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ABSTRACT

The most common cause of urinary tract infection in dogs is uropathogenic Escherichia coli (UPEC). This condition often
presents with vaginal discharge, dribbling of urine, straining or vocalization while urinating due to pain. Furthermore, the
following signs are also noticeable: hematuria, lethargy, proteinuria, dysuria, cystitis, and oliguria. The aim of this research was
to investigate the genes of ampicillin resistance in E. coli isolates from dogs with urinary tract infections. Out of 103 urine
samples cultured (Blood agar, MacConkey’s lactose agar and Eosin methylene blue agar), 24.3% were positive for uropathogenic
Escherichia coli. The positive isolates were further subjected to antimicrobial sensitivity test and PCR analysis. All the
uropathogenic Escherichia coli isolates were resistant to ampicillin while 96% were resistant to Cloxacillin and Oxytetracycline.
Susceptibility to Meropenem, Gentamicin and Amikacin were 64 %, 44 % and 40% respectively. All the 25 strains of the E. coli
were identified to be resistant to two or more antibiotics. The PCR result showed the presence of blaupc in all the samples and
60 % had blarem genes responsible for ampicillin resistance. However, none of the isolates were positive for the blasyy gene.
The presence of the blaampc and blatem genes in the dogs studied resulted in ampicillin resistance, with blaamec being the most
commonly detected ampicillin gene in Escherichia coli in the study area. Meropenem was also found to be a good choice for
treating uropathogenic E. coli infection in dogs.
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INTRODUCTION
in the population of bacteria (Levy, 1997). Multi-resistant

Escherichia coli (E. coli) is considered one of the major
causes of human and dog infections. It is also a common
human and animal inhabitant (Serum and Sunde, 2001), and
an indication of water and food fecal contamination.
Pathogenic variants cause bowel and extra-intestinal
infections, including gastroenteritis, inflammation of the
urinary tract, meningitis, peritonitis and septicaemia (Van
Baum and Marre, 2005; Sodha et al., 2011). The widespread
use of antibiotics may be associated with the development of
antibiotic resistance in pathogenic and non-pathogenic E. coli
strains (Sunde and Sorum, 1999). Antibiotic resistance is
highly prevalent worldwide in bacterial isolates, especially in
developing countries (Calva et al., 1996; Hoge et al., 1998).
The spread of resistance genes through the transfer of
plasmids plays an important role in the spread of resistance
genes in Gram-negative enteric pathogens (Saw et al., 2007).
Routine antibiotic resistance monitoring tends to help
provide information on antibiotic therapy and the control of
resistance (Johnson, 2015). Normal intestinal flora is a
reservoir of resistance genes in commensal E. coli which has
been reported to be a useful indicator of antibiotic resistance

Escherichia coli has previously been reported in humans and
various animal species, especially in dogs and cats (Saenz, et
al., 2004). On the other hand, Enterobacteriaceae’s
production of extended-spectrum beta-lactamases (ESBLs),
particularly by E. coli, has been a significant cause of concern
in several countries, frequently causing human and dog
infections (Poeta et al., 2005; Pinto ef al., 2010; Seni et al.,
2016).

Escherichia coli related research is particularly relevant
because they can be found in several niches, including hosts
of humans and animals (O’Brien, 1997). However, E. coli
strains can share genetic material effectively with other
pathogenic organisms such as Salmonella, Shigella, Yersinia
and Vibrio, as well as with pathogenic E. coli (Johnson et al.,
2007). Antimicrobial resistance to B-lactam in E. coli is
mediated primarily by B-lactamases, hydrolysis of the (-
lactam ring and inactivating antibiotics (Livermore, 1995).
Several different B-lactamases were described and more than
200 B-lactamases were classified into four main groups and
eight subgroups by function and structural characteristics
(Bush et al., 1995; Bush and Jacoby, 1997). TEM, SHV and



OXA4, including AMPC B-lactamases, have been reported to
be the most prevalent (Bradford, 2001). Antimicrobial
agents such as,
trimethoprim-potentiated sulphonamides and cephalexin we

re reported to be effective against £ coli UTI (Seguin et al.,
2003; Pedersen et al., 2007; Ball et al., 2008). However, there
are concerns about increased antimicrobial resistance to
fluoroquinolones in dogs with UTI among E. coli isolates
(Gibson et al., 2008). Unfortunately, there is limited
information on the antimicrobial resistance of ampicillin
among companion animals in India despite evidence of the
transfer of resistance between animals and their owners.
Therefore, the objective of this study was to investigate the
ampicillin resistance genes in E. coli infections among dogs
presented with UTI at the small animal section of Veterinary
Clinical Complex (VCC), Lala Lajpat Rai University of
Veterinary and Animal Sciences (LUVAS) Hisar Haryana.

MATERIALS AND METHOD
Sample Collection

A total of 103 urine samples were collected aseptically
through cystocentesis from non-medicated adult dogs of both
sexes and of different breeds with a presumptive diagnosis of
UTIs in the small animal section of Veterinary Clinical
Complex (VCC), Lala Lajpat Rai University of Veterinary
and Animal Sciences (LUVAS) Hisar Haryana, India for a
period of one year (January 2017 to February 2018).

Bacteriological Examination

The fresh urine samples collected aseptically were inoculated
and streaked onto a 5% sheep blood agar (BA) (HiMedia,
Mumbai, India) and MacConkey’s lactose agar (MLA)
(HiMedia, Mumbai, India) plates separately. The plates were
incubated aerobically at 37°C for 24-48 hours till adequate
growth was observed. Suspected colonies were streaked onto
Eosin Methylene Blue agar (EMB) (HiMedia, Mumbai,
India), and incubated aerobically at 37°C for 24hours. The
appearance of blue-green colonies with a greenish metallic
sheen on EMB was presumptively considered as indicating
Escherichia coli.

Gram staining of the positive samples were performed to
identify Escherichia coli by their Gram reaction. Positive
isolates were chosen for biochemical testing based on colony
appearance. (Indole, Methyl Red, Voges Proskauer, Citrates
tests, Glucuronidase, Nitrate reduction, ONPG, Lysine
utilization, Lactose, Glucose, Sucrose and Sorbitol) using
commercially available KB010 Hi E. coli ™ Identification
Kit (HiMedia Mumbai, India) following the manufacturer’s
instructions.

Antimicrobial Susceptibility Testing

The Antimicrobial susceptibility testing was performed acco
rding to the method of Bauer-Kirby (Bauer ef al., 1966) by
using commercially prepared discs (Himedia, India) with
known concentrations of antibiotics.

The antibiotics tested were ampicillin (AMP) 10mcg, amoxi
clav (AMC) 30mcg, amikacin (AK) 30mcg, ceftizoxime
(CZX) 30cmg, gentamycin (GEN), 30mcg, meropenem
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(MRP)  10mcg, Cloxacillin (COX) Imcg, and
Oxytetracycline (O) 30mcg (HiMedi, Mumbai, India). A
zone of inhibition was measured and interpreted as sensitive
(S), intermediate (I), and resistant (R) according to the
interpretation chart provided by the manufacturer.
Resistances involving three or more classes of antibiotics
were defined as multi-drug resistance (MDR).

Extraction of Genomic DNA

DNA of Escherichia coli from all the positive isolates was
extracted using commercially available PureLink™ Genomic
DNA mini kit (Invitrogen, USA) following the
manufacturer’s instructions. The extracted DNA was kept at
-20°C until further use.

Detection of Ampicillin resistance gene

The presence of Ampicillin resistance genes in E. coli DNA
extracts was determined by conventional PCR. Primers
sequences, target genes, products size and references are
given in table 1. The conventional PCR was performed in
veriti thermocycler (ABI, USA) in 25 volume reaction
containing 6pl of template DNA, 1ul of each of the primers
(10pmoles concentration),12.5u1 Phusion PCR Master-mix
(2X) (High Fidelity, USA), 1ul DMSO and 2.5ul of nuclease
free water. Amplification procedure consisted of initial
denaturation at 98°C for 30 sec, followed by 35 cycles of
denaturation at 98°C for 10 sec, annealing at 60°C for 30 sec,
extension at 72°C for 30 sec and final extension at 72°C for 5
min. The PCR products were analyzed on 1.5% agarose gel
electrophoresis and visualized under UV trans-illuminator
GEL DOC™ (BIO RAD, India) and documented by
photography for further analyses.

Ethical Approval

The samples used in the current study were from clinical
cases presented to the hospital. Thus, Lala Lajpat Rai
University of Veterinary and Animal Sciences does not
require Ethical approval for clinical cases.

Data Analysis

The data obtained from the study were analyzed using
descriptive statistics with JMP Version 11 (SAS, Inc. NC,
USA).

Results

Out of the 103 urine samples screened, 25 (24.3%) were
positive for uropathogenic Escherichia coli. The result of
antimicrobial susceptibility test indicated that the isolates
were resistant to Ampicillin 25 (100%), Cloxacillin 24
(96.0%), Oxytetracycline 24 (96.0%), Ceftizoxime 19
(76.0%), and Amoxyclav 12 (48.0%) while they were
susceptible to Meropenem 16 (64.0), Gentamycin 11 (44.0%)
and Amikacin 10 (40.0%) as presented in Table 2.

Resistance has been described in three or more classes of
antibiotics. And all of the 25 strains of E. coli have been
identified as resistant to multi-drug as shown in Table 3.
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Tablel. Primers used for PCR assays

Target genes  Primer sequence Product size (bp) Reference

blarem Tem-F:-TTCTTGAAGACGAAAGGGC 1150 (Brinas et al., 2005)
Tem-R:ACGCTCAGTGGAACGAAAAC

blasyy shv-F:CACTCAAGGATGTATTGTG 885 (Pitout et al., 1998)
shv-R:TTAGCGTTGCCAGTGCTCG
blavpc ampC-F:AATGGGTTTTCTACGGTCTG 191 (Caroff et al., 1999)

ampC-F:AATGGGTTTTCTACGGTCTG

Table 2: Antibiotic Susceptibility Pattern of E. coli isolates from dogs (n=25)

Antibiotics No. of resistant No. of intermediate No. of susceptible
isolates (%) isolates (%) isolates (%)
Amikacin 9 (36.0) 6 (24.0) 10 (40.0)
Amoxyclav 12 (48.0) 3 (12.0) 10 (40.0)
Ampicillin 25 (100) 0 (0.0) 0(0.0)
Ceftizoxime 19 (76.0) 0 (0.0) 6 (24.0)
Cloxacillin 24 (96.0) 0 (0.0) 1 (4.0)
Gentamicin 9 (36.0) 5(20.0) 11 (44.0)
Meropenem 6 (24.0) 3(12.0) 16 (64.0)
Oxytetracycline 24 (96.0) 0(0.0) 1(4.0)

Table 3: Multi drug Resistance (MDR) Pattern of E. coli isolates from dogs

Number of isolates

No. of antibiotic found resistant

1

2
3

4
5
7

8(Amikacin, Amoxyclav, Ampicillin, Ceftizoxime, Cloxacillin, Gentamicin, Meropenem
and Oxytetracycline)

4(Cloxacillin, Gentamicin, Meropenem and Oxytetracycline)

7(Amikacin, Amoxyclav, Ampicillin, Ceftizoxime. Cloxacillin, Gentamicin and
Meropenem)

6(Ampicillin, Ceftizoxime, Cloxacillin, Gentamicin, Meropenem and Oxytetracycline)
3(Amoxyclav, Meropenem and Ceftizoxime)

5(Amikacin, Amoxyclav, Oxytetracycline, Cloxacillin and Ampicillin)

Detection of Ampicillin Resistance Genes

shown in Table 4. blasuprc genes were found to be positive
for all the E. coli isolates (Figure 1). blarsy was detected by

Polymerase Chain Reaction (PCR) with primers specific for =~ PCR line 2, 4-12 14, 16 and 21-23 of the isolates (Figure 2).
the blavpc, blarey and blaspy genes were performed for the  The result for blasyy genes was negative for all isolates.
25 ampicillin resistance E. coli isolates and the results are

Table 4. Distribution of Ampicillin resistance genes among 25 E. coli isolates from dogs with UTI

Antimicrobial agents Resistance genes No. of positive isolates (%)
Ampicillin blaiuprc 25 (100)

blarey 15 (60.0)

blasuy 0(0.0)
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Figure. 1. Agarose gel electrophoresis showing PCR amplified products of ampicillin resistance gene (blaaarc) of E. coli

isolates
Lane L: 100bp DNA ladder
Lane: 1-25 positive samples (191bp)
Lane NC: negative control
Lane PC: positive control
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Agarose gel electrophoresis showing PCR amplified product of ampicillin resistance gene (blarey) of E. coli

Lane: 2, 4-12 14, 16 &21-23 positive samples (1150bp)

Lane: 1, 3, 13, 15 & 17-19 negative samples
Lane NC: negative control

DISCUSSION

The present study revealed that 24.3% of the dogs examined
were positive for uropathogenic Escherichia coli. This result
is lower than those reported from similar studies by Kuan et
al. (2016), Moyaert et al. (2017) and Liu et al. (2017) who
reported 35.6%, 46.7 and 60.9%, respectively. This report
signified he occurrence of E. coli amongst dogs with urinary
tract infections.

The antimicrobial susceptibility pattern of the Escherichia
coli isolates to Beta lactams antibiotics documented in the
current studies showed a significantly high level of
resistance. This finding revealed that the extensive use of

ampicillin and other Beta lactams antibiotics might be linked
with the variety of antibiotics resistance mechanisms in
pathogenic and non-pathogenic E. coli isolates, as narrated
by Rubab and Oh (2021). From the present study, the high
degree of antibiotic resistance among the E. coli isolates is
attributed to the cases of urinary tract infections in dogs
presented to the Veterinary Clinical Complex (VCC)
hospital. This might be associated with the fact that VCC is a
tertiary referral hospital where large numbers of sick dogs
with various health complications are admitted, as previously
observed by Mustapha et al. (2019). It is pertinent to note that
antimicrobial-resistant E. coli in dogs represent a potential
threat to veterinary and public health. Resistance to
ampicillin which showed highest degree of resistant level in



the current study was higher than those previously reported
by Lei et al. (2010) from dogs, similarly, the findings of the
present study buttressed the reports of Cavalho et al. (2016)
and Liu et al. (2017) who have also recorded high level of
ampicillin resistance in E. Coli.

The role played by domesticated animals, including dogs in
diseases transmission to humans, has been well documented,
principally through direct contact with infected animals
(Cummings et al., 2012). Moreover, there are usually mutual
connections between humans and pet animals in many parts
of the world. Thus, direct contact with infected dogs may
serve as a source of disease transmission of pathogen E. coli
in humans (Simjee et al., 2002; Stockholm et al., 2012).

The E. coli isolates in the present study were found to be
susceptible to meropenem, gentamicin and amikacin. Our
finding unveiled that meropenem could be considered to be
the drug of choice for the treatment of uropathogenic E. coli
since it has shown the highest susceptibility. Furthermore,
this compound is one of the recent drugs that can be used to
combat infection due to extended Beta-lactamase producing
Enterobacteriaceae (ESBLs) (Pitout and Laupland, 2008).

However, the efficacy of meropenem especially against E.
coli isolated strains may be associated with its high cost,
unpopular use and less availability for abuses amongst
veterinarians. Better still, gentamicin and amikacin, which
belongs to the same class of aminoglycoside, have also
shown high efficacy in the treatment of uropathogenic E. coli.
This may be related to the complexity of the aminoglycoside
in pathogen-drug resistance pathways (Onanuga et al., 2005).

The findings of the present study have revealed that the 25
isolates of E. coli show different degrees of multi-drug
resistance. This result concurs with the works of Kang et al.
(2005) and Cummings et al. (2015). However, in contrast to
the findings of the present study, a lower degree of multi-drug
resistance E. coli isolates has been previously reported
(Windahl et al., 2014; Tramuta ef al., 2014).

The PCR analysis of the antibiotic resistance genes revealed
the genes responsible for the resistance and the genes for
conferring ampicillin resistance have been determined in all
the canine uropathogenic E. coli isolates tested. The gene
blasupc and blargy were detected and have been previously
described in E. coli isolates of animal origin (Brinas et al.,
2005; Chang et al., 2015). The results of this study indicated
that blasupc was the most common gene among the
ampicillin resistance E. coli isolated in Hisar, which is in
disagreement with the result of previous studies that reported
a high prevalence of the blargm-ib gene among E. coli isolates
(Brinas et al., 2005; Vo et al., 2007). In addition, blargy was
found in 15 ampicillin resistance isolates. These findings
supported the results of Brinas et al. (2002), who reported
103 blarey genes in resistance E. coli isolates from food and
healthy animals. The third gene blasyy, whose presence was
assayed, was not found in any isolates. Thus, this might
indicate the presence of blasmpc, and blargy ampicillin-
resistance gene in canine uropathogenic E. coli isolates in
Hisar. However, a previous study by Brinas et al. (2002) had
reported that none of the E. coli isolates showed a positive
reaction to blasyy. Moreover, this finding provides evidence
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of the widespread distribution of blasurc and blarey in
uropathogenic canine E. coli isolates here in Hisar, and
therefore using Beta-lactams antimicrobial agent in the
treatment of canine infections may lead to more emergence
of resistant E. coli and other bacterial isolates.

Conclusion

In conclusion ampicillin resistance in the dogs studied was
due to the presence of blasypc and blazey gene, with blasyrc
as the most commonly encountered ampicillin gene in
Escherichia coli in the study area. It was also concluded that
meropenem could be considered as a drug of choice for the
treatment of uropathogenic E. coli infection in dogs.
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