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Abstract

This study aimed to detect coagulase-positive Staphylococcus aureus in raw beef, retailed in Bulgaria,
and their antimicrobial resistance profile and detection of methicillin-resistant genes. 157 samples of retail
packaged raw beef meat from various origins were investigated. The presence of coagulase-positive staph-
ylococci was carried out according to ISO 6888-3. The antimicrobial susceptibility testing was carried out
by disk diffusion method and isolates with resistance to at least two antimicrobial classes were verified by
the microdilution assay to detect the minimal inhibitory concentration (MIC). Multiplex polymerase chain
reaction (PCR) was carried out to confirm MRSA. S. aureus was detected in 29.3% (46/157). MRSA were
found in 3.8% (6/157). Antimicrobial resistance was found in 32.6% of S. aureus isolates with resistance
to penicillin being the most common (56.5%). 33.3% (9/27) of the isolates showed resistance to cefoxitin
>4mg/L. The mecA/mecC genes were identified in 6 out of a total 9 S. aureus isolates. The spa gene was
detected in all tested S. aureus isolates, confirming their biochemical results. In conclusion, the raw beef
meat, retailed in Bulgaria, appear to be possible source of MRSA and risk to human health. Controlling
antibiotics in agriculture and food production is a first step to manage this risk.
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Pesrome

Ilenta Ha TOBa MpoyuBaHE € Ja C€ JIOKaXKE pPa3MPOCTPAHEHHETO Ha KOaryna3o-IOJIOKUTEIHU
Staphylococcus aureus B CypOBO TOBEX/I0 MECO, TIPOAABAHO B THPrOBCKaTa Mpeka B bbirapus, KakTo u 1a
Ce YCTaHOBH NMPOQIIBT HA aHTHMHUKPOOHATA UM PE3UCTEHTHOCT M HAIMYHUETO HA TeHU, OTPEIEIISIINA METH-
LIWJIMHOBA PE3UCTEHTHOCT. 157 mpoOu OT CypoBO TOBEXk/I0 MECO C pa3iIMyeH MPOU3X0]l OsXa M3CIeIBaHH.
HannuneTo Ha Koaryna3zo-nojaoKUTeTHH CTa(QUIIOKOKU ce YCTaHOBH B choTBeTcTBHUE ¢ [SO 6888-3. MU3cnen-
BAaHETO Ha aHTUMHUKPOOHATA YYBCTBHTEIHOCT O€llle U3BBPIICHO Upe3 AUCK-IU(Y3MOHHUS METOI, @ U30J1a-
THUTE C PE3UCTEHTHOCT KbM ITOHE JIBa aHTUMUKPOOHH KJ1aca 0s1xa MPOBEPEHU Upe3 MEeTo/ia 3a ONpeieNsHe Ha
MUHUMalTHaTa HHXuOUTOpHA KoHIeHTpanus (MIC). 3a motBepkaaBane Ha MRSA Oemie n3non3Bana mMyii-
TUIUIEKCHA nonuMepasHa BeprxkHa peakuus (PCR). S. aureus 6ewe otkput B 29.3% (46/157). MRSA 6sxa
nokazanu B 3.8% (6/157). AHTUMUKpOOHA pe3ucTeHTHOCT Oelle ycraHoBeHa npu 32.6% OT u3onaTure Ha
S. aureus, xaro Hali-uecTo cpenrana Oerre pe3sucTeHTHOCTTa KbM neHUIuH (56.5%). Ipu 33.3% (9/27) ot
M30JIaTUTE CE€ J0Ka3a PE3UCTEHTHOCT KbM 1edokcutuH >4mg/L. [eHnTe 3a onpeaessiHe Ha Ppe3UCTECHTHOCT
KbM MeTurmnuHa (mecA/mecC) 6sixa uaeHTuGUIMpanu B 6 oT 0010 9 uzonara S. aureus. I'ensbT spa Oere
OTKPHT BbB BCUUKH TECTBAHH U30JIaTH S. aureus, KOETO MOTBbPIU HAITBIHO OMOXUMUYHHUTE UM XapaKTepHC-
THKHU. B 3akimoueHne, cypoBOTO TOBEXIO MECO, MPOAABaHO B THPIrOBCKOTO Mpeka B bbirapus, mpencra-
BJIsIBA Bb3MOXEH M3TOYHUK Ha MRSA u puck 3a obmectBeHoTo 3apaBe. KOHTpoIbT Ha aHTUOMOTHLIUTE B
CEJICKOTO CTOMIAaHCTBO M MPOU3BOJCTBOTO HA XPaHH € ITbpBaTa CTHIIKA 32 YIPaBICHHE Ha TO3U PUCK.

Introduction

Staphylococcus aureus subsp. aureus is the  microorganisms. They are normally present in the
main coagulase-positive staphylococci. They are  nasal cavity and the skin of warm-blooded animals
widespread, Gram-positive facultative anaerobic =~ and humans. They can cause infection of varying
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severity under certain conditions. In addition, they
can produce a variety of thermostable enterotox-
ins when introduced with food and can cause food
poisoning and toxic shock syndrome (Turner et al.,
2019).

Antimicrobial resistance is more common bi-
ohazard because of the widespread use of antimi-
crobials for decades. Food also plays a role in the
transmission of resistance to antimicrobial agents.
In addition, foods may contain various antibiotic
residues that can transmit resistance to pathogenic
microorganisms through the ingestion of non-re-
sistant pathogens in food (Pesavento et al., 2007).
An integrated surveillance system for AMR along
the food chain, based on the One Health concept,
should be established to prevent the spread of an-
timicrobial-resistant bacteria (EFSA, 2019). In this
regard there is limited information on the prev-
alence and antimicrobial resistance of methicil-
lin-resistant S. aureus in different foods in Bulgaria
(Gogov, 2011).

Cattle farming is considered an agricultural
sector with high MRSA occurrence. The research
carried out by the European Food Safety Authori-
ty (EFSA, 2024) reported the prevalence of MRSA
in calves at the time of slaughter (less than 1 year
old) in the Netherlands and Belgium. A study car-
ried out by Farahmand et al. (2020) examined 42
beef samples from different retails in Tabriz. The
results indicated that S. aureus was presents in 25
of the samples. Most of the isolates were associated
with high levels of antimicrobial resistance and 15
of them were methicillin resistant. A study in Pa-
kistan showed the presence of S. aureus in 75% of
the tested beef samples and 63% were resistant to
cefoxitin (Sadiq et al., 2020).

The aims of our study were to detect coagu-
lase-positive S. aureus and MRSA in raw beef sold
at retail in Bulgaria, their antimicrobial resistance
as well as the presence of the mecA/mecC gene.

Materials and Methods

Sample collection

Retail packaged raw beef samples (n=157)
were randomly selected from Bulgarian retails be-
tween August 2019 and December 2021. The sam-
ples origin was as follows: Bulgaria (n=124), Bel-
gium (n=1), Ireland (n=9), The Netherlands (n=16),
Romania (n=1), USA (n=2) and of unknown (n=5).
Each sample is in an individual commercial pack-
age weighing at least 200 g. The samples were
transported under refrigerated conditions (4 °C) up
to 24 h after collection and tested immediately upon
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receipt.

Isolation of coagulase-positive S. aureus

Isolation of coagulase-positive S. aureus was
carried out according to ISO 6888-3:2003. Five po-
tential colonies from Baird-Parker agar were ran-
domly selected and then cultures on Braih-Heart
agar (BHI) (Merck, France) at 37 °C for 24 hours.
The presumptive isolates Staphylococcus spp. were
tested by coagulase and catalase tests. All coagu-
lase- and catalase-positive isolates were identified
to the species by Apistaph (Biomerieux, France)
according to the manufactures instructions.

Antimicrobial susceptibility testing

Disk diffusion method according to the
EUCAST (EUCAST, 2021; Humphties et al.,
2018) was used to tested susceptibility to ampi-
cillin (AMP, 2ug.disk!), penicillin (P, 1 UI), ce-
foxitin (FOX, 30mg.disk™), ciprofloxacin (CIP, 5
ng.disk'), oxacillin (OX, 1 pg.disk™'), clindamycin
(CD, 2 pg.disk?), erythromycin (E, 15 pg.disk!)
and chloramphenicol (C, 30 pg.disk") of the 45 iso-
lates coagulase-positive S. aureus. We reported the
results in mm and interpretation was based on the
protocol describes in CLSI (2020). The calculation
of multiple antibiotic resistances (MAR) for each S.
aureus isolate was done with follow equation (Sin-
gh et al., 2010):

] Number of resistance antibiotics
MAR index =

Total number of tested antibiotics

MAR index higher than 0.2 means that the
tested bacterium originates from high-risk contam-
ination source where antibiotic are frequently ap-
plied.

Isolates showing resistance to at least two an-
timicrobial classes by disk diffusion method (n=27)
were verified using the microdilution assay accord-
ing to the CLSI method to detect minimal inhibi-
tory concentration (MIC) (CLSI, 2020). We used
Sensititre Staphylococci plate — EUST (Thermo
Trek Diagnostics, OH, USA) and prepare the test
according to ISO 20776-1:2019. The antimicrobial
agents used in the MIC test and the interpretation
ranges are listed in Table 1.

Molecular analysis

The conformation of MRSA was carried
out using the multiplex polymerase chain reac-
tion (PCR). We used them to identify S. aureus by
amplification of spa gene and to confirm methicil-
lin resistance by amplification of the mecA/mecC
genes (Stegger et al., 2012) (Table 2).



Table 1. List of antimicrobial agents, their subclasses, scope of testing and interpretation of sensitivity results

Antimicrobial Antimicrobial Scope of testing ~ Interpretation
Source
subclasses agents (mg/L) S< R >

) Clindamycin (CLI) 0.12-4 0.25 0.5 EUCAST, 2021
Macrolides )

Erythromycin (E) 0.25-8 1 2 EUCAST, 2021

Tetracyclines Tetracycline (TET) 0.5-16 1 2 EUCAST, 2021

Anzamycin Rifampin (RIF) 0.016-0.5 0.06 0.5  EUCAST, 2021

_ _ Streptomycin (STR) 4-32 16 16 EUCAST, 2021

Aminoglycosides i

Kanamycin (KAN) 4-64 8 8 EUCAST, 2021

Penicillins Penicillin (P) 0.12-2 0.125 0.125 EUCAST, 2021

Phenicols Chloramphenicol (CHL) 4-64 8 8 EUCAST, 2021

Pleuromutilins Tiamuline (TIA) 0.5-4 2 2 EUCAST, 2021

Streptogramins Quinupristin/Dalfopristin (SYN) 0.5-4 1 2 EUCAST, 2021

Glykopeptide Vancomycin (VAN) 1-16 2 2 EUCAST, 2021

Aminoglycoside Gentamycin (GEN) 1-16 1 1 EUCAST, 2021

Fluoroquinolones Ciprofloxacin CIP 0.25-8 0.001 1 EUCAST, 2021

Cephalosporins Cefoxitin (FOX) 0.5-16 4 4 EUCAST, 2021

Oxazolidinones Linezolid (LZD) 1-8 4 4 EUCAST, 2021

Pseudoamonium acid Mupirocin (MUP) 0.5-256 1 1 EUCAST, 2021

Fusidat (FUS) 0.25-4 1 1 EUCAST, 2021

Miscellaneous agents  Trimethoprim (TMP) 2-31 4 4 EUCAST, 2021

Sulfamethoxazole (SMX) 64-512 128 128 EUCAST, 2021

Table 2. Nucleotide sequence of primers and amplicon size

Target gene Name of the primers Nucleotide sequence (5 - 3°) Amplicon size (bp)

mech mecA P4 TCCAGATTACAACTTCACCAGG 162
mecA P7 CCACTTCATATCTTGTAACG
spa-1113F TAAAGACGATCCTTCGGTGAGC

Spa 180-600
spa-1514R CAGCAGTAGTGCCGTTTGCTT

VL pvl-F GCTGGACAAAACTTCTTGGAATAT -
pvl-R GATAGGACACCAATAAATTCTGGATTG

mecC mecA MultiFP  GAAAAAAAGGCTTAGAACGCCTC 138

LGA251

PCR amplification was carried out in a 25ul
reaction mixture containing 2 pl of isolated DNA
and 23 pl of mastermix (6.5 ul PCR H20, 12.5 ul
2[1Green PCR MasterMix, 2 pl Primer Mix 1 (con-
taining 10 pmol each of spa-1113F, mecAP4, pvl-F
and mecALGA251 MultiFP), 2 pl Primer Mix 2
(containing 10 pmol each of spa— 1514R, mecAP7,
pvl-R, mecALGA251 MultiRP). The PCR was con-
ducted in an C 100 Touch Thermal Cycler (BioRad,
USA) by initial denaturation at 94°C for 5 min, fol-
lowed by 30 cycles of denaturation at 94°C for 30
s, extension at 58°C for 1 min and at 72°C for 1
min and separation at 72°C for 10 min. S. aureus
mecA positive strain was used as a positive con-
trol. The negative control consisted of PCR-grade
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water without any template. DNA fragments were
visualized after horizontal electrophoresis in a 2%
agarose gel (SeaKem Agarose) in 11/TAE buffer at
130 V for 30 min.

Gel coloration was performed in ethidium
bromide solution for 20 min. The results were vis-
ualized with UV light (>2500 uW/cm?). GeneRuler
100bp DNA Ladder (Fermentas) was used as a 100
bp marker to determine molecular weight. All isoal-

tes positive for mecA/mecC gene were identified as
MRSA.

Statistical data
The statistical significance was evaluated

with Chi-square (y?) tests using Epitools (Sergeant,
2018).



Results

Prevalence of coagulase-positive S. aureus in raw
beef

S. aureus was detected in 29.3% (46/157) of
the tested raw beef samples. Coagulsae-negative
staphylococci were detected in 46.5% of the sam-
ples (73/157), and the absence of staphylococci was
found in 24.2% (38/157). The spread of S. aureus
and coagulase-negative staphylococci in raw beef
samples, depending on their origin, is presented in
Fig. 1.

Analysis of the results showed the highest
prevalence of S. aureus in raw beef meat in sam-
ples with unknown origin (75.0%, 3/4,), followed
by those originating from the Netherlands (37.5%,
6/16,), Ireland (33.3%, 3/9,) and from Bulgaria
(27.4%, 34/124,). S. aureus not detected in any of
the tested samples from Belgium, Romania and the
USA, but were not statistically significant. MRSA
was detected in 3.8% (6/157). All of them originat-
ed from Bulgaria. MRSA is included in the number
of coagulase-positive S. aureus.

Antimicrobial resistance of coagulase-positive S.
aureus

In the disk diffusion method, 32.6% (15/46)
of the S. aureus isolates demonstrate susceptibility
to all antimicrobials. Analysis of the resistance pro-
file of the 46 isolates showed that resistance to pen-
icillin was the most common (56.5%), followed by
resistance to ampicillin (41.3%), oxacillin and clin-
damycin (10.9%). The MAR undex ranged from

0.125 to 0.5 with a mean of 0.263 and a standard
deviation of 0.109 (Table 3).

Twenty-seven isolates coagulase-positive S.
aureus tested for MIC, showed different percentag-
es of resistance to the different antibiotics (Fig. 2).
The highest resistence was observed to sulfameth-
oxazole (88.9%), followed by tetracycline (59.3%),
penicillin (51.9%) and cefoxitin (33.3%). 34.8%
(9/27) of the isolates showed resistance to cefoxi-
tin >4mg/L, which were identified as MRSA. Total
susceptibility was recorded for mupirocin, linezol-
id, vancomycin and rifampin. Multidrug resistance
was found in 77.8% (21/27) isolates tested.

All MRSA isolates were 100% resistant to
chloramphenicol (MIC >512 mg/L), but sensitive
to clindamycin, rifampin, kanamycin, erythromy-
cin, ciprofloxacin, linezolid and mupirocin. All iso-
lates are multi-drug resistant to at least three differ-
ent classes of antibiotics. Among the tested MRSA
isolates, one was found to be resistant to 8 out of
the 19 tested antibiotics, displaying MIC against
cefoxitin >16 mg/L.

Detection of mecA/mecC genes of S. aureus
isolates

Nine isolates that showed cefoxitin resistance
were tested for the presence of the mecA/mecC
genes. MRSA genes were identified in 6 out of a
total of 9 isolates (Fig. 3).

Some isolates were found to be resistant by
the MIC method without this being confirmed by
the presence of the responsible gene. This is most
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Fig. 1. Prevalence of S. aureus and coagulase-negative staphylococci in raw beef samples, depending on their origin



Table 3 Antimicrobial resistance profiles of the coagu-
laso-positive S. aureus isolates, tested by disc-diffusion

method
Isolates Resistance profile = MAR index
S. aureus 145-1 AMP,PFOX,0X, 0.5
S. aureus 1188 P, FOX, OX,CD 0.5
S. aureus 195-2 AMP, P, CD 0.375
S. aureus 284-2 AMP, POX 0.375
S. aureus 547- 2 AMP, P, E 0.375
S. aureus 1010-2  AMP, P, CD 0.375
S. aureus 767 P, CD,E 0.375
S. aureus 792- 2 P, CD,E 0.375
S. aureus 32 AMP, P, 0.25
S. aureus 89-1 AMP, P 0.25
S. aureus 290-1 AMP, P 0.25
S. aureus 230-1 AMP, P 0.25
S. aureus 198 AMP, P 0.25
S. aureus 337 AMP, P 0.25
S. aureus 423-2 AMP, P, 0.25
S. aureus 432-1 AMP, P, 0.25
S. aureus 449 AMP, P, 0.25
S. aureus 624- 2 AMP, P, 0.25
S. aureus 956- 2 AMP, P 0.25
S. aureus 966- 1 P, OX 0.25
S. aureus 784 P, OX, 0.25
S. aureus 17 E 0.125
S. aureus 258-2 AMP 0.125
S. aureus 292 P 0.125
S. aureus 344 p 0.125
S. aureus 417-1 P 0.125
S. aureus 609- 2 AMP 0.125
S. aureus 624- 1 AMP 0.125

Legend: AMP: ampicillin; P: penicillin; FOX: cefoxitin;
OX: oxacillin; CD: clindamycin; E: erythromycin;

Sulfamethoxazole (SMX)
Mupirocin (MUP)
Linezolid (LZD)
Cefoxitin (FOX)
Ciprofloxacin (CIP)
Erythromycin (ERY)
Trimethroprim (TMP)
Gentamycin (GEN)
Vancomyecin (VAN)
Quinupristin/dalfopristin (SYN)
Tiamulin (TIA)
Kanamycin (KAN)
Chloramphenicol (CHL)
Penicillin (PEN)

antimicrobial panel

Fusidate (FUS)
Streptomycin (STR)
Rifampin (RIF)
Tetracicllin (TET)
Clindamycin (CD)

[e=te]

3.7
7.4

3.7
7.4

likely because the primer pairs used were only for
major resistance genes. It is important to note that
in approximately 25% of MRSA strains, the entire
genome may consist of the presence of mobile ge-
netic elements that determine methicillin resistance
[1]. The spa gene was detected in all S. aureus iso-
lates (n=9), confirming their biochemical results.

Discussion

For the first time in Bulgaria, a study that pro-
vides complex information on the spread of coag-
ulase-positive S. aureus, their antimicrobial resist-
ance, detected of MRSA and detected of the resist-
ance genes in the isolates from raw beef from dif-
ferent origins has been conducted. The occurrence
of S. aureus in beef meat retailed in Bulgaria was
30.6%. Analysis of available scientific data showed
a higher prevalence of S. aureus in beef samples.
Similar to our results in Romania was reported in
cow milk samples (Morar et al., 2021). Kim et al.
(2020) also detected S. aureus in 13.1% of beef
samples in Korea. In contrast to our data, they re-
ported 12.9% positive for S. aureus in imported
beef samples and only 13.4% positive in domestic
beef meat samples.

Other previous studies have reported signif-
icantly higher levels compared to our findings. In
Turkey, Sanlibaba (2022) reported a significant-
ly higher prevalence of S. aureus in beef meat
(63.5%). Similar data was reported in Georgia
— presence of S. aureus in 63.0% of beef samples
(Jackson et al., 2013). More than 75% prevalence
of S. aureus in various beef products was reported
in Pakistan (Sadiq et al., 2020), China (Wu et al.,
2019) and Turkey (Guran et al., 2021). This sig-
nificant difference may be due to the different beef
products tested in these studies compared to those
in our study. Furthermore, the sample size in these

88.9

333

29.6

3.7

74

51.9

593

0

40 60 80 100
% of resistant isolates

Fig. 2. Overall percentage resistance of coagulase-positive S. aureus, confirmed by the MIC method
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Fig. 3. Detection of the mecA/mecC genes by polymerase chain reaction in beef isolates showing resistance to cefoxitin

by the MIC method

Legend: 1 - DNA loader, 100 bp; 11-negative control; 12 and 14 - PVL-positive control possessing spa (180-600 bp),
lukF-PV (85 bp) and mecA4 (162 bp) genes; 13 - MRSA-positive control possessing spa (180-600 bp) and mecC (138 bp)
genes; 2 +~ 6; 8-10 - MRSA-positive isolates from chilled beef; 7 - MRSA-negative isolates.

studies was relatively smaller, which may also ex-
plain the difference in percentages. The different
ranges of beef samples, which suggest secondary
contamination during cutting, meat processing and
packaging, would also account for the higher per-
centage of positive samples.

The MRSA is a serious public health prob-
lem. Mortality rates due to MRSA infections have
remained high in recent years. In some Asian coun-
tries such as Taiwan, China, Japan and South Ko-
rea the spread of MRSA in hospitals reaches up
to 70-80% (Chuang and Huang, 2015). The situa-
tion among the clinical isolates in Bulgaria is also
alarming — 33.6% (Bozhkova, 1999). In the present
work, the overall prevalence of MRSA was 5.7%
(n=9) with predominantly in samples from Bulgaria
(8 out of 9 isolates). The most studies on the detec-
tion of MRSA in retail beef found that the preva-
lence ranged from <1 to 14.3% (Kim et al., 2020;
Jackson et al., 2013; Wu et al., 2019; Guran et al.,
2021; Dorjochoo et al., 2023). The Czech Republic
reported a prevalence rate of 40% in mixed ground
meat that also contained beef (Tegegne et al., 2021),
while Pakistan reported a higher prevalence rate of
63.0% (Sadiq et al., 2020).

In contrast, the study conducted in Korea did
not detect MRSA in any of the beef samples (Kim
et al.,2020). Similarly, Tegegne et al. (2021) found
MRSA in minced meat, but not in chilled beef in the
Czech Republic. Antimicrobial resistance of S. au-
reus can be transmitted through contaminated meat
to consumers (Hanson et al., 2011) or suggesting
contamination of meat from human sources (Dhup
et al., 2015). In our study we found highest resist-
ance to penicillin and ampicillin by disk diffusion
method and to sulphamethoxazole and tetracycline
by MIC method. This was not unexpected as these
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antibiotics have a broad spectrum of action and are
very commonly used to treat variety infections in
animals and humans. Similar highly expressed re-
sistance to penicillin by disk diffusion method has
been published by other authors (Sanlibaba, 2022,
Dorjgochoo et al., 2023). In Turkey and China,
100% penicillin resistance has been reported (Wu
etal.,2019; Guran et al., 2021).

The MAR ranged from 0.125 to 0.5 and sug-
gests that S. aureus identified in this study may have
been originated from an environment where antibi-
otics were commonly used.In our study using MIC
method, we identified low levels of resistance (3.7%
- 7.4%) to streptomycin, gentamicin, ciprofloxacin,
erythromycin and clindamycin. These are highly
effective antimicrobials for treatments of infections
caused by both Gram-positive and Gram-negative
bacteria. Clindamycin is often preferred as a first-
line antibiotic to treat animals (Kayili and Sanlib-
aba, 2020). In a study carried out in Korea (Kim et
al., 2020), resistance to ciprofloxacin ranged from
1% to 2.7% in beef meat, which was relatively clos-
er to our results. In contrast, Jackson et al. (2013)
reported that all S. aureus isolated from retail beef
were resistant to ciprofloxacin.

Resistance to sulfamethoxazole in our study
by the MIC method was 88.9%. In contrast, oth-
er authors have reported 8.2% resistance (Kim et
al., 2021). Ozdemir (2022) tested 17 isolates from
commercially sold ground beef and found a total
resstance to sulfamethoxazole 100% for MRSA
isolates and 41.2% for methicillin-susceptible S.
aureus. In comparison to other studies, the differ-
ences in the results could also be due from differ-
ences in the animal population, the inappropriate
use of antibiotics, and the inclusion of antibiotics in
feed as a growth-promoting agent.



We also found high sensitivity to chloram-
phenicol (74.1%). Similar results were reported by
other authors, who identified chloramphenicol as
the antimicrobial with the lowest resistance among
S. aureus (Kim et al., 2020). Some authors report
100% susceptibility to chloramphenicol (Jackson
et al., 2013; Morar et al., 2021). The most likely
reason for this is that it has not been used for treat-
ment in recent years. The vancomycin is the most
often recommended for treating infections caused
by MRSA (Soares et al., 2012), but none of the test-
ed isolates in our study showed resistance to them.

Multidrug resistance detected in isolates from
raw beef meat is described as resistance to 3 or
more classes of antibiotics. In present study, mul-
tidrug resistance was found in 77.8% of the tested
S. aureus and 100% in the MRSA by MIC meth-
od. These results indicate that multidrug resistant
S. aureus in beef can be a transmission risk to hu-
mans and cause infections that may be difficult to
treat. Wu et al. (2019) reported similar worrying
data. Multidrug resistance levels in retail beef vary
across different geographical regions, with the oc-
currence of multidrug resistance S. aureus observed
in 100% in China (Wu et al., 2019), 31.2% in Ro-
mania (Morar et al., 2021), 96.87% of retail beef in
Turkey (Salinbaba, 2022) and 40.0% in Mongolia
(Dorjgochoo et al., 2023).

The mecA gene is specific to staphylococ-
ci and encodes resistance to [/-lactam antibiotics.
It is use as a biomarker to detect MRSA (Jain et
al., 2008). We detected mecA/mecC in 6 out of 9
isolates showing MIC to cefoxitin >4 mg. Similar
results were obtained by Sadiq et al. (2020). They
were detected the mecA gene in 63% of the test-
ed isolates. In contrast, in Georgia and Romania
was reported 6.3 and 6.1 % prevalence of MRSA
in beef samples, respectively (Jackson et al., 2013,
Morar et al., 2021). MRSA was also reported in
42.5% in Bulgaria in 2011 (Gogov, 2011). These
differences may be explained by the various sourc-
es of the samples as well as the use of different
molecular techniques in the countries to detect the
mecA gene product. Our study shows discrepancy
between phenotypic resistance and molecular de-
tection of the mecA/mecC genes. The resistance to
cefoxitin >4 mg/L was found in 9 out of 27 iso-
lates using MIC method, whereas the mecA/mecC
gene was confirmed only in 6. Some studies have
detected the mecA/mecC gene in staphylococcal
isolates that were susceptible to cefoxitin (Osman
et al., 2016). However, the consistent prevalence
of MRSA in beef suggests that potential variations
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are not comparable between studies. A possible
explanation for this phenomenon is that the resist-
ance pattern of phenotypic expression may differ
depending on the temperature or osmolality of the
medium used. This would probably make it diffi-
cult to study MRSA sensitivity using conventional
laboratory procedures.

This study adds to the existing literature with
data on the phenotypic and molecular characteris-
tics of S. aureus in beef. However, this analysis has
potential drawbacks that cannot be ignored. Initial-
ly, the identification of methicillin-resistant S. au-
reus strains was based on the detection of the mecA
gene and testing the MIC, which revealed some
inconsistencies. Furthermore, the absence of mon-
itoring programs for methicillin-resistant S. aureus
in beef does not allow for a large-scale monitoring
with larger number of meat and meat products con-
sumed in Bulgaria.

Conclusion

For the first time, a study on the detection of
mecA/mecC genes in coagulase-positive S. aureus
isolated from raw beef meet at the retail was ob-
tained. It can be concluded that the existing antibi-
otic resistence presented in isolates from raw beef
meet poses risk to consumers. In particular, this
relates to the increasing use of minimally thermal-
ly-treated beef products or raw ones. The occur-
rence of cefoxitin-resistant S. aureus isolates which
are mecA-negative suggests other mechanisms of
transmission of methicillin resistance. It should be
ensured that antimicrobials are used correctly in an-
imals and humans in order to control the increasing
risk of antimicrobial resistance. Monitoring antimi-
crobial resistance profiles of MRSA isolates is nec-
essary to understand epidemiological changes. This
should guide the implementation of strong policies
and strategies dor the use of antibiotics in the pre-
vention and treatment of both humans and animals.
Limiting their use and appropriately controlling
their use in agriculture and food production is a first
step in the fight against antimicrobial resistance.
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