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SUMMARY

The article presents data on the phenotypic and genotypic characteristics of antimicriobial resistance in Escherichia coli clinical isolates recovered from bovine mi-
crobiota (secretions from mammary glands, cervical swabs). 127 Escherichia coljisolates were studied, i.e. 44 from mammary glands secretions and 83 from cervical
swabs. Disk diffusion method was used to study antimicrobial resistance of the cultures; minimum inhibitory concentrations of antimicrobials were determined in
a serial dilution method; resistance genes were detected by polymerase chain reaction. The carried out research demonstrates a wide distribution of the isolates
belonging to the phenotype resistant to ansamycins (rifampicin), semi-synthetic penicillins (ampicillin and amoxicillin), tetracyclines (doxycycline). The isolates
showed a lower level of resistance to macrolides (azithromycin), amphenicols (levomycetin) and aminoglycosides (tobramycin). It was found that Escherichia coli
clinical isolates are sensitive to third-generation cephalosporins and fluoroquinolone antimicrobials. However, since 28.46% of cultures demonstrate intermediate
resistance to third-generation cephalosporins and 49.02% of Escherichia coli DNA samples isolated from mammal gland secretions had blaDHA gene associated with
resistance to this group of antimicrobials, these antimicrobials could be hardly recommended as antibiotics of choice. Absence of VIM carbapenemase-encoding gene
in the DNA of the recovered isolates and a low level of phenotypic resistance (10.22% of isolates from cervical swabs) can be one of the reasons for recommending
first-line carbapenems as antibiotics of choice to treat animal diseases associated with Escherichia coli, along with fluoroquinolones as reserve antimicrobials. It
was found that the recovered Escherichia coliisolates are more sensitive to combination antibiotics than to mono-antibiotics.
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PE3IOME

[TpeacTaBneHbl faHHble 0 GeHOTUMIYECKON M TEHOTUNINYECKOI XapaKTepUCTUKE aHTUONOTUKOPE3NCTEHTHOCT KNUHUYECKUX U30nATOB Escherichia coli, BblaeneH-
HbIX 13 MUKPOGHbIX 6110TONOB (CEKPeT MONOYHOI Xene3bl, LiepBiKanbHble CMbIBbI) KPYMHOro poratoro ckota. iccneoBaHo 127 M3014TOB KULLIEYHOI NanouKy,
B TOM ymcne 44 — u3 cekpeta MONOYHOIA ene3bl, 83 — 13 LepBUKaNbHbIX CMbIBOB. AHTUOUOTUKOPE3UCTEHTHOCTD KYNbTYP M3yuanin ANCKO-Anddy3UOHHbIM
METOZ0M, MUHUMANbHbIE MHTMOMPYHOLLME KOHLIEHTPALIMY aHTUAKTEpUANbHbIX MPenapaTos onpesenanu MeTo4oM CepUiiHbIX Pa3BeAEHHA, reHbl Pe3UCTEHTHOCTH
[LeTeKTMPOBaNM C NOMOLLbH NONIMMEPa3Holi LienHoii peakuuu. B pesynbTate nccnesoBaHuii noka3aHo LWPOKoe pacnpoCTpaHeHie U30NATOB MUKPOOPraHi3MoB
CHEHOTMNOM Pe3UCTEHTHOCTY K aHCAMULMHAM (PUGAMNULIHY), MONYCUHTETUYECKIIM NEHNLUNNMHAM (QMIULUANNHY 1 AMOKCULMANIHY), TETPALMKANHAM (BOK-
CULMKAIMHY). MeHbLumil ypoBeHb YCTORYMBOCTI M30AATbI NPOABNANM K MAKPOAUAAM (a3UTPOMULMHY), aMbeHnKonam (neBOMULETUHY) 1 aMUHOMMKO3UAAM
(TobpamuumHy). YcTaHoBREHO, YTO KNUHMYecKIe u3onaTol Escherichia coli uyscTButenbHbI K Ledanocnopunam Il nokoneHna 1 npoTMBOMUKPOOHBIM CpeaCTBaM 13
rpynnbl dTopxmHoNoHoB. OfHaKo pervctpauuna y 28,46% KynbTyp NpoMeXyTouHOI pe3ncTeHTHOCTY K iedanocnopuHam Il nokonenwa u BbiagneHue reHa blaDHA,
aACCoLMMPOBAHHOTO C Pa3BUTMEM YCTOIUNBOCTY K AaHHOIA rpynne npenapatoB B 49,02% 06pa3wios HK swepuxuii, u301MpoBaHHbIX 13 ceKpeTa MONOYHOI Xene-
3bl, He N103BOMIAKT PeKOMEHZ0BATb WX B kauecTBe npenapatos Bbibopa. OTcyTcTue rena VIM, koaupytoLuero npopykumio kapbanexemas B IHK y BbiaeneHHbIx
U30N1ATOB, M HU3KMIl YpOBEHb GeHoTUNIMYecKoil ycToiunBocTy (10,22% WU30NATOB U3 LiePBUKANbHBIX CMbIBOB) MOXKET CAYXUTb OSHOI M3 NPEANOCbINOK AN
peKoMeHAaLm UCnonb3oBaHUA kapbaneHemoB 1-ro pAaa B kauecTBe Npenapatos Bblbopa A Tepaniy 3a60neBaHNii UBOTHIX, aCCOLMUPOBaHHbIX ¢ Escherichia
coli, HapApy o GTOPXMHONOHAMM, OHAKO TONbKO B KaueCTBe NpenapatoB pe3epBa. YCTaHOBMEHO, YTO BbleNneHHble n3onatbl Escherichia coli npemoHcTpupoBany
60nbLUYt0 YYBCTBUTENBHOCTD K KOMOMHUPOBAHHbIM MPOTUBOMUKPOOHBIM NeKapCTBEHHBIM CPEACTBAM B CDABHEHMN C MOHONpenapaTami.

KnioueBbie cnoBa: peHoTUNMYECKaA 1 TEHETUYECKan Pe3UCTEHTHOCTb, Escherichia coli, n3onaTel, reHeTuueckne Mapkepbl, MUKpoGHble 6110TombI, rpamoTpiuLia-
TeNbHble 6akTepuy, B-nakTamasbl pacLUMPEHHOro CNEKTPa, aHTUOMOTUKN
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NIOTUYECKMX NOLX00B K MOHUTOPUHTY, KOHTPOSIO 11 CAEPXMBAHINK aHTUOMOTUKOPE3UCTEHTHOCTI ONMOPTYHUCTUYECKIX MUKPOOPTaHU3MOB B XKIBOTHOBOACTBEY.
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INTRODUCTION

Escherichia coli is the most widespread Gram-negative
bacterial pathogen, that poses both clinical and epidemio-
logical problems resulting in a number of infectious and
inflammatory diseases in animals [1-3].

Violation of antimicrobial chemotherapy schemes and
protocols observed now in livestock production causes oc-
currence of E. coliresistant strains in animals. Those strains
can be transmitted to humans, inter alia, through objects
and food products contaminated with bacteria resistant to
antibiotics, which is a serious epidemiological threat [3-7].

Antimicrobial resistance of E. coli isolates is explained
both by the natural resistance of the microorganism to
the main clinically significant antimicrobial substances
and by the genetically determined molecular mechanisms
of resistance and virulence, mostly developed due to the
horizontal transfer of a gene encoding them [8-11]. Extra-
chromosomal factors form the basis for rapidly emerging
resistance, which can be developed within 1-2 years [12].

Monitoring data on antimicrobial resistance (AMR) of
E. coli clinical isolates from animals in the Russian Fede-
ration are incomplete and differ depending on the region
and on the study period [13-15].

At the same time, in order to ensure effective antimicro-
bial therapy for farm animals, it is necessary to look into
E. coli resistance to antimicrobials.

In connection with the above, the aim of this work
was to study phenotypic and genotypic characteristics of
antimicrobial resistance in E. coli clinical isolates recovered
from cattle in the Ural region.

MATERIALS AND METHODS

The tested samples. From 2016 to 2021, E. coli isolates
(n = 127) recovered from bovine clinical materials were
received from different livestock farms of the Ural region.

Nutrient media or reagents. The following differential
diagnostic nutrient media were used in the work: Endo
medium, Levin medium, sorbitol medium, meat-peptone
agar (MPA), blood agar, Manka agar, Olkenitsky’s medium,
Simmons medium (FBIS SRCAMB, Russia). Biochemical
properties of bacterial cultures were determined with a
set of reagents “Biochemical assay plates for enterobacte-
ria differentiation (PBDE)” (RPC Diagnostic Systems, Russia)
according to the manufacturer’s instructions.

Microbiological tests were carried out in accordance
with the “Methodical guidance on bacteriological diagno-
sis of colibacillosis in animals’, approved by the Ministry of
Agriculture of the Russian Federation on July 27, 2000 No.
13-7-2/2117 [16].

The following biochemical properties of isolated E. coli
cultures were studied: production of urease, f-D-galacto-
sidase, B-glucosidase, phosphatase, lysine decarboxylase,
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ornithine decarboxylase, arginine dihydrolase, nitrite re-
ductase, hydrogen sulfide, indole, acetoin (acetylmethyl-
carbinol); fermentation of glucose, sucrose, mannitol,
trehalose, lactose, mannoses, xyloses, riboses, cellobioses,
malonate, citrate, sodium citrate with glucose, inositol, sor-
bitol, arabinose, maltose.

The results of biochemical reactions were assessed vi-
sually. The isolated cultures were identified in accordance
with Bergey’s Manual of Determinative Bacteriology'.

The resistance phenotype observed in 15 recovered
isolates to the following antimicrobials (included into
10 groups: ansamycin, tetracyclines, third-generation
cephalosporins, penicillins, macrolides, second generation
fluoroquinolones, amphenicols, aminoglycosides, glyco-
peptides, carbapenems) was determined in a disk diffusion
test in accordance with MUK 4.2.1890-04 “Determination
of sensitivity of microorganisms to antimicrobials”[17]. For
the purposes of this work we used standard commercial
disks (LLC“NITSF’, Russia) with the known active ingredient
content: meropenem - 10 pg, ciprofloxacin - 5 g, rifam-
picin - 5 pg, ofloxacin - 5 pg, ampicillin — 10 pg, amoxicil-
lin — 20 pg, levomycetin - 30 pg, doxycycline - 30 pg, cef-
triaxone - 30 pg, enrofloxacin - 5 pg, tetracycline — 30 ug,
azithromycin - 15 pg, vancomycin - 30 pg, gentamicin —
120 pg, tobramycin — 10 pg. The results were interpreted
in accordance with the recommendations of the European
Committee on Antimicrobial Susceptibility Testing [18].

Minimum inhibitory concentrations (MIC) of antimi-
crobials, including combined pharmaceuticals intended
for treatment of inflammatory diseases of the mammary
gland and organs of reproductive tract (for isolates re-
covered from mammary gland secretions and cervical
swabs of animals), was determined in a serial dilution
method with addition of a bacterial suspension contai-
ning 107 bacteria in 1 mL. Broth and a suspension of bac-
teria without an antibiotic were used to control the purity
of the growth of cultures, and broth with an antibiotic
without culture was used to control the sterility of the
medium.The inoculations were incubated in a thermostat
for 24 hours [17].

Molecular genetic tests using polymerase chain
reaction (PCR) were carried out in accordance with
the instructions for commercial test systems. We used
a DNA isolation kit Diatom DNA Prep 200 for our work
(Isogen Laboratory LLC, Russia). Genetic determinants
of AMR resistance were detected in PCR using reagent
kits from “Lytech” Co. Ltd. (Russia). We detected blaDHA
gene encoding plasmid-mediated f-lactamase AmpC
and causing resistance of Enterobacteriaceae bacteria to
protected penicillins and broad-spectrum cephalospo-
rins [16, 17, 19, 20]; CTX-M gene encoding extended-
spectrum B-lactamases, which is moved by mobile ge-
netic elements (transposons, integrons, IS elements) and
is associated with development of multi-resistance; VIM
gene located on a non-conjugative plasmid, which in-
cludes class 1 integron and causes production of carbap-
enemases. Real-time PCR was performed using analyzer
from Applied Biosystems QuantStudio™ 5 (Thermo Fisher
Scientific Inc., USA).

' Bergey’s Manual of Determinative Bacteriology: two volumes. Vol. 1.
Ed. J. G. Holt, N. Krieg, P. Snit, J. Staley, S. Williams. 9" ed. Moscow: Mir;
1997.432 p.

For statistical data analysis we used a standard Micro-
soft Excel 2010 package and methods of descriptive statis-
tics: percentages, frequencies, frequency distribution, etc.

RESULTS AND DISCUSSION

Detecting AMR E. coli isolates with a disk-diffusion
method. The figure below shows results of AMR study
for 127 E. coli isolates recovered from bovine biological
materials.

The AMR profile of E. coli isolates recovered from mam-
mary glands secretions was characterized by high resis-
tance levels (54.54%) to the penicillin group, i.e. 49.99% of
cultures were resistant to ampicillin, and 4.55% to amoxi-
cillin. Resistance to rifampicin and the tetracycline group
was observed in 47.72% and 45.46% of E. coli isolates,
respectively. 15.91% of E. coli cultures were resistant to
amphenicol group (levomycetin). Resistance to aminogly-
cosides (tobramycin) was detected in 11.36% of isolates.
The minimum number of AMR E. coli isolates was found
in relation to the following groups of antimicrobials:
second-generation fluoroquinolones (ciprofloxacin -
2.27%, enrofloxacin - 4.55%, ofloxacin - 6.82%), macro-
lides (azithromycin — 4.55%), third generation cephalospo-
rins (ceftriaxone — 6.82%).

It was found that 31.81% of E. coli isolates recovered
from secretion of the bovine mammary glands showed
intermediate resistance to tobramycin, which belongs to
the group of aminoglycosides. 29.55% of isolated E. coli
cultures demonstrated intermediate resistance to levomy-
cetin, 22.73% of E. coli isolates demonstrated resistance
to ciprofloxacin and ceftriaxone. Intermediate resistance
to representatives of tetracycline (doxycycline) group and
second-generation fluoroquinolone group (enrofloxacin)
was reported in 15.91% of isolates.

As for E. coli isolates from bovine cervical swabs, phe-
notypes resistant to penicillin antimicrobials were pre-
dominant: 42.17 and 36.15% of cultures were resistant to
ampicillin and amoxicillin. 53.01% of isolates demonstra-
ted resistance to rifampicin, which is the main represen-
tative of the ansamycin group. 25.30% of E. coli isolates
were resistant to doxycycline, and 7.23% were resistant to
tetracycline. The minimum number of E. coli isolates was
resistant to third-generation cephalosporins (3.61%) and
aminoglycosides, namely gentamicin (2.41%). 32.53% of
isolates demonstrated intermediate resistance to ceftri-
axone, which is a representative of the third-generation
cephalosporins. Intermediate resistance to the carbape-
nem group was revealed in 30.65% of isolates. 27.02% of
E. coli cultures had intermediate resistance to levomyce-
tin. Intermediate resistance to representatives of second-
generation fluoroquinolones, namely ciprofloxacin, ofloxa-
cin and enrofloxacin, was demonstrated by 16.87, 22.8,
and 16.87% of isolates, respectively.

AMR tests of 127 isolates of E. coli estimated that many
of them had polyresistance: 64.5% of the studied cultures
were resistant to four AMR classes, 54.33% — to five classes.
16.6% of bacterial isolates were multi-resistant, i.e. demon-
strated resistance to six AMR classes.

Determination of minimum inhibitory concentra-
tions (MIC) of commercial antimicrobials. E. coli iso-
lates obtained from the secretion of the mammary gland
(13.64%) demonstrated the highest rate of resistance to
medicines, which include cloxacillin (penicillin group) as
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Fig. AMR profile of E. coli clinical isolates recovered from cattle (%)

the active substance. Cloxacillin-based combination of
antibiotics were most active against E. coli. So, the com-
bined use of such antimicrobials as cloxacillin + benza-
thine and cloxacillin + neomycin, sulfate + dexametha-
sone + trypsin caused resistance in only 6.82% of isolates,
and combination of cloxacillin + ampicillin + benzathine
acid caused resistance in 2.27% of isolates. 6.81% of E. coli
cultures demonstrated resistance to antimicrobials be-
longing to the first-generation cephalosporins based
on cefalonium and cefapirin. The least rate of resistance
was observed to combination of antibiotics from tetracy-
clines (2.27%) and aminoglycosides (1.30%) groups. 4.34
and 4.55% of isolates showed intermediate resistance to
second and third generation cephalosporin antimicrobi-
als, respectively.

E. coli cultures isolated from cervical swabs of cows
demonstrated the highest level of resistance to antimicro-
bials based on a synthetic antifungal agent from the imi-
dazole derivatives — 12.05%. 6.02% and 8.40% of isolates
were resistant to commercial antimicrobials containing
substances from macrolide and ansamycin groups, res-
pectively. 4.82% of isolates had intermediate resistance to
a polypeptide antibiotic based on colistin sulfate and ty-
losin tartrate. 4.80% of isolates demonstrated intermediate
resistance to the antimicrobial based on chlortetracycline
hydrochloride.

Detecting genetic determinants of E. coli resistance.
Molecular and genetic studies revealed that 9.56% of
E. coliisolates have CTX-M gene in specific regions of DNA,
which causes resistance of Enterobacteriaceae bacteria to
first-generation fluoroquinolones and cephalosporins
(cefazolin), in this case 6.95% of cultures were isolated
from mammary glands secretions and 2.61% were isola-
ted from cervical swabs. blaDHA gene, which accounts for
resistance to protected penicillins (ampicillin, amoxicillin,
ticarcillin, piperacillin, tazobactam) and the third- and the
forth- generation cephalosporins (cefotaxime, cefopera-
zone, ceftriaxone, ceftibuten, ceftazidime, cefixime, cef-
podoxime, cefodizime, cefetamet), had been identified
in 49.02% of E. coli DNA samples isolated from mammary
gland secretions. VIM gene encoding production of car-
bapenemases and accounting for resistance to the 1 line
carbapenems (meropenem, imipenem, doripenem) was
not detected in any of the E. coli DNA samples.

CONCLUSION

Analysis of the phenotypic and genotypic characteris-
tics of 127 E. coli clinical isolates showed that microorgan-
ism cultures (64.5%) resistant to ansamycins, semi-synthetic
penicillins, tetracyclines (doxycycline) prevail.

Fluoroquinolones were most active against E. coli and
therefore can be recommended to treat reproductive
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diseases in cows caused by this pathogen. Clinical isolates
of E. coli were sensitive to third generation cephalosporins.
However, since 28.46% of isolates in this group had shown
intermediate resistance and due to detection of blaDHA
gene in 49.02% of E. coli DNA samples, these antimicro-
bials cannot be recommended to treat infections caused
by E. coli [21].

The conducted research reveals high resistance to car-
bapenems (10.22%), which is a bad prognosis confirming
general epidemiological trend towards spread of micro-
organisms resistant to these antimicrobials. It should
be emphasized that carbapenems are used in medicine
only as reserve antimicrobials [22]. The absence of VIM
gene does not exclude other carbapenemase-producing
genes.

In general, the tendency to develop resistance to car-
bapenems and third-generation cephalosporins is a mar-
ker of polyresistance of bacteria belonging to the Entero-
bacteriaceae family [23].

The recovered isolates turned out to be sensitive to
antimicrobials included into combined pharmaceuticals.
However, their widespread use poses a risk of developing
cross-resistance to antimicrobials from different groups
and polyresistance.

The results of studying phenotypic and genotypic cha-
racteristics of antimicrobial resistance in E. coli clinical iso-
lates recovered from cattle in the Ural region are important
for a systematic approach to rational drug use and to AMR
control and containment in livestock production.
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Ncakosa Mapua HukonaeeHa, KaHAMAAT BeTepUHAPHbIX
HayK, CTapLUNA HayYHbI COTPYAHMK OTAENa PenpoayKTUBHbIX
TexHonorun ®reHY Yp®AHULL, YpO PAH, r. EkaTepuH6ypr, Poccus.

Cokonosa Onbra BacunbeBHa, AOKTOP BeTepUHapPHbIX
HayK, CTapLlnin Hay4YHbI COTPYAHMK N1abopaTopmm reHOMHbIX
nccnefoBaHuii n cenekumm XknBoTtHbix OIEHY YpOAHWL, YpO PAH,
r. EkatepnHbypr, Poccua.

Bes6opopoBa Hatanba AnekcaHApoOBHa, KaHgupat
BeTepPMHAPHbIX HayK, CTapLNA Hay4HbIl COTPYAHUK OTAena
BeTEPUHAPHO-1a00PATOPHOW ANArHOCTUKMN C UCMbITaTeNbHOMN
na6opatopueinn OrbHY Yp®AHUL YpO PAH, r. EkatepuHbypr,
Poccus.

KpuBoHorosa AHHa CepreeBHa, JOKTOP OMONOIMYECKrX HayK,
BEAYLWMI HayuHbli COTPYAHUK Nabopatopum G1oNornueckmnx
TexHonorun ®reHY Yp®AHWLL YpO PAH, r. EkatepuHbypr, Poccusa.

NcaeBa Anb6uHa leHHagbeBHa, AOKTOP GUONOIMYECKMX HayK,
BeAYLWMWIN HayuYHbll COTPYAHWK OTAENa 3MM300TONOrMYeCKOro
MOHUTOPUHIa U NMPOrHO3MPOBAHUA NHPEKLMOHHbIX bonesHeln
OrBHY Yp®AHWL, YpO PAH, r. EkaTepunHbypr, Poccus.

3y6apeBa BnagneHa [mutpueBHa, CTapwuii cneynanuct
nabopaToprin reHOMHbIX UCCNIeOBaHNI U CENEKLMN KNBOTHbIX
OrBHY Yp®AHWL, YpO PAH, r. EkatepunHbypr, Poccus.

VETERINARY SCIENCE TODAY. 2022; 11 (1): 14-19 | BETEPUHAPUA CETOAHA. 2022; 11 (1): 14-19

19



