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ABSTRACT

Background and Aim: Salmonella is an important foodborne pathogen associated with livestock and contamination of meat
during slaughter and processing. Cattle may harbor Salmonella without apparent clinical signs, creating opportunities for
carcass contamination and subsequent entry into the food chain. This study aimed to determine the occurrence, serotype
distribution, and antimicrobial resistance profiles of Salmonella recovered from paired fecal and carcass samples of
slaughtered cattle in Algeria and to assess contamination patterns within paired samples.

Materials and Methods: A cross-sectional study was conducted on 319 cattle at two slaughterhouses in Algiers, Algeria.
Paired fecal and carcass samples were collected from each animal, yielding 638 samples. Salmonella isolation and
identification were performed using bacteriological procedures, followed by serotyping of recovered isolates. Antimicrobial
susceptibility was evaluated phenotypically against the antimicrobial agents included in the study, and multidrug resistance
(MDR) was assessed. Results from paired fecal and carcass samples were compared to characterize the distribution of
Salmonella at the animal level.

Results: Salmonella was detected in 48/638 (7.52%) samples, corresponding to 44/319 (13.8%) cattle with at least one
positive sample. Positive isolates were recovered from both fecal and carcass samples, demonstrating the presence of
Salmonella at slaughter and contamination of carcass surfaces. Salmonella Anatum was the predominant serotype among
the recovered isolates. Paired sample findings showed discordance between fecal and carcass positivity in several animals,
indicating that fecal detection alone did not fully reflect carcass contamination status. Antimicrobial susceptibility profiles
varied among serotypes. Of particular concern, all six Salmonella Kentucky isolates exhibited MDR phenotypes, including
resistance to fluoroquinolones.

Conclusion: The detection of Salmonella in slaughtered cattle and on carcass surfaces highlights its relevance to meat hygiene
and food safety in Algeria. The paired sampling approach provided complementary information on intestinal carriage and
carcass contamination and represents a major strength of the study. The occurrence of MDR S. Kentucky, particularly with
fluoroquinolone resistance, emphasizes the need for strengthened slaughter hygiene, integrated antimicrobial resistance
surveillance, and molecular characterization of resistant isolates to clarify their genetic relatedness and potential
transmission pathways.

Keywords: antimicrobial resistance, carcass contamination, cattle, food safety, multidrug resistance, paired sampling,
Salmonella, slaughterhouse.

INTRODUCTION

Non-typhoidal Salmonella (NTS) is an important cause of disease with substantial public health and
socioeconomic consequences [1]. NTS is the second most frequently reported foodborne gastrointestinal
infection after campylobacteriosis and remains a leading cause of foodborne diarrheal disease worldwide [2].
Most NTS infections manifest as enteric disease, primarily gastroenteritis; however, invasive and severe infections
may occur, particularly in immunocompromised individuals [3]. Transmission to humans occurs predominantly
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through the consumption of contaminated foods of animal origin, with approximately 94% of cases attributed to
this route [1]. Salmonella is widely distributed across human, animal, and environmental reservoirs [4]. In cattle,
infection is frequently subclinical, although enteritis, septicemia, and abortion may occur [5]. Asymptomatic
carriers constitute an important epidemiological reservoir, facilitating persistence and dissemination of the
pathogen within herds and posing a potential risk of transmission to humans through the meat production chain
[5]. Moreover, the distribution of Salmonella serotypes varies considerably among farms, regions, and countries,
complicating surveillance and control strategies [5]. This challenge is further intensified by the increasing
emergence of antimicrobial resistance, which represents a major global public health concern because it can
compromise therapeutic options and complicate the management of infections and outbreaks [2].

In Algeria, previous studies have demonstrated the presence and circulation of Salmonella spp. in cattle
populations. Reported prevalence rates of 0.97% and 7.6% have been documented in Khenchla and Algiers,
respectively [6, 7]. Investigations conducted in the Blida region have also demonstrated substantial bacterial
contamination of carcasses at slaughterhouses [8]. Similarly, studies from Egypt have indicated that Salmonella
contamination of carcasses may be associated with slaughterhouse environments and handling practices [9]. In
2018, a Salmonella prevalence of 10.17% was reported among cattle and sheep sampled at abattoirs in Algiers,
with contamination detected more frequently on carcasses than in fecal samples [10]. Collectively, these findings
demonstrate the relevance of Salmonella at the livestock—slaughterhouse interface and emphasize the need to
better characterize its occurrence and antimicrobial resistance within the cattle meat production chain.

Despite the available evidence, important epidemiological gaps remain. Most previous investigations
conducted in Algeria and elsewhere in North Africa evaluated fecal and carcass samples independently rather
than using matched samples obtained from the same animal. Consequently, the relationship between intestinal
carriage and carcass contamination at the individual animal level remains insufficiently characterized.
Independent sampling also limits the ability to determine whether the same serotype and antimicrobial resistance
phenotype occurs in both fecal and carcass isolates from an individual animal. Although paired sampling cannot
by itself establish a definitive transmission pathway, it provides a stronger framework for evaluating concordance
and discordance between intestinal carriage and carcass contamination and for identifying patterns that may
warrant subsequent molecular investigation. In addition, information regarding associations between Salmonella
detection and individual or epidemiological characteristics, including age, herd origin, geographic provenance,
and clinical status at slaughter, remains limited in Algeria. These knowledge gaps are particularly relevant within
a One Health framework, which recognizes the interconnectedness of animal, human, and environmental health
[11]. Furthermore, although Salmonella Anatum has been reported in Algeria and multidrug-resistant (MDR)
Salmonella Kentucky has emerged in the region, their occurrence and antimicrobial resistance profiles have not
been adequately characterized using a paired fecal-carcass sampling approach. Therefore, an integrated
assessment combining paired sampling, serotyping, and antimicrobial susceptibility testing is needed to better
characterize Salmonella contamination at the animal—carcass interface and its potential food safety implications.

Therefore, this study aimed to determine the occurrence, serotype distribution, and antimicrobial resistance
profiles of Salmonella isolated from paired fecal and carcass samples collected from slaughtered cattle in the
Greater Algiers area, Algeria. Specifically, the study evaluated the concordance of Salmonella detection,
serotypes, and antimicrobial resistance patterns between matched fecal and carcass isolates obtained from the
same animal and assessed associations between Salmonella positivity and available animal- and origin-related
factors. Through this paired sampling approach, the study sought to characterize contamination patterns at the
animal—carcass interface without inferring definitive transmission pathways and to generate epidemiological
evidence relevant to slaughter hygiene, antimicrobial resistance surveillance, food safety, and One Health—
oriented control strategies.

MATERIALS AND METHODS
Ethical approval

Ethical approval for animal experimentation was not required because the study did not involve procedures
performed on live animals. All fecal and carcass samples were collected after slaughter as part of routine
slaughterhouse procedures. Sample collection did not involve additional interventions in live animals and did not
affect carcass quality, safety, or commercial value.

Study period and location

The study was conducted from January 21 to June 26, 2023, at two slaughterhouses in the Greater Algiers
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area, Algeria: El Eucalyptus and El Harrach. El Eucalyptus served as the principal sampling site because of its higher
slaughter activity, with 301 of the 319 cattle sampled at this facility, whereas 18 cattle were sampled at El Harrach.
Sampling was performed according to animal availability during the study period.

Study design

A cross-sectional study with a paired sampling design was conducted to assess the occurrence of Salmonella
spp. in cattle at slaughter. The paired design enabled direct within-animal comparison of fecal and carcass samples
and evaluation of concordance in Salmonella isolation, serotype distribution, and antimicrobial resistance profiles.
A total of 319 cattle of varying ages and geographic origins were included. Most animals originated from different
regions of Algeria, whereas a small proportion were imported from France. Paired fecal and carcass samples were
obtained from each animal, resulting in 638 samples. Available animal level information, including age, sex, origin,
import status, and observed clinical signs, was recorded for epidemiological analysis.

Sample collection

For each of the 319 cattle, paired fecal and carcass samples were collected at the time of evisceration.
Carcass sampling was performed at four anatomical sites (neck, brisket, flank, and rump) using dry and wet swabs
moistened with buffered peptone water (BPW), in accordance with ISO 17604:2015 [12]. Eight swabs were used
for each carcass, comprising one dry and one wet swab for each of four anatomical sampling sites. The eight swabs
were subsequently pooled and processed as a single composite carcass sample.

A fresh fecal sample was collected aseptically directly from the rectum of each animal. All samples were
placed in sterile containers, transported to the laboratory under refrigerated conditions at approximately 4°C, and
processed within 24 h of collection. An individual data sheet was completed for each animal to record age, sex,
geographic origin, and observed clinical signs, particularly those associated with digestive disorders. Both
apparently healthy and clinically suspect cattle were therefore represented in the study population, allowing
assessment of Salmonella detection in animals with different clinical presentations.

Isolation and identification of Salmonella spp.

Isolation and identification of Salmonella spp. were performed at the Laboratory of Enterobacteria and Other
Related Bacteria, Institute Pasteur of Algeria (IPA), Algiers, Algeria, using conventional microbiological methods.
Fecal samples were suspended in 0.9% physiological saline solution. Selective enrichment was subsequently
performed in Selenite F broth (SFB; IPA), using a few drops of the resulting suspension, followed by incubation
at 35°C for 24 h. In parallel, samples were streaked onto Hektoen agar for selective isolation.

Carcass swabs previously incubated in BPW for pre-enrichment according to 1ISO 17604:2015 [12] were
subjected to the same subsequent procedure, including selective enrichment in SFB broth followed by isolation
on Hektoen agar. Presumptive Salmonella colonies were characterized using conventional biochemical tests,
including Triple Sugar Iron agar (Institute Pasteur of Algeria) (IPA), Algiers, Algeria, indole-urea, lysine
decarboxylase (LDC), and ortho-nitrophenyl-B-D-galactopyranoside (ONPG) tests (IPA), Algiers, Algeria. Isolates
exhibiting biochemical profiles compatible with Salmonella were confirmed using the APl 20E identification
system (bioMérieux, Marcy- L’Etoile, France).

Serotyping

Confirmed Salmonella isolates were serotyped by slide agglutination using commercially available polyvalent
and monovalent antisera directed against somatic (O) and flagellar (H) antigens (Bio-Rad, California, United
States). Serotypes were identified according to the Kauffmann—White scheme [13].

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using the standard disk diffusion method on Mueller—
Hinton agar (IPA), Algiers, Algeria, in accordance with the 2024 Clinical and Laboratory Standards Institute (CLSI)
recommendations [14]. Following inoculation, plates were incubated at 35°C for 24 h, and inhibition-zone
diameters were interpreted according to the applicable CLSI criteria. Colistin was tested by disk diffusion for
phenotypic screening. Escherichia coli ATCC 25922 was used as the quality-control strain.

The antimicrobial panel comprised ampicillin (10 pg), piperacillin (100 pg), ticarcillin (75 pg), cefazolin (30
ug), amoxicillin-clavulanic acid (20/10 pg), cefoxitin (30 pug), ceftazidime (30 ug), ceftriaxone (30 pg), cefotaxime
(30 pg), aztreonam (30 ug), cefepime (30 pg), imipenem (10 ug), meropenem (10 ug), ertapenem (10 pg), colistin
(10 pg), chloramphenicol (30 pg), tetracycline (30 pg), kanamycin (30 pg), gentamicin (10 pg), tobramycin (10 ug),
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amikacin (30 pg), streptomycin (10 pg), netilmicin (30 pg), sulfonamides (300 pg), trimethoprim (5 ug),
cotrimoxazole (1.25/23.75 pug), nalidixic acid (30 pg), norfloxacin (10 ug), ciprofloxacin (5 pg), fosfomycin (200 pg),
azithromycin (15 pg), and nitrofurantoin (300 pg) (Bio-Rad, Hercules, CA, USA). Isolates resistant to at least one
antimicrobial agent in three or more antimicrobial classes were classified as MDR.

For epidemiological analysis of antimicrobial susceptibility profiles, isolates categorized as intermediate were
grouped with resistant isolates and collectively considered non-susceptible. This approach was used specifically
to characterize patterns of reduced susceptibility within the study population. The original CLSI distinction
between intermediate and resistant categories was retained for the primary susceptibility interpretation.

Statistical analysis

Statistical analyses were performed using R software (R Core Team, 2025) [15]. Fecal and carcass Salmonella
contamination statuses were analyzed as binary outcomes together with the available quantitative and qualitative
explanatory variables. Associations between categorical variables were assessed using the chi-square test or
Fisher’s exact test when expected cell frequencies were low. Because fecal and carcass samples were obtained
from the same animals, McNemar’s test was used to compare paired fecal and carcass contamination status.

Binary logistic regression models were used to evaluate potential factors associated with Salmonella
carriage, with age, clinical signs, and import status included as explanatory variables. Odds ratios (ORs) and
corresponding 95% confidence intervals (Cls) were calculated to estimate the magnitude of associations.
Statistical significance was set at p < 0.05.

RESULTS
Prevalence of Salmonella spp. in cattle fecal and carcass samples

A total of 638 samples, comprising 319 fecal and 319 carcass samples collected as 319 matched pairs from
319 cattle, were examined. Salmonella spp. were detected in 44/319 cattle, corresponding to an animal level
prevalence of 13.8%, and in 48/638 samples, corresponding to a sample-level prevalence of 7.52%. The paired
distribution of Salmonella detection in fecal and carcass samples is presented in Table 1.

Among the 319 carcass samples, 29 (9.09%; 95% Cl: 6.40—12.75%) were positive for Salmonella spp., whereas
19/319 fecal samples (5.96%; 95% Cl: 3.85-9.11%) were positive. McNemar’s test showed no significant difference
between fecal and carcass positivity (x2 = 2.025, p = 0.155). Paired analysis showed that 25 cattle were positive
only in carcass samples, 15 were positive only in fecal samples, and four were positive in both sample types. Thus,
substantial discordance was observed between fecal carriage and carcass contamination at the individual animal
level. This finding indicates that detectable fecal carriage alone did not account for all carcass-positive results,
although the study design does not establish specific contamination pathways.

Of the 48 Salmonella-positive samples, 29 (60.41%) were carcass samples and 19 (39.58%) were fecal
samples. All positive samples originated from cattle sampled at the El Eucalyptus slaughterhouse, whereas no
Salmonella-positive samples were detected among cattle sampled at the El Harrach slaughterhouse. This finding
should be interpreted in view of the markedly smaller number of cattle sampled at El Harrach.

Table 1: Paired distribution of Salmonella spp. detection in fecal and carcass samples at the animal level (n = 319 cattle).

Fecal result Positive carcass Negative carcass Total
Positive 4 15 19

Negative 25 275 300
Total 29 290 319

Each animal contributed one fecal sample and one carcass sample. Animal level prevalence was calculated using the total number of cattle (n = 319), whereas
sample-level prevalence was calculated using the total number of samples (n = 638).

Prevalence and distribution of Salmonella serotypes

Among the 48 Salmonella isolates, 40 (83.3%) were identified as S. Anatum, making it the predominant
serotype detected in this study (Figure 1). The proportion of S. Anatum isolates was significantly higher than that
of the other detected serotypes (p < 0.05). S. Kentucky was the second most frequently identified serotype,
accounting for 6/48 isolates (12.5%), whereas S. Braenderup and S. Infantis were each represented by one isolate
(2.1%).

Among the 19 isolates recovered from fecal samples, 16 (84.2%) were identified as S. Anatum and three
(15.8%) as S. Kentucky. Among the 29 carcass isolates, 24 (82.8%) were S. Anatum, three (10.3%) were S. Kentucky,
one (3.4%) was S. Infantis, and one (3.4%) was S. Braenderup.
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Four cattle were positive for Salmonella in both fecal and carcass samples. ldentical serotypes were
recovered from both sample types in all four cattle, comprising three paired detections of S. Anatum and one
paired detection of S. Kentucky. These paired findings enabled within-animal comparison of serotype concordance
but do not establish genetic identity between the corresponding isolates.

2% _ 2%

‘ = S. Anatum

u S. Kentucky
S. Infantis

= S. Braenderup

Figure 1: Distribution of Salmonella serotypes among the 48 isolates.

Factors associated with Salmonella contamination

The associations between Salmonella positivity and the investigated explanatory variables, including age,
digestive symptoms, and import status, were evaluated using binary logistic regression (Table 2). None of the
investigated variables was significantly associated with Salmonella positivity (all p > 0.05). The limited number of
Salmonella-positive cattle (n = 44) may have reduced the statistical power to identify potential associations.

Table 2: Association between selected variables and Salmonella contamination in cattle.

Parameter Positive, n Negative, n OR (95% Cl) p-value
Age (months)
<24 31 201 0.87 (0.44-1.77) 0.7
>24 13 74
Digestive symptoms
Yes 9 55 1.02 (0.47-2.26) 0.9
No 35 220
Imported
Yes 2 25 0.47 (0.10-2.10) 0.3
No 42 250

Cl = Confidence interval; OR = Odds ratio.

Antimicrobial susceptibility profile

The antimicrobial susceptibility profiles of the 48 Salmonella isolates are presented in Table 3. All isolates
were susceptible to cefoxitin, ceftazidime, ceftriaxone, cefotaxime, aztreonam, imipenem, meropenem,
ertapenem, colistin, chloramphenicol, netilmicin, trimethoprim, cotrimoxazole, and fosfomycin.

Among the clinically important antimicrobials for which non-susceptible isolates were detected, 14.6% of
isolates were categorized as resistant to ciprofloxacin, 12.5% to gentamicin, 8.3% to amoxicillin-clavulanic acid,
and 2.1% each to cefepime and azithromycin. The highest proportions of resistance were observed for
streptomycin (50.0%), nitrofurantoin (33.3%), and tetracycline (22.9%). For the epidemiological analysis
presented in Table 3, isolates categorized as intermediate were grouped with resistant isolates, as specified in the
Materials and Methods.

Multidrug resistance

The distribution of Salmonella isolates according to the number of antimicrobial classes to which they
exhibited resistance is shown in Table 4. Sixteen of the 48 isolates (33.3%) were fully susceptible to all
antimicrobial classes evaluated, whereas 15 (31.3%) showed resistance to one class and 10 (20.8%) to two classes.
MDR, defined as resistance to at least one antimicrobial agent in three or more antimicrobial classes, was
identified in 7/48 isolates (14.6%). These comprised all six S. Kentucky isolates and one S. Anatum isolate.

Within-animal comparison of antimicrobial resistance profiles

Antimicrobial resistance profiles were compared between fecal and carcass isolates recovered from the four
cattle that were positive in both sample types. One animal yielded paired S. Anatum isolates that were fully
susceptible in both fecal and carcass samples. Another animal yielded S. Kentucky isolates with MDR phenotypes
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in both sample types. The remaining two cattle yielded paired S. Anatum isolates with discordant resistance
profiles (Table 5). These findings demonstrate both concordant and discordant phenotypic antimicrobial
resistance patterns among matched isolates obtained from the same cattle.

Table 3: Antimicrobial susceptibility profile of Salmonella isolates (n = 48).

Antimicrobial class Antimicrobial Susceptible isolates, n (%) Resistant/non-susceptible isolates, n (%)
B-lactams Ampicillin 42 (87.5) 6 (12.5)
Piperacillin 42 (87.5) 6(12.5)
Ticarcillin 42 (87.5) 6 (12.5)
B-lactam/B-lactamase inhibitor ~ Amoxicillin-clavulanic acid 44 (91.7) 4(8.3)
Cephalosporins Cefazolin 41 (85.4) 7 (14.6)
Cefoxitin 48 (100.0) 0(0.0)
Ceftazidime 48 (100.0) 0(0.0)
Ceftriaxone 48 (100.0) 0(0.0)
Cefotaxime 48 (100.0) 0(0.0)
Cefepime 47 (97.9) 1(2.1)
Monobactams Aztreonam 48 (100.0) 0(0.0)
Carbapenems Imipenem 48 (100.0) 0(0.0)
Meropenem 48 (100.0) 0(0.0)
Ertapenem 48 (100.0) 0(0.0)
Polymyxins Colistin 48 (100.0) 0(0.0)
Ampbhenicols Chloramphenicol 48 (100.0) 0(0.0)
Tetracyclines Tetracycline 37(77.1) 11 (22.9)
Aminoglycosides Kanamycin 47 (97.9) 1(2.1)
Gentamicin 42 (87.5) 6(12.5)
Tobramycin 47 (97.9) 1(2.1)
Amikacin 47 (97.9) 1(2.1)
Streptomycin 24 (50.0) 24 (50.0)
Netilmicin 48 (100.0) 0(0.0)
Sulfonamides Sulfonamides 42 (87.5) 6(12.5)
Diaminopyrimidines Trimethoprim 48 (100.0) 0(0.0)
Folate pathway inhibitors Cotrimoxazole 48 (100.0) 0(0.0)
Quinolones Nalidixic acid 42 (87.5) 6 (12.5)
Fluoroquinolones Norfloxacin 42 (87.5) 6(12.5)
Ciprofloxacin 41 (85.4) 7 (14.6)
Phosphonic acid derivatives Fosfomycin 48 (100.0) 0(0.0)
Macrolides Azithromycin 47 (97.9) 1(2.1)
Nitrofurans Nitrofurantoin 32 (66.7) 16 (33.3)

n = Number of isolates. Intermediate isolates were grouped with resistant isolates for epidemiological assessment of non-susceptibility.

Table 4: Distribution of Salmonella isolates according to the number of antimicrobial classes showing resistance (n = 48).

Number of antimicrobial classes Serotype distribution Isolates, n Percentage (%)
0 (fully susceptible) S. Infantis (n = 1); S. Braenderup (n = 1); S. Anatum (n = 14) 16 33.3
1 class S. Anatum 15 313
2 classes S. Anatum 10 20.8
>3 classes (MDR) S. Kentucky (n = 6); S. Anatum (n=1) 7 14.6
Total 48 100

MDR = Multidrug-resistant, defined as resistance to at least one antimicrobial agent in three or more antimicrobial classes; n = Number of isolates.

Table 5: Within-animal comparison of antimicrobial resistance profiles among paired Salmonella isolates (n = 4 cattle).

Animal Serotype Fecal isolate profile Carcass isolate profile
1 S. Anatum Fully susceptible Fully susceptible

2 S. Anatum Resistant to 1 class Resistant to 2 classes
3 S. Anatum TET, STR TET, NIT

4 S. Kentucky MDR (23 classes) MDR (23 classes)

MDR = Multidrug-resistant; NIT = Nitrofurantoin; STR = Streptomycin; TET = Tetracycline.

DISCUSSION
Prevalence of Salmonella spp. and value of paired sampling

To our knowledge, this study is among the first investigations conducted in slaughterhouses in the Greater
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Algiers area to use a paired fecal—carcass sampling approach for Salmonella spp. in cattle. By analyzing fecal and
carcass samples collected from the same animals, this design enabled direct assessment of concordance and
discordance in Salmonella detection at the individual animal level and provided epidemiological information that
cannot be obtained from conventional unpaired sampling strategies.

In the present study, 638 samples collected from 319 cattle yielded 48 Salmonella isolates, corresponding to
an overall sample-level prevalence of 7.52%. This value falls within the broad range reported in previous
investigations, including approximately 2% in Europe and 16% in North America [16]. Comparable estimates have
been reported in different geographic and epidemiological settings. A prevalence of 5.7% was reported in bovine
meat in Tunisia [17], whereas a systematic review and meta-analysis involving slaughtered cattle from 21
countries reported a prevalence of 8.3% [18]. In Nigerian abattoirs, a prevalence of 4.8% was reported in cattle
samples, whereas environmental samples showed a higher prevalence of 15.5%, suggesting that the
slaughterhouse environment may contribute to Salmonella dissemination [19].

Other studies have reported prevalence rates of 14% in Australian cattle [20] and 12% in slaughtered cattle
in Ethiopia [21]. Long-term surveillance in Italy demonstrated an increase in Salmonella prevalence from 3.27%
during 2011-2015 to 9.61% during 2016—2021 [22]. Lower and higher prevalence estimates have also been
reported in foods of animal origin in Morocco (3.01%) [23] and retail meat in China (18.08%) [24], respectively. In
Algeria, a previous investigation reported an overall prevalence of 14.28% in cattle sampled at Algiers
slaughterhouses [10], whereas another Algerian study conducted in 2021 reported a herd-level prevalence of
13.48% and a sample-level prevalence of 2.18% among cattle from dairy farms in Tizi Ouzou [25]. Differences
among studies may reflect variation in animal origin, geographic setting, sample type, sampling strategy,
microbiological methods, management practices, and slaughterhouse conditions. Direct comparison should
therefore be interpreted cautiously because the studies differed substantially in design and denominator.

Fecal carriage and carcass contamination

The prevalence of Salmonella in fecal samples in the present study was 5.96% (19/319), with fecal isolates
accounting for 39.58% of all positive samples. Previous investigations have generally reported relatively low fecal
detection rates, including 2.18% in Algeria [25] and 1.4% in cattle from Montreal [26]. Differences in fecal
detection may partly reflect variation in bacterial shedding, sampling procedures, and microbiological recovery
methods. Intermittent or low-level fecal shedding may reduce the probability of detecting Salmonella at a single
sampling time, while enrichment procedures, selective media, and isolation sensitivity can further influence
bacterial recovery [25].

In contrast, Salmonella spp. were detected in 29/319 carcass samples, corresponding to a prevalence of
9.09%, and carcass isolates accounted for 60.41% of all positive samples. A previous Algerian investigation
reported Salmonella contamination in 10% of cattle carcasses compared with 1.11% of sheep carcasses [27].
Another study conducted in Algeria in 2009 also reported higher contamination in carcass than fecal samples from
cattle and sheep [27]. However, direct comparison with the present study is limited because detailed information
regarding pairing of samples in the earlier study was not available. The paired sampling design used here
represents an important methodological strength because it permits direct comparison between fecal carriage
and carcass contamination within the same animal rather than across unrelated sample populations.

Although carcass positivity was numerically higher than fecal positivity, McNemar’s test showed that the
difference between the paired sample matrices was not statistically significant (x? = 2.025, p = 0.155). Therefore,
the present findings do not demonstrate a statistically significant difference in Salmonella detection between fecal
and carcass samples. Nevertheless, considerable discordance was observed at the individual animal level: several
carcasses were positive when the corresponding fecal samples were culture-negative. This finding indicates that
detectable fecal carriage at the time of slaughter did not account for all carcass-positive results.

The discordance between fecal and carcass samples may have several explanations. Culture-negative fecal
samples may occur because of intermittent or low-level shedding or differences in bacterial recovery between
sample types. In addition, carcass contamination may potentially arise from slaughter-related sources, including
contact with contaminated equipment, surfaces, handling procedures, or the slaughterhouse environment [25].
However, because this was an observational study and environmental samples were not included in the paired
analysis, specific contamination sources or transmission pathways cannot be established. Farm-level
investigations have similarly demonstrated that environmental hygiene, animal density, and other management
factors may contribute to the persistence and dissemination of Salmonella spp. before slaughter [28].
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Concordance of paired fecal and carcass isolates

Simultaneous detection of Salmonella spp. in both fecal and carcass samples occurred in four cattle,
representing 9.09% (4/44) of the Salmonella-positive animals. Three of these cattle yielded S. Anatum from both
matrices, whereas one yielded S. Kentucky from both fecal and carcass samples. Recovery of the same serotype
from paired samples within an animal is compatible with a possible contribution of fecal contamination during
slaughter. However, serotype concordance alone cannot establish genetic identity or direct fecal-to-carcass
transmission.

This distinction is particularly important because only phenotypic serotyping was performed. Isolates
belonging to the same serotype may nevertheless be genetically distinct. Conversely, the considerable
discordance observed in the remaining positive cattle indicates that other sources or mechanisms of carcass
contamination cannot be excluded, including handling procedures, processing equipment, and the slaughter-
house environment [25]. Molecular typing of paired isolates would therefore be required to determine whether
concordant fecal and carcass isolates represent the same strain and to investigate transmission pathways more
reliably. These observations illustrate the added epidemiological value of paired sampling, because such within-
animal comparisons cannot be performed using independently collected fecal and carcass samples.

Asymptomatic carriage and epidemiological factors

The inclusion of apparently healthy cattle enabled assessment of subclinical Salmonella carriage within the
sampled population. Among the 44 Salmonella-positive cattle, only nine (20.45%) exhibited digestive symptoms,
whereas 35 (79.54%) were apparently asymptomatic. This predominance of clinically inapparent carriage is
consistent with the recognized role of cattle as subclinical reservoirs of Salmonella spp. [28]. Animals without
observable clinical signs may therefore contribute to persistence of the organism within cattle populations and
potentially introduce Salmonella into the slaughter and meat production chain.

No statistically significant associations were identified between Salmonella positivity and the investigated
variables of age, digestive symptoms, or import status (all p > 0.05). However, these findings should be interpreted
cautiously because only 44 cattle were positive, which may have limited the statistical power to detect modest
associations. Therefore, the absence of statistically significant associations does not demonstrate the absence of
epidemiological effects. Studies involving larger populations, broader geographic representation, and more
comprehensive information on farm management, animal movement, and slaughterhouse exposure are required
to better characterize factors associated with Salmonella carriage under Algerian conditions.

The introduction of infected animals into cattle populations represents one potential pathway for pathogen
dissemination. Accordingly, inadequate biosecurity practices, including the absence of appropriate quarantine or
screening procedures for newly introduced animals, may facilitate the introduction and subsequent spread of
Salmonella. Nevertheless, these practices were not directly evaluated in the present study and should therefore
be considered potential rather than demonstrated determinants.

Seasonal, environmental, and One Health considerations

Seasonal variation in the occurrence of Salmonella spp. has been reported in previous studies. Flores Monter
et al. [29] described seasonal fluctuations associated with edaphoclimatic factors, particularly temperature and
precipitation, with greater occurrence under warm and humid conditions. Because the present investigation was
conducted over a defined period rather than across multiple complete annual cycles, it was not designed to
evaluate seasonal effects directly.

Future epidemiological investigations in Algeria should therefore incorporate repeated sampling across
seasons together with climatic, management, biosecurity, animal movement, and slaughterhouse environment
variables. Such an integrated approach would provide a more comprehensive understanding of the factors
influencing Salmonella occurrence from cattle production through slaughter. Strengthening surveillance and
biosecurity, including appropriate management of newly introduced animals, is also consistent with a One Health
approach that recognizes the interconnected roles of livestock, food production, human health, and the
environment in the epidemiology of foodborne pathogens [30].

Salmonella serotype distribution

In the present study, S. Anatum was the predominant serotype, accounting for 40/48 (83.3%) of all
Salmonella isolates recovered from fecal and carcass samples (Figure 1). Of these, 24 isolates were recovered
from carcass samples and 16 from fecal samples, demonstrating predominance of S. Anatum in both sample
matrices. Among the four cattle positive for Salmonella in both fecal and carcass samples, the same serotype was
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recovered from both matrices in every case. This finding further demonstrates the value of paired sampling for
identifying within-animal concordance patterns that cannot be assessed using independently collected fecal and
carcass samples.

S. Kentucky was the second most frequently detected serotype, accounting for 6/48 (12.5%) isolates, with
three recovered from fecal samples and three from carcass samples. In contrast, S. Braenderup and S. Infantis
were each represented by a single isolate. A previous Algerian investigation conducted in 2009 similarly identified
S. Anatum as the predominant serotype [27]. The high proportion of S. Anatum observed in the present study may
therefore indicate continued circulation of this serotype within cattle or associated food production environments
in the Algiers region. However, because sampling was geographically restricted, broader investigations involving
additional production areas and slaughterhouses are required to determine whether this pattern extends beyond
the study area.

The detection of S. Kentucky is also epidemiologically important because multidrug-resistant lineages of this
serotype have previously been reported in Algeria and elsewhere in North Africa. Although molecular typing was
not performed in the present study, recovery of S. Kentucky from both fecal and carcass samples represents an
important phenotypic observation, particularly in the context of previously described ST198-associated MDR
lineages. Genomic characterization would be required to determine whether the isolates identified here are
genetically related to those lineages. Similarly, an investigation of red meat and poultry products in Algiers
reported S. Anatum as a predominant serotype, with a prevalence of 14.6% [31]. Collectively, these observations
suggest that S. Anatum occurs in different animal-derived food matrices in Algeria, although broader surveillance
is necessary before inferring a national epidemiological pattern.

Substantial geographic variation in Salmonella serotype distribution has been reported internationally. A
systematic review and meta-analysis identified 143 different Salmonella serotypes among cattle [16]. Globally, S.
Enteritidis and S. Typhimurium are among the serotypes most frequently associated with human salmonellosis
[32], and European surveillance continues to identify S. Enteritidis as a major serotype associated with human
infection [33]. Such differences are consistent with the recognized variability in circulating Salmonella serotypes
among farms, regions, and countries [5]. Therefore, the predominance of S. Anatum observed in the present study
is best interpreted as a local epidemiological pattern within the sampled cattle and slaughterhouse population
rather than evidence of nationwide predominance.

Antimicrobial resistance in Salmonella spp.

Antimicrobial resistance among foodborne zoonotic bacteria represents an important One Health concern
because resistant organisms arising or circulating within livestock and food production systems may have
consequences for animal and human health. Recent global estimates indicate that antimicrobial resistance
contributes to more than one million deaths annually [34].

In the present study, 32/48 (66.7%) Salmonella isolates exhibited resistance or non-susceptibility to at least
one antimicrobial agent, whereas 16/48 (33.3%) were fully susceptible to the antimicrobial panel tested. A
previous Algerian investigation reported a higher resistance proportion of 80.95% among Salmonella isolates of
cattle origin [10]. Differences between studies may reflect temporal and geographic variation, differences in
antimicrobial use, serotype composition, sampling populations, and susceptibility testing methodologies.
However, the present study did not directly assess antimicrobial exposure or selection pressure; therefore, the
observed resistance profiles cannot be attributed to specific antimicrobial use practices.

All isolates were reported as susceptible to the third-generation cephalosporins ceftriaxone, cefotaxime, and
ceftazidime; the carbapenems imipenem, meropenem, and ertapenem; aztreonam; and several other tested
agents. Resistance or non-susceptibility to ciprofloxacin and azithromycin was detected in 14.6% and 2.1% of
isolates, respectively. Among the other antimicrobials evaluated, the highest resistance proportions were
observed for streptomycin (50.0%), nitrofurantoin (33.3%), and tetracycline (22.9%) (Table 3). Fluoroquinolone
resistance is particularly noteworthy because these agents remain clinically important for the management of
severe bacterial infections.

High levels of streptomycin resistance have also been reported among bovine Salmonella isolates in other
North African settings. Previous reports documented streptomycin resistance of 69.1% among cattle isolates from
Algiers slaughterhouses [10] and 100% among isolates from slaughtered cattle in Egypt [35]. Related resistance
patterns have also been described in Tunisia [36]. Variation among these studies may reflect geographic,
temporal, population, and methodological differences and emphasizes the need for continued monitoring of
antimicrobial resistance patterns in animal-associated Sa/monella.
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Antimicrobial resistance among S. Anatum isolates

Among the 40 S. Anatum isolates, 14 (35.0%) were fully susceptible to all antimicrobial agents tested.
However, one S. Anatum isolate exhibited an MDR phenotype that included ciprofloxacin resistance. Although
most S. Anatum isolates in the present study did not exhibit MDR, detection of an MDR isolate demonstrates that
clinically relevant resistance phenotypes can occur within the predominant serotype. Antimicrobial-resistant S.
Anatum strains have also been described previously [37, 38], supporting continued surveillance of resistance
within this serotype.

The predominance of S. Anatum in combination with heterogeneous antimicrobial susceptibility profiles also
demonstrates that serotype identity alone does not predict antimicrobial resistance phenotype. Therefore,
ongoing surveillance should incorporate both serotyping and antimicrobial susceptibility testing and, where
feasible, molecular characterization of resistance determinants.

Multidrug-resistant S. Kentucky

One of the most important findings of the present study was the detection of six S. Kentucky isolates, all of
which exhibited MDR phenotypes. These isolates were equally distributed between fecal and carcass samples,
with three recovered from each matrix, and one animal yielded S. Kentucky from both fecal and carcass samples.
The six isolates exhibited resistance to fluoroquinolones together with resistance involving B-lactams,
tetracyclines, aminoglycosides, and sulfonamides, although the specific resistance patterns varied among isolates.

MDR S. Kentucky is of particular concern because resistant lineages of this serotype have been reported from
food-producing animals and other sources in multiple regions, including North Africa [39, 40]. In Algeria, genomic
investigations have previously demonstrated circulation of MDR S. Kentucky ST198 lineages among isolates from
human, animal, food, and environmental sources [41]. However, the isolates identified in the present study
cannot be assigned to ST198 or any other sequence type solely on the basis of serotype and antimicrobial
susceptibility phenotype. Molecular typing or whole-genome sequencing would therefore be required to
determine their genetic background and relationship to previously characterized Algerian or international
lineages.

The detection of fluoroquinolone-resistant MDR S. Kentucky in both fecal and carcass samples nevertheless
warrants attention from a food safety and antimicrobial resistance surveillance perspective. International studies
have documented dissemination of S. Kentucky through animal-production and food chains [42, 43]. Continued
surveillance within a One Health framework, together with molecular characterization of resistant isolates, would
help determine whether the isolates detected in the present study are related to previously described resistant
lineages and clarify their epidemiological distribution.

Less frequently detected serotypes

Only one isolate each of S. Infantis and S. Braenderup was identified, and both were recovered from carcass
samples. Both isolates were susceptible to the antimicrobial agents tested. Because each serotype was
represented by only a single isolate, no conclusions can be drawn regarding their broader epidemiological
distribution or antimicrobial resistance characteristics in the study population.

Nevertheless, detection of these serotypes remains epidemiologically relevant because both have been
reported in foodborne transmission settings, and S. Infantis in particular has been associated internationally with
the emergence of MDR lineages. Continued surveillance that includes less frequently detected serotypes is
therefore important for identifying changes in serotype distribution and antimicrobial resistance over time [44,
45].

Concordance of antimicrobial resistance profiles in paired isolates

Comparison of antimicrobial resistance profiles among isolates recovered from the four cattle positive in
both fecal and carcass samples demonstrated both concordant and discordant phenotypes (Table 5). One animal
yielded fully susceptible S. Anatum isolates from both matrices, whereas another yielded MDR S. Kentucky isolates
from both fecal and carcass samples. The remaining two animals yielded paired S. Anatum isolates with discordant
antimicrobial resistance profiles.

Phenotypic concordance between fecal and carcass isolates from the same animal is compatible with a
potential relationship between the isolates but does not establish genetic identity or direct fecal-to-carcass
transmission. Conversely, discordant antimicrobial resistance profiles may reflect genetically distinct isolates,
phenotypic heterogeneity, or acquisition of carcass contamination from sources other than the simultaneously
collected fecal sample. Potential slaughter-related sources include handling practices, processing equipment,
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surfaces, and the slaughterhouse environment [21]. However, these possibilities were not directly investigated in
the present study.

The possibility of within-host heterogeneity also cannot be excluded, because phenotypically distinct
Salmonella populations may potentially occur within an individual animal. Nevertheless, molecular typing is
required to determine whether paired isolates are genetically related and to distinguish within-host diversity from
contamination originating elsewhere [46].

Of particular interest, one animal yielded MDR S. Kentucky from both fecal and carcass samples. This finding
confirms the presence of the same serotype and MDR phenotype in both sample types from the same animal.
However, phenotypic similarity alone cannot establish that the isolates represent the same strain or demonstrate
direct transmission during slaughter. Higher-resolution molecular characterization is necessary to determine
genetic relatedness between the paired isolates and to investigate their potential role in the dissemination of
antimicrobial-resistant Salmonella along the beef production chain [47].

Overall, the combined serotype and antimicrobial resistance findings demonstrate that Salmonella
contamination of cattle carcasses may occur in the context of both concordant and discordant fecal—carcass
phenotypes. The observational and phenotypic nature of the study does not permit identification of specific
contamination pathways or attribution of carcass contamination to a particular source. Nevertheless, the
detection of MDR and fluoroquinolone-resistant S. Kentucky emphasizes the importance of effective slaughter
hygiene, systematic antimicrobial resistance surveillance, and molecular epidemiological investigation. Future
studies integrating genomic characterization of paired animal, carcass, and slaughterhouse environment isolates
within a One Health framework could provide substantially greater resolution of transmission dynamics and
antimicrobial resistance dissemination [47].

Study limitations and future perspectives

Several limitations should be considered when interpreting the findings of this study. First, the distribution
of sampled cattle between the two slaughterhouses was markedly unequal, with 301/319 animals sampled at the
El Eucalyptus slaughterhouse and only 18/319 at El Harrach. Consequently, the findings primarily reflect the
epidemiological situation at the higher-throughput El Eucalyptus slaughterhouse and should not be considered
representative of all slaughterhouses in the Greater Algiers area or of Algeria as a whole. Future investigations
should therefore include a larger number of slaughterhouses, more balanced sampling across facilities, and
broader geographic coverage to provide a more representative assessment of Salmonella occurrence, serotype
distribution, and antimicrobial resistance patterns in cattle.

Second, the study relied on phenotypic serotyping and antimicrobial susceptibility profiles without molecular
characterization of the recovered isolates. Although the paired fecal-carcass design enabled assessment of
concordant and discordant phenotypic patterns within individual animals, these data cannot establish genetic
relatedness between paired isolates or confirm specific contamination and transmission pathways. Future studies
should therefore incorporate higher-resolution molecular approaches, such as multilocus sequence typing (MLST)
and whole-genome sequencing (WGS), particularly for paired fecal and carcass isolates. Such analyses would
enable more precise evaluation of genetic relatedness, differentiation of potentially related isolates from
genetically distinct strains, and improved characterization of antimicrobial-resistant Salmonella lineages
circulating along the beef production chain.

In addition, future investigations would benefit from integrating environmental sampling of slaughterhouse
surfaces, equipment, water, and processing areas with paired animal sampling. Combining these data with
detailed information on animal origin, movement, management, slaughter practices, and temporal or seasonal
factors could help clarify the relative contribution of animal carriage and slaughterhouse-associated
contamination. Longitudinal and multicenter studies with larger sample sizes would also improve the ability to
evaluate epidemiological risk factors and changes in serotype and antimicrobial resistance patterns over time.

Overall, the paired sampling approach used in the present study provides a useful framework for
investigating Salmonella contamination at the animal—carcass interface. Expanding this approach through broader
geographic sampling, environmental surveillance, and genomic characterization would strengthen future One
Health surveillance and improve understanding of Salmonella transmission and antimicrobial resistance
dissemination in the Algerian beef production chain.

CONCLUSION

The present study provides evidence of Salmonella spp. occurrence and antimicrobial resistance among
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cattle sampled at slaughterhouses in the Greater Algiers area using a paired fecal-carcass sampling design.
Salmonella spp. were detected in 44/319 (13.8%) cattle and 48/638 (7.52%) samples, with positivity observed in
29/319 (9.09%) carcass samples and 19/319 (5.96%) fecal samples. Although the difference between the paired
matrices was not statistically significant (p = 0.155), only four cattle were positive in both matrices, whereas 25
were positive only in carcass samples and 15 only in fecal samples. This marked discordance demonstrates the
added epidemiological value of paired sampling and indicates that carcass positivity was not consistently
accompanied by detectable fecal carriage at slaughter. S. Anatum predominated, accounting for 40/48 (83.3%)
isolates, followed by S. Kentucky (6/48; 12.5%), whereas S. Infantis and S. Braenderup were each represented by
one isolate. Most Salmonella-positive cattle were apparently asymptomatic, emphasizing the importance of
clinically inapparent carriage in slaughtered cattle.

Antimicrobial susceptibility testing showed that 16/48 (33.3%) isolates were fully susceptible, whereas 32/48
(66.7%) exhibited resistance or non-susceptibility to at least one tested antimicrobial. MDR was identified in 7/48
(14.6%) isolates, comprising all six S. Kentucky isolates and one S. Anatum isolate. The detection of MDR S.
Kentucky with fluoroquinolone resistance is particularly relevant from a One Health perspective and supports
continued surveillance of antimicrobial-resistant Salmonella along the beef production chain. Conversely, all
isolates remained susceptible to the tested third-generation cephalosporins and carbapenems. Among the four
cattle positive in both matrices, paired isolates displayed both concordant and discordant antimicrobial resistance
profiles, further demonstrating the usefulness of within-animal comparisons while emphasizing that phenotypic
concordance alone cannot establish genetic relatedness or direct transmission.

A major strength of this study was the use of matched fecal and carcass samples from the same animals,
which enabled direct assessment of within-animal concordance in Salmonella detection, serotype distribution,
and antimicrobial resistance phenotypes. From a practical perspective, the findings support maintaining rigorous
slaughter hygiene and systematic surveillance at the animal—carcass interface rather than relying exclusively on
detectable fecal carriage to assess contamination risk. Integration of paired sampling with molecular
characterization and environmental surveillance could further strengthen source attribution and monitoring of
resistant lineages. Overall, the predominance of S. Anatum and the detection of fluoroquinolone-resistant MDR
S. Kentucky demonstrate the need for sustained, integrated One Health surveillance of Salmonella in cattle and
the beef production chain in Algeria.

DATA AVAILABILITY

The data generated during the study are included in the manuscript.

GENERATIVE Al DECLARATION

The authors declare that generative Al tools were used solely to improve the language, grammar, and
readability of the manuscript. All scientific work, including study design, data collection, analysis, interpretation
of the results, and conclusions, was conducted and verified by the authors. The authors take full responsibility for
the accuracy, integrity, and originality of the work.

AUTHORS’ CONTRIBUTIONS

AB: Conceptualization, methodology, investigation, resources, data curation, formal analysis, validation,
visualization, writing — original draft, and writing — review and editing. NB: Conceptualization, methodology,
investigation, validation, data curation, and writing — review and editing. SSZ: Investigation, methodology, and
validation. KTB: Conception and design, interpretation of data, and drafted and edited the manuscript. CB and SB:
Investigation, data analysis and interpretation, critical revision of the manuscript. FG: Conceptualization and
methodology. BC: Conceptualization, methodology, and writing — review and editing. All authors have read and
approved the final manuscript.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Laboratory of Enterobacteria and Other Related Bacteria, Institute
Pasteur of Algeria, Algiers, Algeria, for providing the laboratory facilities, technical support, and resources
necessary to conduct the experimental work. The authors did not receive any specific financial support from
public, commercial, or non-profit organizations for this study.

4318



doi: 10.14202/vetworld.2026.4307-4321

COMPETING INTERESTS

The authors declare that they have no competing interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to jurisdictional claims in the published institutional

affiliations.

REFERENCES

1. Kumar G, Kumar S, Jangid H, Dutta J, Shidiki A. The rise of non-typhoidal Salmonella: an emerging global
public health concern. Front Microbiol. 2025;16:1524287.

2. Wojcicki M, Chmielarczyk A, Swider O, Srednicka P, Strus M, Kasperski T, et al. Bacterial pathogens in the
food industry: antibiotic resistance and virulence factors of Salmonella enterica strains isolated from food
chain links. Pathogens. 2022;11(11):1323.

3. Lee M. Contemporary insights into non-typhoidal Salmonella: understanding the pathogenicity, infection
mechanisms, and strategies for prevention and control. J Bacteriol Virol. 2024;54(4):247-72.

4. Ramatla T, Tawana M, Onyiche TE, Lekota KE, Thekisoe O. One Health perspective of Salmonella serovars in
South Africa using pooled prevalence: systematic review and meta-analysis. Int J Microbiol. 2022;2022:1-12.

5. World Organisation for Animal Health. Terrestrial Animal Health Code. Chapter 6.13: Prevention and control
of Salmonella in commercial cattle production systems. Paris: WOAH; 2024.

6. Hezil D, Benamrouche N, Tennah S, Benseghir H, Zaatout N, Zaidi S, et al. Seroprevalence and risk factors
associated with Salmonella Dublin presence in Algerian dairy farms. J Hell Vet Med Soc. 2021;72(3):3059.

7. Hezil D, Zaidi S, Benseghir H, Zineddine R, Benamrouche N, Ghalmi F. Salmonella Dublin associated with
abortion in dairy cattle in Algiers and comparison of different diagnostic methods. Afr J Clin Exp Microbiol.
2021;22(2):211-22.

8. Baazize-Ammi D, Hezil N, Benamirouche-Harbi K, Gharbi |, Kebbal S, Samia Dechicha A, et al. Assessment of
carcass contamination in a slaughterhouse in the Governorate of Blida, Algeria. Meat Technol.
2024;65(2):139-45.

9. Mansour AM, Nossair MAS, Soliman FS, Elghazaly EM. Characterization and antibiogram pattern of
Salmonella species isolated from cattle meat and abattoirs’ environment. Matrouh J Vet Med. 2023.

10. Nouichi S, Ouatouat R, Can HY, Mezali L, Belkader C, Korichi MO, et al. Prevalence and antimicrobial
resistance of Salmonella isolated from bovine and ovine samples in slaughterhouses of Algiers, Algeria. J Hell
Vet Med Soc. 2018;69(1):863-72.

11. Rodriguez-Melcon C, Alonso-Calleja C, Capita R. The One Health approach in food safety: challenges and
opportunities. Food Front. 2024;5(5):1837-65.

12. 1SO. ISO 17604:2015 microbiology of the food chain—carcass sampling for microbiology analysis. 2nd ed.
Geneva: International Organization for Standardization; 2015.

13. Grimont PAD, Weill FX. Antigenic formulae of the Salmonella serovars. 9th ed. Paris: WHO Collaborating
Centre for Reference and Research on Salmonella, Institut Pasteur; 2007.

14. CLSI. Performance standards for antimicrobial susceptibility testing. 34th ed. CLSI supplement M100. Wayne
(PA): Clinical and Laboratory Standards Institute; 2024.

15. R Core Team. R: a language and environment for statistical computing. Vienna: R Foundation for Statistical
Computing; 2025.

16. Gutema FD, Agga GE, Abdi RD, De Zutter L, Duchateau L, Gabriél S. Prevalence and serotype diversity of
Salmonella in apparently healthy cattle: systematic review and meta-analysis of published studies, 2000—
2017. Front Vet Sci. 2019;6:102.

17. Oueslati W, Rjeibi MR, Mhadhbi M, Jbeli M, Zrelli S, Ettriqui A. Prevalence, virulence and antibiotic
susceptibility of Salmonella spp. strains, isolated from beef in Greater Tunis, Tunisia. Meat Sci. 2016;119:154—
9.

18. Garcia-Diez J, Moura D, Grispoldi L, Cenci-Goga B, Saraiva S, Silva F, et al. Salmonella spp. in domestic
ruminants, evaluation of antimicrobial resistance based on the One Health approach—a systematic review
and meta-analysis. Vet Sci. 2024;11(7):315.

19. Aworh MK, Nilsson P, Egyir B, Owusu FA, Hendriksen RS. Rare serovars of non-typhoidal Salmonella enterica

4319



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34,

35.

36.

37.

38.

39.

doi: 10.14202/vetworld.2026.4307-4321

isolated from humans, beef cattle and abattoir environments in Nigeria. PLoS One. 2024;19(1):e0296971.
Barlow RS, McMillan KE, Duffy LL, Fegan N, Jordan D, Mellor GE. Prevalence and antimicrobial resistance of
Salmonella and Escherichia coli from Australian cattle populations at slaughter. J Food Prot. 2015;78(5):912-20.
Tafere FA, Fenta MD, Atanaw MB, Tsehay EM, Mengstu YH, Mebiratu AS. Prevalence and antimicrobial
susceptibility patterns of Salmonella from apparently healthy slaughtered cattle and abattoir workers at
Gondar Elfora abattoir, Central Gondar Zone, Ethiopia. BMC Microbiol. 2025;25(1):504.

Peruzy MF, Proroga YTR, Capuano F, Mancusi A, Montone AMI, Cristiano D, et al. Occurrence and distribution
of Salmonella serovars in carcasses and foods in southern Italy: eleven-year monitoring (2011-2021). Front
Microbiol. 2022;13:1005035.

Hanafi ME, Brahim B, Sami D, Said D, Nadia Z, Nourredine B, et al. Prévalence de Salmonella spp. dans les
produits alimentaires d’origine animale commercialisés a Rabat, Maroc. Int J Innov Approaches Agric Res.
2023;39:711-8.

Xu Z, Wang M, Zhou C, Gu G, Liang J, Hou X, et al. Prevalence and antimicrobial resistance of retail-meat-
borne Salmonella in southern China during the years 2009-2016: the diversity of contamination and the
resistance evolution of multidrug-resistant isolates. Int J Food Microbiol. 2020;333:108790.

Msela A, Khelaf D, Benamrouche N, Bachir Pacha M, Yousfi S, Belkader C, et al. Study of Salmonella spp.
carriage in fecal of bovine origin in the Wilaya of Tizi Ouzou (Algeria). Agricultura. 2020;6(1):173-80.

Ravary B, Fecteau G, Higgins R, Paré J, Lavoie JP. Prevalence of infections caused by Salmonella spp. in cattle
and horses at the Veterinary Teaching Hospital of the Faculty of Veterinary Medicine of the University of
Montreal. Can Vet J. 1998;39(9):566-72.

Nouichi S, Hamdi TM. Superficial bacterial contamination of ovine and bovine carcasses at El-Harrach
slaughterhouse (Algeria). Eur J Sci Res. 2009;38(3):474—85.

Ghougal K, Dib AL, Lakhdara N, Lamri M, Baghezza S, Azizi A, et al. Risk factors related to bacterial
contamination by Enterobacteriaceae and fecal coliforms and the prevalence of Salmonella spp. in Algerian
farms, slaughterhouses and butcheries: a two-year follow-up study. Math Biosci Eng. 2021;6(3):768—85.
Flores Monter YM, Chaves A, Arellano-Reynoso B, Lépez-Pérez AM, Suzan-Azpiri H, Suzan G. Edaphoclimatic
seasonal trends and variations of the Salmonella spp. infection in Northwestern Mexico. Infect Dis Model.
2021;6:805-19.

Bentum KE, Kuufire E, Nyarku R, Osei V, Price S, Bourassa D, et al. Salmonellosis in cattle: sources and risk of
infection, control, and prevention. Zoonotic Dis. 2025;5(1):4.

Mezali L, Hamdi TM. Prevalence and antimicrobial resistance of Salmonella isolated from meat and meat
products in Algiers (Algeria). Foodborne Pathog Dis. 2012;9(6):522-9.

Hendriksen RS, Vieira AR, Karlsmose S, Lo Fo Wong DMA, Jensen AB, Wegener HC, et al. Global monitoring
of Salmonella serovar distribution from the World Health Organization Global Foodborne Infections Network
Country Data Bank: results of quality assured laboratories from 2001 to 2007. Foodborne Pathog Dis.
2011;8(8):887-900.

EFSA and ECDC. The European Union One Health 2021 zoonoses report. EFSA J. 2022;20(12):766.

Naghavi M, Vollset SE, lkuta KS, Swetschinski LR, Gray AP, Wool EE, et al. Global burden of bacterial
antimicrobial resistance 1990-2021: a systematic analysis with forecasts to 2050. Lancet.
2024;404(10459):1199-226.

El Baz S, Zaher HA, Ragab W. Pan-drug, colistin, streptomycin, erythromycin, clindamycin resistant
Salmonella enterica serovars isolated from slaughtered cattle and human in Mansoura, Egypt. Ann Clin
Microbiol Antimicrob. 2025;24(1):40.

Abbassi-Ghozzi |, Jaouani A, Hammami S, Martinez-Urtaza J, Boudabous A, Gtari M. Molecular analysis and
antimicrobial resistance of Salmonella isolates recovered from raw meat marketed in the area of ‘Grand
Tunis’, Tunisia. Pathol Biol. 2012;60(5):e49-54.

FengY, ChangYJ, Pan SC, Su LH, Li HC, Yang HP, et al. Characterization and source investigation of multidrug-
resistant Salmonella Anatum from a sustained outbreak, Taiwan. Emerg Infect Dis. 2020;26(12):2951-5.
Reynoso EC, Delgado-Suarez EJ, Hernandez-Pérez CF, Chavarin-Pineda Y, Godoy-Lozano EE, Fierros-Zarate G,
et al. Geography, antimicrobial resistance, and genomics of Salmonella enterica (serotypes Newport and
Anatum) from meat in Mexico (2021-2023). Microorganisms. 2024;12(12):2485.

Turki Y, Mehri |, Cherif H, Najjari A, Ben Aissa R, Hassen A, et al. Epidemiology and antibiotic resistance of
Salmonella enterica serovar Kentucky isolates from Tunisia: the new emergent multi-drug resistant serotype.

4320



40.

41.

42.

43.

44,

45.

46.

47.

doi: 10.14202/vetworld.2026.4307-4321

Food Res Int. 2012;45(2):925-30.
Igomu EE. Salmonella Kentucky: prevalence and challenges in Nigeria and the Africa continent. Afr J Clin Exp
Microbiol. 2020;21(4):272-83.
Benamrouche N, Belkader C, Deriet-Ammar A, Pardos De La Gandara M, Sihem Zemam S, Njamkepo E, et al.
Genomic characterisation of multidrug-resistant Salmonella enterica serovar Kentucky ST198 isolates from
various sources in Algeria, North Africa. Microb Genom. 2025;11(11).
Bellil Z, Mairi A, Touat A. Distribution and prevalence of antimicrobial resistance of NTS Salmonella isolated
from farm animals and animal food products in Africa. In: Abia ALK, Essack SY, editors. Antimicrobial research
and One Health in Africa. Cham: Springer International Publishing; 2023. p. 57-80.
Lamichhane B, Mawad AMM, Saleh M, Kelley WG, Harrington PJ, Lovestad CW, et al. Salmonellosis: an
overview of epidemiology, pathogenesis, and innovative approaches to mitigate the antimicrobial resistant
infections. Antibiotics (Basel). 2024;13(1):76.
Chaggar HK, Hudson LK, Orejuela K, Thomas L, Spann M, Garman KN, et al. Salmonella enterica serovar
Braenderup shows clade-specific source associations and a high proportion of molecular epidemiological
clustering. Appl Environ Microbiol. 2025;91(4):e02594-24.
Mattock J, Chattaway MA, Hartman H, Dallman TJ, Smith AM, Keddy K, et al. A One Health perspective on
Salmonella enterica serovar Infantis, an emerging human multidrug-resistant pathogen. Emerg Infect Dis.
2024;30(4):701-10.
Mastrorilli E, Pietrucci D, Barco L, Ammendola S, Petrin S, Longo A, et al. A comparative genomic analysis
provides novel insights into the ecological success of the monophasic Salmonella serovar 4,[5],12:i:. Front
Microbiol. 2018;9:715.
Fahmy NA, Karna S, Bhusal A, Kabir A, Erol E, Helmy YA. Multidrug resistance and virulence traits of
Salmonella enterica isolated from cattle: genotypic and phenotypic insights. Antibiotics (Basel).
2025;14(7):689.

%k %k 5k sk k k sk k

4321



	Ethical approval
	Study period and location
	Study design
	Sample collection
	Isolation and identification of Salmonella spp.
	Serotyping
	Antimicrobial susceptibility testing
	Statistical analysis
	Prevalence of Salmonella spp. in cattle fecal and carcass samples
	Prevalence and distribution of Salmonella serotypes
	Factors associated with Salmonella contamination
	Antimicrobial susceptibility profile
	Multidrug resistance
	Within-animal comparison of antimicrobial resistance profiles
	Prevalence of Salmonella spp. and value of paired sampling
	Fecal carriage and carcass contamination
	Concordance of paired fecal and carcass isolates
	Asymptomatic carriage and epidemiological factors
	Seasonal, environmental, and One Health considerations
	Salmonella serotype distribution
	Antimicrobial resistance in Salmonella spp.
	Antimicrobial resistance among S. Anatum isolates
	Multidrug-resistant S. Kentucky
	Less frequently detected serotypes
	Concordance of antimicrobial resistance profiles in paired isolates
	Study limitations and future perspectives
	AUTHORS’ CONTRIBUTIONS
	ACKNOWLEDGMENTS

