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Abstract. A study of the antibiotic susceptibility of bacteria of the genus Enterobacter, selected at regional dairy en-
terprises, was carried out. The purpose of this work was to assess the phenotypic resistance profiles of Enterobacter 
spp. in the loci of fermenal microbiocenoses related to milk production. Research methodology and methods. In 
the course of the work carried out, milk, mammary gland secretions, and udder washes from cows at dairy cattle 
breeding enterprises located in different districts of the Ural region were examined. The phenotypic resistance of 
Enterobacter spp. Isolates was analyzed to 10 antibacterial drugs: ciprofloxacin, enrofloxacin, ofloxacin, meropenem, 
doxycycline, chloramphenicol, ceftriaxone, amoxicillin, ampicillin, rifampicin. Results. Average sensitivity values 
of Enterobacter spp. for all surveyed enterprises were at the level of 2.0–3.3 conventional units (at maximum = 4) 
to target antibiotics, and at the level of 2.0–2.1 conventional units to non-target antibiotics. The highest bactericidal 
efficacy was found in fluoroquinolones, the lowest in doxycycline and chloramphenicol. For individual enterprises, 
the average resistance profile included good sensitivity to 3–4 antibiotics, reduced to 4–5 and resistance to 1–2 anti-
biotics. The main conclusion is that in eight surveyed enterprises, the usual pattern was the resistance of isolates or 
their low sensitivity to several antibiotics of different classes, which indicates an unfavorable situation with AMR. 
Scientific novelty. The results obtained in the course of the work performed made it possible to assess the current 
and actual levels of resistance of Enterobacter spp. Isolates inhabiting those loci of fermenal microbiocenoses that 
are directly related to milk production.
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Introduction
The fight against antimicrobial resistance (AMR) in 

animal husbandry is currently not yielding significant 
results, despite the measures taken. The complexity and 
diversity of livestock systems, the variability of bacterial 
communities on farms, the imperfect practice of using 
antibiotics, their non-therapeutic use as growth and pro-
ductivity stimulants – all this leads to the circulation of 
resistant microorganisms, the spread of mobile elements 
of resistance in the environment and the contamination of 
meat and dairy products [1, p. 1]. In addition, accurate di-
agnostic methods are often unavailable for a livestock en-
terprise due to the lack of an appropriate laboratory base, 
and the study of a large number of samples in special-
ized laboratories is too expensive. As a result, veterinar-
ians have to treat animals empirically to prevent disease 
from developing. Therefore, the WHO strategy for AMR 
control in agriculture recommends the use of the Empiri-
cal Diagnostic Guidelines, which are based on informa-
tion on the most relevant diseases in each country, and 
can help to determine the priority and appropriateness of 

antibiotic use in different situations. Vaccination of ani-
mals, abandonment of antibiotic prophylaxis, improve-
ment of technological conditions for keeping and feed-
ing, increasing the availability of laboratory diagnostics 
of diseases requiring antibiotic treatment are also of great 
importance [2, p. 10]. However, in many countries, inap-
propriate therapeutic tactics and the use of feed additives 
with an antibacterial component continue to be the main 
reasons for increasing AMR in livestock and aquaculture. 
Consequently, livestock continues to be an important 
source of bacteria containing antimicrobial resistance 
genes (ARG). To date, the main routes of transmission 
of resistance agents from animals to humans are known: 
these are the consumption of products of animal origin 
contaminated with ARG and the exchange of genetic ma-
terial between bacteria of livestock and human microbi-
omes through direct contact within the same ecological 
niche [3, p. 148], [4, p. 6677]. ARG genes of pathogenic, 
commensal bacteria, as well as all environmental bacte-
ria, mobile genetic elements and bacteriophages form a 
single resist, from which opportunistic bacteria of ani-©
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mals and humans can acquire resistance [5, p. 173]. At 
the same time, the distribution of ARG in microbial com-
munities is determined by the phylogeny of bacteria, the 
coincidence of their ecological niches and the specificity 
of mobile genetic elements, and horizontal gene transfer 
(HGT) is associated with the greatest risk of developing 
resistance [6, p. 30], [4, p. 15], [7, p. 244].

Representatives of the Enterobacter genus play an im-
portant role in the development of nosocomial patholo-
gies in humans and opportunistic infections in produc-
tive animals. In medicine, two opportunistic pathogens, 
E. aerogenes and E. cloacae, have recently acquired high 
clinical significance, while it is noted that blood infec-
tions caused by resistant Enterobacter spp. are the most 
invasive [8, p. 176].

In farm animals, Enterobacter spp. associated with in-
flammatory processes of the reproductive tract, urinary 
tract, infections of the udder, skin and soft tissues. And 
if the cause is multi-resistant bacteria, then antibiotic 
therapy will be ineffective, and the pathological process 
becomes protracted or takes on a chronic form. Repre-
sentatives of the genus Enterobacter spp. with multidrug 
resistance are often characterized by acquired resistance 
not only to third generation cephalosporins, but also to 
carbapenems, which is associated with the plasmid-medi-
ated mechanism of carbapenemase production [9, p. 214], 
[8, p. 176]. The complex mechanisms of resistom func-
tioning at livestock enterprises necessitate constant moni-
toring and control over the state of the microbial commu-
nity and its AMR. At the same time, if it is impossible to 
carry out genetic studies, it seems relevant to screen the 
phenotypic antibiotic susceptibility of microorganisms.

The purpose of this work was to study the phenotypic 
antibiotic sensitivity of Enterobacter spp. Isolated from 
various biotopes of regional dairy enterprises.

Methods
Milk, mammary gland secretions, udder washings 

from cows on dairy farms located in different districts 
of the Sverdlovsk and Chelyabinsk regions were exam-
ined. In total, 8 enterprises were examined, 55 samples 
were taken. Samples were selected at random. The phe-
notypic resistance of Enterobacter spp. Isolates isolated 
from samples was analyzed to 10 antibacterial drugs: 
ciprofloxacin, enrofloxacin, ofloxacin, meropenem, 
doxycycline, chloramphenicol, ceftriaxone, amoxicillin, 
ampicillin, rifampicin. Bacteriological studies were car-
ried out in a specialized microbiological laboratory using 
standard methods in accordance with GOST 32901-2014 
“Interstate standard. Milk and dairy products. Methods 
of microbiological analysis”, MUK 4.2.1890-04 “De-
termination of the sensitivity of microorganisms to an-
tibacterial drugs. Methodical instructions”, “Rules for 
bacteriological study of feed. Approved Main Veterinary 
Directorate of the Ministry of Agriculture of the USSR 
June 10, 1975”, National Standard GOST R ISO 20776-
1-2010 “Clinical guidelines, approved by at the Expand-
ed meeting of the Interregional Association for Clinical 
Microbiology and Antimicrobial Chemotherapy (Mos-
cow, 05/15/2017)”. The biomaterial from the samples 
was plated on nutrient media, cultivated, the isolates were 
identified and tested for sensitivity to antimicrobial drugs 

(AMP) by the disk diffusion method [10, 11, 12]. The in-
terpretation of the results was carried out in accordance 
with the national standard, recommendations and expert 
rules EUCAST (2018 and 2021). The values of antibiotic 
sensitivity in the calculations are given in arbitrary units: 
0 – resistance, 4 – maximum sensitivity. The results were 
analyzed using statistical MS Excel methods.

Results
Studies have shown that at all enterprises, Enterobac-

ter isolates with reduced sensitivity or resistance to target 
antibiotics were present in the samples (table 1).

Isolates identified at enterprise No. 1 had satisfactory 
sensitivity to fluoroquinolones and meropenem. At the 
same time, the sensitivity variability in the sample was 
relatively low, the most common value was “3 c.  u.”, 
which, in our opinion, was a satisfactory indicator. The 
minimum average values were found in tests with chlor-
amphenicol and doxycycline – an average of 1.7–1.9 c. u. 
Indicators of antibiotic susceptibility of isolates to non-
target antibiotics (amoxicillin, ampicillin and rifampicin), 
as expected, were at the level of 1–1.7 a. u., while a signifi-
cant scatter of results was noted within the tested group of 
isolates. At enterprise No. 2, a high susceptibility of En-
terobacter spp. was revealed to fluoroquinolones, moder-
ate – to chloramphenicol, meropenem, doxycycline. The 
susceptibility to non-target antibiotics was better than at 
enterprise No. 1. The results for enterprise No. 3 were 
generally characterized as good, the average sensitivity of 
isolates to target antibiotics exceeded 3 c. u. with a rela-
tively high homogeneity of indicators. At enterprise No. 
4, signs of resistance to chloramphenicol were found: the 
average level of sensitivity was 0.88 c. u., with a standard 
deviation of the sample of 1.17 – that is, among the inves-
tigated isolates, there were both moderately susceptible 
and completely resistant to this antibiotic, with this resis-
tant prevailed (sample mode = 0). Such a picture may be 
a consequence of the irrational use of chloramphenicol 
at the enterprise, when the use of an antibiotic leads to 
the achievement of therapeutic goals in individual ani-
mals, but at the same time contributes to the formation 
of a pool of resistant isolates throughout the technologi-
cal area, however, to confirm this conclusion, it is neces-
sary to conduct a study on a larger sample. Analysis of 
isolates of Enterobacter spp. at enterprise No. 5 revealed 
similar trends in relation to meropenem, doxycycline and 
chloramphenicol, however, the level of their sensitivity 
on average corresponded to I (1.8–2.0 c. u.) and, in ac-
cordance with the EUCAST recommendations, can be 
interpreted as sensitive to high doses of the antibiotic. 
Isolates at enterprises No. 7 and No. 8 were assessed as 
sensitive to fluoroquinolones, moderately sensitive to 
ceftriaxone, doxycycline. The average sensitivity to non-
target antibiotics did not exceed 1.0, with the exception 
of amoxicillin at enterprise No. 8. The most favorable 
antibiotic susceptibility profiles of Enterobacter isolates 
were found at enterprise No. 6 (fig. 1). With the exception 
of doxycycline (average – 2.0 a. u.) and chloramphenicol 
(average – 2.6 a. u.), the isolates were well sensitive to all 
target antibiotics: the average was above 3 values for the 
sample was insignificant, δ did not exceed 0.49, and most 
often the isolates showed sensitivity at the level of 4 c. u.
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Table 1

Indicators of antibiotic sensitivity of Enterobacter spp. isolated at eight livestock farms in the Urals region

Antibiotic
Dairy farm No. 1 Dairy farm No. 2

(n = 10) (n = 6)
Average level δ Mode Average level δ Mode

Ciprofloxacin 3.30 0.64 3 3.33 0.75 4
Meropenem 3.10 0.30 3 2.67 0.75 2
Doxycycline 1.90 0.83 2 2.17 0.90 2
Ofloxacin 3.30 0.64 3 3.33 0.47 3
Levomycetin 1.70 1.10 2 2.67 0.47 3
Ceftriaxone 2.70 0.78 2 3.17 0.90 4
Enrofloxacin 2.90 0.30 3 2.67 0.47 3
Amoxicillin** 1.70 1.00 2 2.00 0.82 2
Ampicillin** 1.30 1.27 0 1.50 0.50 2
Rifampicin** 1.00 0.77 1 1.00 0.58 1

Antibiotic
Dairy farm No. 3 Dairy farm No. 4

(n = 7) (n = 8)
Average level δ Mode Average level δ Mode

Ciprofloxacin 3.86 0.35 4 3.13 0.78 3
Meropenem 3.86 0.35 4 1.50 0.87 2
Doxycycline 3.14 0.83 4 1.38 0.86 2
Ofloxacin 3.14 1.12 4 3.00 0.50 3
Levomycetin 3.43 0.49 3 0.88 1.17 0
Ceftriaxone 3.86 0.35 4 3.25 0.66 3
Enrofloxacin 3.86 0.35 4 2.75 0.43 3
Amoxicillin** 2.43 1.40 4 1.25 1.30 0
Ampicillin** 1.57 0.90 2 0.25 0.66 0
Rifampicin** 1.14 0.83 2 0.75 0.83 0

Antibiotic
Dairy farm No. 5 Dairy farm No. 6

(n = 5) (n = 5)
Average level δ Mode Average level δ Mode

Ciprofloxacin 3.00 0.00 3 3.60 0.49 4
Meropenem 1.80 0.75 1 3.80 0.40 4
Doxycycline 2.00 0.89 1 2.00 0.63 2
Ofloxacin 2.60 0.49 3 3.80 0.4 4
Levomycetin 2.00 0.00 2 2.60 0.49 3
Ceftriaxone 2.60 0.49 3 4.00 0.00 4
Enrofloxacin 3.00 0.00 3 3.80 0.40 4
Amoxicillin** 1.60 0.80 1 3.60 0.49 4
Ampicillin** 1.60 0.49 2 1.80 0. 40 2
Rifampicin** 0.40 0.49 0 1.80 0.40 2

Antibiotic
Dairy farm No. 7 Dairy farm No. 8

(n = 10) (n = 8)
Average level δ Mode Average level δ Mode

Ciprofloxacin 3.33 0.47 3 2.88 0.60 3
Meropenem 2.50 0.50 2 1.50 0.87 2
Doxycycline 2.17 0.37 2 1.38 0.86 2
Ofloxacin 3.33 0.47 3 2.50 0.50 3
Levomycetin 3.00 0.58 3 0.88 1.17 0
Ceftriaxone 1.17 1.07 0 2.75 0.43 3
Enrofloxacin 3.17 0.69 3 2.75 0.43 3
Amoxicillin** 0.67 0.75 0 1.25 1.30 0
Ampicillin** 0.50 0.76 0 0.25 0.66 0
Rifampicin** 0.33 0.47 0 1.00 0.71 1

* Antibiotic sensitivity values are given in conditional points: 0 – resistance, 4 – maximum sensitivity (sensitivity definition according to [12–14]).
** Antibiotic is not targeted against Enterobacter spp. (Natural resistance or unusual phenotype).
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In general, the average sensitivity of Enterobacter spp. 
of all surveyed enterprises to target antibiotics were at the 
level of 2.0–3.3 conventional units (fig. 2). The best re-
sult was shown by fluoroquinolones (ciprofloxacin, enro-
floxacin and ofloxacin), the average sensitivity to which 
was assessed as good (above 3 c. u.). The least effective 
were doxycycline and chloramphenicol – an average of 

2.0–2.1 c. u., which corresponds to the intermediate sen-
sitivity of the isolates or sensitivity to increased doses of 
the antibiotic. The sensitivity to non-target antibiotics – 
amoxicillin, ampicillin and rifampicin was generally 
above zero, and, as expected, did not exceed 2.0 c. u., that 
is, it was low.

Fig. 1. Summary antibiotic sensitivity profiles of Enterobacter spp. isolates from milk samples at farms No. 4 and No. 6. 
Values are given in conditional points from 0 to 4

Fig. 2. The average sensitivity of Enterobacter spp. isolates to antibiotics at 8 surveyed plants. Sensitivity is presented in units, 
maximum – 4, minimum – 0, resistance
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Discussion and Conclusion

The results of this work showed that microbiocenoses 
at all surveyed enterprises are contaminated with AMR 
agents, which cause a decrease in the phenotypic sensi-
tivity of individual isolates to antibiotics. This situation 
could be due to inappropriate antibiotic therapy, the use 
of antimicrobial drugs as growth promoters, or as inex-
pensive substitutes for animal hygiene measures to pre-
vent infection in the herd. These factors are currently 
considered the most frequent and main reason for the 
spread of AMR in the world [15, p. 1351]. The threshold 
of the world average amount of antimicrobial drugs per 
kilogram of animal of 50 mg/kg adopted as a guideline 
[16, p. 27] is maintained only in certain EU countries, in 
a number of US states, where it is limited by law. In the 
Russian Federation, the absence of a ban on feed antibiot-
ics inevitably leads to their widespread use, which results 
in the appearance of resistance genes in livestock micro-
biomes. In the course of our studies, we obtained a quali-
tative confirmation of the circulation of resistant isolates 
of Enterobacter spp. in loci of microbiomes associated 
with milk production, which may cause resistance agents 
to enter milk. In this case, the greatest danger is raw or 
pasteurized milk, since it retains antibiotic resistance 
genes, and the mechanism of exchange of resistance fac-
tors between [17, p. 5] is realized. Further analytical work 
is needed to better assess the extent of ARG distribution 
on the surveyed farms. However, attention is drawn to the 
fact that the number of isolates we found with multiple re-
sistance to different classes of antibiotics was very large. 
The best antibiotic susceptibility profile of Enterobacter 
spp. the one where, out of 10 antibiotics, a good sensitiv-
ity of isolates to only 6 was found, and to the remain-
ing 4 – moderate sensitivity, and there were no episodes 

of resistance. The average resistance profile according 
to our data included good sensitivity to 3–4 antibiotics, 
reduced to 4–5 and resistance to 1–2 antibiotics. Thus, 
at eight enterprises, the usual pattern was resistance or 
low sensitivity to several antibiotics of different classes, 
which indicates an unfavorable situation with AMR. This 
fact indicates the danger of ARG contamination of the 
environment, agrobiocenoses of the enterprise, as well as 
the possibility of personnel contamination with resistant 
forms of microorganisms [18, p. 2].

New data presented by Crespo-Piazuelo, et al., 
Verkola, et al. in 2021, there is a risk of infection with 
resistant bacteria for people who have direct contact with 
animals. In particular, Verkola and co-authors studied 
the prevalence of broad-spectrum beta-lactamases and 
plasmid beta-lactamases produced by Enterobacteriaceae 
(ESBL/pAmpC-PE) in Finnish veterinarians and found 
that 3 % of the examined were carriers of ESBL- and 
AmpC-producing Escherichia coli [19, p. 3], [20, p. 4]. 
In this regard, the authors strongly recommend protecting 
people working in close contact with animals from pos-
sible contamination with resistance agents. The results of 
our studies indicate a high level of AMR on the surveyed 
farms, which requires taking measures not only to contain 
resistant strains of microorganisms, but also to protect the 
personnel working at these facilities.
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