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Empirical treatment is best guided by current surveillance of local resistance patterns. The goal of this study
is to characterize the prevalence of antimicrobial nonsusceptibility within pneumococcal isolates from Canada.
The Canadian Bacterial Surveillance Network is comprised of laboratories from across Canada. Laboratories
collected a defined number of consecutive clinical and all sterile site isolates of S. pneumoniae in 2002. In vitro
susceptibility testing was performed by broth microdilution with NCCLS guidelines. Rates of nonsusceptibility
were compared to previously published reports from the same network. A total of 2,539 isolates were tested.
Penicillin nonsusceptibility increased to 15% (8.5% intermediate, 6.5% resistant) compared to 12.4% in 2000
(P < 0.025, x?). Only 32 (1.3%) isolates had an amoxicillin MIC of =4 pg/ml and only 2 of 32 cerebrospinal
fluid isolates had an intermediate susceptibility to ceftriaxone by meningeal interpretive criteria (MIC = 1
rg/ml). A total of 354 (13.9%) isolates were macrolide nonsusceptible (46.3% MLS;, 56.7% M phenotype),
increasing from 11.4% in 2000 (P < 0.0075, x?). Only 13 (<1%) isolates had a telithromycin MIC of >1 pg/ml.
Ciprofloxacin nonsusceptibility (defined as an MIC of =4 pg/ml) increased to 2.7% compared to 1.4% in 2000
(P =< 0.0025, x*) and was primarily found in persons =18 years old (98.5%). Nonsusceptibility to penicillin,
macrolides, and fluoroquinolones is increasing in Canada. Nonsusceptibility to amoxicillin and ceftriaxone
remains uncommon. Newer antimicrobials such as telithromycin and respiratory fluoroquinolones have ex-

cellent in vitro activity.

Streptococcus pneumoniae is an important cause of both in-
vasive and noninvasive infections in all age groups throughout
the world (1, 2, 14). Early treatment with an antimicrobial
agent effective against the organism allows the opportunity to
reduce mortality and morbidity from these infections (10, 32).
As a result, empirical treatment of S. pneumoniae infections is
best guided by nonsusceptibility patterns. However, nonsus-
ceptibility profiles within specific regions are constantly chang-
ing and, therefore, current surveillance data are required (5,
11, 23, 33). Most traditional first-line agents, such as penicillin,
trimethoprim-sulfamethoxazole (TMP-SMX), and macrolides,
are now associated with significant rates of nonsusceptibility
(8, 13, 27, 32). Many practice guidelines are recommending
newer antimicrobials with lower rates of nonsusceptibility, such
as the respiratory fluoroquinolones, for the empirical treat-
ment of community acquired pneumonia in individuals with
comorbidities or those requiring hospitalization (3, 15, 34, 41).

Pneumococcal nonsusceptibility to the respiratory fluoro-
quinolones has been slowly increasing, and nonsusceptibility
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has been shown to develop during therapy, leading to treat-
ment failure (5, 6, 9, 26, 42). Isolates that are nonsusceptible to
amoxicillin and/or extended-spectrum cephalosporins have been
identified in various surveillance programs in the United States
and Europe (7, 16), further limiting the therapeutic options for
serious pneumococcal infections. Nonsusceptibility to telithro-
mycin, which was designed specifically to overcome resistance,
has also been reported in Taiwan and Canada (17, 47, 49).

We present here the in vitro activity of commonly used
antimicrobial agents in addition to new investigational agents
against S. pneumoniae isolates from across Canada. The trends
in nonsusceptibility are compared to previously published re-
ports of nonsusceptibility rates from the same antimicrobial
surveillance program.

MATERIALS AND METHODS

The Canadian Bacterial Surveillance Network is a volunteer group of private
and hospital-affiliated laboratories from across Canada. These centers represent
a sample of laboratories providing service to community and tertiary hospitals, as
well as community clinics and doctor’s offices. All 10 provinces and 1 territory are
represented in the sample collection, with approximately one-half of isolates
from the province of Ontario. Laboratories, based on their size and catchment
area, were asked to collect either the first 20 (small laboratories) or 100 (larger
laboratories servicing multiple sites) consecutive clinical isolates, followed by all
sterile site isolates of S. pneumoniae in 2002. The date of collection, source of
specimen, and patient age and gender were recorded on a standardized form.
Duplicate isolates from the same patient were excluded. Isolates were trans-
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ported on chocolate agar slants or swabs to a central laboratory. Upon receipt,
the isolates were confirmed to be S. pneumoniae by standard methodology. After
storage at —70°C, isolates were thawed and subcultured onto blood agar twice
before susceptibility testing was performed. In vitro susceptibility testing was
performed by broth microdilution according to National Committee for Clinical
Laboratory Standards (NCCLS) guidelines (38, 39). The susceptibility interpre-
tive criteria used were those published in NCCLS document M100-S14 (40). The
nonsusceptible category was defined as isolates with MICs in the intermediate
and resistant category. For the purpose of the present study, ciprofloxacin MICs
of =4 pg/ml were used to define the nonsusceptible category. An MIC of =4
pg/ml was chosen because of the association of this degree of resistance with
mutations in the quinolone resistance-determining regions of genes encoding
DNA topoisomerase IV and DNA gyrase A (21, 43). The antimicrobial agents
were supplied by their respective manufacturers or were purchased from Sigma
(St. Louis, Mo.). Erythromycin-nonsusceptible isolates were further classified as
having either the M or MLSg phenotype. Isolates that were erythromycin non-
susceptible and clindamycin susceptible were classified as having the M pheno-
type, and those that were not susceptible to both erythromycin and clindamycin
were classified as having the MLSg phenotype (22, 30, 46). Multidrug resistance
was defined as resistance (intermediate isolates were not included) to three or
more of the following antimicrobial agents: penicillin, ceftriaxone, erythromycin,
TMP-SMX, and ciprofloxacin. All isolates with reduced susceptibility to telithro-
mycin and linezolid were retested to confirm the MIC.

Rates of nonsusceptibility were compared to previously published reports from
the Canadian Bacterial Surveillance Network from 1994 to 1995, 1997 to 1998,
and 2000 (5, 33, 45). From October 1994 to August 1995, 11.1% of the isolates
tested were from sterile sites, 28.7% were from children <5 years old, and 28.3%
were from adults older than 65 years of age. 1n 1997 and 1998, 38.1% of the
isolates tested were from sterile sites, 31.3% were from children <5 years old,
and 32.3% were from individuals older than 65 years of age. In 2000, 42% of
isolates were from sterile sites, 26.7% were from children <5 years old, and
31.0% were from individuals older than 65.

Analysis was performed by using SAS version 8.2 (SAS Institute, Inc., Cary,
N.C.). P values of <0.05 were considered statistically significant.

RESULTS

A total of 2,539 isolates were obtained from 63 microbiology
laboratories from across Canada. Of these isolates, 78.5% were
collected from hospital-based labs, and the remainder were
from private laboratories. The isolates were cultured from
various specimen sites: 990 (39.0%) were from the lower re-
spiratory tract, 881 (34.7%) were from blood, 371 (14.6%)
were from conjunctival swabs, 168 (6.6%) were from ear swabs,
32 (1.3%) were from cerebrospinal fluid, and the remaining
197 (7.3%) were from other sites. For isolates for which the
age of the patient was known (99.3%), the age distribution
consisted of 569 (22.6%) samples from patients =5 years of
age, 158 (6.3%) from patients 6 to 18 years of age, 987 (39.2%)
from patients 19 to 65 years of age, and 806 (32.0%) from
patients older than 65 years of age.

The in vitro susceptibility data for all antimicrobials tested
are shown in Table 1 and Table 2. In this series the percentage
of S. pneumoniae isolates that were penicillin nonsusceptible
was 15.0%, with 8.5% of those isolates being in the interme-
diate category (MIC of 0.12 to 1 pg/ml) and 6.5% being resis-
tant (MIC of =2 pg/ml). Of the 166 penicillin-resistant isolates
71.1% had an MIC of 2 pg/ml, with the remaining 38.9%
having high-level resistance (MIC of =4 pg/ml). Penicillin-
nonsusceptible strains were less likely to be isolated from ster-
ile (12.4%) than from nonsterile (16.6%) sites (P = 0.005). The
prevalence of nonsusceptibility in patients of different ages is
demonstrated in Fig. 1. Penicillin nonsusceptibility was associ-
ated with macrolide nonsusceptibility, TMP-SMX nonsuscep-
tibility, multidrug resistance (P = 0.0001), and ciprofloxacin
nonsusceptibility (P = 0.04).

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. In vitro activities of 17 antimicrobial agents tested
against 2,539 isolates of S. pneumoniae collected
from across Canada in 2002

% of
Antimicrobial isolates per
MIC MIC,
agent (no. of 50 20 Range catego
iso%ates (tested)“ (bg/ml) — (ng/ml) ¢ ;ryb
1 R

Penicillin <0.06 0.5 =0.06-8 85 6.5
Amoxicillin <0.06 0.25 =0.06-8 0.8 0.5
Ceftriaxone®

Meningeal (32) =0.25 =0.25 =025-1 2 0

Nonmeningeal (2,507) =0.25 =0.25 =0.254 6.2 15
Ciprofloxacin 1.0 1.0 =0.25-128 NA? 27
Levofloxacin 1.0 1.0 =0.25-64.0 03 1.8
Gatifloxacin 0.25 0.25 =0.06-32 0.4 1.6
Moxifloxacin 0.12 0.12 =0.03-8 1.1 0.3
Gemifloxacin 0.015 0.03 =0.008-1.0 0.8 0.9
BMS-284756 0.03 0.06 =0.008-1.0 NA NA
Tetracycline =2.0 4.0 =2.0-32 05 9.5
TMP-SMX =0.5 4.0 =05-16 7.0 131
Daptomycin (210) =0.12 0.25 =0.12-0.5 NA NA
Chloramphenicol =4 =4 =4-16 NA 22
Erythromycin 0.12 4.0 =0.012-64 02 138
Clindamycin =0.25 =0.25 =0.25-64 0.2 6.3
Telithromycin®

MS (2,185) =0.015 =0.015 =0.015-05 0 0

MNS (354) 0.06 0.5 =0.015-2 0.3 0
Linezolid 1 1 =0254 NA 0.04

“n = 2,539 isolates unless otherwise indicated.

1, intermediate; R, resistant.

¢ The NCCLS susceptibility interpretive criteria for ceftriaxone for meningeal
and nonmeningeal isolates of S. pneumoniae were applied.

4 NA, not applicable.

¢ MS, macrolide susceptible; MNS, macrolide nonsusceptible.

Of the 2539 isolates, 32 (1.3%) isolates had an amoxicillin
MIC of =4 wg/ml. Two of these isolates had a ceftriaxone MIC
of =4 pg/ml and all had a penicillin MIC of =2 pg/ml. The
amoxicillin-nonsusceptible isolates were received from 19 dif-
ferent laboratories; 23 of the isolates were from Ontario, 5
were from Atlantic Canada and 4 were from Quebec. Thirty-
two cerebrospinal S. pneumoniae isolates were received in
2002; only two of these had an intermediate susceptibility to
ceftriaxone by meningeal interpretive criteria (MIC of 1 wg/
ml).

A total of 354 (13.9%) isolates were macrolide nonsuscep-
tible (erythromycin MIC of =0.5 pg/ml), 164 (46.3%) of which
were clindamycin nonsusceptible (MLS; phenotype). The pro-
portion of M versus MLSy phenotypes was similar among
different age groups. The distribution of macrolide nonsuscep-
tibility by age category is depicted in Fig. 1. There were 85
(24.2%) macrolide-nonsusceptible isolates from patients =5
years of age, 20 (5.7%) macrolide-nonsusceptible isolates from
patients 6 to 18 years of age, 132 (37.5%) macrolide-nonsus-
ceptible isolates from patients 19 to 65 years of age, and 115
(32.7%) macrolide-nonsusceptible isolates from patients older
than 65 years of age. One hundred macrolide-nonsusceptible
isolates were from sterile sites, of which thirty-eight (38%) had
the M phenotype. Erythromycin nonsusceptibility was associ-
ated with penicillin nonsusceptibility, TMP-SMX nonsuscepti-
bility, multidrug resistance (all P = 0.001), and ciprofloxacin
nonsusceptibility (P = 0.002).

There were 110 multidrug-resistant isolates identified. The
most common pattern of multidrug resistance was nonsuscep-
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TABLE 2. MICs of 14 antimicrobial agents tested against 2,539 isolates of S. pneumoniae collected from across Canada in 2002
Antimicrobial No. of isolates inhibited by an MIC (pg/ml) of:
agent 0.008  0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16 32 64 128
Penicillin 2,158% 86 40 34 55 118 46 2
Amoxicillin 2,158% 106 41 34 110 58 20 12
Ceftriaxone 2,302% 42 157 34 4
Ciprofloxacin 7* 664 1,634 166 14 11 10 19 13 1
Levofloxacin 8* 1,059 1,402 15 8 17 25 4 1
Gatifloxacin 7 549 1,883 45 5 10 26 12 1 1
Moxifloxacin 13* 458 1,938 74 6 15 27 7 1
Gemifloxacin 414* 1,616 405 51 11 20 14 8
Tetracyclin 2,284%* 13 9 28 205F
TMP-SMX 2,028* 105 74 151 148 33F
Daptomycin® 130 76 4
Erythomycin 2,177* 7 4 9 40 57 52 27 27 138
Clindamycin 2,375% 4 4 5 5 12 48 27 59
Chloramphenicol 2,483* 5 SIf
Telithromcyin 2,258* 67 72 27 55 47 12 1
Linezolid 43* 545 1,802 149 1

@ * MICs were less than or equal to the value given; f, MICs were greater than or equal to the value given.

® Only 210 isolates were tested.

tibility to penicillin, erythromycin, and TMP-SMX (82.7%). Of
the 110 multidrug-resistant isolates, 107 (97.3%) were eryth-
romycin nonsusceptible, and 94 (85.5%) were TMP-SMX non-
susceptible.

Only 13 (0.55%) of the isolates had a telithromycin MIC of
>1 pg/ml, and only 1 was telithromycin resistant. The isolate
with a telithromycin MIC of 2 pwg/ml was from the middle ear
of a 1-year-old child from Quebec. The telithromycin MIC at
which 50% of the isolates are inhibited (MICs,) and telithro-
mycin MIC,, for macrolide-sensitive isolates were <0.015 g/
ml. For macrolide-nonsusceptible isolates, the telithromycin
MIC,, and MIC,, were 0.06 and 0.5 pg/ml, respectively. Of
190 macrolide-resistant isolates with an M phenotype, 8 (4.2%)
had a telithromycin MIC of =1 pg/ml compared to 5 of 164
(3.0%) of those with an MLSy phenotype (P = 0.77).

In the present study, the MICs, and MIC,, for linezolid
were both 1 pwg/ml. There were 150 (5.9%) isolates with a

linezolid MIC of =2 pg/ml. There was one isolate from the
blood of a 49-year-old with a linezolid MIC of 4 pg/ml. Isolates
with a linezolid MIC of =1 pg/ml were not more likely than
other isolates to be nonsusceptible to TMP-SMX, ciprofloxa-
cin, erythromycin, or penicillin (data not shown).

Sixty-eight (2.7%) isolates were not susceptible to cipro-
floxacin. Sixty-seven (98.5%) of these were from persons =18
years old (see Fig. 1). Of the 990 (4.8%) specimens from the
lower respiratory tract, 47 were not susceptible to ciprofloxacin
compared to 22 of 1,554 other specimens (P < 0.001). MICs
for other fluoroquinolones tested against ciprofloxacin nonsus-
ceptible isolates are demonstrated in Table 3.

Isolates were received from all ten Canadian provinces and
one territory. The distribution of nonsusceptibility by region is
displayed in Fig. 2. The rate of penicillin nonsusceptibility was
highest in Atlantic Canada and lowest in British Columbia with
19 and 12% of the isolates, respectively, being penicillin non-

25 -
3
s 20 -
[-] |
@
o -
8 _ N :
2 15 - [ OPenicillin |
2 F O Erythromycin
g B —‘ | BTMP/SMX
Z 10 | mCiprofioxacin
s |
@
o
b
c
8 5
4
o L L .- L
<2 2-10 11-16 17-64 65-80 >80
Age Category

FIG. 1. Nonsusceptible isolates according to age category.



3308 POWIS ET AL.

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 3. MICs for fluoroquinolones tested for isolates with a ciprofloxacin MIC of =4 pg/ml

No. of isolates inhibited by an MIC (p.g/ml)* of:

Antimicrobial MICy,

agent (ng/ml) 0.015 0.03 006 012 025 05 1 2 4 8 16 32 64 128
Ciprofloxacin 64 14 11 10 19 13 1
Levofloxacin 16 13 8 17 25 4 1
Gatifloxacin 8 13 5 10 26 12 1 1
Moxifloxacin 4 2 11 5 15 27 7 1
Gemifloxacin 1 15 11 20 14 8

“ NCCLS cutoffs for intermediate susceptibility are indicated in boldface.

susceptible. Erythromycin nonsusceptibility rates were highest
in Quebec (24.1%) and lowest in the Quebec (8.0%) and
Prairie (7.8%) provinces.

DISCUSSION

The prevalence of isolates that were nonsusceptible to pen-
icillin increased to 15.0% in 2002 compared to previously pub-
lished data from 2000 of 12.4% (P = 0.03) (Fig. 3). This
increase occurred after a period of 6 years of stable rates of
penicillin nonsusceptibility in isolates submitted to this surveil-
lance network and is in keeping with results from surveillance
studies from the United States and Europe over the same time
period (16, 20, 25). Penicillin resistance in our sample of iso-
lates has remained stable from 2000 to 2002 (6.5% versus
5.8%, P = 0.05). There was a significant decrease in the pro-
portion of penicillin resistant isolates from children <5 years
of age from 34.1% of penicillin-resistant isolates in 2000 to
26.3% in 2002 (P = 0.04). One explanation for this decrease
may be the introduction of the pneumococcal conjugate vac-
cine in Canada in July 2001. Use of conjugate pneumococcal
vaccine in children has been previously demonstrated to re-
duce the rates of invasive infection from penicillin nonsuscep-
tible isolates in children and, to a lesser extent, in adults (51).

30

25 -

N
o
L

% of isolates
N
o
.

10 A
5 4
I
0 -+ -
British Columbia Prairries Ontario
Region

Alternatively, this may be due to clonal dynamics or changes in
the utilization of penicillins and aminopenicillin in different
age groups (36, 37) Penicillin nonsusceptibility was associated
with nonsusceptibility to erythromycin, TMP-SMX, and mul-
tidrug resistance. These associations are consistent with previ-
ous reports (16, 25, 36).

Despite the increase in nonsusceptibility to penicillin, <2%
of our isolates have penicillin MICs of =4 pg/ml, suggesting
that empirical B-lactam therapy other than cefuroxime contin-
ues to be an acceptable choice for nonmeningeal pneumococ-
cal disease in Canada (52).

Fewer than 2% of isolates exhibited high-level resistance to
amoxicillin (MIC of =4 pg/ml). In contrast to studies from
Europe identifying clones of amoxicillin-nonsusceptible iso-
lates with penicillin MICs that are one or two dilutions lower
then amoxicillin MICs (7), all of the amoxicillin-nonsusceptible
isolates in our study had penicillin MICs that were equal to or
higher than the amoxicillin MICs. The absence of high-level
amoxicillin-resistant clones and continuing low levels of non-
susceptibility make amoxicillin an acceptable option as an an-
tipneumococcal therapy in Canada.

The NCCLS has adopted interpretive criteria for ceftriaxone
and cefotaxime for both nonmeningeal and meningeal isolates

OPenicillin
B Erythromeyin
H Ciprofloxacin

S

Atlantic Canada

Quebec

FIG. 2. Regional variation in nonsusceptible patterns in S. pneumoniae in Canada in 2002. A total of 1,509 (55.5%) isolates were from Ontario,
424 (16.7%) were from the Prairies, 282 (11.1%) were from Quebec, 279 (11.0%) were from Atlantic Canada, and 137 (5.7%) were from British

Columbia.
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FIG. 3. Nonsusceptibility among S. prneumoniae from 1994 to 1995, 2000, and 2002 to major antimicrobials.

(40). Of the 32 cerebrospinal fluid isolates received in 2002,
none were resistant to ceftriaxone based on the meningeal
criteria. There were, however, 38 isolates from 2002 with ceftri-
axone MICs of =2 pg/ml. The existence of such pneumococcal
isolates in our study population, considered resistant by men-
ingeal criteria, does lead to the possibility that resistant isolates
might be found within the cerebrospinal fluid. This finding
would continue to support the current recommendations for
the use of the combination of a third generation cephalosporin
and vancomycin as an initial empirical therapy for suspected
bacterial meningitis (19).

The rate of macrolide nonsusceptibility increased from 3.7%
in 1994 and 1995 to 11.1% in 2000 and to 13.9% in 2002. In the
United States the prevalence of macrolide nonsusceptibility
ranges from 28 to 30%, whereas in some Asian countries the
resistance rates are up to 92% (16, 17, 20). The proportion of

% of isolates resistant
w

M versus MLSy phenotype in macrolide-resistant isolates was
not different in surveillance data from 1994 to 1995, 2000, and
2002. This finding contrasts with pneumococcal surveillance
data from the United States that implicates an increase of M
phenotype isolates in children <5 years old, as the major
reason for an increase in macrolide nonsusceptibility (12, 18).
Regional variation in mechanisms responsible for erythromy-
cin nonsusceptibility have been demonstrated throughout the
world (29, 35). The exact reasons for the geographic variation
are uncertain but are probably related to either antimicrobial
use or clonal expansion.

Despite the increasing nonsusceptibility to macrolides, the
ketolides maintain in vitro activity with an MICs, and an
MIC,,, of =0.015 and 0.03 pg/ml, respectively. The activity of
ketolides against macrolide-nonsusceptible strains was main-
tained whether they demonstrated the M or MLSg phenotype.

_
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FIG. 4. Trends in ciprofloxacin nonsusceptibility in all isolate and isolates from individuals >64 years of age.
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The telithromycin MIC;,, of macrolide-nonsusceptible isolates
was, however, higher than the MICs, of macrolide-susceptible
isolates. There have been reports from Taiwan of isolates with
increased MICs to telithromycin (17). A possible mechanism
for ketolide nonsusceptibility may include the introduction of
mutations outside of domain II and IV on the 23S ribosomal
subunit (47).

Of the isolates tested in our study, 2.7% demonstrated a
ciprofloxacin MIC of =4 pg/ml. This prevalence is a significant
increase from the 1.4% ciprofloxacin nonsusceptibility re-
ported in 2000 (P = 0.005). This increase is almost exclusively
in adults older than 18 years, with the greatest increase in
individuals older than 65 years. In this age group there was a
marked increase from 0.7% ciprofloxacin nonsusceptibility in
1994 to 3.8% in 2000 and to 5.7% in our study from 2002 (Fig.
4). The prevalence of ciprofloxacin nonsusceptibility in indi-
viduals older than 65 years has been demonstrated previously
and is not surprising since this demographic group has the
highest proportion of risk factors for fluoroquinolone nonsus-
ceptibility, such as chronic lung disease and institutionalization
(24, 44). Recent reports of ciprofloxacin nonsusceptibility in
hospitalized elderly patients in the United States demonstrated
that in this population the nonsusceptibility rate was 3.5%, and
specifically in a subset of patients from long-term care facilities
the rates of nonsusceptibility may be as high as 8.7% (28).
Based on this evidence we estimate the rate of ciprofloxacin
nonsusceptibility in long-term care facilities in adults older
than 65 years may now be >10% in our population. This
specific group of patients is expected to grow as the population
ages, which could further compound the problem of emerging
nonsusceptibility to fluoroquinolones.

Levofloxacin nonsusceptibility mirrors the ciprofloxacin
nonsusceptibility, with a significant increase from 1.0% in 2000
to 2.17% in 2002. The increase is likely secondary to the ac-
cumulation of isolates with mutations in both parC and gyr4
(4). Previous studies have demonstrated that levofloxacin-,
moxifloxacin-, and gatifloxacin-susceptible isolates may already
have a mutation within parC (5, 6, 31, 48, 50), which increases
the likelihood of resistance developing to these agents either
prior to or during therapy as a result of a subsequent mutation
(6).

In conclusion, rates of nonsusceptibility to most antimicro-
bials continue to increase in Canadian isolates of S. pneu-
moniae. However, some older antimicrobials (amoxicillin and
ceftriaxone), as well as newer agents (ketolides and respiratory
fluoroquinolones) remain active against virtually all isolates
and can continue to be recommended for empirical treatment
of suspected pneumococcal infections.
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