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Abstract. The aim of this work was to study the opportunistic microbiocenosis of a pig-breeding enterprise and analyze its 
resistance to antimicrobial drugs (AMR- status). Methods. For two years on the pig farm there were taken samples of micro-
flora from the mucous membranes and teats of pregnant and farrowed sows, from the mucous membranes and skin of piglets 
of weaning, rearing, fattening groups; from equipment, fencing, surfaces and inventory in different technological areas. The 
microorganism isolates isolated from the samples were determined for their sensitivity to antibiotics, which are most often used 
in veterinary practice and feeding in this region. Results. It was established that the surveyed enterprise has an unfavorable 
AMR-status. The nucleus of the opportunistic microbiocenosis was represented by S. aureus, Ent. faecium and P. aeruginosa, 
which accounted for about 44 % of the isolated isolates, while the isolates of these microorganisms in 85 % of cases had re-
duced sensitivity or resistance to one or more antibiotics. Multidrug resistance was found mainly in S. aureus isolates, which in 
16 % of cases were resistant to three antibiotics, and in 7 % of cases – to six studied antibiotics of various classes. Most often, 
multidrug-resistant staphylococcus aureus was detected in sows and piglets in the weaning phase. Also, during the research, 
there was found a high resistance of opportunistic microflora isolates to tetracycline, which had been used in this farm for 
more than three years. More than 10 % of tetracycline-resistant S. aureus and Ent. isolates were found on the skin and mucous 
membranes of fattening pigs. faecium, which indicated an increased risk of contamination of raw meat at the slaughter stage by 
microorganisms carrying genes for resistance to tetracyclines. The novelty of this work lies in obtaining relevant data on the 
AMR status of a pig-breeding facility and identifying the most unfavorable technological areas in terms of microbial resistance. 
The research is executed at the expense of a grant of the RSF (project No.18-16-00040).
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Introduction
The high antimicrobial efficacy of antibiotics has led to 

their widespread use in all areas of medicine, veterinary medi-
cine, and agriculture around the world. For decades, different 
types of antibiotics have been used not only for therapeutic 
but also for prophylactic purposes, especially in the industrial 
and food sectors. However, strains of resistant microorganisms 
were known even before the large-scale use of antibiotic ther-
apy in the first half of the 20th century. High adaptive abilities 
of microorganisms contributed to the rapid activation of mech-
anisms of resistance to antimicrobial substances of various na-
ture. The list of animals’ and humans’ infections, which are less 
and less responsive to antibiotic therapy, is growing every year. 
The World Health Organization has recognized that antibiotic 
resistance is one of the major threats to public health and food 
safety in the 21st century [1, p. 1235], [2]. Antibiotic-resistant 
infections are known to correlate with antibiotic consumption. 
[3 p. 226], [4, p. 227], [5, p. 2288]. Back in 1989, it was found 
that any form of antimicrobial action leads to an increase in the 

prevalence of antimicrobial resistance and multiple resistance 
of bacteria [6]. For a long time, antibiotics have been widely 
used in medicine and agriculture without control, assessment 
of feasibility, for prevention. This resulted in the spread of 
genes for resistance to antimicrobial drugs, including antibi-
otics, antituberculosis, antiviral, antiparasitic and antifungal 
drugs, in microbiocenoses [2], [7]. The antibiotic resistance 
gene (ARG) is now considered a new contaminant. Studies 
have shown that livestock enterprises are one of the main res-
ervoirs of AR genes [8, p. 820], [1, p. 1242]. Microbiome com-
ponents carrying antibiotic resistance genes enter the environ-
ment along with animal excrement, accelerating the spread of 
ARGs in the environment; in addition, at some technological 
stages of production and processing of animal raw materials, 
they can enter the raw materials, enter the food chain and be 
transmitted to humans. Thus, the contamination of biocenoses 
and food chains with microorganisms and AR genes presents a 
new threat to public health. [1, 1242], [9, p. 1], [10, p. 48]. The 
global action plan to combat antimicrobial resistance, adopted 
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by WHO in 2015, declared monitoring of microbial resistance, 
control of antibiotics in veterinary medicine and agriculture, 
scientific search for AMR containment mechanisms [11], [12]. 
Currently, the study of the mechanisms of bacteria interac-
tion  with antibiotics using molecular biological analysis of 
the phenomena of resistance has made it possible to increase 
the effectiveness of antibiotic therapy without increasing the 
risk of spreading antimicrobial resistance (AMR) [13, p. 91]. 
There are technologies and vaccine prevention of a number of 
bacterial infections, the treatment of which with antibiotics is 
difficult due to the high level of resistance – for example, im-
munization against pneumococcus and prevention of pneumo-
nia caused by it in humans [14, p. 96].

However, in the field of livestock, the fight against AMR 
lags behind that in health care both in quality and in terms of 
coverage. Thus, the introduction of microbial resistance pass-
ports at livestock facilities in the Russian Federation is still 
experimental, isolated. It is known that the level of contamina-
tion of livestock systems with AR-agents (including genes and 
bacteria themselves) is constantly growing all over the world 
[15, p. 1251]. At the same time, according to the available lit-
erature data, countries with low and middle income, including 
the Russian Federation, do not adequately control and do not 
regulate the use of antibiotics, as a result of which the situation 
with the growth of antimicrobial resistance (AMR) in them 
remains unfavorable [15, p. 1], [14, p. 95]. The methods of 
leveling technological errors in preventive antibiotic therapy 
widespread in animal husbandry, the use of antibiotic-contain-
ing feed additives in pig breeding to increase the adaptive ca-
pabilities of livestock under constant stress, inevitably leads 
to a deterioration in the AMR status of the enterprise. How-
ever, prophylactic antibiotics can make any antibiotic therapy 
ineffective for this population, therefore it is prohibited in 
developed countries. [16, p. 52]. Resistant staphylococci, en-
terococci, Pseudomonas aeruginosa, Proteus, Escherichia coli, 
Klebsiella and ARG are considered to be unwanted microbi-
ome contaminants in pig production. [17, p. 37] [10, p. 48], 
[18, p. 277]. Multi-resistant isolates of these microorganisms 
are becoming a new problem for pig breeding, since in addition 
to the ineffectiveness of antibiotic therapy, they also reduce the 

quality of meat raw materials and products. Meat contaminat-
ed with antibiotic resistance isolates or resistance determinants 
becomes a factor in the transmission of AMR to the consumer 
through the food chain. [18, p. 280]. [15, p. 1251]. In addi-
tion, the release of resistant microorganisms and ARG into the 
environment with waste from pig farms contributes to the con-
tamination of soil, water bodies, plants, wild animals, and, in 
general, leads to a deterioration of the AMR status of the area. 
[19, p. 83.] [20, p. 430], [21, p. 60]. [5, p. 2290]. In this regard, 
it seems relevant to study the opportunistic microbiocenosis 
and its AMR status at pig breeding facilities.

The aim of the research was to study the characteristics 
of the opportunistic microbiocenosis of a pig-breeding facility 
and to assess the level of spread of antimicrobial resistance 
(AMR). To achieve the goal, the following tasks were imple-
mented: was carried out a structural analysis of opportunistic 
microbiocenosis at pig breeding facilities; was performed the 
analysis of the sensitivity of isolates to antibiotics.

Methods
The research was carried out in 2018–2019 at a pig breed-

ing enterprise in the Sverdlovsk region. There  were taken 
samples of air, feed and premixes, bedding, water for drink-
ing, washings were made from mucous membranes and 
teats of pregnant and farrowed sows, washings from mucous 
membranes and skin of piglets of weaning, rearing, fattening 
groups; flushes from equipment, fencing, surfaces and inven-
tory in different areas and in different points of technologi-
cal rooms. The collected samples were analyzed according to 
standard microbiological methods. Sowing on nutrient media, 
cultivation, isolation of a pure line, identification of isolates, 
and pathogenicity were determined [22]. We studied the sen-
sitivity of the isolated isolates to the classes of antibiotics 
most often used in veterinary practice and feeding: ampicil-
lin, amoxicillin (semisynthetic penicillins), meropenem (car-
bapenems), cefazolin (cephalosporin I generation), tetracycin 
(fluoroquinolones, III generation), van (glycopeptides), rifam-
picin (ansamycins), azithromycin (macrolides). The analysis 
of antibiotic susceptibility was performed by the disk diffusion 
method. The data were statistically processed using the STA-
TISTICA 10 program.

Fig. 1. Frequency distribution of isolates that make up the core of the opportunistic microbiocenosis on the surveyed pig farm in 2019
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Results
Microbiological studies carried out at a pig-breeding enter-

prise showed that the species composition of the opportunistic 
part of the microbiota was relatively the same for two years. 
Most often, isolates of enterococci, Staphylococcus aureus, 
Pseudomonas aeruginosa were found in the samples. The av-
erage distribution of isolates over two years of observation 
by frequency of occurrence in samples was as follows: Ent. 
faecium (19.2 %), C. albicans (14.3 %), S. aureus (13.1 %), 
P. aeruginosa (12.3 %), Aspergillus spp. (9.2 %), Enterobacter 
(6.8 %), Proteus spp. (6.2 %), E. coli (5.6 %), S. saprophyticus 
(3.7 %), S. epidermidis (2.3 %), Penicillium spp. (1.8 %). Iso-
lates Ent. faecalis, Ent. durans, Klebsiella spp., Fusaium spp., 
Mucor spp., were found less often – in total, their share did not 
exceed 5.5 % in this distribution.

Significant two-year dynamics for 2018–2019 in the ratio 
of isolates in the nucleus of the opportunistic microbiocenosis 
on the surveyed pig farm was revealed for C. albicans (an in-
crease of 11.3 %), S. aureus (an increase of 3.5 %), E. coli (an 
increase of 2 times). The share of Ent has increased. faecium, 
S. epidermidis, decreased proportion of Penicillium spp., As-
pergillus spp. (fig. 1). In general, the constancy of the presence 
of the main isolates of opportunistic microflora was noted in 
samples from all objects – from the mucous membranes and 
skin of sows, piglets, from fences, equipment, implements, in 
samples, litter, feces, feed, water and air. The ratio of microor-
ganisms was different from the typical farm only in the case of 
samples of manure and litter. These samples were dominated 
by isolates of enterococci (in 100 % of the samples, isolates of 
Ent. Faecium were found), Proteus; Pseudomonas aeruginosa 
isolates were relatively rare (in 5–8 % of samples).

We established a high level of contamination of the number 
of pregnant sows with C. albicans, S. aureus and P. aeruginosa. 
Isolates of these microorganisms were found in 50–70 % of 
swabs from the mucous membranes of the mouth, nose and va-
gina. In the inventory (scrapers, shovels) in all surveyed areas, 
isolates of Enterococcus, Staphylococcus aureus, Pseudomo-
nas aeruginosa, Proteus (the ratio of P. vulgaris and P. mirabilis 
averaged 7:1), Penicillium, Aspergillus were found. The total 
microbial count in air samples averaged 2900–3200 CFU/m3, 

which indicated a high microbial load. From air samples, 
mainly mold fungi, enterococcus and Staphylococcus aureus 
were sown.

We investigated the AMR-status of the detected isolates. 
The sensitivity of bacteria to antibiotics used in this farm for 
at least three years (tetracycline, cefazolin, ampicillin), as well 
as to antibiotics most often used in pig farms in the Ural region 
(amoxicillin, meropenem, enrofloxacin, vancomycin, rifampi-
cin, azithromycin). All these drugs, with the exception of en-
rofloxacin, are used not only in veterinary but also in medical 
practice for the treatment of infectious, surgical and purulent-
septic pathology in humans. Therefore, the contamination of 
raw materials, products and the environment with bacteria and 
genes for resistance to these antibiotics can pose a risk for both 
farm employees and consumers of its products, and timely de-
tection of resistant isolates at a pig breeding enterprise is im-
portant not only for animals.

When processing the test results, only those microorgan-
isms were taken into account that are included in the spectrum 
of action of a particular antibiotic, are targets for it, and in rela-
tion to which the mechanism of bactericidal or bacteriostatic 
action of this drug is realized in a minimum inhibitory con-
centration. Microorganisms with natural resistance to a par-
ticular class of antibiotics were not considered. Cases of dose-
dependent effects, native moderate and weak sensitivity of the 
microorganism to the antibiotic were not taken into account.

The greatest number of episodes of resistance was detected 
at the processing area of sows. The samples contained isolates 
resistant to rifampicin, ampicillin and amoxicillin, vancomy-
cin, cefazolin and tetracycline. At the same time, the highest 
resistance was recorded to amoxicillin, which was used in this 
farm for less than two years (about 36 % of isolated micro-
organisms were immune). 28 % of isolated isolates were re-
sistant to ampicillin (fig. 2). This fact indicates the initially 
high status of antimicrobial resistance for ampicillin and its 
protected variant – amoxicillin – on the surveyed pig farm, 
which may be associated with a long period of amoxicillin use 
in previous years or with the introduction of resistant microor-
ganisms and AMR genes into the farm from the outside.

Fig. 2. Antibiotic sensitivity of opportunistic pathogenic microorganism isolates found in the sows area
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At the technological site, where piglets are kept in the 
weaning phase, the AMR status of the microbiocenosis looked 
different: the most unfavorable antibiotic was tetracycline, half 
of all detected isolates were resistant to it (fig. 3).

In the growing area, tetracycline-resistant isolates re-
mained, but the frequency of their detection decreased by 
half (to 25 %). Resistance to ampicillin (12 %) and rifampicin 
(12 %) was also found. In the feeding area, 13 % of tetracy-
cline-resistant isolates were found. Thus, tetracycline resis-
tance in this pig farm has been identified in all key process-
ing areas. The retention of resistant isolates during the feeding 
phase increases the risk of AR genes and bacterial contamina-
tion of raw meat during slaughter and cutting.

In general, when analyzing the AMR status of the oppor-
tunistic microbiocenosis of a pig farm, the greatest number of 
episodes of resistance was found in S. aureus isolates. Reduced 
sensitivity to one antibiotic was detected in more than 85 % of 
detected staphylococci. More than 64 % of all isolates of this 
microorganism showed resistance to antibiotics of at least one 
class, in 16 % of cases they showed multiresistance to 3 class-
es of ABP, in 7 % of cases – multiresistance to six classes of 
ABP: to semisynthetic penicillins, carbapenems, tetracyclines, 
fluoroquinolones and glycopeptides). Such multi-resistant S. 
aureus isolates. found on the mucous membranes of the vagi-
na, oral cavity in sows and piglets from weaning and growing 
groups; from samples of litter and swabs from inventory in the 
premises where these animals were kept. Sensitivity analysis 
of P. aeruginosa and Ent isolates. faecium showed that about 
38 % of all isolated Ent. faecium were insensitive to at least 
one drug (most often to tetracycline, ampicillin, vancomycin); 
more than half of P. aeruginosa isolates were resistant or had 
extremely low sensitivity to macrolides and fluoroquinolones.

A general analysis of cases of multiple resistance over a 
two-year period showed the following: the total number of 
cases of resistance to two classes of ABD was 9.2 % of all 
isolated strains; to 3 classes of antibiotics – 5.5 %, and to 
5–6 classes – 2.7 %. The growth in 2019 compared to 2018 
was 0.7 %, 1.0 % and 0.5 %, respectively. No super-resistant 
strains resistant to all 8 ABP classes that were in the work were 
not found.

Discussion and Conclusion
The studies carried out have shown that there is a pool of 

antibiotic-resistant microorganisms at the pig breeding enter-
prise, which make up a relatively stable core of opportunistic 
microbiocenosis. Fluctuations in the proportions of different 
microorganisms in the structure of the microbiocenosis during 
two years were quite noticeable, but the proportion of the main 
representatives – S. aureus, Ent. faecium and P. aeruginosa re-
mained the largest, accounting for a total of 44 % of the iso-
lated isolates. At the same time, the detected isolates of these 
microorganisms were characterized by a high level of resis-
tance to antibiotics. More than 85 % of the isolates had either 
reduced sensitivity to the studied antibiotics or were resistant 
to one of them. The greatest number of cases of multiple resis-
tance was found in S. aureus isolates, which in 16 % of cases 
were resistant to three and in 7 % of cases to six antibiotics 
of various classes. Especially significant is the fact that mul-
tidrug-resistant isolates of Staphylococcus aureus have been 
detected in sows and weaning sites. The highest level of total 
resistance was found on the site of sows, which, most likely, 
is associated with the duration of keeping pigs for reproduc-
tive purposes. At this site, there was a risk of contamination 
of newborn piglets with staphylococcus strains with a high 
level of antibiotic resistance. It was found that tetracycline, 
which had been used in this farm for a long time, had lost its 
effectiveness – half of the isolates isolated at the technological 
site of weaning were resistant to it. More than 10 % of tetra-
cycline-resistant isolates, mainly S. aureus and Ent. faecium. 
This fact indicates a high risk of contamination of meat raw 
materials at the slaughter stage by microorganisms carrying 
genes for resistance to tetracyclines.

The results of our studies indicate that the AMR status of 
the surveyed enterprise is not well and about the need to take 
measures to contain antimicrobial resistance, eliminate resis-
tant strains and protect raw meat from contamination with 
AMR agents.
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Fig. 3. Antibiotic sensitivity of opportunistic pathogenic microorganisms isolates found at the weaning site
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