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Abstract: The risk to public health from the large number of dog stools present on streets 

of urban areas is cause for concern. Dog faeces may be a serious hazard because they may 

contain microorganisms that are both pathogenic to humans and resistant to several classes 

of antibiotics. The aim of this study was to evaluate the potential for zoonotic infections 

and for the presence of antibiotic resistant bacteria in canine faeces which contaminates the 

urban environment. A total of 418 canine faecal samples were collected from streets in 

seven areas of Bari, Southern Italy. We have isolated multi-drug resistant Enterococci and 

meticillin-resistant Staphylococcus aureus from these dog faecal samples. The presence of 

the resistant bacteria in an urban environment may represent a public health hazard which 

requires control measures by competent authorities. No Salmonella, Yersinia or 

Campylobacter species were isolated. Giardia cysts were detected in 1.9% of the samples. 

The predominant Enterococcus species were E. faecium (61.6%), E. gallinarum (23.3%) 

and E. casseliflavus (5.5%). Other species, including E. faecalis were also isolated. These 

strains were resistant to clindamycin (86.3%), tetracycline (65.7%), erythromycin 
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(60.27%) and ampicillin (47.9%). High-level aminoglycoside resistance (HLAR) was 

found in 65.7% of enterococci. Resistance to three or more antibiotics and six or more 

antibiotics were observed in 67.12% and 38.4% of Enterococcus spp., respectively. 

Resistance to vancomycin and teicoplanin was not detected in any of the Enterococcus spp. 

isolated. Methicillin-resistant Staphylococcus aureus was isolated in 0.7% of the faecal 

samples. Canine faeces left on the streets may represent a risk factor for transmission of 

microorganisms and a reservoir of multidrug- resistant bacteria thus contributing to the 

spread of resistance genes into an urban area. 
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1. Introduction 

Dogs and cats live in close contact with humans. In particular, dog numbers have increased in 

industrialised countries. The presence of dog faeces in urban settings due to the habit of dog owners of 

not removing dog faeces from the street may represent a problem for hygiene and public health. Dog 

faeces may contain several types of microorganisms potentially pathogenic for humans. Bacteria that 

are pathogens for the intestinal tract and cause diarrhoea include Campylobacter, Salmonella, Yersinia 

and E. coli [1−4]. Dog faeces may also contribute to the diffusion of protozoa such as Giardia and 

Cryptosporidium [5] and of roundworms such as Toxocara canis [6]. Recently, there has been 

increased evidence that pets and their stools may be a reservoir for antibiotic-resistant bacteria [7], 

posing a new threat to public health. In particular, the presence of vancomycin-resistant enterococci 

(VRE) in pet animals, including dogs, has been reported [8]. A relatively high occurrence (7–23%) of 

VRE, mainly E. faecium in dogs living in urban areas has also been reported in Europe [9−11]. 

Furthermore, enterococci with high-level aminoglycoside resistance (HLAR) have been described in 

strains isolated from both humans and animals [12]. In addition, methicillin-resistant Staphylococcus 

aureus (MRSA) has been found in the stools of dogs and has been isolated from both infected and 

colonised pet animals [13−19]. The MRSA isolated from pet animals resembles MRSA strains isolated 

in a hospital setting suggesting transmission of these strains from animals to human or vice versa [15]. 

Of additional concern is also the decription of the isolation of E. coli producing extended-spectrum 

beta-lactamases from dogs [20]. Thus, dogs represent a potential source of antimicrobial—resistant 

microorganisms, especially considering the overuse of antimicrobials in companion animals. In 1997, 

the number of cats and dogs was estimated to be above 70 million in European countries [21] and, 

today, close physical contact with dogs is more frequent because household pets are considered family 

members. The aim of this study was to evaluate the presence of diverse microorganisms responsible 

for transmittable zoonoses in dog faecal samples collected from different streets within the city of Bari. 

In addition, because few studies have dealt with antimicrobial resistance in bacteria isolated from dog 

stools, the presence of VRE, HLAR enterococci and MRSA was also assessed.  
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2. Materials and Methods 

From February to September 2010, a total of 418 dog faecal samples (44% of fecal samples were 

fresh feces and 56% were aged feces) were collected from sidewalks and streets of main roads of 

seven sub-areas of the city of Bari, with approximately 60 different samples from each subarea. A 

large quantity of each formed stool specimen was collected with a plastic spoon, placed in faecal 

plastic containers and sent to the laboratory of Microbiology of the Department of Basic Medical 

Sciences of the Faculty of Medicine, University of Bari, Italy and processed within four hours. 

2.1. Bacteriological Investigations  

The isolation of Salmonella was performed by first transferring a large amount of faecal sample 

into 10 mL of Selenite broth (Oxoid, Milan, Italy). After incubation at 37 °C for 18 h, 0.1 mL of the 

selective broth was inoculated onto Salmonella Shigella agar (Oxoid) and incubated at 37 °C for 24–48 

h. Colonies showing typical Salmonella morphology (lactose-negative, with a black centre) were 

struck on Triple Sugar Iron (TSI) slant (Oxoid). When Salmonella was suspected, biochemical 

identification was performed by an automated system (MicroScan WalkAway, Siemens, Milan, Italy).  

For Campylobacter isolation, faecal samples were directly inoculated onto Skirrow medium plates 

(Oxoid), and incubated at 42 °C for 48–72 h under a microaerophilic atmosphere (gas generating kit, 

Oxoid).  

For Yersinia isolation, aliquots of faecal samples were inoculated into CIN agar (Oxoid). Suspected 

colonies appearing as a bull’s eye were struck on TSI slant. When Yersinia was suspected the urease 

test was performed, and, if positive, biochemical identification was performed by the above-mentioned 

automated system. 

For isolation of Enterococcus spp., aliquots (1 g) of stools were inoculated in 5 mL of 

Enterococcosel Broth (Becton Dickinson, Milan, Italy) and, after incubation for 18 h at 37 °C, aliquots 

were struck on Enterococcosel Agar (Becton Dickinson) and incubated for 24–48 h. Suspected 

colonies were identified as Enterococcus spp. by the above-mentioned automated system.  

For the isolation of MRSA, aliquots of stools were inoculated in Mueller-Hinton broth with the 

addition of 6.5% NaCl. After incubation for 18–24 h at 37 °C, aliquots were struck onto mannitol salt 

agar supplemented with oxacillin (2 μg/mL) and incubated for 24 h at 37 °C. S. aureus was identified 

via a positive latex agglutination test (Slidex Staph-Plus, bioMérieux, Florence, Italy) and the 

automated system. Confirmation of methicillin resistance was carried out by growth on Mueller-

Hinton agar supplemented with NaCl (4% w/v) and with 6 μg/mL of oxacillin and followed by 

polymerase chain reaction (PCR) detection of the mecA gene as described below. 

2.2. Susceptibility Testing 

Susceptibility to vancomycin, teicoplanin, ampicillin, erytromycin, tetracycline, levofloxacin, 

penicillin, piperacillin-tazobactam, trimethoprim-sulfamethoxazole, chloramphenicol, clindamycin and 

amoxicillin/clavulanic acid was determined by the disk diffusion method as described in Clinical and 

Laboratory Standards Institute (CLSI) guidelines [22]. Mueller Hinton agar and antimicrobial 

impregnated disks (Biolife, Milan, Italy) were used. 
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Detection of high-level aminoglycoside resistance in enterococci was performed according to the 

method previously described [23] by inoculating a 10 μL suspension of Enterococcus spp. equivalent 

to a 0.5 Mc Farland Standard onto Brain Heart Infusion (BHI) agar supplemented with 500 μg of 

gentamicin per mL and BHI supplemented with 2,000 μg of streptomycin per mL. The presence of 

more than one colony or a haze of growth was read as resistant. 

2.3. Molecular Studies 

The vanA, vanB, and vanC genes were targeted with specific primers in separate PCRs according to 

Dukta- Malen et al. [24]. As positive controls, E. faecium ATCC 51559 was used for vanA, E. faecalis 

ATCC 51299 was used for vanB, and E. gallinarum ATCC 49573 and E. casseliflavus ATCC 25788 

were used for vanC2/C3. The presence of the mecA gene in S. aureus was evaluated as previously 

described [25]. A molecular diagnostic identification for Staphylococcus pseudintermedius was 

performed using the primers pse-F2 and pse-R5 according to Sasaki et al. [26]. 

2.4. Giardia Detection 

All 418 dog faecal samples were evaluated for the presence of Giardia by microscopic examination 

after the use of the sedimentation flotation technique [27]. In addition, 190 of the 418 samples were 

analysed by using a commercially available EIA for Giardia lamblia antigen (Serazym® Giardia 

lamblia ELISA kit, DID, Milano, Italy) which detect Giardia lamblia using labelled polyclonal 

antibodies. After the kit was no longer commercially available from the manufacturers, 25 further 

samples were analyzed by using an Immunochromatographic test (Giardia Dipstick, DID), which is a 

qualitative lateral flow immunoassay for the detection of Giardia antigen in faeces samples. Both 

assays were performed according to the manufacturers’ instructions. 

3. Results 

All of the 418 dog stool samples examined were negative for the presence of Salmonella, 

Campylobacter or Yersinia. Giardia spp. was found in only one of the 418 samples analysed by 

microscopy. When the same samples were analysed by an ELISA (190 samples) or the 

immunochromatographic method (25 samples), only four (1.9%) were positive. The positive result was 

confirmed by repeating the exam twice. Sixty-eight of 418 faecal samples were positive for 

enterococci and 73 strains were isolated two different enterococcal species were identified in one 

faecal sample and three in another sample). The isolates were identified as E. faecium (45/73, 61.6%), 

E. gallinarum (17/73, 23.3%) and E. casseliflavus (4/73, 5.5%). Other species isolated (E. raffinosus, 

E. avium and E. durans) accounted for 0.027% of the samples. E. faecalis was identified only in one 

specimen. 

The pattern of antibiotic resistance in Enterococcus spp. was analysed, and Table 1 shows the 

results obtained for each species of Enterococcus isolated. Enterococcus spp. were resistant to 

clindamycin (86.3%), tetracycline (65.7%), erythromycin (60.27%), ampicillin (47.9%), penicillin 

(46.6%), piperacillin-tazobactam (43.8%), amoxicillin-clavulanic acid (34.2%), levofloxacin (23.3%) 

and trimethoprim-sulfametoxazole (9.6%) while a low percentage of resistance to cloramphenicol 

(1.4%) was found. 
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Table 1. Antimicrobial resistance of enterococci isolated from faecal samples of dogs detected by the disk diffusion method.  

Antibiotic No. resistant (% resistant) 
No. ( % resistant ) 

E. faecium 
(n = 45) 

E. gallinarum * 
(n = 17) 

E. casseliflavus *
(n = 4) 

E. raffinosus 
(n = 2) 

E. faecalis 
(n = 1) 

E. avium 
(n = 2) 

E. durans/hirae  
(n = 2) 

Clindamycin n = 63 (86.3%) 38 (84.4) 15 (88.23) 4 (100) 2 (100) 1 (100) 2 (100) 1 (50) 

Tetracycline n = 48 (65.7%) 33 (73.3) 10 (58.9) 2 (50) 2 (100) 1 (100) 0 (0) 0 (0) 

Erythromycin n = 44 (60.27%) 35 (77.7) 4 (23.52) 2 (50) 1 (50) 1 (100) 0 (0) 1 (50) 

Ampicillin n = 35 (47.9%) 30 (66.6) 2 (11.8) 0 (0) 0 (0) 1 (100) 0 (0) 2 (100) 

Penicillin n = 34 (46.6%) 33 (73.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 

Piperacillin−Tazobactam n = 32 (43.8%) 30 (66.6) 1 (5.9) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 

Amoxicillin + clavulanic acid n = 25 (34.2%) 23 (51.1) 1 (5.9) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 

Levofloxacin n = 17 (23.3%) 15 (33.3) 1 (5.9) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 

Trimethoprim-Sulfamethoxazole n = 7 (9.6%) 3 (6.6) 2 (11.8) 0 (0) 0 (0) 0 (0) 0 (0) 2 (100) 

Chloramphenicol n = 1 (1.4%) 0 (0) 1 (5.9) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

* These species was susceptible by the disk diffusion method but showed a MIC of 6–12 mg/L when tested by the E-test.  

Table 2. Multiple antimicrobial resistances among enterococci isolated from faecal samples of dogs.  

Species 
 No. Resistant (%) 
No. Antimicrobials 0 1 2 3 4 5 6 7 8 9 

E. faecium (n = 45) 1 (2.2 ) 3 (6.7) 3 (6.7 ) 4 (8.9) 1 (2.2 ) 7 (15.5) 6 (13.3 ) 10 (22.2) 9 (20) 1 (2.2) 
E. gallinarum (n = 17) 0 (0) 3 (17.6) 9 (52.9) 2 (11.8) 1 (5.9) 1 (5.9) 0 (0) 1 (5.9) 0 (0) 0 (0) 
E. casseliflavus (n = 4) 0 (0) 0 (0) 2 (50) 0 (0) 50 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
E. faecalis (n = 1) 0 (0) 0 (0) 0 (0) 0 (0) 100 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
E. avium (n = 2) 0 (0) 0 (0) 2 (100 ) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
E. raffinosus (n = 2) 0 (0) 0 (0) 1 (50) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 
E. durans/hirae (n = 2) 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50) 
Total (n = 73) 1 (1.4) 6 (8.2) 17 (23.3) 8 (10.9) 5 (6.8) 8 (10.9) 6 (8.2) 11 (15.1 ) 9 (12.31) 2 (2.7) 
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Although all strains of E. casseliflavus and E. gallinarum appeared susceptible to vancomycin by 

the disk diffusion test, vancomycin minimum inhibitory concentration was present and ranged between 

6 and 12 mg/L, when tested by the E-test. This is indicative of low resistance to vancomycin and, as 

reported in the literature, not detectable by the disk diffusion method [28]. MIC to teicoplanin of these 

species ranged between 0.25−0.5 mg/L. All 17 strains of E. gallinarum possessed the vanC1gene and 

lacked the van C2/C3 gene. In all four strains of E. casseliflavus the van C2/C3 gene was detected. 

Multiresistance patterns, defined as resistance to 3 or more antibiotics was observed in 49 of 73 strains 

of Enterococcus (67.12%). Resistance to 6 or more antibiotics was found in 38.4% of strains (Table 2).  

High-level gentamicin resistance (MIC ≥ 500 mg/L) and/or high-level streptomycin resistance  

(MIC ≥ 1000 mg/L) were detected in 65.7% of Enterococcus spp. In particular 82.2% (37/45) of the 

Enterococcus faecium, 50% (2/4) of the E. cassseliflavus, 17.6% (3/17) of the E. gallinarum,  

50% (1/2) of the E. durans, 100% (1/1) of the E. faecalis and 100% (2/2) of the E. avium and  

E. raffinosus were found to be HLAR (Table 3). Only 3 strains of methicillin-resistant S. aureus 

(MRSA) were isolated. This resistance was demonstrated both by phenotypic and molecular (PCR 

positivity for mecA gene) methods (Figure 1). All of these strains were not S. pseudintermedius as 

demonstrated by molecular methods (Figure 2). All these strains were resistant to erythromycin, 

tetracycline and susceptible to trimethoprim-sulphamethoxazole and cloramphenicol. Resistance to 

amikacin and gentamicin was detected in two of these strains. One strain was resistant to both 

levofloxacin and ciprofloxacin. Inducible clindamycin resistance as detected by the Double Disk 

Diffusion test (D-test) was present in all three MRSA strains (Figure 3). 

Table 3. High-level aminoglycoside resistance (HLAR) in enterococci.  

 No. Resistant (%) 
 E. faecium E. gallinarum E. casseliflavus E. raffinosus E. faecalis E. avium E. durans Total 
Gentamicin only 10/45 (22.2) 0/17 (0) 0/4 (0) 0/2 (0) 0/1 (0) 1/2 (50) 0/2 (0) 11/73 (15.1) 

Streptomycin only  1/45 (2.2) 1/17 (5.8) 1/4 (25) 2/2 (100) 1/1 (100) 1/2 (50) 0/2 (0) 7/73 (9.6) 

Gentamicin + 
Streptomycin 

26/45 (57.8) 2/17 (11.8) 1/4 (25) 0/2 (0) 0/1 (0) 0/2 (0) 1/2 (50) 30/73 (41.1) 

Total HLAR 37/45 (82.2) 3/17 (17.6) 2/4 (50) 2/2(100) 1/1 (100) 2/2 (100) 1/2 (50) 48/73 (65.7) 

Figure 1. Detection of the mecA gene in 3 strains of S. aureus isolated from faecal samples. 
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Figure 2. Electrophoresis after PCR for S. pseudintermedius identification on a 1.0% 

agarose gel. Lane 1: molecular marker: 100 bp DNA ladder TrackLT (Invitrogen, Monza, 

Italy); Lanes 2−4: samples; Lane 5: positive control, canine isolate S. pseudintermedius 

(926 bp band). 

1 2 3 4 5 

 

Figure 3. D test performed on S. aureus isolated from dogs for the detection of inducible 

clindamycin resistance. Staphylococcal isolates showing resistance to erythromycin while 

being sensitive to clindamycin and giving D shaped zone of inhibition around clindamycin 

with flattening towards erythromycin disc were reported as resistant to clindamycin.  

 

4. Discussion 

Dog faeces in urban settings may represent an important source of microorganisms potentially 

pathogenic for both dog owners and the community. In our study we did not isolate strains of 

Salmonella and this may be because only dogs consuming contaminated raw meat can shed Salmonella 

in their faeces, although we have no information about diets in these dogs [29,30]. Our results are in 

agreement with those of Tarsitano et al., who in a recent study conducted in Bari, Southern Italy, were 
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also unable to identify these bacteria in faecal samples even when a PCR assay specific for the invA 

gene of Salmonella was used [31].  

The absence of Campylobacter spp. may also be due to loss of viability of Campylobacter in the 

environment. In addition, very young dogs are more often infected with Campylobacter species than 

older dogs and therefore may not constitute a health hazard to the public [32]. Because we cannot know 

the age of dogs, we can only hypothesise that the fecal samples analysed in our study were not from very 

young dogs. Furthermore, the medium used in our study contains antimicrobial agents that are known to 

be inhibitory for other Campylobacter species, including C. lari, C. sputorum, C. upsaliensis, C. fetus 

and C. hyointestinalis [32]. Thus, we cannot exclude the possibility that these other Campylobacter 

spp. could have been present in the faecal samples. Additionally, Yersinia spp. were not found. 

The absence of all Salmonella, Yersinia, and Campylobacter sp. is not related to previous 

immunization as vaccines for these enteropathogens are not used in Italy.  

We have identified Giardia antigen in 1.9% of the examined samples by use of an ELISA. Giardia 

is a protozoan parasite with worldwide distribution that infects human as well as pet animals including 

dogs. Cysts are the infective stage and can persist in the environment. A prevalence of 19−21.3% 

Giardia spp. in dogs has been reported in Italy [5,33]. In two separate studies examining canine faeces 

left on the streets of urban areas, Giardia spp. was detected in 7.7% and 30.8% of cases [34,35]. 
Because of the low sensitivity of microscopic detection of Giardia, its presence in our samples may 

have been underestimated. We observed embryonated eggs of Toxocara canis only in one sample, a 

level of occurrence similar to that reported in another Italian studies [34].  

Few studies have examined healthy dogs for the presence of antibiotic-resistant enterococci, and 

therefore, the extent of antimicrobial resistance in companion animals is poorly understood [36].  

In previous studies, up to 37% of rectal samples of dogs examined were positive for enterococci, with 

the species most frequently isolated being E. faecalis and E. hirae [37,38]. Enterococci can colonise 

the intestinal tract of humans, E. faecalis being responsible for 80−90% of human enterococcal 

infections, whereas E. faecium represents the next most common causative agent [39]. 

Enterococci are intrinsically resistant to several classes of antibiotics. High rates of resistance to 

several antibiotics used in humans, including erythromycin and tetracycline, have been reported in 

Enterococcus spp. isolated from dogs in Italy [40]. Resistance to vancomycin, especially in the 

hospital settings, has emerged in Enterococcus spp. [41]. Dogs represent potential sources for the 

spread of antimicrobial resistance due to the extensive use of antimicrobial agents in these animals and 

their close physical contact with family members [42]. The ability of antibiotic-resistant enterococci 

isolated from non-human sources (such as raw meat, animal faeces, sewage) to colonise human or their 

ability to transfer resistance to human enterococci is not well known. Some studies have failed to 

demonstrate a relationship between antibiotic-resistant (including glycopeptides) enterococci isolated 

from human and those isolated from non-human sources [43,44], while other studies have reported a 

genetic relationship between Enterococcus spp. isolated from humans and those isolated from animals, 

including dogs [11]. 

HLAR resistance in Enterococcus spp. is related to the presence of a gene encoding aminoglycoside 

-modifying enzymes [45]. In our study 65.7% of Enterococcus spp. isolated from dog faeces exhibited 

a high level of aminoglycoside resistance. In a previous study we have observed that 33.2% of  
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E. faecalis and 31.3% of E. faecium isolated from patients admitted to Policlinico Hospital, Bari, 

Southern Italy were found to be HLAR [46]. 

High-level resistance to aminoglycoside poses serious problems for combined penicillin and 

gentamicin therapy due to the reduction of the synergy between these two antibiotics. The incidence of 

HLAR in Enterococcus spp. isolated from dogs is of concern, considering that this resistance is usually 

mediated by conjugative and non-conjugative plasmids and that gene exchange may occur also 

between Enterococcus spp. and Staphylococcus spp. Our data suggest that dog faecal samples could 

contribute to the spread of HLAR enterococci and it should be a matter of concern for public health 

authorities. We need infection control measures to help prevent the diffusion of antibiotic resistance in 

the urban areas [47].  

We isolated MRSA from 0.7 % of the samples, comparable to other studies where MRSA has been 

isolated from 0.4 % to about 3% of dogs [48,49]. MRSA isolated from pets (dogs and cats) also 

closely resembled isolates disseminated in hospitals [48]. Dogs, therefore, may represent a public 

health burden in disseminating MRSA outside of hospitals [49−53]. Transmission of bacteria between 

dogs or other companion animals and humans may occur by direct contact or through the domestic 

environment. Children are particularly at risk because of their direct contact with the floor and 

contaminated carpets. We cannot exclude the possibility that we have underestimated the number of 

bacteria, including the number of potentially infectious bacteria, especially when “aged” samples were 

analysed. This would mean that our results are even more interesting and crucial from the public health 

standpoint. 

In conclusion, bacteria pathogenic to humans were not found in the faecal samples of dogs collected 

from public streets of Bari, whereas Giardia was present in the 1.9% of samples. Multidrug-resistant 

Enterococcus spp., including HLAR, and MRSA were isolated from dog faecal samples present in the 

urban environment, confirming that the environmental contamination of the public streets of Bari may 

be a reservoir of resistant bacteria thus represents a new problem for public health. 

5. Conclusions  

There are few studies dealing with the presence of microorganisms pathogenic to humans in dog 

faeces and that address the role of dog faeces in urban areas as reservoir of multidru-resistant (MDR) 

bacteria such as Enterococcus and S. aureus. Our study has demonstrated that although no pathogenic 

bacteria for humans were present in this study in the city of Bari, Italy, the presence of Giardia spp. 

were found together with MDR Enterococcus spp. and methicillin-resistant S. aureus. Because genes 

encoding resistance to antibiotics may be exchanged between bacteria and because contact between 

pets and their owners is closer than in the past, our study suggests that the contamination of urban 

streets with dog faeces containing MDR microorganisms represents a problem for public and 

environmental health. 

Conflict of Interest 

The authors declare no conflict of interest. 

 



Int. J. Environ. Res. Public Health 2013, 10         
 

 

81

References 

1. Aleksic, S.; Steigerwalt, A.G.; Bockemühl, J.; Huntley-Carter, G.P.; Brenner, D.J. Yersinia 

rohdei sp. nov. isolated from human and dog feces and surface water. Int. J. Syst. Bacteriol. 

1987, 37, 327−332.  

2. Lefebvre, S.L.; Reid-Smith, R.; Boerlin, P.; Weese, J.S. Evaluation of the risk of shedding 

Salmonellae and other potential pathogens by therapy dogs fed raw diets in Ontario and Alberta. 

Zoonoses Pub. Health 2008, 55, 470−480. 

3. Chaban, B.; Ngeleka, M.; Hill, J.E. Detection and quantification of 14 Campylobacter species in 

pet dogs reveals an increase in species richness in feces of diarrheic animals. BMC Microbiol. 

2010, 10, 73−79.  

4. Beutin, L. Escherichia coli as a pathogen in dogs and cats. Vet. Res. 1999, 30, 285−598. 

5. Bianciardi, P.; Rapini, R.; Giuliani, G. Prevalence of Giardia antigen in stool samples from dogs 

and cats. Rev. Med. Vet. 2004, 155, 417−421.  

6. El-Tras, W.F.; Holt, H.R.; Tayel, A.A. Risk of Toxocara canis eggs in stray and domestic dog 

hair in Egypt. Vet. Parasitol. 2011, 10, 319−323.  

7. Rodrigues, J.; Poeta, P.; Martins, A.; Costa, D. The importance of pets as a reservoir of resistant 

Enterococcus strain with special reference to vancomycin. J. Vet. Med. B Inf. Vet. Pub. Health 

2002, 49, 278−280. 

8. Devriese, L.A.; Jeven, M.; Goossens, H.; Vandamme, P.; Pot, B.; Hommez, J.; Haesebrouck, F. 

Presence of vancomycin-resistant enterococci in farm pet animal. Antimicrob. Agent Chemother. 

1996, 40, 2285−2287.  

9. Herrero, I.A.; Fernández-Garayzabal, J.F.; Moreno, M.A.; Domínguez, L. Dogs should be 

included in surveillance programs for vancomycin-resistant enterococci. J. Clin. Microbiol. 2004, 
42, 1384−1385.  

10. Torres, T.; Tenorto, C.; Portillo, A.; García, M.; Martínez, C.; Del Campo, R.; Ruiz-Larrea, F.; 

Zarazaga, M. Intestinal colonization by van A or van B2—Containing enterococcal isolates from 

healthy animals in Spain. Microb. Drug Resist. 2003, 9, 547−552. 

11. Damborg, P.; Sørensen, A.H.; Guardabassi, L. Monitoring of antimicrobial resistance in healthy 

dogs: First report of canine ampicillin-resistant Enterococcus faecium clonal complex 17.  

Vet. Microbiol. 2008, 132, 190−196.  

12. Han, D.; Unno, T.; Jang, J.; Lim, K.; Lee, S.N.; Ko, G.; Sadowsky, M.J.; Hur, H.G. The 

occurrence of virulence traits among high-level aminoglycosides resistant Enterococcus isolates 

obtained from feces of humans, animals, and birds in South Korea. Int. J. Food. Microbiol. 2011, 

144, 387−392.  

13. Cefai, C.; Ashurst, S.; Owens, C. Human carriage of methicillin-resistant Staphylococcus aureus 

linked with pet dog. Lancet 1994, 344, 359−340. 

14. Simoons-Smit, A.M.; Savelkoul, P.H.M.; Stoof, J.; Starink, T.M.; Vandenbroucke-Grauls, C.M. 

Transmission of Staphylococcus aureus between human and domestic animals. Europ. J. Clin. 

Infect. Dis. 1997, 24, 150−152. 

15. Manian, F.A. Asyntomatic nasal carriage of mupirocin-resistant (MRSA) in a pet dog associated 

with MRSA infection in household contact. Clin. Infect. Dis. 2003, 36, e26−e28. 



Int. J. Environ. Res. Public Health 2013, 10         
 

 

82

16. Loeffler, A.; Boag, A.K.; Sung, J.; Lindslay, J.A.; Guardabassi, L.; Dalsgaard, A.; Smith, H.; 

Stevens, K.B.; Lloyd, D.H. Prevalence of methicillin-resistant Staphylococcus aureus among 

staff and pets in a small animal referral hospital in the U.K. J. Antimicrob. Chemother. 2005, 56, 

692−697. 

17. Strommenger, B.; Kehrenberg, C.; Kettlitz, C.; Cuny, C.; Verspohl, J.; Witte, W.; Schwarz, S. 

Molecular characterization of methicillin-resistant Sthaphylococcus aureus strain from pet 

animals and their relationship to human isolates. J. Antimicrob. Chemoter. 2006, 57, 461−465.  

18. Rich, M.; Roberts, L. Methicillin-resistant Staphylococcus aureus isolates from companion 

animals. Vet. Rec. 2004, 45, 591–597.  

19. O’Mahorny, R.; Abbot, Y.; Leonard, F.C.; Markey, B.K.; Quinn, P.J.; Pollock, P.J.; Fanning, S.; 

Rossney, A.S. Methicillin-resistant Staphylococcus aureus (MRSA) isolated from animals and 

veterinary personel in Ireland. Vet. Microbiol. 2005, 109, 285−296.  

20. Moreno, A.; Bello, H.; Guggiana, D.; Domínguez, M.;González, G. Extended-spectrum beta-

lactamases belonging to CTX-M group produced by Escherichia coli strain isolated from 

companion animals treated with eurofloxacin. Vet. Microbiol. 2008, 129, 203−208.  

21. Eurovet Guide 1998–1999, the User’s Guide to Veterinary Europe, 2nd Edition; Librairie 

Vétérinaire: Bordeaux, France, 1997.  

22. Clinical and Laboratory Standards Institute/NCCLS. Performance Standards for Antimicrobial 

Disk Susceptibility Tests. Approved standard M2-A8, 2006.  

23. Swenson, J.M.; Patel, J.B.; Jorgensen, J.H. Special Phenotypic Methods for Detecting 

Antibacterial Resistance. In Manual of Clinical Microbiology, 9th Edition; ASM Press: 

Washington, DC, USA, 2007; pp. 1173−1192.  

24. Dukta-Malen, S.; Evers, S.; Couvalin, P. Detection of glycopeptides resistance and identification 

to the species level of clinically relevant enterococci by PCR. J. Clin. Microbiol. 1995, 33, 

24−27.  

25. Corrente, M.; Monno, R.; Totaro, M.; Martella, V.; Buonavoglia, D.; Rizzo, C.; Ricci, D.;  

Rizzo, G.; Buonavoglia, C. Characterization of methicillin resistant Staphylococcus aureus 

(MRSA) isolated at the Policlinico Hospital of Bari (Italy). New Microbiol. 2005, 28, 57−65.  

26. Sasaki, T.; Tsubakishita, S.; Tanaka, Y.; Sakusabe, A.; Ohtsuka, M.; Hirotaki, S.; Kawakami, T.; 

Fukata, T.; Hiramatsu, K. Multiplex-PCR method for species identification of coagulase-positive 

staphylococci. J. Clin Microbiol. 2010, 48, 765−769.  

27. Dryden, M.W.; Payne, P.A.; Smith, V. Accurate diagnosis of Giardia spp. and proper fecal 

examination procedures. Vet. Ther. 2006, 7, 4−14.  

28. Berktas, M.; Yaman, G.; Ozturk, O. vanC gene-related intrinsic teicoplanin resistance detected in 

Enterococcus casseliflavus and Enterococcus gallinarum strains by the BD Phoenix automated 

microbiology system. J. Clin. Microbiol. 2008, doi:10.1128/JCM.00795-08.  

29. Cantor, G.H.; Nelson, S., Jr.; Vanek, J.A.; Evermann, J.F.; Eriks, I.S.; Basaraba, R.J.; Besser, 

T.E. Salmonella shedding in racing sled dogs. J. Vet. Diagn. Invest. 1997, 9, 447−448.  

30. Finley, R.; Reid-Smith, R.; Weese, J.S. Human health implications of Salmonella-contaminated 

natural pet treats and raw pet food. Clin. Infect. Dis. 2006, 42, 686−691.  
  



Int. J. Environ. Res. Public Health 2013, 10         
 

 

83

31. Tarsitano, E.; Greco, G.; de Caro, N.; Nicassio, F.; Lucente, M.S.; Buonavoglia, C.; Tempesta, 

M. Environmental monitoring and analysis of faecal contamination in an urban setting in the city 

of Bari (Apulia region, Italy): Health and hygiene implications. Int. J. Environ. Res. Public 

Health. 2010, 7, 3972−3986.  

32. Acke, E.; McGill, K.; Golden, O.; Jones, B.R.; Fanning, S.; Whyte, P. Prevalence of thermophilic 

Campylobacter species in household cats and dogs in Ireland. Vet. Rec. 2009, 164, 44−47.  

33. Capelli, G.; Paoletti, B.; Iorio, R.; Frangipane Di Regalbono, A.; Pietrobelli, M.; Bianciardi, P.; 

Giangaspero, A. Prevalence of Giardia spp. in dogs and humans in Northern and Central Italy. 

Parasitol. Res. 2003, 90, 154−155.  
34. Rinaldi, L.; Maurelli, M.P.; Musella, V.; Veneziano, V.; Carbone, S.; Di Sarno, A.; Paone, M.; 

Cringoli, G. Giardia and Cryptosporidium in canine faecal samples contaminating an urban area. 

Res. Vet. Sci. 2008, 84, 413−415.  

35. Papini, R.; Marangi, M.; Mancianti, F.; Giangaspero, A. Occurrence and cyst burden of Giardia 

duodenalis in dog faecal deposits from urban green areas: Implications for environmental 

contamination and related risks. Prev. Vet. Med. 2009, 92, 158−162.  

36 Weese, J.S. Antimicrobial resistance in companion animals. Anim. Health Res. Rev. 2008, 9, 

169−176.  

37. Jackson, C.R.; Fedorka-Cray, P.J.; Davis, J.A.; Barrett, J.B.; Frye, J.G. Prevalence, species 

distribution and antimicrobial resistance of enterococci isolated from dogs and cats in the United 

States. J. Appl. Microbiol. 2009, 107, 1269−1278. 
38. Delgado, M.; Neto, I.; Correia, J.H.; Pomba, C. Antimicrobial resistance and evaluation of 

susceptibility testing among pathogenic enterococci isolated from dogs and cats.  

Int. J. Antimicrob. Agent. 2007, 30, 98−100.  

39. Adhikari, L. High-level aminoglycoside resistance and reduced susceptibility to vancomycin in 

nosocomial enterococci. J. Glob. Infect. Dis. 2010, 2, 231−235.  

40. Ossiprandi, M.C.; Bottarelli, E.; Cattabiani, F.; Bianchi, E. Susceptibility to vancomycin and 

other antibiotics of 165 Enterococcus strains isolated from dogs in Italy. Comp. Immunol. 

Microbiol. Infect. Dis. 2008, 3, 1−9.  

41. Patel, R. Clinical impact of vancomycin-resistant enterococci. J. Antimicrob. Chemother. 2003, 

51, 13−21. 

42. Guardabassi, L.; Schwarz, S.; Lloyd, D.H. Pet animals as reservoirs of antimicrobial-resistant 

bacteria. J. Antimicrob. Chemother. 2004, 54, 321−332.  

43. Woodford, N.; Adebiyi, A.M.; Palepou, M.F.; Cookson, B.D. Diversity of vanA glycopeptide 

resistance elements in enterococci from humans and non human sources. Antimicrob. Agent. 

Chemother. 1998, 42, 502−508. 

44. Biavasco, F.; Foglia, G.; Paletti, C.; Zandri, G.; Magi, G.; Guaglianone, E.; Sundsfjord, A.; 

Pruzzo, C.; Donelli, G.; Facinelli, B. vanA-type enterococci from humans, animals, and food: 

Species distribution, population structure, Tn1546 typing and location, and virulence 

determinants. Appl. Environ. Microbiol. 2007, 73, 3307−3319.  

45. Patterson, J.E.; Zervos, M.J. High-level gentamicin resistance in Enterococcus: Microbiology, 

genetic basis, and epidemiology. Rev. Infect. Dis. 1990, 12, 644−652. 
  



Int. J. Environ. Res. Public Health 2013, 10         
 

 

84

46. Monno, R.; de Carlo, C.; Lapata, A.; Coscia, F.; de Vito, D.; Rizzo, C. Occurrence of 

Vancomycin-Resistant and High Level Amynoglycoside-Resistant Enterococcus Spp. Isolated in 

an Italian Hospital, Bari, Southern Italy. Proceedings of 15th European Congress of Clinical 

Microbiology and Infectious Diseases, Copenhagen, Denmark, 2−5 April 2005; pp. 228−229.  

47. Han, D.; Unno, T.; Jang, J.; Lim, K.; Lee, S.N.; Ko, G.; Sadowsky, M.J.; Hur, H.G. The 

occurrence of virulence traits among high-level aminoglycosides resistant Enterococcus isolates 

obtained from feces of humans, animals, and birds in South Korea. Int. J. Food Microbiol. 2011, 
144, 387−392.  

48. Abbott, Y.; Leonard, F.C.; Markey, B.K. Detection of three distinct genetic lineages in 

methicillin-resistant Staphylococcus aureus (MRSA) isolates from animals and veterinary 

personnel. Epidemiol. Infect. 2010, 138, 764−771. 

49. Abdel-Moein, K.A.; El-Hariri, M.; Samir, A. Methicillin-resistant Staphylococcus aureus: An 

emerging pathogen of pets in Egypt with a public health burden. Transbound. Emerg. Dis. 2012, 
59, 331−335. 

50. Strommenger, B.; Kehrenberg, C.; Kettlitz, C.; Cuny, C.; Verspohl, J.; Witte, W.; Schwarz, S. 

Molecular characterization of methicillin-resistant Staphylococcus aureus strains from pet 

animals and their relationship to human isolates. J. Antimicrob. Chemother. 2006, 57, 461−465.  

51. Ferriera, J.P.; Anderson, K.L.; Correa, M.T.; Lyman, R.; Ruffin, F.; Reller, L.B.; Fowler, V.G., 

Jr. Transmission of MRSA between companion animals and infected human patients presenting 

to outpatient medical care facilities. PLoS One 2011, doi:10.1371/journal.pone.0026978.  

52. Morris, D.O.; Lautenbach, E.; Zaoutis, T.; Leckerman, K.; Edelstein, P.H.; Rankin, S.C. Potential 

for pet animals to harbour Methicillin-Resistant Staphylococcus aureus when residing with 

human MRSA patients. Zoonoses Pub. Health 2012, 59, 286−293.  

53. Walther, B.; Hermes, J.; Cuny, C.; Wieler, L.H.; Vincze, S.; Abou Elnaga, Y.; Stamm, I.; Kopp, P.A.; 

Kohn, B.; Witte, W.; et al. Sharing more than friendship—Nasal colonization with coagulase-

positive Staphylococci (CPS) and co-habitation aspects of dogs and their owners. PLoS One 

2012, doi:10.1371/journal.pone.0035197. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


