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Abstract

genetically diverse.

Background: This study was aimed to determine the prevalence of gnr genes among fluoroquinolone-resistant
Escherichia coli (FREC) isolates from Nigeria. Antimicrobial susceptibility testing was performed by disc diffusion tech-
nique. Polymerase chain reaction was used to identify Escherichia coli (E. coli) and for the detection of gnr genes.

Results: A total of 206 non-duplicate £. coli were isolated from 300 clinical specimens analyzed. In all, 30 (14.6%)

of these isolates were FREC; the resistance to fluoroquinolones among these 30 FREC showed 80% (24), 86.7% (26),
86.7% (26), 100% (30), 86.7% (26), 93.3% (28) and 86.7% (26) were resistant to pefloxacin, ciprofloxacin, sparfloxacin,
levofloxacin, nalidixic acid, ofloxacin and moxifloxacin, respectively. The distribution of FREC among the various sam-
ple sources analyzed showed that 14%, 10%, 13.3%, 16.7% and 20% of the isolates came from urine, stool, high vaginal
swab, endo cervical swab and wound swab specimens, respectively. More FREC were isolated from female samples
73.3% (22) compared to male samples 26.7% (8) and were more prevalent among the age group 26-35 years (40%).
Twenty eight out of the 30 (93.3%) FREC isolates possessed at least one fluoroquinolone resistance gene in the form
of gnrA 10 (33.3%) and gnrB 18 (60%), respectively; gnrS was not detected among the FREC isolates analyzed and
13.5% of the isolates possessed both the gnrA and gnrB genes. Phylogenetic analysis showed that these isolates were

Conclusions: These findings suggest a possible resistance to fluoroquinolone is of high interest for better manage-
ment of patients and control of antimicrobial resistance in Nigeria.
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Background

Since it was discovered in 1885, Escherichia coli has been
subjected to comprehensive studies and become one of
the best understood and characterized organisms (Kuh-
nert et al. 2000). Despite the vast knowledge accumu-
lated throughout the last decades, E. coli is still one of
the major causes of infection in humans. In addition to
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urinary tract infection (UTI), where it is responsible for
most of the reported cases, E. coli has been associated
with a number of other diseases including gastrointes-
tinal diseases, pneumonia and meningitis (Kaper et al.
2004).

The fluoroquinolones comprise one of the most widely
used groups of antibacterial agents in Nigeria (Alade
et al. 2018); however, concerns have developed about the
emergence of bacteria resistant to these broad-spectrum
antibiotics. E. coli uses different mechanisms to provide
resistance to quinolones, including (1) the accumula-
tion of mutations in the genes encoding quinolone target
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DNA gyrase and topoisomerase IV; (2) a decrease of
intracellular concentration of fluoroquinolones by por-
ins down-regulation or modification of the efflux pumps
activity; and (3) the acquisition of plasmid quinolone
resistance genes (Zhao et al. 2015). Studies have shown
that the emergence of plasmid-mediated quinolone
resistance (PMQR) may contribute by several means to
the rapid increase in bacterial resistance to quinolones.
Plasmid-mediated quinolone resistance genes qnrA,
qnrB and qnrS encode pentapeptide repeat protein and
have ability to protect DNA gyrase from quinolone inhi-
bition (Kurnia et al. 2018). About 100 qnr genes variants
have been described mainly from Enterobacteriaceae and
grouped into five distinct families: qnrA, qnrB, qnrC,
qnrD and gnrS (Strahilevitz et al. 2009; Salah et al. 2019).

Hospital wards, especially those in low-income coun-
tries such as Nigeria, where infection prevention and
control protocols are lacking, have become the main foci
for developing multidrug resistance in bacteria such as
E. coli (Nsofor and Iroegbu 2013). Increasing rates of E.
coli resistance to fluoroquinolone class of antibiotics are
of great concern not only to healthcare workers (HCWs)
but to the public. This is because they are the drug of
choice for the treatment of very stubborn infection. The
poor screening of these multidrug resistance (MDR)
pathogens in the hospitals coupled with poor antibiotic
stewardship and surveillance systems has increased their
burden in the country. The traditional antibiotic suscep-
tibility testing protocol being used currently in many
clinical laboratories in Nigeria may not adequately detect
bacteria harboring fluoroquinolone resistance genes.
Therefore, this study was aimed to determine the preva-
lence of qnr genes among fluoroquinolone-resistant E.
coli (FREC) clinical isolates from Madonna University
Teaching Hospital, a tertiary health intuition in Southern
Nigeria. The findings from this work will help to better
understand and potentially predict trends in antibiotic
resistance patterns, as well as establish adequate infec-
tion control measure in the region.

Methods

Bacterial isolates

A total of 206 consecutive non-duplicate E. coli were iso-
lated from 300 various clinical specimens at Madonna
University Teaching Hospital Elele, a tertiary hospital
in Rivers State, Southern Nigeria, from October 2018 to
March 2019. The specimens included urine, stool, high
vaginal swab, endo cervical swab and wound swab. Cri-
teria used to decide the suitability of patients for sample
collection were as follows: (1) outpatients, emergency
patients or inpatients who were admitted with infections
within 48 h of diagnosis; (2) patients not hospitalized for
the preceding 90 days; (3) individuals with no long-term
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indwelling catheters; and (4) patients who received anti-
microbial agents for <72 h. Standard microbiological
methods were used to isolate and purify bacterial isolates
on MacConkey or eosin methylene blue (EMB) media
(Cheesbrough 2000). No antibiotic was included in the
agar plates used for the cultivation. E. coli strains were
fully identified by 16s rRNA PCR and stored at —20 °C in
a nutrient agar slant prior to molecular characterization.
All sampling procedures were in accordance with guide-
lines of the National Health Research Ethics Committee,
Nigeria (www.nhrec.net), and the protocol of this study
was approved by the Ethics Committee of Madonna Uni-
versity Elele, Nigeria. The patients gave oral consent for
their specimens to be used in the study. The sampling and
phenotypic characterization was carried out at Madonna
University Nigeria, while molecular characterization was
carried out at Niger Delta University Nigeria.

Antibiotics susceptibility testing

The antibiotics susceptibility pattern of the isolates was
determined using the disc diffusion method on Mueller—
Hinton agar (Oxoid, England). Inhibition zone diameter
values were measured and interpreted using the Euro-
pean Committee on Antimicrobial Susceptibility Test-
ing breakpoint (EUCAST 2018). The isolates were tested
against nine antibiotics, namely pefloxacin, ciprofloxacin,
sparfloxacin, levofloxacin, nalidixic acid, ofloxacin, moxi-
floxacin, oxacillin and erythromycin (Oxoid, England). E.
coli ATCC 25922 strain was used as a control for antibi-
otic susceptibility testing.

Extraction of bacterial DNA

DNA extraction was performed using a boiling tech-
nique. Briefly, overnight broth culture of the bacterial
isolate in Luria—Bertani (LB) medium was transferred
into 1.5-ml Eppendorf tube and was centrifuged at
14,000 rpm/min for 3 min. The supernatant was dis-
carded, and 1000 pl of 0.5% normal saline was added to
the pellet for cell wall weakening and was vortexed on
eltech XH-B vortexer. The cells were re-suspended in
500ul of normal saline and heated at 95 °C for 20 min to
release bacterial nucleic acid. The heated bacterial sus-
pension was cooled on ice and centrifuged at 14,000 rpm/
min for 3 min. DNA was then precipitated in 250 pL of
absolute ethanol, washed twice in 1000puL of ethanol 75%,
dried and re-suspended in 100 pL of sterile water. The
extracted genomic DNA was quantified using the Nan-
oDrop 1000 spectrophotometer.

Molecular detection of qnr genes

PCR assays were performed for the detection of qnr
resistance genes including qnrA, qnrB and qnrS. The
primers used to detect qnr genes were selected from
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previously described sequences by Cattoir et al. (2007).
PCR was done in a total volume of 25 pL containing 3 pL
DNA template, 2.5 uL PCR buffer (1X), 1 pL deoxyri-
bonucleotide triphosphates solution (dNTPs, 200 uM),
1.5 uL. MgCl2 (1.5 mM), 0.25 pL. Taq DNA polymerase (1
unit) and 1 pL each specific primer (1 uM). PCR amplifi-
cations were carried out on a T100" thermal cycler (Bio-
Rad, Hercules, CA, USA). The cycling conditions were as
follows: 95 °C for 5 min (step 1), 95 °C for 1 min (step 2),
annealing for 45 s (step 3), 72 °C for 1 min (step 4) and
72 °C for 5 min (step 5); steps 2—4 were repeated for 30
cycles. DNA fragments were analyzed by electrophore-
sis in a 1.5% agarose gel at 130 V for 25 min in 1X TBE
buffer containing ethidium bromide using 1100-bp DNA
ladder (Promega, USA) as a size marker and visualized on
a blue light transilluminator. The primer sequences used
in this are listed in Table 1.

Sequencing

Sequencing was done using the BigDye Terminator kit on
a 3510 ABI sequencer at Inqaba Biotechnological, Preto-
ria South Africa. The sequencing was done at a final vol-
ume of 10ul; the components included 0.25 uL BigDye®
terminator v1.1/v3.1, 2.25 pL of 5x BigDye sequencing
buffer, 10 uM primer PCR primer, and 2—10 ng PCR tem-
plate per 100 bp. The sequencing conditions were as fol-
lows: 32 cycles of 96 °C for 10 s, 55 °C for 5 s and 60 °C
for 4 min. The primer sequences used to detect qnr genes
are listed in Table 1. The basic local alignment search tool
(BLAST) program was used to compare DNA sequences
against those in the National Center for Biotechnology
Information (NCBI) database.

Phylogenetic analysis

Obtained sequences were edited using the bioinformatics
algorithm Trace edit, and similar sequences were down-
loaded from the NCBI database using BLAST. These
sequences were aligned using multiple alignment using
fast Fourier transform (MAFFT). The evolutionary his-
tory was inferred using the neighbor-joining method in
MEGA 6.0 (Saitou and Nei 1987). The bootstrap consen-
sus tree inferred from 500 replicates (Felsenstein 1985)

Table 1 Primers used for PCR amplification of gnr genes

Target gene Primer sequence (5’-3') Size (bp)
anrA F: GATAAAGTTTTTCAGCAAGAGG 823
R: ATCCAGATCCGCAAAGGTTA
anrB F: ATGACGCCATTACTGTATAA 408
R: GATCGCAATGTGTGAAGTTT
anrS F: ATGGAAACCTACAATCATAC 428

R: AAAAACACCTCGACTTAAGT
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was taken to represent the evolutionary history of the
taxa analyzed. The evolutionary distances were computed
using the Jukes—Cantor method (Jukes and Cantor 1969).

Statistical analysis

The statistical analyses were performed using SPSS soft-
ware version 21.0 (IBM Corp., USA). The results were
presented as descriptive statistics in terms of relative fre-
quency. Categorical variables were expressed as counts
and percentages. The Chi-square (y%) or Fisher’s exact
tests were performed to analyze significant differences; P
value <0.05 was considered as statistically significant.

Results

Bacterial isolates

Out of the 300 various clinical specimens analyzed in this
study, 206 (68.7%) yvielded E. coli; only one E. coli strain
was picked per specimen. The distribution of the strains
according to sample sources is as follows: urine 100
(48.5%), stool 20 (9.7%), high vaginal swab 30 (14.6%),
endo cervical swab 36 (17.5%) and wound swab 20 (9.7%).
Specimen from female patients yielded more E. coli iso-
lates 142 (68.9%) when compared to male patients 64
(31.1%) as shown in Table 2.

Antibiotic susceptibility profile

Among the 206 E. coli strains isolated, 30 (14.6%) were
found to be fluoroquinolone-resistant E. coli (FREC).
The detailed resistance profile of the 30 FREC to indi-
vidual fluoroquinolones and other antibiotics tested
showed 80% (24), 86.7% (26), 86.7% (26), 100% (30),
86.7% (26), 93.3% (28), 86.7% (26), 66.7% (20) and
60.0% (18) were resistant to pefloxacin, ciprofloxacin,
sparfloxacin, levofloxacin, nalidixic acid, ofloxacin
moxifloxacin, oxacillin and erythromycin, respectively,
as shown in Table 3. The distribution of FREC among
the various sample sources analyzed showed that 14%,
10%, 13.3%, 16.7% and 20% of the isolates came from
urine, stool, high vaginal swab, endo cervical swab and
wound swab specimens, respectively (Table 4). More

Table 2 The distribution of the E. coli isolates according
to sample sources and gender

Sample source Male (%) Female (%) Total (%)
Urine 32(15.5) 68(33.0) 100(48.5)
Stool 2009.7) - 20(9.7)
High vaginal swab - 30(14.6) 30(14.6)
Endo cervical swab - 36(17.5) 36(17.5)
Wound swab 12(5.8) 8(3.9) 20(9.7)
Total 64(31.1) 142(68.9) 206(100)
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Table 3 The antibiotics susceptibility pattern of the 30
fluoroquinolone-resistant E. coli

Page 4 of 7

Table 5 The distribution of fluoroquinolone-resistant
genes, gnrA and qnrB among the sample sources

Antibiotics Susceptible (%) Resistance (%)
Quinolones

Pefloxacin 6(20.0) 24(80.0)
Ciprofloxacin 4(13.3) 26(86.7)
Sparfloxacin 4(13.3) 26(86.7)
Levofloxacin 0(0.00) 30(100)
Nalidixic acid 4(13.3) 26(86.7)
Ofloxacin 2(6.7) 28(93.3)
Moxifloxacin 4(13.3) 26(86.7)
Penicillin

Oxacillin 10(33.3) 20(66.7)
Aminoglycosides

Erythromycin 12(40.0) 18(60.0)

Table 4 The distribution of fluoroquinolone-resistant E.
coli among the various sample sources

Sample source FREC
Positive (%) Negative (%)

Urine 14(14.0) 86(86.0)

Stool 2(10.0) 18(90.0)

High vaginal swab 4(13.3) 26(86.7)

Endo cervical swab 6(16.7) 30(83.3)
Wound swab 4(20.0) 16(80.0)

Total 30(14.6) 176(85.4)

FREC were isolated from female samples 73.3% (22)
compared to male samples 26.7% (8) and were more
prevalent among the age group 26-35 years (40%).

Distribution of gnr genes

Electrophoresis analysis revealed that 28 out of the 30
(93.3%) FREC isolates harbored at least one fluoroqui-
nolone resistance gene: qnrA 10 (33.3%) and qnrB 18
(60%), respectively; qnrS was not detected among the
FREC analyzed. The concomitant presence of two qnr
genes (qnrA and gqnrB) was detected in13.5% of the
isolates. E. coli strains from urine specimen harbored
the highest number qnr genes, 16, while strains from
wound swab had 6 genes and those from stool, HVS
and ECS had 2 qnr genes, respectively (Table 5). A rep-
resentative of the agarose gel electrophoresis of each
of the qnr genes is shown in Figs. 1, 2, 3. Phylogenetic
analysis showed that these isolates were not clonally
related and were genetically diverse (Fig. 4).

Sample source qnrA qnrB Total (%)
Number Number
positive (%) positive (%)
Urine 6(37.5) 10(62.5) 16(100.0)
Stool 0 2(100.0) 2(100.0)
HVS 0 2(100.0) 2(100.0)
ECS 2(100.0) 0 2(100.0)
Wound 2(33.3) 4(66.7) 6(100.0)
Total 10(35.7) 18(64.3) 28(100.0)
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QnrB gene(200bp)

Fig. 1 A representative of the agarose gel electrophoresis of gnrB
gene

12 3.4 56 78 1L 1011

QnrA gene (980bp)

500bp

Fig. 2 A representative of the agarose gel electrophoresis of gnrA
gene

Discussion

The extensive use of fluoroquinolone antibiotics in
human medicine is associated with increasing emergence
of quinolone resistance strains (Correia et al. 2017). Here,
we investigated the fluoroquinolone resistance among a
collection of clinical isolates from Madonna University
Teaching Hospital Nigeria. In all, 14.6% of the isolates
were found to be FREC, while 93.3% of the isolates har-
bored at least one fluoroquinolone resistance genes:
qnrA 33.3% and qnrB 60%, respectively; qnrS was not
detected among the FREC analyzed. This indicates low
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Fig. 3 A representative of the agarose gel electrophoresis of gnrS

gene

level resistance to fluoroquinolones but high rate of qnr
genes among the FREC.

The occurrence of qnr genes observed in this study is
higher than those reported in other neighboring African
countries; in Togo, Salah et al. (2019) reported 67.03%
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rate of qnr genes in E. coli (qnrB 47.74%, qnrS 47.10%
and qnrA 2.58%), while Guessennd et al. (2008) reported
31.2% with 14.6% for qnrB, 9.9% for qnrA and 2.7% for
gnrS in Coéte d’Ivoire. In a study conducted in Niger,
Moumouni et al. (2017) showed a 44.4% occurrence of
qnr genes in E. coli with 64.3% for qnrS, 26.2% for qnrB
and 9.5% for qnrA, while Jamali et al. (2014), showed that
the prevalence of qnr gene was 2.6% (1.7% qnrS and 0.9%
qnrB) in a Moroccan community. Studies conducted in
some Asian countries showed that the frequencies of qnr
genes are considerably low; in China, Wang et al. (2008)
reported the incidences of qnr as 7.5% among ciproflox-
acin-resistant E. coli, with qnrA, qnrB and qnrS detected
either alone or in combination in 3.8%, 4.7% and 3.8% of
these isolates, respectively. In Korea, Shin et al. (2008)
reported that 5.6% of E. coli ciprofloxacin-resistant iso-
lates contained only gqnrB. Jeong et al. (2005) reported
that the prevalence of qnrA in Korea was 0.8% in E. coli
isolates (ciprofloxacin susceptible and resistant) between
2001 and 2003. These data show that the distribution of

Fig. 4 Phylogenetic tree showing the genetic diversity of Escherichia coli isolates
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qnr genes in E. coli varies from one region to the other.
The regionally diverse and wide distribution of qnr genes
in E. coli suggests that resistance evolved independently
on many occasions. However, the rational and controlled
use of fluoroquinolone antibiotics is an effective way to
control the development of higher levels of resistance.

Though similar studies usually detect the three major
qnr genes (qnrA, qnrB, qnrS), our study did not detect
qnrS in any of the isolates; however, it is in agreement
with some studies (Seo et al. 2010; Yang et al. 2014;
Moghadasi et al. 2016), which has shown that qnrB is
most common qnr genes; our findings showed highest
occurrence of qnrB (60%). The mobile characteristic of
PMQR genes allows them to move across plasmids or
spread from one species to another via moving elements.
Although they provide a low level of quinolone resist-
ance, they can promote mutations of target enzymes
such as DNA gyrase and topoisomerase IV. The hori-
zontal transmission of these plasmids to susceptible bac-
teria should be of concern, particularly in its ability to
aid in the dissemination of antibiotic resistances (Lami-
kanra et al. 2011). Various reasons have been adduced
for this spread, of which the high level of quinolones
use in human medicine has been considered an impor-
tant factor (Poirel et al. 2012). As reported by various
researchers, another factor of concern associated with
the advent of quinolone resistance is their close relation
with other agents, especially the expression of extended-
spectrum beta lactamases (ESBLs) and aminoglycosides
(Zhang et al. 2012; Andres et al. 2013; Liu et al. 2013). It
is quite unfortunate that this biologic relationship among
these agents has caused a suitable opportunity for dis-
semination of multidrug resistance among the Entero-
bacteriaceae, thus resulting in restrictions on treatment
choices. Therefore, this should be of concern to the phy-
sicians when prescribing quinolones that the resistance
to cephalosporins and aminoglycosides and other resist-
ance forms which are associated with PMQRs may occur
as well (Robicsek et al. 2006).

The antibiotic resistance profile of the isolates encod-
ing qnr genes showed 80%, 86.7%, 86.7%, 100%, 86.7%,
93.3% and 86.7% resistance to pefloxacin, ciprofloxa-
cin, sparfloxacin, levofloxacin, nalidixic acid, ofloxacin
and moxifloxacin, respectively. These rates are similar
to those observed in Togo (90.48% for nalidixic acid and
93.46% for ciprofloxacin) (Salah et al. 2019) but higher
than those observed in Morocco (57% for nalidixic acid
and 78% for ciprofloxacin) (Jamali et al. 2014) and in
Mexico (41.1% for nalidixic acid and 29.4% for ciproflox-
acin) (Silva-Sanchez et al., 2013). The higher resistance
rate of the qnr-positive strains observed in this study
could be explained by the concomitant presence of two
qnr gene groups, thus inducing an additive effect on the
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minimal inhibiting concentrations (MICs) of these differ-
ent molecules. In addition, gqnr-positive isolates showed
more resistance to erythromycin (60.0%). This may be
explained by the fact that plasmid-mediated quinolone
resistance is associated with integrons bearing resist-
ance determinants to several other antibiotics such as
beta lactams and aminoglycosides (Minh Vien et al. 2009,
Iabadene et al. 2008). It is worthy to note that in this
study, no qnr genes were detected in 6.7% of the FREC
isolates; this can suggest the presence of another mecha-
nism of resistance to quinolones such as mutations in the
gyrase and topoisomerase IV genes (Jacoby et al. 2014,
Redgrave et al. 2014).

Phylogenetic analysis showed that the FREC isolates
exhibited genetic diversity. As the phylogenetic tree
did not show any major clusters among the isolates, the
clonal transfer of resistant strains cannot be inferred
from this study. As whether the resistance genes could
be transmitted horizontally in vehicles such as plasmids,
further studies should be conducted.

Conclusions

In conclusion, our result revealed a high rate of qnrA and
qnrB among FREC isolates from Southern Nigeria. These
qnr gene-positive strains were highly resistant to pefloxa-
cin, ciprofloxacin, sparfloxacin, levofloxacin, nalidixic
acid, ofloxacin and erythromycin. The plasmid-mediated
quinolone resistance genes and their association with
aminoglycoside resistance contribute to the spread of
multidrug resistance due to their easy transfer between
bacteria. Their wide dissemination impairs treatment
outcome of common infections in community and hos-
pital settings. These findings suggest the strengthening of
the public health policies in Nigeria in order to prevent,
monitor and control antimicrobial resistance through the
implementation of an antibiotic resistance surveillance
system. Further studies on plasmid profiling and conju-
gation experiments or hybridization to confirm the pres-
ence of target genes on plasmid are recommended.
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