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Abstract: This study aimed to assess the prevalence of enterococci (including
vancomycin-resistant, VRE) strains in meat plants and evaluate their biofilm-
forming potential. In two Polish meat plants, 75 samples of raw pork meat, swabs
from work surfaces (floors, tables, machine parts and tools) and employees’ hands
were collected. The analyses indicated that enterococci were present in more than
72% of the tested samples. In addition, VRE isolates were found in more than 25%
of the tested samples (especially in cutting and processing rooms). VRE strains of
Enterococcus faecium and E. faecalis were resistant to penicillin, ampicillin,
erythromycin, and rifampicin. Moreover, 77% of E. faecium and 43% of E. faecalis
isolates showed biofilm-forming ability. The observed high biofilm-forming
potential among the analyzed VRE strains indicates that these agents may play an
essential role in spreading drug resistance in the food chain through contaminated
surfaces, meat, and workers’ hands.
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1. Introduction

Bacteria of the Enterococcus genus are essential to the microbiota colonizing the
gastrointestinal tract of healthy humans and animals. Enterococci are also quite
common in the environment, especially in soil, water, and on plants. As entero-
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cocci enhance nutrition absorption from the gastrointestinal tract and help main-
tain the proper balance of the intestinal microbiota, they are used as probiotics in
both humans and livestock (Lebreton et al. 2014). Enterococci also belong to the
lactic acid bacteria (LAB) group, which are used as starter cultures in producing
fermented foods such as sausages, cheeses or ham. Research on the use of bacte-
riocins produced by some enterococci as antimicrobial agents in the treatment of
difficult bacterial infections and food preservation (e.g., meat, dairy, and vege-
tarian products) has been ongoing for many years (Hanchi et al. 2018). Despite
their many favourable uses, these Gram-positive bacteria are also considered eti-
ologic agents of endocarditis, vascular bed infections and urinary tract infections
in humans and animals. The clinical importance of enterococci is highlighted by
their low sensitivity to a wide range of antimicrobial drugs, including aminogly-
cosides, cephalosporins, and sulfonamides. Therefore, therapeutic options for
treating enterococcal infections are increasingly limited. Currently, diseases
caused by vancomycin-resistant enterococci (VRE), which account for one-third
of all nosocomial infections worldwide, are of great public health importance
(Zhao et al. 2022). In particular, diseases caused by E. faecium and E. faecalis are
associated with significant morbidity, mortality and the resulting economic bur-
den in many countries worldwide (Lawpidet et al. 2021). In 2017 only in the
USA, VRE bacteria caused 54,500 infections and were responsible for 5,400
deaths (CDC 2019). It is estimated that about 40% of all infections caused by this
bacterial group occur outside the hospital environment. The scientific literature
shows that many species of drug-resistant enterococci can be found in raw and
ready-to-eat animal and plant products (Giraffa 2002, Said et al. 2022). Entero-
cocci from animal sources commonly possess a high capacity to acquire and ac-
cumulate antibiotic resistance through easy gene exchange between different bac-
terial strains, species, and even genera. Hence, the associated risk of human in-
fections through contaminated food products of animal origin is highly probable
(Galié et al. 2018, Zhao et al. 2022). While drug-resistant enterococci from food
have not been clearly identified as a direct cause of clinical infections, consuming
contaminated meat and contacting slaughtered animals is a highly probable path-
way for their spread. It may result in the transfer of antibiotic-resistance genes into
the microbiota colonizing the human gastrointestinal tract (Lawpidet et al. 2021).
One of the important virulence factors in foodborne pathogens is their ability
to form multicellular biofilms organized clusters of microorganisms surrounded
by extracellular polymeric substances (EPS) that they secrete. The biofilm for-
mation by bacteria on surfaces having direct contact with meat increases their
resistance to drying, temperature changes, mechanical damage, and chemicals
used in sanitization and disinfection processes in the meat industry (Galié et al.
2018). About 80% of all bacterial infections are considered to be associated with
biofilm formation on biological and abiotic surfaces. In addition, biofilm-forming
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enterococci are the etiologic agents of many nosocomial infections (including
wounds, respiratory, urinary, and gastrointestinal contagions) (Ch’ng et al. 2019).
Although procedures and chemicals used for cleaning and disinfection in the meat
industry are constantly improving, the knowledge of their appropriate selection
for the specific production technology and the types of biohazards is not widely
available. Hence, the biofilm is not effectively removed from surfaces and often
becomes an active source of contamination in meat plants (Galié et al. 2018, Zhu
etal. 2022).

Due to their naturally high resistance to adverse environmental conditions
occurring during various technological processes in meat processing, enterococci
can be an important indicator of proper hygienic quality of products, surfaces and
workers’ hands in production facilities. Data on the prevalence of antibiotic-re-
sistant enterococci on contact surfaces in meat plants are still scarce. However,
they would be extremely useful in assessing the spread of antibiotic resistance
genes in the meat food chain. Hence, this study aimed to assess the prevalence of
vancomycin-resistant enterococci strains in meat plants and to evaluate their bio-
film-forming potential.

2. Materials and Methods

The study was conducted in two meat plants in the Mazovia Province (Central
Poland), processing about 20-100 pork carcasses daily. The technological process
in both plants was subjected to strict veterinary control. It was under the systems
of good hygiene practice (GHP), good manufacturing practice (GMP), good vet-
erinary practice (GVP), and Hazard Analysis and Critical Control Points
(HACCP).

2.1. Sampling and Identification of Enterococci

A total of 75 samples were collected, including 45 swab samples from usable
surfaces (i.e., cutting, de-boning and preparation tables, floors, doors, machine
parts, and tools), 20 swabs from employees’ hands, and 10 samples of raw meat.
The surfaces were previously subjected to a cleaning and disinfection procedure
before testing, according to the daily hygiene plan of the tested plants. Swabs
from usable surfaces and hands were taken with sponges soaked in a buffer that
allows efficient quantitative recovery of microorganisms (Whirl-Pak® Hydrated
Speci-Sponge® Bags, Madison, USA) following PN-A-82055-19. Swabs from
workers’ hands were collected after washing them with soap and disinfectant
from the surfaces of both hands (from between the fingers and the outer parts of
the fingers, including around the fingernails).

After sponges were extracted in a suitable medium, inoculations were made
on the following microbiological media (bioMérieux SA, Marcy 1’ Etoile,
France): bile and esculin agar (DCO) and tryptose-soy agar with 5% addition of
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de-fibered sheep blood (TSA). Brilliance VRE Agar (Oxoid, Basingstoke, UK)
was used for screening vancomycin-resistant isolates. Samples of raw pork meat
(25g) were taken using sterile instruments into bags containing buffered peptone
water solution for homogenization. The diluted meat samples were spread on
analogous microbiological media as for surface swabs. After a 24 h incubation
period at 36°C, the concentration of bacteria was determined: a) for surface sam-
ples — in colony-forming units (CFU) per 1 cm? of the tested surface (CFU/cm?);
b) for hand swabs in CFU per 1ml of washings (CFU/ml); c) for meat samples in
CFU per 1 g of meat. Each sample was analyzed in triplicate.

Qualitative analysis of bacteria isolated from the samples was carried out by
culture methods and subsequently elaborated by macro- and microscopic obser-
vations followed by biochemical characterization of the isolated strains (Rapid
tests, Oxoid). The strains, which biochemical profile did not allow reliable iden-
tification, were additionally analyzed using a MALDI-TOF mass spectrometer
(Bruker Daltonics, Bremen, Germany).

2.2. Antimicrobial Susceptibility Testing

Determination of the susceptibility of Enterococcus bacteria to antibiotics was
carried out by the disk-diffusion method according to the recommendations of
EUCAST (European Committee on Antimicrobial Susceptibility Testing, 2022).
For this purpose, a suspension of isolated species was prepared from a 24 h fresh
bacterial culture in sterile physiological NaCl solution (0.85%) and set at 0.5 on
the McFarland scale. Then, using a sterile swab, the suspension was spread three
times over the entire surface of Mueller-Hinton medium (MHA, bioMérieux SA),
turning the plate 60° each time. Discs with selected antibiotics were placed on the
inoculated medium. The plates were incubated under aerobic conditions for 16-18 h
at 35°C, and after incubation, the diameter of the inhibition zone of microbial
growth was measured. The tested antibiotics were as follows: penicillin (10 pg),
ampicillin (10 pg), cefotaxime (30 pg), imipenem (10 pg), kanamycin (30 pg), gen-
tamicin (30 pg), norfloxacin (10 pg), levofloxacin (5 pg), erythromycin (15 pg), qui-
nupristin/dalfopristin (15 pg), tetracycline (30 pg), rifampicin (5 pg), sulfamethox-
azole+trimethoprim (1.25-23.75 pg), linezolid (10 pg), fosfo-mycin (50 pg), ni-
trofurantoin (100 pg), and vancomycin (5 pg).

2.3. Biofilm Formation Assay

Evaluation of the biofilm-forming ability of the isolated strains was carried out
using a modified microplate method (Stepanovi¢ et al. 2007). For this purpose,
24h bacterial colonies were suspended in sterile saline to obtain a starter suspen-
sion with a density of 0.5 on the McFarland scale (108 CFU/ml). Then, 180 ul of
TSB medium with 1% glucose (Oxoid) was applied to the microplate each time,
and 20 pl of the starter suspension was added in 8 replicates. The negative control
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was 200 ul of TSB medium in 8 replicates. The positive control was a suspension
with the biofilm-forming strain S. epidermidis ATCC 35984. The coated plate
was incubated for 24h at 36°C. After this time, microplate wells were washed 3
times with sterile PBS buffer (300 ul) and then placed in an incubator at 60°C for
60 min to fix the adhered cells. In order to stain the biofilm, 150 ul of crystal
violet was applied to each well, and the plate was incubated for 15 min at room
temperature. After another washing, 150 pul of ethanol was applied to each well,
and the plate was again incubated for 30 min. After this time, the optical density
(OD) was measured at 570 nm using the iMark microplate reader (BioRad, Her-
cules, USA). Each experiment was performed in triplicate. Strains were classified
according to their ability to form a biofilm (1):

ODs<ODc — unable to produce biofilm @)
ODc<0ODs<2x0Dc — poor ability to produce biofilm
2x0Dc<ODs — moderate ability to produce biofilm
40Dc<ODs — high capacity for biofilm production

where:
ODc — average negative control OD+(3xstandard deviation of negative control),
ODs — average sample OD—-ODc.

2.4. Statistical Analysis

The collected data were statistically analyzed using Kruskal-Wallis, Chi-square,
and Fisher’s exact tests using the MedCalc package (MedCalc Software Ltd., Os-
tend, Belgium 2015), taking p < 0.05 values as statistically significant.

3. Results
3.1. Quantitative and Qualitative Analyses of Enterococci

The results of the quantitative analysis of enterococci in swab samples from usa-
ble surfaces, workers’ hands, and raw meat samples are shown in Figure 1.

The microbiological contamination of samples was significant. Enterococcus
bacteria were present in more than 72% of the analyzed samples (54/75 samples).
The concentrations of the studied microorganisms in the surface swab samples
ranged between 0-1.6x10> CFU/cm?. The highest enterococci pollution was
found in swabs from floors in the meat cutting rooms (1.2x10> CFU/cm?; stand-
ard deviation, SD=4.2x10") (Kruskal-Wallis test: p<0.05). In contrast, no such
bacteria were found in the heat treatment room samples. Enterococci were de-
tected in raw pork samples, with a mean concentration of 1.1x10% cfu/g
(SD=1.7x10%). In swabs taken from the workers’ hands, the average concentra-
tion of enterococci ranged between 0-1.2x10%> CFU/ml. The percentages of se-
lected enterococci species in the samples are shown in Figure 2. In collected sam-
ples, 8 bacterial species of the Enterococcus genus were identified: E. avium,
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E. casseliflavus, E. durans, E. faecalis, E. faecium, E. gallinarum, E. hirae, and
Enterococus spp. Among the identified species, E. faecium and E. faecalis pre-
vailed (Fig. 2). E. faecium species were most abundant in swabs from usable sur-
faces and meat samples (57-73%), while E. faecalis species dominated in swab
samples from the hands of workers (41%).
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Steaming and smoking chambers, HTR A
Smoke trolleys, HTR
Containers, PR -

Doors, PR 1

Floors, PR -
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Fig. 1. The average concentrations of Enterococcus spp. in various samples taken in the
meat plants. The whiskers represent the standard deviation of 3 repeats. CR — meat
cutting rooms, PR — processing rooms, HTR — heat treatments rooms
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Fig. 2. Percentages of selected bacterial species concerning the total enterococci
isolated from the studied samples
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3.2. Antibiotic Resistance of Selected Enterococci

Due to a significant predominance of E. faecium and E. faecalis species among
analyzed samples and their relevance in the context of public health, both these
isolated microorganisms were tested for their susceptibility or resistance to the
most commonly used antibiotics. More than 25% of tested samples were positive
for VRE strains of E. faecium and E. faecalis (Table 1). In this study, 20 VRE
strains were isolated, of which 13 were E. faecium and 7 E. faecalis. More than
50% of the identified VRE strains came from the meat cutting rooms and 25%
from machine processing rooms. VRE strains were also detected in 2 meat sam-
ples and 3 swabs from workers’ hands. Only in samples taken along the thermal
processing of meat no VRE strains were found.

Table 1. Distribution and prevalence of VRE strains of E. faecium and E. faecalis
species in the tested samples. CR — meat cutting rooms, PR — processing rooms,
HTR — heat treatments rooms

E. faecium VRE E. faecalis VRE
Type of sample of s;\ln(q)ioles No. Prevalence No. Prevalence
of isolates (%) of isolates (%)
Floors, CR 3 1 33 1 33
Worktops, CR 5 2 40 1 20
Knives, CR 4 2 50 1 25
Meat containers, CR 4 0 0 1 25
Doors, CR 2 0 1 50
Meat grinders, PR 4 1 25 0 0
Stuffing machine, PR 4 0 0 0 0
Worktops, PR 4 2 50 1 25
Floors, PR 3 1 33 0 0
Doors, PR 2 0 0 0 0
Meat containers, PR 4 0 0 0 0
Smoke trolleys, HTR 3 0 0 0 0
Steaming and smokin
chambergs, HTR y 3 0 0 0 0
Raw meat 10 2 20 0 0
Hands of workers 20 2 10 1 5

A comparison of the drug resistance profiles of the identified VRE strains of
E. faecium and E. faecalis species is shown in Figure 3. The tested E. faecium
and E. faecalis strains were resistant to penicillin (46% and 28%, respectively)
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and ampicillin (38% and 14%), erythromycin (38% and 43%), rifampicin (31%
and 29%). Statistical analysis showed significant differences in the resistance
profiles of the tested isolates (p < 0.001). E. faecium strains showed significantly
higher resistance to cefotaxime (23%), tetracycline (38%), and phosphomycin
(15%) than E. faecalis strains. In contrast, E. faecalis isolates showed higher in-
sensitivity to quinupristin/dalfopristin (57%), norfloxacin (29%), levofloxacin
(29%), and linezolid (14%).

Vancomycin |

Nitrofurantoin
Phosphomycin
Linezolid
Sulfamethoxazole+Trimethoprim
Rifampicin |
Tetracycline

Quinupristin/dalfopristin

—
—
—
Erythromycin  —
Levofloxacin  —
Norfloxacin e —————
Gentamicin |
Kanamycin
Imipenem
Cefotaxime |
Ampicillin  —
Penicillin  —
0 20 40 60 80 100

Percent of resistant isolates (%)

E. faecium VRE WE. faecalis VRE

Fig. 3. Antimicrobial resistance profile of VRE strains from E. faecium and E. faecalis
species

3.3. Evaluation of Biofilm-forming Ability

The biofilm-forming ability of the tested VRE strains is shown in Figure 4. The
study showed that more than 77% of E. faecium and 43% of E. faecalis isolates
showed biofilm-forming ability. About 57% of E. faecalis isolates demonstrated
no biofilm-forming ability, and the remaining 43% were characterized by me-
dium or poor biofilm-forming ability. Among E. faecium strains, 23% of isolates
had strong biofilm-forming potential, and 54% had the weak biofilm-forming
ability. There were no statistically significant differences between the biofilm-
forming potential profiles of the analyzed groups of enterococci.
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Fig. 4. Biofilm forming ability in VRE isolates from E. faecium and E. faecalis species

4. Discussion

According to the World Health Organization (WHO), the increasing resistance of
bacterial pathogens to antibiotics is among the biggest public health challenges
today. It is estimated that infections caused by drug-resistant microorganisms are
annually responsible for 5 million deaths (WHO 2021). Therefore, increasing at-
tention from the scientific and medical world has been focused on the issue of
antibiotic resistance genes transmission through the food chain (Xiong et al.
2018, Rybak et al. 2022). However, routine microbiological tests used in food
safety inspections have not considered testing for the presence of drug-resistant
microorganisms in production and processing environments. The major difficulty
associated with detecting drug-resistant bacteria, especially among non-patho-
genic microorganisms, is that their carriage in infected animals is often asympto-
matic (Argudin et al. 2017).

Among many microbiological hazards found in meat production, vancomy-
cin-resistant species from Enterococcus genus are of particular interest. Their
sources in the studied meat plants are animal carcasses, meat, equipment and
tools, often contaminated with faeces. Contamination can occur due to the poor
sanitary regime during slaughtering and evisceration and during further pro-
cessing of meat. The high percentage of positive samples for enterococci indi-
cates poor hygiene in tested meat plants and insufficient hand hygiene of workers.
The results obtained in this study are in line with the observations of other re-
searchers. Significant enterococcal contamination has been observed in Czech
poultry and swine slaughter plants (Schlegelova et al. 2010). Enterococci con-
taminated 66% of 140 tested raw meat samples and swabs from contact surfaces
that had been previously sanitized and disinfected. A significantly higher rate of
positive samples for enterococci was obtained in a study carried out by American
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researchers (Hayes et al. 2003). It was shown that 99% of the about 1,000 samples
of retail beef, pork, and poultry meat were contaminated with these bacteria. The
present study observed a higher prevalence of isolation of E. faecium (55%) and
E. faecalis (25%) over the other enterococci species. Similar relationships in the
isolation frequency of E. faecium and E. faecalis from meat samples were shown
in studies by Krocko et al. (2008) (72% and 10%, respectively) and Hayes et al.
(2003) (61% and 29%, respectively). By contrast, in a study by Schlegelova et al.
(2010), both E. faecalis and E. faecium strains were present in 45% and 7% of
analyzed swab samples, respectively.

The sources of enterococcal infection in the studied Polish facilities were an-
imal carcasses, surfaces, and tools contaminated with faecal bacteria. Their pres-
ence in large numbers after the sanitization and disinfection process revealed the
poor hygiene in the companies during the cutting and processing of meat. It
should be noted that there are currently no widely accepted limit values regarding
the degree of microbiological contamination of surfaces in meat plants. Until
2006, the decision of the European Commission of 8 June 2001 (2001/471/EC),
laying down rules on general hygiene control in slaughterhouses and meat-cutting
plants, was in force. It defined, among other things, methods of collecting bacte-
riological samples and assessing the cleaning and disinfection of surfaces in these
establishments. Based on the limits included therein, it can be concluded that bac-
terial concentrations in some of the tested swabs from cutting (floors and tables)
and processing (stuffing machines, floors and containers) rooms exceeded limit
values for mesophilic bacteria (10 CFU/cm?). However, in the scientific litera-
ture, other proposals for permissible levels can also be found and used to evaluate
the surfaces’ hygienic quality in the food industry. For example, Italian research-
ers proposed the following limits for the total number of bacteria: a) from 0 to
49 CFU/cm? for clean surfaces, b) between 50-499 CFU/cm? for acceptable con-
tamination, and ¢) above 500 CFU/cm? for unacceptable contamination (Losito
et al. 2027). According to these researchers, such limits are much more practical
and achievable in industrial establishments and food distribution systems. Con-
sidering the limit values mentioned above, the surfaces in studied Polish plants
had a high or acceptable level of cleanliness.

In turn, the bacterial load on the hands of workers in the studied plants was
at the level of 10 CFU/ml and, as such, was similar to those observed by other
researchers in meat and retail plants (Lues & Tonder 2007, Lambrechts et al.
2014, Jovanovic et al. 2021). It should be noted that hands are an excellent carrier
for many harmful microorganisms. Contaminated hands can also lead to re-con-
tamination of other surfaces and tools that person has been in contact. The results
of the present study indicate the need to implement additional hand hygiene train-
ing at workplaces in the tested Polish meat plants.
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Despite the European Union’s ban on the use of antibiotics as feed additives
(Regulation (EC) no. 1831/2003), antibiotics may be used metaphylactically and
prophylactically in livestock when the risk of infection spreading in a group of
animals is high (Regulation EU 2019/6). Unfortunately, insufficient control of
antibiotic marketing and administration by livestock farmers contributes to the
spread of drug-resistant strains in the food chain (Vidovic & Vidovic 2020). The
present study in Polish meat plants showed the occurrence of VRE strains in 25%
of the tested samples. The tested isolates of E. faecium and E. faecalis showed
resistance primarily to penicillin, ampicillin, erythromycin, rifampicin, tetracy-
cline, and quinupristin/dalfopristin. The such observed prevalence of VRE strains
and their antibiotic resistance profiles were within the ranges reported by other
researchers. Slovakian studies showed that more than 40% of E. faecium and 14%
of E. faecalis isolates from beef and pork were resistant to vancomycin. High
resistance to ampicillin (67% of E. faecium and 60% of E. faecalis), gentamicin
(19% and 40%, respectively), erythromycin (8% and 60%) and tetracycline (8%
and 80%) was also found among isolates tested by Krocko et al. (2008). A high
isolation frequency of drug-resistant strains was also noted in swabs and poultry
meat samples in butcher stores in Portugal. More than 48% of these tested sam-
ples contained vancomycin-resistant enterococci and enterococci highly resistant
to gentamicin (34%), streptomycin (32%) and kanamycin (30%) (Novais et al.
2005). In contrast, in one American study, no VRE strains were detected in meat
samples. However, a high percentage of enterococci resistant to quinupristin/dal-
fopristin (£. avium — 100%, E. casseliflavus —41%, E. faecium — 26%), erythromy-
cin (E. casseliflavus — 31%, E. gallinarum — 44%), and nitrofurantoin (E. avium
—100%, E. casseliflavus — 55%, E. faecium — 43%) were reported (Hayes et al.
2003). Several studies that analyzed the transmission of antibiotic-resistant bac-
teria from animals to humans found a high prevalence of drug-resistant bacteria,
particularly among individuals having direct contact with animals, such as veter-
inarians (Jackson & Villarroe 2012) and animal farm workers (Nadimpalli et al.
2018). Another European study observed the carriage of drug-resistant entero-
cocci among restaurant workers. Enterococci isolates from faecal samples of res-
taurant workers showed significantly greater resistance to erythromycin, moxiflox-
acin, tetracycline, and vancomycin-teicoplanin than enterococci from a control
group (del Campo et al. 2003).

Drug-resistant bacteria that produce biofilm may cause a potential threat to
food safety and public health. The analyzes performed in Polish meat plants
showed that about 60% of tested VRE isolates were able to produce a biofilm.
These results are in line with the findings of quantitative analysis from other stud-
ies, which indicated relatively frequent contamination of the examined meat
plants with enterococci. High humidity and the presence of organic matter on
working surfaces in meat plants, especially in difficult-to-keep-clean areas and
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machinery, create an ideal environment for biofilm development. A study by
Chotinantakul et al. (2020) on multi-drug resistant enterococci from pork meat
showed that up to 97% and 53% of tested strains could form biofilm at 25°C and
4°C, respectively. Nowadays, the ability of pathogenic bacteria to form a biofilm
is considered among the important virulence factors (Lopez-Salas et al. 2013,
Iweriebor et al. 2015, Ch’ng et al. 2019). In the study by Wozniak-Biel et al.
(2019), it was observed that all clinical enterococci and the strains isolated from
turkey farms were biofilm producers. A large percentage of isolates originating
from humans and animals were resistant to tetracycline (86% and 94%, respec-
tively), erythromycin (38% and 76%), ciprofloksacin (30% and 24%), and van-
comycin (25% and 16%) (39). It should also be noted that the high density of
cells in the biofilm and increased genetic competence promote the spread of an-
tibiotic-resistance genes (Ch’ng et al. 2019, Abebe 2020, Chotinantakul et al.
2020, Lawniczek-Watczyk & Gorny 2022). Hence, biofilms in slaughtering, meat
production, and processing facilities can be potential sources of antibiotic re-
sistance.

5. Summary

The analyzes conducted in Polish meat plant indicated that enterococci contami-
nated raw meat, surfaces, and hands of workers. Among the identified strains,
E. faecium and E. faecalis species predominated. This study revealed the high
isolation frequency of strains resistant to vancomycin, penicillin, ampicillin,
erythromycin, rifampicin, tetracycline, and quinupristin/dalfopristin. The ob-
served high biofilm-forming potential among the VRE isolates indicates that
these agents may play an important role in the spread of drug resistance in the
food chain through contaminated surfaces, meat, and workers’ hands. This study
clearly shows that implementing antibiotic resistance assessment of selected bac-
terial groups into routine monitoring in animal farms and slaughterhouses could
allow early identification of contamination sources of meat products and reduce
the spread of drug resistance.

This work has been based on the results of a research task no. II.PB.12 carried
out within the scope of the fifth stage of the National Programme
“Improvement of safety and working conditions” partly supported in 2020-2022
within the scope of research and development — by the National Centre
for Research and Development. The Central Institute for Labour Protection
— National Research Institute is the Programme’s main co-ordinator.
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