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Abstract—This paper contains the results of complex
microbiological studies (culture method, real-time PCR) of
biological material from cows affected by inflammatory
diseases of reproductive organs and mammary gland.
Milk microbiota with underlying subclinical mastitis was
represented by pathogenic (S. aureus, enteropathogenic E.
coli), opportunistic bacteria (Staphylococcus spp., E. coli,
E. faecium, Streptococcus spp., S. agalactiae, P. aeruginosa)
and yeast-like fungi of Candida spp. in association.
Combined infectious and inflammatory diseases of genital
tract and mammary gland in cows resulted in the same
types of microorganisms in microflora composition, which
confirms information obtained by other researchers on
associated microbiota during inflammatory processes. S.
aureus, P. aeruginosa, E. coli, E. faecium, E. faecalis, S.
epidermidis, S. saprophyticus, Bacillus spp., and yeast-like
fungi of Candida spp. were obtained from milk samples
from cows with acute clinical mastitis and in vaginal
washes from cows with acute postpartum endometritis. In
the course of defining the sensitivity to antibiotics and
identifying genes of antimicrobial resistance, multidrug
resistance was established in most part of obtained strains,
which should be taken into account when planning
treatment measures.

Keywords—Microbiota, mastitis, acute
endometritis, vaginitis, antibiotic resistance.
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I. INTRODUCTION

Nflammatory diseases of reproductive organs and mammary
gland in cows are one of the main reasons for reduced
reproductive function and animal productivity [1], [2].
Mastitis causes the greatest economic damage due to a
decrease in milk yield and quality, as well as premature
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culling, diseases of newborn calves and costs of treating sick
animals. Predisposing causes for mastitis in cows are the
following: genetic predisposition, conditions of keeping and
feeding animals, individual characteristics of an animal,
immune status, result of preventive measures [3]. Microbial
factors are considered to be crucial in the etiology of mastitis.
Researchers mention that the main infectious causative agents
of mastitis in cows in the world are M. bovis, coccus bacteria,
mainly Staphylococcus spp., in particular, Staphylococcus
aureus and Streptococcus spp., also including Streptococcus
agalactiae, Streptococcus dysgalactiae, Streptococcus uberis,
in associations and in pure culture. Enterobacter spp.,
Escherichia coli, Klebsiella spp., Pseudomonas spp.,
Arcanobacterium are also often found in mastitis [4] [9].
Cases of sporadic acute mastitis with C. perfringens as a
causative agent are also described in literature [10].

According to the literature, there is a close vascular and
functional relation between mammary gland and genital
system in cows, which also determines associated
development of pathological processes in these organs. Many
researchers registered that in bacteriological studies of
biomaterials taken from mammary gland and genital organs of
cows, the same pathogenic microflora was obtained and
identified. Macias Alonso M., Lopez Salazar J.C., Osegueda
Robles S. in their study [11] established an etiological
association between diseases of mother cows, streptococcal
mastitis, endometritis, and polyarthritis in newborn calves.

Development of mastitis and endometritis in cows depends
not only on pathogenic, but also on opportunistic (potentially
pathogenic) microflora, which is found in association of
microorganisms, and this fact is considered by a number of
authors as a result of the uncontrolled usage of antimicrobial
drugs in animal husbandry. It is known that antibiotic therapy
affects not only pathogenic, but also normal flora resulting in
dysbiosis and new antibiotic-resistant strains. Veterinary
specialists currently note multiple antimicrobial resistance of
microorganisms obtained from animals with different course
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of endometritis and mastitis, which is one of the factors for
transition of acute forms to chronic and subclinical ones [12]-
[15].

Screening for mastitis, metritis and vaginitis includes routine
bacteriological test and PCR. These methods are mutually
complementary and provide great opportunities in diagnostics
and typing of pathogens, followed by defining the level of
sensitivity to antibiotics, as well as identification of
antimicrobial resistance genes. In practical veterinary
medicine, it allows to quickly decide on the appointment of an
antimicrobial drug and to perform effective treatment and
preventive measures. In addition, such screening underlies the
strategy for preventing spreading antimicrobial resistance of
microorganisms [16]-[18].

The goal of this study was to analyze sensitivity and
resistance of pathogenic and opportunistic microorganisms
obtained from mammary secret and vaginal washes from cows
with inflammatory diseases of reproductive organs and
mammary gland to antimicrobial drugs.

Il. MATERIALS AND METHODS

The reported study was funded by RFBR and Sverdlovsk
oblast, project number 20-416-660004, and was performed at
the Federal State Budgetary Research Institution “Ural Federal
Agrarian Scientific Research Center” of the Ural Branch of
the Russian Academy of Sciences.

The object included 46 samples of milk from cows with
subclinical mastitis, 20 samples of milk and vaginal washes
from cows with clinical mastitis and acute postpartum
endometritis, 20 samples of milk and vaginal washes from
cows with subclinical mastitis and signs of vaginitis.
Biomaterial samples were used for growth of microorganisms
to define sensitivity of obtained bacterial strains to antibiotics
and for real-time PCR to define their resistance to the groups
of antimicrobial agents.

Microbiological studies of biological material were carried
out according to common methods. In our study, we used
enrichment and differential media (Nutrient Broth, differential
culture media No. 10 for the identification of Staphylococcus
aureus, Cetrimide Agar; Endo agar, Bismuth sulfite agar,
Enterococcus agar, Czapek medium, EMB Agar, Levine
(M022), Salmonella Shigella (SS) Agar- Composition,
Sabouraud agar, hektoen enteric agar, Columbia agar, XLD
agar).

Bacteria were identified by the method of passage in Hiss
medium (Gissa medium) with glucose, lactose, sucrose,
maltose, mannitol, arabinose, dulcite, xylose, mannose,
rhamnose. These nutrient media are used at the stage of
isolation and identification of microorganisms of the
Enterobacteriaceae family by the fermentation of one of the
carbohydrates. For bacteria identification we used gram stain
technique. Additionally, we used biochemical plates for
enterobacteria differentiation — PBDE (identification by 20
diagnostic criteria: utilization of sodium citrate, utilization of
sodium malonate, utilization of sodium citrate with glucose,
presence of lysine decarboxylase, presence of arginine
dehydrolase, utilization of ornithine decarboxylase, presence
of phenalalanine deaminase, formation of indole, formation of
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acetyl methyl carbinol, presence of urease, formation of
hydrogen sulfide, utilization of glucose, p-galactose, lactose,
B-galactose mannitol, sucrose utilization, inositol utilization,
sorbitol utilization, arabinose utilization, maltose utilization)
by “Diagnosticheskiye Systemy” LLC Research and
Production Association, Russia. Pathogenicity of obtained
strains was determined by biological test in laboratory animals
(white mice). Preliminary identification of S.aureus was based
on colony morphology, gram staining and rabbit plasma
coagulation. Antibiotic resistance in all obtained bacterial
cultures was defined using disk-diffusion agar method. We
used standard commercial disks with known active substance
(ampicillin — 10 pug, amoxicillin — 20 pg, doxycycline — 30 ng,
levomycetin — 30 pg, ofloxacin — 5 ug, rifampicin — 5 pg,
ceftriaxone — 30 pg, ciprofloxacin — 5 pg, meropenem — 10
pg, tobramycin — 10 pg).

During PCR, the Diatom DNA Prep 200 DNA isolation kit
(1zoGen LLC, Russia) was used. For defining specific DNA
region of bacterial pathogens (Staphylococcus aureus,
Streptococcus agalactiae, E. coli, Staphylococcus spp.,
Proteus spp., E. faecium, E. faecalis) in samples, we used a
reagent kit for “VETSKRIN. Streptopol-V”, “VETSKRIN.
Stafipol”, “VETSKRIN. Kolipol”, and “VETSKRIN.
Streptopol” test systems (Russia). To determine the resistance
to antimicrobial agents, we used reagent kits by “NPF Litekh”
LLC (Russia): resistance of Staphylococcus aureus to 2™
generation cephalosporins (detection of the MecA gene);
resistance of Enterobacteriaceae family to penicillins with
beta lactamase inhibitors and 3 and 4" generation
cephalosporins (detection of the blaDHA gene); resistance of
Enterobacteriaceae and Pseudomonas to carbapenems
(detection of VIM genes); resistance of Staphylococcus spp.
and Streptococcus spp. to 1t generation macrolides (detection
of the ErmB gene); resistance of Enterobacteriaceae family to
1%t generation cephalosporins and fluoroquinolones (detection
of the STX-M gene) — “Vetskrin”. PCR tests were performed
in real time using a Rotor-Gene 3000 analyzer (Australia).

I1l. RESULTS

In all 46 milk samples from cows with subclinical mastitis,
the DNA of bacteria of the Staphylococcus spp. group
(S.epidermidis, S saprophyticum, S.haemolyticus) was
detected by PCR. S. aureus DNA was isolated in 4 samples
(8.7%), E. coli DNA - in 14 samples (30.4%). In 13.1% of
milk samples, DNA of S. agalactiae was found. In 7 (35%)
samples containing DNA Staphylococcus spp. ErmB
resistance genes to 1st generation macrolides were identified,;
50.0 % isolates S. aureus had a resistance gene (MecA) to 2nd
generation cephalosporins.

E. coli had no mutation genes for 1% generation
cephalosporins but had blaDHA in 13 (92.8%) samples which
causes resistance to protected penicillins and cephalosporins 3
and 4 generations.

In a culture-based study, cultures of S. aureus, E. faecium,
bacteria of Streptococcus spp. group were isolated from all
biological samples of milk from cows with subclinical
mastitis; S. epidermidis was found in 17.4% of samples; P.
aeruginosa and yeast-like fungi of Candida spp. were found
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in 8.7% of milk samples. All S. aureus isolates were a positive
plasma coagulation.

As a result of this study, multidrug resistance of S. aureus
and E. faecium to amoxicillin, levomycetin, ampicillin, and
doxycycline was defined. Isolated P. aeruginosa strains were
not sensitive to ampicillin and doxycycline. Opportunistic S.
epidermidis strain was resistant to meropenem, ampicillin,
doxycycline and levomycetin. In the course of biological tests
in laboratory animals, enteropathogenic types of E. coli were
revealed in 8.7% of milk samples. It is known that such
bacterial agents lead to outbreaks of enteritis and
gastroenteritis in young farm animals. Enteropathogenic E.
coli was sensitive to ciprofloxacin and ofloxacin, but resistant
to all other selected antibiotics.

PCR test of milk samples from cows with clinical mastitis
and acute postpartum endometritis revealed genomes of
bacteria of Staphylococcus spp group (S.epidermidis, S.
saprophyticum, S.haemolyticus), E. coli, in 3 (15.0%) samples
single DNA of S. aureus. In 7 (35.0%) isolates E. coli were
detected blaDHA, which determine resistance to protected
penicillins and cephalosporins of the 3rd and 4th generations.
In bacteria of Staphylococcus spp. group, mutation genes to 1%
generation macrolides (ErmB) were found.

E. faecium, E. faecalis, S. aureus, non-pathogenic E. coli
bacteria were obtained from milk samples from cows with
clinical mastitis using culture methods; 2 (10.0%) samples
contained P. aeruginosa culture and yeast-like fungi of
Candida spp. All obtained cultures of S. aureus had a positive
reaction during plasma coagulation.

Antibiotic resistance test revealed that bacterial cultures of
E. faecium and E. faecalis were not sensitive to amoxicillin.
E. coli, S. aureus, P. aeruginosa in all samples showed
multiple antibiotic resistance (doxycycline, tobramycin,
ceftriaxone).

All vaginal swab samples from cows with acute postpartum
endometritis contained DNA of E. coli, having the STX-M
resistance gene in 40.0% of samples, the VIM gene in 5% of
samples, and blaDHA in 10% of samples. In 2 samples of E.
coli, two resistance genes (STX-M + blaDHA and STX-M +
VIM) were detected in each.

Microbiological tests revealed bacterial cultures of P.
aeruginosa, E. faecium, E. faecalis, E. coli, S. epidermidis in
all biological samples. Bacillus spp., S. saprophyticus, yeast-
like fungi of Candida spp. were occasionally cultivated in 5
samples. Obtained microflora of pathogenic and opportunistic
bacteria showed resistance to several antibiotics (tobramycin,
levomycetin, meropenem).

Real-time PCR of clinical samples from cows with
subclinical mastitis and vaginitis revealed DNA of bacteria of
Proteus spp. Group in 40.0% of samples, in 50.0% samples -
E. coli and in all milk samples - E. faecalis. In vaginal washes
of the same cows, genomes of Proteus spp. bacteria and E.
coli were found. Simultaneously conducted bacteriological
test showed cultures of E. faecalis, E. coli in all samples of
vaginal washes and in milk; S. aureus and P. aeruginosa in
20% of samples. All S. aureus isolates were a positive plasma
coagulation.

PCR diagnostics of antibiotic resistance revealed resistance
gene STX-M to cephalosporins and carbapenems of the first
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line in selected specific DNA regions of 3 (37.5%) isolates
Proteus spp. and in 2 (20.0%) isolates E. coli. In 1 isolate E.
faecalis revealed resistance gene to 1% line macrolides
(ErmB). Isolated microorganisms were not sensitive to
antibiotics (ampicillin, amoxicillin, doxycycline, levomycetin,
ofloxacin, rifampicin, meropenem, tobramycin), which was
confirmed by PCR results.

As a result of studies of clinical samples taken from animals
with inflammatory diseases of reproductive organs and
mammary gland, all obtained cultures of S. aureus had a
positive reaction during plasma coagulation. Several mutation
genes were found in DNA of E. coli that were responsible for
resistance to penicillins, 1% and 2" generation cephalosporins,
and 1% generation carbapenems (Table 1, 2)

Table 1. Results of test for antibiotic sensitivity and
resistance of microorganisms obtained from mammary secret
of cows with mastitis

Obtained
pathogens

Resistance to antimicrobial drugs
Disk-diffusion Real-time PCR
agar method

Staphylococcu 1%t generation

S spp. - macrolides
(ErmB, n=67.5 %)
S. aureus ampicillin, 1%t generation
amoxicillin, cephalosporins
doxycycline, (MecA, n=50.0%)
levomycetin,
ceftriaxone,
tobramycin
S. epidermidis. ampicillin, no resistance genes
doxycycline, found
levomycetin,
meropenem
Streptococcus no resistance genes
spp. - found
S. agalactiae no resistance genes
- found
E. faecium ampicillin, no resistance genes
amoxicillin, found
doxycycline,
levomycetin
E. faecalis amoxicillin 1% line macrolides
(ErmB, n=5.0 %)
E. coli ampicillin, Penicillins, 15t 2n,
amoxicillin, 3" and 4" generation
doxycycline, cephalosporins
levomycetin, (blaDHA, n= 37.0%)
ceftriaxone, 1st generation
tobramycin cephalosporins
(STX-M, n=3.7%)
Proteus spp. ampicillin, 1st generation
amoxicillin, cephalosporins
doxycycline, (STX-M, n=40.0%)
levomycetin,
ofloxacin,
rifampicin,
ceftriaxone,
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ciprofloxacin,
meropenem,
tobramycin

P. aeruginosa ampicillin,
doxycycline,
ceftriaxone,

tobramycin

no resistance genes
found

Table 2. Results of test for antibiotic sensitivity and
resistance of microorganisms obtained from cows with
inflammatory diseases of reproductive system

Obtained agents Resistance to antimicrobial drugs

Disk-diffusion
agar method

E. coli ampicillin, 1%t generation
amoxicillin, cephalosporins
doxycycline, (STX-M, n=
levomycetin, 33.3%)

ofloxacin, 1% generation
rifampicin, carbapenems
meropenem, (VIM, n=3.3%)
tobramycin penicillins and 3*
and 4" generation
cephalosporins
(blaDHA, n=
6.6%)
(STX-M +
blaDHA=3.3%)
(STX-M + VIM,
n= 3.3%)
P. aeruginosa tobramycin,
levomycetin, -
meropenem
Bacillus spp. tobramycin, -
levomycetin,
meropenem
E. faecalis ampicillin, -
amoxicillin,
doxycycline,
levomycetin,
ofloxacin,
rifampicin,
meropenem,
tobramycin
E. faecium amoxicillin -
tobramycin,
levomycetin,
meropenem
Proteus spp. 1t generation
- cephalosporins
(STX-M, n=
37.5)
S. aureus ampicillin, -
amoxicillin,
doxycycline,
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levomycetin,
ofloxacin,
rifampicin,

meropenem,
tobramycin

S. epidermidis tobramycin, -
levomycetin,

meropenem

S. tobramycin, -
saprophyticus levomycetin,
meropenem

Staphylococcus -
Spp. -
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IV. DISCUSSION

Modern research confirms that different body sites or body
fluids are now considered to host a complex microbial
community with great diversity [19]. At the same time,
researchers point to the relationship of the microbiota of the
mammary gland and the genital organs of cows. Using the
culture method and PCR, we studied the composition of the
prevailing microorganisms in milk and vaginal swabs in three
groups of cows: 1 - cows with subclinical mastitis, 2 - cows
with clinical mastitis and acute postpartum endometritis, 3 -
cows with subclinical mastitis and vaginitis. In addition, we
determined the resistance of bacteria to antibiotics by the disk
diffusion method and in real-time PCR.

After conducting microbiological and PCR tests, we found
that microbiota in milk samples from cows with subclinical
mastitis was  represented by pathogenic  bacteria
(enteropathogenic E. coli, S. aureus positive during plasma
coagulation), opportunistic bacteria (Staphylococcus spp .,
Streptococcus spp., E. faecium, S. agalactiae, P. aeruginosa,
E. coli, Proteus spp.), and yeast-like fungi of Candida spp. in
association. Multiple resistance of microorganisms to
antibiotics (ampicillin, amoxicillin, doxycycline, levomycetin,
meropenem) was revealed. E. coli culture was sensitive to
ciprofloxacin and ofloxacin but was resistant to broad-
spectrum tetracyclines and penicillins. Moreover, mutant
genes to 1% generation macrolides, as well as to penicillins
with beta lactamase inhibitors and 2", 3 and 4™ generation
cephalosporins were found in the genomes of obtained
bacteria.

In milk samples from cows with clinical mastitis and in
vaginal washes from cows with acute postpartum
endometritis, polymicrobial communities of pathogenic and
opportunistic bacteria were found. Opportunistic microflora,
regardless of the course of endometritis and mastitis in cows,
included E. coli, E. faecium, E. faecalis, S. epidermidis, S.
saprophyticus, Bacillus spp., Proteus spp., yeast-like fungi of
Candida spp.

E. faecium, E. faecalis were not sensitive to amoxicillin.
Multiple antibiotic resistance of E. coli, S. aureus, P.
aeruginosa was established; microorganisms showed
resistance to  doxycycline, tobramycin, ceftriaxone,
levomycetin and meropenem.

Microbiota of vaginal washes and milk from cows with
subclinical mastitis and vaginitis was represented by a
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combination of opportunistic microorganisms: Proteus spp.,
E. coli and E. faecalis, P. aeruginosa. Bacteria of Proteus spp.
group and E. coli had resistance genes to cephalosporins and
carbapenems of 1% line, E. faecalis was resistant to 1% line
macrolides.

Moreover, obtained microbiota had no sensitivity to a
number of chemotherapeutic agents. Herewith, obtained
microflora was proven to have resistance genes to several
groups of antimicrobial drugs. Therefore, simultaneous tests
for antibiotic resistance by disk-diffusion agar method and
real-time PCR allows obtaining additional results and getting
a more complete information on existing drug resistance.

Resistant strains of microorganisms arise when the genome
of bacterial cell changes as a result of spontaneous mutations
[20]. We associate resistance development rate and intensity
with the species and even with the strain of pathogen.

Our data are consistent with those of other researchers,
which also isolated from milk of cows with inflammation of
the mammary gland typical contagious bacteria and
environmental bacteria [21], [22]. At the same time, our
studies revealed that the composition of microflora in cows
with infectious and inflammatory diseases of reproductive
system and mammary gland was represented by the same
types of microorganisms what confirms the information
obtained by other researchers about the close association of
microbiota in the development of inflammatory processes.

A comparative study of the species diversity and resistance
of microorganisms of the reproductive tract and mammary
gland to antibiotics, taking into account the environmental and
regional characteristics of the Ural region of Russia, will
expand the data on the spread of antibiotic resistance of
microorganisms obtained by other researchers. Based on this,
an integrated approach to the treatment and prevention of
diseases of the breast and reproductive organs will be formed,
which will improve the quality and safety of milk

V. CONCLUSIONS

1. Studies have shown that polymicrobial associations of
pathogenic and opportunistic bacteria are involved in the
development of mastitis and endometritis in cows.

2. The composition of microflora in mastitis and
inflammation of the reproductive tract is represented by the
same types of microorganisms.

3. Ciprofloxacin and ofloxacin were characterized with the
highest antibacterial activity; doxycycline, tobramycin,
levomycetin, amoxicillin and meropenem had the lowest one.

4. Resistance to antibacterial drugs was most often
observed in E. coli.

5. Results of our study demonstrated high antimicrobial
resistance of the studied isolates of the microbiota of
reproductive system and mammary gland in cows with
inflammation and confirmed the development of multidrug
resistance what should be taken into account when performing
treatment. This will help in the selection of therapeutic
regimens.
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