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SUMMARY

Streptococcus pneumoniae strains causing invasive pneumococcal disease (IPD) in the elderly
population of England and Wales during the winter of 2003/2004 (1 November 2003 to 30 April
2004) were characterized by serotyping and genotyping in order to determine their population
structure in the elderly. Serotyping and multilocus sequence typing (MLST) were carried out on
542 invasive isolates referred to the Respiratory and Systemic Infection Laboratory. Pneumococci
were distributed among 32 serotypes and 144 MLST sequence types. A high genetic diversity was
observed within the major serotypes. Genetic relatedness varied with regard to serotype. Isolates
within serotypes 3, 7F and 8 were the most genetically related whereas serotypes 6A and 19F
comprised isolates originating from unrelated ancestors. There was indirect evidence that some
pneumococci were derived from clones that had undergone capsular switching in the past.
Interestingly one case of IPD was caused by a pneumococcus originating from a clone that had
undergone capsular switching from serotype 18C, a serotype included in 7-valent pneumococcal
conjugate vaccine (PCV) to serotype 1 (serotype not included in PCV) suggesting that virulent
clones with the potential ability to evade PCV existed in the pneumococcal population prior to
the routine introduction of this vaccine. Isolates from 28 cases of apparent 23-valent
pneumococcal polysaccharide vaccine (PPV) failure were included but there was no evidence of
the emergence of particular clones associated with vaccine failures. Longitudinal studies based on
serotypic and genetic characterization of pneumococci are fundamental to understanding the
impact of both PPV and PCV on the genetic structure of pneumococcal populations.
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INTRODUCTION

Streptococcus pneumoniae is a major cause of mor-
bidity and mortality worldwide and causes a diverse
range of diseases including pneumonia, meningitis,
bacteraemia and otitis media. The polysaccharide
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capsule plays a major role in the virulence of the or-
ganism and there are more than 90 capsular serotypes
[1]. However, the distribution of serotypes varies
between countries and within the United Kingdom,
invasive pneumococcal disease (IPD) is associated
with a smaller number of serotypes [2]. Children aged
<5 years and the elderly are particularly at risk of
developing IPD. In the United Kingdom two vaccines
have been licensed to prevent IPD. A 23-valent plain
pneumococcal polysaccharide vaccine (PPV) which
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stimulates a T-cell-independent immune response in
adults and in children aged >2 years, but is poorly
immunogenic in younger children. The antibody re-
sponse in children aged <2 years is improved by the
use of a protein-conjugated pneumococcal vaccine
(PCV) which induces a T-cell-dependent response [3].
PPV immunization of elderly patients was introduced
in England and Wales in three phases: in 2003 PPV
was offered to all patients aged >80 years; in 2004
it was offered to all aged >75 years; and from 2005
onward all aged >65 years. The efficacy of PPV
is controversial [4-7]. In September 2006, a 7-valent
PCV was incorporated into the routine infant im-
munization schedule in England and Wales, with a
reduced schedule of 2, 4 and 13 months.

Surveillance of IPD and molecular characterization
of isolates causing IPD are fundamental to under-
standing the impact of pneumococcal vaccines and to
assessing whether changes in the genetic structure
of the pneumococcal population occur following a
universal immunization programme. Precise genetic
analyses that may reflect the genetic relatedness of the
isolates and the evolutionary biology of pneumococci
are required to detect potential changes in the genetic
structure of the pneumococcal population. Assess-
ment of the genetic characteristics of pneumococci
causing IPD in the elderly prior to the introduction of
the PCV is required to detect any changes caused by
indirect herd effects. In this paper the serotypes and
genotypes of pneumococci causing IPD in the elderly
prior to introduction of PCV are described.

MATERIAL AND METHODS

All isolates from patients targeted by the first year of
the PPV programme were selected from the collection
of the Respiratory and Systemic Infection Laboratory
(RSIL), the reference laboratory for serotyping
pneumococci in England and Wales. The criteria
for selection were as follows: all invasive (blood or
CSF) isolates regardless of serotype from patients
aged >80 years collected during winter 2003/2004
(1 November 2003 to 30 April 2004) in England and
Wales. As part of the HPA surveillance of IPD in
England and Wales, details of any PPV immunization
for these patients were obtained from the general
practitioner. PPV failure was defined as an episode of
IPD caused by a PPV serotype occurring during the
period of 1 month to 2 years after PPV immunisation.
All isolates were serotyped by an agglutination
method using factor sera from the Statens Serum
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Institute, Denmark and further characterized by
multilocus sequence typing (MLST) [8]. Briefly, 10-20
colonies from an overnight blood agar plate were
boiled for 20 min in saline solution (NaCl 9%o w/v)
and cell debris were separated from DNA extracts by
centrifugation at 3000 rpm for 10 min. The super-
natant was stored at —20 °C before amplification.
Fragments of the seven housekeeping genes aroF,
gdh, gki, recP, spi, xpt, ddl were amplified by PCR
using Invitrogen Tag polymerase and PCR buffer
and purified PCR products were directly sequenced at
MWG Biotech (Ebersberg, Germany). Allele num-
bers and sequence types (ST) were assigned as de-
scribed by Platt et al. [9] using the BioNumerics
version 4.0 platform (Applied Maths, Sint-Martens-
Latem, Belgium) with reference to the MLST data-
base (http://spneumoniae.mlst.net). When a new
association of ST and serotype was observed, sero-
typing was repeated to confirm the serotype. Genetic
relatedness between isolates was determined using
eBURST V3 algorithm [10]. STs obtained from the
RSIL collection were analysed against all STs re-
ported in the MLST database in order to cluster the
population into clonal complexes (CC). CC was de-
fined using the stringent group definition (6/7 shared
alleles) and named referring to the predicted founder
if any (i.e. CC156 referred to STs having ST156
as predicted founder) or referring to the eBURST
group number if no founder were predicted (i.e. gr103
referred to eBURST group 103). Genetic diversity
based on ST and CC was estimated by calculating the
Hunter—Gaston Index [11] using the V-DICE appli-
cation (available at http://www.hpa-bioinformatics.
org.uk).

RESULTS

A total of 542 invasive pneumococci isolated during
the winter of 2003/2004 from patients aged >80 years
were examined. A total of 32 serotypes were identified
among these isolates (Table 1). IPD caused by the
capsular types included in PCV or PPV accounted for
55:5% and 919 %, respectively, of the total of cases.
Serotype 14 was the predominant serotype in this
collection. The 10 most common serotypes accounted
for 75:6% of all isolates and comprised serotypes
14 (18-5%), 23F (11-:8%), 9V (9-2%), 3 (6:1%), 6B
(5:9%), 22F (5:4%), 4 (5:0%), 19A (4-8 %), 8 (4:6 %),
and 6A (44 %).

Of the 542 isolates, MLST analyses identified
144 STs. The Hunter—Gaston Diversity Index (HGDI)
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Table 1. Phenotypic and genotypic characterization of pneumococci causing invasive diseases in elderly patients (England & Wales, winter 2003—2004)

Serotypes*
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* Serotypes underlined are included in pneumococcal conjugate vaccine (PCV), serotypes in bold are included in polysaccharide pneumococcal vaccine (PPV).
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Fig. 1. Genetic relatedness of 542 isolates of S. pneumoniae causing invasive disease in elderly patients in the United Kingdom.
Clonal complexes (CCs) and singletons were determined by eBURST analysis using all allelic profiles reported in the MLST
database. Only the 144 sequence types (STs; black dots) detected in this study were represented on the eBURST diagram. The
sizes of the dots correspond to the number of isolates sharing the same ST. Within CCs (elliptic shapes) missing links (STs
present in the MLST database but not found in the present study) were not represented. CC names refer to the predicted
founder if any (i.e. CC156 referred to STs having ST156 as predicted founder) or refer to the eBURST group number if no
founder were predicted (i.e. gr103 referred to eBURST group 103).

was high (0-97). ST9 represented 9-5% of the total
STs and was predominant in the bacterial population
followed by ST162 (5-7%), ST124 (5:5%), ST36
(5:0%), ST180 (4:8%) and ST311 (4:6%) (Table 1).
These six major STs accounted for 35-2% of all iso-
lates. A strong association between ST and serotype
was observed for the common STs. Ninety-two STs
were identified once only. At the time of the study,
55 STs were novel types in the international MLST
database. The genetic relatedness of the pneumococci
was assessed by eBURST analysis. STs were clustered
into 27 CCs and 35 singletons (Fig. 1).

The HGDI based on ST as variable (HGIgt) by
serotype ranged from 0-233 (7F) to 0-882 (19F)
(Table 2). The HGDI calculated using CC rather than
ST as variable (HGIcc) was, as expected, lower for
almost all serotypes as e BURST reduces the diversity
by clustering closely related STs into CCs. Difference
between HGIgt and HGIc was marked for serotypes
9V, 18C, and 23F (HGIgr>0-65 and HGI¢c<0-15)
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but was close to null for serotypes 6A and 19F for
which values of both HGIgt and HGIcc were high
(>0-7). For serotype 7F the value of both indices was
equal.

Distinct serotypes were observed in nine STs: ST9,
ST53, ST65, ST113, ST156, ST162, ST199, ST218 and
ST392 (Table 1). The number of different serotypes
within these STs was low (1 or 2 per ST). ST113 which
is generally associated with serotype 18C was found to
be associated with serotypes 1 and 18B. Within each
of the major STs the proportion of serotype variants
was always low in comparison to the commonest
serotype.

The PPV immunization history was established for
378 patients: 231 patients had never received PPV
or received PPV <1 month prior to the infection, 40
patients had received PPV in the 2 years preceding the
episode of IPD, and 107 patients had received PPV
> 2 years prior to the IPD. Twenty-eight PPV failures
were identified amongst the 40 patients that had been
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Table 2. Hunter—Gaston indices of the major
serotypes causing invasive pneumococcal disease in
elderly patients (England & Wales, winter 2003—2004)
using as variable sequence types or clonal complexes
calculated by e BURST

Sequence type Clonal complex

Serotypes HGDI 95% CI HGDI 95% CI

3 0-383 0-281-0-484  0-282 0-186—0-378
4 0-622 0-543-0-700  0-428 0-339-0-516
6A 0-714 0-618-0-809  0-703 0-611-0-794
6B 0-852 0-810-0-893  0-591 0-525-0-657
7F 0-233 0-114-0-352  0-233 0-114-0-352
8 0-487 0-372-0-602  0-293 0-187-0-400
ON 0-783 0-710-0-857  0-517 0-393-0-640
A% 0-675 0-630-0-720  0-04 0-004-0-076
14 0-649 0-614-0-683 0-514 0-489—-0-539
18C 0-667 0-518-0-816  0-00 0-000—0-427
19A 0-618 0-519-0-718  0-406 0-296-0-516
19F 0-882 0-829-0-936  0-83 0-767-0-893
23F 0-666 0-631-0-702  0-152 0-095-0-208

HGDI, Hunter—Gaston Diversity Index; CI, confidence
interval.

vaccinated within 2 years prior to infection. Vaccine
failures were associated with nine serotypes and
MLST identified 17 STs (Table 3); ST1761, belonging
to CC124, associated with serotype 14 and ST1624,
belonging to CC146, associated with serotype 6B
were new entrants in the MLST database. The other
STs had already been reported to the international
database.

DISCUSSION

In this study, serotyping and MLST genotyping were
used to characterize invasive pneumococci collected
from elderly patients aged >80 years in England and
Wales. During the period November 2003—April 2004,
pneumococci of serotypes 14, 23F and 9V accounted
for >40% of the isolates causing IPD. Genetic
diversity within the pneumococcal population causing
IPD in elderly patients was high. Of 144 distinct
STs, ST9 was the most prevalent clone. ST9 is rec-
ognized as the international erythromycin-resistant
clone England14-9. Antibiotic susceptibility testing
on isolates of ST9 collected since 2002 in all age
groups have shown that almost all of these isolates
were erythromycin non-susceptible (data not shown).
It may be that usage of antibiotics contributes, at least
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Table 3. Genetic characterization of pneumococci
causing pneumococcal polysaccharide vaccine failure
in elderly patients vaccinated within 2 years prior to
infection (England & Wales, winter 2003—-2004)

No. of Sequence types
Serotype isolates (no. of isolates)
3 3 180 (3)
4 2 205 (2)
6B 2 176 (1), 1624 (1)
7F 1 218 (1)
IN 1 67 (1)
14 12 9 (6), 24 (1), 124 (3),

1492 (1), 1761 (1)

19A 2 199 (1), 1201 (1)
22F 2 433 (1), 819 (1)
23F 3 36 (1), 311 (2)

partially, to the prevalence of drug- resistant clones as
suggested by Feikin et al. [12]. In the United States,
the recent expansion of clones of serotype 19A
following the introduction of the PCV was caused by
the emergence/expansion of penicillin-resistant clones
[13]. Other possible explanations for the prevalence of
certain serotypes in the elderly has been discussed
previously [12] and may include, the effect of the
senescence on the immune system and contacts with
children, in addition to the selective pressure of anti-
biotics.

The predominant serotypes observed in the present
study comprised genetically diverse clones as demon-
strated by previous studies in the United Kingdom
[14, 15]. Within a single serotype, genetic variability
may have arisen largely by divergence from ancestral
clones through evolutionary biology. However our
data suggest that pneumococcal serotypes causing
IPD could be grouped into two classes. The first class
includes serotypes (e.g. 6A and 19F and to a lesser
extent 6B, 9N and 14) which are shared by numerous
STs related to diverse pneumococcal linecages. The
second group includes serotypes (e.g. 3, 7F, 8, 9V,
18C and 23F) which contains STs related to single or
very few pneumococcal lineages. Serotypes of the first
class were among the most common serotypes de-
tected in UK carriage studies in children [16—18] while
serotypes of class 2 were rarely carried, except for
serotype 23F. Pneumococci have the ability to ex-
change their capsular type through horizontal re-
combination of pneumococcal DNA surrounding
the capsular loci by natural transformation [19].
Capsular switching (CS) most probably occurs during
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nasopharyngeal carriage where intermixing of clones
expressing distinct types of capsular polysaccharides
is possible. The propensity of certain pneumococci to
be carried and to undergo CS may have contributed
to the differential diversity of pneumococcal lineages
between serotypes.

Serotype 6A was one of the more genetically diverse
serotypes. However, it may that such diversity was
overestimated by the presence of isolates expressing
6C capsular polysaccharides [1] as distinction between
the two subtypes (6A and 6C) was not included in the
reference typing at the time of this study.

Among invasive isolates of serotype 23F only three
pneumococcal lineages have been identified (CC81,
CC392, and CC439). Serotype 23F is frequently
found in healthy carriers [15-17] and can colonize the
nasopharynx for several weeks or months [17]. It may
be that either 23F pneumococci are less prone to CS or
only a few clones are able to cause IPD in elderly
patients. A combination of properties associated with
particular clones and capsular serotypes is likely to
determine the potential of pneumococci to cause
invasive diseases, their manifestations and severity
[18, 20].

There was no direct evidence of CS but combining
the MLST and serotype, data suggest that CS may
have occurred in nine STs in the past. Amongst clones
that have undergone CS, the proportion of serotype
variants was always lower in comparison to the main
serotype within that clone. CS may have occurred in
the very recent past and thus the emerging serotype
variants have not had time to disseminate within
the population. Alternatively, the serotype variants
derived from CS may be less virulent/invasive and,
therefore, spread at a slower rate in the elderly popu-
lation than the original clones.

Our data indicated that 55% of IPD in the elderly
were due to the seven serotypes included in PCV.
This suggested that the recent introduction of PCV in
UK childhood immunization could have a substantial
impact on the distribution of the serotypes causing
IPD in the elderly through an indirect herd effect as
has been observed in the United States [21]. Beneficial
indirect herd effects of PCV could be limited by the
emergence of clones that switch their capsule type
from a type included in PCV to a type not included in
PCYV via CS. In our collection we found a serotype 1
variant of the virulent clone ST113 which is com-
monly associated with serotype 18C (according to the
MLST database; last accessed 28 September 2008).
It suggests that virulent clones that could escape the
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selective pressure of PCV existed prior to introduction
of the vaccine in the United Kingdom. In the United
States, changes in serotype distribution have been
observed since the introduction of PCV [22-26] re-
sulting in substantial changes to the genetic structure
of the pneumococcal population [13, 26, 27]. Changes
were mainly due to the expansion/emergence of drug-
resistant clones [13, 28-31] but were also due to the
expansion of a clone that had undergone CS from
PCYV serotype to non-PCV serotype [13, 32].

Prior to the introduction of the routine PPV vacci-
nation programme for the elderly PPV was re-
commended for adults at high risk of developing IPD
and the uptake for adults aged >80 years was esti-
mated to be 36% [33]. Between August 2003 and
March 2004, the additional vaccine uptake for elderly
persons aged >80 years was 261 % [34]. Apparent
PPV failures were observed in 28 patients. Two cases
were vaccine failures caused by novel STs: ST1624
(single locus variant of the multidrug-resistant clone
Spain6B-2) and ST1761. However, data on these two
novel STs are too limited to conclude that vaccine
failures were caused by clones emerging under PPV
selection pressure.

Surveillance of IPD in the United Kingdom will
continue in order to assess the effects of the vacci-
nation programmes for the elderly and children on the
genetic characteristics of isolates causing IPD in the
elderly as well as in children. By targeting the reser-
voir of the pathogen, it is anticipated that PCV im-
munization of children should exert a more selective
pressure on pneumococci than PPV immunization of
older persons.
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