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Abstract

Introduction. OgxAB efflux pump confers resistance to various antibiotics, detergents,
disinfectants, and antiseptics in addition to quinolones. There is a difficulty in treating
many illnesses caused by the distribution of OgxAB among clinical isolates of ESBL-
producing Enterobacteriaceae.

Purpose. To evaluate the existence of efflux pump genes (OgxA and OqgxB) in these
bacteria that contain ESBLs due to the dissemination of ESBLs with the establishment of
resistance to quinolones in the same bacterial isolates of the Enterobacteriaceae family.
Materials and methods. One hundred and twelve of Enterobacteriaceae isolates were
collected from 79, 13, 1, 5, 4, 5, 3 and two samples of urine, stool, blood, sputum, abscess,
wound, vaginal swabs and bronchial, respectively, these bacteria distributed to 54, 10,
22, 14, and 10 of Escherichia coli, Klebsiella spp., Proteus spp., Enterobacter spp. and
Shigella spp. Respectively. All samples have been cultured on MacConkey agar and blood
agar and incubated for 24 h at 37 °C. Isolates were identified based on Morphological
and biochemical tests (Macfaddin, 2000), the diagnosis was confirmed using APl 20E and
VITEK 2 system (Biomerieux, France).

Results. The results showed 94 (83.93%) of isolates had B-lactamases, and the percentages
of bacteria that produced ESBLs were 79.38% and 68.04% by screening and confirmatory
tests, respectively. Our findings of PCR revealed that all (100%) isolates of ESBLs producers
were carriers of efflux pump (OgxA and OgxB) genes.

Conclusion. The presence of efflux pump genes (OgxA and OgxB) in these bacteria that
carry ESBLs was investigated. We concluded that, the prevalence of Enterobacteriaceae
isolates that carrying ESBLs with efflux pump genes (OgxA and OgxB ) in our hospitals.
There were many Enterobacteriaceae isolates in our hospitals that carried ESBLs with the
efflux pump genes OqxA and OgxB. Spreading of these isolates may be interfere with the
treatment of different infections.
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Pesiome

BBegeHue. DpPniokcHbIn Hacoc OgxAB obecneumBaeT yCTOMUMBOCTb HakTepuii K pas-
NNYHBIM aHTMOaKTepManbHbIM areHTam, leTepreHTam, fe3nHPUUMpyoLWmnM cpeacTBam u
aHTMCENTMKAM, a TakXe K XMHoNnoHam. PacnpoctpaHeHHOCTb OqxAB B KNUHNYECKMX 130-
naTtax ESBL-npogyuupytowmx Enterobacteriaceae agnseTca nprunHom 3aTpyaHeHWI B ne-
YyeHun MHOTUX 3aboneBaHNN.

Lenb. OueHntb Hanuume reHoB 3¢dniokcHbIXx HacocoB (OgxA m OqgxB) y ESBL-
npoayumnpyowmnx 6aktepuin B cBA3n ¢ pacnpoctpaHeHnem ESBL, conposoxgatowmmca
bopmmpoBaHMEM YCTOMUMBOCTU K XMHOJSIOHAM Y OfHUX U TeX »Ke HGakTepranbHbiX n3ona-
TOB cemelicTBa Enterobacteriaceae.

Marepumanbl u metogbl. Bcero 66110 nonyyeHo 112 usondatos Enterobacteriaceae u3 06-
pa3uoB moun (79), kana (13), Kpowu (1), MOKpOTHI (5), coaep>kumoro abcueccos (4), paH (5),
BarvHasbHbIX 1 OPOHXMANbHBIX Ma3KoB (3 1 2 COOTBETCTBEHHO). bblv BbIABEHbI Clieay-
towne 6akTepun: Escherichia coli (54), Klebsiella spp. (10), Proteus spp. (22), Enterobacter
spp. (14) u Shigella spp. (10). Bce ob6pa3upl KynbTMBMpOBanu Ha arape MakKoHkn 1 Kpo-
BAHOM arape U UHKybrnpoBanu B TeueHue 24 4 npu 37 °C. Vzonatbl 6binn naeHTndULK-
pOBaHbl Ha OCHOBe MopdoNornMUecknx n broxmmmiecknx TectoB (Macfaddin, 2000), pe-
3ynbTaTbl OblnY NOATBEPXKAEHDI C MOMOLLbIO TecT-crcTembl AP 20E v aHann3aTopa VITEK 2
(Biomerieux, ®paHuus).

Pesynbratbl. CornacHo pesynbratam ucciegoBaHna 94 (83,93%) m3onata copgepxanu
[3-nakTamassbl, a NpoueHT H6akTepuiA, Npoayuupytowmx ESBL, coctasun 79,38% n 68,04%
no pesynbraTam CKPUHWHIOBOIO M KOHTPOSIbHOTO TECTOB COOTBETCTBEHHO. C NOMOLLbIO
MLP-aHanu3a 6bino BbisBNEHO, UTO BCE (100%) nonatbl npoayLeHToB ESBL 6611 HocrTe-
namm reHoB 3¢ dnokcHoro Hacoca (OgxA n OgxB).

3aknioueHue. bbino nccnegoBaHo Hannumne reHoB 3¢ doKcHbIX HacocoB (OgxA n OqxB)
y ESBL-npoayumpytowmx sHTepobakTepuit. Mo nutoram nccnefoBaHua 611 caenaH BbIBOA
O pacnpocCTpaHeHHOCTM B CTauMoHapax Halen cTpaHbl usonatos Enterobacteriaceae,
npogyuupytowmx ESBL, ¢ reHamn adpdniokcHoro Hacoca (OgxA u OgxB). B 60nbHUYHbIX
yupexzeHusax yacto BbisensaT ESBL-npogyuupyiowme msonsatel Enterobacteriaceae c
reHamu 3¢ dniokcHoro Hacoca OgxA n OgxB. PacnpocTpaHeHre SHTEPOOAKTEPUIN MOXKET
3aTPyAHATL fleYeHne pasnnyHbIX MHGEKUMOHHbIX 3aboneBaHui.

KnioueBble cnoBa: sHTepobakTepun, adpdnokcHbli Hacoc, OgxA, OgxB, B-nakTamassbl,
GTOPXMHONOHDI
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B INTRODUCTION

In Denmark, plasmid-carrying MDR-encoded Efflux Pump (OgxAB) was discovered in
E. coli in 2004. In the past year, research have found that the OgxAB gene has spread
more widely throughout the Enterobacteriaceae family [1]. OgxAB efflux pump confers
resistance to various antibiotics, detergents, disinfectants, and antiseptics in addition
to quinolones [2]. The extended-spectrum cephalosporins and fluoroquinolones have
historically been regarded as the best treatments for acute gastroenteritis brought on
by enteric infections [3]. The genes encoding OgxA and oqgxB, are clustered together in
an operon. Drug resistance, including to fluoroquinolones (FQ), is caused by the OgxAB
efflux pumps [4]. The family of resistance nodulin division (RND), which includes the efflux
pumps AcrAB and OgxAB, is a key factor in the development of antibiotic resistance in
G-bacteria, particularly Klebsiella pneumoniae. Effectiveness pump Two domains make
up OgxAB: OgxA, a periplasmic component, and OgxB, a transmembrane protein, both of
whose genes are found in plasmids and chromosomes [5].

In the past year, research on the coexistence of OgxAB and ESBL genes from
the same bacterial isolate with plasmid-mediated quinolone resistance (PMQR) has
increased [6, 7]. The found of PMQR genes were significantly associated with extended
spectrum B-lactamases genes, this may be due to plasmids that carriage these resistance
in Enterobacteriaceae [8]. Seo and Lee [9] found a high prevalence of PMQR genes
(OgxAB, gnrA, gnrB, qnrC, gnrD, gnrS, gepA and aac(6)-ib-cr among ESBLs producing
Enterobacteriaceae hospital.

B PURPOSE OF THE STUDY

To evaluate the existence of efflux pump genes (OgxA and OgxB) in these bacteria that
contain ESBLs due to the dissemination of ESBLs with the establishment of resistance to
quinolones in the same bacterial isolates of the Enterobacteriaceae family.

B MATERIALS AND METHODS

A-lsolation and Identification of Isolates

One hundred and twelve of Enterobacteriaceae isolates were collected from 79, 13,1, 5,
4, 5,3 and two samples of urine, stool, blood, sputum, abscess, wound, vaginal swabs and
bronchial, respectively, these bacteria distributed to 54, 10, 22, 14 and 10 of Escherichia
coli, Klebsiella spp., Proteus spp., Enterobacter spp. and Shigella spp. Respectively. All
samples have been cultured on MacConkey agar and blood agar and incubated for 24 h
at 37 °C.

Isolates were identified based on Morphological and biochemical tests (Macfaddin,
2000), the diagnosis was confirmed using API 20E and VITEK 2 system (Biomerieux, France).

B-Detection of B-Lactamases
The test has been carried out by method iodine method of WHO (2003).

C-Phenotypic Methods for Detection of ESBLs

The procedure followed the guidelines of CLSI (2020).

1 - Secreening test.

Two discs containing ceftazidime (30 ug) and cefotaxime (30 pg) was used, if the
diameter of the inhibition zone around ceftazidime was <22 mm or the zone around
cefotaxime was <27 mm.
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2 — Confirmation test.

The Double Disk Synergy Test (DDST) was used to detection of ESBLs. Augmentin
(amoxicillin 20 mg, clavulanate acid 10 mg) was placed in the middle of an inoculated
Muller Hinton agar plate and incubated with cefepime (30 pg), aztreonam (30 pg),
ceftazidime (30 pg), cefotaxime (30 ug), and ceftriaxone (30 pg) at 30 mm apart (center to
center).

The observation of a distinct extension of the edge of the cephalosporins disk
inhibitory zone toward the disk of Augmentin, which was interpreted as synergy indicated
the production of ESBLs by isolates.

D-Detection of Efflux Pump OqxAB Gene by PCR Technique

1 — DNA Extraction.

Genomic DNA was isolated using the Trans Gen Biotech (China) Easy Pure® Bacteria
Genomic DNA Kit.

2 — Polymerase Chain Reaction (PCR).

Genes for the efflux pump (OgxAB) were found using PCR. Tables 1 and 2 contain lists
of primers and all PCR thermal cycling settings, respectively. PCR results were placed
onto a 1.5% agarose gel for electrophoresis analysis, and the result was seen under a UV-
Transilluminator [10].

Table 1
Sequence of primers that used in this study
No. Primer Product size (bp) Primer Sequence *(5’-3") Reference
F CTCGGCGCGATGATGCT
1 OgxA 392 bp
R CCACTCTTCACGGGAGACGA (0]
F TTCTCCCCCGGCGGGAAGTAC
2 OgxB 512 bp
R CTCGGCCATTTTGGCGCGTA
Table 2
Thermocycling conditions of genes that used in the present study
PCR Steps Time Temperature
1 Initial denaturation 5 min 95
2 Denaturation 30 sec 95
3 Annealing 30 sec 52
4 Extension 45 sec 72
5 Final extension 5 min 72
6 Hold 2 min 95
B RESULTS

B-lactamases Producers of Enterobacteriaceae

The study appeared that 84.82% of enterobacterial isolates were B-lactamases
producers. E. coli was showed higher percentage among {-lactamases producers. It
recorded 92.59%, table 3.

Extended Spectrum B-Lactamases (Esbls) Production Enterobacteriaceae
The findings of this study showed, the enterobacterial isolates that production ESBLs
by screening test registered 79.38% and 68.04% by confirmatory Test, table 4.
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Table 3

Percentages of B-lactamases producers isolates

B-Lactamase | Positive

Bacteria

E. coli

Klebsiella spp.
Shigella spp.
Proteous spp.
Citrobacter spp.
Enterobacter spp.

Total

Table 4

producer

No.

50
19

Percentages of ESBLs producers Enterobacteriaceae by phonotypic tests

ESBLs | Screaming Test

producers | positive

Species

E. coli

Klebsiella spp.
Shigella spp.
Proteous spp.
Citrobacter spp.
Enterobacter spp.

Total

No. &%

44 1 88.00
18 94.73
4 66.67
7 63.64
1 50.0
3 42.86
77 7938

Negative Total
% No. % No. %
92.59 4 741 54 48.21
86.36 3 13.63 22 19.64
60.00 4 40.0 10 8.93
78.57 3 21.43 14 12.50
100 0 0.00 2 1.79
70.00 3 30.00 10 8.93
84.82 17 15.18 112 100
Confirmatory Test
Negative Positive Negative Total
No. &% No. &% No. &% No. %
6 12.0 38 |76.0 12 | 240 50 51.55
0 0.00 16 | 84.21 2 1.05 19 13.40
2 3333 3 50.0 3 50.0 6 6.19
4 36.36 6 54.55 5 45.45 " 11.34
1 50.0 0 0.00 2 100 2 2.06
7 100 3 42.86 7 57.14 7 7.22
20 |20.62 66 |68.04 31 31.96 97 100

Molecular Detection of Efflux Pump Gene (Oqxa and Oqgxb) in Enterobacteriaceae
All ESBLss producers isolates of Enterobacteriaceae of this study were tested to detect
efflux pump gene (OgxA and OgxB) by conventional PCR, the outcomes revealed that,
all (100%) of enteric bacteria carried these genes. Table 5, fig. 1, 2 depicted the bands
392 bp and 512 bp of DNA for isolates with similarity to the OgxA and OgxB gene sequence
respectively, table 5, fig. 1, 2.

Table 5

Numbers and percentages of bacterial isolates with OqxA and OqxBgenes
No.(%) of isolates with OgxA

Type of bacteria
E. coli

Klebsiella spp.
Enterobacter spp.
Proteus spp.
Shigella spp.
Total

Total Number

38
16
3
6
3
66

38 (100%)
16 (100%)
3 (100%)
6 (100%)
3 (100%)
66 (100%)
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No. (%) of isolates with OqxB
38 (100%)

16 (100%)

3(100%)

6 (100%)

3(100%)

66 (100%)
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Fig. 1. A 392 bp PCR product using the OqxA primer was electrophoresed on a gel at 59°C using agarose
1.5% for 10 minutes at 100 volts, followed by 60 minutes at 75 volts. Lane L: DNA ladder (100-1500 bp),
Lanes (1-10) indicated positive results, and Lane (N) represented negative control when visualized
under ultraviolet light following staining with ethidium bromide
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Fig. 2. A 512 bp are visible at 61 C in the gel electrophoresis for the PCR product of the (OqxB primer)
(Agarose 1.5%, 10 min. at 100 volts, then decreased to 75 volts, 60 min.). Lane L: DNA ladder (100-1500 bp),
Lanes (1-10) indicated positive results, and Lane (N) represented negative control when visualized
under ultraviolet light following staining with ethidium bromide
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B DISCUSSION

ESBL-E bacteria cause various infections in respiratory infections, urinary tract
infections, and infections of the central nervous system [11]. The phenotypic results of
this study appeared 79.38% and 68.04% of Enterobacteriaceae isolates had ESBLs by
screening and confirmatory tests, respectively. These finding were partial similar with
The results of Sahel and Abid, [12] that showed 55 (80.88%) of isolates were resistant
to cefotaxime and ceftazidime and ESBL positive during the initial screening and
17 (25%) isolates producing ESBLs, with confirmatory test (DDST). Some previous
studies on some hospitals in our cities showed the prevalence of these enzymes among
Gram-negative bacteria, Flayyih and Abid, [13] found 90% and 35% of Acinetobacter
baumannii produced ESBLs by screaning and confirmatory tests, respectively, the
study of Abid and Fayad, [14] showed 50% of E. coli that isolated from different clinical
specimens had ESBLs Plasmid-encoded Extended-Spectrum beta-lactamases (ESBLs)
reduce the efficacy of third generation cephalosporins, which are routinely used as
empirical treatments for Gram negative bacterial infections [15]. Over the past ten
years, the OgxAB efflux pump, a plasmid-mediated quinolone resistance (PMQR)
element, has spread widely among Enterobacteriaceae [16]. The study of Viana et
al. [17] Since the spread of PMQR genes found in Brazilian clinical isolates, and their
coexistence with ESBL genes highlights the complexity of plasmid-mediated resistance
determinants in Enterobacteriaceae. The results of the current study showed that a high
percentage of isolates producing ESBLs were carriers of both genes (OgxA and OqxB).
These findings were agreement with Azargun et al. [18] They reported a significant
number of PMQR determinants among the ESBL producing Enterobacteriaceae isolates
from their hospital, somewhat in agreement with earlier investigations, Perez and Van
Duin. [19] quinolone resistant and quinolone-susceptible K. pneumoniae collected
from northeast Ohio had 100% of their ogxAB genes identified,” Rodriguez-Martinez
et al. [20]. They discovered that 87 (76.3%) and 85 (74.6%) of 114 clinical isolates of
K. pneumoniae that produced ESBL were tentatively categorized as positive for ogxA
and oqgxB, respectively. There was a significant correlation between PMQR genes and the
ESBL genes blaTEM-116, blaCTX-M-15, and others [19]. Our results were in conflict with
other studies [21]. Albornoz et al [2] found that 42% of clinical resistant E. coli isolates
were positive for both genes (OgxA and OqxB) and study of Kim et al. [22] 0.4% of
E. coliisolates and 4.6% of E. cloacae isolates tested positive for both the oqxB and ogxB
genes, according to a study that looked at the incidence of plasmid-encoded multidrug
efflux pumps in clinical isolates of the Enterobacteriaceae family. The different outcomes
could be a result of the different geographic regions, bacterial types, sample types, and
antibiotic administration techniques [23].

B CONCLUSION

There were many Enterobacteriaceae isolates in our hospitals that carried ESBLs with
the efflux pump genes OgxA and OgxB. Spreading of these isolates may be interfere with
the treatment of different infections.
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