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Molecular characterisation of the quinolone
resistance-determining regions (QRDR)
including gyrA, gyrB, parC and parE genes
in Streptococcus pneumoniae
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Introduction
The incidence of community-acquired pneumonia (CAP)
in the elderly population in the USA is estimated to be
915,900 cases, where Streptococcus pneumoniae is the leading
cause of this infection.1 Recommendations for empirical
treatment of CAP is use of quinolones, as emergence of
β-lactam- and macrolide-resistant S. pneumoniae has been
reported.2 Although the rate of quinolone-resistant
S. pneumoniae remains low, several studies have described
increasing quinolone resistance in S. pneumoniae
worldwide.3–5
The mechanism of quinolone resistance in this organism
has been studied extensively. Point mutations in DNA gyrase
subunits gyrA and gyrB, and in DNA topoisomerase IV
subunits parC and parE, are largely responsible for such
quinolone resistance.6
Prevalence of ciprofloxacin resistance in S. pneumoniae
isolated from community-acquired lower respiratory tract
infection in the UK during the year 1994 to 1995 has been
reported as 14.8%, ranging from 4% in Liverpool to 42.9% in
Belfast.7 Following the survey, Smith and colleague have
shown that prescription of antimicrobial agents in the
community in the UK reduced by approximately 22%
between 1995 and 2000.8
It remains unclear to what extent asymptomatically
colonising S. pneumoniae exhibits resistance to quinolones
after this reduction in antibiotic prescription. Therefore, the
aim of this study is to investigate the occurrence and genetic
mechanisms of quinolone resistance in community isolates
of S. pneumoniae.

Streptococcus pneumoniae is the leading cause of communityacquired pneumonia (CAP). Currently, empirical treatment
with quinolones is being used due to the emergence of
β-lactam and macrolide resistance in S. pneumonaie.
Although the prevalence of quinolone-resistant
S. pneumoniae remains low, increasing numbers of resistant
isolates are being seen. Genetic mechanisms leading to
fluoroquinolone resistance in pneumococci are complex.
This study aims to use molecular methods to characterise
all isolates through sequence analysis of their QRDR
regions. Thirty-two S. pneumoniae isolates were obtained
from nasal swabs from adult and paediatric patients
attending local general practices in Northern Ireland.
Phenotypic minimum inhibitory concentration (MIC) was
determined for Clinical and Laboratory Standards Institute
(CLSI) broth microdilution against ciprofloxacin,
levofloxacin and norfloxacin. Simultaneously, the QRDR
regions of gyrA, gyrB, parC and parE were analysed
by sequence typing for all pneumococci obtained. Only
one isolate (3.1%) showed reduced susceptibility to
ciprofloxacin and levofloxacin. Two amino acid positions
were discordant in the S. pneumoniae R6 strain and eight
(25%) and 23 (71.9%) isolates contained the mutations
Ile460Val in gyrA and Lys137Asn in parC (deposited in
GenBank, accession numbers GQ999587–GQ999589),
respectively. No mutations were found in either the gyrB or
parE loci. In conclusion, the study demonstrated increased
fluoroquinolone resistance which could not be accounted
for simply through QRDR mutations, and, reciprocally,
that mutations in the QRDR region do not necessarily
result in overt phenotypic resistance.
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Materials and methods
Bacterial isolates
Thirty-two S. pneumoniae isolates were obtained from nasal
swabs from adult and paediatric patients attending local
general practices in Northern Ireland. These isolates were
obtained with informed patient consent as part of a study
with approval from the Office of Research Ethics
Committees, Northern Ireland (ORECNI). All samples were
plated on selective Mitis-Salivarius agar (Cat No: 229810,
Becton Dickinson, Oxford, UK) containing 1% (w/v) tellurite
solution, and were incubated for 48 h at 37˚C under
microaerophilic conditions in a CO2 incubator regulated at
5% (v/v) CO2. Following incubation, presumptive S. pneumoniae
colonies were subcultured on Columbia blood agar
(CM0331, Oxoid, Basingstoke, UK), supplemented
with 5% (v/v) defibrinated horse blood for 24 h at 37˚C
under microaerophilic conditions, as detailed above.
The species of all presumptive pneumococcal isolates were
confirmed phenotypically by optochin susceptibility testing,
as well as bile solubility testing. In addition, all isolates were
confirmed by molecular methods using sequence analysis of
the rpnB and 16S rRNA gene loci. In addition, three reference
strains (G7, J5 and 27) with known fluoroquinolone
resistance were employed as positive controls.
Minimum inhibition concentration
The minimum inhibitory concentration (MIC) for all isolates
against ciprofloxacin, levofloxacin and norfloxacin was
determined by a broth microdilution method, according to
the Clinical and Laboratory Standards Institute (CLSI)
standard method. The MICs for ciprofloxacin ≥4.0 µg/mL
and norfloxacin >16 µg/mL were considered to demonstrate
reduced susceptibility, as proposed previously.9 Lyophilised
antimicrobial tablets were purchased from Mast
(Merseyside, UK).
DNA extraction
Bacterial isolates were subcultured on Columbia blood agar
supplemented with 5% (v/v) horse blood (Oxoid), for 24 h
at 37˚C under microaerophilic conditions. Bacterial genomic
DNA was extracted from a few colonies of each isolate, using
the Roche High Purity PCR Template Preparation Kit
(Roche Diagnostics, Sussex, UK), following the manufacturer’s
instructions. Extracted DNA was stored at –20˚C prior to
polymerase chain reaction (PCR) amplification.
Amplification of quinolone resistance-determining regions
The quinolone resistance-determining region (QRDR) of
gyrA, gyrB, parC and parE gene loci in each isolate was
amplified using a previously described method.6 Following
Table 1. Minimum inhibitory concentration (MIC) of Streptococcus
pneumoniae (n=32 isolates) to three quinolone antibiotic agents.

µg/mL)
MIC (µ

Range

Mean

MIC50

MIC90

Ciprofloxacin

<0.125–4

1.49

1

2

Levofloxacin

0.25–4

1.32

1

2

Norfloxacin

2–16

9.56

8

8
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amplification, PCR products were visualised on 1.5% (w/v)
agarose gels in 0.5×TBE buffer, followed by staining
with ethidium bromide (0.5 µg/mL) and ultraviolet (UV)
illumination with a gel image analysis system (UVP
Products, Cambridge, UK).
DNA sequencing and analysis
Amplicons for sequencing were purified using a QIAquick
PCR purification kit (Qiagen, West Sussex, UK), following
the manufacturer’s instructions. The QRDRs of gyrA, gyrB,
parC and parE gene sequences were determined using the
BigDye Terminator cycle sequencing kit and the ABI 3100
genetic analyser (Applied Biosystems). Sequencing analysis
was carried using Genetyx (Genetyx, Tokyo, Japan).

Results and discussion
Only one isolate (3.1%) showed reduced susceptibility to
ciprofloxacin and levofloxacin. Table 1 details the range of
MIC, geometric MIC mean, MIC50 and MIC90 against the
three quinolones tested. Two amino acid positions were
discordant in the S. pneumoniae R6 strain. Eight (25%) and
23 (71.9%) of the isolates showed the mutation Ile460Val
in gyrA and Lys137Asn in parC (deposited in GenBank,
accession numbers: GQ999587–GQ999589), respectively.
No mutations were found in either the gyrB or parE loci.
Nucleic acid and amino acid analyses of the QRDR loci
showed good correlation to the phenotypic susceptibility
results obtained. Of interest, this study showed that one isolate
(isolate 25; 104250) had reduced susceptibility to ciprofloxacin
and levofloxacin, but did not contain any mutations or amino
acid substitutions in any of the four QRDR gene loci examined.
Hence, this reduced susceptibility may be attributed to the
activity of an active efflux pump, expelling the
fluoroquinolone agent from bacterial cells, or, alternatively, is
under regulatory genetic control elsewhere in the genome.
Efflux pump-mediated resistance is considered to play an
important role in the development of quinolone resistance.
Although it usually results only in low-level resistance in
S. pneumoniae, this is important in conditioning the organism
to survive in low concentrations of quinolones, where
S. pneumoniae will have an extended opportunity to develop
further resistance by point mutations within its QRDR
genetic machinery.10
Two mutations at the QRDRs in gyrA and parC were
identified in this study and these have been reported
previously as common mutations in S. pneumoniae, neither of
which has any effect on quinolone resistance.11
Overall, this study demonstrates that the prevalence of
quinolone-resistant S. pneumoniae is rare in the community
in Northern Ireland, both by standard phenotypic broth
microdilution techniques and by genotypic sequence
typing. Reports from elsewhere (e.g., Hong Kong and
Turkey) reveal a range of quinolone-resistant S. pneumoniae
isolated from healthy children, showing rates of 57% and
3.6%, respectively.12,13
In conclusion, mechanisms leading to fluoroquinolone
resistance in pneumococci are complex. This study has
demonstrated increased fluoroquinolone resistance that
could not explained simply through QRDR mutations, and,
reciprocally, that mutations in QRDR regions do not
necessarily result in overt phenotypic resistance.
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