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ABSTRACT
Background Childhood bacterial pneumonia and
empyema rates have reportedly increased in recent
years in Europe. In September 2006 the seven-valent
pneumococcal conjugate vaccination (PCV7) was
introduced to the childhood national immunisation
programme in England following a successful PCV7
campaign in the USA. The aim of this study was to
report national time trends in hospital admissions for
childhood bacterial pneumonia and empyema in England
before and after the introduction of PCV7.
Methods A population-based time-trend analysis of
Hospital Episode Statistics data of children aged
<15 years admitted to all NHS hospitals in England, with
a primary diagnosis of bacterial pneumonia and
empyema from 1997 to 2008 was performed. Annual
crude and age-sex standardised hospital admission rates
for bacterial pneumonia and empyema were calculated.
Results Admission rates for bacterial pneumonia and
empyema increased from 1997 to 2006, then declined to
2008. Bacterial pneumonia rates decreased to 1079
(95% CI 1059 to 1099) per million children and empyema
rates decreased to 14 (95% CI 11 to 16) per million
children. The RR for bacterial pneumonia admissions
was 1.19 (95% CI 1.16 to 1.22) in 2006 compared with
2004 and 0.81 (95% CI 0.79 to 0.83) in 2008 compared
with 2006. For empyema, the corresponding RRs were
1.77 (95% CI 1.38 to 2.28) in 2006 compared with 2004
and 0.78 (95% CI 0.62 to 0.98) in 2008 compared with
2006.
Conclusion Childhood bacterial pneumonia and
empyema admission rates were increasing prior to 2006
and decreased by 19% and 22% respectively between
2006 and 2008, following the introduction of the PCV7
pneumococcal conjugate vaccination to the national
childhood immunisation programme.

BACKGROUND
Acute respiratory tract infections (RTIs) are the
most common cause of admissions to hospital for
children of all ages and pose a signiﬁcant burden of
illness on families as well as on primary and
secondary healthcare services.1 2 Most childhood
RTIs are self-limiting viral infections, but a small
proportion develop into serious bacterial RTIs such
as pneumonia and empyema (pyothorax) which are
predominantly caused by Streptococcus pneumoniae.
There was some evidence that falls in antibiotic
prescribing since the mid-1990s3 4 exposed vulnerable groups such as children and elderly people to
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a higher risk of morbidity and mortality from
bacterial RTIs.4e6 Recent studies suggest that rates
of childhood empyema are increasing in the UK7e10
and other developed countries.11e14 Adult bacterial
pneumonia admission rates have continued to
increase in England in recent years despite
a targeted primary care pneumococcal vaccination
programme for patients aged >65 years and some
high-risk groups for pneumonia since 2003.15
In the USA a successful seven-valent pneumococcal conjugate vaccine (PCV7) infant immunisation programme was introduced in February 2000
and by 2004 a 39% decrease in admission rates for
pneumonia in children aged <2 years was
observed.16 PCV7 offers protection against the most
common serotypes which have accounted for
most of the bacterial pneumonias in children.15 17
Empyema is caused by S pneumoniae serotype 1 in up
to half of the cases in the UK and USA.18 19 The
serotypes covered by PCV7 are 4, 6B, 9V, 14, 18C, 19F
and 23F. Notably, serotype 1 is not covered by this
vaccine. In September 2006 PCV7 was introduced
into the UK primary childhood immunisation
programme administered at 2, 3 and 13 months of
age, with a catch-up campaign for children up to
2 years. During 2007e8 the uptake of PCV7 among
children in England was reported as 84% by their ﬁrst
birthday (http://www.ic.nhs.uk/), a level high
enough to contribute towards early herd immunity.
The UK Health Protection Agency (HPA)
reported a marked reduction in the rate of cumulative increase of cases of childhood invasive
pneumococcal disease (IPD) caused by the seven
serotypes contained in PCV7 within the ﬁrst year
of the programme but, by the end of 2009, increases
in non-PCV7 strains of childhood IPD had risen to
match numbers reported before the introduction of
the vaccine.20
IPD is a serious bacterial infection deﬁned by the
isolation of S pneumoniae from a normally sterile
site. It includes bacterial pneumonia, meningitis,
septicaemia and empyema and does not cover the
full spectrum of clinical disease. The HPA only
reports microbiologically-conﬁrmed cases with no
denominator data to provide rates. The population
impact of this vaccine on childhood bacterial
pneumonia and empyema in England has therefore
not been evaluated. Despite this, the Department
of Health has now switched from PCV7 to PCV13
(a vaccine active against 13 serotypes of S pneumoniae) in April 2010, only 3 years after the national
vaccination policy was rolled out. We conducted
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Impact of the seven-valent pneumococcal conjugate
vaccination (PCV7) programme on childhood hospital
admissions for bacterial pneumonia and empyema in
England: national time-trends study, 1997e2008
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METHODS
The Hospital Episode Statistics database (http://www.hesonline.org.uk) contains information on all episodes of NHS (public)
hospital care in England. The data are recorded as ﬁnished
consultant episodes, which are deﬁned as the time period during
which an admitted patient is under the care of a particular
hospital consultant. The main reason for admission (‘primary
diagnosis’) is coded using the International Classiﬁcation of
Diseases version 10 (ICD-10) codes,21 with up to 13 secondary
diagnoses. We used the primary diagnosis ﬁeld to capture
admissions for common community-acquired RTIs as opposed
to hospital-acquired RTIs. We excluded RTI admissions where
there was a comorbid diagnosis of cystic ﬁbrosis (CF) in one of
the subsidiary diagnosis ﬁelds, as this disease can contribute to
a large number of recurrent hospital-acquired RTI admissions.
We calculated annual emergency hospital admission rates in
children aged <15 years between calendar years 1997 and 2008
using ICD-10 codes for viral RTIs, bacterial pneumonia and
empyema (see table AI in online appendix). Studying viral RTI
trends enabled us to determine whether trends in childhood
bacterial pneumonia and empyema were independent or
secondary to changes in admissions for all paediatric respiratory
infections. We calculated all-cause emergency admission rates for
comparison with RTI admission rates. The rates for boys and
girls were calculated separately and in combination in four
distinct age categories (<1 year, 1e4 years, 5e9 years,
10e14 years) reﬂecting key stages of childhood development for
comparison with previous studies.8 10
Mid year population estimates for year, age and sex obtained
from the Ofﬁce of National Statistics (http://www.statistics.
gov.uk) were used to calculate age- and sex-speciﬁc and agestandardised admission rates per million children and associated
95% CIs. To compare admission rates before and after the
introduction of the vaccine in September 2006, we calculated the
age-sex standardised RR of admission in 2006 compared with
2004 and in 2008 compared with 2006. STATA/MP Version 10
software (STATA, College Station, Texas, USA) was used for all
statistical analyses.

RESULTS
Between 1997 and 2008 there were 7 295 551 emergency hospital
admissions for children aged <15 years. Bacterial pneumonia
and empyema accounted for 2% (138 197) and viral RTIs
accounted for 12% (893 077) of these admissions. We excluded
6656 RTI admissions with co-existing CF during the 12-year
study period.
Bacterial pneumonia admission rates increased by 31% from
1022 (95% CI 1003 to 1042) per million children in 1997 to 1340
(95% CI 1317 to 1362) in 2005. By 2008 the rate had fallen by
19% to 1079 (95% CI 1059 to 1099) per million children (table 1,
ﬁgure 1). Comparing admission rates 2 years before and after the
introduction of PCV7 in 2006 gave a RR of admission for
bacterial pneumonia of 1.19 (95% CI 1.16 to 1.22) in 2006
compared with 2004 and 0.81 (95% CI 0.79 to 0.83) in 2008
compared with 2006.
The number of admissions for empyema increased from 50 in
1997 to 140 in 2008 (table 1). Age-sex standardised admission
rates for empyema increased from 5 (95% CI 3 to 6) per million
children in 1997 to 18 (95% CI 15 to 20) in 2006. The rate then
declined by 22% to 14 (95% CI 11 to 16) per million children in
2008. Comparing admission rates 2 years before and after PCV7
gave a RR of empyema admission of 1.77 (95% CI 1.38 to 2.28)
in 2006 compared with 2004 and 0.78 (95% CI 0.62 to 0.98) in
2008 compared with 2006. This consistent pattern of sharp
increases before and falls after the introduction of PCV7 for
bacterial pneumonia and empyema was seen against a more
steady background trend of increasing emergency admissions for
viral RTI (table 1). The RR for viral RTI admissions was 1.04
(95% CI 1.03 to 1.05) in 2006 compared with 2004 and 1.09
(95% CI 1.08 to 1.10) in 2008 compared with 2006. Similarly, the
emergency age-sex standardised RR for all-cause admissions was
1.08 (95% CI 1.08 to 1.09) in 2006 compared with 2004 and was
1.04 (95% CI 1.03 to 1.04) in 2008 compared with 2006.
The highest bacterial pneumonia admission rates in all study
years were seen in younger age bands (children aged <1 year and
1e4 years). A decrease in pneumonia admission rates from 2006
to 2008 occurred across all age groups (see table AII in online
appendix). Boys had higher bacterial pneumonia admission rates
than girls in all age categories throughout the 12-year period
studied (ﬁgure 2 and table AII in online appendix). The highest
empyema admission rates were predominantly in children aged

Table 1 Annual trends in hospital admissions for bacterial pneumonia, empyema, viral respiratory tract infections (RTIs) and all-cause admissions

Year

Bacterial pneumonia

Empyema

No of
Standardised admission
admissions rate* (95% CI)

No of
Standardised admission No of
Standardised admission No of
Standardised admission
admissions rate* (95% CI)
admissions rate* (95% CI)
admissions rate* (95% CI)

1997
10831
1998
11983
1999
9778
2000
9432
2001
10214
2002
11237
2003
11143
2004
11572
2005
13771
2006
13665
2007
12403
2008
11024
Total
137053
admissions

1022 (1003 to 1042)
1131 (1110 to 1151)
922 (904 to 940)
892 (874 to 910)
973 (954 to 992)
1077 (1057 to 1097)
1073 (1053 to 1093)
1121 (1100 to 1141)
1340 (1317 to 1362)
1335 (1313 to 1358)
1215 (1193 to 1236)
1079 (1059 to 1099)
e

50
51
47
75
79
82
81
102
140
179
118
140
1144

Viral RTIs

5 (3 to 6)
5 (4 to 6)
4 (3 to 6)
7 (6 to 9)
8 (6 to 9)
8 (6 to 10)
8 (6 to 10)
10 (8 to 12)
14 (11 to 16)
18 (15 to 20)
12 (10 to 14)
14 (11 to 16)
e

72765
77852
76081
67968
71384
69857
73608
70248
77125
72313
85086
78790
893077

All-cause admissions

6869
7345
7172
6429
6802
6693
7086
6803
7504
7065
8332
7713
e

(6819
(7294
(7121
(6381
(6752
(6644
(7034
(6752
(7451
(7014
(8276
(7659

to
to
to
to
to
to
to
to
to
to
to
to

6919)
7397)
7223)
6478)
6852)
6743)
7137)
6853)
7557)
7117)
8388)
7767)

574709
586963
585114
574171
591312
577518
596698
604127
626692
649228
657336
671683
7295551

54250
55381
55156
54313
56341
55334
57439
58503
60972
63431
64367
65753
e

(54110
(55239
(55015
(54173
(56197
(55191
(57293
(58356
(60821
(63277
(64211
(65595

to
to
to
to
to
to
to
to
to
to
to
to

54390)
55522)
55297)
54454)
56485)
55477)
57584)
58651)
61123)
63585)
64522)
65910)

*Admission rates standardised by age and sex per million children. Mid year population estimates from the Office of National Statistics (ONS) were used to calculate rates. 95% CIs for all rates
shown in brackets.
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a national time-trends study of admission rates for childhood
bacterial pneumonia and empyema over a time period spanning
the PCV7 vaccination campaign.
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Findings related to other studies

Figure 1 Annual hospital admission rates for childhood bacterial
pneumonia (age <15 years).
<5 years. The largest increase in empyema rates between 1997
and 2008 was in the age group 1e4 years for both boys and girls
(see table AIII in online appendix).

DISCUSSION
Bacterial pneumonia and empyema rates in children aged
<15 years admitted to hospitals in England increased from 1997 to
2006, then declined by 19% and 22% respectively in the 2 years
following the introduction of the childhood PCV7 pneumococcal
vaccination programme in the UK in September 2006.

Strengths and limitations
To our knowledge, this is the ﬁrst study to report trends in
bacterial pneumonia and empyema admission rates in children
since the introduction of PCV7 in England. Its strengths lie in its
large nationally representative population-based sample
providing information about the clinical impact of PCV7 on the
incidence of bacterial pneumonia and empyema, which is an
important adjunct to laboratory-conﬁrmed case reports from
national surveillance and regional studies.

Year-on-year rises in admission rates for childhood bacterial
pneumonia prior to 2006 in our study are comparable to those
reported in Scotland10 and the Netherlands. This lends support
to a true increase in incidence rather than improvements in HES
coding since its inception.23 Our ﬁndings that all-cause emergency admission rates in children increased throughout the
period studied are consistent with a wider trend of steadily
rising unplanned hospital admission rates in children in
England,24 but are modest in comparison with the sharper
increases in bacterial pneumonia. In contrast to the continuing
rise in all-cause hospital admissions, bacterial pneumonia and
empyema admission rates have decreased since 2006. There was
a similar steady background trend of increasing emergency
admissions for viral RTI. Childhood bacterial pneumonia and
empyema trends therefore seem to be independent of changes in
admissions for other paediatric respiratory infections.
One possible (but unlikely) explanation for rises in bacterial
pneumonia admission rates is increasing antibiotic-resistant
pneumococcal infections. However, HPA reports suggest that the
numbers of penicillin-resistant isolates from pneumonia cases
were relatively stable prior to 2006.20 A more plausible explanation is that patterns of bacterial pneumonia mirror antibiotic
prescribing rates in primary care, which fell dramatically in the
late 1990s and were reportedly associated with increased hospital
admissions for RTIs in adults.4 5 Since then, primary care antibiotic prescribing rates appear to be increasing again.25 The total
antibiotic prescribing rate for children in UK primary care
decreased by 24% between 1996 and 2000, was relatively stable
between 2000 and 2003, and increased by 10% between 2003 and
2006.25 Trends in antibiotic prescribing rates closely mirror

Figure 2 Annual hospital admission
rates for bacterial pneumonia by age
group: (A) <1 year; (B) 1e4 years;
(C) 5e9 years; and (D) 10e14 years.
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However, our study has a number of important limitations.
The accuracy of HES depends on clinical diagnoses recorded in
patients’ medical records. In recent years the quality of coding
has improved and HES data have been used extensively for
research.22 Since the coding is based on clinical and microbiological information recorded by clinicians upon discharge, the
distinction between viral and bacterial RTI diagnoses is potentially subject to misclassiﬁcation bias.

Respiratory infection
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Potential beneﬁts of pneumococcal vaccination extend beyond
the target population by reducing carriage and transmission of
vaccine-serotype pneumococci and could, as reported in the
USA, reduce bacterial pneumonia in unvaccinated children aged
5e17 years29 and adult cohorts.29 30
Has there been true serotype replacement or are the ﬁndings of
increasing invasive pneumococcal disease due to ascertainment bias
secondary to an enhanced surveillance programme? The HPA
reports from 2003 onwards suggest that there has been some clear
serotype replacement. The cumulative weekly number of IPD cases
due to any of the PCV7 serotypes in children aged <5 years and
$5 years has decreased dramatically since the introduction of
PCV7.17 However, this has not been the situation with non-PCV7
serotypes where IPD numbers are now higher than before the PCV7
programme in both age groups.17 Experience in the USA following
the introduction of PCV7 in 2000 has also demonstrated shifts in
serotype prevalence after PCV7.19 29 31 The replacement serotypes
among IPD cases in England are not identical to those observed in
the USA. In England serotypes 7F, 19A and 22F have emerged as
common non-PCV7 serotypes.17 In the USA, in addition to these
three serotypes, non-PCV7 serotypes 3, 12F, 15B/C, 33F and 3829 32
have been frequently isolated. Serotype replacement for IPD cases
in England was observed within a year of introducing PCV7 and
may have occurred faster than in the USA.20 29 Possible reasons for
this could stem from England having a three-dose schedule for
PCV7 whereas the USA has a four-dose schedule.33 Substantially
higher broad-spectrum antibiotic prescribing rates in the USA34
may also account for lower serotype replacement, possibly due to
the impact on nasopharyngeal colonisation.

Implications and future research
A childhood pneumococcal vaccine with broader coverage
containing 13 serotypes (PCV13) has now replaced PCV7 from
Spring 2010. The HPA has suggested that up to an extra 50% of
the remaining IPD in England and Wales is preventable with
PCV13.20 However, the HPA has also reported that the
percentage of IPD cases in children aged <5 years caused by
strains covered by PCV13 decreased from 92% in 2005/6 to 74%
in 2007/8. In children aged $5 years the percentage of IPD cases
caused by PCV13 serotypes was similar in 2005/6 and 2007/8,
with only 67% of cases covered in 2007/8. This has important
implications for herd immunity. It also raises the question
whether the introduction of PCV13 will lead to the emergence
of new strains with yet more serotype replacement. It is difﬁcult
to predict PCV outcomes and future serotype replacement.
There are over 90 S pneumoniae serotypes. PCV13 only contains
six additional serotypes (1, 3, 5, 6A, 7F and 19A) compared with
PCV7, and notably not 22F for which there has already been
considerable serotype replacement in England and Wales.17 It is
therefore likely that further serotype replacement will continue.
Long-term clinical phenotype, epidemiological and microbiological monitoring, ideally linked to antibiotic prescribing, is
required to follow these trends. Additionally, more research is
needed to study the factors which inﬂuence serotype replacement and the rate at which this occurs, including the role of
primary care antibiotic prescribing.
The potential success of any vaccination programme depends
on maintaining high uptake rates. General practitioners will
need to explain proposed changes to the vaccination schedule to
parents to reassure them, in clinically meaningful terms, that
the proposed changes are likely to beneﬁt their child. Our study
highlights the fact that vaccinating the target population with
PCV7 may have led to a 19% reduction in bacterial pneumonia
and 22% reduction in empyema hospital admission rates within
773
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consultation rates for childhood RTI in primary care,25 hospital
admission rates and mortality related to respiratory infection for
all ages.26 We therefore contend that the most likely explanation
for our observed trends in bacterial pneumonia admission rates is
a growing incidence of childhood RTI in the community prior to
2006. We found no studies which enabled us to compare the
pattern of antibiotic prescribing with decreasing admission rates
for bacterial pneumonia and empyema since 2006.
Children in the youngest age groups (<1 year and 1e4 years),
among whom the incidence of IPD is known to be high,15 had
the highest admission rates for bacterial pneumonia in our
study. Although PCV7 was targeted at children aged <2 years,15
our study shows evidence of herd immunity arising among older
children since we found decreasing bacterial pneumonia admissions from 2006 to 2008 among all age groups.
Empyema admission rates increased between 1997 and 2006
(from 5 to 18 per million children) and subsequently mirrored
the falls in bacterial pneumonia following PCV7. Several countries have reported increasing childhood empyema rates, but our
ﬁndings are lower than those reported in other UK studies8 10
and countries including Spain and Israel.12 13 A Scottish study by
Roxburgh et al found that admissions increased after 1998 from
<10 per million children per annum to reach a peak of 37 per
million in 2005.10 Gupta et al8 reported an increase in the rate
from 14 cases per million in 1995/6 to 26 cases per million in
2002/3. We used more speciﬁc ICD codes for empyema than this
study, which could explain the lower number of cases we
identiﬁed. Since the numerator is based on a small number of
empyema admissions, our estimates are less robust than those
for bacterial pneumonia. However, the low incidence of
empyema cases and the increasing trend that we observed are
consistent with these studies and so are likely to be real.
Improvements in detection rates with increased use of imaging
techniques or interventional procedures might explain the initial
increases in empyema rates seen. Alternatively, the increasing
empyema trend could be due to changes and variations in the
natural ecology of the causative organisms. However, Saglani
et al found that the majority of organisms detected in the pleural
ﬂuid of patients with childhood empyema were S pneumoniae,
S pyogenes, Staphylococcus aureus and anaerobic bacteria, and so
concluded that the recently described increases in childhood
empyema were not ascribable to unusual pathogens.27 Similarly,
attributing the rise to increased penicillin-resistant S pneumoniae
has been refuted by studies which identiﬁed only fully sensitive
S pneumoniae organisms.18 27 Individual case reviews of
empyema admissions through a disease registry could provide
more information about this serious bacterial complication.
The pattern of a rise followed by a fall in childhood bacterial
pneumonia and empyema admission rates before and after the
introduction of PCV7 may mean that vaccine-sensitive pneumococcal strains could account for up to one-ﬁfth of cases of
bacterial pneumonia and empyema. We observed a 19% decline
in pneumonia rates following the introduction of PCV7, which
is half the reduction of 39% reported in the USA.16 However,
this US study looked at rates 4 years after PCV7 whereas our
study shows rates 2 years after PCV7, so further falls may have
occurred given the longer lead time. Empyema is almost always
a complication of pneumonia, so the reduction in PCV7 serotype
bacterial pneumonia rates may have contributed to the observed
decline in empyema rates after PCV7. S pneumoniae serotype 1 is
the causative organism for around one-half of empyema cases
and is not covered by PCV7.28 The fall in childhood empyema
admission rates after PCV7 therefore suggests that other PCV7
strains might also be important causal organisms in empyema.
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the ﬁrst 2 years. Smaller decreases among unvaccinated older
children suggest there may be herd immunity. This information
will be useful to doctors advising parents on the beneﬁts of
vaccinating their child against S pneumoniae. It may be reassuring to parents to know that, despite recent concerns of
serotype replacement, PCV7 appears to have had a substantial
impact on reducing the burden of illness from pneumonia and
empyema.

