Molecular basis of quinolone resistance in clinical isolates of Klebsiella
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Abstract: Antibiotic resistant Klebsiella pneumoniae, is associated with various nosocomial infections that are difficult
to treat. This study is designed to find out the patterns of resistance against commonly used antibiotics in K. pneumoniae
clinical isolates with special attention to fluoroquinolones. A total number of 200 K. pneumoniae clinical isolates
collected from various tertiary care hospitals of Punjab, Pakistan for a span of 1 year were investigated. Isolates were
identified biochemically and genetically using VITEK® system and species-specific PCR, respectively. Antibiogram of
isolates was studied by using disc diffusion and broth micro-dilution assays. Highest infection of K. pneumoniae detected
in urinary tract (43%) followed by respiratory tract (25.5%). Most of the isolates displayed strong resistance against
ampicillin, cefotetan, tazobactam, cefuroxime, cefixime, ceftriaxone, ampicillin-sulbactam imipenem, meropenem,
ciprofloxacin and moxifloxacin, while sensetive to cefotaxime. Chromosoaml mutation was deteted in gyrA gene, gyrA
harbors a strong mutation which provides resistance against ciprofloxacin by substituting Ser83—Ile. However, no
mutation was detected in gyrB gene. Moreover, gnrB1 plasmid born resistant gene was only detected among gqnrA, gnrB
and gnrS. The story depicts an alarming situation of antibiotic resistance among K. pneumoniae associated with various

nosocomial infections.
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INTRODUCTION

Klebsiella pneumoniae, member of Enterobacteriaceae
family is noxious pathogen also a natural dweller of
human and animal gastrointestinal tract. It is an
opportunistic pathogen associated with nosocomial
infections ranging from urinary tract infection,
pneumoniae, cystitis, septicemia, wounds and biliary tract
infection to meningitis (Podschun et al., 1998; Struve and
Krogfelt, 2004; Boll et al., 2012). This ubiquitous
bacterium accounts for one third of all infections caused
by Gram negative pathogens (Navon-Venezia et al.,
2017).

Various antimicrobial agents tried against this pathogen is
of less use due to numerous contributing factors including
misuse of antibiotics, over-dosage, low-dose regime and
substandard infection control measures that results into
antimicrobial resistance (AMR) in developing countries
(Shallcross and Davies, 2014). A decade long data from
European  Antimicrobial ~ Resistance  Surveillance
Network, (http://atlas.ecdc.europa.cu/public/index.aspx?
Instance = General Atlas) revealed that K. pneumoniae is
resistant to four major antibiotic groups including
aminoglycosides, 3™  generation  cephalosporins,
carbapenems and fluoroquinolones (Navon-Venezia et al.,
2017).

Fluoroquinolones is a class of antimicrobial drugs,
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frequently used in antibiotic therapy against Gram-
positive and Gram-negative bacteria, which specifically
targets DNA gyrase. DNA gyrase also known as type 1I
topoisomerase, a tetrameric protein comprised of subunit
A and B, plays a significant role in DNA replication and
transcription (Drlica and Zhao, 1997). Nowadays, Gram-
negative  bacteria  developed resistance  against
fluoroquinolone by two known mechanisms of resistance
namely chromosomal mutation in the gyrA and gyrB
genes, and transferable plasmid mediated mechanism of
resistance. Mutations in gyrA and gyrB genes are
designated as QRDR (quinolone resistance-determining
region) (Huang et al., 2015). The second mechanism is
plasmid mediated resistance “gnr”, first time reported in
1998 (Martinez-Martinez et al., 1998). The Qnr is a
pentapeptide repeat protein which provides resistance
against fluoroquinolone (Robicsek et al.,, 2006). At
present there are three different types of gnr genes
worldwide (Jacoby et al., 2008).

Keeping in view the burden of antibiotic resistance
present study is designed to decipher different mechanism
of fluoroquinolone resistance present in Klebsiella
pneumoniae clinical isolates of Pakistan.

MATERIALS AND METHODS
Demographic and sample collection

A total number of 200 Klebsiella pneumoniae were
isolated form patients hospitalized at various tertiary care
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hospitals of Punjab, Pakistan from June 2015 to May
2016. Samples were collected in sterile containers and
transport swabs and transported to the Laboratory under
aseptic conditions and stored at 4°C.

Isolation and biochemical identification of klebsiella
pneumoniae

Samples were cultured on MacConkey and blood agar
(Oxoid, UK). Initially samples were identified by using
API® 20E kit (bioMérieux, France). For complete
biochemical profiling and identification, the isolated
bacteria were subjected to VITEK® microbial
identification system (bioMérieux, France) by using GN
ID Cards.

Molecular identification of K. pneumoniae
Biochemically characterized K. pneumoniae were
cultured in nutrient broth (Oxoid, UK) and genomic DNA
was extracted by using alkaline lysis method (Due et al.,
2014). Purity of DNA was monitored spectro-
photometrically (A=260nm). Purified DNA was subjected
to PCR by using species specific primers (table 1).
Amplified products were analyzed by ethidium bromide
(Sigma-Aldrich®, USA) stained 2% agarose gel (Sigma-
Aldrich®, USA).

Antibiotic susceptibility testing

Antibiogram of isolates were characterized by using
Kirby-Bauer disc diffusion assay. Briefly, isolates were
cultured on Mueller-Hinton Agar (Oxoid, UK).
Antibiotics discs (Oxoid, UK) of following antibiotics;
Cefotetan, Amikacin, Tazobactam, Imipenem,
Meropenem, Cefuroxime, Cefixime, Ceftriaxone,
Cefepime, Ciprofloxacin, Moxifloxacin,
Sulfamethoxazole, Tigecycline, Aztreonam, Ampicillin,
Ampicillin-Sulbactam, Chloramphenicol, Cefotaxime,
Tetracycline were placed on agar plates. The results were
interpreted as per guidelines of Clinical and Laboratory
Standards Institute (CLSI). Moreover, K. pneumoniae
isolates were classified into Multiple Drug Resistant
(MDR), Extreme Drug Resistant (XDR) and Pandrug
Resistant (PDR) as classified previously.

Ciprofloxacin susceptibility assay

Epsilometer test (Etest, bioMérieux, France) was
performed for the susceptibility testing of ciprofloxacin
and results were calculated according to the United
States-Food and Drug Authority (US FDA). Micro-broth
dilution assay was performed for the measurement of
Minimum  Inhibitory = Concentration (MIC)  of
ciprofloxacin. Briefly, 0.5 McFarland of K. pneumoniae
isolates were prepared and inoculated in 96 well plates
containing various concentration of ciprofloxacin ranging
from 0-1024 pg/ml. Bacterial growth was monitored
spectrophotometrically (A=600nm) and growth on nutrient
agar (Oxoid, UK). Finally, results were recorded
according to the recommendations of Clinical and
Laboratory Standards Institute (CLSI).

Molecular characterization of gyrA and gyrB genes
Ciprofloxacin resistant K. pneumoniae clinical isolates
were monitored for the presence of chromosomal QRDR
(quinolone resistance determining region) responsible for
Ciprofloxacin resistance. Briefly, genomic DNA of
isolates was extracted, and gyrA and gyrB genes were
amplified by using specific primers (table 1). The
amplified products were analyzed on 1% ethidium
bromide stained agarose gel. The amplicons were purified
by using PCR purification Kit (Qiagen, Germany) and
sequenced (Macrogen, Korea). Obtained sequences were
analyzed by using MEGA7 (Molecular Evolutionary
Genetics Analysis version 7.0) software package and
online available BLAST NCBI program (Basic Local
Alignment  Search  Tool, National Center for
Biotechnology Information). The gyrA (GenBank
accession number DQ673325) of Klebsiella pneumoniae
strain ATCC 13883 was used as standard sequence for all
performed analyses of gyrase A gene. Finally, sequences
were submitted to GenBank NCBI for allotment of
accession numbers.

Molecular characterization of gnrA, gnrB and gnrS
Genes

Ciprofloxacin resistant isolates were analyzed for the
existence of PMQR (plasmid-mediated quinolone
resistances) responsible for ciprofloxacin resistance.
Briefly, extracted DNA of isolates was subjected to PCR
for the amplification of qnrA, gnrB and gnrS genes by
using specific primers (table 1). The amplicons were
visualized on 1% ethidium bromide stained agarose gel.
The purified amplicons were dispatched to Macrogen,
Korea for sequencing. Analysis of obtained sequences
were accomplished by using MEGA7.0 software and
online available BLAST NCBI program. The gnrA, gnrB
and gnrS genes variant analysis was executed as per the
guidelines of “gnr Numbering and Sequence” online
available on Lahey clinic website
(http://www.lahey.org/qnrstudies) (Jacoby et al., 2008).
Finally, aligned sequences were submitted to GenBank
NCBI for assigning of accession numbers.

RESULTS

Characterization and clinical distribution of K.
pneumoniae

Clinical isolates were cultured on selective media and
differential media (MacConkey and blood agar), followed
by biochemical tests for the identification of Klebsiella
pneumoniae. All the isolates hydrolyzed the urea and
fermented the sucrose and lactose. Moreover, isolates
were indole, Methyl red (MR), H,S gas production
negative while positive to Voges—Proskauer (VP) test.
According to GNR ID cards isolates identified as
Klebsiella pneumoniae, were subjected to molecular
identification by using species specific primer (table 1).
These primers amplified 126 bp product of 16S rDNA
gene (fig. 1).
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Fig. 1: PCR assay for identification of 16S rDNA K.
pneumoniac. M: DNA size ladder 50bp, 1; Reference
strain for 16s rDNA K. pneumoniae (126bp); 2-10;
Positive samples for K. pneumoniae.

M

T

Fig. 2: Amplification of gyrA and gyrB genes: Single
colony PCR amplification of 1270bp gyrA gene (top gel
image) and 1300bp of gyrB gene (bottom gel image) from
the clinical isolates of Klebsiella pneumoniae in 1.5%
agarose gel.

1 2 5 & 7 8 10

Fig. 3: Amplification of gnrB gene: DNA ladder Mix (M);
1-10 Clinical isolates of K. pneumoniae of 476 bp in 1.5%
agarose gel.

Among 200 biochemically and genetically identified K.
pneumoniae selected from both male and female patients
of age ranging from 10-65 years with a median range of
35.5+2 years. The distribution of K. pneumoniae in
clinical samples include urine (n=86, 43%), tracheal
aspirates (n=51, 25.5%), purulent wounds (n=33, 16.5%)
and blood (n=30, 15%). Out of 86 patients suffering from
urinary tract infections (UTI), 24 (27.9%) were males
while 62 (72.1%) were females.

Antibiotic suseptibility profiling

Kirby-Bauer agar diffusion assay was employed to study
the antibiotic resistance profile of isoltaes. All isolates
were resistance to ampicillin and sensetive to cefotaxime.
More than 90% isolates were resistant to cefotetan,
tazobactam, cefuroxime, cefixime, ceftriaxone and
ampicillin-sulbactam. Furthermore, 89.5% isolates were
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resistant to imipenem, meropenem, ciprofloxacin and
moxifloxacin. However, 81% isolates were sensitive to
tigecycline, while 18% displayed intermediate resistance
to tigecycline (table 2).

Fulorigunolone resistance

Isolates resistant to fluoriqunolones were further studied
and level of resistance was measured by broth micro-
broth dilution assays. In general, all isolates showed that
they may resist 16pg/ml of ciprofloxacin. However, 25%
isolates had MIC value of 256pg/ml, while 16.64%
isolates had MIC value more than 512 pg/ml. It displayed
all isolates can strongly resist ciprofloxacin (table 3).

Genetic screening of fluoroquinolone resistance genes
PCR screening was carried out to identify possible genes
that contributed to the resistance of each phenotype.
Isolates resitant to ciprofloxacin were characterised at
molecular level for the detection of chromosomal
mutations in gyrA and gyrB genes. By using gyrA and
gyrB Specific primers (table 1). Respective genes were
amplified and product size ranging from 1200-1500bp
was obtained (fig. 2). For the detection of plasmid borne
gnr mediated resistance specific primers (table 1) were
used to detect gnrA, gqnrB and gnrS genes. Only gnrB
gene was present in all isolates while qnrA and gnrS were
not detected (fig. 3).

Sequence analysis and mutation detection

The amplified products of gyrA, gyrB and gnrB were
sequenced and analyzed sequences were submitted to
GenBank, NCBI with GenBank accession number
MF953599 (for gyrA) and MF953600 (qnrB1). The gyrA
harbors a strong mutation which provides resistance
against ciprofloxacin. The Ser83—lIle substitution was
observed in all ciprofloxacin (member of class
fluoroquinolones) resistant Klebsiella pneumoniae clinical
isolates, the 83-amino acid is isoleucine (ATC) instead of
serine (TCC). All ciprofloxacin resistant Klebsiella
pneumoniae clinical isolates also harbored the gnrB gene
as PMQR (plasmid-mediated quinolone resistances).
According to QnrB variant analysis, the isolated
pathogens contained qnrB1 gene.

DISCUSSION

K. pneumoniae is an emerging MDR pathogen which is
responsible for various infections and become a serious
health concern for the healthcare systems of the
developing countries like Pakistan (Ejaz et al., 2017).
Emerging of MDR, XDR and PDR bacterial strains
further worsen the situation in developing countries as
these bacteria are responsible for increase morbidity and
mortality rate in the clinical settings. Studies from
Pakistan have been reported in the past about the
emergence of MDR K. pneumoniae (Khan et al., 2010;
Sattar et al., 2014), however genetic basis of antibiotic
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Table 1: Prime list used for gene amplification

Sr. No. Gene Primer Sequence Reference
1 16S rDNA AGCACAGAGAGCTTGACTTTGGTCTTGCGAC [20]
2 gyrA GCGATGTCGGTCATTGTTGGCCGAACTGGTCACGGATCAG [21]
3 gyrB CTCCGTCTCCGTACAGGATGACTGTGATAGCGCAGTTTTATCC [21]
4 gnrA ATTTCTCACGCCAGGATTTGGATCGGCAAAGGTTAGGTCA [22]
5 gnrB GATCGTGAAAGCCAGAAAGGACGATGCCTGGTAGTTGTCC [22]
6 gnrS ACGACATTCGTCAACTGCAATAAATTGGCACCCTGTAGGC [22]
Table 2: Resistance pattern of Klebsiella pneumoniae isolates (n=200) to various antimicrobial agents
Antibiotics Sensitive Intermediate Resistant
n (%) n (%) n (%)
Cefotetan 11 (5.5) 0(0) 189 (94.5)
Amikacin 45 (22.5) 0(0) 155 (77.5)
Tazobactam 3(1.5) 0(0) 197 (98.5)
Imipenem 10 (5) 11 (5.5) 179 (89.5)
Meropenem 10 (5) 11 (5.5) 179 (89.5)
Cefuroxime 3(1.5) 0(0) 197 (98.5)
Cefixime 3(1.5) 0(0) 197 (98.5)
Ceftriaxone 3(1.5) 0(0) 197 (98.5)
Cefepime 18 (9) 5(5 172 (86)
Ciprofloxacin 21(10.5) 0(0) 179 (89.5)
Moxifloxacin 21 (10.5) 0(0) 179 (89.5)
Sulfamethoxazole 58 (29) 0(0) 142 (71)
Tigecycline 162 (81) 36 (18) 2 (1)
Aztreonam 9 (4.5 30 (15) 161 (80.5)
Ampicillin 0(0) 0(0) 200 (100)
Ampicillin-Sulbactam 3(1.5) 0(0) 197 (98.5)
Chloramphenicol 46 (23) 33 (16.5) 121 (60.5)
Cefotaxime 200 (100) 0(0) 0(0)
Tetracycline 43 (21.5) 9 (4.5) 148 (74)
Table 3: Distribution of MIC of Klebsiella pneumoniae isolates (n=179) to Ciprofloxacin
MIC (ng/ml) N %
8 15 8.38
16 8 4.27
32 15 8.38
64 30 16.76
128 37 20.67
256 45 25.14
512 15 8.38
1024 14 7.82

resistance of K. pneumoniae still need to be explored in
Pakistan. From Pakistan it is the first study which reports
the underline molecular determinants of quinolone
resistance in the clinical isolates of Klebsiella
pneumoniae.

All the samples used in the study were from clinical
settings and highest isolation rate was observed from
urine sample (n=86, 43%) followed by other sample

sources, which signifying the true infection, it is
significant because most of these samples were collected
from the clinical patients, which probably driving these
patients to the risk of K. pneumoniae associated
infections.

The prevalence of MDR Klebsiella pneumoniae insists
the past reports published from various parts of the
country (Khan et al., 2010; Sattar et al., 2014) and in
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addition to that in the present study we have added
significant data regarding the prevalence of quinolone
resistant Klebsiella pneumoniae in the clinical settings of
Pakistan.

All isolates were found to resist 16pg/ml of ciprofloxacin.
But, about 25% samples showed MIC of 256 ug/ml,
whereas MIC of 16.64% was recorded at 512 pg/ml.
taking together, findings of the current study showed the
resistance to ciprofloxacin. About 85 % isolates were
sensitive to tigecycline so in the current study none of the
isolates was considered as Pan-drug resistance (PDR),
therefore results suggested that the diversity in Klebsiella
pneumoniae from different regions of Pakistan is possibly
due to inconsistencies in the therapeutic regime against
Klebsiella pneumoniae infections. Findings of the current
study were partly alike with a study conducted in Iran
(Rezazadeh et al., 2016), they found significant quinolone
resistance among in enterobacteriacea. In their study
67.5% and 56% of isolates were found intermediate
resistant to nalidixic acid and ciprofloxacin. Our findings
were also moderately similar to the results of (Firoozeh et
al., 2014) published from Iran and they found that 82.5%
and 45% of urinary E. coli isolates showed resistance to
ciprofloxacin. In China, the distribution of ciprofloxacin
resistance among various members of enterobacteriacea
particularly in E. coli was recorded about 59.4% (Shao et
al., 2003). It appears that needless and extensive
prescription of antibiotics are the most significant
influencing factor that might ultimately steer the
resistance in bacteria. Furthermore, the incidence rate of
resistance estimated in the present study highlights the
necessity for a national antibiotic resistance scrutiny
system in hospital settings.

In the present study all the isolates were subjected to PCR
screening and were characterized for the presence of
chromosomal mutations in gyrA and gyrB genes, whereas
PMQR (gnrA, gnrB, gnrS) were also studied. Among
these plasmid mediated resistance all the isolates were
positive for only qnrB whereas gnrA and gnrS were
absent in these isolates. In contrast to the findings of the
current study (Rezazadeh et al., 2016) which studied the
enterobacteriacea and they reported a very low prevalence
rate of 2.9% of qnrS1 in E. coli isolates they have not
found qnrA and qnrB determinants. Singly, PMQR
elements may not be able to cause resistance against
quinolones but they may supplement various other
mechanisms of quinolone resistance. PMQR are under
extensive investigations around the world a recent study
in China showed that aac-(6/)-Ib-cr are the dominant
PMQR determinants in the clinical isolates of
Enterobacteriaceac (Jiang et al., 2008). Present study
showed similar results with this study, althugh they found
the gnrS and gnrA as well, but they have also detected the
gnrB (Hu et al., 2014). Substitution of Ser83 to Phe, Tyr,
Ile and Leu confers higher levels of resistance against
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ciprofloxacin (Fu et al., 2008). It clearly represents like
previous reports replacement of Ser83 by Ile is
chromosomal QRDR (quinolone resistance determining
region) (Fu et al., 2008). Moreover, various silent
mutations at DNA levels were also observed, however
these mutations did not alter the amino acid sequence (at
positions 184, 233 and 242) (Weigel et al., 1998). The
silent mutations are: 184 amino acid encoded as proline
with codon CCG instead of CCA, 233 amino acid is
encoded as tyrosine with codon TAC instead of TAT and
242 amino acid is encoded as isoleucine with codon ATT
instead of ATC. However, DNA and amino acid sequence
analyses of gyrB gene did not reveal presence of any
mutation from 86 amino acid to 344 amino acid (Lindgren
et al., 2003).Most abundant mutation detected from China
(Fu et al., 2008) and Singapore (Schneiders et al., 2003)
is Ser83—Leu substitution. However, in European
continent Ser83—Tyr substitution of gyrA gene is most
prevalent (Brisse et al., 1999; Gruteke et al., 2003;
Martinez-Martinez et al., 2002). In contrast to well
established studies, at present Ser83—Ile substitution was
detected from K. pneumoniae.

CONCLUSION

As per our knowledge it is first comprehensive study
designed in Pakistan to delineate the mechanism of
fluoroquinolone resistance in K. pneumoniae. MDR
Klebsiella pneumoniae a public health threat acquires
resistance against not only the quinolones but various
other effective antibiotics with very operative molecular
mechanisms, so the findings of the current study suggest
that strict control procedures must be initiated to curtail
the potential threats of these emerging MDR pathogens
across the country. Effective infection management
guidelines should be implemented at national level to
prevent the diseases associated with these MDR strains.
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