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Abstract

Klebsiella spp. are gram-negative bacteria that are considered serious public health problems causing urinary
tract infections, bloodstream infections, pneumonia infections, and soft tissue infections. This study was
designed to investigate the prevalence of Klebsiella oxytoca (K. oxytoca) among clinical samples and determine
their resistance against various antimicrobial medicines with molecular identification of K. oxytoca by
polymerase chain reaction (PCR) technique using a specific sequence of pehX gene. A total of 250 clinical
samples including throat, wound, and vaginal swabs were obtained. Participants were of both genders and
different ages. The samples were streaked on the blood and MacConkey agars. Antibiotic sensitivity test was
made by modified Kirby-Bauer disc diffusion technique. Molecular identification of K. oxytoca was performed
for all isolates. Out of 250 clinical samples, K. oxytoca was reported in 32 (12.8%) cases. The highest
prevalence was observed in 18(18%) cases of throat swabs, 16 (16%) cases of wound swabs, and 6 (6%) cases
of vagina swabs. By the way, female cases were more affected 22 (14.5%) with K. oxytoca than male cases 10
(10.10%). Infected participants aged 15-40 years were more affected with K. oxytoca (23, 12.73%) compared to
patients aged 41-65 years (9, 9.67%). The highest resistance pattern of K. oxytoca was 100% against
Augmentin, Ampicillin, Cephalothin, Piperacillin, and Rifampin on one hand, and 62.50%, 59.37%, 53.12%,
53.12%, and 50% against Ceftazidime, Cefixime, Cefotaxime, Trimethoprim, and Aztreonam on the other hand,
respectively. The highest sensitivity was observed against Amikacin and Imipenem (9.37%) and it was 21.87%,
21.87%, 25%, 25%, 28.12%, 28.12%, and 28.12% against Meropenem, Chloramphenicol, Nalidixic acid,
Ciprofloxacin, Tobramycin, Gentamicin, and Doxycycline, respectively. Through molecular identification of K.
oxytoca, all isolates showed a PCR product with 344-bp specific primer (pehX) that performed the K. oxytoca.
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1. Introduction

Klebsiella spp. are gram-negative bacteria that are
considered serious public health problems causing
urinary tract, bloodstream, and soft tissue infections and
also pneumonia (1). Klebsiella oxytoca (K. oxytoca) is
highly resistant to ampicillin and penicillin by producing
extended-spectrum beta-lactamase, which in Europe,
approximately 10-20% of them are multi-drug resistant
against ceftazidime or cephalosporins because of

carrying class A chromosomal beta-lactamase and
plasmid-borne beta-lactamases genes (2).

Since an accurate diagnosis of Klebsiella species by
conventional biochemical tests is difficult, K.
pneumoniae and K. oxytoca are only differentiated by
indole reaction which is positive in K. oxytoca and
negative in K. pneumoniae (3). The polymerase chain
reaction (PCR) is an accurate, sensitive, and specific
technique to detect K. oxytoca in which the specific
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sequence of the pehX gene was used to encode a
specific enzyme called polygalacturonase that cleaves a
polygalacturonic chain of demethoxylated pectin. On
the other hand, the pehX gene was used to provide
accurate identification of K. oxytoca, and the PCR
method was applied for a PCR amplicon of 344-bp
which is typical for K. oxytoca. This gene was
considered a specific, sensitive, and rapid method for
the identification of K. oxytoca from other Klebsiella
spp. (3, 4).

This study was designed to investigate the prevalence
of Klebsiella oxytoca among clinical samples and
determine their resistance against various antimicrobial
medicines with molecular identification of K. oxytoca
by PCR technique and using a specific sequence of
pehX gene.

2. Materials and Methods

A total of 250 clinical samples including throat,
wound, and vaginal swabs were obtained from Azadi
Teaching Hospital in Kirkuk, Irag, from January to
May 2019. Participants in this study were of both
genders and different ages.

The samples were streaked on the blood and
MacConkey agars and then incubated at 37°C for 24 h.
Gram stain and biochemical tests, such as oxidase,
IMVIC, urea hydrolysis, lactose fermentation, H2S
production, coagulase, lysine decarboxylase, catalase,
and gas production were done for K. oxytoca
identification (5).

2.1. Antibiotic Sensitivity Test

Kirby-Bauer disc diffusion method was used to
detect the sensitivity of isolates to Rifampin (5 ug),
Gentamicin (10 pg), Imipenem (10 pg), Cefotaxime
(30 pg), Aztreonam (30 ug), Meropenem (10 pg),
Ciprofloxacin(5ug), Tobramycin (10 pg), Amikacin
(30 pg), Doxycycline (10 pg), Ampicillin (10 pg),
Ceftazidime (30 pg), Tobramycin (30 pg), Amoxicillin
(25 pMg), Cephalothin (30 pg) Cefixime (5 pg),
Nalidixic (30 pg), Trimethoprim/Sulfamethoxazole
(1.25/23.75ug), and Chloramphenicol (30 ug) (5).

2.2. Polymerase Chain Reaction

DNA extraction made by Bioneer kit PCR test was
performed with species-specific primers forward
primer 5- GAT ACG GAG TAT GCC TTT ACG GTG
-3 and reverse primer 5- TAG CCT TTA TCA AGC
GGA TAC TGG -3 were used for the amplification of
the K. oxytoca target genes (pehX gene) with a
molecular weight of 344-bp in size. The reaction was
made by adding 20 ul of volume, 3 ul of a ready master
mix, 2 pl of each primer, and 5 pl of DNA, while
nuclease-free water was used to complete the volume.
The PCR programming was as following: initial
denaturation in one cycle for 5min at 95°C,
amplification in 35 cycles each for 30 sec at 94°C, 30
sec at 55°C, and 30 sec at 72°C, followed by a final
extension cycle for 7min at 72°C (1, 6, 7).
2.3. Statistical Analysis

The data were analyzed in SPSS software (version
16.0) and a P-value less than 0.05 was considered
statistically significant.

3. Results

Out of 250 clinical samples from the patients, K.
oxytoca was reported in 32 (12.8%) cases through
standard cultural and biochemical tests (Figure 1).
The results showed that the highest prevalence was
observed in 18 (18%) cases of throat swabs, 16
(16%) cases of wound swabs, and 6 (6%) cases of
vagina swabs (Figure 2). The recorded data showed
that female cases were more affected 22 (14.5%)
with K. oxytoca than male cases 10 (10.10%)
(Figure 3). On the other hand, the results revealed
that patients aged 15-40 were more affected with K.
oxytoca 23 (12.73%) than patients aged 41-65, 9
(9.67%) (Figure 4). The highest antibiotic resistance
pattern of K. oxytoca was 100% against Augmentin,
Ampicillin, Cephalothin, Piperacillin, and Rifampin
on one hand and 62.50%, 59.37%, 53.12%, and 50%
against  Ceftazidime, Cefixime, Cefotaxime,
Trimethoprim, and Aztreonam on the other hand,
respectively (Figure 5).
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The recorded data revealed that the highest
sensitivity was observed against Amikacin and
Imipenem (9.37%) on one hand and 21.87%,
21.87%, 25, 25%, 28.12%, 28.12%, and 28.12%
against Meropenem, Chloramphenicol, Nalidixic
acid, Ciprofloxacin, Tobramycin, Gentamycin, and

Doxycycline on the other hand, respectively.
Furthermore, according to the  molecular
identification of K. oxytoca, all isolates showed PCR
product with 344-bp specific primer (pehX) which
approved that the samples were affected by K.
oxytoca (Figure 6).
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Figure 1. Prevalence of Klebsiella oxytoca among clinical
samples

Figure 4. Prevalence of Klebsiella oxytoca depending on the
patients’ ages
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Figure 2. Distribution of Klebsiella oxytoca among different
clinical samples

Figure 5. Resistance pattern of the clinical isolates
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Figure 3. Prevalence of Klebsiella oxytoca depending on the
patients’ genders

Figure 6. PCR product of (pehX) gene for Klebsiella oxytoca
by gel electrophoresis
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4, Discussion

In recent years, the increasing prevalence rate of
Klebsiella spp. among patients has become a serious
global issue. In this present study, the prevalence rate
of K. oxytoca was reported 12.8% in the patients while
a lesser prevalence rate (10.83%) was observed in a
study by Younis, Elbialy (8)., 2017. However, studies
by Chakraborty, Mohsina (5) 2016, and Zedan (1),
showed a prevalence of 2% and 1.1%, respectively.
These variations in prevalence rate could be due to the
different geographical locations of the studies (6, 9-12).

The highest rate of K. oxytoca was isolated among
female patients aged 15-45 years because the highest
number of the collected samples in this study were
from female cases and this age range was considered
the reproductive age which was more associated with
Klebsiella infections. This result agreed with
Chakraborty, Mohsina (5) study in 2016.

Augmentin, Ampicillin, Cephalothin, Piperacillin,
and Rifampin showed the lowest effect on K. oxytoca
isolates while Amikacin and Imipenem showed the
highest effect. These results were supported by many
studies, such as Al-Khikani (13) in 2020, and AL-
Khikani, Abadi (14) in 2020.

Furthermore, prolonged and inappropriate use of
these antibiotics prescribed by doctors and the
consumption of incomplete course of antibiotics by the
patients will not eradicate the pathogen but also
encouraged it to develop resistance against these
medicines (13, 14). However, false diagnosis and
misuse/overuse of these medicines are significant
factors that increase the spread of antibiotic resistance
(12).

All studied isolates demonstrated PCR product with
344-bp by K. oxytoca specific primer (pehX) that
performed K. oxytoca. These results were similar to the
results of the studies by Kovtunovych, Lytvynenko
(15), (2003) and Zedan (1), (2017) in a way that all K.
oxytoca isolates expressed pehX with 344bp. So pehX
gene demonstrated specific identification of K. oxytoca
because K. oxytoca is closely associated with K.

pneumoniae in biochemical variation, so PCR was
considered a specific, sensitive, and rapid method for
identification of K. oxytoca from other Klebsiella spp.
(15-19).

5. Conclusion

Since the identification of Klebsiella species by
conventional biochemical methods was difficult, PCR
was used for the identification of Klebsiella species
from clinical samples in Kirkuk city, Irag. By the way,
the pehX gene was unique for K. oxytoca and could be
used as a routine protocol for accurate identification in
public laboratories in Iraqg.

Authors' Contribution

Study concept and design: S. A. H.

Ahmed Hasan, S1 *, Mohammed Bakr, M1
Acquisition of data: S. A. H.

Analysis and interpretation of data: M. M. B.

Drafting of the manuscript: M. M. B.

Critical revision of the manuscript for important
intellectual content: S. A. H. and M. M. B.

Statistical analysis: S. A. H.

Administrative, technical, and material support: S. A.
H. and M. M. B.

Ethics

All procedures were approved by the ethics
committee of the University of Kirkuk, Kirkuk, Irag.

Conflict of Interest

The authors declare that they have no conflict of
interest.

References

1. Zedan TH. Molecular Discrimination of Klebsiella
oxytoca using Polymerase Chain Reaction Targeted
Polygalacturonase (pehX) Gene. Int J Curr Microbiol App
Sci. 2017;6(6):2092-8.

2. Izdebski R, Fiett J, Urbanowicz P, Baraniak A,
Derde LP, Bonten MJ, et al. Phylogenetic lineages, clones
and beta-lactamases in an international collection of



Ahmed Hasan et al / Archives of Razi Institute, Vol. 77, No. 5 (2022) 1521-1525 1525

Klebsiella oxytoca isolates non-susceptible to expanded-
spectrum  cephalosporins. J Antimicrob Chemother.
2015;70(12):3230-7.

3. Chander Y, Ramakrishnan M, Jindal N, Hanson K,
Goyal SM. Differentiation of Klebsiella pneumoniae and
K. oxytoca by multiplex polymerase chain reaction. Int J
Appl ResVet Med. 2011;9(2):138.

4. Weberhofer P. The Role of Klebsiella oxytoca in
Antibiotic-Associated Colitis: Comparison of Polymerase
Chain Reaction as a New Detection Method for K. oxytoca
to Conventional API 20 E Testing: Medizinische
Universiat; 2008.

5. Chakraborty S, Mohsina K, Sarker PK, Alam MZ,
Karim MIA, Sayem SMA. Prevalence, antibiotic
susceptibility profiles and ESBL production in Klebsiella
pneumoniae and Klebsiella oxytoca among hospitalized
patients. Period Biol. 2016;118(1).

6. Ahmed Hasan S, Fakhraddin Raheem T,
Mohammed Abdulla H. Phenotypic, Antibiotyping, and
Molecular Detection of Klebsiella Pneumoniae Isolates
from Clinical Specimens in Kirkuk, Irag. Arch Razi Inst.
2021;76(4):1061.

7. Munita JM, Arias CA. Mechanisms of Antibiotic
Resistance. Microbiol Spectr. 2016;4(2).
8. Younis A, Elbialy A, Abo Remila E, Ammar A.

Molecular Detection of Genus Klebsiella and Genotypic
Identification of Klebsiella pneumoniae and Klebsiella
oxytoca by Duplex Polymerase Chain Reaction in Poultry.
Glob Vet. 2017;18(3):234-41.

9. Hasan SA, Abass KS. Prevalence of Gram Negative
Bacteria Isolated from Patients with Burn Infection and
their Antimicrobial Susceptibility Patterns in Kirkuk City,
Irag. Indian J Public Health Res Dev. 2019;10(8).

10. Hasan SA, Najati AM, Abass KS. lIsolation and
identification of multi-drug resistant “pseudomonas
aeruginosa” from burn wound infection in Kirkuk City,

Iraq. Eurasia J Biosci. 2019;13(2):1045-50.

11. Hasan SA, Najati AM, Abass KS. Prevalence and
antibiotic resistance of “pseudomonas aeruginosa” isolated
from clinical samples in Kirkuk City, Iraq. Eurasia J Biosci.
2020;14(1):1821-5.

12. Hasan SA, Saleh I, Ali H. Bacteriological and
Molecular Detection of Staphylococcus Aureus and its
Resistance to Methicillin among Specimens from Kirkuk
Community. Ann Rom Soc Cell Biol. 2021;25(7):461-73.

13. Al-Khikani FH. Antimicrobial Resistance Profile
Among Major Bacterial Pathogens in Southern Babil, Iraqg.
Galician Med J. 2020;27(3):202036.

14. AL-Khikani FHO, Abadi RM, Ayit AS. Emerging
carbapenemase Klebsiella oxytoca with multidrug
resistance implicated in urinary tract infection. Biom

Biotechnol Res J. 2020;4(2):148.

15. Kovtunovych G, Lytvynenko T, Negrutska V, Lar
O, Brisse S, Kozyrovska N. ldentification of Klebsiella
oxytoca using a specific PCR assay targeting the
polygalacturonase  pehX  gene. Res  Microbiol.
2003;154(8):587-92.

16. Kline KA, Falker S, Dahlberg S, Normark S,
Henriques-Normark B. Bacterial adhesins in host-microbe
interactions. Cell Host Microbe. 2009;5(6):580-92.

17. Park JS, Hong KH, Lee HJ, Choi SH, Song SH,
Song KH, et al. Evaluation of three phenotypic
identification systems for clinical isolates of Raoultella
ornithinolytica. J Med Microbiol. 2011;60(Pt 4):492-9.

18. Stojowska-Swedrzynska K, Krawczyk B. A new
assay for the simultaneous identification and differentiation
of Klebsiella oxytoca strains. Appl Microbiol Biotechnol.
2016;100(23):10115-23.

19. Turton JF, Perry C, Elgohari S, Hampton CV. PCR
characterization and typing of Klebsiella pneumoniae using
capsular type-specific, variable number tandem repeat and
virulence gene targets. J Med Microbiol. 2010;59(5):541-7.



