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Abstract. For the period between June 2020 and -March 2022, a total of 8 dairy cattle farms were
surveyed in terms of the prevalence of clinical and subclinical mastitis. Four of them were located in
Northern Bulgaria (Targovishte, Shumen and Dobrich districts) and another four in Southern Bulgaria
(Stara Zagora, Plovdiv and Haskovo districts). In these target farms, a rapid mastitis screening test
was initially performed to detect the presence of subclinical mastitis or samples with high somatic cell
counts. A total of 312 milk samples were obtained from milk quarters who reacted with 3+ or 4+ to
which 34 samples of inflammatory exudate from cows with clinical mastitis were added.

During the microbiological investigation of the 346 samples, 272 of them (79.1% ) were bacteriologi-
cally positive. Streptococcus spp., were isolated from 151 samples (55.5%). The second most common
species was Staphylococcus spp., detected in 110 (40.4%) of the tested samples. In total, the Gram-
positive cocci finding exceeded 95% of the microbial species. The remaining 11 (4.0%) isolates belonged
to another 6 taxa. These included four strains identified by prior phenotypic identification as Truep-
erella pyogenes, three Escherichia coli isolates, and one strain of each Pasteurella multocida, Nocardia
asteroides, Klebsiella pneumoniae, and Acinetobacter spp.

Staphylococci were also studied for their sensitivity to 11 chemotherapeutic agents. The highest per-
centage of resistance (50%) was determined to lincomycin, followed by that to tetracycline (37.3%), and
beta-lactams ampicillin (24.5%), and oxacillin (13.6%). The resistance rates to cefoxitin and cephalotin
were 5.5% and 0.9% respectively. Also, lower values of resistant strains were observed for the combina-
tion of trimethoprim/sulfonamides (7.3%), ciprofloxacin (1.8%), and rifampicin (0.9%). Resistance to
gentamicin and amoxicillin/ clavulanic acid was not established. Minimum inhibitory concentrations
were determined for the studied chemotherapeutics, with the highest MIC, values of 128 ug/mL and
2 ug/mlL for tetracycline and lincomycin, and the lowest MIC, values of 0.001 ug/mL for rifampicin
and ciprofloxacin, respectively. A MIC, of 0.125 ug/mL was obtained for oxacillin, 1.5 ug/mL for

trimethoprim/sulfonamides and 1.0 ug/mL for ampicillin, cephalotin and cefoxitin.

Introduction

Staphylococci are among the commonest agents
of bovine mastitis, causing substantial economic
losses and threatening public health. Apart the
economic status of an affected farm, mastitis also
influences the quality of milk, and respectively the
health of offspring. On the other hand, the spread of
multi-resistant microbial strains involved in mastitis
etiology is also an important health issue related to
animal welfare and risks for human health through
the food chain.

Subclinical mastitis is one of the most frequent
form of bovine mastitis, prevalent in many geographic
regions, increasing milk somatic cell counts and
altering milk physical and chemical properties (Abebe
et al., 2016; Jagielski et al., 2014; Léon-Galvan et al.,
2015; Salvador et al., 2014).
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The spread of resistance to chemotherapeutics
used for treatment of mastitis is a serious challenge
for control of these infections, and also a specific
process influencing the therapeutic approach
to affected populations (Sakwinska et al., 2011;
Silveira- Filho et al., 2014; Vakkamiki et al., 2017).
The monitoring of antimicrobial resistance is
beneficial for objective decision-making on the
therapy and prevention of mastitis, and at the same
time demonstrates the possible trends of resistance
development, which is important for the correct use
of antimicrobial drugs in veterinary practice (Mader
et al., 2021). The monitoring of resistance to beta-
lactam chemotherapeutics is of particular interest,
as they are frequently used for treatment of bovine
mastitis, and some pathogenic strains, e.g. methicillin-
resistant staphylococci have a public health impact as
well (Schnitt and Tenhagen, 2020). The production
of beta-lactamases is the commonest mechanism of
resistance against beta-lactams among both Gram-
negative and Gram-positive bacteria (Livermore and
Brown, 2001).
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The aim of the present investigation was to
perform a two-year survey on the prevalence of the
most prevalent etiological agents of bovine mastitis
and to analyze their sensitivity to most commonly
used chemotherapeutic drugs.

Material and methods

From June 2020 to March 2022, a total of 8 dairy
cattle farms were surveyed for prevalence of clinical
and subclinical mastitis. Of them, four were located
in North Bulgaria (2 in Targovishte district, 1 in
Shumen and 1 in Dobrich districts); the other four
were in South Bulgaria (Stara Zagora, Plovdiv and
Haskovo districts). Initially, the cows at the farms were
screened with the rapid Kerba mastitis test to detect
subclinical mastitis or samples with high somatic cell
counts. A total of 312 milk samples were collected
from milk quarters having reacted with 3+ or 4+. To
them, 34 samples of inflammatory exudate from cows
with clinical mastitis were added.

All milk samples were cultured aerobically on
Columbia blood agar (5% sheep red blood cells) and
McConkey agar at 37°C for 24— 48 hours. The samples
were determined as contaminated after the detection
of growth of more than two morphotypes and absence
of the specific growth of the main etiological agents.
Strains from the positive samples were the first type
depending on the expression of haemolytic activity:
a-, B-, or double haemolytic zone, Gram staining,
production of catalase and oxidase, free coagulase
production and mannitol utilisation.

DNA extraction from suspect colonies of
both coagulase-negative and coagulase-positive
staphylococci was done with DNeasy Blood Tissue
kit (Qiagen, Germany) and the identification of
staphylococci  was performed with commercial
Microbial DNA qPCR assay kits- Qiagen, Germany.
The emphasis in this study was on the genetic
determination of Staphylococcus epidermidis and
Staphylococcus aureus. The genetic assays employed
TagMan probes for detection of amplification regions
determining the species affiliation of staphylococci,
labelled with FAM reporter dye and ROX Reference
Dye (passive reference dye). Amplification reactions
were run in STRATAGENE Mx3000P qPCR (Agilent
Technologies, USA). The reaction protocol was as
followed:

Table 1. PCR protocol

Components n=1
PCR water 6.5 uL
Master mix 12.5 uL
qPCR assay 1 uL
Mastermix volume 20 uL
DNA tamplate 5uL
Total volume 25 ulL

The temperature region of amplification reaction
comprised: the initial step of denaturation at 95°C
for 10 minutes, two steps of 40 cycles each consisting
of denaturation (95°C for 15 sec), and annealing/
elongation (60°C for 2 min).

For phenotype analysis of resistance of isolated
staphylococci to antimicrobial drugs, the disk
diffusion method and the method for determination
of minimum inhibitory concentrations (MIC)
(E-test, Hi Comb™) were used. The disks and test
strips were produced by Himedia Biosciences, India.
MIC:s of lincomycin were determined by the dilution
in Muller-Hinton agar method. Lincomycin was
provided by the Veterinary Preparations Enterprise in
Zavet, Razgrad district, Bulgaria. The sensitivity of
staphylococci was tested to eleven chemotherapeutical
drugs from several classes. The used antibiotic
disks included beta-lactams: ampicillin (10 pg),
amoxicillin/clavulanic acid (20/10 pg), oxacillin
(1 pg), cephalothin (30 pg) and cefoxitin (30 ug);
aminoglycosides-aminocyclitols: gentamicin (10 ug),
tetracyclines: tetracycline (30 ug), fluoroquinolones:
ciprofloxacin (5 ug), as well as lincomycin (15 ug),
rifampicin (5 pg) and the combination trimethoprim/
sulfonamide (23.75/1.25 pg). The reference strain
Staphylococcus aureus ATTC 25923 was used as
control in the phenotype analysis of resistance. The
strains were interpreted as resistant or sensitive based
on critical thresholds recommended by EUCAST
(2022).

Statistical analysis of the data was performed with
GraphPad Instat 3 software.

Results

The data from performed surveys are presented in
Table 2. Of all 6568 tested milk quarters of dairy cows,
312 (4.7%) were found positive or suspect by the rapid
mastitis test. The samples from all positive quarters
were sent for microbiological examination together
with another 34 samples from clinical mastitis.

The highest percentage of subclinical mastitis was
found outin the farm in Mengishevo (29.8%), followed
by the Karapelit farm (24.0%), the least prevalence
was identified at the Kamburovo farm (7.4%), where
the Staphylococcus aureus isolates were more spread
(11 of the total 16 strains from bovine subclinical
mastitis). The cows at the Karapelit farm exhibited a
higher prevalence of coagulase-negative staphylococci
(29 of 61 strains from bovine subclinical mastitis)
followed by the Popovitsa farm (18 out of 28 strains
from bovine subclinical mastitis). Staphylococci were
the least prevalent at the Harmanli farm (2 of the total
4 strains from bovine subclinical mastitis).

A positive microbial finding was detected in 272
of all the tested 346 samples (79.1%). Streptococcus
spp. was presented in 151 samples (55.5%). Second
came the members of genus Staphylococcus. They
were found out in 110 of the tested samples (40.5%).
Of them, 78 (71.0%) were determined as coagulase-
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negative and 32 (29.1%) as coagulase-positive. In
general, Gram-positive cocci exceeded 95% of all
identified microbial species. Eleven isolates (4%)
belonged to other 6 taxa. They included 4 strains
phenotypically determined as Trueperella pyogenes, 3
E'.coli strains, and a single strain of species Pasteurella
multocida, Nocardia asteroides, Klebsiella pneumoniae
and Acinetobacter spp.

Staphylococci were tested for their sensitivity to
11 chemotherapeutic drugs. Table 4 presents the
results about the spread of antimicrobial resistance
among staphylococci. The highest resistance rate
(50%) was shown against lincomycin, followed by
that against tetracycline (37.3%) and beta-lactams
ampicillin  (24.5%) and oxacillin (13.6%). The
occurrence of resistance to cefoxitin and cephalothin
was lower, 5.45% and 0.95%. respectively. Also, a
lower prevalence was detected with respect to strains
resistant to trimethoprim/sulfonamides: 7.3%, cipro-
floxacin: 1.8% and rifampicin: 0.9%. Studied staphy-
lococci showed no resistance to gentamicin and
amoxicillin/clavulanic acid.

Table 5 presents the determined MIC,  values
to 9 of the tested chemotherapeutics. The highest
MIC,, 128 pug/mL and 2 pug/mL, were obtained for
tetracycline and lincomycin, respectively. The lowest
MIC of 0.001 pg/mL were found out for rifampicin
and ciprofloxacin. With regard to oxacillin, MIC  was
0.125 pg/mL; for trimethoprim/sulfamethoxazole it
was 1.5 pg/mL; and for ampicillin, cephalothin and
cefoxitin it was 1 ug/mL.

Resistance to Dbeta-lactams, lincomycin and
tetracycline was present in 15.4% of multi-resistant
coagulase-negative  staphylococci.  The  multi-
resistance patterns in 21.9% of coagulase-positive
staphylococci referred to beta-lactams and rifampicin.

The genetic analysis of strains showed that 10.2%
of coagulase-negative staphylococci belonged to
Staphylococcus epidermidis species, whereas 31.2% of
coagulase-positive staphylococci were identified as
Staphylococcus aureus. Figure 1 presents amplification
plots and Ct values obtained from genetic identi-
fication of staphylococci. Positive results have C|
values < 34.

Discussion

In this survey, the proportion of staphylococcal
isolates from bovine mastitis was 40.5%, coming
second after isolates from Streptococcus spp. The
major part of staphylococcal isolates from milk
samples was coagulase-negative (71%), whereas the
share of Staphylococcus aureus was 31.2% from the
group of coagulase-positive strains. Seventy-seven
coagulase-negative staphylococcal strains (98.7%) and
25 coagulase-positive strains (78.1%) were associated
with subclinical mastitis.

A number of authors have affirmed the increasing
role of coagulase-negative staphylococci in the
etiology of mastitis in Europe (Tenhagen et al., 2009;
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Table 2. Surveyed farms, cases with subclinical mastitis, samples submitted to microbiological examination and results
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Table 4. Percentage of staphylococci resistant to 11 chemotherapeutic drugs with confidence limits

Coagulvase— Staphylococcus Total number of . o
. negative . Confidence limits
Chemotherapeutic drugs . aureus staphylococci
staphylococci (n=32) (n-110) (CL)
(n=78) B

Ampicillin 13 (16.7%) 14 (43.7%) 27 (24.5%) 17.8+32.8
Amoxicillin/clavulanic acid - - -

Oxacillin 12 (15.4%) 3 (9.4%) 15 (13.6%) 7.8+20.6
Cephalothin 1(1.3%) - 1(0.9) 0+3.5
Cefoxitin 3 (3.8 %) 3(9.4%) 6 (5.4%) 1.9+10.3
Lincomycin 50 (64.1%) 5 (15.6%) 55 (50%) 40.7+59.3
Gentamicin - - -

Tetracycline 32 (41.0%) 9 (28.1%) 41 (37.3%) 28.5+46.5
Rifampicin 1(1.3%) - 1(0.9%) 0+3.5
Ciprofloxacin 2 (2.6%) - 2 (1.8%) 0.1+5.1
Trimethoprim/sulphamethoxazole 8 (10.2%) 8(7.3%) 3.1+12.8

Table 5. MICs of 9 chemotherapeutic drugs for staphylococcal isolates from subclinical and clinical bovine mastitis

(n = 110)
MIC pg/mL
Chemothera~| v e 16.001] 0.125 (05075 | 1| 15| 2 [3|4| 6|8 |16]32] 6496 | 128 | 192
puetic drugs 9
Ampicillin 1.0 85 2% 5 8 2 4 112 1
Oxacillin 0.125 98 6* 1 3*
Cephalothin 1.0 32 | 30 |20 27 1*
Cefoxitin 1.0 54 50 20 * 1111 2
Lincomycin 2.0 5145 | 5 55%
Tetracycline 128 * 69 1191 4 26
Rifampicin 0.001 | 109 * 1
Ciprofloxacin | 0.001 | 108 * 2
Trimetho-
fﬂglh/ameth_ 1.5 30 | 40 | 32 3 1* 4
oxazole

Legend: MIC thresholds are marked with asterisks

Persson et al., 2011; Piessens et al., 2011), as well as
in other regions in the world (Mekonnen et al., 2017;
Mpatswenumugabo et al., 2017). In Belgium, Piessens
et al. (2011) have discussed the thesis that the spread
of coagulase-negative staphylococci in mastitis may
be associated with the fact that they are human skin
commensal organisms that may spread on animals due
to the lack of proper hygienic measures. Zadoks et al.
(2011) and Ndahetuye et al. (2019) have emphasized
on the fact that the involvement of Staphylococcus
aureus in the etiology of subclinical mastitis was
rather related to chronic and persisting infections.
The genotyping of coagulase-negative staphylococci
demonstrated that the commonest species were
S. chromogenes, S. epidermidis, S. haemolyticus, S.

simulans, and S. xylosus (Capurro et al., 2009; Perry
et al., 2010; Persson et al., 2011; Duse et al., 2021).
In Germany, Luthje et al. (2006) have reported a
different species distribution of coagulase-negative
staphylococci causing bovine subclinical mastitis, with
the highest prevalence of Staphylococcus chromogenes
(33.2%), followed by Staphylococcus simulans (23.2%)
and Staphylococcus epidermidis (11.7%). In Rwanda,
Ndahetuye et al. (2019) have found out that among
coagulase-negative staphylococcal agents of subclinical
mastitis, Staphylococcus epidermidis (38.2%) was more
commonly isolated than Staphylococcus sciuri (19.5%)
and Staphylococcus chromogenes (9.8%). On the other
hand, Ruegg (2020) has commented that streptococci
were the leading agents of bovine clinical mastitis,
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Table 6. Resistance patterns of multiresistant staphylococci isolated from bovine mastitis (n-110)

Resistance patterns

Number of resistant strains

Resistant staphylococci (% ) and
confidence limits (CL)

Coagulase-negative staphylococci (n=78)

Ox, Amp, L,T 6 7.7% (2.8+14.5)
Ox, Amp, Fox, L 2 2.6% (0.3+7.2)
Ox, Amp, L 2 2.6% (0+0.3)
Ox, Amp, Ceph, L 1 1.3% (0+4.9)
Ox, Amp, AMC, Ceph, Fox, L, T 1 1.3% (0+4.9)

Coagulase-positive staphylococci (n=32)

L, RIF 4

12.5% (3.5+26.1)

Ox, Amp, Ceph, RIF 3

9.4% (1.9+21.7)

Legend: Ox — oxacillin, Amp-ampicillin, AMC — amoxicillin/clavulanic acid, Ceph — cephalothin, Fox — cefoxitin,

L — lincomycin, T — tetracycline, RIF — rifampicin.

Amplification Plots

Fluorescence (dR)

Fig. 1. Amplification plots of Staphylococcus aureus

followed by coliform bacteria and Staphylococcus
aureus. Neelam ef al. (2022) have also determined
Staphylococcus aureus as the leading etiological agent
of bovine mastitis in India: in 79.7% of cases as seen
from genetic analysis of staphylococci isolated from
milk samples, whereas only 10.9% were described
as belonging to coagulase-negative staphylococci.
Also in India, Mahanti et al. (2020) have proved the
presence of Staphylococcus aureus in 21% of milk
samples from healthy cows and cows with clinical and
subclinical mastitis, tested by phenotype and genetic
methods.

From a comparative point of view, the number
of genetically determined coagulase-negative
Staphylococcus epidermidis were encountered at a
lower rate (10.2%), comparable with that reported
by Luthje et al. in Germany (11.8%). Regarding
the prevalence of coagulase-positive staphylococci,
genetic studies classified 31.2 % of the tested strains
as Staphylococcus aureus, with a rate higher than those
from data of Mahanti et al., and far lower than those

reported by Neelam et al. in India.

In Poland, Gagielski et al. (2014) have discussed
the hypothesis that penicillin-resistant staphylococci
were largely involved in bovine mastitis etiology
(41%). They also underlined that fact that all
Staphylococcus aureus isolates were sensitive to
cefoxitin, gentamicin, doxycycline, ciprofloxacin
and trimethoprim/sulfamethoxazole and expressed
an intermediate sensitivity to clindamycin. In their
view, the monitoring of antimicrobial resistance of
Staphylococcus aureus strains in dairy cattle farms is
an important part of mastitis control and objective
therapeutic control.

In Germany, Luthje et al. (2006) observed a
broader prevalence of ampicillin-resistant coagulase-
negative staphylococci (18.1%), as well as of those
resistant to pirlimycin from the lincosamides group
(6.4%). In Brazil, Olivera et al. (2012) have reported
a higher prevalence rate to tetracycline (19%) among
Staphylococcus aureus isolates from bovine subclinical
and clinical mastitis. Again in Brazil, Zuniga et al.
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(2020) have discussed the high rate of coagulase-
negative staphylococci, resistant to amoxicillin and
ampicillin (59.7%) causing subclinical mastitis in
cattle. With regard to gentamicin and oxacillin, the
authors recorded a high sensitivity, 95% and 86%.
The MIC,  values for aminopenicillins exceeded
8 ug/mL.

Our results demonstrated a lower spread of
staphylococci resistant to aminopenicillins (24.5%),
compared with the data of Zuniga et al. from Brazil,
with a higher percentage of resistant coagulase-positive
strains (43.7%). On the other side, the obtained MIC,,
values for aminopenicillins were below 1 ug/mL.
In India, Mahanti et al. (2020) have reported a higher
prevalence of Staphylococcus aureus resistant to
beta-lactam chemotherapeutics ampicillin (71.4%),
cefoxitin (42.9%) and amoxicillin/clavulanic acid
(38.1%). The authors commented that multi-resistance
patterns of methicillin-resistant strains included
beta-lactams, tetracyclines and aminoglycosides. In
Sweden, possibly due to the antibiotic restriction in
livestock husbandry, Duse et al. (2021) have reported
a high sensitivity of clinical mastitis Staphylococcus
aureus isolates to chemotherapeutics, except for
penicillin-resistant coagulase-negative staphylococci
(30.4%).

Also, higher rates of resistance to lincomycin
and tetracycline have been reported (50%, 37.3%)
compared with data from Germany published by
Luthje et al. and from Brazil reported by Zuniga et
al. In India, Neelam et al. have also established higher
percentages of Staphylococcus aureus milk isolates,
resistant to lincomycin (49.09%) and oxytetracycline
(98.18%). These rates were discussed in the light
of the more common use of antimicrobial drugs
for bovine mastitis therapy in the country. Our
results for microbial resistance to lincomycin and
tetracycline showed higher rates in coagulase-negative
staphylococci: 64.1% and 41.0%, respectively.
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The information from the present study provides
evidence about the higher prevalence of coagulase-
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is recommended by the World Health Organization
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provide valuable information about the trends in
therapeutic approaches, namely antibiotic drugs use.

In Bulgaria, beta-lactams, aminopenicillins exten-
ded spectrum semi-synthetic penicillins e.g. cloxa-
cillin, and cephalosporins, most commonly cepha-
lothin, are among the drugs most frequently re-
commended for treatment of bovine mastitis. Intra-
mammary infusions containing combinations of
lincomycin and gentamicin, tetracycline, neomycin
and bacitracin are also used. In this two-year survey,
the demonstrated higher prevalence of lincomycin-
resistant and tetracycline-resistant staphylococcal
isolates from milk samples is probably a specific
feature that should be considered in designing future
national-scale studies in this field.
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