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Abstract

Objective: To report current information about invasive pneumococcal infections,
capsular types and antimicrobial resistance in Canada.

Design: Retrospective analysis.
Setting: Canada.
Patients: A total of 976 patients from whom Streptococcus pneumoniae was isolated

from blood or cerebrospinal fluid between Jan. 1, 1992, and Dec. 31, 1995.
Outcome measures: Capsular type and antimicrobial susceptibility.
Results: Twenty types accounted for 90.8% of the isolates from patients over 5

years of age; all but type 15A are covered by the currently available 23-valent
vaccine. Nine types accounted for 92% of the isolates recovered from children
5 years and less. Reduced susceptibility to penicillin was found in 7.8% of the
collection and was associated with types 6B, 9V and 19A. Full resistance to
penicillin was observed most frequently during 1995 and was associated with
type 9V. Rates of reduced susceptibility over one 12-month period were 19.5%
for trimethoprim–sulfamethoxazole and 4.5% or less for each of cefotaxime,
ceftriaxone, chloramphenicol, erythromycin, ofloxacin and tetracycline.

Conclusions: Over 90% of invasive pneumococcal infections are covered by the
currently available vaccines (for people over 2 years of age) and the pneumo-
coccal protein-polysaccharide conjugate vaccines under development for
young children. The high frequency of antimicrobial resistance observed re-
quires more complete investigation and confirmation; however, taken from a
global perspective, it supports the need to develop better control strategies, in-
cluding greater use of new and existing vaccines.

Résumé

Objectif : Présenter l’information courante sur les infections à pneumocoques en-
vahissantes, les types capsulaires et la résistance aux antimicrobiens au Canada.

Conception : Analyse rétrospective.
Contexte : Canada.
Patients : Au total, 976 patients chez lesquels on a isolé le Streptococcus pneumo-

niae dans des spécimens de sang ou de liquide céphalo-rachidien entre le 1er

janvier 1992 et le 31 décembre 1995.
Mesures de résultats : Type capsulaire et sensibilité aux antimicrobiens.
Résultats : Vingt types ont représenté 90,8 % des isolats provenant de patients âgés

de plus de cinq ans. Le vaccin à 23 valences actuellement disponible couvre
tous les types sauf le type 15A. Neuf types ont représenté 92 % des isolats
prélevés chez des enfants âgés de cinq ans et moins. On a constaté une sensibi-
lité réduite à la pénicilline dans 7,8 % des échantillons prélevés, réduction qu’on
a associée aux types 6B, 9V et 19A. On a observé une résistance complète à la
pénicilline le plus souvent en 1995 et l’on a associé cette résistance au type 9V.
Les taux de réduction de la sensibilité au cours d’une période de 12 mois ont
été de 19,5 % dans le cas du triméthoprime–sulfaméthoxazole et de 4,5 % au
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S treptococcus pneumoniae is the leading cause of com-
munity-acquired bacterial pneumonia and a major
cause of bacteremia, meningitis and otitis media.1–3

Elderly people and people with underlying disease are
particularly vulnerable, and in the very young this or-
ganism is now the most common cause of invasive bacte-
rial infection. In one study in the United States, the inci-
dence of pneumococcal bacteremia was 52.8 per 100 000
among people more than 65 years old and 162 per
100 000 among children less than 2 years old; the rate of
death among elderly people was 44%.4

The increasing prevalence of antibiotic resistance
among pneumococci is well documented5–11 and is occur-
ring in North America.3,12–15 In 1992 the rate of reduced
susceptibility to penicillin in Canada was thought to be
less than 5%.9 Since 1994, reports from eastern Canada
have identified rates of 7.3% to 8.1%,16,17 and one recent
national survey reported a rate of 11.7%.18

There are 90 known pneumococcal capsular types,19

and those associated with disease vary temporally and 
geographically.2,20–22 Our ability to estimate the impact 
of currently available 23-valent vaccines and protein-
polysaccharide conjugate vaccines being developed for
young children depends on our knowledge of the capsu-
lar types causing disease in specific age groups and of the
types associated with increasing antibiotic resistance. We
report data retrieved from 1992 through 1995 on capsu-
lar types of S. pneumoniae recovered from Canadian chil-
dren and adults and examine current trends in antibiotic
resistance for this organism and the implications.

Methods

The National Centre for Streptococcus (NCS), oper-
ated in partnership with Health Canada’s Laboratory
Centre for Disease Control, Ottawa, provides pneumo-
coccal serotyping services for invasive isolates submitted
from across Canada. Participation in this passive surveil-
lance system is solicited through provincial public health
laboratories and is limited by the level of interest and the
resources available in each province.

Our study sample included all isolates of S. pneumoniae

sent to the NCS for serotyping between Jan. 1, 1992, and
Dec. 31, 1995, that were recovered from blood or cere-
brospinal fluid and were not part of specified study col-
lections. Demographic information was reviewed to 
eliminate duplicate patient isolates. Identification was
confirmed by optochin susceptibility and bile solubility.23

Capsular typing (Danish nomenclature) was performed
by means of the quellung reaction23 using pool, group, type
and factor sera from Statens Seruminstitut, Copenhagen.

All isolates were screened for penicillin susceptibility
using a 1-µg oxacillin disk.24 Those with zones of 19 mm
or less were tested to determine the minimum inhibitory
concentration (MIC) for penicillin G. All blood isolates
received from Apr. 1, 1993, to Mar. 31, 1994, were tested
by means of broth microdilution, according to the Na-
tional Committee for Clinical Laboratory Standards,25

against penicillin, cefotaxime, ceftriaxone, chlorampheni-
col, erythromycin, ofloxacin, tetracycline, trimethoprim–
sulfamethoxazole and vancomycin. We defined reduced
susceptibility as including intermediate and resistant cate-
gories, and multiple resistance as including reduced sus-
ceptibility to 3 or more classes of antibiotics.

We used the Mantel–Haenszel χ2 test and, where the
cell frequency was less than 5, the Fisher exact (2-tailed)
test to compare differences in proportions. The χ2 test
was used for linear trend (EpiInfo, version 6.03; US
Centers for Disease Control and Prevention, Atlanta) to
assess differences in serotype distribution and antibiotic
resistance patterns over time.

Results

Isolates from 976 patients were serotyped; 894
(91.6%) of the patients had isolates from blood, 58
(5.9%) from cerebrospinal fluid and the remaining 24
(2.5%) from both sites; the paired isolates belonged to
the same type. A total of 303 patients were 5 years of age
or younger, and 643 were over 5 years; age was unspeci-
fied for 30 patients.

Pneumococcal isolates were received from all provinces
and territories except Prince Edward Island (Table 1); the
largest proportion (48%) was from Alberta. Because the
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moins dans celui du céfotaxime, de la ceftriaxone, du chloramphénicol, de
l’érythromycine, de l’ofloxacine et de la tétracycline.

Conclusions : Les vaccins actuellement disponibles (pour les personnes qui ont
plus de deux ans) et les vaccins antipneumococciques conjugués aux protéines
et aux polysaccharides qu’on est en train de mettre au point pour les jeunes en-
fants couvrent plus de 90 % des infections envahissantes à pneumocoques. Il
faut étudier plus à fond et confirmer la fréquence élevée de résistance aux an-
timicrobiens qu’on a observée. Dans une optique globale, toutefois, cette résis-
tance démontre qu’il faut élaborer de meilleures stratégies de contrôle et no-
tamment utiliser davantage des vaccins nouveaux et existants.
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number of isolates submitted from Alberta was about 9-fold
greater per population than the number in the rest of
Canada, the distribution of serotypes from Alberta was
compared with that of serotypes from the other provinces
and the territories. The differences in serotype distribution
between the 2 geographic areas were not statistically signif-
icant except for type 8 (p < 0.001), submitted only from Al-
berta. The following analysis is for all isolates.

Expected vaccine coverage for this collection is pre-
sented in Table 2. Among the most common 20 types,
only type 15A is not covered by the currently available 23-
valent vaccine. In total, 896 (91.8%) of the isolates be-
longed to or could possibly cross-react20 with antibody to
a capsular type included in this vaccine. Vaccine coverage
may be expected for 89.7% (577/643) of the isolates re-
covered from people over 5 years of age. For children 5
years or younger, 9 types accounted for 92.1% of the col-
lection, all of which are covered by the 23-valent vaccine;
the top 7 types are also included in a 7-valent conjugate
vaccine undergoing clinical trial.26

The 9 most common capsular types for the 2 age
groups are compared in Fig. 1. Although type 14 was a
common cause of invasive infection in all ages, the pro-
portion of disease due to this type was greater among
children aged 5 years or less than among people in the

other age group (p < 0.001). Types 6B, 19F and 18C were
associated with invasive disease in the younger age group,
and types 22F, 1 and 3 were associated with invasive dis-
ease in the older age group (p < 0.01).

Of the 976 isolates 80 (8.2%) produced oxacillin zones
of 19 mm or less. Four (5%) of the 80 were susceptible to
penicillin. Table 2 shows the rate of reduced susceptibility
to penicillin as it relates to potential vaccine coverage. Of
the 76 isolates with reduced susceptibility 68 (89.5%) be-
longed to 6 serotypes. Overall, reduced susceptibility to
penicillin was associated with types 9V, 19A and 6B (p <
0.001). Type 9V isolates were more likely to be fully resis-
tant to penicillin (p < 0.001). There was a significant trend
toward full resistance between 1992 and 1995 (χ2 for
trend = 15.6; p < 0.001) but not for the overall change in
reduced susceptibility over the 4-year period. There was
no difference in the frequency of reduced susceptibility to
penicillin between isolates from Alberta and those from
the rest of Canada.

From April 1993 through March 1994, 154 isolates
from blood were evaluated for susceptibility to 9 antibi-
otics. Of these, 40 (26.0%) were found to have reduced
susceptibility to one or more of the drugs. The propor-
tion of isolates with reduced susceptibility were 9.7% to
penicillin (including 1.3% with an MIC of 2.0 µg/mL or
higher), 3.2% to cefotaxime, 3.9% to ceftriaxone, 2.0% to
chloramphenicol, 4.5% to erythromycin, 2.6% to oflox-
acin, 4.5% to tetracycline and 19.5% to trimethoprim–
sulfamethoxazole. All 154 isolates were susceptible to van-
comycin. Of 14 isolates with reduced susceptibility to
penicillin, 10 had intermediate or full resistance to
trimethoprim–sulfamethoxazole. Only 10 of 30 isolates
with reduced susceptibility to trimethoprim–sulfamethox-
azole had intermediate or full resistance to penicillin.

Full resistance (MIC 2.0 µg/mL or higher) to third-
generation cephalosporins was detected in 2 strains with
intermediate resistance to penicillin (MIC 0.5 and 1.0
µg/mL respectively). For the remaining 152 isolates, the
MICs to the extended-spectrum cephalosporins were less
than or equal to the MICs to penicillin.

Six (3.9%) of the 154 isolates were classified as having
multiple resistance, exhibiting 5 resistance patterns. These

Surveillance of pneumococcal infections

15449 February 10/98 CMAJ /Page 329

CAN MED ASSOC J • FEB. 10, 1998; 158 (3) 329

Docket: 1-5449 Initial: JN
Customer: CMAJ

Covered* by 7-valent vaccine26 638 273
Not covered by either vaccine 80

Total 976

*Includes cross-protection expected for serotype 6A.20

No. (and %) of isolates 
by penicillin susceptibility

(14.3)

No. (and %) of isolates 
by age

(8.2)
(65.4)

Serotype status All ages

(91.8)Covered* by 23-valent vaccine 896
(59.2)

14

303

(85.7)

(4.6)
(90.1)

≤ 5 yr

Table 2: Vaccine coverage of pneumococcal serotypes and relation to penicillin susceptibility

(95.4)289
(64.7)

900

73
582
827

Susceptible

(8.1)

27

0

49

7
29
42

Intermediate

(91.9)
27
27

Resistant

(0)
(100)
(100)

Manitoba 30

Prince Edward Island

Ontario 282
Quebec 51
New Brunswick 13
Nova Scotia

Province/territory
Total no. of

isolates

9 0.24
0.43

British Columbia 66

0.17
0.64
0.66

Alberta 471
0.44
4.28

Saskatchewan 18

0.44

No. of isolates 
per 100 000 annually*

0 –
Newfoundland 1 0.04
Yukon and Northwest

Territories 35 9.72

Total 976 0.82

*Based on 1995 population projections from 1991 census.

Table 1: Distribution of submitted isolates in Canada



isolates expressed reduced susceptibility to penicillin (3),
chloramphenicol (3), erythromycin (4), tetracycline (5)
and trimethoprim–sulfamethoxazole (6). Five were type
6B and one was nontypable.

Discussion

Surveillance for S. pneumoniae infections has become
increasingly important because of the emergence of an-
timicrobial-resistant strains and because of the need for
current information on capsular types causing disease in
young children, given the availability of new pneumo-
coccal protein-polysaccharide conjugate vaccines in the
near future. Pneumococcal infections are not notifiable
in Canada, and current laboratory-based surveillance de-
pends on the voluntary submission of isolates. Awareness
and commitment to surveillance are factors that influ-
ence isolate referral, but they should not affect capsular
type distribution because this information is unknown to
the submitting agency. Geographic proximity probably
contributed to the more complete sampling of strains
from Alberta, and this may have affected the distribution
of types observed. However, the similarity of capsular
type distribution between Alberta and the rest of Canada
suggests that one can still draw valid conclusions for the
country as a whole from this collection.

Resistance to penicillin is a factor that may have influ-
enced referral of an isolate, resulting in the greater likeli-
hood of a resistant strain being sent to the NCS. Overall,
9.1% of the isolates from Alberta showed some level of
penicillin resistance, as compared with 6.5% from the rest
of Canada. The lack of a significant difference in the pro-
portion of isolates having reduced susceptibility to peni-
cillin between Alberta and the rest of Canada suggests
that strains being sent from the rest of Canada were not
more likely to be resistant. Alternatively, the predominant
factor influencing isolate referral is the interest of submit-

ting laboratories in this surveillance activity; referral of an
isolate based only on the results of antimicrobial suscepti-
bility testing is of less importance.

Although we were unable to identify precisely the true
level of antimicrobial resistance among S. pneumoniae iso-
lates in Canada because of the passive surveillance, the
overall trends of increasing full resistance to penicillin3,31

as well as the emergence of resistance within specific cap-
sular types6–9 are consistent with trends observed in the
United States and other countries. We believe that our re-
sults represent important and valid trends for Canada.

All but 3 of the 76 isolates with reduced susceptibility
to penicillin belonged to serogroups 6, 9, 14, 19 and 23,
groups associated with penicillin resistance world-
wide.3,6–8,11,12,15 Type 9V was most commonly associated
with full penicillin resistance in our collection, although
the majority of resistant strains previously reported from
Quebec belonged to serogroup 23.13,27 This difference
may have been due to separate clonal invasions of resis-
tant organisms acquired elsewhere. A resistant type 9V
strain originated in Spain11 and is spreading in France,28

and the world-wide spread of a Spanish type 23F clone
is well documented.28,29 Further analysis of these type 9V
strains is currently under way.

Reduced susceptibility to trimethoprim–sulfamethox-
azole was uncommon in North America before 1990,3,12,30

but it has increased in recent years, to 18%–26% in the
US.15,31 The high proportion of isolates with reduced
susceptibility to this drug in our study is consistent with
a recent Canadian survey reporting a resistance rate of
18.5%.18 It is important for clinicians to be aware that
resistance to trimethoprim–sulfamethoxazole commonly
occurs in penicillin-susceptible strains.3,18

Increasing antibiotic resistance strongly supports the
need to consider vaccination as a means to prevent
pneumococcal infections. The currently available 23-va-
lent vaccine has an efficacy estimated to be 57%–58%
for preventing bacteremia,32,33 and it protects against al-
most all the capsular types for which antibiotic resistance
has been reported. Adult vaccination against pneumo-
coccal disease has been underutilized in North Amer-
ica.34 The Ontario pneumococcal vaccine program for
adults 65 years of age or older35 is, we hope, the begin-
ning of more widespread use in Canada.

Ongoing surveillance programs for invasive pneumo-
coccal disease can be used to monitor the appropriate-
ness of existing vaccine formulations and changes in an-
timicrobial susceptibility. Information about the latter
will be important for programs being developed to im-
prove antibiotic use by clinicians.

We thank Betty Forwick, Patricia Diediw, Jean Weekes and
Linnea McKercher for their technical assistance and ongoing
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Fig. 1: Age distribution of the most common serotypes of Strep-
tococcus pneumoniae in Canada isolated from 1992 to 1995.
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support. We also thank Dr. Fraser Ashton, Laboratory Centre
for Disease Control, and the Canadian Provincial Public Health
Laboratories for their commitment to a strong national public
health initiative, without which this report would not have
been possible.
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