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The genetic relatedness of ciprofloxacin-resistant Streptococcus pneumoniae isolates collected from 1997 to
2002 (n � 82) and 2003 to 2005 (n � 123) was compared by pulsed-field gel electrophoresis (PFGE). Increased
genetic homogeneity among the isolates from 2003 to 2005 (cluster analysis; P < 0.001) appeared to be due to
expansion of existing clonal groups and to introduction of new PFGE types.

Although fluoroquinolone resistance in Streptococcus pneu-
moniae has been slow to emerge, clinical isolates with reduced
susceptibility have been described and continue to increase in
prevalence in some regions (4, 7, 9, 12). Previous observations
provide strong evidence that the spread of penicillin- and mul-
tidrug-resistant S. pneumoniae is often driven by the dissemi-
nation of a few successful clones (11, 15), and it is has been
suggested that further increases in fluoroquinolone resistance
will also likely be associated with clonal spread (19).

We recently reported that ciprofloxacin resistance in Cana-
dian S. pneumoniae isolates increased from 0.6% in 1997/1998
to 1.7% in 2000/2001 (1). In 2003, resistance rates increased
significantly to 2.3% (P � 0.05) and continued to rise annually
to 4.2% by 2005 (1). The objectives of this study were to
investigate the role of clonal spread in the rapid increase of
ciprofloxacin resistance in S. pneumoniae in Canada since 2003
and to determine whether these isolates are genetically related
to each other or to known pandemic clones. In our analysis we
compared the genetic relatedness of isolates collected between
1997 and 2002 with isolates collected from 2003 to 2005.

In October 1997, a national surveillance study was initiated
to monitor the activity of antimicrobial agents against Cana-
dian respiratory tract isolates of S. pneumoniae. Between Oc-
tober 1997 and December 2005 inclusive, 10,741 clinical iso-
lates of S. pneumoniae were submitted to the coordinating
laboratory (Department of Clinical Microbiology, Health Sci-
ences Centre, Winnipeg, Manitoba, Canada) from 25 medical
centers from all regions of Canada (1, 20).

Susceptibility testing was performed by broth microdilution
in accordance with CLSI (formerly NCCLS) recommendations
(17) and MIC interpretive standards were defined according to
CLSI breakpoints (5). Resistance to ciprofloxacin was defined
as an MIC of �4 �g/ml (CIPRO package insert; Bayer Health-
care).

Over the course of the study, 205 ciprofloxacin-resistant S.
pneumoniae isolates were identified and characterized by
pulsed-field gel electrophoresis (PFGE) (13). Twenty-six rep-
resentative international pneumococcal clones recognized by
the Pneumococcal Molecular Epidemiology Network were in-
cluded in the analysis (15). PFGE profiles were digitized for
analysis with BioNumerics software (version 3.5; Applied
Maths, Inc., Austin, TX), and dendrograms were constructed
by the unweighted pair group method with arithmetic averages
with the Dice coefficient (1.0% optimization, 1.5% position
tolerance). Isolates were considered to be genetically related if
the Dice coefficient of similarity was �80%. For the purpose of
data analysis, groups were defined as three or four isolates with
�80% genetic relatedness and clusters were defined as five or
more isolates with �80% identity.

Sequencing of the quinolone resistance-determining regions
(QRDRs) of parC and gyrA was performed previously (1, 16).

Eighty-two ciprofloxacin-resistant pneumococcal isolates
(1.2% [82/6,927]) were collected between October 1997 and
December 2002. PFGE analysis revealed six groups of three or
four isolates accounting for 19 (23.2%) of the 82 strains (Table
1). Only three clusters of five or more genetically related iso-
lates were observed, containing a total of 24 (29.3%) isolates.
Cluster 3 (Fig. 1) included seven isolates, five serotype 9V
isolates and two serotype 14 isolates. Comparison to 26 inter-
national antibiotic-resistant clones showed that these isolates
belonged to PFGE types closely related (�80%) to the
Spain9V-3 clone. The antibiograms of all five serotype 9V iso-
lates were identical to each other and to that of Spain9V-3.
Unexpectedly, QRDR mutation patterns were not consistent
for isolates in cluster 3.

Cluster 4 contained 11 genetically related isolates belonging
to serogroup 11. Five isolates had a ParC mutation only
(S79Y/F and/or D83N), and five contained an S81F or E85K
mutation in GyrA in addition to the mutation in ParC. Three
isolates of serotype 15B/C and three of serotype 19F comprised
cluster 8. Serogroup 15 isolates contained mutations at S79 in
ParC and S81 in GyrA, while only one of the remaining 19F
isolates had QRDR changes. Isolates within these latter two
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clusters (clusters 4 and 8) were unrelated to the international
clones.

From January 2003 to December 2005, 123 ciprofloxacin-
resistant S. pneumoniae isolates (3.2% [123/3,814]) were col-
lected. Dendrogram analysis identified 11 groups and clusters
(three or more isolates) accounting for 86 (69.9%) strains
(Table 1). The majority (72 [83.7%]) of those isolates belonged
to seven clusters containing five or more isolates. Among the
11 groups or clusters, eight new PFGE types were identified
(four groups and four clusters) (Fig. 2). In addition, four ge-
notypes (cluster 3, cluster 4, group 6, and cluster 8) seen in S.
pneumoniae isolates collected from 1997 to 2002 were also
observed in 2003 to 2005 isolates. Interestingly, there appeared
to be convergence of group 6 and cluster 8 into a single geno-
type (designated cluster 6;8). This included three isolates of
serotype 19A and five belonging to serogroup 15. Seven
(87.5%) of the eight isolates had an S79F or D83N mutation in
ParC; only four (50.0%) had a GyrA mutation (S81F or E85K).

As with the earlier (1997 to 2002) isolates, the 11 pneumo-
coccal isolates belonging to cluster 3 were genetically related to
the Spain9V-3 clone. Approximately 50% were serotype 9V,
and 50% were serotype 14. Almost all isolates had identical
mutation patterns, including two ParC substitutions and one
GyrA change.

Cluster 4 contained 18 isolates belonging to serotype 11A.
QRDR mutation patterns were not consistent. Despite being
ciprofloxacin resistant, almost half of the isolates had no
QRDR mutations. Cluster 10 included 14 isolates that be-
longed to serotype 12F. All isolates contained S79F and
K137N mutations in ParC, and only three did not carry a
mutation at S81 in GyrA. These isolates showed the highest
degree of genetic similarity (�90%); however, all but three
were isolated in Winnipeg, Manitoba, Canada.

Four isolates of serotype 3 and four belonging to serogroup
6 comprised cluster 14. All eight strains had identical resis-
tance profiles and QRDR mutations (S79F in ParC and S81F
in GyrA). Neither cluster 10 nor cluster 14 was related to
known pneumococcal clones. Isolates in the final two clusters
(cluster 16 and cluster 17) were found to be genetically related
to the Taiwan19F-14 and Spain23F-1 clones, respectively. All of
our ciprofloxacin-resistant S. pneumoniae isolates related to
these clones were multidrug resistant. Cluster 16 contained
seven serotype 19F isolates while cluster 17 contained a total of

six isolates, four serotype 23F isolates and two serotype 19F
isolates.

High rates of fluoroquinolone resistance in Hong Kong have been
linked to the local dissemination of a strain related to the Spain23F-1
clone (8). Strains related to this and other recognized pneumococcal
clones (Spain6B-2, Spain9V-3, Tennessee23F-4, Spain14-5, England14-
9, Taiwan19F-14, Taiwan23F-15, Maryland6B-17, Tennessee14-18,
Greece6B-22, or Utah35B-24) have also been identified in other coun-
tries throughout North America and Europe (2, 3, 6, 10, 14, 18, 19).
Despite genetic similarity, the association between clonal spread and
fluoroquinolone resistance remains unclear (6). In contrast, genetic
heterogeneity among isolates from other regions suggests that clonal
spread is not responsible for the observed increases in fluoroquin-
olone-resistant pneumococci but rather that fluoroquinolone resis-
tance in S. pneumoniae has emerged primarily through de novo
mutational events (3, 6, 10, 14, 19).

In our study, we found a greater degree of genetic homoge-
neity among ciprofloxacin-resistant S. pneumoniae isolates col-
lected from 2003 to 2005 than among ciprofloxacin-resistant
strains isolated between 1997 and 2002. Many of the isolates
from the 1997 to 2002 study period were genetically unrelated,
with only nine PFGE types identified with three or more iso-
lates and only one small cluster of isolates related to the
Spain9V-3 clone. Variations in QRDR substitution patterns,
serotypes, and antibiotic susceptibilities among some isolates
with similar PFGE patterns suggest that new mutational events
continue to play a large role in the spread of fluoroquinolone-
resistant S. pneumoniae in Canada. However, the observed
increase in genetic homogeneity among ciprofloxacin-resistant
isolates collected between 2003 and 2005 appears to be the
result of a combination of the expansion of existing clonal
groups (i.e., Spain9V-3), the appearance and detection of fluo-
roquinolone resistance among additional international clones
(i.e., Spain23F-1 and Taiwan19F-14) in the local pneumococcal
population, and the introduction of new PFGE types (clones)
containing greater numbers of isolates (seven new clusters of
five or more isolates).

Potential limitations of this study include its small sample
size (only 205 ciprofloxacin-resistant S. pneumoniae isolates
were collected and tested) and the potential bias introduced by
segregating isolates based on changes in ciprofloxacin resis-
tance rates. The use of alternate criteria for assignment of
strains to sets of isolates for comparison purposes may influ-
ence the degree of genetic homogeneity or heterogeneity ob-
served following epidemiological analysis. We also acknowl-
edge that the use of an additional typing scheme, such as
multilocus sequence typing, would increase the robustness of
our comparisons; however, multilocus sequence typing was
beyond the scope of this project.

In summary, genetic relatedness among ciprofloxacin-resis-
tant S. pneumoniae isolates from across Canada increased fol-
lowing a significant increase in ciprofloxacin resistance rates
since 2003. Although the development of de novo mutations
within the QRDRs of parC and gyrA, presumably as a result of
selective pressure from increasing fluoroquinolone use, contin-
ues to play a major role in the spread of such resistance, the
documentation of ciprofloxacin-resistant strains similar to the
Spain23F-1, Spain9V-3, and Taiwan19F-14 international clones
among the Canadian pneumococcal population is equally note-
worthy. Given the propensity of these strains to acquire resis-

TABLE 1. Number of ciprofloxacin-resistant Streptococcus
pneumoniae isolates in PFGE groups and clusters

Parameter

Value for isolates collected
during study period

P value
1997 to 2002

(n � 82)
2003 to 2005

(n � 123)

No. of groups (3 or 4 isolates) 6 4
Total no. of isolates in groups 19 14 0.0324
No. of clusters (�5 isolates) 3 7
Total no. of isolates in clusters 24 72 0.0001
No. of groups and clusters

(�3 isolates)
9 11

Total no. of isolates in groups
and clusters

43 86 0.0125
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FIG. 1. Genetic relatedness of 82 ciprofloxacin-resistant S. pneumoniae isolates from Canada from 1997 to 2002. The figure shows the genetic
relatedness of the isolates (from 60% to 100%) according to the Dice coefficient of similarity and information about the isolates and patients,
including the age (in years) and sex (male [M] or female [F]) of the patient, ciprofloxacin MIC (CIP) (�g/ml), penicillin MIC (PEN) (�g/ml), and
mutations in GyrA and ParC. The isolates in a group (three or four isolates with �80% genetic relatedness) and cluster (five or more isolates with
�80% genetic relatedness) are indicated by shading. G-1, group 1; C-3, cluster 3.
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FIG. 2. Genetic relatedness of 123 ciprofloxacin-resistant S. pneumoniae isolates from Canada from 2003 to 2005. The figure shows the genetic
relatedness of the isolates (from 60% to 100%) according to the Dice coefficient of similarity and information about the isolates and patients,
including the age (in years) and sex (male [M] or female [F]) of the patient, ciprofloxacin MIC (CIP) (�g/ml), penicillin MIC (PEN) (�g/ml), and
mutations in GyrA and ParC. The isolates in a group (three or four isolates with �80% genetic relatedness) and cluster (five or more isolates with
�80% genetic relatedness) are indicated by shading. C-10, cluster 10 (a new cluster); G-11, group 11 (a new group).
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tance to multiple antibiotics and their ability to spread rapidly,
ongoing surveillance is essential for monitoring the changing
epidemiology of fluoroquinolone resistance in this important
pathogen.
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