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Centre Hospitalier Universitaire de Montréal, L’Hôpital Saint-Luc, Montreal, Quebec H2X 3J4,4 and
McGill University Health Centre, Royal Victoria Hospital, Montreal, Quebec H3A 1A1,5 Canada

Received 21 July 2000/Returned for modification 28 September 2000/Accepted 5 November 2000

In the province of Quebec, Canada, from 1996 to 1998, 3,650 invasive Streptococcus pneumoniae infections
were reported. A total of 1,354 isolates were serotyped and tested for antimicrobial susceptibility. The distri-
bution of serotypes remained stable over the 3 years, with serotypes 14, 6B, 4, 9V, 23F, and 19F accounting for
61% of the isolates. Overall, 90% of isolates were included in the current 23-valent vaccine and 67% were
included in the 7-valent conjugate vaccine. We were able to determine that resistance to penicillin and to other
antibiotics is increasing.

Streptococcus pneumoniae is a significant bacterial pathogen
causing pneumonia, meningitis, otitis media, and bacteremia
(17). There is a worldwide increase in the incidence of pneu-
mococcal resistance to several antimicrobial agents (3, 9, 15,
16, 18, 33). In some areas of the United States, as many as 35%
of invasive isolates have been reported to be nonsusceptible to
penicillin (5, 6). In Canada, prior to 1990, the rates of penicillin

resistance were less than 5% (1, 8, 13, 19, 23). During the last
decade, reports from Canada have identified increasing rates
of nonsusceptibility to penicillin, ranging from 7.8 to 20% for
invasive isolates (21, 32). In Quebec, resistant strains, espe-
cially those of serotype 23F, as well as multiresistant strains
have been identified (14). The Laboratoire de Santé Publique
du Québec (LSPQ) initiated, in November 1995, a surveillance
program in order to monitor the invasive pneumococcal infec-
tions in Quebec and to provide the Ministry of Health with
data to be used in establishing pneumococcal vaccination pol-
icies. In this article, we report the data obtained from 1996 to
1998.

Since the beginning of this surveillance program, all hospital
laboratories (134 in 1996 to 114 in 1998) have reported on a
monthly basis the total number of S. pneumoniae strains iso-
lated from normally sterile body fluids, using a questionnaire
sent to the LSPQ. The total population of the province of
Quebec was estimated at 7,396,742 people in 1996 (28). The
surveillance case definition was the isolation of S. pneumoniae
in a normally sterile body fluid such as blood or cerebrospinal
fluid from patients of any age (one isolate per patient per
14-day period). Twenty-seven hospitals, located throughout
major regions of the province and cities, were enrolled as
sentinel units and asked to send all of their invasive pneumococ-
cal isolates to the LSPQ. Identification of isolates was confirmed
by colony morphology, susceptibility to ethylhydrocuprein, and
agglutination with antipneumococcal polysaccharide capsule
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Granit, Lac Mégantic, Quebec G6B 1A5, Canada; J. Caron, CLSC-
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Maisonneuve-Rosemont, Montreal, Quebec H1T 2M4, Canada; J. Mc-
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antibodies by a Quellung reaction (22). Serotyping was per-
formed by the capsular swelling method (22) using antisera
from Statens Seruminstitut, Copenhagen, Denmark, in collab-
oration with Marguerite Lovgreen, National Center for Strep-
tococcus, University of Alberta, Edmonton, Canada. Testing of
susceptibility to penicillin G, ceftriaxone and ofloxacin was
performed by using the broth microdilution method, and test-
ing of susceptibility to chloramphenicol, erythromycin, rifampin,
trimethoprim-sulfamethoxazole (TMP-SMX), and vancomycin
was performed by the agar dilution method during the first half
of the study and by broth microdilution thereafter. Both meth-
ods were performed in accordance with those of the National
Committee for Clinical Laboratory Standards (25, 26). Antibi-
otic powders were purchased from Sigma Chemical Co., St.
Louis, Mo. We defined reduced susceptibility as including in-
termediate and resistant categories and multiple resistance as
including reduced susceptibility to three or more classes of
antimicrobial agents. Information on age, sex, type of infec-
tion, and clinical outcome for each patient at the time the
isolate was shipped to the LSPQ was provided by each sentinel
unit. Statistical analysis of the data was performed by the
chi-square test (34). A P value of ,0.05 was considered statis-
tically significant.

During the 3-year period of this study, a total of 3,650 cases
of invasive S. pneumoniae infection were reported, for a mean
incidence of 16.5 per 100,000 persons annually (15.5 during
1996, 17.3 during 1997, and 16.6 during 1998). Although the
total number of cases remained stable over these years (1996,
1,139; 1997, 1,280; 1998, 1,231), the distribution was seasonal,
reflecting the influence, during the winter, of the respiratory
viral infection season on the risk of acquiring pneumococcal
pneumonia.

A total of 1,354 isolates representing 37% of all reported
isolates were received at the LSPQ (450 during 1996, 434
during 1997, and 470 during 1998) for analysis. Strains were
isolated from blood (93.4%), cerebrospinal fluid (4.1%), or
other normally sterile sites (2.5%). Table 1 shows the distri-
bution of the serotypes by age. Overall, 90% of the isolates
(1,217 of 1,354) were included in the current 23-valent vaccine
and 67% (904 of 1,354) were included in the new 7-valent
conjugate vaccine.

Globally, 25% (342 of 1,354) of the isolates were nonsus-
ceptible to one or more of the antimicrobial agents studied.
Table 2 shows the percentage of isolates with reduced suscep-
tibility to each antibiotic tested over the 3 years. Globally,
nonsusceptibilities to penicillin, ceftriaxone, chlorampheni-
col, erythromycin, and TMP-SMX were 11.7, 7.7, 2.7, 8.1, and
20.2%, respectively. Nine isolates were found to be nonsuscep-
tible to ofloxacin during 1998, including eight intermediate

TABLE 1. Distribution of serotypes with respect to the age of the patient and serotype inclusion in the 23-valent vaccine
or in the 7-valent conjugated vaccine

Serotype

No. of patients who were:

,2 yr old
(n 5 242)

2 to ,5 yr old
(n 5 97)

5 to ,10 yr old
(n 5 29)

10 to ,18 yr old
(n 5 20)

$18 yr old
(n 5 966)

Included in the 7- and 23-valent vaccines
4 10 7 3 4 114
6B 53 13 1 1 89
9V 14 2 6 4 101
14 73 27 4 0 116
18C 17 16 5 0 40
19F 32 7 1 0 43
23F 20 7 3 0 71

Included in the 23-valent vaccine only
3 3 0 0 1 66
7F 0 1 0 5 39
8 0 0 0 0 19
9N 2 0 0 0 27
11A 0 0 0 1 20
19A 5 5 1 0 18
22F 0 2 0 0 50
33F 0 1 0 0 11
Othersa 1 2 1 2 36

Not included in vaccines
6A 7 3 2 0 41
Othersb 5 4 2 2 65

a Serotypes 1, 2, 5, 10A, 12F, 15B, 17F, and 20.
b Serotypes 7C, 10F, 11B, 13, 15A, 15C, 16F, 18B, 18F, 22A, 23A, 35B, 35F, 38, and 42.

TABLE 2. Antimicrobial susceptibility data for a total of 1,354
pneumococcal isolates in Quebec from 1996 to 1998

Yr (n)
% Intermediate/% resistant toa:

PEN CEF CHL ERY RIF TMP-SMX OFL

1996 (450) 2.9/6.9 6.0/1.1 0/2.0 0/4.9 0/0.2 4.7/14.7 NDb

1997 (434) 5.3/6.2 6.7/0.5 0/2.3 0/9.5 0/0 6.2/16.6 ND
1998 (470) 5.7/7.9 7.9/0.8 0/3.8 0/10.0 0/0 5.3/16.4 1.7/0.2

Total 4.7/7.0 6.9/0.8 0/2.7 0/8.0 0/0.1 5.4/14.8 1.7/0.2

a No isolate was found to be resistant to vancomycin. PEN, penicillin; CEF,
ceftriaxone; CHL, chloramphenicol; ERY, erythromycin; RIF, rifampin; OFL,
ofloxacin.

b ND, not determined.
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isolates (MICs of 4 mg/ml). One isolate showing an ofloxacin
MIC of 16 mg/ml was also intermediate to penicillin and resis-
tant to TMP-SMX. All isolates were susceptible to vancomy-
cin. The serotypes of the 158 penicillin-nonsusceptible isolates
were those commonly associated with penicillin resistance: 9V
(55 isolates), 14 (30 isolates), 23F (27 isolates), 6B (19 iso-
lates), 19A (9 isolates), 6A (9 isolates), 19F (6 isolates), 17F (2
isolates), and 35B (one isolate), with the last being the only one
not included in the 23-valent vaccine. Among the 36 penicillin-
nonsusceptible isolates recovered from patients under 2 years
old, 34 (94%) were included in the 7-valent conjugate vaccine.
Among the 79 meningitis cases, five and six isolates were in-
termediate and resistant to penicillin, respectively, and six iso-
lates were intermediate to ceftriaxone (MIC of 1 mg/ml). There
were nine fatal cases of meningitis, all caused by strains sus-
ceptible to both antibiotics. During 1998, we observed that the
proportion of penicillin-nonsusceptible isolates was signifi-
cantly higher for patients under 2 years of age than for older
patients (25.3 versus 11.2%) (P , 0.01). Also, the proportion
of nonsusceptible isolates among young children was found to

increase over the years from 7.9 to 25.3% (P , 0.005, chi-
square for trend). Multiple resistance patterns were observed
in 56 of the 1,354 isolates (4.1%). The isolates were resistant to
b-lactams (except for four isolates) and to at least two of the
following agents: erythromycin, chloramphenicol, TMP-SMX,
and ofloxacin.

The types of infection and the clinical outcomes with respect
to serotypes in both pediatric and adult groups are shown in
Fig. 1 and 2. In pediatric patients, bacteremia without a pri-
mary focus of infection was most frequent (42%), while pneu-
monia was predominant (61.5%) in adults. The overall mor-
tality rate was 7.2% (97 of 1,354 patients). This fatality rate,
which is lower than the 12% reported in the United States (10),
could be explained partly by the fact that the present study
used clinical information that was available at the time the
isolates were sent to the LSPQ by the sentinel units. Thus, the
mortality rate does not include those patients who may have
died after the clinical information and isolates were forwarded.
However, the mortality rate increased in relation to age, with
a rate of 1.3% (5 of 388) in patients under 18 years of age

FIG. 1. Diagnosis and outcome for 388 patients ,18 years old according to serotype.

FIG. 2. Diagnosis and outcome for 966 patients $18 years old according to serotype.
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(including 4 under 2 years of age), 7.4% (34 of 458) in patients
between 18 and 64 years old, and 11.4% (58 of 508) in those
$65 years old (P , 0.05).

The observed mean incidence rate is lower than that of
24.1/100,000 reported among persons of all ages in the United
States during 1998 by the Centers for Disease Control and
Prevention (Active Bacterial Core Surveillance Report [http:
/www.cdc.gov/ncidod/dbmd/abcs]) but is consistent with a rate
of 14.7/100,000 reported in metropolitan Toronto and the Peel
region in 1995 (J. D Kellner et al., Abstr. 38th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. L-44, 1998).

As observed a decade ago in Quebec (13) and in other parts
of Canada (21), the serotype coverage of the 23-valent vaccine
remains at least 90% for adult patients and those aged 2 to 18
years. In the event that the 7-valent conjugate vaccine (29, 31)
is licensed for use in Canada, 90% of infections occurring
among children ,2 years of age could potentially be prevented
by immunization. Considering that the conjugate 7-valent vac-
cine has been licensed in the United States for use in children
under 10 years of age, 87.2% of cases in this age group would
be preventable. If the recommendations were to vaccinate young-
er children under 5 years of age, 88% of cases would then be
preventable.

Since our last report (13), the prevalence of isolates with
reduced susceptibility to penicillin increased dramatically,
from 1.6% (6 of 468 isolates) to 11.7% (158 of 1 354 isolates).
Ten years ago, no fully penicillin-resistant isolates were found,
while this study identified 7.0% of such strains. This increase in
the number of isolates showing reduced susceptibility to pen-
icillin is consistent with observations in Canada (20, 21, 30) and
worldwide (2, 9, 12, 16, 18, 33). The most frequent serotype
among penicillin-nonsusceptible isolates was serotype 9V, ac-
counting for 35% of such isolates. A study conducted in Can-
ada from 1991 to 1998 (D. Greenberg et al., Abstr. 39th Inter-
sci. Conf. Antimicrob. Agents Chemother., abstr. 1030, 1999)
concluded that this serotype appeared in Quebec, spreading to
Ontario, Alberta, and British Columbia and was related to a
Spanish-French clone (20, 24). As reported elsewhere (21, 27,
35), erythromycin resistance has also increased in Quebec,
from 0.4% during 1984 to 1986 (13) to 4.9% in 1996 and 10%
in 1998 (P , 0.05). The high proportion of isolates with re-
duced susceptibility to TMP-SMX observed is consistent with
Canadian surveys reporting rates of 18.5% (32) and 19.5%
(21). The ofloxacin nonsusceptibility rate is similar to that in
other Canadian studies reporting ,2.0% of strains as nonsus-
ceptible to fluoroquinolones (J. A. Karlowsky, G. G. Zhanel,
and D. J. Hoban, Abstr. 39th Intersci. Conf. Antimicrob. Agents
Chemother., abstr. 822, 1999) (7), confirming that resistance to
fluoroquinolones is very low in Quebec.

We observed a mortality rate of 11.4% in the elderly, con-
firming that age by itself is one of the most important factors
associated with fatal pneumococcal pneumonia (4, 11, 13).

This study has shown that the formulation of the current
23-valent vaccine and the recently licensed 7-valent conjugate
vaccine will cover the great majority of isolates implicated in
the respective target groups, supporting the use of vaccination
programs as a means to prevent pneumococcal infection.

Since the fall of 1999, in the province of Quebec, the Min-
istry of Health has funded a vaccination program for persons
2 years old and older with risk factors for severe pneumococcal

infections. This program will be extended to the elderly (65
years and older) during the fall of 2000. The implementation of
an immunization program with the 7-valent conjugate vaccine
must await its licensing for use in Canada.

Our continuing surveillance program will enable us to mon-
itor the impact of new publicly funded antipneumococcal vac-
cination programs in Quebec.
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