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ABSTRACT

There are new emerging cattle mastitis agents that have become a major burden economically on the dairy industry because
of their negatively affects on production and quality in dairy cattle farming in Turkey,. To overcome this emerged problem,
antimicrobials are adopted in this sector to prevent and administrate mastitis and other bacterial infections affecting cattle in
the country. Nevertheless, the occurrence of antimicrobial resistance (AMR) is increasing in both animal and human
contaminants. The occurrence and features of AMR of the emerging cattle mastitis agents in dairy cattle in Turkey, have been
manifested. As a result, the goal of this research was to assess secluded emerging cattle mastitis agents in Turkey and to
appraise the antimicrobial susceptibility of these pathogens. Sixty one milk samples from cattle wwith mastitis were collected
between 2014 and 2018 for assessment of clinical mastitis in diagnostic and analysis laboratory of Faculty of Veterinary
Medicine, Afyon Kocatepe University. Twenty five microorganism species arised as cattle mastitis agents were assessed in
these milk samples. The outcomes of the present study identified the necessity for advancements in antimicrobial
stewardship as well as infection administration plans in Turkish farms to decrease the occurence of AMR. VITEK
Compact® 2 systemmethod showed that Streptococcns nberis had the maximum AMR while Globicatella sulfidifaciens had the
minimum AMR. The study depicts that the number of cattle mastitis is directly proportional to the size of the herd.
Keywords: Cattle, mastitis, new agent, antimicrobial resistance.
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Thrkiye'de Yeni Sigir Mastitis Ajanlari ve Antimikrobiyal Duyarlhiliklarinin Aragtirilmast

(074

Turkiye’deki stit¢ti ineklerinin tretim ve kalitesine olumsuz yonde etkileyen ve stt endiistrisine ekonomik olarak buytk bir
zarar olusturan yeni ortaya ¢ikan sigir mastitis etkenleri bulunmaktadir. Giderek artan bu sorunun tstesinden gelmek icin, bu
sektorde mastitis ve Ulkedeki inekleri etkileyen diger bakteriyel enfeksiyonlarin o6nlenmesi ve yonetilmesi amactyla
antimikrobiyaller kullanidmaktadir. Bununla bitlikte, antimikrobiyal direncin (AMR) olusumu hem hayvan hem de insan
kontaminantlarinda artmaktadir. Turkiye’deki stitcli ineklerinden ortaya ¢ikan sigir mastitis etkenlerinde antimikrobiyal
direncin olusumu ve Ozellikleri actkca ortaya konmustur. Sonug olarak, bu arastirmanin amact, Tirkiye'de ilk kez tespit edilen
inek mastitis etkenlerini ve bu patojenlerin antimikrobiyal duyarlihgini degerlendirmektir. Bu aragtirmada Afyon Kocatepe
Universitesi Veteriner Fakiiltesi Teshis ve Analiz Laboratuarinda klinik mastitisin degerlendirilmesi icin 2014-2018 yillars
arasinda 61 adet mastitisli siit 6rnegdi incelenmigtir. Bu stt érneklerinden Turkiye’de ilk kez izole edilen 25 sigir mastitis ajan
degetlendirilmisgtir.. Mevcut aragtirmanin sonucu, AMR'nin gelisimini azaltmak icin Turkiye ciftliklerindeki enfeksiyon
yonetiminin planlanmasinin yani sira antimikrobiyal gelistirilmesinin gerekliligini de ortaya koymustur. VITEK Compact® 2
yontemi Streptococcus uberis'in maksimum AMR, Ghlobicatella sulfidifaciens’in  ise minimum AMR gelistirdigini gOstermistir.
Calisma, ortaya ¢ikan sigir mastitis sayistnin dogrudan strt biytikligi ile orantili oldugunu da ortaya koymustut.
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INTRODUCTION

Numerous emerging cattle mastitis agents have
turned to be a critical economic liability on the dairy
sector because they adversely impact milk quality and
milk yield. According to Du et al. 2018, cattle mastitis
is a disorder triggered by a diversity of
microorganism’s contaminations that result to major
economic damages and loses to the breeding sector
via reducing the production of milk as well as raising
culling and antibiotic treatments costs (Sztachatiska et
al. 2016). Usually, fungal contaminations of mammary
gland are instigated by yeast, of which the primary
species are Candida spp.. The occurrence of mastitis
happens when white blood cells are generated into
the mammary gland, commonly in reaction to
microorganisms attacking the teat canal or sometimes
by thermal, mechanical or chemical disturbance on
the udder (Sonmez and Erbas 2017). As a result, the
tissue responsible for milk secretion as well as several
ducts in the mammary gland are impaired because of
the toxins produced by the bacteria that consequently
lead to a decrease of milk quality and yield. The
presence of the infection can be recognized by udder
disorders like pain, tenderness, hardness, fever, skin
rednessand swelling (Hosseinzadeh and Saei 2014).
Measures like efficiently dairy cattle nourishment,
proper housing administration, culling of frequently-
diseased cows and milking sanitation to enhance the
well-being of the cattle are significant in the
regulation of herd mastitis stages. The determination
of the mastitis agents is significant when choosing the
correct antimicrobial treatment (Martin et al. 2018).

In the current study, 25 species of emerging dairy
cattle mastitis agents were assessed in Turkey. These
emerging mastitis agents are commonly located in
udder tissues (Das et al. 2017). Mastitis agents that are
spread from one cattle to another are referred to as
contagious pathogens while those that are present in
the herd's vicinities are called environmental
pathogens. The differentiation between these two
types of mastitis pathogens is significant in examining
the problems present in the cattle as well as the
control measures that might be adapted to treat or
decrease this disorder (Marti-Carrizosa et al. 2015).
Contagious agents adhere simply to the cattle skin,
inhabiting the end of the teat and develop into the
teat canal where the contamination happens. Due to
this, post-milking disinfection of the teat, as well as
dry cow treatment play a significant function in
regulating contagious mastitis (Xiao et al. 2014).
Regarding the environmental mastitis, the agents can
gain access to the teat canal forcefully in the course of
milking like when liner slippage happens (Rocha et al.
2016). The environmental agents of mastitis do not
commonly possess identical capability as contagious
pathogens to attach to as well as to colonize the teat
(Kadariya et al. 2014). As a result, dry cattle treatment
has little value in their regulations since these types of

contaminations do not carry from one lactation to
another (Sonmez and Erbas 2017). Cattle mastitis
agents can contaminate the cows when they are
lactating as well as during the dry season. It is thus
crucial to recognize and determine the causes of these
infections since the treatment, control, and
prevention methods of the agent’s impacts can vary
based on if the contamination happens when the cow
is lactating or dry (Eldesouky et al. 2016).
Identification of agents which cause cattle mastitis to
enhance the selection of the appropriate antimicrobial
therapy is then conducted. Antimicrobials are
implemented in the dairy sector for control and
prevention of mastitis as well as other bacterial
disorders impacting dairy cows. Reliance on
antimicrobials has turned out to be a broad spectacle
in the dairy industry (Cheng et al. 2019). Beta-lactam
antibiotics are usually adopted in handling cattle
mastitis agents. Bacterial opposition to beta-lactam
mechanisms comprises of generation protein which is
a low-affinity penicillin-binding as well as secretion of
beta-lactamases (IKsouri et al. 2015). Antibacterial
agents from crops are substantial sources of new
antibiotics compounds and efflux pump inhibitors
which target bacterial virulence or can be adopted in
mixture with other prevailing drugs (Sartori et al.
2014). The plants generate a significant constituent of
ethno-veterinary remedy that is implemented in the
therapy of diverse disorders such as bovine mastitis
(Saglam et al. 2017). Nevertheless, antimicrobial
resistance (AMR) arises when the pathogens are
capable of overcoming the impact of antimicrobials
which were efficient previously (Zhang et al. 2018). In
Turkey, AMR remains a substantial threat in the dairy
industry. According to WHO (2015), AMR is one of
the biggest dangers to international food security,
health and progression. In many nations including
Turkey, variations in the absolute and relative
significance of the primary mastitis agents have been
detected over time, possibly due to the marked
modifications in the dairy sector (Erbas et al. 2017).
The objective of the current assessment was to
examine isolated emerging cattle mastitis agents in
Turkey and to evaluate the antimicrobial susceptibility
of these pathogens.

MATERIAL and METHODS

Culture of Milk Samples

The current study was conducted according to the
guidelines of the Afyon Kocatepe University, Faculty
of Veterinary Medicine diagnostic and analysis. A
total of 61 milk samples of cattle with mastitis were
collected between 2014 and 2018 in diagnostic and
analysis laboratory ofFaculty of Veterinary Medicine
in Afyon Kocatepe University for analysis of clinical
mastitis agents. All cultural procedures of milk
samples were pursued in line with Gao et al. (2017).
In a precise manner, 100 pl of milk sample was plated
on blood agar (Oxoid, CM0055) supplemented with
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7% sheep blood , on C.LE.D Medium (CM0301
Oxoid) and on Eosin Methylene Blue agar (Oxoid,
CMO0069) plates. The plates were then incubated
aerobically at 37°C for 24-48 hours. All samples were
considered as culture positive in the case that one or
more colonies were observed . The samples which
had two different bacterial colonies were put into a
group of mixed culture while those which had more
than two colonies were assumed as contaminated

(Verbeke et al. 2014).

Identification of Microorganisms

Colony characteristics

Pigmentation of colonies on blood agar was initially
evaluated by the reference of Quin et al. (1999). On
blood agar plates, the beta-hemolytic Smooth (S)
colonies with a golden yellow color was assumed as
Staphylococens aurens whereas non-hemolytic porcelain-
white pigmented colonies were considered as
Staphylococcus epidermidis. The colonies of Staphylococcus
saprophyticns show a white or bright pigmentation
without hemolysis on blood agar.

Catalase test

This test provide to detect if a particular bacterial
isolate is able to produce catalase enzyme which is
produced by microorganisms that live in oxygenated
environments to neutralize toxic forms of oxygen
metabolites such as HO». To test enzymatic activity,
a small inoculum of a bacterial isolate is mixed into
hydrogen peroxide solution (3%) on a dry glass
microscobe slide and is observed for the rapid
elaboration of oxygen bubbles (Quinn et al. 1999).
This test was used in the current study as a way of
distinguishing among Gram (+) cocci. The members
of Enterococcus and Streptococcus in general are catalase-
negative while those the genus Staphylococcus are
catalase-positive.

Coagulase test

Coagulase test is used to differentiate S. aurens
(positive) from Coagulase Negative Staphylococcus
(CNS). Coagulase is an enzyme produced by S. awreus
that converts fibrinogen in plasma to fibrin. S. aurens
produces two forms of coagulase, bound and free.
Slide coagulase test is done to detect bound coagulase
or clumping factor while tube coagulase test is done
to detect free coagulase. In this study, slide coagulase
test is initially adopted to screen bound coagulase of
S. aureus as well as the tube coagulase test was used
for further confirmation of free coagulase (Quinn et
al. 1999). During the slide test, the sample on the test
was added to a rabbit plasma and kept constant at
37°C for quite a while. In the occurrence of a positive
outcome, clot formation occurs within 4 hours. A
virulent strain indicates an adverse effect. In the
current study, the slides were separated into units
using a grease pencil. One was labeled as ‘test' while
the other as ‘control’ Each of the samples was
placed a small drop of condensed water on each area.

The two colonies of Staphylococcus were emulsified on
the blood agar plate on each drop as a way of making
a smooth suspension (Schukken et al. 2014). The ‘test’
suspension was treated with a drop of citrated plasma
after which it was mixed with a needle. It is advisable
to keep the other drop as it is since it is a control
experiment. The control suspension was the one used
to rule out false positivity as a result of
autoagglutination.  There was clumping of cocci
within the first 5-10 seconds which indicated a
positive remark.

Gram properties

A study was done as a way of evaluating the VITEK
2 Gram staining Gram (-) and Gram (+) with an
identification card of VITEK 2 automated
identification system (Kaur et al. 2016). This card
was crucial in the identification of fermenting and
non-fermenting agent organisms such as Burkbolderia
psendomallei and Burkholderia cepacia .

Recovery of Isolates

The initial steps included bacterial recovery on a
tryptic soy agar plates which were then incubated at a
37°C for a whole day. Colonies were then transferred
into Mueller-Hinton Broth medium which contained
a 5% bovine serum added for Steprococcus spp. The
mix was shaken at a constant temperature for 12
hours. A turbidimeter for bacteria was utilized in
adjusting the suspension to a 0.5 McFarland standard
density.

Antibiogram tests

Phenotypic assessment of antimicrobial susceptibility
was achieved via the use of microdilution method
used in line with the Clinical Laboratory and
Standards Institute (CLSI) guidelines. Antimicrobials
which were evaluated for Gram (+) bacteria included
the following: Penicillin/Novobiocin (Bioanalyse
0.01/0.03 mg/ml), Oxytetracycline (Bioanalyse 0.03
mg/ml), Danofloxacin (Bioanalyse 5 pg/ml),
Ceftiofur (Oxoid 0.03 mg/ml),
Lincomycin/Spectinomycin  (Oxoid 0.109 mg/ml),
Gentamicin (Bioanalyse 0.01 mg/ml),
Oxytetracycline (Bioanalyse 0.03 mg/ml),
Erythromycin ~ (Bioanalyse  0.015 mg/ml) and
Amoxicillin/Clavulanic  Acid (Bioanalyse 0.02/0.01
mg/ml). The test was made according to CLSI (2016)
using Mueller Hinton Agar (CM 0337 Oxoid)
medium to test bacterial susceptibility against to
different concentration of antibiotics emdedded in

discs.
RESULT

The microorganisms identified in this study and
antibiyogram test results are shown in Table 1a,b. In
the test out of 61 samples, 11 characterized as Gram
(+) organisms. In addition, 50 isolates of Gram (-
fermenting and non-fermenting Burkholderia and B.
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psendomallei were screened by Gram stain. Out of the
61 samples were investigated, S. aureus, S.
haemolyticus E. coli, and S. epidermis were the most
emerging cattle mastitis. The current study shows
that E. coli and Klebsiella spp. seem to be resistant to
Amoxycillin-Clavulanic Acid (76% and 34%) which is
slightly high than reports done before. The
prevalence of Escherichia coli was also lower.

The identified microorganisms include Staphylococcus
anrens (0=4), Staphylococcus haemolyticus (0n=5), Candida
kefyr  (n=1), Lactococcus  garvieae (0n=1), Globicatella
sulfidifaciens (0=1), Aerococcus viridans (01=2), Brevibacillus

choshinensis ~— (n=2),  Bacillus  licheniformis  (n=1),
Pseudomonas aernginosa (n=1), Aerococcus viridans (n=2),
Streptococcus uberis (n=1), Leuconostoc mesenteroides (n=1),
Micrococens  lutens (n=1), Burkbolderia cepacia (n=1),
Escherichia — coli  (13),  Pastenrella  multocida  (n=1),
Sphingomonas pancimobilis (n=3), Kocuria rosea (n=1),
Kocuria rhizophila (n=3), Kocuria kristinae (n=1), Kocuria
(m=1),  Staphylococcus  chromogenes  (n=1),
Staphylococens simulans (0=2), Staphylococcus saprophyticus
(n=3) and Staphylococcus epidermidis (n=8). Thus, 25
different bacteria were identified in mastitic milk
samples of cattle and this is the first in Turkey.

varians

Table 1a. Microorganisms isolated in the present study and antibiogram test results of isolates

Year Antibiotics

o 4 f5 o £ & £z
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e £ g5 2% & ¢ & °E

"o < 95 5 & g 8>3

= 3~ % = 2>
Staphylococcus anrens 1 1 1 3 3 2 3 1
Staphylococcus haemolyticus 0 0 0 0 1 0 3 0
2014 Staphylococcus haemolyticus 0 0 0 0 1 0 2 0
Staphylococcus haemolyticus 0 0 0 0 1 0 2 2
Staphylococcus haemolyticus 1 2 1 0 2 1 3 2
Staphylococcus epidermidis 1 3 2 2 3 1 3 2
Staphylococcus anrens 3 1 3 3 2 1 3 1
Staphylococcus simulans 3 1 2 3 0 2 3 2
2015 Staphylococens simulans 0 0 0 1 0 2 2 3
Staphylococcus saprophyticus 2 0 0 1 0 1 3 1
Staphylococcus saprophyticus 2 1 0 1 0 1 2 1
Staphylococcus saprophyticus 0 0 0 0 0 2 0 2
Kocuria rosea 3 3 3 3 3 3 3 3
Pasteurella multocida 3 2 3 3 2 3 2 3
Lenconostoc mesenteroides 3 2 3 0 0 2 0 3
Staphylococcus anrens 3 3 3 3 3 3 3 3
Streptococeus uberis 2 1 3 1 2 0 0 3
Aerococcus viridans 3 3 3 3 3 3 3 3
Pseudomonas aeruginosa 3 3 0 3 3 2 2 0
Bacillus licheniformis 0 0 0 2 0 0 0 1
Staphylococcus anrens 3 3 3 3 3 3 3 3
Escherichia coli 3 0 2 1 3 3 0 1
Escherichia coli 3 3 0 1 2 2 0 3
Escherichia coli 3 3 0 1 2 2 2 2
2016  Escherichia coli 3 3 0 1 3 0 2 2
Escherichia coli 3 3 3 2 3 3 3 3
Escherichia coli 3 1 2 3 2 3 2 3
Escherichia coli 2 1 2 2 2 1 0 2
Escherichia coli 3 3 0 1 1 3 2 2
Escherichia coli 3 3 3 2 2 2 2 2
Escherichia coli 3 3 0 1 3 0 0 0
Brevibacillus choshinensis 2 3 2 3 2 3 3 3
Brevibacillus choshinensis 2 3 2 2 2 3 3 1
Kocuria varians 3 3 3 1 0 0 0 3
Aerococcus viridans 3 2 3 2 2 2 2 3
Globicatella sulfidifaciens 3 3 3 2 2 0 0 3
Staphylococcus chromogenes 1 3 3 2 3 2 0 3

Note: The numbers in the table indicate AMR.

0= Resistant, 1= Insensitive, 2= Moderate sensitive, 3= Susceptibility
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Table 1b. Microorganisms isolated in the present study and antibiogram test results of isolates

Year

Antibiotics

Bacteria
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Kocuria rhizophila
Sphingomonas pancimobilis
Sphingomonas pancimobilis
Staphylococcus epidermidis
Staphylococcus epidermidis
Staphylococeus epidermidis
Staphylococcus epidermidis
Staphylococcus epidermidis
Staphylococeus epidermidis
Staphylococcus epidermidis
Staphylococcus haemolyticus
Kocuria varians
Lactococcus garvieae
Kocuria kristinae

2017

Escherichia coli
Escherichia coli
Escherichia coli

Kocuria varians

Kocuria varians

Kocuria rhizophila
Kocuria rhizophila
Micrococcus lutens
Burkholderia cepacia
Sphingomonas pancimobilis

2018
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Note: The numbers in the table indicate AMR.

0= Resistant, 1= Insensitive, 2= Moderate sensitive, 3= Susceptibility

DISCUSSION

In the current research, 25 different microorganisms
were isolated from cattle mastitis upon the approval
of Afyon Kocatepe University Faculty of Veterinary
Medicine  diagnostic and  analysis laboratory.
According to Stevens (2018), since bacterial
contaminations are the principal cause of cattle
mastitis, antimicrobial treatment was identified as the
appropriate control and prevention method for this
disorder. Prompt therapy with efficient antimicrobials
was identified as a crucial approach to minimize the
threat of fatal effect, particularly for Gram (+)
bacterial impurities. Nevertheless, regardless of the
most effective antimicrobial therapies, failures of
bacterial treatment are usual. According to WHO
(2015), the adoption of antimicrobial agents is related
to the threat of prompting the opposition to
antimicrobial causes amongst bacteria. There was a
substantial proportion of bacteriologically negative
results which was in line with other reviewed studies
(Seyedmousavi et al. 2018). The probable
explanations for bacteriologically negative results in

the milk trials could be the occurtence of antibacterial
constituents in the milk which led to a reduction in
the bacterial viability in the culture or inefficiency in
conventional culture as likened to the recognition of
bacterial by use of real-time polymerase sequence
response (Seyedmousavi et al. 2018). There was a
strong correlation between the isolated mastitis agents
of cattle and big farm size. Rapid variations in
administration approaches that is from tie-stalls to
free-stalls have been manifested from 2014 to 2018
thus explaining the cohabitation of environmental
agents (Alvarez-Uria et al. 2018). Even though teat
decontamination as well as dry treatment is a usual
method in Turkish farms, appropriate eradication
techniques for the emerging cattle mastitis were not
suitably implemented. A increasing proportion of
findings shows that the new emerging mastitis agents
was associated with farms with less than 30 cattle
(Gopal et 2015). Catalase test, coagulase
assessment, Gram staining as well as recovery of
isolates approaches for antimicrobial susceptibility
examination were adopted in this research. These
techniques are broadly implemented for recognition
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of the susceptibility of animal pathogens, particularly
in clinical studies when it is important to decide the
most appropriate therapy (Cavassin et al. 2015).
However, the outcomes were reported on a
qualitative basis and subtle variations in susceptibility
were not obvious. As a result, over-dependence on
the implementation of antimicrobial to decrease the
impact of mastitis in cattle was not maintainable. The
AMR was determined in 25 cattle mastitis isolates.
Vancomycin and daptomycin antibiotics which are
significant for use by a human were examined for
Gram (+) cocci. On the other hand, polymyxin B and
imipenem antibiotics were assessed for Gram (-)
bacteria. The grain straining approach depicted that
Streptococcus  wberis had  the highest AMR  while
Globicatella sulfidifaciens had the least AMR. The current
study emphasized the worrying trend of AMR rates
increases in dairy cattle in Turkey.

There are inadequate techniques in handling mastitis
which needs to be enhanced due to the culture which
is quite tiresome. In addition, to recognize the
pathogens, responses such as PCR are to be done
independently for different pathogens. The case of
mastitis has seen many countries become economic
dwarf each year (Erbas et al. 2017). Loses due to
mastitis are not only on the reduction of milk but also
lead to further expenditures which include treatments
of the disease and quarantine of animals deemed to
be diseased. Bovine mastitis is common in Turkey
among other nations affecting dairy cattle worldwide
with most countries relying on antimicrobial therapy
tool for mastitis. It is, however, worthy to note that
change of farm culture in firms as mastitis is not only
a dairy issue. Researchers from the Penn state have
given a recommendation on the infusion of
cephapirin benzathine, which should be administered
during the stage of winning in the way of limiting
mastitis during the preceding lactation (Pohlmann et
al. 2018). However, this can work in reducing existing
infections other than new ones. Another study done
in Oklahoma suggested an intra-muscular injection of
antibiotics (oxy-tetracycline) during the winning stage
as a way of mitigating mastitis (Dhikusooka et al.
2016). However, the drug did not work as expected
as almost 54% of cows were infected at winning while
the remaining percentage was infected at their calving
stage.

The outcome of the present research identified the
necessity for advancements in  antimicrobial
management as well as infection regulation plans in
dairy farms to decrease the development of AMR. In
conclusion; the current study recommends critical
control points to include the following; enough
nutrition which is balanced so as to stabilize
immunity, firms should observe hygiene quality in
their facilities and pastures as a way of limiting
opportunistic diseases for udder as well as reducing
fly breeding sites. The study depicts that the number

of emerging cattle mastitis is directly proportional to
the size of the herd. The emerging new dairy cattle
mastitis in Turkey is an associate of the general
hygiene guidelines not being pursued.
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