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ABSTRACT
Obijective: Detection of OgxA and OqgxB efflux pump genes in multidrug resistant
Klebsiella pneumoniae. Methodology: This study was done on 80 Klebsiella pneumoniae
isolates from patients in Intensive Care Unit of Benha University Hospitals. The isolated
Klebsiella pneumoniae was identified by conventional laboratory methods with
subspecies identification by VITEK 2 system. Also, Antibiotic sensitivity tests were done
by VITEK 2 method. OgxA and OgxB genes were detected by PCR. Results: Ninety
percentages of isolates were carrying OgxA gene and 60% of isolates were carrying
OgxB gene while OgxA and OgxB genes together were in 60% of isolated K.
Pneumoniae. The OgxA gene was detected in 94.1% and OgxB was detected in 67.6% of
Medicine, Benha University isolated multidrug resistant Klebsiella pneumoniae. Conclusion: There is high
Tel.: 01028277966 correlation between OgxAB efflux pump genes and resistance to different antibiotic
monasaleh898989@gmail.com  classes including quinolones and fluoroquinolone antimicrobial agents. This study shows
that there is a significant association between the existence of OgxAB genes and MDR
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INTRODUCTION

Klebsiella pneumoniae (k. pneumoniae) is a serious
nosocomial infection causing wide variety of diseases
and showing increase in resistance to antibiotics
especially in intensive care unit (ICU). It can cause
different infections in ICU patients including pulmonary
infection, urinary tract infection, bloodstream infection
and meningitis *.

Multidrug resistant (MDR) K. pneumoniae is a great
health issue in the nosocomial and community settings.
K. pneumoniae strains are mostly resistant to several
important antimicrobial classes including B- lactam
drugs, quinolones, fluoroquinolones and
aminoglycosides. Increasing resistance occurs among
polymyxin B, colistin, fosfomycin and tigecycline °.

Multidrug efflux pump is an important mechanism
for development of drug resistance. OgxAB multidrug
efflux pump is concerned to the resistance nodulation
cell division family. It is encoded by two genes (OgxA
and OqxB) that have been increasingly detected in K.
pneumoniae °.

Over the past decades, multiple studies have been
explaining the importance of OgxAB efflux pump in
decreasing susceptibility to different antibiotic classes®.

The aim of this study was detection of OgxA and
OgxB genes in MDR K. pneumoniae isolated from ICU
patients of Benha University Hospitals.

METHODOLOGY

This work was done in Microbiology &
Immunology Department, Faculty of Medicine, Benha
University in the period from May 2022 to June 2024.

The current study was performed on 80 K.
pneumoniae isolates from 202 different clinical samples
(bronchoalveolar lavage, sputum and urine) collected
from ICU patients in Benha University Hospitals.

The present study was approved by Benha
University Ethical Committee and written consent was
taken from the patients under study (approval code MD
3-3-2022).

Isolation and identification of Klebsiella pneumoniae

The collected samples were submitted to Gram
staining for identification of gram negative bacilli.
Gram negative bacilli sample were cultured on
MacConkey's and CLED agar plates and incubated at
37°C for 24 hours. The growing organisms were
identified as K. pneumoniae by conventional laboratory
technique including: Gram staining, colony morphology
and sugar fermentation tests. Identification of K.
pneumoniae Subspecies Pneumoniae was done by
VITEK® 2 identification cards (BioMerieux, France).
Antibiotic susceptibility by VITEK® 2 Method

The antibiotic sensitvity testing (AST) was done by
VITEK® 2 using AST-GN 73 card (BioMerieux,
France) according to the manufacturer’s prescripts.
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Detection of OgxA and OgxB genes
PCR was done for detection of OgxA and OgxB as

follow:

1- Genomic DNA extraction: DNA extraction was
done using the G-spin™ Total DNA Extraction
Mini  Kit (Intron biotechnology, Germany)
according to the manufacturer’s prescripts.

2- DNA amplification: The extracted DNA was
amplified using Qiagen HotStar Taq Master Mix
(Qiagen, Germany) and OgxA and OgxB specific
primers (eurofins Genomics, Germany) (Table -1).
In a PCR tube an amplification mixture of a volume
50 pl was prepared as follow: 25 pl 2x Taq Red

Table 1: Primer Sequence of OgxA and OgxB genes

PCR Master mix, 5 pl Template DNA, 2.5 pl of
each primer and 15 pl RNase free water.

The amplification programme was run as follow:
the HotStar Tag DNA polymerase was first
activated at 95 °C for 15 minutes. Then 35 cycles of
denaturation at 94 °C for 1 min., annealing at 53 °C
for 1 min. and extension at 72 °C for 1 min. Final
extension at 72 °C for 10 minutes.

3- Electrophoresis: The amplified products were
visualized by UV- transilluminator on 1.5 %
agarose gel using 100bp ladder. OgxA and OgxB
genes were detected at 392 bp and 512 bp
respectively.

Gene name Primer Sequence Product size References
(bp)
OgxA F: CTCGGCGCGATGATGCT 392 bp (5)
R: CCACTCTTCACGGGAGACGA
OgxB F: TTCTCCCCCGGCGGGAAGTAC 512 bp (5)
R: CTCGGCCATTTTGGCGCGTA

Statistical analysis

The data were analysed by the computer program
SPSS for windows (Statistical package for social
science) version 29 (SPSS Inc., Chicago, IL, USA).
The Normality of distribution for analysed variables
was checked by Kolmogorov-Smirnov test. The data
were epitomized in terms of Mean + Standard Deviation
(SD) for quantitative data when it was convenient and
for qualitative data as number and percentage.
Comparisons between the various study groups were
done using the Chi-square (X*) and Fisher’s Exact Test
to compare qualitative data. Two population proportions
were compared by Z test.

RESULTS

Out of 202 collected samples, 80 (39.6%) k.
pneumoniae strains were isolated. The isolated K.
Pneumoniae strains were from respiratory secretions
58.7% (Broncho-Alveolar lavage 36.2%, sputum 22.5
%) followed by urine 41.3%.

The sociodemographic and clinical data of patients
of the isolated K. pneumoniae strains shows that the rate
of K. pneumoniae isolation was higher in males 56.3%
than females 43.8%. It was high among the age group >
60 years 42.5%. The rate of K. pneumoniae infection
was high among ventilated patients 85% and those on
previous antibiotic therapy 70% followed by diabetic
38.8% and hypertensive patients 31.3%. It also
increases with increase the duration of hospital stay.

The antibiotic sensitivity tests of the isolated k.
pneumoniae showed that there was K. pneumoniae
resistance to all the tested antibiotics from different
classes. The highest percentage of resistance was to
ampicillin - 95% followed by cefazolin 92.5%,
ceftriaxone 90%, ampicillin/sulbactam and ceftazidime
87.5%, piperacillin-tazobactam 80% and cefepime 75%.
The rate of resistance was 70 to cefoxitin, meropenem
and tobramycin, 67.5% to ciprofloxacin, levofloxacin
and trimethoprim/ Sulfa, 62.5% to gentamycin, 60% to
nitrofurantoin while the lowest rate of resistance was
shown to amikacin 52.5% (figure 1).
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Fig. : Antibiotic sensitivity patterns of isolated Klebsiella Pneumoniae.

PCR revealed that 90% of isolates were carrying the
OgxA gene and 60% of isolates were carrying the OgxB
gene while both OgxA and OgxB genes were 60% of
the isolated K. Pneumoniae strains (Figure 2 & 3).

The present study shows significant correlation (p
value < 0.05) between OQxAB genes together and
resistance to the tested B lactams, cephalosporins,
meropenem, two of the studied aminoglycosides
(gentamycin and tobramycin) and fluoroguinolones. The

correlation between trimethoprim\ sulfa and OgxA gene
is statistically non-significant. There is also no
significant  correlation  between amikacin  and
nitrofurantoin and OgxB gene.

The OgxA gene was detected in 94.1% of MDR k.
pneumoniae and OgxB was detected in 67.6% of MDR
k. pneumoniae. There was high significant association
between the both OgxAB genes and MDR k.
pneumoniae.

Table 2: Number and Percentages of OgxA and OgxB among total k. pneumoniae and MDR k. pneumoniae

isolates
MDR
Total k. pneuomoniae (80) No Yes P
Gene (no.= 12) (no.= 68) Value
No. % No. % No. %
OQgxA Positive 72 90 8 66.7 64 94.1 0.003
Negative 8 10 4 33.3 4 5.9
OqgxB Positive 48 60 2 16.7 46 67.6 0.001
Negative 32 40 10 83.3 22 32.4
OgxAB Positive 48 60 2 16.7 46 67.6 0.001
Negative 8 10 4 33.3 4 5.9
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Fig. 2: Ethidium bromide stained 1.5% Gel electrophoresis of some strains of K. Pneumoniae showing OgxA gene. M
(Marker): is a 100pb ladder. Lanes from 1 to 10 show the OgxA gene at 392bp.

Fig. 3: Ethidium bromide stained 1.5% Gel electrophoresis of some strains of K. Pneumoniae showing OgxB gene. M
(Marker) is a 100pb ladder. Lanes 1,3,5 and 9 show the OgxB gene at 512bp while lanes 2,4,6,8 and 10 were negative.

DISCUSSION

MDR K. pneumoniae is a great health issue in the
healthcare and community settings. Drug inactivation,
target transformation, decreased permeability and
increased efflux activity are important mechanisms that
contribute to antibiotic resistance ®. MDR efflux pump
is a mechanism responsible for development of drug
resistance. It increases the resistance mechanisms that
lower the amount of antibiotics inside cells and boost
mutation ’.

In this study, the isolated k. pneumoniae were 39.6%
of the overall isolates which coincides with El-Badawy
et al, ® and Engda et al, ° who detected that k.
pneumoniae was the most predominant among the
isolated organisms in their study 38% and 42%
respectively.

The present study showed that the percentage of K.
Pneumoniae was 58.7% from respiratory samples
(Broncho-Alveolar lavage 36.2% and sputum 22.5%)
followed by urine 41.3%. Such results came in
consistence with the study done by Fu et al. *°, Karimi et
al. ™ and Fursova et al. *. On the other hand, Shakib et
al., * found that 71.4% of K. pneumoniae strains was
isolated from urine followed by 14.3% from respiratory
secretions and 12.8% from other samples.

This study detected that K. pneumoniae strains
showed high resistance to all tested antibiotics from
different classes. MohdAsri et al. * and Maina et al. **
are in accordance with the present study.

In this study, MDR k. pneumoniae was detected
85% of studied isolated k. pneumoniae, this is in
agreement with Fahim ° and Maina et al. ** who
reported in their study that the MDR k. pneumoniae
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strains were 87.8% and 89.3% respectively. EI-Kholy et
al. *® and Awoke et al. *° reported that MDR phenotype
among isolated k. pneumoniae was higher than the
current study 98.5% and 95.8% respectively. While
Nakamura-Silva et al. " detected that the MDR k.
pneumoniae was lesser than this study 62%.

In current study, The OgxA and OgxB genes were
found in 90% and 60% of the isolated K. Pneumoniae
strains respectively. Mustafa and Abdullah *® reported
that OgxA and OgxB genes were 96% and 12%
respectively. Dehnamaki et al. ** showed that OgxA and
OgxB genes were detected in 57% and 56% of K.
pneumoniae isolates respectively. On the other hand,
Bahrami Chegeni and Goudarzi, *° found that OgxA
gene was 26% and OgxB was 56.1% among their
isolated k. pneomoniae.

The current study showed that both OgxA and OgxB
genes were reported in 60% of isolated K. Pneumoniae
strains. Abdelmegeed et al. ** detected OgqxAB genes in
92% of isolated k. pneuomoniae and Hamed et al. %
reported both OgxAB genes in 92.5% of their isolated
K. pneumoniae. The expression of OgxAB genes is a
leading cause in the evolution of resistance. This
expression can be realized constitutively or transiently
under specific circumstances as exposure to antibiotics®.

The present study detected significant correlation (p
value < 0.05) between both OgxAB genes and
resistance to B lactams (ampicillin, ampicillin/
salbactam, piperacillin-tazobactam), cephalosporins
(cefazolin and ceftazidime cefepime, cefoxitin and
ceftriaxone), meropenem, two of the studied
aminoglycosides (gentamycin and tobramycin) and
fluoroquinolones (ciprofloxacin and levofloxacin). For
Trimethoprim\  sulfa, there was no significant
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correlation with OgxA. While for amikacin and
nitrofurantoin, there was no significant correlation with
OgxB. Dehnamaki et al. *° found significant association
with fluoroquinolones, beta-lactam resistance and
presence of both OgxA and OgxB genes (P value <
0.05). Gabr et al. ? correlated the relation of OgqxAB
genes and fluoroquinolones and trimethoprim resistance
related to the OgxAB pump.

In this study, OgxA and OgxB genes together were
reported in 67.6% of MDR k. pneumoniae. It reveals
that there is high significant association between the
presence of both OgxAB genes and MDR phenotype.
The studies of Mustafa and Abdullah *® and Gabr et al.
% are in accordance with this study. Earlier studies,
Shahbazi et al. ?* & Farivar et al.  declared that the
decreased sensitivity of the studied K. pneumoniae
against to many antibiotics, especially fluoroquinolones,
may be due to the OgxA and OgxB in their isolates.

CONCLUSION

This study investigates the correlation of existence
of OgxAB efflux pump genes and resistance to different
antibiotic  classes  including  quinolones  and
fluoroquinolone antimicrobial agents. So, we concluded
that OgxAB genes have an importance in resistance of
k. pneumoniae isolates. Also, OgqxAB efflux pump
increase MDR phenotype.
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Recommendation

Appropriate use of antibiotics are the best ways to
decrease and prevent infections by k. pneumoniae.
Antibiotic treatment should be based on antibiotic
sensitivity tests to decrease emergence of MDR
bacteria.

REFERENCES

1. Fursova NK, Astashkin EI, Ershova ON,
Aleksandrova |A, Savin 1A, Novikova TS,
Fedyukina GN, Kislichkina AA, Fursov MV,

Kuzina ES. Multidrug-Resistant  Klebsiella
pneumoniae Causing Severe Infections in the
Neuro-ICU. Antibiotics. 2021, 10,979.

https://doi.org/10.3390/ antibiotics10080979

Egyptian Journal of Medical Microbiology

Sun Z, Lin H, Hu L, Neetu N, Sankaran B, Wang J,
Prasad BV, Palzkill T. Klebsiella pneumoniae
carbapenemase variant 44 acquires ceftazidime-
avibactam resistance by altering the conformation
of active-site loops. Journal of Biological
Chemistry, 2024; 300 (1).

Bharatham N, Bhowmik P, Aoki M, Okada U,
Sharma S, Yamashita E, Shanbhag AP, Rajagopal
S, Thomas T, Sarma M, Narjari R. Structure and
function relationship of OgxB efflux pump from
Klebsiella pneumoniae. Nature Communications,
2021; 12(1), p.5400.

Xu Q, Sheng Z, Hao M, Jiang J, Ye M, Chen Y,
Wang M. RamA upregulates multidrug resistance
efflux pumps AcrAB and OgxAB in Klebsiella
pneumoniae. International journal of antimicrobial
agents, 2021; 57(2), 106251.

Maurya N, Jangra M, Tambat R and Nandanwar H.
Alliance of efflux pumps with B-Lactamases in
multidrug-resistant Klebsiella pneumoniae isolates.
Microbial Drug Resistance. 2019; 25 (8): 1155-
1163.

Al-Ruobayiee MR, Ibrahim AH. The Relationship
Between OgxAB Efflux Pump and Drug Resistance
in Klebsiella pneumoniae Isolated from Clinical
Sources. Al-Rafidain Journal of Medical Sciences,
2023;1(5).

Fahim NAE. Prevalence and antimicrobial
susceptibility profile of multidrug-resistant bacteria
among intensive care units patients at Ain Shams
University Hospitals in Egypt—a retrospective
study. Journal of the Egyptian Public Health
Association, 2021; (96) 1-10.

El-Badawy MF, Tawakol WM, El-Far SW,
Maghrabi 1A, Al-Ghamdi SA, Mansy MS, Ashour
MS, Shohayeb MM. Molecular ldentification of
Aminoglycoside-Modifying Enzymes and Plasmid-
Mediated Quinolone Resistance Genes among
Klebsiella pneumoniae Clinical Isolates Recovered
from Egyptian Patients. International journal of
microbiology, 2017(1), p.8050432.

Engda T, Moges F, Gelaw A, Eshete S, Mekonnen
F. Prevalence and antimicrobial susceptibility
patterns of extended spectrum beta-lactamase
producing Entrobacteriaceae in the University of
Gondar Referral Hospital environments, northwest
Ethiopia. BMC research notes, 2018; 11, pp.1-7.

. Fu L, Tang L, Wang S, Liu Q, Liu Y, Zhang Z,

Zhang L, Li Y, Chen W, Wang G, Zhou Y.Co-

43

ejmm.journals.ekb.eg info.ejmm22@gmail.com



11.

12.

13.

14.

15.

16.

17.

44

Awadallah et al. / OgxAB efflux pump in multidrug resistant klebsiella pneumoniae, VVolume 34 / No. 1/ January 2025 39-44

location of the blakpcs, blacrx.mes, rmtB and
virulence relevant factors in an IncFIl plasmid from
a hypermucoviscous Klebsiella pneumoniae isolate.
Microbial Pathogenesis. 2018; 124:301-304. doi:
10.1016/j.micpath.2018.08.055.

Karimi K, Zarei O, Sedighi P, Taheri M, Doosti-
Irani A, Shokoohizadeh L. Investigation of
antibiotic resistance and biofilm formation in
clinical isolates of Klebsiella pneumoniae.
International Journal of Microbiology. 2012; (1),
5573388.

Shakib P, Taherikalani M and Ramazanzadeh R.
Chemical ~ Composition,  Genotoxicity  and
Antimicrobial  Activities of  Dracocephalum
kotschyi  Boiss against OXA-48 Producing
Klebsiella pneumoniae Isolated from Major
Hospitals  of  Kurdistan  Province, Iran.
Microbiology Research Journal International. 2018;
24(3): 1-8. d0i:10.9734/MRJI1/2018/42064.

Mohd Asri NA, Ahmad S, Mohamud R, Mohd
Hanafi N, Mohd Zaidi NF, Irekeola AA, Shueb RH,
Yee LC, Mohd Noor N, Mustafa FH, Yusof NY.
Global prevalence of nosocomial multidrug-
resistant Klebsiella pneumoniae: a systematic
review and meta-analysis. Antibiotics, 2021;
10(12), 1508.

Maina JW, Onyambu FG, Kibet PS, Musyoki AM.
Multidrug-resistant Gram-negative bacterial
infections and associated factors in a Kenyan
intensive care unit; a cross-sectional study. Annals
of Clinical Microbiology and Antimicrobials, 2023;
22(1), 85.

El-Kholy A, El-Mahallawy HA, Elsharnouby N,
Abdel Aziz M, Helmy AM, Kotb R. Landscape of
multidrug-resistant gram-negative infections in
Egypt: survey and literature review. Infection and
drug resistance, 2021; 1905-1920.

Awoke T, Teka B, Seman A, Sebre S, Yeshitela B,
Aseffa A, Mihret A, Abebe T. High prevalence of
multidrug-resistant Klebsiella pneumoniae in a
tertiary care hospital in Ethiopia. Antibiotics, 2021;
10(8), 1007.

Nakamura-Silva R, Cerdeira L., Oliveira-Silva M.,
da Costa KRC, Sano E, Fuga B, Moura Q, Esposito
F, Lincopan N, Wpyres K, Pitondo-Silva A.

18.

19.

20.

21.

22.

23.

24.

25.

Multidrug-resistant  Klebsiella pneumoniae: A
retrospective study in Manaus, Brazil. Archives of
Microbiology, 2022; 204(4), 202.

Mustafa MS, Abdullah RM. Role of ogxA and
ogxB Genes in the Development of Multidrug
Resistant Phenotype among Clinical Klebsiella
pneumoniae lsolates from Various Cases. lraqi
Journal of Science, 2020; 61(8), 1902-1912
Dehnamaki M, Ghane M, Babaeekhou L. Detection
of OgxAB and QepA efflux pumps and their
association with antibiotic resistance in Klebsiella
pneumoniae isolated from urinary tract infection.
International Journal of Infection, 2020; 7 (4).
Bahrami Chegeni F, Goudarzi G. Frequency of
0gxAB Genes in Klebsiella Pneumoniae Isolated
from Khorramabad Hospitals. Yafteh, 2020; 22(2).
Abdelmegeed ASM, Bassim HH, Girgis SA, Saber
SM, AbdelHamid DH, Mahmoud RM. Detection of
Fluoroquinolones Resistance in Enterobacteriaceae
and Pseudomonas species using molecular
techniques. The Egyptian Journal of Hospital
Medicine, 2017; 69(6), 2698-2702.

Hamed SM, Aboshanab KM, El-Mahallawy HA,
Helmy MM, Ashour MS and Elkhatib WF (2018):
Plasmid-mediated quinolone resistance in gram-
negative pathogens isolated from cancer patients in
Egypt. Microb Drug Resist. 24(9): 1316-1325.
Gabr BM, Zamzam ASA, Eisa EA, El-Baradey GF,
Eldeen MAS. Detection of ogxA and ogxB efflux
pump genes among nosocomial coliform bacilli: An
observational cross-sectional study. Journal of
Acute Disease, 2021; 10(3), 117-121.

Shahbazi S, Zargar M, Dorjagh MS. Determination
of existence of o0gxAB genes in Klebsiella
pneumoniae isolated from Urinary Tract Infection
and their antibiotic resistance patternin Qum. New
Cellular and Molecular Biotechnology Journal,
2017; 7(28): 105-13.

Farivar AS, Nowroozi J, Eslami G, Sabokbar A.
RAPD PCR Profile, Resistance, Prevalence of
armA Gene, and Detection of KPC Enzyme in
Klebsiella pneumoniae Isolates. Canadian Journal
of Infectious Diseases and Medical Microbiology.
2018; (18)3162. doi:10.115/2018/6183162.

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



