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Abstract. Staphylococcus aureus is an important causative agent of subclinical bovine mastitis worldwide. The
aim of this research was to study the ability of S. aureus to form biofilms. Additionally, we examined the genes
involved in cell resistance and sensitivity to antibiotics. Samples were collected from December 2020 to May
2021 from Simmental and black-and-white cows. The study was carried out on a total number of 643 cows, of
which 278 (23 %) were in the subclinical mastitis stage. Finally, 64 S. aureus isolates were isolated and identified.
The highest level of phenotypic resistance was observed to antibiotics of the tetracycline (tetracycline – 48.4 %,
doxycycline – 32.8 %) and β-lactam (ampicillin – 45.3 %, penicillin – 45.3 %) groups. The genes encoding
antibiotic resistance were characterized with the polymerase chain reaction method: blaZ in 30 isolates, mecA in
1 isolate, ermC in 15 isolates, aph (3) in 2 isolates, tetK in 19 isolates, tetM in 9 isolates. The tested S. aureus
isolates had the ability to form biofilms in 76.6 % (49/64) of cases. Of these, 69.4 % were resistant to at least
one antibiotic. The obtained results have shown that S. aureus, identified in cows with subclinical mastitis, was
resistant mainly to tetracycline and β-lactam antibiotics. In addition, S. aureus isolates expressed resistance genes
to the above drugs and had the ability to form biofilm. This study will help to identify the extent of antibiotic
resistance and monitor S. aureus contamination of raw milk.

1 Introduction

Mastitis is one of the global problems of the dairy indus-
try. The problem with treating mastitis is that there is cur-
rently no clear-cut cause of the disease. Staphylococci, strep-
tococci, and E. coli have been shown to be of particular im-
portance to the etiology of this disease (Shathele, 2009). Ac-
cording to Wang et al. (2018), staphylococcal infection is
one of the main causes of mastitis in dairy cows, with rel-
atively low cure rates. The microorganisms have the ability
to form biofilms and release toxins that cause the formation
of a tissue barrier by the host, as well as the spread of new
strains with antibiotic-resistant properties (Timakov et al.,

2015; Thiran et al., 2018). This is the cause of large financial
and economic losses for cattle breeders (Aslantaş and Demir,
2016). Staphylococcus aureus ranks third among the most
common foodborne pathogens in the world (Hennekinne et
al., 2012). It has been shown that milk and dairy products are
the main potential sources of S. aureus infections in humans
(Ali Gharieb et al., 2020).

It is well known that levels of antimicrobial resistance vary
significantly, not only between countries but also between
regions and farms. For example, estimates of the prevalence
of penicillin resistance in S. aureus isolated from cattle in
the United States range from 30 % to 70 % (Barkema et al.,
2006).
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The aim of the research was to determine the proportion
of subclinical cases in which S. aureus develops the ability
to create biofilms and to examine genes responsible for the
level of resistance and sensitivity to antibiotics.

2 Materials and methods

Between December 2020 and May 2021, all milk samples
were taken from cows of black-and-white Holsteinized (n=
515) and Simmental (n= 128) breeds aged from 2 to 9 years.
The cattle used in the experiment were bred in a free-standing
manner and milked with the use of a milking machine. A
total number of 643 cow’s milk samples were collected, of
which 278 were at the stage of subclinical mastitis. Sam-
ples were taken from cows of dairy farms located in the
northern Kostanay region (Kazakhstan). Out of 16 districts
of the Kostanay region, samples were taken from 8 districts
(Kostanay District, Fyodorovsky District, Sarykolsky Dis-
trict, Karasu District, B. Mailinsky District, Denisovsky Dis-
trict, Mendykarinsky District, Altynsarinsky District), in the
territory of which the largest dairy farms of the region op-
erate. The sampling season was winter (December, January,
February) and spring (March, April, May).

2.1 Sample collection

The stage of subclinical mastitis (subclinical mastitis – clin-
ical signs of mastitis are absent or mild) was determined by
measuring the electrical resistance of milk with a Dramin-
ski 4×4 Q Mast apparatus (Poland). The absence of obvious
clinical signs and a difference of more than 40–50 units be-
tween the maximum and minimum results for quarters in the
examined cows indicated the beginning of subclinical mas-
titis. The first portions of milk were collected under asep-
tic conditions according to Oliver et al. (2004). The samples
were transported to the laboratory immediately after collec-
tion.

2.2 Staphylococcal isolation

Isolation and identification of S. aureus were carried out ac-
cording to State Standard (2016) with minor modifications.
Briefly, at the first stage, a sample of milk was inoculated
into salt broth in a ratio of 1 : 10, followed by incubation
at 37± 1 ◦C for 18–24 h. After incubation, inoculation was
made on mannitol saline agar (HiMedia Laboratories, In-
dia) and incubated for 24 h at 37± 1 ◦C. Typical colonies,
flat or convex discs of yellow, lemon colour with smooth
edges, were seeded onto the surface of meat-peptone agar
(BIOKOMPAS-S, Russia). Haemolytic properties were de-
termined by blood agar (HiMedia Laboratories, India). To
confirm whether the isolates belonged to coagulase-positive
staphylococci, Gram staining, tests for catalase (hydrogen
peroxide, Kazakhstan) and coagulase (Microgen, Russia)
were performed. To determine the belonging of the identified

coagulase-positive staphylococci to S. aureus, the ability to
ferment mannitol under anaerobic conditions was tested. The
presence of deoxyribonuclease activity was investigated on a
DNase medium (HiMedia Laboratories, India) with toluidine
blue (HiMedia Laboratories, India).

Bacteria belonging to S. aureus were confirmed using the
STAPHYtest 24 identification system.

2.3 Detection of antibiotic resistance

S. aureus isolates were tested for antibiotic susceptibil-
ity using the disc diffusion method (EUCAST Disk Dif-
fusion Method for Antimicrobial Susceptibility Testing –
Version 9.0 (January 2021)) on a Mueller–Hinton medium
(HiMedia Laboratories, India). The following discs (Pas-
teur Institute of Epidemiology and Microbiology, Rus-
sia) were used for testing: ampicillin (10 µg), amoxicillin
(25 µg), benzylpenicillin (10 U), cefoperazone (75 µg), ce-
foxitin (30 µg), streptomycin (10 µg), kanamycin (30 µg),
neomycin (30 µg), gentamicin (120 µg), tetracycline (30 µg),
doxycycline (30 µg), sulfamethoxazole with trimethoprim
(1.25/23.75), erythromycin (15 µg), tylosin (15 µg). Strain
RCM-0056 was used as a positive control. The data were
interpreted according to the recommendations taking into ac-
count EUCAST 2021 (EUCAST, 2021), CLSI 2019 (CLSI,
2019), and MI 2004 (MI 4.2.1890-04, 2004).

2.4 Biofilm formation

A biofilm formation test was performed on a 96-well
polystyrene plate by crystal violet staining (Okulich, 2017).
First, the studied cultures were incubated at 37± 1 ◦C in
tryptone-soy broth (HiMedia Laboratories, India) for 24 h,
and the suspension concentration was adjusted to 0.5 McFar-
land. A total of 200 µL of the bacterial suspension was added
to the wells of a polystyrene plate and incubated at 37±1 ◦C
for 24 h. Pure broth was used as a negative control. After
incubation, the medium with planktonic cells was removed
and washed four times with distilled water. Then the biofilms
were fixed on the plate by adding 160 µL of 2.5 % glutaralde-
hyde solution and kept for 5 min. Next, it was washed again
with distilled water and stained with 0.25 % crystal violet
(HiMedia Laboratories, India) solution for 5 min. The plate
was washed and dried at 25 ◦C for 10 min. To extract the dye
solution from the cells, 200 µL of 33 % glacial acetic acid so-
lution was added to the wells. The optical density was mea-
sured on a spectrophotometer (Multiskan FC, Thermo Fisher,
USA) at a wavelength of 620 nm (Okulich, 2017). Interpreta-
tion was carried out according to Aslantaş and Demir (2016),
using a three-point scale of optical density: < 0.120 (–),
0.120–0.240 (+), > 0.240 (++).
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2.5 Determination of resistance genes by PCR

To determine genes related to antibacterial drugs, the poly-
merase chain reaction (PCR) method was used with the fol-
lowing primers: a group of β-lactams (blaZ, mecA, msrA),
macrolides (ermC), aminoglycosides (aac(6)-aph2, aph(3)),
tetracyclines (tetK, tetM), and sulfonamides (dfrG; Syntol,
Russia; Table 1).

Bacterial DNA was isolated according to Chuzhebaeva et
al. (2020) with the use of a thermal cycler (Applied Biosys-
tems, Thermo Fisher Scientific, USA). The reaction mixture
consisted of DreamTaq Green Master Mix, water, primers
at a concentration of 10 pmol mL−1, and tested DNA. The
PCR conditions were as follows: pre-denaturation at 94 ◦C
for 5 min, next 30 cycles at 94 ◦C for 30 s, annealing at a
temperature according to Table 1 for each primer used for
1 min, and elongation at 72 ◦C for 1 min. In the end, the fi-
nal elongation at 72 ◦C for 10 min was performed. Visualiza-
tion of the PCR product was performed on a 1.5 % agarose
gel (Thermo Fisher Scientific, USA) with a QUANTUM UV
transilluminator (1100SUPER-BRIGHT; Peqlab, Germany).

3 Results

3.1 Detection of subclinical mastitis

To determine the stage of subclinical mastitis directly on the
farm, a mastitis detector (Draminski 4× 4 Q Mast appara-
tus, Poland) was used. Based on the results of measuring the
electrical resistance of milk, it was determined that out of
643 milk samples, 278 samples were at the stage of subclini-
cal mastitis (Table 2). The percentage of cases of subclinical
mastitis was 23 %.

Based on the data in Table 2, we can conclude that the pre-
dominant number of samples positive for subclinical mastitis
was detected in the winter period (51.1 %). As a result, S. au-
reus isolates were more often detected in winter, so 60.9 %
of isolates were detected in winter, while 39.1 % of isolates
were detected in spring.

3.2 Isolation of S. aureus strains

The isolated bacteria from bovine mastitis were identified
by conventional methods. According to our results, 64 iso-
lates of S. aureus were identified in tests for catalase, plasma
coagulase, and deoxyribonuclease (DNase) and also had
haemolytic activity (Fig. 1). All of the 64 isolates of S. aureus
were found to be gram-positive cocci.

All 64 S. aureus isolates were positive in the biochemi-
cal identification test (STAPHYtest 24). Among 64 S. aureus
strains, 16 were isolated from Simmental cows and 48 from
black-and-white cows.

3.3 Antimicrobial susceptibility testing

According to the results of antibiotic susceptibility testing,
the greatest resistance was observed to tetracycline (48.4 %),
ampicillin (45.3 %), penicillin (45.3 %), and doxycycline
(32.8 %) (Table 3).

Among the studied microorganisms, cases of multidrug
resistance (Magiorakos et al., 2012) were registered: three
strains of microorganisms were resistant to three groups of
antimicrobial drugs and two strains to four groups. All stud-
ied strains were susceptible to cefoperazone, streptomycin,
neomycin, gentamicin, ciprofloxacin, and norfloxacin.

3.4 Testing the ability to form biofilms

Among studied S. aureus isolates, 76.6 % (49/64) had the
ability to form biofilms (Table 4).

Among biofilm-forming strains, 69.4 % (34/49) were re-
sistant to at least one antimicrobial agent. We observed
that 26 of 49 biofilm-forming strains were resistant to
tetracycline, ampicillin (22/49), penicillin (22/49), and
doxycycline (21/49).

In addition, 43.75 % of the studied samples were si-
multaneously resistant to one or more antibiotics, had the
ability to form a biofilm, and were a carrier of the resis-
tance gene. In contrast, 12.5 % of isolates were resistant
and formed biofilms, 4.7 % carried the resistance gene and
formed biofilms, and 10.9 % did not form biofilms but were
resistant and carried antibiotic resistance genes.

3.5 Detection of resistance genes

The genes for resistance to β-lactams (blaZ, mecA, msrA),
macrolides (ermC), aminoglycosides (aph (3)), and tetracy-
clines (tetK, tetM) were detected by PCR (Table 5).

The results have shown that 46.9 % (30/64) of S. aureus
isolates expressed the blaZ gene, of which 83.3 % (25/30)
were resistant to penicillin, and 16.7 % (5/30) were suscep-
tible. The presence of the mecA gene was found in one DNA
isolate resistant to β-lactams (ampicillin). The ermC gene
encoding resistance to macrolides was expressed in 23.4 %
isolates (15/64). It should be noted that only two DNA sam-
ples (2/15) had phenotypic resistance to the tested antibiotics
of the macrolide group (erythromycin, tylosin). Both DNA
isolates carrying genes for resistance to aminoglycosides –
aph (3) – were sensitive to antibiotics of this group. Among
the tested DNA isolates of S. aureus, 19 expressed the tetK
gene, 9 expressed the tetM gene, and all were phenotypically
resistant to drugs of the tetracycline group.

4 Discussion

S. aureus is an important etiological factor in the develop-
ment and spread of subclinical mastitis. Subclinical masti-
tis causes serious economic losses associated with reduced
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Table 1. Primers and temperatures used in the determination of resistance genes.

Gene Resistance Sequence 5′–3′ Product Annealing Reference
mechanism size temperature

(bp) (◦C)

blaZ
Class A β-lactamase F: 5′-CAGTTCACATGCCAAAGAG-3′ 772 50 Klimiene et al. (2016)
(penicillinase) R: 5′-TACACTCTTGGCGGTTTC-3′

mecA
β-Lactum binding F: 5′-GGGATCATAGCGTCATTATTC-3′ 527 61 Klimiene et al. (2016)
protein R: 5′-AACGATTGTGACACGATAGCC-3′

ermC
Macrolide F: 5′-ATCTTTGAAATCGGCTCAGG-3′ 295 48 Jensen et al., (2002)
methyltransferases R: 5′-CAAACCCGTATTCCACGATT-3′

msrA
F: 5′-GCTTAACATGGATGTGG-3′ 1230 55 Gaglio et al. (2016)
R: 5′-GATTGTCCTGTTAATTCCC-3′

aac(6)-aph2
Phosphotransferase F: 5′-CAGAGCCTTGGGAAGATGAAG-3′ 348 61 Ruzauskas et al. (2014)
aminoglycosides R: 5′-CCTCGTGTAATTCATGTTCTGGC-3′

aph(3)
F: 5′-CCGCTGCGTAAAAGATAC-3′ 609 57 Ruzauskas et al. (2016)
R: 5′-GTCATACCACTTGTCCGC-3′

tetK Efflux pump
F: 5′-TTAGGTGAAGGGTTAGGTCC-3′ 718 55 Klimiene et al. (2016)
R: 5′-GCAAACTCATTCCAGAAGCA-3′

tetM
Ribosome protection F: 5′-GTTAAATAGTGTTCTTGGAG-3′ 656 45 Klimiene et al. (2016)
proteins R: 5′-CTAAGATATGGCTCTAACAA-3′

dfrG
Dihydrofolate reductase F: 5′-TTTCTTTGATTGCTGCGATG-3′ 501 51 Klimiene et al. (2016)
resistant allelic variants R: 5′-AACGCACCCGTTAACTCAAT-3′

Table 2. The prevalence of subclinical mastitis in milk samples on farms in the Kostanay region.

District Number of samples Sampling period, Number of
positive for subclinical winter/spring S. aureus isolates

mastitis isolated

Kostanay District
33 Winter 15
29 Spring 10

Fyodorovsky District
15 Winter 0
17 Spring 0

Sarykolsky District
11 Winter 3

4 Spring 0

Karasu District
11 Winter 2

6 Spring 0

B. Mailinsky District
35 Winter 18
26 Spring 1

Denisovsky District
13 Winter 0
26 Spring 10

Mendykarinsky District
15 Winter 1
16 Spring 2

Altynsarinsky District
9 Winter 0

12 Spring 2

Total 278 64
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Figure 1. Tests for identification of S. aureus from subclinical bovine mastitis milk sample. (a) Tube coagulase test, (b) deoxyribonuclease
test, and (c) haemolytic activity.

Table 3. Results of testing antibiotic resistance of S. aureus strains.

Groups of antibacterial Antibacterial Interpretation criteria, number

drugs drug Resistant Intermediate Sensitive

Ampicillin 29 0 35
Amoxicillin 1 1 62

β-lactams Penicillin 29 0 35
Cefoperazone 0 2 35
Cefoxitin 3 0 61

Streptomycin 0 0 64
Aminoglycosides Kanamycin 1 1 62

Neomycin 0 0 64
Gentamicin 0 0 64

Tetracyclines
Tetracycline 31 0 33
Doxycycline 21 6 37

Macrolides
Erythromycin 8 1 55
Tylosin 4 7 53

Sulfonamides
Trimethoprim/

1 0 63
sulfamethoxazole

Fluoroquinolones
Ciprofloxacin 0 2 62
Norfloxacin 0 0 64

Table 4. Formation of biofilms by S. aureus isolates.

Ability to form Number of biofilm-forming isolates

biofilms Number Percent

Absent 15 23.44 %
Low 18 28.12 %
Moderate 31 48.44 %
High 0 0 %
Total 64 100 %

milk production and poor animal health (Patel et al., 2021).
The high prevalence of a specific pathogen jeopardizes ef-
forts to contain the spread of mastitis in dairy cattle (Cheng
et al., 2019). In the present study, S. aureus was isolated
from 23.02 % (64/278) of raw milk samples taken from dairy
cows at the stage of subclinical mastitis. The above results
are 2.8 % lower than the reported prevalence in China (Liu

Table 5. Genes for antibiotic resistance.

Groups of antibacterial Antibiotic resistance genes,
drugs number

β-lactams blaZ 30 mecA 1
Macrolides ermC 15 msrA 0
Aminoglycosides aac(6)-aph2 0 aph(3) 2
Tetracyclines tetK 19 tetM 9
Sulfonamides dfrG 0

et al., 2017) and 10.6 % higher than similar studies in Iran
(Jamali et al., 2015). However, the real result was lower than
that obtained in some countries such as China (32 %; Liu et
al., 2017) and Brazil (27.4 %; Rall et al., 2014). It should also
be noted that the detection rate of S. aureus in a milk sam-
ple at the stage of subclinical mastitis was higher in similar
studies in some countries such as Italy (9.1 %; Riva et al.,

https://doi.org/10.5194/aab-65-439-2022 Arch. Anim. Breed., 65, 439–448, 2022
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2015) and USA (2.9 %; Pol et al., 2007). In general, in recent
years, the percentage of S. aureus isolated from dairy cows’
milk samples at the stage of subclinical mastitis varied from
12 to 46 % (Jamali et al., 2015; Wang et al., 2018).

According to our research, it was found that S. aureus iso-
lates were most often isolated in the winter months (60.9 %).
This may be due to seasonal differences, as according to
Koivula (2007) contagious mastitis pathogens such as S. au-
reus are more common in cow barns. The study of the sea-
sonal prevalence of mastitis pathogens was not our main
goal, but many researchers have studied this problem. Karzis
et al. (2019) noted that in the warm months the number of
cows with mastitis increases, which is caused by high hu-
midity and poor hygiene of pens and bedding. However, it
has also been reported (Matallah et al., 2019) that crowded
indoor conditions during winter also affect the occurrence of
the mastitis pathogen. In the present study, most of the resis-
tant strains were isolated during the winter months as 76.9 %
of winter isolates were resistant to one or more classes of
antibacterial agents. A high level of resistance in the win-
ter months was reported for β-lactam drugs; in particular,
73 % of resistant strains were resistant to ampicillin, and
76 % were resistant to penicillin. In the spring months, the
number of resistant strains was 52 %. The majority of them
were tetracycline-resistant (tetracycline 92 %, doxycycline
76.9 %). Our results are consistent with data obtained by
other researchers from the USA and Norway (Makovec et al.,
2003; Belmamoun et al., 2016; Karzis et al., 2019; Matallah
et al., 2019; Saeed et al., 2022).

In our study, 48.4 % of the strains showed resistance to
tetracycline, 45.3 % to ampicillin and penicillin, and 32.8 %
to doxycycline. S. aureus is most commonly resistant to
ampicillin and penicillin, which is consistent with previous
studies in Malaysian states (Saeed et al., 2022). S. aureus
bacteria were also isolated at 37 ◦C in the article by Saeed et
al. (2022). The predominant number of tetracycline-resistant
strains may be associated with the widespread use of this an-
tibiotic for the treatment and prevention of many infections
(Jamali et al., 2015).

The high level of resistance to ampicillin and penicillin
among S. aureus isolates in most cases is associated with the
use of these drugs for the prevention and treatment of masti-
tis (Saini et al., 2012; Rabello et al., 2005). According to the
register of veterinary drugs of the Republic of Kazakhstan,
β-lactam drugs are most often used to treat animals (State
Register of Veterinary Drugs, 2021). The staphylococcal iso-
lates studied in this work had phenotypic resistance to the
tested antibacterial drugs used for a certain period of time.
Phenotypic resistance data were confirmed by molecular ge-
netic methods of research. Thus, the BlaZ gene encoding the
enzyme β-lactamase was found in 46.9 % of resistant iso-
lates. The BlaZ gene is widely distributed among S. aureus
isolates isolated from milk at the stage of subclinical mastitis
(Haveri et al., 2008; Souza et al., 2019).

Multiple-drug resistance manifested itself in resistance to
two, three, and four groups of antibacterial drugs at once. We
observed that all studied strains were susceptible to cefop-
erazone, streptomycin, neomycin, gentamicin, ciprofloxacin,
and norfloxacin.

Determination of biofilm formation by staining on mi-
crotiter plates is the gold standard for phenotypic biofilm
analysis. Among the known methods for determining the
biofilm-forming capacity of S. aureus, researchers reported
the possibility of obtaining a higher level of positive results
using Congo red agar plates (Dhanawade et al., 2010; Aslan-
taş and Demir, 2016). However, many researchers also do
not recommend this method for the detection of biofilms
due to the strong dependence between growth conditions and
biofilm formation (Mathur et al., 2006). Today, the method
of genotypic identification of genes (icaA, icaD, fnbB, bap,
etc.) responsible for the synthesis of biofilms is considered
promising (Aslantaş and Demir, 2016). In our study, 76.6 %
of S. aureus isolates had the ability to form biofilms. Our re-
sults were consistent with a number of studies conducted in
Iran (Khoramian et al., 2015), Poland (Szweda et al., 2012),
and the USA (Fox et al., 2005). Most of the isolates (48.4 %)
were classified as “moderate producers”. Although none of
the studied isolates were classified as “strong producers”, a
potential risk to public health should be noted. In addition,
according to Wang et al. (2018), biofilms increase the oppor-
tunity for the transmission of antibiotic resistance genes. In
our study, 43.75 % of the studied samples were resistant to
one or more antibiotics and simultaneously had the ability to
form biofilm and expressed the resistance gene. The above
mechanisms increase the opportunity for the spread of MDR
(multiple-drug resistance) S. aureus.

The present study has been carried out on S. aureus iso-
lated from dairy cows of such breeds as Simmental and
black-and-white. According to the results, 12.5 % (16/128)
were isolated from Simmental cows and 9.3 % (48/515) from
black-and-white cows. Therefore, we did not find significant
differences in susceptibility to S. aureus in the studied breeds
of cows. In the territory of northern Kazakhstan, these breeds
of cows are most often used to obtain milk, as they are capa-
ble of rapid acclimatization without loss of productive qual-
ities. Mastitis, being a production disease, depends on many
factors, such as feeding, housing, immunity of the animal,
endocrine, and metabolic and physiological changes before
and after calving.

Examination of the antimicrobial resistance genes’ expres-
sion has shown that 60.9 % (39/64) of S. aureus isolates car-
ried between one and five resistance genes. Thus, in 46.9 %
of the studied DNA isolates, the blaZ gene was found, which
encodes the β-lactamase enzyme activating the antibiotic
due to the hydrolysis of the peptide bond in the β-lactam
ring (Jensen et al., 2009). However, not all phenotypically
penicillin-resistant isolates expressed the blaZ gene. How-
ever, the above isolates had the ability to form biofilm, so
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it can be assumed that this resistance mechanism worked in
this case.

In the present study, one S. aureus isolate was found car-
rying the mecA gene, which determines methicillin resis-
tance and encodes a low-affinity penicillin-binding protein
(PBP). In our previous studies conducted in 2018–2019, not
a single case of methicillin-resistant staphylococcus aureus
(MRSA) was registered (Chuzhebaeva et al., 2020). How-
ever, researchers from several countries reported varied lev-
els of MRSA ranging from 0.7 % to 90 % (Keyvan et al.,
2020).

Genotypic resistance to macrolides was observed by the
level of ermC gene expression in the investigated isolates
(23.4 %). The data were consistent with the results presented
by Srednik et al. (2018). Since 13 out of 15 samples carrying
the ermC gene were sensitive to drugs of the macrolide group
(erythromycin, tylosin), it can be assumed that the expression
of methylases encoded by the ermC gene was not significant
(Gao et al., 2012). However, other authors reported more fre-
quent resistance encoded by the ermC and msrA genes. Ac-
cording to Argudin et al. (2011), in Poland, the ermA, ermB,
and ermC genes were detected in 70 % of cases (Argudin
et al., 2011). According to Elad et al. (2012), the ermB and
ermC genes were found in 100 % and 84.6 %, respectively.

The aph (3) gene responsible for resistance to aminogly-
cosides due to the release of aminoglycoside phosphotrans-
ferase enzymes was found in two staphylococcal DNA iso-
lates. Also, these isolates were multi-resistant. Except for
the aph (3) gene, one isolate carried genes for resistance
to macrolides (ermC) and β-lactams (blaZ), and the sec-
ond isolate also carried genes for tetracyclines (tetK, tetM;
Omwenga et al., 2020). It can be assumed that resistance
plasmids on which resistance genes are found can carry one
or more additional resistance genes (Wendlandt et al., 2021).

The data obtained from the study of antibiotic resistance
genes of the tetracyclines group coincided with the phe-
notypic studies. The tetK gene was found in 19 isolates,
whereas the tetM gene was expressed in 9 isolates. In the
present study, the tetK gene was found in 29.7 % of the sam-
ples and tetM in 14 %. In contrast, according to Yang et
al. (2016) the percentage of expression for tetK and tetM was
22.73 % and 2.27 %, respectively.

Our earlier studies conducted on 68 isolates confirmed the
presence of tetM and tetK genes in only two and three iso-
lates, respectively (Chuzhebaeva et al., 2020). The results of
the current study have shown that the level of isolation of
resistance genes increased significantly. The relatively high
prevalence of the tetK and tetM genes in the studied staphy-
lococci indicated the presence of the following resistance
mechanisms: tetracycline efflux pump and a ribosomal pro-
tection protein (Rahimi et al., 2015).

The development and implementation of new methods for
the treatment of subclinical mastitis require separate stud-
ies. However, because of the increasing level of antibiotic
resistance, special attention should be paid to the preven-

tion of subclinical mastitis. Particular attention should be
paid to the disinfection of the teats before and after milk-
ing, conditions of the animals, minimization of stress, and
monitoring of the correct operation of the milking machines.
Continuous monitoring of somatic cell levels is also recom-
mended. Antibacterial susceptibility testing is recommended
when an infectious agent is detected. Antimicrobial treat-
ment of mastitis in animals should comply with the OIE
Standards for Responsible and Prudent Use as set out in
chap. 6.9 of the Sanitary Code for Terrestrial Animals. Vet-
erinarians should also responsibly use antimicrobials im-
portant for veterinary medicine, such as third- and fourth-
generation cephalosporins and novobiocin (World Organisa-
tion for Animal Health, 2021).

According to the data obtained, we found the presence of
antimicrobially resistant isolates of S. aureus, which in turn
is of concern since subclinical mastitis not only harms the
animal body but also negatively affects the human body. Fur-
ther detailed studies are needed to determine how dairy cattle
become infected with S. aureus isolates and how the trans-
mission of these bacteria occurs between individuals.

5 Conclusions

Our study provided that S. aureus isolates obtained from
cows’ milk samples at the stage of subclinical mastitis were
resistant to many antibiotics of the tetracyclines and β-lactam
groups which are commonly used to treat mastitis. In addi-
tion, the ability to form biofilms increased the opportunity for
the spread of multidrug-resistant strains. Moreover, we con-
firmed that S. aureus isolates express several resistance genes
which encode resistance to β-lactams and tetracyclines. In
conclusion, S. aureus in raw milk is a risk factor for the de-
velopment of foodborne infections and the spread of antibi-
otic resistance between species.
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