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The effect of the nisin-based pharmaceutical
formulation used in the treatment plan for cows
with subclinical mastitis on the milk microbiota
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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 | 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 (10° CFU/mL). The titers of coliform and Staphylococcus aureus bacteria isolated in
1.4% (10" CFU/mL) and 2.7% (102 CFU/mL) of cases, respectively, were not etiologically significant.
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BnuAxne Komno3numm Ha 0CHOBe HaKkTepUOLIMHA HU3MHA
B (XeMe JieYeHNs KOpoB C CYOKNUHNYECKM MaCTUTOM
Ha MUKPOOMOTY MONOKA

M. H. UcakoBa, 1. 10. JIbicoBa

OIBHY «Ypanbckuit desepanbHblil arpapHblii HayuHO-1CCIe0BATENbCKNIA LieHTP Ypanbckoro oTaenexna Poccuitckoii akagemmn Hayk» (OTBHY Yp@AHILL YpO PAH),

yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccusa

PE3IOME

B cBA31 ¢ pacTywuieil yrpo3oi pa3BUTUA aHTUOMOTUKOPE3NCTEHTHOCTU MOMCK M Pa3paboTKa HOBbIX CPEACTB ANA NeYeHa NHOEKLIMOHHbIX 3aboneBaHuii Mo-
NIOYHOI Xene3bl BbICOKOMPOAYKTUBHBIX KOPOB ABNAETCA aKTyanbHOIl 3afayeit. B cTatbe npeAcTaBaeHbl AaHHbIE M0 M3YYeHHio COCTaBa MUKPOOUOTbI CekpeTa
MOMOYHOIA Xene3bl BbICOKOMPOAYKTUBHbIX KOPOB Npy CKpbIToii hopme MacTuTa. 113 70 npob cekpeta MonouHoii xene3bl 6bino BblgeneHo 144 u3onata MuKpo-
OpraHM3MoB, HaubonbLuee KoNMYeCTBO NPUXOAUNOCH Ha Staphylococcus aureus w Streptococcus dysgalactiae (22,2 v 16,0% cooTBeTCTBeHHO). ccnefoBaxuamu
YCTAHOBNEHO, UTO Yy MaKCUMANbHOro Konnuectea 3onatoB Staphylococcus aureus (53,1%) Habntogany ycToitumBocTb K Ledanocnopuxam | nokonenus. Boige-
NeHHble WTamMMbl Streptococcus dysgalactiae 8 52,6% cnyyaeB npoABIMAY YCTOAYMBOCTb K Npenapatam rpynmbl TeTpaumkanHoB; 33,3% nzonatos Staphylococcus
haemolyticus 6b111 pe3nCTeHTHbI K NpenapaTam rpynnbl MakponuaoB. YCTOAYMBOCTbIO K NpenapaTtam rpynn neHuuunnmHoB obnaganu 42,1; 35,3 n 62,5% usonatos
Enterococcus faecium, Aerococcus viridans n 6akTepuii rpynnbl KULIEYHOIA NAN0YKI COOTBETCTBEHHO. B 38,5% cyyaeB ycTaHOBNEHA PE3NCTEHTHOCT K Mpenapa-
TaM rpynnbl TETPALMKANHOB Y U30nATOB Staphylococcus epidermidis. U3onatl Corynebacterium pseudotuberculosis npoABMAN YCTORYMBOCTD K aHTUMUKPOOHbBIM
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npenaparam rpynn neHNLUNNNHOB U TETPaLMKNUHOB B paBHoi cTenenn (20,0%). MonyueHHble AaHHble NOKa3anu Hanuuue noAnpPe3NCTEHTHbIX LTaMMOB bakTe-
puii rpynnbl KULLeUHOI nanoukw, Streptococcus dysgalactiae, Aerococcus viridans, Staphylococcus aureus. JKcnepumeHTanbHble MCCNEA0BAHNA N0 U3yYeHNI0 BAUAHNA
pa3paboTaHHoil GapmaLeBTUUECKOl KOMMO3NLMIA, CORepalLieil GAKTEPUOLIMH HU3WH, HA COCTaB MUKPOBUOTLI MONOKa MY NeYeHInn KOPOB ¢ CYOKNMHYECKIM
MAcTUTOM BbINOMHeHbI Ha 35 BbICOKONPOAYKTUBHBIX KopoBax. [IpoBefeHHoe Ha 14-ii ieHb C Hauana Kypca eyeHus MUKpob1onornyeckoe MccnefioBaHue cekpeta
MOJOYHOIA Xene3bl KOpoB NOKa3ano, uTo YMco Npob ¢ OTcyTCTBIEM MUKPOGNOpbI yBeNMUMNOCh A0 88,6%, Npy 3TOM KONNYECTBO KOOHME0OPa3yIoLLIMX eAnHuL,
pasHoe 10° KOE/mn, yctaHoBneHo y 1,4% u3onatos Staphylococcus aureus. Boipenentbie 8 1,4 (10" KOE/mn) u 2,7% (10 KOE/mn) cnyuaes 6aktepum rpynnb
KuwweyHoil nanoyki u Staphylococcus aureus COOTBETCTBEHHO He ABNANNCH STUONOMUYECKN 3HAUMMbIMU B ANArHOCTUYECKOM TUTpe.

KnioueBbie cnoBa: KOpOBbI, (y6KJ'IVIHI/Ne(KI/II7I MacTuT, aHTI/IGVIOTI/IKOpE3I/I(TeHTHOCTb, aHTVIMVIKpOﬁHbIE npenaparbl, (Xema neyeHua, 6aKT€pVIOL|,I/IH HU3WH,

MUKPOO1OTa MOOKa, KONOHMeobpa3yioLLme eAuHNLbI

BnaropapHocTu: Miccnegoanme BbINONHEHO 3a cueT rpanTa Poccuiickoro HayuHoro Goxpa (npoekT N2 22-76-00009, https://rscf.ru/project/22-76-00009).
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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.

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
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in a 6-mole excess of glycerol Si(C;H,0,), x 6C,H,0, - 3.0;

3873

boron bisglycerolates H[B(C,H,O,).] - 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, 1I, 11l generation aminoglycosides, |, I, Ill generation ceph-
alosporins, I, Ill 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 |, Il and
Il 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: Il generation fluoro-
quinolones (12.5%), lll generation fluoroquinolones (9.4%),
carbapenems (6.3%). Intermediate resistance was estab-
lished in 25.0% of isolates to amikacin (lll generation ami-
noglycoside antimicrobial drug).

52.6% of S. dysgalactiae isolated strains showed resis-
tance to tetracyclines (tigecycline, doxycycline). Non-sen-
sitivity to Il generation cephalosporins was established
in 42.1% of isolates. Comparatively lower resistance was
reported against Il generation aminoglycosides (31.6%).
57.9% of S. dysgalactiae isolates demonstrated intermedi-
ate resistance to Il 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 lll 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, | generation aminoglycosides
and lll generation cephalosporins (42.1, 36.8 and 26.3%,

3.5 2.8 2.1

i

= S, aureus
= S. dysgalactiae
= S. haemolyticus
E. faecium
= A. viridans
= S. epidermidis
= Coliforms
= C. pseudotuberculosis
= Mucor

= Penicillium spp.

Fig. 1. Composition of the milk microbiota from cows with subclinical mastitis (n = 144)

VETERINARY SCIENCE TODAY. 2024; 13 (3): 261-268 | BETEPUHAPUA CETOJIHA. 2024; 13 (3): 261-268

263



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

Table 1 respectively) was demonstrated by E. faecium isolates. In-
The structure of the microorganism population termediate sensitivity was found in 21.1% of the isolates

isolated from milk of cows with subclinical mastitis after using the new nisin-based to doxycycline from the tetracycline group.

formulation (n = 35) The AMR profile of A. viridans isolates recovered from

After treatment Day 14 milk demonstrated the highest resistance to penicillins

Start of course (from (ampicillin, amoxicillin, penicillin) - 35.3% and | genera-
the experiment

Microorganism (Day 5) the beginning) tion aminoglycosides (kanamycin) — 23.5%. Intermediate
susceptibility was revealed in 29.4% of the studied isolates
to the tetracyclines (tetracycline, doxycycline).

Monocultures 38.5% of S. epidermidis isolates showed resistance

to tetracyclines (tetracycline, doxycycline). Minimal resis-
3. dureus 8 23 4 14 3 86 tance (15.4%) was reported against Il generation aminogly-
S. dysqalactie 4 14 2 57 - - cosides (gentamicin). 23.1% of the isolates demonstrated
intermediate resistance to lll generation fluoroquinolones
A. viridans 2 5.7 1 29 - - (levofloxacin).
S. epidermidis 1 29 - - - - Isolated coliform bacteria had the greatest resis-
tance (62.5%) to penicillins. Resistance to the ansamycins
(. pseudotuberculosis 1 29 - - - - (rifampicin) was found in 37.5% of coliform isolates. Inter-
S. haemolyticus 1 29 - - - - mediate resistance to penicillins and Il generation cepha-
losporins (cefuroxim, cefoxitin) was reported in 25.0 and
Coliforms - - - - 1 28 12.5% of coliform bacteria, respectively.
Associations Corynebacterium pseudotuberculosis isolates were
found to be equally resistant to penicillin and tetracycline
$. aureus + coliforms + E. faecium 4 | N4 2 57 - - antimicrobials (20.0%). Intermediate sensitivity was ob-
S. aureus + coliforms -+ ; i B B B ) servgd in 40.0%. of the isolates to Il generation cephalo-
Streptococcus spp. + Penicillium spp. ’ sporins (cefuroxim).
The obtained AMR profile of the milk microbiota from
. aureus + coliforms + 3 86 | - _ _ - subclinically mastitic cows revealed the presence of multi-
Streptococcus spp. + E. faecium drug-resistant coliform bacteria, S. dysgalactiae, A. viridans,
S aureus + coliforms -+ Mucor 2 57 - - - - S. aureus isolates. 62.5 and 47.1% of the tested coliform
- and A. viridans isolates respectively, had resistance to two
S. aureus + coliforms + 2 57 - - - - groups of antimicrobials. Resistance of S. dysgalactiae
Streptococcus spp.+ Mucor to three antimicrobial groups was found in 43.5% of the
S. aureus + coliforms + ) 57 _ _ _ _ isolated strains, to four groups in 26.1% isolates. 62.5% of
Streptococcus spp. + E. faecalis + Mucor ’ the tested S. aureus isolates were resistant to four groups
. of antimicrobials, 46.9% of them were resistant to five
5 aureys+collforms+ 1 29 - - - - groups and resistance to more than six groups of antimi-
E. faecium + Streptococcus spp. ’ . R X
crobials was reported in 15.6% of isolates.
S. aureus + Streptococcus spp. + Mucor 1 2.9 - - - - The study showed that milk from subclinically mastitic
S . cows has a complex microbiome, and the isolated micro-
. aureus + coliforms - - 1 29 - - ; . . ' o .
biota are highly resistant to major antimicrobials used
E. faecalis + coliforms - - 1 2.9 - - to treat mastitis. In this connection, a new pharmaceuti-
Total 35 100 " 314 4 14 Fal formula’Fic?n based.o.n bacteriocin nisin was included
in the subclinical mastitis treatment regimen.

1.3 = S. aureus
1.3 3.8 3.8

\
\
\
\
\

= Coliforms
\ = E. faecium
— Streptococcus spp.
= A. viridans
= S. epidermidis
‘ = C. pseudotuberculosis
= S. haemolyticus
= Mucor

= Penicillium spp.

1.3

25

20.0

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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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 10° and 10’ 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 10® CFU/mL; 13.5% of coliform isolates,
which can cause mastitis in animals, were in the amount
of 10° CFU/mL. 10° and 10° 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 10* 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%). 10° and
10° 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 10'-102 CFU/mL. In
one sample, E. faecium was detected in the amount of
10° 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-

Table 2
Number of bacteria, isolated from cow milk (n = 74)

After treatment
course
(Day 5)

Start of the
experiment

Bacteria CFU/mL

10? 5 6.8 5 6.8

Day 14 (from
the beginning
of treatment)

10° 7 9.5 1 14

S. aureus

108 8.1 1 14

107 10.8 - -

10' 3 4.1 2 2.7

Coliforms 10? 4 5.4 1 14

10° 10 135 - -

107 2 2.7 2 2.7

E. faecium 10° 2 2.7 1 14

10° 6 8.1 - -

Streptococcus spp. 10° 16 21.6 2 2.7

A. viridans 10? 2 14

S. epidermidis 10° 1

C. pseudotuberculosis |  10° 1

S. haemolyticus 10 1 14 - -

forms accounted for 8.6 and 2.8%, respectively (Table 1).
1.4% of S. aureus isolates were revealed in the amount
of 10® CFU/mL. Coliforms and S. aureus isolated in 1.4%
(10" CFU/mL) and 2.7% (10% 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,

VETERINARY SCIENCE TODAY. 2024; 13 (3): 261-268 | BETEPUHAPUA CETOAHA. 2024; 13 (3): 261-268

265



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

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 10" and 102 CFU/mL, respectively, therefore they
were not etiologically significant microorganisms for mas-
titis development.
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