin bilinmesi gerektigi
kanaatine varilmistir.

Tazminatlarin tam, hizh

Kademeli cezai yaptirnm

Ortak kullammlarin
simirlandiriimasi

Sehirlerde planh
hayvancihik bolgeleri

Kolluk kuvvetlerince
denetimlerin arturiimasi

Temizlik, dezenfeksiyon

g A Kagak kesimlerin
ve biyogiivenlige riayet A

onlenmesi

Is birliginin saglanmasi : . :
Art niyetli uygu

Depopiilasyon izni
Tek Saghk yaklagim

Egitim verilmesi ve
bilgi paylagim

cezai yaptirm

Tam donamml araglar

Motivasyon-giivenlik

bTB enfeksiyonu yayilhiminin

Aragtirma Kapasitesi ve
uzmanin artirllmasi

Veteriner Hizmetleri
otoritesinin kurulmasi

"~

ESK’nin gérevlendirilmesi - \

Uzun siireli ve etkin bir EYLEM
odrevlendirilmesi kesintisiz 6denmesi programin uygul
Ari igletme, ]‘1}"’““ Finansman ve ekipman
- o : sayisinin artirilmasi 5
islemlerini yiiriitmesi ’ ¢ : saglanmasi
; K Sosyal projelerde test . .
Ozel kesimhanelerin zorunlulupu olmasi Pilot siirvey-kademeli
- arilik galigmast
—_—————
Capraz denetim J
Geri izleme igin > =3 Tam testleri ve marker
kayitlarin tutulmasi Ekonomik zarara agimin geligtirilmesi
finansman destegi

azalmaya baslamasi kesim sisteminin olusturulmas: |

bTB PREVALANSININ
AZALMASI

Azalan halk saghg riski ” Hastalikla miicadelede
ve ekonomik kayip basari elde edilmesi
A 4
SONUG

Sekil 2. bTB enfeksiyonunun epidemiyolojik ¢6ziim analizi

Tartisma ve Sonug

Cok cesitli konakgi yelpazesine sahip enfeksiydz ve
zoonotik karakterde bir hastalik olan bTB, diinyanin
bilinen en eski hastaliklardan biridir ve diinya capin-
da yayihm gd&stermektedir. Dinyada yaban hayati
kaynakli vaka artislarinin goraldigua Ulkeler haricin-
deki gelismis Ulkelerde eradike edilmis veya eradi-
ke edilme noktasina gelmesine ragmen gelismek-
te olan Ulkeler ile az gelismis Ulkelerde hala sorun
olusturmaya devam etmektedir. Bu zoonoz hastalik
hayvanlarin sagligi ve refahiyla birlikte insanlarin
hem sagligini hem de ekonomisini olumsuz yonde
etkilemeye devam etmektedir. Buglin hala en fakir
ve marjinal toplumlarda var oldugundan onleme,
tani ve tedavide zorluklar yasanmaktadir. Diinyada-
ki bazi Ulkelerde hayvanlar ve insanlar arasinda bT-
B'nin yeniden gortlmesi, coklu ilag direncli M. bovis
suslarinin artmasi, pediatrik hastalarda M. bovis'in

yuksek insidansi ve Human Immunodeficiency Viri-
st (HIV) ile ko-enfeksiyonun sikligi gelecege yonelik
bas edilmesi gereken ciddi sorunlardir.

On dokuzuncu ylzyihn son ceyreginde diinya
ile es zamanl olarak Osmanli imparatorlugu’nda da
bTB hastaligiyla ilgili korunma, mevzuat, ttberki-
lin Gretimi ve micadele calismalarina baslanmistir.
Sonraki yillarda araya savaslarin girmesiyle hastalikla
mucadelede aksamalar yasanmis olmasina ragmen
Turkiye Cumhuriyeti dénemindeki ilk 15 yillik slireg-
te Osmanli imparatorlugu déneminde yayimlanan
mevzuatlar yenilenerek hayvan saglg ve islahi ca-
lismalarinda 6nemli basarilara imza atilmistir. Yakla-
stk yarim asirlik bir stirede ¢esitli calismalar yuritdl-
dikten sonra 1985 yilinda her ydniiyle planlanarak
bes yillik "Tirkiye Tuberculosis Mucadele Projesi”
baslatilmis ancak 1987 yilinda projenin tazminat
odemelerinde finansman yetersizligi bas gostermis-
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tir. Sonraki sirecte hastaligin prevalansi ve mihrak
sayllari yillar itibariyle artarak giinimuze gelinmistir.
Son olarak Ulke genelinde bTB mihrak sayilar 2019
yilinda 2.248 mihrakla Ulke tarihinin en yiksek ra-
kamina erismis ve 2020 yilinda bir miktar gerileme
yasanarak 1.913 mihrak gorilmastar.

bTB hastaliginin klinik belirti gdstermeden sey-
retmesi, kolay bulasmasi, tani testlerinin eksik sen-
sitivite ve spesifitesi, iyi bagisiklik saglayan ve tani
testlerine miidahale etmeyen etkin marker bir asisi-
nin bu gline kadar gelistirilememis olmasi ve muica-
delesinin uzun soluklu olmasi gibi kendi dogasi ge-
regi zorluklari bulunmaktadir. Bunlarin yani sira bul-
gular boliminde verilen Tirkiye'ye 6zglu zorluklara
bTB enfeksiyonunun epidemiyolojik sorun analizi ile
Ozetine Sekil 1'de, ayrica bTB enfeksiyonunun epi-
demiyolojik ¢6zim Onerileri ile 6zet bilgilere Sekil
2'de yer verilmistir.

Sonug olarak; hem hayvan saghgdi hem de halk
saghg icin 6nem tasiyan bTB hastaligiyla miicade-
lede; tlke 6rnegini temsil edecek yerlerde yirutule-
cek stirvey calismasiyla belirlenecek prevalansa gore
bltgesi, personel sayisi, is ylkd, arag sayisi vb. ihti-
yaclarin hesaplanarak bir plan olusturulmasi; belirle-
nen bu plan dahilinde ¢alismanin kademeli mi yoksa
Ulke geneli bir tarama seklinde mi yapilacagina karar
verilmesi; alinan bu kararin uzun streli devlet politi-
kasina donusturtlmesi ve proje sliresince strdirdle-
bilir finansman desteginin saglanmasi; tam anlamiy-
la izlenebilen bir kimliklendirme ve kayit siteminin
olusturulmasi; hayvanin geldigi isletme ve orijin is-
letmelerin geri izlemesinin tam olarak yapilmasi; il-
gili tm kurumlarla birlikte hareket edilerek belgesiz
hayvan hareketlerinin, hayvan tiiccarlarinin, hayvan
pazarlarinin kontrol altina alinmasi; sarta tabi hay-
vanlarin kesiminde ESK'nin goérevlendirilmesi; ESK
tarafindan hizli bir kesim ve 6deme sisteminin olus-
turulmasi; 6zel kesimhanelerin ve kacak kesimlerin
etkin bir sekilde denetlenmesi; hayvan saghgi ve
refahina uygun olarak isletmelerin siniflandirilarak
sartlarinin iyilestirilmesi; saghkli damizlik temini igin
ari isletme-hayvan sayisinin artirilmasi ve sosyal pro-
jelerde ari damizlik hayvanlarin dagitiimasi; mera ve
su kaynagi, boga kullanimi gibi ortak kullanim alan-
larinin sinirlandiriimasi; genel olarak temizlik, dezen-
feksiyon ve biyogtivenlik énlemlerine tam anlamiyla
uyulmasi; egitim, motivasyon, bilgi paylasimi, arag
ve ekipman eksikliginin giderilmesi; hayvan sagligi
hizmetleri disindaki gereksiz is yikiinden arindirila-
rak “Tek Saglik” konsepti gercevesinde hastaliklarla
mucadeleye odaklanan genel mudirlik ve tasra
birimleri yeniden diizenlenen veteriner hizmetleri
kurumsal yapisinin yeniden olusturulmasi sonrasin-

da uzun surede, seferberlik ruhuyla ve sabirla yiri-
tllecek bir calismayla hastaligin prevalansi azaltilip,
kademeli ari bolgeler olusturularak basariya ulasila-
cagl miitalaa edilmistir. Son soz olarak, bu hastalikla
mucadelede, hastaligin dogasi ve Turkiye'nin sartlari
disinuldaginde kisa siirede bir sonug beklenme-
melidir.

Tesekkiir: Bu arastirma, Tarim ve Orman Bakanlig,
Tarimsal Arastirmalar ve Politikalar Genel Middrla-
gi tarafindan TAGEM/HSGYAD/U/20/A5/P1/1643
numarayla Ulkesel bir proje olarak desteklenmistir.

Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma etik ilke ve kurallari dogrul-
tusunda gergeklestirilmistir ve deney hayvanlari etik
kurulu iznine gerek yoktur.
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Ozet: Biyolojik ajanlarin silah olarak kullanilmasi cok uzun yillardir siirmektedir. Bunlardan biri de Ruam Burkholderia
mallei etkenidir. Bu tir silahlar kitlesel olarak o6limlere yol acabilecegi icin eski zamanlardan beri insanhgin
giindemindedir. Ozellikle atli stivarilerin kullanildigi zamanlarda ¢ok daha etkin bir biyolojik silah olan ruam, Birinci
ve Ikinci Diinya Savasi’'nda da biyolojik silah olarak kullaniimistir. Cok etkili olamadig icin kullanimi zamanla azalsa da
gliniimizde hala dnemini kaybetmemistir. Hala daha Amerika Birlesik Devletleri Hastalik Koruma ve Kontrol Merkezi
tarafindan yapilan Biyoterérizm Etkenleri ve Hastaliklar Listesi, Biyolojik Silahlar Konvansiyonu'nun Onemli Tehlike
Arz Eden Etkenler Listesi ve Avrupa Birligi Biyoterdrizm Calisma Grubu Listesinde bulunmaktadir. Bu calismada ruam
hakkinda genel tanimlama yapilirken, halk sagligi ve biyolojik silah olarak kullanimi konusunda giincel literatirler
kullanilarak derlenmistir.

Anahtar kelimeler: Biyolojik savas, Biyolojik silah, Biyoterdrizm, Burkholderia mallei, KBRN, Ruam

A historical biological agent and its importance for
CBRN: Glanders “Burkholderia mallei”

Summary: The use of biological agents as weapons has been around for many years. One of them is the Glanders
Burkholderia mallei factor. Such weapons have been on the agenda of humanity since ancient times, as they can
lead to mass deaths. Glanders, which was a much more effective biological weapon especially when horse cavalry
was used, was used as a biological weapon in the First and Second World War. Although its use decreases over time
because it is not very effective, it still has not lost its importance today. It is still included in the list of bioterrorism
factors and diseases made by the United States Center for Disease Protection and Control, the list of seriously
dangerous factors of the Biological Weapons Convention and the European Union Bioterrorism Working Group List.
In this study, while making a general description about glanders, public health was compiled using current literature
on its use as a biological weapon.

Keywords: Biological warfare, Biological weapons, Bioterrorism, Burkholderia mallei, CBRN, Glanders

Giris B. mallei, 1881 yilinda enfekte karaciger ve da-
laktan izole edilmis olsa da 1882 yilinda Loeffler ve
Schitz tarafindan tanimlanmistir (Allan ve Dance
2009). Daha oncelerde Loefflerella mallei, Actinoba-
cillus mallei, Pfeifferella mallei, Malleomyces mallei,
Mycobacterium mallei, Coryne- bacterium mallei,
Pseudomonas mallei ve Bacillus mallei olarak tanim-
lanmistir (Whitlock ve ark. 2007). Ruamin hayvan-
lardan insanlara bulastigi yoninde ilk gozlem 1912

Biyolojik etkenler tarih boyunca insanlik tarafindan
silah olarak kullanilmistir. Bunun ilk &rneklerinden
biri milattan 6nce 190 yillarinda Kartacali General
Hannibal'in Bergamali diisman gemilerini alt etmek
icin yilan zehri kullanmasi olarak gosterilebilir. Ancak
bu verilerin o sirada olusan bir hastaliktan mi yoksa
kasith kullanima mi bagli oldugu heniliz tam acikla-
nabilmis degildir (Alp ve Doganay 2006).

Ruam Burkholderia mallei, genellikle atlari,
esekleri ve katirlari etkileyen bir hastaliktir. Yaygin
olmasa da, ruam insanlara hasta hayvanlardan bula-
sir ve hayvanlarla yakin temas halinde olan kisilerin,
olmayanlara gore hastaliga yakalanma olasiligi daha
yuksektir (Whitlock ve ark. 2007).

de Lorin adli bir Fransiz askeri doktor tarafindan
yapilmis ayni yil Yizbasi Noyan ve Veteriner Hekim
Ahmet Sefik Kolayli Tirkiye'de bir nalbant askerin-
de ruam olgusu saptamis, 1938-1948 yillarinda 18,
1950-58 yillarinda 24 vaka ve 2 adet 6lim bildiril-
mistir (Ucar 1960). Yine Turkiye'de 1958 ve 1959 yil-
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larinda hayvanlarda cikan mihrak miktarlari sirasi ile
195 ve 232'dir (Ucar 1960).

Tarkiye'de 13.12.1983 tarihli Cumhuriyet Ga-
zetesinde “Gllhane Hayvanat Bahcesi dort aslanin
6lim nedeninin ruam oldugu belirlenmis ve yapi-
lan arastirmada hayvanlara tek tirnakli eti yedirildi-
gi belirlenmistir” haberine rastlanmaktadir. Haberi
inceleyecek olursak: “Bir laborant ruam siiphesiyle
karantina altina alindt Glilhane Parkt Hayvanat Bah-
cesi’ndeki iki hafta dnce goriilen ruam salgininda,
hayvanlarin tedavisinde gérevli bir laborantin ruam
sliphesiyle karantina altina alinmasina neden oldu.
Veteriner Fakiiltesi'nde laborant olarak calisan ve
hastaliga yakalanan hayvanlarin tedavisinde gérevli
Dursun Biga’nin laboratuvar ¢alismast sirasinda eline
igne batti. Bunu énemsemeyen Dursun Biga'nin igne
batan parmaginin sismesi ve kendisini rahatsiz etme-
si lzerine dnce Haydarpasa Numune Hastanesi'nde
dolama tedavisi gordigii bildirildi. Ancak yaranin
gecmemesi kizartinin eline yayldmast is arkadaslart-
nwn ve 6gretim Uyelerinin dikkatini cekti, cesitli has-
taneleri dolagstiktan sonra eline igne batisinin 11. gui-
niinde Cerrahpasada karantina altina alind.. Fakiilte
ogretim lyelerinden Dog. Dr. Bagdatli, “Biga’nin elin-
deki yaranin yilancik da olabilecegini, heniiz labora-
tuvar incelemelerinin siirdiigiinii ve ruam teshisi icin
henliz erken oldugunu” bildirdi. Glilhane Hayvanat
Bahgesi’nde ruamdan 2 aslan élmdstiir”(Cumhuriyet
Gazetesi 1983).

istanbul Adalar'da yapilan bir calismada 1128
ata mallein testi uygulanmis, 35 atta reaksiyon go-
rilmus ve 10 tanesi ileri analizler icin 6tanazi edilmis
ve bes tanesinde patolojik bulgulara rastlanmistir
(Arun ve ark. 1999)

Turkiye Dinya Hayvan Sagligi Ofisine 2017 ve
2019 yillarinda ruam vakasi bildirmistir. insan vakasi
bildirilmemistir. Brazilya'da 2020 yilinda, 11 yasinda
bir erkek cocugu gogus agrisi ve dispne, septik sok,
pndmoni, coklu apseler ile acil servise basvurmus ve
etken eksudat kultirtiinde belirlenmistir (Junior ve
ark. 2020).

Hastalik Kuzey Amerika, Avustralya ve Avru-
pa'da ithalat kontrol &nlemleriyle birlikte test edi-
lerek ve daha sonra enfekte olmus hayvanlar itlaf
edilerek ortadan kaldinlmistir. 1998 — 2007 yillar
arasinda Brezilya, Turkiye, eski SSCB, Eritre, Etiyopya,
iran, Irak, Birlesik Arap Emirlikleri ve Mogolistan'da
sporadik salginlar bildirilmistir (Torba 2020). Bunun-
la birlikte, bazi Asya, Afrika, Orta Dogu ve Gliney
Amerika Ulkelerinde ara ara bildirimler devam et-
mektedir. Nisan 2010'da Bahreyn, hastaligin ilk or-
taya cikisini, Brezilya ise 2009'da hastaligin yeniden

ortaya cikisini bildirmistir. ingiltere’de 1928 (Al-ani
ve Roberson 2007), Amerika Birlesik Devletleri'nde
1942 yilinda eradike edilmistir (Curling ve ark. 2010).

Sovyetler'in ruami silah olarak 1982-84 yillari
arasinda Afganistan'da kullandigi Alibek ve Hansel-
man'a atifla bildirilmistir (Zandt ve ark. 2013).

Kimyasal, biyolojik, radyoaktif, niikleer (KBRN)
acisindan degerlendirmeden 6nce ruam hakkinda
genel bir bilgilendirme uygun olacaktir.

Etiyoloji

B. mallei Gram negatif, orta buyuklikte, comak se-
killi, kapstlsiiz, sporsuz, hareketsiz bir bakteridir.
Oksidatif ve zorunlu aerobik, karbonhidratlari meta-
bolize edebilen ve bircogu katalaz ve oksidaz pozi-
tiftir. En iyi Greme 37°C'de, %1 gliserol ile gercekle-
sirken izolatlarin %75'ten fazlasi MacConkey agarda
iyi Urer. Taze kultirlerde etken uzun ve ince comak
gorinimindeyken, eskiyen kultiirlerde kokoidden
uzun flamentlere kadar degisen pleomorfik goriin-
tller elde edilir. Kanli agarda hemoliz gorilmez. Ek-
zotoksini yoktur, endotoksini ise sicakliga dayanikli-
dir ve malleinin esasini olusturur.

B. mallei, enfekte hayvan dokulari, vicut sivilar
ile temas yoluyla insanlara bulasir. Etken deri btln-
[Gglnlin bozuldugu kesik ve siyriklardan veya g6z
ve burun gibi mukozalardan viicuda girer. Bunun
yaninda, enfekte parcaciklarin solunmasiyla da bu-
lasma gergeklesebilir.
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Sekil 1. Alinan bakteri miktarina bagli olarak enfekte
olma olasihgr (Curling ve ark. 2010).

Hayvanlarda ise solunum, bulasik sularin igil-
mesi, karlk, atlik ve kosum takimlarinin kullaniimasi
gibi yollarla bulasma gerceklesirken, ev sinegi (Mus-
ca domestica) lezyonlardan beslenirken diger hay-
vanlara etkenleri tasimada 6nemli rol oynar (Al-ani
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ve Roberson 2007). Hayvanlar, enfekte hayvanlara
temaslarinin yaninda, 614 hayvanlari yemeleri sonu-
cu da enfekte olabilirler. Veteriner hekimler, at ba-
kicilari, laboratuvar calisanlari gibi meslek gruplar
risk altindadir (Doganay ve ark. 2020). Hayvandan
hayvana bulasma durumunda, en yaygin enfeksiyon
kaynagi, muhtemelen solunum yolundan akintilar
veya taslyici hayvanlardan Ulsere deri lezyonlari yo-
luyla kontamine yiyecek veya suyun yutulmasi gibi
goriinmektedir (Khakhum ve ark. 2019) . Bakterilerin
viicuda giris miktar hasta olma olasiligini degisti-
rebilmektedir. Ruam icin viicuda dahil alinan bakte-
ri miktarina bagh olarak enfekte olma olasihgr Se-
kil-1'de gosterilmistir.

Klinik Belirtiler

Hastalik atlarda kronik, merkep ve katirlarda ise akut
olarak gorilir. insanlarda ise lokalize, kronik dis-
semine, pulmoner ve septisemik olarak dort cesit
tanimlanmistir. Lokalize enfeksiyonlar, deride solu-
num sisteminde ve i¢ organlarda nodul ve Ulserlerin
olusmasi ile karakterizedir, genellikle sinirlidir ve si-
plrasyon odaklari gorilur, ancak dissemine olabilir
ve septisemiye yol acabilir. Apseler, uzun sire iginde
drene ve Ulsere olabilir. Akut hastalik formunun ku-
lucka stresi 1-14 gin, kronik formun kulucka suresi
ise 12 haftaya kadar uzayabilir. Lokalize enfeksiyon-
lar, hastalik etkeni ile temastan 1-5 gtin icinde gelisir
ve etkilenen bolgede sislik ve akinti gorular. Akut
pulmoner enfeksiyonlar, 10-14 ginlik inkibasyon
sUresi sonrasinda belirti gostermeye baslar. Septi-
semi etkenin viicuda alinmasinin akabinde veya ilk
enfeksiyondan iki hafta sonra goriilebilir. Pnémoni
tablosu hizli bir sekilde gorlir ve tedavi edilmez
ise 10-30 gun icinde 6limle sonuglanir. En yaygin
gorilen klinik bulgular dustk ates, halsizlik, yor-
gunluk, gogus agrisi, bas ve sirt agrisi dahil miyalji,
lenfadenopati olarak belirtilebilir. Diger belirtileri ise
lenf diigimlerinde hassasiyet, karin, bodaz ve go-
gus agnisi, fotofobi, bulanik gérme, splenomegali, ve
lakrimasyondur.

Kutandz formda viicudun herhangi bir yerinde
papller lezyonlar gorilebilir. Etkenlerin viicut bitin-
[GgUnun bozuldugu yerlerden girisi sonucunda agri
ve sislik gordlir. Enflamasyon bdlgesel lenfatikler
boyunca uzanabilir ve hastalik sliresince stiplrasyon
odaklari ile lenfanjite neden olabilir. Lenfatik damar-
lar palpe edilebilir. Enfeksiyon lokalize kalabilecegi
gibi tedavi edilmez ise disseminasyon gorulebilir.

Mukozal form kirli eller ve nesnelerin, havadaki
partikillerin mukoza ile temasi ile olusur. Etkenin
g6z ve konjonktival tutulumu asin lakrimasyon ve

fotofobi ile karakterizedir. Burun yoluyla etkenlerin
girisinde burun iltihabi ve sismesi gorilir. Bol mik-
tarda burun akintisi olabilir. Enfeksiyon burun septu-
mu ve kemik dokularina invaze olarak fisttl ve doku
yikimina yol acabilir. Yizde sislik ve lokal lenfadenit
gorulebilir ve enfeksiyon, solunum yollarina invaze
olabilir. Hastaligin yayilmasi ile 6ksurik, mukopri-
lant balgam ve bronsit gorilebilir. Ates ve titreme
eden ilk birkag giin icinde gorulir.

Akciger formu hava yoluyla etkenlerin viicuda
girisinden sonra veya yayilan enfeksiyonun sonucu
gorilebilir. Ust solunum yolunun enfeksiyonu ile
servikal lenfadenopati gorilebilir. Pulmoner enfeksi-
yon pndmoni, pulmoner apse, plorit ve plevral efliz-
yon ile sonuclanir. Pulmoner enfeksiyonda 6ksrik,
nefes darligi, g6gus agrisi ve mukopurilan balgam
gorulebilir. Yorgunluk, ates, titreme, bas agrisi, mi-
yalji, lenfanjit, bogaz ve ploretik gogis agrisi, 6ksi-
rik, tasipne, dispne ve gastrointestinal sistem bo-
zuklar gibi genel hastalik bulgulari gorulir. Semp-
tomlarin gortlmesi iki-t¢ haftayr bulabilir. Biyolojik
saldirilarda bu form en 6nemli form olabilir (Bossi
ve ark. 2004).

Laboratuvar testi

Lezyon ekstidalarinin gram boyasi, kiiciik gram ne-
gatif bakterileri ortaya cikarir. B. mallei, siradan bes-
leyici agarda yavas buyur. Aglitinasyon testleri 7-10
glin boyunca pozitif degildir ve normal serumlarda
ylksek arka plan titresi (1: 320 1: 640'a kadar) yo-
rumlamay! zorlastirir. Kompleman sabitleme testleri
daha spesifiktir ve titre 1: 20'ye esitse veya 1: 20'yi asi-
yorsa pozitif kabul edilir. Septisemik vakalarda otop-
si noddllerinin kilturlerinde genellikle B. mallei'nin
varligr goérdlir. Bunun haricinde PCR ydntemleri de
teshis yontemi olarak kullanilmakta, ayrica Burkhol-
deria pseudomallei, Burkholderia mallei ve Burkhol-
deria thailandensis ayriminda yardimci olmaktadir.
(Zakharova ve ark. 2017). Agar jel immunodiflizyon
(AGID), Counter immuno electrophoresis (CIE) test,
Indirect haemagglutination (IHA), Complement
Fixation Test (CFT), Enzyme linked immunosorbent
assay (ELISA) yontemleri kullanilabilmektedir (Al-ani
ve Roberson 2007). Valide edilen bir immunflorasan
metot calismasinda IFA; ELISA, CFT ile karsilastirl-
mis ve immun florasan (IFA) metodunun teshiste
kullanilabilecegi belirtilmistir (Jamooli ve ark. 2016).
Sahada hizl tani yapilabilecek yéntemlerden pol-
ymerase ampplificaiton lateral flow assay (RPA-LF)
konusunda da umut vaat eden calismalar yapiimak-
tadir ve gercek orneklerle gecerli kilma calismalari
gerekmektedir (Saxena ve Pal 2019).
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Ayirici tani

Ayirici tani, klinik belirtilere baghdir. icinde pnémo-
ninin yaygin nedenleri, potansiyel biyoterdrizm et-
kenleri ve zoonotik hastaliklara ek olarak melioidoz,
veba ve tularemiyi icerir. Ruam paptler veya pusti-
ler deri lezyonlari ¢gicek hastaligi dékintilerine ben-
zeyebilir (Arizona Department of Health Services
2004).

Dayaniklilik

Laboratuvar calismalari, nemli killi topraklarda 30
aya kadar yasayabildigini gostermistir. Kuru kumlu
toprakta ¢ok daha kisa bir stre dayanir. liman bir
bdlgede %10 nem icerigine sahip toprakta 70 giin
icinde, %40 nem iceriginde ise 726 glin etkenler
canli kalabilir.

Dekontaminasyon ve izolasyon

Hastalarla temas ve mesafe &nlemleri alinmalidir.
Cilt lezyonlari ve sekresyonlari ile temas eden kisiler
sabun ve su kullanilmalidir. Ekipman, giysi ve diger
nesneler ve cevresel dekontaminasyon icin %0,5
hipoklorit sollsyonu (1 kisim ¢amasir suyu ve 9 ki-
sim su =%0,5 ¢ozelti) etkilidir (Arizona Department
of Health Services 2004). Etken; alkol icindeki civa
klortrr, benzalkonyum klorir, iyot, potasyum per-
manganat, %1 sodyum hipoklorit, %70'lik etanol ve
%2'lik gluteraldehit gibi yaygin kullanilan dezenfek-
tanlara karsi oldukca hassas, fenolik maddelere karsi
daha az duyarlidir. Oli ve enfekte hayvanlarin bu-
lundugu yerlerin dezenfeksiyonunda bu maddeler
kullanilabilir. Ayrica 10 dakika boyunca 55°C'de 10
dakika uygulanan sicaklik veya ultraviyole lamba ile
B. mallei etkisizlestirilebilir (Whitlock ve ark. 2007).

Korunma, kontrol ve tedavi

Tek tirnakhlarin  veteriner hekimlik hizmetlerinin
devamliigi ¢cok 6nemlidir. Ruam hastaligi 5996 sa-
yili Veteriner Hizmetleri, Bitki Saghgi, Gida ve Yem
Kanunu; Ruam Hastaligina Karsi Korunma ve Mica-
dele Yonetmeligi; Hayvan Hastaliklarinda Tazminat
Yonetmeligine gore Bildirimi Zorunlu ve Tazminatl
Hastaliktir. Veteriner Kontrol Merkez Arastirma Ens-
titlsti’'nde Uretilen “Etlik intradermik Sauton Malle-
in” ile sahada slipheli hayvanlara test yapilir. Malle-
in testi sonucu pozitif olan atlar itlaf edilir, sipheli
olanlara 20 glin sonra yeniden test uygulanir ve
stpheli ya da pozitif ¢cikmasi durumunda itlaf edilir.
Hayvanlara tedavi uygulanmaz.

insanlarda ruam tedavisi konusunda cok az de-
neyim vardir; bu nedenle az sayida antibiyotik in vivo
degerlendirilmistir. 1950'den sonra bazi stlfonomit-
lerin ruam etkenine karsi olan etkisinin anlasiima-

siyla 6lim vakalari oldukca azalmistir (Ucar 1960).
Tedavi, klinik durumun tirt ve siddetine gore de-
gisir. Siddetli hastalik, baslangicta parenteral tedavi
gerektirir. Uzun sureli oral antibiyotik tedavisi nik-
setmeyi dnlemek icin bircok ay gereklidir. Setazidim
ve trimetoprim-silfametoksazol veya imipenem ve
doksisiklin olarak antibiyotik tedavisi insanlarda de-
nenebilir. Cesitli izolatlar farkli antibiyotik duyarlilik-
larina sahip oldugundan, her izolat icin antibiyotik
duyarlihgr test edilmelidir (Arizona Department of
Health Services 2004). Sulfadiazine deney hayvan-
larinda ve insanlarda etkili oldugu bulunmustur.
Burkholderia mallei genellikle tetrasiklinlere, siprof-
loksasin, streptomisine, novobiyosin, gentamisin,
imipenem, seftrazidim ve silfonamidlere duyarlidir.
Kloramfenikole diren¢ bildirilmistir. Tedavide kino-
lonlar, trimetoprim/sulfametoksazol, doksisiklin ve
rifampisin kombine veya tek basina kullanilabilir.

Asi konusunda gliinimuizde calismalar devam
etmekte olsa da heniiz asisi bulunamamistir (Arizo-
na Department of Health Services 2004). Canl atte-
niie, membran parcalari, protein subunit asilari ge-
listirme asamalarindadir (Titball ve ark. 2017) (Silva
ve Dow 2013).

Halk saghgi acisindan 6nemi

Hayvanlar arasinda dogrudan ya da dolayl yoldan
gorulen bulagsma gorilir. Dogrudan bulasma hasta
hayvanlarin solunum havasi, etken ile bulasik sula-
rin icilmesi, kirli altlik, timar ve kosum takimlarinin
kullanilmasiyla olusurken, insanlar etkeni enfekte
hayvanlar ile temas sonucu alirlar. Laboratuvar calis-
malari sirasinda solunum ve laboratuvar kazalar ile
hasta olan vakalar bulunmaktadir.

Asist bulunmamaktadir. Klinik hastaligi olan
hayvanlara ek olarak, asemptomatik olarak enfekte
hayvanlar insanlar icin bir risk olusturmaktadir. in-
sanlar tesadifi konakcilardir ve insandan insana bu-
lasma nadirdir.

Tedavi icin hastane yatisi gereklidir ve diger
hastane hizmetlerini de aksatabilir. Tedavi birka¢ ay
strer. Semptomlar pnédmoni, grip veya tlberkiloz
gibi daha yaygin hastaliklarla aynidir, bircok hasta-
likla karistinlabilir. Tim dlnyada her yil sadece bir-
kac kisiye ruam teshisi konmaktadir. insanlarda ruam
¢ok nadir oldugu icin ¢cogu doktor hastaliga asina
degildir. Ruam tedavi edilmez ise %90-95 ve tedavi-
ye baslanirsa %40 fatalite hizina sahiptir. Fatalite hizi
enfeksiyonun formuna ve tedavi durumuna gore
degisiklik gosterir.
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Biyoterorizm ve Ruam

insan salginlari kaydedilmemis olsa da Ruam'in in-
san popllasyonlarinda izole salginlar olusturma ve
biyolojik bir silah olarak kasith kullanim potansiyeli

mevcuttur (Whitlock ve ark. 2007).

Ruam Amerika Birlesik Devletleri Hastalik Ko-
ruma ve Kontrol Merkezi tarafindan yapilan Biyote-
rorizm Etkenleri ve Hastaliklar Listesi'nde Grup B'de
yer almaktadir (Tablo-1).

Tablo 1. Amerika Birlesik Devletleri Hastalik Koruma ve Kontrol Merkez tarafindan yapilan Biyoterorizm Etkenleri ve Hastaliklar

Listesi (CDC 2021).

Kategori Tanim

Etkenler

Yiksek oncelikli,
Yayilmasi veya iletilmesi kolay (kisiden kisiye),
Yiksek 6lim oranlari,

Sarbon (Bacillus anthracis)

Botulizm (Clostridium botulinum toksini)
Veba (Yersinia pestis)

Cicek hastaligi (variola major)

A Onemli halk sagligi etkisi potansiyeli, Tularemi (Francisella tularensis)
Halkta panige ve sosyal bozulmaya neden olur, Viral hemorajik atesler, asagidakiler dahil
Halk saghgi hazirligi icin 6zel eylem gerektirir. Filovirtsler (Ebola, Marburg)
Arenavirusler (Lassa, Machupo)
Bruselloz (Brucella tirleri)
Clostridium perfringens'in Epsilon toksini
Gida guivenligi tehditleri (Salmonella tirleri, Escherichia coli
0O157: H7, Shigella sp.
Ruam Burkholderia mallei
Yayilmasi orta derecede kolaydir, Melioidosis (Burkholderia pseudomallei)
Orta derecede morbidite oranlari ve disik mor- Psittacosis (Chlamydia psittaci)
B talite oranlari ile sonuclanir; ve Q atesi (Coxiella burnetii)
CDC'nin teshis kapasitesinin 6zel olarak gelistiril- Ricinus communis kaynakl risin toksini (Hint fasulyesi)
mesini ve gelismis hastalik stirveyansini gerektirir. Stafilokokal enterotoksin B
TifUs atesi (Rickettsia prowazekii)
Viral ensefalit (dogu at ensefaliti, Veneziella at ensefaliti ve bati
at ensefaliti gibi alfavirisler])
Su guvenligi tehditleri (Vibrio cholerae, Cryptosporidium par-
vum)
Uclinci en yiiksek éncelikliler,
Kitlesel yayllma icin tasarlanabilecek yeni ortaya
C cikan patojenleri icerir, Nipah virlisii ve hantaviriis gibi ortaya ¢ikan bulasici hastaliklar

Uretmesi ve yaymasi kolay,
Yiksek morbidite ve mortalite oranlari,
Buyuk halk sagligi etkisi potansiyeli vardir.

Ruam’in savas sirasinda solunum yoluyla bulas-
masi ve iltihapli deri ve akciger enfeksiyonlari ile sey-
retmesi beklenir (Khan ve ark. 2012). Enfekte sekres-
yonlardan da ikincil olarak bulasma gorulebilir (Ari-
zona Department of Health Services 2004). Enfektif
dozu az, tim insanlari etkileyebilir ve inkiibasyon
periyodu 10-14 giin arasindadir. G6gls rontgenin-
de lobar pnémoni, akciger apseleri, plevral eflizyon,
sepsis olmasi halinde vicudun cesitli bdlgelerinde
multiple kutdnoz apselerle seyreden lezyonlar, nazal
ulserler, kanli akintilar iceren lezyonlar igerir. Deriden
girmesi halinde lenf digumlerine ulasir ve lokal dl-
seratif lezyonlar gozlemlenir. Karaciger, dalak, kol ve
bacak kaslarinda nekrotik grantlomatoz lezyonlar
iceren -kronik seyirli vakalar izlenebilir, tedavi edil-
meyen septisemiler 6limle sonuclunabilir (Arizona
Department of Health Services 2004).

B. mallei |. Dunya Savasi'nda kullanilan tarihteki
ilk biyolojik savas ajanlarindan birisidir (Torba 2020).
Birinci Dliinya Savasi'nda Rusya'da ¢ok sayida insan
ruam vakasi bildirilmistir. Balkan Savasi, |I. Dinya
Savasi ve Kurtulus Savas'larinda hizla yayilim goste-
ren epidemiler bildirilmistir (Doganay ve ark. 2020).
Almanya antraks ve ruam ile enfekte atlari mitte-
fiklerine, Romanya'da koyunlari Ruslara, ingiliz ve
Hindistan askeri kuvvetlerine satmistir (Jones 1992).
Antraks ve ruamin birlikte kullanildigi sabotaj giri-
simleri, askeri olarak beklenen basarilari gdstereme-
mistir (Oliveira ve ark. 2020). Birinci ve ikinci Dinya
Savaslarinda Dogu cephesindeki Rus atlarinin ve ka-
tirlarinin enfekte edilmesi ve Birinci Diinya Savasin-
da Cin'de bulunan Pinfang Enstitlisiindeki insanlari
ve hayvanlari enfekte etme de kullaniimistir (Sathua
ve Flora 2020) Amerika Birlesik Devletleri Hastalik
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Kontrol ve Onleme Merkezleri (CDC) biyoterérizm
ajanlarini Ug¢ kategoriye ayirmistir. Kategori A pato-
jenleri, yayllma kolayligi ve yiksek 6lim oranlari ile
halk saghgi ve ulusal giivenlik icin en ylksek riskle
iliskilidir. Kategori B patojenleri orta derecede yayil-
ma ve 6lim kolayhgd ile ikinci en ylksek dncelige
sahipken, Kategori C yaygin yayilan bulasici pato-
jenler icerir. Ruam bu siniflamaya goére Kategori B'de
yer almaktadir (Pakdemirli 2021). Ruam, Biyolojik Si-
lahlar Konvansiyonu'nun énemli tehlike arz eden et-
kenler listesi (Tablo-1) ve Avrupa Birligi Biyoterdrizm
Calisma Grubu Listesinde bulunmaktadir (Tegnell ve
ark. 2006).

Tablo 2. Biyolojik Silahlar Konvansiyonun Tehlikeli Etkenler
Listesi (Tegnell ve ark. 2006).

Anthraks (Bacillus anthracis)

Botulismus toksini (Clostridium botulinum toksini)

Veba (Yersinia pestis)

Cicek (Variola major)

Tularemi (Francisella tularensis)

Viral haemorrhagic fevers Brucellosis (Brucella sp.)

Ruam (Burkholderia mallei)

Q-hummasi (Coxiella burnetti)

Hintyadr bitkisinden (Ricinus communis) elde edilen Risin
toksini

Staphylococcus enterotoksiini B

Viral ensefalit etkenleri (alphaviruses [Orn:Venezuelan equ-
ine encephalitis, eastern equine encephalitis, western
equine encephalitis]).

Ruam, biyoterdrde kullanilabilir. Spesifik anti-
biyotiklerle hizli tedavi olamayan insanlar ruamdan
Olebilir. Ruam nadir gorilen ve iyi bilinmeyen bir
hastalktir, bu da saglk teskilatinin hizlh ve dogru
bir sekilde teshis koymasini zorlastirabilir. Ge¢miste
biyolojik silah olarak kullanilmistir. Biyoterdrorizm
amaciyla ruam etkenleri havaya, suya veya yiyecek
tedarik zincirine bulastirilabilir ve insanlar hasta ola-
bilir. Enfektif dozun disik oldugu varsayilir ve tim
insanlar duyarli kabul edilir. Kulucka stresi 10 ila
14 gln arasinda degisir (Bossi ve ark. 2004). Tedavi
edilmediginde septisemi genellikle 7-10 giin icinde
olimcul olur (Al-ani ve Roberson 2007).

Ruam hastaligi I. ve Il. Diinya Savaslari'nda sliva-
ri birliklerinin savas disi birakilmasi icin kullanilmistir.
insan ve hayvan asilari heniiz gelisme asamasinda-
dir. Etkenden alinan dis membran parcalarindan ya-
pilan denemelerde farelerde ve insan olmayan pri-
matlarda dnemli derecede hastaliga karsi koruyucu
bagisiklik tepkileri goralmustir. (Baker ve ark. 2017).

Savaglarda sivari birliklerinin ve diger hayvan-
larin dneminin kaybolmasiyla birlikte biyolojik silah
olarak 6nemini kaybetse de hala tarih sayfalarinda
yerini almaktadir. Bu durum tekrar kullaniimayacadi

anlamina gelmedigi icin bu tir hastaliklar konusun-
da surekli tetikte olarak egitimler diizenlenmesi, acil
durum senaryolari icin hazirlikli olunmasi, sahada
hizli ve laboratuvarda teshis tekniklerinin gelistiril-
mesi ve asi gelistirme calismalarina devam edilmesi
olasi etkilerinin azaltilmasi igin dnemlidir.
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Ozet: SARS-CoV-2'nin neden oldugu COVID-19 pandemisi, bulundugumuz zaman diliminde hizla diinya
populasyonu arasinda yayillmaya devam etmektedir. 2020 yili ve 2021 yili baslarinda ortaya ¢ikan yeni mutant ve
varyantlar virusa karsi miicadelede handikaplar yaratmaktadir. Ozellikle akut enfekte olan bireylerde tedavi icin acil
olarak kullanilan ilaclarin tam olarak standardize edilememesi bilim diinyasini COVID-19, ve gelecekteki muhtemel
salginlar icin arayislara yoneltmektedir. Bu arastirmalarda tarihte elde edilen kanitlara ve verilere dayali olarak baz
uygulamalar 6n plana ¢ikmaktadir. Bu uygulamalardan en cok bilineni ve tarihte hemen her virus salgininda acil
olarak tedavide kullanilan yontem “antiserum” ya da konvelesan palzma tedavisidir. Geleneksel ydntem antiserum-
plazma tedavisi basta olmak Uzere antikor bazl yeni nesil ilaglar gegmisteki salginlarda ve COVID-19 pandemisinde
kullanimlari, elde edilen sonuglar bu makalede derlenmistir.

Anahtar kelimeler: Antiserum, COVID-19, Plazma, SARS-CoV-2, Virus

One of the fastest weapons in fighting viral infections: antiserum/plasma therapy

Abstract: The COVID-19 pandemic caused by SARS-CoV-2 continues to spread rapidly among the world population
in the current period. New mutants and variants that emerged in 2020 and early 2021 create handicaps in the
fight against the virus. The inability to fully standardize the drugs used urgently for treatment, especially in acutely
infected individuals, led the scientific world to novel investigation for COVID-19, and potential epidemics in the
future. In these studies, some applications come to the fore based on the evidence and data obtained in history.
The most well-known of these applications and the method used in the emergency treatment of almost every virus
epidemic in history is “antiserum” or “convalescent plasma therapy”. The use of antibody-based new generation
drugs, especially the traditional method antiserum-plasma therapy, in past epidemics and the COVID-19 pandemic,
and the results obtained are compiled in this article.

Keywords: Antiserum, COVID-19, Plasma, SARS-CoV-2, Virus

Giris

“Antiserum Tedavisi” ya da “Plazma Tedavisi” tarihte
bircok hastalikla micadelede basari ile kullaniimis
ve halen bir¢ok hastalikta ilk akla gelen acil tedavi
seceneklerinden biri olarak distnilen pasif bagisik-
lik yontemidir. “Antikor Tedavisi” veya “Pasif immuni-
zasyon" olarak da adlandirilan bu tedavi, giinimuz-
de COVID-19 pandemisi ile tekrar glindeme gelmis
ve iyilesen hastalardan alinan serumlar ile bircok
hasta tedavi edilebilmistir. Tarihte bircok farkli has-
talik etkenine karsi kullanilan bu metot, bilimsel yeni
arlnlerin (farkli asi gesitleri, gen terapisi, vs.) ¢itkma-
siyla strekli arka planda tutulmus ve gereken dnem
verilememistir. Bu ylizden bu tedavi secenegi gerekli
dizeyde gelistirilememis ve modifiye edilememistir.
GUnlUmduzde halen bazi hastaliklarda kullaniimasi ve
Ozellikle COVID-19 pandemisinde basaril bir tedavi

secenegi olusturmasindan dolayi arastiricilarin dik-
katini ¢cekmistir. Asida da oldugu gibi bu tedavi se-
¢eneginin de yeni nesil ilag boyutuna tasinmasi igin
bilimsel calismalar giderek artmaktadir. Bu dogrul-
tuda gecmisin gelecege 1sik tutmasi perspektifiyle
Ozellikle viruslara karsi tarihte uygulanan antiserum
ve uygulama metotlari bu derlemede konu edilmis-
tir.

Tarihte bilinen ilk antiserum uygulamalari,
19'uncu yuzyilin sonlarina dogru von Behring ve
Kitasato (1891) tarafindan Corynbacterium dipht-
heriae ve Clostridium tetani etkenlerine karsi yapil-
mistir. von Behring ve Kitasato (1891), s6z konusu
bakterilere ait toksinleri atlara vererek immunserum
elde etmistir. von Behring bu calismasi ile 1901 yilin-
da Nobel odiline layik gortlmustir. Antiserum ile
yapilan bu ilk calismanin ardindan 20. yiizyilda sag-
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lik-tip alaninda immun sistem ve elemanlari Uzerine
calismalar hizla artmistir. Ozellikle Alman bilim insani
Paul Erlich immun sistem Uzerine yaptigi calismalar-
dan sonra ilk defa humoral bagisikligi tanimlamustir.
Paul Erlich de bu kesfi ile 1908 yilinda Nobel 6dili
almistir (Lindeman 1984). 1900'li yillarin basinda
immun sistem etmenleri ve bunlarla iliskili medikal
uygulamalar hakkinda yapilan yogun bilimsel calis-
malar, o zamanin kosullari igin acil olarak tedavi ve/
veya korunma secenegi olarak insanlar igin sunul-
mustur. Bu dogrultuda sz konusu bilim insanlari ve
daha pek ¢ogu ticari olarak antiserum Uretimi sagla-
yip, tedavide kullanilmasi igin piyasaya strilmesine
aracilik etmistir (Hey 2015). Ancak o gliniin kosulla-
rinda etik kosullarin tam anlamiyla saglanamamasi
nedeniyle ozellikle ¢apraz tir uygulamalarinda is-
tenmeyen sonuclar ortaya gikmistir. 1902 senesinde
“Jim” adli bir attan elde edilen anti-difteri serumu-
nun tetani toksini ile kontamine olmasi sonucu, uy-
gulanan 13 ¢ocugun 6limine neden olmustur. Bu
olay blyik trajedi yaratsa da 1906 yilinda biyolojik
drlnlerin siki denetimi icin Amerika Birlesik Devlet-
leri'nde Gida ve ilac Dairesi (U.S. Food and Drug Ad-
ministration)'nin kurulmasi ile sonuclanan bir sireci
baslatmistir (Anonim 2018). Bu sayede yeni Uretilen
ilaclarin yaygin kullanimindan énce c¢esitli kontrol-
lerden gecerek kullaniminin uygun olup olmadiginin
belirlenmesi saglanmistir (Anonim 2018). Antiserum,
o dénem icin farkl hastaliklara karsi atlar disinda ko-
pek, koyun, keci, sigir gibi hayvanlarda da uretilip
kullanima sunulmustur.

Sekil 1. 1902 yilinda Amerika Birlesik Devletleri'nde
anti-difteri serumu Uretmek igin kullanilan at “Jim”
(Bren 2006)

1918 yilinda ortaya ¢ikan ve dlinya popilasyo-
nun nerdeyse dértte birini hasta eden ispanyol gribi
pandemisine kadar antiserum uygulamalari genel-
likle heterolog olup, insanda capraz reaktif antikor-
lar yoluyla immunizasyon saglanmistir.

Heterolog serum uygulamalarinda gorilen
yuksek yan etki, sinirli uygulama, zor uretilme, her
etken icin farkli bagisiklik gelisimi gibi engeller, 1918
yilindaki grip salginiyla birlesmesi sonucu farkli me-
totlarin ve tekniklerin arastirilmasina yol a¢mistir.
Grip salginin ¢ok hizli ilerlemesi ve iyilesen bireyler-
de nétralizan antikor varliginin bilinmesi bilim insan-
larini hizl bir pasif bagdisiklik saglayabilecek bir teda-
vi secenegi olan homolog (iyilesen bireyden alinan
serumun hasta bireye transflizyon yoluyla verilmesi)
antiserum tedavisine (konvelesan plazma) yonlen-
dirmistir (Garraud ve ark 2016).

Ancak 1928 yilinda Alexander Fleming'in pe-
nisilin kesfi sonrasi ozellikle bakteriyel hastaliklarda
antibiyotiklerin kullanilmasiyla antiserumun genis
kullanimi ve gelistirilmesini uzun bir siire sekteye
ugramistir. Benzer sekilde hicre kulttra kullaniimasi
sonucu bircok viral hastalik icin asi gelistirilebilmesi,
viral hastaliklarin bircogu igin antiserum kullaniminin
neredeyse tamamen terkedilmesine yol agmistir. Bi-
yoteknolojinin gelismesiyle birlikte molekdler aras-
tirmalar artmis ve serum icinde bulunan spesifik an-
tikorlarin elde edilmesi saglanmistir. Bu tedavi bigimi
daha cok monoklonal antikor elde edilmesini temel
almaktadir. S6z konusu tedavi tipine, antikor-temelli
terapi (antibody-based therapy) de denilmektedir.
Antikor-temelli terapi son 30 yilda oldukga gelismis
olup bircok firma ticari Grlin olarak piyasaya sir-
mustlr. Bu Urlinlerin enfeksiyoz hastaliklardan ziya-
de, daha yogun olarak onkoloji ve otoimmun has-
taliklarda kullanilmasi s6z konusu ilaclarin gelistiril-
mesinin bu yonli deplase olmasina neden olmustur.
Ticari monoklonal antikorlarin icinden Palivizumab
(Synagis) isimli ilag¢ insanlarda gorilen Respiratorik
Sinsityal Virus (RSV) enfeksiyonuna karsi insan seru-
mundan uretilen bir immunglobulin G1 (IgG1) olup,
1998 senesinde FDA tarafindan kullanimi onaylan-
mistir. Palivizumab, bir virusa karsi ticari olarak Ure-
tilmis ilk antikordur. Palivizumab, glnimuzde bir
yastan kiictk neonatal predispozisyonlu bebeklerin
(preterm) RSV profilaksisinde kullaniimaktadir (Ano-
nim 2018a).

Enfeksiyon hastaliklarinda her ne kadar antise-
rum uygulamalarinin yerine spesifik ve hedef odakli
antikor terapisi teorik anlamda daha olumlu olarak
gorilse de bunun klinik bakimindan pratige uygu-
lanmasi halen oldukca zordur. Ozellikle yeni ortaya
¢tkan ve kolay mutasyona ugrayan viruslara karsl
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monoklonal antikorlarin Uretilmesi, purifiye edilme-
si, standardize edilmesi s6z konusu enfeksiyonun
klinik slirecine yetistiriimesinde belli bir zaman pe-
riyoduna ve glvenilirlik testlerine ihtiya¢ vardir. Bu
amagla yeni ortaya cikan virus ya da bakterilerin
neden oldugu enfeksiyonlar icin “Antikor Kokteyli”
uygulamasi denenmektedir. Buna gore dnceden bir
antijene spesifik Gretilmis monoklonal ya da poliklo-
nal antikorlarin yeni enfeksiyona yol acan bir etken-
deki antijene capraz reaksiyonla etkili olabilecegini
dislinerek deneysel karisim halinde kullanilmasidir.
Ayrica salginlarin gorildigi zaman dilimi gerceve-
sinde sz konusu viruslara veya antijenik epitopla-
rina karsi Uretilen spesifik antikorlarin karisik sekilde
kullanilmasi da “Antikor Kokteyli” tedavisine gir-
mektedir. Roche ve Regeneron firmalarinin Urettigi
antikor kokteyli farkli monoklonal antikorlar (RE-
GEN-COV; casirimivab/imdevimab) icermekte olup,
COVID-19 pandemisi icin acil kullanima sunulmus-
tur (Anonim 2020). Ozellikle Amerika Birlesik Devlet-
leri'nde uygulanan antikor kokteyli, basarili sonuclar
alinmasindan sonra diger Ulkelerde de kullaniimaya

baslanmistir (Anonim 2020). Amerika Birlesik Dev-
letleri Eski Baskani Donald Trump'in da COVID-19 ile
enfekte oldugu tespit edildiginde s6z konusu anti-
kor kokteyli ve Remdesivir adl antiviral ilaci kombi-
ne olarak kullandigi ve hizla sagligina kavustugu ra-
por edilmistir (Anonim 2020). Yine Eli Lilly firmasinin
Urettigi LY-CoV555 (Bamlanivimab) ve LY-CoVO016
(Bamlanivimab/Etesevimab) ticari isimli antikor kok-
teylleri de 2020 yili icinde FDA tarafindan acil kul-
lanim onayi almistir. Ancak yapilan klinik calismalar
sonucunda SARS-CoV-2'nin farkli varyantlarini iste-
nilen dizeyde ndtralize edememesinden dolayr 25
Nisan 2021'de FDA LY-CoV555 (Bamlanivimab)'in
acil kullanim onayini geri cekmistir (FDA 2021). Cel-
Itrion firmasinin Urettigi CT-P/059 ticari isimli Reg-
danvimab monoklonal antikoru SARS-CoV-2'ye ait
“spike (S)" proteininin receptor-binding-domain
(RBD)'ini notralize etmektedir (Anonim 2021). Son
yapilan calismalarda CT-P/059'un SARS-CoV-2'nin
farkli varyantlarinin basarili bir sekilde nétralize ede-
bildigi rapor edilmistir (Anonim 2021).

Tablo 1. SARS-CoV-2 tedavisi icin klinik deneme asamasinda olan ya da acil kullanim onayi almis 6ne c¢ikan monoklonal

antikorlar ve antikor kokteylleri

Firma Ticari isim Monoklonal Antikorlar Durumu
Regeneron-Roche REGEN-COV Casirivimab/Imdevimab Acil Kullanim Onayi (EUA)*
Eli Lilly LY-CoVO016 Bamlanivimab/Etesevimab Acil Kullanim Onayi (EUA)*
Eli Lilly LY-CoV555 Bamlanivimab Faz 3

Celltrion CT-P/59 Regdanvimab Faz3

*Emergency Use Authorization (EUA): Acil Kullanim Onayi (FDA tarafindan)

GlUnimuzde antiserumun kullanimi gecmise
gore sinirh olup, daha ¢ok omurgasiz eklem bacak-
hlar (akrep), striingen (yilan), vs. zehirlenmeleri igin
yaygin olarak Uretilmekte ve kullaniimaktadir. Her
ne kadar asisi gelistirilmis olsa da bazi enfeksiyoz
hastaliklarda da hizli bir pasif bagisiklik saglanma-
si i¢in antiserum kullanimina devam edilmektedir.
Uygulanmalari vaka durumuna ve hekim degerlen-
dirilmesine gore yapilmaktadir. Bu enfeksiyonlarin
basinda bakteriyel olarak Clostridium tetani, viral
olarak ise Kuduz (Rabies) gelmektedir. Ozellikle ku-
duz virusu ile enfekte oldugu kesin olarak bilinen bir
hayvanin (genellikle kdpek ya da vahsi hayvanlar) bu
virusu bir insana ya da hayvana bulastirmasi sonu-
cu immunizasyon ivedilikle olusturulmasi bakimin-
dan antiserum uygulanmasi yapilmaktadir (Anonim
2017). 1975 yilindan bu yana yapilan homolog ku-
duz antiserum tedavisi ile ABD'de 250 bin kisi sag-
hgina kavusmustur. Bu tedavi sonrasi herhangi bir
yan etki rapor edilmemistir (Anonim 2017). Cok ter-

cih edilmese de kuduz virusuna karsi tek tirnaklilara
ait heterolog antiserumla da tedavi secenegdi mev-
cuttur (Anonim 2017). Ozellikle heterolog antirabies
serumun gelismemis ve az gelismis Ulkelerde dustk
maliyeti ve kolay ulasilabilirliginden dolayr ginu-
mizde kullanimi mevcuttur (Anonim 2017). Ancak
glinimizde kuduz asisi oldukga iyi bir immunstimu-
lasyon saglamasindan dolayr bu uygulama gelismis
Ulkelerde cok tercih edilmemektedir.

Tarihsel olarak viral hastaliklarda antiserum te-
davisi (homolog) ve antikor terapisine baktigimizda,
aslinda uygulanmalarinda iki farkli strateji ortaya
ctkmaktadir. Antiserum tedavisi tarihte genis kitle-
leri etkileyen virus salginlarinda mortalite oranini
disiirmek amaciyla acil olarak kullanilan bir yontem
iken, antikor terapisi mutasyon dinamigi cok disik
veya konakta latent/kronik enfeksiyona neden olan
viruslarin tedavisinde tercih edilen ydntem olmustur.
Sureg acisindan degerlendirildiginde halen antise-
rum uygulamasi viral hastaliklarda ilk akla gelen acil
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tedavi seceneklerinden biridir (Joyner ve ark. 2020;
Montelongo-Jauregui ve ark. 2020).

Antiserum uygulamasi COVID-19 pandemi-
sinde de ilk akla gelen tedavi seceneklerinden biri
olmustur. Ozellikle iyilesen hastalardan alinan se-
rumlar hastanede yatan hastalara acil olarak uygu-
lanmistir. 16 Mayis 2021 tarihi itibariyle ise Birlesik
Devletler Ulusal Saglik Enstittist (U.S. NIH)'ne ait Kli-
nik Denemeler takip sistemi (ClinicalTrials.gov)'nde
COVID-19'a karsi uygulanan plazma tedavisi bazli
klinik denemelerin sayisi 216'dir. Bu denemelerin
U¢ adedi Tirkiye'den olup halen devam etmektedir.
Amerika Birlesik Devletleri'nde 2021'in ilk aylar iti-
bariyle saglik kurumlarinda COVID-19a karsi plazma
uygulamasi aylik olarak 100 binin lzerindedir. Yakla-
sik bir buguk yillik strede (Ocak 2020-Haziran 2021)
PubMed ve MEDLINE veritabanlarindan toplanan
COVID-19 ‘a karsl randomize plazma terapisi verile-
rine gore bu terapi yonteminin toplamda mortalite
oraninin %42 oraninda azalttigi ortaya konmustur
(Klassen ve ark. 2021). Bu sonug, antiserum uygu-
lamalarinin acil kullanimda mortalite oranlarini ne
Olclide disurebilecegini kanitlamistir.

COVID-19 pandemisinde oldugu gibi SARS-
CoV-1 ve MERS-CoV'un neden oldugu salginlarda
da cesitli antiserum uygulamalar yapilmistir. Yapi-
lan bu calismalar COVID-19 salgininda uygulanan
kadar sistematik ve randomize olmamasina karsin
glnimuzdeki antiserum uygulamalari igin dnemli
katkilar saglamistir. 2003 yilinda 3 aylik bir periyot-
ta (Mart-Nisan-Mayis 2003) Hong Kong'da SARS-
CoV-1'e karsi 80 hastada iyilesen hastalardan alinan
antiserum uygulamasi yapiimistir. Uygulanan bu te-
davi sonucunda toplam mortalite oraninin %17'den
%12,5'a distigl gozlemlenmistir (Cheng ve ark.
2005). 2015 yihinda MERS-CoV salgininda Suudi
Arabistan'da konvelesan plazma tedavisi yaygin ola-
rak kullanilmistir. Ozellikle sirekli maruziyet altinda
olan saghk calisanlari icin yapilan bu tedavi ile ha-
yatta kalma oraninin arttigi rapor edilmistir (Arabi ve
ark. 2015). Ayrica MERS-CoV igin antikor kokteyli te-
davisi de uygulanmistir. SARS-CoV-2 i¢in de antikor
kokteyli tasarlayan Regeneron firmasi MERS-CoV'a
karsi REGN3048 ve REGN3051 ticari isimli iki mo-
noklonal antikor Gretmis ve 2018'de klinik deneme-
lerine baslanmistir (Sivapalasingam ve ark 2021). Kli-
nik denemelerde deney hayvanlari lizerinde tedavi
calismalari mevcut olsa da insanlarda sadece profi-
laktik amacla bir calisma yapilmistir (Sivapalasingam
ve ark 2021). S6z konusu calismada 48 gonilli bire-
ye iki glin arayla yapilan transflizyonel uygulamalar
ile 12 plaseboya karsi 36 bireyde MERS-CoV'a karsi

yuksek titrede IgG varligi rapor edilmistir (Sivapala-
singam ve ark 2021).

Gecgmis yillarda 6nemli viral solunum sistemi
hastaliklarina karsi uygulanan antiserum ya da kon-
velesan plazma tedavilerine ait meta-veri analizle-
ri yapilmistir. Mair-Jenkins ve ark. (2015) yaptiklari
meta analiz ¢alismasinda doért farkli solunum yolu
sistemi virusunun konvelesan plazma ile tedavi so-
nuclarini rapor etmistir. ispanyol gribi adiyla bilinen
influenza virus HI1N1in neden oldugu pandemi
diinya nifusunun Ggte birini etkilemis ve 50 milyon
insanin hayatini kaybetmesine neden olmustur (Ma-
ir-Jenkins ve ark 2015). Konvelesan plazma tedavisi
o ddonemde yeni uygulanan bir tedavi secenegi ol-
masindan otirl bircok gozlemsel ve deneysel calis-
ma yapilmistir (Mair-Jenkins ve ark 2015). Ozellikle o
doénem ayrintili olarak raporlanan iki calismada vaka
6lim oranlarinin birinde %19 digerinde ise %22
azaltildigr belirtilmistir (Gould 1919; Kahn 1919).
O'Malley ve Hartman (1919) yaptigi ¢alismada da
6lim vaka oraninin plazma tedavisiyle %30'a yakin
bir oranda azaldigi belirtilmistir. Bu calismalarin ar-
dindan Lesne ve ark. (1919) yapilan klinik uygulama-
lar sonucu plazma tedavisinin vaka 6lim oraninin
%50 azaldigini rapor etmistir.

Avian influenza (Kus Gribi) olarak bilinen zoo-
notik karakterli H5N1 influenza virus neden oldugu
2003 yilindaki salginda da hastalar tzerinde plazma
tedavisi uygulanmis ancak antiviral bir ilag olan osel-
tamivir'in vakalarda iyi yanit verdigi rapor edilme-
sinden dolayl uygulanmasi sinirli kalmistir. Plazma
tedavisi uygulanan farkli vaka olgularinda genellikle
basarili olundugu ancak yeterli diizeyde nétralizan
antikor saglanamadigi belirtilmistir (Kong ve Zhou
2006). Ayrica “domuz gribi” ya da “H1N1 influenza
virus” 2009 salgisini sirasinda da antsierum/plazma
tedavisi gindeme gelmis ancak “oseltamivir” isimli
antiviral oral olarak kullanilmasi klinik olarak daha
pratik olmasindan dolayi s6z konusu pandemide
daha 6n plana ¢ikmistir (Skarbinski ve ark 2011). Bir
ndroaminidaz reseptdr blokdrl olan oseltamivir o
doénemden bu yana farkli influenza salginlarinda te-
davi icin antiviral ilac olarak kullaniimis ve halen kul-
laniimaktadir (CDC 2021). Ancak konvelesan plazma
ile yapilan karsilastirmali calismalarda mortalite du-
srme agisindan herhangi bir fark saptanamamistir.
Hatta bazi calismalarda "oseltamivir'e ait ylksek
yan-etki gorildiglu ve ndroaminidaz inhibitori-
ne resistansh suslara etki etmedigi rapor edilmistir
(Luke ve ark 2010; Moore ve ark 2011; Pizzorno ve
ark 2011).

2014-2015 yillarinda Afrika kitasi basta olmak
Uzere diinyanin bircok yerinde gorilen Ebola virus
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salgininda diger virus salginlarinda oldugu gibi kon-
velesan plazma terapisi uygulanmistir. Bati Afrika'da
van Griensven ve ark (2016)'nin yaptigi calismada
konvelesan plazma bir grup Ebola hastasi ile farkli
ilaglar uygulanan bir baska grubu karsilastirmiglar-
dir. Buna gore konvelesan plazma uygulanan grupta
mortalite orani %31 iken kontrol grubunda bu oran
%38 olarak tespit edilmistir. Bu calismada en dikkat
ceken sonug ise, plazma tedavisi géren bes yas al-
tindaki ¢ocuklarin hepsinin iyilesmis olmasidir. van
Griensven ve ark. (2016) bu sonucu transfiizyonel
bazli uygulamanin ¢ocuklarda daha basarili olabile-
cegini tartismislardir.

Ebola, influenza, hepatitis C gibi viruslara karsi
halihazirda tasarlanmis ve Uretilmis monoklonal an-
tikorlar mevcuttur. Ancak bu monoklonal antikorlar
genel olarak guvenilirlik klinik deneme diizeylerinde
olup bircogu faz-1 deneme sirecine ulasamamistir
(Pelegrin ve ark. 2015).

Veteriner hekimlikte bazi viruslara karsi antise-
rum/plazma tedavisi yapilmistir. Ozellikle parvovi-
ruslarin neden oldugu canine parvovirus (CPV) ve
feline panleukopenia (FPV) enfeksiyonlarina karsi
pasif immunizasyon amaciyla uygulanmis ve ticari
olarak kullanima sunulmustur (Gerlach ver ark 2017).
IDT Biologika firmasi tarafindan Uretilen Staglo-
ban SHP isimli hiperimmun serum CPV ve canine
adenovirus tip 1 (CAV-1)'e karsi immunglobulinleri
icermekte olup yaklasik 15 sene Almanya‘da pasif
immunizasyonda kullanilmis ancak daha sonra Ure-
timine devam edilmemistir. Bunun aksine kedilerde
gorilen FPV'ye karsi Uretilen antiserum glinimuzde
kullanimdadir. Feliserin Plus isimli bu hiperimmun
serum kopeklerde de profilaktik amacla kullanila-
bilinmektedir. Atlardan elde edilen bu hiperimmun
serum icerisinde FPV'nin yani sira feline calicivirus
(FCV) ve feline herpesvirus tip 1 (FHV-1)e karsi da
immunglobulinler icermektedir. Almanya gliinimuz-
de kullanimda olan bu terapdétik, diger Avrupa Bir-
ligi Ulkelerinde yasal izinlerle kullanilabilinmektedir
(Gerlach ver ark 2017).

Sonu¢

Antiserum (plazma) uygulamalarinda en sik goérilen
yan etki transfliizyona bagl gelisen yan etkilerdir.
Bunlardan en onemlisi ve sik gelisenleri transfiiz-
yona bagl akciger hasari (transfusion related acute
lung injury; TRALI) ve transflizyona bagli sirkiilasyo-
na asiri yiklenme (transfusion associated circulatory
overload; TACO)'dur (Kog¢ 2020). Bunlarin yaninda
daha az gorilen transflizyon sonrasi antikora bag-
Il enfeksiyon artisi (antibody dependent enhance-

ment; ADE) sekillenebilmektedir (Ko¢ 2020). Daha
nadir gorilmekle beraber asiri duyarhlk reaksiyon-
lari, asirt alerjik yanit, sok gibi yasamsal risk yaratan
klinik gorinimler de ortaya cikabilmektedir (Kog
2020). Bu istenmeyen etkileri asip daha etkin ve hizli
terapi saglayabilmek icin monoklonal antikor kul-
lanimi glinimizde 6n plana ¢ikmistir. Ancak bu tip
terapinin de zaman, maliyet, standardizasyon ve uy-
gulama hiz dustikligi bakimindan handikaplar iger-
mesinden otirl acil pasif bagisikligin saglanmasi ve
bir an 6dnce mortalite oranlarinin azaltilabilmesi agi-
sindan halen “antiserum” veya “konvelesan plazma
on plana ¢ikmaktadir. Bu tekniklerin gliniimiizde ya-
pilacak olan yeni ¢alismalarla gelistiriimesine ihtiyag
duyulmaktadir. Bunun saglanmasi halinde &nemli
bir acil tedavi secenegi olabilecektir.

Cikar Catismasi Bildirimi: Yazarlarin herhangi bir
cikar catismasi bulunmamaktadir.

Etik Bildirim: Calisma etik ilke ve kurallari dogrul-
tusunda gergeklestirilmistir ve deney hayvanlari etik
kurulu iznine gerek yoktur.
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