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Abstract: Antibiotic resistance among pathogenic bacteria in humans and animals poses a critical
public health challenge, leading to diminished effectiveness of existing antimicrobial treatments.
Notably, animal-derived food products are significant vectors for the transmission of resistant bacteria
to humans, with Salmonella species being predominant culprits in foodborne illnesses. This study
investigates the prevalence and antibiotic resistance patterns of Salmonella serovars isolated from
traditionally sourced pork meat in Romania. Over a four-year period, 208 pork samples were collected
using standardized protocols during traditional slaughtering practices. Salmonella spp. were isolated
following ISO 6579:2002 guidelines and confirmed using biochemical assays and PCR. Serotyping was
performed using specific antisera, and antimicrobial susceptibility testing was conducted through
the standard disk diffusion method, assessing 11 antibiotics. Results indicated a 23.07% prevalence
of Salmonella, with 48 isolates categorized into eight serovars, primarily S. Infantis (n = 15), S.
Typhimurium (n = 15), and S. Derby (n = 11). PCR results confirmed the presence of Salmonella by
detecting the hilA and ompC genes, with 31.25% of isolates being positive for the Typhimurium-specific
sequence. Notably, 93.75% of the isolates were multidrug-resistant (MDR), exhibiting high resistance
rates against streptomycin (91.66%) (>10 µg), tetracycline (83.33%) (>30 µg), and sulfamethoxazole
(68.75%) (>300 µg). More than 60% of MDR isolates displayed resistance to five or more antibiotics.
These findings underscore the need for coordinated control measures in the pork production chain to
combat the spread of Salmonella and protect public health. Enhanced surveillance and intervention
strategies are crucial for addressing antibiotic resistance and reducing the risk of foodborne illnesses
linked to contaminated animal products.

Keywords: antimicrobial resistance (AMR); Salmonella; traditional slaughtering; food safety

1. Introduction

Antibiotic resistance among pathogenic agents, both in animals and humans, has
become a matter of significant concern, leading to a limited duration of effectiveness
of antimicrobial compounds [1]. Furthermore, the development of new and effective
antimicrobial compounds is unlikely to occur at a sufficient rate. Consequently, we face the
inability to adopt new methods to combat bacterial pathogens—or to develop new ways
to delay the acquisition of resistance. This has been and will remain a significant issue
in therapeutics [2]. Certain authors have forecasted that by the year 2050, antimicrobial-
resistant pathogens will be accountable for causing 10 million fatalities globally [3]. Human
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contamination with these resistant bacteria represents a public health concern. There are
numerous ways in which these bacteria can contaminate humans, some of which occur
through food, particularly animal-derived foods, causing illness directly or acting as a
potential source of antibiotic resistance for human pathogens [4].

Antibiotic resistance associated with the food chain is currently a major concern for
many stakeholders in the production chain, especially the traditional ones which lack
efficient control measures. Numerous studies have demonstrated the significant role
that animal-derived products play in the occurrence of foodborne illnesses and various
microbes resistant to antimicrobial products [5,6]. Salmonella species are the most important
microbial agents responsible for foodborne illnesses, with salmonellosis still being the
most widespread type of foodborne illness affecting humans, with clinical manifestations
ranging from asymptomatic stages to severe issues [1,7,8]. Consuming contaminated food,
such as chicken, beef, pork, eggs, cheese, seafood, fruits, beverages, or vegetables, is
linked to the majority of bacterial infections [9–11]. However, most infections caused by
microbes resistant to multiple antimicrobial agents are due to the ingestion of contaminated
animal-derived foods [12].

Salmonella species are commonly encountered in the gastrointestinal tract of animals
and are widely distributed in the environment, particularly among livestock such as chick-
ens, pigs, and cattle [13]. This genus comprises two main species: S. enterica and S. bongori.
In swine, clinical salmonellosis has been predominantly associated with two serovars: S.
Choleraesuis, especially the Kunzendorf variety, and S. Typhimurium [14]. The predomi-
nant causes of the clinical disease are the S. Choleraesuis serovar, which causes systemic
disease with septicemia (frequently accompanied by pneumonia); and S. Typhimurium and
S. Enteritidis, which produce enteric disease, which is characterized by diarrhea [15,16].
Thus, S. Enteritidis and S. Typhimurium are recognized as the predominant serotypes
responsible for foodborne outbreaks [16].

Over time, shifts and developments within the pork industry may have led to new chal-
lenges and barriers in controlling Salmonella along the food chain [15,16]. Previous research
underscores the need for synchronized control strategies and standardized monitoring
programs to manage Salmonella effectively in swine [17]. Such measures are essential for
preventing clinical disease outbreaks in pigs and for protecting consumers by controlling
subclinical Salmonella carriage and shedding. As of January 2020, global pig populations
were estimated at around 677.6 million [18]. Over the past century, the pig production
industry has shifted significantly, moving from small herds to large-scale facilities that
accommodate vast numbers of animals [19,20]. The rapid expansion of intensive farming
practices may have contributed to emerging challenges in the management and control of
swine salmonellosis [21,22]. Additionally, because many infected pigs are asymptomatic
carriers, data on the incidence of Salmonella infections in pigs are scarce and frequently just
scratch the surface [23].

The prevalence of Salmonella and associated risk factors within the pig value chain
have been extensively studied in many areas throughout the United States and across the
European Union. It is now evident that infections at the farm level, in pigs intended for
slaughter, are the source of the Salmonella contamination of pig carcasses [24]. Additionally,
cross-contamination during slaughtering has been shown to play a significant role in the
presence of Salmonella in carcasses [25]. Both health and financial repercussions result from
this contamination: In the Netherlands and Germany, ingestion of infected pork or pork
products is thought to be the cause of 15–20% of human cases of Salmonella infections [25,26].
A study in Ireland [24] revealed significant Salmonella contamination in pig populations,
highlighting both the ongoing challenges of prevalence on farms and the improvements in
hygiene practices at abattoirs. The article specifically addresses the challenges of reducing
Salmonella in carcass samples and highlights the issue of antimicrobial resistance, noting
that over 40% of the strains were multidrug-resistant. The traditional rearing practices,
especially the conventional slaughtering methods employed for pork and chicken, still
practiced in Romania, albeit primarily for private consumption, may pose an elevated risk of
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contamination. However, there is a lack of available data regarding antimicrobial-resistant
strains’ potential prevalence in meat. Research endeavors are imperative, particularly
considering recent reports indicating the presence of Salmonella strains in poultry meat
exhibiting resistance to extended-spectrum cephalosporins [27]. These bacteria have been
associated with treatment failures in human cases, necessitating the utilization of alternative
antibiotics to manage infections [28,29]. The effectiveness of therapies for infections in
humans may be compromised by Salmonella strains developing antibiotic resistance and
the appearance of virulent clones, posing significant challenges in disease control and
representing a grave threat to public health worldwide [30]. Consequently, the World
Health Organization has classified Salmonella as a “priority pathogen” and aims to direct
and support scientific study and development efforts targeted at finding new antibiotics to
treat it [31,32].

Given this context, the present study aimed to evaluate the frequency, patterns of
resistance to antibiotics, and screening for resistance genes within Salmonella serovars
isolated from traditionally sourced pork meat collected from various traditional processing
facilities located in the northwestern region of Romania.

2. Materials and Methods
2.1. Collection of the Sample

The experiment involved 208 pork meat samples collected between 2019 and 2023 in
the northwest region of Transylvania (Cluj and Alba county), primarily during the winter
months when traditional slaughtering practices are prevalent in Romania. Specimens were
collected following a standardized protocol, using the destructive method (Commission
Regulation (EC) no. 1441/2007) [33]. Briefly, four tissue samples representing a total
area of 20 cm2 were excised from each carcass. These samples were then placed in an
insulated container with an ice pack and transported to the laboratory in refrigerating
storage conditions (0–4 ◦C) within 24 h.

2.2. Salmonella spp. Isolation

The isolation procedure followed the guidelines outlined in the ISO 6579:2002 [34]
standard. Briefly, using a laboratory blender (Stomacher 400, Seward Ltd., Worthing,
England, UK), 25 g of the sample was homogenized in 225 mL of buffered peptone water
for about two minutes. The sample was then incubated at 37 ◦C for 18 hours to facilitate
pre-enrichment. After that, 10 mL of Rappaport-Vassiliadis broth (Hi Media) was mixed
with 0.1 mL of the pre-enriched inoculum for selective enrichment, and the mixture was
incubated for 24 h at 42 ◦C. After enrichment, the inoculum was spread onto xylose lysine
deoxycholate (XLD) agar (Hi Media) by the loopful (10 µL) and incubated for 24 h at
37 ◦C. On XLD agar, specific Salmonella colonies (4–5 colonies/plate) were identified by
a somewhat transparent red halo with a black center around a pink-red zone. These
colonies were then subjected to additional biochemical characterization. As directed by the
manufacturer, biochemical testing using a VITEK 2 GP Immunodiagnostic Assay System
(Biomerieux/France) was also used to confirm the presence of Salmonella.

2.3. Serotyping

Commercially available antisera from the Salmonella antisera test group (Denka Seiken
Co., Ltd., Tokyo, Japan) were used for serotyping because they include particular ag-
glutinins for each Salmonella antigen. The testing was performed following the method
indicated by the manufacturer.

2.4. The Extraction of DNA from Colonies

With very minor adjustments, the manufacturer’s technique for employing InstaGene
Matrix (BIO-RAD, 732-6030) to extract bacterial DNA was followed. In summary, after
resuspending two colonies in 150 µL of 6% (w/v) Chelex resin solution (Merck, Darmstadt,
Germany), the tubes were incubated for 20 min at 56 ◦C and 1500 vibrations per minute
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using a thermomixer. Finally, the tubes were placed at 98 ◦C for 15 min. After five minutes
of centrifuging the samples at 12,000× g rpm, the supernatant was kept at −18 ◦C until it
was needed.

2.5. Salmonella spp. Differentiation and Confirmation Using Polymerase Chain Reaction (PCR)

PCR targeting the hilA (F: 5′-CGGAACGTTATTTGCGCCATGCTGAGGTAG-3′, R: 5′-
GCATGGATCCCCGCCGGCGAGATTGTG-3′) and ompC (F: 5′-ATCGCTGACTTATGCAATCG-
3′, R: 5′-CGGGTTGCGTTATAGGTCTG-3′) genes of Salmonella, as previously reported
by Modaressi and Thong [35], was utilized to confirm the identity of the presumptive
Salmonella. The amplification was carried out in a final volume of 25 µL, containing
12.5 µL of MasterMix (Bioline, London, UK), 4 µL of DNA template, 6.5 µL of PCR-grade
water (Sigma, Saint Louis, MO, USA), and 25 pmol of each primer. There was a negative
control for every experiment that used identical reagents except for the DNA template. The
positive control used was Salmonella Typhimurium ATCC 14028, provided by the regional
Sanitary Veterinary Laboratory of Cluj County, Romania. The Taq polymerase and certain
primers were used to optimize the PCR conditions. The technique included a 4 min initial
denaturation stage at 95 ◦C, 35 cycles of denaturation (30 s at 95 ◦C), annealing (30 s at
58 ◦C), and extension (1 min at 72 ◦C), and a 5 min final elongation step at 72 ◦C. Each
experiment included a negative control with the same reaction mixture but without the
DNA template.

To differentiate between Salmonella Typhimurium and Salmonella Enteritidis, a mul-
tiplex PCR assay was employed, utilizing primers specific for S. Enteritidis (ENTF: 5′-
TGTGTTTTATCTGATGCAAGAGG-3′, ENTR: 5′-TGAACTACGTTCGTTCTTCTGG-3′,
304 bp) and S. Typhimurium (STMF: 5′-TTGTTCACTTTTTACCCCTGAA-3′, STMR: 5′-
CCCTGACAGCCGTTAGATATT-3′, 401 bp), as previously described by Modaressi and
Thong (2010) [35].

A final volume of 25 µL was used for PCR reactions, which included an optimal
mixture of 1 µL of each primer, 12.5 µL of MasterMix (Bioline, London, England, UK), 4 µL
of DNA template, and 2.5 µL of PCR-grade water. A preliminary denaturation stage of
94 ◦C for 4 min was part of the PCR process. This was followed by 30 cycles of denaturation
at 94 ◦C for 30 s, annealing at 58 ◦C for 30 s, and extension at 72 ◦C for 1 min. The final
elongation step was conducted at 72 ◦C for 4 min. Strains of S. Enteritidis ATCC 13,076 and
S. Typhimurium ATCC 14,028 were utilized as positive controls, provided by the Sanitary
Veterinary Laboratory of Cluj County, Romania.

2.6. Susceptibility Testing

The isolated Salmonella strains were subjected to susceptibility testing using the stan-
dard disk diffusion technique with the Clinical and Laboratory Standards Institute’s (CLSI)
recommended practices [36]. Eleven antimicrobials, some of which are often used in both
human and animal medicine, were tested against the isolates. Ampicillin (AMP, 10 µg),
cefotaxime (CTX, 30 µg), ceftazidime (CAZ, 30 µg), ciprofloxacin (CHL, 30 µg), gentamicin
(GEN, 10 µg), nalidixic acid (NA, 30 µg), streptomycin (S, 10 µg), sulfamethoxazole (SMX,
300 µg), trimethoprim/sulfamethoxazole (SXT, 1.25/23.75 µg), and tetracycline (TET, 30 µg)
were among the antimicrobials tested. CLSI breakpoints served as the basis for the results’
interpretation.

2.7. Statistical Analysis

The chi-squared test statistical analysis was carried out using OriginPro 8.5 software
(OriginLab Corporation, Northampton, MA, USA). A significance value of p < 0.05 was
used for the results’ interpretation.
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3. Results
3.1. Prevalence and Serotype of Salmonella spp. Isolated in the Traditionally Obtained Pork Meat

Out of the 208 samples examined in this investigation, 48 isolates of Salmonella spp.,
or 23.07%, were discovered. The eight serovars of Salmonella enterica subsp. enterica that
were serotyped from all of the isolates were S. Infantis (n = 15), S. Typhimurium (n = 15), S.
Derby (n = 11), S. Virkow (n = 2), S. Brandenburg (n = 2), S. Ruzizi (n = 1), S. Muenchen
(n = 1), and S. Bredeney (n = 1). The isolates were all members of the subspecies enterica.
The serotyping results can be seen in Table 1.

Table 1. Serotype of Salmonella isolates.

Serotype No. %

Infantis 15 31.25

Typhimurium 15 31.25

Derby 11 22.91

Ruzizi 1 2.08

Virkow 2 4.16

Brandenburg 2 4.16

Bredeney 1 2.08

Muenchen 1 2.08

Total 48 100

3.2. Molecular Confirmation of Salmonella Serotype

PCR confirmation of the Salmonella isolates yielded the expected amplicon sizes
of 784 bp for the hilA gene (Figure S1, Supplementary File) and 204 bp for the ompC
gene (Figure S1, Supplementary File). These findings confirmed the presence of both
the hilA and ompC genes in all tested Salmonella isolates. Among the 48 Salmonella
isolates, 31.25% (n = 15) tested positive for the Typhimurium-specific sequence (401 bp),
while none of them were positive for the Enteritidis-specific sequence (304 bp) (Figure S2,
Supplementary File). There was consistency between the PCR assay results and traditional
serotyping in identifying S. Typhimurium.

3.3. Antimicrobial Resistance Profiles of Salmonella Isolates

The antimicrobial resistance test results for 48 Salmonella isolates are presented in
Table 2. Isolates that demonstrated resistance to three or more antimicrobials were catego-
rized as multidrug-resistant (MDR). All Salmonella isolates showed resistance to at least one
antimicrobial agent, with 45 (93.75%) being classified as multidrug-resistant (MDR). The
most commonly observed resistances were to streptomycin (91.66%), tetracycline (83.33%),
sulfamethoxazole (68.75%), and nalidixic acid (56.25%). Markedly lower resistance rates
were observed for chloramphenicol (18.75%) and ceftazidime (6.25%). None of the samples
showed resistance to gentamicin or cefotaxime. Among isolates resistant to various antimi-
crobial drugs, the serovars Infantis, Derby, and Typhimurium were the most common ones.
Fourteen of the fifteen S. Typhimurium isolates were multidrug-resistant (MDR), meaning
they were resistant to more than three antibiotics (Table 3). It was found that there were
24 distinct resistance patterns among the 46 MDR Salmonella isolates, the majority of which
were represented by two strains. The majority of the isolates—more than 60%—resisted five
or more antibiotics. Two isolates (one isolate of S. Brandenburg and an S. Virkow isolate)
were resistant to seven antimicrobials, and one strain of S. Bredeney showed resistance to
eight antimicrobials, the greatest number of resistance characteristics among all isolates.
Table 3 lists the patterns of antimicrobial resistance that isolates of Salmonella displayed.
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Table 2. Antimicrobial resistance in isolates of Salmonella from pork meat.

Antibiotic Number of Resistant and Intermediate Resistant Strains (n = 48)

B-lactams

Ampicillin 18 (37.5) 0

Cefotaxime 0 0

Ceftazidime 7 (14.58) 0

Aminoglycosides

Gentamycin 0 0

Streptomycin 34 (70.83) 0

Sulfonamides

Sulfamethoxazole 37 (77.08) 0

Sulfamethoxazole/Trimethoprim 8 (16.66) 0

Quinolones and fluoroquinolones

Nalidixic acid 12 (25) 0

Ciprofloxacin 4 (8.33) 11 (22.91)

Tetracycline 45 (83.33) 0

Chloramphenicol 12 (25) 7 (14.58)

Table 3. Patterns of antimicrobial resistance displayed by isolates of Salmonella.

Multiple-Resistant Pattern Serovar Resistance Pattern No. of Isolates (%)

One type of antimicrobial Typhimurium AMP 1 (2.08)

Two types of antimicrobials Infantis AMP, S 1 (2.08)

Derby AMP, S 1 (2.08)

Three types of antimicrobials

Typhimurium, Infantis SMX, NA, S 3 (6.25)

Derby SXT, AMP, TET 1 (2.08)

Derby, Typhimurium SMX, S, TET 2 (4.16)

Ruzizi S, AMP, TET 1 (2.08)

Infantis S, SMX, CAZ 1 (2.08)

Infantis SXT, AMP, SMX 1 (2.08)

Four types of antimicrobials

Derby S, NA, CIP, TET 4 (8.33)

Infantis, Derby, Virkow, Muenchen SXT, NA, S, TET 4 (8.33)

Infantis, Typhimurium SMX, AMP, S, TET 3 (6.25)

Five types of antimicrobials

Derby, Infantis S, NA, CIP, SMX, TET 5 (10.41)

Infantis SMX, NA, CIP, TET, SXT 2 (4.16)

Typhimurium SMX, CHL, S, AMP, TET 2 (4.16)

Typhimurium SMX, S, AMP, TET, SXT 4 (8.33)

Derby SMX, NA, S, CHL, TET 2 (4.16)

Derby SMX, NA, S, SXT, TET 2 (4.16)

Typhimurium SMX, NA, S, CHL, TET 1 (2.08)

Typhimurium SXT, NA, S, CAZ, TET 2 (4.16)

Brandenburg SMX, S, CIP, AMP, TET 1 (2.08)

Six types of antimicrobials

Derby, Infantis SMX, S, CHL, AMP, TET, SXT 2 (4.16)

Typhimurium, SMX, S, CHL, AMP, SXT, TET 2 (4.16)

Infantis SMX, NA, S, AMP, SXT, TET 1 (2.08)
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Table 3. Cont.

Multiple-Resistant Pattern Serovar Resistance Pattern No. of Isolates (%)

Seven types of antimicrobials
Brandenburg SMX, NA, S, CIP, AMP, SXT, TET 1 (2.08)

Virkov SMX, NA, S, CIP, SXT, TET 1 (2.08)

Eight types of antimicrobials Bredeney SMX, NA, S, CIP, CHL, SXT, TET 1 (2.08)

Total 48 (100%)

SMX, sulfamethoxazole; NA, nalidixic acid; CIP, ciprofloxacin; S, streptomycin; TET, tetracycline; AMP, ampi-
cillin; SXT, Sulfamethoxazole/Trimethoprim; CHL-chloramphenicol; CAZ, ceftazidime; GEN, gentamicin;
CTX, cefotaxime.

4. Discussion

Between 2017 and 2020, the percentage of pork carcasses in the European Union that
tested positive for Salmonella varied between 3.1% and 3.9% [37]. Our study has revealed
a prevalence of Salmonella spp. isolates in pig carcasses of 23.07%, which, compared to
other studies conducted in European countries, is significantly higher. For instance, Spain
reported the highest frequency of Salmonella-positive pork carcasses in 2020 at 14.3% [38].

Compared to other studies from certain non-European countries, our results showed
similar prevalences of Salmonella. For instance, Yokozawa et al. (2016) [39] reported a 25.0%
prevalence of Salmonella in pig carcasses in Vietnam, and Jiu et al. (2020) [40] recorded a
22.9% prevalence in pigs, including carcasses, at commercial slaughterhouses in China. The
higher prevalence observed in our study is likely attributable to the collection of samples
from carcasses obtained through traditional slaughtering methods, which pose significant
hygiene risks during the dressing and evisceration processes.

The most commonly reported Salmonella serotypes in people in the EU were S. Enteri-
tidis, S. Typhimurium, S. Infantis, and S. Derby, according to the EFSA & ECDC (2021) [39].

The serotypes Enteritidis and Typhimurium, which are frequently connected to con-
suming pork-containing meals, have been connected to human salmonellosis outbreaks
as well as occasional cases. Among 18 pork-related salmonellosis outbreaks, 61.1% were
caused by these strains [40]. Despite S. Derby being the fifth most common serotype in
human infections and accounting for 21.3% of pork isolates, it caused only 1.2% of human
salmonellosis cases. Goldcoast and Muenchen, two more uncommon serotypes, have also
been connected to diseases associated with pork [41].

PCR offers a cost-effective and rapid method for confirming the presence of Salmonella,
as shown also by the protocol applied in this study, complementing traditional culture tech-
niques. In this research, the confirmation of presumptive Salmonella relied on the detection
of the hilA and ompC genes, both of which are highly specific to S. enterica [35]. The use of
specific primers for S. Enteritidis and S. Typhimurium enabled swift identification of these
common serovars. In our study, the PCR method indicated that a significant proportion
(31.25%; n = 15) tested positive for the S. Typhimurium-specific sequence. However, the
PCR method did not detect any positive samples for the S. Enteritidis-specific sequence,
thereby corroborating the results obtained through the classical serotyping protocol. The
results have evidenced that the highest prevalences among Salmonella serotypes in pork car-
casses obtained from traditional slaughtering in Romania are reached by Infantis (31.25%)
and Typhimurium (31.25%), which pose great health concerns for human consumption.
The S. Derby serotype, which is said to be most common in pork specimens, was isolated
in 11 (22.91%) samples. Molecular confirmation via PCR provided robust validation of
traditional serotyping methods, reinforcing the study’s reliability. The ability to quickly
detect S. Typhimurium highlights the importance of molecular techniques in outbreak
response. However, the absence of S. Enteritidis in the isolates, despite its prominence in
human infections, raises questions about the ecological niche and transmission dynamics
of Salmonella in local pork production systems. Further studies are warranted to explore
this discrepancy and assess the broader implications for public health.
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The primary concern with these bacteria extends beyond the diseases they cause
in humans to include their increasingly troubling resistance profiles observed over re-
cent decades. Intensive farming practices and the absence of robust antibiotic therapy
surveillance systems in traditional farming have frequently resulted in the extensive use
of antimicrobials. This has led to widespread antimicrobial resistance (AMR) among mi-
croorganisms isolated from food-producing animals. This resistance can be transmitted
to humans through direct contact or consumption of animal-derived food products [42].
In many studies, Salmonella isolates from pork were commonly resistant to ampicillin, sul-
famethoxazole, and tetracycline, reflecting their long-term use in treating pig infections. In
2018/2019, resistance rates for these antimicrobials in Salmonella isolates from pig carcasses
were 52.7%, 52.1%, and 48.9%, respectively [37]. According to the European Medicines
Agency, these antimicrobials are categorized as Category D (Prudence) and should be used
as first-line treatments only when necessary [43].

In this study, many isolates exhibited resistance to tetracycline (83.33%) and strepto-
mycin (91.66%), consistent with findings from previous studies [44]. The high resistance
rates to these antibiotics are expected, given their extensive use in the Romanian hus-
bandry industry [27]. Interestingly, more than half of the isolates had multidrug-resistant
(MDR) profiles; MDR Salmonella infections were more common throughout the process of
slaughtering. Improved sanitation control strategies in traditional farming systems and
slaughtering are essential to enhance the safety of animal products. The alarming rise in
resistance to sulfamethoxazole and trimethoprim, essential antimicrobials for treating bac-
terial infections in humans and animals, is particularly concerning. Despite the prohibition
or restriction of unsupervised antibiotic treatment in livestock in many countries, including
Romania, this issue persists, raising questions about the effectiveness of these regulatory
systems. This study underscores the critical need for rigorous antimicrobial stewardship
in Romanian pig farming, along with stringent hygienic practices to prevent microbial
contamination. It highlights the urgent necessity for more effective measures, especially
regarding traditional slaughtering practices common in Romania, to mitigate antimicrobial
resistance and promote sustainable farming practices.

5. Conclusions

The study demonstrates a significant prevalence of Salmonella spp. in traditionally
obtained pork meat, with 23.07% of 208 samples testing positive. Eight serovars were iden-
tified, notably S. Infantis and S. Typhimurium, each present in 15 isolates. The molecular
confirmation using PCR indicated that 31.25% of isolates were positive for S. Typhimurium,
while none were positive for S. Enteritidis, validating the traditional serotyping results.
Alarmingly, 93.75% of the isolates exhibited multidrug resistance, primarily to antibiotics
such as streptomycin and tetracycline, raising serious public health concerns. The antimi-
crobial resistance (AMR) profiles of these isolates showed extensive resistance, particularly
to tetracycline and streptomycin, with over 93% of isolates classified as multidrug-resistant
(MDR). This resistance is likely due to the extensive use of antimicrobials in the Romanian
husbandry industry. The study underscores the critical need for improved antimicrobial
stewardship and stringent hygienic practices, particularly in traditional slaughtering pro-
cesses, to mitigate the spread of AMR and ensure the safety of animal products. Enhanced
sanitation control strategies in traditional slaughtering systems are essential to address this
public health concern and promote sustainable farming practices.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/microorganisms12112196/s1: Figure S1: The electrophoretic
profile of the hilA gene (784 bp) and the ompC gene (204 bp) characteristic for Salmonella spp. Confir-
mation; Figure S2: The electrophoretic profile of the S. Typhimurium-specific sequence (401 bp).

https://www.mdpi.com/article/10.3390/microorganisms12112196/s1
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