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ABSTRACT

Campylobacter infection is zoonotic and has remained a global economic and public health con-
cern. The bacteria cause gastroenteritis and other debilitating health and economic problems
in both animals and humans. Epidemiological factors and risk practices aiding the acquisition
and dissemination of the infection still subsist in developing countries, particularly Nigeria, but
epidemiological information on the distribution and control of the infection is sparse. Taking
cognizance of the significance of epidemiological data, this study systematically reviewed 53 eli-
gible articles on the prevalence and antimicrobial resistance profile of Campylobacter isolates
from animals, food matrices, and humans in Nigeria from 1981 to 2022. The 53 articles have a
pooled sample population of 9329, 3529, 571, and 5523 from animals, food matrices, water, and
humans, respectively. C. jejuni and C. coli were the most reported species with prevalence range:
5.3%-60.7%, 3.5%-92.7%, 14.3%-27.7%, 8.8%-68.8%, 4.8%-96%, 0.5%-43.8%, and 7%-70% in poultry,
other food-producing animals, companion animal, water, food of animal origin, children <5 years
old, and other individuals at risk, respectively. A pooled prevalence of 26.8%, 23.1%, 20.7%, 34.8%,
53.7%, 12.7%, and 25.4% in the same order was calculated. Of the 53 articles reviewed, molecular
diagnostics tools were employed in 11 (21%) while multidrug resistance was reported in 15 (28%).
Intensification of food animal production, use of protective wares by animal and meat handlers,
adequate cooking of foods of animal origin, prudent use of antibiotics in animal agriculture, and
a coordinated One Health approach to the control of campylobacteriosis has become pertinent
in Nigeria.

Keywords: Animal, Campylobacter, epidemiology, humans, Nigeria

0z

Campylobacter enfeksiyonu zoonotiktir ve kiresel bir ekonomik ve halk saghgi sorunudur.
Bakteriler hem hayvanlarda hem de insanlarda gastroenterit ve diger saghgi zayiflatici ve eko-
nomik sorunlara neden olurlar. Enfeksiyonun edinilmesi ve yayilmasina yardimci olan epidemi-
yolojik faktorler ve risk uygulamalari gelismekte olan tlkelerde 6zellikle Nijerya'da hala varligini
slirdirmektedir, ancak enfeksiyonun dagilimi ve kontrolli hakkinda epidemiyolojik bilgi yetersizdir.
Epidemiyolojik verilerin dnemini géz dniinde bulundurarak, bu galigma 1981-2022 yillari arasinda
Nijerya'da hayvanlardan, gida matrislerinden ve insanlardan Campylobacter izolatlarinin yayginhgi
ve antimikrobiyal direng profilleri lizerine 53 uygun makaleyi sistematik olarak incelemistir. 53
makale, sirasiyla hayvanlardan, gida matrislerinden, sudan ve insanlardan 9329, 3529, 571 ve 5523
ornekleme poptilasyonuna sahiptir. C. jejuni ve C. coli en yaygin rapor edilen tirler olup, prevalans
araligi siraslyla; tavuklarda %5.3-60.7, diger gida Uretiminde kullanilan hayvanlarda %3.5-92.7, evcil
hayvanlarda %14.3-27.7, su kaynaklarinda %8.8-68.8, hayvansal kaynakli gidalarda %4.8-96, 5 yasin
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altindaki cocuklarda %0.5-43.8 ve diger risk altindaki bireylerde %7-70'tir. Ayni sirayla hesaplanan birlesik prevalans sirasiyla %26.8,
%231, %207, %34.8, %537, %12.7 ve %25.4'tiir. incelenen 53 makalenin 11'inde (%21) molekiiler tani araglari kullanilirken, coklu ilag
direnci 15'inde (%28) rapor edilmistir. Nijerya'da, gida hayvani Gretiminin yogunlastirilmasi, hayvan ve et igleyicileri tarafindan koru-
yucu ekipmanlarin kullanimi, hayvansal kokenli gidalarin yeterli pisiriimesi, hayvan tariminda antibiyotiklerin 6zenli kullanimi ve
kamfilobakteriyozun kontroliinde koordineli bir Tek Saglik yaklagimini 6nemli hale getirmektedir.

Anahtar Kelimeler: Hayvan, Campylobacter, epidemiyoloji, insanlar, Nijerya

INTRODUCTION

Campylobacter species are the etiologic agent of campylobacte-
riosis in both animals and humans. Most Campylobacter species,
particularly the thermophilic species, are zoonotic and require a
microaerophilic culture environment for optimal growth. Gen-
erally, Campylobacter species are Gram-negative bacteria. The
organisms are usually spiral, comma, or rod-shaped and colonize
the gastrointestinal tract of most warm-blooded animals, food-
producing animals (especially poultry), pets, and humans." Cam-
pylobacter infections may be asymptomatic, depending on the
immune status of the host and the organisms can be discharged
into the environments through the feces of infected hosts.? Dif-
ferent animal species especially poultry have been reported as
reservoirs of Campylobacter species for human infection.® Foods
of animal origin, including processed chicken, other meat prod-
ucts, milk (especially unpasteurized milk), cheese, and untreated
water could be major sources of Campylobacter infections.
Approximately, 70%-80% of cases of campylobacteriosis have
been attributed to poultry sources either at the farm level and
processing units or due to contact with contaminated carcasses
or ingestion of contaminated meat products.* The ability of the
organisms to survive over time, even in freezing conditions, and
remain viable but not culturable may have contributed to the
spread of the infection via contaminated food products.?

Campylobacter species are ofimmense public health importance
due to their ability to cause gastroenteritis and other health
problems in humans; especially among risk groups (immunologi-
cally naive/compromised and or occupationally exposed individu-
als). These include children (<5 years old), the elderly, pregnant
women, livestock farmers, butchers/animal handlers, and HIV/
TB patients."® The infection is worldwide in distribution but high
prevalence has been reported in animals and humans in many
developing countries including Nigeria." The socio-economic
burden and intervention cost associated with campylobacterio-
sis and other zoonotic diseases in Nigeria have been estimated
at 8.8% and 10.9%, respectively. The actual impact in the devel-
oped countries has been estimated at 27 million euros per year
unlike in the developing countries where the actual impact of the
infection has remain indefinable either as a result of deficiency
in awareness or complexity in the diagnosis within sensate and
paradoxically applied isolation methods.”

In Nigeria, the risk practices aiding Campylobacter infection
are common. Almost every household is involved in subsistent
poultry or livestock production for income generation or provi-
sion of animal protein.® Furthermore, poor biosecurity, environ-
mental hygienic practices, and contaminated water sources,
both at the farm and at the abattoir levels where food-producing
animals are reared or processed without good hygiene practices
have also contributed to the spread of Campylobacter organism
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in developing countries.“® Lack of awareness of the public health
implication of Campylobacter infection, inaccurate diagnosis,
and wrong use of antibiotics in animals including self-medication
in the management of gastroenteritis cases in humans may have
led to the increase in the development of antimicrobial resistant
strains and transfer of resistant genes.”® In view of the public
health and economic impacts of Campylobacter infection, there
is a need for a retrospective insight on the prevalence and anti-
microbial resistance status of the bacteria from both animal and
human sources in Nigeria in order to proffer an evidence-based
One Health prevention and control strategy.

MATERIALS AND METHODS

Literature Search

A systematic search and review for original articles and research
work carried out in Nigeria and published between 1981 and 2022
were accessed using “Pub Med,” “Google Scholar,” “Research
gate,” and “African Journal Online” The databases were originally
searched for the availability of identical reviews to avoid repli-
cation of any earlier research. The systematic search of these
databases was performed using the search terms including the
prevalence of Campylobacter species infections in food-produc-
ing animals, companion animals, food of animal origin, water and
humans in Nigeria, and resistance to antibiotics. Articles were eli-
gible for review when they: (i) contained data from any geopolitical
region in Nigeria and (ii) were published between 1981 and 2022.

Data Extraction

Data such as the first author, year of publication, state, and region
of the country in Nigeria where the study was conducted, type
of animals (pet or food-producing animals) sampled, description
of the sample population, type of samples collected and sample
size, Campylobacter species prevalence, laboratory diagnos-
tic methods employed and antimicrobials susceptibility test-
ing were collated in the selected articles. Articles for which the
sample size or prevalence was not shown or which used archived
Campylobacter cultures were excluded (Figure 1).

RESULTS

Out of the 6 geopolitical zones in the country, reports on Cam-
pylobacter infections were found in 4 namely; southeast, south-
west, northwest, and north central while no report was found in
northeast and south-south parts of the country (Figure 2).

It was revealed that 50.9% (27/53) of studies on Campylobacter
infection in Nigeria were in animals, followed by 26.4% (14/53) in
humans while the food of animal origin and water were at 17.0%
(9/53) and 5.7% (3/53), respectively. Out of a pooled population of
9329, 3529, 571, and 5523 samples from animals, food of animal
origin, water, and humans, respectively, in the selected articles,
Campylobacter species infection prevalence range of 5.3-60.7%,
3.5-92.7%, 14.3-27.7%, 8.8-68.8%, 4.8-96%, 0.5-43.8%, and 7-70%
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Figure 1. Flow diagram summarizing the process of literature search and article selection.

were in poultry, other food-producing animals, companion ani-
mal, water, food of animal origin, children, and other risk groups of
individuals, respectively, with a pooled prevalence of 26.8%, 23.1%,
20.7%, 34.8%, 53.7%, 12.7%, and 25.4% in the same order.

In poultry, a pooled prevalence of 19.2%, 24.5%, 25.0%, and 38.5%
were in the southeast, southwest, northwest, and north central
states of the country, respectively, while 12.6%, 33.6%, and 23.3%
were in southwest, northwest, and north central zones, respec-
tively, for other food-producing animals. In pets, 20%, 23%, and
19.5% were the pooled prevalence in the southwest, northwest,
and north central, respectively. Furthermore, a pooled preva-
lence of 8.8% and 60.7% were for water in the southeast and
northwest of the country, respectively. In foods of animal origin, a
pooled prevalence of 23.3%, 96%, 27.5%, and 68% was revealed in

southeast, southwest, northwest, and north central zones of the
country, respectively (Figure 3).

In humans, 8.3%, 14.4%, and 15.3% were the pooled prevalence in
children in southeast, southwest, and north-west regions of the
country, respectively, while 18.5%, 27.7%, 45.0%, and 10.2% were
the rates for other individuals at risk in the southeast, southwest,
northwest, and north-central region of the country, respectively
(Figure 3). C. jejuni and C. coli were the most commonly reported
species in food-producing animals, foods of animal origin, and
humans while C. upsaliensis and C. hyointestinalis were the most
frequently reported species in pets and water, respectively. Mul-
tidrug resistant (MDR) strains of Campylobacter species and
0%-100% resistance to commonly used antimicrobials in both
human and animal sources were reported.

Vet Sci Pract. 2023; 18(1), 1-111 doi: 10.5152/VetSciPract.2023.222948
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Reports in Animals and Food of Animal Origin from Southeast,
Nigeria

A prevalence of 37% had been reported in birds in Nsukka with C.
Jjejuni, C. coli, and C. lari accounting for 64%, 23%, and 13% of the
isolates, respectively." The isolates were resistant at 84%, 61%,
58%, 43%, 43%, 9%, 5%, 5%, and 0% for cephalothin, cephalexin,
ampicillin, streptomycin, cotrimoxazole, perfloxacin, ofloxacin,
ciprofloxacin, and gentamicin, respectively, and 75% MDR." The
reports of 18.9% and 19.4% prevalence in poultry further prove a
significant reduction in the infection rate in Nsukka, Enugu State,
Nigeria over a decade.®® Moreover, a lower prevalence of 14.2% has
equally been reported in processed chicken with C. jejuni and C.
coliaccounting for 27.6% and 72.4% of the isolates, respectively, in
the same study area.” In Imo State, Nigeria, studies have reported

different prevalence rates ranging from 43-56% and 16-22% in
beef and chicken, respectively, as well as 13.25%, 12.75%, 12.75%,
and 12.25% in ready-to-eat meat, turkey meat, chicken meat, and
beef, respectively.'® A 3-year study in Orlu, Imo State, Nigeria has
also revealed the prevalence of Campylobacter species at 22.6%,
12.7%, and 8.8% in beef, chicken, and water, respectively. It was
further reported that ceftriaxone inhibited the highest number of
the isolates while tetracycline inhibited the least number due to
their over-usage in the study area' (Table 1).

Reports in Humans from Southeast, Nigeria

A report of 8.3% prevalence has been reported in humans in
Enugu State, Nigeria of which 93% of the isolates were C. jejuni.”®
A 3-year study in Orlu, Imo State, Nigeria has also reported

120
100 T
80
60 I
40 ) i
I
. I
20 ¥
0
Poultry Other food Companion Water Animal Children Other risk
producing Animals product group
animals

H South East H South West i North West i North Central

Figure 3. Prevalence and distribution of Campylobacter species infections in animals, food matrix, and humans in Nigeria.
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Table 1. Prevalence and Distribution of Campylobacter Species Infection in Southeast, Nigeria

S.No. Sources Prevalence in % Species Sample Size Method of Diagnosis State Reference

1 Poultry 19.4 Not indicated 640 fecal Culture Enugu [8]

2 Poultry 18.9 Not indicated 316 fecal Culture and biochemical test Enugu [3]

3 Layers 37 C. jejuni, C. coli, and C. lari at 64%, 275 fecal Culture and biochemical tests Enugu [11]

23%, and 13%, respectively

4 Beef and chicken 22.6 and 12.7 Not indicated 620 beef and  Culture and antibiotics sensitivity Imo [14]
553 chicken

5 Beef and chicken 43-56 Not indicated 600 beef and Culture and biochemical test Imo [12]
chicken

6 Chicken meat, Turkey, beef, 12.75,12.75, 12.25, C. jejuni 400 raw meat  Culture and API campy kits Imo [13]

and ready-to-eat meat and 13.25

7 Poultry carcass surfaces 14.2 C. jejuni 27.6% and C. coli 72.4% 204 swabs Phenotypic and PCR Enugu [4]

8 Water 8.8 465 water Culture and antibiotics sensitivity Imo state [14]

9 Diarrheic children 8.3 C. jejuni 93% 514 stool Microscopy and culture Enugu [15]

10 Humans 18.5 988 stool Culture and antibiotics sensitivity Imo state [14]

campylobacteriosis as a re-emerging infectious disease of public
health importance with 18.5% prevalence in humans' (Table 1).

Reports in Animals and Food of Animal Origin from
Southwest, Nigeria

A report of 5.3% prevalence had been recorded in Lagos State,
Nigeria in a pilot study involving 150 poultry of which 100% of the
isolates were resistant to nalidixic acid, chloramphenicol, cloxa-
cillin, and streptomycin while 87.5% and 62.5% were susceptible
to amoxicillin/clavulanic acid and erythromycin, respectively.
Furthermore, 30% strains of Campylobacterisolates from poultry
fecal droppings had been characterized as 66.7%, 20.0%, and 6.7%
C. coli biotype1, C. jejuni biotype 1, and biotype Il of the 2 species,
respectively.” In Oyo State, 20.4% prevalence of MDR C. coli had
been reported in cattle and chicken with 34%, 12%, and 10% in
rectal, gall balder, and cloaca samples, respectively.® A study has
revealed a 96% prevalence for Campylobacter species in chicken
at Ibadan, Oyo State, and the isolates were resistant to nalidixic
acid, gentamicin, and erythromycin at 100% and to enrofloxacin,
chloramphenicol, streptomycin, and tetracycline at 38.0%, 46.0%,
50.0%, and 58.0%, respectively.'® The use of modified charcoal
cefoperazone deoxycholate agar m in comparison with Preston
broth pre-enrichment and subsequent subculturing on Mueller
Hinton agar with growth supplements, has revealed 16.8% and
26% prevalence, respectively, for Campylobacter species in layer
birds in Ogun State, South Western Nigeria.>® The isolates from
the 2 media were confirmed as Campylobacter species at zero
and 22% in that same order with the use of PCR.?° The PCR-posi-
tive isolates were 90%, 10%, and 0% C. coli, other Campylobacter
spp., and C. jejuni, respectively. The isolates were resistant to tet-
racycline, ciprofloxacin, erythromycin, spectinomycin, and tylosin
at 100%, 90%, 60%, 90%, and 80%, respectively.?° Furthermore,
a study in the western part of Nigeria reported the prevalence of
Campylobacter spp. at 15.4%, 15%, 20%, 6.25%, 12.5%, and 27.5%
in poultry, cattle, dogs, sheep, goats, and pigs, respectively, with
the isolates as C. jejuni, C. coli, and C. fecalis at 79.9%, 12.7%, and
7.2% prevalence, respectively.?" A study in Lagos, has reported a
prevalence of 14% with 7.1%, 25%, 71%, and 60.7% in pig, chicken,
sheep, and guinea fowl, respectively.?? The isolates were positive
for C. coli biotype Il, C. coli biotype |, and C. jejuni at 17%, 100% and
1%, respectively? (Table 2).

Reports in Humans from Southwest, Nigeria

A prevalence of 0.5% has been reported in children with diarrhea,
aged between 0 and 36 months in Osogbo, Osun State, Nige-
ria.?® A case—control study has also reported a prevalence of 19.1%
among diarrheic children in lle-Ife, Nigeria with C. coli accounting

for 53.3% of the isolates which were all susceptible to erythro-
mycin but without evidence of beta-lactamase production.?
Furthermore, in another study in Osun State, 25 out of 57 Cam-
pylobacter strains from 815 diarrheic stool samples were identi-
fied as 72% C. jejuni and 28% C. coli.*® The C. jejuni was classified
into biotypes | (44.4%) and Il (55.6%) while all the C. coli were of
biotype 1.25 A study has reported the prevalence of 68% for Cam-
pylobacter spp among HIV patients in Ibadan, Oyo State, Nigeria
with higher occurrence in male than the female HIV patients.?®
From the same report, C. upsaliensis (26.7%) was the most prev-
alent species followed by C. jejuni (25.0%), C. lari (19.2%), C. coli
(16.7%), and C. fetus (12.5%). The isolates were sensitive to amika-
cin, amoxicillin/clavulanic acid, ciprofloxacin, ertapenem, nalidixic
acid, and aztreonam at 92.5%, 70.0%, 92.5%, 90.0%, 69.2%, and
55.0%, respectively, while resistance to gentamycin, chloram-
phenicol, cefixime, and cephalothin was at 19.2%, 26.7%, 31.7%,
and 39.2% in the same order.?® A study has also reported the
prevalence of Campylobacter species at 16.5% among diarrheic
children at health centers in Lagos, Nigeria with C. jejuni account-
ing for 87.5% of the isolates which were resistant to erythromycin
and produces betalactamase at 79.2% and 12.5%, respectively.?”
Furthermore, a study in the western part of Nigeria had reported
the prevalence of Campylobacterspp. at 7% in humans? (Table 2).

Reports in Animals, Food of Animal Origin, and Water from
Northwest, Nigeria

The prevalence of 30% for Campylobacter species in poultry
has been reported in Sokoto State, Nigeria where the possibil-
ity of improper identification using conventional method alone
was revealed.” In another study, a prevalence of 81.9% for Cam-
pylobacter species in raw poultry meat has been reported with
C. jejuni, C. coli, and C. lari accounting for 60.9%, 28%, and 7%
of the isolates, respectively, while “other thermophilic species”
were at 4.1%.2° Furthermore, a prevalence of 20.1% in goats has
been reported in Sokoto State with C. jejuni, C. coli, C. lari, C.
upsaliensis, and C. sputorum accounting for the 62.1%, 21.3%,
8.8%, 4.8%, and 3.0% of the isolates, respectively.?® Meanwhile,
Campylobacter species have been considered a potential agent
of ovine enteritis and abortion with the report of 18.0% preva-
lence in sheep in Sokoto State.®° The isolates were 79.6%, 44.6%,
and 72.7% C. jejuni, C. jejuni biotype, and C. coli biotype, respec-
tively.®® There has been a report of 92.67% Campylobacter spe-
cies prevalence in pigs with C. coli, C. jejuni, C. upsaliensis, and
C. hyointestinalis accounting for the 78.71%, 14.03%, 5.40%, and
1.50% of the isolates, respectively.’’ Campylobacter infection has
been reported in dogs and cats at 27.7% and 18.3%, respectively,
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Table 2. Prevalence and Distribution of Campylobacter Species Infection in Southwest, Nigeria

S.No. Sources Prevalence in % Species Sample Size Method of Diagnosis State Reference
1 Poultry 30 C. coli biotype I at 66.66%, C. jejuni biotype 50 fecal Culture and biochemical test Lagos [17]
Tand I at 20.00% and 6.67%, respectively
2 Poultry 5.3 C. coli 150 fecal Culture & API campy kits Lagos [16]
3 Layers 16.8-22% C. coli, other Campylobacter spp. and C. 550 cloacal swab ModifiedcultureandPCR,genotypic  Ogun [20]
jejuni were 90%, 10%, and 0% respectively characterization, and antibiotics ~ State
resistance profiling
4 Animals, 14 C coli biotype I and II at 100% and 17%, 200 animals Culture and biochemical test Lagos [22]
pig, chicken sheep, 7.1 respectively, and C jejuni biotype 1%.
and guinea fowl 25
7.1
60.7
5 Cattle and chicken 20.4 C. coli 100% 250 Culture and biochemical test Oyo [18]
6 Animals, poultry, 15.4, 15, 6.25,  C. jejuni biotypes I and II at 70.9% and, 248 fecal samples, Culture and biochemical test [21]
cattle, sheep, goat, 12.5, 27.5, 20,  9.0%, respectively. C. coli and C. fecalis at 156 poultry, 20 cattle,
pig, dog, and and 7 12.7% and 7.2%, respectively 16 sheep, 6 goats, 40 pigs,
humans 10 dogs, and 200 humans
7 Chicken 96.0 C. jejuni 96% Meat Culture and biochemical test Oyo [19]
8 Children with 16 C. jejuni 87.5% and resistance to 145 stools Lagos [27]
diarrhea erythromycin and betalactamase
production at 79.2% and 12.5%, respectively
9 Children below 5 0.5 C. coli 602 Culture Osun [23]
years
10 Diarrheic children 0.6 by culture  C. jejuni 72% and C. coli 28%. C. jejuni 57 cultured samples and ~ Culture and PCR Osun [25]
and 43.8 biotypes I (44.4%) and II (55.6%) and all C. 815 stools
molecular coli biotype I
11 Diarrheic patients 8.2 C. jejuni 56%. C. coli 44% 306 stools Culture and biochemical test Kwara [47]
12 Diarrheic children 19.1 and 6 C. coli 53.3% 300 and 100 stools Culture 1le-Ife, [24]
and without Nigeria
diarrhea
13 HIV patients 68 C. upsaliensis, C. jejuni, C. lari, C. coli, C. 100 stool Culture and Kirby-Bauer disk Oyo [26]

fetus at 26.7%, 25.0%, 19.2%, 16.7%, and
12.5%, respectively

Diffusion

with C. upsaliensis and C. jejuni accounting for 89.5% and 23.1%
of the isolates in dogs, respectively, while 74.4% and 21.1% were
in cat in the same order.®? A prevalence of Campylobacter spe-
cies at 4.8% in raw milk samples from lactating cows in Sokoto
has been reported with C. jejuni and C. jejuni biotype |, as the
contaminating species with the highest contamination rates
at 5.4% in White Fulani breed and 6.1% in the dry season.® In
Sokoto, State, Nigeria, a study has also revealed a 52.70% preva-
lence of Campylobacter in groundwater samples with C. jejuni,
C. coli, and C. hyointestinalis accounting for the 58.97%, 28.21%,
and 12.82% of the isolates, respectively.® Meanwhile, there had
been an earlier reported 68.75% prevalence for Campylobacter
species in surface water with C. jejuni, C. coli, C. fetus, and C.
hyointestinalis at 54.55%, 36.36%, 4.55%, and 4.55% prevalence,
respectively;* a pointer to the significant of the use of treated
water in the prevention of campylobacteriosis nationwide. The
prevalence of Campylobacter fetus subsp. jejuniat 12.3% and 71%
in live birds and eviscerated carcasses, respectively, have been
reported in Zaria, Nigeria, with high rates in free-ranged birds
and in slaughtered poultry immersed in boiling water before
dressing.®* A study of thermophilic campylobacter species in
broilers had reported 51.1% prevalence with C. jejuni, C. coli, and
C. lari constituting 62.6%, 21.6% and, and 15.8% of the isolates,
respectively, and were resistant to the tested antibiotics except
chloramphenicol.®

In Zaria, Kaduna State, a prevalence of 16.1% of Campylobacter
species in milk product “nunu” had been reported.*® C. coli and
C. jejuni were at 10.5% and 5.6% prevalence, respectively, and the
isolates were resistant to imipenem, gentamicin, and erythromy-
cin at 0%, 5%, and 100%, respectively, while MDR was at 39%.%¢
(Table 3).
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Reports in Humans from Northwest, Nigeria

A study in Sokoto has reported Campylobacter infection in
humans at 55% prevalence with 39%, 37%, and 24% prevalence
for C. coli, C. lari, and C. jejuni, respectively." Furthermore, 62.67%
prevalence had also been reported in Kebbi, State with C. coli,
C. jejuni, C. upsaliensis, C. hyointestinalis, and C. lari account-
ing for the 60.63%, 24.50%, 7.45%, 5.32%, and 2.13% of the iso-
lates, respectively.’® The prevalence of 70% and 43% have been
reported in pregnant and nonpregnant women of reproductive
age, respectively, in Sokoto State, Nigeria with C. /ari, C. coli, and
C. jejuni accounting for 56%, 32%, and 13% of the isolates, respec-
tively,among the pregnant women and 16%, 60%, and 24% in non-
pregnant women in the same order.® A study has reported a 19.6
% prevalence in diarrhoeic HIV patients in Kaduna State with the
use of culture and API campy kits.®” Furthermore, a prevalence of
16.3% had been reported in diarrheic children in a study on the
role of Campylobacter as an agent of diarrhea and their charac-
teristics in Zaria, Nigeria.®® The consumption of chicken within the
household, contact with animals, and drinking of untreated well
water and canned milk were independently found to be possible
sources and risk factors for the infection. Meanwhile, the isolates
were reported very sensitive to gentamicin, nalidixic acid, tetra-
cycling, ciprofloxacin, chloramphenicol, erythromycin, co-trimox-
azole, and amoxicillin at 100%, 100%, 95%, 92.5%, 90%, 82.5%,
55%, and 50%, respectively®® (Table 3).

Reports in Animals and Food of Animal Origin from North
Central, Nigeria

A study in Plateau State had reported a prevalence of 28% for
Campylobacter infection in cattle of which 7% and 21% were C.
Jejuni and C. coli, respectively.®® A lower prevalence of 18.5% has
also been revealed for Campylobacter species in cattle in Plateau



Table 3. Prevalence and Distribution of Campylobacter Species Infection in Northwest, Nigeria

S.No. Sources Prevalence in %  Species Sample Size Method of Diagnosis State Reference
1 Poultry 30 C. coli, C lari and C jejuni at 53, 28, and 18%, 506 cloacal swab Culture and biochemical  Sokoto [1]
respectively test
2 Poultry 12.3 C. fetus subsp. jejuni 487 cloacal swabs  Culture and biochemical ~Kadunna [34]
test
3 Broilers 51.1 C. jejuni, C. coli, and C. lari at 62.6%, 21.6%, and 270 cloacal swab Culture and biochemical  Sokoto [35]
15.8%, respectively test
4 Pig 92.67 C. coli, C. jejuni, C. upsaliensis, and C. hyointestinalis 300 fecal samples Culture and biochemical ~ Kebbi [31]
at 78.71%, 14.03%, 5.40%, and 1.50%, respectively test
5 Goat 20.1 C. jejuni 62.1%, C. coli 21.3%, C. lari 8.8%, C. 1312 rectal swab Culture and biochemical — Sokoto [28]
upsaliensis 4.8%, and C sputorum 3.0%. test
6 Sheep 18.0 C. jejuni at 79.6% and C. jejuni biotype I (44.6%), and 518 rectal swabs Culture and biochemical ~ Sokoto [30]
C. coli biotype I (72.7%) test
7 Slaughtered Sheep 3.54 C. fetus subsp. jejuni, C. coli, and C. laridis were at 1100 samples, Culture, Gram staining, Kaduna [41]
79%, 13%, and 8.0%, respectively biochemical test, and
liorbiotyping
8 Dog 27.7 C. upsaliensis 89.5% and 74.4% in dog and cat, 141 and 104 fecal Culture and biochemical ~ Sokoto [32]
Cat 18.3 respectively, from Dog and cats,  test
C. jejuni at 23.1% and 21.1% in dog and cat, respectively
respectively.
9 Raw chicken 81.9 C. jejuni, C. coli lari, and others at 60.9%, 28%, 7%, 681 raw poultry Culture and biochemical ~ Sokoto [29]
and 4.1%, respectively test
10 Milk 16.1 C. coli 10.5% and C. jejuni 5.6%. 180 nunu Membrane filtration Zaria, [36]
biochemical test and API ~ Kaduna
campy kits
11 Milk 4.8 C. jejuni and C. jejuni biotype I 146 raw milk Culture and biotyping Sokoto [32]
12 Eviscerated 7.1 C. fetus subsp. jejuni 70 swabs Culture and biochemical ~Kadunna [34]
carcasses test
13 Water 52.7 C. jejuni, C. coli, and C. hyointestinalis at 58.97%, 74 ground water Culture and biochemical ~ Sokoto [9]
28.21%, and 12.82%, respectively sample test
14 Sokoto River. 68.75 C. jejuni, C. coli, C. fetus, and C. hyointestinalis at 32 water Culture and biochemical ~ Sokoto [33]
54.55%, 36.36%, 4.55%, and 4.55%, respectively test
15 Diarrheic children& 15.3 261 and 100 stools Culture and antibiotics Zaria [38]
without diarrhea sensitivity
16 Children and Adult 55 C. coli, C. lari, and C. jejuni at 39%, 37%, and 24%, 292 fecal swab Culture and biochemical ~ Sokoto [1]
respectively test
17 Poultry& Humans 39.1 C. jejuni, C. coli, and C. Iari at 23.8%, 39.4%, and 798 fecal Culture, biochemical test, Sokoto [7]
36.9%, respectively, in poultry at 19.1%, 52.0%, and and PCR
28.9% in humans in same order
18 Pregnant women 70 C. lari, C. coli, and C. jejuni at 56%, 32%, and 13%, 292 fecal swab Culture and biochemical ~ Sokoto [2]
Nonpregnant women respectively, C. coli, C. jejuni, C. lari at 60% 24%, and test
43 16% respectively
19 Humans 62.67%. C. coli, C. jejuni, C. upsaliensis, C. hyointestinalis, and 150 fecal samples Culture and biochemical ~ Kebbi [31]
C. lari at 60.63%, 24.50%, 7.45%, 5.32%, and 2.13%, test
respectively
20 HIV patients 19.6 C jejuni, C. coli, C. fetus, and C. hyointestinalis 230 fecal samples Culture, biochemical test, Kaduna [37]

and API campy kits

State, Nigeria with 80% and 20% as C. jejuni and C. coli, respec-
tively, even as 25% and 12.2% prevalence rates were reported
in calves and cows, respectively.®® An overall prevalence rate of
63.5%, 61.7%, and 66.7% in poultry, ducks around wells, and ponds,
respectively, have been reported in Makurdi, Benue State, Nige-
ria.®® A prevalence of 3.54% has been reported in slaughtered
sheep in Kaduna State with isolation rates of 6.8%, 4%, 2.8%, and
0% from intestinal contents, gallbladders, vaginal, and fetuses,
respectively.*' The isolates were characterized as C. fetus subsp
Jjejuni, C. coli, and C. laridis at 79%, 13%, and 8%, respectively.*' A
study on cattle offals slaughtered within Gwagwalada abattoir in
Abuja, Nigeria, has reported a prevalence of 68% with the isolates
sensitive to gentamycin and amoxil but resistant to norfloxacin,
rifampicin, chloramphenicol, streptomycin, and ampiclox.®? A
study in Plateau State has also revealed dogs as a carrier of the
zoonotic Campylobacter infection with a reported prevalence of
14.3%. A significant association was found between the infection
and the age of dogs using a standard bacteriological assay.** The
prevalence of 23.8% has been reported in dogs sampled at Vet-
erinary Clinics Jos, Nigeria, and the isolates were identified with

PCR as C. jejuni, C. coli, and mixed infections at 50.6%, 38.3%, and
11.1%, respectively.* Furthermore, a prevalence of 22.2% has also
been reported with C. jejuniand C. coli at 76.8% and 23.2% in poul-
try, respectively, and 35.8% and 18.5% in cattle in the same order
and study area.*® Apparently healthy Japanese quails at slaughter
have been considered a potential risk for Campylobacter infec-
tion in humans with a reported 31.1% prevalence in Jos, Plateau
State, of which the isolates were identified as 81% C. jejuni and
19% C. coli*® (Table 4).

Reports in Humans from North Central, Nigeria

Avery recent study has revealed the prevalence of Campylobacter
infection in humans at 9% with C. jejuni, C. coli, and C. hyointes-
tinalis accounting for 66%, 28%, and 6% of the isolates, respec-
tively, and some of the dominant strains among the isolates were
of genetically diverse origin.®® The isolates were resistant to beta-
lactams, fluoroquinolones, tetracyclines, macrolides, and MDR at
42%, 41%, 15%, 2%, and 13%, respectively.®® A prevalence of 8.2%
has been reported in children with diarrheic in Kwara State.*’ In
Plateau State, a prevalence of 11.3% has been reported with 52.9%
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Table 4. Prevalence and Distribution of Campylobacter Species Infection in North Central, Nigeria

S.No. Sources Prevalence in %  Species Sample Size Method of Diagnosis State Reference
1 Duck around drinking 63.5 C. jejuni 76.7%, well water and pond water 192 fecal Culture and biochemical test Makurdi [40]
water and water 66.75% and 83.3%, respectively
2 Japanese quails 31.1 C jejuni 81% and C coli 19% 135 intact Culture and PCR Plateau [46]
caeca

3 Cattle 18.5 C. jejuni 80% as C. coli 20% 352rectalswab Culture, biochemical test, and PCR Plateau [48]

4 Poultry and cattle 22.2 C. jejuni 76.8% 1012 fecal Culture, PCR, multilocus sequence Plateau [45]
C. coli. 23.2% typing, and antibiotics sensitivity

5 Livestock 28 C. jejuni and C. coli were 7% and 21%, 472 fecal Culture and whole-genome sequencing  Plateau [39]
respectively

6 Dog 23.8 C. jejuni 50.6%, C. coli in 38.3% and 11.1% 341 faecal Culture and multiplex PCR Plateau [44]

7 Dog 14.3 Not indicated 105 fecal Culture and Gram staining Plateau [43]

8 Beef 68 Not indicated 75 swabs Culture and biochemical test Abuja [42]

9 Humans 9 C. jejuni, C. coli, and C. hyointestinalis at 586 human Culture and whole-genome sequencing  Plateau [39]
66%, 28%, and 6%, respectively

10 Humans 11.3 C. jejuni and C. coli at 52.9% and 47.1%, 300 human Culture, PCR, multilocus sequence Plateau [45]
respectively stool typing, and antibiotics sensitivity

and 471% of the isolates as C. jejuni and C. coli, respectively.* The
isolates were susceptible to clindamycin, however, the resistance
to nalidixic acid, tetracycline, ciprofloxacin, sulfamethoxazole/tri
methoprim, erythromycin, azithromycin, streptomycin, genta-
micin, and chloramphenicol was reported at 60.7%, 57.2%, 53.1%,
46.2%, 41.4%, 27.6%, 13.1%, 6.9%, and 4.8%, respectively*® (Table 4).

Reports on Regional Subgrouping of the Studies and
Challenges

From the studies, it was revealed that the highest prevalence
was in food of animal origin in both southwest and north central
regions of the country with 96% and 68% prevalence, respectively,
while the highest prevalence was in the water (60.7%) and other
risk individuals (45%) in Northwest, Nigeria. On the detection
methods, PCR or molecular analysis was done in 11 (21%) of the
53 studies that used culture and phenotypic identification meth-
ods. Resistance to antibiotics including MDR was reported in 15
(28%) of the 53 reviewed studies. High frequency of resistance

to erythromycin, ciprofloxacin, and tetracycline was reported in
food-producing animals and animal products while resistance to
cefixine, cephalothine, and erythromycin was more in humans.
Meanwhile, high susceptibility was reported for gentamycin, imi-
penem, and chloramphenicol in animals and clindamycin, amoxi/
clavulanic acid, and amikacin in humans (Table 5).

There is still the issue of noninclusion of Campylobacter spe-
cies testing in the routine laboratory check on gastroenteritis
in Nigeria. The public health and economic impact including the
antibiotics resistance development and resistance gene trans-
fer is believed to be under-reported as a result of discrepancies
in isolation methods. There was a paucity of data on the level of
awareness of campylobacteriosis by farmers and animal handlers
in Nigeria. Moreover, there is a lack of interest or discouragement
among researchers due to the ubiquitous nature of the pathogen
and difficulties in species isolation. These were associated with
the much time and labor, nonavailability of research reagents,

Table 5. Antimicrobial Profile of Campylobacter Species from Different Sources in Nigeria

Isolates
S.No. Sources Antimicrobial Susceptible Antimicrobial Resistant Region Authors
1 Water, chicken, Ceftriaxone Tetracycline Southeast [14]
and beef
2 Chicken and Erythromycin and ciprofloxacin Southwest [18]
cattle
3 Chicken meat Nalidixic acid, gentamicin, and erythromycin Southwest [19]
4 Layers Tetracycline, ciprofloxacin, erythromycin, spectinomycin, and tylosin Southwest [20]
5 Children Erythromycin Southwest [24]
6 HIV patients Amikacin (92.5%), amoxicillin/clavulanic acid Gentamycin (19.2%), chloramphenicol (26.7%), cefixime (31.7%), and Southwest [26]
(70.0%), ciprofloxacin (92.5%), ertapenem (90.0%),  cephalothin (39.2%)
nalidixic acid (69.2%), and aztreonam (55.0%)
Children Erythromycinandbetalactamaseproductionat79.2%and 12.5%,respectively Southwest [27]
8 Broilers Chloramphenicol All isolates were resistant to the tested antibiotics Northwest [35]
9 Nunu Imipenem Gentamicin 5% and erythromycin 100% Northwest [36]
10 Cattle Gentamycin and amoxicillin Norfloxacin, rifampicin, chloramphenicol, streptomycin, and ampiclox but Northwest [42]
showed some effect to ciprofloxacin, levofloxacin an erythromycin
11 Children Gentamicin (100%), nalidixic acid (100%), Southwest [38]
tetracycline (95%), ciprofloxacin (92.5%),
chloramphenicol (90%), and erythromycin (82.5%).
12 Birds Gentamycin Cephalothin 84%, cephalexin 61%, ampicillin 58%, streptomycin 43%, North central [11]
cotrimoxazole 43%, perfloxacin 9%, ofloxacin 5%, ciprofloxacin 5%
13 Cattle Gentamycin and amoxicillin Norfloxacin, rifampicin, chloramphenicol, streptomycin, and ampiclox but North central [42]
showed some effect to ciprofloxacin, levofloxacin, and erythromycin
14 Humans Betalactams (42%) fluoroquinolones (41%), tetracyclines (15%), and North central [39]
Imacrolides (2%)
15 Humans Clindamycin Nalidixicacid(60.7%),tetracycline(57.2%),ciprofloxacin(53.1%),sulfametho  North central [45]

xazole/trimethoprim (46.2%), and erythromycin (41.4%)
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high cost of molecular diagnostic equipment, poor techni-
cal know-how, and inadequate research facilities and enabling
environment.

DISCUSSION

Thisisthe first attempt in providing a retrospective insight on the
range and mean prevalence of Campylobacter species infection in
animals, food sources, and humans in Nigeria, with emphasis on
the need fora One Health approach to the prevention and its con-
trol. The report has revealed the need to narrow the gap between
Campylobacter infection research in humans and animals, espe-
cially poultry which currently stood at 29% and 49%, respectively,
and to further expand the studies in food of animal origin as well
as water. It has also revealed the likely under-reported burden of
campylobacteriosis in Nigeria as data were only found in 4 out
of the 6 geopolitical zones of the country. Meanwhile, the risk
practices including open defecation especially in rural commu-
nities could have contributed to the spread of Campylobacter
organisms through human feces and general contamination of
the environment." Moreover, high numbers of human popula-
tions in many of the states in the regions were not provided with
basic healthcare facilities including good water supply which has
been reported as potential carriers of Campylobacter species.®
The prevalence range of 5.3-60.7% in poultry was in agreement
with the reports of 22.5% in Ghana.*® Similar prevalence reports
including that of 6.87% and 18.3% in children and dogs, respec-
tively, in Brazil, were within the revealed range of 0.5%-43.8%
and 14.3%-27.7% in children and companion animals in the same
order.5° The similarities or differences have been associated with
many factors including the systems of livestock production, the
level of personal, and environmental hygiene.

In Nigeria, the differences in the prevalence; the least 12.6%, in
southwest, followed by 23.3% and 33.6% in the north central and
northwest regions, respectively, could be attributed to many fac-
tors including the sample population, geographical location, spe-
cies of animal, and management system. The extensive system of
broiler production which discourages environmental contamina-
tion and disease transmission is practiced more in the southwest
and southeast regions than in the northwest and north central
regions where local birds are mostly raised on free range and
some are transported into the country from the border states of
Niger republic.'*

The highest prevalence of 23% for companion animals in the
northwest, followed by 20% in the southwest and the least 19.5%
in north central can also be a reflection of keeping the practice of
pet animals and the consequential environmental contamination
in these regions, especially in the north where cats are kept for
companionship and rodent control.®® Furthermore, the high prev-
alence of 60.7% in water from northwest of the country compared
to 8.8% in southeast could be a reflection of higher environmen-
tal contamination in the north where 85% of the surface water
and rivers have been reported contaminated with Campylobacter
spp. This may be associated with interactions of waterfow| and
wild birds in the water bodies, disposal of untreated sewage, and
contamination via rain-related runoff.234° The differences in lev-
els of Campylobacter prevalence in the carcass and other food
of animal origin could be a product of colonization in slaughter
animals, meat, and milk processing hygiene as well as the sam-
pling techniques.* This was further revealed with the highest
prevalence of 96% in southwest region where poultry production

and processing are much in practice. Furthermore, age, diar-
rheic conditions, and exposure to risk practices may have influ-
enced the results in humans. This can be explained by the highest
prevalence of 15.3% and 45.0% in children and other risk groups,
respectively, in the northwest region followed by 14.4% and 27.7%
in the same order in the southwest region. These 2 regions are
the areas with much interaction between animals and humans,
especially in the production of large and small animals, respec-
tively. Other factors like small sample size may have affected the
prevalence as seen in north central and southeast with 10.2% and
18.5% prevalence rates, respectively.

The detection of C. jejuni and C. coli, the well-known pathogenic
species as the most prevalent species in humans and animals in
this study, was in agreement with a similar report in Ethiopia and
this could pose a huge burden of campylobacteriosis in Nigeria
including the development and transfer of antibiotics resistant
gene. Since most of the isolates were reported with a high fre-
quency of resistance to the commonly used antibiotics in the
management of gastroenteritis, such as erythromycin, cipro-
floxacin, and tetracycline, regular antibiotics sensitivity testing
should be encouraged in the management of campylobacteriosis.

This study has revealed the range and pooled prevalence with a
retrospective insight on the distribution of Campylobacter spe-
cies infection in an animal, food matrix, and humans in Nigeria.
It has given credence that the infection in animals could have
significantly resulted in cases of acute gastroenteritis and anti-
microbial resistance in humans, especially in children and other
at-risk individuals in the country. Reduction and control strate-
gies should be targeted toward reduction in the risk practices,
provision of adequate social amenities, and improved personal
and environmental hygiene and sanitation in the country. There
is a need for increased collaboration between human medics and
veterinarians on Campylobacter research to the level of molecu-
lar and comparative analysis of isolates from animals and humans
in Nigeria, especially in the south-south and northeast regions
of the country where no data is in existence. Accurate diagnosis
and rational use of antimicrobials must be prioritized as well as
awareness creation on infection prevention and control using the
“One Health” approach.
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Finansal Destek: Yazarlar bu calisma igin finansal destek almadiklarini
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on Some Quality Properties of Meatballs

oz

Kofte tipi et Urlinleri kolay hazirlanabilmesi ve bedenilerek tiiketilmesinden dolayi fazla tercih edi-
len besinlerdendir. Ancak bu tip besinler buzdolabi sartlarinda (4°C) kisa stirede bozulabilmektedir.
Bu ¢alismada hazirlanan kaplama malzemeleri koftelerin depolama stabilitelerini gelistirmek ve raf
omdurlerini uzatmak amaciyla olusturuldu. Bamya meyvesinden elde edilen musilaj; nar gekirdegdi
yagi (Punica granatum) ve kekik yagi (Origanum heracleoticum L.) ile kombine edilerek farkli yeni-
lebilir kaplama malzemeleri [Kontrol (KO) ve bamya musilaj—% 1 gliserol (K1), bamya misilaj—% 1
gliserol—% 1 nar cekirdegdi yagi (K2), bamya musilaj—% 1 gliserol—% 1 kekik yagdi (K3)] olusturuldu
ve koftelere uygulandi. Depolamanin (4°C) 1., 3., 5., 7. ve 9. glnlerinde koftelerin bazi mikrobiyo-
lojik, kimyasal, fiziksel ve duyusal analizleri yapildi. K1 kaplama grubunun KO grubuna gore tbars
degerleri genel olarak daha diistik bulundu. Bu durum kaplama malzemesinin gaz bariyeri sagla-
yabilecegini gostermektedir. K3 grubunda; tbars dederinin daha distk oldugu ve Lactobacillus
spp. sayisindaki degisim glinler arasinda anlamli bir farkliliga neden olmadigi belirlendi (P > ,05).
Kaplama malzemelerinin duyusal yonden olumsuz bir etkisi gozlemlenmedi. Sonugta kaplama
malzemelerinin koftelerin raf omriini uzatmada ¢ok fazla etkili olmadigi; ancak bamya musilajinin
yenilebilir film ve kaplama potansiyelinin oldugu saptandi. Bununla birlikte kaplama malzemeleri-
nin farkli gidalar Gzerine etkisinin incelenmesine ihtiyag oldugu dtstntlmektedir.

Anahtar Kelimeler: Bamya msilaji, kekik yagi, kofte, nar cekirdegi yad, yenilebilir kaplama

ABSTRACT

Meatballs are among the most preferred foods because they can be easily prepared and consumed
with pleasure. Meatball-type meat products can deteriorate in a short time, even under refrigerator
conditions. The coating materials applied in this study were created to increase the meatballs’ stor-
age resistance and extend their shelflife. The mucilage obtained from okra was combined with pome-
granate seed oil (Punica granatum) and thyme oil (Origanum heracleoticum L.) to make different
edible coating materials. These different edible coating materials [Control (KO); okra mucilage—1%
glycerol (K1); okra mucilage—1% glycerol—1% pomegranate seed oil (K2); okra mucilage—1% glyc-
erol—1% thyme oil (K3)] were applied to the meatballs. Some microbiological, chemical, physical,
and sensory analyses of the meatballs were performed on the 3rd, 5th, 7th, and 9th days of storage.
The tbars values of the K1 coating group were generally lower than the KO group. This indicates that
the coating material can provide a gas barrier. It was determined that the tbars value was lower in
the K3 group, and the change in the number of Lactobacillus spp. did not cause a significant dif-
ference between days (P > .05). There was no negative sensory effect of the coating materials. As
a result, it was determined that okra mucilage has edible film and coating potential. However, the
coating materials applied in this study did not have much effect on extending the shelf life of meat-
balls. It is thought that there is a need to examine the effect of coating materials on different foods.

Keywords: Edible coating, meatballs, okra mucilage, pomegranate seed oil, orengo oil

GiRiS
Et biyolojik degeriylksek proteinler ve bazi besin 6geleri (6rn., demir, B12 vitamini, ¢inko, selenyum) agi-
sindan zengindir.' Ancak et; su aktivitesi, pH ve icerdigi besin 6geleri bakimindan mikrobiyal, kimyasal
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ve duyusal bozulmaya duyarlidir. Mikrobiyal faaliyetler ve oksidatif
reaksiyonlar etin iglenmesi ve depolanmasi esnasinda bazi kalite
kayiplarina (6rn., duyusal, besinsel) neden olabilmektedir. Bu
durum hem halk saghdini tehdit edebilmekte hem de ekonomik
kayiplar olugturabilmektedir.?

Kofte tipi et Urlinleri hazir ve kolay tliketilebilen bir Griin oldugun-
dan tiiketiciler tarafindan fazla tercih edilmektedir. Ozelllikle son
yillarda tlketicilerin hazir ve kolay tiketilebilen besinlere yonelik
artan taleplerinin yanisira saglikli beslenme ilgileri de artmistir.
Tuketici tercihleri; et ve Urlinlerinin mikrobiyolojik olarak glivenli, raf
Omri uzun, minumun diizeyde islenmis ve daha az gida katki mad-
deleri kullanilmig olmasi yonitindedir.# Guvenli ve saglikli et Grin-
lerinin tlketimi; et Grlndn kalitesine, besin igerigine ve mikrobiyal
glvenligini saglamak icin uygulanan igslemelere ve koruma yon-
temlerine baglidir. Et endUstrisi artan rekabet ve daha siki maliyet
marjlariigin, et Urtinlerinin kalitesini ve duyusal 6zelliklerini olumsuz
etkilemeden bazi muhafaza yontemleri bulmak ve gelistirmek igin
calismaktadir.® Ozellikle yenilebilir film ve kaplamalar bu ydntemler
icerisinde giderek ilgi gérmektedir. Hem ambalaj hem de bir gida
bileseni olan yenilebilir film ve kaplamalarin; gidalari mikrobiyolojik
ve fiziksel etkilerden koruyan, tlketildiginde iyi bir duyusal izlenim
birakan, toksik olmayan, ucuz ve kolay uygulanabilir 6zellikte olmasi
istenir.® Ayrica bazi yenilebilir film ve kaplamalarin antioksidan ve
antimikrobiyal maddeleri tagima 6zelliklerinden de yararlaniimak-
tadir. Bu amagla da kaplama malzemelerine bazi antioksidan ve
antimikrobiyal katkilar eklenip koruyucu ozellikleri gelistirilmekte-
dir.” Bamya musilajindan elde edilen kaplama malzemesinin tim
bu ozellikleri saglayabilecedi ile ilgi literatir bilgileri olsa da farkli
gidalar tzerine uygulanmasi ile ilgili calismalar kisithidir.-°

Son yillarda yapilan galigmalarda, kofte tipi Griinlerin soguk depo-
lama boyunca raf dmrinin artirilmasi, mikrobiyal gelismenin
onlenmesi ve oksidasyonun engellenmesi gibi bazi kriterlerin
iyilestirilmesi icin stratejiler gelistiriimektedir®" Bu stratejiler
dogrultusunda bu galismada, bamya musilajindan elde edilen
yenilebilir kaplama malzemeleri nar c¢ekirdegdi ve kekik yagi ile
kombine edilerek koftelere uygulanmistir. Depolama slresince
kaplama malzemelerinin koftelerin mikrobiyolojik, kimyasal, fizik-
sel ve duyusal dzelliklerine etkisi incelenmistir.

MATERYAL VE METOT

Materyal

Arastirmada kullanilacak kofteler Erzurum Et ve St Kurumu’'n-
dan temin edildi. Kofte hamuru; dana eti ve yagdi (%89), kuzu eti ve
yagi (%10) (yag miktari en cok %25, kolajenin et proteinine orani
en ¢ok %15) ve kofte harcindan (%1) (sodan, galeta unu, baharat
karigimi, tuz ve sodyum bikarbonat) olugsmaktadir. Kofteler, soguk
zincirde Atatiirk Universitesi Veteriner Fakiltesi Besin-Gida Hij-
yeni ve Teknolojisi BolimU Laboratuvarina getirildi ve kaplama
yapilana kadar 4°C’de bekletildi.

Bamya Miisilaj Bazli Kaplama Malzemesinin Hazirlanigi

Bamya muisilaji, Ghori ve ark' ‘nin yontemi modifiye edilerek elde
edildi. Bu galismada uygulanan modifiye yontemde; Erzurum’da
yerel bir pazardan alinan taze bamya meyvelerinin ug kisimlari
kesilip temizlendi. %2 oraninda sirkeli suda yarim saat bekletilip
yikandiktan sonra dilimlenen bamya meyveleri 1 : 3 oraninda saf
su icerisinde 4°C'de 24 saat bekletildikten sonra slzildi. Elde
edilen musilaj steril kaplara alinarak 4°C’de bekletildi.

Bamya mdusilajindan biri  kaplamasiz (KO, kontrol grubu)
olmak Uzere Ug farkli kaplama ¢ozeltisi hazirlanarak dort grup

olusturuldu. Birinci kaplama (K1) ¢ozeltisinin hazirlanmasinda
bamya msilajina %1 oraninda gliserol ilave edildi. Gliserol, bamya
miusilajina elastikiyet 6zellik (plastiklestirici) kazandirmasi ama-
ciyla eklendi.? ikinci kaplama (K2) ¢ozeltisinin hazirlanmasinda
bamya musilajina %1 gliserol ve %1 nar ¢ekirdegi yagi eklendi.
Ugtinci kaplama (K3) gozeltisinin hazirlanmasinda bamya misila-
jina %1 gliserol ve %1 kekik yagi ilave edildi. Hem nar ¢ekirdegi yagi
hem de kekik yaginin kaplama g¢ozeltisi iginde homojen sekilde
dagilmasini saglamak igin; yaglar %0,5’lik Tween 80 ile karigti-
rildiktan sonra ¢ozeltiye ilave edildi.® Kaplama g¢ozeltisine ilave
edilen maddelerin bamya mudsilajina iyice karismasi igin ¢ozelti;
magnetik karistiricida 60°C’'de 30 d (dakika) karistirildi ve kullani-
lacagi zamana kadar 4°C'de bekletildi.

Kaplama Malzemelerinin Uygulanmasi

Numuneler 6nceden hazirlanmig kaplama ¢ozeltisinde 10 d bek-
letildi sonra steril 1zgara Uzerinde 2 d stzlldi daha sonra tekrar
kaplama gozeltilerine alinip 10 dk bekletildi. Kofteler farkli glin-
lerde analizler igin hazirlanmis steril agzi kapakli koptk tabaklara
alindr.

Depolamanin (4°C) 1., 3., 5., 7. ve 9. glinlerinde mikrobiyolojik [top-
lam mezofilik aerobik bakteri (TMAB), toplam psikrofilik aerobik
bakteri (TPAB), Lactobacillus spp., Pseudomonas spp., Enteroba-
cteriaceae, maya/kif sayilari], kimyasal ve fiziksel [tiyobarbutirik
asit reaktif substans degeri (tbars), pH, a,, (su aktivitesi), renk ana-
lizleri], duyusal analizleri tg tekerrUrll olarak yapildi.

Metot

Mikrobiyolojik Analizler

Galismada uygun dilisyonlardan 1 ml alinarak dokme plak yon-
temi ile besiyerlerine ekim yapildi. TMAB sayisi igin Plate Count
Agar (PCA) besiyerinde 37°C ‘de 48 saat, TPAB sayisi igin PCA
besiyerinde 5 + 1°C'de 10 gln, Lactobacillus spp. sayisi i¢in De
Man Rogosa Sharpe Agar (MRS) besiyeri anaerobik ortamda (Ana-
erocult A) 37°C'de 72 saat inklibe edildikten sonra sayildi. Pseu-
domonas spp. sayis! i¢cin CFC (Cephalovidine Fucidin Cetrimide)
suplementli Pseudomonas Agar besiyerine uygun diliisyonlardan
ekim yapildiktan sonra 20 °C'de 48 saat inkibasyona birakildi ve 1
mm c¢apindan blyuk ve katalaz pozitif olan koloniler sayildi.*

Kimyasal ve Fiziksel Analizler

Tiyobarbitiirik Asit Reaktif Substans (TBARS) Degerinin
Belirlenmesi

Homojen hale getirilenkofte numunelerinden 2 g alinarak lze-
rine 12 ml Trikloro Asitik Asit (TCA) ¢ozeltisi (%7,5 TCA, %0,1 EDTA,
%0,1 Propil galat 3 ml etanolde ¢ozlir) ilave edildi. Ultra-turraxda
homojenize edilen karigim daha sonra Whatman 1 filtre kagidindan
sliztldu. Stzlntliden 3 ml alinarak deney tliplne aktarildi, Gzerine
3 ml Tiyo Barbitirik Asit (TBA) (0,02M) ¢ozeltisi konuldu ve karig-
tinldi. Karisim su banyosunda 100°C'de 40 d bekletildikten sonra
hemen sogutuldu ve 2000 rpm de 5 d santrifijj edildi. Daha sonra
spektrofotometrede (Aquamate Thermo electron corporation,
England) 530 nm dalga boyunda okundu. Elde edilen absorbans
degerleri formlde yerine konularak hesaplama yapildi.™

TBARS =((absorbans/ k (0,06) x 2/1000) x 6,8) x 1000/6rnek
agirhg

pH Degerinin Belirlenmesi

Bamya msilaji, kiyma ve kofte numunelerinden 10 g tartildi. Uze-

rine 100 ml saf su ilave edilerek homojenize edildi. Daha sonra pH
metre (inolab WTW ) ile pH degeri 6lglldi."®
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Renk Analizi

Kiyma ve kofte numunelerinin renk analizi Chroma Meter (Konica
Minolta Japonya) cihazi kullanilarak yapildi. Sonuglar L* (parlaklik-
tan koyuluga), a* (+a kirmizilida, -a yesillige) ve b* (+b sariliga, -b
mavilige) parametrelerine gore agiklandi.™

Su Aktivitesi Tayini
Kiyma ve kofte numunelerinin su aktivitesi (aw) degerinin belir-
lenmesinde Aqua LAB 4TE cihazi kullanildi.™

Duyusal Analizler

Duyusal analiz Atatiirk Universitesi Veteriner Fakiiltesi Besin
Hijyeni ve Teknolojisi Anabilim Dal’'nda egitimili panelistler tara-
findan yapildi. Panelistler kdfte numunelerini sira gozetmeden
rastgele dederlendirdi. Kdfte gruplarinin duyusal analizinde; lez-
zet, koku, aroma tekstlr, gortinis ve genel kabul edilebilirlik 6zel-
likleri incelendi. Hedonik skala kullanilarak yapilan analizlerde 1-5
arasi puanlama uygulandi. Buna gore; 5 “gok iyi”, 4 “iyi”, 3 “ne iyi ne
kotd”, 2 “kotl” ve 1 “gok kétl” olarak degerlendirildi.'”

istatistiksel Analizler

Arastirma sonunda elde edilen verilerin IBM SPSS Statistics 20
programi kullanilarak varyans analizi (ANOVA) yapildi ve analiz
sonuglari istatistiki olarak degerlendirildi. Sonuglar Duncan Coklu
Karsilagtirma Testi ile dederlendirildi, uygulama gruplari ve depo-
lama giinleri arasinda farklilik belirlendi.’®

BULGULAR

Mikrobiyolojik Analizler

Kofte numunelerinin depolama (4°C) sliresince TMAB, TPAB, Lac-
tobacillus spp., Pseudomonas spp., Enterobacteriacea, maya/kif
sayilarinda meydana gelen degisimler Tablo 1'de gdsterilmigtir.

Depolama siiresince TMAB, TPAB ve Lactobacillus spp. sayisindaki
degisim, gruplar arasinda anlamli bir farkliiga neden olmamistir
(P> ,05). Tum gruplarda; TMAB sayisi depolamanin 7. gliniinde,
TPAB sayisl ise depolamanin 5. gliniinde anlamli bir artis goster-
mistir (P < ,05).

Lactobacillus spp. sayisinda, KO grubunda 9. glinde; K1 ve K2
grubunda ise 7. glinde anlamli bir artis gézlemlenmistir (P <,
05). K3 grubunda ise Lactobacillus spp. sayisindaki degisim
glnler arasinda anlamh bir farkhliga neden olmadigi belir-
lenmistir (P > ,05). Pseudomonas spp., Enterobacteriaceae,
maya/kif sayilarinda, depolama stiresince gruplar ve glinler
arasinda istatistiki olarak anlamli bir farkhlik bulunmamistir
(P> ,05).

Bamya misilajindaTMAB, TPAB, Lactobacillus spp., Pseudomonas
spp., Enterobacteriaceae ve maya/kif iremesi gergeklesmemistir.

Kimyasal ve Fiziksel Analizler

Farkli kombinasyonlarda hazirlanmis kaplama malzemelerinin
uygulandidi kéfte numunelerinin depolama (4°C) stiresince tbars,
pH a, ve renk degerlerinde meydana gelen degisim Tablo 2'de
gosterilmektedir.

KO grubunda 5. ve 9. glinlerde, K1 grubunda 7. ve 9. glinlerde, K2
ve K3 grubundaiise 5. ve 9. glinlerde thars dederlerinde anlamli bir
artis saptanmistir (P < ,05). Thars degeri KO grubunda 5. glinde
anlaml bir artig gosterirken K1 grubunda ise bu artigin 7. giinde
oldugu bulunmustur. Ayrica KO grubunun 1. ve 3. glinlerde tbars
degerlerinin diger gruplara gore daha yiksek oldugu saptanmistir
(P < ,05). Diger glinlerde de ortalama TBARS degerleri KO gru-
bunda daha fazladir.

Tablo 1. K6fte numunelerinin depolama siiresince (4°C) bazi mikrobiyal degerlerindeki degisimler (log kob) (x + S.S)

Depolama Siiresi (4°C)

Mikrobiyolojik Analizler Gruplar 1.Giin 3.Giin 5.Giin 7.Giin 9.Giin
TMAB Ko 5,14 + 0,20b 5,91 + 0,58ab 6,12 + 0,64ab 6,74 + 0,37a 6,64 + 0,77a
K1 5,28 + 0,65b 5,45 + 0,60b 6,08 + 0,74ab 6,78 + 0,12a 6,61+ 0,73a
K2 5,35 + 0,59b 5,66 + 0,12b 6,16 + 0,89ab 6,93 + 0,6a 6,60 + 0,95ab
K3 5,14 + 0,49b 5,62 + 0,11ab 6,04 + 0,77ab 6,78 + 0,10a 6,24 + 1,05ab
TPAB Ko 6,52 + 0,16¢ 6,84 + 0,14bc 7,49 £0,32a 7,31 + 0,48ab 7,81 +£0,11a
K1 6,59 &+ 0,06c 6,80 + 0,26bc 7,47 £ 0,35a 7,27 + 058ab 7,77 £ 0,09a
K2 6,26 & 0,64c 6,82 + 0,27bc 7,50 + 0,31ab 7,25 + 0,71ab 7,75 + 0,09a
K3 6,56 + 0,05¢ 6,87 + 0,24bc 7,41 + 0,42ab 7,22 + 0,79abc 7,73 £ 0,08a
Lactobacillus spp. Ko 5,00 + 0,33b 5,93 + 1,29ab 6,38 + 0,57ab 6,20 + 0,65ab 6,69 + 0,29a
K1 5,06 + 0,43b 5,57 + 1,08ab 6,37 + 0,35a 6,42 + 0,59a 6,58 + 0,65a
K2 5,13 +0,72b 5,56 + 1,07ab 6,44 + 0,45ab 6,59 + 0,42a 6,59 £ 0,57a
K3 4,78 + 0,80 5,63 £ 0,99 6,00 + 0,63 6,32 + 0,33 6,37 £ 1,09
Pseudomonas spp. Ko 4,38 + 1,20 4,88 + 0,66 4,97 +£ 0,76 4,95 + 0,46 5,65 + 0,85
K1 4,26 + 0,86 4,74 + 0,61 4,85 + 0,68 4,98 + 0,55 5,65+ 0,72
K2 4,31+0,85 4,62 + 0,62 4,83 +0,73 5,02 +£ 0,53 5,26 +£ 0,30
K3 4,42 + 0,79 4,77 + 0,56 4,79 + 0,61 4,95 + 0,56 5,40 +£ 0,47
Enterobacteriaceae Ko 3,93 + 0,49 3,28 + 1,13 3,85 + 0,47 3,79 + 0,57 3,39 + 0,15
K1 3,77 £ 0,47 3,46 + 0,96 3,65 £ 0,39 3,68 +£ 0,53 3,42 £ 0,07
K2 3,86 + 0,65 3,37 £0,91 3,63 £0,37 3,61+0,77 3,48 +£ 0,16
K3 3,85 + 0,74 3,03 +0,28 3,54 + 0,42 3,46 + 0,68 3,27 + 0,09
Maya/Kif Ko 5,06 + 0,62 5,16 +£ 0,33 5,561 +0,54 5,29 +£ 0,52 5,47 £ 0,30
K1 4,99 +0,71 5,19 £ 0,21 5,64 +£0,61 5,52+ 0,75 5,77 £ 0,62
K2 4,98 + 0,73 5,28 + 0,26 5,69 + 0,79 5,64 + 0,59 5,93 + 0,02
K3 4,99 + 0,75 5,19 + 0,34 5,44 + 0,63 5,48 +£0,72 5,563 £0,16

K0 =Kaplamasz
K1=Bamya Miisilaji+%1 Gliserol

K2 =Bamya Miisilaji+ %1 Gliserol +%1 Nar Gekirdegi Yag:

K3 =Bamya Miisilaji+%1 Gl

rol +%1 Kekik Yag

Her satirda a,b,c (—) ve her siitunda A,B (1) aynt olmayan giinler ve gruplar arasinda p0.05 diizeyinde anlamh farkilihig gostermektedir.

Log kob=logatirmik koloni olugturan birim
X +S.S=ortalama deger + standart sapma
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Tablo 2. K6fte numunelerinin depolama siiresince (4°C) thars, pH, a,, ve renk degerlerinde meydana gelen degisimler (X +£S.S)

Depolama Siiresi (4°C)

Bazi kimyasal degerler Gruplar 1.Giin 3.Giin 5.Giin 7.Giin 9.Giin
TBARS Ko 12,25 + 1,20Ac 11,75 + 0,97Ac 17,48 + 7,18Ab 20,92 + 6,54Ab 28,52 + 3,62Ba
K1 11,19 + 1,36ABcd 10,03 + 0,70Bd 14,68 + 7,72Ac 19,82 + 6,68Ab 26,50 + 4,86Ba
K2 10,29 + 1,84Bc 10,79 + 1,77ABc 17,20 + 7,66Ab 20,70 + 6,92Ab 28,07 + 2,06Ba
K3 10,49 + 1,15Bc 10,34 + 1,28Bc 13,28 + 1,37Ab 14,18 + 1,95Bab 15,57 + 2,15Aa
pH Ko 6,27 + 0,10a 5,92 + 0,27ab 5,45 + 0,24bc 5,52 + 0,60bc 5,22 £0,51c
K1 6,40 + 0,03a 5,96 + 0,24b 5,58 + 0,26¢ 5,38 + 0,44c 5,32+ 0,38¢c
K2 6,20 + 0,27a 5,80 & 0,39ab 5,52 + 0,25bc 5,37 + 0,46bc 5,26 + 0,40c
K3 6,31 + 0,10a 5,77 + 0,40b 5,55 + 0,29bc 5,34 + 0,50bc 5,24 + 0,38¢c
a, Ko 0,9801 + 0,002A 0,9768 + 0,003A 0,9772 + 0,005 0,9753 + 0,006 0,9765 + 0,002A
K1 0,9834 + 0,003BA 0,9809 + 0,002BA 0,9814 + 0,003 0,9801 + 0,002 0,9842 + 0,002B
K2 0,9861 + 0,003B 0,9852 + 0,002B 0,9812 + 0,004 0,9789 + 0,003 0,9820+ 0,001B
K3 0,9831 + 0,001BA 0,9811 + 0,001BA 0,9787 + 0,005 0,9801 + 0,004 0,9826 + 0,001B
Renk (L *) Ko 53,10 + 3,09B 55,12 + 1,76AB 52,08 + 3,96 52,24 +4,13 52,21 + 5,59
K1 56,34 + 1,76A 55,93 + 1,64A 54,48 + 2,92 53,56 + 3,08 56,52 + 6,69
K2 56,86 + 1,83A 54,32 + 1,72AB 54,43 + 2,12 54,00 + 4,82 56,08 + 5,94
K3 57,32 + 3,05Aa 53,13 + 2,04Bb 52,81 + 1,28b 54,52 + 4,31ab 55,94 + 2,10ab
Renk (a *) Ko 11,93 + 1,99 8,20 + 1,70 7,26 + 3,17 7,21+5,95 7,07 +£6,78
K1 11,40 + 0,55 9,43 + 0,87 7,85 + 4,00 6,89 + 5,25 6,69 + 5,85
K2 11,64 + 1,12 7,48 + 2,28 7,26 + 4,02 6,99 + 6,14 6,63 + 6,08
K3 11,27 + 1,25a 7,99 + 1,89ab 7,09 + 3,15ab 6,82 + 5,20ab 6,21 + 4,76b
Renk (b *) Ko 20,33 + 1,19a 20,07 + 1,28ab 18,59 + 1,77b 16,98 + 1,32¢ 16,18 + 0,80c
K1 20,70 + 2,28a 20,78 = 1,73a 18,88 + 2,30ab 17,75 + 1,19b 16,74 + 0,83b
K2 20,94 + 1,65a 19,37 + 1,42ab 18,10 + 1,33bc 17,08 + 1,96¢ 17,01+ 0,99¢
K3 20,60 + 1,47a 18,86 + 1,48b 18,60 + 1,68bc 17,56 + 1,23bc 17,03 + 0,88¢c

Ko=Kaplamasiz

K1=Bamya Miisilaji+% 1 Gliserol

K2 =Bamya Miisilaji+% 1 Gliserol +% 1 Nar Cekirdegi Yag
K3 =Bamya Miisilaji+% 1 Gliserol+% 1 Kekik Yag1

Her satirda a,b,c (=) ve her siitunda A,B (}) ayn1 olmayan giinler ve gruplar arasinda p<0.05 diizeyinde anlamh farkilihg gostermektedir.

X + S.S=ortalama deger + standart sapma

Depolamanin ilk gliniinde tim gruplarda pH degerleri birbirine
yakin olup 6,27-6,40 arasindadir. Bu durum mikrobiyal Greme
icin uygun bir deder araligidir. Bamya mudsilajinin pH degeri 4,2
+ 0,12 olmasina karsin, kaplamali gruplar ile kontrol grubu ara-
sinda pH dederinin; depolama siiresince gruplar arasinda anlamli
bir fark olusturmadigi saptanmistir (P > ,05). Dempolamanin 5.
glintinde pH degeri tim gruplarda anlamli bir sekilde azalmistir.
(P<,05).

Depolamanin 1. ve 3. glinlerinde K2 grubunun KO grubuna gére
a,, degerinin anlamli olarak daha ytiksek oldugu saptanmistir
(P < ,05). Depolamanin 9. glintinde KO grubunun a, degerinin
anlamli olarak diger gruplara nazaran daha diislik oldugu saptan-
mistir (P < ,05).

Depolamanin 1. gtiniinde L* (parlaklik) degerinin kaplamali gruplarda
kontrol grubuna gore daha ytksek oldugu saptanmistir (P < ,05).

Duyusal Analizler

Farkli kombinasyonlarda hazirlanmis kaplama malzemelerinin
uygulandigi kofte numunelerinin depolama (4°C) sliresince ger-
cektestirilen duyusal analiz dederleri Tablo 3'te gsterilmektedir.

Depolama siiresi boyunca gruplar arasindaki; lezzet, koku, aroma,
tekstur, gortnds ve genel kabul edilebilirlik degerleri arasinda
istatistiki olarak anlamli bir fark bulunmamistir (P > ,05). Tum
gruplarda depolamanin 7. ve 9. gliniinde tiim duyusal degerlerin
anlamli bir sekilde azaldi§i saptanmistir (P < ,05).

TARTISMA

Et ve Uridnleri icerdigi besin ogeleri, su aktivitesi ve pH deder-
leri bakimindan mikrobiyal bozulmaya c¢ok duyarhdir. Sogukta

muhafaza stiresince oksijen, sicaklik, 1tk ve metal iyonlari protein
ve lipitlerin oksidasyonuna neden olarak oksidatif katalistlerin
olugsmasina neden olmaktadir. Bu durum besin bilesimi, lez-
zet, tekstlr ve renk gibi bazi kalite kriterlerini etkilemektedir.'®2°
Bunun i¢in arastirmalarda sogukta muhafaza boyunca bakteriyel
faaliyeti kontrol altinda tutmak ve oksidasyonu geciktirmek ana
hedef olmalidir. Clinki et ve Uriinlerinde oksidasyon, mikrobiyal
yUk ve duyusal 6zellikler Gnemli kalite kriterleridir. Yenilebilir kap-
lamalar; et ve Urlinlerinde meydana gelen oksidasyonu, mikrobi-
yal gelismeyi, istenmeyen renk ve duyusal 6zellikleri engellemek
ve geciktirmek amaci ile kullanilabilmektedir.?'?? Bu ¢alismada
kaplama malzemeleri koftelere uygulanarak soguk depolama
(4°C) boyunca numunelerde; mikrobiyal yiik ve oksidasyon kontrol
edilmeye galigiimistir.

TMAB sayisi gidalarin kalitesindeki bozulmayi gésteren dnemli bir
parametredir.?® Bu galismada, depolama stresince TMAB sayisi
gruplar arasinda anlaml bir farkliiga neden olmamistir (P > ,05).
KO, K1, K2 ve K3 grubunda 7. ginde TMAB sayisi anlamli bir sekilde
artis gostermistir (P < ,05). Tum gruplarda ortalama TMAB sayisI
9. glinde azalmistir (P > ,05). Bu durum farkl mikroorganizmala-
rin ortamda daha baskin hale gelmesi ile agiklanabilir. Gidalarin
mikrobiyal florasi oldukga dinamiktir. TPAB sayisinda da gruplar
arasinda depolama stiresince anlamli bir fark bulunmamistir (P >
,05). Tim gruplarda TPAB sayisi depolamanin 5. glintinde anlamli
bir sekilde artig gostermistir (P < ,05).

Laktik asit bakterileri et ve Urinlerinin mikroflorasinda dogal ola-
rak bulunabilmektedir.?* Depolama stiresince Lactobacillus spp.
sayisindaki degisim, gruplar arasinda anlamli bir farkliliga neden
olmamistir (P > ,05). Bu durum Emiroglu ve ark” 'nin yaptiklari
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Tablo 3. Ko6fte numunelerinin depolama siiresince (4°C) duyusal degerlerindeki degisimler (X + S.S)

Depolama Siiresi (4°C)

Duyusal
Analizler Gruplar 1.Giin 3.Giin 5.Giin 7.Giin 9.Giin
Lezzet Ko 4,87 +0,33a 4,91+ 0,28a 4,83 +0,38a 3,66 + 0,48b 2,83 + 0,38¢
K1 4,87 +0,33a 4,87 +0,33a 4,87 +0,33a 3,69 + 0,47b 2,87 +0,33c
K2 4,91+ 0,28a 4,91+ 0,28a 479 +0,41a 3,62 + 0,49b 2,83 + 0,38¢
K3 4,91+ 0,28a 4,87 +0,33a 4,75 + 0,44a 3,54 + 0,50b 2,75 + 0,44c
Koku Ko 4,91+0,28a 4,91+ 0,28a 4,79+ 0,50a 3,66 + 0,48b 2,79+ 0,41c
K1 4,87 +0,33a 4,87 +0,33a 4,87 +0,33a 3,73 £ 0,44b 2,87 + 0,33¢
K2 4,83 +0,38a 4,91+ 0,28a 4,83 +0,38a 3,66 = 0,56b 2,75 + 0,44c
K3 4,87 +0,33a 4,87 +0,33a 479+041a 3,50 = 0,58b 2,75 + 0,44c
Aroma Ko 4,87 +0,33a 4,91+ 0,28a 4,87 +0,33a 3,66 £ 0,48b 2,83 + 0,48¢
K1 4,87 +0,33a 4,91+ 0,28a 4,87 +0,33a 3,78 + 0,42b 3,00 + 0,51c
K2 4,87 +0,33a 4,91+ 0,28a 4,83 +0,38a 3,75 + 0,44b 2,87 + 0,44c
K3 4,87 +0,33a 4,87 +0,33a 479 +0,41a 3,62 % 0,64b 2,79 + 0,41c
Tekstiir Ko 4,83 +0,38a 4,95 + 0,20a 4,95 + 0,20a 4,25 + 0,60b 3,20 + 0,41c
K1 4,87 +0,33a 4,95 + 0,20a 4,87 +0,33a 4,30 + 0,55b 3,33 + 0,48¢
K2 4,87 +0,33a 4,91+0,28a 4,83 +0,38a 4,41+ 0,50b 3,37 + 0,49¢
K3 4,83 +0,38a 4,91+ 0,28a 4,83 +0,38a 4,29 + 0,62b 3,20 + 0,50c
Goriiniis Ko 4,95 + 0,20a 4,91+ 0,28a 5,00 + 0,00a 4,33 + 0,56b 3,25 + 0,44c
K1 4,87 +0,33a 4,87 +0,33a 4,83 +0,38a 4,43 +0,58b 3,25 + 0,53¢
K2 4,87 +0,33a 4,91 +0,28a 4,83 +0,38a 4,50 +0,51b 3,16 = 0,48¢
K3 4,91+ 0,28a 4,91+ 0,28a 4,83 +0,38a 4,25 + 0,60b 3,04 + 0,46¢
Genel kabul Ko 5,00 + 0,00a 5,00 + 0,00a 4,87 +0,33a 3,66 = 0,48b 2,91 + 0,50c
edilebilirlik K1 5,00 + 0,00a 5,00 + 0,00a 4,91 +0,28a 3,78 +£0,51b 3,04 + 0,55¢
K2 5,00 + 0,00a 5,00 = 0,00a 4,87 +0,33a 3,75 = 0,44b 2,87 + 0,44c
K3 4,95 + 0,20a 4,95 + 0,20a 4,83 +0,38a 3,58 + 0,50b 2,75 + 0,49¢

Duyusal analiz testi 5 (¢ok iyi), 4 (iyi), 3 (ne iyi ne kétii), 2 (kéti) ve 1 (gok kétii) olarak puanlandiriimigtir.
Ko=Kaplamasiz

K1=Bamya Miisilaji+% 1 Gliserol

K2 =Bamya Miisilaji+% 1 Gliserol +% 1 Nar Cekirdegi Yag

K3 =Bamya Miisilaji+% 1 Gliserol+% 1 Kekik Yag1

Her satirda a,b,c (=) ve her siitunda A,B (}) ayn1 olmayan giinler ve gruplar arasinda P ©,05 diizeyinde anlamh farkililig: géstermektedir.

X + S.S=ortalama deger + standart sapma

calisma ile benzerlik gostermektedir. Lactobacillus spp. sayisi KO
grubunda 9. glinde; K1 ve K2 grubunda ise 7. glinde anlamli bir
sekilde artis gostermistir (P < ,05). K3 grubunda ise Lactobacil-
lus spp. sayisindaki degisim glinler arasinda anlamli bir farkliliga
neden olmamistir (P > ,05). Bu durum kekik yagi katkili kaplama
malzemesinin, laktik asit bakterilerinin gelisimi Gizerine baskilayici
bir etkiye neden olmasi ile agiklanabilir. Bir calismada®* farkl bit-
kisel yag katkili kaplama malzemelerinin laktik asit bakterilerinin
Ureme hizini azalttigi bildirilmistir (P < ,05). Sonuglarda meydana
gelen bu farklilik; kullanilan esansiyel yagin konsantrasyonu, tirG
ve kaplama malzemesinin antimikrobiyal ajanlari tasima kapasi-
tesiile ilgili olabilir.

Pseudomonas spp. suslari, etin distk sicakliklarda depolanma
esnasinda bozulmasina sebep olan mikroorganizmalar arasinda
gosterilmektedir.?® Bu caligmada, Pseudomonas spp. sayisinda
depolama suresince gruplar ve glinler arasinda istatistiki olarak
anlaml bir farkllik saptanmamistir (P > ,05) Emiroglu ve ark” i
%5 oraninda kekik yagdi eklenen soya protein kaplama malzeme-
lerinin; depolama sliresi boyunca Pseudomonas spp. sayisini
azalttigini bildirmistir (P < ,05). Bu farkllk kaplama malzemesine
eklenen kekik yaginin orant ile ilgili olabilir.

Enterobacteriaceae familyasi gidalarda hijyen gostergesi olarak
kabul edilmektedir.?® Enterobacteriaceae familyasindan &zellikle
soguga dayanikli tlrlerin etlerde bozulmaya neden oldugu ifade
edilmektedir.?” Maya/kiifler gidalarda bozulmaya neden olan mik-
roorganizmalar arasinda gosterilmektedir. Bu ¢calismada, Entero-
bacteriaceae ve maya/kif sayisinin depolama siiresince gruplar ve
glnler arasinda istatistiki olarak anlamli bir farklih§a neden olma-
digr saptanmistir (P > ,05).
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Et ve Urlnlerinde lipit oksidasyonunun bir gostergesi olan TBARS
analizi; etlerdeki malonaldehid miktarinin belirlenmesinde kulla-
nilan bir yontemdir. Lipit oksidasyonunun nedeni etlerdeki coklu
doymamis yag asidi igeriginin ylksek olmasidir.?®

KO grubunda 5. ve 9. giinlerde, K1 grubunda 7. ve 9. glinlerde, K2
ve K3 grubunda ise 5. ve 9. glinlerde TBARS degerlerinde anlamli
bir artis saptanmistir (P < ,05). TBARS dederi KO grubunda 5.
glinde anlamli bir artis gosterirken K1 grubunda ise 7. glinde
anlamli bir artis bulunmustur (P < ,05). Kaplama malzemesinin
oksijen ve nem bariyeri saglayarak koftelerde oksidasyonu gecik-
tirdigi distnllmektedir.

K3 grubunun 7. ve 9. glinlerde TBARS degerlerinin diger gruplara
gore daha dusuk oldugu saptanmistir (P < ,05). Bu galismada
kekik yagi iceren gruplardaki TBARS degerleri, Granheimer® ve
Vital ve ark® ’'nin yaptiklari galisma bulgulariyla benzerlik gos-
termektedir. Kekik yagi eklenen grupta TBARS dederlerinin
daha az olmasi, kekik esansiyel yaginin antioksidan ozelliginden
kaynaklanmaktadir.2%%°

Nar ¢ekirdegi yagi eklenen K2 grubunda TBARS degerlerinin ylk-
sek bulunmasi; nar ¢ekirdegi yaginin yag asidi kompozisyonu ile
alakali olabilir. ClinkU nar ¢ekirdegi yagr; oksidasyona duyarl coklu
doymamis yag asitleri (%69,42-91,96) bakimindan zengindir.2&*'

pH et ve Urlnleri igin dnemli bir kalite kriteridir. Taze etin pH
degderi mikroorganizma gelisimi i¢in uygundur.®?> Depolamanin
ilk glininde tim gruplarda pH degeri birbirine yakin olup 6,27-
6,40 arasindadir. Bu durum mikrobiyal Greme i¢in uygun bir deger
araligidir. Calismada elde edilen veriler neticesinde bamya musi-
lajinin pH degeri 4,2 + 0,12 olmasina karsin, kaplamali gruplar
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ile kontrol grubu arasinda pH degerinin anlamli bir fark olustur-
madigi saptanmistir. Dempolamanin 5. gliniinde pH dederi tim
gruplarda anlamli bir sekilde azalmistir (P < ,05). Bu durum Xiong
ve ark®’nin yaptiklari calisma bulgulari ile benzerlik géstermekte-
dir. Depolama stiresi boyunca pH degerinin diismesi, koftelerdeki
laktik asit bakterilerinin mikrobiyal faaliyetlerine baglanabilir.3

Artan su aktivitesine bagli olarak lipid oksidasyonu, enzima-
tik aktivite ve mikroorganizmalarin gelismesi de artmaktadir.®
Depolamanin 1. ve 3. glinlerinde K2 grubunun KO grubuna gére
a, degerinin anlamli olarak daha ytiksek oldugu saptanmistir (P <
,05). Depolamanin 9. glintinde KO grubunun a, degerinin anlamli
olarak diger gruplara gore daha dislk oldugu bulunmustur (P <
,05). Bamya msilaji ile kaplanan koftelerde artan su aktivitesi-
nin; koftelerin depolama stabilitesine olumsuz etki yapabilecegdi
dUsindlse de, mikrobiyolojik ve kimyasal analizlerde bu durumun
olumsuz bir etkiye neden olmadi§i disintlmektedir. Ayrica su
aktivitelerindeki artis koftelerin sululuk diizeyini artirmaktadir. Et
ve Urlnlerindeki sululuk, duyusal bedeni yoniinden istenilen bir
durumdur.

Tlketici tercihinde renk ¢ok onemli bir yere sahiptir. Et ve
Urdnlerinin kendisine 06zgl rengi depolama sliresince 6nem
arz etmektedir. Clnkl etin rengini olusturan myoglobin ve
hemoglobin pigmentleri oksidasyona oldukga duyarhdir. Lipid
peroksidasyon Urlnleri ve serbest radikaller, oksimyoglobinin
metmyoglobine dénidsmesine neden olmaktadir. Bu durum
renk dedisiminin ana nedenidir.?®3" Bu calismada, depolama-
nin 1. glninde L* (parlaklik) degerinin kaplamali gruplarda
kontrol grubuna gore daha ylksek oldugu saptanmistir (P <
,05). Kaplama malzemelerinin L* degeri igin kismi bir yararllk
sagladidi ifade edilebilir. Ayrica et ve Urlinlerinde rengin soluk-
lasma nedeni pigment-indirgeme sistemlerine hasar veren lipit
oksidasyonu sonucu olusan radikallerdir. Bu radikallerin okside
pigment oranini artirdi§i ifade edilmektedir.®® Bu veri kontrol
grubuna gore K1, K2 ve K3 gruplarinda daha az serbest radikal
olustugu fikri uyandirsa da, durumun tespitine yonelik biyokim-
yasal ¢caligmalara ihtiyag vardir.

Lipit oksidasyonunun artmasi sonucu olusan Urlnler, miyoglo-
binin oksidasyonunu da artirmaktadir. Bu durum a* (kirmizilik,
relative redness) dederinin dismesi ile sonuglanmaktadir.®6°
Depolama stiresi boyunca a* degeri dedisiminin, gruplar arasinda
anlamli bir farkliliga neden olmadigi gérilmustir (P > ,05). Artan
depolama siresi boyunca tim gruplarda a* dederinin azaldigi
gorilmustlr (P < ,05).

Gidalarda duyusal 6zellikler tiiketici tercihinde 6nem arz etmek-
tedir. Bu galismada gruplar arasindaki lezzet, koku, aroma, tekstdir,
goriinis ve genel kabul edilebilirlik degerleri arasinda depolama
slresi boyunca istatistiki olarak anlamli bir fark bulunmamistir
(P> ,05).

Depolama siresinin artigina bagh olarak tim gruplarin lezzet,
koku, aroma, tekstlr, gortinUs ve genel kabul edilebilirlik degerle-
rinde depolamanin 7. ve 9. glinlerinde azalma oldugu saptanmistir
(P < ,05). Radha krishnan ve ark?* 'nin farkli kaplama malzeme-
leri ile kapladiklari etlerin duyusal analiz sonuglari bu galisma ile
benzerdir.

Panelistler depolamanin 7. ve 9. glinlerinde KO, K1 ve K2 grup-
larinda oksidatif lezzet algiladiklarini ifade etmislerdir. Oksidatif
lezzet algisinin depolamanin 7. ve 9. glinlerinde olmasi; TBARS
degerlerinin KO, K1 ve K2 gruplarinda daha fazla olmasiyla

agiklanabilir. Clinkd lipit oksidasyonunda olusan hidroperoksitler
kokusuz olmalarina ragmen pargalandiklari zaman; furan, slibsi-
tle, alkol ve hidrokarbon ikincil yapilarini olustururlar. Bu yapilar
etin lezzetinde kayiplara neden olmaktadir.383°

Ayrica panelistler depolamanin 7.ve 9. glinlerinde kekik kokusunun
daha belirgin oldugunu ifade etmiglerdir. Depolama siiresinin uza-
masina bagl olarak kekik yaginin ugucu bilesenlerinin kofte ice-
risinde ¢ozlinmesi ve dagilmasi bu durum tzerinde etkili olabilir.

Sonug olarak kaplama malzemeleri koftelerin raf omriind uzatmada
gok etkili bulunmamistir. Ancak kekik yagi katkili kaplama malze-
mesinin oksidasyonu azalttigi saptanmistir. K1 kaplama grubunun
KO kontrol grubuna gére TBARS degerlerinin ortalama olarak daha
disik olmasi; kaplama malzemesinin oksijen bariyeri saglayabile-
cegini gostermektedir. Ayrica kaplama malzemeleri duyusal yon-
den olumsuz bir etkiye neden olmamistir. Kaplama malzemeleri
tlketici begenisi icin dnemli olan parlaklik degerine kismen olumlu
bir katki saglamistir. Bamya musilajinin yenilebilir film ve kaplama
potansiyeli bulunmaktadir. Ayrica kaplama malzemesinde kulla-
nilan bamyanin besin dederinden fayda saglanabilecegi g6z ardi
edilmemelidir. Fakat farkl gidalar Gizerine etkisinin incelenmesine
ihtiyag vardir. Bamya musilaji farkli hidrokolloid (6rn., kitosan, soya
protein) ve farkli antimikrobiyal, antioksidan 6zellik gdsteren mad-
delerle kombine edilerek koruyucu ¢zelligi gelistirilebilir.
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ABSTRACT

Cadmium, which is one of the toxic metals widely used in many areas of the world, is taken into
the body in different ways. In this study, the damage caused by cadmium in the brain and how
this damage affects the levels of glial fibrial acidic protein, 8-Oxo-2-deoxyguanosine (8-OHdG),
neuronal nitric oxide synthase, Stiperoksit dismutaz (SOD), Glutatyon (GSH), glutatyon peroksidaz
(GPX), inducible nitric oxide synthase, and malondialdehid (MDA) expression in the brain tissue
were investigated. A total of 16 male Wistar albino rats 200-220 g were used in the experimental
study. Rats were divided into 2 groups. A single cadmium i.p. dose of 0.025 mmol/kg was given
to rats in the cadmium group. Rat brain tissue samples were analyzed using biochemical analy-
ses as well as histopathological and immunohistochemical methods. In the histopathological
examination of the brain tissues, normal histological structure was observed in the brain samples
belonging to the control group, while necrosis and degeneration of neurons in the brain, as well
as hyperemia in the parenchyma and meningeal vessels were observed in the cadmium group.
In immunohistochemical examinations, while glial fibrial acidic protein, 8-OHdG, and neuronal
nitric oxide synthase expression was not observed in the brain samples of control group, severe
expression of glial fibrial acidic protein, 8-OHdG, and neuronal nitric oxide synthase was observed
in the brain tissue of the group receiving cadmium. In the biochemical analyses performed, it was
observed that SOD, GSH, and GPx enzyme levels increased in cadmium groups, inducible nitric
oxide synthase and MDA enzyme levels were decreased. As a result of this studly, it is thought that
markers’ expression levels are important in understanding the oxidative stress in pathogenesis of
cadmium toxicity and will provide a guide and important contributions to future studies.

Keywords: Biochemical, cadmium, histopathology, immunohistochemistry

oz

Diinyada birgok alandayaygin olarak kullanilan toksik metallerden biri olan kadmiyum, viicuda farkli
sekillerde alinmaktadir. Bu galismada kadmiyumun beyinde olusturdugu hasar ve bu hasarin beyin
dokusunda GFAP, 8-OHdG, nNOS, SOD, GSH, GPx, iNOS ve MDA ekspresyon diizeylerini nasil etki-
ledigi arastirildi. Bu deneysel caligmada 200-220 gr agirliginda 16 adet erkek Wistar albino sican
kullanildi. Siganlar iki gruba ayrildi. Kadmiyum grubuna 0.025 mmol/kg’lik tek bir intraperitoneal
Cd uygulandi. Rat beyin dokulari biyokimyasal, histopatolojik ve immiinohistokimyasal boyama
yontemi ile incelendi. Beyin dokularinin histopatolojik incelemesinde kontrol grubuna ait beyin
orneklerinde normal histolojik yapi gézlenirken, kadmiyum grubunda beyinde néronlarda nekroz
ve dejenerasyon ile parankim ve meningeal damarlarda hiperemi gézlendi. immiinohistokimyasal
incelemelerde kontrol grubunun beyin 6rneklerinde GFAP, 8-OHdG ve nNOS ekspresyonu izlen-
mezken, Cd uygulanan grubun beyin dokusunda siddetli GFAP, 8-OHdG ve nNOS ekspresyonu
gozlendi. Yapilan biyokimyasal analizlerde Cd gruplarinda SOD, GSH ve GPx enzim seviyeleri
artarken, iNOS ve MDA enzim seviyelerinin diistiigu gozlendi. Bu galisma sonucunda markerlerin
ekspresyon diizeylerinin Cd toksisitesinin patogenezinde oksidatif stresin anlagilmasinda énemli
oldugu ve gelecekte yol gbsterici ve dnemli katkilar saglayacagi diistinilmektedir.

Anahtar Kelimeler: Biyokimya, histopatoloji, immUunohistokimya, kadmiyum
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INTRODUCTION

In the developing world, many conveniences have been provided
in our lives with the innovations in various industries. How-
ever, this development has also caused many health problems.
Among the causes of these health problems, heavy toxic met-
als such as iron, lead, arsenic, copper, and cadmium, which are
industrial wastes, have an important place."* Cadmium (Cd) is a
heavy metal with mutogenic, carcinogenic, and toxic effects on
living organisms. Cadmium is taken into body through digestion,
respiration, and skin. Although it varies according to the animal
species, 0.5%-12% of Cd was taken through digestion. Almost all
of the Cd vapor is absorbed from the lungs. This makes this ele-
ment in the cigarette important to us. Moreover, Cd salts can be
absorbed up to 4% through the skin."*% Cd taken into the body is
transported by binding to proteins and blood cells in the blood,
and most of it accumulates in the liver and kidney, and a small
part in the spleen.® Apart from these organs, Cd has also been
reported to accumulate in the brain due to its ability to cross the
blood brain barrier (BBB) and cause serious neurological damage.”
Recent studies on cadmium have reported that it is also a risk
factor for occurrence of Parkinson’s® and Alzheimer’s disease.®"

Glial cells, one of the central nervous system cells, are of great
importance in supporting neurons. Yet another cell structure,
astrocytes act as a bridge between the BBB and neurons, provid-
ing great support to neurons and preventing foreign substances
from entering the brain.’>™ In addition, it has been reported that
some toxic metals inhibit the cytotoxic effects they can create in
brain tissue.' Glial fibrial acidic protein (GFAP) is a protein that is
an intermediate filament in mature astrocytes. It is also an impor-
tant protein that plays a role in structure of astrocytes and many
functions during the development of astrocytes.™?° In some toxi-
cation studies conducted in brain tissue, it has been reported that
determining the level of GFAP expression is important in deter-
mining the severity of toxicity.?' It has been reported that GFAP
expression increases in brain tissue in diseases such as Scrapi,
Creutzfeldt-Jakob and Alzheimer’s.?' In some studies, in animals
exposed to heavy metals such as Cd, Zn, Pb, and T, it was found
that heavy metals accumulate in glial cells and cause morphologi-
cal changes in these cells as a result of their toxic effects.?>?®

Oxidative stress of cells in many tissues and organs causes per-
manent damage to the membranes, protein structures, and lipids
of DNA.?* Toxic substances are known to cause serious oxidative
damage in the body. In particular, cadmium has been reported
to cause serious damage to many tissues especially brain tissue,
by increasing oxidative stress in the body.? It has been reported
that cadmium causes significant decreases in SOD, GPx, and GSH
enzyme levels, which are oxidative stress parameters in brain tis-
sue.?62” 8-OHdG and 8-oxodG in nuclear and mitochondrial DNA
determine the damage caused by oxidative stress on cell DNA in
the body and are known to be the most common of the free rad-
ical-derived forms.2* 8-OHdG marker was used to determine the
oxidative damage caused by cadmium in the brain.2%2#

Nitric oxide (NO) is synthesized by a reaction catalyzed by the
nitric oxide synthase (NOS) enzyme in many cells, and L-arginine
and O, molecules are converted into NO and citrulline mole-
cules. The NOS enzyme has 3 isoforms, the first 2 being struc-
tural (cNOS) and the third being inducible (iNOS). While iNOS
can be stimulated by cytokines and other compounds, cNOS is
divided into 2 groups as vasodilation endothelial NOS (eNOS) in
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endothelial cells and neuronal NOS (nNOS) in the nervous sys-
tem.?® Neuronal NOS is reported as a highly sensitive marker in
detecting the damage caused by oxidative stress in brain tis-
sue.’%32 Although the cellular and biochemical effects of cad-
mium in the brain have been revealed in many studies in the
literature reviews, the pathogenesis of the disorders it causes has
not been fully elucidated.®® In this study, it was aimed to investi-
gate the effects of GFAP, 8-OHdG, nNOS, SOD, GSH, GPx, iNOS,
and MDA expression levels in brain damage caused by Cd toxic-
ity by biochemical and immunohistochemical analyses in order
to determine the pathogenesis of Cd intoxication in brain tissue.
This study aimed to reveal the pathogenesis of oxidative stress
caused by cadmium in the body and subsequent oxidative DNA
damage caused in brain tissue.

MATERIALS AND METHODS

As the research material, 16 male Wistar-albino rats with a weight
of 200-220 g were used. Rats were provided by Atatirk Uni-
versity, Medical Experimental Application and Research Center
(ATADEM) unit. The rats were kept for a week in order to adapt to
their environment, and ad libitum nutrition was applied with pel-
let feed and water. In the study using CdCl,-5H,0 (cadmium chlo-
ride pentahydrate, CAS NO: 7790-78-5, Sigma, US) as a cadmium
source, rats were divided into 2 groups, with n=8in each group.

Group I: Control group: The animals in this group were given stan-
dard pellet feed, drinking water, and saline (SF) intraperitoneally (i.p.).

Group II: Cadmium applied group: A single dose of i.p.
0.025 mmol/kg Cd was given to each animal.®*

It was prepared by dissolving Cd in saline (SF). Group Il was admin-
istered SF for 5 days, and on the 5th day, Cd i.p. was administered
1 hour after SF application. Animals were euthanized 24 hours
after the last administration to collect brain tissue samples. In 6
days, rats were necropsied and brain tissue samples were taken
(Ethics Number: 2014/12-b).

Biochemical Analysis

Homogenization was performed for brain tissues using Magna
Lyser (Roche, Switzerland) homogenizer device. The obtained
homogenates were centrifuged at 15 000 rpm. Then the super-
natant was used for biochemical analysis. MDA level, GSH, CAT,
iNOS, and GPx activity in the brain tissues were measured using
the corresponding anti-rat ELISA kits (YL Biotech, Shanghai,
China) according to the manufacturer’s instructions.3*

Histopathological Examination

Brain tissue samples were detected in 10% buffered formalin
solution. Paraffin blocks were prepared after routine tissue follow-
up procedures. Sections of 4 um thickness were taken from the
blocks. The preparations for histopathological examination were
stained with hematoxylin-eosin and examined with a microscope
(OLYMPUS BX51, Tokyo, Japan). Examined brain cortex areas were
evaluated as none (=), mild (+), moderate (++), and severe (+++)
according to their pathological findings.

Immunohistochemical Examination

Tissue sections were deparaffinized and dehydrated. The sec-
tions were kept in 3% H,O, for 10 minutes and then incubated
for 5 minutes with protein block. Primary antibody (GFAP Cat
No: ab68428, dilution ratio (DR): 1100, UK; 8-OHdG Cat No:
sc-66036, DR: 1/100, US; nNOS Cat No: ab5586, DR: 1/100, UK)
was dropped onto the sections and incubated for 1 hour. 3-3’
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Figure 1. SOD, GSH, MDA, GPx, and nNOS levels in brain tissues. (A) SOD enzyme level, (B) MDA level, (C) GSH level, (D) INOS level, and (E) GPx level;
statistically, the differences between the groups were shown with letters (P < .05). The obtained values were expressed as mean + SEM. nNOS,

neuronal nitric oxide synthase; SEM, standard error of mean.

Diaminobenzidine (DAB) was used as a chromogen. The slides
were kept in Mayer’'s hematoxylin and then washed. Then the
prepared sections were examined with microscope (ZEISS AXIO,
Jena, Germany).3

Statistical Analysis

For histopathological examination, Mann Whitney U test was
used to compare binary groups using the Statistical Package
for the Social Sciences version 20.0 (IBM SPSS Corp.; Armonk,
NY, USA). The statistical comparison of the values obtained as
a result of the biochemical analyses performed in the study was
made with the GraphPad Prism 8.0.1 data program. One-way
ANOVA and Tukey test were used to compare the mean values of
more than 2 independent groups.

To determine the intensity of positive staining obtained as a
result of immunohistochemical staining, 5 areas were selected
from images and evaluated in the ZEISS Zen Imaging software.
One-way ANOVA and Tukey test were used. As a result of the test,
P value of <.05 was considered significant.

RESULTS

Biochemical Analyses Findings

As a result of the biochemical analyses performed on the brain
tissues, it was observed that SOD, GSH, and GPx enzyme levels
in the cadmium group decreased significantly when compared
to the control group. The levels of NNOS and MDA showed a sig-
nificant increase in the cadmium groups compared to the control
group (P <.05) (Figure 1).

Histopathological Findings
In the histopathological examination, normal histological struc-
ture was observed (Figure 2) in group | (control group). In group I

(cadmium applied group), inthe brain tissues, severe degeneration
and necrosis in the neurons and hyperemia in parenchyma and
meningeal vessels were detected (Figure 2) When compared with
the control group, a statistically significant difference (P < .05)
was found. Histopathological results were shown in Table 1.

Figure 2. Brain tissue, degeneration in neurons (arrowheads), necrosis
(arrows), hyperemia in vessels (stars), hematoxylin-eosin, severe level of
GFAP, nNOS and 8 OHdG expression (arrowheads), IHC-P, Bar: 50 pm.
CD, cadmium applied group.
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Table 1. Scoring of Histopathological Findings in Brain Tissue

Parameters Control group Cadmium Applied Group
Degeneration in neurons - o+
Necrosis in neurons - ++
Hyperemia of meningeal and - +++

parenchymal vessels

Table 2. Scoring of Inmunohistochemical Findings in Brain Tissue

Parameters Control Group Cadmium Applied Group
Glial fibrial acidic protein 21.52 + 4.11° 62.85 + 5.46"
Neuronal nitric oxide synthase 19.42 + 4.96* 58.55 + 6.62"
8-OHdG 20.39 + 6.62* 60.74 + 7.45°
*’Differences between means with different letters in the same column are significant (P < .05).

Immunohistochemical Findings

In the control group, there was no GFAP, nNOS, and 8 OHdG
expression in the brain tissues (Figure 2). In the Cadmium applied
group, there was severe GFAP, nNOS, and 8 OHdG expression
in the brain tissues (Figure 2). When compared with the control
group, a statistically significant difference (P < .05) was found.
Immunohistochemical results are shown in Table 2.

DISCUSSION

Cadmium, which is widely used in industry, accumulates in the
environment and creates serious problems for human health.
Volcanic mountains are reported to be the most important pol-
lutants as a source of Cd. Cadmium, either intentionally or unin-
tentionally, is taken into the body with contaminated food, water,
soil, dust, or air,* digestion, respiration, and skin." After entering
the body, it is transported by binding to proteins and blood cells
in the blood and most of it accumulates in the liver and kidney.®
Apart from these organs, Cd has also been reported to accumu-
late in the brain due to its ability to cross the BBB and cause seri-
ous neurological damage.”

Cadmium causes necrotic hepatitis, hyperemiain the vessels, and
mononuclear cell infiltration in the liver.3* It has been reported to
cause fatty degeneration, hydropic degeneration, and fibrosis®® in
animals treated with a daily dose of 1 mg/kg CdCL,. It has been
revealed that it causes severe intertubular hemorrhages in the
medulla and cortex in the kidneys and degeneration and necro-
sis in the tubular epithelium.®* It has been reported that neuro-
nal atrophy, degeneration, and necrosis were observed in rats
administered Cd at 5 mg/kg to brain tissues.*® Podarcis siculus
was shown to cause widespread edema in the brain tissue admin-
istered 2 mg/kg Cd daily for 7 days.®® Histopathologically, in rat
brain tissues where Cd toxicity was induced, it has been reported
that neuronophagia, perineuronal vacuolization, vascular hyper-
emia, and satellitosis were observed especially in the cerebral
cortex.? In this study, in accordance with the literature, degenera-
tion and necrosis in neurons and hyperemia in parenchymal and
meningeal vessels were detected in Cd toxicity in brain tissues.

Glial fibrial acidic protein (GFAP) is a protein that is an intermedi-
ate filament in mature astrocytes. It is also an important protein
that plays a role in the formation of the skeleton of astrocytes and
many functions during the development of astrocytes.'™® Astro-
cytes become reactive and react as a result of traumas that cause
astrogliosis, various diseases, genetic disorders, or toxic effects of
chemical substances. It has been reported that GFAP expression
started to increase rapidly with the formation of astrogliosis.®” In
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some studies, they have defined that the increase in GFAP lev-
els in trauma or disease situations that cause astrogliosis is the
most serious finding of this process.®® In rats with severe trau-
matic brain injury, an increase in GFAP expression level was found
in astrocytes in the cortex where brain tissue damage occurred 3
days after the injury.®® It was also reported that GFAP expression
increased in gliosis models created experimentally in rat brain
tissues.* In this study, it was determined that GFAP expressions
in brain tissues increased significantly in Cd toxicity.

It was reported in studies that oxidative stress occurring in the
body causes neurotoxicity in brain tissue as well as in many tis-
sues and organs. Studies have shown that many substances,
including Cd, increase oxidative stress in the body and cause oxi-
dative damage to the brain tissue. In some studies performed by
creating neurotoxicity with Cd, while it has been reported that Cd
causes a decrease in SOD, GSH, and GPx enzyme levels in brain
tissues, it has also been reported to cause serious increases in
iNOS and MDA enzyme levels.25?" The results of the present study
and the literature were found to be compatible. With this result,
the negative effects of Cd on some oxidative stress parameters in
brain tissues were revealed.

8-0OHdG is widely used in toxication studies to show DNA damage
caused by oxidative stress.>*494 There are many studies in which
8-OHdG shows DNA damage in cadmium toxicity.?>2%42 In a study,
it was shown that the expression level of 8-OHdG increased sig-
nificantly as a result of oxidative stress in the brain tissues of rats
administered 5 mg/kg cadmium chloride.®® In another study,
it was determined that cadmium administration at 5 mg/kg
increased the expression level of 8-OHdG in rat brain tissues.?® In
this study, it was determined that 8-OHdG expressions increased
in brain tissues with CD application.

Neuronal NOS is a very sensitive marker in detecting neurologi-
cal damage in the brain due to oxidative stress.*® In many toxicity
studies, it has been reported that the level of NNOS expression
in neurons in brain tissue increases depending on the severity of
Cd toxicity.*** In a study conducted in rats treated with Cd at
concentrations O, 5, 10, and 20 umol/L, it was detected that the
expression level of nNOS increased significantly in rats treated
with 5 and 10 umol/L Cd.*" In this study, in accordance with the
literature, it was determined that the level of NNOS expression in
neurons increased due to the damage caused by Cd in rat brain
tissues in which acute Cd intoxication was created.

As a result, it was observed in the study that a single dose of
0.025 mmol/kg Cd caused severe damage to the brain tissues
and this damage increased GFAP, 8-OHdG, nNOS, iNOS, and MDA
expression and decreased SOD, GSH, and GPx expression. The
GFAP, 8-OHdG, nNOS, iNOS, MDA, SOD, GSH, and GPx expres-
sion levels has been an important study in understanding the
pathogenesis of Cd toxicity, and it is considered and evaluated to
provide a guiding and important contribution to future studies.
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ABSTRACT

Some Staphylococcus species are zoonotic and the non-zoonotic species may harbor antibiotic-
resistance genes for transmission to humans via the food chain. The study aimed at determining
the staphylococci contamination of beef processed for human consumption and the antibiogram
of the organisms. Isolation and identification of Staphylococcus from beef and the meat con-
tact surfaces were done following standard microbiological protocols, including the Application
Programmed Interface. Disc diffusion method was used to test the susceptibility of the staphylo-
cocci to 14 commonly used antimicrobial agents. The mean staphylococci load of the beef before
processing was 5.0 x 10° + 1.0 x 10° and 7.1 x 10° + 1.0 x 108 cfu/cm? after. Of the 200 samples
tested, Staphylococcus spp. were isolated in 25 (12.5%). The isolates were Staphylococcus aureus
(12%), Staphylococcus xylosus (56%), Staphylococcus cohnii (16%), Staphylococcus saprophyticus
(12%), and Staphylococcus hominis (4%). Twenty-two (88%) of the isolates were resistant to anti-
microbials, including those listed in World Health Organization’s list of “high” and “highest” prior-
ity antibiotics. Eighteen isolates (81.8%) were multidrug resistant while 4 (21%) were resistant to
at least 1 antimicrobial agent. Isolation of multidrug-resistant Staphylococcus from beef and the
meat contact surfaces portends significant food safety and public health risks as the organisms
or their resistance determinants are transmissible to humans via the food chain. This emphasizes
the need for the adoption of the “farm to fork” concept of food safety in beef production and
processing lines to forestall staphylococci meat contamination and hence the untoward public
health and economic consequences thereof.

Keywords: Beef, contact surfaces, multidrug-resistant Staphylococcus, Kwata slaughterhouse,
Nigeria

oz

Bezelye isleme Hattinda Goklu ilag Direncli Stafilokoklarin Belirlenmesi Bazi Staphylococcus tiir-
leri zoonotiktir ve zoonotik olmayan tiirler de antibiyotik direnci genlerini barindirabilir ve gida
zinciri yoluyla insanlara iletebilir. Bu ¢alismanin amaci, insan tiiketimi icin islenen sidir etindeki
stafilokok kirliligini ve organizmalarin antibiyogramini belirlemektir. Sigir eti ve et temas ylizeyle-
rinden Staphylococcus izolasyonu ve tanimlamasi yapilmasi igin Aplikasyon Programli Aray(iz gibi
standart mikrobiyolojik protokoller kullanildi. Stafilokoklarin 14 yaygin olarak kullanilan antimikro-
biyal ajanlara duyarliligi disk difiizyon yéntemiyle test edildi. islemden énceki ortalama stafilokok
yUki 5.0 x 109 + 1.0 x 105 idi ve islemden sonra 7.1 x 109 + 1.0 x 106 cfu/cm2 oldu. Test edilen 200
ornekten 25'inde (%12,5) Staphylococcus spp. izole edildi. izolatlar Staphylococcus aureus (%12),
Staphylococcus xylosus (%56), Staphylococcus cohnii (%16), Staphylococcus saprophyticus (%12)
ve Staphylococcus hominis (%4) idi. izolatlarin 22'si (%88) Diinya Saglk Orgiitii'niin "yiiksek" ve "en
ylksek" dncelikli antibiyotiklerinin listesinde yer alanlar da dahil olmak Uizere antimikrobiyallere
direncliydi. On sekiz izolat (%81,8) multidrug-resistant iken 4'U (%21) en az bir antimikrobiyal ajana
direncliydi. Sigir eti ve et temas yiizeylerinden ¢oklu ilag direncli Staphylococcus izole edilmesi,
organizmalarin veya direng belirleyicilerinin gida zinciri yoluyla insanlara taginmasi bakimindan
onemli gida glivenligi ve halk sagligi riskleri tagimaktadir. Bu sonug da, sigir Uretimi ve isleme hat-
larinda gida glvenligi "ciftlikten ¢atala" kavraminin benimsenmesinin stafilokok et kirliligini 6nle-
mek ve buna bagli olarak olumsuz halk sagligi ve ekonomik sonuglari engellemenin gerekliligine
vurgu yapmaktadir.

Anahtar Kelimeler: Sidir eti, temas ytzeyleri, coklu ilaca direngli Staphylococcus, Kwata
mezbahasi, Nijerya
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INTRODUCTION

Foodborne pathogens are the leading causes of illnesses and
death globally, costing billions of dollars in medical care and
social costs." Although foodborne diseases affect persons of all
ages, the burden is more in children below the age of 5, immu-
nologically compromised individuals and people residing in
developing and low-income countries.? Globally, many foodborne
disease outbreaks have been associated with the consumption of
contaminated foods of animal origin. Of these outbreaks, staphy-
lococcus food diseases (staphyloenterotoxicosis or staphyloen-
terotoxemia) are prominent,® although campylobacteriosis and
salmonellosis are also in the front burners.*

In developing counties, majority of meats consumed are slaugh-
tered at homes or in clandestine slaughterhouses.® This makes
the bacteriological qualities of these meats uncertain due to
poor sanitary conditions of the staff, equipment, meat contact
surfaces, and the environment in most slaughterhouses.® Further
meat contamination occurs in the slaughterhouses as a result of
poor planning during the construction of slaughterhouse, lack of
required amenities, and non-adherence to rules guiding food ani-
mal slaughter or processing for human consumption.”

Consequently, quite a good number of bacterial meat contami-
nants have been reported in Nigerian slaughterhouses.#"® Most
of these contaminants may be zoonotic, pathogenic, or harbor
antimicrobial-resistance determinants transmissible to humans
via the food chain. Of all bacterial meat contaminants, emphasis
has been on the Staphylococcus species, especially coagulase-
positive staphylococci (Staphylococcus aureus and Staphylo-
coccus pseudintermedius) due to their zoonotic and pathogenic
potentials. However, the coagulase-negative Staphylococcus
(CoNS) species are equally important. Theirimportance lies in the
fact that CoNS cause opportunistic infections which may degen-
erate into severe diseases in immune-compromised hosts.®
Additionally, the CoNS are reservoirs of antimicrobial resistance
genes, due to frequent exposure to low doses of antimicrobials
occasioned by the imprudent use of the drugs in medical and vet-
erinary practices."

Meats contaminated with Staphylococcus species are major
causes of foodborne disease outbreaks as the moisture and
nutritional contents of meat facilitate bacterial growth and pro-
liferation.® In addition, the organisms are capable of surviving as
commensals on the skin and nares of meat processors and food
handlers, as well as on inanimate surfaces like clothing, meat
contact surfaces, and meat processing equipment.'

Staphylococcus ranks high as a major cause of foodborne intoxi-
cation globally because most toxigenic species are capable of
elaborating toxins. Some of these toxins are heat stable, resistant
to the activities of proteolytic enzymes and can cause intoxica-
tion even at low doses.™ Unfortunately, the ambient temperature
in most tropical climates, including Nigeria, favors the prolif-
eration of Staphylococcus and the production of toxins in the
toxigenic species.® In both Staphylococcus food poisoning and
intoxication, the onset of clinical manifestations depends on the
immune status of the host and includes nausea, vomiting, stom-
ach aches, chills, fever, and diarrhea as well as cause abscess, fatal
sepsis, endocarditis, meningitis, and toxic shock."

Considering the state of some slaughterhouse facilities and
the role of slaughterhouse workers in the spread of zoonotic
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pathogens in the meat supply chain in Nigeria;®"® meat processed
for human consumption in Anambra State, Nigeria, may be con-
taminated with Staphylococcus species in view of the ubiquitous
nature of the organisms. Detection of drug-resistant Staphy-
lococcus in the meat and abattoir environment could provide
a scientific basis for improvement in sanitary conditions of the
facilities which will bring about great economic and public health
gains to humanity. In addition, the antimicrobial resistance profile
of the staphylococci contaminants could guide empirical antibi-
otic treatment in cases of suspected Staphylococcus foodborne
diseases or intoxication.

Published data on staphylococcal contamination of beef and or
the meat contact surfaces, as well as the antibiogram of the bac-
teriain Anambra State are sparse and far between. Therefore, this
study determined Staphylococcus contamination of beef and
meat contact surfaces in Anambra State, Nigeria, and also the
antimicrobial-susceptibility profile of the isolates in order to rec-
ommend appropriate and implementable public health action.

MATERIALS AND METHODS

Study Area

The study was conducted in Kwata slaughterhouse (KSH), Anam-
bra State, Nigeria. The KSH is an open system with neither roof nor
doors. Therefore, visitors as well as scavenging animals and birds
have unrestricted access to the facility. The slaughterhouse is the
major source of meat supply to Awka, the capital city of Anambra
State. The demographics of the state have been published,"” and
the geographical location of Awka is shown in Figure 1.

Study Design and Sampling

The study adopted a cross-sectional study design. Using the
prevalence of 9.4% earlier recorded,® a minimum sample size of 72
was calculated as earlier described.”® However, 200 samples were
used in this study for buoyancy and accuracy of data. Swab sam-
ples were collected from 2 cm? of the groin skin before processing
and from the same site of the meat carcass after processing and
different meat contact surfaces (before and after contact with
dressed beef) in the slaughterhouse using sterile swab sticks
moistened with 0.1% peptone water. A systematic random sam-
pling (1 in 5) was used in the selection of beef and the contact
surfaces for swab sample collection. The surfaces sampled were
slaughter floor, meat dressing table, washing bucket, bleeding
knife, butchers’ footwear, knife sharpener, wheelbarrow, washing
water, and meat display table. In all, 200 samples were collected
over a period of 10 weeks.

Determination of Staphylococcus Contamination

The Staphylococcus load of the beef and the contact surfaces
were determined by aerobic bacterial count (enumeration) as
described.” Briefly, swab samples were transferred aseptically
into a sterile stomacher bag containing 225 mL of 0.85% sterile
saline solution and homogenized in a stomacher (Stomacher®
400 Circulator, Seward, Ltd., UK) for 2 minutes at room temper-
ature to achieve a 10-1 dilution. Microbial extracts were serially
diluted in sterile distilled water. Each diluted 1 mL sample was
plated individually and spread thoroughly on mannitol salt agar
and incubated at 37°C for 48 hours for staphylococcal counting.
Glistening whitish/creamy and yellow colonies were recorded and
counted as Staphylococcus. All analyses were performed in tripli-
cate, and results were expressed as the logarithm of colony-form-
ing units per cm? (Log CFU/cm?). Plate counts were determined
and converted to log,, CFU values using standardized plate count
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Figure 1. Map of Anambra State showing the study area.

rules.” Isolation of Staphylococcus species was done using man-
nitol salt agar (Oxoid, Basingstoke, UK) according to the method
of Cheesbrough.?° At first, the swab samples were pre-enriched
in nutrient broth supplemented with 7.5% NaCl for 24 hours at
37°C. Thereafter, a loop full of the pre-enriched samples was
streaked on mannitol salt agar and incubated at 37°C for another
24 hours. In plates that yielded growth, 1 or 2 whitish/creamy and
yellow colonies on the agar were purified on nutrient agar (Oxoid,
Basingstoke, UK). Putative Staphylococcus colonies, appearing
cream on nutrient agar, were further subjected to Gram-staining
and catalase tests. Gram-positive cocci in bunches that produced
vigorous bubbles on emulsification with 3% H,O, were subjected
to further characterization and speciation using the Application
Programmed Interface Staph kit (Biomerieux®, France) according
to the manufacturer’s instruction.

Antimicrobial Resistance Profiling

Antimicrobial susceptibility testing of the staphylococcal isolates
was performed by disc diffusion method according to the guide-
lines of the Clinical Laboratory Standards Institute? with discs
(Oxoid Hampshire England) impregnated with the following 13
antimicrobial agents belonging to 6 classes: B-lactam—ceftri-
axone (30 ug), cefixime (5 pg), ampicillin (10 pg), and amoxicillin
(10 pug), macrolides—erythromycin (15 pg), fluoroquinolones—cip
rofloxacin (5 pg), levofloxacin (5 pg), norfloxacin (10 pg), and oflox-
acin (5 pg), aminoglycosides—gentamicin (10 pg) and streptomy-
cin (10 ug), ansamycin—rifampicin (5 ug), and phenicols—chlor
amphenicol (30 ug). Staphylococcus aureus ATCC 25923 was
used as a quality-control strain for susceptibility. Inhibition zone
diameters were interpreted in accordance with the breakpoints
for Staphylococcus.?' An isolate resistant to at least 1 antimicro-
bial agent in 3 or more classes/categories of antimicrobial agents
was considered multidrug-resistant.
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Statistical Analyses

Data bothering on the prevalence and antimicrobial resis-
tance profile of the isolates were analyzed descriptively. Results
obtained for the bacteria count were summarized as mean +
standard error of mean. Mean values of the bacterial load for beef
and the various contact surfaces were compared using a 1-way
analysis of variance. Duncan's multiple range test was used to
separate variant means. Values were considered significant at P
< .05. All the statistical analyses were performed using IBM® Sta-
tistical Package for Social Sciences statistics version 23 (SPSS
Inc., Chicago, lll, USA).

Ethical Approval

The research was conducted in accordance with the guidelines
laid down by local laws and regulations, and the swab samples
used for the study were collected from surfaces of carcasses,
floors, and materials used for their processing in the slaughter-
houses. The University of Ibadan Animal Care and Use Research
Ethics Committee gave ethical permission for the work with the
number UI-ACUREC/APP[2015/047 issued on 15/11/2015.

RESULTS

The mean staphylococci load of the beef before and after contact
with processing equipment and surfaces were 0.50 x 10"+ 0.10
x 10° and 0.71 x 10 + 1.0 x 108 cfu/cm?, respectively. Results on
the bacterial loads of the different beef contact surfaces are pre-
sented in Table 1. There was a significant (P < .05) increase in the
Staphylococcus load in the washing water after beef immersion.
Also, there was a significant (P < .05) increase in Staphylococcus
contamination of the beef after processing.

Out of 200 samples processed, Staphylococcus species were
isolated in 25 (12.5%) samples. The isolates were S. aureus, 3
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Table 1. Mean Staphylococcus Counts in Different Beef Contact Surfaces (n=20
Each) Collected from Kwata Slaughterhouse, Anambra State, Nigeria

Table 3. Susceptibility of Staphylococcus Species (n=25) Isolated from Beef and Meat
Contact Surfaces at Kwata Slaughterhouse to Different Antimicrobial Agents

Number of Samples

Mean Staphylococcus Gount (cfu/cm?)

Antimicrobials (pg) Number of resistant isolates (%)

Contact that Yielded

Surfaces Growth (%) Before Beef Contact After Beef Contact

SF 3 (15) 1.1x 10°+ 1.1 X 10°% 1.0 X 10°+ 1.1 X 10%
MDT 4 (20) 1.1 X 10°+ 1.0 X 10* 1.1 X 109+ 1.0 X 10%
WBu 2 (10) 1.1x 10°+ 1.1 x 10% 1.0 X 10°+ 1.0 x10°®
BK 2 (10) 1.1 x 10+ 1.1 x 10° 1.0 X 10° + 1.0 x 10%
BFW 2 (10) 1.0 X 109+ 1.1 X 10° 1.1x 10°+ 1.0 x 10%
KS 2 (10) 1.0 X 109+ 1.1 X 10°* 1.0 X 10°+ 1.1 x 10°
WB 3 (15) 1.1 X 10+ 1.1 x 10° 1.0 X 10° + 1.0 x 10°
BDT 3 (15) 6.0 X 10°+ 1.1 x 10° 7.1 % 10°+ 1.1 x 10%
ww 1(5) 7.1% 10°+ 1.0 X 10% 1.1 % 10+ 1.0 X 10%

BDT, beef display table; BFW, butchers footwear; BK, bleeding knife; CFU, colony-forming unit; KS, knife
sharpener; MDT, meat dressing table; SF, slaughter floor; WB, wheelbarrow; WBu, washing bucket; WW,
washing water.

Different superscripts across the rows (within contact surfaces) indicate statistical significance.

(12%); S. xylosus, 14 (56%); S. cohnii sub-species cohnii, 4 (16%); S.
saprophyticus, 3 (12%); and S. hominis, 1 (4%). The only S. homi-
nis isolated was resistant to ceftriaxone, cefixime, ofloxacin, and
clindamycin. Three isolates (2 S. xylosus and 1 S. saprophyticus)
were susceptible to all the 14 antimicrobial agents used in the
susceptibility testing. Details on the resistance profile of the
other 22 isolates are presented in Table 2.

Results on the susceptibility of the Staphylococcus species to
each of the antimicrobials are shown in Table 3. Of the 25 iso-
lates, 18 (81.8%) were multidrug-resistant, following their non-
susceptibility to at least 1 antimicrobial agent in 3 or more
classes or groups of antimicrobials. Four isolates (21%) were
resistant to at least 1 antimicrobial agent used in the suscep-
tibility test. The resistance of the isolates to the antimicrobials
in decreasing order were ofloxacin (14/25, 56%) > clindamycin
(13/25, 52%) > norfloxacin (12/25, 48%) > ceftriaxone (10/25, 40%)
> amoxicillin and rifampicin (9/25, 36%) > ampicillin and cefix-
ime (8/25, 32%) > streptomycin (7/25, 28%) > chloramphenicol
(6/25, 12%) > erythromycin (3/25, 12%) > ciprofloxacin (2/25, 8%).
All the isolates were susceptible to levofloxacin and gentamicin
(Table 3).

Twenty-two resistance patterns/phenotypes were observed for
the antimicrobial-resistant isolates (Table 4). The patterns ranged
from 1 to 10 antimicrobials and none had the same resistant

Table 2. Antimicrobial Resistance Profile of Staphylococcus species (n=25) Isolated
from Beef and Meat Contact Surfaces and Processing Equipment at Kwata
Slaughterhouse, Nigeria

Number of Resistant Staphylococci Species (%)

S. aureus S. xylosus S. cohnii S. saprophyticus
Antibiotics (n=3) (n=14) (n=4) (n=3)
Erythromycin 0(0.0) 2(14.3) 1(25.0) 0(0.0)
Ceftriaxone 2 (66.7) 3(21.43) 3(75.0) 2 (66.7)
Ampicillin 0(0) 6(42.9) 1(25.0) 1(33.3)
Cefixime 2 (66.7) 2 (14.3) 3 (75.0) 1(33.3)
Levofloxacin 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Norfloxacin 2 (66.7) 5(35.7) 3(75.0) 2 (66.7)
Ciprofloxacin 0(0.0) 1(7.1) 1(25.0) 0(0.0)
Gentamicin 0(0) 0(0.0) 0(0.0) 0(0.0)
Ofloxacin 3 (100.0) 6 (42.9) 3(75.0) 2 (66.7)
Clindamycin 3(100.0) 5(35.7) 4(100.0) 1(33.3)
Amoxicillin 0(0.0) 5(35.7) 3 (75.0) 1(33.3)
Streptomycin 0(0.0) 4(28.6) 1(25.0) 2 (66.7)
Rifampicin 0(0.0) 5(35.7) 2 (50.0) 2 (66.7)
Chloramphenicol 1(33.3) 3(21.43) 1(25.0) 1(33.3)
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Ofloxacin (5) 14 (56)
Clindamycin (2) 13 (52)
Norfloxacin (10) 12 (48)
Ceftriaxone (30) 10 (40)
Amoxicillin (10) 9 (36)
Rifampicin (5) 9(36)
Ampicillin (10) 8(32)
Cefixime (5) 8(32)
Streptomycin (10) 7 (28)
Chloramphenicol (30) 6 (24)
Erythromycin (15) 3(12)
Ciprofloxacin (5) 2(9)
Levofloxacin (5) 0
Gentamicin (10) 0

Table 4. Antimicrobial Susceptibility Profile of Staphylococcus Species (n=25)
Isolated from Beef and Meat Contact Surfaces and Processing Equipment at Kwata
Slaughterhouse, Nigeria

Antimicrobial Resistance

Phenotypes Number (%) of Isolates Exhibiting the Pattern
E 1(4)
OF 1(4)
CE 1(4)
AP 1(4)
0-CD 1(4)
N-S-RD 1(4)
AP-S-RD 1(4)
N-OF-CD 1(4)
E-AP-N-AMX 1(4)
CT-CE-OF-CD 1(4)
CT-CE-OF-CD-S 1(4)
CE-OF-CD-AMX-RD 1(4)
CT-N-OF-CD-S-RD 1(4)
CT-CE-N-OF-CD-CH 1(4)
CT-AP- N-OF-CD-AMX 1(4)
CT-AP-CIP-OF-CD-AMX-CH 1(4)
AP-N-OF-CD-AMX-S-RD-CH 1(4)
CT-CE-N-CIP-OF-CD-AMX-RD 1(4)
E-CE-N-CIP-O-CD-AM-RD-CH 1(4)
E-CE-N-CIP-OF-CD-AMX-RD-CH 1(4)
CT-AP-CE-LV-N-OF-AMX-S-R-CH 1(4)
CT-AP- CE-N-OF-CD-AMX-S-RD-CH 1(4)

AMP, ampicillin; AMX, amoxicillin; G, chloramphenicol; CD; clindamycin, CE, cefixime; CIP, ciprofloxacin; CN,
gentamicin; CRO, ceftriaxone; E, erythromycin; LEV, levofloxacin; N, norfloxacin; OF, ofloxacin; RD, rifampicin;
S, streptomycin.

pattern as the other. The resistance phenotypes indicated that 7,
10, and 5 isolates exhibited resistance to 8-10, 3-6, and 1-2 anti-
microbials, respectively (Table 4).

DISCUSSION

The high Staphylococcus contamination of beef and the process-
ing facilities found may be attributed to poor hygienic practices
at farm and slaughterhouse levels.?? Non-adherence to hygiene
practices in all stages of meat production causes adverse health
effects on animal health and decreases the microbial quality of
the meat,” thereby raising serious food safety and public health
concerns. In developing countries, poor hygiene practices in live-
stock farms or during transportation, marketing, or processing of
animal is very common.??2* Moreover, the unsanitary conditions
in which cattle in transit or those awaiting slaughter in lairage
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could also have contributed to the meat contamination with
Staphylococcus.

Additionally, the practices of flaying and evisceration on cat-
tle carcasses on the bare floor, immersion in beef in water of
unproven bacteriological quality, and lack of routine decontami-
nation of slaughterhouses and slaughter equipment may have
contributed to the high bacterial loads found in the beef, con-
tact surfaces, and processing equipment. In the KSH disposal of
wastes into streams and the use of water from the same streams
to wash carcasses are common practices. This may have also
accounted for the high staphylococcal counts found, which were
higher than the recommended maximum permissible limits as
cited by Edward et al.?®

In addition, the colony counts of Staphylococcus in this study
are higher than that recorded in Abuja and Aba abattoirs.?*?® The
high counts found are of public health significance as consump-
tion of meat heavily contaminated with Staphylococcus species,
may overwhelm the host immune defense system, and hence the
onset of staphylococcal diseases, especially in immune-deficient
individuals.®

Furthermore, the contaminated meat or meat processing equip-
ment can contaminate ready-to-eat foods in the kitchens of food
vendors and meat buyers. This may enhance further transmis-
sion of the Staphylococcus species through ingestion of the con-
taminated foods. The infection can also spread via contact with
abraded skin. This is of great public health importance knowing
that most abattoir workers in Nigeria, including KSH workers, do
not use protective equipment during routine duties.?®

Although the toxigenic potentials of the isolates were not deter-
mined, the isolation of known toxigenic staphylococcal species
from the meats and the contact surfaces casts aspersion on the
toxicological safety of the beef. While most Africans have the
culture of proper meat cooking (heating at 80-100°C for over
30 minutes) which may be sufficient to kill off most pathogens
in meats,? it does not deactivate heat-labile toxin if present, no
matter the heating temperature or duration of cooking.®

The multidrug resistance noted in the isolates as well as the non-
susceptibility to vital antibiotics such as quinolones and ceftriax-
one portends great public health problems. The resistance may
be due to large-scale indiscriminate use of antibiotics in medical
practice and animal agriculture as antimicrobial use is not well
regulated in Nigeria.® Although some of the isolates were not
pathogenic species, their ingestion could result in the compro-
mise of antimicrobial therapy in individuals colonized by them.

As a result of the observations of the study, the clinical impor-
tance and pathogenic potentials of different Staphylococcus iso-
lates found are noteworthy. The recovery of S. saprophyticus, S.
xylosus, S. aureus, and S. homini from beef and slaughterhouse
contact surfaces in this study calls for serious concern since
these staphylococcal species have been implicated in a wide
range of diseases, especially in immunocompromised persons.®
Infections with S. aureus usually result in a large range of clinical
manifestations including infertility, food poisoning and intoxica-
tion, skin and soft tissue diseases, surgical site abnormalities,
pleuro-pneumonia, and several other life-threatening conditions
that resulted in a large number of deaths annually.*® Cognizant
that human immunodeficiency virus burden and other immune-
modulating infections are high in Nigeria,® the synergy of these
infections and Staphylococcosis could overwhelm the health of

immune-deficient individuals and further pressurize the already
precarious health facilities in Nigeria.

Beef processed for human consumption in Anambra State was
contaminated with multidrug-resistant Staphylococcus, and this
may pose deleterious health effects on the meat consumers. The
contamination may be due to unhygienic practices in the meat
production and processing lines hence the need for the adop-
tion of the farm-to-fork concept of food safety. In the meantime,
proper cooking of the meat is recommended to limit the odds of
bacterial infection and the untoward health and economic effects
thereof.

Ethics Committee Approval: Ethics committee approval was received for
this study from the ethics committee of University of Ibadan (Date:
November 15, 2015, Decision No: UI-CUREC/APP[2015/047).

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — C.U.O,, UM, JAN, G.O.E; Design —
UM, JAN,, G.O.E; Supervision — J.AN., G.O.E,; Resources - C.U.O,, S.C.O.;
Materials = C.U.O., S.C.O.; Data Collection and/or processing - C.U.O,,
S.C.0., U.M,; Analysis and/or Interpretation — A.J.O., U.M., J.AN,; Literature
Search - C.U.O, E.O.N,, AJ.O. UM.; Writing Manuscript - AJ.O.,, EO.N;
Critical Review — A.J.O., EON., UM.

Declaration of Interests: The authors declare no conflict of interest.

Funding: The authors declared that this study has received no financial
support.

Etik Komite Onayi: Bu calisma
Universitesi'nden (Tarih: 15 Kasim 2015, Karar No:
APP/2015/047) alinmistir.

icin etik komite onayr XXXX
UI-ACUREC/

Hakem Degerlendirmesi: Dis bagimsiz.

Yazar Katkilari: Fikir— C.U.O., UM., JAN,, G.O.E;; Tasarim - UM, JAN.,
G.O.E.; Denetleme - J.AN,, G.O.E; Kaynaklar — C.U.O,, S.C.0.; Malzemeler
- C.U.0, S.C.O; Veri Toplanmasi ve/veya islemesi — C.U.O., S.C.O., UM.;
Analiz ve/veya Yorum — AJ.O., UM, J.AN,; Literatlr Taramasi - C.U.O,,
E.ON., AJO, UM, Yaziyl Yazan - A.J.O., EO.N; Elestirel inceleme - AJ.O.,
E.O.N., UM.

Cikar Catismasi: Yazarlar gikar gatismasi bildirmemislerdir.

Finansal Destek: Yazarlar bu ¢alisma igin finansal destek almadiklarini
beyan etmislerdir.

REFERENCES

1. Lee H, Yoon Y. Etiological agents implicated in foodborne illness
worldwide. Food Sci Anim Resour. 2021;41(1):1-7. [CrossRef]

2. Pires SM, Desta BN, Mughini-Gras L, et al. Burden of foodborne dis-
eases: think global, act local. Curr Opin Food Sci. 2021. [CrossRef];
39:152-159. [CrossRef]

3. Okoli CE, Njoga EO, Enem S|, Godwin EE, Nwanta JA, Chah KF. Preva-
lence, toxigenic potential and antimicrobial susceptibility profile of
Staphylococcus isolated from ready-to-eat meats. Vet World.
2018;11(9):1214-1221. [CrossRef]

4,  Njoga EO, Nwankwo 10, Ugwunwarua JC. Epidemiology of thermo-
tolerant Campylobacter infection in poultry in Nsukka agricultural
zone, Nigeria. Int J One Health. 2019;5:92-98. [CrossRef]

5. Herenda D, Chambers PG, Ettriqui A, Seneviratna P. Manual on meat
inspection for developing countries. FAO Anim Prod Health Pap 119.
Rome, Italy: FAQ, Viale delle Terme di Caracalla. 2011.

6. Ekere SO, Njoga EO, Onunkwo JI, Njoga U. Serosurveillance of
Brucella antibody in food animals and role of slaughterhouse workers

Vet Sci Pract. 2023; 18(1), 25-30 | doi: 10.5152/VetSciPract.2023.222644


https://doi.org/10.5851/kosfa.2020.e75
.01.006
https://doi.org/10.1016/j.cofs
https://doi.org/10.14202/vetworld.2018.1214-1221
https://doi.org/10.14202/IJOH.2019.92-98

30

10.

11.

12.

13.

14.

15.

16.

17.

18.

in spread of Brucella infection in Southeast. Vet World. 2018;11:
1171-1178.

Stuart SA. Code of Hygienic Practice for Meat; (2005). [CrossRef]
Ogugua AJ, Onunkwo JI, Nwankwo 10, Gugu LE, Basil-Ejidike RC,
Nwanta JA. Tubercles in cattle carcasses and risk behaviours for
zoonotic tuberculosis transmission among workers in a municipal
slaughterhouse. Not Sci Biol. 2021;13(2):10811. [CrossRef]

Bikom PM, Nwankwo |10, Ogugua AJ, et al. Prevalence and distribu-
tion of bovine tuberculosis among slaughtered cattle in Cross River
State, Nigeria. Anim Res Int. 2021;18(1):3977-3989.

Nwankwo 10, Ezenduka EV, Nwanta JA, Ogugua AJ, Audu BJ. Preva-
lence of Campylobacter spp. and antibiotics resistant E. coli on poul-
try carcasses and handlers’ hands at Ikpa slaughter, Nsukka, Nigeria.
Not Sci Biol. 2021;13(2):Article No. 10866. [CrossRef]

Njoga EO, Onunkwo JI, Okoli CE, Ugwuoke WI, Nwanta JA, Chah KF.
Assessment of antimicrobial drug administration and antimicrobial
residues in food animals in Enugu State, Nigeria. Trop Anim Health
Prod. 2018;50(4):897-902. [CrossRef]

Kadariya J, Smith TC, Thapaliya D. Staphylococcus aureus and
Staphylococcal food-borne disease: an ongoing challenge in public
health. BioMed Res Int. 2014;2014:Article ID 827965, 9 pages.
[CrossRef]

Fletcher S, Boonwaat L, Moore T, Chavada R, Conaty S. Investigating
an outbreak of staphylococcal food poisoning among travellers
across two Australian states. Western Pac Surveill Response J. 2015;
6(2):17-21. [CrossRef]

Abebe E, Gugsa G, Ahmed M. Review on major foodborne zoonotic
bacteria pathogens. J Trop Med. 2020;2020:Article ID 4674235, 19
pages. [CrossRef]

MMWR. Outbreak of Staphylococcal Food Poisoning from a Military
Unit Lunch Party — United States. 2013; 2012.

Njoga EO, Onunkwo JI, Ekere SO, Njoga U, Okoro WN. Seroepidemiol-
ogy of equine brucellosis and role of horse carcass processors in
spread of Brucella infection in Enugu State, Nigeria. Int J Curr Res
Rev. 2018;10:39-35.

Onunkwo JI, Njoga EO, Njoga UJ, Ezeokafor E, Ekere SO. Brucella
seropositivity in chicken and risk factors for Brucella infection at the
animal-human interface in Anambra State, Nigeria. Int J One Health.
2018;4:28-34. [CrossRef]

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calcula-
tion in medical studies. Gastroenterol Hepatol Bed Bench. 2013;6(1):
14-17.

Vet Sci Pract. 2023; 18(1), 25-30 | doi: 10.5152/VetSciPract.2023.222644

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Cappuciono M, Sherma S. Manual of Laboratory Microbiology. Oxford,
Philadelphia: Blackwell Publishing Company; 2011:414.
Cheesbrough M. Medical Laboratory Manual for Tropical Countries.
Oxford, JH: Linacre House; 2000.

CLSI. Performance Standards for Antimicrobial Susceptibility Testing
CLSI supplement M100. Wayne, PA: Clinical and Laboratory Stand-
ards Institute; 2019:58-68.

Ademola IA, McCrindle CM, Adejuwon TA. Losses associated with
mortality of cattle and camels during transportation to Oko-Oba
abattoir, Lagos State, Nigeria. Eur J Transl Myol - Basic Appl Myol.
2010;1:13-16.

Njisane YZ, Muchenje V. Farm to abattoir conditions, animal factors
and their subsequent effects on cattle behavioural responses and
beef quality — a review. Asian-Australas J Anim Sci. 2017;30(6):755-
764. [CrossRef]

Oloruntoba EO, Adebayo AM, Omokhodion FO. Sanitary conditions
of abattoirs in Ibadan, Southwest Nigeria. Afr J Med Med Sci.
2014;43(3):231-237.

Edward KC, Nnochiri OA, Owuamalam PO, Onyekachi OV, Aku-
mah CN. Microbial quality assessment of an abattoir effluent dis-
charged into Waterside Riverin Aba, Abia State, Nigeria. J Pharm Biol
Sci. 2017;12(5):38-41.

Nafarnda WD, Ajayi IE, Shawulu JC, et al. Bacteriological quality of
abattoir effluents discharged into water bodies in Abuja, Nigeria. Int
Sch Res Netw ISRN Vet Sci. 2012;2012:Article ID 515689, 5 pages.
[CrossRef]

Pollitt EJG, Szkuta PT, Burns N, Foster SJ. Staphylococcus aureus
infection dynamics. PLoS Pathog. 2018;14(6):e1007112.

Ajibo FE, Njoga EO, Azor N, Idika IK, Nwanta JA. Epidemiology of infec-
tions with zoonotic pig parasites in Enugu State, Nigeria. Vet Para-
sitol Reg Stud Reports. 2020;20:100397. [CrossRef]

Szewczyk EM, Nowak T, Cieslikowski T, Szewczyk EM, Nowak T, Cies T.
Potential role of Staphylococcus cohnii in a hospital environment.
Microb Ecol Health Dis. 2003;15(1):51-56. [CrossRef]

Lo J, Nwafor SU, Schwitters AM, et al. Key population hotspots in
Nigeria for targeted HIV program planning: mapping, validation, and
reconciliation. JMIR Public Health Surveill. 2021;7(2):e25623.
[CrossRef]

Ukaegbu E, Alibekova R, Ali S, Crape B, Issanov A. Trends of HIV/AIDS
knowledge and attitudes among Nigerian women between 2007
and 2017 using Multiple Indicator Cluster Survey data. BMC Public
Health. 2022;22(1):440. [CrossRef]


https://doi.org/10.2134/ael2015.10.0007
https://doi.org/10.15835/nsb13210811
https://doi.org/10.15835/nsb13210866
https://doi.org/10.1007/s11250-018-1515-9
https://doi.org/10.1155/2014/827965
https://doi.org/10.5365/WPSAR.2015.6.1.011
https://doi.org/10.1155/2020/4674235
https://doi.org/10.14202/IJOH.2018.28-34
https://doi.org/10.5713/ajas.16.0037
https://doi.org/10.5402/2012/515689
https://doi.org/10.1016/j.vprsr.2020.100397
https://doi.org/10.1080/08910600310014908
https://doi.org/10.2196/25623PMID
https://doi.org/10.1186/s12889-022-12865-y

ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Yusuf UMUT BATI"

Oguz MERHAN?

Nilgiin AYDIN?

Enes AKYUZ'

Mert SEZER'

Ekin EMRE ERKILIC'

Zati VATANSEVER®

Ali HAYDAR KIRMIZIGUL'

'Department of Internal Medicine,
Faculty of Veterinary Medicine,
Kafkas University, Kars, Turkey
°Department of Biochemistry,
Faculty of Veterinary Medicine,
Kafkas University, Kars, Turkey
*Department of Parasitology,
Faculty of Veterinary Medicine,
Kafkas University, Kars, Turkey

Gelig Tarihi/Received: 21.10.2022
Kabul Tarihi/Accepted: 19.02.2023
Publication Date/Yayin Tarihi: 26.04.2023

Sorumlu Yazar/Corresponding Author:
Yusuf UMUT BATI
E-mail: umutbati.ub@gmail.com

Atif: Bati YU, Merhan O, Aydin N,

Akyuz E, Sezer M, Erkilig EE, Vatansever
Z, Kirmizigl AH. Sarcoptes canis’le
Dogal Enfeste Kopeklerde Serum
Neopterin ve Prokalsitonin Seviyeleri.
Vet Sci Pract. 2023;18(1), 31-34.

Cite this article as: Umut Bati Y,
Merhan O, Aydin N, et al. Serum
neopterin and procalcitonin levels in
dogs naturally infested with Sarcoptes
canis. Vet Sci Pract. 2023; 18(1), 31-34.

Copyright@Author(s) - Available online at
veterinarysciences-ataunipress.org
Content of this journal is licensed under a
Creative Commons Attribution-
NonCommercial 4.0 International License

DOI: 10.5152/VetSciPract.2023.224581

Arastirma Makalesi Research Article

Sarcoptes canis’le Dogal Enfeste
Kopeklerde Serum Neopterin ve
Prokalsitonin Seviyeleri

Serum Neopterin and Procalcitonin Levels in Dogs
Naturally Infested with Sarcoptes canis

oz

Bu calismada Sarcoptes canis’le dogal enfeste kdpeklerde serum neopterin ve prokalsitonin sevi-
yelerinin belirlenmesi amaglanmistir. Calismanin hayvan materyalini farkli yas ve cinsiyette 15
Sarcoptes canis’li ve saglikli 10 kopek olusturdu. Hem Sarcoptes canis’li hemde saglikli kdpek-
lerden bir kez kan alinarak 3000 devirde 10 dakika santrifiij edilerek serumlari ayristirildi. Elde
edilen serumlar dlctimler yapilana kadar —20 °C'de muhafaza edildi. Yapilan 6lgimler sonucunda
hasta kopeklerin neopterin (5,48 nmol/L + 0,37 nmol/L) ve prokalsitonin (59,71 ng/L + 2,45 ng/L)
degerleri saghkl kopeklerin neopterin (4,27 nmol/L + 0,30 nmol/L) ve prokalsitonin (47,63 ng/L +
3,16 ng/L) dederlerine gore anlamli derecede P < ,05 ylksek bulundu. Sonug olarak Sarcoptes
canis’li kopeklerde deride siddetli bir yangl gelismektedir. Deride sekillenen bu yangi sonucu
ortaya gikan hiicresel immun yanit ve akut faz yanitin belirleyicisi olarak neopterin ve prokalsitonin
biyobelirteclerinin ytkseldigi tespit edilmistir.

Anahtar Kelimeler: Sarcoptes Canis, neopterin, prokalsitonin

ABSTRACT

This study aimed to determine serum neopterin and procalcitonin levels in dogs naturally infested
with Sarcoptes canis. The animal material of the study consisted of 15 dogs with S. canis and 10
healthy dogs of different ages and genders. Blood was taken once from both S. canis infested dogs
and healthy dogs, and their serums were separated by centrifugation at 3000 rpm for 10 minutes.
The obtained sera were stored at —20 °C until the analyses. As a result of the analyses, neopterin
(5,48 nmol/L + 0,37 nmol/L) and procalcitonin (59,71 ng/L + 2,45 ng/L) levels of the sick dogs were
found to be significantly higher (P < ,05) than the neopterin (4,27 nmol/L + 0,30 nmol/L) and pro-
calcitonin (47,63 ng/L + 3,16 ng/L) levels of the healthy dogs. As a result, dogs with S. canis develop
a severe skin inflammation. It has been determined that neopterin and procalcitonin biomarkers
increased as the cells that emerged as a result of this fire formed in the skin, as the speech of the
immune response and acute phase response.

Keywords: Sarcoptes Canis, neopterin, procalcitonin

GiRiS

Uyuz hastaligi evcil hayvanlarda oldukga ciddi problemlere neden olmaktadir ve insanlara da bulagma
riski bulunmaktadir.' Uyuz ya da akariazis olarak adlandirilan zoonoz karakterli enfestasyon hemen
hemen tim hayvan tirlerinde gorilmekte? yas, irk, cinsiyet predispozisyonu bulunmamaktadir.® Direkt

temas araciligi ile bulasmakta ve dermatit ile sonuglanarak énemli saglik sorunlarina ve ekonomik
kayiplara yol agmaktadir.?

Kopek uyuz vakalarinin goguna Sarcoptes scabiei (var. canis) neden olur. Sarkoptik uyuz, insanlar dahil
bircok memeli tiriinde gozlenen, yodun kasinti ile karakterize, mevsimsel olmayan zoonotik bir has-
taliktir. Etken genellikle karin bolgesi ve bacaklarin i¢ ylizeyi gibi daha az tliyll bolgelere lokalize olur.
Hastalik goz cevresi derisinde, kulak kepgesinde, dirseklerde ve bunlarin i¢ ylizeyinde milier dermatit
seklinde gozlenmekte ve siddetli doku hasari ve kasinti ile seyretmektedir.* Sarkoptik uyuz vakalarinda
akar deri igerisinde tlinel kazarak ilerler. Kaginti biliylik oranda akara ve akarin salgilarina yanit olarak
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olusan bir hipersensitive reaksiyonu sonucu geligir. Hastalarda
alopesi mevcut olup karakteristik erken deri lezyonlari eritemli ve
papullt erupsiyonlardir. Tipik olarak puriritus, sari renkli kabuklan-
malar ve ekskoriasyon olusabilir. Devaminda etkilenen deri bol-
gelerinde hiperpigmentasyon meydana gelebilir. Cogu hastada
generalize lenfadenopati bulunmaktadir.®

Biyobelirtegler genel anlamda kimyasal, biyolojik ve fiziksel ajanlar
ile biyolojik sistemler arasindaki etkilesimi yansitan hemen hemen
bitln olglimleri icine almaktadir.® Neopterin (NP) hicre aracili
bagisikligin biyokimyasal bir belirteci olarak kabul edilir. Kimyasal
yapisi nedeniyle canli hiicrelerde yaygin olarak bulunan pteridinler,
pirazino-(2,3-d)-pirimidin bilesikleri grubuna aittir. Pteridinler ilk
olarak 1889 yilinda biyolojik bir materyalden izole edilmistir.” Neop-
terin, aktif T lenfositlerden salinan interferon-gamayi (IFN- y) uyar-
masl sonucu monositler ve makrofajlar tarafindan sentezlenir.®"
Neopterin salinimi, T hiicre proliferasyonu maksimum seviyeye
ulagsmadan 3 giin 6nce baglar ve spesifik antikorlarin ortaya gtkma-
sindan 1 hafta 6nce de artar. Bu nedenle neopterin erken inflamas-
yonun bir gostergesi olarak gosterilmektedir.”® Ayrica Neopterin,
hicre aracili bagisikhdin da hassas bir belirleyicisidir.8® Neopterin
bobrekler yoluyla herhangi bir reaksiyona ugramadan organizma-
dan atilir”

Bakteriyel ve viral enfeksiyonlarda otoimmin hastaliklar ve
malign progresyonun gesitli asamalari olan hastalarda da gesitli
vicut sivilarinda artan bir neopterin konsantrasyonu gozlenmis-
tir. Ayrica malign timorleri olan hastalarda yiiksek bir neopterin
konsantrasyonu da bulunmustur.>® Neopterin beyin omurilik
sivisi, sinovial sivi, pankreas sivisi, idrar, tikurik, gibi gesitli vicut
sivilarinda da saptanabilir.”

Prokalsitonin, tiroid bezindeki parafolikiiler hiicreler tarafindan
uretilen, 13 kDa agirh§inda ve 116 amino asitten olusan kiguk bir
peptittir. Uretimi 11. kromozomdaki kalsitonin-1 (CALC-1) geni
tarafindan dizenlenir.'°"*4% Tiroid bezindeki parafolikller hicre-
lerde kalsitonin prohormonu olarak Uretilir. Kalsitonine dontstu-
rilerek dolagima salindigi icin dolagimdaki diizeyi gok dustktr.
Ayrica enfeksiyonlar sirasinda veya bazi patolojik durumlarda
parankimal hucreler tarafindan Uretilmeye baglar. Parankimal
dokular oldukga yaygin oldugu igin inflamasyon sirasinda bol
miktarda salgilanir.’® Pankreas, karaciger, dalak, adrenal bez, akci-
gerler, bobrekler, beyin, medulla spinalis, testisler, mide, ince
bagirsaklar, kolon, abdominal yaglar ve beyaz kan hticreleri, eks-
tratiroid Uretiminin ana kaynaklaridir.”®

Prokalsitonin, mikrobiyal toksinlere ve spesifik proinflamatuar
mediatorlere yanit olarak her yerde salinir ve konsantrasyonlari,
enfeksiyoz bir uyarana maruz kaldiktan hemen sonra ytkse-
lir'" Sepsisli kopeklerde plazma prokalsitonin konsantrasyonlari
onemli dlglide artar.”® Babesia canis ile enfekte kbpeklerde,'® sepi-
sili kopeklerde ve siddetli bakteriyel enfeksiyonu olan kopeklerde™®
yikseldigi bildirilmis. Fakat viral enfeksiyonlarda ve Anaplasma
phagocytophilum veya Ehrlichia canis ile enfekte kdpeklerdeki
yukselisin istatistiksel olarak anlamli bulunmadigi bildirilmistir."™

Bu calismada Sarcoptes canis’'le dogal enfeste kopeklerde
serum neopterin ve prokalsitonin seviyelerinin belirlenmesi
amagclanmistir.

MATERYAL ve METOT

Hayvan Materyali
Bu calismanin materyalini KafkasUniversitesi Veteriner Fakiil-
tesi I¢ Hastaliklari Anabilim Dali kliniklerine getirilen 3-15 aylik
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yaglarda farkli irk ve cinsiyette deri kazintisinin incelenmesi son-
rasinda Sarcoptes canis tanisi konulan 15 hasta képek (Grup 1) ve
10 da saglikli képek (Grup 1) olusturdu. KAU-HADYEK/2022-172
onay alindiktan sonra galismaya baslanmistir.

YONTEM

Uyuz supheli kopeklerin derilerindeki lezyonlu bélgelerden bisttiri
ile kazinti alindi. Alinan kazinti érnekleri %10’luk KOH ile bir lam
Uzerinde ezilerek direkt mikroskopta Sarcoptes canis etkenlerinin
gorulmesi ile tani konuldu.' Kesin tani konulan hayvanlardan kan
alindiktan sonra 200 pg/kg dozda ivermectin (Baymec®, Bayer) 15
gln araile iki doz ivermektin uygulandi.

Kan Orneklerinin Alinmasi

Kan 6rnekleri bir kez V. cephalica antebrachi’den serum tlplerine
(8,5 mL, BD Vakutainer®, BD, UK) holder baghgi ve uyumlu bir ste-
ril holder igne ucu (Vacuette®, Greiner Bio-One GmbH, Avusturya)
kullanilarak alindi. Serum 6rnekleri elde etmek igin 3000 devirde
10 dakika (Hettich Rotina 380R®, Hettich, Almanya) santriflj
edildi. ELISA lglimler igin kullanilacak serum &rnekleri analize
kadar —20 °C'de saklandi.

Serum prokalsitonin ve neopterin konsantrasyonlari, kopeklere
Ozel ticari ELISA kitleri (Canine Neopterin ELISA Kit®, Canine Pro-
calcitonin ELISA Kit®, BT Lab, Shanghai Korain Biotech Co, Gin)
kullanilarak belirlendi. ELISA testleri Ureticinin onerdigi sekilde
yapildive ELISA mikroplaka okuyucusunda 450 nm dalga boyunda
(Epoch®, Biotek, ABD) optik yogunluklar belirlendi. Regresyon ana-
lizi yapilarak neopterin ve prokalsitonin degerleri okundu.

istatistiksel Analiz

Elde edilen sonuglar Statistical Package for the Social Sciences
version 20.0 (IBM SPSS Corp.; Armonk, NY, USA) paket progra-
minda T testi yapilarak istatistiksel olarak degerlendirildi. P <,05
istatistiksel olarak anlamli kabul edildi.

BULGULAR

Galismaya alinan kopeklerin yapilan klinik muayenelerinde alo-
pesi, kabuklanma, kepeklenme ve kasinti gortlen klinik bulgular
arasindadir. Hasta gruptaki kopeklerin tedavi dncesinde klinik
muayeneleri yapildi. Vicut sicaklidi, solunum sayisi/ dakika, nabiz
sayisi/ dakika istatistiksel olarak degerlendirildi (Tablo 1).

Uyuz tanisi konulan kopeklerin vital bulgulart kontrol grubu ile
karsilastirildi. Elde edilen sonuglara gore istatistiksel agidan
onemli olmadigi belirlendi (P > ,05).

Uyuz tanisi konulan ve kontrol grubu kopeklerde serum neopte-
rin ve prokalsitonin seviyelerine bakildi. Hasta gruptaki kopekle-
rin neopterin ve prokalsitoinin seviyelerinin kontrol grubuna gore
belirgin bir sekilde ytksek oldugu tespit edildi (P < ,05). Sonuglar
Tablo 2’ de gosterilmistir.

TARTISMA

Uyuzlu kopeklerde siddetli kasinti, allopesi, deride kalinlagsma,
kizariklik ve kepeklenme gozlenmekte akarin salgilarina karsi

Tablo 1. Uyuz tamsi konulan ve kontrol grubu képeklerin vital bulgularinin
ortalama ve standart hata degerleri

Vital Parametreler Hasta Grup (n=15)  Kontrol Grubu (n=10) P

Nabiz Sayisi (Dk) 113,60 + 5,28 115,70 +5,07 78
Solunum sayis1 (Dk) 29,20 + 1,21 29,30 + 1,61 .96
Viicut Sicakhig: (°C) 38,46 + 0,18 38,32 + 0,16 ,58

P <05 ifadesi hasta ve kontrol gruplar arasindaki istatistiksel farki ifade eder.
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Tablo 2. Uyuz tamsi konulan ve kontrol grubu képeklerin Neopterin ve
Prokalsitonin ortalama ve standart hata degerleri

Hasta Grup Kontrol Grubu
Biyobelirtecler (n=15) (n=10) P
Neopterin (nmol/L) 5,48 + 0,37 4,27 + 0,30 <,05
Prokalsitonin (ng/L) 59,71 + 2,45 47,63 + 3,16 <,05

P < ,05 ifadesi hasta ve kontrol gruplar arasindaki istatistiksel farki ifade eder.

gorilen hipersensivite reaksiyonlari gibi dermatolojik bulgular
ortaya ¢ikmaktadir*® Caligmaya alinan kopeklerin yapilan klinik
muayenesinde alopesi, kabuklanma, kepeklenme ve kasinti gortil-
mesi literatlr bilgilerle uyumluluk gostermektedir.

Uyuzlu kopeklerde yapilan calismada solunum ve nabiz sayila-
rinin degisiklik gostermedigi, viicut sicakliginin ise ara sira hafif
degisiklikler gosterdigi belirtilmistir.?° Yapilan bu ¢alismada hasta
gruptaki kopeklerde nabiz ve solunum sayisinin degisiklik goster-
medigi, viicut sicakhi§inin ise istatistiksel agidan anlamli olmaya-
cak kadar hafif degisiklikler gosterdigi tespit edilmistir.

Uyuz etkenlerinin bir gogunda kesin tani deri kazintisi ile konmak-
tadir® Kazintida mikroskop altinda akarin veya akar yumurtasinin
gorilmesi taniy kesinlestirmektedir.® Yapmis oldugumuz calig-
mamizda teshis klinik bulgularin yani sira deri kazintisi ile birlikte
kesinlestirilmistir.

Sunulan bu galismada uyuzlu képeklerde serum neopterin, pro-
kalsitonin seviyelerinin arastirilmasi ve bu biyobelirteclerin hasta-
ligin diagnozundaki 6nemi ortaya konmaya galisiimistir. Neopterin
hiicre aracili bagisikligin biyokimyasal bir belirteci olarak kabul
edilir. Neopterin, aktif T lenfositlerden salinan interferon-gamayi
uyarmasl sonucu monositler ve makrofajlar tarafindan Uretilir.
Neopterin Uretiminin, spesifik antikorlarin ortaya gikmasindan
once artis gosterdigi bildiriimektedir. Bu nedenle neopterinin
erken inflamasyonun gostergesi oldugu disindlmektedir.”® Yap-
tigimiz calismada hasta gruptaki yiksek neopterin konsantras-
yonunun nedeni hastaligin yapti§i yangi neticesinde oldugunu
distinmekteyiz.

Akylz ve ark'" bakteriyel ve viral hastaliklarda serum neopterin
seviyesinde artis oldugunu bildirmistir. Literatlrdeki bilgilerle
uyumlu olarak hasta grubumuzdaki kopeklerde neopterin sevi-
yesinin sagliklilara gore artis gosterdigini tespit etmis bulun-
maktayiz. Bu artigin muhtemel nedeninin hasta kopeklerde uyuz
enfestasyonu Oncesi var olan immunsupesyon ve sonrasinda
deride meydana gelen sekonder bakteriyel enfeksiyonlar kaynakli
oldugunu distinmekteyiz.

Prokalsitonin mikrobiyal toksinlere ve spesifik proinflamatuar
mediatorlere yanit olarak salinir ve konsantrasyonlari, enfeksi-
y6z bir uyarana maruz kaldiktan hemen sonra yiikselmektedir."®
Sepsisli kopeklerde plazma prokalsitonin konsantrasyonlarinin
onemli olglde yukseldigini bildirmistir. Verilen literatir bilgi ile
uyumlu olarak uyuz etkeni tespit edilen hayvanlarda, uyuz enfes-
tasyonundan once immun sistemin suprese oldugu uyuz ile
birlikte kaginilmaz goriinen dermal bakteriyel kontaminasyona
binaen artmis olabilecedi kanisi burada da gegerlidir.

Sonug olarak Sarcoptes canis’li kopeklerde deride sekillenen
yangiya bagh olarak serum neopterin ve prokalsitonin deger-
lerinin ylkseldigi kanisina varilmis olup hastalidin siddeti-
nin degerlendirilmesinde &nemli parametreler olabilecekleri
dislnulmektedir.
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oz

Antraks, diinya genelinde insan ve hayvan saghgini tehdit eden Bacillus anthracis’in neden oldugu
onemli bir hastaliktir. B. anthracis dogada uzun sureler boyunca spor halinde kalmasi nedeniyle
genetik olarak homojen bir yapi gostermektedir. Ancak epidemiyolojik olarak multiple-locus vari-
able-number tandem repeat analysis (MLVA), single nucleotide repeat (SNR), genome-wide single
nucleotide polymorphism (SNP) gibi molekiler metotlar ile suslar arasinda ayrim yapilabilmekte-
dir. Bu arastirmada, MLVA Bank for Genotyping Microbes veri tabanina yliklenmis olan B. anthra-
cis MLVA-8 genotiplerinin analiz edilmesi amaglandi. Bu arastirmada veri tabaninda bulunan 49
Ulkeye ait 2313 genotip profili degerlendirildi. Toplamda 402 genotip, 24 klonal grup igerisinde
dagihm gosterdi. Turkiye'ye ait genotipler ise, 8 grup igerisinde dagihm gosterdi. Tlrkiye genotip-
lerinden en ylksek sayidaki genotip (%31) XXIV klonal grubunda yerlesim gosterdi. Analiz sonu-
cunda tespit edilen genotiplerin %63,2'si IX, XXIIl ve XXIV klonal gruplari icerisinde yer aldi. Sonug
olarak, MLVA Bank for Genotyping Microbes veri tabaninda bulunan genotipler icerisinde Turkiye
genotipleri bircok tlkeden bildirilen genotiplerle yakin genotipik yapiya sahip oldugu belirlendi.

Anahtar Kelimeler: Antraks, Bacillus anthracis, MLVA-8, molekdler epidemiyoloji

ABSTRACT

Anthrax is an important disease caused by Bacillus anthracis that threatens human and ani-
mal health worldwide. B. anthracis shows a genetically homogeneous structure because it can
remain in the form of spores for a long time in nature. However, epidemiologically, it is possible
to distinguish between strains with molecular methods such as multiple-locus variable-number
tandem repeat analysis, single nucleotide repeat, and genome-wide single nucleotide polymor-
phism. In this study, it was aimed to analyze the B. anthracis MLVA-8 genotypes uploaded to
the Bank for Genotyping Microbes database by multiple-locus variable-number tandem repeat
analysis method. In this study, 2313 genotype profiles of 49 countries in the database were evalu-
ated. In total, 402 genotypes were distributed within 24 clonal groups. Genotypes belonging to
Turkey, on the other hand, show distribution in 8 groups. The highest number of genotypes (31%)
among Turkey genotypes were localized in the XXIV clonal group. A total of 63.2% of the genotypes
detected as a result of the analysis were included in the clonal groups IX, XXIII, and XXIV. As a
result, among the genotypes in the MLVA Bank for Genotyping Microbes database, it was deter-
mined that the genotypes of Turkey were close to the genotypes reported from many countries.

Keywords: Anthrax, Bacillus anthracis, MLVA-8, molecular epidemiology
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GiRiS

Bacillus anthracis (B. anthracis), Gram pozitif, sporlu, hareketsiz,
basil seklinde ve antraksin etiyolojik etkenidir.® Evcil ve yabani
tim memeli hayvanlarda enfeksiyon olusturabilmektedir.? Ant-
raks, dlinya genelinde hayvan ve insan sagligini tehdit eden genel
olarak akut formda gorllen bir hastaliktir®# Hastalik sarbon,
woolsorters’ disease, ragpickers’ disease, malignant carbuncle,
malignant pustule ve Siberian ulcer isimleriyle de bilinmektedir.*
Bakteri sporlarinin konak viicuduna girmesi sonrasinda vejetatif
hale dénlismektedir. Vejetatif forma dontstlkten sonra bakteri
tarafindan salgilanan toksinler nedeniyle siddetli bir hastalik tab-
losu olusturmaktadir.? Enfekte hayvanlar genellikle 24 saat ice-
risinde 6lmiis olarak bulunur.* insanlara enfeksiyonun bulasmasi
enfekte hayvanlarla direkt temas veya etken ile kontamine et, kil
ya da deri ile temas sonucunda meydana gelmektedir.3®

Bakterilerin genomik karakterleri dinamiktir ve fenotipik karak-
terlerini belirlemektedir. Gegmiste bakteriler, fenotipik ozellik-
lerindeki farklliklarina gore ayrim siniflandiriimaktaydi ancak
molekuler metotlarin gelistirilmesiyle bakterilerin veya suslarin
ayriminda molekdler metotlar daha fazla kullaniimaktadir.® Dlinya
genelinde B. anthracis’in toplanan izolatlarindan yiritilen mole-
kiler arastirmalarda etkenin suslari arasinda homoloji oldugu
belirlenmistir.® B. anthracis suslari arasinda homolojinin olmasi
nedeniyle ylksek ayrim gtict olan multiple-locus variable-num-
bertandem repeat analysis (MLVA), single nucleotide repeat (SNR),
genome-wide single nucleotide polymorphism (SNP) analizleri ve
tlim genom sekans analizi, B. anthracis’in ayriminda etkin kullani-
lan metotlardir.2 Molekiler epidemiyolojik incelemelerde dncelikle
canonical SNP (canSNP) analizi kullaniimaktadir. Bu analize gore,
incelenen tim B. anthracis izolatlarinda yalnizca A, B ve C olmak
Uzere Ug filogenetik hat olugmaktadir. Bu Ug¢ hat igerisinde 14
filogenetik grup olugmaktadir. A grubunda: A.Br.Ames, A.Br.Aust-
ralia 94, A.Br.003/004, A.BrVollum, A.Br.005/006, A.Br.001/002,
A.BrWestern, A.BrWNA, A.Br.008/009, A.Br.011/009, B grubunda:
B.Br.001/002, B.Br.KrugerB, B.Br.CNEVA, C grubunda ise yal-
nizca C.Br.A1055 genotipi bulunmaktadir. Tespit edilen canSNP
tiplerinin alt tdrlerinin ayriminda MLVA metodu kullanilmakta-
dir® MLVA metotlari arasindan MLVA-8 ilk olarak gelistirilen ve
vrrA, vrrB1, virB2, vrrC1, virC2, CG3, pXO1-aat ve pX02-at bol-
gelerindeki tekrarlari analiz eden metot olmustur.® Bu metotla
30 ulkedeki 426 izolatin 89 genotip oldugu belirlenmistir.2 Daha
sonraki donemlerde ise MLVA-15, MLVA-25 ve MLVA-31 metotlari
gelistirilmistir.>?

B. anthracis’in molekiler tiplendirmesinde MLVA son 10 yilda yay-
gin bir metot haline gelmis olup bir Ulke igerisinde B. anthracis’in
yaylhminin anlasilmasini saglayan bir metottur.>® Kromozomal
DNA Uzerinde variable number tandem repeat (VNTR) lokuslari,
lokuslardaki tekrar sayilarina gore suslar arasinda blyik olglide
farkhhklarin gézlemlenebildigi bélgelerdir.2 Bu cesitliligin nedeni,
bakteriyel DNA'nin replikasyonu sirasinda slip-strand mismatch
repair mutasyonu veya DNA polimeraz enzimi DNAnin replikas-
yonunda geriye dodru kayarak belirli bir bolgeyi iki kez tekrar
edebilmesi sonucunda meydana gelmektedir.2® Bu durum sonu-
cunda olusan tekrarl bolgeler nesil olarak aktarihr.®

Bakterinin yayilimlari canSNP metoduna gore isimlendirmesine
gore incelenmektedir. Turkiye'de baskin genotip olan A.Br.Aust94
genotipi Avrupa Ulkelerinde tespit edilen genotipler arasinda
¢ok dlslik orandadir. Avrupa’nin kuzey Ulkelerinde daha baskin
olan B.Br.CNEVA, gliney Ulkelerinde ise yaygin olarak A3 grubu
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genotipler gorilmekedir. Avrupa Ulkelerinde yaygin olarak bildi-
rilen A3 grubu genotipler Turkiye'de distk orandadir. Turkiye'nin
dogudaki komsusu olan Gircistan’da da A3 grubu genotipler bil-
dirilmektedir.2 Turkiye'ye ait MLVA verilerinin timinin MLVA-8
metoduna gore genotiplendiriimesi sebebi ile bu arastirmada
dlnya geneli B. anthracis MLVA-8 profilleri icerisinde Turkiye'den
izole edilen B. anthracis genotiplerinin molekiler epidemiyolo-
jisinin belirlenmesi ve Turkiye genotiplerinin diger Ulkelere gore
benzerliklerin belirlenmesi amaglanmistir.

MATERYAL VE METOT

B. anthracis MLVA-8 verilerinin toplanmasi

Arastirmanin veri tabaninin olusturulmasi amaciyla Keim ve ark’*°
in MLVA-8 metoduna goére analiz edilmis toplam 2313 adet insan
ve hayvanlardan izole edilen B. anthracis segildi ve vrrA, vrrB1,
vrrB2, vrrC1, virC2, CG3, pXO1 ve pXO2 lokuslarindaki tekrar sayi-
lar toplandi (https://microbesgenotyping.i2bc.paris-saclay.fr/da
tabases/view/9 Erisim Tarihi:17.08.2022). MLVA-8 verileri MLVA
Bank for Microbes Genotyping veri tabanindan alindi." Toplam
49 Ulkedeki B. anthracis verileri degerlendirmeye alindi. Alinan
MLVA-8 verileri icerisinde ayni Ulke igerisinde dublike olan veriler
tek ornek haline getirilerek toplam 402 adet veri kiimesi olustu-
ruldu. Veri kiimesindeki her B. anthracis izolati igin izole edildigi
Ulke adiyla tablo olusturuldu.

CGalismada analiz edilen 2313 genotip icerisinde Turkiye'den top-
lam 336 adet B. anthracis genotipin MLVA Bank for Microbes
Genotyping sistemine ylklenen ancak sehir bilgisi bildirilmeyen
32 genotip digindaki 304 adet genotip sehir bilgileri ve izole edi-
len konak veya 6rnek ile degerlendirildi.

Veri Tabaninin Kaliplarinin Analizi

Verileri toplanan ve birlestirilen 402 adet B. anthracis MLVA-8
kaliplarinin kiimtleme analizleri icin Past Software 4.06 kulla-
nildi. Veriler programa aktarildiktan sonra unweighted pair group
method with mathematical averaging (UPGMA) metoduna gore
analiz edildi. Benzerlik katsayisi olarak “Dice” kullanildi.”> UPGMA
analizi sonucunda elde edilen clustering verilerine ait nexus
dosyasl elde edilerek Interactive Tree of Life (iTOL) v6 sistemine
yUklenerek sirkiiler dendrogram olusturuldu.™ Ayni zamanda Tur-
kiye'den bildirilen B. anthracis genotiplerinin izole edildikleri sehir,
izole edildigi konak veya ortam ve genotip dagihmlarinin gosteril-
mesinde chord dendrogram http://www.datasmith.org/ web site-
sinde olusturuldu.

BULGULAR

Toplam 2313 B. anthracis MLVA-8 verilerinin analizleri sonucunda
toplam 24 klonal grup olusturuldu (Sekil 1). MLVA verileri deger-
lendirildiginde Tlrkiye'nin de aralarinda yer aldigi 16 farkl tlkeden
88 genotipin bulundugu gorldu. VI. grup, en genis klonal grup
olarak belirlendi. Analiz sonucunda, 49 farkli Ulkeden elde edilen
izolatlarin tlkelere gore dagihmi Tablo 1'de gosterilmigtir.

Turkiye'den analiz edilen B. anthracis izolatlarinin 32’sinin sehir
bilgisi bulunmamakta olup, Durmaz ve ark™ tarafindan verileri
saglanan 251 ile Ortatatli ve ark'™ tarafindan verileri saglanan 53
olmak lzere toplam 304 B. anthracis’in 25 farkl sehirden alindigi
belirlendi. Veri tabanina ylklenmis olan Tirkiye genotipleri en
fazla Kars ilinden tespit edilen genotipler olup Tirkiye genotip-
lerinin %32,2 (98/304)'sini olusturmaktadir. Sehirler igerisinde en
fazla farkl MLVA profiline sahip sehirise, 39 B. anthracis izolatinda
10 MLVA profiline sahip Sivas ilidir (Sekil 2). Turkiye’'den ylklenen B.
anthracis MLVA verilerinin 11 farkli klonal gruba dagilim gosterdigi


https://microbesgenotyping.i2bc.paris-saclay.fr/databases/view/9
https://microbesgenotyping.i2bc.paris-saclay.fr/databases/view/9
http://www.datasmith.org/
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Sekil 1. B. anthracis genotiplerinin sirkiler dendrogrami.

belirlenmistir. Toplam 402 genotip dederlendirmesi sonucunda
24 klonal grup olusmustur (Sekil 1). Olusturulan dendrogramdaki
klonal gruplar ve gruplar icerisinde bulunan genotiplerin izole
edildigi tlkelere ait veriler Tablo 2'de verildi.

incelenen Tiirkiye MLVA profillerinin (Tablo 3. en biyiik kismi
Amasya, Ankara, Ardahan, Bartin, Bayburt, Bolu, Elazig, Erzurum,
Karaman, Kars, Kayseri, Konya, Malatya, Samsun, Sivas, Yozgat
ve Zonguldak illerinden 27 MLVA genotipi XXIV klonal grubunda
yerlesim gosterdigi belirlendi (Sekil 3). Diger MLVA genotiplerinin
klonal gruplara dagilimlari sirasiyla 14 sehirden 14 genotip XXIII
klonal grubu, 11 sehirden 13 genotip IX klonal grubu, bes farkli
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sehir alti genotip XXI klonal grubu, g farkli sehirden ¢ genotip
XIX klonal grubunda dagilm gosterdi. VI, VIl ve XVII klonal grupla-
rinin her birinde iki farkli sehirden genotipler oldugu tespit edildi.

Verilerin alindidi sistemde bildirilen B. anthracis genotiplerinin
izole edildikleri konaklar hakkinda bilgi mevcut degildi. Ancak,
Durmaz ve ark™ ile Ortatatli ve ark'™ verilerinden Tirkiye geno-
tiplerinin %32,2 (98/304)i insan ve %67,8 (206/304)i hayvan
genotipi (163 sidir, 34 koyun, 6 kegi, 3 gevresel) oldugu belirlendi.
izole edilen konak veya ortam ile genotipler arasinda degerlen-
dirme yapildiginda; insan genotiplerinin en yogun olarak IX ve
XXl klonal gruplarina yerlesim gosterdi bunun yaninda sigir
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Tablo 1. MLVA bank for Microbes Genotyping Veri Tabanindan Arastirmaya Alinan Genotiplerin Ulkelere Gore Izolat Sayilari ve Farkli Genotip Sayilart

Ulke izolat Sayist Farkli Genotip Sayist Ulke izolat Sayist Farkli Genotip Sayist
ABD 85 55 Isvigre 10 4
Afganistan 28 4 italya 164 20
Afrika 1 1 Japonya 12 8
Almanya 84 33 Kamerun 23 2
Arjantin 12 8 Kanada 27 7
Arnavutluk 3 Kazakistan 20 11
Avustralya 3 Kirgizistan 1 1
Avusturya 2 Liiksemburg 1 1
Belgika 4 3 Macaristan 4 2
Birlesik Krallik 22 13 Meksika 2 1
Botsvana 1 1 Mozambik 7 3
Bulgaristan 40 7 Namibya 919 35
Cad 16 1 Norveg 11 5
Cin 213 31 Pakistan 12 6
Endonezya 8 4 Paraguay 1 1
Etiyopya 1 Polonya 32 12
Fransa 97 17 Rusya 13 2
Giiney Afrika 11 19 Slovakya 4 3
Giiney Kore 23 12 Tacikistan 3 2
Giircistan 13 3 Tanzanya 4 2
Haiti 3 1 Tayland 4 3
Hindistan 6 4 Tiirkiye 336 33
Hong-Kong 2 2 Zambiya 6 3
fran 6 2 Zimbabve 7 4
irlanda 2 1 TOPLAM 2313 402

genotiplerinin ise en fazla sayida XXIIl ve XXIV klonal gruplarinda

yerlesim gosterdi.

TARTISMA

B. anthracis’in dogal klonal yapisi, dogada uzun stire spor halinde
kalmas! ve sporlarin uzun siire ¢odalmamasi etkenin genetik

© 2022 Mapbox © OpenStreetMap

homojenlik gostermesi nedeniyle geleneksel metotlarla suglarin
ayrimi zordur. Dinya genelinde B. anthracis’in genotipik ayriminda
MLVA ve canSNP analizleri kullaniimaktadir.t Bu arastirmada MLVA
Bank for Genotyping veri tabanindan segilen 2313 adet B. anth-
racis’in 402 genotipi igerisinde Turkiye genotiplerinin dagilimlari
incelendi. incelenen genotipler toplam 24 klonal grupta dagilim

E SRR e PuDIKa
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M Genotype VI

M Genotype VI
M Genotype XIX
" Genotype XVII
M Genotype XXI
1 Genotype XXIII
B Genotype XXIV

Sekil 2. Turkiye'den bildirilen MLVA profillerin dagilimi genotiplerden 8 klonal grup olusmaktadir. Sehirlerde bulunan genotipik gruplar farkl renklerle

gOsterilmistir (Tableau Software 2022.2).
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Tablo 2. Dendrogramda Tespit Edilen Klonak Gruplar ve Klonal Grup Igerisindeki Genotiplerin Izole Edildigi Ulkeler

Grup iginde Bulunan Grup iginde Bulunan

Grup iginde Bulunan

Grup iginde Bulunan

Klonal Grup Ulkeler Klonal Grup  Ulkeler Klonal Grup  Ulkeler Klonal Grup  Ulkeler

I Polonya IX ABD XV ABD XX Namibya

I ABD Almanya Almanya Zambiya
Almanya Belgika Belgika XXI ABD
Belgika Giiney Afrika Bulgaristan Fransa
Cin fran Cin Kazakistan
Endonezya isvigre Endonezya Namibya
Fransa italya Fransa Tiirkiye Elazig
Giiney Afrika Japonya Hindistan Tiirkiye Kars
italya Kazakistan Hong-Kong Tiirkiye Kayseri
Liiksenburg Namibya Isvigre Tiirkiye Malatya
Mozambik Rusya Kazakistan Tiirkiye Sivas
Namibya Tacikistan Kirgizistan Zambiya
Pakistan Tanzanya Namibya XXII ABD
Polonya Tiirkiye Igdir Polonya Namibya
Rusya Tiirkiye Kars Tiirkiye XXIII ABD
Zambiya Tiirkiye Kayseri Zambiya Arjantin

I ABD Tiirkiye Kirsehir XVI ABD Giiney Afrika
Cad Tiirkiye Malatya Almanya Namibya
Fransa Tiirkiye Mersin Avustralya Tiirkiye Ankara
Namibya Tiirkiye Samsun Belgika Tiirkiye Ardahan

v ABD Tiirkiye Siirt Endonezya Tiirkiye Erzurum

\4 Fransa Tiirkiye Sivas Giiney Kore Tiirkiye Eskisehir

VI ABD Tiirkiye Van Japonya Tiirkiye Igdir
Almanya Tiirkiye Yozgat Kazakistan Tiirkiye Kars
Bulgaristan Zambiya Namibya Tiirkiye Kayseri
Gin X Almanya Tanzanya Tiirkiye Kirsehir
Fransa Kazakistan Zambiya Tiirkiye Kocaeli
Isvigre XI Giiney Afrika XvII ABD Tiirkiye Konya
italya Namibya Giiney Afrika Tiirkiye Malatya
Japonya Tiirkiye Kazakistan Tiirkiye Nevsehir
Kazakistan XII ABD Namibya Tiirkiye Sivas
Meksika Bulgaristan Tiirkiye Kayseri Tiirkiye Van
Namibya XIII ABD Tiirkiye Sivas Zambiya
Polonya Hindistan XVIII Giiney Afrika XXIV Almanya
Rusya Kazakistan Namibya Arjantin
Tiirkiye Mersin Namibya XIX ABD Bulgaristan
Tiirkiye Sivas XIV Hindistan Arjantin Fransa

VI ABD Namibya Avustralya Giiney Afrika
Belgika Bulgaristan Namibya
Endonezya Fransa Tiirkiye Ankara
fran Giiney Afrika Tiirkiye Bartin
Namibya fran Tiirkiye Elazig
Pakistan Namibya Tiirkiye Erzurum
Rusya Pakistan Tiirkiye Erzurum
Tiirkiye Malatya Paraguay Tiirkiye Kars
Tiirkiye Sivas Rusya Tiirkiye Kayseri
Zambiya Tiirkiye Kars Tiirkiye Konya

VIIL Etiyopya Tiirkiye Kayseri Tiirkiye Samsun
fran Tiirkiye Sivas Tiirkiye Sivas
Namibya Tiirkiye Yozgat

gosterdi. Klonal gruplar icerisinde en blyligu olan VI. grup igeri-
sinde Bulgaristan,’® Amerika Birlesik Devletleri,*"® Meksika,"®
isvigre,'® Fransa,’®2° Almanya (MLVA Bank), Kazakistan,?' Polonya, 822
Namibya,® Cin,'® italya,2*?® Rusya,?® Japonya,?” Zambiya,’® Brezil-
ya'dan'® genotiplerle Turkiye’nin Mersin ve Sivas illerinden iki geno-
tipinde ayni grupta yer aldigi tespit edildi. Bu klonal grup ¢ok genis
cografi dagilim gostermesine ragmen analize dahil edilen Durmaz
ve ark' ve Ortatatli ve ark'™ tarafindan bildirilen 69 genotip igeri-
sinden, Mersin ve Sivas illerinden olmak Uzere yalnizca iki (%2,9)
genotip profili bu grupta yerlesim gostermistir. B. anthracis’in

uzun yillar dogada spor halinde bulunmasi genetik olarak homojen
kalmasinin en dnemli sebebidir.®® B. anthracis’in Ulkeler arasinda
yaylliminda tarihsel yonden hayvansal irtin ticaretinin etkili oldugu
bildirilmektedir. Van Ert ve ark' tarafindan Hindistan'dan alinan 10
adet B. anthracis izolatlarinin ayni zamanda Avustralya’da da bas-
kin genotip A.Br.Aust94 genotipi oldugu ve Avustralya’ya Asya lize-
rinden hayvan UrUnlerin ticaretiyle yayildigi bildirilmektedir.’® Ayni
zamanda A.Br.Aust94 genotipi Turkiye'de de baskin genotiptir.?

Turkiye'nin farkli sehirlerden Durmaz ve ark™ ile Ortatatli
ve ark'nin® bildirdigi B. anthracis genotiplerin dagilimlari
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Tablo 3. MLVABank for Microbes Genotyping sistemindeki Tiirkiye’ye ait Bacillus anthracis MLVA-8 Genotip Profilleri

Cografi Kaynak Referans VITA vrrB1 vrrB2 vrrC1 vrrC2 CG3 pXO01 pX02
Tirkiye 10 4 20 15 57 21 1 10 8
Tiirkiye 10 4 20 13 57 21 1 9 8
Tiirkiye 10 4 20 14 57 21 1 10 8
Tiirkiye 10 4 20 14 57 21 2 13 8
Tiirkiye 10 4 20 13 57 21 2 5 8
Tiirkiye 10 4 20 14 57 17 2 7 10
Tiirkiye 10 4 20 14 57 17 2 10 10
Tiirkiye 10 4 20 14 57 17 2 10 12
Tiirkiye 10 4 20 14 57 17 2 10 11
Tiirkiye 10 3 20 14 57 17 2 10 10
Tiirkiye 10 4 20 14 44 17 2 10 10
Tiirkiye 10 4 20 14 57 17 2 11 10
Tiirkiye 10 4 20 14 57 17 2 8 10
Tiirkiye 10 4 20 14 57 17 2 9 10
Tiirkiye 17 4 20 14 53 17 2 8 0
Tiirkiye 17 2 20 14 57 17 2 9 10
Tiirkiye 17 4 20 14 57 17 2 5 10
Tiirkiye 18 4 20 13 56 21 2 5 8
Tiirkiye: Amasya 14, 27 4 20 14 57 17 2 9 10
Tiirkiye: Ankara 14, 27 4 20 14 57 17 2 9 10
Tiirkiye: Ankara 14, 27 4 20 14 57 17 2 7 10
Tiirkiye: Ankara 14, 27 4 20 14 57 17 2 10 10
Tirkiye: Ardahan 14 4 20 14 57 17 2 10 10
Tiirkiye: Ardahan 14 4 20 14 57 17 2 9 10
Tiirkiye: Bartin 14, 27 4 20 14 57 17 2 7 10
Tiirkiye: Bayburt 14, 27 4 20 14 57 17 2 9 10
Tiirkiye: Bolu 14, 27 4 20 14 57 17 2 9 10
Tirkiye: Elazig 14 4 20 14 57 17 2 9 12
Tirkiye: Elazig 14 4 20 14 57 17 2 6 10
Tﬁrkiye: Erzurum 14, 27 4 20 14 57 17 2 9 10
Tﬁrkiye: Erzurum 14, 27 4 20 14 57 17 2 7 10
Tiirkiye: Erzurum 14, 27 4 20 14 57 17 2 10 10
Tiirkiye: Eskigehir 14, 27 4 20 14 57 17 2 10 10
Tiirkiye: Igdir 14, 27 4 20 14 57 21 2 9 9
Tiirkiye: Igdir 14 4 20 14 57 17 2 10 10
Tiirkiye: Karaman 14, 27 4 20 14 57 17 2 9 10
Tirkiye: Kars 14 4 20 14 57 21 2 9 11
Tirkiye: Kars 14 4 20 14 57 17 2 9 10
Tirkiye: Kars 14 4 20 14 57 17 2 9 9
Tirkiye: Kars 14 4 20 14 57 17 2 7 10
Tiirkiye: Kars 14 4 20 14 57 17 2 10 10
Tiirkiye: Kars 14 4 20 14 57 17 2 6 10
Tiirkiye: Kars 14 4 20 14 57 17 2 9 12
Tiirkiye: Kars 14 4 20 14 57 17 2 8 10
Tiirkiye: Kars 14 4 20 14 57 17 2 9 11
Tiirkiye: Kayseri 14, 27 4 20 14 57 21 2 9 9
Tirkiye: Kayseri 14 4 20 14 57 17 2 9 10
Tirkiye: Kayseri 14 4 20 14 57 17 2 9 11
Tiirkiye: Kayseri 14, 27 4 20 14 57 17 2 7 10
Tﬁrkiye: Kayseri 14, 27 4 20 14 57 17 2 10 10
Tiirkiye: Kayseri 14 3 20 14 57 17 2 9 10
Tiirkiye: Kayseri 14 4 20 14 57 17 2 9 9
Tiirkiye: Kirgehir 14 4 20 14 57 21 2 9 9
Tiirkiye: Kirgehir 14 4 20 14 57 17 2 10 10
Tiirkiye: Kocaeli 14 4 20 14 57 17 2 10 10
Tiirkiye: Konya 14, 27 4 20 14 57 17 2 9 10
Tiirkiye: Konya 14, 27 4 20 14 57 17 2 7 10
Tiirkiye: Konya 14, 27 4 20 14 57 17 2 10 10
Tiirkiye: Malatya 14 4 20 14 57 21 2 9 9
Tiirkiye: Malatya 14 4 20 13 57 21 2 4 8
Tiirkiye: Malatya 14 4 20 14 57 17 2 9 12
Tiirkiye: Malatya 14 4 20 14 57 17 2 9 10
(Continued)
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Tablo 3. MLVABank for Microbes Genotyping sistemindeki Tiirkiye’ye ait Bacillus anthracis MLVA-8 Genotip Profilleri (Continued)

Cografi Kaynak Referans vITA vrrB1 vrrB2 vrrC1 vrrC2 CG3 pX0O1 pX02
Tiirkiye: Mersin 14, 27 4 20 14 57 21 1 9 8
Tiirkiye: Mersin 14 4 20 14 57 21 2 9 8
Tiirkiye: Nevsehir 14 4 20 14 57 17 2 10 10
Tiirkiye: Samsun 14,27 4 20 14 57 21 2 9 9
Tiirkiye: Samsun 14, 27 4 20 14 57 17 2 7 10
Tiirkiye: Samsun 14, 27 4 20 14 57 17 2 9 10
Tiirkiye: Siirt 14 4 20 14 57 21 2 9 9
Tiirkiye: Sivas 14 4 20 14 57 21 2 9 11
Tirkiye: Sivas 14 4 20 14 57 21 1 9 8
Tiirkiye: Sivas 14 4 20 13 57 21 2 4 8
Tirkiye: Sivas 14, 27 4 20 14 57 17 2 9 10
Tﬁl‘kiye: Sivas 14 4 20 14 57 17 2 10 10
Tiirkiye: Sivas 14 3 20 14 57 17 2 9 10
Tiirkiye: Sivas 14 4 20 14 57 17 2 9 12
Tiirkiye: Sivas 14 4 20 14 57 17 2 9 9
Tiirkiye: Sivas 14 4 20 14 57 17 2 8 10
Tiirkiye: Sivas 14 4 20 14 57 17 2 6 10
Tiirkiye: Van 14 4 20 14 57 21 2 9 9
Tiirkiye: Van 14 4 20 14 57 21 2 9 11
Tiirkiye: Van 14 4 20 14 57 17 2 10 10
Tiirkiye: Van 14 4 20 14 57 21 2 9 10
Tiirkiye: Yozgat 14, 27 4 20 14 57 21 2 9 8
Tiirkiye: Yozgat 14 4 20 14 57 17 2 7 10
Tiirkiye: Yozgat 14 4 20 14 57 17 2 10 10
Tiirkiye: Zonguldak 14, 27 4 20 14 57 17 2 9 10

incelendiginde insan, sigir, koyun ve kegilerden izole edilen geno-
tiplerin olusturdugu XXIV klonal grubun en ylksek sayida Turkiye
genotipi bulundurdugu saptanmistir. Bu grup igerisinde Amasya,
Ankara, Ardahan, Bartin, Bayburt, Bolu, Elazig, Erzurum, Karaman,
Kars, Kayseri, Konya, Malatya, Samsun, Sivas, Yozgat ve Zongul-
dak illerinden toplam 27 genotip Arjantin,” Fransa (MLVA Bank),
Nambiya,?® Gliney Afrika,'® Almanya'® ve Bulgaristan'dan'™ geno-
tiplerle ayni grupta yerlesim gosterdi.

XXIII klonal grup, Durmaz ve ark' ile Ortatatli ve ark™ tarafindan
bildirilen genotiplerin yogunluk gosterdigi ikinci en blyik genotip
grubudur. Bu grup igerisinde Ankara, Ardahan, Erzurum, Eskisehir,

B

K°J/un

I L4

4y,
ey
O{/D
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Cevrese

Yorgat

Igdir, Kars, Kayseri, Kirsehir, Kocaeli, Konya, Nevsehir, Sivas, Van ve
Yozgatillerinden genotipler bulunmakta olup, ayni grup icerisinde
Arjantin,’® Namibya,'®® ABD,"® Gliney Afrika'® ve Zambiya'® gibi
tlkelerden bildirilen genotipler de bulunmaktadir. Ulkemizden
bildirilen B. anthracis izolatlari ortak atadan gelmekte olup, minor
mutasyonlar nedeniyle farkli MLVA profilleri gostermekte oldugu
distnulmektedir Ulkemizin de igerisinde yer aldi§i Akdeniz ve
Avrupa’nin dogu ulkelerinde antraks yaygindir.?

Analiz edilen genotipler arasinda Tirkiye'ye komsu llkelerden yal-
nizca Bulgaristan ve iran’a ait genotipler bulunmaktadir. Bulga-
ristan ile VI, XV ve XXIV klonal gruplarinda Turkiye genotipleri de
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Sekil 3. Turkiye'den bildirilen B. anthracis genotiplerinin konak, sehir ve genotip dagihmlarini gosterir chord dendrogram. (A) Tirkiye'de izole edilen
B. anthracis’lerin 8 genotip gruplarinin insan, sigir, koyun, kegi ve gevresel orijinlerine gére dagihimlari, (B) B. anthracis genotip gruplari ile tespit edilen
sehirlere gore dagilimlari, (C) Turkiye'den bildirilen genotiplerin insan, sidir, koyun, kegi ve ¢cevresel orijinlerine gore tespit edildigi sehirlere gore

dagihimlari.
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bulunmustur. Bunlar Amasya, Ankara, Ardahan, Bartin, Bayburt,
Bolu, Elazig, Erzurum, Karaman, Kars, Kayseri, Konya, Malatya,
Mersin, Samsun, Sivas, Yozgat ve Zonguldak illerinden elde edi-
len genotiplerdir.*' Tiirkiye ile iran genotipleri VII, IX ve XIX klonal
gruplarinda ortak olarak bulunmakta olup, bu genotipler Ulke-
mizde de 1§dir, Kars, Kayseri, Kirsehir, Malatya, Mersin, Samsun,
Siirt, Sivas, Van ve Yozgat illerindede tespit edilmistir."*'® Orta-
tatli ve ark' Turkiye'de tespit edilen 55 adet B. anthracis’in MLVA
metodu ile genotiplendirmesini gergeklestirmistir. Arastirmaci-
lar tespit edilen genotiplerin bélgeler arasindaki hayvan hareket
rotalarina gore dagilim gosterdigini belirtmektedir.'® Gergeklesti-
rilen analiz sonucunda, iran ile ayni klonal grup igerisinde bulu-
nan genotiplerin genel olarak tilkemizin i¢ Anadolu, Dogu Anadolu
ve Glneydogu Anadolu illerinden olmasina ragmen Bulgaristan
ile yakinhk tespit edilen genotiplerin Turkiye'de belirli bir bdlgede
kiimelenmedigi belirlendi.

B. anthracis’in genotipik yapilarinin arastirilmasi Amerika Birlesik
Devletleri’ndeki biyoterorizm vakasindan sonra daha da 6nem
kazanmistir.2® MLVA ydntemi, B. anthracis’in genotiplendirme-
sinde kullanilan saglam, hizli ve kolay aktarilabilir bir metottur.”®
MLVA-8 metodu B. anthracis’in genotiplendirilmesinde kulla-
nish bir metottur.?® B. anthracis’in tiplendirmesinde canSNP ve
MLVA'nin ikisinin birlikte kullanimi molekdler epidemiyoloji igin
yararli olmasinin yaninda tarihsel slirecin izlenmesini de sagla-
maktadir.’® Ulkeler icerisinde B. anthracis’in genomik farkliliklarin
aciklamasi olarak hayvan hareketlerinin yogunlugu ile ilgili olabi-
lecedi bildirilmektedir.® Turkiye'den bildirilen genotiplerin 8 klonal
grup igerisinde olmasi ise hayvan hareketlerinin yogunlugu nede-
niyle oldugu distndldd. Bunun yaninda Ulkeler igerisine hayvan
Urtnlerinin ithal edilmesinde de Ulkede gorilmemis genotiplerin
gorilmesine neden oldugu bildirilmektedir.°

Sonug olarak; MLVA Bank for Genotyping veri tabaninda bulunan
2313 adet B. anthracis genotipinin verileri, 49 Ulke ve 402 MLVA
genotipi olacak sekilde daraltildiktan sonra analiz edilerek Turkiye
genotiplerinin dagihmlari degerlendirilmistir. Bu arastirma ile
Ulkemizden bildirilen genotiplerin dagihmlariin 8 klonal grupta
yer aldigi belirlenmis olup, Ulkeler arasi cografi dagilimda diinya
genelinde yayihm gostermektedir. B. anthracis’in genotipleri
homojen bir yapi gostermesine ragmen MLVA analizleri yapila-
rak epidemiyolojik takiplerinin stirekli yapilmasinin faydali olacagi
dUsindlmektedir.

Etik Komite Onayi: Calismada herhangi bir hayvan veya insan ornegi
analiz edilmemis olup MLVA Bank for Microbes Genotyping veritabaninda
bulunan veriler analiz edilmistir. Bu nedenle Etik Kurul onayr alinmamistir.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismasi: Yazar ¢ikar catismasi bildirmemistir.
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Case Report Olgu Sunumu

Surgical Management of Crop
Impaction by Ingluviotomy in an
Aseel Domestic Fowl

Evcil bir Aseel Tavugunda Kursak Tikanikliginin
Ingluviotomi ile Cerrahi Yonetimi

ABSTRACT

Based on the history and clinical signs, a 1-year-old Aseel breed domestic fowl reared in backyard
farming was diagnosed with crop impaction. An ingluviotomy was performed, and the impacted
grass and plastic materials were removed. This case was followed up for 2 months and no com-
plications were reported. The surgery resulted in a favorable prognosis and the case is discussed
here.

Keywords: Aseel, crop impaction, ingluviotomy, grass materials

0z

Bahge kiimesinde yetistirilen 1 yasindaki Aseel cinsi evcil tavukta, hastanin hikayesi ve klinik
belirtilere dayanarak kursak tikanikligi teshisi konuldu. inkliivyotomi yapildi ve tikanikliga neden
olan ¢im ve plastik materyaller ¢ikarildi. Olgu 2 ay boyunca takip edildi ve herhangi bir komp-

likasyon rapor edilmedi. Cerrahi midahalenin olumlu bir prognozla neticelendigi bu vakaya ait
tartisma bu calisma icerisinde sunulmaktadir.

Anahtar Kelimeler: Aseel tavuk, kursak tikanikligi, ingluviotomi, gimen materyali

INTRODUCTION

Poultry is one of the agriculture sector’s subsidiaries for economic and social development. Backyard
poultry production is a long-standing tradition among landless farmers in rural India. The majority of
backyard poultry production consists of rearing indigenous birds with poor production performance.’ It
requires little investment, produces high economic returns, and is simple to manage. This type of farm-
ing is marked by an indigenous night shelter system, scavenging the natural hatching of chicks, poor
bird productivity, scarce supplementary feed, local marketing, and minimum healthcare procedures.

The esophagus of birds is highly distensible due to longitudinal folds that allow them to consume
large-sized food materials. This could be the cause of esophageal foreign bodies in birds.?® Ingluviot-
omy is a surgical procedure performed on birds to correct conditions like crop impaction, crop rupture,
or the removal of foreign materials.* Previous studies described ingluviotomy procedures in different
birds, including the removal of imbibed masses of peanuts in a cumulet pigeon* and the placement
of ingluviotomy tubes in 6 free-flying California condors for lead-induced crop stasis.® The different
techniques of ingluviotomy are single-layer closure (skin and ingluviotomy incision together), double-
layer closure (skin and ingluviotomy incision separately), and the use of surgical glue.® This case report
describes the diagnosis and ingluviotomy and its prognosis.

CASE PRESENTATIONS

A1-year-old Aseel breed of domestic fowl weighing 1.0 kg was brought to Veterinary Dispensary, Deva-
kottai, with a history of dull, depressed behavior, swelling at the distal part of neck, and not taking feed
for last 2 days. The owner was practicing backyard farming, and the presented bird was properly vac-
cinated against Ranikhet Disease. No other abnormality was reported.

On physical examination, the vital parameters (heart rate, respiratory rate, body temperature, and color
of mucus membrane) were within normal range and no abnormality was noticed in the oral cavity. The
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crop was moderately increased in size, and palpation revealed
unusual doughy consistency materials without any grains. Based
on the above findings, the condition was diagnosed as crop
impaction or ingluvius. The condition was explained to the owner,
and the surgical option was adopted.

Treatment

After intranasal administration of Butorphanol (Butodol™,
1 mg/mL, Neon Laboratories Limited, Thane, India) at a dose of
2 mg/kg and midazolam (Mezolam® 1 mg/mL, Neon Laborato-
ries, VHB Medi Sciences Limited, Uttarakhand, India) at a dose of
1 mg/kg, the head of the bird was held up for 3 minutes to facili-
tate better absorption of the sedatives. The bird was positioned
on the left lateral recumbency, and the surgical site (base of the
neck, over the crop) was prepared aseptically (Figure 1). Local
analgesia was achieved by infiltrating 1.0 mL of 2% lignocaine
(1:3) (Lox 2%°, 20 mg/mL, Norries Medicine Limited, Gujarat,
India) at the desired site.

A longitudinal 1.5-inch incision was performed through the skin &
followed by wall of the crop at the healthiest site (Figure 2) and
the contents were removed (Figure 3). Impacted materials such
as undigested grasses and small plastic papers were noticed in

4

7

Figure 4. Undigested and impacted materials such as grass materials
and small plastic papers were noticed.

Figure 1. Preparation of the surgical site (base of the neck, over the
crop).

Figure 2. Alongitudinal incision through the skin followed by wall of the Figure 5. The crop incision was closed in a simple continuous pattern
crop. using polyglycolic acid no 3-0.
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Figure 6. Skin was opposed in an interrupted pattern using silk.

the removed contents (Figure 4). The crop incision was closed
in a simple continuous pattern using polyglycolic acid no 3-0
(Figure 5). The sutured site was checked for leakage by giving
water orally, and the skin was opposed in an interrupted pattern
using silk (Figure 6). Throughout the surgical procedure, the bird
was monitored for heart rate, respiratory rate, and rectal temper-
ature, and the values were within the clinical range.

Postoperative Care and Recovery

The bird had free access to water 2 hours after surgery, and a
liquid diet was advised for the next 3 days. Watery dropping was
noticed 6 hours after surgery. Normal feeding was adopted grad-
ually thereafter. Antibiotic enrofloxacin at a dose of 7.5 mg/kg, |/M
for 5 days and analgesic meloxicam at a dose of 0.5 mg/kg, I/M for
4 days were administered. The bird was routinely monitored, and
external sutures were removed after 7 days. There were no post-
operative complications observed during the 8 weeks follow-up
period. This surgery resulted in excellent resolution of clinical
signs and the prognosis was favorable.

DISCUSSION

Foreign bodies in the gastrointestinal tract are prevalent in ani-
mals. It has been documented in a variety of avian species, includ-
ing companion birds, zoo birds, poultry, and ostriches, as well as
wild and domestic birds.”® The proventriculus or ventriculus is the
most common location for foreign bodies in birds,® and in the pres-
ent case, impaction was noticed in the crop. After evaluating the
fowl’s pain sensitivity and restraint characteristics, local analgesia
was chosen over general anesthesia in this case. Local infiltration
analgesia alone was found to be enough, allowing for the assess-
ment of any leakage following esophageal suturing via oral water
administration.t'® The surgery was performed as per standard pro-
cedure, and the crop incision was opposed in water-tight simple
continuous pattern. Due to the nature of the bird raised and the
complications associated with tube placement, such as position
slippage and the possibility of developing granulomas or necrosis
at the skin and mucosa, feeding tubes were not used in this study.®
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Double-layer closure resulted in better liquid and feed intake,
weight gain, superior healing, reduced leakage-related complica-
tions, less narrowing of the lumen, and less fibrosis. Similar find-
ings were observed in this study.® The limitation of this study is
that SpO, was not monitored during the surgical procedure.

As aresult, crop impaction due to various reasons in birds can be
efficiently managed by surgical intervention if it is presented at
correct time and performed at the earliest.
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