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Abstract. The article presents the results of the work, the purpose of which was to create a microbial resistance passport for 
a dairy farm. Methods. Conducted studies of opportunistic pathogenic microflora in various technological areas, there were 
taken samples of feed, water, air, bedding, washings from the wool and mucous membranes of cows and calves, washings from 
surfaces, fences, technological equipment, and livestock care equipment. There were determined the frequency of occurrence 
and the proportion of microorganisms in the structure of the opportunistic microbiocenosis. Results. It was found that on all 
surveyed dairy farms, the nucleus of opportunistic microbiocenosis was represented by Ent. faecium, Ent. faecalis, S. aureus, 
S. epidermidis, S. saprophyticus, P. aeruginosa, P. vulgaris, P. mirabilis, Echerichia coli, Aspergillus spp. and C. albicans – 
the frequency of occurrence of these microorganisms in samples exceeded 15 %. We studied the two-year dynamics of the 
microbiocenoses composition on farms. It was found that the main nucleus of the microbiocenosis remained stable in species 
composition, and the percentage of stocks was subject to slight changes. There were carried out he studies of the sensitivity of 
all detected stocks to antibiotics, based on the results of which were compiled resistances profiles, methods were developed for 
the analysis of general indicators of microbial resistance throughout the enterprise and in individual technological areas, and 
were established the ways of spreading resistant stocks on the farm. On the basis of four criteria, including the effectiveness of 
the antibiotic against the target microorganism, the effectiveness against the non-target microorganism in vitro, the degree of 
growth inhibition, the minimum inhibitory concentration, the antibiotic susceptibility analysis of the main pathogenic microor-
ganisms was carried out in points. The results obtained were used to predict the expected effectiveness of antibiotics in different 
technological areas of the farm. The novelty of the researches is in the development of an algorithm for compiling a passport of 
microbial resistance of a dairy farm, which includes analysis of opportunistic microbiocenosis, analysis of antibiotic sensitivity 
of microorganisms and prediction of the expected effectiveness of antibacterial drugs. 
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Introduction
According to the World Health Organization, antimicrobial 

resistance of microorganisms is currently among the urgent 
threats to the well-being of humanity and is a multifaceted 
problem affecting the entire society. To combat the develop-
ment and spread of antimicrobial resistance (AMR), there 
are required concerted actions at all executive levels – from 
first-line specialists to the leadership of countries and inter-
national associations [1]. A long period of uncontrolled use 
of antimicrobial drugs in healthcare, veterinary medicine and 
agriculture has led to the spread of forms of microorganisms, 
including pathogens of infectious diseases with genetic char-
acteristics that determine resistance to antimicrobial drugs, 
including antibiotics, anti-tuberculosis, antiviral, antiparasitic 
and antifungal drugs [2]. In May 2015, the World Health As-
sembly approved a global action plan to tackle antimicrobial 

resistance, including antibiotic resistance, which is the most 
pressing trend in drug resistance. Monitoring of microflora 
resistance and antibiotic control in veterinary medicine and 
agriculture are among the main areas of work to prevent AMR 
[3]. In 2017, the Russian Federation adopted the Strategy for 
preventing the spread of antimicrobial resistance. Among the 
main reasons for the emergence and spread of antimicrobial 
resistance related to veterinary medicine and agriculture, are 
the irrational and (or) uncontrolled use of antimicrobial drugs, 
insufficient diagnosis of resistance of microorganisms to 
drugs, a violation of the composition of the normal microbiota 
of animals; lack of AMR monitoring mechanisms. [2]. The 
World Veterinary Association points to the critical role of the 
line animal veterinarian. It appears to be more significant than 
government measures such as licensing and control. Because 
the use of an antibiotic in each specific case is the responsibil-
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ity of the veterinarian, who determines the indications, type, 
dosage and regimen of the drug. At the same time, the WVA 
supports the idea that each country should have an appropriate 
regulatory system for licensing the control of veterinary anti-
microbial drugs [4]. Responsible and reasonable use of antibi-
otics in veterinary medicine, declared in the Terrestrial Animal 
Health Code, implies an analysis of the risks of developing an-
timicrobial resistance in animals, control and restriction of the 
use of feed antibiotics, prohibition of their prophylactic intake 
and prescriptions without prior determination of the sensitivity 
of target microorganisms [5]. When tracking and registering 
the use of veterinary antimicrobial drugs, it is recommended 
to indicate the type of animals, the type of drug, periods and 
treatment regimens, data on the susceptibility of microorgan-
isms, the response of animals to therapy, etc. The importance 
of identifying, describing, monitoring and controlling all epi-
sodes of resistance in productive animals is emphasized. [5].

In Russia, the AMR containment strategy involves, inter 
alia, work on diagnostics and restoration of disturbed natural 
microbiocenoses of humans, farm animals and plants; rational 
use and production control over the use of antimicrobial drugs 
in health and veterinary medicine; increasing the detectabil-
ity of the resistance of pathogens of infectious diseases in hu-
mans, animals and plants. Monitoring the spread of antimicro-
bial resistance based on laboratory diagnostic data is one of the 
main directions of monitoring biological and chemical threats 
in the Russian Federation [2]. Unfortunately, today the domes-
tic livestock sector is in economic conditions that do not allow 
one to immediately abandon the use of antibiotic-containing 
feed additives, or to conduct individual laboratory diagnostics 
of each animal to select the optimal antibiotic therapy. Due 
to the low availability of laboratory diagnostic services and a 
limited range of antibiotics approved in veterinary medicine, 
most livestock enterprises have to use the same therapy regi-
mens for years without changing drugs and preliminary sensi-
tivity control.

In addition, there are objective technological, environmen-
tal and biological factors that contribute to the spread of AMR 
in livestock populations – the placement of large livestock in 
a limited area, reduced mobility of animals, crowding, circu-
lation of infectious agents, requiring treatment with antimi-
crobial drugs (AMP), constant stress, unfavorable ecological 
environment, low quality feed, etc. [6, P. 10], [7, P. 605], [8], 
[9, P. 203]. The resulting change in the balance of microorgan-
isms in the opportunistic microbiocenosis can simultaneously 
be both a cause and a consequence of the spread of AMR. 
Replacement of non-pathogenic native microflora with patho-
genic strains, increased aggressiveness and resistance of op-
portunistic species leads to the fact that undesirable microor-
ganisms are firmly fixed in the core of the microbiocenosis of 
the animal, which in turn leads to a decrease in the general so-
matic and immune status, an increase in morbidity, a decrease 
in productivity and product quality , as well as to the spread of 
AMR and a decrease in the therapeutic efficacy of antibacte-
rial drugs (ABD) [6, Pp. 9, 12], [10, P. 1], [11, Pp. 49–50]. The 
most common representatives of opportunistic microbioceno-
ses at livestock enterprises are enterococci, Pseudomonas ae-
ruginosa, staphylococci, streptococci, Klebsiella, Escherichia 
coli, Proteus, which cause a large number of purulent-septic 

processes in animals with low immune status [8], [11, P. 48], 
[12], [13, P. 37], [9, P. 207]. The danger of these microorgan-
isms is due to their high adaptive potential, genetic flexibility, 
the ability to quickly develop resistance to antimicrobial drugs 
[14, Pp. 210–212], [15, P. 129], [16, P. 791], [17, Pp. 30–32]. 
The number of cases of detection of multi-resistant strains of 
P. aeruginosa, S. aureus, E. faecium is growing every year both 
in the field of public health and in animal husbandry and vet-
erinary medicine around the world [18, P. 642], [10, P. 1], [19, 
P. 173], [14, P. 210]. Uncontrolled, unsystematic, unjustified 
use of antibacterial drugs for prophylaxis and therapy in ani-
mals, especially in those with immunodeficiencies of various 
origins, in patients, newborns, young animals, inevitably leads 
to a decrease in the sensitivity of the strains that make up the 
permanent core of microbiocenosis [13, P. 36], [20, Pp. 312–
323], [17, Pp. 30–34].

As part of the work to prevent the spread of microbial re-
sistance on livestock facilities in the Ural region, screening 
studies of microbiocenoses of commercial dairy farms (CDF) 
and pig breeding enterprises are required, which will make 
it possible to assess the key characteristics of opportunistic 
microflora, its sensitivity to antibiotics of various classes, 
identify episodes of resistance and analyze possible routes of 
spread resistant strains of microorganisms inside livestock fa-
cilities. In this regard, it seems relevant to develop a method 
for compiling a passport of resistance for dairy farms, includ-
ing a study of the structure of opportunistic microbiocenoses, 
an assessment of the sensitivity of strains to antibiotics, and an 
analysis of the data obtained.

The purpose of the research was to develop a passport for 
the resistance of a dairy farm. To achieve this goal, the fol-
lowing tasks were implemented: development of an optimal 
method for studying the structure of opportunistic microbioce-
noses of CDF; study of sensitivity to antibiotics and selection 
of the most effective screening tactics; selection of the optimal 
method for processing the obtained data, which most fully re-
flects the AMR pattern at the facility with the least resource 
intensity.

Methods
We investigated the opportunistic microflora of commercial 

dairy farms in the Ural region, the composition of the micro-
biocenosis, the frequency of occurrence of individual strains 
of microorganisms, and were determined their sensitivity to 
antibiotics. Samples were taken at livestock technological fa-
cilities of farms - in dairy cattle departments, maternity wards, 
calves, manure storage facilities, milking parlors. For micro-
biological analysis, washings were performed from mucous 
membranes, wool cover, from the udder of cows and calves, 
washings from equipment, feeders, drinkers, fences, surfaces, 
cattle care equipment; samples were taken of litter, manure, 
drinking water, feed components and finished feed mixture, 
air. At each technological site, were choosen from 10 to 60 
samples. There was determined the total microbial number, 
was isolated a clean line, were identified microorganisms, their 
pathogenicity and sensitivity to antibiotics were determined by 
the disc diffusion method and by the method of serial dilutions 
according to standard methods [21]. The results obtained in 
the course of the research were analyzed by the methods of 
mathematical statistics in the STATISTICA 10 program with 
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the calculation of the mean value, standard deviation, check-
ing the normality using the Shapiro-Wilk test, assessing sig-
nificant differences between the groups according to various 
indicators by ANOVA methods, and the Mann-Whitney test. 
The data obtained were used to develop and compile a pass-
port for microbial resistance. The research is executed at the 
expense of a grant of the RSF (project No.18-16-00040).

Results
At the first stage, were carried out studies of the structure 

of microbiocenoses, were determined typical representatives 
of opportunistic microflora, and strains of microorganisms 
were analyzed according to the frequency of occurrence in 
samples. It was found that on the examined dairy farms of the 
Ural region, the generic and species composition of the micro-
flora was relatively the same, but the structure of the microbio-
cenosis and the frequency of occurrence of individual strains 
varied depending on the enterprise and the technological 
site. Typical representatives of pathogenic and conditionally 
pathogenic microflora on CDF were: Enterococcus faecium, 
Enterococcus faecalis, Enterococcus durans, Pseudomonas 
aeruginosa, Staphylococcus aureus, Staphylococcus epider-
midis, Staphylococcus epidermidis, Staphylococcus miracu-
lum epidermidis, Staphylococcus miraculum, Proteobacterus 
saprophilis, Enterococcus saprophilis, Enterococcus sulphate, 
Enterococcus saprophilis, Enterococci farmeri, Klebsiella 
spp., a significant amount of Candida albicans, Aspergillus 
spp., Mucor spp., Penicillium spp., Fusaium spp. were also 
found in the samples. When analyzing the frequency of occur-
rence of microorganisms, the number of samples positive for 
a specific microorganism from each object was determined. 
The most common microorganisms in the samples were En-
terococcus faecium (85 % – 100 % of samples depending on 
the object), Staphylococcus aureus (65 % – 75 % of samples), 
P. aeruginosa (in 50 % – 70 % of samples), Ent. faecalis (more 
than 40 % – 65 % of samples). Among the representatives of 
the fungal microflora, Aspergillus spp. and Candida albicans, 
which were plated from more than 75 % and 55 %, respec-
tively. Citrobacter, Klebsiella, Bacillius subtilis were found in 
the samples least often. Their frequency of occurrence was on 
average less than 4 %. Separate, single microorganisms found 
on objects – Ent. durans, S. pneumonia, K. pneumoniae, C. 

freundii, C. diversus, etc. were not taken into account in the 
general structure of microbiocenosis, since the total frequency 
of their occurrence was less than 0.2–0.5 %. The structure of 
the opportunistic microbiocenosis was analyzed for each tech-
nological object, for which the proportion of each microorgan-
ism from the total number isolated at this object was calculat-
ed. Separate calculations were performed for pathogenic and 
potentially pathogenic microorganisms (fig. 1).

There was carried out a comparative analysis of the struc-
ture of the microbiocenosis with similar data from the previous 
year. The dynamics of changes was expressed in a decrease 
or increase in the proportion of microorganisms. It was found 
that, in general, the core of the microbiocenosis remained 
stable, the proportion of Staphylococcus aureus, enterococci, 
Proteus changed insignificantly. The share of Pseudomonas 
aeruginosa and yeast was subject to large fluctuations. Also, 
in a number of enterprises, there was a tendency to a decrease 
in the share of Aspergillus spp., Mucor spp., Penicillium spp, 
Fusaium spp. in samples of air, water, feed, bedding, wash-
ings from drinking bowls, feeders, animal hair for two to three 
years. At these facilities, work was carried out to update the 
ventilation and water supply systems, and the feed preparation 
system was modernized. Presumably, these factors influenced 
the contamination of objects with molds. 

Analysis of the microflora of the swabs showed that in the 
overwhelming majority of samples (more than 93  %) taken 
from the wool cover of cows, the same strains were found 
and with the same frequency as in swabs taken from fences 
and surfaces of livestock buildings. A similar similarity was 
found for samples of litter and coat of newborn calves in the 
maternity ward, for washings from rags for washing cows, 
washings from the udder and glasses of the milking machine. 
This fact testifies to constant contact seeding, and in the case 
of antibiotic-resistant pathogenic strains, it may be one of the 
mechanisms of the spread of resistance. Proteus strains). Thus, 
vancomycin-resistant Ent strains were detected on the exam-
ined CDFs. faecium and multi-resistant P. aeruginosa strains 
with the same antibiotic susceptibility profile in litter samples, 
swabs from the genital tract of cows from maternity wards, 
and swabs from the mucous membranes of the mouth and nose 
of calves. Since the seeding of a newborn calves with strains 

Fig. 1. The structure of pathogenic microbiocenosis in the maternity ward of the CDF
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of opportunistic microflora occurred when it came into contact 
with the litter, surfaces in the maternity ward. When resistant 
strains circulate in maternity wards, the risk of contamination 
of calves with them increases, which, in turn, may lead to an 
increase in morbidity and low effectiveness of antibiotic ther-
apy in these groups of animals. In general, P. aeruginosa, S. 
aureus and Ent strains prevailed in the maternity wards of the 
surveyed farms. faecium, in dairy cow compartments – E. coli, 
Ent. faecalis, S. epidermidis, S. saprophyticus and Proteus (in 
86–90 % of cases, P. vulgaris, and P. mirabilis averaged 10–
14 % of the isolated proteus strains).

At the second stage of the research, there was analyzed 
the sensitivity of all isolated strains to antibiotics. Antibiotics 
were selected from those that were most frequently used on 
farms over the previous three years: rifampicin (ansamycins), 
meropenem (carbapenems), ampicillin, amoxicillin (semisyn-
thetic pennicillins), cefazolin (generation I cephalosporin), 
enrofloxacin (fluoroquinolones III) (macrolides), tetracycline 
(tetracyclines), vancomycin (glycopeptides). The obtained re-
sults were analyzed and was calculated the total sensitivity of 
the isolated strains to each antibiotic (fig. 2), as well as the 

total sensitivity of the main pathogenic strains to antibiotics 
(fig. 3).

In addition, a separate analysis was performed for all epi-
sodes of detection of resistant strains. In the microbial resis-
tance passport of the enterprise, these data were included in 
the form of a table indicating the strain of the microorganism, 
the place of its detection (sampling), the antibiotic to which 
resistance was detected and antibiotics to which the maximum 
sensitivity was revealed for this strain.

To predict the effectiveness of antibacterial drugs at a spe-
cific technological site (maternity ward, a group of calves, 
heifers, dairy cattle, etc.), the sensitivity analysis of the strains 
found at the facility was carried out according to the system 
of criteria developed by us and the assessment in points. The 
criteria were the effectiveness of the antibiotic against the tar-
get microorganism, the effectiveness against the non-target 
microorganism in vitro, the degree of growth inhibition, the 
minimum inhibitory concentration. The results were statisti-
cally processed with the calculation of trends and analyzed the 
estimated efficacy of the drug against the main pathogenic mi-
croorganisms (fig. 4).

Fig. 2. Antibiotic sensitivity of all isolated strains in 1–2 months old calves section

Fig. 3. Total sensitivity of microorganisms to 9 antibiotics in 1–2 months old calves section 
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Discussion and Conclusion
Our studies have shown that the species composition of the 

nucleus of opportunistic microbiocenosis at various objects of 
dairy farms remains practically unchanged and is represented 
mainly by enterococci, staphylococci, Pseudomonas aerugino-
sa and Escherichia coli, Proteus, mold fungi, yeast. The share 
of a specific microorganism in the structure of the opportunistic 
microbiocenosis is variable and depends on the type, purpose 
and characteristics of the technological site. When compiling a 
passport of microbial resistance of MTF, it is advisable to ex-
amine each site or department, taking into account the constant 
contact contamination of various objects on the site. When an-
alyzing the antibiotic sensitivity of the isolated strains in con-
junction with the analysis of the structure of the opportunistic 
microbiocenosis and the comparison of resistance profiles, it 
is possible to predict the spread of resistant strains in the area 
and a preliminary assessment of the effectiveness of antibiotic 
therapy. Our proposed algorithm for compiling a passport for 
microbial resistance of a dairy farm involves a comprehensive 

study of the structure of opportunistic microbiocenosis, analy-
sis of the antibiotic sensitivity of strains by the disc diffusion 
method and a dilution method with an assessment according 
to four criteria, identification and analysis of all episodes of 
resistance, calculation of the overall effectiveness of each type 
of antibiotic against strains found in the department or at the 
site, calculation of the total sensitivity of the main pathogens 
to the studied antibiotics, prediction of the effectiveness of an-
tibiotics against microorganisms that make up the core of the 
opportunistic microbiocenosis.

Our prediction of the effectiveness of antibiotics can be 
used by CDF specialists to adjust treatment if it is impossible 
to determine the individual microbial picture with antibiotic 
sensitivity for each animal, as well as when planning the pro-
curement of antibacterial drugs.
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