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SUMMARY

The 7-valent pneumococcal conjugate vaccine (PCV7) was included in the routine infant
immunization schedule in Ireland in September 2008. We determined the serotype of 977

S. pneumoniae isolates causing invasive disease between 2000—-2002 and 2007-2008, assessed for
the presence of the recently described serotype 6C and determined the susceptibility of isolates
during 2007-2008 to penicillin and cefotaxime. Serotype 14 was the most common serotype
during both periods and 7-7 % of isolates previously typed as serotype 6A were serotype 6C.
During 2000-2002 and 2007-2008, PCV7 could potentially have prevented 85% and 74 % of
invasive pneumococcal disease in the target population (i.e. children aged <2 years), respectively.
The level of penicillin non-susceptibility was 17 % in 2007-2008. Ongoing surveillance of
serotypes is required to determine the impact of PCV7 in the Irish population and to assess the

potential of new vaccines with expanded valency.
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INTRODUCTION

Streptococcus pneumoniae is a major cause of life-
threatening infections such as meningitis, septicaemia
and community-acquired pneumonia [1]. Pneumo-
coccal pneumonia is a leading cause of death in chil-
dren worldwide, with approximately 1 million deaths
in children aged <5 years occurring annually. The
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population groups at highest risk of pneumococcal
infection are young children and the elderly [2].

S. pneumoniae owes its success as a pathogen in part
to the diversity of the circulating capsular serotypes.
The recent identification of new serotypes, 6C and
6D, serologically cross-reactive with the 6A and 6B
population, respectively [3, 4], and the identification
of a new subtype (11E) within the 11A population [5],
suggests that at least 92, if not 93, immunologically
distinct serotypes exist, based on the chemical com-
position of the polysaccharide capsule [2, 4]. Immune
responses elicited by current pneumococcal vaccines
are directed towards the polysaccharide capsule [6].
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The 23-valent polysaccharide vaccine (PPV23)
(Pneumovax™®™, Merck and Co. USA), recommended
for older adults and other high-risk groups aged
> 2 years, is considered moderately effective with effi-
cacy ranging from 50 % to 80 % for protection against
invasive pneumococcal disease (IPD) in the elderly in
developed countries [7]. However, PPV23 does not
elicit a sufficient immune response in children aged
<2 years to confer protection against pneumococcal
infection nor does it reduce nasopharyngeal carriage
and thus has no ‘herd effect’. The 7-valent pneumo-
coccal conjugate vaccine (PCV7) (Prevenar®, Pfizer
Inc., USA), is immunogenic in infants despite B cell
immaturity in this age group [8]. PCV7 is estimated to
cover at least 50% of IPD-associated serotypes in
children aged <5 years in every region of the world
[9]. However, serotype distribution varies depending
on population group, region and geographic location
[10]. The recently licensed pneumococcal non-typable
Haemophilus influenzae protein D conjugate vaccine
(PHiD-CV) (Synflorix™, GlaxoSmithKline plc., UK)
includes serotypes 1, 5 and 7F in addition to those
already contained in PCV7. The novel carrier pro-
tein D is also considered to elicit protection against
non-typable H. influenzae [11]. PCV13 (Prevenar
13™ Pfizer Inc.) contains the PCV7 serotypes and 1,
3, 5, 7F, 6A, and 19A.

PCV7 was introduced into the USA routine child-
hood immunization programme in 2000. Its effects
have been well documented and PCV7 administration
practically eliminated meningitis and bacteraemic
pneumonia (94 % decline) caused by vaccine sero-
types in children aged <5 years [12, 13]. In addition,
reduction in nasopharyngeal carriage of vaccine sero-
types (the ‘herd effect’) generated by PCV7 also re-
duced IPD rates in adults by about 50% [14-16].
However, a potential drawback of the vaccine is an
observed increase in non-vaccine-type disease [17],
which seems particularly evident in the UK since the
introduction of PCV7.

In Ireland, PCV7 was introduced as part of the
routine infant immunization schedule in September
2008. Although PCV7 was licensed in Ireland in 2001,
the vaccine was only recommended for children aged
<2 years considered to be at increased risk of IPD.
At that time PCV7 was not part of the universal im-
munization programme and the number of children
vaccinated was limited (Pfizer Inc., personal com-
munication). As a result vaccine uptake levels in the
general paediatric population remained very low. In
order to evaluate the impact of the introduction of
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this vaccine into the routine schedule in 2008, an
understanding of the serotype distribution within the
Irish population is essential. Here, we describe the
national baseline serotype distribution of invasive
S. pneumoniae isolates from 2000 to 2002 and from
2007 to 2008, in what can be described as the pre-PCV7
era in Ireland. In addition, all serologically confirmed
serotype 6A isolates were retrospectively analysed for
the presence of the recently described serotype 6C.

MATERIALS AND METHODS
Bacterial isolates

All Irish laboratories participating in the European
Antimicrobial  Resistance  Surveillance  System
(EARSS) were encouraged to submit S. pneumoniae
isolates recovered from blood and CSF for sero-
typing. Only the first isolate from each patient was
included in the analysis. Participation in the study was
on a voluntary basis. The first 30-month study period
was from January 2000 to June 2002, while the second
18-month period was from April 2007 to September
2008. For the interim period between the study dates,
no invasive S. pneumoniae isolates were received due
to funding and resource constraints. All pneumo-
coccal isolates were stored in 1:3 glycerol (nutrient
broth containing 0-5% glucose and 10% glycerol)
horse serum storage medium at —70 °C.

Population group

The age groups in this study were: very young chil-
dren (<2 years), young children (2-5 years), older
children (615 years), adults (16—64 years), and older
adults (=65 years).

DNA preparation

A single colony from a fresh overnight culture grown
on Columbia blood (5% sheep blood) agar plates was
immersed in 20 ul Microlysis™ Plus (Microzone Ltd,
UK) and processed according to the manufacturer’s
guidelines.

Serotyping

Multiplex PCR to detect 11 common serotypes and
confirm pneumococcal identification was performed
on lysed single colony extracts in duplicate. Serological
co-agglutination [18] using antisera provided by the
Statens Serum Institute (Denmark) was performed to
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confirm the PCR results obtained and also determine
the serotype of isolates not targeted by the PCR
reactions.

Serotype 6C screening

All isolates identified as serotype 6A by serological
methods were screened for the presence of the recently
described serotype 6C using previously described
primers (5-taccatgcagggtggaatga-3’ and 5'-ccatccttc-
gagtattge-3') [19]. Serotype 6C isolates produce a
~ 1-8-kb product, serotypes 6A and 6B isolates pro-
duce a ~2-kb product and serotypes 6A and 6B iso-
lates containing the INDEL insert produce a ~2-3-kb
product [19, 20]. A serotype 6C control (a kind gift
from M. H. Nahm, University of Alabama at
Birmingham, USA) was included in each run. The
PCR reaction was performed in a 25 ul volume using
the following reagents: 1x GoTaq™ Flexi buffer
(Promega, USA), 2-5 mm MgCl,, 200 um of each ANTP
(Promega), 1 um of each primer, 1-25 U GoTaq™
Flexi DNA polymerase (Promega) and 1 ul of lysed
Microlysis Plus colony extract as template. Thermo-
cycling was performed on a PTC 200 DNA engine
(MJ Research, USA) using previously described con-
ditions [19], except the initial denaturation was at
95 °C for 2min. PCR products (10 ul) were analysed
using 1% (w/v) agarose gel electrophoresis with
5 ug/ml ethidium bromide and visualized under UV
transillumination. PCR product sizes were compared
with a 1-kb ladder molecular size standard (New
England Biolabs, USA).

Antimicrobial susceptibility

Susceptibility testing was performed using the Etest
(AB bioM¢érieux, Sweden) method and results were
interpreted following CLSI guidelines [21]. Suscepti-
bility to penicillin was defined as follows: susceptible,
MIC <0-06 ug/ml; intermediate, 0-12—1 ug/ml; and
high-level resistant, >2 ug/ml; corresponding to the
new oral penicillin breakpoints for comparison pur-
poses with previous data [21]. Susceptibility to peni-
cillin and cefotaxime were also analysed according to
the current CLSI non-meningitis interpretive criteria
[21]. All isolates from April 2007 to September 2008
were tested for susceptibility to penicillin and
cefotaxime. S. pneumoniae ATCC 49619 was used as a
positive control strain. The antimicrobial suscepti-
bilities of isolates collected from January 2000 to
June 2002 have been previously described [22].
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Statistics

Statistical analysis was performed using Epi Info
version 6 software (CDC, USA) and proportions
compared using the y* test and Yates’ correction
where appropriate.

RESULTS
Population coverage

From January 2000 to June 2002, 504/604 (83 %) of
IPD isolates reported through EARSS were received
for serotyping and from April 2007 to September 2008,
497/593 (84 %) of isolates were received. Over the
years the number of laboratories reporting to EARSS
have increased such that overall coverage of the Irish
population has also changed (mostly increased, but
occasionally laboratories failed to submit isolates for
one or more quarters due to resource constraints). This
affects the rates — for example, we cannot utilize the
total Irish population as the denominator for the
earlier years when the coverage was <50 %. However,
from our estimates, calculated using the appropriate
census figures and adjusted based on the estimated
population coverage by EARSS for each complete
year, IPD incidence rates of 7-8, 8-1 and 8:8/100000
population were observed for 2000, 2001 and 2002,
respectively. IPD incidence rates of 10-5 and 10-8/
100000 population were observed for 2007 and 2008,
respectively. For the first study period (January
2000—June 2002), the male: female ratio was 1-1:1 for
isolates received, which increased to 1-5:1 for the
second study period (April 2007-September 2008).

Serotype distribution
2000-2002

Between January 2000 and June 2002, the serotype of
480 isolates was determined (24 were non-recoverable).
In total, 33 different serotypes were identified. Serotype
14 (n=068) was the most prevalent and accounted for
14% of infections, followed by serotypes 9V (9 %),
1(8:5%),4 (8%) and 8 (6:5%) (Fig. 1). Most notably,
in 2001 the proportion of serotype 1 increased sig-
nificantly (32=19-7, P<0-:0001) to equal that of sero-
type 14, but there was a decrease in frequency observed
in 2002 (only 6 months of the year were studied), but
this was not significant (y2=0-51, P=0-48). In con-
trast, between 2000 and 2001 the frequency of sero-
type 12F decreased significantly (y2=7-03, P=0-008),
and a decline in serotype 3 was also observed.
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Fig. 1. Pneumococcal serotypes causing invasive disease in the Republic of Ireland prior to introduction of PCV7 vaccine.

Data from 2000-2002 and 2007-2008 combined.

In addition, a significant increase (y2=13-51, P<
0-001) in serotype 19F was observed in 2002, causing
the most infections in older adults and as many infec-
tions as serotype 14 in very young children in that
particular year.

2007-2008

From April 2007 to September 2008, 497 isolates
were serotyped. Overall, 36 serotypes were identified.
Serotype 14 (12%) was most common, followed by
serotypes 4 (9:4%), 9V (8:8%), 7F (7-4%) and 19A
(5:6%). When the two study periods were compared,
an increase in the overall proportion of serotype 19A
was observed, particularly in the adult population
(*=291, P=0-08); however, this did not reach sig-
nificance. A non-significant (y*=1-02, P=0-31) over-
all proportional increase of serotype 7F from 5-8 % to
7-4% of isolates was also observed. However, a sig-
nificant increase (y>=434, P=0-03) in serotype 7F
among the older adult population was evident. The
overall proportion of serotype 1 decreased significantly
(¢*=8-51, P=0-003) from the first study period,
similarly, the proportion of serotype 8 decreased sig-
nificantly (y>=10-37, P=0-001) among older adults.
For this study, the majority of IPD isolates were
from the adult population. The adult population ac-
counted for 75% of isolates in 2000, 71 % of isolates
from January 2001 to June 2002 and 79 % of isolates
from April 2007 to September 2008. For the first
study period, certain serotypes were exclusively associ-
ated with the adult population, e.g. serotypes 19A and
6A (Fig. 1). However, in the 18-month period from
April 2007 to September 2008, 14% of all serotype
19A isolates were recovered from very young chil-
dren. Similarly, 13% or 33 % of all serotype 6A iso-
lates were recovered from very young and young
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children, respectively. For the two study periods,
serotype 3 (n=43) predominantly infected the adult
population. Only two serotype 3 infections occurred
in very young children and one in an older child (aged
12 years).

Serotype 6C screening

Of the 26 IPD isolates serologically identified as
serotype 6A for both study periods, 7-7 % (n=2) were
determined to be serotype 6C. The first serotype 6C
isolate was collected in October 2007 from an 85-year-
old male, while the second isolate was collected in
December 2007 from a 91-year-old female. Each of
the serotype 6C isolates was susceptible to penicillin
and cefotaxime.

Potential vaccine coverage
2000-2002

For this study period, PCV7 could, in theory, have
prevented 85% of IPD in very young children
(n=48). For this age group, the potential coverage
provided by PHiD-CV and PCVI13 was 94% and
96 %, respectively (Table 1). For the older adult popu-
lation, coverage of serotypes contained in the conju-
gate vaccines during the same period was 51 % for
PCV7, 60% for PHiD-CV and 75% for PCV13. The
coverage provided by PPV23 was 92 % for older adults
(Table 1). For this study period, PCV13 provided sig-
nificantly more coverage (by 24 %) in older adults than
PCV7 (n=172, x*=20-98, P<0:00001) (Table 1).

2007-2008

Between April 2007 and September 2008 (a period of
18 months), 105 cases of paediatric (<15 years) IPD
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Table 1. Number (%) of IPD isolates by age group covered by the pneumococcal conjugate and
polysaccharide vaccines

Age group (years)

<2 2-5 6-15 16-64 =65 Overall

2000- 2007- 2000- 2007- 2000— 2007- 2000-  2007- 2000— 2007- 2000— 2007-
Vaccine 2002 2008 2002 2008 2002 2008 2002 2008 2002 2008 2002 2008
PCV7 41(85) S1(74) 12(75) 13(59) 7(35) 2(14) 70(40) 87(42) 88(S1) 86 (47) 239 (50) 239 (48)
PHIiD-CV 45(94) 55(80) 13(81) 16(73) 15(75) 6(43) 112(64) 118(57) 103 (60) 101 (55) 311(65) 297 (60)
PCVI3 46 (96) 62(90) 13(81) 20 (91) 16(80) 7(50) 127(72) 133 (64) 129 (75) 129 (70) 362 (75) 360 (72)
PPV23 14 (88) 18(82) 19(95) 11(79) 160 (91) 165(80) 159 (92) 160 (87) 441 (92) 446 (90)

were identified. Sixty-nine of these occurred in very
young children, of which 74 % were covered by PCV7,
80 % by PHiD-CV and 90% by PCV13. There was a
small but not statistically significant decline in cover-
age of the conjugate vaccines for this age group com-
pared to the first study period. For the older adult
population (n=185), vaccine coverage was similar to
that observed for the first study period, namely, 47 %
(PCV7), 55% (PHiD-CV), 70% (PCV13), and 87 %
(PPV23). Therefore, PCV13 (¥*=20-6, P<0-00001)
and PPV23 (y*=66-97, P<0-00001) provided signifi-
cantly more coverage than PCV7 within this popu-
lation (Table 1).

Antimicrobial susceptibility

The overall level of decreased susceptibility to peni-
cillin from April 2007 to September 2008 was 17 %.
This represented an increase of 2:4% on a previous
study [22]. Serotypes 9V and 14 accounted for 68 % of
penicillin non-susceptible (which includes both inter-
mediate and high-level resistance) isolates. High-level
penicillin resistance was evident for 7-8 % (n=39) of
isolates, and 8:7% (n=43) of isolates demonstrated
intermediate resistance to penicillin. Eighty-one per
cent of these were potentially covered by PCV7, rising
to 94% for PCV13. However, according to the cur-
rent CLSI non-meningitis breakpoints, 0-8% (n=4)
and 4% (n=19) of isolates demonstrated reduced
susceptibility to penicillin and cefotaxime, respect-
ively; all expressing PCV7 serotypes except for one
serotype 19A, covered by the PCV13 formulation.

DISCUSSION

This study represents the first comprehensive report
outlining the national baseline serotype distribution
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of IPD in Ireland before the introduction of PCV7.
For each of the two study periods, serotype 14 was the
most common and accounted for 14% and 12 %, re-
spectively, of invasive isolates investigated. This is a
similar finding to that of other studies and other
countries [10, 23, 24]. Overall, between 2000 and 2002,
serotype 14 was most common in very young children
and older adults, whereas serotype 1 was most com-
mon in older children and shared the highest pro-
portion of infections (11%) with serotype 7F in the
adult population. Interestingly, serotype 1 (com-
monly associated with outbreaks) significantly in-
creased in prevalence in 2001 compared to the data
for 2000, and accounted for the same proportion
(13-7%) of isolates as serotype 14 in that particular
year. The reasons for this remain unclear. As PCV7
had yet to be introduced into the routine immuniza-
tion schedule in Ireland, this increase is unlikely to be
attributed to the vaccine. Similarly, in South West
England the proportion of serotype 1 increased sig-
nificantly between 2000 and 2005 prior to introduc-
tion of PCV7 in 2006 [25, 26]. In addition, Norway,
Sweden and Denmark have reported serotype 1 as the
most commonly identified IPD serotype within their
respective countries [27]. In 2002, a non-significant
decrease in serotype 1 was observed. This decline
continued to be observed for the second study period,
whereby serotype 1 was represented by 4 % of isolates
overall and ranked tenth in prevalence, as opposed to
third for the previous study period. However, as
PCV7 does not contain serotype 1, it is noteworthy
that infection predominantly occurred within the
adult population. Moreover, if a cyclical pattern of
serotype distribution occurs (as is commonly ob-
served with pneumococcal disease), protection would
be conferred by PHiD-CV and PCV13 if future in-
creases in serotype 1 prevalence occur.
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A significant increase in the proportion of invasive
S. pneumoniae infections caused by serotype 19F was
observed from 2001 to 2002. The main increase
occurred in adults and very young children (in whom
it was as common as serotype 14). However, England,
Wales, Italy, and China among others, have pre-
viously identified the presence of a high proportion of
serotype 19F in isolates [25, 28, 29]. An overall com-
parison of each study period revealed that 5:2% and
3-8 % of infections, respectively, were caused by 19F.
In general, 19F is one of the most commonly carried
serotypes and is not considered to be particularly in-
vasive. However, its high carriage frequency con-
tributes to its ability to cause invasive disease [23, 30].

For the second study period, a significant increase
in serotype 7F in older adults is noteworthy. Serotype
7F is highly invasive and not contained in PCV7
[9, 30]. For all other age groups, no significant changes
in 7F frequency were observed. Protection against this
serotype is provided by both PHiD-CV and PCV13.
More recent data (2007-2008) also suggest that over-
all a slight increase in serotype 19A prevalence from
3-5% of infections to 5:6% of infections occurred.
This increase tended to be observed within the adult
(2:3-5-8 %) and very young children (0-5-8 %) popu-
lations, although neither increase reached statistical
significance. The prevalence of 19A remained similar
in the older adult population for the two study periods.
Increases in serotype 19A discase following wide-
spread use of PCV7 in the USA have been observed
[31]. Concerns have been raised over 19A multidrug
resistance and association with treatment failures
in children with acute otitis media [32]. Many have
considered the observed increase as attributable to
PCV7 introduction. However, in other countries such
as South Korea and Israel, increases in the prevalence
of 19A were observed prior to vaccine introduction,
thus, close monitoring of this serotype is warranted
[33, 34].

Only two serotype 6C isolates were identified in
total, both occurring in the older adult population
and both susceptible to penicillin and cefotaxime.
A low prevalence of serotype 6C was also observed
in The Netherlands prior to vaccine introduction,
although unlike Ireland these isolates were from
healthy children [35]. In the USA, serotype 6C is now
the predominant serogroup 6 type causing infection
and is often associated with antibiotic resistance,
while serotypes 6A and 6B are declining [36]. In adults,
an increase in the prevalence of serotype 6C causing
IPD in northern Spain was recently documented [37].
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Furthermore, an increase in serotype 6C carriage has
also been observed in the UK [38]. These data and
that of others suggest that protection against type 6C
infection is not conferred by PCV7 [39]. It is not
known whether the 6A contained in PCV13 confers
cross-protection against serotype 6C. Therefore, con-
tinued surveillance of this serotype is important.

This study indicates that in Ireland, the level of
coverage potentially provided by PCV7 in very young
children (85% and 74 % in the first and second study
periods, respectively) was at the higher end of the
European average of 66-80% [9]. Moreover, PCV7
coverage of 85% between 2000 and 2002 is com-
parable to that observed in US infants in the pre-
licensure era [17, 40]. Furthermore, presuming herd
immunity against vaccine serotypes is generated, a
PCV7 effect that has been well documented [14], then
additional protection against 47-51% of older adult
IPD would have occurred in this country. These re-
sults are similar to those of other studies where PCV7
was estimated to cover 30-60% of isolates in the
older adult population [40].

In order to compare penicillin susceptibility data
with that of previous studies, results were interpreted
according to the current CLSI oral penicillin break-
points. The level of penicillin non-susceptibility (17 %)
observed in IPD isolates in the latest study period
represents an increase of 2:4 % on the previous period
[22], which is moderately high compared with other
European countries. A recent study in Spain revealed
that the prevalence of PCV7 serotypes was the best
predictor of penicillin non-susceptibility [41]. Thus,
considering PCV7 serotypes accounted for 81% of
penicillin non-susceptible pneumococci isolates in the
present study, the rate of penicillin non-susceptibility
observed in Ireland is not surprising. Thus, based on
these data, one would expect antibiotic resistance
levels to decline post-PCV7 vaccine introduction.

In addition, providing the efficacy of the expanded
valency vaccines, PHiD-CV and PCV13 is similar to
that of PCV7, a further 6-16 % of IPD in very young
children could have potentially been prevented based
on data from the two study periods. In the older adult
population, the potential protection (offered by the
herd effect) for PCV13 was 75% and 70 % for each
study period, respectively, similar to the level observed
more recently for PCV7 in infants. Although the
coverage by PPV23 ranged from 80-92% in adults
for each of the study periods, its protective efficacy
is less than that offered by the conjugate vaccines.
Additionally, vaccine effectiveness seems to diminish
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with increasing age and protection against non-
invasive disease is limited. Hence, the efficacy of
PCV13 in the prevention of community-acquired
pneumonia in the older adult population is being
evaluated [42]. Despite PPV23’s relative limitations,
vaccination of the healthy elderly population can
provide efficient protection against IPD. In Sweden, a
reduction of 57 % in all-cause mortality was observed
in older adults participating in a combined influenza
and PPV23 vaccination programme [43]. Therefore,
continued surveillance is necessary to elucidate which
vaccine policy is optimal at a population level.

In conclusion, it is anticipated that the introduction
of PCV7 into the Irish childhood immunization pro-
gramme will positively impact on IPD incidence in
Ireland. Furthermore, continued surveillance of the
epidemiology of S. pneumoniae-associated disease is
a vital part of the surveillance strategy to monitor
the effects of PCV7, to identify the emergence of non-
vaccine serotypes and ensure adequate vaccine policy
implementation.
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