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Antibiotic resistance of bacterial pathogens circulating
on a dairy farm in Sverdlovsk Oblast
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ABSTRACT

Introduction. Currently, there is a need to develop a unified strategy for rational antibiotic therapy, including monitoring the sensitivity of microorganisms, medicinal
product rotation, and the use of alternative treatment methods to reduce the spread of antibiotic-resistant bacterial isolates.

Objective. Identification of bacterial pathogens that cause mastitis in cows, with an assessment of their resistance to antimicrobial medicinal products used
at a livestock farm located in Sverdlovsk Oblast, for subsequent rotation of antimicrobial agents and the development of individual recommendations.

Materials and methods. The research was conducted in 2022-2024 on the basis of an agricultural farm located in Sverdlovsk Oblast. The identification of grown
colonies was performed using MALDI-ToF mass spectrometry, susceptibility to antimicrobials medicinal products was determined by the disk diffusion method,
and antibiotic resistance genes were detected by gPCR.

Results. In 2022, test results showed the presence of Streptococcus spp. (70.6%), Escherichia coli (52.9%), Staphylococcus aureus (35.3%), and Streptococcus agalactiae
(23.5%) in mammary gland secretions. Isolates of Escherichia coli and Staphylococcus aureus were resistant to several groups of antimicrobials: aminoglycosides,
penicillins, tetracyclines and fluoroquinolones (ciprofloxacin), and vancomycin. Resistance genes were identified: blaDHA, blaCTX-M, and blaOXA-10 in Escherichia
coli (5%); ErmB in the group of bacteria Staphylococcus and Streptococcus (4%); MecA in Staphylococcus aureus (isolated cases). Upon repeated testing in 2023, it was
observed that all isolated bacteria (Staphylococcus aureus, Escherichia coli, Enterobacter spp., Streptococcus spp., Enterococcus faecalis/faecium) were sensitive to all
antimicrobials medicinal products. The blaVIM and blaNDM genes were detected in one Pseudomonas aeruginosa isolate. The test results obtained in 2024 showed
the predominance of Escherichia coli and Staphylococcus spp. (100%), Klebsiella pneumonia (30%), Enterobacter spp. (20%), Enterococcus faecalis/faecium (10%)
in mammary gland secretion samples. Eight different antimicrobial resistance genes were identified, along with the detection of carbapenem-resistant bacteria and
vancomycin-resistant Enterococcus spp. (VanB gene). Based on laboratory tests conducted in 2022-2024 at a livestock farm in Sverdlovsk Oblast, measures to control
antimicrobial resistance in bovine mastitis pathogens have been developed and tested.

Conclusion. Replacement of outdated treatment regimens (tetracyclines, aminoglycosides, cephalosporins of the Il generation) with cephalosporins of the I/1lI/IV
generations and fluoroquinolones temporarily reduced resistance. However, returning to the previous protocols in 2024 caused a sharp increase in multidrug resistance.
Therefore, recommendations have been provided. These include continuous monitoring of pathogen resistance, strict adherence to antibiotic rotation schedules,
long-term application of the revised treatment protocols, and the implementation of additional molecular genetic methods to detect bacterial resistance genes. These
measures are aimed at controlling the situation at the livestock farm.
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AHTUONOTUKOPE3NCTEHTHOCTb BaKTEPUANBHDIX
NaToreHoB, LIMPKYNNPYIOLLMX HA MONIOYHOTOBAPHOM
npeanpuaTiAn CBepANOBCKOIi 06MacTu

H. A. be36opopoBa, M. H. UcakoBa, 0. B. CokonoBa, B. [l. 3y6apesa, Y. P. l0cynoBa, A. H. BacunbeBa
OBHY «Ypanbckuit denepanbHblil arpapHblii HayuHO-UCCIe0BATENbCKMIA LieHTP Ypanbckoro oTaeneHna Poccuitckoli akazieMmi Hayk»
(OTBHY YpOAHUL, YpO PAH), yn. benunckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

BBepeHue. B HacToALee BpeMaA BO3HIKIA HE0OX0AMMOCTb pa3paboTku eAnHOI CTpaTeruy paLnoHanbHoi aHTMOMOTMKOTEPaNUK, BKIOYAKLLER MOHUTOPUHT
YyBCTBUTENbHOCTA MUKPOOPraHU3MOB, POTaLIMio MPenapaToB U 1CMoNb30BaHMe anbTepHaTUBHBIX METO0B NeueHKs, M03BONAIOLLMX COKPATUTL PacnpocTpaHeHme
QHTUOMOTUKOPE3UCTEHTHDBIX U30NATOB baKTepuil.

Lienb uccnepgoBanua. Onpesienenve 6akTepuanbHbIX NaToreHoB, BbI3bIBALLMX MACTUT Y KOPOB, C OLIEHKON X YCTOAYMBOCTH K aHTUMUKPOOHBIM NpenapaTtam,
NpUMeHAeMbIM Ha XXMBOTHOBOAYECKOM NpeANpUATIM, PaCNONOXKEeHHOM Ha Tepputopui (BepANOBCKOA 06nacTu, AnA nocnenyiolLeil poTaumu aHTUMUKPOOHBIX
CpecTB W pa3paboTKu MHANBMAYANbHBIX PeKOMEHAALNIA.

Marepuanbi u metogbl. MccnenoBaxna npoeesbl B 2022—2024 rr. Ha 6a3e cenbckoxo3ailcTBeHHoro npeanpuatua (Bepanosckoit obnactu. Maentudukaumio
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BbIPOCLLIX KONOHUIA npou3BoAWAN MeTogom MALDI-ToF macc-cnekTpomeTpum, YyBCTBUTENbHOCT K aHTUMIKPOOHbIM Npenapatam onpeaenany aucko-Anddy3unox-
HbIM METOLOM, reHbl Pe3UCTEHTHOCTY K aHTUOMOTUKaM BbIABNANN C TOMOLLbIO NONMMEPA3HOI LIeNHOIA PeakL B PeXMMe peanbHoro BpeMeHU.
Pe3ynbratbl. B 2022 1. pe3ynbTatbl McCe0BaHMiA NOKa3ann Hannume B cekpeTe MONOYHOI Xene3bl Streptococcus spp. (70,6%), Escherichia coli (52,9%), Staph-
ylococcus aureus (35,3%), Streptococcus agalactiae (23,5%). W3onatol Escherichia coli w Staphylococcus aureus o6napanu pe3ncteHTHOCTbIO K HECKONbKUM Fpynnam
AHTUMUKPOBHBIX NpenapaToB: aMUHOMMKO3MAAM, NEHULMANMHAM, TETPALMKAMHAM U GTOPXMHONOHAM (LUNPOGNOKCALMHY), BAHKOMULIMHY. YCTAHOBUAM reHbl
ycroitumsocT: blaDHA, blaCTX-M n blaOXA-10 —y Escherichia coli (5%); ErmB — y rpynnbl 6akTepuii Streptococcus (4%); MecA — y Staphylococcus aureus (eaHNYHO).
[Tpu noBTOpHOM MccnegoBaHmy B 2023 r. Habnioganu, uTo Bce M30nMpoBaHHble bakTepun (Staphylococcus aureus, Escherichia coli, Enterobacter spp., Streptococcus spp.,
Enterococcus faecalis/faecium) 6binu uyBCTBUTENbHBI KO BCEM aHTUMUKPOGHBIM Npenapatam. Y ofHoro usonata Pseudomonas aeruginosa BbiABNEHbI reHbl
blaVIM, blaNDM. Pe3ynbratsl, nonyyeHHble B 2024 1., nokasanu npeobnaganue B npobax cekpeta MonouHoit xenesbl Escherichia coli v Staphylococcus spp. (100%),
Klebsiella pneumonia (30%), Enterobacter spp. (20%), Enteracoccus faecalis/faecium (10%). bbinu BbiABNEHbI 8 Pa3NNUHbIX reHOB PE3UCTEHTHOCTU K aHTUMUKPO6-
HbIM NpenapaTam, Takxe 06HapyxeHbl kapbaneHem-ycToiiunBble 6akTepun 1 BaHKOMULMH-yCTolunBbIA Enterococcus spp. (ren VanB). Ha ocHoe nabopatopHbix
UCCnenoBaHuii, nposeaeHHbIx B 2022—2024 . Ha X1BOTHOBOAYECKOM NpeanpuaTn (BepAnoBckoi 06macti, pa3paboTaHbl U anpobupoBaHbl Mepbl KOHTPONA
AHTUMUKPOBHOI pe3nCTEHTHOCTY BO30yAUTENeil MacTUTa Y KOPOB.
3aKnioueHne. 3ameHa ycTapeBLLNX CXeM NeyeHus (TETPaLMKINHBI, AMUHOMMKO3MAbI, LedanocnopuHbl Il nokonexua) Ha uedanocnopuksl I/111/1V nokonenuii
11 GTOPXMHONOHBI BPEMEHHO CHI3UNA PE3UCTEHTHOCTb. Bo3BpaT K NpexHum cxemam B 2024 1. BbI3Ban pe3Kuii pocT NONMpe3NCTeHTHOCTI. B ¢BA3M ¢ yem faHbl pe-
KOMEHZLWI, BKNKYaIoLLe HeNpepbIBHbI MOHUTOPUHT Pe3NCTeHTHOCTY Bo36yauTeNell, CTporoe cobtoeHme poTaLyin aHTUOUOTMKOB, ONTOCPOYHOE NPUMEHEHNE
(XeM NieyebHbIX MeponpuATIiA, BHEAPeHMe SONONHUTENbHBIX MONIEKYNAPHO-TEHETYECKX METOZOB ANA AETEKLIMM FeHOB YCTOYMBOCTI 6aKTepHil B LENAX KOHTpONA
CUTYaLN Ha XKUBOTHOBOAYECKOM NPeAnpUATUI.

KnioueBble c0Ba: MOHUTOPUHT, aHTUOUOTUKOPE3UCTEHTHOCTb, aHTUMUKPOBHbIE PENaparl, poTaLd npenapaTo, 1a6opaTopHas AarHocTuKa, KpynHblii porarbiit
CKOT, Ae3uHULMpyHLLMe CPeACTBa

bnaropapHocTi: Pabota BbinonHeHa B pamKax rocyaapcTeHHoro 3anatua Muno6pHayku Poccun no eme N 0532-2021-0004 «Pa3paboTtka meTogonoruyeckux
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INTRODUCTION

The irrational use of antimicrobials in animal
husbandry has led to livestock becoming a reser-
voir of antibiotic-resistant bacteria. Resistant strains
of microorganisms pose a threat not only to animal
health, but also to human health as they can also
enter the human body with products of animal or-
igin (meat, eggs, and dairy products). There is now
a pressing need to develop a unified strategy for
the rational use of antimicrobials, which includes
monitoring of microbial susceptibility, rotation of
veterinary medicinal products and use of alterna-
tive methods that allow reducing their use. Import-
ant measures also include a transition to extensive
farming systems, reducing animal stress, and main-
taining high hygiene standards. Scientists worldwide
emphasize the global nature of the antimicrobial re-
sistance (AMR) problem and the importance of in-
ternational cooperation in solving it [1, 2, 3, 4]. For-
eign authors stress the need for coordinated global,
regional, and national strategies, based on the “One
World, One Health”approach, to reduce the use of an-
timicrobials and find alternatives [5, 6, 7]. The World
Health Organization and the World Organization for
Animal Health have developed lists of critically im-
portant antibiotics for human medicine and veteri-
nary medicine in order to limit their irrational use [3].

Russian scientists have experimentally established
that the repeated use of the same antibiotics in treat-
ment and prevention protocols both in cattle and
in poultry leads to the AMR development in patho-
genic microflora. This reduces efficacy of veterinary
medicinal products, negatively impacts productivity,
and increases risks to animal health [8, 9, 10].

Experience from leading international medi-
cal researchers indicates that the periodic rotation
of antibiotics can help reduce the risk of AMR devel-
opment. Rotation of veterinary medicinal products
can significantly increase the susceptibility of anti-
biotic-resistant bacterial strains. Modified treatment
protocols, routinely applied in practice, can yield
positive results even after several years. The authors
have also conducted multi-center studies to confirm
these findings and to optimize both the frequency
and rotation options of antibiotics [11, 12].

Experts agree that an effective countermeasure
against AMR necessitates an integrated approach,
combining optimized antibiotic therapy, stringent
infection control, innovative methods (such as rap-
id resistance diagnostics), and AMR monitoring
to achieve maximum effect [13, 14].

Modern Russian publications also take into
account the ecological status of the territories
of the Russian Federation when developing measures
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to control AMR. Authors discuss enhanced monitor-
ing of radionuclides and heavy metals in feed, as well
as antibiotic resistance on farms in industrial zones,
alongside the development of adaptive livestock
farming technologies to reduce animal stress in pol-
luted areas [15]. Researchers emphasize the need
for widespread application of alternative methods,
such as vaccination, probiotics, phytobiotics, bacte-
riophages, bacteriocins, rotation of antibiotics, and
controlled application of these alternative methods
in industrial livestock and poultry farming [1, 16, 17].
However, despite promising results from using these
methods, most of them require additional research,
particularly within the context of specific agricultural
farms [17,18, 19, 201.

Research aimed at identifying antibiotic resis-
tance in bacterial pathogens is highly relevant due
to the complex AMR situation in animal husbandry,
which poses a serious threat to both animal and hu-
man health through the food chain. The irrational
use of antimicrobials has led to the emergence and
spread of resistant microbial strains, significantly
reducing treatment efficacy and necessitating new
approaches to managing infectious diseases in live-
stock. In Sverdlovsk Oblast, a region with developed
livestock sectors, the AMR problem is particularly sig-
nificant, underscoring the need for localized mon-
itoring and development of tailored recommenda-
tions for specific farms.

The novelty of this study is twofold. First, it pro-
vides a comprehensive analysis of the dynamics
of the microbial landscape and the resistance pro-
files of mastitis pathogens on the operational farm
in Sverdlovsk Oblast. Second, it develops and vali-
dates a practical algorithm for rotating antimicrobi-
als, based on regular molecular genetic monitoring,
which has proven effective in a commercial herd.

This study aimed to identify the primary bacterial
pathogens responsible for mastitis in cows on the
farm in Sverdlovsk Oblast and assess their resistance
to antimicrobials. The findings provide a basis forim-
plementing an antimicrobial rotation strategy and
delivering tailored farm-specific recommendations.

MATERIALS AND METHODS

This research was conducted as part of the Rus-
sian Ministry of Science and Higher Education’s
state assignment “Development of Methodolog-
ical Approaches for Monitoring, Controlling, and
Containing Antibiotic Resistance of Opportunistic
Microorganisms in Animal Husbandry” (No. 0532-
2021-0004). The work was carried out across sev-
eral departments of the Ural Federal Agrarian Sci-
entific Research Centre, Ural Branch of the Russian
Academy of Sciences: the Department of Genomic
Research and Animal Selection, the Laboratory
of Microbiological and Molecular Genetic Research
Methods, and the Laboratory of Biological Technolo-
gies within the Department of Veterinary Laboratory
Diagnostics and its testing facility.

The study involved monitoring circulation
of pathogenic and opportunistic microorganisms,
determining their susceptibility to standard an-
tibiotics and the antimicrobials/disinfectants in
use, identifying resistance genes, and developing

recommendations for rotating antimicrobials used
in treatment of bovine mastitis. This was imple-
mented and evaluated over a three-year period
(2022, 2023, 2024) on the dairy farm located in
Sverdlovsk Oblast.

Sampling was conducted as follows: in 2022,
10 samples of mammary-gland secretion were
collected from cows with clinical mastitis; in 2023,
3 composite samples were collected from 15 cows
with subclinical mastitis on the same farm; and in
2024, 16 samples were collected.

Microbiological tests were performed in accor-
dance with the “Methodological Guidelines for
the Bacteriological Examination of Milk and Udder
Secretions from Cows” (No. 115-69, approved by the
Main Veterinary Directorate of the USSR Ministry of
Agriculture on December 30, 1983)".

The following nutrient media were used in this
study: “Columbia Blood Agar Base” (Bio-Rad Labora-
tories, Inc., France), defibrinated sheep blood (EKO-
lab, Russia), dry nutrient medium for accumulation
of Salmonella (magnesium medium), bismuth sulfite
agar, Ploskirev’s agar, GRM nutrient agar for micro-
organism cultivation (State Research Center for Applied
Microbiology and Biotechnology, Russia), Sabouraud
Dextrose agar with 2% glucose and chlorampheni-
col, Mueller — Hinton agar (SIFIN diagnostics GmbH,
Germany), and trypticase soy broth with 20% glyce-
rol (Condalab, Spain).

Grown colonies were identified using MALDI-ToF
mass spectrometry (Matrix-Assisted Laser Desorp-
tion/lonization Time-of-Flight) on a Vitek® MS device
(bioMérieux, France). For this purpose, bacterial bio-
mass was applied to atarget slide spot, then covered
by 1 uL of matrix (a-cyano-3-hydroxycinnamic acid),
and air-dried at room temperature, and its ribosom-
al mass spectra were read with a special device and
were compared with ones from the database using
the MYLAZ® software (bioMérieux, France).

Antibiotic susceptibility was determined by
a disk-diffusion test on Mueller — Hinton agar (Bio-
Rad Laboratories, Inc., France) following European
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) standard guidelines and disks impreg-
nated with preparations of a specific concentration
(Bio-Rad Laboratories, Inc., France). Antibiotic sus-
ceptibility patterns were read by an ADAGIO auto-
matic analyzer (Bio-Rad Laboratories, Inc., France).
Interpretation of susceptibility categories was per-
formed following EUCAST criteria: Clinical break-
points-bacteria (v 10.0).

The antibiotic disks used in the study included:
amoxicillin / clavulanic acid, gentamicin, oxytet-
racycline, tigecycline, levofloxacin, norfloxacin,
cefepime, cefixime, cefoperazone, cefotaxime, cef-
podoxime, ceftazidime, ceftriaxone, ciprofloxacin,
and ceftiofur (Bio-Rad Laboratories, Inc., France).
Microbiological tests also included determining sus-
ceptibility to combined antibacterials used on the
farm for treating bovine mastitis (2023-2024), which
contained antibiotics from the following classes:
cephalosporins, aminoglycosides, tetracyclines, and
polypeptide antibiotics.

! https://base.garant.ru/72125912/?ysclid=mguhhtg7xh175440448 (in Russ.)
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Table 1
Antibiotic resistance and the presence of AMR genes in bacterial pathogens isolated from cow mammary gland
secretions, 2022 (n=10)

Bacterium Resistance of the isolated bacteria
; ) A AMR genes

species to the following antimicrobials

. Aminoglycosides, blaDHA, blaCTX-M, bla0XA-10 (in 5% of cases);
E coli e ; . ) -

penicillins, tetracyclines resistance to S-lactams (cephalosporins and protected penicillins)
S. aureus FIuoroqumoanes (aproﬂgxacm), MecA (in a single case); resistance to cephalosporins of the Il generation
vancomycin, tetracyclines

Streptococcus spp. Susceptible to antimicrobials ErmB (in 4% of cases); resistance to macrolides, lincosamides, streptogramines

The isolated microbial cultures were frozen
at —20 °C in tubes containing trypticase soy broth
with 20% glycerol as a cryoprotectant.

Real-time polymerase chain reaction was per-
formed using the Diatom™ DNA Prep 200 kit (Lab-
oratory Isogene, Russia) for DNA extraction from
biological materials and the “COMPLEX RESISTOM
ESKAPE-V"reagent kit (Lytech, Russia) - for detecting
pathogen DNA and antibiotic resistance genes. Am-
plification was performed in real time using a Quant-
Studio 5 system (Thermo Fisher Scientific Inc., USA).

Based on the laboratory findings, tailored rec-
ommendations for antibacterial therapy of bovine
mammary gland diseases were developed. Anti-
biotic selection followed established methodologi-
cal guidelines [21], ensuring a scientifically ground-
ed approach to rotation of antibiotics, and complied
with Order No. 771 of the Ministry of Agriculture of
the Russian Federation (November 18, 2021)? on re-
strictions governing use of antimicrobials in veteri-
nary medicine.

The obtained data were processed using Micro-
soft Excel software (Microsoft Office Pro 19).

RESULTS AND DISCUSSION

In 2022, microbiological tests using MALDI-ToF
mass spectrometry of the collected biological mate-
rials (10 samples of mammary gland secretion from
cows) revealed the following bacterial isolates: Strep-
tococcus spp. (present in 70.6% of samples), Strep-
tococcus agalactiae (23.5%), Staphylococcus aureus
(35.3%), and Escherichia coli (52.9%).

Data on the antibiotic resistance and the presence
of AMR genes in these bacterial pathogens are pre-
sented in Table 1.

When determining antibiotic resistance by a disco
diffusion test, it was found that all identified E. coli
isolates were resistant to several groups of antimi-
crobials (aminoglycosides, penicillins, tetracyclines)
and sensitive to cefoxitin (cephalosporin of the
Il generation), ciprofloxacin (fluoroquinolone of the
Il generation). S. aureus, isolated from all 10 samples,
was resistant to ciprofloxacin (fluoroquinolone of the
Il generation), vancomycin (a glycopeptide antibio-
tic), tetracyclines and was sensitive to chloramphen-
icol, cefoxitin, and in single cases it was sensitive

2 https://fsvps.gov.ru/files/prikaz-minselhoza-rossii-ot-18-nojabrja-2021-
2/?ysclid=mgqesh36jf335708795 (in Russ.)

to tobramycin (aminoglycoside) and linezolid (oxaz-
olidinone). Streptococci isolates were susceptible to
all tested antimicrobials. Notably, isolates of S. aureus
and E. coli also exhibited resistance to chlorhexidine-
and iodine-based disinfectants used for pre- and
post-milking udder hygiene.

Key resistance genes were detected by qPCR:
blaDHA, blaCTX-M, blaOXA-10 genes (conferring re-
sistance to B-lactams - cephalosporins and protec-
ted penicillins) were detected in 5% of E. coliisolate;
ErmB gene (responsible for resistance to macrolides,
lincosamides, and streptogramins) was found in 4%
of Streptococcus spp. isolates; MecA gene (regulating
resistance to cephalosporins of the Il generation) was
identified in one S. aureus isolate.

Based on these findings, the following evi-
dence-based recommendations were developed
to enhance therapeutic efficacy and curb the further
spread of antibiotic resistance. Priority antimicrobials
for mastitis treatment were recommended: cefazolin,
ceftiofur, cefquinome (representing cephalosporins
of the |, lll, and IV generation, respectively), and cip-
rofloxacin (fluoroquinolone of the Il generation). Pre-
viously used multi-component medicinal products
containing tetracyclines, aminoglycosides, macro-
lides, and cephalosporins of the Il generation were
recommended for removal from treatment proto-
cols. It was recommended to use antimicrobials of
penicillin group with caution. With regard to hygiene
and monitoring it was recommended to implement
regular disinfection control of milking equipment
and conduct a semi-annual (every 6 months) AMR
monitoring program of detected pathogens.

In 2023, microbiological tests performed by the
disk diffusion test on 3 pooled samples of mammary
gland secretion obtained from 15 cows with subclin-
ical mastitis revealed that single E. coli and S. aureus
isolated from the biological material by MALDI-ToF
mass spectrometry, possessed resistance to cipro-
floxacin. Other bacterial isolates (S. aureus, Esche-
richia, Enterobacter, Streptococcus spp., Enterococcus
faecalis/faecium) were susceptible to all tested an-
timicrobials. It should be noted that the E. coli and
S. aureus isolates exhibited susceptibility to chlor-
hexidine- and iodine-based agents used for udder
disinfection before and after milking. Using the gPCR
method, the blaVIM and blaNDM genes, responsible
for resistance to carbapenems, were detected in
a single Pseudomonas aeruginosa isolate. The other
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Table 2

Antibiotic resistance and the presence of AMR genes in bacterial pathogens isolated from cow mammary gland

secretions, 2024 (n = 16)

Resistance of the isolated bacteria

BRI TIETEEES to the following antimicrobials

AMR genes

bla0XA-10 (in 30% of cases), blaCTX-M (sporadic);

. ) )
E. coli Cephalosporins, carbapenems (100%) resistance to cephalosporins
S. aureus Cephalosporins, carbapenems (100%) Not detected

o ]
Staphylococcus spp. Cephalosporins, carbapenems (100%) Mech (in 50% of cases);

resistance to f-lactams

K. pneumoniae Susceptible to antimicrobials

blaKPC, blaOXA-48-like (in 50% of cases);
resistance to carbapenems

Enterobacter spp. Susceptible to antimicrobials

blaGes, blaDHA (in 30% of cases);
resistance to carbapenems, protected penicillins and cephalosporins

E. faecalis/faecium Susceptible to antimicrobials

VanB (in a single case);
resistance to glycopeptides (vancomycin)

bacterial isolates exhibited no genetic mutations,
indicating rational use of antibacterials on the farm
during the study period and the future possibility
of using a broader spectrum of antimicrobials in
the treatment of inflammatory diseases of the mam-
mary gland in cows, taking into account their iden-
tification of the phenotypic antibiotic susceptibility.

Throughout 2022-2023, it was established that
the detected isolates were resistant to the agents
used for treatment after milking. So, the use of com-
binations of disinfectants with different mechanisms
of action was recommended to optimize hygien-
ic measures during milking. A product based on
a polyvinylpyrrolidone-iodine complex was pro-
posed as the disinfectant of choice for post-milking
teat treatment.

Microbiological tests conducted on the same
farmin 2024 showed the predominance of E. coliand
Staphylococcus spp. (100% of samples) in 16 samples
of mammary gland secretions collected from cows
with mastitis; in contrast, K. pneumoniae (30%), En-
terobacter spp. (20%) and E. faecalis/faecium (10%)
were less frequently detected.

Data on antibiotic resistance and the presence of
AMR genes in bacterial pathogens isolated from cow
mammary gland secretions in 2024 are presented
in Table 2.

The disk diffusion test revealed that all E. coli,
S. aureus, and Staphylococcus spp. isolates exhibited
resistance to cephalosporins and carbapenems. The
blaOXA-10 genes, conferring resistance to cephalo-
sporins, were detected in 30% of E. coli isolates by
gPCR, and in single cases the blaCTX-M genes were
detected. The blaKPC and blaOXA-48-like genes re-
sponsible for carbapenem resistance were identified
in 50% of K. pneumoniae isolates. The MecA gene,
conferring B-lactam resistance, was confirmed in
50% of Staphylococcus spp. isolates. 30% of the En-
terobacter spp. isolates harbored resistance genes
(blaGes, blaDHA) that confer resistance to carbap-
enems protected by penicillins and cephalosporins.
E. faecalis/faecium carrying the VanB gene, associa-
ted with glycopeptide (vancomycin) resistance, were
detected in single cases. Thus, microbial cultures

isolated in 2024 from bovine mammary gland secre-
tions exhibited 8 distinct AMR genes. The findings
demonstrate a high prevalence of multi-drug resis-
tance in the bacterial flora of mammary secretions,
including resistance to reserve antibiotics.

All isolates detected in 2024 demonstrated sus-
ceptibility to the post-milking teat disinfectant con-
taining polyvinylpyrrolidone-iodine complex that
was recommended in 2023.

Based on the research findings, the following
recommendations were provided to the farm: re-
vision of mastitis treatment protocols with manda-
tory susceptibility testing of identified pathogens,
enhanced biosafety measures (equipment disinfec-
tion, animal quarantine), implementation of regular
antibiotic resistance monitoring. The recommenda-
tions emphasized that critically important antibiotics
(cephalosporins and fluoroquinolones of the Il and
IV generation) should be strictly restricted to use as
a last-line therapy in exceptional cases only, to pre-
serve their efficacy.

CONCLUSION

Microbiological tests and MALDI-ToF mass spec-
trometry identified the following dominant bacteri-
al pathogens in bovine mammary gland secretions:
in 2022 - Streptococcus spp. (70.6%), S. agalactiae
(23.5%), S. aureus (35.3%), and E. coli (52.9%) iso-
lates; in 2023 - antimicrobial-susceptible S. aureus,
Escherichia coli, Enterobacter spp., Streptococcus spp.,
E. faecalis/faecium, and P. aeruginosa isolates, and in
single cases - ciprofloxacin-resistant E. coli and ci-
profloxacin-resistant S. aureus; in 2024 - E. coli and
Staphylococcus spp. were detected in 100% of sam-
ples, alongside newly emerging pathogens: K. pneu-
moniae (30%), Enterobacter spp. (20%), and E. faeca-
lis/faecium (10%).

In 2022, E. coli exhibited resistance to amino-
glycosides, penicillins, tetracyclines, with 5% of
isolates carrying several resistance genes blaDHA,
blaCTX-M and blaOXA-10 conferring resistance
to cephalosporins and protected penicillins; S. aureus
demonstrated resistance to fluoroquinolones, van-
comycin, tetracyclines, and the MecA gene resistant
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to cephalosporins of the Il generation was identified
in a single isolate; 4% of Streptococcus spp. group
bacteria had the resistance gene to macrolides, lin-
cosamides, streptogramins. In 2023, no AMR genes
were detected in the tested isolates, except for one
P. aeruginosa isolate, which carried the carbapenem
resistance genes blaVIM and blaNDM. In 2024, bla-
OXA-10 genes were identified in 30% of E. coli iso-
lates, while blaCTX-M genes, conferring resistance
to cephalosporins, were identified in a single isolate.
In 50% of K. pneumoniae isolates blakPC/OXA-48-like
carbapenem resistance genes were identified, while
the MecA gene conferring B-lactam resistance was
detected in Staphylococcus spp.; the blaGes/DHA
resistance genes to carbapenems, protected pen-
icillins, and cephalosporins were detected in 30%
of Enterobacter spp. A few single isolates of E. fae-
calis/faecium that harbored the VanB gene, which
confers resistance to glycopeptides, were reported.

In 2022 it has been established that multicompo-
nent veterinary medicinal products based on tetra-
cyclines, aminoglycosides, macrolides and cephalo-
sporins of the Il generation should be excluded from
the treatment protocols used in the bovine mastitis
treatment. As an alternative, the use of cefazolin, cef-
tiofur, cefquinome (cephalosporins of the |, Ill, and
IV generation) and ciprofloxacin (fluoroquinolone
of the Il generation) was recommended. The imple-
mentation of an antibiotic rotation system based
on monitoring made it possible to temporarily re-
duce resistance levels in 2023. However, the subse-
quent return to previous treatment protocols in 2024
provoked a sharp increase in multi-drug resistance
among bacterial mastitis pathogens. The obtained
results confirm the need for continuous monitoring
of antibiotic resistance, strict adherence to recom-
mendations for the rotation of antimicrobials, and
the integration of molecular genetic methods into
the veterinary control system as a tool for tracking
the occurrence of AMR genes in bacteria.

In 2022-2023, an increase in resistance of bacteri-
alisolates to the disinfectants used on the dairy farm
was identified. A veterinary medicinal product based
on a polyvinylpyrrolidone-iodine complex was pro-
posed as the disinfectant of choice for post-milking
teat treatment. Control studies in 2024 confirmed the
effectiveness of this measure: no resistance to the
disinfectant was detected, justifying its continued
use at the farm.

The results of the work are of practical importance
for the veterinary service of the farm and can be used
in the development of regional programs for AMR
control in animal husbandry.
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