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ABSTRACT
Due to the growing threat of antimicrobial resistance, the search and development of new drugs to treat infectious mammary gland diseases of high yielding cows 
is an urgent task. The paper presents data on the microbiota composition of milk from high yielding cows suffering from subclinical mastitis; 144 microbial isolates 
were recovered from 70 milk samples; with the highest number of Staphylococcus aureus and Streptococcus dysgalactiae detected (22.2 and 16.0%, respectively). 
The study showed that a significant number of Staphylococcus aureus isolates (53.1%) were resistant to I generation cephalosporins; 52.6% of the isolated Strep-
tococcus dysgalactiae strains showed resistance to tetracyclines; 33.3% of Staphylococcus haemolyticus isolates were resistant to macrolides. 42.1; 35.3 and 62.5% 
of Enterococcus faecium, Aerococcus viridans and coliform bacteria isolates, respectively, were resistant to penicillins. 38.5% of Staphylococcus epidermidis isolates 
were found to be resistant to tetracyclines. Corynebacterium pseudotuberculosis isolates showed equal resistance to penicillin and tetracycline antimicrobials (20.0%). 
The research revealed presence of multi-drug resistant coliform bacteria, Streptococcus dysgalactiae, Aerococcus viridans, Staphylococcus aureus strains. Experiments 
to study the effect of the new nisin-based pharmaceutical formulation on microbiota of milk from cows with subclinical mastitis were carried out using 35 high 
yielding cows. A microbiological testing of cow milk on day 14 from the beginning of the treatment showed that the number of microbiota-free samples increased 
to 88.6%, while in 1.4% of cases Staphylococcus aureus isolates were recovered (103 CFU/mL). The titers of coliform and Staphylococcus aureus bacteria isolated in 
1.4% (101 CFU/mL) and 2.7% (102 CFU/mL) of cases, respectively, were not etiologically significant.
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Влияние композиции на основе бактериоцина низина 
в схеме лечения коров с субклиническим маститом 
на микробиоту молока
М. Н. Исакова, Я. Ю. Лысова
ФГБНУ «Уральский федеральный аграрный научно-исследовательский центр Уральского отделения Российской академии наук» (ФГБНУ УрФАНИЦ УрО РАН), 
ул. Белинского, 112а, г. Екатеринбург, 620142, Россия

РЕЗЮМЕ
В связи с растущей угрозой развития антибиотикорезистентности поиск и разработка новых средств для лечения инфекционных заболеваний мо-
лочной железы высокопродуктивных коров является актуальной задачей. В статье представлены данные по изучению состава микробиоты секрета 
молочной железы высокопродуктивных коров при скрытой форме мастита. Из 70 проб секрета молочной железы было выделено 144 изолята микро-
организмов, наибольшее количество приходилось на Staphylococcus aureus и Streptococcus dysgalactiae (22,2 и 16,0% соответственно). Исследованиями 
установлено, что у максимального количества изолятов Staphylococcus aureus (53,1%) наблюдали устойчивость к цефалоспоринам I поколения. Выде-
ленные штаммы Streptococcus dysgalactiae в 52,6% случаев проявили устойчивость к препаратам группы тетрациклинов; 33,3% изолятов Staphylococcus 
haemolyticus были резистентны к препаратам группы макролидов. Устойчивостью к препаратам групп пенициллинов обладали 42,1; 35,3 и 62,5% изолятов 
Enterococcus faecium, Aerococcus viridans и бактерий группы кишечной палочки соответственно. В 38,5% случаев установлена резистентность к препара-
там группы тетрациклинов у изолятов Staphylococcus epidermidis. Изоляты Corynebacterium pseudotuberculosis проявили устойчивость к антимикробным 
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The purpose of this study was to evaluate the effect 
of the nisin-based pharmaceutical formulation used in 
the  treatment plan for  cows suffering from subclinical 
mastitis on the milk microbiota. For this purpose the fol-
lowing tasks were set: to study the microbiota composition 
of milk from high yielding cows with subclinical mastitis; 
to analyze the comparative AMR profiles of microorga
nisms isolated from milk of subclinically mastitic cows; 
to study the effect of the nisin-based formulation used in 
the treatment regimen of cows with subclinical mastitis on 
the milk microbiota composition.

MATERIALS AND METHODS
Objects of the study: high yielding cows with subclinical 

mastitis, microorganisms isolated from milk, a nisin-based 
formulation.

The effect of the  nisin-based formulation, used in 
the treatment regimen of cows with subclinical mastitis, 
on the milk microbiota composition was studied in 35 high 
yielding cows with a  milk yield of  more than 8,000  kg 
per year, kept at the nucleus farm in the Polevsky Raion 
of the Sverdlovsk Oblast. According to the treatment regi
men of subclinical mastitis, the animals received 10 mL of 
a new pharmaceutical formulation intra-cisternally into 
the affected quarter daily for five days.

All experiments were carried out in strict accordance 
with the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific 
Purposes (ETS No. 123).

During the study in 2023, the following isolates were 
recovered: Staphylococcus aureus (n = 32), Streptococcus 
dysgalactiae (n = 23), Staphylococcus haemolyticus (n = 20), 
Enterococcus faecium (n = 19), Aerococcus viridans (n = 17), 
Staphylococcus epidermidis  (n  = 13), coliform bacteria 
of Escherichia and Enterobacter genera (n = 8), Corynebac-
terium pseudotuberculosis (n = 5), Mucor (n = 4) and Penicil-
lium spp. (n = 3) fungi.

A previously developed formulation containing nisin 
and water-based excipients was used with the following 
weight ratio percentage: nisin A – 0.3; silicon glycerolates 

INTRODUCTION
Mammary gland inflammation in cows is most often 

caused by a bacterial infection [1, 2, 3]. The quantity of bac-
teria detected depends on the form of mastitis and its se-
verity, as well as the pathogen type [4, 5, 6, 7]. The most 
often detected microorganisms in milk of cows suffering 
from mastitis are Staphylococcus aureus, Streptococcus aga-
lactiae, Streptococcus dysgalactiae, Escherichia coli, Entero-
coccus faecium, Enterococcus faecalis [1, 2, 3, 4]. The sub-
clinical form of mastitis, which is more difficult to diagnose 
due to the lack of visible changes in the mammary gland 
and milk is the major danger for dairy farming, though it 
gives higher somatic cell counts and total bacterial counts 
in milk. Microbial metabolites and toxins accumulate in 
the milk from subclinically mastitic cows affecting milk 
taste, nutritional value of  raw milk and  dairy products 
and decreasing their shelf life [8, 9, 10, 11]. The prevalence 
of subclinical mastitis in high yielding cows in developing 
countries is high [12, 13, 14, 15, 16]. That is why to reduce 
milk rejection and prevent antimicrobial resistance (AMR), 
the use of antimicrobials is minimized in treatment plans, 
and vaccines, bacteriophages, phage lysines, bacteriocins 
are used as an alternative [17, 18, 19, 20, 21, 22, 23, 24]. 
Pursuant to the “Strategy to Prevent the Spread of Antimi-
crobal Resistance in the Russian Federation to 2030”, ap-
proved by the Russian Federation Government Decree on 
25 September 2017 No. 2045-r, we tested the drugs based 
on antimicrobial peptides of microbial origin used to treat 
infectious mammary gland diseases of high yielding cows.

The work is relevant because the formulation is based 
on  bacteriocin nisin to be  used in the  treatment regi-
men for cows with subclinical mastitis as an alternative 
to known antimicrobial drugs. 

The novelty of the work is that for the first time, data 
on the effect of a new nisin-based formulation used in 
the treatment regimen of cows with subclinical mastitis 
on the milk microbiota were obtained. 

Practical significance: in order to prevent AMR, the use 
of the nisin-based formulation makes it possible to reduce 
the use of antimicrobial drugs for mastitis treatment. 

препаратам групп пенициллинов и тетрациклинов в равной степени (20,0%). Полученные данные показали наличие полирезистентных штаммов бакте-
рий группы кишечной палочки, Streptococcus dysgalactiae, Aerococcus viridans, Staphylococcus aureus. Экспериментальные исследования по изучению влияния 
разработанной фармацевтической композиции, содержащей бактериоцин низин, на состав микробиоты молока при лечении коров с субклиническим 
маститом выполнены на 35 высокопродуктивных коровах. Проведенное на 14-й день с начала курса лечения микробиологическое исследование секрета 
молочной железы коров показало, что число проб с отсутствием микрофлоры увеличилось до 88,6%, при этом количество колониеобразующих единиц, 
равное 103 КОЕ/мл, установлено у 1,4% изолятов Staphylococcus aureus. Выделенные в 1,4 (101 КОЕ/мл) и 2,7% (102 КОЕ/мл) случаев бактерии группы 
кишечной палочки и Staphylococcus aureus соответственно не являлись этиологически значимыми в диагностическом титре.

Ключевые слова: коровы, субклинический мастит, антибиотикорезистентность, антимикробные препараты, схема лечения, бактериоцин низин, 
микробиота молока, колониеобразующие единицы
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in a 6-mole excess of glycerol Si(C3H7O3)4 × 6C3H8O3 – 3.0; 
boron bisglycerolates H[B(C3H6O3)2] – 2.0; glycerol – 10.0; 
distilled water – up to 100 [25, 26]. 

Test methods. The morphology of the recovered isolates 
was studied by seeding on Hiss growth media with sugars 
(“motley row”), was referenced by Bergey’s Manual of De-
terminative Bacteriology [27], and the Guide to Clinically 
Significant Fungi  [28], and then studied by MALDI-TOF 
mass spectrometry (Matrix-assisted laser desorption ioni
zation time-of-flight mass spectrometry) using VITEK® MS 
(bioMérieux, France). For bacteriological and mycological 
testing, the milk samples were seeded on liquid and solid 
nutrient agars: meat peptone, Streptococcus Selective Agar, 
Enterococcus Selective Agar, Endo agar, Staphylococcus Se-
lective Agar No. 10, Czapek medium, Sabouraud Dextrose 
Liquid Medium, bismuth sulfite agar, cetrimide agar, Levin 
medium, Ploskirev medium (State Research Center for Ap-
plied Microbiology and Biotechnology, Russia), 5% sheep 
blood agar (based on Columbia agar; Bio-Rad, France), de-
fibrinated sheep blood (E&O Laboratories Ltd, Scotland), 
Salt Egg Yolk Agar Base (nutrient agar for microorganism 
culture GRM-agar, State Research Center for Applied Mi-
crobiology and Biotechnology, Russia), UriSelect4 non-
selective chromogenic agar (Bio-Rad Laboratories,  Inc., 
USA) and Sabouraud 2% Glucose Chloramphenicol Agar 
(SIFIN diagnostics GmbH, Germany).

The resistance of recovered isolates to 34 antimicrobial 
drugs from 15 groups (tetracyclines, penicillins, carbape
nems, macrolides, lincosamides, ansamycins, amphenicols, 
I, II, III generation aminoglycosides, I, II, III generation ceph-
alosporins, II, III generation fluoroquinolones) was evalua
ted by the disc diffusion test [29]. Commercially available 
discs were used (Scientific Research Center of Pharmaco-
therapy, Russia). The results were interpreted taking into 
account the recommendations of the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST). 

Statistical data were processed using AMRcloud, Micro-
soft Excel 2007 and Statistica 6.0. softwares.

RESULTS AND DISCUSSION
The studies were performed in 2023–2024 in the De-

partment of Reproductive Biology and Neonatology, the 
Laboratory of Microbiological and Molecular Genetic Re-
search of the Ural Federal Agrarian Research Center, Ural 
Branch of the Russian Academy of Sciences, in the labora-

tory of the medical center “Quality Med” LLC (Ekaterinburg) 
funded by the grant of the Russian Science Foundation 
No. 22-76-00009. 

144 microorganisms were isolated from 70 milk samples 
from cows with subclinical mastitis, among them (Fig. 1): 
S.  aureus  (22.2%), S.  dysgalactiae  (16.0%), S.  haemolyti-
cus (13.9%), E. faecium (13.2%), A. viridians (11.8%), S. epi-
dermidis (9.0%), coliforms of Escherichia and Enterobacter 
species (5.6%), C. pseudotuberculosis (3.5%), as well as Mu-
cor (2.8%) and Penicillium spp. (2.1%) fungi.

In the present study, 81.4% of cows with subclinical 
mastitis were co-infected, among them 21.4% were co-
infected with two pathogens, 28.6 and 17.1% of cows were 
infected with three and four pathogens. A complex micro-
biome consisting of five microorganisms was isolated in 
14.3% of the samples.

The proportion of S. aureus isolates resistant to I, II and 
III generation cephalosporins was 53.1, 46.8 and 37.5%, 
respectively; to  macrolides (erythromycin, clarithromy-
cin) – 34.4%. Resistance to tetracyclines and penicillins was 
found in 31.3 and 28.1% of isolates, respectively. The mini-
mum percentage of resistant S. aureus strains was reported 
for the following groups of antibiotics: II generation fluoro-
quinolones (12.5%), III generation fluoroquinolones (9.4%), 
carbapenems (6.3%). Intermediate resistance was estab-
lished in 25.0% of isolates to amikacin (III generation ami-
noglycoside antimicrobial drug).

52.6% of S. dysgalactiae isolated strains showed resis-
tance to tetracyclines (tigecycline, doxycycline). Non-sen-
sitivity to III generation cephalosporins was established 
in 42.1% of isolates. Comparatively lower resistance was 
reported against II generation aminoglycosides (31.6%). 
57.9% of S. dysgalactiae isolates demonstrated intermedi-
ate resistance to II generation cephalosporins (cefuroxim, 
cefoxitin). 

Monitoring of antimicrobial resistance of S. haemolyti-
cus isolates recovered from milk showed their resistance 
to  macrolides (erythromycin, clarithromycin) in  33.3% 
of cases. A few isolates showed resistance to III generation 
cephalosporins (cefixime, cefoperazone, ceftriaxone) and 
ansamycins (rifampicin) – 13.3 and 6.7%, respectively. In-
termediate sensitivity was revealed in 6.7% of the isolates 
to tetracyclines (doxycycline).

Resistance to penicillins, I generation aminoglycosides 
and III generation cephalosporins (42.1, 36.8 and 26.3%, 
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Fig. 1. Composition of the milk microbiota from cows with subclinical mastitis (n = 144)
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respectively) was demonstrated by E. faecium isolates. In-
termediate sensitivity was found in 21.1% of the isolates 
to doxycycline from the tetracycline group.

The AMR profile of A. viridans isolates recovered from 
milk demonstrated the highest resistance to penicillins 
(ampicillin, amoxicillin, penicillin) – 35.3% and I genera-
tion aminoglycosides (kanamycin) – 23.5%. Intermediate 
susceptibility was revealed in 29.4% of the studied isolates 
to the tetracyclines (tetracycline, doxycycline). 

38.5% of S.  epidermidis isolates showed resistance 
to tetracyclines (tetracycline, doxycycline). Minimal resis-
tance (15.4%) was reported against II generation aminogly-
cosides (gentamicin). 23.1% of the isolates demonstrated 
intermediate resistance to III generation fluoroquinolones 
(levofloxacin).

Isolated coliform bacteria had the  greatest resis-
tance (62.5%) to penicillins. Resistance to the ansamycins 
(rifampicin) was found in 37.5% of coliform isolates. Inter-
mediate resistance to penicillins and II generation cepha-
losporins (cefuroxim, cefoxitin) was reported in 25.0 and 
12.5% of coliform bacteria, respectively.

Corynebacterium pseudotuberculosis isolates were 
found to be equally resistant to penicillin and tetracycline 
antimicrobials  (20.0%). Intermediate sensitivity was ob-
served in 40.0% of the isolates to II generation cephalo-
sporins (cefuroxim). 

The obtained AMR profile of the milk microbiota from 
subclinically mastitic cows revealed the presence of multi-
drug-resistant coliform bacteria, S. dysgalactiae, A. viridans, 
S. aureus isolates. 62.5 and 47.1% of the tested coliform 
and A. viridans isolates respectively, had resistance to two 
groups of antimicrobials. Resistance of S.  dysgalactiae 
to three antimicrobial groups was found in 43.5% of the 
isolated strains, to four groups in 26.1% isolates. 62.5% of 
the tested S. aureus isolates were resistant to four groups 
of antimicrobials, 46.9% of them were resistant to five 
groups and resistance to more than six groups of antimi-
crobials was reported in 15.6% of isolates.

The study showed that milk from subclinically mastitic 
cows has a complex microbiome, and the isolated micro-
biota are highly resistant to major antimicrobials used 
to treat mastitis. In this connection, a new pharmaceuti-
cal formulation based on bacteriocin nisin was included 
in the subclinical mastitis treatment regimen. 

Fig. 2. The structure of microbial population isolated from milk samples from cows 
with subclinical mastitis at the beginning of the experiment (n = 80)
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Table 1
The structure of the microorganism population  
isolated from milk of cows with subclinical mastitis after using the new nisin-based 
formulation (n = 35)

Microorganism
Start of 

the experiment

After treatment 
course 
(Day 5)

Day 14  
(from 

the beginning)

n % n % n %

Monocultures

S. aureus 8 22.9 4 11.4 3 8.6

S. dysgalactiae 4 11.4 2 5.7 – –

A. viridans 2 5.7 1 2.9 – –

S. epidermidis 1 2.9 – – – –

C. pseudotuberculosis 1 2.9 – – – –

S. haemolyticus 1 2.9 – – – –

Coliforms – – – – 1 2.8

Associations

S. aureus + coliforms + E. faecium 4 11.4 2 5.7 – –

S. aureus + coliforms +  
Streptococcus spp. + Penicillium spp. 3 8.6 – – – –

S. aureus + coliforms +  
Streptococcus spp. + E. faecium 3 8.6 – – – –

S. aureus + coliforms + Mucor 2 5.7 – – – –

S. aureus + coliforms +  
Streptococcus spp. + Mucor 2 5.7 – – – –

S. aureus + coliforms +  
Streptococcus spp. + E. faecalis + Mucor 2 5.7 – – – –

S. aureus + coliforms +  
E. faecium + Streptococcus spp. 1 2.9 – – – –

S. aureus + Streptococcus spp. + Mucor 1 2.9 – – – –

S. aureus + coliforms – – 1 2.9 – –

E. faecalis + coliforms – – 1 2.9 – –

Total 35 100 11 31.4 4 11.4
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forms accounted for 8.6 and 2.8%, respectively (Table 1). 
1.4% of S. aureus isolates were revealed in the amount 
of 103 CFU/mL. Coliforms and S. aureus isolated in 1.4% 
(101  CFU/mL) and 2.7%  (102  CFU/mL) of cases respec-
tively, were not etiologically significant in the diagnostic 
titer (Table 2). 

In the last decade, intensive studies look at the po-
tential of bacteriocins as next-generation therapeutics 
against drug-resistant bacteria  [30,  31,  32,  33]. Bacte-
riocins from lactic acid bacteria are being tested as con-
trolling agents for bacterial and viral infections; they can 
inhibit biofilm synthesis [33, 34, 35]. In a number of ex-
periments, high antimicrobial activity of bacteriocin nisin 
was established against several species of staphylococci, 
including Staphylococcus saprophyticus, S. aureus, S. epi-
dermidis, S.  haemolyticus  [36,  37,  38], including multi-
drug resistant and methicillin-resistant S.  aureus  [39]. 
There are studies on clinical isolates of S. agalactiae that 
have demonstrated different susceptibility to nisin [40]. 
Pérez-Ibarreche M. et al. [41] described the results of us-
ing nisin to effectively control biofilm of S. uberis strains 
that cause mastitis in cows. The use of nisin, which 
has antimicrobial activity against major mastitis-caus-
ing pathogens, could offer a potential alternative to an-
tibiotics [36, 42, 43]. The data of our study confirm that 
it is feasible to include nisin into mastitis treatment regi-
mens. During the experiment, it was found that the mas-
titis-causing pathogens isolated from milk, such as S. au-
reus, coliforms, E. faecium, Streptococcus spp., A. viridans, 
S. epidermidis, C. pseudotuberculosis, S. haemolyticus, are 
susceptible to the nisin-based formulation. Since the dis-
covery of bacteriocins, researchers have mainly focused 
on testing their antimicrobial activity in vitro. However, 

In milk samples from cows with subclinical mastitis, 
before using the nisin-based formulation, the isolated mi-
croorganisms were found both as a monoculture (48.6%) 
and as  bacteria and fungi associations  (51.4%). S.  au-
reus  (22.9%), S.  dysgalactiae  (11.4%), A.  viridans  (5.7%), 
S. epidermidis (2.9%), C. pseudotuberculosis (2.9%), S. hae-
molyticus (2.9%) were recovered as monocultures.

In the structure of bacterial associations, 11.4% of 
the samples were represented by S. aureus + coliforms + 
E.  faecium; three-component associations included 
S.  aureus  + coliforms  + Mucor  (5.7%), S.  aureus  + Strep-
tococcus  spp.  + Mucor  (2.9%). Moreover, four-compo-
nent associations were most often isolated from milk 
samples: S.  aureus  + coliforms  + Streptococcus  spp.  + 
Penicillium  spp.  (8.6%), S.  aureus  + coliforms  + Strepto-
coccus  spp.  + E.  faecium  (8.6%), S.  aureus  + coliforms  + 
Streptococcus spp. + Mucor (5.7%), S. aureus + coliforms + 
E. faecium + Streptococcus spp. (2.9%). The composition of 
the five-component associations was represented by S. au-
reus  + coliforms  + Streptococcus spp.  + E.  faecalis  + Mu-
cor (5.7%). The results are given in Table 1. 

Eighty microorganisms in total were isolated from 
35  milk samples at the  beginning of the  experiment, 
among them 74 bacteria and 6 fungi species (Fig. 2). 

Herewith, the number of microbial cells in each sample 
was different. At the beginning of the experiment, 28.4% 
of S.  aureus isolates were etiologically significant for 
the inflammation development in the mammary gland; 
the number of colony-forming units per 1 mL of the tes
ted sample equal to 103, 106 and 107 CFU/mL was found 
in 9.5; 8.1 and 10.8% of the isolates, respectively. All 16 iso-
lated Streptococcus spp. cultures (21.6%) were detected 
in the amount of 103 CFU/mL; 13.5% of coliform isolates, 
which can cause mastitis in animals, were in the amount 
of 105 CFU/mL. 103 and 105 CFU/mL values were found 
in 2.7 and 8.1% of E. faecium isolates, respectively. S. epi-
dermidis, C. pseudotuberculosis, and S. haemolyticus were 
detected in the amount of 103 CFU/mL in 1.4% of cases. 
A. viridans were detected in a titer of 102 CFU/mL and from 
the beginning of the experiment were not an etiological-
ly significant microorganism for mastitis development 
in cows (Table 2). 

After the treatment course of animals with subclinical 
mastitis using the new nisin-based formulation, no mi-
croflora growth was observed in 68.6% of the samples 
(Table 1). The microbiota isolated from 11 samples of milk 
was a monoculture in 20.0% of cases represented by S. au-
reus (11.4%), S. dysgalactiae (5.7%), A. viridans (2.9%). In 
other samples, microorganism associations were detec
ted: S. aureus + coliforms + E. faecium (5.7%); S. aureus + 
coliforms  (2.9%); E.  faecalis  + coliforms  (2.9%). 103 and 
106 CFU/mL of S. aureus microbial cells were revealed in 
an equal number of isolates (1.4%). In 6.8% of cases, S. au-
reus isolated in a diagnostic titer, were not etiologically 
significant (102 CFU/mL), as well as coliforms, E. faecium, 
A. viridans, detected at the  level of 101–102 CFU/mL. In 
one sample, E.  faecium was detected in the amount of 
103 CFU/mL, which accounted for 1.4% in the total struc-
ture of isolated microorganisms.

A microbiological testing of milk performed on Day 14 
from the  beginning of the  treatment course showed 
an increase in the number of microbiota-free samples 
to 88.6%. In the tested samples, the milk microbiota was 
represented as a monoculture, where S. aureus and coli-
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Table 2
Number of bacteria, isolated from cow milk (n = 74)

Bacteria CFU/mL
Start of the 
experiment

After treatment 
course 
(Day 5)

Day 14 (from 
the beginning 
of treatment)

n % n % n %

S. aureus 

102 5 6.8 5 6.8 2 2.7

103 7 9.5 1 1.4 1 1.4

106 6 8.1 1 1.4 – –

107 8 10.8 – – – –

Coliforms

101 3 4.1 2 2.7 1 1.4

102 4 5.4 1 1.4 – –

105 10 13.5 – – – –

E. faecium

102 2 2.7 2 2.7 – –

103 2 2.7 1 1.4 – –

105 6 8.1 – – – –

Streptococcus spp. 103 16 21.6 2 2.7 – –

A. viridans 102 2 2.7 1 1.4 – –

S. epidermidis 103 1 1.4 – – – –

C. pseudotuberculosis 103 1 1.4 – – – –

S. haemolyticus 103 1 1.4 – – – –



266

seased quarters. PLoS ONE. 2014; 9 (1):e85904. https://doi.
org/10.1371/journal.pone.0085904 

6.  Gonçalves  J.  L., Kamphuis  C., Vernooij  H., Araú-
jo J. P. Jr., Grenfell R. C., Juliano L., et al. Pathogen effects 
on milk yield and composition in chronic subclinical mas-
titis in dairy cows. The Veterinary Journal. 2020; 262:105473. 
https://doi.org/10.1016/j.tvjl.2020.105473 

7. Malek dos Reis C. B., Barreiro J. R., Mestieri L., Porcio-
nato M. A., dos Santos M. V. Effect of somatic cell count 
and mastitis pathogens on milk composition in  Gyr 
cows. BMC  Veterinary Research. 2013; 9:67. https://doi.
org/10.1186/1746-6148-9-67

8. Pang M., Xie X., Bao H., Sun L., He T., Zhao H., et al. In-
sights into the bovine milk microbiota in dairy farms with 
different incidence rates of subclinical mastitis. Frontiers 
in  Microbiology. 2018; 9:2379. https://doi.org/10.3389/
fmicb.2018.02379

9. Catozzi C., Sanchez Bonastre A., Francino O., Lecchi C., 
De Carlo E., Vecchio D., et al. The microbiota of water buf-
falo milk during mastitis. PLoS ONE. 2017; 12 (9):e0184710. 
https://doi.org/10.1371/journal.pone.0184710
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13. Tsapenkova A. M., Vysotskaya N. V. Rasprostranenie 
i prichiny vozniknoveniya klinicheskogo i subklinichesko-
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Vserossiiskoi nauchno-prakticheskoi konferentsii (Ivanovo, 
29–30  noyabrya 2021  g.). Tom  1  = Agricultural science in 
the conditions of the Russian agribusiness modernization 
and innovative development: proceedings of the All-Russian 
scientific and practical conference (Ivanovo, 29–30 November, 
2021). Vol 1. Ivanovo: Ivanovo SAA; 2021; 203–206. https://
www.elibrary.ru/qynlxb (in Russ.)

14. Abed A. H., Menshawy A. M. S., Zeinhom M. M. A., 
Hossain D., Khalifa E., Wareth G., Awad M. F. Subclinical 
mastitis in selected bovine dairy herds in North Upper 
Egypt: Assessment of  prevalence, causative bacterial 
pathogens, antimicrobial resistance and virulence-associ-
ated genes. Microorganisms. 2021; 9 (6):1175. https://doi.
org/10.3390/microorganisms9061175

15. Ndahetuye J. B., Persson Y., Nyman A. K., Tukei M., 
Ongol M. P., Båge R. Aetiology and prevalence of subclin-
ical mastitis in dairy herds in peri-urban areas of Kigali 
in Rwanda. Tropical Animal Health and Production. 2019; 

for the use of bacteriocins as antimicrobial drugs, it is 
necessary to study their clinical efficacy [44]. The effect of 
the nisin-based formulation on microbiota of milk from 
high yielding cows proved its effectiveness for treating 
subclinical mastitis: for example, in 88.6% of the samples, 
no microorganism growth was observed. 

CONCLUSION 
The study revealed the  milk microbiota composi-

tion of high yielding cows with subclinical mastitis. It 
was found that in 81.4% of cases the disease occurs as 
a co-infection, among them two pathogens were isolated 
together in 21.4% of cases and three pathogens were 
isolated in parallel in 28.6% of cases. S. aureus (22.2%) and 
S. dysgalactiae (16.0%) were the most frequent isolated 
species.

A comparative analysis of  the AMR of isolates reco
vered from milk of cows with subclinical mastitis showed 
the presence of multi-drug resistant strains of coliform 
bacteria, S. dysgalactiae, A. viridans, S. aureus. 62.5 and 
47.1% of the tested coliforms and A. viridans isolates re-
spectively, had resistance to two groups of antimicrobi-
als. Resistance of S. dysgalactiae to three antimicrobial 
groups was found in 43.5% of the isolated strains, to four 
groups in 26.1% isolates. 62.5% of the tested S. aureus 
isolates were resistant to four groups of antimicrobials; 
46.9% of  them were resistant to five groups and resis-
tance to more than six groups of antimicrobials was re-
ported in 15.6% of isolates. 

The study of the effect of the nisin-based formulation 
on  microbiota of  milk from cows with clinical mastitis 
revealed that after treatment 88.6% of the milk samples 
showed no microorganism growth. The milk microbiota 
in 8.6% of cases was represented by S. aureus, 2.8% were 
coliform bacteria. Herewith, in 1.4 and 2.7% of the samples, 
coliforms and S. aureus were detected in diagnostic titers 
equal to 101 and 102 CFU/mL, respectively, therefore they 
were not etiologically significant microorganisms for mas-
titis development. 
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