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The in vitro susceptibilities of 551 community isolates of Streptococcus pneumoniae from the Canadian
province of Ontario to several new fluoroquinolones and ,-lactam antimicrobial agents were determined by a

broth microdilution technique. Eight (1.5%) of these isolates were moderately susceptible (MICs, .0.12 and
s1.0 ,g/ml) to penicillin; none was resistant. Temafloxacin, ciprofloxacin, and ofloxacin (MICs for 90% of
strains tested, between 1 and 2 ,ug/ml) were the most active fluoroquinolones tested, and BMY-28100 (MIC for
90% of strains tested, 0.25 ,ug/ml) was the most active of the new 3-lactams tested.

Streptococcus pneumoniae remains a leading cause of
upper and lower respiratory tract infections as well as a
significant cause of meningitis, septicemia, and other serious
infections (24). For years, penicillin has remained the treat-
ment of choice. However, since 1967, when S. pneumoniae
resistant to penicillin was first reported (7), further evidence
has suggested that these isolates are occurring worldwide
with greater frequency and that the penicillin MICs for these
isolates are increasing (1, 11, 24; C. Thornsberry, J. M.
Swenson, and R. R. Facklam, Antimicrob. Newsl. 5:23-24,
1988). Recently, several new, clinically important antimicro-
bial agents, particularly of the fluoroquinolone and ,-lactam
groups have been developed. These newer agents possess a
relatively broad spectrum of activity and have excellent
absorption after oral administration (10, 16). However, their
activity against streptococci, particularly S. pneumoniae,
has varied considerably from agent to agent (2, 3, 13, 15, 16,
19, 25), and this may limit their usefulness in treating
pneumococcal infections. Therefore, we determined the
prevalence of penicillin-resistant S. pneumoniae among
community isolates in Ontario and determined their in vitro
susceptibility to several new antimicrobial agents.
A total of 551 community outpatient isolates of S. pneu-

moniae were collected from across the Canadian province of
Ontario between May 1988 to September 1988 from MDS
Laboratories, which provide service to family physicians
and nursing homes. All isolates were identified as S. pneu-
moniae based on colonial morphology, Gram stain charac-
teristics, bile solubility, and optochin susceptibility. Refer-
ence strains of Staphylococcus aureus ATCC 29213, S.
aureus ATCC 25923, and Enterococcus faecalis ATCC
29212 were used as control organisms for susceptibility
testing. As well, three control strains of S. pneumoniae for
which MICs were previously reported (12) were provided by
Francois Lamothe, Department of Microbiology, Hopital
Saint-Luc, Montreal, Quebec, Canada. The isolates were
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frozen at -70°C, thawed, subcultured onto Columbia agar
containing 5% sheep blood, and incubated at 37°C in 5% CO2
for 24 h immediately before susceptibility testing.

All isolates were tested for in vitro susceptibility by a
broth microdilution technique, following National Commit-
tee for Clinical Laboratory Standards M7-A guidelines (17).
Cation-supplemented Mueller-Hinton broth (GIBCO Diag-
nostics, Madison, Wis.) with 5% lysed horse blood and an
inoculum of 105 CFU/ml was used. MICs (defined as the
lowest concentration that inhibits visible growth completely)
were determined after overnight incubation at 37°C in 5%
CO2. Susceptibility to penicillin was also determined by
measuring the zone of inhibition around a 1-,ug oxacillin disk
on cation-supplemented Mueller-Hinton agar supplemented
with 5% lysed horse blood, according to National Committee
for Clinical Laboratory Standards M2-A3 guidelines (18).
The antimicrobial agents tested (SCH 39720 [ceftibuten],
LY163892 [loracarbef], BMY-28100, ciprofloxacin, enoxa-
cin, fleroxacin, ofloxacin, pefloxacin, lomefloxacin, tema-
floxacin, penicillin G, ampicillin, cefaclor, cefamandole,
erythromycin, clindamycin, tetracycline, and trimethoprim-
sulfamethoxazole) were supplied by the respective manufac-
turers.
Of the original 551 isolates of S. pneumoniae, 8 (1.5%)

were found to have reduced susceptibility to penicillin
(MICs, 0.12 to 1.0 ,ug/ml). As well, for the three control
strains of S. pneumoniae the reproducible MICs were 0.25,
0.5, and 2 ,g/ml. This gave a total of 10 isolates that were
moderately susceptible to penicillin and one strain that was
truly resistant to penicillin (MIC, .2.0 ,ug/ml). All of these
11 isolates were also detected by the 1-,ug oxacillin disk with
zones of inhibition of <19 mm. A total of 29 (5.2%) of the 551
isolates showed reduced susceptibility to at least one anti-
microbial agent tested, with some demonstrating reduced
susceptibility to multiple agents. Resistance to trimetho-
prim-sulfamethoxazole was the most common, with MICs
for 2.5% of the isolates of .4/76 ,ug/ml. Three isolates were
resistant to erythromycin (MIC, .32.0 Fg/ml), clindamycin
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TABLE 1. In vitro susceptibility of 551 clinical isolates and 3 control strains of S. pneumoniae to various antimicrobial agents

MIC (,g/ml)

Antimicrobial agent Susceptible' isolates (n = 543) Isolates with reduced susceptibility'(n=1)
Range 50%o 900% Range 50%

Ciprofloxacin 0.25-2.0 0.5 1.0 0.25-2.0 1.0
Enoxacin 1.0->32.0 8.0 16.0 4.0-16.0 8.0
Lomefloxacin 1.0-16.0 4.0 8.0 4.04.0 8.0
Temafloxacin 0.12-1.0 0.5 1.0 0.25-1.0 0.5
Fleroxacin 1.0-16.0 8.0 8.0 4.0-8.0 8.0
Ofloxacin 0.5-4.0 1.0 2.0 1.0-4.0 2.0
Pefloxacin 0.5-16.0 4.0 8.0 2.0-8.0 4.0
BMY-28100 0.12-0.25 0.25 0.25 0.12-4.0 0.12
Loracarbef (LY163892) 0.12-1.0 0.5 1.0 0.5->32.0 2.0
Ceftibuten (SCH 39720) 0.5-32.0 1.0 2.0 8.0->32.0 16.0
Penicillin G .0.03-0.06 <0.03 .0.03 0.12-2.0 0.25
Ampicillin <0.06 <0.06 s0.06 <0.06->4.0 0.12
Cefaclor .1.0 <1.0 .1.0 <0.25->32.0 1.0
Cefamandole .0.25-4.0 <0.25 .0.25 <0.25-16.0 0.5
Erythromycin .0.25->32.0 <0.25 .0.25 <0.12-16.0 .0.12
Clindamycin <0.25->32.0 <0.25 <0.25 <0.12-16.0 .0.12
Tetracycline <1.0-32.0 <1.0 .1.0 <1.0-16.0 <1.0
TMP_SMXb <0.25/4.75-16.0/304 0.25/4.75 1/19 .0.25/4.754.0/152 1.0/19

a Refers to susceptibility to penicillin.
b TMP-SMX, Trimethoprim-sulfamethoxazole.

(MIC, .32.0 ,ug/ml), and tetracycline (MIC, 32.0 ,ug/ml). An
additional isolate was resistant only to clindamycin and
erythromycin, and three more were resistant to erythromy-
cin alone.
The in vitro susceptibilities of the isolates to the antimi-

crobial agents tested are shown in Table 1. Of the fluoroqui-
nolones tested, ciprofloxacin, temafloxacin, and ofloxacin
appeared to be the most active against penicillin-susceptible
S. pneumoniae (MICs for 90% of isolates tested [MIC90],
between 1 and 2 ,ug/ml). The other fluoroquinolones showed
much higher MIC90s, with enoxacin being the least active
(MIC0,, 16.0 .g/ml). Of the three new ,B-lactam antibiotics,
BMY-28100 appeared to have the greatest in vitro activity
with an MIC,0 of 0.25 pg/ml. Loracarbef and ceftibuten had
four- to eightfold higher,MIC%0s, even against penicillin-
susceptible strains of S. pneumoniae. Against the 11 isolates
with reduced susceptibility to penicillin, ciprofloxacin (MIC
for 50% of isolates tested [MIC5J1, 1.0 pg/ml) and temaflox-
acin (MIC5,0 0.5 pug/ml) remained the most active fluoroqui-
nolones, whereas BMY-28100 (MIC50, 0.12 ,ug/ml) was the
most active of the newer j-lactam antibiotics. Ceftibuten
appeared to be the least active agent against these isolates;
for seven isolates the MICs were .16 jig/ml.
The relatively low prevalence of S. pneumoniae with

reduced susceptibility to penicillin (1.5%) found in our study
in Ontario appears to be similar to the 1.3% prevalence
recently reported in Quebec (12) and the 2.4% found in
Western Canada in 1977 (4). These results suggest that in
Canada the prevalence of S. pneumoniae with reduced
susceptibility to penicillin appears to be uniform across the
country and that it has remained stable over the past 10 to 12
years. In contrast, in the United States, the current overall
incidence of S. pneumoniae with reduced susceptibility to
penicillin is approximately 4%, although there is great geo-
graphic variability, ranging from 0 to 15% (1; Thornsberry et
al., Antimicrob. Newsl.). As well, the prevalence in Canada
of these strains is far below that reported from other coun-
tries such as Spain (51%) or South Africa (62.2%) (1, 11).
Moreover, only S. pneumoniae strains that are moderately

susceptible to penicillin (MICs, .0.12 and .1.0 ,ug/ml) and
none with true resistance (MIC, .2.0 ,ug/ml) have been
isolated in Canada.
Our susceptibility test results are in agreement with pre-

vious studies, which have shown the wide variability in
activity against S. pneumoniae that members of the fluoro-
quinolone and newer ,B-lactam antimicrobial agents may
possess (6, 9, 13-15, 20, 21, 25). Temafloxacin, ofloxacin,
and ciprofloxacin of the fluoroquinolone group and BMY-
28100 of the newer ,B-lactam group appear to possess the
greatest in vitro activity against S. pneumoniae. The MIC90s
of temafloxacin (1.0 jig/ml), ofloxacin (2.0 /ml), and cip-
rofloxacin (1.0 ,ug/ml) are below the achievable mean peak
levels of these agents in serum (8, 23). However, compared
with peak levels in sputum (5), the achievable concentrations
of these agents more closely approach their MIC90s. This
fact may limit the usefulness of these agents in treating
common infections caused by S. pneumoniae, such as pneu-
monia, despite their in vitro activity. Although some clinical
trials demonstrating the effectiveness of these agents against
S. pneumoniae have been done (22), further studies are
needed to support their clinical efficacy and before recom-
mendations for their use can be made.
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