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BSTRACT

 

Background

 

Fluoroquinolones are now recom-
mended for the treatment of respiratory tract infec-
tions due to 

 

Streptococcus pneumoniae,

 

 particularly
when the isolates are resistant to 

 

b

 

-lactam antibiot-
ics. Although pneumococci with reduced suscepti-
bility to fluoroquinolones have been identified, their
prevalence has not been determined in a defined pop-
ulation.

 

Methods

 

We performed susceptibility testing on
7551 isolates of 

 

S. pneumoniae

 

 obtained from sur-
veillance in Canada in 1988 and from 1993 to 1998.
Pneumococci with reduced susceptibility to fluoro-
quinolones (defined as a minimal inhibitory concen-
tration of ciprofloxacin of at least 4 µg per milliliter)
were further characterized. We also examined anti-
biotic prescriptions dispensed in Canadian retail phar-
macies.

 

Results

 

Between 1988 and 1997, fluoroquinolone
prescriptions increased from 0.8 to 5.5 per 100 per-
sons per year. The prevalence of pneumococci with
reduced susceptibility to fluoroquinolones increased
from 0 percent in 1993 to 1.7 percent in 1997 and 1998
(P=0.01). Among adults, the prevalence increased
from 1.5 percent in 1993 and 1994 combined to 2.9
percent in 1997 and 1998 combined. The prevalence
was higher in isolates from older patients (2.6 per-
cent among those 65 years of age or older vs. 1.0
percent among those 15 to 64 years of age, P<0.001)
and among those from Ontario (1.5 percent, vs. 0.4
percent among those from the rest of Canada; P<
0.001). Fluoroquinolone use was greatest among the
elderly and in Ontario. The 75 isolates (17 serotypes)
of pneumococci with reduced susceptibility to fluo-
roquinolones were submitted by 40 laboratories in
eight provinces. Reduced susceptibility to fluoroquin-
olones was associated with resistance to penicillin.

 

Conclusions

 

The prevalence of pneumococci with
reduced susceptibility to fluoroquinolones is increas-
ing in Canada, probably as a result of selective pres-
sure from the increased use of fluoroquinolones.
(N Engl J Med 1999;341:233-9.)

 

©1999, Massachusetts Medical Society.

 

From the Departments of Medicine (D.K.C., A.M., D.E.L.) and Labo-
ratory Medicine and Pathobiology (A.M., J.C.A., D.E.L.), University of
Toronto; and the Departments of Microbiology, Mount Sinai Hospital and
Toronto Hospital (A.M., J.C.A., D.E.L.) — all in Toronto. Address reprint
requests to Dr. Low at the Department of Microbiology, Mount Sinai Hos-
pital, 600 University Ave., Toronto, ON M5G 1X5, Canada, or at
dlow@mtsinai.on.ca.

*The other members of the Canadian Bacterial Surveillance Network are
listed in the Appendix.

 

TREPTOCOCCUS pneumoniae

 

 is the most
common bacterial cause of community-
acquired pneumonia, meningitis, otitis me-
dia, and sinusitis. The emergence of resist-

ance to antimicrobial agents commonly used for the
treatment of pneumococcal disease has led to chang-
es in recommended regimens of antimicrobial treat-

S

 

ment.

 

1-5

 

 The earlier fluoroquinolones, including nor-
floxacin, ciprofloxacin, and ofloxacin, have borderline
activity against pneumococci at the recommended
dosages and therefore are not recommended for the
treatment of pneumococcal infections.

 

6

 

 However, with
the increase in the use of ciprofloxacin and the in-
troduction of newer fluoroquinolones such as levo-
floxacin, grepafloxacin, and trovafloxacin that have
greater in vitro activity against 

 

S. pneumoniae,

 

 these
agents are now being recommended for the treat-
ment of pneumococcal infections, including commu-
nity-acquired pneumonia, acute bacterial exacerbations
of chronic bronchitis, and sinusitis.

 

7-9

 

Although there is increasing evidence that anti-
microbial resistance is directly related to increased
use, some question the need for concern about the
fluoroquinolones, since after 15 years of clinical use,
there have been only occasional reports of pneumo-
cocci with reduced susceptibility.

 

4,10-13

 

 However, the
development of reduced susceptibility to fluoroquin-
olones requires sequential mutations, and one might
thus expect a substantial delay between the intro-
duction of fluoroquinolones and the appearance of
clinically significant reductions in susceptibility.

 

14-17

 

To determine whether the susceptibility of pneumo-
cocci to fluoroquinolones has changed in Canada,
we systematically examined pneumococcal isolates col-
lected by the Canadian Bacterial Surveillance Net-
work between 1988 and 1998.

 

METHODS

 

Members of the Canadian Bacterial Surveillance Network, which
consists of private laboratories and community and university-
affiliated hospitals in all 10 provinces in Canada, were asked to
collect the first 20 consecutive clinical isolates and then all sterile-
site isolates of 

 

S. pneumoniae

 

 in 1988 and from October 1993
through September 1998. The date of collection, the source of
the specimen, and the patient’s age and sex were recorded on a
standardized form. Duplicate isolates from the same patient were
excluded.

The isolates were transported on chocolate-agar slants or swabs
to a central laboratory. On receipt, the isolates were confirmed to
be 

 

S. pneumoniae

 

 by standard methods. After storage at ¡70°C,
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the isolates were thawed and subcultured on blood agar twice be-
fore susceptibility testing was undertaken. In vitro susceptibility
testing was performed by broth microdilution according to the
guidelines of the National Committee for Clinical Laboratory
Standards.

 

18

 

 To determine the minimal inhibitory concentration
(MIC) for each isolate, the following concentrations of antimi-
crobial agents (in micrograms per milliliter) were tested, with the
use of doubling dilutions: penicillin G, 0.03 to 8; ciprofloxacin,
0.06 to 64; gatifloxacin, 0.06 to 32; grepafloxacin, 0.06 to 32;
levofloxacin, 0.06 to 64; sparfloxacin, 0.06 to 64; trovafloxacin,
0.06 to 32; moxifloxacin, 0.03 to 32; gemifloxacin, 0.03 to 32;
erythromycin, 0.12 to 16; clindamycin, 0.25 to 16; tetracycline,
1 to 32; trimethoprim–sulfamethoxazole, 0.25 to 128 (trimeth-
oprim component); and chloramphenicol, 2 to 16. The antimi-
crobial agents were supplied by their manufacturers. 

Pneumococci with reduced susceptibility to fluoroquinolones
were defined as those for which the MIC of ciprofloxacin was at
least 4 µg per milliliter. This degree of resistance is associated
with mutations in the fluoroquinolone-resistance–determining re-
gions of genes encoding DNA topoisomerase IV (

 

parC

 

) and
DNA gyrase A (

 

gyrA

 

).

 

14,16,17

 

 Moreover, this MIC is above the usu-
al peak serum concentration of ciprofloxacin. The isolates were
classified as susceptible to penicillin (MIC, «0.06 µg per millili-
ter), of intermediate susceptibility to penicillin (MIC, >0.06 to
<2.0 µg per milliliter), or resistant to penicillin (MIC, »2.0 µg
per milliliter). The interpretive standards for MICs of the Nation-
al Committee for Clinical Laboratory Standards were also used to
classify pneumococcal isolates as susceptible, of intermediate sus-
ceptibility, or resistant to the other antimicrobials tested.

 

18

 

 Be-
cause of the relatively small numbers of isolates in 1993 and 1998,
in some places we report combined data for 1993 and 1994 and
for 1997 and 1998.

All isolates with MICs of ciprofloxacin of at least 4 µg per mil-
liliter were serotyped by the National Reference Center for Strep-
tococcus (Edmonton, Alta.) with the use of type-specific antise-
rum.

 

19

 

 The genomic DNA of two groups of 12 and 14 randomly
chosen isolates with MICs of ciprofloxacin of 1 µg per milliliter
and 2 µg per milliliter, respectively, as well as all isolates with
MICs of ciprofloxacin of at least 4 µg per milliliter, were exam-
ined by pulsed-field gel electrophoresis after digestion with 

 

Sma

 

I
in order to clarify clonal relationships.

 

20,21

 

 These isolates were fur-
ther characterized by polymerase-chain-reaction and restriction-
fragment–length polymorphism analysis with 

 

Hin

 

f I for the most
commonly recognized mutations in 

 

parC

 

 and 

 

gyrA

 

 associated
with resistance to fluoroquinolones that have previously been de-
scribed in 

 

Staphylococcus aureus

 

 and 

 

Escherichia coli.

 

22,23

 

Differences in group proportions were assessed with the chi-
square test or Fisher’s exact test. The Wilcoxon rank-sum test or
single-factor analysis of variance was used for comparison of
means. Multivariate logistic-regression modeling with SAS soft-
ware (version 6.12, SAS Institute, Cary, N.C.) was used to test
the associations in isolates of pneumococci between reduced sus-
ceptibility to fluoroquinolones and other characteristics of the
isolates. Variables in the logistic-regression modeling included
those associated with resistance in univariate analysis (P<0.10).

IMS HEALTH, Canada, provided an estimate of the total num-
ber of antibiotic prescriptions dispensed in Canadian retail phar-
macies based on a representative sample of 2000 pharmacies strat-
ified according to type, size, and province. A representative sample
of 652 office-based physicians stratified according to province and
specialty was used to provide total estimated fluoroquinolone use
according to age group. Demographic information based on na-
tional census data for the country and provinces was obtained
from Statistics Canada.

 

RESULTS

 

Between 1988 and 1998, members of the Canadi-
an Bacterial Surveillance Network submitted 7551
isolates of 

 

S. pneumoniae

 

 to the surveillance program.
The number of participating centers was 15 in 1988,

24 in 1993, and from 42 to 141 between 1994 and
1998. Nineteen private laboratories serving physi-
cians’ offices and nursing homes submitted 1303 iso-
lates (17 percent of the total), and 162 laboratories in
hospitals (with a median of 360 beds per hospital and
a range of 36 to 837) submitted the remaining 6248
(83 percent of the total). The median number of iso-
lates submitted per center was 21 (range, 1 to 760).

Of the isolates, 2630 (35 percent) were from blood
or other sterile sites (2411 from blood, 101 from
cerebrospinal fluid, and 118 from other sterile fluids),
2769 (37 percent) were from the respiratory tract
(1910 from sputum, 337 from bronchoscopic spec-
imens, 246 from nasal or sinus specimens, 238 from
pharyngeal specimens, and 38 from other respirato-
ry tract specimens), and 2073 (27 percent) were from
other sites (1482 from eye swabs, 522 from ear swabs,
and 69 from other sites). The source of 79 isolates
(1.0 percent) was not specified. 

The patient’s age was requested on surveillance
forms in all years except 1988. The patient’s age was
provided for 6335 of 7551 isolates (84 percent);
among these, 2311 specimens were from children
under 15 years of age (36 percent), 2060 were from
adolescents and adults 15 to 64 years of age (33 per-
cent), and 1964 were from adults 65 years of age or
older (31 percent). 

Overall, 684 isolates (9.1 percent) were not sus-
ceptible to penicillin (resistant or of intermediate
susceptibility). The prevalence of isolates that were
not susceptible to penicillin increased from 2.4 per-
cent (4 of 166) in 1988 to 13.9 percent (256 of
1844) in 1997 and 1998 combined. Over the same
period, the rate of resistance to macrolides increased
from 1.2 percent (2 of 166) to 6.7 percent (124 of
1844), resistance to trimethoprim–sulfamethoxa-
zole increased from 1.8 percent (3 of 163) to 11.6
percent (207 of 1791), and resistance to tetracycline
increased from 2.4 percent (4 of 166) to 6.9 percent
(128 of 1844).

The overall prevalence of pneumococci with re-
duced susceptibility to fluoroquinolones was 1.0 per-
cent (75 of 7551). The prevalence increased from
0 percent (0 of 327) in 1988 and 1993 to 1.7 per-
cent (32 of 1844) in 1997 and 1998 (P=0.01). No
pneumococci with reduced susceptibility to fluo-
roquinolones were obtained from children. Among
adults, the prevalence increased from 1.5 percent
(24 of 1566) in 1993 and 1994 combined to 2.9
percent (29 of 1016) in 1997 and 1998 combined.
The greatest change was seen among people 15 to
64 years of age, in whom the percentage of pneumo-
coccal isolates with reduced susceptibility to fluoro-
quinolones increased from 0.5 percent (4 of 833) in
1993 and 1994 to 2.0 percent (10 of 492) in 1997
and 1998 (Fig. 1). The prevalence of pneumococci
with reduced susceptibility to fluoroquinolones was
higher in isolates from elderly patients (2.6 percent
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[51 of 1964] in those 65 years of age or older, as
compared with 1.0 percent [20 of 2060] in those 15
to 64 years of age; P<0.001) and in those from On-
tario (1.5 percent [60 of 4090], vs. 0.4 percent [15
of 3461] among those from the rest of Canada;
P<0.001). These findings were consistent in all years
for which data were available.

Overall, the number of fluoroquinolone prescrip-
tions increased from 0.8 to 5.5 per 100 persons per
year between 1988 and 1997 (Fig. 1). Per capita flu-
oroquinolone use was greatest among the elderly
and in Ontario. Between 1993 and 1997 the num-
ber of fluoroquinolone prescriptions ranged from
13 to 18 per 100 persons per year among people
65 or older. In the province of Ontario, there was
an increase from less than 1 per 100 in 1988 to 6.8
per 100 in 1997. In addition to the increase in the
prevalence of pneumococci with reduced suscepti-
bility to fluoroquinolones, the degree of reduction
in susceptibility to fluoroquinolones also changed.
From 1994 to 1998, there was a statistically signif-
icant increase in the proportion of isolates with an
MIC of ciprofloxacin of at least 32 µg per milliliter
(P=0.04).

The 75 pneumococcal isolates with reduced sus-
ceptibility to fluoroquinolones were obtained from
40 different laboratories (38 hospital-based and 2 pri-
vate) located in eight provinces. Seventeen different
serotypes were identified among 73 isolates success-
fully serotyped. The most frequent serotypes were
11A (nine isolates); 23F (eight isolates); 9V (seven

isolates); 6A, 6B, and 9N (six isolates each); 22F
(five isolates); and 14 (four isolates). With the excep-
tion of two serotype 3 isolates with the same elec-
trophoretic pattern identified from the same labora-
tory in the same year, serotyping and pulsed-field gel
electrophoresis revealed no clustering of pneumo-
cocci with reduced susceptibility to fluoroquino-
lones. The 10 isolates with MICs of ciprofloxacin of
at least 32 µg per milliliter were 3 isolates of sero-
type 11A (2 clonally related according to electro-
phoresis), 2 of serotype 19F (clonally distinct ac-
cording to electrophoresis), and 1 each of serotypes
6A, 6B, 9V, 18A, and 19A.

The increases in the MIC of ciprofloxacin were
paralleled by increases in the MICs of the other flu-
oroquinolones. In general, the newer fluoroquino-
lones had MICs that were lower than that of cipro-
floxacin by a factor of at least four, with gemifloxacin
having the greatest in vitro activity against 

 

S. pneu-
moniae

 

 (Table 1). Mutations in the fluoroquinolone-
resistance–determining region of the 

 

parC

 

 and 

 

gyrA

 

genes encoding subunits of topoisomerase IV and
DNA gyrase A have been found in isolates with
decreased susceptibility to fluoroquinolones.

 

22

 

 After

 

Hin

 

f I restriction-fragment–length polymorphism
analysis, 12 randomly chosen isolates with MICs of
ciprofloxacin of no more than 1 µg per milliliter did
not have evidence of mutations at the key Asp80–
Ser81 (

 

gyrA

 

) or Asp78–Ser79 (

 

parC

 

) loci. In con-
trast, 5 of 14 isolates associated with MICs of cipro-
floxacin of 2 µg per milliliter (36 percent), 21 of 41

 

Figure 1.

 

 Fluoroquinolone Prescriptions per Capita (Curve) and Frequency of Pneumococci with Re-
duced Susceptibility to Fluoroquinolones in Canada According to the Patient’s Age (Bars).
No isolates with reduced susceptibility were identified for persons who were younger than 15 years.
Solid bars indicate an age of 15 to 64 years, and open bars an age of 65 years or older. Data on per
capita fluoroquinolone prescriptions were obtained from 1988 through 1997, and data on the frequency
of pneumococci with decreased susceptibility to fluoroquinolones in each age group were obtained in
1988 and in 1993 through 1998. No isolates with reduced susceptibility were identified in 1988 or 1993.
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with MICs of 4 µg per milliliter (51 percent), 11 of
13 with MICs of 8 µg per milliliter (85 percent),
and 21 of 21 with MICs of at least 16 µg per milli-
liter (100 percent) (P<0.001) were found to have
these mutations. The proportion of isolates with
mutations demonstrable by 

 

Hin

 

f I restriction-frag-
ment–length polymorphism analysis in both 

 

parC

 

and 

 

gyrA

 

 also increased with increasing MICs of cip-
rofloxacin. Twelve of 21 isolates associated with
MICs of at least 16 µg per milliliter (57 percent) had
these mutations in both 

 

parC

 

 and 

 

gyrA,

 

 as com-
pared with 2 of 13 for which the MIC was 8 µg per
milliliter (15 percent) and 1 of 41 for which the
MIC was 4 µg per milliliter (2 percent) (P<0.001).

According to univariate analysis, pneumococci with
reduced susceptibility to fluoroquinolones were sig-
nificantly more likely to be isolated from older pa-
tients, from respiratory tract specimens, from patients
in the province of Ontario, and during the later years
of surveillance (Table 2). Pneumococci with reduced
susceptibility to fluoroquinolones were also signifi-
cantly more likely to be resistant to penicillin (rela-
tive risk, 5.0; 95 percent confidence interval, 2.5 to
10), trimethoprim–sulfamethoxazole (relative risk,
3.9; 95 percent confidence interval, 2.2 to 7.0), and
tetracycline (relative risk, 2.7; 95 percent confidence
interval, 1.2 to 5.8). According to multivariate analy-
sis, pneumococci with reduced susceptibility to flu-
oroquinolones were significantly more likely to be
isolated from older patients, from respiratory tract
specimens, from patients in Ontario, and during the
later years of surveillance, and were also more likely
to be resistant to penicillin (Table 3). Secondary analy-
sis using only the 3278 isolates from laboratories
that submitted isolates in all four years between 1994
and 1997 yielded the same associations as the pri-
mary analysis (data not shown).

 

DISCUSSION

 

This study provides evidence that the increase in the
use of fluoroquinolones in Canada is associated with
an increase in the frequency and degree of reduced
susceptibility to fluoroquinolones among pneumo-
cocci, especially among penicillin-resistant 

 

S. pneu-
moniae.

 

 Previous studies have shown strong associa-
tions between the use of antimicrobial agents in the
community and the emergence of antimicrobial re-
sistance in a number of organisms.

 

24-29

 

 Our study
demonstrates that the prevalence of pneumococci
with reduced susceptibility to fluoroquinolones not
only increased over time but also was associated with
the age group (persons 65 or older) and geographic
location (Ontario) with the highest per capita use of
fluoroquinolones.

Pneumococci with reduced susceptibility to fluo-
roquinolones were reported by 40 of the participat-
ing laboratories. Serotyping and pulsed-field gel elec-
trophoresis demonstrated that the pneumococci with
reduced susceptibility to fluoroquinolones were of
multiple clones and serotypes, suggesting that new
resistance is developing in multiple indigenous strains.
Together, these results further support the hypothe-
sis that selective pressure applied to many strains si-
multaneously is the important determinant of the
emergence of resistance. However, the increased prev-
alence of pneumococci with reduced susceptibility
to fluoroquinolones might also result from clonal
dissemination.

 

30

 

 The dramatic increase in 

 

S. pneumo-
niae

 

 that are not susceptible to penicillin in Iceland,
resulting from the spread of a serotype 6B clone,
and the well-documented international dissemina-
tion of a multiresistant serotype 23F clone, serve as
reminders of the efficiency with which a fit, resistant
pneumococcal strain can spread.

 

31-35

 

Penicillin resistance is a marker for resistance to oth-

 

*Values in boldface type are at the proposed or established intermediate interpretive standards for susceptibility as defined by the National
Committee for Clinical Laboratory Standards.

 

18

 

T

 

ABLE

 

 1.

 

 I

 

N

 

 V

 

ITRO

 

 A

 

CTIVITY

 

 

 

OF

 

 S

 

ELECTED

 

 F

 

LUOROQUINOLONES

 

 

 

AGAINST

 

 75 P

 

NEUMOCOCCAL

 

 I

 

SOLATES

 

 

 

WITH

 

 MIC

 

S

 

 

 

OF

 

 C

 

IPROFLOXACIN

 

 

 

OF

 

 »4 µg 

 

PER

 

 M

 

ILLILITER

 

 C

 

OLLECTED

 

 

 

IN

 

 C

 

ANADA

 

 

 

FROM

 

 1994 

 

THROUGH

 

 1998.

 

F

 

LUOROQUINOLONE

 

M

 

INIMAL

 

 I

 

NHIBITORY

 

 C

 

ONCENTRATION

 

 (µg/ml)*

 

«0.03 0.06 0.12 0.25 0.5 1.0 2.0 4.0 8.0 16.0 32.0 64.0

 

no. of isolates inhibited (cumulative %)

 

Ciprofloxacin 41 (55) 13 (72) 11 (87) 4 (92) 6 (100)

Levofloxacin 1 (1) 11 (16) 35 (63)

 

3 (67)

 

10 (80) 11 (95) 4 (100)

Sparfloxacin 2 (3) 37 (52)

 

8 (63)

 

1 (64) 7 (73) 14 (92) 2 (95) 3 (99) 1 (100)

Grepafloxacin 14 (19) 24 (51)

 

10 (64)

 

3 (68) 13 (85) 6 (93) 5 (100)

Trovafloxacin 14 (19) 31 (60) 6 (68)

 

7 (77)

 

10 (91) 6 (99) 1 (100)

Gatifloxacin 3 (4) 41 (59) 4 (64) 8 (75) 14 (93) 5 (100)

Moxifloxacin 3 (4) 39 (56) 5 (63) 6 (71) 13 (88) 7 (97) 2 (100)

Gemifloxacin 24 (32) 22 (61) 10 (75) 13 (92) 2 (95) 4 (100)
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er antimicrobial agents, including trimethoprim–sul-
famethoxazole, erythromycin, and tetracycline.

 

1,3-5,36,37

 

However, there are conflicting reports about the re-
lation between penicillin resistance and reduced sus-
ceptibility to fluoroquinolones in 

 

S. pneumoniae.

 

4,38-41

 

Our results suggest that the relation exists but may
be difficult to detect, because 

 

b

 

-lactam use is highest
among children, whereas fluoroquinolones are used
mainly by adults. This association is of particular
concern, since the current and future fluoroquino-
lones with enhanced activity against 

 

S. pneumoniae

 

will be targeted for use against infections due to pen-
icillin-resistant 

 

S. pneumoniae.8,9

As with penicillin resistance, there can be both re-

gional and temporal variation in the prevalence of
pneumococci with reduced susceptibility to fluoro-
quinolones.42-46 Participation in the Canadian Bacte-
rial Surveillance Network is voluntary, and the par-
ticipation of specific centers varies from year to year.
Therefore, these data cannot be used to examine de-
tailed regional differences, and the Canadian popu-
lation is not fully represented. However, the con-
sistency of identified associations in the secondary
analysis and the fact that the rates of penicillin resist-
ance in this system are very similar to those reported
by other Canadian surveillance systems support the
data presented.10 Nonetheless, these data need to be
confirmed in studies of surveillance data from other
geographic areas, and ongoing surveillance is required
to assess the evolution of pneumococci with reduced
susceptibility to fluoroquinolones in Canada and in
other countries.

Further increases in both the prevalence and the
degree of reduced susceptibility to fluoroquinolones
can be anticipated if fluoroquinolone use continues
to increase. As the prevalence of penicillin-resistant
pneumococci and multiresistant strains has increased,
there has been a growing impetus to use fluoroquin-
olones in children, who are major reservoirs of pneu-
mococci. The potential role of fluoroquinolones in
pediatric infections has long been under consider-
ation.47 Studies approved by the Food and Drug Ad-
ministration are currently investigating the use of
newer fluoroquinolones in children (McCracken GH
Jr: personal communication). Clinical isolates associ-
ated with MICs of newer fluoroquinolones of at least
8 µg per milliliter have already been described.13,48,49

*The patient’s age was unknown in the case of 1216 isolates.

†The P value was calculated by the likelihood-ratio chi-square test.

‡The source was unknown for 79 isolates.

§There were 2411 isolates from blood, 101 from cerebrospinal fluid, and
118 from other sterile body fluids.

¶There were 1910 isolates from sputum, 337 from bronchoscopic spec-
imens, 246 from nasal or sinus swabs, 238 from pharyngeal swabs, and 38
from other sites.

¿There were 1482 isolates from eye swabs, 522 from ear swabs, and 69
from other specimens.

**The P value was calculated by Fisher’s exact test.

TABLE 2. FACTORS ASSOCIATED WITH REDUCED SUSCEPTIBILITY 
TO FLUOROQUINOLONES IN 7551 ISOLATES 

OF STREPTOCOCCUS PNEUMONIAE.

FACTOR

NO. (%) WITH MIC 
OF CIPROFLOXACIN 

OF AT LEAST 4 µg/ml P VALUE

Patient’s age*
<15 yr
15–64 yr
»65 yr

0/2311 
20/2060 (0.9)
51/1964 (2.6)

<0.001†

Source of isolate‡
Blood or other sterile fluid§
Respiratory tract¶
Other¿

24/2630 (0.9)
45/2769 (1.6)
5/2073 (0.2)

0.001†

Geographic area
Atlantic Canada and Quebec
Ontario
Western Canada

7/1379 (0.5)
60/4090 (1.5)
8/2082 (0.4)

<0.001†

Institution or offices served by laboratory
Physicians’ offices or nursing homes
Hospital

11/1303 (0.8)
64/6248 (1.0)

0.66**

No. of beds in hospital served
<200
200–349
>349

9/1464 (0.6)
14/1486 (0.9)
41/3298 (1.2)

0.11†

Year of isolation
1988
1993
1994
1995
1996
1997
1998

0/166 
0/161 

24/2813 (0.9)
11/1505 (0.7)
8/1062 (0.8)

24/1400 (1.7)
8/444 (1.8)

0.008†

Penicillin resistance of isolate
Susceptible
Intermediate
Resistant

61/6867 (0.9)
5/463 (1.1)
9/221 (4.1)

0.002†

*OR denotes odds ratio, and CI confidence interval. Odds ratios were
calculated per decade of life for age, and per year for year of isolation.

†This was the reference group.

TABLE 3. MULTIVARIATE ANALYSIS OF FACTORS ASSOCIATED WITH 
REDUCED SUSCEPTIBILITY TO FLUOROQUINOLONES IN ISOLATES 

OF STREPTOCOCCUS PNEUMONIAE.

FACTOR

ADJUSTED OR
(95% CI)* P VALUE

Patient’s age 1.6 (1.4–1.8) <0.001

Year of isolation 1.2 (1.0–1.4) 0.05

Geographic area
Atlantic Canada and Quebec†
Ontario
Western Canada

1.0 
4.6 (1.8–1.2)
1.2 (0.4–3.9)

<0.001
0.71

Source of isolate
Blood or other sterile fluid†
Respiratory tract
Other

1.0 
2.7 (1.6–4.8)
1.4 (0.5–3.8)

<0.001
0.56

Degree of resistance to penicillin
Susceptible†
Intermediate
Resistant

1.0 
1.3 (0.5–3.5)
3.7 (1.7–8.1)

0.55
<0.001
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If the value of this important group of antimicrobial
agents is to be preserved, it is essential not only to
control their inappropriate use but also to learn which
fluoroquinolones, and which doses and durations of
therapy, will minimize the selection of resistant bac-
teria.50-52

Supported in part by a grant from the Canadian Bacterial Diseases
Network.

APPENDIX

Other investigators of the Canadian Bacterial Surveillance Network are
as follows: C. Duncan, L. Trpeski, D. Libertucci, S. Pong-Porter, and D.
Bast (Mount Sinai Hospital, Toronto); R. Davidson and K. Forward
(Queen Elizabeth II Health Sciences Centre, Halifax, N.S.); L. Mandell
(McMaster University, Hamilton, Ont.); A. Simor (Sunnybrook Health
Science Centre, Toronto); D. Hoban and G. Zhanel (University of Mani-
toba, Winnipeg); M. Laverdiere and K. Weiss (Hôpital Maisonneuve-Rose-
mont, University of Montreal, Montreal); L. Abbott (Queen Elizabeth
Hospital, Charlottetown, P.E.I.); J. Blondeau (St. Paul’s Hospital and Uni-
versity of Saskatchewan, Saskatoon); G. Murray (Centre Hospitalier Uni-
versitaire de Québec St. Sacrement, Sainte Foy); G. Randhawa (Kelowna
General Hospital, Kelowna, B.C.); G. Harding and S. Hoban (St. Boniface
General Hospital, Winnipeg, Man.); D. Hinds (Richmond Hospital, Rich-
mond, B.C.); C. Gaudreau (Campus Saint-Luc, Centre Hospitalier de
l’Université de Montréal, Montreal); R. Roy (Vernon Jubilee Hospital, Ver-
non, B.C.); D. Groves (St. Joseph’s Hospital, Hamilton, Ont.); M. Ber-
geron (Université Laval, Quebec, Que.); D. Gregson (St. Joseph’s Health
Centre, London, Ont.); P. Jessamine and B. Toye (Ottawa Civic Hospital
and Ottawa General Hospital, Ottawa, Ont.); P. Kibsey (Victoria General
Hospital, Victoria, B.C.); R. Rennie, University of Alberta Hospitals, Ed-
monton); P. Turgeon (Hôpital Saint-Luc and Université de Montréal,
Montreal); P. Leighton (Dr. Everett Chalmers Hospital, Fredericton, N.B.);
L. Thibault (Dr. Georges L. Dumont Hospital, Moncton, N.B.); M. Kuhn
(Moncton Hospital, Moncton, N.B.); R. Lewis (Cape Breton Regional
Hospital, Sydney, N.S.); P. Jutras (Centre Hospitalier Régional de Rimous-
ki, Rimouski, Que.); D. Church (Calgary Laboratory Services, Calgary, Al-
ta.); J. Nigrin, E. Blondel-Hill, and J. Galbraith (Dynacare Kasper Medical
Laboratories, Edmonton, Alta.); M. Lovgren (National Centre for Strep-
tococcus, Edmonton, Alta.); and J.M. Hutchinson (Health Sciences Cen-
tre, St. John’s, Newf.).
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