
Aseven-valent pneumococcal conjugate vaccine (PCV-7)
was licensed in Canada in 2001 (1). Alberta was the first

province to introduce PCV-7 into its publicly funded routine
immunization schedule in September 2002 (2), and it has been
included in the vaccination schedules of all provinces since
December 2005 (3). In the United States, the introduction of

the vaccine into routine childhood immunization schedules in
2000 was followed by a marked decrease in the incidence of
invasive pneumococcal disease in all ages of the population
(4,5). To evaluate the real direct and indirect impacts of PCV-7
in Canada, it is necessary to estimate the burden of pneumo-
coccal disease for all ages before vaccine implementation.
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BACKGROUND: In the United States, implementation of the seven-
valent conjugate vaccine into childhood immunization schedules has
had an effect on the burden of pneumococcal disease in all ages of the
population. To evaluate the impact in Canada, it is essential to have
an estimate of the burden of pneumococcal disease before routine use
of the vaccine.
METHODS: The incidence and costs of pneumococcal disease in the
Canadian population in 2001 were estimated from various sources,
including published studies, provincial databases and expert opinion.
RESULTS: In 2001, there were 565,000 cases of pneumococcal dis-
ease in the Canadian population, with invasive infections represent-
ing 0.7%, pneumonia 7.5% and acute otitis media 91.8% of cases.
There were a total of 3000 deaths, mainly as a result of pneumonia and
largely attributable to the population aged 65 years or older. There
were 54,330 life-years lost due to pneumococcal disease, and
37,430 quality-adjusted life-years lost due to acute disease, long-term
sequelae and deaths. Societal costs were estimated to be $193 million
(range $155 to $295 million), with 82% borne by the health system
and 18% borne by families. Invasive pneumococcal infections repre-
sented 17% of the costs and noninvasive infections represented 83%,
with approximately one-half of this proportion attributable to acute
otitis media and myringotomy.
CONCLUSIONS: The burden of pneumococcal disease before routine
use of the pneumococcal conjugate vaccine was substantial in all age
groups of the Canadian population. This estimate provides a baseline for
further analysis of the direct and indirect impacts of the vaccine.
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Le fardeau de la maladie à pneumocoque au
sein de la population canadienne avant 
l’utilisation systématique du vaccin conjugué
heptavalent contre le pneumocoque

HISTORIQUE : Aux États-Unis, l’implantation du vaccin conjugué
heptavalent dans les calendriers de vaccination pour enfants a eu un effet
sur le fardeau de la maladie à pneumocoque au sein de la population de tout
âge. Pour en évaluer les répercussions au Canada, il est essentiel d’estimer
le fardeau de la maladie à pneumocoque avant l’utilisation systématique du
vaccin.
MÉTHODOLOGIE : On a estimé l’incidence et le coût de la maladie à
pneumocoque au sein de la population canadienne en 2001 auprès de
diverses sources, y compris les études publiées, les bases de données
provinciales et l’opinion d’experts.
RÉSULTATS : En 2001, on a recensé 565 000 cas de maladie à
pneumocoque au sein de la population canadienne, les infections
envahissantes représentant 0,7 % des cas, les pneumonies, 7,5 % et l’otite
moyenne aiguë, 91,8 %. Au total, 3 000 personnes sont décédées,
principalement en conséquence d’une pneumonie et dans la population de
65 ans et plus. On a répertorié 54 330 années de vie perdues en raison de la
maladie à pneumocoque, et 37 430 années de vie pondérées par la qualité
perdues en raison d’une maladie aiguë, de séquelles à long terme et des
décès. On a évalué les coûts sociétaux à 193 millions de dollars (plage de
155 millions de dollars à 295 millions de dollars), 82 % étant assumés par
le système de santé et 18 %, par les familles. Les infections à pneumocoque
envahissantes représentaient 17 % des coûts, et les infections non
envahissantes, 83 % des coûts, environ la moitié de cette proportion étant
attribuable à l’otite moyenne aiguë et à la paracentèse.
CONCLUSIONS : Le fardeau de la maladie à pneumocoque avant
l’utilisation systématique du vaccin conjugué contre le pneumocoque était
considérable dans tous les groupes d’âge de la population canadienne. La
présente évaluation fournit des données de base pour procéder à une analyse
plus approfondie des répercussions directes et indirectes du vaccin.
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However, there exist few fragmented data on the burden of
pneumococcal disease in the Canadian population. A study
was conducted on children nine years of age or younger in
2000 (6), and on children 12 years of age or younger from 1994
to 1998 (7). The objective of the present study was to estimate
the epidemiological and economic burden of pneumococcal
disease for all ages of the Canadian population before the
implementation of PCV-7 into vaccine programs.

METHODS
Epidemiological parameters
The analysis was based on the 2001 Canadian population estimates
(8), before significant use of the vaccine. The major pneumococcal-
associated illnesses were included in the analysis based on the
availability of epidemiological vaccine effectiveness data (9,10).
Mutually exclusive outcomes, categorized hierarchically, included
pneumococcal meningitis and pneumococcal bacteremia with or
without pneumonia, pneumonia without bacteremia, acute otitis
media (AOM) and myringotomy with ventilation tube insertion
(MVT). Sinusitis was the only common pneumococcal manifesta-
tion not included in the analysis, because the incidence and pro-
portion of infections caused by Streptococcus pneumoniae are
unknown. Other manifestations (eg, bone and joint, and cardio-
vascular infections) are generally rare and thus were not included.

Invasive disease
For children younger than 16 years of age, the age-specific inci-
dence of pneumococcal disease has been calculated by Petit et al
(6). For those aged 16 years or older, the incidence of invasive
pneumococcal disease was estimated from various sources.
Population-based, age-specific invasive pneumococcal disease
rates were available for the Calgary, Alberta, area for the years
1998 to 2001 (Jim Kellner, personal communication). The pro-
portion of invasive pneumococcal disease diagnosed as meningitis
and bacteremia was calculated using American data from the
Active Bacterial Core Surveillance/Emerging Infections Program
Network (11). This proportion was applied to the Calgary area
data. The percentage of cases hospitalized for bacteremia among
children 16 years of age or younger was estimated to be 62% by
combining data from three different data sources: the Quebec
Provincial Notifiable Diseases Database, the Quebec Provincial
Reference Laboratory and the Immunization Monitoring Program
ACTive (IMPACT) (6). For adults 18 years of age or older, the
percentage hospitalized was determined to be 83.7% from a
prospective study conducted in the Edmonton, Alberta, area (12).

Pneumonia
The incidence of all-cause hospitalized pneumonia cases was
determined from the Quebec hospital administrative data system
(Med-Echo) from the years 1991 to 2001 using ICD-9 codes 480.0
to 486.9 for the primary diagnosis. To determine the incidence of
all-cause nonhospitalized pneumonia cases, the ratio of hospital-
ized to nonhospitalized pneumonia cases was determined from a
population-based study conducted in Finland (13) and then
applied to the Canadian data. The proportion of hospitalized
pneumonia due to S pneumoniae in children 16 years of age or
younger has been estimated to be 22% by Petit et al (6). However,
the proportion of pneumonia attributable to S pneumoniae is an
uncertain parameter. Therefore, a sensitivity analysis was conducted
by varying these values between a lower value of 13% (14) and an
upper value of 37% (15). For individuals 17 years of age or older, the
fraction of hospitalized pneumonia due to S pneumoniae was

determined to be 17% based on a meta-analysis of 10 selected
studies that defined the etiology of community-acquired pneumo-
nia requiring hospitalization, and the CI of this estimate was used
to define the lower (13%) and upper (35%) values (16).

AOM and MVT
The age-specific incidence for AOM and MVT from two
months to nine years of age has been previously determined
using data from Manitoba and Quebec (6). The percentage of
AOM cases due to S pneumoniae has been determined in a
prospective study in Finland, in which pneumococcal etiology
was identified in 30.8% of AOM cases (17). Because this is
another uncertain parameter, a sensitivity analysis was conducted
using a lower limit of 28% (18) and an upper limit of 35%
(19,20). The age-specific, global MVT incidence was deter-
mined using data from the Med-Echo system, as well as from
expert consultation (6). The proportion of MVT procedures
resulting from S pneumoniae was estimated to be 50% by expert
opinion (21). A range of 50% was assumed due to the uncer-
tainty of this parameter; thus, upper and lower limits of 75%
and 25% were used, respectively. AOM and MVT outcomes
were not included for individuals older than nine years of age,
because the disease is less common in school-aged children and
adolescents, and is infrequent in adults (22).

Mortality
A case fatality rate for pneumococcal meningitis among children
17 years of age or younger was determined to be 6.5% from a sur-
vey conducted among 11 pediatric centres of IMPACT (jointly
sponsored by the Canadian Paediatric Society and the Laboratory
Centre for Disease Control), including academic centres located
across Canada, and accounts for approximately 85% of the tertiary
care pediatric beds in Canada (23). For adults 18 years of age or
older, a case fatality rate of 27.6% was estimated by determining a
weighted average from several studies (24-26). The case fatality
rate for hospitalized pneumococcal bacteremia for children nine
years of age or younger was estimated to be 2% from Canadian
population-based surveillance data (23), and the case fatality rate
for hospitalized pneumococcal pneumonia for the same age group
was determined to be 1% from a population-based study conducted
in Finland (13). For individuals 10 to 18 years of age, 18 to 64 years
of age, and 65 years of age or older, the case fatality rates for pneu-
monia and bacteremia were 1.6%, 15% and 31%, respectively, as
determined by S pneumoniae surveillance in the province of
Quebec (27). It was assumed that there were no deaths due to
nonhospitalized outcomes. The life expectancy of Canadians at
different ages were used to calculate the life-year loss from pneu-
mococcal disease-associated deaths (28).

Morbidity
A deafness rate of 13% resulting from meningitis for children
17 years of age or younger was determined from a meta-analysis of
randomized clinical trials (29). For adults 18 years of age or older,
a deafness rate of 26% was determined (24,25). A neurological
disability rate of 7% (30) was used for survivors of meningitis
17 years of age or younger, and 19% was used for adults 18 years of
age or older (24,25). The utility values for survivors of meningitis
were also determined. Hearing loss was considered to be a mild
disability state, valued at 0.8, while neurological sequelae were
considered to be severe, valued at 0.6 (a value of 0 corresponds to
death and 1 to perfect health) (31). For acute disease, the coeffi-
cients used for quality-adjusted life-year loss were 0.0079 for
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hospitalized bacteremia, 0.0232 for meningitis, 0.004 for nonhos-
pitalized pneumonia, 0.006 for hospitalized pneumonia and 0.005
for otitis media (32). The quality-adjusted life-year loss was then
calculated based on the disability-free life expectancy of
Canadians (33).

Economic parameters
Financial costs are expressed in Canadian dollars for the year 2001,
and any prices used from before or after this year were adjusted
using the Canadian price index for health and personal care (34).

Costs for hospitalization were calculated using the All Patient
Refined Diagnosis Related Groups and Resource Intensity
Weights classification systems in Quebec. Hospital records of
patients with pneumococcal meningitis (ICD-9 code 320.1),
pneumococcal bacteremia (ICD-9 code 038.2) and pneumococ-
cal pneumonia (ICD-9 code 481.9) as a primary diagnosis were
identified, and mean values of hospitalization costs were calculat-
ed. Physician fees were determined from the National Grouping

System Categories Report, Canada, 2001–2002 (35). It was
assumed that for each diagnostic category, the patient would have
had both a consultation and a major assessment on the first day of
hospitalization, and would have been seen once daily for the
remainder of the hospital stay by either an internist or a pediatri-
cian. For patients diagnosed with meningitis, a major assessment
by a neurologist was also included. For all hospitalized cases, the
cost of one outpatient visit to either a family practitioner or pedi-
atrician was also included, as well as the cost of a follow-up visit
to a neurologist for cases of meningitis. The median length of hos-
pital stay for individuals 19 years of age or younger was deter-
mined to be 11.5 days for meningitis, and three days for
bacteremia and pneumonia (36). For adults 20 years of age or older
with pneumonia and bacteremia, the median length of stay was
determined to be five days (37), and for meningitis, 11.5 days
(38). The long-term specialized schooling and medical costs for
disability and deafness caused by meningitis were also included.
The cost of special education for a duration of 12 years for chil-
dren with bilateral deafness ($10,000/year) was estimated from
data provided by the Ministry of Education in Quebec (39). It
was estimated that one-half of deafness cases resulting from pneu-
mococcal meningitis were bilateral (40). The cost of specialized
schooling associated with neurological disability was estimated
using data from a study on birth defects in the United States
(US$200,000/case) (41). These costs were included in the aver-
age unit health care cost of pneumococcal meningitis (39). For
adults 20 years of age or older, only the associated long-term med-
ical costs were included, and for those 65 years of age or older, the
value was halved to account for survival.

The direct and indirect costs assumed by families for children
hospitalized with pneumococcal disease have been estimated by
Petit et al (6). In the present study, only the direct costs were
included due to a lack of data concerning the indirect costs asso-
ciated with pneumococcal disease in adults. Family costs for hos-
pitalized bacteremia and pneumonia in individuals 65 years of age
or older were estimated from a study conducted in Edmonton on
the private costs incurred by patients hospitalized with community-
acquired pneumonia (42).

The costs incurred by the health care system for children with
nonhospitalized pneumococcal disease were estimated from the
doctor and family phone survey conducted by Petit et al (6). For
adults, the cost was estimated by determining the price of medica-
tions used to treat these diseases. The costs associated with MVT
have been previously estimated by Petit et al (6).

RESULTS
The incidence of pneumococcal meningitis, bacteremia and
pneumonia are presented in Figure 1. Disease incidence is high
at a young age and then decreases significantly. Later in life (at
approximately 65 years of age), the incidence begins to
increase again, most dramatically for bacteremia and pneumo-
nia. The estimated number of cases of pneumococcal-related
outcomes in the Canadian population for the year 2001 are
presented by age group in Table 1. The large number of cases
affecting children under one year of age demonstrates the high
incidence at this young age. For all age groups, meningitis rep-
resents the smallest proportion of cases of pneumococcal dis-
ease, while AOM, although assumed to occur only until nine
years of age, represents the largest proportion by far, with a
total of 518,801 cases (86%) (Table 1).

Over a period of one year, a total of 38 deaths were attrib-
uted to meningitis, 545 deaths to bacteremia and 2419 to
pneumonia. Deaths resulting from bacteremia and pneumonia
were largely attributable to the population aged 65 years or
older (data not presented in the tables). In addition, there
were a total of 54,330 life-years lost due to pneumococcal dis-
ease (range 44,895 to 96,193), and 37,430 quality-adjusted
life-years lost due to acute disease, long-term sequelae and
deaths (range 31,102 to 62,510). The burden of disease
expressed in quality-adjusted life-years is less than the burden
expressed in life-years lost due to the decrease in average qual-
ity of life associated with aging.

The unitary costs to the health care system for pneumococcal
disease are presented in Table 2, and the unitary costs to families
are presented in Table 3. The unitary cost of meningitis for the
health care system is significant, because the costs of resulting
sequelae are also included. The costs to families are highest for
hospitalized outcomes, with meningitis being the most costly.

The total burden of pneumococcal disease in the Canadian
population for 2001 by age category is presented in Table 4.
Although AOM has a relatively low family and health care sys-
tem unit cost, due to the high number of cases, it represented a
significant proportion of the burden until nine years of age.
Among adults, hospitalized pneumococcal pneumonia carried
the highest societal burden (Table 4). The overall societal costs
of all cases of pneumococcal disease (including MVT)
amounted to $193 million, with 82% borne by the health care
system and 18% borne by families (Table 4). Invasive pneumo-
coccal infections had an overall disease cost of over $32 million,
which was 17% of the total costs. A very large proportion of this
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Figure 1) Age-specific incidence of pneumococcal meningitis, bac-
teremia and pneumonia in the Canadian population in 2001
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cost was borne by the health care system (96%). Noninvasive
infections amounted to more than $160 million (83% of total
costs), with approximately 50% the costs due to AOM and
MVT combined, and the other 50% due to pneumonia. Of these
costs, 79% was borne by the health care system.

DISCUSSION
The aim of the present study was to complete the data on the
epidemiological and economic burden of pneumococcal dis-
ease in the Canadian population that have been determined
for children nine years of age or younger (6), because few data
exist for the adult population. In the study, all age groups
were considered, so that the indirect effect of childhood vac-
cination with PCV-7 on the adult population could then be
assessed. The outcomes evaluated in the study were restricted
to those used in the childhood analysis (pneumococcal
meningitis, bacteremia, pneumonia and otitis) (6). However,
in contrast to the childhood analysis, the long-term costs
associated with health care and specialized schooling for neu-
rological disability and hearing loss resulting from meningitis

were included, while indirect costs, such as productivity losses
due to pneumococcal disease, were not. As in the previous
study, there were no cost values assigned for the resulting
pain, sorrow, anxiety and interpersonal tensions caused by
pneumococcal disease (6).

The incidence rates of pneumococcal infections estimated in
the present study are comparable with those observed in a
cohort model study that evaluated the prevaccination pneumo-
coccal epidemiology in England and Wales (43). Meningitis,
bacteremia, pneumonia and otitis media were also used as
outcomes in that study. However, the percentage of pneumonia
and otitis cases attributed to S pneumoniae, a factor that heavily
influences the determination of disease incidence, differed
slightly between the two studies. The English study estimated
the proportion of pneumonia cases caused by S pneumoniae to be
26% for all age groups, while the present study used more con-
servative values (22% for individuals 17 years of age or younger
[6] and 17% for those 18 years of age or older in the baseline
analysis [16]). In contrast, the proportion of AOM due to
S pneumoniae was estimated to be 23% by the English study,
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TABLE 1
Estimated number of cases of pneumococcal disease in the Canadian population in 2001

Younger than One to four Five to nine 10 to 19 years 20 to 64 years 65 years of age

one year of age (n) years of age (n) years of age (n) of age (n) of age (n) or older (n) Total (n)

Canadian population 332,343 1,426,853 2,016,678 4,195,568 19,126,747 3,923,116 31,021,305

Hospitalized meningitis 64 24 9 17 67 45 226

Hospitalized bacteremia 195 309 58 131 1052 1195 2940

Nonhospitalized bacteremia 120 190 36 51 205 233 833

Hospitalized pneumonia 819 1762 768 330 2679 6469 12,827

Lower limit 484 1041 454 205 2049 4947 9180

Upper limit 1377 2963 1292 577 5516 13,319 25,044

Nonhospitalized pneumonia 2471 7896 6966 2026 7580 2509 29,449

Lower limit 1460 4666 4116 1261 5796 1919 19,218

Upper limit 4156 13,280 11,715 3545 15,605 5166 53,468

Acute otitis media 120,643 253,353 144,805 518,801

Lower limit 109,676 230,321 131,641 471,638

Upper limit 137,095 287,901 164,551 589,547

Total 124,313 263,534 152,642 2555 11,583 10,451 565,077

Lower limit 112,000 236,551 136,314 1665 9169 8338 504,036

Upper limit 143,008 304,667 177,661 4322 22,445 19,957 672,060

Myringotomy* 804 17,691 16,400 34,895

Lower limit 402 8846 8200 17,447

Upper limit 1205 26,537 24,599 52,342

*Myringotomy is not included in total because it is a procedure associated with acute otitis media

TABLE 2
Unitary costs to the health care system for pneumococcal disease

Younger than One to four Five to nine 10 to 19 20 to 64 65 years of 
one year of age years of age years of age years of age years of age age or older

Meningitis $30,284 $30,996 $28,859 $28,859 $12,399 $9,891

Hospitalized bacteremia $7,337 $4,131 $4,488 $4,488 $10,233 $9,876

Nonhospitalized bacteremia $125 $125 $125 $125 $125 $125

Hospitalized pneumonia $1,994 $2,707 $3,775 $6,269 $6,671 $7,027

Nonhospitalized pneumonia $87 $87 $87 $87 $87 $87

Acute otitis media $60 $60 $60

Myringotomy $539 $539 $539
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while a more significant proportion (31% [17]) was attributed to
AOM in the present study.

Surveillance by the American Active Bacterial Core
Surveillance/Emerging Infections Program Network also
determined the prevaccination incidence of invasive 
pneumococcal infections (11). There was substantial racial
disparity in the disease incidence between the African-
American and non-African-American populations in all age
groups (the incidence of invasive disease was approximately
2.5 times greater in the African-American population).
However, when the incidence of the non-African-American
population was compared with the incidence of the
Canadian population determined in this study, the incidence
rates were more comparable (the Canadian incidence rates
were only slightly lower). The difference may be due to
intercountry variations in diagnostic and surveillance prac-
tices. In addition, comparable disease incidence rates
between countries are not necessarily an indicator that vari-
ations do not exist; thus, interstudy comparisons must be
regarded cautiously.

The present study attempted to include all relevant and
important parameters of the burden of pneumococcal disease
in the Canadian population before the routine use of PCV-7.
Many of the data are of Canadian origin, thus providing a bet-
ter estimate of the burden of pneumococcal disease in this pop-
ulation. Although Canadian data were favoured over other
sources, some American and Finnish data were used when this
was not practical or possible. The limitations of the American
data are described above. Furthermore, although not ideal, the
Finnish data are most likely very applicable to the Canadian
population, because the pneumococcal epidemiology and
socioeconomic situation of the two countries are similar. A
better integration of Canadian laboratory and administrative
databases would assist in determining data specific to this
country. There are certain limitations in the methodology of
the analysis. Some of the values used were estimates made by
experts when necessary data were not available, and the indi-
rect costs, such as productivity losses resulting from disease,
were also not included. However, the study covered all ages in
the population, and the incidence of disease was mainly
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TABLE 3
Unitary costs to families for pneumococcal disease

Younger than One to four Five to nine 10 to 19 20 to 64 65 years of
one year of age years of age years of age years of age years of age age or older

Meningitis $797 $797 $797 $797 $797 $797

Hospitalized bacteremia $266 $266 $266 $266 $266 $603

Nonhospitalized bacteremia $77 $77 $77 $77 $119 $119

Hospitalized pneumonia $266 $266 $266 $266 $266 $603

Nonhospitalized pneumonia $77 $77 $77 $77 $119 $119

Acute otitis media $45 $45 $45

Myringotomy $45 $45 $45

TABLE 4
Total burden of pneumococcal disease in the 2001 Canadian population by age group and fraction borne by the health system

Younger than One to four Five to nine 10 to 19 20 to 64 65 years Borne by 
one year of age years of age years of age years of age years of age of age or older Total health system

Hospitalized meningitis $2,001,000 $752,000 $275,000 $517,000 $883,000 $477,000 $4,905,000 96%

Hospitalized bacteremia $1,485,000 $1,361,000 $276,000 $622,000 $11,042,000 $12,521,000 $27,307,000 96%

Nonhospitalized $24,000 $38,000 $7,000 $10,000 $50,000 $57,000 $186,000 56%

bacteremia

Hospitalized pneumonia $1,850,000 $5,236,000 $3,104,000 $2,155,000 $18,584,000 $49,355,000 $80,284,000 93%

Lower limit $1,093,000 $3,094,000 $1,834,000 $1,341,000 $14,212,000 $37,742,000 $59,316,000 93%

Upper limit $3,112,000 $8,805,000 $5,220,000 $3,771,000 $38,262,000 $101,613,000 $160,783,000 93%

Nonhospitalized $405,000 $1,293,000 $1,141,000 $332,000 $1,562,000 $517,000 $5,250,000 49%

pneumonia

Lower limit $239,000 $765,000 $674,000 $207,000 $1,194,000 $395,000 $3,474,000 48%

Upper limit $681,000 $2,175,000 $1,919,000 $581,000 $3,215,000 $1,064,000 $9,635,000 48%

Acute otitis media $12,709,000 $26,690,000 $15,255,000 $54,654,000 57%

Lower limit $11,554,000 $24,264,000 $13,868,000 $49,686,000 44%

Upper limit $14,443,000 $30,330,000 $17,335,000 $62,108,000 57%

Myringotomy $469,000 $10,329,000 $9,575,000 $20,373,000 92%

Lower limit $235,000 $5,165,000 $4,787,000 $10,187,000 92%  

Upper limit $704,000 $15,494,000 $14,362,000 $30,560,000 92%

Total $18,943,000 $45,699,000 $29,633,000 $3,636,000 $32,121,000 $62,927,000 $192,959,000 82%

Lower limit $16,631,000 $35,438,000 $21,722,000 $2,697,000 $27,381,000 $51,193,000 $155,062,000 77%

Upper limit $22,449,000 $58,955,000 $39,395,000 $5,501,000 $53,452,000 $115,733,000 $295,485,000 84%

Costs rounded off to the closest thousandth dollar
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concentrated at the extremes of the age spectrum (infancy
and advanced age). Therefore, individuals who are generally
not employed and thus have minimal productivity losses rep-
resent the largest proportion of cases. In addition, some eco-
nomic analysts have argued that productivity losses should
not be included, because this may lead to double counting if
quality-adjusted life-years lost are expressed (44). The exclu-
sion of deaths from nonhospitalized outcomes due to a lack of
data is another study limitation. S pneumoniae is certainly a
significant source of fatal pneumonia cases among elderly peo-
ple dying at home or in long-term care facilities; thus, mortal-
ity has most likely been underestimated in this age group.

CONCLUSIONS
The burden of pneumococcal infections in the Canadian popu-
lation before routine use of PCV-7 was substantial for both fam-
ilies and the health care system. Determining this prevaccinal
measurement of pneumococcal disease burden thus provides a
baseline for future analyses concerning the effects of childhood
PCV-7 use on the entire Canadian population.

ACKNOWLEDGEMENTS: This study was funded by the
Quebec Ministry of Health, and was conducted jointly by Laval
University, the Quebec National Public Health Institute and the
Laval University Research Centre. Epidemiological data were
kindly provided by Louise Jetté, Quebec Public Health Laboratory,
Quebec National Health Institute, Quebec; Jim Kellner,
Department of Pediatrics, and Department of Microbiology and
Infectious Diseases, University of Calgary, Calgary, Alberta;
Manale Ouakki, Public Health Research Unit, Quebec University
Hospital Research Centre, Montreal, Quebec; and Guy Huard,
Health and Social Services Development Agency of the National
Capital, Quebec City, Quebec

Morrow et al

Can J Infect Dis Med Microbiol Vol 18 No 2 March/April 2007126

REFERENCES
1. An Advisory Committee Statement (ACS). National Advisory

Committee on Immunization (NACI). Statement on recommended
use of pneumococcal conjugate vaccine. Can Commun Dis Rep
2002;28(ACS-2):1-32.  

2. Kellner JD, Church DL, MacDonald J, Tyrrell GJ, Scheifele D.
Progress in the prevention of pneumococcal infection. CMAJ
2005;173:1149-51. (Erratum in 2006;174:67). 

3. Public Health Agency of Canada. Publicly Funded Immunization
Programs in Canada – Routine Schedule for Infants and Children.
<www.phac-aspc.gc.ca/im/ptimprog-progimpt/table-1_e.html/2005>.
(Version current at September 11, 2006).

4. Whitney CG, Farley MM, Hadler J, et al; Active Bacterial Core
Surveillance of the Emerging Infections Program Network. Decline 
in invasive pneumococcal disease after the introduction of 
protein-polysaccharide conjugate vaccine. N Engl J Med
2003;348:1737-46.  

5. McBean AM, Park YT, Caldwell D, Yu X. Declining invasive
pneumococcal disease in the U.S. elderly. Vaccine 2005;23:5641-5. 

6. Petit G, De Wals P, Law B, et al. Epidemiological and economic burden
of pneumococcal diseases in Canadian children. Can J Infect Dis
2003;14:215-20. 

7. Bjornson GL, Scheifele DW, Halperin SA. Population-based
epidemiology of invasive pneumococcal infection in children in nine
urban centers in Canada, 1994 through 1998. Pediatr Infect Dis J
2002;21:947-50.

8. Statistics Canada. Estimates of population, by age group and sex,
Canada, provinces and territories, annual.
<http://www40.statcan.ca/L01/cst01/demo31a.htm> (Version current
at January 25, 2007).

9. Black S. Efficacy, safety and immunogenicity of heptavalent
pneumococcal conjugate vaccine in children. Pediatr Infect Dis J
2000;19:187-95.

10. Black SB, Shinefield HR, Hansen J, Elvin L, Laufer D, 
Malinoski F. Postlicensure evaluation of the effectiveness of 

seven valent pneumococcal conjugate vaccine. Pediatr Infect Dis J
2001;20:1105-7.   

11. Robinson KA, Baughman W, Rothrock G, et al; Active Bacterial
Core Surveillance (ABCs)/Emerging Infections Program Network.
Epidemiology of invasive Streptococcus pneumoniae infections in the
United States, 1995-1998: Opportunities for prevention in the
conjugate vaccine era. JAMA 2001;285:1729-35. 

12. Shariatzadeh MR, Huang JQ, Tyrrell GJ, Johnson MM, Marrie TJ.
Bacteremic pneumococcal pneumonia: A prospective study in
Edmonton and neighboring municipalities. Medicine (Baltimore)
2005;84:147-61.  

13. Jokinen C, Heiskanen L, Juvonen H, et al. Incidence of community-
acquired pneumonia in the population of four municipalities in
eastern Finland. Am J Epidemiol 1993;137:977-88.  

14. Gendrel D, Raymond J, Moulin F, et al. Etiology and response to
antibiotic therapy of community-acquired pneumonia in French
children. Eur J Clin Microbiol Infect Dis 1997;16:388-91.

15. Juven T, Mertsola J, Waris M, et al. Etiology of community-acquired
pneumonia in 254 hospitalized children. Pediatr Infect Dis J
2000;19:293-8.  

16. Mandell LA, Marrie TJ, Grossman RF, Chow AW, Hyland RH.
Canadian guidelines for the initial management of community-
acquired pneumonia: An evidence-based update by the Canadian
Infectious Diseases Society and the Canadian Thoracic Society. 
The Canadian Community-Acquired Pneumonia Working Group.
Clin Infect Dis 2000;31:383-421. 

17. Eskola J, Kilpi T, Palmu A, et al; Finnish Otitis Media Study Group.
Efficacy of a pneumococcal conjugate vaccine against acute otitis
media. N Engl J Med 2001;344:403-9. 

18. Heiskanen-Kosma T, Korppi M, Jokinen C, et al. Etiology of
childhood pneumonia: Aerologic results of a prospective, population-
based study. Pediatr Infect Dis J 1998;17:986-91.

19. Bluestone CD, Stephenson JS, Martin LM. Ten-year review of otitis
media pathogens. Pediatr Infect Dis J 1992;11(Suppl 8):S7-11.

20. Block SL. Causative pathogens, antibiotic resistance and therapeutic
considerations in acute otitis media. Pediatr Infect Dis J 1997;16:449-56.

21. Lieu TA, et al. Projected cost-effectiveness of pneumococcal 
conjugate vaccination of healthy infants and young children. 
JAMA 2000;283:1460-8.

22. Klein JO. Otitis externa, otitis media, and mastoiditis. In: Mandell
GL, Bennett JB, Dolin RD, eds. Principles and Practice of Infectious
Diseases. Philadelphia: Churchill Livingstone, 2000:669-75.

23. Scheifele D, Halperin S, Pelletier L, Talbot J. Invasive pneumococcal
infections in Canadian children, 1991-1998: Implications for new
vaccination strategies. Canadian Paediatric Society/Laboratory Centre
for Disease Control Immunization Monitoring Program, Active
(IMPACT). Clin Infect Dis. 2000;31:58-64. (Erratum in
2000;31:850). 

24. Auburtin M, Porcher R, Bruneel F, et al. Pneumococcal meningitis in
the intensive care unit: prognostic factors of clinical outcome in a
series of 80 cases. Am J Respir Crit Care Med 2002;165:713-7.  

25. Kastenbauer S, Pfister HW. Pneumococcal meningitis in adults:
Spectrum of complications and prognostic factors in a series of 
87 cases. Brain 2003;126:1015-25. 

26. van de Beek D, de Gans J, Spanjaard L, Weisfelt M, Reitsma JB,
Vermeulen M. Clinical features and prognostic factors in adults with
bacterial meningitis. N Engl J Med 2004;351:1849-59. (Erratum in
2005;352:950). 

27. Jette LP, Lamothe F. Surveillance of invasive Streptococcus pneumoniae
infection in Quebec, Canada, from 1984 to 1986: Serotype distribution,
antimicrobial susceptibility, and clinical characteristics. J Clin Microbiol
1989;27:1-5.

28. Statistics Canada. Deaths 2003. <www40.statcan.ca/L01/cst01/
demo07a.htm> (Version current at January 25, 2007).

29. McIntyre PB, Berkey CS, King SM. Dexamethasone as adjunctive
therapy in bacterial meningitis: A meta-analysis of randomized clinical
trials since 1988. JAMA 1997;278:925-31.

30. Pomeroy SL, Holmes SJ, Dodge PR, Feigin RD. Seizures and other
neurologic sequelae of bacterial meningitis in children. N Engl J Med
1990;323:1651-7.  

31. Torrance G. Preferences for health states: A review of measurement
methods. In: Sinclair J, ed. Clinical and Economic Evaluations of
Perinatal Programs. Vail: Mead Johnson, 1982.

32. Melegaro A, Edmunds WJ. Cost-effectiveness analysis of
pneumococcal conjugate vaccination in England and Wales. Vaccine
2004;22:4203-14.

Morrow_9739.qxd  02/04/2007  2:37 PM  Page 126



Burden of pneumococcal disease

Can J Infect Dis Med Microbiol Vol 18 No 2 March/April 2007 127

33. Statistics Canada. Disability-free life expectancy, by province and
territory. <http://www40.statcan.ca/L01/cst01/health38.htm>
(Version current at January 26, 2007).

34. Statistics Canada. Consumer price index, health and personal care, by
province. <http://www40.statcan.ca/L01/cst01/econ161a.htm>
(Version current at January 25, 2007).

35. National Grouping System Categories Report, Canada, 2001–2002,
Ottawa: Canadian Institute for Health Information, 2004.

36. Petit G. Le fardeau des maladies pneumococciques pédiatriques au
Canada et l’impact potentiel du vaccin pneumococcique conjugué,
in Département des Sciences de la santé communautaire.
Sherbrooke: Université de Sherbrooke, 2001.

37. Ioachimescu OC, Ioachimescu AG, Iannini PB. Severity scoring in
community-acquired pneumonia caused by Streptococcus pneumoniae:
A 5-year experience. Int J Antimicrob Agents 2004;24:485-90.

38. Fiore AE, et al. Clinical outcomes of meningitis caused by
Streptococcus pneumoniae in the era of antibiotic resistance. 
Clin Infect Dis 2000;30:71-7.

39. De Wals P. Benefits and Costs of Immunization of Infants 
with Pneumococcal Conjugate Vaccine in Canada. 
Sherbrooke: Clinical Research Centre, Sherbrooke University
Hospital, 2001.

40. Dodge PR, Davis H, Feigin RD, et al. Prospective evaluation of hearing
impairment as a sequela of acute bacterial meningitis. N Engl J Med
1984;311:869-74.

41. Waitzman NJ, Scheffler RM, Romano PS. The Cost of Birth
Defects. Lanham: University Press of America Inc, 1996.

42. Jacobs P, Marrie TH, Calder P. Private costs of patients 
hospitalized with community-acquired pneumonia. Can Respir J
2005;12:205-8.

43. Melegaro A, Edmunds WJ, Pebody R, Miller E, George R. The
current burden of pneumococcal disease in England and Wales. 
J Infect 2006;52:37-48.

44. Beutels P. Potential conflicts of interest in vaccine economics
research: A commentary with a case study of pneumococcal
conjugate vaccination. Vaccine 2004;22:3312-22.

Morrow_9739.qxd  02/04/2007  2:37 PM  Page 127



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENC ()
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


