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SUMMARY

Due to the great relevance of the problem of mastitis in cows, the diversity of udder microflora in the affected animals, as well as to develop therapeutic and
preventive measures on farms, studies were conducted to identify similarities and differences in the species composition of microorganisms in animals with sub-
clinical and clinical breast inflammation, their proportion, to establish the correlation between the secreted microflora and the type of mastitis, as well as to study
and compare the enzymatic properties of Staphylococcus aureus isolated from animals with clinical and subclinical mastitis. It was found that on all the studied
farms the number of cows and heifers with subclinical mastitis exceeded the number of animals with clinical udder inflammation. As a result of microbiological
studies of 182 mammary gland secretion samples collected from cows with subclinical and clinical mastitis from 13 agricultural establishments of the Vologda,
Yaroslavl and Kostroma regions, 70 cultures of pathogenic and opportunistic microflora were isolated. It was demonstrated that, in case of subclinical mastitis, the
following cultures were most often isolated from milk: Staphylococcus aureus (17.9% of cases), pathogenic Streptococcus (9.8% of cases), of which the proportion
of Streptococcus agalactiae and Streptococcus dysgalactiae was 6.5 and 3.3%, respectively. Opportunistic Staphylococcus (6.5%) and Enterobacteria (6.5%) were
isolated in equal proportions. In case of cows with clinical mastitis, Staphylococcus aureus was isolated in 16.9% of cases, pathogenic Streptococcus — in 10.2%
of cases, of which the proportion of Streptococcus agalactiae and Streptococcus dysgalactiae was 6.8 and 3.4%, respectively. Opportunistic Staphylococcus and
Enterobacteria were found in equal amounts — 3.4% of cases each. No growth of Mycoplasma on special nutrient media was registered in both cases. It was
established that similar pathogenic and opportunistic microorganisms are isolated from animals with subclinical and clinical mastitis. The main causative agent
is Staphylococcus aureus, the incidence of which in case of latent mastitis is slightly higher (by 1.0%). It is followed by Streptococcus agalactiae and Streptococcus
dysgalactiae, which are detected more often in case of clinical udder inflammation — by 0.2% on average. The frequency of isolation of opportunistic Staphy-
lococcus is 1.9 times higher in case of subclinical mastitis. It is worth noting that with clinical udder inflammation, enterobacteria were detected only at one of
the thirteen studied agricultural establishments.
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PE3IOME

B cBA31 caKTyanbHOCTbH0 Npo6nembl MacTUTOB KOPOB, pa3Hoo6pa3uem Bblenaemoii Npu Tom 3aboneBaHUM MUKPOGAOPbI, a Take ANA NNaHUPOBaHNA NeyebHo-
NpOPUAAKTUYECKUX MePONPUATHIA B X03AICTBAX ObIN NPOBEAEHBI NCCNEA0BAHNA N0 BbIABAEHNIO C(XOACTBA M Pa3NinumA BU0BOr0 COCTaBa MUKPOOPraHU3MOB
npy cybKNMHNYECKON 11 KNUHUYECKOI GOpMe BOCManeHUs MONOYHOI Xenesbl, UX KONMYECTBEHHOTO COOTHOLLEHMS, YCTAHOBNEHII 3aBUCMMOCTU BblAenAemoil
MUKPOGNOPbI OT YOPMbI MACTHUT, @ TaKKe U3yUeHU0 1 CPABHEHUI0 GepMEHTATUBHBIX CBOWCTB 30710TUCTOO CTAQUIOKOKKA, BbIAENEHHOTO NPU KNMHUYECKOM
11 CyOKNMHINYECKOM MaCTUTe. YCTaHOBNEHO, UTO BO BCeX 06CNe0BAHHbIX X03AICTBAX KONNMYECTBO KOPOB 11 HeTeneil, 60MbHbIX CYOKNMHMYECKIMI MaCTUTaMK,
MPeBbILLIANO YMCNO KMBOTHBIX C KIMHUYECKUMU GOPMaMIn BOCNaNeHNA MONOYHOIA Xene3bl. B pe3ynbrate nposeseHna MIUKpobUOnornyeckux nccnesoBaxuii
182 npo6 cekpeTa MONOYHON Xene3bl, NoNYYeHHbIX 0T 60MbHBIX CyOKNMHNYECKUMM 1 KNMHUYeCKUMI GOpMamM MacTUTa KOPOB 13 13 cenbCkoX03ANCTBEHHbIX
npeanpuaTiii Bonoroackoi, Apocnasckoit u Koctpomckoii 0bnacteit, u3onmnposaxo 70 KynbTyp NaToreHHoiA 1 YC10BHO-NaToreHHoii Mukpodnopb. MokasaHo, uto
Mpy CyOKNMHNUECKOM MACTUTe M3 MOJIOKA YaLLie BCero BbIAENANI KyNbTYpbl 3010TUCTOr0 CTadunokokKa (17,9% cnyyaes), natoreHHble cTpentokokki (9,8% cny-
uaeB), 3 HUX fona Streptococcus agalactiae w Streptococcus dysgalactiae coctaBuna 6,5 1 3,3% COOTBETCTBEHHO. B paBHbIX COOTHOLLIEHIAX U30MPOBAHbI Kyb-
Typbl YCNOBHO-NATOreHHbIX CTahUn0oKOKKOB (6,5%) 1 sHTepobakTepuii (6,5%). 0T KOPOB C KAMHUYECKIM MACTUTOM KyNbTYpbl 3010TUCTOrO CTadUNOKOKKa Oblnn
BblfeneHbl B 16,9% cnyuaes, natoreHHbIX CTpenTokokkoB — B 10,2% cnyuaes, U3 HUX fona Streptococcus agalactiae w Streptococcus dysgalactiae coctaBuna 6,8
1 3,4%. YcnoBHO-naToreHHble CTaduUNOKOKKN 1 SHTepobakTepum 06HapyeHbl B PaBHbIX KoNMYeCTBaX — No 3,4% CyyaeB. PocT MUKOMNa3M Ha crieLanbHbix
NUTaTeNbHbIX CPefax Mpu ykasaHHbIX GOpMax MacTUTa He OTMeueH. YCTaHOBAEHO, UTo Npy CYOKNMHYECKHX U KNMHUYeCKX Gopmax MacTuTa Bblaenalotca
WAEHTIYHbIE NaToreHHbIe 1 YCI0BHO-NATOreHHble MUKpoopraHu3mbl. OCHOBHbIM B030yauTenem aBnaetca Staphylococcus aureus, iHAMKaLWUA KOTOPOro npu
CKpbITOi popMe MacTUTa HeHauuTeNnbHo Bbilue (Ha 1,0%). 3a Hum cnegiywot Streptococcus agalactiae v Streptococcus dysgalactiae, 06Hapy»eHue KOTOpbIX npe-
BanupyeT Npy KNUHNYECKOI Gopme BocnaneHns MONOYHOI Xene3bl B cpefHem Ha 0,2%. YacToTa BblaeneHus yCI0BHO-NaToreHHbIX CTadunokokkos B 1,9 pasa
BblLLIe NPY CyOKNMHUYECKOM MacTUTe. CTOUT 0TMETUTb, YTO NP KAMHYECKOM BOCManeH! MOIOYHON Xene3bl 3HTepobakTepun 06Hapy»1Banu TONbKO B OAHOM
113 TPUHAALATY 00CN1eI0BAHHDIX CENbCKOXO3ANCTBEHHDIX NPEANPUATHIA.

KnioueBbie cnoBa: CyoKnMHUYECKiA N KNMHNYECKWIE MaCTUTBI, KOPOBbI, haKkTopbl natoreHHocT, Staphylococcus aureus, Streptococcus agalactiae, Streptococcus
dysgalactiae
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INTRODUCTION According to RASKhN academician E. S. Voronin [2],

Mastitis has been and remains one of the most serious
problems in dairy farming. The disease is widespread
throughout Russia in cows of different breeds. On ave-
rage, from 17 to 20% of cows suffer from clinical and latent
forms of mastitis in all countries around the world, and
in some regions the number reaches 50% and above.

The economic damage caused by mastitis is significant,
due to the loss of animal productivity, deterioration of the
biological and technological properties of milk, which, due
to the content of pathogenic microbes, also becomes
dangerous for humans and young farm animals. It is es-
timated that a cow which has had mastitis reduces milk
yield by 150-200 kg during the current lactation. Taking
into account the massive number of livestock, losses due
to mastitis in the dairy industry amount to 10-12% of
the products produced [1].

mastitis is in the first place among other non-contagious
diseases of cows in terms of economic damage caused to
the world livestock industry.

Regardless of the root cause of inflammation of
the mammary gland in cows, later, the organ gets infec-
ted with various pathogenic and opportunistic microflora
in almost 100% of cases [3]. According to V. I. Mutovin [4],
microflora is detected in 80% of clinical and subclinical
mastitis cases. In most cases, microbes are either direct
causative agents of mastitis and can independently cause
mammary gland pathology, or complicate its course con-
tributing to other etiological factors. The microbial factor
may be the main cause of outbreaks of mastitis in cows at
agricultural enterprises.

The most important and frequent causative agents
of mastitis are staphylococci and streptococci [5-7].

VETERINARY SCIENCE TODAY. 2022; 11 (4): 296-302 | BETEPUHAPUA CETOAHA. 2022; 11 (4): 296-302

297



298

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTMHATNBHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOTUA

Semina L. K. et al. has determined that the largest share in
the structure of microflora isolated on the Vologda Oblast
farms belongs to the coccal microflora - 79.6% of the to-
tal number of isolated cultures, with Staphylococcus
aureus amounting to 23.2%, coagulase-negative staphy-
lococci — 30.2%, streptococci — 26.2%. The proportion
of enterobacteria was small - 9.2% [7]. Demidova L. D. in
her study has established that among the coccoid micro-
flora S. aureus, Streptococcus agalactiae, Streptococcus
dysgalactiae are isolated most often [8]. The data provi-
ded by G. N. Kuzmin also speak about the most frequent
isolation of the following coccal microflora from mastitis
milk: S. aureus — in 30.5-29.3% of cases, S. agalactiae -
in 22.0-17.7% of cases, S. dysgalactiae - in 16.6-15.9%
of cases [9]. Some researchers have found mycoplasma
in cows’' milk [10].

The course of disease is diverse, it mainly occurs in two
forms: clinical and subclinical. Clinical mastitis is manifes-
ted by clear signs of inflammation of the mammary gland,
such as pain, swelling, heat, as well as changes in the color
and consistency of milk. Such inflammation of the mam-
mary gland is quite rare and, according to V. I. Mutovin [4],
accounts for about 20% of the total number of udder
diseases.

Subclinical mastitis is latent or has poorly expressed
signs. The most characteristic symptoms of latent mastitis
are: a gradual decrease in the milk yield from the affected
quarter of the udder, milk takes on a watery appearance,
which is the reason to suspect the disease [11]. On dairy
farms, the latent inflammation of the mammary gland
in cows is much more common and creates the greatest
economic problem. According to some data, subclinical
mastitis occurs 4-5 times more often than the clinical
one [12]. Mastitis occurring in a subclinical form is the most
dangerous and is the main cause of agalactia and hypoga-
lactia of individual udder lobes, which can lead to the re-
duction in milk yields. When one udder lobe is affected
by subclinical mastitis, on average, each sick cow produces
up to 10-15% less milk per lactation [13].

It is proved that pathogenic and opportunistic micro-
organisms are found in the milk obtained from cows with
both clinical and subclinical mastitis. According to some
reports, in clinical mastitis, S. aureus, S. agalactiae, S. dys-
galactiae, Streptococcus uberis [12] is isolated in 90-95%
of cases; according to B. L. Belkin et al. [14], Staphylococcus
aureus is more often detected (40.5-48.95%), and in case
of subclinical mastitis - coagulase-negative and coagu-
lase-positive staphylococcus (S. aureus) in the same pro-
portion, as well as agalactic streptococcus.

Researcher M. Roguinsky [15] found that in 30%
of cases subclinical mastitis is caused by staphylococci, in
62% - by streptococci, in 1% - by enterobacteria.

Murska S. D. during the study determined that in case
of clinical mastitis, the main pathogens were Escherichia
coli = 41.1% and Staphylococcus epidermidis — 33.4%, in
case of subclinical mastitis, the dominant microflora was
staphylococcus - it accounted for 90% of all the infectious
agents of bovine mastitis [16].

To plan therapeutic and preventive measures at agri-
cultural enterprises, it is necessary to take into account
the species composition of pathogens isolated in the
above-mentioned forms of mastitis. For example, treat-
ment of mastitis with beta-lactam antibiotics (penicillins,

cephalosporins, carbapenems) when the disease is caused
by S. aureus will be useless, since this pathogen is multi-
drug-resistant, on the opposite, they are effective in case
S. agalactiae, S. dysgalactiae are detected. It is well known
that complex drugs for intracisternal administration are
currently used to treat mastitis, and the action of these
drugs is determined by the period of administration (lacta-
tion and start-up) rather than the type of the disease.

The novelty of this work consists in the study of the spe-
cies composition of the microflora in cows with subclinical
and clinical mastitis.

Due to the urgency of the problem of cow mastitis, di-
versity of the secreted microflora, as well as for planning
therapeutic and preventive measures on farms, the pur-
pose of this work was to identify similarities and differenc-
es in the species composition of microorganisms in case
of subclinical and clinical forms of udder inflammation, de-
termine their quantitative ratio, establish the correlation
between the secreted microflora and the form of mastitis.
Based on the fact that there is little information in scientific
sources about the comparison of the pathogenicity factors
of Staphylococcus aureus in both forms of udder inflamma-
tion, the objective was also to study and compare the en-
zymatic properties of this pathogen in case of clinical and
subclinical mastitis.

MATERIALS AND METHODS

Milk from cows with subclinical and clinical mastitis
from thirteen livestock farms in the Vologda, Yaroslavl
and Kostroma regions was subjected to microbiological
studies.

Milk sampling and study were carried out in accor-
dance with the “Guidelines for the bacteriological studies
of milk and udder secretion of cows” [17], identification
of isolated microorganisms — according to GOST 30347-
2016"“Milk and dairy products. Methods for determination
of Staphylococcus aureus” [18].

Catalase activity of Staphylococcus aureus was deter-
mined using 3% hydrogen peroxide, coagulase activity of
S. aureus was determined using rabbit citrate dry plasma
(ECOlab Company, Russia). Mannitol fermentation test was
carried out using mannitol-salt agar (medium No. 10 GRM).
Hemolytic activity was tested by inoculating Staphylococ-
cus aureus on blood agar, DNase activity was studied using
an elective medium and 1 N hydrochloric acid solution. Hy-
aluronidase activity was determined using a standardized
preparation of hyaluronic acid and a 1% rivanol solution.

Streptococci were identified using a reagent kit for de-
tecting group A, B, C, G, D, F streptococci (Aquapast Com-
pany, Russia).

Mathematical processing of the obtained results was
performed using methodological manual “Biometric pro-
cessing of laboratory, clinical and epidemical data” [19].

RESULTS AND DISCUSSION

According to the data obtained from five agricultural
enterprises, it was found that subclinical mastitis is much
more common than the clinical one (Table 1).

It was found that on all the studied farms the number
of cows and heifers with subclinical mastitis exceeded
the number of animals with clinical forms of udder in-
flammation. The highest excess was noted on the third
and fifth farm — by 5.9 and 2.5 times, respectively.
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Terentyeva N. Yu. and Ermolaev B. A. when studying
the structure of inflammatory processes and conducting
study on the farms in the Ulyanovsk region, also noted
that subclinical mastitis (70.83-83.75%) prevailed over the
clinical one (16.25-29.17%) [20].

Khalipaev M. G. and Sakidibirov O. P. in their studies
also found that cows suffered from clinical mastitis less
often (26 animals, or 8%) than from subclinical (66 animals,
or 20%) [21].

As aresult of microbiological studies of 182 mammary
gland secretion samples collected from cows with sub-
clinical and clinical mastitis from 13 agricultural estab-
lishments in the Vologda, Yaroslavl and Kostroma regions,
70 cultures of pathogenic and opportunistic microflora
were isolated.

A comparative analysis of the species composition and
the quantitative analysis of the isolated microflora in the
above-mentioned forms of udder inflammation was car-
ried out (Table 2, Fig.).

It was found that in subclinical mastitis, cultures
of Staphylococcus aureus are most often isolated from
udder secretions — in 17.9% of cases, pathogenic strepto-
cocci-in 9.8% of cases, of which S. agalactiae - in 6.5% and
S. dysgalactiae - in 3.3%. Cultures of opportunistic staphy-
lococci (in 6.5% of cases) and enterobacteria (in 6.5%
of cases) were isolated in equal proportions.

Table 2

Table 1

Comparison of the number of cows with subclinical and clinical mastitis

on different farms

Cows with mastitis, anim/%

: Total Subclinical
arm b . — — wodiicl
number | TUMmDer in total with subclinical |  with clinical Dl
of cows form form mastitis ratio

1 1,232 346/28.1 228/18.5 118/9.6 1:1.9

2 452 134/29.6 75/16.6 59/13.0 113

3 800 282/35.2 241/30.1 41/5.1 1:5.9

4 1,000 319/31.9 205/20.5 114/11.4 1:1.8

5 598 226/37.8 162/27.1 64/10.7 1:25

Cultures of Staphylococcus aureus were isolated from
cows with clinical mastitis in 16.9% of cases, pathogenic
streptococci - in 10.2% of cases, of which the proportion
of S. agalactiae was 6.8%, S. dysgalactiae — 3.4%. Oppor-
tunistic staphylococci and enterobacteria were found in
equal amounts - 3.4% of cases, respectively.

No growth of mycoplasma on special nutrient media
was registered in both cases.

Studies have shown that similar pathogenic and op-
portunistic microorganisms are isolated from animals

Species diversity of microorganisms in case of subdlinical and clinical mastitis

Types of microorganisms, %

subclinical mastitis

clinical mastitis

Farm o g = - o = = =
- 5| 2| 5| ¢ 5| & | S
1 9 1/11.1 1/11.1 0 0 13 /1.7 0 17717 0
2 13 3/23.1 1/1.7 0 2/15.4 5 2/40.0 0 0 2/40.0
3 8 0 0 3°/31.5 1/12.5 2 0 0 2°/100.0 0
4 29 9/31.0 2/6.9 0 13.4 n 2/18.2 191 0 0
5 12 1/83 0 0 3/25.0 3 1/33.3 0 0 0
6 10 2/20.0 3/30.0 21/4[1); 0 6 3/50.0 0 1'16.7 0
7 1l 3/27.3 0 4/736.4 0 1 0 0 17/100.0 0
8 6 0 116.7 17167 0 3 0 0 17/33.3 0
9 8 1/12.5 0 177125 0 4 0 0 0 0
10 5 0 0 0 0 6 0 0 0 0
1 7 2/28.6 0 0 0 2 1/50.0 0 0 0
12 1 0 0 0 0 2 0 1/50.0 0 0
13 4 0 0 17/25.0 1/25.0 1 0 0 0 0
12/9.8 6/10.2
In total 123 22/17.9 8/6.5 8/6.5 8/6.5 59 10/16.9 2/34 4/6.8 2/34
B33 234

*S. agalactiae, ** S. dysgalactiae.
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Fig. Quantitative analysis of udder microflora in cows with subclinical
and clinical mastitis
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with subclinical and clinical mastitis. The main causative
agentis still S. aureus, whose identification in case of latent
mastitis is slightly higher — by 1.0%. It is followed by Strep-
tococcus agalactiae and Streptococcus dysgalactiae, which
are detected more often in case of the clinical form of ud-
der inflammation - by 0.2% in both cases. The frequency
of isolation of opportunistic staphylococci is 1.9 times
higher in case of subclinical mastitis. It is worth noting that
in cases of clinical inflammation of the mammary gland,
enterobacteria were detected only at one of the thirteen
studied agricultural establishments.

Bala S. S. describes similar results on the identity of
the microflora, as well as the frequency of detection
of Staphylococcus aureus in cases of subclinical and clinical
mastitis [22]. Thus, in the clinical form of mastitis, accor-
ding to his studies, staphylococci (S. aureus, S. epidermidis,
S. haemolyticus, S. auricularis) were isolated in 75.1% of
cases, enterobacteria (E. coli) and streptococci in 8.2 and
16.7% of cases, respectively. As for the subclinical form of
the disease, the author did not find significant changes
in the frequency of bacteria detection - staphylococci
(S. aureus, S. epidermidis, S. hominis, S. warneri) were re-
gistered in 76.7% of cases, streptococci — in 23.3% of the

Table 3
The severity of some pathogenicity factors in S. aureus isolates

examined animals. S. S. Bala established that the leading
species was S. aureus, which was most often isolated in
monoculture in both forms of mastitis (in 52.8 and 50.0%
of cases, respectively).

Due to the fact that Staphylococcus aureus remains
the main causative agent of both clinical and subclini-
cal mastitis in cows, comprehensive studies have been
conducted to identify some of its pathogenicity factors.
For this purpose, 10 isolates of S. aureus were obtained
from three farms from cows with mastitis, both with pro-
nounced clinical signs and in a latent form.

The data presented in Table 3 show that all the stu-
died S. aureus isolates had a number of pathogenicity
factors specific for the representatives of their species:
catalase, coagulase activity, enzymatic activity against
mannitol, hemolytic, DNase activity, which indicates
their virulence. Hyaluronidase activity was not identified
in all the isolates, but only in two cultures of Staphylo-
coccus aureus isolated on different farms from the milk
obtained from cows with subclinical mastitis, and in one
cultureisolated from the udder secretion of animals with
clinical mastitis.

High hemolytic activity (zone of complete lysis, alpha-
hemolysis) was noted in isolates No. 2 and 5 obtained
from cows with latent mastitis, and in pathogens No. 7,
9, 10 isolated from the samples collected from cows with
pronounced symptoms of mastitis. Other Staphylococcus
aureus cultures had beta-hemolytic activity (incomplete
lysis zone), and both alpha- and beta-hemolytic S. aureus
were detected on the same farm.

CONCLUSION

Thus, on dairy farms in the Vologda, Yaroslavl, Kostro-
ma regions, the most widespread form of mastitis in cows
is subclinical. A comparative analysis of the species com-
position of microorganisms isolated from the udder secre-
tion of cows with subclinical and clinical mastitis showed
that the detected microflora is identical, therefore, the
form of the disease does not depend on the microorga-
nism species.

Isolate number Mannitol fermentation Hyaluronidase

Subclinical mastitis

1 + + + B + -
2 + + + a + +
3 + + + B + -
4 + + + B + -
5 + + + a + +
Clinical mastitis
6 + + + B + -
7 + + + a + -
8 + + + B + -
9 + + + a + -
10 + + + a + +
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The quantitative ratio of pathogenic staphylococci
and streptococci (S. aureus, S. agalactiae, S. dysgalactiae)
varies depending on the form of mastitis, but slightly -
the detection of S. aureus was from 17.9% in subclin-
ical mastitis to 16.9% in clinical mastitis, S. agalactiae -
from 6.5 to 6.8%, S. dysgalactiae — from 3.3 to 3.4% of
cases, respectively.

The number of isolated cultures of opportunistic
staphylococci was 1.9 times higher in the subclinical form
of mastitis, and enterobacteria were detected in clinical
mastitis only on one of the thirteen studied farms.

Cultures of Staphylococcus aureus with a number
of pathogenicity factors, including high hemolytic activi-
ty (alpha-hemolysis), were detected in cows with both
latent and clear signs of udder inflammation. On the
same farm, some cultures of S. aureus caused alpha- and
beta-hemolysis, which may indicate the circulation of
various strains of the pathogen with different virulence
on that farm.
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AepyeBckaa Hatanba HukonaeeHa, HayUHbIl COTPYAHUK
Bonoroackoro dpunuana ®reHY OHL BU3B PAH, r. Bonoraa, Poccus.

Kanyctun Anppein Bnagumuposuy, JOKTOP GMONOrMyecknx
HayK, AOLEHT, 3aMeCcTuTeNlb AUPEKTOpa MO HayuyHoW paboTe
OrbHY OHL BU3B PAH, r. MockBa, Poccus.

lop6aToB AnekcaHap BeHnamnHoBMY, KaHAVMAAT BETEPUHAPHbIX
HayK, BeAYLLMI HayYHbI COTPYAHVK labopatopurm MKpoburonorum
OrbHY OHL BM3B PAH, r. MockBa, Poccus.

MBaHoB EBreHuin BanepbeBuy, KaHANAAT GMONOMMUYECKMX HayK,
CTaplmii HayUYHbI COTPYAHVK NnabopaTtopun MUKPO6UOorim
OrbHY OHL BU3B PAH, r. MockBa, Poccus.
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