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Introduction

The use of cephalosporin may cause faecal colonization 
of extended spectrum β-lactamase (ESBL) and AmpC 
β-lactamase producing bacteria. β-lactamase enzymes play 
an important role in the transfer of β-lactam resistance 
among the Enterobacteriaceae family [4, 34, 43].

Recent studies have shown that faecal colonization 
of β-lactamase producing Escherichia coli increased and 
β-lactamase genes were detected in isolates obtained from 
nosocomial, urinary and other opportunistic infections of 
companion animals [7]. The spread of CTX-M β-lactamases 
among bacteria has increased dramatically worldwide. 
However, the most common AmpC β-lactamase detected in 
animals and humans is CMY enzymes [19, 20, 39, 41]. While 
studies have been conducted on β-lactamase producing E. 
coli isolates from human isolates in Turkey [18], the presence 
of these isolates in healthy cats and dogs has not been studied 

yet. Because of the E. coli is a commensal bacteria, E. coli may 
represent a reservoir of antimicrobial resistance genes and has 
the potential to spread between the intestinal flora of humans 
and animals [17]. While several studies have reported the 
transfer of resistant bacteria between food producing animals 
and humans [13], the contribution of companion animals 
to this scenario is unclear. Companion animals are thought 
to play an important role in the antimicrobial resistance 
epidemiology, due to their close contact with humans and 
frequently exposed to antimicrobial treatment [11]. Most of 
the studies have focused on β-lactamase producing human E. 
coli isolates, but fewer studies have performed with healthy 
animal [6, 11, 19] or sick companion animals origins [20, 21]. 

The aim of this study was to determinate the prevalence 
and distribution of the genes encoding ESBL and AmpC 
β-lactamase in E. coli isolates collected from faeces of healthy 
dogs and cats in Istanbul.

SUMMARY

The intensive use of cephalosporins is considered to cause faecal colonization 
of Escherichia coli producing the extended spectrum beta-lactamase (ESBL) 
and AmpC beta-lactamase. The aim of the study was to determinate the 
prevalence and distribution of the genes encoding ESBL and AmpC beta-
lactamase in E. coli isolates collected from faeces of healthy dogs (n=192) 
and cats (n=192) in Istanbul. Production of ESBL and AmpC enzymes was 
phenotypically detected by screening and confirmatory tests. Some of the 
ESBL (TEM, SHV, OXA-10, PER-2, CTX-M groups) and AmpC genes (CIT, 
FOX, MOX, EBC, ACC, DHA) were investigated by PCR. The prevalence of 
ESBL producing E. coli was demonstrated 20.3% (n=39) in dogs and 8.3% 
(n=16) in cats; AmpC producing E. coli 3.7% (n=7) in dogs and 0.6% (n=1) 
in cats. Canine and feline isolates contained blaCTX-M Group 1, blaTEM, blaCIT, 
blaSHV, blaCTX-M Group 9 and blaMOX. Dogs had a increased risk of carrying 
ESBL and AmpC producing faecal E. coli isolates when compared to the cats 
(P=0.0008). A canine isolate contained the blaMOX AmpC gene, which was 
previously only reported in humans.
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RESUME

Détermination de la prévalence d’Escherichia coli produisant de 
bêta-lactamases à spectre étendu et AmpC bêta-lactamase dans des 
échantillons fécaux de chiens et de chats en bonne santé

L’utilisation intensive de céphalosporines est considérée comme responsable 
de la colonisation fécale pas des Escherichia coli producteurs de bêta-
lactamase à spectre étendu (ESBL) et d‘AmpC beta-lactamases. Le but de 
l’étude était de déterminer la prévalence et la répartition des gènes encodant 
pour  ESBL et AmpC betalactamases dans des isolats d’E. coli prélevés sur les 
excréments de chiens (n = 192) et chats (n = 192) en bonne santé à Istanbul. 
La production d’enzymes ESBL et AmpC a été détectée phénotypiquement 
par des tests de dépistage et de confirmation. Certaines ESBL (TEM, SHV, 
OXA-10, PER-2, groupes CTX-M) et certains gènes AmpC (CIT, FOX, 
MOX, EBC, ACC, DHA) ont été recherchés par PCR. La prévalence d’E. 
coli produisant des ESBL était de 20,3% (n = 39) chez les chiens et 8,3% (n 
= 16) chez les chats alors que la prévalence des E. coli producteurs d’AmpC 
était de 3,7% (n = 7) chez les chiens et 0,6% (n = 1) chez les chats. Certains 
isolats canins et félins contenaient les gènes blaCTX-M Groupe 1, blaTEM, 
blaCIT, blaSHV, blaCTX-M Groupe 9 et blaMOX. Cette étude révèle un risque accru 
de transmission d’E. coli producteurs d’ESBL et d’AmpC chez les chiens par 
rapport aux chats (P = 0,0008). Un isolât canin contenait le gène blaMOX et 
le gène AmpC, ce qui n’avait été précédemment signalé que chez l’homme.
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Materials and Methods

From November 2012 to September 2013, 384 faecal 
samples from healthy dogs and cats (192 for each) were 
collected in Istanbul, Turkey. The sample size (n) was 
determined for the infinite population size; based on expected 
prevalence (P) is 0.5, the 95% confidence interval (CI) and 
an ‘absolute’ acceptable error margin (d) of ±5%;  as 384. 
Samples were obtained from pet shops, veterinary clinics, 
shelters and stray animals located in 102 different premises 
of Istanbul. Age, gender, contact with other animals and 
history of antibiotic treatment information were collected 
through a questionnaire from the veterinarian or owner, if 
any. Only one sample of each animal with rectal swabs or 
swabs dipped into faeces. Samples were stored at 4 ° C until 
they reached the laboratory. All samples were stored at -20 
°C until analysis performed. The protocol of the study was 
approved by Istanbul University Local Ethics Committee on 
Animal Experiments (2012/76).

MICROBIOLOGICAL ANALYSIS OF ISOLATES

All samples were incubated for 18 h at 37°C in tryptic 
soy broth (TSB) (HiMedia) and subcultured on MacConkey 
agar (HiMedia) with 1 mg/L cefotaxime (HiMedia). A 
presumptive E. coli colony was randomly selected and 
subcultured to blood agar. Isolates were identified by routine 
biochemical tests [32].

ANTIMICROBIAL SUSCEPTIBILITY TESTING

ESBL production was determined by disc diffusion tests 
according to ESBL screening test guidelines of the Clinical 
Laboratory Standards Institute (CLSI). The antimicrobial 
discs (HiMedia) as cefotaxime (30 μg), ceftriaxone (30 μg), 
ceftazidime (30 μg), cefpodoxime (10 μg), aztreonam (30 μg) 
were used. The diameter zone of inhibition was interpreted 
according to screening test limits in CLSI [9]. All screening 
test positive E. coli isolates were analysed for confirmatory 
test by combination disc diffusion test [9] cefotaxime and 
ceftazidime with (30/10 μg) and without clavulanic acid 
discs (HiMedia). The phenotypic determination of AmpC 
production was evaluated with resistance to cefoxitin (≤14 
mm) and susceptibility to cefepime (≥18 mm) [9, 16].

CHARACTERIZATION OF ESBL AND/OR AMPC 
β-LACTAMASE GENES 

The DNA was extracted with DNA extraction kit (Roche 
High Pure PCR Template Preparation Kit-11796828001) 

according to the manufacturer’s instructions. blaCTX-M, blaTEM, 
blaSHV, blaPER-2 and blaOXA-10 genes were identified by PCR. The 
genes encoding AmpC and CTX-M groups were investigated 
by multiplex PCR. The primer sequences and product sizes 
used to amplify β-lactamase genes are listed in Table I.

Target(s) Primer sequence (5’ to 3’) Productsize 
(bp) Reference

CTX-M SCSATGTGCAGYACCAGTAA
CCGCRATATGRTTGGTGGTG 550 [35]

CTX-M Group 1 AAAAATCACTGCGCCAGTTC
AGCTTATTCATCGCCACGTT 415

[42]

CTX-M Group 2 CGACGCTACCCCTGCTATT
CCAGCGTCAGATTTTTCAGG 552

CTX-M Group 9 CAAAGAGAGTGCAACGGATG
ATTGGAAAGCGTTCATCACC 205

CTX-M Group 8 TCGCGTTAAGCGGATGATGC
AACCCACGATGTGGGTAGC 666

CTX-M Group 25 GCACGATGACATTCGGG
AACCCACGATGTGGGTAGC 327

TEM ATGAGTATTCAACATTTCCG
CCAATGCTTAATCAGTGAGC 858 [3]

SHV CTTTACTCGCTTTATCG
TCCCGCAGATAAATCACCA 827 [8]

MOX-1-2, CMY-1-8-9-10-11 GCTGCTCAAGGAGCACAGGAT
CACATTGACATAGGTGTGGTGC 520

[30]

LAT-1-2-3-4, CMY-2-3-4-5-6-7, 
BIL-1

TGGCCAGAACTGACAGGCAAA
TTTCTCCTGAACGTGGCTGGC 462

DHA-1-2 AACTTTCACAGGTGTGCTGGGT
CCGTACGCATACTGGCTTTGC 405

ACC AACAGCCTCAGCAGCCGGTTA
TTCGCCGCAATCATCCCTAGC 346

MIR-1T, ACT-1 TCGGTAAAGCCGATGTTGCGC
CTTCCACTGCGGCTGCCAGTT 302

FOX-1-2-3-4-5b AACATGGGGTATCAGGGAGATG
CAAAGCGCGTAACCGGATTGG 190

OXA-10 GTCTTTCGAGTACGGCATTA
ATTTTCTTAGCGGCAACTTAC 720 [38]

PER-2 CGCTTCTGCTCTGCTGAT
GGCAGCTTCTTTAACGCC 469 [5]

Table I: Primers used to amplify β-lactamase genes by PCR
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STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS software 
(Version 12.0, Chicago, Ill). Comparisons were made by the 
Pearson’s chi-square test with α = 0.05 significance level. 

Results 

Bacterial isolates and antimicrobial susceptibility testing 
Of the rectal swabs obtained from 192 healthy dogs, and 

192 healthy cats; 171 E. coli were isolated (Canine, n=89; 
Feline, n=82). Among the 171 E. coli isolates subjected to 
the ESBL screening test, 54 of canine isolates and 48 of feline 
isolates were positive. Confirmatory test results showed that 
38 canine and 16 feline isolates produced ESBL phenotypically. 
Three canine and 1 feline isolates were positive for AmpC 
screening test. As a result of phenotypic analysis, ESBL and/
or AmpC β-lactamase production was determined in.39 
canine and 16 feline isolates. The distribution of ESBL and/or 
AmpC producing E. coli isolates according to the phenotypic 
evaluations is shown in Table II.

CHARACTERIZATION OF ESBL AND AMPC β-LACTAMASE 
GENES BY PCR

The 39 canine and 16 feline isolates were included in the 
molecular assays. Of these, all canine isolates (100%) and 
thirteen feline isolates (81.2%) belonged to blaCTX-M Group 1 
and three feline isolates (18.8%) belonged to blaCTX-M Group 9. 
The blaTEM encoding gene was detected in twenty one canine 
isolates (53.9%) and eleven feline isolates (68.8%). Two 
canine isolates (5.1%) and two feline isolates (12.6%) were 
blaSHV positive. Among the AmpC β-lactamase producing 
isolates, one canine isolate (2.6%) harboured blaMOX and five 
canine isolates (12.9%) harboured blaCIT.

The ESBL genes were detected in all phenotypically 
confirmed ESBL isolates. However, only two of the four 
phenotypically confirmed AmpC isolates carried the AmpC 
genes. Unlike, four E. coli isolates determined to be AmpC 
negative in the phenotypic examination carried AmpC 
genes. Also, an isolate showing only the AmpC phenotype 
was found to contain both AmpC and ESBL encoding genes. 

The prevalence of ESBL producing E. coli was found to be 
20.3% (n=39) in canine and 8.3% (n=16) in feline samples; 

AmpC producing E. coli was 3.7% (n=7) in canine and 
0.6% (n=1) in feline samples. PCR-detected bla genes and 
phenotypic results in E. coli isolates are shown in Table III.

STATISTICAL ANALYSIS

Dogs had a higher risk of being carriers of ESBL and 
AmpC producing E. coli (P=0.0008), when compared to the 
cats. There was no statistically significant correlation between 
the faecal colonization of β-lactamase producing E. coli and 
age, gender, contact with other animals, exposure to previous 
antibiotic (P>0.05).

Discussion

The occurrence of β-lactamase production in E. coli 
isolates obtained from healthy companion animals varies 
between 1-25.4% in various countries. It was seen that the 
prevalence of this study was found to be within the limits 
determined in previous studies [2, 6, 19, 20, 41].

blaCTX-M Group 1 was reported as the most common gene 
in European countries [6, 20]. The present study results were 
in accordance with these reports. Furthermore, the most 
common AmpC gene was CIT group worldwide [27, 31]. In 
this study, a similar frequency of ESBL, but a lower frequency 
of AmpC detection was observed. However, blaCTX-M Group 
9 was the most commonly detected gene in Asian countries 
[26, 27]. This study showed that the presence of blaCTX-M 

Group 9 gene may increase in cat isolates. 

A limited number of studies have been conducted on 
the presence of β-lactamase producing E. coli in animal 
populations in Turkey [1, 14, 25, 37]. Kahraman et al. [23] 
investigated ESBL and AmpC producing E. coli isolates from 
chickens in Marmara Region and blaCTX-M Group 1, blaCIT, 
blaTEM, blaCTX-M Group 8 and blaSHV genes were detected. In 
addition, CTX-M Group 1 has been reported as the most 
common ESBL gene in human isolates in Turkey [18]. Also 
the presence of TEM, SHV, CTX-M, CIT, MOX, EBC and 
FOX genes in human isolates has been reported in Turkey 
[10, 24]. In previous studies, the MOX group of the AmpC 
gene was not reported in any animal species. However, this 
gene was described in human nosocomial E. coli infections in 
Egypt, India and Turkey [28, 40]. This study, for the first time, 

ESBL and AmpC β-lactamase 
production assays

Number of canine E. coli isolates (% of 
canine isolate level*)

Number of feline E. coli isolates (% of 
feline isolate level*)

ESBL Screening test 54 (60.7) 48 (58.5)
ESBL Confirmation test 38 (42.7) 16 (19.5)

AmpC Screening test 3 (3.4) 1 (1.2)
ESBL (only) 36 (40.4) 15 (18.3)

Both of ESBL and AmpC 2 (2.2) 1 (1.2)
AmpC (only) 1 (1.1) -

* The ratio of the total number of isolated E. coli in dogs (n=89) and cats (n=82)

Table II: The distribution of ESBL and/or AmpC producing E. coli isolates according to the phenotypic evaluations
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reported the presence of blaMOX in a canine E. coli isolate. The 
presence of blaMOX in animal isolates suggests that this gene 
has recently been transferred between human and canine 
isolates. However, the absence of information on blaMOX gene 
in animal isolates may be due to the lack of studies on this 
subject. 

In the present study, it was not possible to identify the 
AmpC gene in phenotypically-AmpC confirmed two strains. 
The lack of AmpC genes in some phenotype-confirmed 
isolates might be due to strains having an alternative 
resistance mechanism or a different AmpC β-lactamases 
resistance gene that has not been examined [33]. For this 
reason, further investigation of these strains is necessary. 

It has been reported that isolates containing both 
ESBL and AmpC genes could be able to mask the effects 
of clavulanic acid used in the ESBL-confirming test due to 
AmpC enzymes. Thus, in this situation, it is possible that 
the presence of ESBLs might be underestimated [29]. High 
levels of AmpC β-lactamase producing organisms can often 
be detected as positive for the ESBL screening test, but due 
to overexpression of AmpC, suspect or false negative results 
may be obtained for ESBL production in the confirmation 
test [22]. In this study, phenotypic ESBL negative and AmpC 
positive canine isolate was determined to carry blaCIT and 
blaCTX-M Group 1. These results demonstrated the importance 
of molecular methods for the detection of ESBL.

It has been reported that the presence of AmpC could 
be overlooked due to poor sensitivity and specificity, 
especially in screening tests with cefepime [15]. There 
is currently no approved standard for the detection of 
AmpC phenotype in CLSI or European Committee on 
Antimicrobial Susceptibility Testing (EUCAST) criteria. 
Four canine isolates carrying blaCIT or blaMOX AmpC genes 
were not phenotypically identified. Based on these results, 
the development of phenotypic standards in the detection of 
AmpC β-lactamase producing strains has been considered 
to be important. Apparently, it is not enough to obtain the 
AmpC findings based on phenotypic tests, but also genotypic 
and phenotypic test results should be evaluated together. 

The use of antibiotics in companion animals was 
described as a risk factor for faecal colonization of ESBL and/
or AmpC producing E. coli [6, 12]. In the present study, the 
correlation between antibiotic exposure and colonisation 
was not statistically significant because of incomplete data 
for the most of the samples.

According to previous research, it has been reported 
there is a higher risk for faecal colonization of ESBL or 
AmpC producing E. coli in shelters, breeder or kennels 
where companion animals share the same environment. The 
researchers have indicated that the resistance genes could 
be spread in the environment [6, 19, 36]. In this study, the 
correlation between contact with other animals and faecal 
colonisation was not statistically significant. However, a 

Number of canine 
isolate (n)

Phenotypic ESBL 
results

Genotypic PCR 
results - ESBL genes

Phenotypic AmpC 
results

Genotypic PCR 
results - AmpC genes

1 – blaCTX-M Group 1 + blaCIT

14 + blaCTX-M Group 1 – –
1 + blaCTX-M Group 1 + –
1 + blaCTX-M Group 1 + blaCIT

1 + blaCTX-M Group 1 – blaMOX

18 + blaTEM, blaCTX-M Group 1 – –
2 + blaTEM, blaCTX-M Group 1 – blaCIT

1 + blaSHV, blaCTX-M Group 1 – blaCIT

1 + blaTEM, blaSHV, blaCTX-M 
Group 1 – –

Number of feline 
isolate (n)

Phenotypic ESBL 
results

Genotypic PCR 
results - ESBL genes

Phenotypic AmpC 
results

Genotypic PCR 
results - AmpC genes

3 + blaCTX-M Group 1 – –
1 + blaCTX-M Group 1 + –

1 + blaCTX-M Group 1, 
blaCTX-M Group 9 – –

7 + blaTEM, blaCTX-M Group 1 – –

2 + blaTEM, blaCTX-M Group 
1, blaCTX-M Group 9 – –

2 + blaTEM, blaSHV, blaCTX-M 
Group 1 – –

Table III: The bla genes detected by PCR and phenotypic results in E. coli isolates
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higher ratio of ESBL and/or AmpC producing E. coli isolates 
in dogs was typically reported in studies involving dogs and 
cats together [2]. Albrechtova et al. [2]Albrechtova, Dolejska 
[27] stated that foraging behaviours were different between 
the two species and dogs were more likely to engage in 
coprophagia. In the current study, dogs were found to be 
more likely to carry ESBL and/or AmpC producing E. coli 
isolates (P=0.0008). Since dogs are more associated with 
the environment than cats; as different foraging behaviors, 
the need to walk around, the presence of different smelling 
instincts; it was thought that they could be an appropriate 
animal model for the researches such as surveys of 
environmental contamination or resistant isolates. It was 
also thought that widespread stray animals in our country 
contribute to the spread of resistance genes through faeces.

This was the first study on ESBL and AmpC producing 
E. coli isolates from healthy dogs and cats in Istanbul. The 
most common gene was blaCTX-M Group 1. Also, this was the 
first report of blaMOX in an E. coli isolate from a companion 
animal. Dogs had a increased risk of carrying ESBL and 
AmpC producing faecal E. coli isolates. Almost the same 
classes of antimicrobial agents are used in medicines for both 
humans and small animals and there is a risk of transmission 
of antimicrobial resistance to humans from companion 
animals. Therefore, data on antibiotic resistance patterns of 
companion animals are definitely required. 
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