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ABSTRACT
Background The distribution of pneumococcal serotypes
implicated in non-invasive community-acquired
pneumonia (CAP) in adults is currently unknown.
Methods A prospective observational cohort study was
conducted over 2 years in a large UK teaching hospital
trust. Urine samples, in addition to routine blood and
sputum samples, were obtained from consecutive adults
admitted to the hospital with CAP. Pneumococcal
serotype was determined from urine samples using
a validated multiplex immunoassay which detects 14
serotypes.
Results Of 920 patients with CAP, 366 had
pneumococcal CAP; 242 had a serotype determined.
Thirty-day mortality was 10% for all-cause CAP and 9.6%
for pneumococcal CAP. Annual incidence of
pneumococcal CAP was 36.5 per 100 000, increasing
from 12.1 to 274.1 per 100 000 for ages 16e44 years
and $85 years, respectively. The most prevalent
serotypes were 14, 1, 8, 3 and 19A. Less invasive
serotypes were significantly associated with increasing
age (OR per increasing age group: 1.5, 95% CI 1.2 to 1.9,
p<0.001) and co-morbidity (OR per increasing Charlson
index group: 1.4, 95% CI 1.0 to 2.0, p¼0.036), and with
higher 30-day mortality (OR adjusted for age and co-
morbidity: 5.5, 95% CI 1.2 to 25.3, p¼0.028) compared
with highly invasive serotypes. The proportion of patients
in whom serotypes contained within the seven-valent
childhood pneumococcal conjugate vaccine was
identified increased with age (15.6% for patients aged
16e44 years, 41.0% for patients aged $85 years;
p<0.05).
Conclusions In adult invasive and non-invasive
pneumococcal CAP, the most common serotypes
implicated were 14, 1, 8, 3 and 19A. Age and co-
morbidity were associated with the distribution of
serotypes identified.

INTRODUCTION
Community-acquired pneumonia (CAP) results in
over 100 000 admissions to hospitals in England and
Wales annually,1 and Streptococcus pneumoniae
(pneumococcus) is the causative organism in up to
50% of cases.2 3 The incidence of hospitalised adult
CAP in a large European database has been esti-
mated at around 2.75e2.96 per 1000 population,
with a steeply increasing incidence with increasing
age, and in-hospital mortality of around 14%.4

S pneumoniae is surrounded by a polysaccharide
capsule, and variation in this capsule allows differ-
entiation into over 90 different serotypes.5 The
capsule is an important virulence factor,6 7 and
different serotypes exhibit distinct clinical pheno-
types, such as invasive potential,8e13 and disease
outcome.12 14e16 Serotypes with high invasive
potential have been described as ‘primary patho-
gens’, with serotypes of lower invasiveness described
as ‘opportunistic pathogens’, primarily affecting
older patients with underlying co-morbidity.15

Seven-, ten-, and thirteen-valent pneumococcal
conjugate vaccines (PCV) have been licensed in
recent years for use in preventing pneumococcal
disease in children (with nine- and eleven-valent
vaccines trialled and not licensed, and a fifteen-
valent vaccine under development). A seven-valent
PCV (PCV-7) was added to UK childhood immu-
nisation schedules in September 2006, and was
replaced by PCV-13 in April 2010. Following the
introduction of childhood PCV programmes,
decreases in vaccine-type serotypes have been seen
in invasive pneumococcal disease (IPD) in chil-
dren,17 18 and in adults via a ‘herd protection’
effect.19 20 There is an on-going trial to determine
whether vaccinating immunocompetent adults
with PCV directly prevents pneumococcal CAP.21

In view of the changing pneumococcal disease and
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serotype burden, and with further change predicted, the Joint
Committee on Vaccination and Immunisation have recom-
mended that the epidemiology of pneumococcal disease in all
age groups be kept under active review.22

The majority of studies describing the serotype distribution
for pneumococcal CAP have used data derived from blood
cultures.11 12 14 19 However, blood cultures are positive in only
around 5% of adults with CAP,23 and it is not known if data
from invasive disease are representative of non-invasive disease.
Non-culture methods for determining pneumococcal serotype
have a substantially higher sensitivity,24 25 but to date there
have been no large studies describing the incidence of pneumo-
coccal serotypes in non-invasive CAP.

The aim of the current study is to describe the current burden
of pneumococcal CAP in adults particularly in relation to the
distribution of pneumococcal serotypes in invasive and non-
invasive disease.

METHODS
Participants
Between September 2008 and September 2010 consecutive adult
patients (aged $16 years) admitted with CAP to two large UK
teaching hospitals were prospectively recruited as part of an
observational cohort study. These two hospitals serve the
population of greater Nottingham with a catchment of
approximately 600 000 adults. Patients were included if they had
at least one acute symptom consistent with a lower respiratory
tract infection (breathlessness, cough, sputum or fever), had new
infiltrates on chest radiograph and were treated by the admitting
team for CAP. Patients were excluded if they had been admitted
to hospital in the preceding 10 days, had tuberculosis or had
post-obstructive pneumonia due to lung cancer. Participants
were identified by investigators on a daily basis from the
admitting medical wards and enrolled following informed
consent. All patients were managed in a similar manner
according to the hospital CAP guidelines at the discretion of the
attending clinician. Data related to clinical features, radiological
and microbiological investigations and patient outcomes were
collected prospectively using a standard proforma. Participants
were seen in outpatient clinic 6e8 weeks after discharge to
ensure radiographic and clinical resolution, and to ensure that
CAP remained the most likely diagnosis. Ethical approval for the
study was granted by the Nottingham regional ethics
committee.

Urine samples were obtained from each patient at the time of
admission. These were transported to the Nottingham Univer-
sity Hospitals Department of Clinical Microbiology, a regional
Health Protection Agency (HPA) laboratory, and tested using the
Binax NOW immunochromatographic test kit according to the
manufacturer ’s instructions (Binax NOW, Alere Ltd, Stockport,
UK). After storage at �408C, urine samples were transported to
the Respiratory and Systemic Infection Laboratory (RSIL) at the
HPA Microbiology Services Division: Colindale, London, and
tested in batches by a multiplexed serotype-specific pneumo-
coccal immunoassay using xMAP beads (Bio-Plex, Bio-Rad,
Hercules, California, USA). The assay detects 14 pneumococcal
serotypes (1, 3, 4, 5, 6A/C, 6B, 7F/A, 8, 9V, 14, 18, 19A, 19F and
23F) with a sensitivity of 79%.25 Serotype was also determined
in bacteraemic pneumococcal patients by means of slide agglu-
tination with the latex pool sera purchased from Statens Serum
Institut, Copenhagen, Denmark, and the standard group and
factor sera at the RSIL, HPA Microbiology Services Division:
Colindale, London. Routine blood and sputum samples for

bacteriology culture were collected by admitting teams
according to the local CAP guidelines and processed in the
Nottingham University Hospitals Department of Clinical
Microbiology. Culture results were recorded by the study
investigators.

Definitions
Patients were defined as having pneumococcal CAP if any
microbiological test was positive for S pneumoniae, including
blood culture, sputum culture, Binax NOW, or Bio-Plex serotype-
specific antigen detection. Patients with pneumococcal CAP
where no serotype was detected after testing with the Bio-Plex
assay (ie, S pneumoniae detected by Binax NOW or sputum
culture, but no serotype determined by Bio-Plex or blood
culture) were described as having ‘untyped’ pneumococcal
disease. Serotypes included in PCV-7 (4, 6B, 9V, 14, 18C, 19F,
23F) are hereafter referred to as ‘vaccine-type’ (VT), and sero-
types not contained within PCV-7 as ‘non vaccine-type’ (NVT).
All VT serotypes are detectable by the Bio-Plex assay. Highly
invasive serotypes were defined as 1, 5, 7F and 8 according to
previous publications,11e13 with the remainder defined as less
invasive serotypes.
Annual incidence rates for all-cause and pneumococcal CAP

was calculated using the latest census figures (from 2001) for the
greater Nottingham area (http://www.nottinghamcity.gov.uk/
index.aspx?articleid¼2401). Age group thresholds were the same
as those used in the Nottingham census data (16e24, 25e44,
45e64, 65e74, 75e84 and $85 years). The first two age groups
were combined for the purposes of serotype analysis due to the
low numbers of participants in both groups. Seasons were
defined according to meteorological convention (autumn:
September to November; winter: December to February; spring:
March to May; summer: June to August). Co-morbidity was
as measured using the Charlson co-morbidity index,26 grouped
into no (score 0), mild (1e2), moderate (3e4) or severe (5+)
co-morbidity.1

Statistical considerations
Statistical calculations were made using SPSS V.16.0 (SPSS Inc,
1989e2007). Categorical data were compared using Pearson’s c2,
which was also used for univariate analysis and generation of
ORs and 95% CIs. A p value <0.05 was taken as statistically
significant. A caseecontrol analysis was used to investigate the
association between CAP with a less invasive serotype and 30-
day mortality. Patients who had died within 30 days constituted
cases. An a priori conceptual framework based on the previously
published data was used to determine potential confounding
variables in the multivariable logistic regression. The effect of
age and co-morbidity group (as defined above), or disease
severity (using the pneumonia severity index (PSI)27) on the
relationship between disease due to a less invasive serotype and
30-day mortality was independently assessed by introducing
them into the original model one at a time.

RESULTS
Of 1099 patients identified with CAP during the study period,
956 consented to be included in the study. Thirty-six patients
were unable to provide a urine sample (and had no other test
positive for pneumococcus), leaving 920 for analysis. Demo-
graphic and outcome data for the cohort are presented in table 1.
The median age of the cohort was 71.7 years (IQR 57.8e80.8),
and 64.4% were aged $65 years. The 30-day mortality for the
cohort was 10% (9.6% for patients with pneumococcal CAP).
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The annual incidence of CAP was 109.8 per 100 000 over the
2 years studied, and increased with age from 15.8 per 100 000 for
ages 16e24 years to 985.9 per 100 000 for those aged >85 years
(table 2).

Of 366 patients with pneumococcal CAP (39.8% of the
cohort), a serotype was determined in 242 (66.1%) patients. S
pneumoniae was cultured from blood in 40 patients and from
sputum or broncho-alveolar lavage in 18 (of which nine were
negative by Binax/Bio-Plex), and 196 patients had a positive
Binax NOW result. Blood cultures were not taken in 113
patients. For 144 patients in whom Binax NOW testing was
negative, a serotype was determined by Bio-Plex.

The distribution of pneumococcal serotypes within the cohort
is shown in figure 1. The most prevalent serotypes were 14

(n¼45), 1 (n¼40), 8 (n¼35), 3 (n¼20) and 19A (n¼20). Five
patients had two serotypes identified; three with serotypes 4
and 8, one with serotypes 6B and 9V, and one with serotypes
15A and 18C. Making the conservative assumption that all
patients with untyped pneumococcal CAP had serotypes that
were undetectable by Bio-Plex, serotypes contained within PCV-
13 represented 210 (57.4%) out of 366 patients with pneumo-
coccal CAP, compared with 72 (19.7%) out of 366 patients for
PCV-7. The proportion of disease due to PCV-7 VT serotypes
increased with age (7/45 (15.6%) for patients aged 16e44 years
when compared with 17/46 (37.0%) for patients aged 65e74
years and 16/39 (41.0%) for patients > 85 years; p<0.05 for
both) (table 3).
Admissions to hospital with CAP were more frequent during

late autumn and winter, with most admissions between
October and January. Pneumococcal disease was more common
as a proportion of CAP cases in the winter (137/304, 45.1%)
compared with autumn (89/243; 36.6%; p¼0.047), but not
significantly different in spring (82/221, 37.1%; p¼0.068) and
summer (58/152; 38.2%; p¼0.160). The absolute incidence of
pneumococcal infection increased with age, but pneumococcal
aetiology was more common as a proportion of CAP cases in
younger patients (47.1% in patients aged 16e44 years compared
with 34.4% for age group 65e74, OR 1.7, 95% CI 1.1 to 2.6;
p¼0.020) (table 3). Self-reported influenza and adult pneumo-
coccal vaccination (pneumococcal polysaccharide vaccine (PPV))
rates in patients aged >65 years were 433 (81.1%) of 534 and 320
(63.1%) of 507, respectively. Corresponding values for patients
aged <65 years were 125 (38.9%) of 321 and 63 (19.9%) of 317.
The odds of pneumococcal pneumonia were not associated with
prior vaccination with either PPV (OR 1.0, 95% CI 0.7 to 1.3;
p¼0.803) or influenza (OR 1.0, 95% CI 0.8 to 1.4; p¼0.881).
The annual age-specific incidences for both highly invasive

and less invasive serotypes increased with age (table 4). In
a multivariate logistic regression analysis, less invasive serotypes
were significantly associated with both increasing age and
increasing co-morbidity as measured by the Charlson index (OR
per age group 1.5, 95% CI 1.2 to 1.9, p<0.001; OR per co-
morbidity group 1.4, 95% CI 1.0 to 2.0, p¼0.036). Less invasive
serotypes were associated with a higher mortality when
compared with highly invasive serotypes after adjustment for
both age and co-morbidity group (adjusted OR 5.5, 95% CI 1.2
to 25.3; p¼0.028), or after adjustment for disease severity
using PSI group (adjusted OR 8.0, 95% CI 1.8 to 35.5, p¼0.006).
Of the 40 patients with pneumococcal bacteraemia, the most
prevalent serotype found was 1 (n¼10), followed by 19A (n¼6),
8 (n¼3), 22F (n¼3) and 33F (n¼3). Serotype 14, the most
prevalent serotype in the non-invasive cohort, was not found in
bacteraemic patients.

DISCUSSION
This study is the first, to our knowledge, to describe the pneu-
mococcal serotype distribution in a cohort of adult pneumo-
coccal CAP incorporating both invasive and non-invasive
disease. The age-specific incidences for pneumococcal CAP are
substantially higher than those suggested elsewhere in CAP
database studies.28 This is likely to reflect the improved sensi-
tivity of the Binax NOW and Bio-Plex assays over standard
culture-based methods. The most common serotypes present
within this cohort in descending order of prevalence were 14, 1,
8, 3 and 19A.
The serotype distribution in this cohort of non-invasive

disease is broadly similar to the findings in IPD in the UK over

Table 1 Demographic data of the study cohort

Patient characteristics
Whole cohort
(n[920)

Pneumococcal
cohort (n[366)

Demographics

Age, median; years (IQR) 71.7 (57.8e80.8) 71.1 (52.9e80.7)

Male (%) 546 (59.3) 193 (52.7)

Residential or nursing care
home resident (%)

51 (5.5) 25 (6.8)

WHO performance status $2 (%) 138 (15.0) 62 (16.9)

COPD (%) 244 (26.5) 94 (25.7)

Ischaemic heart disease (%) 145 (15.8) 61 (16.7)

Diabetes mellitus (%) 130 (14.1) 54 (14.8)

Cerebrovascular disease (%) 103 (11.2) 45 (12.3)

Asthma (%) 102 (11.1) 47 (12.8)

Congestive cardiac failure (%) 74 (8.0) 26 (7.1)

Active malignancy (%) 67 (7.3) 38 (10.4)

Dementia (%) 32 (3.5) 21 (5.7)

Mean Charlson co-morbidity
index (95% CI)

1.48 (1.37 to 1.59) 1.58 (1.40 to 1.76)

Influenza vaccination in
preceding 12 months (%)

558/855 (65.3) 219/334 (65.6)

PPV in preceding 10 years (%) 383/824 (46.5) 147/320 (45.9)

Severity

PSI class IeIII (%) 395 (42.9) 151 (41.2)

PSI class IV (%) 336 (36.5) 132 (36.1)

PSI class V (%) 189 (20.5) 83 (22.7)

CURB-65 0e1 (%) 393 (42.7) 143 (39.1)

CURB-65 2 (%) 320 (34.8) 127 (34.7)

CURB-65 3e5 (%) 207 (22.5) 96 (26.2)

Outcome

30-day mortality (%) 92 (10.0) 35 (9.6)

LOS 7 (4e12) 8 (4e13)

IRVS (%) 82 (8.9) 43 (11.7)

COPD, chronic obstructive pulmonary disease; IRVS, invasive respiratory or vasopressor
support; LOS, length of (hospital) stay; PPV, pneumococcal polysaccharide vaccine; PSI,
pneumonia severity index.

Table 2 The incidence of hospitalised adult community-acquired
pneumonia by age group

Age group (years) Population CAP (n)
Annual incidence
(per 100 000)

16e24 82 471 26 15.8

25e44 181 187 115 31.7

45e64 140 559 140 49.8

65e74 51 015 295 288.4

75e84 34 204 300 438.5

85+ 11 310 223 985.9

All ages 500 746 1099 109.7

‘Population’ refers to the number of people in the greater Nottingham area as per the 2001
census. ‘Annual incidence’ represents the average over the 2 years studied. CAP,
community-acquired pneumonia.
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a similar time period,19 but with a few major differences. For
patients aged $65 years, the most prevalent serotypes in IPD in
the UK between 2008 and 2010 were 19A, 3 and 6A/C, with
serotypes 14, 1 and 8 being less frequently seen. Interestingly,
serotype 14, the most prevalent serotype in the current cohort,
was not represented within our bacteraemic group. These
observations suggest that cohort studies of IPD alone may
underestimate the true prevalence of serotype 14. Furthermore,
serotype 5 was seen infrequently within a contemporaneous
cohort of UK IPD, while it was significantly represented in this
cohort of non-invasive disease. Therefore, while IPD cohorts
may be used as a partial surrogate for non-invasive disease,
certain serotypes may be underestimated by using culture-based
methods alone for surveillance.

Falls in VT IPD have been seen in adults within 1 year of the
introduction of PCV to child vaccination schedules in both the
USA and UK, showing the value of ‘herd protection’ in adult VT
serotype disease.19 20 In this study, a PCV-7 serotype was iden-
tified in 19.7% of adults with pneumococcal CAP, compared
with 57.4% with a PCV-13 serotype. Therefore, with the
introduction of higher valency PCVs to childhood immunisation
schedules, a substantial additional benefit might be realised in
adult pneumococcal pneumonia as a result of herd protection.

The fall of VT serotypes in adult IPD has been accompanied
by a concomitant rise in some other NVTserotypes, in particular
7F and 19A, although there has been a fall in the overall inci-
dence of adult IPD.19 Of the serotypes prevalent within this
study only serotype 8 is not included in either PCV used in UK
childhood vaccination schedules. If the trend towards an
increasing proportion of NVT disease continues then this sero-
type may become substantially more prevalent in the future. It
is therefore important to continue to measure the extent of
serotype replacement in non-invasive pneumococcal CAP in
addition to IPD.29

Serotype-specific attack rates increased with increasing age
group, but this trend was less marked for highly invasive sero-
types compared with less invasive serotypes. This difference is
consistent with the concept of highly invasive serotypes acting
as ‘primary pathogens’ which mainly cause disease instead of
nasopharyngeal colonisation.15 For these serotypes, pathogen-
related factors, such as the thin capsule that highly invasive
serotypes possess,12 may play a larger role than host factors in
the potential to cause disease. By contrast, less invasive sero-
types, acting as ‘opportunistic pathogens’, would be expected to
preferentially cause disease in older patients with higher levels of
co-morbidity; as observed in this study.

Figure 1 Serotype distribution of the
study cohort. PCV-7 VT: serotype
included within the 7-valent
pneumococcal conjugate vaccine;
PCV-13 VT: serotype included within
the 13-valent pneumococcal conjugate
vaccine; NVT: non vaccine-type.

Table 3 The proportion of pneumococcal disease according to age group

Age group
Pneumococcal
CAP (%)

Annual incidence
(per 100 000) VT serotypes (%) NVT serotypes (%)

OR of VT versus NVT
CAP (95% CI) p Value

16e44 (n¼136) 64 (47.1) 12.1 7 (10.9) 38 (59.4) Reference e

45e64 (n¼192) 76 (39.6) 27.0 14 (18.4) 41 (53.9) 1.9 (0.7 to 5.1) 0.231

65e74 (n¼209) 72 (34.4) 70.6 17 (23.6) 29 (40.3) 3.2 (1.2 to 8.7) 0.024

75e84 (n¼242) 92 (38.0) 134.5 18 (19.6) 39 (42.4) 2.5 (0.9 to 6.7) 0.066

85+ (n¼141) 62 (44.0) 274.1 16 (25.8) 23 (37.1) 3.8 (1.4 to 10.6) 0.011

All ages (n¼920) 366 (39.8) 36.5 72 (19.7) 170 (46.4) e e

CAP, community-acquired pneumonia; NVT, non vaccine-type (serotypes not included within the 7-valent childhood pneumococcal vaccine); VT, vaccine-type (serotypes included within the 7-
valent childhood pneumococcal vaccine (4, 6B, 9V, 14, 18C, 19F, 23F)).
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PCV in older adults has been suggested as being more effective
than the 23-valent PPV in preventing CAP. A trial is currently
underway in the Netherlands in unvaccinated older adults
(CAPITA21) comparing PCV with placebo in the prevention of
pneumococcal disease. The trial should provide valuable data
regarding the impact of PCV on the pneumococcal serotype
distribution in this population, and whether there is any addi-
tional benefit over and above the ‘herd protective’ effects
resulting from childhood immunisation programmes described
herein.

Study limitations
A proportion (124/366; 33%) of pneumococcal CAP in this study
was labelled as untyped. This may reflect either the presence of
serotypes beyond the fourteen detectable by the Bio-Plex assay,
or the limited sensitivity of the Bio-Plex assay itself. If the
former, then there may be significant NVT serotype(s) that are
not being described by this study. The sensitivity of Bio-Plex has
been estimated at 79%,25 and therefore a proportion of poten-
tially detectable serotypes will inevitably have been missed. The
untyped group were intermediate between VT and NVT sero-
type groups with regard to 30-day mortality (untyped: 10.8%;
VT: 16.7%; NVT: 5.9%) and co-morbidity (mean Charlson co-
morbidity index, untyped 1.68; VT 1.97; NVT 1.36). One
interpretation of this observation is that the untyped group
represents a combination of serotypes from both VT and NVT
serotype groups. Alternatively, the serotypes represented in the
untyped group may be associated with CAP with different
clinical characteristics. Due to the very high specificity of the
Bio-Plex assay (>99%), it is unlikely that a particular serotype
has been mis-assigned.

This study was carried out at two large hospitals covering
a relatively stable catchment population in Nottingham. As
there are no other hospitals in the area, all patients with CAP
requiring hospitalisation are admitted to either of the two study
hospitals which are part of a single trust and which share the
same clinical management protocols. Therefore, selection bias
due to differences in hospital admission practices is unlikely.
However, as this study included only hospitalised cases, these
findings may not apply to patients with CAP treated in the
community who have less severe disease.

None of the methods used to define pneumococcal aetiology
are perfect diagnostic tests. Blood culture has low sensitivity but
high specificity for the detection of pneumococcal disease.23

Sputum culture has low sensitivity (predominantly due to
difficulties in acquiring an adequate sample),30 and may be
affected by nasopharyngeal carriage, giving lower specificity.31 In
this study, only nine patients had a positive pneumococcal
sputum culture result without any other positive pneumococcal
test. Even if these patients were excluded from the analyses (on
the basis that these isolates represented nasopharyngeal carriage
alone), the main findings from this study would remain
unchanged.

Urinary antigen testing has a sensitivity of around 65%,
higher than conventional culture based techniques.32 Naso-
pharyngeal carriage rather than disease may cause a positive
result in children.33 However, pneumococcal carriage rates in
non-HIVadults from developed countries are generally <10% in
most cohorts.34 35 Additionally, in one study none of the 82
urine samples from adults with confirmed non-pneumococcal
CAP registered a serotype using Bio-Plex25; in a second study
while 24 of 98 adults had evidence of pneumococcal carriage,
only three had a positive urinary antigen test.36 Therefore, it is
likely that in the majority of patients, serotypes identified in
this study were implicated in disease (CAP), although we
cannot rule out the possibility that in a small proportion of
patients the serotypes identified represented nasopharyngeal
carriage alone.

CONCLUSIONS
The most common serotypes implicated in adult invasive and
non-invasive pneumococcal CAP are 14, 1, 8, 3 and 19A. Seroe-
pidemiological studies based on IPD cohorts alone may under-
represent certain serotypes important in adult non-invasive
pneumococcal disease. Age and co-morbidity were associated
with the distribution of serotypes identified.
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30. Rosón B, Carratalà J, Verdaguer R, et al. Prospective study of the usefulness of
sputum Gram stain in the initial approach to community-acquired pneumonia
requiring hospitalization. Clin Infect Dis 2000;31:869e74. http://dx.doi.org/10.1086/
318151
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