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Klebsiella is readily transmissible among various species, encompassing both humans
and animals. It plays a crucial role in the occurrence of nosocomial infections, including
pneumonia, sepsis, and urinary tract infections. The aim of this research was to ascertain
the genetic similarities between Klebsiella isolates obtained from pet animals and
humans through the application of Random Amplified Polymorphic DNA (RAPD-PCR)
technology. Traditional microbiological methods were employed to assess the
prevalence of Klebsiella spp. in both pet animals and their human cohabitants. The
specimens were obtained from pet animals specifically cats and dogs, through nasal
swabs, fecal samples and urine samples (n = 100), while human samples were collected
from patients that had infection in respiratory and urinary tracts from labs and
cohabitating humans with pet animals in houses (n = 50) (sputum and urine samples) at
El-Menoufia and El-Garbia Governorates. Conventional techniques identified 26 out of
150 isolates of Klebsiella spp. from pet animals and human, 7/50 (14%) from dogs and
11/50 (22%) from cats) and 8/50 (16%) from human samples. The incidence of
K.pneumoniae was 16/150 (10.6%), and K.oxytoca was 10/150 (6.66%).

Antimicrobial susceptibility test revealed that Klebsiella isolates from pets and human
showing 100% completely resistant to amoxicillin\calvulante and 80% sensitive to
ciprofloxacin for Klebsiella isolates from pets.

The Polymerase Chain Reaction (PCR) and Random Amplified Polymorphic DNA
(RAPD) PCR techniques were utilized to validate the Klebsiella isolates and ascertain
the genetic fingerprints among them.

Klebsiella isolates showed degree of identity (38%) for genetic fingerprints between the
sample isolated from pets and cohabitating human.

1. INTRODUCTION lactose and are facultatively anaerobic,

classified within the Enterobacteriaceae family.
Klebsiella species are recognized as rod-shaped, The microorganism is extensively found in
Gram-negative, non-motile bacteria that ferment various environmental settings, including soil,
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manure, water, and plants, in addition to being
present in the intestinal tract, skin, and oral
microbiota of both animals and humans. [1]

Klebsiella pneumoniae is a highly contagious
nosocomial agent [2,3]. Klebsiella pneumoniae
ranks as the second most common species
within the Enterobacteriaceae family that causes
urinary tract infections (UTIs) in humans [4]
Additionally, it has the potential to cause
community-acquired infections in both humans
and animals. The spread of harmful
microorganisms from companion animals to
people is a significant source of concern.
Colony-forming bacteria are more likely to
spread between species when people and pets
are close, such as when animals' waste gets into
people's bodies [5-7].

Numerous "classic" strains of K. pneumoniae are
present as pathobionts within the human body,
alongside drug-resistant variants. A pathobiont is
characterized as a symbiont that has the potential to
induce disease under particular circumstances, such
as compromised host immune systems and changes
in microbiota composition [8]. K. pneumoniae is
also capable of causing extraintestinal infections in
companion animals, which may include urinary tract
infections, pyometra, upper respiratory tract
infections, and septicemia [9]. Klebsiella
pneumoniae asymptomatically inhabits the skin, oral
cavity, nasopharynx, and gastrointestinal tract [10].
It is a prevalent source of infections within the
gastrointestinal system. Research has indicated that
nearly fifty percent of infections in intensive care
unit patients can be attributed to the presence of
their own K. pneumoniae from the gastrointestinal
microbiota. Klebsiella oxytoca is frequently found in
healthcare settings. This bacterium is capable of
causing severe infections, one of which presents
symptoms similar to pneumonia. Additionally,
Klebsiella oxytoca may result in urinary tract
infections (UTIs), wound infections, and various
other types of infections [11].

Klebsiella has the potential to lead to severe
bacterial infections affecting the cardiovascular,
pulmonary, gastrointestinal, pancreatic, renal, and
coagulation systems in both humans and animals
[12]. The emergence of antimicrobial resistance
increases the risk of treatment failure with
antimicrobial therapies in both populations.
Additionally, the development of antibiotic-resistant
bacteria in companion animals could pose a
significant threat to public health in humans .

Klebsiella spp. represents a notable opportunistic
pathogen affecting both humans and animals.
However, the extensive and indiscriminate
application of antibiotics has led to a rise in
antimicrobial  resistance. The emergence of
antibiotic-resistant bacterial illnesses highlights the
significance of monitoring potentially harmful
germs. An investigation is being conducted on the
antimicrobial resistance of strains of Klebsiella that
exhibit high resistance to B-lactams, cephalosporins,
and tetracycline [13].

Klebsiella isolates with multidrug resistance (MDR),
including hypervirulent K. pneumoniae , pose a
significant public health problem worldwide [14]. B-
lactam antibiotics represent the most frequently
prescribed and commonly utilized class of
antibiotics for the treatment of bacterial infections
caused by Enterobacteriaceae [13], which includes
Klebsiella species. The indiscriminate use of these
antibiotics can lead to the emergence of Klebsiella
strains that produce broad-spectrum p-lactamases,
such as extended-spectrum p-lactamases (ESBL)
and AmpC p-lactamases, resulting in resistance.
This situation poses a significant risk to the future
efficacy of B-lactam medications in both human and
veterinary medicine [15].

A vital measure in curbing the transmission of
healthcare-associated infections and enhancing
infection control is the assessment of the genetic
relationships among pathogenic microorganisms.
The polymerase chain reaction (PCR) technique,
which focuses on identifying repeating nucleotide
sequences within bacterial genomes, serves as a
molecular method for classifying bacterial strains
[16].

Random Amplified Polymorphic DNA (RAPD) is a
polymerase chain reaction (PCR) technique that
employs single primers with arbitrary nucleotide
sequences to amplify random segments of DNA for
the purpose of assessing DNA polymorphism. A
single primer type binds to the genomic DNA at two
distinct locations on complementary strands. The
detection of RAPD polymorphism is achieved
through the use of short synthetic oligonucleotides,
consisting of 10 bases with random sequences, as
primers in a PCR reaction. The applications of
RAPD extend from investigations at the individual
level to studies involving closely related species
[17].

In humans and pets, the level of resistance to
Klebsiella affection is increasing, making it crucial
to monitor and understand the current state of
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resistance development and epidemiology for this
microbe in pet animals and humans. So, the study
aimed to identify genetic similarities among
Klebsiella isolates from pet animals and humans
using RAPD-PCR technology.

2. MATERIALS AND METHODS

2.1 Samples collection :

A total of 150 clinical samples were obtained in
Egypt's Governorates (EI-Menofia and El-Garbia).
one hundred clinical samples were collected from
healthy and diseased pet animals randomly (50 dogs,
50 cats) through nasal swaps (20 samples) , urine
samples(20 samples) and fecal swaps (10 swaps)
for each (cat and dog). In addition, 50 clinical
human samples were collected at random from
various private laboratories for patients suffering
from urinary and respiratory illnesses, as well as
those cohabiting with pets or animals in their homes
(n=50). The samples were immediately transported
under aseptic conditions to the Microbiology lab.,
Faculty of Veterinary Medicine, Menoufia
University, Egypt, using transport media (peptone
water) (Himedia, India) [18].

2.2. Bacteriological identification of Klebsiella
spp. :

The transferred media (peptone water) was
incubated at 37°C for 24 h. before being streaked
over MacConkey's agar plates (Himedia, India) and
incubated for another 24 h. The probable Klebsiella
colonies were purified by subculture onto
MacConkey's agar plate, Eosin Methylene Blue
(EMB) agar (Himedia, India), and sterile blood agar
plates (Himedia, India). Gram's stain was used on all
putative isolates, which were then inspected under a
light microscope to establish morphological
characteristics. Oxidase, H,S generation, citrate
utilization, and urea hydrolysis tests (Himedia,
India) were used for traditional biochemical
identification of the suspected Klebsiella isolate [19]

2.3. Antimicrobial susceptibility:

All confirmed K. pneumoniae and K. oxytoca
isolates were tested for antimicrobial susceptibility
using the Kirby-Bauer disk diffusion method.
Results were interpreted based on Clinical and
Laboratory Standards Institute (CLSI, 2023) criteria.

The list of antimicrobial agents (Himedia, India)
includes ciprofloxacin (10 pg), erythromycine (15
Hg), doxycycline (30 pg), ceftriaxon (30 ug),
trimethoprim-sulphamethaxazole (25 ug),
amoxicillin-calvulante  (20-10 pg), ampicillin-
sulbactam (30 pg), imipenem (10 pg),
clarithromycin (15 ug), flucloxacillin (5 pg).
Approximately 100-200 uL of bacterial overnight
broth was transferred into a 5 mL normal saline
solution that was adjusted to match the 0.5
McFarland standard (1.5x10® cfu/mL). After
spreading 100 pL on Mueller-Hinton agar plates
(Oxoid &Biogram.)  using a sterilized glass
spreader, the plates were impregnated with the
specified antimicrobial discs and incubated
aerobically at 37°C for 24 h. Following that, the
diameters of the zone of inhibition were measured
and interpreted [20].

2.4. Polymerase chain reaction:

2.4.1. DNA extraction

The extraction of bacterial DNA was performed
utilizing the boiling method outlined in reference
[21]. Presumptive isolates were revived and
obtained from broth cultures through a technique
documented in study [22]. The DNA templates were
stored at -20°C for subsequent molecular analysis.

2.4.2. Molecular identification of presumptive
isolates

Polymerase chain reaction (PCR) was employed to
validate the presumptive isolates, with the results
analyzed through agarose gel electrophoresis (AGE)
[23]. This process utilized the primer sequences
specific to the target species (Table,1). The data
obtained from RAPD-PCR fingerprinting were
transformed into binary code, reflecting the presence
or absence of each band. Dendrograms were
constructed using the unweighted pair group method
with arithmetic average (UPGMA) and Ward's
hierarchical clustering techniques. Cluster analysis
and dendrogram generation were performed using
SPSS version 22 (IBM 2013).

following Hunter's (1990) methodology. Similarity
index (Jaccard / Tanimoto Coefficient and number
of intersecting elements) between all samples was
calculated using the online tool
(https://planetcalc.com/1664/).

Table (1): Primer sequences of target species and their respective amplicon sizes and PCR cycling conditions.
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Target

Strain Gene Primer Sequence (5'—3")

Size (bp) PCR Cycling Condition

References

F: CGC GTA CTA TAC
GCC ATG AAC GTA
R: ACC GTT GAT CAC

TTC GGT CAGG

Klebsiella

genus gyrA

Initial denaturation of 5
min at 94 °C followed by
35 cycles, denaturation at
94 °C for 30 s, annealing at Salloum et
55 °C for 45 s, extension at al. [42]
72 °C for 45 s and final
extension at 72 °C for 10
min.

441

F: ATT TGA AGA GGT
TGC AAA CGAT

R: TTC ACT CTG AAG
TTTTCT TGT GTTC

K. 16S-
pneumonia 23ITS

Initial denaturation of 5
min at 94 °C followed by
35 cycles, denaturation at
94 °C for 30 s, annealing at
55 °C for 30 s, extension at
72 °C for 40 s and final
extension at 72 °C for 10
min.

Salloum et

130 al. [42]

F: GAT ACG GAG TAT
GCCTTT ACG GTG
R: TAGCCT TTATCA
AGC GGATAC TGG

Klebsiella

oxytoca pehX

RAPD 4  AAGACGCCGT

Variable

Initial denaturation of 5

331 min at 94 °C followed by
35 cycles, denaturation at
94 °C for 30 s, annealing at
55 °C for 30 s, extension at
72 °C for 40 s and final
extension at 72 °C for 10
min.

Salloum et
al. [42]

Initial denaturation of 5

min at 94 °C followed by

35 cycles, denaturation at

94 °C for 1 min, annealing ~ Wasfi et al.
at 37 °C for 1 min, [43]
extension at 72 °C for 2

min and final extension at

72 °C for 10 min.

3. RESULTS

Bacteriological examination of 150 samples from
dogs, cats and human (50 samples for each) from El-
Garbia and El- Menofia Governorates revealed
isolation of Klebsiella isolates. The suspected
colonies showed the characteristic properties of
Klebsiella (Gram-negative bacilli, capsulated, non-
motile, appears with turbidity of sedimentation on
peptone water, Mucoid pink colony on Macconkey’s
agar, pink to purple without metallic green colony
(Large, viscid and dome —shaped) on EMB agar).

3.1. Incidence of isolation of Klebsiella species:

An analysis of 150 samples obtained from dogs,
cats, and humans (50 samples from each group) in
El-Garbia and El-Menofia Governorates revealed
that the incidence of isolation were 7/50 (14%) from
Dogs and 11/50 (22%) from cats and 8/50 (16%)
isolates from human samples. By application of
biochemical test on pet animals' samples (TSI acid
\acid, citrate positive, urea positive, indole negative
for klebsiella pneumonia and positive for klebsiella
oxytoca) showed Klebsiella pneumonia isolates n=8
(3 from dogs and 5 from cats) while Klebsiella
oxytoca isolates n=10 (4 from dogs and 6 from cats).
But in human samples, Klebsiella pneumonia
isolates (n=8) were confirmed biochemically
(Table,2).

Table (2): Incidence of isolation of Klebsiella from pets and human samples.

Species Samples No .of positive samples

No. of K.pneumonia No. of K.oxytoca

Dogs Urine 3/20

173 2/3
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Species Samples No .of positive samples No. of K.pneumonia No. of K.oxytoca
fecal O 1/1
Nasal 3/20 2/3 1/3
Total 7/50 3/7 4/7
Urine 4/20 2/4 2/4
Fecal 2/10 1/2 1/2

cats Nasal 5/20 2/5 3/5
Total 11/50 5/11 6/11
Urine 6/25 66 e

Human Sputum 2/25 22 e
Total 8/50 S

3.2. Anti-microbial sensitivity test:

The same antimicrobial agents were used to pets and
human but due to the high resistance of Klebsiella
isolates from human more antimicrobial agents were
needed.

3.2.1. Anti-microbial sensitivity test for the
isolated Klebsiella strains from pet animals

Antimicrobial susceptibility was tested by disc
diffusion method for Klebsiella oxytoca indicated
that the most effective antibiotic was ciprofloxacin
(80%) but completely resistant to
amoxicillin\calvulante (100%), doxycyline 100%
and ceftriaxone 100% (Table,3 & Fig.,1).

Antimicrobial susceptibility was tested by disc
diffusion method for klebsiella pneumonia indicated
that the most effective antibiotic was ciprofloxacin
(75 %) but completely resistant to
amoxicillin\calvulante (100%), doxycyline 100%
and ceftriaxone 100% (Table,4 & Fig.,2).

3.2.2. Anti-microbial sensitivity test for isolated
Klebsiella strains from human

Antimicrobial susceptibility was tested by disk
diffusion method gave intermediate sensitivity result
to imipenem and chloramphenicol but completely
resistant to the rest of antibiotics (ciprofloxacin,
doxycycline, erythromycin, clarithromycin,
amoxicillin clavulanate, flucloxacillin and
gentamicin) (Table,5 & Fig.,3).

Table (3): In-Vitro anti-microbial Sensitivity test for Klebsiella oxytoca isolated from dogs and cats (n=10).

Antimicrobial Antimicrobial R. Int. S.
classes agents/conc.
amoxicillin\calvulante 10(100%) 0 0
B-lactams AMC/20/10 pg
Penicillins ampicillin\sulpactam 10 (100%) 0 0
SAM/30
) Ceftriaxone 10 (100%) 0 0
Cephalosporins CRO/30 g
) Erythromycin 8 (80%) 2 (20%) 0
Macrolides E/15 pg
) Ciprofloxacin 2 (20%) 0 8 (80%)
Quinolones CIP/10 pg
trimethoprim\sulphamethaxazole 10(100%) 0 0

Sulfonamides SXT/25 ug
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) Doxycycline 10 (100%) 0 0
Tetracycline DO/30 pg

R:resistant Int: intermediate S: sensitive , %: according to the no. of K.oxytoca (n=10)

Table (4): In-vitro anti-microbial sensitivity test for isolated Klebsiella Pneumoniae strains from dogs and cats (n=8).

Antimicrobial Antimicrobial R. Int. S.
classes agents/conc.
Amoxicillin\calvulante 8(100%) 0 0
AMC/20/10 pg
B-lactams
Penicillins Ampicillin\sulpactam 8(100%) 0 0
SAM/30
Ceftriaxone 8(100%) 0 0
Cephalosporins CRO/30 pg
_ Erythromycin 7(87.5%) 1(12.5%) 0
Macrolides E/15 pg
Ciprofloxacin 2 (25%) 0 6(75%)
Quinolones CIP/10 pg
trimethoprim\sulphamethaxazole 8(100%) 0 0
Sulfonamides SXT/25 pg
Doxycycline 8(100%) 0 0
Tetracycline DO/30 pg

R:resistant Int:intermediate S:sensitive , %: according to the no. of K.pneumoniae (n=8).

Table (5): In-Vitro anti-microbial Sensitivity test for isolated Klebsiella strains from human (n=8).

Antimicrobial Antimicrobial R. Int. S.
classes agents/conc.
) ) Gentamycin 8(100%) 0 0
Aminoglycoside GEN/10 pg
Amoxicillin\calvulante 8(100%) 0 0
B-lactams AMC/20/10 pg
Penicillins Flucloxacillin 8(100%) 0 0
FI/5 pg
Imipenem 0 8(100%) 0
Carbapenem IPM/10 g
Cefadroxil 8(100%) 0 0
CFR/30 ug
Cephalosporins Cefuroxime 8(100%) 0 0
CXM/30 ug
) Chloramphenicol 0 8(100%) 0
Chloramphenicol CLM/30 pg
_ Ofloxacin 8(100%) 0 0
Fluoroquinolone OFX/5 ug
) Erythromycin 8(100%) 0 0
Macrolides E/15 g
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Clarithromycin 8(100%) 0 0
CLR/15 Hg
o Linezolid 8(100%) 0 0
Oxazolidinonone LZ/30 pg
) Ciprofloxacin 8(100%) 0 0
Quinolones CIP/10 pg
) Doxycycline 8(100%) 0 0
Tetracycline DO/30 pg
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Fig. 1. Antimicrobial susceptibility patterns of Klebsiella
oxytoca isolated from pet animals
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Fig. 2. Antimicrobial susceptibility patterns of Klebsiella
pneumonia isolated from pet animals.

Fig 3: Antimicrobial susceptibility patterns of Klebsiella
spp. isolated from human

3.3. Conventional PCR and RAPD PCR for
identification of Klebsiella isolates:

3.3.1. Detection of gyrA gene in Klebsiella isolates,
K.pneumoniae 16S-23ITS gene and K.Oxytoca
pehX gene in Klebsiella isolates by PCR:

Conventional PCR was applied for Klebsiella
isolates (n=10) that recovered from dogs, cats and
human by using gyrA, 16S-23ITS and pehX primers.
The gyrA gene was found in all isolates and
produced a specific band at 441 bp. While, The 16S-
23ITS gene was detected in three isolates with
specific band at 130 bp. and also, pehX gene which
amplified in two isolates only at 331 bp.(Table,6)
The Correlation between Klebsiella isolated from
pet animals and cohabiting human showed in table

).

Table (6): Detection of gyrA gene in Klebsiella isolates , K.pneumoniae 16S-23ITS gene and K.oxytoca pehX gene in

Klebsiella isolates by PCR:

No. of Origin of Result of PCR  Result of PCR for Result of PCR for
] Type of sample ]

isolate isolates for gyrA gene K.pneumoniae 16S-231TS K.Oxytoca pehX

1 Nasal Dog + ND +
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No. of Origin of Result of PCR  Result of PCR for Result of PCR for
isolate Type of sample isolates for gyrA gene K.pneumoniae 16S-231TS K.Oxytoca pehX
2 fecal Dog + ND ND

3 Urine Dog + + ND

4 Urine Dog + ND ND

5 Nasal Cat + + ND

6 Fecal Cat + ND ND

7 Urine Cat + ND +

8 Urine Cat + ND ND

9 Sputum Human + ND ND

10 Urine Human + + ND

Table (7): Correlation between of Klebsiella isolated from pet animals and cohabiting human.

Houses No.  Member Type of sample No. of positive sample Type of klebsiella species
H Pets H Pets H Pets

1 (2) Human & Cat U F -ve +ve - K.O

2 Human & Dog ] ] +ve -ve K.P -

3 Human & Cat Sputum N +ve +ve K.P K.P

4 Human & Cat ] ] -ve +ve - K.O

5 (2) Human & Dog U F -ve -ve - -

6 Human & Dog ] N -ve +ve - K.O

7 Human & Cat ] ] -ve -ve - -

8 Human & Cat ] N -ve +ve - K.P

9 Human & Dog U U +ve +ve K.P K.P

10 Human & Cat ] N -ve -ve - -

. Fig.4: Dendogram of Klebsiella isolates

w2

Dendrogram using Ward Linkage

Rescaled Distance Cluster Combine

5 10 15
1 I I

Jaceard | Tanimoto Coefieient

No ofintersecting elements

Fig. 5: Similarity index of Klebsiella isolates.
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4. DISCUSSION

Klebsiella spp., recognized as the second most
common species within the Enterobacteriaceae
family, is present on the mucosal surfaces of various
mammals, including humans and dogs, in addition
to being found in water, food and soil. In Egypt,
Klebsiella pneumonia is notably prevalent among a
range of animal species, including domestic pets,
goats, sheep, and chickens. Furthermore, it is one of
the most prevalent infections in humans, accounting
for the third leading cause of Hospital Acquired
Infections (HAI) (21.8%) [24-26].

An analysis of 150 samples obtained from dogs,
cats, and humans (50 samples from each group) in
El-Garbia and EIl-Menofia governorates revealed the
presence of Klebsiella isolates at a rate of 17.3%.
The findings were consistent with the study
conducted by Khalil et al. [27] which indicated a
prevalence of 20.8% in Egypt. Similarly, Banerjee et
al. [28] found an incidence of 22.9% in India.
However, Zhang et al. [9] observed a lower
incidence of 2.3% in China. Marques et al. [29]
observed a higher incidence rate of 38.9% in
Portugal, while Klaper et al. [30] documented an
even higher incidence rate of 61.7% in Germany.
The incidence varied depending on environmental
conditions and the methods used for sample
collection.

In this investigation, 8 (44.4%) cases of Klebsiella
pneumonia and 10 (55.6%) cases of Klebsiella
oxytoca were found in pets. This study aligned with
the findings of Donati et al. [31], who reported a
34.8% (31/89) incidence of Klebsiella pneumonia in
Japan. However, it is important to note that this
result is lower than their reported incidence. Zang et
al. [32] found that Klebsiella pneumoniae was
isolated in 28 out of 43 cases, representing a 65%
incidence rate. The current outcome exceeds that of
Ewers et al. [33] in Italy, which was 21.4% (15/70).
The current investigation documented the
identification of Klebsiella oxytoca 10 at a
frequency of 55.6%, which is lower than the

frequency of 25.5% reported by Zang et al. [32] for
K. oxytoca.

Klebsiella pneumoniae was obtained from one urine

sample and two nasal samples collected from dogs,
as well as from two additional urine samples. one
fecal sample and one nasal sample from cat.
Klebsiella oxytoca was recovered from two urine
samples, one fecal sample, and one nasal sample
from dogs. Additionally, Klebsiella oxytoca was
found in two urine samples, two fecal samples, and
two nasal samples from cats. According to the
findings of Lee et al. [34], It was noted that K.
pneumoniae and K. oxytoca were found in almost all
lesions of companion animals. In particular, K.
pneumoniae showed a significant prevalence in
cases of gastrointestinal disorders, otitis, and
respiratory illnesses. In contrast, K. oxytoca was
prominently present in the urogenital system. The
occurrence of Klebsiella across various lesion types
was most pronounced in feces associated with
diarrhea, followed by the ear canal, nasal cavity,
urine, genitalia and skin.

The disc diffusion method was used to assess the
antimicrobial susceptibility of Klebsiella bacteria
isolated from pets. The results showed that
ciprofloxacin was the most successful antibiotic,
with a susceptibility rate of 77.7%. On the other
hand, amoxicillin\calvulante, doxycycline, and
ceftriaxone were found to be entirely resistant, with
a resistance rate of 100% for each. A study
conducted by Lee et al. [34] revealed that Klebsiella
bacteria demonstrated considerable resistance,
exceeding 40%, to pP-lactam antibiotics, which
encompasses  third-generation  cephalosporins
(3GC), fluoroquinolones, and aminoglycosides.
Among the three species, strains of K. pneumoniae
that exhibit more than 50% resistance to third-
generation cephalosporin  medicines have been
found to be strongly linked to the presence of genes
that provide resistance to extended-spectrum
cephalosporins (ESCs).
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The antimicrobial susceptibility testing of Klebsiella
isolated from humans revealed that imipenem and
chloramphenicol exhibited intermediate sensitivity
(100%), while the remaining antibiotics showed
complete resistance. According to the 2017 annual
report of the European Antimicrobial Resistance
Surveillance Network, Portugal is one of the
countries with a higher occurrence of resistance to
third-generation cephalosporins, carbapenems, and
fluoroquinolones in invasive K. pneumoniae strains.
Furthermore, a significant  prevalence  of
ESBL/AmpC-producing K. pneumoniae in the form
of fecal colonization has been documented among
inhabitants of long-term care facilities in Portugal
[35].

Iraz et al. [36] conducted a study in Turkey
including 37 Chronic respiratory Klebsiella
pneumonia strains. They found that all of these
strains were resistant to ceftazidime, imipenem, and
meropenem. Additionally, 2.7% of the bacteria were
resistant to colistin, 11% to tigecycline, 19% to
amikacin, and 21.6% to
trimethoprim/sulfamethoxazole [36]. Considering all
these studies, it is evident that there are variations in
the antibiotic resistance profiles of Klebsiella
strains, even across different regions. This indicated
that the resistance of strains is influenced by
regional treatment policies and can result in diverse
resistance profiles against antibiotics. The Klebsiella
spp. isolates were validated using molecular
techniques, which are known for their rapidity and
accuracy [37].

Ten Klebsiella isolates obtained from dogs, cats, and
humans were subjected to PCR testing using gyrA
primer. All isolates had the gyrA gene, which
resulted in the production of a distinct band
measuring 441 base pairs. PCR was conducted on
three Klebsiella isolates obtained from dogs, cats,
and humans using the K. pneumoniae 16S-23ITS
primer. The K. pneumoniae 16S-23ITS gene was
discovered in the detected isolates, and it generated
a distinct band measuring 130 base pairs. Two
Klebsiella isolates obtained from dogs, cats, and
humans were subjected to PCR analysis utilizing the
K.Oxytoca pehX primer. The K.Oxytoca pehX gene
was identified in the detected isolates and resulted in
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the amplification of a distinct 331 bp band. Several
studies supported these findings, including those by
Jacob et al. [38] and Trivedi et al. [39].

This study involved 10 households that included
both companion animals (dogs and cats) and
humans residing in close quarters, with the aim of
evaluating the prevalence of K. pneumoniae and the
degree of transmission between animals and
humans. The total number of individuals is 12
humans, 6 cats, and 4 dogs. The human participants
had resided in the same household as the included
companion animals for a minimum of 6 months. K.
pneumoniae was found in 4 individuals, including 1
cat, 1 dog, and 2 humans, from a total of 10
households. Among these, 3 Klebsiella oxytoca
strains were detected in dogs and cats. This finding
is consistent with a study by Marques et al. [29],
which reported that dogs and a human living in the
same household (H15) were colonized by closely
related K. pneumoniae strains, with
indistinguishable PFGE restriction patterns.

RAPD- PCR is reported to be used for serovar based
typing of Klebsiella spp. In the present study
RAPD- PCR of Klebsiella strains yielded different
patterns consisting of 4-6 bands by which the strains
were grouped into 3 clusters by the dendogram
analysis (Fig.,4). Based on result of RAPD- PCR of
Klebsiella isolates were showing highly degree of
identitiy (100%) between the sample 1 & 2 (human).
degree of identitiy between 1(human) and 3 (cat)
showing 38% identity (human & cat in the same
house). identity between two pets as 3 (cat) and 4
(dog) showing 56% identity. (Fig.,5)

In the current study, the RAPD- PCR showed its
ability to detect the identity of the isolates. This
result agreed with Eftekhar and Nouri [40] who
reported that in comparison to other PCR-based
methods, RAPD is a swift method for creating DNA
profiles, akin to PFGE, which is regarded as the
benchmark in genetic fingerprinting.

Random Amplified Polymorphic DNA (RAPD)
employs a polymerase chain reaction (PCR)
approach that uses arbitrary primers to attach to
nonspecific regions of DNA, leading to the
amplification of various fragments. These amplified
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fragments are subsequently analyzed through
agarose gel electrophoresis to identify variations in
band patterns. This technique is both economical
and relatively straightforward, making it suitable for
studies on genetic diversity. Nonetheless, RAPD
does have certain drawbacks, as it requires a
meticulously crafted amplification protocol to
ensure reproducibility of samples. Furthermore, the
use of purified DNA templates is essential to avoid
contamination that could compromise the PCR
process [41].

5. CONCLUSIONS

Consistent with previous research, the study has
shown that there is a genetic similarity across
clinical isolates of Klebsiella species which isolated
from pets and cohabiting human.

We suggest that future studies should assess the
genetic relatedness among bacteria isolated from
pets and cohabiting human.

6. REFERENCES

1. Yonggiang, Y., Higgins, C.H., Rehman, R.,
Galvao ,K.N., Brito, I.L., Bicalho, M.L., Song,
J., Wang, H., Bicalho, R.C.( 2019). Genomic
diversity, virulence, and antimicrobial resistance
of Klebsiella pneumoniae strains from cows and
humans. Appl Environ Microbiol.85:e02654—
e2718.

2. Martin, R.M., Cao, J., Brisse, S., Passet, V., Wu,
W., Zhao, L., Malani, P.N., Rao, K. and
Bachman, M.A.(2016). Molecular epidemiology
of colonizing and infecting isolates of Klebsiella
pneumoniae. mSphere 1:¢00261-16. doi:
10.1128/mSphere.00261-16.

3. Martin, R.M. and Bachman, M.A.( 2018).
Colonization, infection, and the accessory
genome of Klebsiella pneumoniae. Front Cell
Infect Microbiol 8:4. doi: 10.3389/fcimb.00004.

4. Marques, C., Belas, A., Franco, A., Aboim, C.,
Gama, L.T. and Pomba, C .(2018). Increase in
antimicrobial resistance and emergence of major
international high-risk clonal lineages in dogs
and cats with urinary tract infection: 16 year
retrospective study. J Antimicrob
Chemother 73:377-384. doi:
10.1093/jac/dkx401.

5. Marques, C., Menezes, J., Belas, A., Aboim, C.,
Cavaco-Silva, P., Trigueiro, G., Telo Gama, L.
and Pomba, C.( 2018). Klebsiella

11

10.

11.

12.

13.

pneumoniae causing urinary tract infections in
companion animals and humans: population
structure, antimicrobial resistance and virulence

genes. J Antimicrob Chemother doi:
10.1093/jac/dky499.

Castro, J., Oliveira, R., Fernandes,
L., Carvalho, I., Oliveira, H., Brinks, E., Cho
,G., Franz ,C., Almeida, C. Silva, S. and

Araljo ,D. (2024). Molecular characterization
and virulence profile of Klebsiella pneumoniae
and Klebsiella oxytoca isolated from ill cats and
dogs in Portugal . Vet Microbiol , 292:110056
.doi: 10.1016/j.vetmic.2024.110056.

Pomba, C., Mendonga, N., Costa ,M., Louro, D.,
Baptista, B., Ferreira, M., Correia, J.D. and
Canica, M.( 2006) .Improved multiplex PCR
method for the rapid detection of beta-lactamase
genes in Escherichia coli of animal
origin. Diagn Microbiol Infect Dis 56:103-106.
doi: 10.1016/j.diagmicrobio.2006.03.005.
Chow, p. J. and Mazmanian, S.K.( 2010). A
Pathobiont of the Microbiota Balances Host
Colonization and Intestinal Inflammation,cell
host and microbe (4), 22: 265-276.

Zhang, Z., Zhang, L., Dai ,H., Zhang, H., Song,
Y. and An Q. (2022). Multidrug-
resistant Klebsiella pneumoniae complex from
clinical dogs and cats in China: molecular

characteristics, phylogroups, and
hypervirulence-associated  determinants. Front
Vet Sci. 9:816415. Doi

:10.3389/fvets.2022.816415.

Conlan, S., Kong, H. H. and Seare, J.A.(2012).
Species-level analysis of DNA sequence data
from the NIH Human Microbiome Project |,
PLoS One. 7(10):47075. doi:
10.1371/journal.pone.0047075.
Zollner-Schwetz, 1., Hogenauer, C., Joainig, M.,
Weberhofer, P., Gorkiewicz, G., Valentin, T.
and Krause, R. (2008). Role of Klebsiella
oxytoca in antibiotic-associated
diarrhea. Clinical Infectious Diseases, 47(9), 74-
78.

Timofte ,D., Maciuca, I|.E., Evans, N.J.,
Williams, H., Wattret, A. and Fick, J.C. (2014).
Detection and molecular characterization of
Escherichia coli CTX-M-15 and Kilebsiella
pneumoniae SHV-12 B-lactamases from bovine
mastitis isolates in the United Kingdom.
Antimicrob Agents Chemother ;58(2):789-794.
Guardabassi, L., Schwarz, S. and Lloyd, D.H.(
2004). Pet animals as reservoirs of
antimicrobial-resistant bacteria. J Antimicrob
Chemother ;54(2):321-332.


https://pubmed.ncbi.nlm.nih.gov/?term=Fernandes+L&cauthor_id=38537400
https://pubmed.ncbi.nlm.nih.gov/?term=Carvalho+I&cauthor_id=38537400
https://pubmed.ncbi.nlm.nih.gov/?term=Brinks+E&cauthor_id=38537400
https://pubmed.ncbi.nlm.nih.gov/?term=Almeida+C&cauthor_id=38537400
https://pubmed.ncbi.nlm.nih.gov/?term=Silva+S&cauthor_id=38537400
https://pubmed.ncbi.nlm.nih.gov/?term=Conlan+S&cauthor_id=23071716
https://pubmed.ncbi.nlm.nih.gov/?term=Segre+JA&cauthor_id=23071716

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lastname et al. MVMJ. 2025, 1 (1): .......

Hyeon, Ji-Yeon., Choi, Yun-Jeong., Jung, Min-
Jung.,_ Lee, Dong-Hun.,  Song, Chang-
Seon., and _Kim, Jung-Hyun.(2023). Multidrug-
resistant CTX-M-15-positive Klebsiella
pneumoniae ST 307 causing bacteremia via gut
translocation in a dog. Front Vet Sci. 10:
1275822 . doi: 10.3 389/fvets.2023.1275822.
Mauller-Schulte, E., Tuo, M.N., Akoua-Koffi, C.,
Schaumburg, F. and Becker, S.L.( 2020). High
prevalence of  ESBL-producing Klebsiella
pneumoniae in clinical samples from central
Cote d'lvaire. Int J Infect Dis ,91:207-209.
Ahmadi, Z., Noormohammadi, Z., Behzadi, P.,
& Ranjbar, R. (2022). Molecular detection of
gyrA mutation in clinical strains of Klebsiella
pneumoniae. lIranian ~ Journal ~ of  Public
Health, 51(10), 2334.

Jones, H. E., & Wilson, P. B. (2022). Progress
and opportunities through use of genomics in
animal production. Trends in Genetics, 38(12),
1228-1252.

Rawy, D.K., EI-Mokhtar, M. A., Hemida, S. K.,
Askora, A. and Yousef, N.( 2020). Isolation,
characterization, and identification of klebsiella
pneumoniae from Assiut university hospital and
sewage water in Assiut governorate, Egypt.
Assiut  University journal of Botany and
Microbiology, 49.

Cruickshank, R., Duguid ,J.R., Marmion ,B.p.,
Swain, R.H.A. (1975). Textbook of medical
microbiology, 12 ed Churchill, livingstone,
Edinburgh and New York.

Clinical and Laboratory Standards Institute
(CLSI)(2023). Performance Standards for
Antimicrobial Susceptibility Testing. Clinical
and Laboratory Standards Institute; Wayne,
Pennsylvania: 32nd edition. CLSI Supplement
M100..

Jackson, D.P., Lewis ,F.A., Taylor, G.R.
Boylston ,A.W. and Quirke, P.( 1990). Tissue
extraction of DNA and RNA and analysis by the
polymerase chain reaction. J. Clin.
Pathol. 43:499-504. doi: 10.1136/jcp.43.6.499.
Ebomah, K., Adefisoye ,M. and Okoh ,A.(
2018).  Pathogenic Escherichia  coli Strains
Recovered from Selected Aquatic Resources in
the Eastern Cape, South Africa, and Its
Significance to Public Health. Int. J. Environ.
Res. Public Health.15:15086.
doi: 10.3390/ijerph15071506.

Sambrook, J. ,Fritscgh, E.F. and Mentiates,M.
(1989). Molecular coloning. A laboratory
manual. Vol, Cold spring Harbor Laboratotry
press, New York.

12

24

25.

26.

217.

28.

29.

30.

31.

32.

Hamza ,E., Dorgham ,S. M. and Hamza ,D .A.(
2016). Carbapenemase-producing Klebsiella
pneumoniae in broiler poultry farming in Egypt.
Journal of Global Antimicrobial Resistance, 7;8-
10.

Elmonir ,W., Abd El-Aziz, N .K., Tartor, Y. H.,
Moustafa ,S .M., Abo Remela, E .M., Eissa, R.,
Saad ,H A .and Tawab, A. A.( 2021).
Emergence of colistin and carbapenem
resistance in extended-spectrum p-lactamase
producing Klebsiella pneumoniae isolated from
chickens and humans in Egypt. Biology, 10,
373-381.

Al-Baz, A. A., Marouf ,A., Marei ,A. and
Abdallah, A L .(2022). Prevalence and
Antibiotic Resistance Profiles of Carbapenem-
Resistant Klebsiella Pneumoniae Isolated from
Tertiary Care Hospital, Egypt. The Egyptian
Journal of Hospital Medicine, 88, 2883-2890.
Khalil, O.A., Enbaawy ,M. 1., Taher , H.M. and
Ragab, E.(2020). In Vitro Investigation of the
Antibacterial Effect of Silver Nanoparticles on
ESBL-producing E. coli and Klebsiella spp.
Isolated from Pet Animals. World, 10 ;514524.
Banerjee, A., Batabyal ,K.,Singh, A., Joardar
,S., Dey, S., Isore ,D., Sar ,T.Dutta ,T.,
Bandyopadhyay ,S. and Samanta, 1. (2020).
Multi-drug resistant, biofilm-producing high-
risk clonal lineage of Klebsiella in companion
and household animals. Letters in Applied
Microbiology, 71, 580-587.

Marques, C., Belas, A., Aboim, C., Cavaco-
Silva, P., Trigueiro, G., Gama, L., T., and
Pomba, C.( 2019). Evidence of sharing of
Klebsiella pneumoniae strains between healthy
companion animals and cohabiting humans.
Journal of Clinical Microbiology, 57, €01537-
18.

Klaper, K., Hammerl, J., A., Rau, J., Pfeifer, Y.
and Werner, G.( 2021). Genome-based analysis
of Klebsiella spp. isolates from animals and
food products in Germany, 2013-2017.
Pathogens, 10; 573-583.

Donati, V., Feltrin, F., Hendriksen, R.S.,
Svendsen ,C.A., Cordaro, G. and Garcia-
Fernandez, A.( 2014). Extended-spectrum-beta-
lactamases, AmpC beta-lactamases and plasmid
mediated quinolone resistance in Klebsiella spp.
from companion animals in Italy. PLoS One
,9(3): 90564.

Zhang ,Z., Lei ,L., Zhang, H. , Dai ,H. ,Song
H. ,Li L, Wang Y. and Xia, Z( 2021).
Molecular Investigation of Klebsiella
pneumoniae from Clinical Companion Animals
in Beijing, China, 2017-2019. College of


https://pubmed.ncbi.nlm.nih.gov/?term=Hyeon%20JY%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Choi%20YJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jung%20MJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lee%20DH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Song%20CS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kim%20JH%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10641377/
https://doi.org/10.3389%2Ffvets.2023.1275822

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lastname et al. MVMJ. 2025, 1 (1): .......

Veterinary  Medicine,
University, Beijing
Pathogens , 10(3),

271; https://doi.org/10.3390/pathogens10030271
Ewers, C., Stamm, |., Pfeifer ,Y., Wieler, L.H.,
Kopp, P.A. and Schenning, K.( 2014).Clonal
spread of highly successful ST15-CTX-M-15
Klebsiella pneumoniae in companion animals
and horses. J  Antimicrob  Chemother
,69(10):2676-2680.

Lee, D.,, Oh Jy. ,Sum, S. and Park ,H.M.(
2021). Prevalence and antimicrobial resistance
of Klebsiella species isolated from clinically ill
companion animals, J Vet Sci.22(2):el7.
,https://doi.org/10.4142/jvs.2021.22.e17.
Rodrigues, C., Fernandez, Lanza. V., Machado,
E., Peixe, L., Novais A. and Coque, TM.
(2017). High-resolution analysis of the globally
disseminated  multidrug-resistant  Klebsiella
pneumoniae clonal groups 14 and 15. 27th
European Congress of Clinical Microbiology
and Infectious Diseases (ECCMID), Vienna,
Austria.

Iraz, M., Ozad Diizgiin, A., Sandall ,C.,
Doymaz ,M.Z., Akkoyunlu, Y., Saral ,A., Peleg
LA.Y., Ozgiimiis, O.B., Beris, F.S., Karaoglu, H.
and Copur Cigek, A. (2015).Distribution of B-
lactamase genes among carbapenem-resistant
Klebsiella pneumoniae strains isolated from
patients in Turkey. Ann Lab Med;35(6):595—
601. doi: 10.3343/alm.2015.35.6.595.

Rahman ,M.R., Perisetti ,A., Coman, R., Bansal
,P., Chhabra ,R. and Goyal ,H.( 2018).
Duodenoscope-associated infections: Update on
an emerging problem. Dig. Dis. Sci. 64, 1-10.
Jacob, J.T., Klein, E., Laxminarayan ,R.
,Beldavs ,Z., Lynfield ,R., Kallen, A.J., Ricks,
P., Edwards ,J., Srinivasan ,A. and Fridkin ,S.
(2013).vital ~ signs:  Carbapenem-resistant
Enterobacteriaceae. Morb.  Mortal. ~ WKly.
Rep. 62, 165-170.

Trivedi, M., Patil, S., Shettigar, H., Bairwa, K.
and Jana, S. ( 2015). Phenotypic and biotypic
characterization of Klebsiella oxytoca: An
impact of biofield treatment. Microb. Biochem.
Technol. 7, 202-205.

Eftekhar, F.and Nouri , p. (2015).Correlation
of RAPD-PCR Profiles with ESBL Production
in Clinical Isolates of Klebsiella pneumoniae in

China  Agricultural
100193, China

Tehran,J  Clin  Diagn Res. 9(1): DCO01-
DCO03. doi: 10.7860/JCDR/2015/10651.5373.
Pallecchi, L., Bartoloni, A., Fiorelli, C.,

Mantella, A., Di Maggio, T., Gamboa, H.,
Gotuzzo, E., Kronvall, G., Paradisi, F. and
Rossolini, M.G. (2007). Rapid Dissemination

13

42.

43.

and Diversity of CTX-M Extended-Spectrum f3-
Lactamase Genes in Commensal Escherichia
coli Isolates from Healthy Children from Low-
Resource Settings in Latin America. ASM
journal .51,8.

Salloum |T., Arabaghian, H., Alousi ,S.,
Abboud, E. and Tokajian ,S.(2017). Genome
sequencing and comparative analysis of an
NDM-1-producing Klebsiella pneumoniae
ST15isolated from a refugee patient. Pathog.
Glob. Health. 111:166-175.
doi: 10.1080/20477724.2017.13140609.

Wasfi ,R., Elkhatib \W.F. and Ashour, H.M.(
2016). Molecular typing and virulence analysis
of multidrug resistant Klebsiella pneumoniae
clinical isolates recovered from Egyptian
hospitals. Sci Rep. 22;6:38929.


https://doi.org/10.3390/pathogens10030271
https://doi.org/10.4142/jvs.2021.22.e17
https://pubmed.ncbi.nlm.nih.gov/?term=Eftekhar%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Nouri%20P%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4347074/
https://doi.org/10.7860%2FJCDR%2F2015%2F10651.5373
https://journals.asm.org/doi/full/10.1128/aac.00026-07#con5

