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Abstract

The aim of this study was to isolate potential bacterial pathogens, such as Salmonella spp., from wild boars
(Sus scrofa) inhabiting the Southern Marmara Region of T€urkiye and to evaluate the in vitro antibiotic suscepti-
bility of the isolates. Samples, including feces and internal organs (lymph nodes, liver, lungs, kidneys, and
spleen), were collected from a total of 34 legally hunted wild boars. Salmonella enterica subsp. enterica serovar
Hofit was isolated from 6 (17.6%) animals. Ciprofloxacin, streptomycin, ampicillin, tetracycline, chlorampheni-
col, enrofloxacin, gentamicin, ceftiofur, cefoxitin, nalidixic acid, amoxicillin/clavulanic acid, and trimethoprim/
sulfamethoxazole discs were used to determine the in vitro antimicrobial susceptibility of S. Hofit isolates. All
S. Hofit isolates had 100% sensitivity to 11 of the antibiotics tested, and three isolates were resistant only to
streptomycin. As a result, this study is the first to report the isolation of S. Hofit from wild boars worldwide. The
high isolation rate (17.6%) suggests a potential adaptation of this serovar to swine hosts. The apparent prevalence
of S. Hofit in wild boars raises concerns not only for wildlife but also for potential public health implications.
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Introduction

T he increase in wild boar populations worldwide in
recent years is explained by natural and environmental

changes as well as biological and ecological factors (Jori
et al., 2021). Wild boars can easily adapt to different envi-
ronments, such as mixed forests of oak and beech trees, often
surrounding swamps and meadows (Tack, 2018). Due to
their omnivorous diet, wild boars can easily harbor zoonotic
and other bacterial pathogens, especially Salmonella spp., in
their intestines and lymphatic tissues, and can easily spread
them to the environment (Chiari et al., 2013). Salmonella spe-
cies, one of the most common zoonotic pathogens, remains a
serious public health threat worldwide. The most important of
these is Salmonella enterica, which is one of the most impor-
tant species in the genus Salmonella and is the most patho-
genic among the species (Teklemariam et al., 2023).

It is reported that wild boars (Sus scrofa) are among the
most significant reservoirs of pathogens at the wildlife/live-
stock interface in Europe, and that they may be a highly
effective host for Salmonella spp. excretion rates when com-
pared to other wild ruminants (Hilbert et al., 2012). How-
ever, little is known about the role of wild boar in
Salmonella spp. epidemiology at the boar-livestock inter-
face, although high Salmonella spp. seroprevalence has been

reported in wild ungulates sharing the same habitats as cattle
(Navarro-Gonzalez et al., 2012). Wild boars play an impor-
tant role in the spread of Salmonella spp. over a wide area,
including urban and peri-urban areas, due to their interaction
with both farm animals and human waste litter (Gil-Molino
et al., 2022). In the period of the global pandemic of the
virus SARS-CoV-2 (Covid-19) that occurred in 2020–2021,
wild boars were observed to be entering residential areas,
despite the implementation of quarantine measures on the
human population. Although wild boars live in forested areas
in our country, they can contaminate these environments
with their feces by raiding agricultural areas (corn, wheat,
and orchards) in the summer and autumn seasons (Jemeršić
et al., 2021).

The adaptation of S. enterica, particularly S. Typhimurium,
to pigs has been well documented through phylogenetic analy-
ses conducted in pig production systems in Thailand, Laos,
and Brazil (Prathan et al., 2019; Seribelli et al., 2021). Similar
phylogenetic investigations are essential for assessing the host
adaptation potential of other serovars, including Salmonella
enterica subsp. enterica serovar Hofit, which has been only
rarely reported in the literature. Notably, S. Hofit was isolated
from the feces and pus of a patient with perforating appendici-
tis, with possible exposure sources including turtles and sew-
age water (Scheidegger and Frei, 1990).

1Department of Microbiology, Faculty of Veterinary Medicine, Balıkesir University, Balıkesir, T€urkiye.
2_Istanbul Pendik Veterinary Control Institute, _Istanbul, T€urkiye.
3Department of Veterinary Public Health, Faculty of Veterinary Medicine, Aksaray University, Aksaray, T€urkiye.

1

FOODBORNE PATHOGENS AND DISEASE
Volume 00, Number 00, 2025
ª Mary Ann Liebert, Inc.
DOI: 10.1177/15353141251362297

http://crossmark.crossref.org/dialog/?doi=10.1177%2F15353141251362297&domain=pdf&date_stamp=2026-02-19


Today, antimicrobial resistance (AMR) in microorganisms
is increasingly causing serious public health concerns, and
controlling this situation is of great importance in terms of
the effectiveness of antibiotics (Gil-Molino et al., 2022). It is
evident that wildlife has the capacity to function as a reser-
voir and distributor for AMR at the human–wildlife interface
(Dhama et al., 2013). However, the current literature on
AMR bacteria circulating in wildlife is limited. In contrast,
wild boars have been observed to play a more significant
role as reservoirs, carriers, and distributors of AMR bacteria
(Torres et al., 2020). The presence of AMR in zoonotic bac-
teria, such as Salmonella spp., poses a significant threat to
the effective treatment of diseases in both animals and
humans (Newell et al., 2010). A literature search was con-
ducted to ascertain the prevalence of Salmonella spp. in wild
boar in our country. However, no relevant studies were iden-
tified. Wild boars can act as carriers of various bacteria,
viruses, and parasites that can be transmitted to humans and
domestic animals through direct contact with the boars, con-
sumption of contaminated food, or indirectly via a contami-
nated environment. The objective of this study was to
identify potential bacterial pathogens, such as Salmonella
spp., from wild boars in the Southern Marmara Region of
T€urkiye and to evaluate the in vitro antibiotic susceptibility
of these isolates.

Materials and Methods

Samples

In this study, samples were collected from a total of 34
wild boars (S. scrofa) that were legally hunted during the
August 2024–February 2025 hunting season in the Southern
Marmara Region of T€urkiye. Fecal samples were obtained
from all animals (n: 34), while tissue samples—including
lymph nodes, liver, lungs, kidneys, and spleen—were col-
lected from six animals (n: 6) that underwent necropsy. The
necropsies were performed by experts from the Department
of Pathology, Faculty of Veterinary Medicine, Balıkesir Uni-
versity. No macroscopic lesions were observed during the
examinations. Approximately 6–8 g of fecal samples were
collected from the rectum of wild boars using sterile swabs
and placed in sterile Falcon tubes, while approximately 8–10 g
of tissue samples were collected in sterile Stomacher bags.
The samples were transported under cold chain conditions and
analyzed shortly after collection.

Isolation of Salmonella spp.

One gram of fecal samples was collected and transferred
into test tubes containing 9 mL of 1% buffered peptone
water (BPW, Oxoid CM1049). The samples were then
homogenized using a vortex. In addition, 1 g of tissue sam-
ples was collected, crushed with a sterile scalpel in a sterile
petri dish, and then added to the tubes containing 1% BPW.
The samples were homogenized using a vortex. Then, both
groups of samples were incubated at 37�C for 24 h. 0.1 mL
of the pre-enrichment medium from each sample was inocu-
lated into tubes containing 10 mL of Rappaport Vassiliadis
broth (1.07700, Merck, Darmstadt, Germany) and incubated
at 41.5�C for 24 h. Then, a core of the selective enrichment
medium was taken from each sample and plated on Xylose

LysineDeoxycholate agar (Oxoid, CM0469, Basingstoke,
UK). The plates were incubated at 37�C for 24 h (ISO 6579,
2002). Following the end of the incubation period, three to
five suspect colonies were selected from the petri dishes that
had shown growth with a black center and a pink halo. These
were then purified on brain heart infusion agar
(LB.BL.4012352, Biolife, Italiana). The purified isolates
were then examined for their macroscopic and microscopic
morphology. An isolated colony was harvested in 10 lL of
sterile water, and 1 lL of this mixture was deposited on a
target plate in two replicates and allowed to dry at room tem-
perature. One microliter of absolute ethanol was then added
to each well and dried. One microliter of matrix solution
(a’-cyano-4-hydroxycinnamic acid) (bioMérieux, France)
was then added and allowed to co-crystallize with the sam-
ple. Samples were processed using a MALDI-TOF-MS spec-
trometer (VITEK® MS, bioMérieux, France) and analyzed
with MYLA® software v3.2 (bioMérieux, France). Identifi-
cation was based on spectral fingerprints, with the presence
or absence of specific peaks serving as unique identifiers for
each isolate. The resulting profiles were compared against a
comprehensive reference database integrated into the system
library. Isolates with an identification confidence level above
90% were considered to be Salmonella spp. The reliability
and accuracy of this method for identifying Salmonella at
the species level have been demonstrated in previous valida-
tion studies (Kuhns et al., 2012; Kang et al., 2017).

Serotyping

Serotyping was performed by seroagglutination using
commercial specific antisera (SSI Diagnostica, Denmark)
according to the Kauffmann–White–Le Minor Scheme (Gri-
mont and Weill, 2007). Briefly, Salmonella isolates were
streaked onto nutrient agar (CM0003, Oxoid, Basingstoke,
UK) and grown overnight at 37�C. A single colony was
mixed with a drop (20 lL) of antiserum for each different
serum. Agglutination observed within the first 10 s after mix-
ing was considered a positive result.

Antimicrobial susceptibility testing

Kirby-Bauer disc diffusion method (Bauer et al., 1966)
was employed for the detection of antimicrobial susceptibil-
ity of S. Hofit isolates according to the standards of the Clini-
cal Laboratory Standards Institute (CLSI, 2018; CLSI,
2020). Briefly, S. Hofit isolates were incubated in Mueller
Hinton broth (211443, BD, Sparks, MD, USA) for 18–24 h
at 37�C. The turbidity of the bacterial cultures grown in suit-
able liquid media was visually adjusted to the 0.5 McFarland
standard (1.5 · 108 cfu/mL) with sterile saline solution (pH
7.2). The test was performed on Mueller Hinton agar
(1.103872, Merck), and the diameters of the inhibition zones
were measured in millimeters. Ciprofloxacin (10 lg, Oxoid),
streptomycin (10 lg, Oxoid), ampicillin (25 lg, Oxoid), tet-
racycline (30 lg, Oxoid), chloramphenicol (30 lg, Oxoid),
nalidixic acid (30 lg, Oxoid), enrofloxacin (5 lg, Oxoid),
gentamicin (10 lg, Oxoid), ceftiofur (30 lg, Oxoid), cefoxitin
(30 lg, Oxoid), amoxicillin/clavulanic acid (2/1, 30 lg, Oxoid)
and trimethoprim/sulfamethoxale (25 lg, Oxoid) discs were
used in antimicrobial susceptibility test. The selection of
these antibiotics tested in the study was influenced by their
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widespread use in both human and veterinary medicine (Hin-
son et al., 2025; Lertwatcharasarakul et al., 2025).

Statistical analysis

According to the in vitro antimicrobial susceptibility test
results, Fisher’s exact test was performed using SPSS soft-
ware (Version 30) to determine the statistical significance
between the numbers of antibiotic-resistant and -susceptible
S. Hofit isolates.

Results

Isolation and serotyping

A total of 34 wild boar samples (comprising feces, lymph
nodes, liver, lung, kidney, and spleen) were examined, and
S. Hofit was isolated from 6 (17.6%) animals. Five (83.3%)
serovars were isolated from fecal samples, and 1 (16.7%)
from internal organs.

Antimicrobial susceptibility testing

All S. Hofit isolates were found to be 100% sensitive to
11 of the tested antibiotics, while three isolates showed
resistance only to streptomycin. The results of the antimicro-
bial susceptibility test are presented in Table 1 and Figure 1.

Statistical analysis

According to the evaluation using Fisher’s exact test, no
statistically significant difference was observed in the num-
ber of S. Hofit isolates with respect to in vitro susceptibility
or resistance to the tested antibiotics (p > 0.05).

Discussion

The natural habitats of wild boars are predominantly for-
ests and shrublands; however, they also inhabit agricultural
lands and pastures where small cattle and livestock are

grazed. It is important to note that wild boars in the wild act
as a reservoir for both livestock and humans due to the path-
ogenic microorganisms they carry. The genus Salmonella,
belonging to the family Enterobacteriaceae, is a facultative
anaerobic, Gram-negative, motile, and entero-invasive bacil-
lus. Two closely related major species primarily exist for
Salmonella: S. bongori and S. enterica. Of these two, S.
enterica, which has over 2,700 serovars, is accountable for
over 99% of all human infections. Different serovars of Sal-
monella, a pathogenic bacterium, can cause infections by set-
tling in the digestive system and intestinal lymphoid tissues
of boars (Ellermeier and Slauch, 2006; Stevens and Gray,
2013; Sahu et al., 2025). The dissemination of Salmonella
spp. to the environment is predominantly facilitated by the
feces of animals. Both contaminated foods of animal origin
and green vegetables irrigated with contaminated water have
been identified as contributing factors in the transmission of
the agent to humans (WHO, 2023). The most predominant
species responsible for salmonellosis cases in humans is S.
enterica (Gaffuri and Holmes, 2012).

In previous studies investigating the prevalence of Salmo-
nella spp. in wild boars, detection rates ranged from 9.5% to
38%, depending on the geographic region and sampling con-
ditions (Fredriksson-Ahomaa et al., 2020; Carraro et al.,
2022). Although the presence of Salmonella spp. in wild
boars is well documented, specific data on individual sero-
vars remain limited. In the present study, S. Hofit was iso-
lated from 17.6% of fecal and tissue samples collected from
wild boars in the Southern Marmara Region of T€urkiye, with
83.3% of the isolates obtained from feces and 16.7% from
tissue. This is the first global report of the isolation of S.
Hofit from wild boars, representing a significant contribution
to the current knowledge of wildlife reservoirs of zoonotic
pathogens. S. Hofit is a rarely reported serovar, previously
identified only sporadically in birds (Mansour et al., 2020)
and from an unspecified source in a feed processing plant
(Boqvist et al., 2003). Its detection in wild boars raises

TABLE 1. ANTIMICROBIAL SUSCEPTIBILITY OF S. HOFIT ISOLATES

Antibiotics

Serovars

Reference values (mm) Isolate 1 Isolate 2 Isolate 3 Isolate 4 Isolate 5 Isolate 6

S I R Inhibition zone diameter (mm)

CIP ‡31 21–30 £20 32 31 35 35 34 36
S ‡15 12–14 £11 13 11.* 11 14 13 11
AMP ‡17 14–16 £13 21 20 22 22 21 22
TE ‡15 12–14 £11 23 21 25 25 23 27
CHL ‡18 13–17 £12 26 27 30 27 26 28
NAL ‡19 14–18 £13 25 22 24 23 24 25
ENR ‡21 18–20 £16 27 28 26 31 29 29
GEN ‡15 12–14 £11 25 25 26 25 24 25
EFT ‡21 18–20 £17 25 22 24 23 24 25
FOX ‡18 15–17 £14 24 26 27 26 26 27
AMC ‡18 14–17 £13 26 26 26 25 26 26
SXT ‡16 11–15 £10 29 23 26 26 28 28

AMC, Amoxicillin/clavulanic acid (2/1, 30 lg, Oxoid); AMP, Ampicillin (25 lg, Oxoid); CHL, Chloramphenicol (30 lg, Oxoid); CIP,
Ciprofloxacin (10 lg, Oxoid); EFT, Ceftiofur (30 lg, Oxoid); ENR, Enrofloxacin (5 lg, Oxoid); FOX, Cefoxitin (30 lg, Oxoid); GEN,
Gentamicin (10 lg, Oxoid); I, Intermediate; NAL, Nalidixic acid (30 lg, Oxoid); R, Resistant; S, Sensitive; S, Streptomycin (10 lg,
Oxoid); SXT, Trimethoprim/sulfamethoxale (25 lg, Oxoid); TE, Tetracycline (30 lg, Oxoid).
*Values in bold indicate resistance to the corresponding antibiotic.
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concern due to the zoonotic potential of many Salmonella
serovars and the increasing interface between wildlife, live-
stock, and humans (Hilbert et al., 2012). The identification
of this uncommon serovar in free-ranging wild boars high-
lights the need for further epidemiological surveillance and
molecular studies to better understand its transmission
dynamics. This is especially important considering that S.
enterica subsp. enterica-the subspecies to which S. Hofit
belongs, comprises numerous serovars known to cause food-
borne illness (Mansour et al., 2020; Teklemariam et al.,
2023). As wild boars are increasingly recognized as reser-
voirs of foodborne pathogens, and given that Salmonella
spp. account for nearly 18% of all foodborne outbreaks in
the European Union (ECDC, 2019), our findings underscore
the potential public health risk associated with this serovar.
Additionally, the growing threat of antimicrobial-resistant
Salmonella strains, driven in part by subtherapeutic and
improper antibiotic use, particularly in veterinary medicine,
requires urgent attention (Gullberg et al., 2011). This study
provides novel data that are crucial for risk assessment and
highlight the importance of targeted surveillance in both
wildlife and domestic animal populations.

Although AMR is increasingly recognized as a global
public health concern, data on AMR in wildlife, particularly
in wild boars, remain limited. Recent studies have suggested
that wild boars may serve as reservoirs and environmental
disseminators of resistant bacteria (Torres et al., 2020).

In the present study, all S. Hofit isolates showed complete
susceptibility (100%) to 11 of the 12 antibiotics tested.
Resistance was observed only to streptomycin, detected in
three out of six isolates. The inhibition zone diameters for all
antibiotics—except streptomycin—exceeded their respective

resistance thresholds, as illustrated in Figure 1, indicating a
generally low level of resistance among the isolates. Further-
more, descriptive analysis showed that the majority of the
antibiotics tested—trimethoprim-sulfamethoxazole, gentami-
cin, chloramphenicol, tetracycline, and amoxicillin/clavu-
lanic acid—had mean inhibition zones well above the
established clinical breakpoints, reflecting strong antimicro-
bial efficacy. Streptomycin was the only antibiotic for which
resistance was detected, with several isolates exhibiting inhi-
bition zones at or below the resistance threshold (£11 mm)
(Table 1, Fig. 1). These findings contrast with reports from
livestock and poultry, where multidrug-resistant strains are
commonly observed (Rau et al., 2021; Chea et al., 2025; Di
Taranto et al., 2025). The high susceptibility observed in
wild boar isolates may be due to their limited or nonexistent
exposure to antibiotics and the small sample size analyzed.
Nevertheless, the detection of even low-level resistance to
streptomycin highlights the importance of continued AMR
surveillance across various environmental and wildlife
settings.

Although human infections with S. Hofit are extremely
rare, isolated cases—such as perforating appendicitis (Schei-
degger and Frei, 1990)—suggest that it can cause severe dis-
ease, particularly in immunocompromised individuals.
While its zoonotic potential remains poorly understood, the
detection of S. Hofit in wild boars raises concerns. As noted
by Galán-Relaño et al. (2023) and Pal et al. (2024), transmis-
sion of non-typhoidal Salmonella serovars to humans can
occur through environmental contamination and direct or
indirect contact with wildlife, especially via hunting activ-
ities or shared habitats.

FIG. 1. A bar chart illustrating the mean inhibition zone diameters (green bars) and the corresponding resistance thresholds
(red bars) of S. Hofit isolates for each tested antibiotic. The visualization was created using the Python programming language
with the matplotlib library (version 3.0 or higher). Antibiotics with inhibition zones above the threshold are considered effec-
tive, while those at or below the threshold indicate potential resistance and reduced efficacy. CIP, Ciprofloxacin (10 lg,
Oxoid); S, Streptomycin (10 lg, Oxoid); AMP, Ampicillin (25 lg, Oxoid); TE, Tetracycline (30 lg, Oxoid); CHL,
Chloramphenicol (30 lg, Oxoid); NAL, Nalidixic acid (30 lg, Oxoid); ENR, Enrofloxacin (5 lg, Oxoid); GEN, Gentamicin
(10 lg, Oxoid); EFT, Ceftiofur (30 lg, Oxoid); FOX, Cefoxitin (30 lg, Oxoid); AMC, Amoxicillin/clavulanic acid (2/1,
30 lg, Oxoid); SXT, Trimethoprim/sulfamethoxale (25 lg, Oxoid).
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To mitigate this potential risk, we recommend targeted
surveillance of wild boar populations, particularly in areas
close to farms and human settlements. This should include
environmental sampling (e.g., water sources, feeding sites),
testing of hunted carcasses, and molecular typing to track
possible transmission routes. Ecologically, wild boars often
inhabit fragmented landscapes where forested areas intersect
with agricultural land, increasing the likelihood of contact
with domestic pigs through shared water sources, damaged
fences, or contaminated feed (Bonardi et al., 2019; Makov-
ska et al., 2023). These interface zones represent critical con-
trol points and should be prioritized for surveillance and
enhanced biosecurity measures.

S. enterica includes more than 2,700 serovars with varying
host ranges and pathogenicity (Sahu et al., 2025). While
research has traditionally focused on well-characterized sero-
vars such as S. Typhimurium (Zhao et al., 2025), emerging
strains like S. Hofit are expected to gain increasing attention.
Based on its detection in wild boars, and considering the estab-
lished link between swine and human health in Salmonella
transmission (Soliani et al., 2023), phylogenetic analyses—par-
ticularly those conducted on S. Hofit isolates from pigs—may
reveal genetic similarities with porcine-adapted serovars such
as S. Typhimurium and S. Derby. These findings underscore
the importance of investigating lesser-known serovars in ani-
mal reservoirs and their implications for food safety.

S. Hofit has been taxonomically classified and listed in the
NCBI Taxonomy Browser; however, it remains poorly char-
acterized in the scientific literature, with no published reports
describing its epidemiology or pathogenic potential (NCBI,
2025). To the best of our knowledge, this study represents
the first documented isolation of S. Hofit from wild boars
globally. Notably, the relatively high isolation rate (17.6%)
observed in this population suggests a potential adaptation of
this serovar to swine hosts. These findings underscore the
need for further epidemiological and genomic studies to elu-
cidate its ecological niche, transmission dynamics, and
potential implications for public and animal health.
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