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Abstract. Wildlife is usually not exposed to clinically-used antimicrobial agents but can 
acquire antimicrobial resistance throughout contact with humans, domesticated animals and 
environments. Samples of faeces from intestines (80 in total) were collected from roe deer (52), 
wild boars (11), chamois (10) red deer (6) and moufflon (1). After culture on ChromID 
extended spectrum β-lactamase (ESBL) plates to select for growth of ESBL-producing 
bacteria, 25 samples produced bacterial colonies for further study. Six species of bacteria were 
identified from the 25 samples: Stenotrophomonas maltophilia, Serratia fonticola, 
Stenotrophomonas nitritireducens, Enterococcus faecium, Enterococcus faecalis and 
Escherichia coli. Two ESBL enzymes were amplified from group TEM and three from group 
CTX-M-1. Undercooked game meat and salami can be a source of resistant bacteria when 
animals are not eviscerated properly.  

1.  Introduction 
The mere occurrence of antimicrobial resistance and corresponding resistance genes in the 
environment is an ancient phenomenon, due to the simple fact that most of the antimicrobial 
substances currently in use are based on natural compounds produced by soil bacteria like 
streptomycetes [1]. The function of these antibiotics was presumably more related to microbial 
competition for ecological niches, than the role they play today in clinical settings [2,3,4].  

While various bacterial species are important in terms of multiresistance and nosocomial infections 
in humans and veterinary medicine, we consider extended-spectrum β-lactamase (ESBL)-producing 
Gram-negative bacteria like Escherichia coli as being key indicator pathogens to trace the evolution of 
multiresistant bacteria in the environment and wildlife. These multiresistant bacteria have also made 
their way into livestock farming and companion animals [5,6,7]. Although so far it is not clear how 
ESBL-E. coli make their way into the natural environment, it seems unlikely that pathogens isolated 
from wildlife have acquired resistance through new parallel mutations in respective genes. Horizontal 
transfer of resistance genes from clinical isolates or the intake of already resistant bacteria from human 
waste, sewage, or domesticated animal manure might be more probable [8,3]. Antimicrobial-resistant 
E. coli isolates originating from wildlife species were reported for the first time at the beginning of the 
1980s from Japanese wild birds [9,10,11]. However, the detection of ESBL-E. coli from wild boar was 
reported from Portugal and Czech Republic [12,13].  

Much of the Slovenian countryside (58.3%) is covered with forest, which is why wild game 
presence near farms is not unusual. In 2015, according to the Republic of Slovenia Statistical Office, 
hunters killed 33,668 roe deer, 8,367 wild boars, 6,064 red deer and 2,302 chamois, among other wild 
game species. In Slovenia, game meat is treated as high quality meat and is often served as a speciality 
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in restaurants in the form of meat dishes and dried game meat products. For these reasons, in our study 
we analysed 80 samples of intestinal content of game animals for the presence of antimicrobial-
resistant bacteria and resistance patterns. 

 

2.  Material and methods 

2.1.  Sample collection  
In 2014 and 2015, a survey throughout Slovenia was performed to screen certain game animals as a 
potential source of enteric viruses as well as antibiotic-resistant bacteria. In total, 80 samples of game 
animal intestinal content were collected from five different wildlife species, comprising 52 samples 
from roe deer (Capreolus capreolus), 11 from wild boars (Sus scrofa), 10 from chamois (Rupicapra 
rupicapra), 6 from red deer (Cervus elaphus) and 1 from moufflon (Ovis musimon). The age of the 
game animals was from 5 months to 10 years and they were culled by five Slovenian hunting families 
between July 2014 and March 2015. Samples of intestinal content of each animal were collected by 
hunters after culling. The lower part of each intestine was placed in a sterile plastic bag. Samples were 
stored at -20°C and, as soon as possible, sent to the Veterinary Faculty where they were stored below -
60°C until use. 

2.2.  Bacterial isolation and identification 
Suspensions (10%) of the intestinal contents were prepared in RPMI-1640 (Thermo Fisher Scientific, 
Carlsbad, CA, USA) and centrifuged for 10 min at 1000 g. Volumes (0.1 ml) of each supernatant were 
added to 0.9 ml of peptone water (Buffered Peptone Water, Biolife, Italy) and mixed on a vibromix 
(Tehtnica, Železniki, Slovenia). Mixtures were then incubated for enrichment at 37°C for 16-20 h. 
Subsequently, enriched mixtures were inoculated, using 10 μl sterile disposable sampling loops, onto 
selective ChromID ESBL agar plates (BioMerieux, Marcy l’Etoile, France) and incubated for 24 h at 
37°C. Representative colonies from all plates showing bacterial growth were inoculated onto blood 
agar (Blood agar base No.2, Oxoid, Hampshire, United Kingdom, supplemented with 5% ovine blood) 
and incubated for 24 h at 37°C. The next day, bacterial isolates were confirmed by matrix-assisted 
laser desorption/ionization, time of flight (MALDI-TOF, Bruker Daltonics, Bremen, Germany) and 
mass spectrometry [14]. 

2.3.  Characterization of ß-lactamases  
β-lactamase resistance genes, blaTEM, blaSHV and blaCTX-M, were screened by PCR [15,16]. The 
multiplex PCR method described by Woodford [16] did not work properly; therefore, we used the 
same primers in five singleplex reactions for each blaCTX-M group (CTX-M-1, CTX-M-2, CTX-M-8, 
CTX-M-9, CTX-M-25), respectively. The PCR products were analysed using electrophoresis on 2.0% 
agarose gels. 

3.  Results  

3.1.  Bacterial isolation and identification 
Among 80 samples of intestinal contents, 25 (31.3%) exhibited bacterial growth on ChromID ESBL 
plates. Most positive samples belonged to roe deer 16 (61.5%), followed by wild boar 7 (25.9%) and 
red deer 2 (7.4 %). According to MALDI-TOF and mass spectrometry, bacterial cultures on ChromID 
ESBL agar plates belonged to six different bacterial species Stenotrophomonas maltophilia, Serratia 
fonticola, Stenotrophomonas nitritireducens, Enterococcus faecium, Enterococcus faecalis and E. coli. 

3.2.  Detection of ESBL-producing bacteria and characterisation of ESBL 
Among the 25 positive bacterial isolates on ChromID ESBL plates, two (2.5%) were positive for the 
ESBL enzyme group, TEM. Both isolates originated from samples collected from wild boars; one 
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isolate was identified as Enterococcus faecium and the other as Enterococcus faecalis. Both intestinal 
content samples came from the same hunting family, based in the town of Škofja Loka. In Figure 1, 
typical positive PCR products are shown.  

Bacteria producing ESBL from the ESBL enzyme group CTX-M-1 were detected in 4 out of 80 
(5.0%) samples of intestinal contents. All isolates were obtained from intestinal contents of roe deer. 
Two isolates were identified as Serratia fonticola, one as Stenotrophomonas maltophilia and one as 
Stenotrophomonas nitritireducens. Three of these intestinal content samples were collected by the 
hunters from Škofja Loka while one sample came from a hunting family from Polhov Gradec (Table 
1). Both hunting families hunt in adjoining territories, on the terrain of central and Gorenjska regions.  

 
 

Table 1 Overview of the detected ESBL-producing isolates. 

Isolate 
number 

Animal 
species 

Appearance of 
isolates on 

ChromID ESBL 
plate 

MALDI –TOF 
identification 

ESBL 
enzyme 
group 

Hunting 
family 

17/14 Roe deer Blue colonies Serratia fonticola CTX-M-1 Škofja 
Loka 

18/14 Roe deer Blue colonies Serratia fonticola CTX-M-1 Škofja 
Loka 

20/14 Roe deer Yellow colonies Stenotrophomonas 
nitritireducens 

CTX-M-1 Škofja 
Loka 

30/14 Wild boar White-blue 
colonies 

Enterococcus 
faecium 

TEM Škofja 
Loka 

34/14 Wild boar White-blue 
colonies 

Enterococcus 
faecalis 

TEM Škofja 
Loka 

67/14 Roe deer White colonies Stenotrophomonas 
maltophilia 

CTX-M-1 Polhov 
Gradec 
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Figure 1. Agarose gel electrophoresis of amplified DNA of blaTEM gene of Serratia fonticola on 
2% agarose gel. (line 10 (30/14) and 12 (34/14) amplified blaTEM); DNA marker contains bands (from 

bottom to the top) of 100bp, 200bp, 300bp, 400bp, 500bp, 600bp, 700bp, 800bp, 900bp, 1000bp, 
1200bp, 1500bp, 2000bp and 3000bp. 

 

4.  Discussion 
The results show that ESBL-producing bacteria are present in wild animals. However, they reveal that 
carriage of these multiresistant bacteria is not widespread among wild game in Slovenia. We 
cultivated 25 (31.3%) multiresistant bacterial isolates that grew on ChromID ESBL agar plates, and 
only in five isolates was a resistance gene amplified. The reasons could be that the resistance is 
chromosomal in origin or some new genes are involved. Most of our multiresistant isolates were 
common soil bacteria; however, we isolated also two strains of S. fonticola. Some species of the genus 
Serratia have medical significance as opportunistic pathogens [17,18]. In addition, we isolated E. 
faecium, which can be commensal in the human intestine but it can also be pathogenic, causing 
diseases such as neonatal meningitis or endocarditis. From the genus Enterococcus, we also isolated E. 
faecalis. E. faecalis is a commensal bacterium inhabiting the gastrointestinal tracts of humans and 
other mammals. However, it can cause life-threatening infections in humans, especially in the 
nosocomial (hospital) environment, where the naturally high levels of antibiotic resistance found in E. 
faecalis contribute to its pathogenicity [19].  

The results show that undercooked game meat and dried game meat products could be a source of 
multiresistant bacteria if evisceration of game is not conducted properly in the field. In addition, a 
further study on antimicrobial-resistant bacteria in game meat should be performed to determine the 
true prevalence of multiresistant bacteria with greater certainty. 

 

5.  Conclusion  
As previously suggested, thorough spatial and temporal studies of antimicrobial resistance in different 
natural habitats are warranted [20,21] to fully understand the importance of wildlife as a source of 
antimicrobial drug resistance. 

In our study, we only determined the ESBL enzyme group. Therefore, the next step is to perform 
nucleotide sequencing from these PCR products from the 25 bacterial isolates to determine the nature 
of their antibiotic resistance genes. 
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