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ABSTRACT

Introduction. Bovine mastitis remains one of the most prevalent and economically significant diseases in dairy cattle production. Three chromogenic media
have been proposed for the diagnosis, each specifically designed for isolation and differentiation of certain mastitis pathogen groups: Medium | is intended for
Enterobacteriaceae family bacteria, Medium Il — for Staphylococcus genus microorganisms, Medium |11 — for Streptococcus genus bacteria.

Objective. The objective is to evaluate the sensitivity, specificity, differentiation capacities and inhibitory properties of these chromogenic media, and to test the
media using milk samples from mastitic cows.

Materials and methods. For sensitivity testing, the control strains (Streptococcus agalactiae, Staphylococcus aureus and Escherichia coli) at concentrations of
1x10°% 1x10', and 1x10% CFU/mL were used. Microbial growth was assessed following 24-hour incubation at 37 °C. Specificity and differentiation capacities
were studied using 22 microbial strains, their growth patterns and colony coloration in chromogenic and control media were compared. Inhibitory properties were
determined based on presence/absence of culture growth. The media were evaluated using milk samples from mastitic cows and standardized culturing methods.
Results. The chromogenic media demonstrated sensitivity comparable to the control media (Columbia agar supplemented with 5% defibrinated sheep blood),
p > 0.05. Medium | enabled reliable color-based differentiation but showed limited inhibitory effects. Medium Il ensured selective isolation of staphylococci while
effectively suppressing growth of other bacteria. Medium IIl supported growth of both enterococci and streptococci, including Streptococcus agalactiae. The tests
conducted in milk samples confirmed genus level differentiation capability.

Conclusion. The developed chromogenic media ensure high-accuracy mastitis diagnosis due to their sensitivity, specificity and differentiation properties. Their
implementation makes it possible to cover an extensive range of microorganisms and to selectively isolate the targeted bacterial groups. Further work will be
aimed at improving the media for fungal growth suppression and increasing the diagnostic accuracy.
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Pa3paboTka u anpobaLina Habopa XpOMOreHHbIX cpef
INA SKCNPeCc-ANarHoCTUKN MaCcTUTa
KPYMHOr0 pOraToro CKoTa

A. B. Kanyctun, A. . Jlanuesues, B. A. Casunos, I1. H. Wactun, X. X. nnbmanos, A. B. Xabaposa
OTBHY «(DenepanbHblii HayuHblil LEHTP — Bcepoccniickuii HayuHO-MCCNIe0BATENbCKII UHCTUTYT SKCNEPUMeHTaNbHOIi BeTepuHapui
umenn K. N. Ckpabuna u A. P. Kosanenko Poccuiickoii akapemun Hayk» (OFBHY OHL| BIAIB PAH), Pasanckwit npocnekT, 24/1, r. MockBa, 109428, Poccua

PE3IOME

BBepeHue. MacTut KpynHoro poratoro ckoTa ABNAETCA 0/JHUM U3 HavboMee acnpoCTPaHeHHbIX U SKOHOMIUECKY 3HAUMMBIX 336071eBaHMIE B MOTIOYHOM XKIBOTHO-
BOACTBE. [1115 €10 MarHOCTUKY NPeAIOXKeHbI TPU XPOMOreHHble CPefibl, Kax/as U3 KOTOPbIX NPpeHa3HaueHa AnA BbiAeNneHa 1 AMdGepeHLvaLyn onpeseneHHbIx
rpynn Bo36yawTeneii Mactuta: cpepa | — ana 6aktepuii cemeiictBa Enterobacteriaceae, cpepia Il — pna mukpoopraHusmos poaa Staphylococcus, cpepa lll — ana
bakTepuil poga Streptococcus.

Llenb nccnepoBanua. OueHka YyBCTBUTENbHOCTY, CELUPUUHOCTI, AnddepeHLIMPYIOLLYX V1 MHTMOMPYIOLLIAX CBOIACTB XPOMOTEHHDIX Cpef, a Take vx anpobaums
Ha 06pa3Liax MonoKa OT KOPOB ¢ MACTUTOM.
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Matepuanbi n meTogbl. [1nA oLeHKM YyBCTBUTENbHOCTYM UCMONb30BANI KOHTPONbHbIE LWTaMMbI Streptococcus agalactiae, Staphylococcus aureus w Escherichia
coli B pa3nuuHbIx KoHueHTpauumax (1 10°% 1 10", 1 x 10> KOE/mn). Poct Mukpoopraxu3moB oueHnsany yepe3 24 4 unkybauun npu 37 °C. CneynduyHocts
1 anddepeHumpyloLMe CBOICTBA U3yuanin Ha 22 WTammax MUKPOOPraHU3MOB, CPABHUBAA UX POCT W LiBET KONOHMIA Ha XDOMOTEHHBIX 11 KOHTPONbHOI Cpefax.
WHrubupyioLme CBOICTBA OLEHUBANIA N0 HANMYMIO UM OTCYTCTBUIO POCTA KYNbTYP. AMpobaLiuio Cpefs NPOBOAMIY C HCMOb30BaHUEM 00pa3LI0B MOJIOKa 0T KOPOB
C MaCTUTOM, MCMONb3yA (TaHAAPTU3UPOBAHHbIE METOfIbI N0CEBA U KYNTUBUPOBAHWA.

Pe3ynbTatbl. XpomoreHHble cpeaibl N0Ka3anm ConoCcTaBUMylo ¢ KOHTPONbHOI Cpeoli (Konymbuiickiii arap ¢ fobasneHnem 5% aedubpuHUpoBaHHOR KPOBH
6apaHa) uyBcTBUTENbHOCTB (p > 0,05). Cpena | obecneunna auddepeHLmaLio MUKpOOPraHu3MoB o LIBETY KONOHHIA, HO Mena Hu3Kue MHrbupyloLLme CBOMCTBA.
(Cpepa Il n36upatenbHo Bbigenana cradunokokky, nogasnas poct Apyrux 6aktepuit. Cpepa Il noasepxuBana poct 3HTEPOKOKKOB 1 CTPENTOKOKKOB, B TOM uMcre
Streptococcus agalactiae. Anpobauus Ha 06pa3iiax MonoKa noATBepANNa BO3MOXHOCTb AUdhepeHLmaLm KyabTyp A0 BUAA.

3aknioueHue. PaspaboTaHHble XpomoreHHble Cpefibl 06eCneunBaioT BbICOKYIO TOUHOCTb MArHOCTUKM MACTUTa, COYETas UyBCTBUTENbHOCTb, CMeLGUIHOCTD
1 B epeHLMpytoLL e CBOICTBA. VX KoMNNEKCHOe MCMoNb30BaHMe N03BOMAET OXBATUTD LUIMPOKMIA CEKTP MUKPOOPTaHU3MOB 1 M30MpaTeNbHO BbIAENUTD Lie-
neBble rpynnbl 6akTepuit. lanbHeiiwas pabota byLeT HanpasreHa Ha ynyuLueHue Cpes AnA NOLABEHNA PocTa rpuboB 1 MOBbILLEHIA TOUHOCTI AUArHOCTUKM.

KntoueBble cnoBa: MacTur, 3KCNpecc-anarHoCTuKa, prHHbII7I pOFaTbII7I CKOT, MOJIOKO, XPOMOT€HHble Cpefibl

bnaropapHoctu: Uccnegosanme npoBeseHo B pavKax rocyAapcTBeHHOro 3aaHna MiuHuCTepcTBa HayKku 1 Bbicluero o6pasoBanus Poccuiickoit Oeaepauun,
npoekT FGUG-2025-0003.
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INTRODUCTION

Bovine mastitis, an inflammatory condition of the mam-
mary gland, ranks among the most widespread and eco-
nomically impactful diseases in dairy production [1, 2, 3].
Transmission occurs due to multiple factors, including
poor milking hygiene, suboptimal housing conditions,
improper milking techniques, weakened animal immunity
and inadequate preventive measures [4, 5, 6]. The disease
presents in both clinical form - characterized by visible
symptoms such as udder swelling, redness, and pain —
and subclinical form, which lacks overt inflammation but
results in reduced milk quality [7].

The etiology of mastitis comprises two primary causa-
tive groups: mechanical and infectious. Mechanical causes
involve udder injuries resulting from inappropriate milk-
ing techniques, defective milking equipment or traumas
during grazing. These injuries establish favorable con-
ditions for microbial invasion, potentially leading to in-
flammatory development [8]. Nevertheless, pathogenic
microorganisms constitute the principal factor in mastitis
occurrence [9].

The most common pathogens of mastitis are Staphy-
lococcus aureus, Streptococcus agalactiae, Escherichia coli
and others [10, 11]. S. aureus is one of the most dangerous
pathogens, as it can induce chronic forms of mastitis that
are resistant to treatment [12, 13, 14, 15]. S. agalactiae is
transmitted mainly through milking equipment and can
persist in cows for a long time [16]. E. coli often causes
acute forms of mastitis, accompanied by severe symp-
toms [17].

To diagnose infectious bovine mastitis, veterinari-
ans have multiple diagnostic tools at their disposal,
each tool having its distinct advantages and limita-
tions [18, 19, 20, 21, 22, 23, 24]. Among these, bacterio-

logical milk testing remains one of the most widely used
methods [25, 26]. This procedure involves aseptic milk
sample collection followed by inoculation onto culture
media. After thermostat incubation, microorganisms are
identified based on their morphological, biochemical and
cultural properties. While this method enables precise
pathogen identification and facilitates targeted treatment
selection, it requires specialized equipment and has a rela-
tively long turnaround time (2-3 days) [27]. Chromogenic
media can be used to speed up the diagnosis of infec-
tious mastitis. These specialized media contain substrates
that undergo color changes when acted upon by patho-
gen-specific enzymes, allowing for etiological agent iden-
tification within 24 hours post-inoculation. Current rapid
test options include Compact Dry (R-Biopharm AG, Ger-
many) and RIDA® COUNT (Chisso Corporation, Japan) test
plates [28, 29]. These test systems feature various specia-
lized assays for determining S. aureus, Enterobacteriaceae,
Salmonella, total microbial count, E. coli, as well as yeast
and mold contamination.

The Laboratory for Diagnostics and Control of Antibiotic
Resistance of Pathogens of the Most Clinically Significant
Infectious Animal Diseases, Federal Scientific Centre VIEV
has developed its own formulation of chromogenic media
for differentiating mastitis pathogens without requiring
lengthy laboratory studies. The set consists of three dis-
tinct chromogenic media that, when used together, en-
able identification of the mastitis pathogen spectrum in
each specific case. This approach facilitates determination
of the pathogenic spectrum, thereby influencing subse-
quent therapeutic decisions.

The study aims to evaluate the efficacy and diagnostic
quality of these chromogenic media for bovine mastitis
diagnosis.
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MATERIALS AND METHODS

Chromogenic media. Three chromogenic nutrient me-
dia were prepared.

Medium [ is intended for the determination and diffe-
rentiation of the most frequently encountered micro-
organisms of the Enterobacteriaceae family.

Medium Il is intended for the determination and diffe-
rentiation of microorganisms of the genus Staphylococcus.

Medium Il is intended for the determination and dif-
ferentiation of microorganisms of the genus Streptococcus
(in particular, S. agalactiae).

For ease of use, the three media were placed in one
Petri dish with sectors.

The efficacy of chromogenic nutrient media was deter-
mined according to the following criteria: sensitivity, speci-
ficity, cultural properties of microorganism control strains,
differentiating and inhibitory properties. A commercially
available medium, Columbia blood agar (HiMedia Labora-
tories Pvt Ltd., India) supplemented with 5% defibrinated
ram blood served as control.

Control strains. The control strains comprised 22 mi-
crobial cultures from the collection of pathogenic and
vaccine strains maintained at the Federal Scientific Center
VIEV, including: E. coli ATCC 25922, S. agalactiae ATCC 8057,
S. aureus ATCC 12600, Klebsiella pneumoniae B-1392, Prote-
us mirabilis B-1382, Pseudomonas aeruginosa B-1366, Sal-
monella typhimurium B-1025, Enterococcus faecalis B-1399,
Enterococcus faecium 1921, Acinetobacter baumannii 2516,
Enterobacter cloacae 1322, Staphylococcus hominis 1377,
Staphylococcus equorum 2511, Staphylococcus haemoly-
ticus 2505, Staphylococcus pseudintermedius B-1849, Mor-
ganella morganii 1418, Streptococcus uberis 2114, Strep-
tococcus dysgalactiae 2432, Streptococcus pyogenes 1972,
Aerococcus viridans 2320, Streptococcus canis 2326, Strep-
tococcus suis 2383.

Preparation of bacterial suspension dilutions. Initial
bacterial suspensions were prepared at concentrations
of 1x108 to 1x10° CFU/mL using the pharmacopoeial refe-
rence standard (PhRS 3.1.00085). To achieve the required
seeding densities, serial ten-fold dilutions of the initial
suspensions were performed.

Determination of sensitivity. S. agalactiae, S. aureus and
E. coli strains were inoculated onto the studied chromo-
genic and control media in 1 mL at different concentra-

tions: 1x 10°% 1 x 10", 1 x 102 CFU/mL. After (24 + 2) hours
of incubation at 37 °C, the number of grown colonies in
all the inoculations was compared. The experiment was
performed in triplicate. To compare the mean values of
the groups and determine statistically significant diffe-
rences between them, the Student’s test (t-criterion) was
used: the differences are considered statistically significant
if p-value < 0.05.

Specificity assessment. Specificity was determined for
each chromogenic medium separately. The growth and
nature of changes in colonies of different bacterial strains
on the same experimental medium were compared and
the presence of similarities or differences was noted.

Evaluation of differentiating properties. To determine
the differentiating properties, changes in control strains
inoculated in chromogenic and control media (structure,
color of colonies, color of the medium around the colo-
nies) were compared.

Evaluation of inhibitory properties. Inhibitory properties
were determined by the presence or absence of growth
of cultures on chromogenic media in comparison with
the presence of growth on a control medium.

Testing of media with mastitis milk samples. Eight milk
samples (10 mL each) were collected from cows with
mastitis confirmed by the Kenotest somatic cell test (CID
Lines, Belgium). Samples were collected in sterile bio-
logical specimen containers and processed within 2 hours
of collection, with storage maintained at +4 to +8 °C. For
inoculation, a sterile cotton swab was immersed in each
milk sample, excess moisture was removed by touching
the container walls, and then streaked in a lawn pattern
onto three chromogenic media. The cultures were incuba-
ted at 37 °C for 24 hours before result interpretation.

RESULTS AND DISCUSSION

To determine the sensitivity of chromogenic media,
three target strains (S. agalactiae, S. aureus, and E. coli) in-
oculated in 1 mL at three different concentrations (1 x 10°,
1 x 10", 1 x 102 CFU/mL) were used. After culturing for
24 hours at 37 °C, the number of colony-forming units for
all media was counted. The results are presented in Table 1.

To identify statistically significant differences or similari-
ties, the Student’s t-test was used, the results of which are
presented in Table 2.

]l\-l?ebaI: 1colony-forming unit values for each tested microorganism species in experimental and control media
CFU/mL | Medium | | Medium Il | Medium Ill | Control
1x10° 1160114 N7.7£12.7 1053 £21.4
S. agalactiae 1x10' 203+1.2 Inhibited 21738 23.0%6.1
1x10° 3.7+1.2 57+15 33+£35
1x10° 112.0£14.0 M.3+£83 1183 £10.0
S. aureus 1x10' 21.7£32 173 +2.1 Inhibited 23.0+6.1
1x10° 3725 40+2.6 3.0£26
1x10° 100.3 £4.9 183£9.1
E. coli 1x10' 27.0£2.0 Inhibited Inhibited 21715
1x10° 4321 23£23
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;:::;tzical significance assessment (Student’s t-test) between compared groups

Compared groups CFU/mL S. agalactiae S. aureus E. coli
1% 102 0.63 0.18 0.06

Medium I vs control 1x10' 0.45 0.81 0.12
1x10° 0.89 0.42 0.18
1x 102 0.46

Medium Il vs control 1x10' Inhibited 0.30 Inhibited
1x10° 0.76
1% 102 0.39

Medium Il vs control 1x10' 0.84 Inhibited Inhibited
1x10° 0.48

Table 3

Results of tests for specificity, differentiation capacities and inhibitory properties
of chromogenic media as compared with control medium

Microorganisms

Growth

Colony color

Colony color

Growth

Based on the obtained data, chromogenic media
demonstrate sensitivity comparable to the control me-
dium, as confirmed by statistical analysis (Student’s t-test,
p > 0.05). The observed differences between chromogenic
media and the control medium showed no statistical sig-
nificance across all tested strains and concentrations. Thus,
these results indicate that chromogenic media effectively
support growth of target microorganisms even at minimal
inoculum levels.

The specificity, differentiating properties and inhibitory
characteristics of the chromogenic media were evaluated
concurrently using 22 microbial strains representing di-
verse species. The results are presented in Table 3.

Medium | was found to be highly specific: most of
the tested bacteria formed colonies with unique colors.
For example, E. coli formed burgundy colonies, S. aureus -
golden, P. aeruginosa — gray-green, and S. equorum - vio-
let-pink. However, some microorganisms, such as E. cloacae
and K. pneumoniae, had similar colony colors (violet-blue),
which may make it difficult to distinguish them visual-
ly. Inhibitory properties were weak: all studied strains

Growth Colony color Growth Colony color

Escherichia coli Good Burgundy Inhibited Inhibited Good Grayish-white
Klebsiella pneumoniae Good Violet-blue Inhibited Inhibited Good Grayish-white
Proteus mirabilis Good Transparent Good Transparent Moderate Transparent Good Grayish-white
Pseudomonas aeruginosa Good Grey-green Inhibited Good Blue-green Good Blue-green
Salmonella typhimurium Good Transparent Inhibited Inhibited Good Grayish-white
Enterococcus faecalis Good Blue-light blue Inhibited Good Blue-green Good Grayish-white
Enterococcus faecium Good Blue-green Inhibited Good Blue-green Good Grayish-white
Acinetobacter baumannii Good Pale-yellow Inhibited Inhibited Good Grayish-white
Enterobacter cloacae Good Violet-blue Inhibited Inhibited Good Grayish-white
Morganella morganii Good Amber Inhibited Moderate White Good Grayish-white
Staphylococcus aureus Good Golden Moderate Inhibited Good Golden
Staphylococcus hominis Good White Good Blue-green Inhibited Good White
Staphylococcus equorum Good Violet-pink Good Blue-green Inhibited Good White
Staphylococcus haemolyticus Good White Good Inhibited Good Grayish-white
pssetZZ%:r(r?g:izs Good Beige-pink Good Blue-green Inhibited Good Grayish-white
Streptococcus agalactiae Moderate Pale-pink Inhibited Good Blue Good Grayish-white
Streptococcus uberis Moderate White Inhibited Moderate White Good Grayish-white
Streptococcus dysgalactiae Moderate Pale-pink Inhibited Moderate White Good Grayish-white
Streptococcus pyogenes Moderate White Inhibited Moderate White Good Grayish-white
Aerococcus viridans Moderate White Inhibited Inhibited Good Greenish
Streptococcus canis Moderate White Inhibited Moderate White Good Grayish-white
Streptococcus suis Moderate Pale-pink Inhibited Moderate White Good Grayish-white
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of microorganisms demonstrated growth within 24 hours.
Nevertheless, medium | ensured effective differentiation

of control strains by colony color, which allows visually dis-
tinguishing microorganisms already at early stages.

The inhibitory properties of Medium Il are pronounced:
the growth of most bacteria was absent, with the excep-
tion of the target microorganisms — Staphylococcus spp. It
is worth noting that the specificity of the medium is low —
most staphylococci were stained blue-green. However,
the same color was predominantly saprophytic micro-
organisms, while potentially pathogenic staphylococci
(S. aureus and S. haemolyticus) differed in color. For exam-
ple, S. aureus formed purple colonies, and S. hominis and
S. equorum formed blue-green ones, which made it possi-
ble to visually distinguish them. Medium Il as compared
with the control one, provided a differentiation of staphy-
lococci by color.

Medium Ill demonstrated good inhibitory properties,
effectively suppressing the growth of most microorga-
nisms, with the exception of gram-positive cocci and some
representatives of the Enterobacteriaceae family. The dif-
ferentiating and specific properties of the medium were

weakly expressed and manifested mainly for enterococ-
ci, which were stained blue-green, and for S. agalactiae,
which formed blue colonies.

The use of all three chromogenic media in combination
provides a comprehensive approach to mastitis diagnosis,
demonstrating high sensitivity, specificity and differen-
tiating properties. This method allows for a wide range
of microorganisms to be covered, selectively isolating tar-
get bacterial groups such as staphylococci, streptococci
and enterococci.

For testing in the field, milk samples were collected
and then inoculated onto three chromogenic media. The
results are shown in the Figure.

The simultaneous use of three media for milk sample
inoculation enables nearly species-level differentiation
of cultures. In Figure (a) it is evident that Enterococcus sp.
grew on Media | and lll (supposedly E. faecalis, as E. fae-
cium typically exhibits a darker green coloration). Single
colonies on Medium Il consist of Staphylococcus sp., while
the presence of S. aureus can be ruled out, as it would ap-
pear purple on Medium II. Additionally, burgundy colonies
on Medium | indicate the presence of E. coli in the sample.

Fig. Testing of culture media using milk samples (cultivated at 37 °C for 24 hours)
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In Figure (b), the sample microbiome consists almost exclu-
sively of Enterococcus sp. White and green colonies on Me-
dia I and I, respectively, are formed by Staphylococcus sp.
microorganisms, excluding S. aureus. Figure (c) reveals
a monoculture of Enterococcus sp., most likely E. faecium.
The fourth sample shown in Figure (d), contained only fila-
mentous fungi. Another milk sample yielded results similar
to (b), while three other cultures showed no growth.

CONCLUSION

The developed chromogenic media demonstrate high
efficiency in bovine mastitis diagnosis. Medium |, with its
high sensitivity and differentiating properties, enables
primary screening and detection of a broad spectrum
of microorganisms, including members of the Enterobac-
teriaceae family. Medium I, due to its strong inhibitory
properties, selectively isolates staphylococci, which is
a critical feature for identifying pathogenic species such
as S. aureus. Medium lll, while having more limited dif-
ferentiating capabilities, effectively supports the growth
of enterococci and streptococci, including S. agalactiae,
making it essential for mastitis diagnosis.

The integrated use of all three media ensures high di-
agnostic accuracy, enabling not only broad microbial co-
verage but also selective identification of target bacterial
groups. This significantly accelerates pathogen detection
and facilitates timely administration of effective therapy.
Testing of the media on milk samples from mastitic cows
confirmed the media’s practical applicability and effective-
ness when used in the field.

During the testing, occasional development of fila-
mentous fungi was observed, which may complicate re-
sult interpretation. To address this, further work will focus
on optimizing the media composition by evaluating vari-
ous antifungal preparations at different concentrations.
These improvements aim to enhance media specificity
by suppressing non-target fungal growth, thereby reduc-
ing the risk of false-positive results.

It is worth noting that standardized disposable loops
for milk culture make it possible to roughly estimate
the number of colony-forming units. While this method
lacks high precision, it provides a practical approximation
of milk contamination levels, offering valuable preliminary
insights into infection severity.

Thus, the developed chromogenic media represent
a promising tool for rapid mastitis diagnosis, combining
high sensitivity, specificity and differentiating capabilities.
Their implementation in veterinary practice could signifi-
cantly accelerate diagnostic procedures and enhance mas-
titis treatment efficacy, ultimately improving animal health
and dairy herd productivity.
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