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The epidemiology of invasive pneumococcal disease in older
adults from 2007 to 2014 in Ontario, Canada: a population-
based study
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Background: In Ontario, pneumococcal conjugate vaccines (PCVs) have been sequentially introduced into the publicly funded child-
hood vaccination program since 2005. A 23-valent polysaccharide pneumococcal vaccine (PPV23) has been routinely recommended
for adults aged 65 years and older since 1996. To determine the effect of herd immunity, we examined the epidemiology of invasive
pneumococcal disease in adults aged 65 years and older.

Methods: Invasive pneumococcal disease is a provincially reportable disease. We were therefore able to conduct a descriptive epi-
demiologic analysis that included assessing time trends for patients aged 65 years and older using surveillance data from 2007 to
2014. Using serotype information within the surveillance data, cases were grouped into categories according to vaccine type and
periods and then compared using Poisson regression.

Results: A total of 3825 cases of invasive pneumococcal disease were reported among adults aged 65 years and older, for an over-
all annualized incidence of 25.4 cases per 100 000 population. There was a decrease in incidence due to serotypes included in
7-valent PCV (3.0 to 0.7 cases per 100 000 population) (p < 0.001). For 13-valent PCV serotypes, there was a decrease in incidence
between 2011 and 2014 (9.8 to 5.3 cases per 100 000 population (p < 0.001)). Serotypes unique to PPV23 and those not included in
a vaccine increased from 2.3 to 5.8 and from 2.4 to 7.2 cases per 100 000 population, respectively (p < 0.001).

Interpretation: In older adults, among serotypes contained in PCVs, we have shown a decrease in incidence of invasive pneumo-
coccal disease. This is likely due to herd immunity from the childhood program. A burden of illness due to unique PPV23 serotypes

and those that are not covered by a vaccine exists and has increased over time.

he prevention of invasive pneumococcal disease, an

important bacterial cause of clinical syndromes such

as meningitis, bacteremia and complicated pneumo-
nia, is possible with the use of vaccines. Since the introduc-
tion of the 7-valent pneumococcal conjugate vaccine (PCV7),
childhood rates of PCV7 serotypes of invasive pneumococcal
disease have declined.!? A decrease in nasal carriage of pneu-
mococcal vaccine serotypes among people who have received
CRM,;-containing conjugate vaccines compared with people
who have not received the vaccine has also been described.*¢
A number of studies have documented a decrease in adult
incidence of PCV7 serotype invasive pneumococcal disease
among people who have not received the vaccine owing to
herd immunity after childhood vaccination.!” In a multistate
study reported by Whitney and colleagues, reductions in the
incidence of invasive pneumococcal disease were seen among
adults more than 20 years of age.!

The PCV7 vaccine was introduced in January 2005 as part
of a publicly funded routine childhood vaccination program for
all children born after January 20047 in Ontario (population
~13 million).® The program consisted of a 4-dose schedule,
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with doses administered at 2, 4, 6 and 15 months of age.” A
10-valent vaccine (PCV10) replaced PCV7 in October 2009,
with a subsequent switch to a 13-valent product (PCV13) in
November 2010.2 With this most recent change, Ontario also
modified their routine program for infants to receive a total of
3 doses (at 2, 4 and 12 mo). For infants at high risk, the 4-dose
schedule was continued. In adults, PCV13 has not been used
in the publicly funded program, with the exception of patients
at high risk.” However, since 1996, adults over the age of 65
years have been eligible for a dose of 23-valent polysaccharide
pneumococcal vaccine (PPV23), which includes 11 additional
pneumnococcal serotypes.
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We reviewed the epidemiology of invasive pneumococcal
disease in Ontario among adults 65 years of age and older over
an 8-year period to understand whether there were potential
herd effects from the routine infant vaccination program.

Case definition

All cases of invasive pneumococcal disease that meet the fol-
lowing case definition are reportable within the province of
Ontario: clinical evidence of invasive disease with laboratory
confirmation of infection, which includes isolation of Strepto-
coccus pneumoniae or detection of S. pneumoniae DNA by
nucleic acid amplification test from a normally sterile site
(e.g., blood, cerebrospinal fluid, excluding middle ear)'

Surveillance data

Laboratory confirmation of invasive pneumococcal disease is
reported by hospital and private laboratories to public health
units. Public health unit staff enter core surveillance data into
the integrated Public Health Information System.

Public Health Ontario laboratories send all received isolates
of S. pneumoniae from sterile sites to the National Microbiology
Laboratory in Winnipeg, Manitoba, for serotyping. In addi-
tion, all hospital sites participating in the Toronto Invasive Bac-
terial Diseases Network send their isolates to the network’s lab-
oratory at Mount Sinai hospital in Toronto for serotyping.!!
Isolates considered not typeable by network methods are for-
warded to Winnipeg for further serotyping. Once serotyping is
completed, all results are reported centrally to Public Health
Ontario. Public Health Ontario assesses results to ensure pro-
vincial case definition criteria are met and serotype information
is entered into the Public Health Information System on behalf
of the respective public health units.!

Routine reporting of serotype data to public health began in
2007. Therefore, all cases of invasive pneumococcal disease
reported into the integrated Public Health Information System
between Jan. 1, 2007, and Dec. 31, 2014, were extracted for this
analysis. We included only data from patients 65 years of age
and older. Data from patients with noninvasive disease or non-
residents of Ontario were excluded. Age was further divided into
5- and 10-year age groupings. Data collected included patient
sex, episode date, serotype, vaccination information, public
health unit and outcome. Specimens with no serotype informa-
tion were excluded from serotype-specific analysis. Geographic
areas were consolidated to 7 health regions that were used for
geographic analysis. Vaccination data were collected by the
health unit in which a patient resided and were based on records
from a doctor or a verbal report by the patient or a delegate.

Laboratory serotyping and serotype groupings
Serotyping was done using latex pneumococcal antisera (Stat-
ens Serum Institute, Denmark) and the capsular swelling
Quellung reaction.?

Cases were grouped according to serotypes and vaccine
groups (i.e., PCV7, additional PCV13, all PCV13, unique
PPV23 and non-vaccine-preventable serotypes). The PCV7
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serotype included 4, 6B, 9V, 14, 18C, 19F and 23F. Addi-
tional PCV13 serotypes included 1, 3, 5, 6A 7F and 19A.
Unique PPV23 serotypes included 2, 8, 9N, 10A, 11A, 12F,
15B, 17F, 20, 22F and 33F. All other serotypes not included

in a vaccine were considered non-vaccine-preventable.

Statistical analysis

Incidence rates were calculated using annual population esti-
mates from Statistics Canada (2007-2013) and population
projections (2014) obtained through inteliHEALTH Ontario
and the Ontario Ministry of Health and Long-Term Care.!!}
Descriptive analyses and unadjusted Poisson regression to
assess trends over time were done using SAS version 9.3 and
Microsoft Excel 2010. In addition, the pre-PCV13 period
(January 2007-January 2010) and post-PCV13 period (Janu-
ary 2011-December 2014) were compared using Poisson
regression. January 2010 to January 2011 were excluded
because that period coincides with introduction of PCV10.
An interaction between the vaccine period and years was fitted
in the Poisson model with case counts as outcome and popu-
lation estimates as the offset parameter. The same analysis was
repeated to examine time trends for additional PCV13 sero-
types. A p value of less than 0.05 was deemed significant.

Ethical approval
We obtained ethics approval from Public Health Ontario’s
Ethics Review Board.

A total of 3825 cases of invasive pneumococcal disease
occurred in adults 65 years of age and older during the study
period. There was a slight female predominance (52.0% of
cases were in female patients). Over the 8-year period, the
overall annual incidence remained relatively stable, ranging
from a high of 28.0 per 100 000 population in 2012 to a low
of 22.9 per 100 000 population in 2014, and there were no
significant trends in overall incidence over time (p = 0.4296).
There was geographic variation in the annualized incidence of
invasive pneumococcal disease within the province; the north-
west region had the highest annualized incidence (34.7 per
100 000 population), whereas the northeast and southwest
regions had the lowest (22.3 and 23.7 per 100 000, respec-
tively). Overall, 66.9% of patients required admission to hos-
pital, and there was a patient fatality ratio of 17.7%.

Age group

The overall annualized incidence rate of invasive pneumococ-
cal disease was 25.4 per 100 000 population among patients 65
years of age and older. When age groups were further subdi-
vided, patients 65-74 years of age had an annualized incidence
of 18.7 per 100 000. This increased to 26.5 per 100 000 and
50.3 per 100 000 for patients 75-84 years of age and more
than 85 years of age, respectively. In each of these groups,
men had a higher annualized incidence rate than women, and
the ratio remained relatively consistent in each age group
(Table 1). When viewed by serotype and age, patients in the



oldest age group (> 85 years of age) had significantly more
disease due to all serotypes and by vaccine type than those in
the younger age groups. (Table 2).

Serotype data
Of the 3825 cases identified during the study period, 2778
(72.6%) had serotyping documented. There was a 20% annual
decrease in the incidence of PCV7-included serotypes between
2007 and 2014, from 3.0 to 0.7 cases per 100 000 (p < 0.001)
(Figure 1). When analyzing trends over time, the incidence
due to PCV13 serotypes significantly increased (p < 0.001)
from 2007 to 2010 (7.0 to 12.0 cases per 100 000), followed by
a significant decrease (p < 0.001) in incidence from 2011 to
2014 (9.8 to 5.3 per 100 000). Limiting the analysis to sero-
types that were unique to PCV13 (i.e., serotypes 1, 3, 5, 6A, 7F
and 19A) showed a similar trend, with a significant increase (p
< 0.001) in rates between 2007 and 2010 (4.0 to 9.8 cases per
100 000), with a subsequent significant decrease (p < 0.001) in
incidence to 4.6 cases per 100 000 in 2014. Further serotype-
specific analysis showed that within those serotypes included in
PCV13, from 2011 to 2014 there was a significant decrease in
the incidence per year caused by serotypes 7F (27.9%
decrease), 19A (23.0% decrease) and 3 (12.7% decrease).
Additionally, based on an interrupted time series analysis,
there was a significant change in the trend before and after the
introduction of PCV13 (p < 0.001). Changes in trend were
significantly different between 2007-2010 and 2011-2013.
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For serotypes unique to PPV23, there was a significant
increase (p < 0.001) in incidence of cases over the study
period, with incidence increasing from 2.3 cases per 100 000
in 2007 to 5.8 cases per 100 000 in 2014. For serotypes not
included in any vaccine, there has also been a significant
increase (p < 0.001) in incidence between 2007 and 2014, from
2.4 cases per 100 000 to 7.2 cases per 100 000. Further analy-
sis of unique PPV23 serotypes as well as non—vaccine-
preventable serotypes by serotype and 10-year age groupings
showed the greatest increase in incidence was in the oldest age

group (Figure 2).

Immunization status

A total of 1223 cases were in patients with a vaccination status
documented in the integrated Public Health Information Sys-
tem. Of these patients, 62.4% were reported as having not
received vaccine. Of the 37.6% (460/1223) that had received at
least 1 dose of pneumococcal-containing vaccine, 97.0%
(446/460) received PPV23. Interestingly, 26.5% had illness
due to a serotype not covered by PPV23, and 22.6% had
unspecified (i.e., unknown or missing) serotypes. Of the 234
patients who had received PPV23 and who had disease caused
by a serotype contained within PPV23, 43.6% (102/234) had
received vaccine more than 5 years before the onset of illness.
Among patients who received vaccine, 7.8% (36/460) had mul-
tiple doses of PPV23 and 2.0% (9/460) received a pneumococ-
cal conjugate vaccine.

Table 1: Annualized age-specific incidence (per 100 000 population) of invasive pneumococcal disease among
adults 65 years of age and older by sex in Ontario, 2007-2014 (n = 3822)

Women Men Overall
Rate Rate Rate
Age group, yr No. (per 100 000 population) No. (per 100 000 population) No. (per 100 000 population)
65-74 715 16.7 804 20.9 1519 18.7
75-84 688 24.2 642 29.5 1330 26.5
>85 587 45.0 386 60.9 973 50.2

Note: Excludes 3 cases in which sex of patient was unknown.

Table 2: Annualized age-specific incidence (per 100 000 population) of invasive pneumococcal disease
among adults 65 years of age and older in Ontario, 2007-2014

Rate (per 100 000 population) by age group

Vaccine type 65-74 yr p value 75-84 yr p value >85yr p value
All types 18.7 Reference 26.5 < 0.001 50.3 < 0.001
PCV7 1.3 Reference 1.6 0.205 4.0 < 0.001
Additional PCV13 5.3 Reference 6.8 0.001 12.4 < 0.001
PCV13 6.7 Reference 8.5 0.001 16.5 < 0.001
Unique PPV23 3.7 Reference 4.9 0.001 9.0 < 0.001
NVP 3.4 Reference 5.7 < 0.001 10.6 < 0.001

Note: NVP = non—vaccine preventable serotypes, PCV7 = 7-valent pneumococcal conjugate vaccine, PCV13 = 13-valent pneumococcal
conjugate vaccine, PPV23 = 23-valent polysaccharide pneumococcal vaccine.
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Invasive pneumococcal disease causes a substantial burden of
disease in adults 65 years of age and older. Annually, an esti-
mated 3000 cases are reported in Canada. The highest inci-
dence is in patients more than 60 years of age (21.9 cases per
100 000 population).'* An estimated 90% of invasive pneumo-
coccal disease in the United States occurs in adults.”” When
data are further analyzed based on 10-year age groupings, it is
evident that the greatest burden of disease is in the oldest
adults.'®!” Older adults also have a higher case fatality ratio of
compared with those in younger age groups'”!%.

The serotype distribution of invasive pneumococcal disease
has changed over the past 8 years. The incidence of non-vaccine-
preventable serotypes increased during our study period. In addi-
tion, our data show a decrease in disease caused by serotypes con-
tained within the conjugate vaccines. A universal childhood
conjugate pneumococcal vaccination program was in place
throughout the study period. Therefore, the changes seen in the
rates of disease in patients 65 years of age and older are likely due
to a herd effect from the childhood program, a decrease in nasal
carriage and less exposure to S. prewmoniae. This is further sub-
stantiated by the serotype-specific changes we saw. As described
by other groups, before the introduction of the PCV13 vaccine
among children, rates of invasive pneumococcal disease due to
serotypes contained within PCV13 increased over time among
both children and adults.*?? After the introduction of PCV13
to Ontario’s childhood vaccination program in November 2010,
we saw a decrease in the incidence of serotypes unique to this
vaccine among older adults. This is similar to other reports in the
literature with sequential PCV7/PCV13 introduction.”-%¢

The PCV13 vaccine was licensed based on an aggregate cor-
relate of protection established for PCV7 serotypes of 0.35ug/
mL, as well as an opsonophagocytic antibody (OPA) titre of
1:8. Andrews and colleagues?” measured serotype-specific cor-

relates of protection in infants who had received 2 doses of con-
jugate vaccine and found that higher cut-offs for protection
were need for serotypes 1, 3, 7F, 19A and 19F, and that an
OPA titre of 1:8 was not predictive of protection. Additional
evidence from Harboe and colleagues™ investigation of Danish
population-based laboratory data has shown that since the
introduction of pneumococcal conjugate vaccines, serotypes 1
and 3 have not shown a significant change in incidence among
patients 65 years of age and older, whereas all other serotypes
in PCV13 have. In our study, we saw a significant decrease in
the incidence of serotypse 3, 7F and 19A and a decreasing trend
for 19F. Our data suggest that based on the incidence of dis-
ease, current correlates of protection do provide a basis for est-
mating protection and that all serotypes contained within
PCV13 have shown decreasing trends in incidence among
older adults. This difference between what is reported in the
literature and what we found could be a true finding, or could
be because of less serotype 3 circulating in Ontario.

The PCV13 vaccine is a safe and effective vaccine for older
adults. Currently, the National Advisory Committee on Immu-
nization has not recommended that this vaccine be used univer-
sally, and no province or territory has implemented universal
PCV13 programs among people 65 years of age and older. In
contrast, the Advisory Committee on Immunization Practices
has made a recommendation to include PCV13 in the routine
adult vaccination schedule.?® Based on our findings, the herd
effect afforded by the routine childhood program may be suffi-
cient for those adults who interact with young children who
have received the vaccine. However, this may not be the case
for the oldest cohort of adults (patients aged > 85 years) or
adults who have limited interaction with children.

Serotypes unique to PPV23 have increased over our study
period. Our observed increase in PPV23 serotype—related dis-
ease could be due to a failure to vaccinate (poor vaccine cover-
age of the universal program). More than 70% of cases
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Figure 1: Annual incidence rates of serotype groups by vaccine type among adults 65 years of age and older, in

Ontario, Canada, 2007-2014 .
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reported in the integrated Public Health Information System
were in patients with no documented receipt of the PPV23 vac-
cine. However, this could also be due to poor vaccine effective-
ness. A comparison of meta-analyses by Melegaro and
Edmunds?’ showed a vaccine effectiveness of 50%-80% against
invasive pneumococcal disease in older adults. Effectiveness
also varied by age of receipt of vaccine and additional risk fac-
tors. Another explanation could be waning immunity — 43%
of patients who had received vaccine had received it more than
5 years before the onset of illness. Morrill and colleagues”
describe a national cohort of adults over the age of 50 years in
which the percentage of overall cases of pneumococcal infec-

OPEN

tions increased among patients who had received vaccine more
than 5 or 10 years earlier. These authors also showed that those
who received the vaccine had significantly fewer episodes of
invasive pneumococcal disease, despite poor vaccine effective-
ness. In Ontario, all adults 65 years of age and older should
routinely receive a single dose of PPV23. Vaccine coverage
among adults in Ontario is unknown, because there is no com-
prehensive vaccination registry in the province. National vac-
cine coverage rates for PPV23 are estimated to be 38.7%
(range 34.5%-41.5%) among adults aged 65 years and older.*’
Additional work to promote this vaccine could further decrease
the burden of disease due to invasive pneumococcal disease.
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Figure 2: Annual age-specific incidence rates of serotype groups by vaccine type among adults 65 years of age and

older (by 10-year groupings) in Ontario, Canada, 2007-2014.
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Limitations

Although invasive pneumococcal disease is a reportable disease,
there is likely under-reporting. Some patients may not have
sought medical attention, and some may have received empiric
antibiotics without testing. Some variables may also be under-
reported, particularly those relating to outcome. Twenty-seven
percent of our cases were in patients with no serotyping infor-
mation. This would only impact our findings if these cases were
systematically different than those in patients with this informa-
ton. Our data source did not contain information on risk fac-
tors, underlying illness including influenza or ethnicity; these
additional variables are known to increase the risk of invasive
pneumococcal disease.?* Finally, because there is no vaccination
registry, assessment of vaccination status was limited by data
provided during case investigation.

Conclusion

Although the overall incidence of invasive pneumococcal dis-
ease in older adults has remained relatively stable over time,
after the introduction of a childhood pneumococcal conjugate
vaccination program, we have seen a decrease in serotype-
specific incidence among serotypes contained in conjugate
vaccines in older adults. This decrease is likely due to herd
immunity. Disease due to serotypes unique to the PPV23 vac-
cine and those that are not covered by any current vaccine
have increased over time. Improving PPV23 vaccine coverage
among adults, as well as working toward higher valency conju-
gate vaccines (i.e., a conjugate vaccine with more than 13 sero-
types) or vaccines that target conserved areas of S. preumoniae
could lead to further control of invasive pneumococcal disease
in this population.
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