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ABSTRACT

Background There is a paucity of data on the burden of
the full spectrum of community-acquired pneumonia (CAP)
and acute otitis media (AOM) from outpatient and inpatient
settings across the age spectrum.

Methods We conducted a population-based retrospective
study in Ontario and British Columbia (BC), Canada,

to estimate the incidence rate of CAP and AOM in

children and adults over a 14-year period using health
administrative databases. CAP and AOM cases were
identified from outpatient physician consultation and
hospitalisation data in both provinces, and from emergency
department visit data in Ontario.

Results During 2005-2018, Ontario had 3 607 124
CAP, 172 290 bacterial CAP, 7814 pneumococcal
pneumonia, and 8 026 971 AOM cases. The incidence
rate of CAP declined from 3077/100 000 in 2005 to
2604/100 000 in 2010 before increasing to 2843/100
000 in 2018; bacterial CAP incidence rate also
declined from 178/100 000 in 2005 to 112/100 000
in 2010 before increasing to 149/100 000 in 2018.
The incidence rate of AOM decreased from 4192/100
000 in 2005 to 3178/100 000 in 2018. BC had 970
455 CAP, 317 913 bacterial CAP, 35287 pneumococcal
pneumonia and 2 022 871 AOM cases. The incidence
rate of CAP in BC decreased from 2214/100 000 in
2005 to 1964/100 000 in 2010 before increasing to
2176/100 000 in 2018; bacterial CAP incidence rate
increased from 442/100 000 in 2005 to 981/100 000
in 2018. The incidence rate of AOM decreased from
3684/100 000 in 2005 to 2398/100 000 in 2018. The
incidence rate of bacterial CAP increased with age

in older adults (>65 years) with the highest burden

in the oldest cohort aged >85 years both before and
after 13-valent pneumococcal conjugate vaccine
(PCV13) programme in both provinces. Hospitalised

16,17

WHAT IS ALREADY KNOWN ON THIS TOPIC

= There is a high burden of hospitalised all-cause
pneumonia and pneumococcal pneumonia in
Canada, with high burden in young children and old-
er adults; the comprehensive burden of pneumonia
(all cause and pneumococcal) with and without hos-
pitalisation is not known.

= Acute otitis media (AOM) in young Canadian children
results in high utilisation of physician consultation.
Recent burden of AOM across all ages remains
unknown.

WHAT THIS STUDY ADDS

= This study estimated comprehensive burden of
community-acquired pneumonia (CAP), bacterial
CAP, pneumococcal pneumonia (hospitalised and
non-hospitalised) and AOM across all ages in two
large Canadian provinces, and found continued high
burden even approximately 8 years after introduc-
tion of publicly funded paediatric 13-valent pneu-
mococcal conjugate vaccine (PCV13) immunisation
programme.

pneumococcal pneumonia decreased slightly but non-
hospitalised pneumococcal pneumonia increased in
BC during PCV13 period. No consistent direct benefit
of PCV13 on CAP was observed in the paediatric
population.

Conclusions There is a substantial burden of CAP and
AOM in Ontario and BC. Indirect benefits from childhood
PCV vaccination and polysaccharide vaccination of older
adults have not substantially decreased the burden of
pneumococcal pneumonia in older adults.
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INTRODUCTION

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICES
OR POLICY

= The study strengthens evidence that pneumococcal disease con-
tinues to be a concern in a Canadian setting. It provides rates that
capture burden beyond hospitalized cases and can thus serve as
a baseline to assess the impact of switching to higher valent PCV
(e.g., PCV15 or PCV20 being considered in Canada) on CAP and
AOM. This is a valuable approach as our finding of continued high
burden of CAP during the PCV13 period together with the evidence
of observed increase in serotype 3 and non-vaccine serotype hos-
pitalized CAP, and increased burden of non-PCV13 unique PPV23
and non-vaccine serotype invasive pneumococcal disease from
previous studies in Canada will provide the contextual information
to consider a switch to higher valent PCV vaccines in reducing the
disease burden, particularly in the older population.

Pneumonia causes substantial morbidity, mortality and
healthcare service utilisation.! In Canada, pneumonia
was the sixth leading cause of hospitalisation across
all ages® and accounted for nearly 140000 emergency
department (ED) visits in 2019-2020.” Studies estimating
the burden of community-acquired pneumonia (CAP)
have primarily focused on hospitalised cases®’; however,
it is likely that the majority of CAP cases in Canada are
treated in ambulatory settings and do not require hospi-
talisation. In some European settings, <10% of adult
diagnosed CAP cases resulted in hospitalisation.’” Acute
otitis media (AOM) is a common childhood infection but
affects all age groups, and can lead to different complica-
tions and sequelae, including, rarely, death.® AOM results
in high utilisation of physician consultation and antibi-
otic prescriptions, especially for children.”!

Streptococcus pneumoniae is the most common bacterial
cause of CAP and AOM,'* " although other bacterial and
viral pathogens have been implicated as the aetiological
agents of CAP and AOM." '*'° Definitive microbiolog-
ical confirmation of pneumococcal pneumonia among
CAP cases is difficult because of the very low (approxi-
mately 10%) yield of pneumococcus from blood culture
of clinical episodes of pneumonia.17 Additionally, pneu-
mococcus carriage in the nasopharynx makes it difficult
to attribute pneumococcus as the underlying aetiology
of a pneumonia episode when isolated from non-sterile
upper respiratory sites.'” In adults the proportion of
CAP attributable to pneumococcus varies depending
on the diagnostic test used, with 8% by blood culture,
20% by sputum culture and 24% by urinary antigen.'
However, pneumococcal CAP is often empirically treated
precluding diagnostic testing, particularly in primary
care settings. AOM is almost always treated presumptively
based on clinical features and otoscopic findings without
collecting middle ear fluid for microbiological testing.

Pneumococcal vaccines can prevent pneumococcal
CAP and AOM in children and adults, and reduce
some of the CAP and AOM burden.” * Canada intro-
duced publicly funded 7-valent pneumococcal conjugate
vaccine (PCV7, 3+1 dose schedule, 2002-2006), 10-valent

PCV10 (3+1dose schedule, 2009) and 13-valent PCV13
(2+1 dose schedule, 2010-2011) vaccines in infant immu-
nisation programmes, and publicly funded 23-valent
pneumococcal polysaccharide vaccine (PPV23, 1996) for
adults aged 65 years and older and high-risk individuals
following recommendations from the National Advi-
sory Committee on Immunisation (NACI).?' 2 Ontario
introduced publicly funded PCV7 in the childhood
immunisation programme in January 2005, switched to
PCV10 in October 2009 for a brief period before being
replaced by PCV13 (2+1dose schedule at 2, 4 and 12
months) in November 2010 with a catch-up PCV13 dose
for children aged 12-36 months who completed the
PCV7 schedule. British Columbia (BC) introduced PCV7
in September 2003 followed by PCV13 (2+1 schedule
similar to Ontario) in June 2010. The coverage of up-to-
date PCV13 was 80% among 4-year-old s in 2013, and
between 74% and 80% among 7-year-olds from 2014 to
2018 in Ontari024; between 82% and 86% of 2-year-olds
in BC were up to date with PCV13 from 2011 to 2018.”
However, measuring the impact of vaccination on these
outcomes requires better understanding of the compre-
hensive burden of CAP and AOM across the lifespan in
Canada.

We conducted a population-based retrospective study
in Ontario and BC among a population of 20 million,
representing 53% of the Canadian population,® to esti-
mate the incidence rate of CAP and AOM in children
and adults over a 16-year period. We also focused on
understanding pneumococcal-associated CAP and AOM
and how their burden has changed since the maturation
of the pneumococcal vaccine programmes.

METHODS

Data sources

We used population-based health administrative data-
bases to identify and establish cohorts of CAP and AOM
cases from 2005 to 2018 in Ontario and BC. CAP and
AOM cases were identified from the Discharge Abstract
Database (DAD) for hospitalised cases and physician
billing claims databases (Ontario Health Insurance Plan
(OHIP) and BC Medical Services Plan (MSP)) for outg)a-
tient cases in primary care settings in both provinces,” **
and from the National Ambulatory Care Reporting System
(NACRS) for cases requiring ED visits in Ontario. ED visit
data from BC was not available. We obtained informa-
tion on age and sex from the Registered Persons Data-
base in Ontario and the MSP Registration and Premium
Billing patient registry in BC.” Data from Ontario and
BC were analysed separately using similar methods. The
Ontario datasets were linked using unique identifiers and
analysed at ICES. BC datasets were similarly linked using
unique identifiers and analysed at Population Data BC.

Outcomes/definitions
CAP included cases with a diagnosis of pneumococcal
pneumonia, bronchopneumonia and unspecified
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lobar pneumonia, other pneumonia, viral pneumonia,
empyema or abscess of lung with pneumonia. As bron-
chopneumonia and lobar pneumonia commonly occur
with bacterial infection and are treated presumptively
without laboratory confirmation in the primary care
settings, CAP cases with a diagnosis of ‘pneumococcal
pneumonia’ or ‘bronchopneumonia and lobar pneu-
monia, unspecified” were considered as ‘bacterial CAP’;
CAP cases with a diagnosis of ‘pneumococcal pneumonia’
were analysed separately. AOM included cases with a
diagnosis of acute suppurative otitis media (ASOM),
acute serous otitis media and other acute nonsuppura-
tive otitis media. ASOM was analysed separately as a more
specific case definition for AOM resulting from bacterial
infection. Cases with an assigned primary or secondary
diagnosis were identified using diagnostic codes from
the International Statistical Classification of Diseases
and Related Health Problems, 10th Revision, Canada
(ICD-10-CA)* in DAD and NACRS, OHIP fee codes in
OHIP for physician consultation in primary care settings
in Ontario or the ICD, 9th Revision, Clinical Modifica-
tion (ICD-9)*' codes in MSP for physician consultation in
primary care settings in BC (online supplemental table
1). However, OHIP fee codes for CAP except 486 (other
pneumonia) are generally not available to the physicians
using most of the billing software in Ontario, precluding
use of specific codes for pneumococcal pneumonia,
bronchopneumonia and lobar pneumonia. CAP cases
without codes indicating invasive pneumococcal disease
(IPD), and AOM cases without codes indicating IPD and
CAP were included.

We identified and removed duplicate records within
each database using unique identifiers and the following
dates: admission date in DAD, registration date in NACRS,
and service date in OHIP and MSP. The following dates
were used as index dates for the outcomes to link databases
and identify recurrent cases across databases together
with the unique identifiers: discharge date (DAD) to
account for the length of hospital stay, registration date
(NACRS) and service date (OHIP and MSP). CAP/AOM
episodes across databases within 90 days of the earliest
index date were considered the same episode, and the
earliest index date was retained; CAP/AOM episodes
>90days after the earliest index date were considered
recurrent episodes and included. We classified pneumo-
coccal pneumonia cases into mutually exclusive ‘hospital-
ised’ and ‘non-hospitalised’ cases. Cases identified from
the ED visits or outpatient physician consultations in
primary care settings that did not result in hospitalisation
were considered as non-hospitalised cases.

Statistical analyses

The study period was divided into two intervals in
each province according to the PCV13 immunisation
programme implementation (1 November 2010 in
Ontario and 1 June 2010 in BC): (1) pre-PCV13 period
and (2) PCVI13 period. Age was categorised into age

groups (0—4 years, 5—17 years, 18-39 years, 40-64 years,
65-74 years, 75-84 years and 285 years). We estimated
incidence rates for CAP, bacterial pneumonia, pneumo-
coccal pneumonia, AOM and ASOM. We used Poisson
regression models to estimate crude as well as age-
adjusted and sex-adjusted annual incidence rates (95%
Cls) and used annual population estimates from Statis-
tics Canada as the offset parameter.”® We also estimated
age-group-specific cumulative incidence rates according
to the PCV vaccine programme periods in the provinces.
All analyses were conducted using SAS V.9.4 (SAS Insti-
tute) software.

RESULTS

Table 1 shows the number of cases identified in the two
provinces. Ontario had 3 607 124 CAP cases during 2005—
2018 with less than 2% identified from hospitalisation
discharge data. Among the CAP cases, 172290 (5%) were
bacterial CAP, identified from hospitalisation discharge
data (40%) and outpatient visits to emergency room or
physician consultation; of the 7814 pneumococcal pneu-
monia, majority (93%) were hospitalised (online supple-
mental table 2, online supplemental table 3). Ontario
had 8026971 AOM cases, of which 3319670 (41%) were
ASOM (online supplemental table 3) suggesting a likely
bacterial aetiology.

BC had 970 455 CAP cases during the study period,
of which 317913 (33%) were bacterial CAP; 35287
were pneumococcal pneumonia (online supplemental
table 2, online supplemental table 3). Emergency room
data were not available, but regardless 91% of bacterial
pneumonia were identified from outpatient physician
consultation (online supplemental table 2), and 89% of
pneumococcal pneumonia were non-hospitalised cases
(online supplemental table 3). During 2005-2018, BC
had 2022871 AOM cases. Of the AOM cases, 1442411
(71%) were ASOM (online supplemental table 3).

Community-acquired pneumonia

Annual incidence trends

In Ontario, the crude incidence rate of CAP declined
from 2041.1/100 000 in 2005 to 1780.1/100 000 in 2010
before increasing to 2020.5/100 000 in 2018; bacterial
CAP crude incidence rate also declined from 118.2/100
000 in 2005 to 77.9/100 000 in 2010 before increasing to
111.0/100 000 in 2018 (figure 1A, (online supplemental
table 4). In BC, the crude incidence rate of CAP decreased
from 1507.8/100 000 in 2005 to 1376.0/100 000 in 2010
before increasing to 1595.8/100 000 in 2018; bacterial
CAP crude incidence rate increased from 307.2/100
000 in 2005 to 749.3/100 000 in 2018 (figure 1B, online
supplemental table 4). After age and sex adjustment,
the incidence rates increased in both provinces. The
adjusted incidence rates of hospitalised pneumococcal
pneumonia declined in both provinces; from 5.7,/100
000 in 2005 to 4.5/100 000 in 2018 in Ontario, and from
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Table 1 Age and sex distribution of the community-acquired pneumonia and acute otitis media cases in Ontario and British

Columbia, 2005-2018

Ontario British Columbia
Community-acquired  Acute otitis media,n Community-acquired Acute otitis media,
Characteristics pneumonia, n (%) (%) pneumonia, n (%) n (%)
Total cases, N 3607124 8026971 970455 2022871
Sex
Female 1861832 (52) 4137901 (52) 494248 (51) 1056401 (52)
Male 1745292 (48) 3889070 (48) 476207 (49) 966470 (48)
Age group
0-4 years 489291 (14) 2665702 (33) 78403 (8) 477421 (24)
5-17 years 360062 (10) 2147736 (27) 84186 (9) 600113 (30)
18-39 years 463681 (13) 1293555 (16) 120785 (12) 362758 (18)
40-64 years 979112 (27) 1388720 (17) 266617 (27) 406565 (20)
65-74 years 469335 (13) 301309 (4) 140509 (14) 97843 (5)
75-84 years 488457 (14) 171162 (2) 150232 (15) 56205 (3)
>85 years 357186 (10) 58787 (1) 129723 (13) 21966 (1)

8.0/100 000 in 2005 to 6.3/100 000 in 2018 in BC (online
supplemental table 4, online supplemental figure 1).

Age-group-specific cumulative incidence before and after PCV13
programme

A high incidence rate of CAP was observed in the
youngest cohort of children (0-4 years) and older
adults aged >85 years in both provinces (table 2). In
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children aged 0-4 years, the incidence rate of bacte-
rial CAP was lower during the PCV13 period compared
with the pre-PCV13 period in Ontario but was higher
during the PCVI13 period compared with the pre-
PCV13 period in BC (online supplemental table 5,
online supplemental table 6, figure 2A and B). The
incidence rate of bacterial CAP increased with age
in older adults (=65 years) with the highest burden
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Figure 1 Annual incidence of community-acquired pneumonia (CAP) and acute otitis media (AOM): (A) CAP in Ontario
(B) CAP in British Columbia (C) AOM in Ontario (D) AOM in British Columbia, 2005-2018. PCV, pneumococcal conjugate

vaccine.
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Table 2 Cumulative incidence of community-acquired pneumonia and acute otitis media before and after implementation
of 13-valent pneumococcal conjugate vaccine (PCV13) programme stratified by age group in Ontario and British Columbia,

Acute otitis media

Pre-PCV13 period

PCV13 period

2005-2018
Incidence per 100000 population (95% CI)
Community-acquired pneumonia
Age group Pre-PCV13 period PCV13 period
Ontario
0-4 years 4854.2 (4515.7 t0 5218.2)  4991.1 (4801.0 to 5188.7)
5-17 years 1289.8 (1189.1 t0 1399.1)  1249.0 (1192.4 to 1308.4)
18-39 years  855.5 (795.3 to 920.2) 815.9 (783.6 to 849.5)
40-64 years 1465.8 (1391.7 to 1543.8) 1529.9 (1488.9 to 1572.1)
65-74 years 3167.5 (2928.7 to 3425.7) 3095.7 (2979.6 to 3216.3)
75-84 years 5525.7 (5137.2 t0 5943.7) 5398.1 (5193.3 to 5610.9)
>85 years 9995.0 (9115.4 to 10 10122.7 (9694.3 to 10
959.5) 569.9)
Total 1885.6 (1835.3 to 1937.2) 1962.8 (1935.2 to 1990.9)
British Columbia
0-4 years 2671.6 (2641.9 10 2701.7) 2464.1 (2442.1 to 2486.3)
5-17 years 957.6 (947.3 to 967.9) 945.2 (937.1 to 953.5)
18-39 years 642.2 (636.3 to 648.2) 634.8 (630.3 to 639.4)
40-64 years  1130.9 (1123.8 to 1138.1) 1183.8 (1178.2 to 1189.4)
65-74 years 2430.5 (2407.6 to 2453.6) 2543.7 (2527.8 to 2559.7)
75-84 years 4496.6 (4458.0 to 4535.5) 4800.3 (4770.4 to 4830.4)
>85 years 8997.4 (8908.9 to 9086.8) 10174.5 (10 108.4 to 10
241)
Total 1446.7 (1441.9 to 1451.6) 1559.3 (1555.5 to 1563.2)

28937.9 (27 623.6 to 30 314.8)

7998.6 (7598.8 to 8419.5)
2491.7 (2330.0 to 2664.7)
22455 (2102.5 to 2398.2)
2093.7 (1799.7 to 2435.9)
1989.6 (1644.1 to 2407.8)
1730.8 (1222.7 to 2450.1)

4663.5 (4539.5 to 4791.0)

18639.8 (18 561.0 to 18 719.1)

7648.4 (7619.4 to 7677.5)
2225.8 (2214.7 to 2236.9)
1983.1 (1973.6 to 1992.6)
1876.0 (1855.9 to 1896.3)
1942.4 (1917.1 to 1968.0)
1968.0 (1926.8 to 2010.1)

3707.0 (3699.2 to 3714.8)

25467.6 (24 766.2 to 26 188.9)

7225.9 (7002.8 to 7456.1)
2204.4 (2118.2 to 2294.2)
2058.6 (1981.7 to 2138.5)
1954.7 (1807.8 to 2113.6)
1857.4 (1668.8 to 2067.3)
1621.4 (1360.4 to 1932.4)

4055.5 (3991.1 to 4121.0)

13603.8 (13 552.0 to 13 655.8)

6205.7 (6184.7 to 6226.8)
1734.8 (1727.3 to 1742.2)
1654.7 (1648.1 to 1661.3)
1686.7 (1673.8 to 1699.8)
1649.8 (1632.3 to 1667.5)
1504.6 (1479.3 to 1530.3)

2852.5 (2847.3 to 2857.7)

in the oldest cohort aged 285 years both before and
after PCV13 programme in both provinces. Bacterial
CAP burden in adults aged >85 years was almost half
the CAP burden during PCV13 period in BC (online
supplemental table 6, figure 2B). Ontario had higher
incidence rates of hospitalised pneumococcal pneu-
monia compared with non-hospitalised pneumo-
coccal pneumonia across all age groups during both
pre-PCV13 and PCV13 periods; in contrast, BC had
higher incidence rates of non-hospitalised pneumo-
coccal pneumonia (online supplemental table 5,
online supplemental table 6, online supplemental
figure 2). The incidence rate of hospitalised pneumo-
coccal pneumonia increased with age in adults in both
provinces. The burden of hospitalised pneumococcal
pneumonia appears to have declined slightly although
with overlapping confidence intervals after PCV13 in
Ontario; the burden of hospitalised pneumococcal
pneumonia declined in adults during PCV13 period
but non-hospitalised pneumonia increased across all
age groups during PCV13 period in BC.

Acute otitis media

Annual incidence trends

The crude incidence rate of AOM, including ASOM
decreased during the study period in both provinces
(figure 1C, online supplemental table 4). In Ontario, the

incidence rate decreased from 5308.8/100 000 in 2005 to
3794.8/100 000 in 2018 for AOM, and from 2364.7,/100
000 in 2005 to 1494.0/100 000 in 2018 for ASOM. BC
had a similar decrease in incidence from 4118.3/100 000
in 2005 to 2530.3/100 000 in 2018 for AOM, and from
3141.9/100 000 in 2005 to 1574.9,/100 000 in 2018 for
ASOM (figure 1D, online supplemental table 4). After
age and sex adjustment, the incidence decreased in both
provinces.

Age-group-specific cumulative incidence before and after PCV13
programme implementation

The highest incidence rate of AOM was among the
youngest cohort (0—4 years) in both provinces (table 2,
figure 2C and D). In both provinces, the incidence
rate decreased markedly with age and slightly reduced
with the introduction of PCV13. The burden of ASOM,
suggestive of bacterial aetiology, comprised half to three-
quarters of the AOM burden.

DISCUSSION

We estimated the comprehensive burden of CAP and
AOM across all age groups by combining cases from both
inpatient and outpatient care settings using 1CD-9, ICD-
10-CA and physician billing coding in health administra-
tive data. Our findings suggest that the burden of CAP
in older adults and AOM in young children remains
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Figure 2 Age group-specific incidence of community-acquired pneumonia (CAP) and acute otitis media (AOM) before and
after implementation of 13-valent pneumococcal conjugate vaccine (PCV13) programme: (A) CAP in Ontario (B) CAP in British
Columbia (C) AOM in Ontario (D) AOM in British Columbia, 2005-2018.

substantially high in two of the most populous provinces
in Canada. There remains a sizeable burden of CAP
and AOM attributable to bacterial pathogens, including
pneumococcus in the context of PCV programmes
during the study period even with underestimation of
outpatient burden in Ontario. No consistent direct and
indirect benefits of PCV13 programme was observed in
both provinces.

Applying the overall age-adjusted and sex-adjusted
incidence rates in 2018, an estimated 70397 bacterial
pneumonia, 974 hospitalised and 4049 non-hospitalised
pneumococcal pneumonia, and 222572 ASOM cases
occurred in Ontario and BC. As expected, the majority
of the CAP cases in both provinces were identified
from outpatient settings. Only a handful of studies have
reported the incidence of CAP in outpatient settings. An
annual incidence of 293-306 per 100000 population was
reported for all-cause CAP during 2005-2009 in individ-
uals aged 215 years in a study conducted in Italian general
practices.” Another study reported an annual incidence of
470 per 100000 population for all-cause outpatient CAP
in French adults aged >18 years in 2011-2012.” Our esti-
mated annual rates of hospitalised and outpatient CAP
for all age groups for the corresponding years are much

higher than these reported rates. A previous systematic
review estimated that approximately 27% of hospitalised
adult CAP were attributable to pneumococcus." Pneu-
mococcus was identified in approximately 25% of AOM
cases in Japanese children.”® We observed a decline in the
annual incidence rates of CAP, bacterial CAP and hospi-
talised pneumococcal pneumonia during pre-PCV13
years in both provinces, which likely resulted from the
earlier use PCV7 or PCV10. Contrary to our expectation
that PCV13 would have impacted the incidence rates of
CAP and bacterial CAP, we observed relatively stable rates
in Ontario and increasing rates of bacterial CAP in BC
during our study PCV13 period. Hospitalised pneumo-
coccal pneumonia seemed to decline slightly, particularly
in older adults aged >65 years in both provinces, while
non-hospitalised pneumococcal pneumonia increased
specifically in BC. A substantial reduction in the inci-
dence of hospitalised pneumococcal pneumonia, pneu-
monia of unspecified causative organism, and empyema
was observed after PCV13 implementation among chil-
dren aged <2 years in the UK; hospitalised pneumo-
coccal pneumonia was also reduced in individuals aged
2-44 years, but increased in individuals aged >45 years.”*
A reduction in hospitalised non-invasive pneumococcal
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CAP was observed only in infants during the post-PCV13
period compared with the pre-PCV13 period (6.2/100
000 vs 8.1/100 000) in Israel.”> The incidence of hospi-
talised all-cause pneumonia declined in Canadian chil-
dren aged 0-17 years and older adults aged >65 years
during early PCV13 years (2010-214)™; the incidence of
pneumococcal pneumonia among hospitalised Canadian
adults was also reported to have declined during early
PCV13 years before increasing again in 2015.°

Our study identified several differences with respect
to age-specific trends for CAP. We observed a very small
decline in the cumulative incidence of bacterial CAP and
hospitalised pneumococcal pneumonia from pre-PCV13
to PCV13 period in children aged <18 years in Ontario;
furthermore, the incidence rate of bacterial CAP in BC
increased substantially during PCV13 period compared
with pre-PCV13 period, and the incidence rate of non-
hospitalised pneumococcal pneumonia increased in chil-
dren aged 0—4 years during PCV13 period. In contrast,
the incidence of inpatient and outpatient non-invasive
pneumococcal pneumonia using administrative database
in US children aged <18 years decreased considerably
during our study period from 2006 to 2009 (late PCV7) to
2014-2018 (late PCV13): from 102.0 to 32.2 per 100000
patient-years in children <2 years, from 83.9 to 30.8 per
patient-years in children aged 2—4 years, and from 34.1
to 12.5 per 100000 patient years in children aged 5-17
years.37 In our study, the burden of bacterial CAP and
pneumococcal pneumonia continued to increase with
age in older adults aged =65 years even after introduction
of PCV13 in children and publicly funded PPV23 in older
adults. This phenomenon has also been observed in
US-based studies evaluating hospitalised CAP in adults.”®
We would expect influenza vaccination to reduce some
of the burden of primary CAP caused by influenza virus
and prevent secondary pneumonia caused by pneumo-
coccus and other bacteria during vaccine-matched influ-
enza seasons, particularly in older adults.” For example,
during 2016-2017 influenza season, 24% of children,
37% of adults aged 18-64 years with chronic medical
conditions, and 69% of older adults aged >65 years were
reported to have received influenza vaccine in Canada.”
The expected benefits of influenza vaccination on CAP
and pneumococcal pneumonia may have been offset by
suboptimal influenza vaccine coverage and the observed
decline in vaccine effectiveness with influenza vaccina-
tion programme maturation.' Nevertheless, the absence
of aetiology data limits us from fully understanding the
observed time trends of CAP, including bacterial CAP
and pneumococcal pneumonia burden in our study.

We could not directly measure the impact of vaccina-
tion on AOM cases; however, we observed a decline in the
incidence of AOM and ASOM from the pre-PCV13 period
to the PCV13 period across all age groups in both prov-
inces. This could have resulted from a reduction in the
prevalence of pneumococcus as the causative organism
of AOM in children with the introduction of PCV13 as
reported previously,” and reflects the direct benefit of

PCV13 vaccine in children along with indirect and/or
direct benefit in adults. However, a small reduction in
AOM could also have resulted from influenza vaccina-
tion in children.” The incidence of AOM in US children
also declined from 1998 to 2018 using claims data from
commercial plans (1111-727/1000 person-years in chil-
dren aged <2 years, 517-400/1000 person-years in chil-
dren aged 2—4 years, and 112-87/1000 person-years in
children aged 5-17 years) and Medicaid (895-656,1000
person-years in children aged <2 years, 385-329,/1000
person-years in children aged 2—4 years, and 98-87,/1000
person-years in children aged 5-17 years).44 A lack of
contemporaneous data on the burden of AOM in adults
precluded comparison of our rates.

Substantial benefits of the childhood PCV have been
observed in the USA in preventing healthcare visits
for otitis media and hospitalisations for pneumonia in
children.” But more recently, partial replacement with
non-vaccine serotype IPD across all age groups and an
increase in non-PCV13 IPD hospitalisation in children
aged <b years have been reported in some high-income
countries, including Canada.*>*® This could also apply to
non-IPDs, such as CAP; the lack of considerable benefit
of pneumococcal vaccines observed in our study may
have resulted from pneumococcal serotype replacement
with non-vaccine serotypes. Indeed, non-vaccine serotype
CAPs have been reported in Canadian hospitalised adult
patients with pneumococcal pneumonia, and these cases
would not be prevented by PCV13 or PPV23; CAP cases
caused by 22F and 33F serotypes were also reported.” An
increase in the incidence of hospitalised pneumococcal
CAP, primarily due to non-vaccine serotypes and serotype
3 has also been reported in individuals aged =16 years in
the UK." Similar increase in the incidence of hospital-
ised pneumococcal CAP with serotype 3 was observed in
Canadians aged 216 years, which partly offset the indirect
benefit of PCV13 conferred against 7F and 19A in adults.””’
Pathogen-specific (eg, capsular polysaccharide and inva-
siveness) and hostrelated (eg, immunotolerance) factors
together with a lower PCV13 vaccine effectiveness against
serotype 3 with the current vaccine schedules and doses
in children may explain the persistence of serotype 3 in
adults.”’ Nevertheless, limited evidence suggests 52.5%
vaccine effectiveness of PCV13 against serotype 3 hospi-
talised CAP in older adults aged >65 years.”

Another reason for the increase we observed in CAP
rates may be related to pneumococcal vaccine coverage
and the differences in the vaccine schedule between
Canadaand the USA. Pneumococcal vaccination coverage
remains suboptimal in both children and adults in
Canada. Approximately 80% of Canadian children were
reported to have received PCV by 2years of age during
2018-2017,” which is below the national coverage goal
of 95%.%* Canada changed the PCV schedule to 2+1 back
in 2010 while the USA had maintained the original 3+1
schedule. Studies have shown a considerable number
of children in Canada are only partially vaccinated with
the PCV vaccines and/or delayed their vaccination.”’
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It is possible that incomplete receipt of PCV vaccine is
impacting the indirect benefits seen in adults in Canada
compared with the USA. Additionally, PPV23 vaccina-
tion coverage in older adults also remained at 36%-58%
during 2006-2019 in Canada, which is much lower
than the national target coverage of 80%, and uptake
of pneumococcal vaccine in younger adults (18-64
years) with chronic medical condition was estimated at
12%-25%." > PPV23 has lower effectiveness against CAP
hospitalisation (10%) and pneumococcal CAP hospital-
isation (32%-51%) in older adults” and minimum effect
on all-cause pneumonia and pneumococcal pneumonia
in adults.”” The US Advisory committee on Immunisation
Practices (ACIP) recommended routine use of PCV13 in
series with PPV23 for all adults aged 265 years in 2014
considering an estimated 20%-25% of IPD and 10%
of CAP cases in US adults aged >65 years were caused
by PCV13 serotypes that could be prevented in view of
demonstrated efficacy of PCV13 against PCV13-type IPD
and pneumonia in this population.®’ This recommen-
dation was made to achieve additional reductions in
disease burden in adults aged 265 through the ongoing
indirect effects of paediatric PCV13 programme and the
direct effects of PCV13 in adults aged >65. However, the
direct and indirect effects resulted in minimum changes
in population-level incidence of pneumococcal disease
in adults following implementation of this recommen-
dation.” Consequently, in 2018, the ACIP changed the
recommendation to a routine single dose of PPV23 for all
adults aged =65 years, and recommended shared clinical
decision-making for use of PCV13 in adults aged =65 years
without any immunocompromised condition, cerebro-
spinal fluid leak, or cochlear implant and who have not
received PCV13 previously while recognising that some
adults aged >65 years are at increased risk of exposure to
PCV13 and would benefit from PCV13. In Canada, the
NACI recommended the use of PCV13 in immunocom-
petent adults aged =65 years not previously immunised
against pneumococcal disease who desire additional
protection against PCV13 serotypes in addition to the
routinely recommended PPV23 for all adults aged =65
years.” NACI does not recommend inclusion of PCV13
in publicly funded immunisation programme for adults
aged >65 years.” Considering the low level of protection
conferred by PPV23 vaccines and the observed persistent
high burden of CAP and pneumococcal pneumonia in
older adults during PCV13 period in our study, it may be
worthwhile to consider the higher valent PCV vaccines
for older adults and evaluating the effectiveness of PCV
in this population. Newer generation, higher valent PCV
vaccines, such as PCV15 or PCV20 that would provide
extended protection against non-PCV13 or non-PPV23
serotypes causing CAP could maximise the potential
direct and indirect benefits from polysaccharide vaccines
and reduce CAP and pneumococcal pneumonia burden.

One key strength of our study is that we used data from
multiple points of contact with the healthcare system
(eg, hospitalisation, ambulatory and emergency care,

and primary care) that enabled us to better approximate
the overall healthcare burden of CAP and AOM by not
focusing on serious episodes requiring hospitalisation.
Our estimated CAP and AOM burden that could be
potentially attributable to bacteria, including pneumo-
coccus demonstrates the burden that could be prevent-
able by the PCV programmes.

Our study had a number of limitations. One major
limitation of our study is the inability to establish
aetiology-specific pneumonia in primary care settings.
This precluded identification and quantification of
pneumococcal pneumonia cases among all-cause CAP
that were treated in outpatient settings alone and
consequently led to considerable underestimation of
the burden of bacterial CAP and pneumococcal pneu-
monia. In the absence of routine microbiological testing
to identify aetiological agents with subjectivity in clinical
diagnosis and use of diagnostic codes in primary care
settings, there remains uncertainty and some degree of
imprecision in estimating the burden of CAP and AOM
attributable to bacterial pathogen, including pneumo-
coccus using diagnostic codes. There are limited data
on the validity of pneumonia and AOM diagnostic codes
used in primary care settings. However, previous studies
in Canada have reported that in paediatric and adult
populations, administrative billing codes for pneumonia
and otitis media used in our study were reasonably accu-
rate compared with medical records.” ™ Other studies
have also validated codes in hospitalised, and ED visit
paediatric pneumonia cases.”® Diagnostic codes similar
to ours have been used to estimate the incidence of all-
cause CAP hospitalisation in Canada previously." ** The
incidence of paediatric AOM has also been estimated
using administrative billing codes in the USA.** As such,
it is unlikely that our burden estimates are substantially
overestimated because of false positive cases. Diagnostic
and laboratory practices to identify a patient with CAP
or AOM may vary among physicians in Ontario and
BC. Our study used administrative databases and relied
on the use of diagnostic codes. As a result, there is the
potential for misdiagnosis, miscoding or misclassification
of CAP and AOM, resulting in underestimation or overes-
timation of the burden.”””! The differences in incidence
between Ontario and BC (higher incidence of CAP and
AOM in Ontario, while higher incidence of bacterial
CAP, non-hospitalised pneumococcal pneumonia and
ASOM in BC) most likely resulted from differences in
case ascertainment/diagnosis and/or coding practices,
although there may also have been local variability in
viral and bacterial pathogen occurrence, including pneu-
mococcal serotype replacement, and/or variable distri-
bution of risk factors, particularly in adults. However, we
would expect within province comparisons and trends
over time to be less affected by these factors. Most of the
bacterial CAP and pneumococcal pneumonia cases in
BC were identified from the primary care settings and
BC had much higher burden of bacterial CAP and non-
hospitalised pneumococcal pneumonia than Ontario. A
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lack of general availability of billing codes for aetiology-
specific pneumonia in primary care settings in Ontario
likely resulted in the observed considerable underesti-
mation of bacterial CAP and non-hospitalised pneumo-
coccal pneumonia in Ontario. Furthermore, bacterial
CAP and non-hospitalised pneumococcal pneumonia
burden in BC also has the potential for overestimation in
absence of microbiological confirmation in primary care
settings. Although we included CAP and/or AOM cases
from the primary care settings in both provinces, we also
included cases treated at the ED from Ontario; the lack
of ED visit data from BC may have led to an underestima-
tion of CAP burden in BC.

CONCLUSION

The findings from our study provide a better under-
standing of the overall burden of CAP and AOM across 14
years in two large Canadian provinces. Our study suggests
ongoing substantial burden of CAP and pneumococcal
disease in Canada, despite publicly funded pneumo-
coccal vaccination programmes in place for more than a
decade, reinforcing the need to investigate the reasons.
Future studies estimating the population-level impact of
PCV13 programme on CAP and AOM compared with
pre-PCV13 period would help quantify the direct and
indirect (herd) effects and provide evidence to suggest
if conjugate vaccines with additional prevalent pneumo-
coccal serotypes (eg, PCV15 or PCV20) should be consid-
ered to augment reduction in disease burden. Another
issue to consider is whether older adults would benefit
from directly receiving PCV in the context of lower
PPV23 vaccine effectiveness against CAP.
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