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Abstract | Klebsiella infections in the oral cavities of both humans and dogs have been increasingly reported
and are associated with various buccal infections, as well as systemic infections. These infections appear to
be rising particularly among pets and their owners, suggesting a possible bidirectional transmission between
humans and dogs. Therefore, this study aimed to investigate the potential link of mixed infections involving
Klebsiella pneumoniae and Enterococcus spp. Buccal cavity samples were collected from humans (n = 25) and
dogs (n = 25). Samples were initially enriched in tryptic soy broth and subsequently cultured on tryptic soy
agar, MacConkey agar, and blood agar. All isolates were identified using the VITEK 2 system, and eight
selected isolates were further analyzed by 16S rRNA gene PCR. In humans, Klebsiella spp. were detected
in 24% of samples by primary isolation, 44% by VITEK 2 analysis, and 12% were confirmed by 16S rRNA
PCR. In dogs, primary isolation and VITEK 2 identification both showed a prevalence of 28%, while 20%
were confirmed by 16S rRNA PCR. Among human samples, isolates were detected in 10% of males and
13.3% of females, whereas in dogs, 14.3% of males and 27.3% of females were positive. The results revealed
that K. pneumoniae accounted for 66.7% and Enterococcus faecalis for 33.3% of isolates from humans, while in
dogs, K. pneumoniae represented 80% and E. faecalis 20% of the isolates. These findings highlight the potential

significance of transmission of these bacterial species between humans and dogs.
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Introduction

he oral health of a human or animal depends
on the presence of healthy normal flora on
the surface of gums, teeth and oral cavity lining.
Periodontitis is the outcome of progressive and
persistent inflammation of the teeth supporting

tissues, leading to clinical dental loss, alveolar bone
loss, and periodontal pocket formation (Gerald, 2013;
Eke ez al., 2018). The high prevalence of bacterial
isolates of the family Enterobacteriaceae is attributed
to their natural presence in the oral cavities and

oesophagus (Lateef ez al., 2025; Bata ez al., 2020).
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Knowing the pathogenic bacteria present in the oral
cavity of dogs and cats helps in finding appropriate
treatment for infected bite wounds. The factors such
as poor hygiene and diet lead to contamination of
the dog’s oral cavities, periodontal disease is one
of the most commonly diagnosed oral diseases in
dogs and can result from undisturbed dental plaque.
Dental prophylaxis is a routinely practiced veterinary
procedure, but its effects on both the plaque and oral
microbiota is not fully understood (Flancman ez al.,
2016; Razali ez al., 2020; Abdullah and Al-Gburi,
2023).

Klebsiella spp. are Gram-negative, nonmotile, usually
encapsulated rod-shaped bacteria, belonging to
the family Enterobacteriaceae, generally facultative
anaerobic. Klebsiella spp. often occur in mucoid
colonies. The genus consists of 77 capsular antigens
(K antigens), leading to different serogroups (Janda
and Abbott, 2006). Klebsiella pneumoniae is one of
the prominent pathogens found in hospital-acquired
samples. They resides in the gastrointestinal (GI)
microbiota of humans and animals (Chen ez a/., 2021,
Mohammed and Al-Gburi, 2023). These bacteria are
notoriously responsible for foodborne diseases such
as septicemia, pneumonia, urinary tract infections
(UTIs), liver abscess, bloodstream infection, and
diarrhea (Zhang e al., 2018; Bengoechea and Pessoa
2019). Enterococcus faecalis (E. faecalis) is an important
ubiquitous bacterium working with other microbes in
the gastrointestinal tract of humans and animals alike
to maintain the gut microbes ecological homeostasis,
as well as, assisting with barrier function support
(Cattoir, 2021; Werner ef al., 2020; Kaittan and
Zghair, 2024). This bacterium is a significant zoonotic
infectious agent, primarily causing opportunistic
infections in vulnerable human populations, while in
animals it mainly exists as a commensal reservoir (Ali
and Neelakantan, 2022; Huang, 2025). Consequently,
it represents a growing global health risk affecting
both humans and animals (Siddique ez a/., 2025). The
detection of these isolates in humans and dogs, as well
as other companion animals, suggests a potential for
interspecies transmission, highlighting the importance
of these pathogens in both human and animal public

Table 1: 7he primers used in the study.

health. Therefore, the objective of this study was
to investigate the potential association of mixed
infections involving K. pneumoniae and Enterococcus
spp. in the buccal cavities of humans and dogs.

Materials and Methods

Bacterial isolation

A total of 50 samples were collected from private
veterinary clinics in Baghdad city Iraq from buccal
cavity of human (25 samples) and dogs (25 samples).
All the samples were collected from humans and dogs
that showed clinical signs of diseases like coughing
sneezing and fever, using sterile swabs with transport
media and they were labeled and placed in cooler
boxes immediately before transferring it to the
College of Veterinary Medicine’s Zoonotic Diseases
Unit laboratory. For a period from November 2024 -
February 2025. The swabs were inoculated on Tryptic
Soy Broth (TSB) and culturing on agar (TSA,
MacConkey agar and Blood agar), and incubated at
37 oC for 24 to 36 h. Samples were sent to VITEK 2

system to determine the isolates.

Primers

The primers used in this study were designed
according to a previously published study (Srinivasan
et al., 2015) and shown in Table 1. The primers
were supplied in lyophilized form and were initially
dissolved in nuclease-free ddH,O to obtain a stock
concentration of 100 pmol/pL. The stock solutions
were stored at 20 “C. Working primer solutions (10
pmol/pL) were prepared by diluting 10 pL of the
stock solution with 90 pL of nuclease-free ddH,O to
obtain a final volume of 100 pL.

Statistical analysis

Data were analyzed using descriptive statistics. The
prevalence of bacterial isolates was calculated and
expressed as percentages for humans and dogs, as
well as according to sex. No inferential statistical tests
were performed, as the study was descriptive in nature
and focused on frequency and percentage distribution
of the isolates.

Primer Sequence Primersequence Tm (°C) GC% Size of product (bp
16s 27F 5'- AGAGTTTGATCCTGGCTCAG- 3' 56.92 50.00 1250bp

RNA  149R  5'- GGTTACCTTGTTACGACTT- 3 52.20 4211
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Results

A total of 25 buccal cavity samples were collected
from humans. Primary isolation by culture yielded
11 positive samples (44%), of which 6 samples
(24%) were confirmed using the VITEK 2 system.
In dogs, 25 buccal cavity samples were analyzed, and
both primary isolation and VITEK 2 identification
resulted in 7 positive samples (28%). From the total
isolates, eight samples were selected for 16S rRNA
gene analysis, including three human isolates and five
canine isolates (Table 2, Figure 1).

Table 2: ILolation and identification of Klebsiella
pneumoniae from buccal cavity samples of humans and

dogs.

Isolation  No. of Primary VITEK2 PCR
source samples  isolation

Human 25 11 (44%) 6 (24%) 3 (12%)
Dogs 25 7 (28%) 7 (28%) 5 (20%)
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Figure 1: PCR amplification of Klebsiella pneumoniae
showing a band size of 1250 bp. Lanes 1-3 represent
human isolates, while lanes 4-8 represent canine isolates.
PCR products were separated by electrophoresis on 1.5%
agarose gel at 5 V/em? using 1x TBE buffer for 1 b 30
min. Lane M: 100 bp DNA ladder.

'The gender distribution of K. pneumoniae isolates in
humans showed that 1 out of 10 male samples (10%)

and 2 out of 15 female samples (13.3%) were positive.
In dogs, 2 out of 14 male samples (14.3%) and 3 out of

11 female samples (27.3%) were identified as positive
for K. pneumoniae (Tables 3—4).

Table 3: Number of K. pneumonie isolates from human

according to gender.

Gender No. of samples +ve (%)

Male 10 1 (10%)

Female 15 2 (13.3%)
Table 4: Number of K. pneumonie isolates from dog
according to gender.

Gender No. of samples +ve (%)

Male 14 2 (14.3%)

Female 11 3 (27.3%)

Of the human isolates sent for molecular detection
by 16S rRNA PCR, 2 out of 3 samples (66.7%) were
confirmed as K. pneumoniae and 1 out of 3 (33.3%)
as E. faecalis. In dogs, 4 out of 5 samples (80%) were
confirmed as K. pneumoniae and 1 out of 5 (20%) as
E. faecalis, out of a total of 8 samples sent for analysis

(Table 5).

Table 5: Number of bacterial isolates confirmed by 168
rRNA PCR from humans and dogs.

Host No. of isolates sent K. pneumoniae  E. faecalis
Higean 2 (66.7%) 1(33.3%)
Dogs 5 4 (80%) 1(20%)

Isolates of K. pneumoniae from 6 buccal cavity samples
were analyzed and sequenced, with GenBank ID:
ON323049.1. Sequence identities were 100% for
samples 1 and 4, while the remaining samples showed
99% identity. For E. faecalis, 2 samples were sequenced
and compared to GenBank ID: OP359294.1, with
100% identity for sample 7 and 99% identity for

sample 8, as shown in Table 6.

Table 6: Results of sequencing and genetic analysis of 168 rRINA gene.

No.of Source Sequence ID  Sequence ID  Identities Nucleotide Location Type of
sample (Submission)  (Compare) change substitution
1 Klebsiella pneumoniae PV290135.1 ON323049.1 100% - - -

2 Klebsiella pneumoniae ~ PV290136.1 ON323049.1  99% G-T 790 Transversion
3 Klebsiella pneumoniae PV290137.1 ON323049.1  99% C—G,G->T 673,790 Transversion
4 Klebsiella pneumoniae PV290138.1 ON323049.1 100% - - -

5 Klebsiella pneumoniae PV290139.1 ON323049.1 99% G—A,C—>T 187,209 Transition

6 Klebsiella pneumoniae PV290140.1 ON323049.1 99% G-T 790 Transversion
7 Enterococcus faecalis PV290141.1 OP359294.1 100% — - —

8 Enterococcus faecalis PV290142.1 OP359294.1 99% T—oA 775 Transversion
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Discussion

'The human oral and nasal cavities can act as reservoirs
for opportunistic pathogens capable of causing
acute infection. These microbes asymptomatically
colonize the human oral and nasal cavities which
facilitates transmission within human populations
via the environment (Liu ez a/., 2023). Ahlam et al.
(2025) finding of culture media and biochemical
tests showed that 26.77% (34/127) of nasal swabs of
human were positive samples to K. pneumoniae which
not match with primary isolation 44%, but agreement
with VITEK2 (24%). In our study, according to the
culturing and primary isolation, the percentage of
humans K. pneumoniae was (44%) and dogs was (28%),
while according to VITEK results the percentage
of humans K. pneumoniae was (24%) and dogs was

(28%).

Hessan and Mohammed (2021) were determined
that the patients provided a total of 50 samples results
showed that 39 (78 percent) of the samples tested
had bacterial growth, 14 of them were diagnosed
as K. pneumonia. Colonization of the oral cavity by
potentially pathogenic bacteria constitutes threatens
its transmission to different human tissues and organs.
Arkan ez al. (2020) provide isolation and identification
14 isolates of K. pneumoniae recovered from oral cavity
infections. While in our study appeared E. faecalis
from human 33% and from dogs 20%; While K.
pneumoniae isolation were 66% from human and 80%
from dogs. Chen ez a/. (2021) examined the clonality
of K. pneumoniae isolates longitudinally collected
from fecal samples of a healthy married couple and
their pet animals. Their study revealed that the K
pneumoniae populations in the male owner and one
of the dogs were clonally diverse, whereas a dominant
clone persisted in the gastrointestinal tract of the
female owner, who was prone to chronic diarrhea.
In contrast, the findings of the present study showed
higher K. pneumoniae infection rates in females
compared to males: 13.3% in human females versus
10% in human males, and 27.3% in female dogs versus
14.3% in male dogs. Similarly, Ofukwu ez al. (2008)
reported that 75.1% of 160 dogs were positive for at
least one bacterial species, including K. preumoniae
(11.7%). These findings underscore the high risk of
human infections through dog bites, direct contact
with saliva, or ingestion of saliva-contaminated water
and food. In our study, 16S rRNA analysis strongly

indicated a close genetic relationship between K.

pneumoniae isolates from humans and their dogs. A
similar pattern of relatedness and significance was
also observed for E. faecalis, highlighting the potential
for zoonotic transmission of these bacteria between
pets and their owners.

Proper medical care of local dogs, maintenance of
personal hygiene, and careful selection of drugs for
treating dog bite wounds or related infections are
strongly recommended. In this study, the isolation
rate of K. pneumoniae in dogs was 28%. Zhang et al.
(2022) reported a total of 35 K. pneumoniae complex
isolates (2.3%; 95% confidence interval) from 1,500
randomly collected samples across veterinary hospitals
in 12 regions of China. The molecular characteristics
and mobile resistance elements of these isolates
allow identification of genetic loci responsible for
transmission, stable inheritance, and expression of
virulence or resistance genes, which confer new

phenotypic traits to Klebsiella spp. (Dong et al., 2022).
Conclusion

These results strongly highlight the significance of
Klebsiella  pneumoniae and Enterococcus faecalis as
opportunistic zoonotic pathogens. Confirmation
by 16S rRNA analysis revealed clear evidence of
transmission of the same bacterial strains between
humans and their dogs. Future studies should
investigate other companion animals, such as cats and
birds, to further assess the zoonotic potential of these
bacteria.
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