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ABSTRACT

The high contagiousness of staphylococcal infections and emergence of antimicrobial resistant strains call for search and development of new highly effective drugs
and vaccines against infectious animal diseases. Twenty adult pregnant black pied cows were used to form a test and a control groups (10 animals per group).
The vaccine was administered twice subcutaneously in the middle third of the neck of the test animals: the first dose in a volume of 3 mL 5570 days before calving,
the second dose in the same volume 25-30 days before the expected calving. Control animals were injected subcutaneously with the same volume of sterile saline
at the same dates. To evaluate the antigenicity of the vaccine against Staphylococcus aureus, blood was collected from animals of both groups: in the test group
14-16 days after booster vaccination, in the control group 14—16 days after second injection of the sterile saline. For bacteriological testing, milk samples from both
groups were collected during the first month of lactation after calving. According to the results of serological testing, the antibody titer against Staphylococcus aureus
in the test group ranged from 4.01 to 4.61 lg, its mean value was (4.34 + 0.06) lg. In the test group, the mean antibody titers against Staphylococcus aureus were
5.8 times lower and were equal to (0.75 % 0.09) Ig with fluctuations from 0.3 to 1.2 1. The bacteriological tests of milk in the control group revealed Staphylococcus
aureus in 5 out of 10 samples, which is 50%. In the test group, the pathogen was detected in 20% of cases, which is 2.5 times lower than in the control group.
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PE3IOME

BbiCoKan KOHTArno3HoCTb CTaUAOKOKKOBbIX MHQEKLMIA 1 MOABAEHIE AHTUOMOTUKOYCTORYMBBIX LUITAMMOB MUKPOOPraHU3MOB AUKTYET He06X0AMMOCTb NOMCKA
11 pa3paboTKM HOBbIX BbICOKOIDOEKTUBHBIX CPEACTB NIeYeHNA 1 MPOGUNAKTIK MHOEKLMOHHBIX Gone3Het XXUBOTHbIX. 1A ONbITHOI M KOHTPOABHOIA rpynn 0To-
6paHbl B3poC/ible CTeNbHble KOPOBbI YepHo-NecTpoii nopozbl no 10 ron. B kaxAoit. KUBOTHBIM ONbITHOI rpyNbl BaKLMHY BBOAMAM NOAKOXHO B 0611aCTb cpeHeit
TPETY LLeM IBYKPaTHO: NepBYto 103y B 0Gbeme 3 cm® — 55—70 AHeil 1o oTena, BTopyto — 3a 25—30 Heit o NpeAnonaraemoro otena B Tom e obbeme. *KUBOTHbIM
KOHTPOAbHOI rpyNMbl NOAKOXHO BBOAWAM CTEPUNbHBIN U3M0Nornyeckuii pacTBop B CONOCTABUMOM 06beME 11 C TeM e UHTePBaNoM. A U3yueHna aHTUreHHoi
AKTUBHOCTY BaKLHbI B OTHOLLEHWM Staphylococcus aureus y XUBOTHbIX 06ewx rpynn oTupanu KpoBb: B OMbITHOIA rpynne — yepe3 14—16 cyT nocne ABYKpaTHOI
UMMYH3aLK, B KOHTPONbHOI rpynne — yepe3 14—16 cyT nocie ABYKPaTHOro BBEAEHNA XUBOTHbIM CTEPUIBHOTO U31MON0rHYeCcKoro pacTBopa. [na nposese-
HIA 6aKTePUONOrNYeCKoro NccnefoBaHuA Npobbl MoNoKa B 06eux rpynnax oTéupany B NepBblil MecAL NakTaLuy KopoB nocie otena. Kak nokasany pesynbrathl
CeponoruyecKmx NCCNefoBaHuiA, B OMbITHON rpynne KOpoB TUTP aHTUTeN K Staphylococcus aureus kone6anca ot 4,01 fo0 4,611g, ero cpeHee 3HaueHve COCTaBUNO
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(4,344 0,06) |g. B KoHTpONbHOI rpynne XMUBOTHBIX CPeAHIE 3HAYEHNA TUTPA aHTUTeN K Staphylococcus aureus 6binu B 5,8 pa3a Huxe u coctasunu (0,75 +0,09) Ig
ckonebanuamu ot 0,3 1o 1,2 lg. B pe3ynbrate 6akTepuonornyeckinx nccnefoBanmil Monoka B KOHTponbHoli rpynne Staphylococcus aureus Bbiaenuan 8 5 u3 10 06-
pa3LioB, uTo cocTaBuno 50%. B onbITHO rpynne Bo36yauTenb 6bin 06HapyseH B 20% Clyyaes, uTo B 2,5 pasa HIKe N0 CPaBHEHUH C KOHTPObHOI Fpynmnoil.
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INTRODUCTION

Staphylococcal diseases are the most frequent patho-
logies of animals and require highly qualified, long-term
and expensive therapy [1, 2]. Staphylococci can affect
any tissue or organ and cause more than 100 different
diseases: mastitis, endometritis, dermatitis, pneumonia,
arthritis, purulent and wound infections, food poison-
ing, sepsis, etc. Enterotoxins, secreted by staphylococci
in large quantities, have a complex effect on the animal
immune system, resulting in its limited resistance. All
staphylococcal enterotoxins are proteins with a relative-
ly small molecular weight: from 26,900 to 29,600 Da. The
classic staphylococcal enterotoxins comprise five main
types: A, B, C, D and E (SEA-SEE), which are believed to
be responsible for 95% of all staphylococcal poisoning
cases. The prevention of food-borne diseases relies on
the effectiveness of early diagnosis, that is, on the detec-
tion of enterotoxigenic staphylococci in milk, dairy and
other food products [3, 4].

The main causative agent of staphylococcosis in
cattle is Staphylococcus aureus, which is isolated in 69.5%
of staphylococcosis cases [5]. In biological samples col-
lected from cows demonstrating signs of mastitis and
endometritis, S. aureus bacteria are most frequent [6, 7, 8].
According to researchers, S. aureus was isolated from
8.8% of milk samples from healthy cows; in 59.3 to 62.8%
of cases S. aureus was detected in milk samples from cows
with subclinical mastitis; it was also found in udder secre-
tions of mastitic cows and pooled milk in 28.8 and 18%
of samples, respectively [6, 9]. The bacteriological testing
of vaginal swabs showed that one of the most frequent
species responsible for postpartum endometritis was
S. aureus (15.3% of the total tested cultures) [10].

The recovery rate from diseases caused by S. aureus
is lower compared to other bacteria, which is explained
by antimicrobial resistance and biofilm formation abili-
ty[11,12].

In recent years, S. aureus isolated from animals have
become increasingly resistant to antimicrobials, in-
cluding through the production of the enzyme S-lact-
amase, capable of cleaving penicillins and cephalospo-
rins [13, 14, 15, 16, 17]. Staphylococcal mastitis caused by
resistant strains of S. aureus is reported in almost 90% of
large farms and commercial holdings where antibiotics are
used [3, 18, 19, 20]. Penicillin-resistant S. aureus are most
common strains, which are identified as the first wave of
resistance, and the second wave of resistance are methi-

cillin-resistant S. aureus. Artemyeva O. A. et al. found that
the highest resistance of S. aureus isolates in vitro was ob-
served to erythromycin (82.5%) and fusidin (75.7%). Only
seven isolated strains (6.8%) showed susceptibility to all

tested antimicrobials, whereas 96 isolates were resistant
to at least one of them [21]. According to I. S. Abdina et al.,
S. aureus antimicrobial resistance varied significantly, with

the highest resistance reported to ampicillin (up to 57%),
benzylpenicillin (up to 45%), doxycycline (up to 38%),
oxacillin (up to 48%), streptomycin (up to 55%) and tetra-
cycline (up to 45%) [22]. Other researchers established that
of the 64 isolated S. aureus strains, 60 (93.7%) showed resis-
tance to one or more antimicrobials. Multidrug resistance

was observed in the tested S. aureus strains [11].

Despite the large increase in the incidence of staphy-
lococcal infections in animals, effective drugs against
them have not yet been developed. The spread of
multidrug resistant S. aureus strains only complicates
the disease control [23]. The successful treatment of ani-
mals with antibiotics brings risks of their consumption
by humans. The high contagiousness of staphylococcal
infections and the emergence of antimicrobial-resistant
strains are the most serious problems and emerging
threats for cattle industry, leading to decreased milk
yields, impaired hygiene and quality of milk, increased
costs for veterinary medicines and services, early culling
of cows and their restricted performance. In this regard,
it is necessary to search for alternative options based
on staphylococci suppression, limiting the use of anti-
microbials and minimizing their negative effects on the
organism. One of such options is specific prevention,
i.e. vaccines that provide reliable protection of animals
from infectious diseases, contribute to the reduction in
the use of antibiotics and prevent antimicrobial resis-
tance of microorganisms [24, 25]. Scientists have proven
the effectiveness of the vaccines containing S. aureus
antigen against mastitis and endometritis of cows. The
studies revealed that immunization of animals against
mastitis has a positive effect. After 6 months after first
vaccination in the breeding facility and farm, the number
of mastitis cases decreased by 16.6 and 7.3%, respective-
ly, and somatic cell counts in the milk of high yielding
cows decreased by 26.5 and 10.7%. The immunization
remained effective even after 12 months post vaccina-
tion [26]. “Combovac-Endomast” vaccine (Vetbiochim,
Russia) decreased the number of clinical mastitis cases
by 7.8 times, of subclinical mastitis by 5.4 times, and

VETERINARY SCIENCE TODAY. 2024; 13 (4): 360-365 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 360—365

361



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

endometritis by 3.7 times [27]. The experiments with the
“Mastivac” vaccine in Laboratorios Ovejero S. A. Spain es-
tablished that clinical mastitis cases decreased by 32% in
the experimental group compared to the control one [9].
The aim was to study the effect ofimmunization against

S. aureus, which causes mastitis and endometritis in cows.

MATERIALS AND METHODS

The study has been performed starting from 2021 in
a family-operated farm in the Republic of Mordovia. Twen-
ty adult pregnant black pied cows were used to form a test
and control groups (10 animals per group). The animals
were selected based on conformity principle, that is, all ani-
mals in both groups had standard parameters of the body
weight, age, health status and management conditions.
The vaccine was administered twice subcutaneously to
the middle third of the neck of test animals. The first dose
in a volume of 3 mL was administered 55-70 days before
calving, the second dose of the same volume 25-30 days
before the expected calving. In one immunizing dose the
vaccine contains the following strains: Escherichia coli
UR-10, Streptococcus agalactiae UR-7, Streptococcus dys-
galactiae UR-16, Streptococcus uberis OB-5, Streptococcus
pyogenes OB-4, Staphylococcus aureus OB-14, Klebsiella
pneumoniae K-2 (at least 3.5 x 10° CFU of each), inactivated
with formalin (0.3% solution) and adsorbed on carbomer
gel (10% by volume). The vaccine is intended to prevent
mastitis and endometritis in cows. Control animals were
injected subcutaneously with the same volume of sterile
saline at the same dates.

Before the start of the experiment, milk and blood
samples were collected from 20 cows with clinical masti-
tis, not included in any of the groups, for microbiological
testing for S. aureus and serological testing for antibodies
against S. aureus.

Blood was collected from animals of both groups
to evaluate the antigenicity of the vaccine against S. aureus

Table
S. aureus antibody titer in blood of cows from test and control groups

Antibody titer

Microorganism

and milk samples for bacteriological testing. Blood sam-
pling in the test group was performed 14-16 days after
booster immunization, in the control group 14-16 days
after second administration of sterile saline (placebo).

Animals were handled in compliance with the ethi-
cal standards adopted by the European Convention
ETS No. 123.

The vaccine antigenicity was evaluated by the increase
in the antibody titer against S. aureus measured by agglu-
tination test. For the purposes of testing serum was diluted
with sterile saline from 1:2 to 1:4096 and 0.5 mL of S. aureus
OB-14 antigen with concentration of ~5 x 10 CFU/mL was
added to 0.5 mL of each serum dilution. The serum-antigen
mixture was thoroughly mixed, placed in a thermostat and
kept for 16-18 hours at (37 £ 1) °C, and then for another
3-4 hours at room temperature. After that, they were exa-
mined for agglutination occurrence. The results were in-
terpreted with the agglutination viewer and a four-point
visual scale was used: ++++ is 100% of cells agglutinated,
complete liquid clearing; +++ means 75% of cells aggluti-
nated, slight turbidity of the liquid; ++ means 50% of cells
agglutinated, medium turbidity of the liquid; + is 25% of
cells agglutinated, heavy turbidity of the liquid; - means
no agglutination, homogeneous bacterial suspension.

Milk was pooled from all four udder lobes, but milk
samples from different animals were tested individually,
that is, they were not pooled with each other. The bacte-
riological testing of milk was performed during the first
month of lactation after calving in accordance with the

“Guidelines for the bacteriological testing of milk and udder
secretion of cows"'. S. aureus was identified in accordance
with GOST 30347-2016 “Milk and milk products. Methods
for determination of Staphylococcus aureus, and by mass
spectrometry (MALDI-ToF)3.

The results were statistically processed using generally
accepted methods with Microsoft Office Excel 2010, Stat
Plus 2009 software.

RESULTS AND DISCUSSION

According to the results of serological testing, the anti-
body titer against S. aureus in the test group ranged
from 4.01 to 4.61 lg, its mean value was (4.34 £ 0.06) Ig. In
the test group, the mean antibody titers against S. aureus
were 5.8 times lower and were equal to (0.75 £ 0.09) Ig with
fluctuations from 0.3 to 1.2 Ig (Table).

As the data obtained show, the immunization facili-
tated the increase in antibodies against S. aureus in cows
of the test group, which confirms the high potency of
the vaccine. In addition, the titer of antibodies to S. aureus
in the blood of animals during preliminary serological test-
ing was almost identical to the titer in the control group
and was equal to (0.70 + 0.05) Ig.

Loskutova I. V. et al. also found that clinically healthy
cows immunized with the Mastivac vaccine (Laborato-
rios Ovejero S. A., Spain) containing S. aureus induced

' Guidelines for the bacteriological testing of milk and udder secretion of
cows: approved by Chief Veterinary Department under the USSR Ministry
of Agriculture No. 115-69 on 30.12.1983. https://base.garant.ru/72125912
2 GOST 30347-2016 Milk and milk products. Methods for determination
of Staphylococcus aureus. https://docs.cntd.ru/document/1200142424

? Guidelines for microorganism identification using MALDI Biotyper

mass spectrometer when testing food raw materials and food products
(approved by the Rosselkhoznadzor Scientific Technical Commitees on
03.04.2014).

test group control group
(10 animals), Ig (10 animals), Ig
431 0.6
401 03
4.61 1.2
4.01 03
461 0.9
S. aureus

4.01 0.6
431 1.2
431 03
461 09
4.61 1.2

M+m 4.34+0.06 0.75£0.09
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Fig. S. aureus isolation rate in the tested milk samples

antibodies to S. aureus enterotoxins which is evident of
the vaccine ability to induce an immune response in ani-
mals against the bacterium [12]. Hadimli H. H. et al. evalu-
ated the effectiveness of the staphylococcal vaccine on
humoral immunity against S. aureus in vaccinated ani-
mals [28].

At the next stage, a bacteriological testing of milk
for S. aureus was performed.

During a preliminary testing of milk from 20 cows with
clinical mastitis, S. aureus was found in 11 samples, which
amounted to 55% of the total number of samples tes-
ted. In the control group, S. aureus was isolated in half of
the milk samples tested (the bacterium was detected in 5
out of 10 samples (50%). In the milk of cows from the test
group, S. aureus was found in 20% of samples (2 samples),
which is 2.7 and 2.5 times lower compared to the group
of cows before the experiment and the control group, res-
pectively.

The figure shows that S. aureus isolation rate from
non-vaccinated animals (the control group and the group
of cows with clinical mastitis) is almost the same; in immu-
nized cows, it was significantly lower.

The effectiveness of S. aureus vaccination against masti-
tis was also established by other researchers, who isolated
the bacterium from 73.3% of milk samples before vacci-
nation, and 6 months after the first immunization the iso-
lation rate decreased to 26.6%, that is, by 2.7 times [29].

CONCLUSION

It was found that double vaccination facilitated the in-
crease in antibodies levels against S. aureus; the mean titers
in the test group were 5.8 times higher than in the control
group. In milk samples collected from vaccinated animals,
the S. aureus isolation rate decreased by 2.7 and 2.5 times
compared with groups of non-immunized animals. The re-
sults obtained show that the vaccination induces immune
response in animals against S. aureus.
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