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Abstract

This article presents a study of monitoring the spread of antibiotic-resistant strains of sanitary-indicative microflora
of food products sold on the consumer market of Dnipropetrovsk region.

The increase of population in the world leads to an increase in the quality of livestock and poultry products. World
experience shows that it is impossible to abandon the use of antibiotics in the rearing of pigs, cattle and poultry.
Firstly, it is related to therapeutic and preventive measures in the fight against various diseases. Secondly, due to
biochemical transformations in muscle fibers with the participation of antibiotics, consumer quality indicators
(color, consistency) and technological quality indicators (moisture-absorbing and moisture-retaining ability) are
improved. Therefore, livestock products can be one of the sources of sanitary microflora entering into the human
body. In addition to the ability to cause an infectious process due to the synthesis of various pathogenic factors,
including enzymes, toxins, adhesion substances, etc, in the sanitary-indicative microflora there is interstitial,
intraspecific and intergeneric transfer of antibiotic resistance genes. This contributes to the emergence of cultures
with acquired resistance to antibiotics and the formation of multi-resistant variants. Elimination of such strains from
the human body will present certain difficulties.

It was found that in the studied samples of milk and dairy products, as well as meat and offal of cattle and poultry,
representatives of coliform bacteria, staphylococci and enterococci were less common. The isolated strains of
sanitary-indicative microflora were the most resistant to ampicillin, oxacillin, tetracycline and doxycillin. 10 strains
of S. aureus and 7 strains of S. epidermidiswas classified as MRSA and MRSE, respectively. Five of them were resistant
to vancomycin and three to linezolid. Among the isolated cultures of enterococci were strains that were resistant to
5-6 or more drugs simultaneously. Of the bacteria of the family Enterobacteriaceae, the ability to synthesize
extended-spectrum beta-lactamase (ESBL) was detected in 18 cultures, which accounted for 25.0 % of the total
number of opportunistic enterobacteria. The ESBL strains of bacteria of the family Enterobacteriaceae differed from
other isolates by resistance to at least 4 antibiotics, among which at least one belonged to the group of third-
generation cephalosporins. 7 strains of Escherichia coli, two strains of P. vulgaris and three strains of K. pneumoniae
were characterized by resistance to 6 or more tested drugs.

Keywords: meat products; dairy products; antibiotic resistance; bacterium of intestinal bacillus; Staphylococcus aureus;
Staphylococcus epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris.
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AHoTarniga

Y 3B’a3Ky 3i 36i/blIeHHAM HaceJleHHS CBIiTY 3pOCTa€ i HeOOGXiAHICTh MiABUILEHHA NOKAa3HMKIB AKOCTIi NPOAYKTIB
TBapUHHUITBA i nNTaxiBHMUTBAa. CBiTOBUIl J0CBiJ CBiAYNTHh NPO HEMOXKJIMBICTh BiJIMOBHM BiJi BUKOPHUCTaHHA
aHTUOGIOTUKIB miAz yac BuUpomyBaHHs cBUHeil, BPX, mraxis. Ilo nepme, e nop’s3aHe i3 TepaneBTUYHUMH Ta
npodisakTUYHMMHU 3aX0AAaMHU MiJ 4Yac GopoTbOM i3 pisHMMHU xBopo6amu. Ilo-agpyre, 3a paxyHOK O6ioxiMiuHMX
nepeTBOpeHb y M'AI30BUX BOJIOKHAX 3a Y4YacCTI0 aHTHMGI0THKIB NOKPAaLLyIOThCA CNOXKUBYI (KOJIip, KOHCHCTEHLif) Ta
TEXHOJIOTiYyHi (BOJIOrONMOrJMHAaKW4Ya Ta BOJIOTOYTPHMMYyKOYa 3JaTHICTh) NOKa3HUKU fAKocTi. Tomy mnpoaykrtu
TBapUHHULTBA MOXYThb ABJATHCA OAHMM i3 JpKepeJs MOTPaIJIAHHA A0 OpPraHiaMy JIIOAUHU CaHITapHO-NOKa30BOI
Mikpoduiopu. MeTo J0OCHiJKEHHS CTaB MOHITOPDUHI PO3NOBCIO/)KE€HHS aHTHGIOTHMKOpPE3UCTEHTHHMX IITaMiB
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caHiTapHO-MOKa30Boi MikpodJiopu XapuyoBMX MpPOAYKTIB, W0 peai3ylOTbCi Ha
JHinponeTpoBCbKOi 06./1aCTi.

BcTaHOBJIEHO, 0 Y JOC/IiJ)KeHUX NPo6Gax MOJIOKA i MOJIOYHUX NPOAYKTIB, a TAK0XK M’sica Ta cyonpoAyKTiB BPX i nTuni
nepeBakaym npeacraBHUku BI'KI, gemo pigme BusBasaauch cradpiziokoku i enTepokoku. Haicrilikimumu Bugineni
IITAMU CaHiTapHO-NOKa30Boi MiKpo¢10pHU BUABUJINCS A0 aMIiLUIiHY, OKCAaUMJIiHY, TETPALMKJIiHY i JOKcHMIIMIiHY. 10
mramiB S. aureus i 7 wr. S. epidermidis GyJio BizHeceHo, BiagnoBigHO, ;0 MRSA i MRSE. I3 HUX ’ATh MaJiM CTilKiCTb 10
BAaHKOMILMHY i TpU - A0 JiHe3osiAy. Cepel BUAIJIEHUX KYJbTYpP €HTEPOKOKIB 3yCTpiya/juCh WITAaMHU, AKi Maau
pe3UCTeHTHICTh A0 5-6 i Gijblie mpenapaTtiB oAHo4yacHO. I3 Gakrepiii poguHu Enterobacteriaceae 3paTHicTh 80
cuHTe3y BJIPC BuaABjeHO y 18 KyabTyp, mo ckjaaao 25.0% BiA 3arajpHOi KiZbKOCTI YyMOBHO-NAaTOreHHUX
eHTepoGakTepiii. BJIPC-mitamu 6Gakrepiii poauHu Enterobacteriaceae BiApisHa/iuce Big iHmMMX i30/ATIB
Pe3UCTEeHTHICTIO A0, IoHalMeHI, 4 aHTUGiOTHKIB, cepes IKMX X04a 6 OJUH BiJHOCUBCA A0 rpynu nedajocnopuHiB
TpeThoro NokoJliHHA. 7 wramiB E. coli, gpa mramu P. vulgaris i Tpu mramu K. pneumoniae xapakrepusyBaJiich
CTiMKICTIO 0 6 i Gi/IbLlIe TeCTOBAaHUX Mpenaparis.

Knrouosi ciosa: M’ sCHI IPOLYKTH; MOJIOYHI MPOAYKTH; aHTHOi0oTHKOpe3ucTenTHicTh; BI'KIT; Staphylococcus aureus; Staphylococcus
epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris
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AHHoOTan U

B cBs3U c yBeJIMYeHHEM Hace/leHUs 3eMJIM pacTeT U He06X0AUMOCTb NOBbIIIEeHUA NOKa3aTeJ/iell KayecTBa NPOAYKTOB
’KMBOTHOBO/,CTBA M NITULLEBOACTBA. MUPOBOI1 ONBIT CBUAETE/ILCTBYeT 0 HEBO3MOXKHOCTH OTKa3a OT MCIO0JIb30BaHUA
aHTHUGMOTUKOB B Mpolecce BbipamuBaHua cBuHeil, KPC, nTunbl. Bo-nepBhIX, 3TO CBA3aHO € TepaneBTUYeCKUMH U
npoduiakTH4eCKUMHU MepaMH BO BpeMs G0pbG6bI C pa3/IMYHBIMH 60Jie3HAMM. Bo-BTOpBIX, 3a cYeT GUOXMMUYECKUX
npeoGpa3oBaHuii B MbIIIEYHBIX BOJIOKHAX C Yy4YaCTHEM AaHTHUGMOTHUKOB YJIY4lIAIOTCA NOTpeGuTe/bCcKHe (LIBET,
KOHCHCTEHIIUA) M TEeXHOJI0rM4yecKue (BJaromorjamammas M BJaroyjep:kuBapinas CIOCOGHOCTB) NMOKa3aTesH
KayecTBa. [loaTOMy NpoAyKThl >KHBOTHOBO/JCTBA MOTYT ABJATHCA OAHMM M3 MCTOYHMKOB MONAaJAaHUA B OPraHU3M
YeJIOBeKAa CAaHUTAapHO-NOKa3aTeJbHON MUKpPOQI0phl. llebi0 Mcciea0BaHUA CTaJ MOHUTOPHUHT pacHpoCTpaHeHUs
AaHTUGMOTUKOPE3UCTEHTHBIX IITAaMMOB CaHUTApPHO-NMOKAa3aTeJbHOW MMKPOQJIOpPbI MNHUILEBLIX MNPOJYKTOB,
peasiu3yeMbIX Ha NOTPe6GUTETbCKOM PbIHKe /lHemponeTpoBCKOH 06.1aCTH.

YcTaHOBJIEHO, YTO B MICC/IeA0BAaHHBIX NP0O6axX MOJIOKA U MOJIOYHBIX NPOJYKTOB, a TAKXKe MsAca M cyonpoaykToB KPC u
NTUNbl npeo6Gaasanu mnpeacraButean BIKII, Hecko/IbKO peke OKa3sbIBa/JMCh CTAPHIOKOKKH U 3HTEPOKOKKH.
YcTOMYUBBIMHM BblAe/IeHHble IITaMMbl CaHUTApPHO-NMOKa3aTeJbHONH MHMKpOQJOpbl OKasaJMCh K aMIHUIUJ/IJIMHY,
OKCAallWJIMHY, TeTPALUK/IUHY U AOKCULU/IUHY. 10 mTamMMmoB S. aureus u 7 mT. S. epidermidis 6b1/11 OTHECEHBI,
cooTBeTcTBeHHO, K MRSA 1 MRSE. U3 HUX NATH GbLJIM YCTONYMBBI K BAHKOMMIIMHY M TPM - K JIMHe30MAy. Cpeau
Bbl/ie/IEHHBIX KYJbTYP 3HTEPOKOKKOB BCTpeYa/IMCh IUTAMMbI, KOTOpPble UMeJH Pe3UCTeHTHOCTh K 5-6 u GoJiee
npenapaTtaM 0JHOBpeMeHHO. U3 6akTepuii cemeiictBa Enterobacteriaceae cnoco6HocTh K ciHTe3y BJIPC o6HapyxkeHO
y 18 KyJ1bTyp, 4TO cOcTaBUJI0 25.0 % OT 06111ero KOJIM4eCTBA YCJI0BHO-NATOreHHbIX 9HTepo6akTepuii. B/IPC-mTaMMbI
GakTepuii cemeiicTtBa En-terobacteriaceae oT/in4a/IMCh OT APYTrUX U30JISITOB PE3UCTEHTHOCTHIO K, 10 MeHbIIel Mepe,
4 aHTHOGMOTHKAM, CpeJH KOTOPBIX XOTs ObI OJMH OTHOCHJICA K rpyimne nedajJoCIOPUHOB TPpeThero MoKoJeHus. 7
wTaMmoB E. coli, aBa mTamma P. vulgaris u Tpu mtamma K. pneumoniae xapakTepu3oBa/IMCh YCTONYMBOCTHIO K 6 U
60J1ee TeCTUPYEeMbIM NpenapaTaM.

KiroueBsie cj10Ba: MSCHBIC TPOIYKTBI; MOJIOYHBIE MPOAYKTHI, aHTHOHOTHKOpesucteHTHOCTh, BI'KII, Staphylococcus aureus;
Staphylococcus epidermidis; Enterobacter cloaceae; Klebsiella pneumoniae; Proteus vulgaris

CIIO2XKUBYOMY PHHKY

Introduction

Meat and dairy products are the main source of
protein in the human nutrition. Therefore, the
issue of quality of these product groups always
needs attention, both from the Ministry of Health
and institutions that control the quality of food
raw materials and finished products.

As the population in the world is growing, it is
necessary to improve the quality of livestock and
poultry products. World experience shows, that it
is impossible to abandon the use of antibiotics in
the rearing of pigs, cattle and poultry. Firstly, it is
related to therapeutic and preventive measures in
the fight against various diseases. Secondly, due to

biochemical transformations in muscle fibers with
the participation of antibiotics, consumer quality
indicators (color, consistency) and technological
quality indicators (moisture-absorbing and
moisture-retaining ability) are improved [1; 8;
32].

The question of the use of antibiotics has its
own historiography of events. There is a heated
debate around the world between manufacturers,
healthcare organizations and environmentalists
about the appropriateness of using antibiotics.
The influence of the products of their
decomposition in the human body is also studied.
There is an active search for their substitutes
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among natural plant components. Thus, a group of
scientists proved a reduction in the occurrence of
salmonella in poultry meat due to the use in the
feed of a composition of probiotic
microorganisms, in particular lactobacilli with
essential oil of thyme [2].

In our opinion, an approach to strengthening
the immunity of animals and poultry, such as
green tea polyphenols, is very promising [1].

However, it should be borne in mind that some
plant components have a limited area of growth,
seasonal fluctuations, and, as the most important
factor in thinking "to choose or not to choose" -
high cost. After all, the processing of vegetable raw
materials, the production of extracts, essential
oils, which have a long shelf life - are costly
processes. After all, the processing of vegetable
raw materials, the production of extracts, essential
oils, which have a long shelf life are very costly.

In recent years, the effects of antibiotics on
meat and dairy products on human health have
been extensively evaluated [3; 4]. Regarding the
obtained research results, it is quite reliable that a
number of antibiotics, such as penicillin series,
have a detrimental effect on the human body,
causing allergic reactions. All antibiotics have the
ability to change the background of the intestinal
microflora, exposing a person to diseases related
to digestion, excretion of metabolic products,
reduced immunity. This is unacceptable in the real
conditions of society, especially during epidemics
and pandemic.

In this regard, it should be noted that the
removal of antibiotics from the diet of animals and
poultry a few days before slaughter prevents the
entry of toxicants into the human body. However,
this requires strict quality control in the
timeframe provided for the sale of products to the
public. Unfortunately, today in most countries, due
to the lack of relevant legislation, quality control is
entrusted solely to the manufacturer.

There are also technological methods of
reducing the content of antibiotics in meat and
dairy raw materials, such as thorough washing,
heat treatment, proper storage conditions without
violating the shelf life. However, they are not able
to solve the main problem of antibiotic resistance
of opportunistic pathogens strains.

The emergence and spread in the environment
of antibiotic-resistant strains of opportunistic
pathogens is an urgent problem of medicine,
veterinary medicine and animal husbandry not
only in Ukraine but also abroad [5 - 7].
Uncontrolled mass and long-term use of drugs
with antimicrobial action promotes the formation
and accumulation in the body of animals of

antibiotic-resistant strains of opportunistic
pathogens. They can be released into the
environment with excretion products, into the
human body through direct contact with animals
or through the consumption of animal origin food
[9; 10; 27]. Provided that such resistant strains of
opportunistic pathogens become the main
etiological agent in the occurrence of an infectious
process in humans, their elimination from the
body will present certain difficulties. In addition,
microorganisms can undergo interstitial,
intraspecific and intergeneric transmission of
antibiotic resistance genes. This will promote the
emergence of cultures with acquired antibiotic
resistance and the formation of multidrug-
resistant variants [11].

This explains the ineffectiveness of antibiotic
therapy in the treatment of viral and bacterial
diseases.

Therefore, the article was paid attention to the
monitor the spread of antibiotic-resistant strains
of opportunistic pathogens not only among
clinical isolates, but also among those isolated
from the environment and in foods that are
sources of complete proteins.

The aim of the study was to monitor the
content of antibiotic-resistant strains of
opportunistic ~ bacteria of the  genera
Staphylococcus, Enterococcus and the family
Enterobacteriaceae in food products sold in
consumer markets of Dnipropetrovsk region.

Results and discussion

Samples of food products were used as objects
of research: meat and by-products of cattle and
poultry, milk and sour-milk products (cheese, sour
cream, kefir). Sampling of meat and dairy products
was carried out at the trade markets of Dnipro.
Samples for analysis were prepared according to
DSTU ISO  6887-1:2003. Sanitary and
microbiological examination of milk and dairy
products was performed according to GOST 9225-
84 and GOST 30347-2016, meat and meat
products was performed according to GOST R
54354-2011 [12-14].

The species affiliation of the isolated strains of
enterobacteria was determined using the test “API
20E” (“BioMerieux”, France), enterococci - by “API
20 STREP” (“BioMerieux”, France), staphylococci -
by “API Staph” (“BioMerieux”, France).

With used Disco-diffusion method and the
method of minimal serial dilutions (ISO 20776-
1.2006) in selected cultures of opportunistic
bacteria determined the degree of sensitivity to a
number of antibiotics of different pharmacological
groups. Standard discs with antibiotics were used
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during the disco-diffusion method. The set of

antibiotics included  ampicillin, oxacillin,
imipenem, cefotaxime, ceftriaxone,
amoxicillin/clavulanic acid, ceftazidime,

ciprofloxacin, levofloxacin, amikacin, gentamicin,

vancomycin, tetracycline, doxycycline,
chloramphenicol, linezolid, erythromycin,
azithromycin, nitrofurantoin. Sensitivity

assessment of isolated bacterial strains was
performed according to CLSI/NCCLS criteria. The
sensitivity of  experimental cultures of
microorganisms was assessed by the SIR system,
according to which test objects were divided into
the following categories: sensitive (S-sensitive),
moderately resistant (MR), resistant (R-
resistance) [30].

Due to the fact that special dangers to human
and animal health due to the presence of multiple
antibiotic resistance are strains of the family
Enterobacteriaceae, capable of producing BLES
(B-lactamase extended spectrum), and oxacillin-
resistant strains of staphylococci, some interest
was in research from the isolation of food isolates
of these microorganisms. Strains of enterobacteria
capable of synthesizing BLES were detected by the
double-disc method. This method is a variant of
the classical disco-diffusion method for
determining the sensitivity to antibiotics and
allows to detect the production of ESBL in the
presence of an extended zone of growth
retardation around the disk with cephalosporins
in front of the disk with clavulanic acid. Disks with
amoxicillin/clavulanate (20/10 mcg), cefotaxime

(30 mcg), ceftriaxone (30 mcg) and ceftazidime
(30 mcg) were used to set up the method. The
presence of an extended zone of growth
retardation around at least one of the tested
cephalosporins allows to attribute the
experimental strain to the producers of ESBL [16].

Given that in staphylococcal strains multiple
antibiotic resistance occurs mainly in isolates
resistant to oxacillin due to the production of
penicillin-binding protein 2a (PBP 2a), they were
detected by inoculation on meat-peptone agar
with methicillin (oxacillin) simultaneously [17].
Staphylococcal and enterobacterial cultures from
the international collection were used as controls.

Experimental part

548 of food samples were analyzed. Among
them, 229 (41.8%) did not meet regulatory
standards. 138 of them (60.3 %) were dairy
products, 63 (27.5 %) were poultry meat and by-
products, 28 (12.2 %) were meat and cattle by-
products (Fig. 1). Samples of dairy products that
did not meet microbiological standards were
characterized by the presence of sanitary-
indicative microflora: bacteria of the Escherichia
coli group were detected in 24.6 % of samples,
bacteria Staphylococcus - 18.8 %, Enterococcus -
5.8 % of samples (Table 1). Their titers (average
value for samples with deviations from the norm)
were 2.95 * 0.42, respectively; 3.88 +0.79 and
2.78 £ 0.83 1g CFU/g of product.

dairy produts
poultry meat and by-

products
Ocattle meat and by-products

60,3%

Fig. 1. Frequency of food samples detection that do not meet regulatory indicators

It should be noted, the titer of bacteria of the
genus Staphylococcus (average for all samples
with deviations) in dairy products was the highest.
The likelihood of this fact is that milk and dairy
products have been contaminated with microflora
from the skin and mucous membranes of animals
and workers during production and sale. There is
a high level of their content in dairy products due
to the fact, that staphylococci show lipase and
proteolytic activity and have the ability to utilize
lactose. This causes toxicoinfection. Our results

confirm the observations of Goryuk Yu. V. [6]. He
showed, that Staphylococcus aureus of two
biotypes S. aureus var. bovis and S. aureus var.
hominis is most often isolated from raw milk and
home-made dairy products. The author describes
the ways of getting them into food: from the skin
and mammary glands of animals during milking,
as well as from the skin of the hands and mucous
membranes of workers and sellers. This indicates
a low level of compliance with hygiene and
sanitary requirements during the production of
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milk and dairy products. It is necessary to pay
attention to this to producers and regulatory
authorities of the state regulation of food quality
issues.

Indicators of contamination of the sanitary and
indicative microflora of meat and dairy products,
which were sold at points of sale in the markets of

the Dnipropetrovsk region are shown in Table 1.
Table 1

Indicators of contamination of dairy and meat products of sanitary-oriented microflora

Sanitary and microbiological indicator

~
=
s - : :
5 g _ bacterium 9f1ntest1nal p. Staphylococcus p- Enterococcus
S 27 bacillus
g 3w
z £
o 22
3 5Es
o 5 E S Absn. % lgCFU/g*  Absn % lgCFU/g*  Absn. % lg CFU/g*
g g 7o
A g 28
588
£§2
28
25 138/
s g 68 (49.2) 34 24.6  2.95+0.42 26 18.8  3.88+0.79 8 5.8 2.78+0.83
a,
S
0
=]
& o
= O
g -§ 63/56 (88.9) 28 444  426%0.63 19 30.2 2.86x0.42 9 143  3.50+0.83
> &
E
o
[
28/23(82.1) 10 35.7  3.73%#1.97 9 321  2.41+0.64 4 143  2.66%1.73

Cattle meat and by-
products

Note: * average of samples with deviations from the norm

Bacterium of intestinal bacillus (41.7% of
cases), staphylococci (30.8%), and enterococci
(14.3%) were also the most common in meat
products. Titers (average) of Bacterium of
intestinal bacillus, bacteria of the genera
Staphylococcus and Enterococcus in samples of
poultry meat and by-poducts with deviations from
the normative indicators were 4.26 = 0.63,
respectively; 2.86 + 0.42 and 3.50 + 0.83 CFU/g of
product, and in samples of meat and cattle by-
products - 3.73 £ 1.97,2.41 + 0.64 and 2.66 £ 1.73
CFU/g of product. As can be seen from the data

obtained, samples of poultry meat and by-
products were characterized by the highest
degree of contamination with sanitary-indicative
microflora, primarily members of the family
Enterobacteriaceae. Similar results are presented
in the work of Korotkevich Yu. V., where it was
shown that the highest level of enterobacterial
contamination was registered in samples of milk,
poultry meat and poultry by-products [11].

The most diverse species composition of
Bacterium of intestinal bacillus was found in
samples of milk and dairy products (Fig. 2).
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Fig. 2. Species composition of bacterium of intestinal bacillus in samples of dairy and meat products

Escherichia coli predominated among all
isolated species of enterobacteria. Thus,
Escherichia coli was isolated from samples of dairy
products in 55.9 % of cases, from samples of
poultry meat and by-products in 53.5 % as well as
from meat and cattle by-products in 60.0 % of
cases. Slightly less often Enterobacter cloaceae

was sown from dairy samples in 11.8 % of cases,
from beef samples P. vulgaris in 20.0 % of cases,
from poultry samples P. vulgaris and Klebsiella
pneumoniae with the same frequency in 14.3 % of
cases. Other bacterial species were detected in
isolated cases, the frequency of their seeding from
the samples did not exceed 10 %.
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Fig. 3 Species composition and quantitative ratio of staphylococcal strains isolated from food products

The species composition of staphylococci
isolated from experimental samples with
deviations was represented by Staphylococcus
aureus, epidermal and saprophytic staphylococci
(Fig. 3). Among them, Staphylococcus aureus
strains were the most common in milk, meat and
cattle by-products, in 46.2% and 44.4 %,
respectively. Staphylococcus S. epidermidis
predominated in poultry meat and by-products
samples. The frequency of their selection in the
experimental samples was 42.1%. S

saprophyticus strains were found in the smallest
amount (not more than 23.0 %) in food samples.
Among the coccal microflora, in addition to
staphylococci, enterococci Enterococcus faecium
and E. faecalis were isolated from the
experimental samples. They were most often
isolated from samples of poultry meat, poultry by-
products and dairy products. Thus, strains of E.
faecium were sown from samples of meat and
poultry offal in 66.7 %, and E. faecalis - in 33.3 %
of cases (six and three contaminated samples),
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from dairy products - respectively in 37.5 % and
62.5 % of cases (3 and 5 contaminated samples).
Only two samples had E. faecium and two had E.
faecalis for meat and cattle by-products.

At the next stage, the level of sensitivity to
antibiotics of different pharmacological groups,
which are most widely used in modern medical
and veterinary practice, was determined in the
selected strains of opportunistic bacteria.

The results of the analysis of staphylococci
antibiotic susceptibility are presented in the Table
2.

Staphylococcal strains were the most resistant
to penicillin antibiotics ampicillin and oxacillin
(79.6 and 68.5 % of cultures, respectively). In
addition, a high level of resistance was observed in
these strains to macrolides and tetracyclines.
Resistance to erythromycin was found in 61.1 %
of staphylococcal strains, to doxycillin - 59.3 %, to
azithromycin and tetracycline - 51.9 % of the
studied isolates. In terms of species, the largest
number of resistant to these antibiotics strains of
staphylococci were registered among S. aureus
and S. epidermidis. Among the total number of
strains to ampicillin were resistant 37.0 % and
31.5 % of isolates of Staphylococcus aureus and
Staphylococcus epidermidis, to oxacillin - 33.3 %
and 27.8 % of cultures, respectively. 10 strains of
S. aureus and 7 strains of S. epidermidis were
resistant to oxacillin. They were assigned to the
group of methicillin-resistant cultures - MRSA and
MRSE.

The resistance of the above-described
staphylococcal strains to modern [(-lactam
antibiotics, in particular to imipenem (1 strain),
cefotaxime (5 cultures), ceftriaxone (7 isolates),
ceftazidime (7 strains), amoxicillin/clavulanic
acid (7), became important. Our results are
consistent with the results of other researchers.
They found that MRSA is characterized by a high
level of resistance to antibiotics of various
pharmacological groups, namely macrolides,
aminoglycosides, fluoroquinolones, and especially
to the group of B-lactams, including penicillins and
cephalosporins of all generations [18; 19; 31].

In addition, of the staphylococcal isolates we
isolated, five were resistant to vancomycin and
three to linezolid, the drugs of choice for the
treatment of infections caused by strains of
methicillin-resistant staphylococci with multiple
antibiotic resistances [20; 21]. The data suggest

that the presence of such isolates in the body of
sick people, significantly complicates the
treatment of infections caused by staphylococci,
described in this paper. This creates limitations
and explains the ineffectiveness of using a wide
range of antibiotics in a large number of clinical
cases. In modern medical and veterinary practice,
this problem is becoming increasingly important
and alarming in the field of health care [22; 23].

Enterococcal strains were characterized by an
even higher level of antibiotic resistance
compared to staphylococci(Tabl. 3). More than
50.0% of isolates of the genus Enterococcus were
resistant to [-lactams: ampicillin, oxacillin,
amoxiclav, cefotaxime, ceftriaxone, ceftazidime, as
well as ciprofloxacin, gentamicin, nitrofurantoin,
tetracycline, doxycycline and vancomycin.

Among this range of antibiotics, ampicillin,
ceftriaxone, ciprofloxacin, tetracycline and
doxycycline were the least effective against the
selected enterococcal strains. Only 33.3 % of all
tested isolates of the genus Enterococcus were
sensitive to them.

It should be noted that among the isolated
cultures of enterococci there were strains that had
resistance to 5-6 or more drugs simultaneously.
This allows them to be classified as multiresistant
[24].

Similar results are described in the articles of
the authors Minaeva L.P. [25] and Korotkevich Yu.
V. [11]. They showed that 40-70 % of enterococci
were resistant to tetracycline.

The fact that meat and dairy products are the
most common strains of opportunistic bacteria
resistant to penicillins and tetracyclines is due to
the fact that these antibiotics are most often used
in animal husbandry to stimulate animal growth
and treat infectious diseases. As a result, they are
most often found in food products of animal origin
in quantities exceeding the norms of standards
and sanitary rules and regulations [26; 27].

The highest percentage of strains resistant to
penicillin was registered among members of the
Enterobacteriaceae. Resistance to ampicillin was
found in 86.1 % of enterobacterial isolates, to
oxacillin in 84.7 %, to amoxicillin / clavulanate in
75.0 %. 60.0% of cultures were resistant to
nitrofurantoin, 66.7% and 72.2 % to tetracycline
and doxycycline. The Ilargest number of
insensitive strains was found among isolates of
the genus Proteus and Klebsiella.
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Sensitivity to antibiotics of Staphylococcus strains isolated from food

Table 2

S. aureus, abs.n./%

S. epidermidis,

S. saprophyticus,

For all types of

(n=23) abs.n./% (n=19) abs.n./% (n=12) staphylococci, abs.n./%
Antibiotics (n=54)
S R IR S R IR S R IR S R IR
Ampicillin 3/13.0 13/56.6 7/30.4 2/10.5 11/57.9 6/31.6 6/50.0 2/16.7 4/33.3 11/20.4 26/48.1 17/315
Oxacillin 5/21.7 10/43.6 8/34.7 4/21.0 7/36.8 8/42.1 8/66.7 1/8.3 3/25.0 17/31.5 18/33.3 19/35.2
Imipenem  20/87.0 1/43 2/8.7 17/89.5 0/0 2/105 11/91.7 0/0 1/8.3 48/888 1/19 5/9.3
Cefotaxime  17/74.0 3/13.0 3/13.0 12/63.2 2/10.5 5/263 8/66.7 0/0 4/33.3 37/68.5 5/9.3 12/22.2
Ceftriaxone  16/69.6 4/17.4 3/13.0 14/73.7 2/10.5 3/158 9/75.0 1/8.3 2/16.7 39/72.2 7/13.0 8/14.8
Ceftazidime  18/78.3 3/13.0 2/8.7 13/68.4 3/15.8 3/15.8 10/83.4 1/8.3 1/83 41/759 7/13.0 6/11.1
Amoxicillin /
Clavulanic acid 15/65.2 4/17.4 4/17.4 12/63.2 2/10.5 5/26.3 9/75.0 1/83 2/16.7 36/66.6 7/13.0 11/20.4
Ciprofloxacin  18/78.3 2/8.7 3/13.0 15/80.0 2/10.5 2/10.5 8/66.7 0/0 4/33.3 41/759 4/7.4 9/16.7
Levofloxacin 19/82.6 1/43 3/13.0 17/89.4 1/53 1/53 11/91.7 0/0 1/8.3 47/87.0 2/3.7 5/9.3
Amikacin 11/479 5/21.7 7/30.4 14/73.7 3/15.8 2/10.5 8/66.7 2/16.7 2/16.7 33/61.1 10/18.5 11/20.4
Gentamicin _ 12/52.3 5/21.7 6/26.0 14/73.7 3/158 2/10.5 7/58.3 2/16.7 3/25.0 33/61.1 10/18.5 11/20.4
Vancomycin _ 18/78.3 3/13.0 2/8.7 16/842 2/10.5 1/53 10/833 0/0 2/16.7 44/814 5/93 5/9.3
Tetracycline  10/43.6 7/30.4 6/26.0 10/52.6 6/31.6 3/15.8 6/50.0 3/25.0 3/25.0 26/48.1 16/29.7 12/22.2
Doxycillin 9/39.3 8/34.7 6/26.0 8/42.1 6/31.6 5/26.3 5/41.7 3/25.0 4/33.3 22/40.7 17/31.5 15/27.8
Chl"rar:lphemc 15/65.3 3/13.0 5/21.7 11/57.9 2/105 6/31.6 7/583 1/8.3 4/33.3 33/61.1 6/11.1 15/27.8
Linezolid 19/82.6 2/8.7 2/8.7 16/842 1/53 2/10.5 12/1000 0/0 0/0 47/87.0 3/5.6 4/7.4
Nitrofurantoin  9/39.2 7/30.4 7/30.4 10/52.6 4/21.1 5/263 9/75.0 1/8.3 2/16.7 28/51.9 12/22.2 14/25.9
Erythromycin  8/34.7 9/39.3 6/26.0 7/36.8 7/36.8 5/26.3 6/50.0 2/16.7 4/33.3 21/38.9 18/33.3 15/27.8
Azithromycin  10/43.6 7/30.4 6/26.0 8/42.1 5/263 6/31.6 8/66.7 1/83 3/25.0 26/48.1 13/24.1 15/27.8
Note: S - sensitive; R - resistant; IR - moderately resistant
Table 3
Antibiotic sensitivity of enterococcal strains isolated from food
E. faecium, abs.n./% (n=11) E. faecalis, abs.n./% (n=10) For all types of enterococci,
Antibiotics abs.n./% (n=21)
S R IR S R IR S R IR
Ampicillin 4/363  4/36.3 3/27.4 3/30.0 6/60.0 1/10.0 7/33.3 10/47.7 4/19.0
Oxacillin 5/45.5 2/18.2 4/36.3 3/30.0 5/50.0 2/20.0 8/38.1 7/33.3 6/28.6
Amoxiclav 6/544 3/274 2/18.2 3/30.0 6/60.0 1/10.0 9/42.9 9/42.9 3/14.2
Imipenem 9/81.8 0/0.0 2/18.2 9/90.0 0/0.0 1/10.0 18/85.8 0/0 3/14.2
Cefotaxime 5/45.5 4/36.3 2/18.2 4/40.0 4/40.0 2/20.0 9/42.9 8/38.1 4/19.0
Ceftriaxone 3/273 5/455 3/27.3 4/40.0 3/30.0 3/30.0 7/33.3 8/38.1 6/28.6
Ceftazidime 5/45.5 4/36.3 2/18.2 5/50.0 3/30.0 2/20.0 10/47.7 7/33.3 4/19.0
Ciprofloxacin 3/274 6/544 2/18.2 4/400 5/50.0 1/10.0 7/33.3 11/52.4 3/14.3
Levofloxacin  7/63.6  1/9.0 3/27.4 8/80.0 1/10.0 1/10.0 15/71.5 2/9.5 4/19.0
Amikacin 6/54.4 2/18.2 3/27.4 5/50.0 3/30.0 2/20.0 11/52.4 5/23.8 5/23.8
Gentamicin 5/45.5 2/18.2 4/36.3 4/40.0 3/30.0 3/30.0 9/42.9 5/23.8 7/33.3
Tetracycline 3/274 6/544 2/18.2 4/40.0 3/30.0 3/30.0 7/33.3 9/42.9 5/23.8
Doxycilline 2/18.2  7/63.6 2/18.2 5/50.0 2/20.0 3/30.0 7/33.3 9/42.9 5/23.8
Chloramphenicol 7/63.6 2/18.2 2/18.2 6/60.0 2/20.0 2/20.0 13/62.0 4/19.0 4/19.0
Nitrofurantoin  5/45.5 3/27.3 3/27.3 4/40.0 3/30.0 3/30.0 9/42.9 6/28.6 6/28.6
Vancomycin 5/455 1/9.0 5/45.5 4/40.0 3/30.0 3/30.0 9/42.9 4/19.0 8/38.1

Note: S - sensitive; R - resistant; IR - moderately resistant
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Table 4

Sensitivity to antibiotics of strains of the family Enterobacteriaceae isolated from food

E. coli, abs.n./% Proteus spp., Klebsiella spp. Citrobacter Enterobacter For all types of
Antibio- (n=40) abs.n./% (n=10) abs.n./% (n=10) freundii, cloaceae enterobacteria,
tics abs.n./% (n=5) abs.n./% (n=7) abs.n./% (n=72)
S R IR S R IR S R S R IR S R IR S R IR
Ampicillin 6/ 28/ 6/ i/ 8/ 1/ 2/ 7/ o/ 4/ 1 1/ 5/ 1/ 10/ 52/ 10/
15.0 70.0 15.0 10.0 80.0 10.0 20.0 70.0 10.0 0.0 80.0 20.0 143 714 143 139 722 139
oxacillin 7/ 26/ 7/ i/ 7/ 2/ 1/ 8/ i/ 3/ 1 1/ 4/ 2/ 11/ 48/ 13/
17.5 65.0 175 10.0 70.0 20.0 10.0 80.0 10.0 20.0 60.0 20.0 143 57.1 286 153 66.6 18.1
Amoxi-
cillin/ 10/ 22/ 8/ 3/ 5/ 2/ 2/ 6/ i 3/ 1 2/ 3/ 2/ 18/ 39/ 15/
Clavulgnic 25.0 55.0 20.0 30.0 50.0 20.0 20.0 60.0 20.0 20.0 60.0 20.0 28.6 42.8 28.6 250 542 208
acl
Imipenem 38/ o/ 2/ 8 0/ 2/ 9/ 0/ 4/ o/ 1/ 6/ 0/ 1/ 65/ 0/ 7/
950 0 50 800 00 200 900 0.0 100 80.0 0.0 20.0 857 0.0 143 903 0.0 9.7
Cefotaximego/ 6/ 4/ 6/ 2/ 2/ 7/ 2/ 3 1 1 5/ 1/ 1/ 51/ 12/ 9/
75.0 15.0 10.0 60.0 20.0 20.0 70.0 20.0 10.0 60.0 20.0 20.0 714 143 143 70.8 16.7 125
Ceftriaxonegl/ 5/ 4/ 7/ 1 2/ 8/ 1/ 4/ o/ 1/ 6/ 1/ 0/ 56/ 8/ 8/
77.5 12,5 10.0 70.0 10.0 20.0 80.0 10.0 10.0 80.0 0.0 20.0 85.7 143 0.0 778 111 111
Ceftazi- 32/ 4/ 4/ 6/ 1/ 3/ 7/ 2/ 3y 1 1 5/ o/ 2/ 53/ 8/ 11/
dime 80.0 10.0 10.0 60.0 10.0 30.0 70.0 20.0 10.0 60.0 20.0 200 714 0.0 286 736 111 153
Ciproflo- 33/ 3/ 4/ 8/ 1/ 1/ 7/ 2/ 3y o/ 2/ 5/ o/ 2/ 56/ 6/ 10/
xacin 825 7.5 10.0 80.0 10.0 10.0 70.0 20.0 10.0 60.0 0.0 400 714 0.0 286 778 83 139
Levoflo- 36/ 1/ 3/ 8/ o/ 2/ 8/ 0/ 4, o/ 1/ 6/ 0/ 1/ 62/ 1/ 9/
xacin  90.0 25 75 80.0 0.0 20.0 80.0 0.0 20.0 80.0 0.0 20.0 857 0.0 143 861 14 125
Amikaciy 20/ 6/15.14/35.6/60. 2/20. 2/20. 6/60. 2/20. 2/20. 4/80. 0/0. 1/20. 4/57. 2/28. 1/14. 40/55.12/16.20/27.
500 0 0 0 0 0 0 0 0 0 0 1 6 3 6 7 7
Genta- 22/ 8/ 10/2 5/ 2/ 3/ 5/ 2/ 3 1 1 3/ 2/ 2/ 38/ 15/ 19/
micin  55.0 20.0 5.0 50.0 20.0 30.0 50.0 20.0 30.0 60.0 20.0 20.0 42.8 28.6 28.6 52.8 208 264
Tetra- 15/ 14/ 11/ 2/ 7/ 1/ 3/ 6/ 2/ 2/ 1/ 2/ 3/ 2/ 24/ 32/ 16/
cycline 375 350 275 20.0 70.0 10.0 30.0 60.0 10.0 40.0 40.0 20.0 28.6 42.8 28.6 333 445 222
Doxycil- 12/ 18/ 10/ 3/ 6/ 1/ 2/ 6/ 1/ 2/ 2/ 2/ 4/ 1/ 20/ 36/ 16/
line 30.0 45.0 25.0 30.0 60.0 10.0 20.0 60.0 20.0 20.0 40.0 40.0 28.6 57.1 143 278 50.0 22.2
Chloram- 26/ 6/ 8/ 6/ 2/ 2/ 5/ 3/ 4, o/ 1/ 5/ o/ 2/ 46/ 11/1 15/
phenicol 65.0 15.0 20.0 60.0 20.0 20.0 50.0 30.0 20.0 80.0 0.0 20.0 714 0.0 286 639 53 208
Nitrofura 18/ 8/ 14/ 3/ 6/ 1/ 3/ 5/ 2/ 1 2/ 3/ 2/ 2/ 29/ 22/ 21/
ntoin  45.0 20.0 35.0 30.0 60.0 10.0 30.0 50.0 20.0 40.0 20.0 40.0 42.8 28.6 28.6 402 30.6 29.2

Note: S - sensitive; R - resistant; IR - moderately resistant

Similar results regarding the determined level
of antibiotic sensitivity of enterobacteria isolated
from food were found in the article by T. Mahami
et al. They indicated that food isolates of
Enterobacteriaceae and Klebsiella showed high

resistance to penicillins, macrolides and
tetracyclines [28].
Among the Dbacteria of the family

Enterobacteriaceae isolated from food, the ability
to synthesize ESBL was found in 18 cultures. This
amounted to 25.0 % of the total number of
opportunistic enterobacteria. Among the E. coli
strains, 55.7 % of isolates had this ability. As well
as this ability had 11.1% P. vulgaris, 27.8 % of K.
pneumoniae, 5.6 % of Enterobacter cloaceae.

The study found that all these strains of
bacteria of the family Enterobacteriaceae with the
ability to synthesize ESBL differed from other
isolates resistant to at least 4 antibiotics. Among
them, at least one belonged to the group of third-
generation cephalosporins with a broad spectrum
of antibacterial action. It should be noted that 7

strains of E. coli, two strains of P. vulgaris and
three strains of K. pneumoniae were characterized
by resistance to 6 or more tested drugs. It should
be noted that according to the results of studies
cited in the article [29], it was found that 90% of
ESBL strains of the genera Escherichia and
Klebsiella isolated from seafood were resistant to
at least one of the third-generation
cephalosporins: cefotaxime, ceftazidime and
cefpodoxime, and 38.46 % of cultures were
resistant to 5 antibiotics and belonged to the
category of multiresistant.

Conclusions

Summarizing the above:

1. Samples of dairy products that did not meet
microbiological standards (60.3 %, from 229 - the
total number of samples with deviation) were
characterized by the presence of bacterium of
intestinal bacillus in 24.6% of cases,
Staphylococcus bacteria - in 18.8 %, Enterococcus
- in 5.8 % of cases. Their titers (average) were
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2.95+0.42, respectively; 3.88+0.79 and
2.78 £ 0.83 Ig CFU / g of product.

2. Samples of meat products that did not meet
microbiological standards (out of 229 samples
27.5 % - poultry meat and by-products, 12.2% -
beef and beef by-products) were characterized by
the presence of bacterium of intestinal bacillus in
41.7 % of cases, bacteria, Staphylococcus - in
30.8 %, Enterococcus - in 14.3 % of cases. Titers
(average) of bacterium of intestinal bacillus,
bacteria of the genera Staphylococcus and
Enterococcus in samples of meat and poultry by-
products with deviations from the normative
indicators were 4.26 * 0.63, respectively;
2.86 +0.42 and 3.50 + 0.83 CFU / g of product, and
in samples of meat and cattle by-products -
3.73+£1.97,2.41 £ 0.64 and 2.66 + 1.73 CFU / g of
product.

3. The species composition of the sanitary-
indicative microflora was represented by:
1) 7 species of bacterium of intestinal bacillus:
Escherichia coli, Proteus vulgaris, P. mirabilis,
Klebsiella pneumoniae, K. oxytoca, Citrobacter
freundii, Enterobacter cloaceae; 2) three species of
staphylococci: Staphylococcus aureus,
S. epidermidis, S. saprophyticus, 3) two species of
enterococci: Enterococcus faecium and E. faecalis.

4. The presence of MRSA and MRSE among
staphylococci was shown for the first time. The
most resistant isolated strains of staphylococci
were to antibiotics of the penicillin series -
ampicillin and oxacillin - respectively 79.6 and
68.5% of cultures. In addition, they had a high
level of resistance to macrolides and tetracyclines.
10 strains of S. aureus and 7 strains of S.
epidermidis was classified as MRSA and MRSE,
respectively. Among them were those
characterized by resistance to modern {3-lactam
antibiotics: imipenem (1 strain), cefotaxime (5
cultures), ceftriaxone (7 isolates), ceftazidime (7
strains), amoxicillin/clavulanic acid (7 cultures).
Five were resistant to vancomycin and three were
resistant to linezolid.

5. Ampicillin, ceftriaxone, ciprofloxacin,
tetracycline, and doxycycline were the least
effective against the isolated enterococcal strains.
Only 33.3 % of all tested isolates of the genus
Enterococcus were sensitive to them. Among the
isolated cultures of enterococci, there were strains
that had resistance to 5-6 or more drugs
simultaneously.

6. The highest percentage of strains resistant to
penicillin drugs was registered among members of
the Enterobacteriaceae family. Thus, resistance to
ampicillin was found in 86.1 % of enterobacterial
isolates, to oxacilin in 84.7%, to

amoxicillin/clavulanate in 75.0 %. 60.0% of
cultures were resistant to nitrofurantoin, 66.7 %
and 72.2 % to tetracycline and doxycycline. The
largest number of insensitive strains was found
among isolates of the genus Proteus and Klebsiella.

7. The ability to synthesize ESBL was first
shown in enterobacteria isolated from food.
Among the bacteria of the family
Enterobacteriaceae isolated from food, the ability
to ESBL synthesize was found in 18 cultures. This
amounted to 25.0 % of the total number of
opportunistic enterobacteria. Among E. coli
strains, 55.7% of isolates, P. vulgaris - 11.1%,
K. pneumoniae - 27.8 %, Enterobacter cloaceae -
5.6 % of cultures had this ability.

8. The sensitivity of bacteria of the
Enterobacteriaceae family to antibiotics was
determined for the first time. ESBL strains of
bacteria of the family Enterobacteriaceae differed
from other isolates by resistance to at least 4
antibiotics. Among them, at least one belonged to
the group of third-generation cephalosporins. 7
strains of E. coli, two strains of P. vulgaris and
three strains of K. pneumoniae were characterized
by resistance to 6 or more tested drugs. They are
classified as multidrug-resistant.

Therefore, from the above it is clear that food
can be one of the sources of entry into the human
body of sanitary-indicative microflora. In addition
to the ability to cause an infectious process due to
the synthesis of various pathogenic factors,
including enzymes, toxins, adhesives, etc. There is
interstitial, intraspecific and intergeneric transfer
of antibiotic resistance genes in the sanitary-
indicative microflora. This contributes to the
emergence of cultures with acquired resistance to
antibiotics and the formation of multi-resistant
variants.

Elimination of such strains from the human
body will present some difficulties, because they
do not belong to the class of xenobiotics and can
not be eliminated from the body by glutathione,
glucuronide and other biochemical pathways [33].
There is a high probability of their retention in the
human body and the emergence of various
diseases against their background.

Therefore, constant monitoring of isolates of
enterobacteria capable of synthesis of ESBL in the
environment, and especially in food products
according to the method outlined in the article, as
well as taking measures to limit the further spread
of these species of opportunistic pathogens is
essential to improve health of population in many
countries around the world.
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