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Abstract: Salmonella spp. is an important zoonotic agent. Wild boars might host this pathogen in the
intestinal tract and might represent a risk for Salmonella spp. transmission to humans. Wild boars
are widely spread in Liguria, due to the environmental characteristics of the region. The aim of
the study was the isolation, typing, and investigation of antimicrobial susceptibility of the isolated
strains of Salmonella spp. During the 2013–2017 hunting seasons, 4335 livers of wild boars were
collected and analyzed for the presence of Salmonella spp. A total of 260 strains of Salmonella spp.
were isolated and characterized, with a prevalence of 6%. The isolated strains belonged to all six
Salmonella enterica subspecies. Most of them were identified as Salmonella enterica subs. enterica of
which 31 different serotypes were identified. The dominating serotype identified was S. Enteritidis.
The antimicrobial resistance profiles of the isolated strains were analyzed against sixteen molecules.
Of the isolated strains, 94.6% were resistant to at least one of the tested antimicrobials. This study
showed the circulation of resistant Salmonella spp. strains in the wild boar population living in this
area of Italy, underling the potential risk for these animals to disseminate this pathogen and its
antimicrobial resistances.

Keywords: Salmonella spp.; wild boars; antimicrobic resistance

1. Introduction

Salmonella spp. is one of the most important causes of human zoonosis in Europe [1].
Many serotypes have been isolated from the intestinal tract of a wide range of animals,
including wild boars [2], which may act as a reservoir and disseminate pathogenic strains of
Salmonella spp. [3]. In Europe, the twenty most frequent serotypes of Salmonella spp. causing
illness in humans as reported by the European Authority for the Food Safety (EFSA), belong
to the S.enterica subs. enterica, and among them the three most common are S. Enteritidis,
S. Typhimurium, and S. Typhimurium monophasic variant 1,4,[5],12:i- [1]. Antimicrobial
resistance is one of the most challenging health problems worldwide [4]. Wild boars
are an important reservoir of antimicrobial-resistant bacteria and could be used as a
sentinel species for surveillance [5]. Antimicrobial-resistant pathogens, including Salmonella
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spp., have been widely isolated from this species [6–8]. Wild boars are omnivorous and
considering their behavior and habit of rooting through waste in urban areas, sources of
exposure to Salmonella spp. include the consumption of contaminated carcasses and contact
with infected farmed animals [9] or other wild animals. These animals could represent a
risk for the transmission of Salmonella spp. during evisceration, through consumption of
meat and meat products [2], from contamination of vegetables in agricultural areas, and
through direct or indirect contact with farmed animals.

Wild boars are widely present in Italy and in Europe with an increasing preva-
lence [10,11]. In particular, in the area of the survey, the Liguria region, the characteristics
of the territory support a wide occurrence of this species as well as in urban and peri-
urban areas. In the Liguria region, the presence of wild boars has been recognized as a
risk for zoonoses transmission. It has been observed that two important zoonotic agents,
Leptospira spp. [12] and Yersinia spp., circulate in wild boar populations living in this area,
and for the second pathogen, the presence of multidrug-resistant strains has been recently
observed [13]. The aim of the study was to investigate the presence of Salmonella spp. in
the liver of wild boars hunted in Liguria region and to analyze the profiles of antibiotic
resistance of the isolated strains. This survey was conducted during regional wild animal
monitoring plans, from 2013 to 2017. The monitoring plans were carried out in order to
investigate the presence of infectious diseases representing a risk for public health in wild
boars and other wild animals.

2. Results
2.1. Salmonella spp. Typing

Of the 4335 samples analyzed, 540 were positive to PCR screening. The positive
samples where then cultured and among them a total of 260 Salmonella spp. strains
were isolated and typed (Table 1), with a prevalence of 6%. Most of the isolated strains
(157/260, 60.4%) were typed as S. enterica subs. enterica of which a total of 31 serotypes
were identified (Table 1). Among them, seven of the twenty most frequent Salmonella
spp. serotypes responsible for illness in humans in Europe were identified: S. Enteritidis
(20/260, 7.7%), S. Typhimurium (10/260, 3.8%), S. Typhimurium monophasic variant
1,4,[5],12:i:- (4/260, 1.5%), S. Infantis (3/260, 1.2%), S. Newport (8/260, 3.1%), S. Napoli
(21/260, 8%), and S. Coeln (9/260, 3.5%). No clinical signs were reported by hunters
and Salmonella spp. isolation was not associated with the presence of macroscopic lesions
referable to salmonellosis.

Table 1. Subspecies of S. enterica and serotypes of Salmonella enterica subs. enterica isolated.

Isolated Serotypes or Subspecies Number/260 Percentage/Tot.

S. enterica subs. enterica (not serotyped) 5 1.9%

S. Enteritidis 20 7.7%

S. Typhimurium 10 3.8%

S. Typhiumurium monophasic variant 1,4,[5],12:i:- 4 1.5%

S. Infantis 3 1.2%

S. Newport 8 3.1%

S. Napoli 21 8%

S. Coeln 9 3.5%

S. Brandenburg 3 1.2%

S. Veneziana 10 3.8%

S. Thompson 8 3.1%
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Table 1. Cont.

Isolated Serotypes or Subspecies Number/260 Percentage/Tot.

S. Canada 8 3.1%

S. Oxford 7 2.7%

S. Muenster 6 2.3%

S. Kottbus 5 1.9%

S. Galil 4 1.5%

S. Kimuenza 6 2.3%

S. Banjul 4 1.5%

S. Stourbridge 3 1.2%

S. Juba 2 0.8%

S. Arechavaleta 2 0.8%

S. Atakpame 1 0.4%

S. Stoneferry 1 0.4%

S. Umbilo 1 0.4%

S. Goldocoast 1 0.4%

S. Grampiam 1 0.4%

S. Ablogame 1 0.4%

S. Massakory 1 0.4%

S. Bispebjerg 1 0.4%

S. Bahrenfeld 1 0.4%

S. enterica subs. salamae 53 20.4%

S. enterica subs. arizonae 13 5%

S. enterica subs. diarizonae 29 11.2%

S. enterica subs. houtenae 7 2.7%

S. enterica subs. indica 1 0.4%

2.2. Antimicrobial Susceptibility Analysis

The strains were classified as susceptible, intermediate, or resistant. The details
of the antimicrobial susceptibility of the isolated strains are reported in Table S1 in the
Supplementary Material. The summary concerning the antimicrobial susceptibility of the
analyzed strains is reported in Table 2. A total of 94.6% of the analyzed strains (246/260)
were resistant to at least one of the tested molecules; 40% (98/260) to two or more; 17.3%
(45/260) to three or more; and 9.6% (25/260) of the isolated strains resulted resistant to
four of more antimicrobials. In particular, the higher resistances were observed in two
strains of S. Typhimurium monophasic variant 1,4,[5],12:i:-, three strains of S. Brandenburg,
and one strain of S. enterica subs. salamae that resulted resistant to seven antimicrobials
(Table 3). Most of the resistances were observed against sulfadiazine + sulfamerazine +
sulfamethazine; in fact 96% of the strains tested resulted resistant to these molecules. Less
than the 1% of tested strains resulted resistant to chloramphenicol, colistin, ceftazidime,
enrofloxacin, and nalidixic acid. No one strain resulted resistant to ciprofloxacin. The
majority of the intermediate susceptibilities were observed against kanamycin (43%),
streptomycin (30.2%), and tetracycline (23.4%)
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Table 2. Percentage of isolated strain which resulted susceptible, intermediate, or resistant to the tested antimicrobials.

Antibiotic Susceptible Intermediate Resistant

Ampicillin 206/260 (79.2%) 29/260 (11.2%) 25/260 (9.6%)

Amoxicillin + Clavulanic Acid 171/217 (78.8%) 33/217 (15.2%) 13/217 (6%)

Chloramphenicol 247/251 (98.4%) 3/251 (1.2%) 1/251 (0.4%)

Cefalotin 197/260 (75.8%) 47/260 (18%) 16/260 (6.2%)

Cefotaxime 235/258 (91%) 20/258 (7.8%) 3/258 (1.2%)

Ciprofloxacin 258/260 (99.2%) 2/260 (0.8%) 0/260 (0%)

Colistin 237/245 (96.7%) 7/245 (2.9%) 1/245 (0.4%)

Ceftazidime 195/249 (78.3%) 52/249 (20.9%) 2/249 (0.8%)

Enrofloxacin 190/207 (91.8%) 16/207 (7.7%) 1/207 (0.5%)

Gentamicin 223/257 (86.8%) 27/257 (10.5%) 7/257 (2.7%)

Kanamycin 118/230 (51.3%) 99/230 (43%) 13/230 (5.7%)

Nalidixic acid 219/253 (86.6%) 32/253 (12.6%) 2/253 (0.8%)

Streptomycin 106/258 (41%) 78/258 (30.2%) 28/258 (10.8%)

Sulfadiazine + Sulfamerazine + Sulfamethazine 6/248 (2.4%) 4/248 (1.6%) 238/248 (96%)

Sulfamethoxazole + Trimethoprim 153/260 (58.8%) 50/260 (19.2%) 57/260 (21.9%)

Tetracycline 147/260 (56.5%) 61/260 (23.4%) 52/260 (20%)

The percentages of strains determined to be antimicrobial resistant, belonging to
the most frequent serotypes of Salmonella spp. causing human illness in Europe, are re-
ported in Table 4. The strains of S. Typhimurium monophasic variant 1,4,[5],12:i:- showed
the most noteworthy antimicrobial resistances. In fact, 100% of the analyzed strains
showed resistance to: ampicillin, amoxicillin-clavulanic acid, streptomycin, trimethoprim-
sulfamethoxazole, and tetracycline; 75% of the analyzed strains showed resistance to
cefalotin. The strains of S. Coeln showed resistance to nine molecules but in a lower rate.
In particular, 100% of the analyzed strains showed resistance to sulfadiazine + sulfam-
erazine + sulfamethazine; 67% to tetracycline; and 22% to amoxicillin-clavulanic acid,
streptomycin, and trimethoprim-sulfamethoxazole. A total of 11% of the analyzed strains
resulted resistant to ampicillin, cefalotin, cefotaxime, and ceftazidime. The S. Napoli iso-
lated strains showed resistance to four molecules. In particular, 86% of the isolated strains
resulted resistant to sulfadiazine + sulfamerazine + sulfamethazine; 19% to ampicillin; 10%
to tetracycline; and 5% to streptomycin. The S. Typhimurium isolated strains resulted
resistant to four molecules. A total of 100% of the analyzed strains resulted resistant to
sulfadiazine + sulfamerazine + sulfamethazine; 30% to trimethoprim-sulfamethoxazole;
11% to amoxicillin-clavulanic acid; and 10% to ampicillin. The S. Newport isolated strains
resulted resistant to three molecules. Among them, 100% of the strains resulted resis-
tant to sulfadiazine + sulfamerazine + sulfamethazine; 63% to streptomycin; and 13% to
trimethoprim-sulfamethoxazole. The S. Infantis isolated strains resulted resistant to three
of the tested molecules. In particular, 100% of the strains resulted resistant to sulfadiazine +
sulfamerazine + sulfamethazine and 33% to cefalotin and tetracycline. Also, the S. Enteri-
tidis isolated strains resulted resistant to three molecules: 100% was resistant to sulfadiazine
+ sulfamerazine + sulfamethazine; 25% was resistant to trimethoprim-sulfamethoxazole;
and 5% was resistant to tetracycline. Considering these strains in total, the higher inter-
mediate susceptibilities were observed against kanamycin (22%), tetracycline (16.7%), and
streptomycin (9.1%).



Pathogens 2021, 10, 568 5 of 12

Table 3. Antimicrobial resistance profile of multidrug-resistant strains (to 4 or more antimicrobials).
In bold: antimicrobials considered “Highest Priority Critically Important”.

Year Strain Antimicrobial Resistances

2014 S. Typhimurium monophasic variant 1,4,[5],12:i:- A-AMC-KF-S-SSS-SXT-T

2014 S. Typhimurium monophasic variant 1,4,[5],12:i:- A-AMC-KF-S-SSS-SXT-T

2014 S. Typhimurium monophasic variant 1,4,[5],12:i:- A-AMC-KF-S-SXT-T

2014 S. Typhimurium monophasic variant 1,4,[5],12:i:- A-AMC-S-SSS-SXT-T

2013 S. Napoli A-S-SSS-T

2013 S. Coeln KF-CST-CAZ-S-SSS-T

2015 S. Coeln S-SSS-SXT-T

2013 S. Brandenburg A-AMC-KF-CTX-K-SSS-T

2013 S. Brandenburg A-AMC-KF-CTX-K-SSS-T

2013 S. Brandenburg A-AMC-KF-CTX-K-SSS-T

2013 S. Stourbridge S-SSS-SXT-T

2013 S. Stourbridge S-SSS-SXT-T

2013 S. Muenster A-AMC-KF-SSS

2013 S. Atakpame A-AMC-KF-SSS-SXT-T

2016 S. Veneziana G-K-S-SSS-SXT-T

2016 S. Veneziana G-K-SSS-SXT-T

2016 S. Canada A-SSS-SXT-T

2016 S. Bahrenfeld G-K-SSS-SXT-T

2013 S. enterica subs. salamae A-AMC-C-KF-SSS-SXT-T

2014 S. enterica subs. salamae A-KF-SSS-T

2016 S. enterica subs. salamae A-KF-S-SSS-SXT-T

2016 S. enterica subs. salamae G-K-S-SSS

2016 S. enterica subs. salamae ENR-G-K-SSS-SXT

2016 S. enterica subs. salamae G-K-SSS-SXT-T

2014 S. enterica subs. diarizonae S-SSS-SXT-T
A: ampicillin, AMC: amoxicillin/clavulanic acid 2:1, C: chloramphenicol, KF: cefalotin, CTX: cefotaxime, CST:
colistin, CAZ: ceftazidime, ENR: enrofloxacin, G: gentamicin, K: kanamycin, S: streptomycin, SSS: Sulfadiazine +
Sulfamerazine + Sulfamethazine, SXT: trimethoprim-sulfamethoxazole, T: tetracycline.
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Table 4. Percentages of tested strains which showed antimicrobial resistances belonging to the most frequent serotypes of Salmonella spp. causing human illness in Europe. In bold:
antimicrobials considered “Highest Priority Critically Important”.

Serotype
Antimicrobials

A AMC C KF CTX CIP CST CAZ ENR G K NAL S SSS SXT T

S. Enteritidis - * - - - - - - - - - - - - 20/20
(100%)

5/20
(25%)

1/20
(5%)

S. Typhimurium 1/10
(10%)

1/9
(11%) - - - - - - - - - - - 6/6

(100%)
3/10
(30%) -

S. Typhimurium
monoph. variant

4/4
(100%)

4/4
(100%) - 3/4

(75%) - - - - - - - - 4/4
(100%)

3/3
(100%)

4/4
(100%)

4/4
(100%)

S. Infantis - - - 1/3
(33%) - - - - - - - - - 3/3

(100%) - 1/3
(33%)

S. Newport - - - - - - - - - - - 5/8
(63%)

8/8
(100%)

1/8
(13%) -

S. Napoli 4/21
(19%) - - - - - - - - - - - 1/21

(5%)
18/21
(86%) - 2/21

(10%)

S. Coeln 1/9
(11%)

2/9
(22%) - 1/9

(11%) - - 1/9
(11%)

1/9
(11%) - - - - 2/9

(22%)
9/9

(100%)
2/9

(22%)
6/9

(67%)

A: ampicillin, AMC: amoxicillin/clavulanic acid 2:1, C: chloramphenicol, KF: cefalotin, CTX: cefotaxime, CIP: ciprofloxacin, CST: colistin, CAZ: ceftazidime, ENR: enrofloxacin, G: gentamicin, K: kanamycin,
NAL: nalidixic acid, S: streptomycin, SSS: Sulfadiazine + Sulfamerazine + Sulfamethazine, SXT: trimethoprim-sulfamethoxazole, T: tetracycline. - *: Resistance not observed.
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3. Discussion

Salmonella spp. is the second cause of human zoonosis in Europe. Many serotypes can
be involved in a morbid event causing different clinical signs. The results obtained in our
study confirm the possible role of wild boars in the transmission of Salmonella spp.

Indeed, the presence of Salmonella spp. in the deep part of muscles of wild boars
hunted for consumption in Italy was already demonstrated [14] and it was also reported
on the carcasses and meat cuts of wild boars in European countries [15]. The presence of
Salmonella spp. in the liver, that is usually eaten lightly cooked or used for cured meat
preparation, suggests the existence of a risk of transmission of Salmonella spp. to humans.
To our knowledge, no salmonellosis cases following consumption of meat from wild boars
have been reported in Italy. This is possibly due to the low prevalence of this pathogen,
which was reported in studies conducted in Italy using different matrices (i.e., faeces or
intestinal content) [6–8]. Another reason could be the low amount of wild animal meat
consumed compared with the total amount of meat consumed. In addition, the EFSA
reports do not specify the origin of the meat causing human salmonellosis in European
countries [1]. However, during an outbreak of S. Cholerasuis var. Kusendorf in wild boars
in Italy, the same serotype was isolated in a human case of salmonellosis. The phylogenetic
and PFGE analyses of the isolated strains suggested a high degree of similarity between
the human isolates and the isolates from the wild boar outbreak. This study suggested
the potential role of wild boars in spreading S. Cholerasuis to humans [16]. However,
Salmonella spp. can be released from infected wild boars into the environment, causing
contamination of surface water, direct or indirect contamination of crops, and could be
transmitted to farmed animals. The risk of direct or indirect transmission of Salmonella
spp. from wild boars to humans is considered possible as previously reported by other
authors [2]. Recent studies demonstrated the different ability of Salmonella strains to
modulate innate immunity; in particular, it was demonstrated that IL-8 expression is very
important for Salmonella spp. invasion of enterocytes [17,18]. In this respect, Razzuoli and
coworkers demonstrated that different strains of S. diarizonae isolated in wild boars can
have different pathogenicity [18]. Wild boars may act as healthy carriers for Salmonella
spp. [3], but stressor conditions like the presence of concomitant viral diseases [19] or
pollutants such as cadmium [20] could determine a high susceptibility to Salmonella spp.,
and clinical outbreaks could occur [21]. The 6% prevalence of Salmonella spp. observed in
this study is similar to those reported in previous studies conducted in central Italy [6,8]
and northwestern Italy [7], where a prevalence of 4.8%, 7.2%, and 10.8% were reported.
S. enterica subs. enterica is the most common subspecies isolated in our study. This
observation is consistent with other studies conducted in wild boars [3,6,22]. The main
location of Salmonella spp. in non-adapted hosts is the intestinal tract. The use of liver
samples for this study could have led us to underestimate the prevalence of Salmonella
spp, but the liver was chosen for two reasons. The study was mainly conducted for food
hygiene purposes and the liver is an edible part traditionally consumed in this part of Italy
and also used for the production of cured meats; therefore, it could represent a risk for the
transmission of Salmonella spp. to humans. The second reason was a practical trade-off.
Sampling was carried out during the evisceration process by the hunters and the other
parts of the carcasses were left at the disposal of hunters to then be consumed. In practice,
it was better to not use the intestinal content because its collection could have represented
a risk of contamination of the carcasses and would not have guaranteed transport in safe
hygienic conditions to the laboratory. Other studies have investigated the presence of
Salmonella spp. in this organ [8].

The other subspecies of Salmonella spp. represent 40% of the isolated strains. Among
them, S. enterica subs. salamae is the most frequently isolated subspecies (20.4%). This
subspecies of Salmonella has also been isolated in a high rate in an investigation previously
conducted in Italy in wild boars [6]. Among the strains most frequently implicated in hu-
man illness in Europe [1], our results showed the presence of S. Enteritidis, S. Typhimurium,
S. Typhimurium monophasic variant 1,4,[5],12:i:-, S. Infantis, S. Newport, S. Napoli, and S.
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Coeln. These strains were previously reported in wild boars in Italy [3,6–8]. The relative
high number (21/260, 8%) of isolates belonging to S. Napoli serotype is interesting; in fact
it is a re-emerging serotype in Italy. It has been hypothesized that the environment can
act as reservoir for this serotype from where it can spill over to humans and animals [23].
This serotype has been already isolated form wild boars in Italy [3,24]. Our investigation
confirms the circulation of S. Napoli in wild boars that can represent a route of dissemi-
nation of this serotype in humans and farmed animals, directly or contaminating surface
water. Another interesting finding is the isolation of S. Stourbridge, a rare serotype that
was involved in some severe outbreaks in Germany in 2016. Human patients presented
severe clinical signs and two had a fatal outcome. Unfortunately, the source of infection
has not been identified [25]. Following these outbreaks, ECDC asked for collaboration
and sharing of data about the identification of S. Stourbridge from non-human sources.
Indeed, few literature data are available about S. Stourbridge isolation, mainly from human
patients and cattle [26]. To the extent of our knowledge, this is the first description of S.
Stourbridge from wild boars in Italy, while it has already been described from a wild boar
in Switzerland [27]. The present result suggests that wild boar are probably responsible for
the S. Stourbridge source of infection. S. Cholerasuis is a host-adapted serotype, an agent
of swine paratyphoid [28], and in our study, we did not isolate this serotype of Salmonella.
The hunted wild boars did not show clinical signs and the isolation of Salmonella spp. were
not associated with the presence of macroscopic lesions. The presence of S. Cholerasuis
has been mainly reported in domestic pigs [29] and a possible mutual exposure to this
pathogen between domestic pigs and wild boars has been hypostatised [30]. In our study,
this serotype was not found.

The Liguria region has a very low density of farmed pigs with few animals at each
farm site. This led us to hypothesize that contact between farmed pigs and wild boars
is improbable, indicating a low probability of spread of this serotype in the wild boar
population, despite a limited exchange of Salmonella spp. having been observed among
domestic pigs and wild boars in Italy [31]. Moreover, the presence of this pathogen, to the
extent of our knowledge, was not reported for farmed pigs in this area of Italy, and studies
conducted in adjoining regions in wild boars did not detect this serotype too [8]. Wild
animals might act as reservoir for antimicrobial resistance pathogens. It has been suggested
that wildlife living in urban areas show higher antimicrobial resistances than animals
living in remote areas [32], due to the possibility of contact with resistant bacteria and
selective agents. Wild boars have contact with humanized environments, thus is a species
that could be implicated in the cycle of antimicrobial resistance transmission [5]. In our
study we confirm this evidence, showing that almost 94.6% of the isolated Salmonella spp.
strains are characterized by a resistance to at least one antimicrobial tested. The highest
resistances were observed against sulfonamides. In particular, 96% of the tested strains
resulted resistant to the combination of sulfadiazine + sulfamerazine + sulfamethazine
(triple-sulfa) and 21.9% to the combination of sulfamethoxazole + trimethoprim. Our re-
sults confirm the well-known, widespread antimicrobial resistance against these molecules,
which, for this reason, have been less used by the clinicians for a long time [33]. A total of
20% of the tested strains resulted resistant to tetracycline; the antimicrobial resistance is
well established for this molecule, and the use is limited only in infection with confirmed
susceptibility [34]. A total of 10.9% of the isolated strains resulted resistant to streptomycin.
Our results are consistent with other studies on the presence of Salmonella spp. in wild
mammals and in other territories, in which the majority of the resistances reported are
against the same classes of antimicrobials [6,7,22,35] and in contrast with the results of
a recent study conducted in central Italy in wild boars [8] where no resistances against
tetracycline were observed, and a higher rate of antimicrobial resistance to streptomycin
was reported. In our study, the antimicrobial susceptibility against molecules considered
“Highest Priority Critically Important” antimicrobials for human medicine has been tested,
among them, quinolones (nalidixic acid and ciprofloxacin) and cephalosporines of third
generation (cefotaxime, ceftazidime). Both of these classes of antimicrobials are known to
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select for resistant Salmonella spp. and E. coli strains in animals, and at the same time, are
among the few available therapies for serious Salmonella spp. and E. coli infections [36]. In
our study, we also tested the antimicrobial susceptibility against colistin. This molecule
belongs to the polymixines, which are known to select for plasmid-mediated polymyxin-
resistant E. coli in food animals, but at the same time, are one of the few available therapies
for serious Enterobactericeae and Pseudomonas aeruginosa multi-resistant infections [36].
Fortunately, most of the isolated strains are sensitive to these antimicrobials. Considering
the quinolones, only 0.8% of the tested strains resulted resistant to nalidixic acid, and no
one strain resulted resistant to ciprofloxacin. The analysis of the antimicrobial suscepti-
bility against cephalosporin of third generation also revealed a low rate of antimicrobial
resistance. In particular, 1.2% of the isolated strains resulted resistant to cefotaxime and
0.8% to ceftazidime. Only 0.4% of the isolated strains resulted resistant to colistin.

The observed antimicrobial resistance to these molecules is lower than that reported in
other studies conducted in wild boars; however, these studies considered a lower number
of Salmonella spp. strains [6,8,21]. The majority of the intermediate susceptibility was ob-
served against kanamycin (43%), streptomycin (30.2%), and tetracycline (23.4%). However,
considering only the seven serotypes, among the most frequently isolated in human illness
in Europe, the percentage of intermediate susceptibility are lower when compared to all
tested strains: kanamycin (22%), streptomycin (9.1%), and tetracycline (16.7%). Consid-
ering all the tested strains, the highest intermediate susceptibility against the “Highest
Priority Critically Important” antimicrobials was observed against ceftazidime (20.9%),
followed by nalidixic acid (12.6%), cefotaxime (7.8%), colistin (2.9%), and ciprofloxacin
(0.8%). As in the previous case, considering the strains of the seven serotypes, among the
most frequently isolated in human illness in Europe, the percentage of intermediate strains
was lower: ceftazidime (7.6%), cefotaxime (3%), followed by nalidixic acid (2.3%), and
colistin (0.8%); no intermediate susceptibility was observed against ciprofloxacin. Consid-
ering these observations in total, we can assert that, despite the presence of multi-drug
resistances, the isolated strains present a high sensitivity rate against “Highest Priority
Critically Important” antimicrobials in use.

4. Materials and Methods
4.1. Samples Collection

The survey was conducted during the hunting seasons from 2013–2017 (October to
January). During the evisceration of hunted wild boars, 4335 livers were collected and
analyzed for the presence of Salmonella spp. The area of the sampling was the Liguria
region, in the northwest of Italy. The liver of each wild boar was collected by the hunters
using dedicated knives and sterile bags provided by the laboratory and within 4 h after
collection were transported refrigerated to the laboratory. The hunters were trained by
laboratory workers on the procedures for the evisceration.

4.2. Salmonella Isolation and Typing

Twenty-five grams of each liver were sampled in the deep part of the organ, enriched
(1:10) in buffered peptone water (BPW), homogenized in a Stomacher blender, and in-
cubated for 18 h at 37 ± 1 ◦C. PCR method was used for screening analysis. The DNA
was extracted and amplified using the iQ-Check Salmonella II PCR Detection kit (Bio-rad,
Milan, Italy), according to the instructions of the producer. The isolation of Salmonella
strains from PCR-positive samples was made according to ISO 6579:2002/COR. 1, 2004
(Microbiology of food and animal feeding stuffs: horizontal method for the detection of
Salmonella spp.). Briefly, after the pre-enrichment, 100 µL of sample was added to 10 mL
of Rappaport Vassiliadis modified broth (RVS), and 1 mL of sample was added to 10 mL
of Muller–Kauffmann tetrathionate-novobiocin broth (MKTTn), respectively. RVS broth
was incubated for 24 h at 41.5 ± 1 ◦C and the MKTTn broth for 24 h at 37 ± 1 ◦C. After
the incubation, the samples were distributed onto plates of selective media, brilliant green
agar (BGA) and xylose lysine deoxycholate agar (XLD). The plates were incubated for 24 h
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at 37 ± 1 ◦C, and then suspected colonies were transferred on nutrient agar and incubated
at 37 ± 1 ◦C for 20–24 h. After this step, the suspected colonies were seeded in triple
sugar iron (TSI) to evaluate H2S production and glucose, lactose, and sucrose fermentation.
The presence of Salmonella was confirmed using appropriate biochemical miniaturized
tests (API 20E®, Biomerieux, Lyon, France) and serological tests. Serotype identification
of the isolated strains was carried out according to ISO/TR 6579-3, 2014 (Microbiology
of the food chain—Horizontal method for the detection, enumeration and serotyping of
Salmonella—Part 3: Guidelines for serotyping of Salmonella spp.).

4.3. Antimicrobial Susceptibility Analysis

The Kirby–Bauer disk diffusion test was performed according to Clinical and Lab-
oratory Standard Institute (CLSI) guidelines [37] using Mueller–Hinton agar plates (Mi-
crobiol, Uta, Italy) and following the indications of the Italian National Reference Labo-
ratory. The antimicrobials and concentrations (µg) used were: ampicillin (A, 10), amoxi-
cillin/clavulanic acid 2:1 (AMC, 30), chloramphenicol (C, 30), cefalotin (KF, 30), cefotaxime
(CTX, 5), cyprofloxacin (CIP, 5), colistin (CST, 10), ceftazidime (CAZ, 10), enrofloxacin
(ENR, 5), gentamicin (G, 10), kanamycin (K, 30), nalidixic acid (NAL, 30), streptomycin (S,
10), triple-sulfa (SSS, 250), trimethoprim-sulfamethoxazole (SXT, 1.25/23.75), and tetracy-
cline (T, 30). The interpretation of results was performed according to the CLSI guideline
instructions [38–40].

5. Conclusions

Continuous monitoring of the prevalence and antimicrobial resistance profiles of
Salmonella spp. on wild boars is useful for the epidemiological surveillance on territories,
by means of animal sentinels. This kind of monitoring is also important for risk analysis
on the consumption of meat and meat products of this species, which is traditionally
consumed in our region as well as in many parts of Italy. In conclusion, the study underlines
the possible role of wild boars in the diffusion of Salmonella spp. Moreover, due to the
antimicrobial resistance found in our study, a risk in the spread of antimicrobial resistant
strains can be supposed. Considering wild boars as sentinel, we can assert the low presence
of antimicrobial resistance against “Highest Priority Critically Important” antimicrobials in
the territory of the survey area.
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