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Abstract

Background: Despite the use of pneumococcal vaccines, indigenous populations are consistently disproportionately
affected by invasive pneumococcal disease (IPD). With recent changes in Ontario’s provincial pneumococcal
vaccination program, we sought to evaluate the epidemiology and burden of IPD in northwestern Ontario
(NWO) Canada – a region that contains a substantial (19.2%) indigenous population.

Methods: We retrospectively reviewed all adult cases of IPD that were reported to the Thunder Bay District
Health Unit, in Thunder Bay, Ontario, Canada, over a 10-year period (2006–2015). Patients admitted to the
Thunder Bay Regional Health Sciences Centre with IPD had their charts reviewed to abstract clinical data.
Statistical analysis, including incidence rates of IPD, was performed.

Results: Two hundred sixty-two cases of IPD occurred over the 10-year observation period and clinical data
was available for 182 cases. Fifty-three of 182 (29.1%) patients were indigenous. 73 of 182 (40.1%) of patients
were immunocompromised. Indigenous patients with IPD were more likely to be immunocompromised than
non-indigenous patients (p < 0.001). Serotype data was available for 159 cases of IPD; PCV7, PCV13, and PPV23
covered 5.7%, 28.3%, and 79.2% of isolates, respectively, while 29 (20.8%) were non-vaccine serotypes. The
annual incidence rate of IPD ranged from 8.9 to 25.9 per 100,000 among adults 18–64 years old; among
adults 65 years of age and older the annual incidence of IPD ranged from 18.5 to 60.7 per 100,000.

Conclusion: Among adults in NWO, Canada, there is a high incidence of IPD. Immunocompromised indigenous
adults in NWO may benefit from pneumococcal vaccination coverage. Emerging non-vaccine serotypes of
Streptococcus pneumoniae warrant the consideration of the provincial pneumococcal vaccination program.

Keywords: Immunocompromised, Indigenous, Invasive pneumococcal disease, Northwestern Ontario, Non-vaccine
serotypes, Serotype distribution, Streptococcus pneumoniae, Vaccination

Background
Streptococcus pneumoniae causes substantial morbidity
and mortality and remains an important cause of serious
infection worldwide [1, 2]. From a global perspective the
incidence of invasive pneumococcal disease (IPD) re-
mains higher in indigenous populations compared to the

general population despite the use of pneumococcal vac-
cines, but few studies have explored the burden of IPD
in Canada’s indigenous population [3–9]. In Ontario,
Canada, the provincial immunization program has seen
recent changes, including the addition of pneumococcal
conjugate vaccines (PCV7 in 2005, PCV10 in 2009, and
PCV13 in 2010), yet the effectiveness of these vaccines
in reducing clinical disease remains poorly explored.
In Canada, pneumococcal vaccination is currently

recommend for all individuals (PCV13 at 2, 4, and 12
months; PPV23 at 65 years). In addition to routine
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pneumococcal immunization, additional PPV23 vaccin-
ation is currently recommended for individuals ≥24
months of age who have a medical condition or lifestyle
risk factor that is considered high risk for IPD [10].
However, it seems that many Canadians do not receive
the recommended pneumococcal immunizations. Public
health surveillance of seven year old children that
attended school in Ontario in the 2016–2017 year
found that only 79.7% of children had received
pneumococcal immunization [11]. Among adults, Sta-
tistics Canada estimates that in 2014 only 17.3%
(13.7–20.8, 95% CI) of individuals 18–64 years of age
with a chronic medical condition where PPV23 is in-
dicated received at least one PPV23 immunization,
compared to 36.5% (32.7–40.3, 95% CI) among adults
65 years of age and older [12].
The population of northwestern Ontario (NWO) is

unique compared to most regions of North America in
that it has a substantial indigenous population (19.2% of
the population) dispersed over a vast geographic area
[13]. In the context of recent changes in the provincial
pneumococcal vaccination program, the objectives of
our study were as follows: 1) to evaluate the incidence,
trend of incidence, and serotype distribution of IPD in
NWO; and 2) investigate differences in demographics,
clinical characteristics, immune status, and serotype dis-
tribution of IPD among indigenous and non-indigenous
adults in NWO.

Methods
In Ontario, Canada, mandatory reporting legislation re-
quires all cases of IPD to be reported to public health
authorities; the Thunder Bay District Health Unit
(TBDHU) receives mandatory reporting for NWO. We
retrospectively reviewed all adult (individuals ≥18 years
of age) cases of IPD reported to the TBDHU from 2006
to 2015 for age, gender, year of isolation, and serotype
of S. pneumoniae causing IPD. Cases of IPD were de-
fined as an isolation of S. pneumoniae from a sterile
physiological site.
To further understand the demographic and clinical

features of patients with IPD in NWO, we performed a
chart review on a subset of patients identified from
mandatory reporting to the TBDHU that were admitted
to the Thunder Bay Regional Health Sciences Centre
(TBRHSC). The TBRHSC is a 395 bed hospital and the
largest hospital in NWO that serves as the primary re-
ferral hospital to the surrounding rural communities.
To identify patients hospitalized with IPD, we per-
formed an ICD-10 code search of “IPD” occurring be-
tween 2006 and 2015 from the TBRHSC health records
that was independently corroborated by a search of the
TBRHSC microbiology database for isolates of S. pneu-
moniae causing invasive disease.

Clinical and demographic data were retrospectively ab-
stracted from patients’ charts. Patients were defined as
immunocompetent or immunocompromised. Similar to
other studies, we defined patients as immunocomprom-
ised if any of the following criteria was documented in
patients’ chart: human immunodeficiency virus (HIV)
infection, previous solid organ or bone marrow/stem
cell transplantation, asplenia, sickle cell disease or other
hematologic disorders, systemic lupus erythematosus,
hematologic malignancy, hepatic cirrhosis, chronic
renal failure (creatinine > 200 mg/dL or requiring
chronic renal dialysis), primary immunodeficiency, or
chronic receipt of immunosuppressive therapy. Im-
munosuppressive therapy was defined as chronic daily
receipt of oral corticosteroids, current chemotherapy for
cancer treatment, or other immunosuppressive medica-
tions used for chronic management of inflammatory/rheu-
matologic conditions [14].
Patients were defined as indigenous or non-indigenous.

Indigenous status was defined as a patient with health in-
surance coverage provided by First Nations and Inuit
Health and was available for 100% of patients with clinical
data (n = 182). Mortality was defined as death within 30
days of isolation of S. pneumoniae from a physiologically
sterile site. Serotyping was performed by the Quellung re-
action using commercial pool, group, type and factor anti-
sera at the time of microbiological diagnosis [15].
Statistical analysis was performed by using SAS ver-

sion 9.3 (SAS Institute, Cary, North Carolina). Annual
incidence rates were calculated based on population data
provided from the Thunder Bay District Health Unit
(TBDHU). Jointpoint regression, with annual percentage
change (95% confidence interval), was used to evaluate
changes in incidence rates over time. Statistical analysis
was conducted to evaluate differences between indigen-
ous and non-indigenous patients with IPD. Additionally,
we compared case fatality rate between the indigenous
and the non-indigenous stratifying by immune status,
immunocompetent or immunocompromised. The Fisher
exact test was used for binary variables (case-fatality,
immune-status, indigenous status, gender, serotype dis-
tribution by vaccine coverage groups, co-morbidities)
and the t-test was used for continuous variables (age).
Statistical values were considered significant if p < 0.05.

Results
Over the 10-year period (2006–2015), 262 adult cases of
IPD were reported to public health (TBDHU) and had
age, gender, year of isolation, and serotype data. 182 of
the 262 cases (69.5%) involved patients hospitalized at
the TBRHSC and had complete clinical and demo-
graphic data available. Of the 182 cases with clinical
data, S. pneumoniae was isolated from the following
sites: blood 164 (90.1%), cerebrospinal fluid 10 (5.8%),
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pleural fluid 5 (2.9%), synovial fluid 2 (1.2%), and peri-
toneal fluid 1 (0.6%).
The mean age of patients with IPD was 57.0 ± 18.6

years (range 21–97 years). During 2006–2015, the annual
incidence rate of IPD ranged from 8.9 to 25.9 (16.9 aver-
age) per 100,000 among adults 18–64 years old; in adults
18 years of age and older the incidence ranged from 13.6
to 28.9 (37.7 average) per 100,000 (Table 1).
Fifty-three of 182 (29.1%) patients were indigenous; 73 of

182 (40.1%) were immunocompromised. Thirty-five of 53
(66.0%) indigenous and 38 of 129 (29.5%) non-indigenous
patients were immunocompromised (p < 0.001, Fisher
exact test). The average age of indigenous and non-
indigenous adults with IPD was 43.4 and 62.7 years,
respectively, and the difference was statistically signifi-
cant (p < 0.001).
Overall, a wide range of immunocompromising con-

ditions were observed in both indigenous and non-in-
digenous patients with IPD. The most common cause
of immunodeficiency in indigenous patients with IPD was
receipt of chronic immunosuppressive therapy (8 pa-
tients, 22.9%) compared to a lower rate observed in
non-indigenous patients (2 patients, 5.3%), and the
difference was statistically significant (Fisher exact
test, p = 0.041). Hematological malignancy was found
to be a more common immunocompromising condi-
tion among the non-indigenous cohort (10 patients,
26.3%) compared to the indigenous cohort (1 patient,
2.9%) and the difference was statistically significant
(Fisher exact test, p = 0.007). Among the immunocom-
promised patients with IPD, HIV infection was a more
common immunocompromising condition observed in
non-indigenous patients compared to indigenous pa-
tients (1 case, 2.9%; 6 cases, 15.8%, respectively), but
the difference was not statistically significant.

There were 4 deaths among the 53 indigenous patients
compared to 11 deaths among the 120 non-indigenous
patients (case-fatality rate of 7.5% indigenous versus
8.5% non-indigenous; not statistically significant differ-
ence). A case-fatality rate in non-indigenous immuno-
compromised patients (5 deaths/38 patients, 13.2%)
exceeded one in indigenous immunocompromised pa-
tients (1 death/35 patients, 2.86%), but the difference
was not statistically significant.
Serotype data was available for 159/262 (60.7%) of IPD

cases (Fig. 1). The most common serotypes causing IPD
were 22F (17.6%), 19A (12.6%), 20 (8.8%), and 8 (7.5%),
which accounted for 46.5% of all typed isolates. PCV7,
PCV13, and PPV23 covered 5.7, 28.3, and 79.2% of iso-
lates, respectively, while 29 (20.8%) were non-vaccine se-
rotypes (NVT).
The serotypes of S. pneumoniae isolates causing IPD

in indigenous patients (serotype data were available for
22 of 53 cases) were covered by the following pneumo-
coccal vaccines: PCV7 (0, 0%), PCV13 (4, 18.2%), PPV23
(14, 63.6%), NVT (4, 18.2%). There was no statistically
significant difference among S. pneumoniae serotypes
(according to vaccine coverage group: PCV7, PCV13,
PPV23, NVT) causing IPD between indigenous and
non-indigenous patients.
The serotypes of S. pneumoniae causing IPD in

immunocompromised patients (serotype data were
available for 48 of 73 cases) were covered by the fol-
lowing pneumococcal vaccines: PCV7 (1, 2.1%),
PCV13 (13, 27.1%), PPV23 (22, 45.8%), NVT (12,
25.0%). There was no statistical difference among S.
pneumoniae serotypes (according to vaccine coverage
group: PCV7, PCV13, PPV23, NVT) causing IPD be-
tween immunocompetent and immunocompromised
patients.

Table 1 Crude and age-standardized annual incidence rates (per 100,000 population) of invasive pneumococcal disease among
adults in northwestern Ontario, Canada, by age group, 2006–2015

18–64 years > = 65 years > = 18 years

year # incidence 95% CI # (%) malea # incidence 95% CI # (%) malea # incidence 95% CI # (%) malea

2006 12 11.7 6.64–20.6 6 (50.0) 10 43.8 23.6–81.4 5 (50.0) 22 17.5 11.6–26.7 11 (50.0)

2007 9 8.9 4.61–17.0 4 (44.4) 8 34.6 17.3–69.1 4 (50.0) 17 13.6 8.47–21.9 8 (47.1)

2008 17 16.9 10.5–27.1 9 (52.9) 7 29.7 14.1–62.2 4 (57.1) 24 19.3 12.9–28.7 13 (54.2)

2009 26 25.9 17.6–37.9 15 (57.7) 10 41.7 22.5–77.6 5 (50.0) 36 28.9 20.9–40.1 20 (61.1)

2010 15 14.9 9.0–24.7 7 (46.7) 13 53.5 31.1–92.1 6 (46.2) 28 22.4 15.5–32.5 13 (46.4)

2011 20 20.0 12.9–30.9 11 (55.0) 15 60.7 36.6–100.7 7 (46.7) 35 28.0 20.1–39.0 18 (51.4)

2012 17 17.0 10.6–27.4 10 (58.8) 7 27.4 13.1–57.5 3 (42.9) 24 19.1 12.8–28.6 13 (54.2)

2013 18 18.1 11.4–28.8 9 (50.0) 11 41.7 23.1–75.4 5 (45.5) 29 23.1 16.1–33.2 14 (48.2)

2014 18 18.3 11.5–29.0 10 (55.6) 5 18.5 7.72–44.6 5 (100.0) 23 18.3 12.2–27.6 15 (65.2)

2015 17 17.4 10.8–27.9 11 (64.7) 7 25.4 12.1–53.2 3 (42.9) 24 19.1 12.8–28.6 14 (58.3)

Age-adjusted crude incidence rates were calculated based on annual population data provided by the Thunder Bay District Health Unit
a Percentage female implied as difference from 100%
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Discussion
Our study found a high incidence of IPD among adults
in NWO. During the same period of observation, the na-
tional IPD incidence rates ranged between 8.85 and 9.88
per 100,000 population of all ages, including children
[16], while the annual IPD incidence rates from NWO
were 13.6–28.9 per 100,000 for adults ≥18 years of age
(Table 1). In particular, the incidence rates of IPD in
≥65 year-old adults in NWO were higher than recently
reported data from the same age group in the whole
province of Ontario (2007–2014), i.e. 37.7/100,000 ver-
sus 25.4/100,000 [17].
Our findings demonstrate that indigenous adults are

disproportionately represented among individuals hospi-
talized for IPD at the TBRHSC. While the indigenous
people of NWO represent 19.2% of the population, 29.1%
of patients hospitalized for IPD at the TBRHSC were iden-
tified as indigenous. We also found that indigenous pa-
tients hospitalized at the TBRHSC with IPD were
statistically more likely to be immunocompromised than
non-indigenous patients. Taken together, these findings
suggest that the higher rate of comorbid conditions caus-
ing immunodeficiency among the indigenous population
may contribute to the burden of IPD in NWO.
Although 66% of indigenous patients with IPD were

immunocompromised (compared to 29.5% of non-in-
digenous patients with IPD, p < 0.001) there was no

statistical difference in case-fatality rate between indi-
genous and non-indigenous patients (7.5 and 8.5%,
respectively). This difference in case-fatality is a strik-
ing difference from the findings of an Ontario
population-based monitoring study where immuno-
compromised individuals with IPD were documented
to have case-fatality rates of 16.2% in individuals 15–
64 years of age and 29.5% in individuals 65 years of
age and older [14]. The average age of indigenous
patients was 19.3 years younger than non-indigenous
patients which may have contributed to the lower
case-fatality rate (Table 2).
Our study did not identify statistically significant dif-

ferences in S. pneumoniae serotype distribution among
non-indigenous, indigenous, or immunocompromised
patients with IPD. However, our findings of a relatively
high prevalence of PPV23 serotypes suggests inad-
equate vaccination of high-risk indigenous adults (Fig.
1). A larger study is required to evaluate this possibility,
which has been observed in other indigenous popula-
tions [18].
The occurrence of serotypes 22F (17.6%) and 8 (7.5%),

which have been recognized as emerging serotypes in
the post-PCV13 era, is worrisome; along with a high
proportion of NVT (20.8%), this implies serotype re-
placement [19, 20]. The fact that the serotype 19A (in-
cluded into PCV13) accounts for 12.6% of IPD cases in
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Fig. 1 Serotype distribution of 159 isolates of Streptococcus pneumoniae causing invasive pneumococcal disease among adults in northwestern
Ontario, Canada, 2006-2015, by indigenous status. Non-vaccine serotypes accounted for 20.8% of S. pneumoniae serotypes causing invasive
pneumococcal disease during the 10-year observation period
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our population may indicate insufficient herd effect of
pediatric immunization with PCV13; the latter was in-
troduced in Ontario in 2010 [16].
Our study has limitations. Similar to other retrospective

studies, we were unable to obtain complete and accurate
vaccination data. Therefore, we were unable to comment
on individual cases of vaccine failure or differences in vac-
cine coverage between indigenous and non-indigenous
individuals. Outside of the cases of IPD occurring at the
TBRHSC, our data relies on mandatory reporting to
public health. Although most clinical microbiological la-
boratories in Ontario have well-established mandatory
reporting algorithms, cases of IPD not reported to public
health would not be captured in our study and underesti-
mate the incidence of IPD in this region. The clinical data
obtained in our study only evaluated patients hospitalized
with IPD at the TBRHSC and did not include patients
who were not hospitalized at the TBRHSC or patients ad-
mitted to surrounding community hospitals. Therefore,
our clinical data may not be representative of the popula-
tion in terms of disease severity, indigenous status, or im-
munocompromised status.

Conclusions
The findings of this study provide valuable data on the
effectiveness of the Ontario pneumococcal vaccination
program in a region with a substantial indigenous popu-
lation over a critical time period where changes were
made in the provincial pneumococcal immunization
program. Our study documents a high incidence of IPD
among adults in NWO, Canada. Additionally, we found
that among patients with IPD hospitalized at the
TBRHSC, the indigenous population was disproportion-
ately affected. In particular, our findings identify immuno-
compromised indigenous adults in NWO, Canada as a
vulnerable cohort of the population that may benefit from
pneumococcal vaccination coverage. Emerging NVTs war-
rant consideration from the provincial pneumococcal

vaccination program. These findings serve as an impetus
for public health action.
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Table 2 Age, gender, immune-status, and case-fatality rate by indigenous status among 182 adults hospitalized for IPD in
northwestern Ontario, Canada, 2006–2015

No. of
patients (%)

Mean age,
years
(standard deviation)

Gender Immune status

Immuno-compromised
(%)

Immuno-competent
(%)

TotalMale (%) Female (%)

Indigenous 53 (29.1) 43.4 (17.9) 31 (58.4) 22 (41.5) 35 (66.0) 18 (34.0) 53

Death count 1 (25.0) 3 (75.0) 4

Case-fatality rate (%) 2.9 16.7 7.5

Non-indigenous 129 (70.9) 62.7 (14.3) 73 (56.6) 56 (43.4) 38 (29.5) 91 (70.5) 129

Death count 5 (45.5) 6 (54.5) 11

Case-fatality rate (%) 13.2 6.6 8.5

p values* < 0.001 0.58 0.35 0.21 0.17 1.00

*p values for difference between indigenous and non-indigenous values. Statistical analysis: Fisher Exact test (gender, death counts among immunocompromised,
immunocompetent, and total); t-test (mean age). α = 0.05
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