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ABSTRACT

Introduction. Bacterial communities significantly affect the overall productivity of agricultural establishments, as animal health, milk production, and food quality
and safety depend on them. Zoonotic bacteria not only have a negative impact on animal health, but also pose a risk to public health, so monitoring of the microbial
species diversity on dairy farms to determine the predominant pathogen species and antibiotic resistance profiles is essential.

Objective. Study of bacterial species diversity on a dairy farm and monitoring of antibiotic resistance spread in Escherichia coli and Proteus mirabilis isolates in order
to enable timely development of measures containing the spread of antibiotic-resistant microorganisms.

Materials and methods. To achieve this goal, microorganisms were identified by MALDI-ToF mass spectrometry and antibiotic susceptibility of the isolated
cultures was determined using the disc diffusion test.

Results. The species diversity of microorganisms isolated from samples of cattle limb wound exudates, feces, and feed was established. Opportunistic and pathogenic
Escherichia coli and Proteus mirabilis turned out to be the predominant microorganisms, and their antibiotic resistance profiles were determined. One of the Esch-
erichia coli isolates was found to be multi-resistant; only a combination of amoxicillin and clavulanic acid proved effective in inhibiting the growth of this culture.
Alarge proportion of Proteus mirabilis isolates were resistant to drugs included in the group of fluoroquinolones and sensitive to all other tested antibacterial agents.
Conclusion. The factors influencing the microbial species diversity in wound exudate, feces and feed were reported. Determination of Enterobacteriaceae antibiotic
resistance profiles will allow for the rotation of antibacterial drugs on the studied livestock farms.
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BumoBoe pa3HoobOpasue MUKPOOPraHu3MoB
1 pacnpocTpaHeHne aHTUONOTUKOPE3NCTEHTHDIX
JHTepoOAKTePNil HA MONIOYHBIX pepmax

B. 1. 3y6apeBa’, H. A. bes6opopgosa’, I1. T. AmuxeBa?, A. C. Kpuonorosa', 0. B. CokonoBa’, . A. LLikypatosa’, M. H. cakoBa’
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PE3IOME

BBepenue. baktepuanbHble co06LLeCTBa CyLLECTBEHHO BAMAIT Ha 06LLYI0 NPOM3BOAUTENLHOCTb CENIbCKOX03ACTBEHHDBIX NPEANPUATHIA, OT HIAX 3aBUCUT 3/0PO-
Bbe XIBOTHbIX, IPOI3BOACTBO MONIOKA, KAYeCTBO 1 6e30MacHOCTb NULLEBbIX IPOAYKTOB. 300HO3HbIE BAKTEPIM He TONIbKO 0Ka3blBaIOT HeraTUBHOE BO3AECTBIe Ha
6Gnarononyuue XUBOTHbIX, HO VI NPeACTABAAIOT PUCK ANA 06LLECTBEHHOTO 34paBOOXPAHEH!A, N03TOMY MOHUTOPYUHT BUA0BOr0 pa3H006pa3iid MIUKPOOPraHU3MOB
Ha MONOYHbIX pepmax AnA onpeseneHua npeobnasatoLLux BIA0B Bo3byauTenelt u npoduneil aHTHOMOTUKOPE3UCTEHTHOCTI MEET BaXKHOe 3HaueHMe.

Lienb nccnepoBanua. /13yuenre BugoBoro pasHoobpasna bakTepuanbHblx co06LLeCTB Ha MONOYHOIT Gepme U MOHUTOPUMHT PacpOCTPAHEHNA aHTMBOTHKO-
Pe3nCTeHTHOCTY y u3onaToB Escherichia coli w Proteus mirabilis ana cBoeBpemeHHoii pa3paboTkin Mep o cAepBaHI0 PacpoCTPaHEHs YCTOUMBDIX K aHTH-
6aKTepuanbHbIM npenapatam MIUKPOOPraH3MOB.
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Matepuanbl u meTofbl. [Ina OCTVXEHUA NOCTAaBAEHHOI Lenn NPOBOANNM MAEHTUdUKaLMo MuKkpoopraHiamos MeTogom MALDI-ToF macc-cnektpomeTpum
11 Onpeaenany aHTMOUOTUKOUYBCTBUTENIBHOCTD BbIAENEHHbIX KYNBTYP C MOMOLLbIO ANCKO-ZUOPY3MOHHOTO MeToAa.

Pe3ynbTatbl. Y(TaHoBNEHO BIAOBOE Pa3HO06pa3ne MUKPOOPTaH3MOB, BbENEHHbIX 13 P06 IKCCYLaTa C NOBEPXHOCTM PaH KOHEYHOCTell KpyNHOro pora-
TOro CKoTa, Gekanuii u 06paswos kopma. lpeobnasarwLymmn MUKPOOpraHu3Mamm 0Ka3anuch ONNOPTYHUCTUYECKNeE 1 naToreHHble Escherichia coli v Proteus
mirabilis, ana Hux onpegeneHbl npodunn aHTUOMOTUKOPe3MCTEHTHOCTU. OFNH U3 30nATOB Escherichia coli 6bin MynbTUPe3UCTEHTHBIM, TObKO KOMOMHaLMA
AMOKCULMNNMHA 1 KNaBYAaHOBOI KUCNIOTbI NPOABIMAA IQGEKTUBHOCTL B NOAABAEHUN POCTA AAHHOI KyNbTypbl. bonbluaa gona usonaros Proteus mirabilis
o6nasana yctoiluMBoOCTbIO K Npenaparam U3 rpynmbl GTOPXMHONOHOB U UyBCTBUTENBHOCTBIO KO BCEM OCTaNbHBIM MCCNe0BaHHbIM aHTUOaKTepHanbHbIM
CpeacTBam.

3aknioueHue. 0TMeueHbl GakTopbl, BNUALLYE Ha BUOBOE pazHo06pa3ie MIKPOOPraH3MOB B paHeBOM KccyaaTe, Gekanusax 1 kopmax. OnpeseneHue npo-
duneit aHTUOMOTUKOPE3UCTEHTHOCTM 3HTepobaKTepHil MO3BOAUT NPOBECTY POTALMI0 aHTMOAKTEpUANbHBIX NPenapaToB B MCCNe0BAHHbIX XKIBOTHOBOAYECKMX
opraHu3aumax.

KntoueBble cnoBa: MuKpobHble co06LLeCTBA, aHTUOMOTUKOPE3NCTEHTHOCTD, BIUAOBOE pa3HooOpa3ue bakTepuii, KpynHbIii PoraTblii CKOT, MaToreHbl OKpya-
foLLiei cpegp
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INTRODUCTION

Bacterial communities circulating on dairy farms sig-
nificantly affect food safety, quality of dairy products, and
animal health [1]. “One Health” is critically important for
understanding the antibiotic resistance spread; it implies
interaction between humans, animals and environment,
which is especially important due to the common nature
of antimicrobial-resistant bacteria in humans and ani-
mals [2]. Half a billion people in the world are engaged in
animal husbandry and are directly exposed to zoonotic mi-
croorganisms [3]. Residual amounts of antimicrobials and
antibiotic-resistant pathogens are often found in animal
waste and pollute the soil environment and wastewater.
Escherichia coli serves as a reservoir for multiple antibiotic
resistance determinants, which can transmit to animals
and humans through various transmission routes: direct
animal contact, products of animal origin, and environ-
mental exposure [4]. Proteus mirabilis is an opportunistic
pathogenic microorganism of the Enterobacteriaceae fami-
ly that causes inflammatory diseases of the skin, respirato-
ry tract, urinary tract and gastrointestinal tract. After E. coli,
it is the most common opportunistic and zoonotic bac-
terium found in various animals such as chickens, ducks,
turtles, cattle and other domestic animals [5]. P. mirabilis
is found in various environments: wastewater, soil, and
gastrointestinal tract of animals and humans [6]. Failure
to comply with the recommendations for prescribing anti-
microbials in animal husbandry contributes to the spread
of antibiotic resistance.

The relevance of this work is determined by the fact
that studying the composition of bacterial communities
circulating in livestock facilities will allow identifying pri-
ority microorganisms affecting animal health. The novelty

of the research lies in acquiring new data on the composi-
tion of the microbiota of cattle feed, wound exudate and
feces and identifying the prevalence of Enterobacteriaceae
antibiotic resistance in agricultural organizations across
the Sverdlovsk Oblast.

The aim of the study was to examine the species di-
versity of bacterial communities, as well as to monitor
the spread of antibiotic-resistant enterobacteria (E. coli
and P. mirabilis) on dairy farms.

MATERIALS AND METHODS

The research was conducted in 2023-2024 at the De-
partment of Animal Genomics and Selection of Ural Fe-
deral Agrarian Scientific Research Center, Ural Branch of
the Russian Academy of Sciences and at the laboratory of
Quality Med LLC (Ekaterinburg). The activities were carried
out in four agricultural organizations in the Sverdlovsk
Oblast that are engaged in Holstein cattle breeding. A total
of 61 samples were collected: exudate from the surfaces
of limb wounds (25), feces (22), and feed samples (14).

Fecal samples from cows were collected with a swab
probe into the tubes with modified Cary-Blair medium,
which is specifically designed for intestinal pathogen trans-
portation and their viability preservation (FecalSwab™,
Copan, Italy). Samples of the remaining biological mate-
rials were placed in tubes with Amies transport medium
(ESwab®, Copan, ltaly).

In the laboratory of Quality Med LLC, the quadrant
streaking method was used to inoculate 10 pL of the bio-
material suspension with a sterile calibrated loop onto
the following nutrient media: Columbia agar (Bio-Rad
Laboratories, Inc., France) with 5% defibrinated sheep
blood (E&O Laboratories Ltd., Scotland); Ploskirev agar
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Table
Antibacterial drugs used for assessing the antibiotic susceptibility of microorganisms
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(State Research Center for Applied Microbiology and Bio-
technology, Russia); GRM-agar (State Research Center for
Applied Microbiology and Biotechnology, Russia); UriSe-
lect 4 chromogenic medium (Bio-Rad Laboratories, Inc.,
France); Sabouraud agar with 2% glucose and chloram-
phenicol (SIFIN diagnostics GmbH, Germany). The inocu-
lated Petri dishes were transferred into the thermostat at
(37 £ 1) °Cand incubated for 24 hours.

The grown colonies were identified by MALDI-ToF mass
spectrometry using a Vitek® MS instrument (bioMérieux,
France). For this purpose, the bacterial biomass was ap-
plied to a slide spot, covered with 1 pL of matrix solution
(a-cyano-3-hydroxycinnamic acid), air-dried at room tem-
perature, and analyzed by mass spectrometry to acquire ri-
bosomal protein spectra. The data were compared against
reference databases using MYLA® software (bioMérieux,
France). Genus and species identification of the isolates
was performed with semi-quantitative and quantitative
characterization (CFU/gram and CFU/sample).

Antibiotic susceptibility was determined according to
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) standard method, using Mueller - Hin-
ton agar (Bio-Rad Laboratories, Inc., France) and antibio-
tic discs (Bio-Rad Laboratories, Inc., France) impregnated
with predefined drug concentrations (Table). The ADAGIO
automatic analyzer (Bio-Rad Laboratories, Inc., France) was
used to read the antibiograms. When interpreting the sus-
ceptibility categories, the EUCAST criteria were applied
(E. A. Elshafiee, S. M. Nader, S. M. Dorgham, D. A. Hamza;
version 12.0, effective from 01.01.2022). Despite the fact
that, according to Order No. 771 of the Ministry of Agri-
culture of the Russian Federation of 18 November 2021,
ceftazidime, cefepime, cefotaxime, ceftriaxone, and cefo-
perazone are prohibited for veterinary use, many of these
antibacterial substances were previously included in
the medicines used in the inflammatory diseases thera-
py in cattle, and therefore these drugs were also used
to evaluate the antibiotic resistance profile of E. coli and
P. mirabilis isolates.

Group of antibiotics Active substance concentration, pg

Cefixime third-generation cephalosporins 5
Cefpodoxime . . .
Ceftazidime third-generation cephalosporins 10
Cefepime
Cefotaxime second-, third-, fourth-genera-

. ) ) 30
Cefuroxime tion cephalosporins
Ceftriaxone
Cefoperazone third-generation cephalosporins 75
Marbofloxacin
Enrofloxacin
Levofloxacin fluoroquinolones 5
Ciprofloxacin
Norfloxacin
Gentamicin aminoglycosides 10
Amoxicillin semi-synthetic penicillins 30
Amoxicillin / semi-synthetic penicillins / 2010
Clavulanic acid beta-lactamase inhibitors
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RESULTS AND DISCUSSION

A total of 189 isolates were identified using MALDI-ToF
method.

Among opportunistic and pathogenic microorga-
nisms, the largest proportion in the tested wound exudate
samples (n = 86) was taken by (Fig. 1): P. mirabilis (9.30%),
E. coli and Trueperella pyogenes (8.14% each), Bacteroides
pyogenes (6.98%), Aerococcus viridans and Prevotella mela-
ninogenica (5.81% each), Aeromonas hydrophila and Can-
dida catenulata (4.65% each), Bacillus altitudinis/pumilus,
Mannheimia haemolytica, Streptococcus agalactiae (3.49%).

According to S. C. Liegenfeld et al. [7], the following
microorganisms are most often detected in the infected
wound microbiota: gram-negative organisms — Pseudo-
monas aeruginosa, Acinetobacter baumannii, Enterobacte-
riaceae, E. coli, Klebsiella pneumoniae, Serratia marcescens,
Enterobacter spp., Proteus spp. and Bacteroides spp.;
gram-positive organisms — Staphylococcus aureus, Strep-
tococcus spp., Enterococcus spp., Micrococcus spp., Coryne-
bacterium spp., Streptococcus pyogenes, Corynebacterium
diphtheriae and coagulase-negative staphylococci. The in-
formation on the species diversity of wound microflora
published by the authors, therefore, differs from our study
results.

Prevalence of P. mirabilis in animal food products and
by-products is understudied [8]. P. mirabilis, as well as
E. coli detections in wound exudate are most likely associ-
ated with fecal contamination of the wound surface. T. pyo-
genes spp. bacteria are part of the microbiota of the skin
and mucous membranes of the upper respiratory tract,
gastrointestinal tract, and genitourinary tract of animals
and they are opportunistic microorganisms. They cause
various purulent infections such as metritis, mastitis,
pneumonia and abscesses leading to significant econom-
ic damage to the livestock production [9]. B. pyogenes is
a representative of the oral microbiota of cats and dogs,
the bites of these animals are the main risk factors of hu-
man infection. This bacterium can cause a number of in-
flammatory diseases, including skin and soft tissue infec-
tions, osteomyelitis, metritis, and liver abscesses [10, 11].
Anaerobic bacterium P. melaninogenica, detected during
the study, is involved in the footrot development and
progression in cattle [12]. Representatives of the phylum
Aeromonas cause diarrhea-associated diseases in piglets
and pigs, colts and horses; abortions and reproductive di-
seases in mares, septic arthritis in colts, septicemia in dogs,
mastitis in cows, polyarthritis in calves; and A. hydrophila
has been identified as the only source of infection in bo-
vine wounds [13]. S. agalactiae is a microorganism capable
of inducing chronic mastitis in cows. Moreover, streptococ-
cus of this species can colonize the gastrointestinal tract
of dairy cows, and in case the wound surfaces on the limbs
are contaminated with the feces, the microorganism can
be detected in the wound exudate [14].

A significantly lower species diversity of opportunistic
and pathogenic microorganisms was identified in bovine
fecal samples (n = 59): E. coli — 28.81%, Aspergillus niger
complex - 15.25%, Bacillus licheniformis — 8.47%, P. mirabi-
lis and Enterococcus hirae — 6.78% each, other representa-
tives of the fungal microbiota were reported (Fig. 2).

A decrease in the diversity of the fecal microbiota
may be associated with an increase in concentrated
feed in the diet [15]. A high-concentrate diet reduces
the acetate-to-propionate ratio and rumen pH, adversely
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Fig. 1. Species diversity of bacterial communities isolated from wound exudates of cattle (n = 86)

affecting overall health and performance of cattle [16].
Against this background, dysbiosis develops, which can
lead to the increased populations of specific bacteria,
such as opportunistic E. coli [16], whose predominance in
the fecal microbiota of cattle was identified in our studies.
Environmental contamination with fecal E. coli increases
the risk of coliform mastitis in cows [17] and inflammatory
diseases of the reproductive system [18].

In the feed samples (silage, haylage, and compound
feed, n = 44) the predominant opportunistic and patho-
genic species were the following: Bacillus altitudinis/
pumilus — 9.09%, Aspergillus niger complex, Bacillus cereus,

Candida krusei, Candida rugosa, and P. mirabilis — 6.82%
each (Fig. 3).

The microorganisms typically found in silage include:
Bacillus pumilus, B. licheniformis, B. coagulans, B. sphaeri-
cus, and B. cereus. Emergence of B. cereus spores in the si-
lage is inevitable when the proper feed harvesting and
storing technologies are violated. B. cereus spores pass
through the gastrointestinal tract of cattle unchanged
and are excreted with the feces; during milking, they can
be transferred to the raw milk via contaminated nipple
surfaces [19]. Presence of Candida spp., in particular C. kru-
sei, in feed samples is an adverse indicator, since these
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Fig. 2. Fecal microbiota species diversity in cattle (n = 59)
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Fig. 3. Species diversity of microorganisms isolated from feed samples (n = 44)

microscopic fungi can induce mycotic mastitis in cows [20].
During our study, A. niger was detected in silage samples,
which can have both positive and negative effects on cows’
health. This aspergillus species produces -glucosidase,
an enzyme that breaks down cyanogenic glycosides
(toxic to cattle) thus reducing the cyanide poisoning risk
and improving the silage quality [21]. At the same time,
aspergillosis in cattle, especially caused by A. niger, can
lead to mycotic abortions and mastitis [22]. Detection
of pathogenic microorganisms in the feed samples indi-
cates the need to develop and implement measures aimed
at improving the technological processes of feed harvest-
ing, storage and quality control in the examined livestock
raising institutions.

E. coli and P. mirabilis isolates were selected to deter-
mine the antibiotic susceptibility, since these microorgan-
isms proved to be predominant in almost all types of tes-
ted biological materials. Moreover, they are important in
inducing diseases in both animals and humans.

The disk diffusion test results demonstrated that
E. coli cultures (n = 17) were resistant to fluoroquinolo-
nes (35.29%) and cephalosporins (11.76%). At the same
time, 80.0% of Escherichia coli isolates recovered from fe-
ces were sensitive to cefuroxime only after the increased
exposure. The highest isolates’ resistance was detected
to amoxicillin — 41.18%, but their resistance to amoxicillin /
clavulanic acid decreased by 29.42%. Resistance to genta-
micin was found in 17.65% of the isolates (Fig. 4).
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Fig. 4. Resistance of E. coli isolates to antibacterial drugs (n = 17)
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Fig. 5. Resistance of P. mirabilis isolates to antibacterial drugs (n = 10)

The multidrug-resistant phenotype, which is defined
as resistance to at least one agent from three or more
antibiotic classes, was identified in one E. coli isolate.
A combination of amoxicillin and clavulanic acid proved
effective in suppressing this isolate’s growth. Among
the multidrug-resistant pathogens widespread on dairy
farms, E. coli is of particular concern, as some strains can
cause foodborne infections in humans [4]. During R. Man-
ishimwe et al. experiments [23], E. coliisolates demonstrat-
ed resistance to tetracycline (8.2%), ceftriaxone (56.8%),
ciprofloxacin (77.3%) and a combination of nalidixic acid
and ciprofloxacin (54.5%); that is, the frequency of resis-
tant E. coliisolate occurrence was significantly higher than
that detected in our studies.

All E. coli isolates recovered from wound exudate
samples, with the exception of one resistant to amoxicillin,
were found to be sensitive to all tested antibiotics. Alhar-
bi N.S. et al. revealed that more than 50% of E. coli isolates
recovered from wound discharge were resistant to ce-
fazolin, ampicillin, cefuroxime, ciprofloxacin, mezlocillin,
moxifloxacin, piperacillin, and tetracycline; 70% of the iso-
lates produced extended-spectrum beta-lactamases [24].

Resistance to fluoroquinolones was observed in 60.0%
of P. mirabilis isolates (n = 10) recovered from the wound
exudate samples (Fig. 5). All isolates were susceptible
to drugs of the cephalosporin group, with the exception
of cefuroxime, to which 80% of isolates demonstrated sus-
ceptibility only upon the increased exposure. Resistance
to amoxicillin and its combination with clavulanic acid
was reported in 40% of the isolates recovered from the
feces and wound exudate; 40% of isolates recovered from
the wound discharge were resistant to gentamicin. In ge-
neral, it is worth noting that the drugs of the cephalospo-
rin group are effective against P. mirailis.

Previous studies have revealed that high prevalence of
P. mirabilis strains resistant to penicillins, cephalosporins,
and sulfonamides in chickens is a direct consequence
of the use of antimicrobials in poultry farming [25, 26].
The spread of antibiotic-resistant P. mirabilis in food-

producing animals and in the environment of the agricul-
tural establishments is an urgent public health problem.
Transmission of P. mirabilis of multidrug resistant pheno-
type from animals to humans through the consumption
of contaminated food or through close contact with ani-
mals has already been described [8, 25].

During the studies, the species diversity of bacteria
isolated from exudate samples collected from the wound
surfaces on cattle limbs, feces and feed was established
using the MALDI-ToF method. The data obtained can be
used at the agricultural establishments to prescribe ratio-
nal antibiotic therapy for both wound infections and other
inflammatory diseases associated with these pathogens.

CONCLUSION

As a result of the studies, a significantly greater species
diversity was revealed in the samples of wound exudate,
which may mainly be associated with fecal contamination
of limb wounds. The fecal microbiota was characterized by
a lower species composition, which may be due to the oc-
currence of dysbiosis resulted from the increased propor-
tion of the concentrated feed in the diet of cattle, while
the prevalence of opportunistic E. coli (28.81%) was found
in fecal samples. The predominance of pathogenic A. niger,
B. cereus, and C. krusei species in feed samples indicates
the need to change the technological processes of feed
harvesting, storing, and quality control in the studied live-
stock organizations.

The antibiotic resistance profiles of E. coli and P. mi-
rabilis were established. In E. coli cultures isolated from
feces, the resistance was mainly found to drugs from
the groups of fluoroquinolones (35.29%) and cephalo-
sporins (11.76%). Notably, nearly all Escherichia isolates
recovered from wound exudates demonstrated suscepti-
bility to all tested antimicrobial agents. One E. coli isolate
revealed a multidrug-resistant phenotype, and a combi-
nation of amoxicillin and clavulanic acid proved effective
in suppressing its growth. It was found that almost all
P. mirabilis isolates were resistant to antibacterial drugs
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from the group of fluoroquinolones, while the drugs from
the group of cephalosporins proved effective against
P. mirabilis. To prevent further growth of antimicrobial
resistance, rotational use of antibacterial drugs on dairy
farms should be implemented according to the identified
Enterobacteriaceae resistance profiles.
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