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Implementation of pneumococcal conjugate vaccines 
in the Netherlands (PCV7 in 2006 and PCV10 in 2011) 
for infants caused a shift in serotypes in invasive pneu-
mococcal disease (IPD). We explored sex differences 
in serotype-specific IPD incidence before and after 
vaccine introduction. Incidences in the pre-PCV7 (June 
2004–May 2006), post-PCV7 (June 2008–May 2011) 
and post-PCV10 period (June 2013–May 2015), strati-
fied by age, were compared. Incidence was higher in 
men for all age groups (overall in men: 16.7, 15.5 and 
14.4/100,000 and women: 15.4, 13.6 and 13.9/100,000 
pre-PCV7, post-PCV7 and post-PCV10, respectively), 
except for 20–39 year-olds after PCV7 and 40–64 year-
olds after PCV10 introduction. After PCV7 and PCV10 
introduction, the overall IPD incidence decreased in 
men aged 20–39 years (from 5.3 pre-PCV7 to 4.7 and 
2.6/100,000 post-PCV7 and post-PCV10, respectively), 
whereas it showed a temporary increase in women 
(from 3.9/100,000 pre-PCV7 to 5.0/100,000 post-PCV7 
and back to 4.0/100,000 post-PCV10) due to replace-
ment disease. PCV10 herd effects were observed 
throughout, but in women older than 40 years, a 
significant increase in non-PCV10 serotype offset a 
decrease in overall IPD incidence. Ongoing surveil-
lance of IPD incidence by sex is important to evaluate 
the long-term effects of PCV implementation.

Introduction
Sex differences play an important role in clinical dis-
ease susceptibility and outcome. In infectious dis-
eases, the burden of bacterial, fungal, parasitic and 
viral disease is generally higher in men than in women 
[1-3]. However, with the exception of urinary tract infec-
tions, sex differences are often neglected in surveil-
lance reports [4,5]. Also for Streptococcus pneumoniae, 

a frequent coloniser of the nasopharynx and cause of 
severe infections, the observed incidences of pneumo-
coccal pneumonia and invasive pneumococcal disease 
(IPD) have been higher in men [6-8]. Young children 
have the highest pneumococcal carriage rates and are 
the key transmitters of S. pneumoniae in the popula-
tion. However, no systematic age-specific differences 
in asymptomatic pneumococcal nasopharyngeal car-
riage rates have been observed between boys and 
girls [9-11]. Pneumococcal conjugate vaccination (PCV) 
has led to eradication of vaccine serotype carriage but 
immediate replacement by non-vaccine serotypes with 
a modest reduction in overall pneumococcal carriage 
in children [12,13].

In many countries, extensive IPD surveillance pro-
grammes were implemented before and after introduc-
tion of PCV in childhood immunisation programmes 
[14-17]. Although many surveillance reports described 
the impact of the first licensed 7-valent PCV (PCV7) 
on (serotype-specific) IPD incidences in different age 
groups [17], only limited data have been reported by 
sex [18-20]. In the Netherlands, PCV7 has been intro-
duced for infants born after 1 April 2006 (in a 3 + 1 
schedule) with a coverage of 94–95% since its intro-
duction [21] and has led to a shift from vaccine to non-
vaccine serotypes causing IPD (‘replacement disease’) 
in all age groups. In children eligible for vaccination, 
the decline in vaccine serotype IPD was strongest, but 
overall IPD incidence decreased due to herd protection 
in most age groups, in particular in persons 65 years 
and older [16,17].

Differences in the impact of pneumococcal conjugate 
vaccines between men and women do occur. Hak et al. 
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reported an increase in the incidence of pneumococcal 
pneumonia in mothers of young infants after introduc-
tion of PCV7 in the United Kingdom (UK) [22]. In the 
Netherlands, a significant increase in IPD incidence 
was observed in middle-aged women 2–4 years after 
introduction of PCV7, mainly due to the emergence of 
serotype 1, which was not observed in men in the same 
age group [23]. Whether this was due to non-PCV7 
serotype replacement or to a secular trend needs to be 
established because serotype 1 is a naturally fluctuat-
ing serotype [24]. In May 2011, the 10-valent pneumo-
coccal conjugate vaccine (PCV10) including serotype 1 
was introduced for Dutch infants.

The objective of this study was to explore differences 
in IPD incidence between men and women before and 
after PCV7 and PCV10 introduction by using national 
surveillance data up to May 2015.

Methods

Study population and data collection
The Dutch pneumococcal surveillance is based on 
data from nine sentinel laboratories covering different 
regions of the Netherlands and ca 25% of the Dutch 
population (ca 4.2 million inhabitants, including 2.07 
million men and 2.11 million women). The participant 
laboratories, selected for geographic location and reli-
ability for submitting isolates, have not changed over 
time during the study period [14,16]. In addition, we 
have no indication that surveillance sensitivity has 
changed over the years. Pneumococcal isolates of all 
IPD patients, defined as patients with S. pneumoniae 
isolated from blood or cerebrospinal fluid (CSF), were 
submitted to the Netherlands Reference Laboratory 
for Bacterial Meningitis (NRLBM) for serotyping by co-
agglutination and capsular swelling (Quellung reac-
tion) using specific antisera (Statens Serum Institute, 
Denmark). Pneumococcal serotypes and demographic 
data including age and sex were available for IPD cases 
from June 2004 up to May 2015.

Figure 1
Age-specific incidence of invasive pneumococcal disease in men and women in the pre- and post-PCV periods, the 
Netherlands, 2004–15 (n = 4,303)
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In addition, clinical information including clinical syn-
dromes (categorised as (i) meningitis, (ii) invasive 
pneumonia (without meningitis), (iii) bacteraemia 
without focus and (iv) bacteraemia with other focus 
(without meningitis or invasive pneumonia)), clinical 
outcome (death in hospital and/or death within 30 days 
after first reported blood/CSF culture positive for S. 
pneumoniae), admission to an intensive care unit (ICU), 
and presence of underlying conditions (immunocom-
promising conditions and other comorbidities) were 
retrospectively extracted for IPD patients from June 
2004 up to May 2012 from hospital medical records as 
described [15,16,25]. Clinical data from the post-PCV10 
period (1 June 2013 to 31 May 2015) were not available.

Data analysis
We assessed sex-specific IPD incidences during a pre-
PCV7 (1 June 2004 to 31 May 2006), post-PCV7 (1 June 
2008 to 31 May 2011) and post-PCV10 period (1 June 
2013 to 31 May 2015) and calculated the female/male 
(F/M) incidence ratio. The first two years after introduc-
tion of PCV7 and PCV10 (1 June 2006 to 31 May 2008 
and 1 June 2011 to 31 May 2013) were regarded as tran-
sition period and not included. 

Changes in IPD incidences, comparing post-PCV7 to 
pre-PCV7 and post-PCV10 to post-PCV7 were assessed 
for men and women separately by calculating relative 
risks (RR). To investigate sex differences in direct and 
indirect effects (i.e. changes in IPD incidences) after 
PCV7 or PCV10 introduction, the interaction between 
sex and change in IPD incidence (RR post-PCV7 to pre-
PCV7 or RR post-PCV10 to post-PCV7, respectively) was 
assessed by calculating the F/M risk ratio of RRs (divid-
ing the RR in women by the RR in men). 

Likewise, sex-specific differences in the proportion of 
clinical syndromes, in clinical outcome and in underly-
ing conditions were assessed in the pre-PCV7 and post-
PCV7 period (F/M ratio of proportions). Also changes 
in the proportion of clinical syndromes, in clinical out-
come and in underlying conditions after PCV7 were 
assessed for men and women separately (RR post-
PCV7 to pre-PCV7). The interaction between sex and 
change in proportions was assessed by calculating the 
F/M risk ratio of RRs. Cases without clinical data were 
excluded from these analyses.

We further explored if there was a sex-specific prefer-
ence in certain serotypes causing IPD, defined as an 

Figure 2
Age-specific female/male incidence ratio of invasive pneumococcal disease in the pre- and post-PCV periods, the 
Netherlands, 2004–15 (n = 4,303)
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intrinsic and stable factor influencing the occurrence 
of a serotype that would potentially explain differ-
ences in overall IPD susceptibility between sexes. 
Potential sex-specific preferences in serotypes causing 
IPD were assessed by calculating the serotype-specific 
F/M ratio. We used all data from 2004 to 2015 (includ-
ing the transition years) from patients aged 5 years 
and older (n = 6,628) to account for changes over time, 
without any exclusion. Younger children (n = 276) were 
not taken into account for this analysis because the 
numbers of IPD per serotype were too small to ana-
lyse them as a separate group. The serotype-specific 
F/M ratios were compared with the average F/M ratio 
(dividing the total number of cases in women by the 
total number of cases in men across all serotypes in 
patients aged 5 years and older) using Fisher’s exact 
test (SPSS version 22). A p value of < 0.05 was consid-
ered statistically significant.

Analyses were stratified by age group (0–4, 5–19, 
20–39, 40–64 and ≥ 65 years-old). Serotypes were 
divided in PCV7 serotypes (i.e. serotype 4, 6B, 9V, 14, 

18C, 19F and 23F), additional PCV10 serotypes (‘PCV10 
extra’: i.e. serotype 1, 5 and 7F) and non-PCV7 or non-
PCV10 serotypes (all serotypes not included in PCV7 
or PCV10, respectively). Also, as a sensitivity analy-
sis, serotype 6A was included as a PCV7 serotype and 
results remained similar (data not shown).

Incidences were calculated as the number of cases 
per 100,000 persons per year. National incidences 
were calculated by dividing the population number 
for each year (StatLine Statistics, the Netherlands) by 
4 reflecting the coverage of the sentinel surveillance 
laboratories (25% of the Dutch population). Differences 
in incidences and proportions were tested with chi-
squared or Fisher’s exact test, as appropriate, and for 
F/M incidence ratio, F/M ratio of proportions, serotype-
specific F/M ratio, relative risks and F/M risk ratio of 
RRs, 95% confidence intervals (CI) were calculated 
using 2 × 2 tables (z-distribution) [26].

Figure 3
Incidences of invasive pneumococcal disease per serotype group in 20–39 year-old men and women pre-PCV7, post-PCV7 
and post-PCV10, the Netherlands, 2004–15 (n = 324)
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Results
Overall, 6,906 patients were affected by IPD in the 
period from 1 June 2004 to 31 May 2015; 3,592 males 
and 3,314 females, including 169 males and 107 
females younger than 5 years. For the pre- and post-
PCV periods (without the transition years included), 
overall 4,303 patients had IPD; 2,227 males and 2,076 
females, including 106 males and 79 females younger 
than 5 years.

Incidence of invasive pneumococcal disease 
pre- and post-PCV7/10
Figure 1 shows the age and sex-specific IPD incidence 
in the pre-PCV7, post-PCV7 and post-PCV10 period. 
The IPD incidence in men was higher than in women for 
all age groups, except for the 20–39 year-olds in both 
post-PCV periods and the 40–64 year-olds in the post-
PCV10 period. The largest difference in IPD incidence 
between men and women (in absolute numbers, Figure 
1) was observed in those at highest risk, i.e. children 
younger than 5 years and persons 65 years and older, 

but the F/M ratio was only significant for those 65 years 
and older (Figure 2, F/M incidence ratio).

The Table presents IPD incidences (and absolute num-
ber of cases) for male and female IPD patients in the 
pre-PCV7, post-PCV7 and post-PCV10 periods and the 
change in IPD incidence for men and women sepa-
rately (RR comparing post-PCV7 to pre-PCV7 and RR 
post-PCV10 to post-PCV7). In addition, we used the 
F/M risk ratio of RRs (post-PCV7 vs pre-PCV7 and post-
PCV10 vs post-PCV10) to investigate sex differences 
in direct and indirect effects. Comparing post-PCV7 to 
pre-PCV7, there was a significant decrease in overall 
IPD incidence for children younger than 5 years and and 
people 65 years and older in both sexes (Table: in those 
younger than 5 years, the male RR was 0.39 (95% CI: 
0.25–0.60) and the female RR was 0.48 (95% CI: 0.29–
0.77), and in those 65 years and older, the male RR 
was 0.87 (95% CI: 0.76–0.99) and the female RR was 
0.78 (95% CI: 0.68–0.90). The overall reduction (F/M 
risk ratio of RRs post-PCV7 vs pre-PCV7) in IPD was 

Figure 4
Serotype-specific female/male ratio for causing invasive pneumococcal disease in patients 5 years and older, the 
Netherlands, 2004–15 (n = 6,628)
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not significantly different between men and women of 
these age groups (Table).

Also in other age groups, there was no significant inter-
action between change in IPD incidence and sex com-
paring post-PCV7 to pre-PCV7. However, in the 20–39 
year-olds, the F/M risk ratio of RRs for PCV10 serotype 
IPD was 2.43 (95% CI: 1.07–5.50), owing to a significant 
increase in PCV10 serotype IPD in women (RR = 2.06; 
95% CI: 1.10–3.87) and a non-significant reduction in 
men (RR = 0.85; 95% CI: 0.50–1.43), which indicated 
a statistically significant difference in replacement 
disease by PCV10 serotypes (mainly 1 and 7F, data not 
shown). As a result, women showed a non-significant 
increase in IPD incidence comparing the pre-PCV7 to 
post-PCV7 (from 3.9/100,000 to 5.0/100,000) period, 
whereas the incidence decreased in men of the same 
age (from 5.3/100,000 to 4.7/100,000, Figure 3). In 
40–64 year-olds of both sexes, IPD incidence remained 
stable after PCV7 introduction.

After PCV10 introduction, IPD caused by the addi-
tional PCV10 serotypes decreased in all age groups 
and in both sexes, suggesting PCV10 herd protec-
tion, although this was only significant for men aged 
40–64 (RR = 0.67; 95% CI: 0.45–0.99) and women 
65 years and older (RR = 0.60; 95% CI: 0.42–0.87, 
Table). In addition, PCV7 serotype IPD continued to 
decrease. These on-going effects of herd protection 
against PCV7 and recently introduced PCV10 resulted 
in a non-significant decline in overall IPD incidence 
for all except women aged 40 and older. In women 40 
years and older, PCV7/10 herd protection was offset 
by a significant increase in non-PCV10 serotype IPD, 
which was not observed in men, a group where IPD 
incidence declined. As a result, IPD incidence in the 
40–64 year-olds became similar in women and men 
(12.3/100,000 vs 12.2/100,000). However, we did not 
observe a significantly different change in overall IPD 
incidence between men and women in this age group 
(F/M risk ratio of RRs post-PCV10 vs post-PCV7, Table). 
Also in other age groups, there was no significant inter-
action between change in overall IPD incidence and 
sex comparing post-PCV10 to post-PCV7. After PCV10 
introduction, non-PCV10 serotype IPD incidence in 
20–39 year-old women increased (RR = 1.90; 95% CI: 
1.07–3.38), whereas it decreased in men (RR = 0.71; 
95% CI: 0.37–1.37, F/M risk ratio of RRs = 2.67; 95% CI: 
1.11–6.39).

Clinical syndromes, outcomes and underlying 
conditions pre- and post-PCV7
Comparing post-PCV7 to pre-PCV7, no major differ-
ences were observed between sexes regarding shifts 
in the proportion of different clinical syndromes, out-
comes and underlying conditions. However, some sig-
nificant differences within the pre- and/or post-PCV7 
periods, and small but significantly different shifts in 
proportions were observed between male and female 
IPD patients.

Clinical syndromes
In the pre-PCV7 period, the overall proportion (with-
out stratification for age) of IPD patients with inva-
sive pneumonia was significantly higher in male than 
female patients (76 vs 71%; F/M ratio of proportions: 
RR = 0.93; 95% CI: 0.87–0.98). After stratification for 
age, this remained significant for the 20–39 year-olds 
and those 65 years and older. In the post-PCV7 period 
(June 2008–May 2011), the distribution of clinical syn-
dromes in all IPD patients was not significantly different 
between male and female patients. However, in male 
IPD patients aged 5–19 years, the proportion of pneu-
monia was significantly higher than in female patients 
(80 vs 40%: F/M ratio of proportions: RR = 0.50; 95% 
CI: 0.26–0.96), whereas for 20–39 year-old men, men-
ingitis was significantly more common (20 vs 8%; F/M 
ratio of proportions: RR = 0.39; 95% CI: 0.16–0.96). 
The changes in distribution of clinical syndromes after 
PCV7 introduction (F/M risk ratio of RRs) were not sig-
nificantly different between male and female patients 
except in 20–39 year-olds, in whom the increased pro-
portion of pneumonia in female patients (from 68 to 
77%) differed significantly from the decreased propor-
tion (from 88 to 73%) in male patients (F/M risk ratio of 
RRs = 1.37; 95% CI: 1.01–1.86).

Outcomes
In the pre- and post-PCV7 period, the overall case 
fatality and the proportion of ICU admissions (without 
stratification for age) were not significantly different 
between male and female IPD patients. The decline in 
case fatality after PCV7 introduction did not differ sig-
nificantly between male (from 15 to 12%) and female 
patients (from 18 to 11%; F/M risk ratio of RRs = 0.79; 
95% CI: 0.54–1.13). Nor were changes in case fatality 
and proportion of ICU admissions significantly differ-
ent between male and female patients after stratifica-
tion for age.

Underlying conditions
In the pre- and post-PCV7 period, the overall proportion 
(without stratification for age) of male IPD patients with 
an immunocompromising condition was significantly 
higher compared with that of female patients, with 21 
vs 16% pre-PCV7 (F/M ratio of proportions = 0.78; 95% 
CI: 0.61–0.99) and 21 vs 13% post-PCV7 (F/M ratio of 
proportions = 0.64; 95% CI: 0.51–0.79), respectively. 
After stratification for age, this remained significant for 
patients 65 years and older. Also the change in the over-
all proportion of patients with an immunocompromis-
ing condition after PCV7 introduction was significantly 
different between male and female patients (F/M risk 
ratio of RRs = 0.82; 95% CI: 0.67–0.99), indicating a 
significantly higher decrease in women compared with 
the stable proportion in men. However, after stratifica-
tion for age, there were no significant differences in 
changes in immunocompromising conditions between 
male and female patients following PCV7 introduction.
The overall proportion of patients with any comor-
bidity was higher in male IPD patients than in female 
patients, with 76 vs 74% pre-PCV7 (F/M ratio of 
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proportions = 0.98; 95% CI: 0.92–1.05) and 77 vs 72% 
post-PCV7 (F/M ratio of proportions = 0.94; 95% CI: 
0.89–0.99). After stratification for age, this was signif-
icant for patients 65 years and older pre-PCV7 and for 
40–64 year-old patients post-PCV7. The overall change 
in the proportion of patients with any comorbidity fol-
lowing PCV7 introduction was not significantly differ-
ent between male and female patients (F/M risk ratio of 
RRs = 0.96; 95% CI: 0.88–1.04) with or without strati-
fication for age.

Serotype-specific female/male ratio for invasive 
pneumococcal disease
Figure 4 shows the serotype-specific F/M ratio. Overall, 
6,628 patients aged 5 years and older (3,422 males, 
3,206 females) were affected by IPD in the period from 
1 June 2004 to 31 May 2015. The average F/M ratio 
across all serotypes was 0.94. Only serotypes 3, 4 and 
9V were significantly associated with male sex (F/M 
ratio = 0.76; p = 0.026, F/M ratio = 0.76; p = 0.047 and 
F/M ratio = 0.66; p = 0.002, respectively).

Discussion
Our findings confirm the importance of sex as an epi-
demiological factor in IPD. We observed structurally 
higher IPD incidences in men in all age groups, with 
the exception of 20–39 year-olds after implementation 
of PCV7 and of 40–64 year-olds after implementation 
of PCV10. These observations illustrate a sex-specific 
differential impact of post-PCV dynamics.

The structural excess in IPD incidence in boys younger 
than 5 years has been attributed to anatomical or early 
hormonal differences predisposing to differences in 
immunity [27-29]. Likewise, the higher susceptibility 
for IPD in elderly men could be explained by sex-based 
inactivation of the X chromosome, resulting in differ-
ences in immunity [1,4,5]. Also a higher prevalence of 
underlying conditions in the male population such as 
chronic cardiovascular and renal disease, malignan-
cies [30] or tobacco use is likely to play a role [31]. 
This is reflected in a significantly higher proportion of 
immunocompromising conditions in male IPD patients 
pre- and post-PCV7. We only found a serotype-specific 
preference to affect men and women differently in three 
of 24 serotypes; therefore an individual serotype-spe-
cific (or serotype-related) factor for explaining the dif-
ference in IPD susceptibility is unlikely.

In 20–39 year-olds, IPD incidence in women increased 
post-PCV7 and became higher than in men, in whom 
IPD incidence had decreased. This reflected a signifi-
cant increase in IPD caused by the additional PCV10 
serotypes (mainly serotypes 1 and 7F). Likewise, previ-
ous analysis of Dutch surveillance data 2–4 years after 
PCV7 introduction showed an increase in IPD incidence 
in women (20–44 years-old) caused by an increase in 
serotype 1 [23]. After PCV7 was replaced by PCV10, cov-
ering serotypes 1 and 7F, herd effects may have reduced 
the elevated burden of IPD in 20–39 year-old women. 
Indeed, herd protection of PCV10 was established, and 

overall IPD incidence as well as IPD caused by PCV10 
serotypes decreased in both sexes. However, a signifi-
cant increase in non-PCV10 type IPD was, again, exclu-
sively observed in women and IPD incidence remained 
higher in women than in men post-PCV10. The increase 
in non-PCV10 type IPD (attributable to several sero-
types) suggests a vaccine induced effect rather than 
natural fluctuation of a single serotype.

Also, in a recent study from the United States, IPD inci-
dence was generally higher in male people, but after 
PCV13 introduction, IPD incidence among 18–39 year-
old black women became slightly higher than in men 
[20]. Socially defined roles may explain this phenom-
enon. Women of childbearing age could be at increased 
risk for replacement disease because of close contact 
with PCV7/10-vaccinated children as was hypothesised 
in other studies [22,23]. In Scotland before PCV7 intro-
duction, a higher IPD incidence was observed in 35–49 
year-old women based on data from 1992 to 2007 [32]. 
Increased carriage of non-vaccine pneumococcal sero-
types in parents of vaccinated children compared with 
parents of unvaccinated children has been well estab-
lished [12,33]. Although these studies did not analyse 
men and women separately, the importance of sex 
is further supported by a study on pertussis, which 
showed a higher transmission rate between infants 
and mothers compared with fathers [34].

In other non-vaccinated age groups, PCV10 herd 
effects became apparent as well, but again with a sex-
specific differential impact. In men 40 years and older, 
IPD incidence declined further during the post-PCV10 
period, whereas herd effects in women of the same 
age groups were offset by a significant increase in IPD 
caused by non-PCV10 serotypes. This could suggest 
that for women 40 years and older, after an initial over-
all reduction in IPD due to PCV7 herd effects, a new 
plateau phase in IPD incidence has been reached using 
current vaccination strategies.

After introduction of PCV7, shifts in circulating sero-
types were associated with significant changes in 
clinical outcome, such as a lower overall case fatality 
[25]. Our findings confirm that this is the case for both 
sexes at the time point 5 years after PCV7 introduction. 
Pre- and post-PCV7, the case fatality and ICU admis-
sion rates between male and female patients were not 
significantly different.

A limitation of our study is that it was an ecological 
study, so one should be cautious about interpreting 
findings as causally related to introduction of vaccina-
tion. In addition, not accounting for multiple testing in 
statistical analysis and some results being borderline 
significant, our results should be regarded as explora-
tive analysis and need to be interpreted with caution. 
Furthermore, we had no information whether or not 
IPD patients were parents and/or had close contact 
with children and therefore could not further assess 
the proposed mechanism which could have resulted in 
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the observed differences in 20–39 year-old patients. 
Nevertheless, our study provides important insights 
into structural sex differences in IPD incidence and 
different indirect effects after PCV7/10 introduction. 
This finding indicates that an intervention in a complex 
ecosystem can result in (temporary) changes in IPD 
dynamics but needs to be confirmed by others.

Conclusion 
This study confirms the importance of sex in IPD inci-
dence. We have shown that shifts in serotypes can 
cause increased IPD incidence rates. Although IPD 
surveillance studies have been performed in many 
countries, data on sex differences are scarce. We 
invite other investigators to stratify their pre- and post-
pneumococcal vaccination IPD data by sex. Continued 
surveillance of IPD incidence and outcome by sex is 
important to evaluate the direct and indirect long-term 
effects of pneumococcal conjugate vaccination in the 
population.
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