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Abstract

Background: Differences in pathogenicity between pneumococcal serotypes are important when assessing the potential
benefit of different valency vaccines. We investigated the effect of serotype on clinical presentation, outcome, and quality of
life lost from invasive pneumococcal disease (IPD) in the context of the 7, 10, and 13 valent pneumococcal conjugate
vaccines (PCV7, PCV10, PCV13).

Method: Serotyped IPD cases in England were linked to the national dataset of hospital admissions for April 2002 to March
2011. Based on patients’ diagnostic codes and vital status at the end of the admission, disease focus (meningitis, empyema,
sepsis, or respiratory disease) and case fatality rates by serotype and age group (5, 5-64, and 65 years and over) were
obtained. Using these data the quality adjusted life years (QALY) lost from the IPD remaining when use of PCV7 stopped in
2010 was estimated for the serotypes covered by higher valency vaccines.

Results: The linked dataset contained 23,688 cases with information on diagnosis, mortality, and serotype. There were
significant differences between serotypes in the propensity to cause meningitis, death, and QALY loss in each of the
investigated age groups. As a result, vaccines’ coverage of disease burden differed by endpoint. For example, in children
under 5 years in 2009/10, PCV10 covered 39% of meningitis, 19% of deaths and 28% of the QALY loss of attributable to IPD,
whereas the respective percentages for PCV13 were 65%, 67%, and 66%. The highest QALY loss per serotype in this age
group was for 6A. Non-PCV serotypes causing the highest QALY loss were 22F and 33F in <5 year olds and 31 in older
individuals.

Conclusion: Marked differences exist between serotypes in clinical presentation and outcome, and these should be
considered when evaluating the potential impact of higher valency vaccines on overall disease burden and associated QALY
loss.
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Introduction

Streptococcus  pneumoniae is a commonly carried bacterium that
causes both invasive and non-invasive disease. There are 90+
known serotypes of S. pneumoniae, each characterised by the
molecular structure of its polysaccharide capsule [1]. Since
capsular differences between serotypes have been linked to such
properties as carriage prevalence [2,3], propensity to cause
invasive disease [4,5,2], and case fatality [6-8], each serotype
could theoretically be regarded as a separate pathogen [4].
Differences in the pathogenicity and thus clinical impact of
different serotypes are important from a public health perspective
because available vaccines are serotype-specific, and only target a

@ PLoS ONE | www.plosone.org

small subset of the known serotypes. Introduction of the first
pneumococcal conjugate vaccine that protected against seven of
the most common serotypes in developed countries (PCV7) had a
profound effect on serotype-specific carriage prevalence and
caused replacement of vaccine types by serotypes not included
in the vaccine [9,3,10,11]. The overall impact of this change in
carriage prevalence on pneumococcal-attributable morbidity and
mortality is dependent on the inherent pathogenicity of the
replacing serotypes compared with the previously predominant
vaccine types.

To evaluate the potential benefit of introducing higher valency
conjugate vaccines, as well as assessing the potential impact of
previously uncommon and less studied emerging serotypes, it is
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Figure 1. The distribution of disease focus (meningitis, Empyema, respiratory diseases, sepsis and other) per serotype grouped by
vaccine type and age group. The line shows the absolute percentage of patients with meningitis for serotype 14, which was used as reference in
the logistic regression. The p-values of this regression are shown above each bar. When there are no serotypes with =50 cases an empty plot is

shown. a) Under 5 years; b) 5-64 years; c) 65 years and older.
doi:10.1371/journal.pone.0039150.g001

important to have information on the invasiveness potential and
clinical impact of different serotypes. The latter would ideally
include disease focus (eg meningitis, empyema or sepsis), risk of
long term sequelae and life years lost as a result of the infection.
Expression of the serotype-specific clinical impact in terms of
quality of life endpoints would incorporate these multiple facets of
disease burden and provide a measure to use in cost-utility
evaluations of different intervention strategies, for example,
replacing of PCV7 by newer 10 valent (PCV10), 13 valent
(PCV13) or higher valency conjugate vaccines.

The aim of this study was to investigate serotype-specific
differences in clinical presentation of IPD and impact on quality of
life in the context of the newly available PCV vaccines and the
existing 23 valent polysaccharide vaccine (PPV23) which, although
covering a higher number of serotypes, is poorly immunogenic in
children and largely used in risk groups and the elderly. The
Health Protection Agency holds one of the largest datasets of
invasive pneumococcal disease (IPD) in the world [12] with an
annual total of nearly 5000 cases in England and Wales serotyped
in recent years. This national dataset has been used to monitor
vaccine effects such as herd immunity and serotype replacement
after the introduction of PCV7 in 2006 as a 2+1 infant programme
[11] and has provided an early indication of the direct effect of
PCV13 introduced in April 2010 [13]. Its availability provides a
unique opportunity to document the effect on clinical presentation
and quality of life of the different serotypes causing IPD over a
nine year period spanning the introduction of PPV23 for all 65+
year olds, and the universal infant PCV7 and PCV13 vaccination
programmes.

Methods

Construction of the Dataset

Microbiology laboratories in England and Wales voluntarily
report electronically all clinically significant pneumococcal isolates
(obtained by culturing or DNA based methods) to the Health
Protection Agency (HPA) [11] and are actively requested to refer
these isolates to the Respiratory and Systemic Infection Labora-
tory (RSIL) for serotyping. Isolates referred to RSIL are confirmed
as pneumococci and serotyped with antisera (Statens Serum
Institut, Copenhagen) using standard methods. IPD reports with
the same serotype within 30 days in the same individual are
regarded as the same episode. As the clinical detail routinely
available for IPD cases in the national dataset is limited, more
comprehensive information on disease focus and outcome by
serotype was obtained by linking the laboratory confirmed IPD
cases in England (excluding IPD cases from Wales) with the
dataset of hospital episode statistics (HES; Copyright © 2012, Re-
used with the permission of The Health and Social Care
Information Centre. All rights reserved) which is only available
for England (10), using National Health Service (NHS) number or
a full match on date of birth, sex and postcode. In HES,
information on the duration, diagnoses (coded according to the
International Classification of Disease series 10, ICD10), operative
procedures and deaths during admission are recorded. All
admissions with a code specific for IPD, or disease presentations
which are likely to be related to acute pneumococcal disease were
extracted from the HES database for the administrative years
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April 2002 to March 2011. The list of ICD10 codes used in the
extraction can be found in Supplementary Material S1. Hospital
admissions which were on-going the week before and up to a
month after the date of the positive culture were included in the
analysis. Linkage and subsequent analysis was performed in R
2.12.0 (www.R-project.org).

Classification of Disease Focus and Impact on Quality of
Life

Disease focus was established using the clinical classifications
published by the Healthcare Cost and Utilization Project [14] with
some minor adjustments; convulsions (ICD-10 “R56”) were
included in the meningitis classification, empyema was included
as a separate condition based on ICD-10 code “J86” and the
different respiratory classifications (pneumonia, lower and upper
respiratory tract infections) were grouped into one broad
respiratory disease category (excluding empyema). Categorisation
was based on all ICD-10 diagnosis codes for an admission rather
than just the primary diagnosis, thus highlighting the most
important focus of the pneumococcal-related infection. Where
patients had multiple pneumococcal related diagnoses the most
severe was chosen in the order; meningitis, empyema, sepsis,
respiratory disease and other. For the serotype-specific analyses
only serotypes isolated from at least 50 episodes of IPD were
included. Cases for which only the serogroup was known, and
cases serotyped as 6A but not tested for 6C were excluded from the
analysis.

Mortality was based on the discharge information within HES.
Only deaths within 30 days of the culture date were regarded as
pneumococcal-attributable. As serotype distribution, disease pre-
sentation, and mortality varies between age-groups, data are
presented for the age groups 04 years, 5-64 and 65+ years.

To compare the loss in quality adjusted life years (QALYs) by
serotype an average QALY loss per case of 0.0079 was assumed
for hospitalisation with a non-meningitis focus [15], 0.023 QALY
loss for hospitalisation due to meningitis [15] with a further 0.255
QALY loss for each remaining life year applied to the 31.7% of
meningitis cases expected to have long term sequelaec [16].
Empyema is severe in the acute phase [17], and in absence of a
published QALY loss estimates for empyema, the QALY loss for
meningitis was applied. No QALY loss from sequelae of empyema
was included as the long term outcome is good [17]. For fatal
cases, we used one QALY for each lost life year as expected by the
gender specific life expectancy which 1s based on the 2010
mortality rates for England [18]. When conducting economic
analyses future disease burden is normally discounted to reflect a
time preference, therefore we added a discount rate of 3.5% per
annum, as recommended by the National Institute for Health and

Clinical Excellence (NICE) [19].

Statistical Analysis

To assess differences between serotypes we calculated the odds
ratio of developing meningitis and death for a given serotype
compared to serotype 14. This is because serotype 14 had the
greatest number of samples, and has previously been used as a
reference for intra-serotype comparisons [7]. To correct for
potential confounding due to age (years), gender, socio-economic
factors, co-morbidities, study year and alcoholism we used a
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Figure 2. Serotype-specific differences in mortality between serotypes. The line shows the absolute case fatality rate for serotype 14, which
was used as reference in the logistic regression. The p-values of this regression are shown above each bar. The whiskers show the 95% confidence
intervals based on a binomial distribution. When there are no serotypes with =50 cases an empty plot is shown. a) Under 5 years; b) 5-64 years; c)

65+ years.
doi:10.1371/journal.pone.0039150.g002

binomial logistic regression for meningitis and mortality. Due to
the bimodal distribution of the QALY loss we show a p-value
based on the difference of 1000 bootstrap samples for the mean of
the given serotype and serotype 14 (this approach precluded
correction based on potential confounders). For all tests the
(adjusted) p-values are presented in the paper and the obtained
odds are included in Supplementary Material S1. Socio-economic
deprivation was based on the rank in the deprivation index, as
published by the Department for Communities and Local
Government in the UK [20]. This index is assigned to a small
geographical area (lower super output area) and related to the
postcode of the patient at the time of admission as recorded in
HES. The deprivation index is not updated every year so to reduce
the effect of changes of deprivation over time we divided the rank
into quartiles, as it is less likely that a neighbourhood will change
so extensively that it moves over quartiles. Co-morbidities were
scored based on the Charlson index, where the included
conditions were crossed mapped with ICD-10 codes [21]. In the
analysis the Charlson index was sub-grouped into “no-comorbid-
ities”, “Charlson score 1-2”" and “3 and above”. As alcoholism is
not a part of the Charlson index patients were identified for
alcohol related problems based on the codes used by Harboe et al
[6].

To assess the precision of the estimates, binomial confidence
intervals are presented for mortality and the 2.5% and 97.5%
percentiles of 1000 bootstrap samples for the mean QALY loss.

To investigate the proportion of IPD (and its various disease
outcomes) that was possibly preventable by the different pneumo-
coccal vaccines (PCV7, PCV10, PCV13 and PPV23) at the time
PCV13 was introduced in April 2010, the number of cases by age
group and clinical endpoint was estimated for each serotype. This
was achieved by multiplying the serotype specific percentage with
meningitis, the case fatality rate (CFR) or QALY loss as measured
over the full period with the absolute serotype distribution in the
period April 2009 to March 2010. In this calculation the serotypes
with less than 50 cases were included.

Results

Linkage Success

The linkage was increasingly successful over the years, with 50%
of IPD cases linked to a HES admission in 2002/2003 rising to
76% in 2010/2011, resulting in a total of 33,196 linked cases over
the nine year period from England. Of these, 23,688 (71%) had
information on ICD-10 diagnoses, mortality and infecting serotype
(2,605, 10,389 and 10,694 for the age groups <5,5-65 and 65 and
over). The matched cases had a similar serotype and age
distribution to the unmatched cases, suggesting that there were
no major biases with respect to these variables as a result of the
incomplete linkage (see the figures in Supplementary Material S1).

For the under 5 year olds there was a total of 51 different
serotypes in the matched dataset; however many did not achieve
the pre-specified minimum of 50 cases leaving only 14 serotypes
(comprising 86% of the cases) for analysis. Among 5-64 year old
patients, 67 different serotypes were identified, with only 26
(comprising 96% of the cases) having enough cases for individual
analysis. Among the 65 years and over, 62 different serotypes were
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recorded, with 29 (comprising 97 % of the cases) having enough for
individual analysis.

Serotype- Specific Disease Focus

Within each age group, the clinical presentation differed
significantly between serotypes, even after correcting for co-
morbidities and socio-economic factors, see Figure 1 and
Supplementary Material S1. Among children under 5 years,
serotype 18C was the most likely to cause meningitis, with 52% of
the patients presenting with this outcome, followed by 19F (46%)
and 6B (45%). All three serotypes were significantly more likely to
cause meningitis compared to serotype 14 (31%). The non-PCV
serotypes, 22F and 33F, had a percentage with meningitis of 37%
and 40% respectively. The lowest proportion of meningitis cases
was among serotypes 1 (10%), 3 (14%) and 19A (24%), although
only serotype 1 and 3 were significantly different from serotype 14.
The serotypes causing a low burden of meningitis had a relatively
high percentage of children presenting with empyema; serotype 3
(45%), 1 (37%) and 19A (17%) showed the highest proportions
with empyema whereas only 0-3% of the serotypes associated with
meningitis (6A, 19F, 18C 22F and 33F) caused empyema. The
percentage of IPD resulting in meningitis was lower in the age
group 564 years than in the under 5 year olds (10% vs 33%).
Compared to serotype 14 (7% with meningitis in this age group),
serotypes 6A (34%), 10A (32%), and 23A (28%) were significantly
more likely to cause meningitis, as were 6B, 19F, 18C, 35F and
15B. Serotype 1 rarely caused meningitis (1%), followed by 31
(4%) and 7F (6%). Again serotype 1 was linked to empyema, with
16% of cases having this presentation, followed by 7F (6%).
Serotypes more likely to cause meningitis rarely caused empyema -
6A (1%), 10A (1%) and 23A (0%).

For the age group 65 years and over few cases presented with
meningitis or empyema. The serotypes most likely to cause
meningitis were 35F (13%), 6C (10%) and 18C (10%). For
empyema, serotype 1 showed the strongest association (6%)
followed by 7F and 12F (both 3%).

In the regression analysis, having no co-morbidity was
significantly associated with a higher probability of developing
meningitis in the patients above 5 years of age (odds 1.88 and 2.51
respectively). The other confounders were not significantly
associated with meningitis and/or no trends by year or socio-
economic factors were identified. Disease focus over time (results
not shown) was stable.

Serotype-specific Mortality

The case fatality among under 5 year olds was low (overall 3%).
The serotype with the highest case fatality rate was 6A with 7%,
followed by 19F with 5%, and 9V and serotype 3 (5%) (see Figure 2
and Supplementary Material S1). Serotype 4 (0%) had the lowest
case fatality rate followed by serotypes 1, 7F and 6B each with 1%.
However, none of these case fatality rates differed significantly
from serotype 14 (3%). Non PCV types 22F (3%) and 33F (3%)
had an average mortality.

Among the age group 564, (overall CFR 10%) serotypes 31
(33%), 11A (30%) and 19F (21%) had the highest case fatality
rates; serotypes 1 (3%), 7F (4%) and 8 (6%) had the lowest rates.
Serotype 3, 19F, 19A, 6A, 9N, 11A and 31 (the last 3 serotypes are
not included in any current conjugated vaccine), were all
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show the 95% Cl based on 1000 bootstrap samples of the mean. When there are no serotypes with >50 cases an empty plot is shown. a) Under 5

years; b) 5-64 years; c) 65 and over.
doi:10.1371/journal.pone.0039150.9003

significant higher compared to serotype 14 (8%), only serotype 1
was significantly lower.

Patients aged 65 years and over had the highest case fatality rate
(overall 30%). Serotypes most likely to be associated with a fatal
outcome were 19F (41%), 31 (40%), and 3 (39%), all significantly
different from serotype 14 (29%). The lowest case fatality rates
were for serotypes 1 (17%), 7F (20%) and 12F (21%), all three
significantly lower than serotype 14.

Confounders associated with mortality in all age groups were
meningitis (p value: <0.01; <0.01; 0.03 for the age groups <5, 5—
64 and 65+ years respectively), and co-morbidities (p values: 0.06;
<0.01, <0.01 respectively). Among the age group 5-64 years
there was a decline in mortality over time (reducing the odds to 0.6

in 2010-2011 compared to 2002-2003) and a declining risk of

mortality by declining social-economic deprivation (an odds of 0.7
in the least deprived status compared to the most deprived). These
trends were not observed for the other age groups.

QALY Loss by Serotype

The lowest overall QALY loss per serotype among children
under 5 years was serotype 1 (0.43 per case) followed by 4 (0.71)
and 7F (1.15). The highest QALY loss was among serotypes 6A
(2.86). 19F (2.53) and 9V (2.05). Serotype 22F scored 1.62 and 33F
1.83 (see Figure 3 and Supplementary Material Slfor more detail).

Within the age group 564 years the difference between the low
and high burden of disease serotypes was more marked. The
serotypes causing the highest QALY loss were 31 (6.34), 11A (5.82)
and 19F (4.34). Serotype 1, 7F and 8 had the lowest QALY loss
0.57, 0.95 and 1.17 respectively.

Among the 65 years and over the differences between serotypes
i QALY loss per case declined again, with serotypes 1 (1.38), 38
(1.42), and 7F (1.52) at the low end of the spectrum and 19F (3.09),
31 (2.95) and 3 (2.93) on the high end.

We performed a sensitivity analysis (results not shown) because a
significant decrease of mortality was observed for 5-64 years over
the period. We adjusted the QALY loss for each death before July
2006 by replacing it by p*QALY loss for death) + (1-
p)¥(multiplication with the odds for mortality in the second half
of the period (July 2006 onwards) and adding the QALY loss for
meningitis) where p was the adjusted odds ratio of mortality after
July 2006 compared to before July 2006 by age. Doing so resulted
in slightly lower QALY losses, and only minor changes in the
ranking of serotypes.

Burden of IPD Potentially Preventable by Different

Valency Vaccines in England before PCV13 Introduction

The contribution of the vaccine-specific serotypes to the overall
burden of IPD in England changed over the study period, largely
due to the impact of PCV7 on serotype distribution. For 2009/
2010, the last administrative year before PCV13 introduction, the
contribution of the different vaccine-specific serotype groupings to
the overall burden of IPD and its associated QALY loss are shown
in Table 1 by age group. For children under 5 years, the
cumulative coverage for PCV10 was 41% for all IPD, 39% for
meningitis and 19% for mortality, and 28% for the total QALY
lost. For PCV13 the coverages were 75%, 65%, 67% and 66%
respectively for the same outcomes. PCV13 therefore covered 1.8
times more IPD cases compared to PCVI10, 1.6 times more
meningitis, 3.5 times more mortality, and 2.4 times the total
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Table 1. Cumulative proportion of meningitis, mortality and QALY loss (discounted) in 2009/2010 in England attributable to
invasive pneumococcal disease covered by different valency vaccines.
Remaining % Non-Vaccine

Cumulative contribution PCV7* PCV10%* PCV13%** PPV23 types

<5 year olds IPD 5% 41% 75% 90% 10%
Meningitis 8% 39% 65% 88% 12%
Mortality 6% 19% 67% 85% 15%
QALY 7% 28% 66% 86% 14%
QALY (disc) 7% 28% 66% 86% 14%

5-64 year olds IPD 10% 43% 61% 90% 10%
Meningitis 14% 24% 49% 78% 22%
Mortality 12% 23% 52% 86% 14%
QALY 12% 25% 52% 86% 14%
QALY (disc) 12% 24% 52% 86% 14%

=65 year olds IPD 12% 23% 51% 81% 19%
Meningitis 11% 19% 38% 65% 35%
Mortality 13% 21% 53% 81% 19%
QALY 13% 21% 53% 81% 19%
QALY (disc) 13% 21% 53% 81% 19%

*Contains serotypes 4,6B,9V,14,18C,19F,23F.

**Contains additional serotypes 1,5,7F.

***Contains additional serotypes 3, 6A,19A.

doi:10.1371/journal.pone.0039150.t001
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Table 2. Number of cases of IPD, meningitis, deaths and the total QALYs lost by age group in England 2009/2010.

Number of cases Number of meningitis cases

Number of deaths

QALYs lost (undiscounted) QALYs lost (discounted)

Age Total % total % total % total % Total %
0-4 572 10% 161 27% 17 2% 2414 13% 831 7%
5-64 2735 48% 310 53% 277 27% 9646 52% 5589 48%
65+ 2413 42% 119 20% 716 71% 6394 35% 5218 45%
Total 5719 100% 591 100% 1010 100% 18454 100% 11638 100%

doi:10.1371/journal.pone.0039150.t002

QALYs lost. For patients 5-64 years, PCV13 covered 1.4 times
more cases of IPD, 2 times more cases of meningitis, 2.2 times
more cases of mortality and 2.1 times as much QALY loss as
PCV10. Among the 65 years and over, PCV13 covered 2.2 times
more IPD cases compared to PCV 10, 2.0 times more meningitis
cases, 2.6 times more fatal cases and 2.5 times the number of

QALYs lost.

Deaths and Life Years Lost due to IPD, England 2009/
2010

In 2009/2010 there were 5,719 cases of IPD confirmed by
culture or polymerase chain reaction in the England IPD dataset.
Based on the age-specific serotype distribution in that year and the
disease focus and outcome for each serotype averaged over the
nine year study period, there was an estimated total of 591
meningitis cases and 1,010 deaths in 2009/2010 year attributable
to IPD, with an associated QALY loss of 18,454 (11,638
discounted) in England. The contribution of different age groups
to these cumulative totals varied considerably (Table 2). The main
burden of meningitis was among the young and the middle age
group, but the majority of deaths were among the = 65year olds
(71%). For QALY loss (undiscounted), most of the burden was in
the age group 5-64, though after discounting their QALY loss was
similar to that in the = 65 year age group.

Discussion

Our study documents the clinical presentation, mortality and
impact on the quality of life of the prevalent pneumococcal
serotypes causing IPD in England in recent years. The serotype-
specific clinical presentations were broadly stable over time,
consistent with reflecting an inherent property of each serotype.
To our knowledge, this is the first attempt to compare disease
outcome between serotypes based on QALY loss and incorporat-
ing acute disease burden, long term sequelae, mortality and life
years lost. Our results add to the understanding of the role of the
capsular type of S. preumoniae in determining pathogenicity and can
guide decision making on the potential health gain of introducing
vaccines with improved serotype coverage.

Assigning QALY weights to different disease states is a well-
established approach for comparing the potential health gain of
different therapeutic or prophylactic interventions as it combines
both duration and quality of life in a single measure. While for
non-fatal diseases QALY estimation can be problematic because of
reliance on subjective measures, for IPD the QALY differences
between serotypes are mainly driven by the life years lost — a more
objective measure. We believe QALY loss estimates provide a
better platform to distinguish between serotypes causing a low and
high disease burden than simply reporting mortality or meningitis
rates. Expressed in QALYs the main IPD burden was found
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amongst 5-64 year olds, where the higher number of life years lost
outweighed the higher case fatality rate among the = 65 year olds
with their lower life expectancy.

Serotypes with a high and low case fatality rate in our study
were the same serotypes found to be linked to a high and low case
fatality rate in a study in Denmark [6] and in a review on mortality
by capsular type that included data from 9 different studies from
the United States, Europe, Africa and the Middle East spanning
the period 1952 to 2010 [22]. This supports the view that high or
low mortality is a stable feature for those serotypes, though there
was less consistency between the studies for the serotypes which
were not on the extremes. Our results show that the differences
between serotypes are most marked in the age group 5-64 years.
This may reflect the greater vulnerability of the very young and
elderly populations to IPD which may in part mask the inherent
differences between serotypes.

It is not clear how the capsular differences between serotypes
affect clinical presentation and outcome (22). Differences in
capsular size or molecular structure could possibly lead to a
different interaction of the bacteria with its environment (including
other bacteria in the nasopharynx) and/or immune system in the
blood, brain or other tissues. Although the capsule is the major
virulence factor [23], there are other factors such as surface
proteins and enzymes, and the major toxin pneumolysin, which
determine virulence. If these non-capsular virulence factors are
also associated specifically with certain serotypes then some of the
characteristics attributed to differences in serotype per se may be
spurious. Whole genome sequencing has also identified a number
of highly variable pathogenicity islands within the pneumococcal
genome, with considerable variation between strains. Some
serotypes are highly clonal while others exhibit considerable
genetic diversity [24]. The extent to which genetically diverse
strains within the same serotype exhibit different behaviour in
terms of clinical presentation and outcome cannot be assessed by
our study and would require parallel genetic information. Another
caveat in attributing the observed characteristics to specific
serotypes 1s that differentiation into serotypes within a serogroup
is still evolving as shown for 6A for which the original serotyping
methods failed to distinguish to 6A from 6C [25], each with a
different clinical outcome.

Host factors can also affect clinical presentation, as shown by
the lower propensity to develop meningitis in individuals aged over
5 years with co-morbidities. In addition, factors such as ethnicity,
socio-economic or other environmental factors could influence
disease focus as suggested by the strong association between
serotype 1 and meningitis in west-Africa. In our study, as in a
hospital-based study in Spain [26], serotype 1 was predominantly
associated with empyema. Therefore caution should be exercised
in translating our results to all epidemiological settings.

July 2012 | Volume 7 | Issue 7 | 39150



Our study has the potential limitation that we were not able to
link all cases in the national IPD dataset with a HES admission.
Failure to match could be due to an incomplete initial extract from
the HES database omitting relevant diagnoses that could denote
IPD, or be due to non-hospitalised invasive disease or incomplete
information in the fields used in matching. Thus there is the
possibility of a selection bias, excluding certain clinical presenta-
tions or more mild disease. However the similarity between the
linked and the unlinked dataset in age and serotype distribution
suggests that the linked subset is representative of the complete
dataset.

From our analysis PCV13 is predicted to protect against a
substantially greater burden of invasive disease than PCV10,
especially mortality, based on its additional coverage of serotypes
3, 6A and 19A, and the serotype distribution in 2009 in England.
However when deciding between the two vaccines, additional
factors need to be taken into account. These include the serotype
distribution and burden of non-invasive disease, the potential to
prevent disease due to non-typeable Haemophilus influenza with
PCV10 (which is conjugated to Haemophilus influenzae protein-D
[27]) and indirect effects due to differences in carriage prevalence
of the serotypes covered by each vaccine; for example the extra
three serotypes in PCV10 compared with PCV7 (1, 5 and 7F) have
a very low carriage prevalence, due to this low carriage there is
potential less space for replacement disease by non-vaccine types
compared to the extra serotypes in PCV13, which are more
prevalent in carriage [3]. The overall impact on the burden of IPD
of each vaccine may therefore be affected by the potential for
serotype replacement and the invasiveness of the replacing strains
[3]. For the emerging non PCV serotypes 11A, 31, 10A and 9N
could be prioritised for inclusion in future conjugated vaccines, as
they have a relatively high QALY loss.

In conclusion, from our large linked dataset with information on
serotype and clinical outcome, we were able to confirm marked
and stable differences in morbidity and mortality between
pneumococcal serotypes, provide estimates for the proportion of
cases by age group and serotype with meningitis, empyema and
mortality, and derive the estimated annual QALY loss from IPD
four years after the introduction of PCV7 in England. While many
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