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ABSTRACT

Introduction. The widespread antibiotic resistance among representatives of the Escherichia coli species is an acute problem for livestock and poultry farms, since
this pathogen is the most frequently registered component of the etiological structure of gastrointestinal diseases in young farm animals and poultry, and is also
often detected in diseases of other organs and systems. Even now, in many farms, the use of antibacterial drugs to treat diseases caused by this pathogen is difficult
due to the circulation of strains with multiple resistance to most antibiotics used in veterinary practice. It is known that over time, the sensitivity of a microorganism
to various groups of antibacterial drugs changes, often quite significantly. Sensitivity monitoring can help contain the spread of antibiotic resistance and optimally
select drugs for use in therapy.

Objective. Analysis and systematization of the research results presented in the scientific literature on the resistance of Escherichia coli to antibacterial drugs.
Materials and methods. A search was conducted for scientific papers on this topic in scientific journals and materials of scientific and practical conferences.
Results. This article presents and summarizes literature data on trends in Escherichia coli resistance to antibacterial drugs.

Conclusion. Escherichia coli resistance is most often demonstrated to -lactam antibacterial drugs, aminoglycosides, as well as tetracyclines, macrolides (erythromy-
cin) and lincosamides (lincomycin). In almost all studies, Escherichia coli exhibits polyresistance (resistance to two or more drugs) and in some cases, multiresistance
(resistance to at least one drug from three or more groups). The results of susceptibility determination in many studies differ significantly from each other, which
is associated with different conditions for the formation of antibiotic resistance in bacteria on different livestock enterprises. For a more accurate assessment of
the dynamics of the spread of antibiotic resistance within the Escherichia coli species, it is necessary to continue studying the sensitivity to antimicrobial drugs
of various strains detected in livestock and poultry farms, as well as from environmental objects.
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PE3IOME

BBepenue. LLInpoKoe pacnpocTpaHeHme aHTUBHOTUKOPE3UCTEHTHOCTU Cpe v NpeacTaBuUTeNeit Buaa Escherichia coliABRAeTcA 0CTpoii Npo6RemOoii KIBOTHOBOAUECKMX
W ITULLEBOAYECKIX X03ATICTB, NOCKOMbKY 3TOT BO30YAMTENb ABNAETCA Hanbonee Yacto perucTpupyeMbiM KOMIOHEHTOM STHONIOTMYECKOI CTPYKTYPbI XKENYA0UHO-
KWLLIEYHbIX 300/1eBaHNii MOSIOAHAKA CENIbCKOX035I/ACTBEHHbIX MBOTHbIX 11 MTULIbI, @ TAK¥e HEPEAKO BbIABNAETCS NpU 3a60/1eBAHNUSAX APYrUX OPraHoB 1 CUCTEM.
Y3Ke ceilyac BO MHOTVX X03AICTBAX 3aTPYAHEHO NPUMEHEHME aHTUBAKTEPUANbHBIX NPENapaToB 1A NeyeHs 3a6071eBaHNi, BbI3BAHHbIX aHHbIM MaTOTEHOM,
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BBUAY LUPKYNALMY LUTAMMOB, 001aZialoLLMX MHOXKECTBEHHOI YCTOINUNBOCTBIO K 6ONbLUMHCTBY NPUMEHAEMbIX B BETEPUHAPHOI NPaKTUKe aHTUOUOTUKOB.
/13BeCTHO, UTO CO BpeMeHeM UyBCTBUTENIbHOCTb MUKPOOPraHi3Ma K Pa3inuHbIM rpynnam aHTubakTepuanbHbIX NpenapaTos M3MEHAETCA, U HEPEAKO BecbMa
3HauMTeNbHO. MOHUTOPUHT UyBCTBUTENBHOCTY MOXET MOMOUb B CAEPXUBAHUN PAaCPOCTPAHEHNA aHTUOUOTUKOPE3NCTEHTHOCTM 1 ONTUMAbHOM Nogbope
npenapaToB A NPUMEHEHNS WX B Tepanuu.

Lienb nccnepoBanua. AHanus n cucteMaTin3aLna npeacTaBneHHbIX B HayYHol NTepaType pe3ynbTaTo MCCefoBaHMii No u3yueHuto yctoitunsocTv Escherichia
coli K aHTN6AKTEPUANbHBIM Npenapatam.

Marepuanbi 1 meTogbl. [poBesieH NONCK paboT No 3aABNEHHOI TeMe B HaYUHbIX XXYpHaaX 1 MaTepianax Hay4Ho-NpaKTYeckux KOHhepeHLMil.
Pe3ynbtatbl. B cTatbe npesctaBneHbl 1 0606LeHbl NUTepaTypHble JaHHble 0 TeHAEHLUAX B Pe3NCTEHTHOCTU Escherichia coli k anTubakTepuanbHbim
npenaparam.

3aknioueHme. YcToitunBocTb Escherichia coli valie nposBnAeTca K f-nakTaMHbIM aHT6aKTepUanbHbIM Npenapatam, aMUHOMMKO3UAAM, a TaKXe TeTpaLnKNMHaM,
MaKponuaam (3pUTPOMULMHY) 1 IMHKO3aMUAAM (TMHKOMULMHY). TpaKkTUuecKn Bo BCex UCCNeA0BAHIUAX YCTaHOBNEHO, YTO BblaeneHHble u3onATbl Escherichia coli
XapaKTepu3yIoTCA NOANPE3NCTEHTHOCTbIO (YCTORUMBOCTBIO K ABYM 11 60Mee Npenapatam), a B HEKOTOPbIX Cy4asX u MySIbTUPE3UCTEHTHOCTbIO (YCTORUMBOCTBIO
no KpaiiHeli Mepe K 04HOMY npenapaty u3 Tpex 1 6onee rpynn). PeynbTathl OnpefeneHua YyBCTBUTENBHOCTA BO MHOTUX UCCNIEA0BAHNAX 3HAUUTENIBHO
OTNMYAKTCA APYT OT APYra, YTO CBA3AHO C HEOAVHAKOBBIMYU YCNOBUAMYN GOPMUPOBAHNA aHTUOMOTUKOPE3NCTEHTHOCTY Y 6aKTepHil Ha Pa3HbIX KNBOTHOBOAYECKMX
npeanpusTaax. [1ns 6onee TOUHOI OLIEHKI AMHAMUKY PAcNPOCTPaHEHIA aHTUOMOTKOPE3NCTEHTHOCTY BHYTPU BURa Escherichia coli Heobxopumo npofomkarb
U3yyeHie YyBCTBUTENbHOCTM K aHTUMUKPOGHDBIM MpenapaTam pasfnuHblX LITAMMOB, BbIABIIAEMbIX B XUBOTHOBOZUECKYX U MTULEBOAYECKMX X03AICTBAX, a TaKKe

U3 06bEKTOB OKpyatoLLei cpefbl.

KntoueBbie cnoBa: 0630p, aHTH6UOTUKY, pe3nCTeHTHOCTb, Escherichia coli, konubakTepio3
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INTRODUCTION

Escherichia coli is a significant opportunistic pathogen
in animals, often causing colibacillosis, but its role ex-
tends beyond this primary disease. This microorganism
is frequently found in diseased animals and humans,
particularly in gastrointestinal, obstetric, gynecological,
respiratory, and urinary tract infections. E. coli are catego-
rized into 7 pathotypes, including enterotoxigenic (ETEC),
enteropathogenic (EPEC), enterohemorrhagic (EHEC), and
shigatoxin-producing (STEC). Additionally, there’s a cate-
gory for strains that are pathogenic to birds.

Colibacillosis remains a major challenge in animal hus-
bandry, particularly in industrial poultry farming, where
it ranks among the most prevalent bacterial infections
in birds (is detected in 40-70% of disease cases). A critical
complicating factor is the widespread antimicrobial resis-
tance (AMR) in E. coli isolates, with resistance observed
against all major classes of antibacterial drugs — in some
cases reaching 100% [1, 2, 31.

The significance of this study is underscored by two
critical factors: the substantial economic losses inflic-
ted on livestock production by colibacillosis, and the es-
calating global prevalence of antimicrobial-resistant
E. coli strains associated with this disease. The sensitivity
of pathogens to antibiotics can change over time, making
ongoing monitoring of antimicrobial resistance crucial,
especially for pathogens like E. coli.

This study summarizes the data available in the lite-
rature on the resistance dynamics of E. coli isolated from
different farm animal species to antibacterial drugs.

Antimicrobial resistance is the ability of microorga-
nisms to resist the effects of antimicrobial agents, including
antibiotics. The early years 1945-1963 following Fleming’s
1945 discovery were marked by a belief that the pharma-
ceutical industry could constantly develop new antibio-
tics faster than bacteria could develop resistance. Later,
the discovery of plasmids, which can transfer resistance
genes between bacteria, highlighted a major route for re-
sistance spread and increased concern (1963-1981). This
concern grew into a global problem perception from
1981-1992, leading to increased research and funding
(1992-2013). Since 2013 the problem continues to worsen
due to the emergence of new resistance mechanisms and
the increasing spread of resistant microorganisms among
populations [4, 5].

The use of alternative products like bacteriophages,
probiotics, phytobiotics, and antimicrobial peptides
is increasingly important in the treatment of bacteri-
al diseases. However, antibacterial drugs are still very
widely used for treatment in livestock and poultry farm-
ing. Moreover, the use of antibiotics to prevent disease
and boost productivity in agriculture is the reason for
the creation and accumulation of AMR genetic determi-
nants in Escherichia species. This, in turn, leads to AMR
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developement and contamination of raw materials
and food products [6, 71.

The purpose of this study was to summarize the scien-
tific literature data on E. coli AMR resistance dynamics.

MATERIALS AND METHODS

This study was conducted through systematic analysis
of literature data on antibiotic resistance patterns in di-
verse E. coli strains isolated from pathological specimens
and biological samples obtained from companion animals,
livestock, and poultry.

RESULTS AND DISCUSSION

In 2011 N. N. Shkil presented the results of testing
of 21 pathological and biological samples from aborted
and stillborn bovine fetuses; 71 samples from newborn
calves; 67 samples from calves aged 10 days to 1 month;
47 samples from 1-3-month-old calves and 18 samples
from > 3 month old calves. Pathogenic microorganisms
were isolated in 32% of samples from animals exhibiting
clinical signs of gastrointestinal disease, while respira-
tory syndrome was observed in 68% of affected calves.
Escherichia were isolated from 38% of the samples. Iso-
lation tests were conducted annually from 2001 to 2010.
As established by the author, in 2001, 50% of the isolated
Escherichia bacteria exhibited high sensitivity to amino-
glycosides. In subsequent years, the increased sensitivi-
ty to quinolone/fluoroquinolone drugs was established,
which peaked in 2006 (66%). By 2007, resistance rates
to these agents had reached parity with aminoglyco-
sides. Subsequently, in 2009-2010, bacterial isolates
demonstrated significantly greater sensitivity to amino-
glycosides (50%) compared to fluoroquinolones (15%).
The author observed a consistent inverse relationship
in antimicrobial susceptibility patterns, where increased
sensitivity to one drug class frequently corresponds with
decreased sensitivity to another class within the same
temporal period. Furthermore, these susceptibility
trends demonstrate cyclical fluctuations, characterized
by multi-year periods of increasing sensitivity followed
by subsequent declines in subsequent years [8]. E. coli
have, apparently, developed a robust mechanism for ac-
quiring resistance to fluoroquinolone antibiotics. Anti-
sense RNA produced by the micF gene does indeed in-
hibit porin protein synthesis at the translation level. This
has a positive effect on the sigma factor content related
to multiple stress resistance o° in cells. The most signifi-
cant fluctuations in E. coli resistance are associated with
this phenomenon [9].

The analysis of dynamics in sensitivity of E. coli strains
from diseased calves to antimicrobial drugs by N. E. Gor-
kovenko and Yu. A. Makarov revealed resistance to enro-
floxacin in 6.5% isolates in 2006; by 2007 their number
increased to 36.4%, and in 2010 reached 90.0%. The num-
ber of polymyxin-resistant E. coli isolates in 2006 was
23.3%, in 2010 — 75%. Neomycin resistance was revealed
in 64.0 and 81.8% in 2006 and 2010, respectively. Thus,
an increasing resistance to enrofloxacin, polymyxin and
neomycin, which significantly reduces the therapeutic ef-
fectiveness of these antibiotics is observed. Tetracycline
resistance in 2006-2008 was approximately 70%, in 2009
it decreased to 60%, and in 2010 it reached 100%. Re-

sistance to chloramphenicol in 2006 and 2007 was 60
and 55%, respectively; in 2008-2009 it increased to 80%,
and then decreased significantly. Resistance to strepto-
mycin and kanamycin was increasing from 2006 to 2008,
an then decreased in 2009. It reached 100% for both
drugsin 2010.

Consistent with previous findings, these data reveal
cyclical fluctuations in antibacterial resistance patterns.
Despite these periodic variations, the overall trend demon-
strates progressive escalation of resistance, ultimately cul-
minating in pan-resistance and complete loss of clinical
efficacy for some antimicrobial agents [10].

The research presented by D. A. Zhelyabovskaya et al.
in 2017 suggests that 71.4% of the studied E. coli strains
(015, 018, 026) isolated from the intestines of newborn
calves are polyresistant. These isolates demonstrated re-
sistance to erythromycin (95.2%), tetracycline and penicil-
lin (90.5%), kanamycin (85.7%), ampicillin (76.2%), strepto-
mycin and gentamicin (71.4%) [11].

Analysis by N. M. Al-Hammash and A. V. Ignatenko
of E. coli isolates from a dairy farm revealed high resis-
tance prevalence: 94% to benzylpenicillin, erythromycin,
and lincomycin; 83% to tetracycline; 61% to ampicillin;
56% to neomycin; 44% to chloramphenicol; 37% to
pefloxacin; 33% to polymyxin; and 28% to cephalexin.
The isolates demonstrated intermediate susceptibility
to neomycin (55%), polymyxin (50%), furadonin (27%),
chloramphenicol (16%), and kanamycin (14%). They
were susceptible to the following antibacterials: genta-
micin (83%), kanamycin (78%), cephalexin (74%), fura-
donin (72%), pefloxacin (62%), chloramphenicol (39%),
neomycin (39%), ampicillin (33%). Isolates showed 100%
susceptibility only to ceftriaxone, while absolute resis-
tance was observed to oleandomycin, clindamycin, and
oxacillin [12].

In the study by S. N. Zolotukhin et al. 34.8% of E. coli
isolates showed susceptibility to gentamicin, 34.2% were
resistant and 31.5% were moderately resistant. Ampicil-
lin was active against 57.8% of E. coli isolates, 27.3% were
resistant to it, and 14.4% showed moderate resistance.
The highest sensitivity was found to ceftriaxone (84.7%),
ciprofloxacin (74.2%) and chloramphenicol (60.6%). The
test results demonstrated that none of the antibiotics
completely inhibited microbial growth (100% inhibition).
Most strains were polyresistant to erythromycin, chloram-
phenicol, streptomycin, tetracycline, neomycin, ampicillin,
gentamicin, and penicillin [13].

Between 2016 and 2020, M. E. Ostyakova and
I. S. Shul’'ga examined the gut microbiota (enterobioceno-
sis) of newborn calves affected by gastrointestinal disor-
ders. In the course of this work, the resistance of E. coli
strains to certain antibacterials was analyzed. The results
of the study are the following: isolates showed resistance
to benzylpenicillin, ofloxacin, ciprofloxacin and erythro-
mycin. This suggests multidrug resistance of the isolated
strains. 91.7% of the isolates were sensitive to polymyxin,
70.6% to cefazolin, 65.5% to streptomycin, 62.5% to amox-
icillin / clavulanic acid combination. Therefore, these anti-
biotics are the drugs of choice for the treatment of intesti-
nal infection caused by E. coli [14].

In the characterization of diarrheagenic E. coli museum
strains for pathotypes and AMR genes by Yu. |. Pobolelova
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and S. P. Yatsentyuk, EPEC E. coli was the most prevalent
pathotype, accounting for 29% of cases relative to other
pathotypes. The determination relied on fragments
of AMR determinants to B-lactam atibiotics (blaTEM,
blaSHV genes), florfenicol (floR), chloramphenicol (cat1,
cmlA), streptomycin (aadAT1 gene), gentamicin (aac3-1V
gene). Among the studied strains, 36% had resistance
genes to at least one of the antimicrobials under study,
and 5 strains demonstrated resistance to two antibiot-
ics simultaneously: 2 strains to chloramphenicol and
streptomycin, 2 more to streptomycin and florfeni-
col, and 1 strain to chloramphenicol and florfenicol. In
total, the chloramphenicol resistance genes catl and
cmlA were identified in 3 and 4 strains, respectively;
the streptomycin resistance gene aadAT was identified
in 17 strains, and the florfenicol resistance gene floR was
identified in 4 strains. Resistance genes to gentamicin
and B-lactams were not detected [15].

Researchers A. A. Golikova and O. A. Manzhurina con-
ducted experiments on susceptibility of E. coli strains
isolated from colibacillosis-affected calves to 16 antimi-
crobials of various pharmacological classes. The authors
established the susceptibility of E. coli 020 strain to
the following antibiotics: ampicillin, amoxicillin, tetracy-
cline, chloramphenicol, gentamicin, polymyxin, norfloxa-
cin, enrofloxacin and streptomycin. Strain 033 showed
sensitivity to the same antimicrobials as 022, but was
resistant to gentamicin and streptomycin and sensitive
to furazolidone and furadonin. E. coli 0137 demonstra-
ted susceptibility to ampicillin, amoxicillin, tetracycline,
chloramphenicol, gentamicin, polymyxin, furazolidone,
furadonin, norfloxacin, enrofloxacin, and strepto-
mycin [16].

According to E. A. Sazonova, in 2020-2022, E. coli strains
tended to develop multidrug resistance to first-generation
cephalosporins, penicillins, tetracyclines, macrolides, lin-
cosamides, sulfonamides, and streptomycin. Antimicrobial
resistance was reveled in 02, 078, 0115, 0126, 015, 018,
0119, 033, 041, 0101, 0137, 0157:H7 serovariants isolat-
ed from swine colibacillosis cases.

At the same time, the E. coli resistance to various anti-
bacterial drugs changed as follows: 44.0% to cephalexin
in 2020, 71.4% in 2021, 100.0% in 2022; 29.1% to cefazolin
in 2020, 50.0% in 2021, 31.5% in 2022; 6.9, 14.3, 15.3%
to ceftriaxone; 73.7, 50.0, 48.7% to amoxicillin; 73.7, 78.7,
81.3% to ampicillin; 80.5, 57.1, 64.3% to tetracycline; 84.5,
100.0, 99.1% to doxycycline; 30.9, 71.4, 72.5% to strepto-
mycin; 83.4,100.0, 92.3% to erythromycin; 85.7,92.8,91.3%
to rifampicin; 11.4, 7.1, 10.6% to norfloxanin; 18.3,7.4,2.3%
to enrofloxacin; 10.3, 7.2, 11.3% to ciprofloxacin in 2020,
2021 and 2022 accordingly. These figures demonstrate
that antibiotic-resistant E. coli strains are highly prevalent.
Moreover, the antimicrobial resistance increases over
time, sometimes (for example, to cephalexin, doxycycline,
erythromycin) reaching 100% [17].

Tishchenko A. S. et al. reported that E. coli strains
(K99:0141, F41:026, F41, K88:0157) from calves and pig-
lets with enteric diseases exhibited resistance to amoxi-
clav, tetracycline, gentamicin, oxacillin, azithromycin, and
ceftazidime, highlighting challenges in veterinary anti-
microbial therapy. While fluoroquinolones (ciprofloxacin
and pefloxacin) demonstrated the highest antibacterial

activity among tested agents, the observed intermediate
resistance levels diminish their clinical efficacy. Amoxiclav,
oxacillin, gentamicin, and azithromycin demonstrated the
lowest antibacterial effect [18].

According to|. N. Zhdanova et al., E. coli strains 08, 015,
020,0101,0115,0157 were isolated from calves and adult
cattle in the farms of the Perm Krai in 2020-2021. These
strains revealed resistance to ampicillin and cefazolin
(61.5% for each) and high resistance to ceftriaxone (23.1%),
cefoxitin (30.7%), chloramphenicol (61.5%) and tetra-
cycline (79.5%). The isolates were sensitive to imipenem
and tobramycin (100%), meropenem (97.4%), amikacin
and moxifloxacin (92.3%) [19].

Makavchik S. A. and Sukhinin A. A. studied microorga-
nisms isolated from the milk of mastitic cows in 2021-2022.
E. coli cultures were susceptible to neomycin and carba-
penems (100%) and resistant to cephalexin (75%), tetra-
cycline (30%), cefotaxime (30%), gentamicin (14%) and
ciprofloxacin (7%). The collected data demonstrate a con-
cerning trend of rapidly increasing resistance to cephalo-
sporins, tetracyclines, and aminoglycosides among clinical
isolates [20].

The results of studies conducted by A. S. Lokteva et al.
demonstrated that E. coli 0141 and 033 strains isolated
from samples from dead pigs in 2017-2022 turned out to
be pan-resistant. Over 90% of pathogenic isolates exhibi-
ted polyresistance, with this concerning prevalence per-
sisting throughout the entire study period [21].

The article by I. M. Donnik describes that the majori-
ty of bacteria isolated from samples of cervical scrapings,
from mammary secretions, nasal and oral swabs of ani-
mals, manure, feed and contact surfaces and equipment
were resistant to antimicrobials. Escherichia were resis-
tant to rifampicin, semi-synthetic penicillins and tetracy-
clines (64-67%); approximately 44% of isolates demon-
strated low sensitivity to 3-5 antibiotics of different classes;
28% among them to third-generation cephalosporins:
ceftriaxone and cefotaxime. The bacteria exhibited high
sensitivity to fluoroquinolones: ciprofloxacin, enrofloxacin,
and ofloxacin (82%) [22].

Kochkina E. E. and Morozova N. V. assessed antimi-
crobial resistance in E. coli strains isolated from cats
with genitourinary tract disorders. The study revealed
that isolates exhibited the sensitivity to cephalo-
sporins (71 + 10.7%), moderate resistance was observed
to aminoglycosides (83.3 + 8.8%) and synthetic penicil-
lins (66 + 11.1%) and resistance to macrolides and fluoro-
quinolones. The sensitivity of the strains to individual an-
tibiotics is presented as follows: all studied cultures were
sensitive to cefepime; 83.3 + 8.8% were sensitive to cef-
triaxone and cefazolin; 83.3 + 8.8% showed moderate
resistance to cefotaxime, enrofloxacin, and gentamicin;
66.7 = 11.1% showed moderate resistance to amoxiclav;
and 50 = 11.8% showed moderate resistance to cipro-
floxacin; 16.7 + 8.8% exhibited moderate resistance
to ceftriaxone and cefazolin. The authors report the ab-
solute resistance to tylosin [23].

When assessing antibiotic resistance before using
antibacterial drugs, N. N. Muzyka and A. V. Beletskaya
isolated E. coli from various bird species. The isolates
exhibited sensitivity to gentamicin (19.0%), florfeni-
col (16.6%), enrofloxacin (14.3%), spectomycin (14.3%),
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norfloxacin (7.1%), trimethoprim (4.7%), tilmicosin (4.7%),
doxycycline (2.4%) and lincomycin (2.4%). Moderate sen-
sitivity was observed for tilmicosin (11.9%), doxycycline,
florfenicol, norfloxacin and spectinomycin (4.7% each),
trimethoprim, lincomycin and gentamicin (2.4% each).
Thus, the overall sensitivity rate to antibacterial drugs
was 20% or lower [24].

In 2023, A.S.Krivonogova et al. published the article"An-
tibiotic resistance of Enterobacteriacea in the microbiomes
associated with poultry farming” In this study, the mini-
mum inhibitory concentration (MIC) was determined for
the reference strain E. coli ATCC 25922 against ciprofloxacin,
meropenem, cefepime, and ampicillin. The control strains
were cultured during 37 days. This period corresponds
to the period of broiler raising in commercial poultry
farms from hatching to slaughter. The study demonstra-
ted that the reference strain E. coli ATCC 25922 exhibited
resistance to ciprofloxacin (MIC = 0.06-0.12 mg/L), mero-
penem (MIC = 0.12 mg/L), ampicillin (MIC = 2-4 mg/L),
and cefepime (MIC = 0.5 mg/L). Under these conditions,
antibiotic resistance did not arise because the studied
microorganisms lacked active resistance determinants in
their genomes and had no opportunity for horizontal gene
transfer due to isolation from other microbes.

The sensitivity to antibacterial drugs of microflora iso-
lated from chicken cloacal swabs and litter at different
stages of poultry rearing was also analyzed. All E. coli iso-
lates exhibited sensitivity to ampicillin (MIC: 2.0-4.0 mg/L)
and ciprofloxacin (MIC: 0.06-0.12 mg/L). Meropenem was
active against 74% of isolates at MIC 0.06 mg/L and against
all isolates at MIC 0.12 mg/L. 50% of isolates were resis-
tant to cefepime at MIC 0.125 mg/L, while 100% of isolates
were susceptible to it at MIC 0.5 mg/L [25].

The results demonstrate that subinhibitory antibiotic
concentrations promote pathogen survival and facilitate
the development of resistance through vertical gene
transfer. These studies demonstrate that carbapenem
resistance in pathogenic E. coli serotypes severely limits
therapeutic options, underscoring their critical status
in clinical management and necessitating improved anti-
microbial stewardship and infection control measures.

A group of authors studied the antibiotic sensitivity
of pathogenic coliform cultures circulating in a commer-
cial poultry farm in the Omsk Oblast. E. coli 037,0115, and
02 serovariants were isolated from pathological samples
from chickens and chicks of different ages in 2018. These
isolates exhibited 100% sensitivity to fluoroquinolone for-
mulated into “Triflon” and “Enroflon K” drugs. At the same
time, the strains showed absolute resistance to tetracy-
cline, and most strains were resistant to tylosin, gentamicin,
doxycycline, and chloramphenicol [26].

Isakova M. N. et al. studied 127 E. coli isolates from bo-
vine mammary secretions and cervical swabs. Phenotypic
resistance to rifampicin, semi-synthetic penicillins, and
tetracyclines was prevalent among the studied isolates.
The cultures showed a weaker resistance to azithromycin,
chloramphenicol and tobramycin. Among the tested iso-
lates, 28.46% demonstrated intermediate resistance to
third-generation cephalosporins, while 49.02% carried
the blaDHA resistance gene [27].

In 2023 M. S. Alexyuk et al. conducted the monitoring
of E. coli antimicrobial resistance in the Republic of Ka-

zakhstan. During 3 months, fecal samples from calves
with escherichiosis clinical signs were collected on private
farms in the Almaty region. 30 E. coli isolates were recov-
ered from the biological samples; 6 of them were presum-
ably identified as O157:H7. Study results revealed that only
4 isolates were susceptible to all tested antibiotic classes,
while 7 isolates exhibited resistance to a single antibiotic.
The majority demonstrated multidrug resistance (defined
as non-susceptibility to = 3 antibiotic classes). Five iso-
lates showed resistance to 7 antibiotic classes, and one of
the isolates proved to be resistant to all 8 classes of antibi-
otics. Most isolates were resistant to ampicillin, tetracycline,
gentamicin, florfenicol, and trimethoprim. Resistance
to enrofloxacin and amoxicillin / clavulanic acid combina-
tion was less prevalent. Almost all isolates were found to
be sensitive to colistin. Some strains exhibited intermedi-
ate resistance to gentamicin and amoxicillin / clavulanic
acid combination [28].

In the study by M. Yu. Syromyatnikov et al. the anti-
microbial resistance genes of E. coli isolated from the in-
testines of 2-5-day-old diarrheic piglets were analyzed.
Bioinformatic analysis identified 26 antibiotic resistance
genes, including: aminoglycoside resistance (Aac6-Aph2,
Aac6-If; StrA, StrB); B-lactam resistance (AmpC1_Ecoli;
OXA-10, OXA-14, OXA-16, Penicillin_Binding_Protein_Ecoli,
TEM-143, TEM-166, TEM-215, TEM-76, TEM-95); quinolone
resistance (QnrB19, QnrB5, QnrD, QnrV(C4); sulfonamide
resistance (Sull); tetracycline resistance (TetD); trimetho-
prim resistance (DfrA1, DfrA14, DfrA27); phenicol resis-
tance (CmIA5, CmIAT; FloR). Among 4 detected quino-
lone resistance genes, QnrD turned out to be prevalent:
almost 60% of the genes in this sample. E. coli strains
harboring this resistance plasmid are predicted to exhibit
broad-spectrum resistance to most antimicrobial agents
commonly used in veterinary practice. Among 10 iden-
tified B-lactam resistance genes, Penicillin_Binding_Pro-
tein_Ecoli was the most prevalent (24%). The prevalence
of OXA-16 was 9%, AmpCI1_Ecoli - 15%, OXA-10 - 12%,
OXA-14 — 11%. The prevalence of TEM-143, TEM-166,
TEM-76, and TEM-95 genes was 6% in total and only 1%
of the findings were for TEM-215. Among the phenicol
resistance genes, CmIA5 (52%) and CmIA1 (44%) were
most prevalent. The most common trimethoprim re-
sistance determinant was DfrA74 gene (64%). Among
the aminoglycoside-associated genes, StrA (35%) and
StrB (31%) were the most prevalent. Tetracycline and
sulfonamide resistance genes collectively represented
3% of the total relative abundance of resistance genes.
Among the remaining sequences, no individual resis-
tance group exceeded 10% in relative abundance. Spe-
cifically, resistance genes for tetracyclines, aminoglyco-
sides, and sulfonamides each accounted for less than 1%
of the total [29].

High-throughput sequencing revealed that QnrD, en-
coding quinolone resistance, was the most prevalent re-
sistance gene identified.

CONCLUSION

The literature review indicates that E. coli frequently
demonstrates resistance to: -lactam antibiotics (partic-
ularly benzylpenicillin, penicillin, and cephalexin); ami-
noglycosides (primarily streptomycin and gentamicin);

VETERINARY SCIENCE TODAY. 2025; 14 (3): 255-262 | BETEPUHAPUA CETOAHA. 2025; 14 (3): 255-262



REVIEWS | VETERINARY MICROBIOLOGY 0630PbI | BETEPHAPHAA MUKPOBIONOT A

tetracyclines, macrolides (erythromycin) and lincos-
amides (lincomycin). The majority of studies demonstrate
that E. coli exhibit polyresistance (resistance to = 2 antimi-
crobial agents), with many strains showing multiresistance
(non-susceptibility to > 1 agent from > 3 antimicrobial
classes).

Nevertheless, antibiogram results can vary significant-
ly between studies. This can be attributed to the uneven
distribution of antibiotic resistance mechanisms within
the microbial populations (microbiocenosis) of individu-
al livestock farms. The specific combination of resistance
mechanisms in E. coli populations varies between farms
and depends on multiple factors: circulating serovars and
their genetic backgrounds; spectrum of antibiotics used
and their application methods; presence of resistance de-
terminants in farm environments; disinfection efficacy, as
subinhibitory disinfectant concentrations may promote
microbial adaptation. These factors collectively shape:
the specific array of antibiotic resistance genes circulat-
ing within the farm’s microbial community; phenotypic
resistance mechanisms (including biofilm formation and
bacterial persistence) and adaptive resistance (transient
survival advantages under antimicrobial pressure). This
represents one of the most critical challenges in treating
E. coli infections, as the expanding resistance profile in-
creasingly compromises optimal antimicrobial selection.

The literature review revealed key trends in E. coli
antimicrobial resistance and confirmed the escalating
challenge of antibiotic resistance in animal production
systems. Consequently, comprehensive antimicrobial
resistance surveillance is required, encompassing both
livestock production facilities and their surrounding en-
vironments where resistant microorganisms may persist
and spread. Monitoring of antimicrobial susceptibility
trends will enable evidence-based updates to therapeutic
guidelines for E. coli infections in livestock. In addition, it's
crucial to continue the development and implementation
of alternative therapies for infectious diseases that don't
rely on antibiotics.
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