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Background. Demography is changing, with people living longer with comorbidities. In this nationwide population-based
study, we investigated the serotype-specific invasive pneumococcal disease (IPD) risk in individuals with comorbidities, and effects
of the pneumococcal conjugated vaccine (PCV) child immunization program.

Methods. Cases included 14 096 IPD episodes in Sweden during 2006-2015. Controls (n = 137 289), matched to cases by age,
sex, region, and calendar time, were selected from the general population. Comorbidity data was obtained through health registers
and grouped as immunocompromising (IC) or chronic medical conditions (CMC).

Results.  The prevalence of CMC and IC among elderly cases was 33.9% and 39.4%. New risks identified for IPD were sarcoid-
osis, inflammatory polyarthropathies, systemic connective tissue, and neurological diseases. The odds ratio (OR) for IPD caused
by non-PCV13 compared with PCV13 serotypes was higher in individuals with CMC/IC. Serotypes associated with the highest
risk were 16F, 15C, 35E, 19F, and 23A (OR 3-5 for CMC, >10 for IC). Most comorbidities increased post-vaccination, and absolute
increases of IPD caused by non-PCV13, PPV23-non-PCV13, and non-PCV13/non-PPV23 serotypes were higher in individuals
with IC/CMC compared with healthy persons. Non-PCV13 serotypes 6C, 9N, 11A, 22F, 23A and 35F increased more in those with
comorbidities. Mortality due to non-PCV13 serotypes increased in individuals with IC/CMC, while remaining stable in persons

without comorbidities.
Conclusions.

The PCV child immunization program associates with an increased disease burden of non-vaccine serotypes in

individuals with comorbidities. These data are important for vaccine design and optimization of current vaccination strategies.
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Streptococcus pneumoniae contributed to 1.2 million deaths glob-
ally in 2016, with the highest burden in young children and the
elderly [1]. Several comorbidities, particularly immunosuppres-
sion, are associated with higher risk for invasive pneumococcal
disease (IPD) [2-5]. A 23-valent pneumococcal polysaccha-
ride vaccine (PPV23) is available for immunization of the eld-
erly and individuals with comorbidities [6-8]. Pneumococcal
conjugate vaccines (PCVs) are included in child immuniza-
tion programs globally. First, a 7-valent vaccine (PCV7) was
launched around 2010; it was replaced by a 10-valent (PCV10)
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or 13-valent (PCV13) vaccine. PCV13 is also licensed for use in
adults [9]. PCV introduction has resulted in reductions of IPD
caused by vaccine serotypes both in vaccinated children and
nonvaccinated adults [10-12]. In most countries, there has been
a concomitant increase in nonvaccine serotypes, hampering the
impact of PCVs [10-14]. In Sweden, we reported a decrease in
IPD caused by vaccine serotypes in all age groups after PCV in-
troduction, but the overall impact in the elderly was limited due
to the increase in nonvaccine serotypes [15].

In many countries, life expectancy rises, reflecting im-
proved survival among healthy individuals and those with un-
derlying diseases [16]. Associations have been found between
comorbidities and pneumococcal serotypes in patients with
IPD [17, 18]. However, studies assessing the impact of PCV
introduction on serotype-specific IPD in individuals with
comorbidities are hampered by study designs that might cause
differential misclassification, by assessing only subgroups of
immunosuppressed individuals, or by grouping all individuals
with comorbidities together [9, 19-21]. To guide future pneu-

mococcal vaccine development and immunization policies, it
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is important to assess the impact of pneumococcal childhood
immunization on serotype-specific IPD in individuals with un-
derlying diseases in population-based studies with high validity.

In Sweden, the national PCV child immunization program
started generally in 2009 using PCV?7 followed by a change to
PCV10 or PCV13 around 2010 in a 2 + 1 schedule [15]. The
coverage among children aged 2 years was 96.5%-97.6% during
2011-2017 [22]. PCV13 was not recommended nationally for
adult risk groups until 2016. Adult risk groups have been re-
commended PPV23 since the 1990s, but the coverage of PPV23
in the elderly has been low at <30% [22]. All Swedish citi-
zens have unique personal identification numbers that enable
linkage to comprehensive national health registers with high
validity that include information about hospital care, drug pre-
scriptions, migration, and mortality [23].

Here, we performed a nationwide, population-based study to
investigate the risk of serotype-specific IPD in individuals with
underlying diseases and the effect of underlying diseases on the
IPD incidence after PCV introduction.

METHODS

Case and Control Groups

Cases consisted of citizens with IPD reported to the Public
Health Agency of Sweden between 2006 and 2015. An IPD
case was defined as pneumococcal isolation from sterile loca-
tions (eg, blood, cerebrospinal fluid) [15]. For each case, up to
10 controls were randomly selected by incidence density sam-
pling from the general population using the population register
at Statistics Sweden. The controls were matched to cases by age
(1 year), sex, calendar time, and geographical region (exact
matching). The study was approved by the Ethical Committee
in Stockholm.

Comorbidities

Data on comorbidities were obtained through linkage to the
patient register, which contains International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-
10) diagnoses for all hospital care administered in Sweden.
Comorbidities were defined as present if there was a diag-
nosis within the last 5 years prior to the study index date.
Dispensation of medical drugs within the year before that index
date was obtained through linkage to the Prescribed Drug
Register that contains data on dispensed drugs from phar-
macies in Sweden. Comorbidity categories were defined ac-
cording to ICD-10 diagnoses and/or dispensed medical drugs
(Supplementary Table 1). In accordance with the Advisory
Committee on Immunization Practices (ACIP) guidelines for
pneumococcal vaccination, individuals were grouped as indi-
viduals with immunocompromising conditions (ICs), which
included immunodeficiency, human immunodeficiency virus

(HIV), hematological/solid tumor malignancy, and chronic
renal failure, and individuals with chronic medical conditions
(CMC), which included diabetes and heart, lung, and liver di-
sease, without having diagnosis belonging to the IC group [24].

Serotyping of Isolates

Serotyping was performed at the Public Health Agency of
Sweden by gel diffusion using antisera (SSI, Denmark), as
previously described [25]. The pneumococcal serotypes were
grouped into PCV13 (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A,
19F, 23F), non-PCV13 (not included in PCV13), PPV23-non-
PCV13 (2, 8, 9N, 10A, 11A, 12F 15B, 17F, 20, 22F 33F), and
non-PCV13/non-PPV23 serotypes (not included in PCV13 or
PPV23).

Statistical Analyses

IPD episodes without adequate serotyping data (951 of 14 096,
6.7%) were imputed using multivariate imputations by chained
equations (Supplementary Methods). Conditional logistic re-
gression was used to estimate the risk of IPD for individuals
with comorbidities in the periods before (2006-2007) and
after (2014-2015) PCV introduction that included an inter-
action term (ratio of odds ratios [ORs]) of comorbidity with
period. Stratified analyses were performed by age group, sero-
type group, and for serotypes with at least 100 cases on average
from all imputed datasets. Population attributable proportions
of comorbidities were calculated based on estimates of the post-
vaccine period [26]. Logistic regression was used to estimate the
association between serotype and 30-day mortality adjusted for
age, sex, year, and comorbidity.

The yearly incidence and mortality rates of IPD during 2006
2015 were estimated using Poisson regression. Population size
was obtained from Statistics Sweden. The proportion of people
in the population with underlying conditions was estimated
from the population-based controls where a logistic regression
was applied to every age group-sex combination, having year
as the covariate (Supplementary Methods) [22]. Absolute risk
differences (RDs) and risk ratios (RRs) compared 2014-2015
with 2006-2007. The IPD incidence was stratified by comor-
bidity for serotypes 3, 6C, 9N, 11A, 19A, 22F, 23A, and 35F
(these serotypes increased post-vaccine introduction [15]) and
for nonvaccine serotypes with >250 cases during the study pe-
riod. Changes in the proportion of comorbidities among cases
and controls in the post-vaccine compared with the pre-vaccine
period were assessed using logistic regression models having
different comorbidities as outcome and estimating the effect of
period after adjustment for age group, sex, and county. Firth’s
logistic regression was used to deal with separation problems
[27]. Two-sided P values < .05 were considered statistically sig-
nificant, and data were presented with 95% confidence inter-
vals. Analyses were performed using R (www.r-project.org).
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RESULTS

Increased Risk for IPD in Individuals With Chronic and

Immunocompromising Conditions

A total of 14 266 IPD cases were reported in Sweden during
2006-2015; 166 did not have an identification number and 4
were excluded due to more than 1 pneumococcal serotype.
Thus, the study population consisted of 14 096 IPD cases
(50.2% females): 410 aged 0-4 years, 5596 aged 5-64 years, and
8090 aged 265 years. Cases were matched to 137 289 controls.
The prevalence of CMC and IC among IPD cases was 15.1%
and 9.3% among those aged 0-4 years, 20.8% and 23.6% among
those aged 5-64 years, and 33.9% and 39.4% among those
aged 265 years. After adjustment for age, sex, and region, the
proportion of most comorbidities increased post-vaccination
compared with pre-vaccination both among cases and con-
trols (Supplementary Table 2). The median age among cases
increased from 65 years (interquartile range [IQR], 52-79) in
2006-2007 to 70 years (IQR, 59-80) in 2014-2015.

The OR for IPD was 2.50 (95% CI 2.39 to 2.62) for individ-
uals with CMC and 5.01 (95% CI 4.78 to 5.25) for those with
IC compared with individuals without these conditions (Table
1). Comorbidities associated with the highest OR were hema-
tological malignancies (95% CI 9.16 to 11.16) and HIV (12.31;
[95% CI 8.24 to 18.37]; Supplementary Table 3A-3C). After ad-
justment for other comorbidities and immunosuppressive treat-
ment, the following diagnoses, not currently included in ACIP
recommendations for pneumococcal vaccination, were associ-
ated with IPD: sarcoidosis, inflammatory polyarthropathies, or
systemic connective tissue disorders (OR, 1.26; [95% CI 1.17
to 1.36]), and neurological diseases (OR, 1.26; [95% CI 1.20 to
1.34]).

Nonvaccine Serotypes Preferentially Infect Individuals With

Immunocompromising Conditions

The OR for IPD caused by non-PCV13 serotypes and non-
PCV13/non-PPV23 serotypes compared with PCV13 sero-
types was higher in individuals with CMC: 2.78 (95% CI 2.57
to 3.01) and 3.22 (95% CI 2.80 to 3.69) compared with 2.36
(95% CI 2.23 to 2.50), and in individuals with IC: 6.26 (95%
CI5.78 to 6.78) and 8.20 (95% CI 7.18 to 9.38) compared with
4.31 (95% CI 4.04 to 4.59; Table 1). The same pattern was ob-
served in stratified analyses according to age groups, where
the largest differences were observed for individuals with IC
aged 5-64 years: OR for PCV13 serotypes 6.19 (95% CI 5.58
to 6.85), for non-PCV13 serotypes 9.63 (95% CI 8.43 to 11.0),
and for non-PCV13/non-PPV23 serotypes 17.89 (95% CI
13.95 to 22.95).

The population attributable proportions (PAPs) of CMC
and IC were 17.7% (15.5-19.9) and 29.4% (27.2-31.6), re-
spectively, in 2014-2015 (Table 1). The PAPs of CMC and
IC were higher in the elderly, 19.2% (16.0-22.3) and 32.2%
(29.1-35.2), respectively, compared with 14.1% (10.9-17.2)

and 23.2% (19.9-26.3) for those aged 5-64 years. The attribu-
tion of IC was higher for non-PCV13 and non-PCV13/non-
PPV23 serotypes compared with PCV13 serotypes, 33.2%
(30.3-35.9), 39.5% (34.9-43.8), and 22.5% (18.8-26.1), re-
spectively, while the attribution of CMC was similar. This IC
attribution was also observed in age-stratified analyses. The
specific comorbidities that attributed to most IPD cases were
lung diseases (15.9%; 13.8-17.9), immunodeficiency (11.3%;
9.3-13.2), and heart diseases (8.5%; 5.7-11.2; Supplementary
Table 3A-3C).

The IPD risk by specific serotypes varied for individuals
with CMC and IC, with ORs ranging from 1 to 5 for CMC
and from 2 to 14 for IC (Figure 1, Table 2). The serotypes
that were associated with the highest risk in descending order
were serotypes 16F, 15C, 35F, 19F, and 23A (ORs of 3-5 for
CMC and >10 for IC). Non-PCV13 serotypes 9N, 11A, and
22F, which expanded after PCV13 introduction [15], were as-
sociated with ORs of 2-3 for individuals with CMC and 4-9
for IC.

Changes in IPD Incidence Post-Vaccine Introduction According to
Presence of Underlying Diseases

When years 2006-2007 were compared with years 2014-2015,
the IPD incidence per 100 000 decreased in individuals with IC
from 86.1 to 75.6 (RR, 0.88; 0.80,0.97 and RD, -10.5; -18.2,—
2.7), in persons with CMC from 35.5 to 27.1 (RR, 0.76; 0.69,0.85
and RD, -8.4; -11.6,-5.2), and in those without comorbidities
from 8.1 to 5.3 (RR, 0.65; 0.60,0.71 and RD, -2.8; -3.4,-2.2;
Figure 2, Supplementary Figure 1). In young children with
comorbidities, the incidence decreased from 34.2 to 7.3 (RR,
0.21; 0.10,0.46 and RD, -26.9; -39.6,-14.2), and in children
without comorbidities from 11.4 to 3.2 (RR, 0.28; 0.19,0.41 and
RD, -8.2; -10.6,-5.8; Supplementary Figure 2). In the elderly,
the incidence reduction was modest: from 97.1 to 88.3 (RR, 0.91
[95% CI 0.81 to 1.02] and RD, -8.8 [95% CI -19.4 to 1.9]) in in-
dividuals with IC, and from 55.0 to 47.2 (RR, 0.86 [95% CI 0.76
t0 0.97] and RD, -7.8 [95% CI -14.1 to —1.4] in individuals with
CMC. (Figure 2)

PCV13 serotypes decreased in individuals aged 5-64 years
and 265 years with CMC and IC and rarely caused IPD in chil-
dren in 2015 (Supplementary Figure 2, Figure 2).The absolute
increases of IPD caused by non-PCV13, PPV23-non-PCV13,
and non-PCV13/non-PPV23 serotypes was higher in individ-
uals with IC: RD, 31.1 (95% CI 25.7 to 36.5), 14.0 (95% CI 10.0
to 18.0), and 17.1 (95% CI 13.5 to 20.8), respectively, and with
CMC: RD, 9.6 (95% CI 7.5 to 11.7), 5.3 (95% CI 3.6 to 7.0),
and 4.3 (95% CI 3.0 to 5.5), respectively, compared with those
without comorbidities: RD, 1.7 (95% CI 1.3 to 2.1), 0.90 (95%
CI 0.61 to 1.19), and 0.79 (95% CI 0.58 to 1.01), respectively
(Figure 2).

The incidence of PCV13 serotypes 3 and 19A increased post-
vaccination from 1.2 to 1.7 and from 0.4 to 1.0 per 100 000,
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Figure 1. Proportion of ICs and CMCs in cases with invasive pneumococcal disease by serotype. Abbreviations: CMC, chronic medical condition; IC, immunocompromising

condition.

respectively. The absolute increase was more pronounced in
individuals with CMC (from 2.9 to 4.4 and from 0.6 to 2.1,
respectively) or IC (from 6.2 to 7.9 and from 2.2 to 5.8, respec-
tively) compared with individuals without comorbidities (from
0.6 to 0.8 and 0.2 to 0.5, respectively), although the risk ratios
were similar (Supplementary Table 4, Supplementary Figure
3). Despite some incidence fluctuations during the study pe-
riod, the trend was similar for non-PCV13 serotypes 6C, 9N,
11A, 22F, 23A, and 35F with the most pronounced increase

for 22F in individuals with IC (from 3.0 to 7.9). Furthermore,
we observed an increase in the incidence post-vaccination of
several non-PCV13/non-PPV23 serotypes that were associ-
ated with high risk for IPD in individuals with comorbidities,
such as serotypes 16F, 15C, 35F, and 23B (Table 2). Yet,
the relative changes in the serotype-specific incidences be-
tween 2006-2007 and 2014-2015 among individuals with or
without comorbidities were not significantly different (all P
values > .05).
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Table 2. Association Between Serotype and Comorbidity Group and Serotype and 30-Day Mortality for Serotypes With >100 Invasive Pneumococcal
Disease Cases on Average From All Imputed Datasets (N) in the Study Period: 2006-2015

2006-2015 2006-2007 2014-2015
OR of Being Immuno-
OR of Chronic Med- compromised vs No 30-Day OR of 30-Day
ical Condition vs No Comorbidities (95% Mortality, Mortality Incidence Rate Incidence Rate

Serotype N Comorbidities (95% CI)* ch? N (%) (95% CI)° (95% CI) (95% Cl)
16F° 147 4.50 (2.62-7.73) 13.07 (7.68-22.26) 29 (19.7) 1.97 (1.21-3.20) 0.09 (0.06-0.15)  0.22 (0.16-0.30)
15C° 144 4.67 (2.77-7.87) 11.82 (6.92-20.20) 20 (13.9) 1.58 (0.91-2.74) 0.09 (0.05-0.16)  0.16 (0.11-0.22)
35F¢ 272 3.74 (2.52-5.55) 10.94 (7.48-16.02) 7 (13.7) 1.27 (0.82-1.97) 0.16 (0.10-0.24)  0.33 (0.25-0.42)
19F¢ 302 3.78 (2.63-5.42) 10.76 (7.58-15.29) 8(19.2) 2.29 (1.567-3.34) 0.52 (0.42-0.64)  0.12(0.08-0.19)
23A° 305 4.30 (2.94-6.27) 10.75 (7.46-15.50) 5(18.0) 1.70 (1.16-2.50) 0.17 (0.12-0.25)  0.44 (0.36-0.55)
1MA° 386 2.89 (2.09-3.99) 9.08 (6.66-12.39) 4 (24.4) 2.93 (2.08-4.13) 0.28(0.21-0.38)  0.37 (0.30-0.47)
15B° 145 2.57 (1.64-4.28) 7.56 (4.68-12.19) 8(19.3) 2.01 (1.22-3.30) 0.05 (0.02-0.10)  0.17 (0.12-0.24)
18C¢° 314 2.40 (1.68-3.41) 7.08 (5.03-9.98) 6 (11.5) 1.34 (0.86-2.07) 0.52 (0.42-0.65)  0.08 (0.04-0.13)
6B° 517 2.06 (1.67-2.70) 6.71 (5.16-8.73) 1(15.7) 1.52 (1.08-2.14) 0.93 (0.79-1.09)  0.17 (0.12-0.25)
BA° 484 2.87 (2.20-3.74) 6.69 (5.18-8.65) 1(12.6) 1.09 (0.76-1.56) 0.73(0.61-0.88)  0.13 (0.09-0.20)
10A° 210 2.44 (1.63-3.64) 6.51 (4.37-9.69) 9(13.8) 1.52 (0.94-2.45) 0.09 (0.05-0.15)  0.41 (0.33-0.51)
23F¢ 576 2.71(2.11-3.47) 6.32 (4.92-8.13) 9 (12.0) 1.06 (0.75-1.50) 1.05(0.90-1.22)  0.10 (0.06-0.17)
6C° 327 2.70 (1.94-3.76) 6.25 (4.54-8.59) 5 (16.8) 1.44 (0.98-2.14) 0.03 (0.01-0.100  0.65 (0.55-0.78)
33F° 409 2.80 (2.09-3.75) 6.15 (4.64-8.15) 8(9.3) 0.93 (0.61-1.43) 0.17 (0.11-0.27) ~ 0.58 (0.48-0.70)
38° 123 2.88 (1.66-5.00) 5.64 (3.27-9.72) 8 (14.6) 1.41 (0.79-2.51) 0.10 (0.06-0.16)  0.09 (0.06-0.15)
9N°® 499 2.79 (2.17-3.59) 5.30 (4.09-6.88) 7 (13.4) 1.45 (1.01-2.07) 0.42 (0.33-0.55)  0.71 (0.60-0.84)
19A¢ 791 2.06 (1.69-2.52) 4.70 (3.84-5.76) 100 (12.6) 1.44 (1.04-1.99) 0.38(0.29-0.49)  1.02 (0.89-1.18)
22F¢ 1214 2.29 (1.95-2.68) 4.65 (3.95-5.49) 120( 9) 1.07 (0.79-1.45) 0.51 (0.39-0.67) 1.46 (1.29-1.64)
23B° 164 1.63 (1.02-2.60) 4.19 (2.69-6.51) 7 (10.4) 1.20 (0.67-2.15) 0.02 (0.00-0.12)  0.52 (0.43-0.64)
149 1026 1.95 (1.64-2.33) 3.79 (3.17-4.53) 8 (9.6) 1 (Ref.) 2.04(1.83-2.28)  0.15(0.10-0.23)
gv¢ 854 2.90 (2.42-3.49) 3.67 (2.96-4.54) 5 (7.6) 0.92 (0.65-1.31) 1.68 (1.48-1.91) 0.15 (0.10-0.22)
7F¢ 1240 2.22 (1.89-2.60) 3.32 (2.76-3.98) 3 (5.1) 0.72 (0.50-1.03) 1.62 (1.42-1.85)  0.52 (0.42-0.63)
4d 825 2.78 (2.30-3.36) 3.24 (2.60-4.05) 7 (8.1) 1.05 (0.73-1.50) 1.32 (1.14-1.51)  0.14 (0.09-0.21)
3¢ 1466 2.39 (2.07-2.76) 3.24 (2.77-3.80) 222 (15.1) 1.80 (1.36-2.37) 1.15 (0.99-1.34) 1.71 (1.63-1.91)
8° 413 3.00 (2.29-3.93) 3.06 (2.25-4.17) 9 (7.0) 0.90 (0.57-1.43) 0.45 (0.36-0.57)  0.59 (0.49-0.71)
1¢ 224 1.06 (0.67-1.67) 2.06 (1.31-3.24) 0 (4.5) 0.77 (0.37-1.60) 0.20(0.14-0.29)  0.08 (0.05-0.13)
PCV13 sero- 8627 2.36 (2.23-2.50) 4.31 (4.04-4.59) 930 (10.8) 1 (Ref.) 12.16(11.63-12.70) 4.38 (4.09-4.69)

types
Non-PCV13 5469 2.78 (2.57-3.01) 6.26 (5.78-6.78) 741 (13.5) 1.13 (1.01-1.27) 3.23(2.93-3.66) 792 (753-8.33)

serotypes
PPV23-non-PCV13 3467 2.60 (2.37-2.87) 5.38 (4.88-5.94) 425 (12.3) 1.08 (0.95-1.23) 2.20(1.96-2.46)  4.59 (4.29-4.91)

serotypes
Non-PCV13/non- 2003 3.22 (2.80-3.69) 8.20 (7.18-9.38) 316 (15.8) 1.22 (1.05-1.42) 1.03 (0.86-1.23)  3.33(3.08-3.60)

PPV23 serotypes
All serotypes 14096 2.50 (2.39-2.62) 5.01 (4.78-5.25) 1671 (11.9) 15.4 (14.8-16-0)  12.3 (11.8-12.8)

Incidence rates (invasive pneumococcal disease cases/100 000 population) presented for pre- and post-vaccine period. No significant interactions of period and comorbidity group per se-
rotype, after adjustment for multiple comparison.

Abbreviations: Cl, confidence interval; OR, odds ratio.

?ORs calculated using conditional logistic regression.

°ORs calculated using logistic regression adjusted for age group, sex, year, and comorbidity group. Serotype 14 used as reference.

¢ Non-PCV13/non-PPV23 serotypes.

9PCV13 serotypes.

¢ PPV23-non-PCV13 serotypes.

Increased Mortality Observed in Individuals With Underlying Diseases
Infected With Nonvaccine Types Post-Vaccine Introduction

The overall mortality incidence due to IPD was largely un-
changed between 2006 and 2015 (range, 1.4-2.1 per 100 000;
Supplementary Figure 4). In individuals with IC, there was an
increase during 2006-2010, from 12.2 to 18.4 per 100 000, there-
after, the mortality decreased to 10.4 in 2015. The mortality

due to PCV13 serotypes decreased from 10.1 in 2006-2007 to
3.9 per 100 000 in 2014-2015 in individuals with IC (RR, 0.38;
[95% CI0.27 to 0.55] and RD, -6.2; [95% CI -8.6 to -3.9]), and
from 0.4 to 0.2 in individuals without comorbidities (RR, 0.38;
[95% CI 0.24 to 0.59] and RD, -0.3; [95% CI -0.4 to -0.2]).
In contrast, mortality due to non-PCV13 serotypes increased
from 3.0 to 7.7 in individuals with IC (RR, 2.56; [95% CI 1.63
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Figure 2. Incidence per 100 000 population per year for all seratypes and by serotype group, presented separately for individuals without comorbidities and for those with
IC and CMC. Left column shows results for all ages, right column for the those aged >65 years. The gray areas indicate 95% confidence intervals. Abbreviations: CMC, chronic
medical condition; IC, immunocompromising condition; PCV, pneumacoccal conjugated vaccine.

to 4.00] and RD, 4.7; [95% CI 2.7 to 6.7]), and from 1.1 to 2.1
in individuals with CMC (RR, 1.94; [95% CI 1.18 to 3.20] and
RD, 1.0; [95% CI 0.3 to 1.8]), while the increase was less pro-
nounced for individuals without underlying diseases, from
0.2 to 0.3 (RR, 1.64; [95% CI 0.98 to 2.76] and RD, 0.1; [95%
CI -0.003 to 0.2]). The increased mortality was due to both
PPV23-non-PCV13 and non-PCV13/non-PPV23 serotypes.
After adjustment for age, sex, comorbidity, and year, serotypes
associated with the highest mortality were 11A followed by
19F, 15B, 16F, 3, 23A, 15C, 104, 6B, 9N, 19A, and 6C, that is,
many nonvaccine types that increased post-vaccine introduc-
tion (Table 2).

Reduction of PCV13 Serotypes and Expansion of Nonvaccine Serotypes in
the Elderly Have Implications for Vaccination in Adults

In analyses of finely stratified age groups, the PCV13 sero-
type incidence decreased regardless of age or underlying dis-
eases post-vaccine introduction, and PPV23-non-PCV13
and non-PCV13/non-PPV23 serotypes increased (Figures 3
and 4). The incidence of non-PCV13/non-PPV23 serotypes
was highest in individuals with IC post-vaccination, espe-
cially in children and those aged >55 years. Among individ-
uals with CMC or IC, there were substantial IPD decreases
in those aged 18-54 years post-vaccination. Among individ-
uals without comorbidities, the IPD incidence was 217 per
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pneumococcal conjugated vaccine.

100 000 in persons aged 265 years in 2006-2007, while in
2014-2015 an equivalent incidence was observed in those
aged 275 years.

DISCUSSION

The results from this nationwide, population-based register
study are important to guide pneumococcal vaccination strat-
egies. Previous studies have shown that certain serotypes act
as opportunistic pathogens, preferentially infecting individuals
with comorbidities [17]. Correlations between specific serotypes
and comorbidities have been confined to case series of IPD, and
hence the risk of serotype-specific IPD in individuals with CMC
or IC has not been assessed [17, 18]. In our study, individuals
with CMC or IC showed a higher relative risk of IPD caused
by non-PCV13 serotypes, especially non-PCV13/non-PPV23
serotypes, compared with PCV13 serotypes. Thus, the PAP of
IC was 9.7% higher for non-PCV13 serotypes and 17.0% higher
for non-PCV13/non-PPV23 serotypes compared with PCV13
serotypes post-vaccination. Serotypes 16F 15C, 19F, 35E 23A,
and 11A, of which 4 are not included in PCV13 or PPV23, con-
ferred the highest risk among individuals with IC and CMC.
All of these serotypes, except the vaccine type 19F increased
post-vaccination, and we observed a higher absolute increase

in the PPV23-non-PCV13 serotypes 9N,11A, and 22F and of
serotypes 3, 19A, 6C, 3A, and 35F in those with underlying dis-
eases. It is worrisome that many of the serotypes that increased
post-vaccination preferentially infect persons with underlying
diseases and were associated with high mortality. This suggests
that several serotypes currently not included in licensed pneu-
mococcal vaccines should be targeted in future vaccine devel-
opment for individuals with immunocompromising conditions.

The absolute increase, which is an important public health
measure of IPD, caused by non-PCV13, PPV23-non-PCV13,
and non-PCV13/non-PPV23 serotypes post-vaccination was
higher in individuals with IC or CMC compared with those
without underlying diseases. Concomitantly, there was an in-
creased mortality due to non-PCV13 serotypes in individuals
with IC and CMC that was not observed in those without
comorbidities. The IPD incidence caused by PCV13 sero-
types post-vaccination was substantially reduced compared
with pre-vaccination, regardless of age group or presence of
comorbidities. The reduction in PCV13 serotypes and concom-
itant increase in PPV23-non-PCV13 serotypes favors vaccin-
ations that include PPV23 for individuals with CMC and IC,
although the protective effect of PPV23 in individuals with IC is
debated [6-8]. Interestingly, the IPD incidence caused by sero-
types included in PPV23 was similar for persons aged 75-84
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Figure 4. Stacked invasive pneumococcal disease incidence of vaccine and nonvaccine serotypes in individuals without comorbidities and in those with IC and CMC in the
pre-vaccine (2006—2007) and post-vaccine (2014-2015) period in different age groups. Abbreviations: CMC, chronic medical condition; IC, immunocompromising condition;

PCV, pneumococcal conjugated vaccine.

years in 2014-2015 as for those aged 65-74 years in 2006-2007.
This suggests that vaccinations that target the healthy elderly
could be started at an older age than currently recommended.
A study from the United States observed a decreased incidence
of PCV13 serotypes in individuals with CMC and IC regardless
of age following PCV13 introduction in children [9]. However,
they did not observe a consistent increase in nonvaccine sero-
types. A case-cohort study from Norway reported a decrease of
PCV13 serotypes and an increase in nonvaccine serotypes in
individuals with and without immunosuppressive therapy [20].
However, individual serotypes were not assessed, and they did
not account for calendar time in the selection of controls. We
observed that many underlying diseases increased from pre-
to post-vaccination among the controls [28], thus this should
be taken into account. A Danish study included serotype data
for a long pre-vaccine period, which enabled modeling of epi-
demic cycles of serotype-specific IPD trends [19]. However, due
to limited sample size, all comorbidities were grouped together,

which prevented analyses of differential effects according to IC
and CMC.

Our study has several strengths. The sample size was large
using national Swedish registers and the controls were sam-
pled from the same population as the cases. Comorbidities
were measured in an identical way for cases and controls, and
by using incidence density sampling, we could account for cal-
endar time in a similar way for cases and controls. Limitations
are potential misclassification of underlying diseases since we
relied on ICD-10 and Anatomical Therapeutic Chemical codes
from Swedish national registers, although these registers have
high validity [23]. Due to a limited pre-vaccine period, we did
not perform interrupted time-series analyses, and hence we
cannot rule out that some of the observed findings are due to
underlying trends in serotype incidences [19]. Yet, this is un-
likely to affect analyses where serotypes are grouped together.
Since we did not assess counties using PCV10 and PCV13 sepa-
rately, the results of serotypes 3 and 19A need to be interpreted
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cautiously [15]. Finally, we did not have individual data on
vaccination status. However, the uptake in Sweden has been
low for PPV23 (at most, around 30% among persons aged 265
years during a vaccination campaign in 1998-2000 in Region
Stockholm, whereafter the coverage declined) and did not sub-
stantially change during the study period. Also, PCV13 was
not recommended nationally for adult risk groups until 2016,
a reason for ending the study period in 2015 [22]. Therefore, it
is likely that the observed changes in incidence are due to indi-
rect effects of the child immunization program. Yet, it is pos-
sible that PPV23 and PCV13 vaccination among persons with
IC explains some of the observed shifts toward infections and
mortality due to nonvaccine serotypes.

In conclusion, our data show that the indirect effects of PCV
introduction have resulted in a shift from PCV13 to nonvaccine
serotypes, causing IPD among individuals with CMC and IC,
where the absolute increase in nonvaccine serotypes is substan-
tial, especially in individuals with IC compared with healthy
people. Infections caused by these nonvaccine serotypes are
associated with high mortality. Identification of these specific
serotypes will help in finding optimal vaccine strategies for the
elderly and for those with underlying diseases. This is of partic-
ular importance due to changes in health status and underlying
disease severity in aging populations [29].
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