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Abstract
Background: An increasing number of drugs are used each year in the treatment of small pets (cats and dogs), 
including medicines (cephalosporins and fluoroquinolones) used in human therapy. 
Aim: The purpose of this study was to isolate and explore the antibiotic resistance of opportunistic Enterobacteriaceae 
(Escherichia coli, Klebsiella, Proteus, Ci trobacter, Enterobacter) from cats and dogs, and to isolate resistance genes 
in the microorganisms. 
Methods: In 2021, 808 samples of biological material from small domestic animals were collected in veterinary 
clinics in Kostanay. From these, 210 microorganisms were isolated and identified. 
Results: A large majority of the strains sampled belonged to E. coli—149 (70.9%), Enterobacter—11 (5.2%), 
Klebsiella—28 (13.3%), Proteus—12 (5.7%) and 10 Citrobacter isolates (4.8%). In all isolates identified, antibiotic 
resistance/sensitivity was determined by disc-diffusion method to ampicillin, cefoxitin, gentamicin, levomycetin, 
tetracycline, ciprofloxacin, norfloxacin, ofloxacin, cefoperazone, cefpodoxime, streptomycin, kanamycin, doxycycline, 
gemifloxacin, nalidixic acid, furazolidone, furadonine, amoxicillin, and enrofloxacin. 
Conclusion: The study has demonstrated that the greatest number of Enterobacteriaceae were sensitive to the 
action of meropenem, which belongs to the group of beta-lactam antibiotics; resistance was demonstrated against 
tetracycline, doxycycline, ampicillin, amoxicillin, ofloxacin, and cefpodoxime. The most common genes encoding 
antimicrobial resistance were as follows: BlaTEM and OXA in 41 and 28 isolates, respectively, encoding resistance to 
beta-lactams; StrA and StrB in 45 and 48 isolates encoding aminoglycosides; and tetA and tetB in 43 and 28 isolates 
encoding tetracyclines. Obtained data demonstrate that uncontrolled and frequent use of beta-lactam and tetracycline 
antibacterials, in cats and dogs, results in the spread of genotypic resistance among micro-organisms of the family 
Enterobacteriaceae.
Keywords: Antibiotic sensitivity, Citrobacter, Klebsiella, Microorganism, Proteus. 

Introduction
An increasing number of drugs are used each year in 
the treatment of small pets (cats and dogs), including 
medicines (cephalosporins and fluoroquinolones) used 
in human therapy. Studies demonstrate that antimicrobial 
resistance is increasing among microorganisms that 
cause infections in animals. Pets live in close proximity 
to humans, increasing the risk of transmission of 
resistant microorganisms between animals and humans 
(Biyashev et al., 2019). Moreover, the widespread use 
of antimicrobials in veterinary medicine contributes 
to the selection and dissemination of resistant strains, 
as these animals often receive the same antibiotics 
used in human medicine (Yespembetov et al., 2019). 
Examining resistance in opportunistic microorganisms 

like Enterobacteriaceae allows one to estimate the risks 
of resistance spread from pets’ commensal microflora. 
In general, this study addresses an underexplored aspect 
of the global antibiotic resistance problem associated 
with small domestic animals. 
This topic has been the subject of research by many 
scientists. For example, Vasaikar et al. (2017) 
investigated the resistance genes responsible for 
extended-spectrum beta-lactamase-producing (ESBL) 
and carbapenemase-producing (CRE) Klebsiella 
species isolated in Mt. The study also aimed to 
understand their epidemiology (Vasaikar et al., 
2017). Umeda et al. (2019) aimed to investigate the 
prevalence and characteristics of cephalosporin-
resistant Enterobacteriaceae in sheltered dogs and cats. 
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They collected fecal samples or rectal swabs from 151 
dogs and 182 cats, screening for antimicrobial-resistant 
bacteria and conducting phenotypic and genotypic 
analyses. Genotyping revealed high genetic diversity 
among the isolates, with no significant correlation 
found between the history of human association and the 
presence of the bacteria in either dogs or cats. The study 
concluded that companion animals might play a role in 
the circulation of antimicrobial-resistant bacteria, with 
a variety of individual attributes and histories observed 
among the animals in Osaka, Japan. Karkaba et al. 
(2019) in a study conducted in Auckland, New Zealand, 
fecal swabs from 586 pets (225 cats and 361 dogs) were 
analyzed to detect the presence of Escherichia coli 
extended-spectrum beta-lactamase-producing bacteria 
(ESBL-E). Surveys were also conducted among pet 
owners. The aim of the study was to determine the 
prevalence of ESBL-E in pets and identify factors 
associated with it. The overall prevalence of ESBL-E 
was 6.4%. The identified beta-lactamase genes 
included blaCTX-M-14 and blaCMY-2. Many isolates 
had genetic types associated with infections in humans 
and animals. Variables found to be independently 
associated with an increased risk of carrying ESBL-E 
included the treatment of animals with antimicrobials, 
family members working in veterinary clinics, and 
family members traveling abroad (Tusupbekova et al., 
2022). The study concluded that pets can be colonized 
by ESBL-E, which are genotypically similar to bacteria 
that infect humans and animals, and that veterinary 
clinics may be hotbeds of antimicrobial resistance.
The results showed that Klebsiella pneumoniae were 
the majority species isolated, followed by K. oxytoca. 
The prevalence of ESBL production in all Klebsiella 
species was significant. There was a notable increase in 
the rate of ESBL genes over the five-year study period. 
The researchers found high antibiotic resistance in 
decreasing order to various antibiotics. Carbapenems, 
amikacin, tigecycline, cefoxitin, levofloxacin, pip/tazo, 
ciprofloxacin, and fosfomycin were suggested for the 
treatment of drug-resistant Klebsiella. Methicillin-
resistant Staphylococcus aureus, methicillin-resistant 
Staphylococcus pseudintermedius, vancomycin-
resistant enterococci, ESBL or CRE Enterobacteriaceae 
and gram-negative bacteria are the main microbiological 
hazards directly or indirectly affecting human health, 
and their sources are pets (Pomba et al., 2017). The 
transmission of such microorganisms from dogs poses 
a potential public health risk, as pets can serve as 
reservoirs of resistant bacteria to which humans are 
exposed (Radzykhovskyi et al., 2022). The potential 
for transmission of E. coli between humans and pets is 
illustrated, for example, by the isolation of an identical 
clone of E. coli from a dog and from the feces of family 
members where it lives.
This study is extremely relevant as it examines the 
prevalence of antibiotic-resistant strains of opportunistic 
Enterobacteriaceae among domestic animals—cats and 

dogs. The study of antibiotic resistance in animals is of 
great importance for assessing the risks of spreading 
antibiotic-resistant bacteria and resistance genes from 
animals to humans. The results of the study allow to 
assess the extent of this problem in a particular region 
and develop effective strategies to control the situation. 
The data obtained is a valuable contribution to the study 
of the global problem of antibiotic resistance.
Contact with pets increases the risk of E. coli 
colonization with ESBL by a factor of 7. Currently, 
there is little information available about antibiotic 
resistance in cats and dogs, but several studies indicate 
a situation identical to the clinical situation in humans. 
Enterobacteriaceae cause various infections in cats and 
dogs, with urinary tract infections (UTIs) occurring 
in a large majority of cases. Enterobacteriaceae, 
such as K. pneumoniae and Proteus mirabilis, are 
regularly isolated from pets, but E. coli is the most 
common pathogen (Lord et al., 2021). Antimicrobials, 
particularly β-lactams, are frequently required to 
treat these infections successfully, but antimicrobial 
resistance is increasing. Resistance to β-lactams is 
mainly due to the production of β-lactamases, a variant 
of which can hydrolyze and inactivate extended-
spectrum cephalosporins. It is particularly important as 
cephalosporins are important antimicrobials for human 
and animal medicine (OIE List of Antimicrobials of 
Veterinary Importance, 2007; Critically Important 
Antimicrobials for Human Medicine, 2019).
Better knowledge in this area would facilitate using 
antimicrobials, especially since therapy is usually 
initiated before the results of sensitivity testing and some 
treatment recommendations suggest that if resistance to 
a particular antimicrobial exceeds 10%, it should not 
be used as the first choice for treatment. In addition, 
UTIs are frequently caused by Enterobacteriaceae 
from the host’s fecal flora, and there is evidence that 
genes can be passed from commensal to pathogenic 
Enterobacteriaceae. The transfer of antibiotic-resistant 
strains from animals to humans is still being explored 
around the world. Currently, there is no data on the 
prevalence of both resistant strains and resistance 
genes among domestic cats and dogs in Kazakhstan. 
Exploring the determinants of antimicrobial resistance 
in small domestic animals (cats and dogs) will allow 
an assessment of the current pattern of resistance 
prevalence at the genetic level (Antimicrobial 
resistance, 2021).
There is a gap in the data on the prevalence of 
resistant strains in the microflora of domestic animals 
in certain regions and comprehensive studies of 
phenotypic and genotypic mechanisms of resistance 
in these microorganisms. The specifics of resistance 
transmission between animals and humans are also not 
well understood. This paper fills these gaps by providing 
information on the prevalence and mechanisms 
of resistance of Enterobacteriaceae in northern 
Kazakhstan and demonstrating the link to antibiotic use 
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in veterinary medicine, allowing for a better assessment 
of the risks of transmission to humans.
The study of antibiotic resistance among commensal 
Enterobacteriaceae in domestic animals is extremely 
important for science, as it allows for a better 
understanding of the epidemiology and mechanisms 
of antibiotic resistance. Commensal bacteria from 
animals can serve as a reservoir of resistance genes 
and a source of infection for humans. Studying the 
characteristics of resistance in different microorganisms 
helps to understand the ways of transmission and the 
formation of resistant forms. Data on the prevalence 
of resistant strains in animal populations are important 
for monitoring the situation and developing control 
strategies. Such research contributes to the study of 
the global threat of antibiotic resistance and is of great 
practical importance for public health.
The purpose of these studies was to isolate and 
explore the antibiotic resistance of opportunistic 
Enterobacteriaceae (E. coli, Klebsiella, Proteus, 
Citrobacter, Enterobacter) from cats and dogs, and to 
isolate resistance genes in the microorganisms.

Materials and Methods
The work was performed in the departments of 
microbiological and molecular genetic analysis of the 
Research Institute of Applied Biotechnology of A. 
Baitursynov Kostanay Regional University. The study 
analyzed biological material (n = 808), from clinically 
healthy, and with various abnormalities, isolated in 
veterinary clinics in Kostanay.
The authors chose a comprehensive approach that 
includes standard microbiological methods for 
identifying resistance genes. This made it possible 
to obtain a representative sample of microorganisms 
from animals, determine their species, investigate 
antibiotic susceptibility profiles, and identify genetic 
determinants of resistance. The chosen methodology 
is optimal for a comprehensive study of the problem 
of antibiotic resistance in animal microflora from both 
phenotypic and genotypic perspectives.
Samples were extracted by dry, sterile swabs into 
clean, sterile, disposable tubes, observing all aseptic 
rules. Microbiological tests were performed according 
to Bergey’s bacterial identifier and the approved 
guidelines for the microbiological diagnosis of diseases 
caused by Enterobacteriaceae. Upon receipt of the 
material in the laboratory, initial cultures were made 
on meat-peptone broth and then transferred to plates 
with CHROMagar™ Orientation and CHROMagar™ 
E. coli universal chromogenic, differential diagnostic 
media. After culturing, if colonies characteristic of E. 
coli, Klebsiella, Citrobacter, Enterobacter, and Proteus 
growth were identified, smears were prepared and 
Gram stained, and then their biochemical properties 
were explored (Biyashev et al., 2016).
Antimicrobial sensitivity tests on isolated bacterial 
cultures were performed by applying standard antibiotic 

disks to a freshly sown lawn and recording the results 
on the presence of microbial growth retardation around 
the disks.
Each of the isolated microbial cultures was tested for 
susceptibility to levomycetin (30 µg), cefoxitin (30 µg), 
ampicillin (10 µg), gentamicin (10 µg), ciprofloxacin 
(5 µg), norfloxacin (10 µg), tetracycline (30 µg), 
ofloxacin (5 µg), trimethoprim (1.25 µg), interpretation 
was done according to the current guidelines of the 
European Committee on Antimicrobial Susceptibility 
Testing (2022); resistance to cefoperazone (75 
µg), streptomycin (10 µg), doxycycline (30 µg), 
cefpodoxime (10 µg), kanamycin (30 µg), nalidixic 
acid (30 µg), furazolidone (300 µg), gemifloxacin (5 
µg), furadonine (300 µg)—as recommended by the 
Clinical and Laboratory Standards Institute (2019); 
resistance to enrofloxacin (5 µg) and amoxicillin (25 
µg) according to the MUK 4.2.1890-04 “Determination 
of the sensitivity of microorganisms to antibacterial 
drugs” (2004) (FSR, 2009).
The presence and identification of genes encoding 
resistance of opportunistic pathogens to antimicrobial 
agents were performed by polymerase chain reaction 
with detection of results in agarose gel (Tyliszczak 
et al., 2018).
Ethical approval
All sampling was conducted according to the European 
Convention for the Protection of Pets Animals (1987) 
and the Universal Declaration on Animal Welfare 
(2007).

Results
During the clinical examination and history, 452 
animals with obvious symptoms of gastrointestinal 
diseases (gastrointestinal congestion, diarrhea, bloating, 
vomiting) were identified out of 808 examined animals. 
Biomaterial (anal, oral, and vaginal wipes, urine and 
feces) was collected from each animal presenting 
symptoms of gastrointestinal damage. Of 452 samples 
of biological material, 210 strains of opportunistic 
pathogens were analyzed for biochemical properties. 
Among them: 149 strains of E. coli, 28 strains of 
Klebsiella, 10 strains of Citrobacter, 11 strains of 
Enterobacter and 12 strains of Proteus (Table 1). Each 
of the microbial isolates isolated corresponded to its 
family and genus in terms of tinctorial, cultural, and 
morphological properties.
Escherichia coli grew on combined Kliegler’s medium 
with gas emission and with complete or partial staining 
of the column and bevel from red to yellow. In each of 
the isolated E. coli specimens, fermentation of mannitol 
and lactose and no growth on Christensen’s medium 
with urea and Simons’ medium were observed. The test 
with methylated red can be called positive, while the 
Foges-Proskauer test—negative.
The growth of Klebsiella microorganisms on Kliegler’s 
medium is characterized by a complete discoloration 
of the medium, without the development of hydrogen 
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sulfide. The oxidation of mannitol was similarly 
complete with lactose. On Simmons’ medium, it can be 
observed both a complete color change in the medium 
and a partial color change. Reaction with methylene 
red was positive, indole and Foges-Proskauer reactions 
were absent rather than positive
Enterobacteriaceae of the genus Citrobacter grew with 
complete or partial yellow staining of the medium and 
the production of gas on Klieger’s medium. Positive 
reactions are characterized by growth on Simons 
citrate, fermentation of lactose and mannitol, and a test 
with methylated red. Growth in urea by Christensen 
and the development of indole can rather be classified 
as negative. There was no reaction from Vorges-
Proskauer.
Enterobacter bacteria distinguished themselves by 
their characteristic growth, yellow staining, and gas 
emission. The fermentation of glucose and manatee 
was complete, and growth on Simons’ medium was 
characterized by complete staining of the medium, and 
on Christens’ medium—more positive than negative. 
The reaction with Foges-Proskauer was positive and 
the test with methylated red—negative.
The biochemical properties of Proteus indicate their 
inability to ferment lactose, respectively the growth 
on the Klieger medium occurred with an initial yellow 
discoloration of the slant and a subsequent change of 
color to red. Reactions with Simons’ medium, indole 
development, and growth in Cristens’ urine can be 
regarded as rather positive. Fermentation of glucose 
and manatee was not observed. Forges-Proskauer 
test—no reaction, test with methylated red—positive.
Each of the microbial isolates can be attributed to the 
corresponding biochemical properties typical of bacteria 
of the E. coli and the genera Klebsiella, Citrobacter, 
Enterobacter, and Proteus. The next step was to record 
the results of the distribution of symptomatic and 
quantitative manifestations of the different genera of 
Enterobacteriaceae (Table 2). Vomiting was reported 
in 83% of cats and dogs, of which 144 cases were due 
to viral diseases (29.9% of all symptomatic animals). 
Intestinal and gastric inflammation were identified in 
91 animals (43.3%). In addition, the results presented 
indicate a preponderance of infectious diseases 
(67.4%) in dogs, and non-infectious diseases (86.7%) 
in cats, both in diseases not related to the influence of 
Enterobacteriaceae and in cases where they are present. 
Out of 210 isolates of opportunistic pathogens, five 
major genera were explored. Among them: 149 strains 
of E. coli (70.0%), 28 strains of Klebsiella (13.3%), 10 
strains of Citrobacter (4.7%), 11 strains of Enterobacter 
(5.3%), and 12 strains of Proteus (5.7%).
The third stage involved establishing the antimicrobial 
vulnerability of the previously named strains and 
identifying their resistance genes. Of the 149 strains of 
E. coli strains were resistant to tetracycline 81% (120 
strains), doxycycline 55% (82 strains), ofloxacin 47% 
(70 strains), cefpodoxime 40% (59 strains), ampicillin Ta
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and amoxicillin 37% (55 strains to each antibiotic), 
norfloxacin 30% (45 strains), ciprofloxacin 25% (37 
strains), enrofloxacin 22% (32 strains), trimethoprim 
and nalidixic acid 19% (28 strains), cefoxitin 
17% (25 strains), levomycetine 16% (24 strains), 

cefoperazone 15% (23 strains), gemifloxacin 11% (16 
strains), kanamycin and gentamicin 7% (11 strains), 
streptomycin 2% (three strains), furazolidone and 
furadonine 1% (one strain). No resistant strains were 
identified to meropenem (Fig. 1).

Table 2. Bacterial culture isolates obtained from animals with gastrointestinal diseases.

Gastrointestinal diseases n
Number of microorganisms

E. coli Citrobacter Klebsiella Proteus Enterobacter
Dogs
Infectious 213 71 3 10 4 5
Non-infectious:

inflammatory 

non-inflammatory

42 6 2 - 3 2

61 22 1 - - 1

Total number 316 99 6 10 7 8
Cats
Infectious 18 10 - - - 1
Non-infectious:

inflammatory

non-inflammatory

49 21 - 5 - -

69 19 4 13 5 2

Total number 136 50 4 18 5 3

Fig. 1. Antibiotic resistance of E. coli isolates (%).
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Of the 28 Klebsiella strains examined, 86% (24 strains) 
of the microorganisms were resistant to tetracycline 
and doxycycline, 75% (21 strains) to amoxicillin, 
68% (19 strains) to ampicillin, to cefpodoxime 61% 
(17 strains), to ofloxacin 54% (15 strains), to cefoxitin 
50% (14 strains), to norfloxacin and trimethoprim 
40% each (11 strains), to nalidixic acid cefoperazone 
enrofloxacin and ciprofloxacin 29% (eight strains 
each), to levomycetin and furadonine 25% (seven 
strains each) of microorganisms, to kanamycin 
21% (six strains), to gentamicin 18% (five strains), 
to meropenem, gemifloxacin and furazolidone, 
14% each (four strains), and the lowest number of 
organisms were resistant to streptomycin, 11% (three 
strains) (Fig. 2).
Antibiotic resistance testing of 10 Citrobacter isolates 
resulted in all microorganisms being 90% resistant to 
tetracycline, amoxicillin, doxycycline, and nalidixic 
acid was resistant to 70% of the microorganisms, 
ampicillin, enrofloxacin Ofloxacin trimethoprim 
60% of strains, norfloxacin, furazolidone 50%, 
cefoperazone, cefoxitin, ciprofloxacin, gemifloxacin, 
and furodonin 40% each, cefpodoxime and gentamicin 
30%, meropenem, kanamycin and levomycetine 20% 
of organisms. No streptomycin-resistant strains were 
identified (Fig. 3).
Of the 11 Enterobacter strains isolated, the 
microorganisms demonstrated 100% resistance to 

ampicillin, 91% to amoxicillin, 64% to doxycycline, 
55% to tetracycline, and furadonine, 36% for cefoxitin, 
cefpodoxime, ofloxacin, 27% for ciprofloxacin and 
trimethoprim, 18% for cefoperazone, norfloxacin, and 
furazolidone, and 9% for kanamycin and nalidixic acid. 
Meropenem, streptomycin, gentamicin, levomycetin, 
enrofloxacin, and gemifloxacin were not identified as 
resistant to the isolates of Enterobacteriaceae (Fig. 4).
A study of 12 microorganisms of the genus Proteus 
for antibiotic resistance demonstrated that 100% of the 
isolates were resistant to tetracycline and furazolidone; 
92% of isolates were resistant to doxycycline, 83% 
of microorganisms were resistant to furadonine, 67% 
of isolates were resistant to trimethoprim, 50% of 
isolates were resistant to levomycetin, enrofloxacin, 
and ofloxacin, 42% of microorganisms were resistant 
to amoxicillin and norfloxacin, to ampicillin, 
cefpodoxime, gentamicin, gemifloxacin, and nalidixic 
acid 33%, to cefoperazone, kanamycin, enrofloxacin 
25%, 17% were resistant to cefoxitin. The strains 
demonstrated the least resistance (8%) to meropenem 
and streptomycin (Fig. 5). 
The final stage of the work was to perform research to 
determine the resistance genes of the organisms. The 
results of these studies, using the polymerase chain 
reaction technique, from 149 samples of E. coli DNA 
(deoxyribonucleic acid), 46 samples were obtained that 
have genes encoding resistance to beta-lactase antibiotics 

Fig. 2. Antibiotic resistance of Klebsiella isolates (%).
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Fig. 3. Antibiotic resistance of Citrobacter isolates (%).

Fig. 4. Antibiotic resistance of Enterobacter isolates (%).
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(BlaTEM—26, OXA—20), aminoglycosides—62 
(StrA—29, StrB—31, aadB—2), tetracyclines—44 
(tetA—32 and tetB—12), sulfonamides—15 (SUL1—
9, SUL3—6), fluoroquinolones—3 (qepA—2, qnr—1).
In 28 Klebsiella samples, genes encoding resistance 
to beta-lactams—13 (BlaTEM—8, OXA—5), 
aminoglycosides—24 (StrA—7, StrB—9, aadB—
3, aphA1—5), tetracyclines—9 (tetA—7 and 

tetB—2), sulfonamides—2 (SUL1—1, SUL3—1), 
fluoroquinolones—2 (gene qnr) (Table 3).
In 11 Enterobacter DNA samples, the OXA gene 
encoding resistance to beta-lactamases was identified 
in 1, the aminoglycosides in 7 (StrA—3, StrB—2, 
aphA1—2), the tetB gene in 2, and the SUL1 gene to 
sulfonamides in 1. No fluoroquinolone-resistant ones 
have been identified.

Fig. 5. Antibiotic resistance of Proteus isolates (%).

Table 3. Resistance genes of microorganisms.

Group of antibiotics Gene E. сoli Klebsiella Enterobacter Proteus Citrobacter Total

Beta-lactams
BlaTEM 26 8 - 4 3 41
OXA 20 5 1 1 1 28

Aminoglycosides

StrA 29 7 3 2 4 45
StrB 31 9 2 2 4 48
aadB 2 3 - 1 - 6
aphA1 - 5 2 2 2 11

Tetracyclines
tetA 32 7 - - 4 43
tetB 12 2 2 - - 16

Sulfanilamides
SUL1 9 1 1 2 - 13
SUL3 6 1 - 1 - 8

Fluoroquinolones
qepA 2 - - 1 - 3
qnr 1 2 - - - 3
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In 12 samples of Proteus DNA, genes coding 
for resistance to antibiotic groups were selected: 
beta-lactams—5 (BlaTEM—4, OXA—1), 
aminoglycosides—7 (StrA—2, StrB—2, aadB—1 and 
aphA1—2), sulphonamides—3 (SUL1—2, SUL3—1) 
and fluoroquinolones—1 (qepA). No tetracycline-
resistant drugs have been isolated. A study of 10 
samples of Citrobacter DNA revealed 4 genes encoding 
beta-lactam antibiotics (BlaTEM—3, OXA—1), 10 
genes encoding aminoglycosides (StrA—4, StrB—4, 
aphA1—2) and 4 tetA genes encoding tetracyclines. 
No sulfanilamide- and fluoroquinolone-resistant ones 
have been identified.

Discussion
As a result of this research, 808 samples of biological 
material (urine, feces, wipes from the rectum, mouth, 
nose, and vagina) were collected from dogs and 
cats in Kostanay veterinary clinics. Among these, 
210 (26%) micro-organisms were isolated and 
identified. These findings correlate with several 
studies in the Netherlands, where the prevalence of 
Enterobacteriaceae colonization in dogs and cats 
(including healthy and sick animals) ranged from 3.1% 
to 55% (van den Bunt et al., 2020). The vast majority of 
the strains sampled belonged to E. coli—149 (70.9%), 
Klebsiella—28 (13.3%), Enterobacter—11 (5.2%), 
Proteus—12 (5.7%), and 10 Citrobacter isolates (4.8%). 
In each of the isolates identified, antibiotic resistance/
susceptibility was determined using the disc-diffusion 
method. The results with high resistance in E. coli strains 
to tetracycline are consistent with several studies from 
the United Kingdom and Portugal, which had a high 
percentage of resistant strains (40%) (Wedley et al., 
2017). Other recent clinical trials in Belgium, however, 
report 12% resistance to ampicillin and 17% resistance 
to tetracycline, but very low or undetectable levels of 
resistance were to enrofloxacin and gentamicin, which 
is consistent with the research data. Studies in Australia 
have reported increased resistance of E. coli isolates to 
ampicillin, amoxicillin, cefpodoxime, and no resistance 
to carbapenems, which is consistent with the research 
results (Saputra et al., 2017).
A study of Klebsiella strains identified that the 
greatest number of isolates demonstrated resistance to 
tetracycline, doxycycline, amoxicillin, and ampicillin, 
while those resistant to meropenem were not 
detected. Studies conducted in 2017–2019 in China, 
Thailand, and Portugal confirm the high prevalence 
of resistance to these antibacterials (Marques et al., 
2019; Phoo et al., 2020; Zhang et al., 2021). Notably, 
these studies demonstrate the link between antibiotic 
resistance in Klebsiella strains isolated from domestic 
animals and their hosts, thus confirming the potential 
for the transmission of resistant strains from animals 
to humans. There are few studies on the prevalence 
of antibiotic resistance in Citrobacter isolates from 
small domestic animals (cats and dogs) worldwide. 

The results demonstrate that the maximum number 
of micro-organisms were resistant to tetracycline, 
amoxicillin, doxycycline, ampicillin, enrofloxacin, 
trimethoprim/sulfamethoxazole, norfloxacin, 
cefoperazone, cefoxitin, and ciprofloxacin. Sensitivity 
was demonstrated for streptomycin. Studies by Harada 
et al. (2019) demonstrated that Citrobacter strains 
isolated from cats and dogs presented resistance 
to ciprofloxacin, trimethoprim/sulfamethoxazole, 
while they were sensitive to meropenem. In a study 
by Ramona et al. (2020), microorganisms of the 
genus Citrobacter were sensitive to meropenem and 
resistant to ampicillin and amoxicillin. In Nigeria, the 
data were partly similar, with Citrobacter indicating 
resistance to amoxicillin, streptomycin, gentamicin, 
and ciprofloxacin (Babatunde et al., 2017; Mocherniuk 
et al., 2022).
Enterobacter strains have been identified as being 
most resistant to ampicillin, amoxicillin, tetracycline, 
cefoxitin, and trimethoprim while being sensitive to 
the action of gentamicin, enrofloxacin, meropenem, 
streptomycin. These findings are partly consistent 
with those obtained in Japan and Italy, the difference 
is the list of antibacterials to which sensitivity in the 
microorganisms was explored (Mezzatesta et al., 2012; 
Harada et al., 2014, 2017). In addition, a study by Li 
et al. (2021) mentions high resistance in Enterobacter 
isolates to β-lactam antibacterials in both dogs and 
cats. The micro-organisms of the genus Proteus are 
established to have reduced resistance to tetracycline, 
doxycycline, ampicillin, amoxicillin, levomycetine, 
enrofloxacin, trimethoprim/sulfamethoxazole, and 
nitrofurans. Similar results have been reported in 
Japan and Denmark, where there were high numbers of 
strains resistant to both enrofloxacin and ampicillin, but 
strains were sensitive to gentamicin (Pedersen et al., 
2007). In a Canadian study, ampicillin-resistant strains 
were identified while enrofloxacin-resistant strains 
demonstrated sensitivity; in a German study, on the 
other hand, the isolates were resistant to enrofloxacin 
(Grobbel et al., 2007). In Spain, tetracycline resistance 
and reduced resistance to cephalosporins were 
identified in 80% of Proteus strains, and sensitivity to 
gentamicin was identified (Awosile et al., 2018).
In general, there are differences in the prevalence of 
resistance among opportunistic Enterobacteriaceae 
isolates in different countries. It could be explained by 
differences in the strains and resistance genes circulating 
in different territories. As a result of the studies, it was 
established that the largest number of Enterobacteriaceae 
was sensitive to the action of meropenem, belonging to 
the group of beta-lactam antibiotics, among E. coli and 
Enterobacter isolates there were no resistant strains, 
among Proteus strains one isolate was resistant, among 
Citrobacter—2. Among the microorganisms isolated 
10 isolates (1 Escherichia, 4 Klebsiella, 3 Proteae, 
2 Citrobacter) presented resistance to all examined 
groups of antibiotics, whereas 20 strains of E. coli were 
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completely sensitive to the action of antibacterial agents 
and 13 isolates presented intermediate sensitivity. 
Among other microorganisms, both fully sensitive and 
intermediate strains to all antibiotics have not been 
identified. Most of the isolated microbial strains (88%) 
were resistant, except for 23 E. coli, 1 Klebsiella and 1 
Citrobacter.
Notably, in general, the highest number of all isolated 
microorganisms demonstrated resistance to the group of 
tetracyclines and beta-lactams, which, according to the 
state register of veterinary drugs and fodder additives of 
the Committee of Veterinary Control and Supervision 
of the Ministry of Agriculture of the Republic of 
Kazakhstan, are the drugs of choice in the treatment 
of infectious animal diseases. In a study conducted in 
Spain, beta-lactams were the antimicrobial drug most 
commonly prescribed in dogs (Gómez-Poveda and 
Moreno, 2018; Irgashev et al., 2023). Ampicillin is a 
good treatment for sporadic bacterial cystitis caused by 
E. coli in cats and dogs. Using this antimicrobial to treat 
infections caused by E. coli should be used with caution 
due to the rapid development of resistance caused by 
beta-lactamase production (Boehmer et al., 2018). 
Antibacterials of the tetracycline range are used in the 
treatment of wounds, skin, and digestive tract diseases 
in cats and dogs. Intensive use of antibiotics in these 
classes results in the spread of resistant microorganisms 
and reduces their effectiveness (Paliy et al., 2023).
The results of these studies, using the polymerase chain 
reaction technique, are from 149 samples of E. coli 
DNA. 46 samples of E.coli, were obtained that have 
genes encoding resistance to beta-lactase antibiotics and 
4 tetA genes encoding tetracyclines. The experiment 
demonstrates that 85 DNA samples characterized by 
genotypic antibiotic resistance are found to be associated 
with phenotypic profiles. Therewith, resistance genes 
to aminoglycoside antimicrobials (StrA, StrB, aadB, 
aphA1) were detected in 22 samples, whereas no 
phenotypic resistance to these drugs was identified in 
these microorganisms. Probably, these could be the 
so-called “silenced” genes, which are found in several 
studies but have been understudied thus far (Li et al., 
2014; Wang et al., 2017). Phenotypic resistance to the 
fluoroquinolone group (enrofloxacin, ciprofloxacin, 
norfloxacin, ofloxacin, gemifloxacin) was present in 
113 strains of microorganisms, whereas genotypic 
resistance, i.e. the presence of qepA, qnrA genes was 
absent. Probably, this is explained by differences in the 
mode of action of resistance, namely overactivity of the 
efflux pump and reduction of membrane permeability, a 
similar situation observed in studies by other scientists 
(Galal et al., 2019; Bardasheva et al., 2021).
It should be noted that the study has certain limitations, 
such as: 

 – The sample of animals was limited to the northern 
region of Kazakhstan. To obtain a more complete 

picture of the country, studies in other regions are 
needed.

 – The study covered only five genera of enterobacteria. 
For a comprehensive analysis, it would be advisable 
to expand the range of microorganisms studied.

 – Antibiotic susceptibility was determined only by 
the disc diffusion method. It is recommended to add 
minimal inhibitory concentrations.

 – Resistance studies were limited to genes of the 
main antibiotic groups. It is advisable to extend the 
PCR analysis to other known genes.

 – There is a lack of data on the molecular typing of 
strains to identify links between animal and human 
isolates.

These limitations can be overcome in future studies by 
expanding the geography and sample size, increasing 
the range of microorganisms analyzed, using additional 
methods of antibiotic susceptibility testing, screening 
for other resistance genes and molecular typing of 
isolates.

Conclusion
The study examined 808 samples of biomaterial from 
small domestic animals, resulting in the selection of 
microorganisms and analysis of their resistance to 
antimicrobial agents. It is established that 452 animals 
had gastrointestinal disease, and using antibiotics 
is widely exploited in veterinary practice. A high 
prevalence of Enterobacteriaceae strains has been 
detected in cats and dogs in the northern region of 
the Republic of Kazakhstan. The symptomatic and 
quantitative findings of the different Enterobacteriaceae 
genera were as follows: E. coli 149 (70.9%), Klebsiella 
28 (13.3%), Enterobacter 11 (5.2%), Proteus 12 (5.7%) 
and 10 Citrobacter isolates (4.7%). The majority of the 
samples (88%) were characterized by the presence of 
multidrug resistance. Among isolated microorganisms 
ten isolates demonstrated resistance to all studied groups 
of antibiotics, moreover, 20 E. coli strains were fully 
sensitive to the action of antibacterial agents and 13 
isolates demonstrated intermediate sensitivity. The study 
of antibiotic resistance of isolated strains demonstrated 
high resistance to beta-lactams and tetracyclines. 
Resistance to these groups of antimicrobials is 
conditioned upon the presence of the resistance genes 
BlaTEM, OXA, tetA, and tetB in the microorganisms. 
The Enterobacteriaceae examined were least resistant to 
meropenem. The result of the experiment presented that 
85 DNA samples characterized by genotypic antibiotic 
resistance were found to be associated with phenotypic 
profiles. Therewith, resistance genes to aminoglycoside 
antimicrobials were detected in 22 samples, whereas 
no phenotypic resistance to these drugs was detected 
in these microorganisms. Phenotypic resistance to the 
fluoroquinolone group was present in 113 microbial 
strains, whereas genotypic resistance, i.e., the presence 
of the qepA, qnrA genes, was absent. The authors 
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established that uncontrolled and frequent use of 
beta-lactam and tetracycline antibacterials in cats and 
dogs’ results in the spread of genotypic resistance 
among Enterobacteriaceae microorganisms. Based 
on the above, the results allowed for estimating the 
current prevalence of antibiotic-resistant forms of 
opportunistic pathogens detected from cats and dogs 
in the northern region of Kazakhstan and determining 
their phenotypic and genotypic profile, which will 
better control treatment standards of diseases caused 
by opportunistic Enterobacteriaceae. The rational use 
of antibiotics in veterinary medicine is an extremely 
important strategy to preserve the effectiveness of these 
medicines and prevent the spread of antibiotic-resistant 
microorganisms in the environment, including pets 
and humans. The prospects for future research are to 
explore the features and modes of transmission of these 
opportunistic Enterobacteriaceae between domestic 
animals and from animals to humans and to consider 
the reasons for preventing the development of these 
microorganisms.
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