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Main point: There is emergence of non-PCV13 serotype pneumococcal disease and evidence for a
differential effect of PCVV13 among vaccinated UK children, most notably for pneumococcal

serotypes 3 and 19A carriage and disease.
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ABSTRACT
Background
Following programmatic introduction of the 13-valent pneumococcal conjugate vaccine (PCV13),

there is residual carriage and disease due to PCV13 covered serotypes.

Methods

988 PCV13-immunised children aged 13-48 months were enrolled between February 2014 and
August 2015 (late-PCV13), and had nasopharyngeal pneumococcal carriage compared with 567
PCV7-immunised children enrolled into a study between November 2010 and September 2011 (early-
PCV13). Nasopharyngeal pneumococci were molecular-serotyped by microarray. Invasive
pneumococcal disease (IPD) cases were identified through enhanced national surveillance. Blood
collected from the late-PCV13 cohort was assessed for levels of serotype-specific serum IgG by

multiplex immunoassay.

Results
Compared with PCV7-immunised children, carriage among PCV13-immunised children was
significantly lower for serotypes 19A (OR=0.08, 95% CI 0.02-0.25), 6C (OR=0.11, 95% CI 0.03-

0.32) and 7F (8 vs 0 cases).

IPD incidence in children <5 years was significantly lower for serotypes 1 (IRR=0.03, 95% CI 0-
0.19) and 7F (IRR=0.13, 95% CI 0.05-0.36) but not 19A (IRR=0.6, 95% CI 0.3-1.12) or serotype 3
(IRR=2.3, 95% CI 0.86-6.15) in the late-PCV13 period than in the early-PCV13 period. The most

significant rises in IPD incidence were for serotypes 8, 12F, and 24F.

Children from the late-PCV13 period, who had serum analysed, and were not carrying a PCV13
serotype, had high levels of antibody presumed to be due to natural exposure, to serotypes 3 (24/204,

11.76%) and 19A (14/204, 6.86%).
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Conclusions
PCV13 has reduced serotype 19A carriage among vaccinated children however, disease is not fully
controlled. We also found, no impact of PCV13 on serotype 3 carriage or disease, and emergence of

non-PCV13 serotype disease.
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INTRODUCTION

Before introduction of the 7-valent pneumococcal conjugate vaccine (PCV7), Streptococcus
pneumoniae was responsible for over 8000 cases of invasive pneumococcal disease (IPD) per year
across all ages in England and Wales.[1] PCV7 administered at 2, 4, and 12-13 months, coupled with
a catch-up programme for children aged up to 24 months, was introduced into the UK infant schedule
in September 2006.[2] A reduction in carriage and IPD due to serotypes included in PCV7 was
initially observed in the vaccine-eligible cohort, followed by a decline in older, unvaccinated children
and adults (herd protection).[1,3,4] At the same time, there was an increase in non-PCV7 type IPD
(serotype replacement) across all age groups, particularly serotypes 1, 7F, and 19A.[3] In April 2010
the 13-valent PCV (PCV13), covering the additional serotypes 1, 3, 5, 6A, 7F, and 19A, replaced

PCV7 in the UK childhood immunisation schedule without any catch-up.[5]

PCV13 introduction in the UK led to a reduction in overall PCV13-type disease and carriage, with
just over 4,000 IPD cases reported across all ages in England and Wales between July 2013 and June
2014.[6,7] A similar effect was also seen in carriage, with one study reporting a reduction in children
<5 years of age carrying one of the additional PCV13 serotypes from 9.9% prior to PCV13
introduction to 0.4% after PCV13 introduction in the UK.[7] At the serotype level, the effect is less
consistent, exemplified by a trial comparing carriage in children randomised to receive either PCV7
or PCV13, which described no detectable effect of PCV13 on serotype 3 carriage in Israeli children
prior to community-wide PCV13 roll-out, and another report showing no significant reduction of
serotype 3 IPD in UK children <5 years of age, 4 years after PCV13 introduction.[6,8,9] For serotype
19A, there was an increase in IPD incidence following PCV7 introduction and a subsequent decline
after PCV13 introduction across all age groups during the first four years of PCV13 use in England
and Wales, but since then serotype 19A IPD incidence has remained static, especially in adults and

the elderly.[6,10] In children, this serotype is also the most common cause of vaccine failure.[11]

The rapid increase in serotype replacement IPD following PCV7 introduction, in particular, serotypes

7F and 22F, which were infrequently identified among asymptomatic carriers (high attack-rate) raises
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the question whether a similar phenomenon would occur post-PCV13.[1,3] To date however, there
has only been a statistically significant rise in serotype 24F IPD among English and Welsh children

<5 years reported since PCV13 introduction.[6]

The purpose of this study is to examine the effect of PCV13 on pneumococcal carriage and disease in
UK children and adults, through the examination of changes in pneumococcal serotypes carried and

causing IPD after the first five years of PCV13 use in the UK childhood immunisation programme.
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METHODS

Study design

A cross-sectional observational study to establish the point-prevalence of pneumococcal
nasopharyngeal carriage in children 13-48 months of age and their parents/legal guardians from the
Thames Valley region of the UK was conducted between February 2014 and August 2015 (late-
PCV13 era). Following informed consent children were included in the study if they were in good
health and had received three doses of PCV13, at 2, 4, and 12 months of age, as per the recommended
UK infant immunisation schedule. Children who had not received a complete course of PCV13, had
taken antibiotics in the preceding 30 days, were febrile, had a respiratory illness, or had a health
condition that may have influenced the study were excluded. Enrolled parents were in good health and
resided in the same household as their participating child. Parents who were febrile, had a respiratory
illness, or had a health condition that may influence the study were excluded. Demographic
information was recorded before participants underwent sampling. Data collected in this present study
were compared with data from a similar study of children vaccinated with three doses of PCV7
conducted in the same region from November 2010 to September 2011 (early-PCV13 era).[12] All
clinical investigation was conducted according to the principles expressed in the Declaration of
Helsinki. Written ethics approval for the study was obtained from the Oxford Research and Ethics

Committee (ID: 13/SC/0578).

Sample size

Sample size was calculated to allow detection of a 50% reduction in serotype 19A pneumococcal
carriage when comparing carriage amongst PCV7 with PCV13-immunised children. We used a
prevalence of 4.7% for serotype 19A in PCV7-immunised children and determined that 600
participants would be required to produce a two-sided 95% confidence interval with a width equal to
3.6% (i.e. 95% CI = 3.1% to 6.7%). A sample size of 600 would provide 90% power to detect an
absolute reduction in prevalence of serotype 19A of 2.4% (i.e. from 4.7% to 2.3%) at 5% level of

significance. In order to compare children recruited in this study with those in the previous study for
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prevalence of 19A we aimed to recruit 600 children aged 21-48 months. We also recruited an extra
400 children aged 13-48 months to provide a cohort for future matching across the whole age-range

for subsequent cross-sectional studies and to provide a point estimate of carriage among children.

Outcomes

The primary outcome was the presence of serotype 19A pneumococci on children’s swabs. Secondary
outcomes included, presence of pneumococcal serotypes on children’s swabs; presence of
pneumococcal serotypes on parent’s/legal guardian’s swabs; molecular serotype of nasopharyngeal
carriage isolates from children and parents/legal guardians; serotype-specific odds of carriage

compared to IPD amongst children; and serotype-specific pneumococcal antibody levels in children.

Nasopharyngeal swab analysis

Swabs were collected and processed according to WHO guidelines.[13] A single flexible aluminum
shaft with rayon tip (MWE, Wiltshire, UK) was passed through the anterior nares as far as the
posterior pharynx, rotated 360 degrees before removal and placed into a tube of 0.5-1ml of skim-
milk-tryptone-glucose-glycerin transport medium. Swabs were plated on Columbia-blood agar and
incubated overnight before morphologically distinct alpha-haemolytic colonies were selected and sub-
cultured overnight in the presence of optochin. Pneumococcal isolates underwent DNA extraction
followed by molecular serotyping using the Senti-SPv1.5 microarray (BUGS Bioscience, UK).
Secondary phenotyping by Quellung reaction (Serum Statens Institute, Denmark) was performed on

variant genotypes.[14]

Blood collection and measurement of serum IgG

Blood was collected from children using finger-prick. A finger was lanced and blood collected in a
micro-tube (multivette 600, Sarstedt, Leister, UK). Pneumococcal serotype-specific serum 1gG
against PCV13 serotypes were measured by multiplex immunoassay (Bio-Rad Laboratories, Hercules,
CA, USA) with Luminex technology by the National Institute for Public Health and the Environment,

The Netherlands.[15] Sera analysed were those from individuals who were carrying a PCV13
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serotype (serotype 3, n=7; serotype 19A, n=8; and serotype 19F, n=1) and a random selection of NVT

carriers (n=98), and non-carriers (n=107).

IPD surveillance
IPD data were obtained from the active surveillance of cases conducted across England and Wales by
Public Health England.[6] Data were extracted from this database for the time periods between

November 2010 - September 2011 and February 2014 - August 2015.

Statistical analysis

Details of the statistical analysis are described in the supplement. All statistical analyses were
performed using R version 3.3.1.[17] P-values <0.05 were considered significant for comparisons of
demographic data. For serotype-specific comparisons of carriage and IPD, a more conservative

threshold of p<0.01 was considered significant due to the multiplicity of comparisons.
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RESULTS

Between February 2014 and August 2015, following screening and informed consent, 1005 children
and 204 parents were enrolled into the study as the late-PCV13 cohort (Figure 1). There were 17
children who withdrew resulting in 988 swabs for analysis. Blood samples from 220 children were
tested for pneumococcal antibodies. From the parent cohort 4 participants withdrew resulting in 200
swabs for analysis. During the carriage sample collection period there were 408 cases of IPD in
children under 5 years of age and 2697 cases in 18-65 year olds across England and Wales. The study
of the early-PCV13 cohort, enrolled participants and collected IPD data from November 2010 to

September 2011.[18]

Nasopharyngeal carriage in the late-PCV13 era

481/988 (48.7%, 95% CI 45.5-51.9%) children and 21/200 (10.5%, 95% CI 6.6-15.6%) adults were
carrying at least one pneumococcal serotype (Table 1). One swab from a child had two serotypes (17F
and NT) detected following culture, whilst five samples from children had more than one serotype
detected by microarray and were classified as mixed (Figure 2). Carriers and non-carriers were similar

in age, household makeup, and prevalence of smoking.

In children, non-PCV13 serotypes (NVTs) represented the majority of carriage isolates (463/482,
96.1%), followed by the serotypes in PCV13 but not PCV7 (18/482, 3.7%), and PCV7 only serotypes
(1/482, 0.2%) (Figure 2). Serotypes 19A and 3, which are serotypes included in PCV13 but not
PCV7, were identified on 9/482 (1.9%) occasions each. Serotype 19F (included in PCV7 and PCV13)
was identified once. Serotype 15B was the most prevalent serotype, identified on 59/482 (12.2%)
occasions. Serotype 3 carriers were significantly older (mean age 3.1 years) than NVT carriers (mean
age 2.5 years) (p=0.0446) whilst there was no significant difference in age between serotype 19A

(mean age 2.1 years) and NVT carriers (p=0.087) (Supplemental Figure 1).
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The effect on transmission and hence, herd protection from carriage was examined via the parent
cohort, within which there were no detected PCV13 serotypes from the 21 pneumococcus positive

swabs (Figure 2). The most prevalent serotypes identified were 21, 23B, and 38.

Comparison of serotypes identified in carriage with IPD

During the study period, in children under 5 years of age, the most common serotypes causing IPD
were 12F (49/408, 12%), 24F (30/408, 7.4%), and 23B (28/408, 6.9%). Eleven serotypes (5.4% of
isolates), were detected in IPD but not in carriage of which serotype 27 was most common (5/408,
1.2%). PCV13 serotypes accounted for 11.8% (48/408) of IPD cases. The odds of each serotype being
detected in IPD samples compared with carriage samples, was higher in children for serotypes 8 and

12F, which are not included in PCV13 (Supplementary Table 1).

Effect of PCV13 on carriage and IPD

To study the effect of PCV13 on pneumococcal carriage and IPD, comparisons were made for 24-48
month old children enrolled in a prior study of pneumococcal carriage in the Thames Valley region in
the initial year of PCV13 introduction (N=567) and age matched children in the current study
(N=642). Carriage was detected in 268 (47.2%) of early-PCV13 children compared with 305 (47.5%)
late-PCV13 children.[12] Significant reductions in late-PCV13 carriage were seen for the PCV13
serotypes 7F, and 19A (Table 2). Serotype 6C also became less common. A trend towards a reduction
in serotype 3 carriage among the late-PCV13 cohort was also noted. There was a significant increase
in carriage of serotypes 15A and 15B. A trend towards an increase in serotype 9N and 24F carriage
among the late-PCV13 cohort was also noted. The PCV13 serotypes 1, 6B, 19F, and 23F were

detected in small numbers in the early-PCV13 cohort but were not detected in the late-PCV13 cohort.

408 IPD cases occurred in children < 5 years over the 18-month study period during the late-PCV13
era, compared with 98 cases in total for the 10-month observation period in the early-PCV13 period.
In children <5 years of age, there was a lower incidence of IPD in the late-PCV13 period for serotype

1, and 7F, but no change in rates for serotypes 3, 5, 19A, or 19F (Table 3). In contrast there were
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significantly higher rates of serotype 8, 9N, 10A, 12F, 15B/C, 23B, and 24F IPD in the late-PCV13
compared with the early-PCV13 cohort. Of these, the most significant rises in IPD were for serotypes
12F (p<0.0001), 24F (p<0.0001), and 8 (p=0.0002), with serotype 12F accounting for the greatest
number of cases (49 cases, incidence 9.74 per 10° per year). A trend towards an increase in rates for
serotypes 15A, 22F, 33f, 35B, and 38 was noted among the late-PCV13 when compared with the

early-PCV13 cohort.

In adults aged 18-64 years, there was a significant decrease in IPD incidence for PCV7 serotypes 6B,
9V, and 23F from late-PCV13 compared with adults in the early-PCV13 period. There was also a
significant decrease in IPD incidence for the additional PCV13 covered serotypes 1, 3, 6A, 7F, and
19A,; for vaccine related serotype 6C; and for three other non-vaccine serotypes (11A, 22F, and 38). A
trend towards a decrease in rates for serotype 14, 16F, and 23A was also noted. Increases were
observed for serotypes 8, 9N, 10A, and 12F, with serotype 8 accounting for the greatest number of
cases (544 cases, incidence 11.13 per 10° per year). A trend towards an increase in rates for serotype

34 was noted.

Comparison of carriage to 1gG levels in children
The seven children carrying serotype 3 who had serum assayed, had higher geometric mean IgG
concentrations against serotype 3 than carriers of NVTs (GMR=5.98, 95% CI 1.86-19.16, p=0.003) or

non-carriers (GMR=6.17, 95% CI 1.96-19.47, p=0.0022) (Supplementary Table 2).

The eight children carrying serotype 19A who had serum assayed, had higher 1gG concentrations
against serotype 19A and 19F than carriers of NVT (GMR=6.89, 95% CI 2.62-18.13, p=0.0001, and
GMR=3.76, 95% CI 1.51-9.31, p=0.0048 for 19A and 19F respectively). Similar results were seen

when comparing with non-carriers (Supplementary Table 3).

Raised antibody levels due to natural boosting occurred most frequently for serotypes 3 and 19A, with

24/204 (11.76%) and 14/204 (6.86%) of children having high antibody levels for these serotypes
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(Supplemental Figures 2, 3, and 4). Of these, 4/24 (16.7%) and 2/14 (14.3%) were also carrying
serotype 3 or 19A/F respectively. 23 participants had high antibody levels for more than one PCV13
serotype with the maximum number being four. The mean age of children with naturally-boosted
antibody levels was significantly higher than the average age of children sampled (3 vs 2.1 years,

p<0.0001).
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DISCUSSION

Five years after PCV13 introduction, serotypes 3 and 19A continue to circulate in carriage and in
disease, despite some evidence of a reduction in carriage in children for both serotypes between the
early and late PCV13 periods. Ongoing analysis of IPD data through national surveillance will
provide greater power to clarify the direction and magnitude of any changes.[19] To explore the
current exposure of children to these serotypes, we examined children's antibody levels against
PCV 13 serotypes and identified participants with higher than normal antibody levels for their age,

which would be consistent with prior colonisation by circulating strains. These measurements were

highest for pneumococcal serotype 3 followed by serotype 19A, providing further evidence that these

serotypes are still transmitted amongst children and may be a factor explaining why serotype 3 and
19A IPD continues to occur in the post-PCV13 era. Further studies examining whether the PCV13
effect on carriage and disease could be further optimised, for example, by improving antibody
concentrations and persistence with higher vaccine antigen doses and/or alternative schedules, are

needed.

Early-PCV13 compared with late-PCV13 carriage and IPD

Serotype replacement, due to expansion of NVTs, appears to be responsible for overall carriage
prevalence being unchanged between the two cohorts presented, and is consistent with findings in
other settings.[20] One interesting exception was the significant reduction in serotype 6C carriage in
children, which may be due to cross-protective antibody generated towards closely-related vaccine

types 6A and 6B.[21]

Comparing PCV13 with PCV7-immunised children, there was an overall reduction in proportion of
vaccine serotypes carried. At a serotype-specific level, reductions in serotype 3 and 19A were seen,
although only the latter was statistically significant. This finding is consistent with a trial in Israel
which demonstrated a significant reduction in serotype 19A but not serotype 3 carriage in children

receiving PCV13 compared with those who received PCV7.[8]

14
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There were few cases of serotype 3 IPD in children at the time of PCV13 introduction in the UK so it
is difficult to demonstrate a decrease post-PCV13 from this low baseline. Recent data demonstrates
serotype 3 IPD amongst children to be fluctuating, a pattern that may partly be due to natural disease
outbreak cycles.[6,19] In adults and older adults however, serotype 3 is currently one of the most

prevalent causes of IPD.[19]

In contrast to the overall reductions in IPD due to PCV13 serotypes, the significant increase in
incidence of IPD in children caused by serotypes 8, 12F, and 24F is concerning, with these serotypes
accounting for a quarter of IPD in children <5 years, and around 40% of adult cases in the late-
PCV13 period. These serotypes have high attack-rates indicating that these strains colonise briefly,
circulate rapidly, and possess features conferring high virulence. Increases in IPD due to serotypes 8,
10A, 12F, 15A, and 24F among 5-64 year-olds have previously been reported. However, only an
increase in serotype 24F was statistically significant in children <5 years in England and Wales during
2013/14.[6] Priority should be given to the inclusion of serotypes 8, 12F, and 24F in higher-valent
PCVs as vaccination against these serotypes could have the greatest impact on IPD incidence, without

substantially affecting distribution of less virulent serotypes found in carriage.

Detection of natural boosting events using serum antibody levels

The high number of natural boosting events elicited by serotypes 3 and 19A reflects continued
circulation of these serotypes. Detection of serotype 3 carriage in healthy vaccinated children who are
older than other children in the study and have significantly lower serum IgG levels against other
vaccine serotypes than NVT carriers, support the conclusion that age-related decay in antibody levels
has a role in conferring susceptibility to carriage of serotype 3. The same pattern of findings is not as
apparent for serotype 19A carriers with a number of carriers detected within the first year of boosting.
This brings into question whether vaccine stimulated antibody generated to serotype 19A capsule
polysaccharide needs to have higher concentrations and/or improved avidity to achieve the same

effect on carriage as seen for other vaccine serotypes.

15
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Strengths and limitations of the study

Strengths of the study include the use of microarray technology to accurately detect serotypes, the
sample size, and the time-point and timescale of collection. The microarray is able to discriminate
closely related Streptococcus spp. which are often detected as NTs by Quellung. Seasonality has been
shown to effect the prevalence of carriage, however the sample collection in this study spanned across
all seasons reducing the likelihood of confounding due to this factor. It should be noted however, that

the early-PCV13 period spanned 11 months compared with the late-PCV13 period of 19 months.

Limitations of the study are, only nasopharyngeal samples being collected from adults, and
differences between the carriage and IPD populations. In this present study a single nasopharyngeal
swab was collected from adults, when it is currently recommended that adults ideally have both a
nasopharyngeal and oropharyngeal sample collected for detection of pneumococcus, although if only
one sample is to be collected it should be a nasopharyngeal swab.[22] Notably these
recommendations are based on very limited size studies which show a mixed pattern of results when
comparing nasopharyngeal to oropharyngeal samples for pneumococcal detection. When making
comparisons across numerous serotypes it is important to consider the possibility that some
observations may be due to chance alone. Additionally, the reason why some observations may be
apparent in the carriage data set, and not reflected in the IPD data set is that the carriage population is
a subset of the national population. Thus there may be variations in one population that are not
captured in the other. Further, children in the carriage study were selected to be of good health and

fully immunised, whilst cases of IPD may be under-immunised or have inter-current illness.

Conclusions

Serotypes 3 and 19A continue to circulate amongst UK children, five years after PCV13 introduction.
The absence of PCV13 serotypes carried by adults and the reduction in IPD incidence due to
serotypes 1, 3, 6A, 6B, 7F, 9V, 19A, and 23F however, is consistent with PCVV13 use amongst
children providing herd protection for the unvaccinated population. We have also shown that there are

high numbers of natural boosting events for serotypes 3 and 19A in children and that this is correlated
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with increasing age. This observation is most likely due to differential antibody decay to vaccine
serotypes. If this is the case, schedules which have better antibody persistence against serotype 3 and
19A after the booster dose at 1 year of age could further reduce circulation of these serotypes.[23]
This study also highlights that it is possible some serotype 19A circulation is due to antibody decay
prior to boosting. Further studies which directly assess natural exposure in the 6-12 month age range,
prior to boosting at 12 months, are needed.

Serotype replacement in IPD has been realised in England and Wales with significant increases due to
the high virulence serotypes 8, 12F, and 24F seen in children. Strategies to develop vaccines against
these serotypes either by inclusion in increased valency PCVs or pan-pneumococcus vaccines should

be a priority.
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Figure Legends

Figure 1. Overview of study recruitment. UK Children who had received three doses of PCV13
along with a subset of their parents were recruited into the carriage study between February 2014 and
August 2015. A subset of serum samples collected from children at the same study visit, were
analysed for 1gG specific for each of the PCV13 serotypes. IPD data from enhanced national
surveillance was extracted from the database held by the Department of Public Health England for the

corresponding time-period.

Figure 2. Serotype-specific prevalence of pneumococcal carriage amongst UK children who had
received three doses of PCV13 and their parents between February 2014 and August 2015.
481/988 children (light green bars) and 21/200 parents (dark green bars) had at least one serotype of
pneumococcus isolated from their respective nasopharyngeal swabs. VT=PCV13 serotypes.

NVT=non-PCV13 serotypes.
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Table 1. Characteristics of the child and adult carriage cohorts.

Children

Mean age, years (SD)

Males, N (%0)

Ethnicity, N (%)

Household size

Number of siblings

Children with a smoker in the house

Daycare or preschool attendance per week

Adults

White

African Heritage /Afro-
Caribbean

Asian

Other

Mean (SD)

Median [min, max]
Mean (SD)

Median [min, max]

n (%) [95% Cl]

Mean hours (SD)

Median hours [min, max]

All
(N=988)
2.5(0.9)
496 (50.2)
884 (89.5)

22 (2.2)

20 (2)

62 (6.3)
3.9 (0.9)
410, 8]
0.9 (0.8)
1[0, 5]
106 (10.7)
[8.9-12.8]
15.5(12.3)
15 [0, 52]

All

26

Carriers
(N=481)
2.5(0.9)
257 (53.3)
434 (90.2)

9(1.9)

12 (2.5)
26 (5.4)
3.9(0.9)
412,8]
0.9 (0.9)
1[0, 5]

45 (9.4)
[6.9-12.3]
16.2 (12.1)
15 [0, 50]

Carriers

Non-carriers  p
(N=507)

2.5 (0.9) 0.2007*
239 (47.1) 0.0488"
450 (88.8)

13 (2.6)

8 (1.6)

36 (7.1)

3.9 (0.9) 0.7547*
410, 7]

0.9 (0.8) 0.464°
1[0, 5]

61(12)[9.3-  0.155
15.2]

14.9 (12.4) 0.0506°
15 [0, 52]

Non-carriers p’
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Mean age, years (SD)

Males, N (%)

Ethnicity, N (%)

Household size

Parents with a smoker in the house

Parents who smoke

Parents with a child who was a carrier

“Carriers versus non-carriers. “Welch Two Sample t-test. Fisher’s Exact two-sided test. §Mann-Whitney U test, two-sided. P values <0.05 are in bold font.

White

African Heritage /Afro-
Caribbean

Asian

Other

Mean (SD)

Median [min, max]

n (%) [95% CI]

n (%) [95% CI]

n (%) [95% Cl]

(N=200)
36.8 (5)
20 (10)
189 (94.5)

1(0.5)

4(2)

6(3)

3.8 (0.9)
412,7]

23 (11.5) [7.4-
16.8]

11 (5.5) [2.8-
9.6]

105 (52.5)

[45.3-59.6]

27

(N=21)
35.8 (5)
1(4.8)
21 (100)

0 (0)

0(0)

0(0)

3.8 (0.8)
43,5]

2 (9.5) [1.2-
30.4]
1(4.8)[0.1-
23.8]

12 (57.1)

[34-78.2]

(N=179)
36.9 (5)
19 (10.6)
168 (93.9)

1(0.6)

4(2.2)

6 (3.4)

3.8 (1)
412,7]

21 (11.7) [7.4-
17.4]

10 (5.6) [2.7-
10]

93 (52) [44.4-

59.5]

0.3448*

0.7011f

0.828°

0.8180"
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Table 2. Serotype-specific carriage in PCV7 compared with PCV13 vaccinated children aged 24-48 months from the Thames Valley.

Serotype PCV7 vaccinated
(early-PCV13)
n (%)
N=567

Serotypes included in PCV7

6B 2 (0.35)
19F 1(0.18)
23F 1(0.18)

Additional serotypes included in PCV13

1 1(0.18)
3 18 (3.17)
7F 8 (2.99)
19A 27 (4.76)

Non-vaccine types

6C 24 (4.23)
7C -

8 o

9N -

PCV13 vaccinated
(late-PCV13)
n (%)

N=642

7 (1.09)

3(0.47)

3(0.47)
1 (0.16)
1(0.16)

6 (1.97)

OR (95% CI)
PCV7 vaccinated/

PCV13 vaccinated

0.36 (0.14-0.83)

0.08 (0.02-0.25)

0.11 (0.03-0.32)

28

p

0.2197"
0.4690"

0.4690"

0.4690"
0.0224
0.0022"

<0.0001
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10A

11A

12F

15A

15B

15C

16F

17F

20B

21

22F

23A

23B

24F

29

31

33A

33F

34

10 (1.76)
24 (4.23)
2 (0.35)
4(0.71)
2 (0.35)
8 (1.41)
8 (1.41)

1(0.18)

12 (2.12)
13 (2.29)
12 (2.12)
24 (4.23)
1(0.18)
5 (1.87)

7 (1.23)

7 (1.23)

21 (3.27)
37 (5.76)
3(0.47)
19 (2.96)
32 (4.98)
9 (1.4)
5(0.78)
2(0.31)
1(0.16)
27 (4.21)
12 (1.87)
17 (2.65)
33 (5.14)

12 (1.87)

6 (0.93)
2(0.31)
5 (0.78)

2(0.31)

1.93 (0.91-4.34)
1.28 (0.74-2.22)
1.45 (0.24-11.1)
4.37 (1.61-15.24)
13.85 (4.12-86.17)
0.92 (0.33-2.54)
0.37 (0.09-1.26)

1.32 (0.09-31.05)

1.98 (1-4.15)

0.86 (0.38-1.91)

1.19 (0.55-2.63)

1.29 (0.75-2.25)

10.87 (2.1-199.08)

0.82 (0.26-2.5)

0.52 (0.14-1.76)

29

0.0959
0.3807
0.684

0.0081
0.0004
0.8714
0.1264

0.834

0.0565
0.7029
0.6543
0.356
0.0227
0.0219"
0.731
0.5015"
0.304

0.5015"
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35B 11 (1.94) 11 (L.71) 0.94 (0.4-2.22) 0.8872
35F 15 (2.65) 11 (L.71) 0.55 (0.23-1.26) 0.1675
38 4(0.71) 8 (1.25) 1.8 (0.55-6.86) 0.3451
NT 9 (1.59) 9 (1.4) 0.96 (0.37-2.48) 0.928

Odds ratios (OR) and the associated p values were adjusted for age and sex unless otherwise specified. P values <0.01 are in bold font. PCV7=seven-valent pneumococcal
conjugate vaccine. PCV13=thirteen-valent pneumococcal conjugate vaccine. NT=non-typeable. Fisher's Exact test. Time-period of collection from PCV7 vaccinated
children; November 2010-September 2011. Time-period of collection from PCV13 vaccinated children; February 2014-August 2015.
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Table 3. Serotype-specific incidence of IPD in children and adults in England and Wales, at the time of PCV13 introduction (early-PCV13) and 5
years following PCV13 use (late-PCV13).

Serotype

Children <5 years

Cases (IR)
early-PCV13"
N=98 cases in

10 months

PCV7 covered serotypes

4

6B

9V

14

18C

19F

23F

1(0.31)

Cases (IR) late-
PCV13"
N=408 cases in

18 months

8 (1.59)

Additional serotypes covered by PCV13

1

3

5

6A

23 (7.15)

5 (1.56)

1(0.2)
18 (3.58)
2 (0.4)

IRR (95% CI)’
(Late-PCV13/

early-PCV13)

5.11 (0.64-40.55)

0.03 (0-0.19)

2.3 (0.86-6.15)

p

0.0851

<0.0001

0.0873

0.2582

Adults 18-64 years
Cases (IR) Cases (IR) late-
early-PCV13~ PCV13"

N=1892 cases = N=2697 cases in

in 10 months 18 months
10 (0.31) 16 (0.33)
31 (0.97) 5(0.1)

22 (0.69) 4(0.08)
17 (0.53) 11 (0.23)
11 (0.34) 10 (0.2)
26 (0.81) 26 (0.53)
22 (0.69) 4(0.08)
63 (1.97) 49 (1)
207 (6.47) 135 (2.76)
2 (0.06) 2 (0.04)
44 (1.38) 5(0.1)

31

IRR (95% CI)"
(Late-PCV13/

early-PCV13)

1.05 (0.48-2.28)
0.11 (0.04-0.26)
0.12 (0.04-0.33)
0.42 (0.2-0.89)
0.6 (0.26-1.38)
0.65 (0.38-1.12)

0.12 (0.04-0.33)

0.51 (0.35-0.73)
0.43 (0.35-0.53)
0.65 (0.1-4.48)

0.07 (0.03-0.18)

p

0.9075

<0.0001

<0.0001

0.0192

0.2206

0.1168

<0.0001

0.0002

<0.0001

0.6636

<0.0001
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7F

19A

20 (6.22)

16 (4.98)

Non-vaccine types

6C
7C
8
9N
10A
10F
11A
12B

12F

15A
15B/C"
16F
17F

20

21

3(0.93)

1(0.31)

2 (0.62)

3(0.93)

4 (1.24)

2 (0.62)

1(0.31)

4(0.8)

15 (2.98)

5 (0.99)

21 (4.18)
15 (2.98)

24 (4.77)

8 (1.59)

49 (9.74)

20 (3.98)
27 (5.37)
2 (0.4)
3(0.6)
3(0.6)

7 (1.39)

0.13 (0.05-0.36)

0.6 (0.3-1.12)

5.11 (1.55-16.9)

5.11 (0.65-40.55)
15.66 (3.82-
64.27)

4.26 (1.27-14.26)

4.31 (1.52-12.27)

0.96 (0.16-5.59)

4.47 (0.56-36.03)

<0.0001

0.1422

0.0738

0.0002

0.0020

0.0029

0.0851

<0.0001

0.0104

0.0028

0.2582

0.9627

0.1661

0.1228

213 (6.66)

267 (8.35)

89 (2.78)

130 (4.06)
40 (1.25)
19 (0.59)
3(0.09)
38 (1.19)
1(0.03)

39 (1.22)

58 (1.81)
23 (0.72)
36 (1.13)
20 (0.63)
21 (0.66)

1 (0.03)

32

153 (3.13)

134 (2.74)

36 (0.74)
3(0.06)
544 (11.13)
144 (2.95)
75 (1.53)
3(0.06)

28 (0.57)

4 (0.08)

391 (8)

90 (1.84)

48 (0.98)

34 (0.7)
23 (0.47)
24 (0.49)

2 (0.04)

0.47 (0.38-0.58)

0.33 (0.27-0.4)

0.26 (0.18-0.39)

2.74 (2.27-3.31)
2.36 (1.66-3.3)
2.58 (1.57-4.26)
0.65 (0.14-3.15)
0.48 (0.3-0.78)
2.62 (0.3-23.05)

6.56 (4.73-9.11)

1.02 (0.73-1.41)

1.37 (0.84-2.23)

0.62 (0.39-0.98)
0.75 (0.42-1.36)
0.75 (0.42-1.33)

1.31(0.12-

<0.0001

<0.0001

<0.0001

0.1611

<0.0001

<0.0001

0.0001

0.5942

0.0022

0.3676

<0.0001

0.9253

0.2114

0.0385

0.3430

0.3213

0.8233
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14.02)
22F 6 (1.87) 24 (4.77) 2.56 (1.05-6.22)  0.0317 167 (5.22) 156 (3.19) 0.61(0.49-0.76)  <0.0001
23A - 2(0.4) - 0.2582 54 (1.69) 51 (1.04) 0.62(0.42-0.9)  0.0112
23B 2 (0.62) 28 (5.57) 8.95(2.14-37.44)  0.0003 28 (0.88) 50 (1.02) 1.17 (0.74-1.85)  0.5026
24F - 30 (5.96) - <0.0001 21 (0.66) 49 (1) 1.53(0.92-2.53)  0.0981
27 - 5 (0.99) - 0.0738 1 (0.03) - - 0.1993
29 1(0.31) 1(0.2) 0.64(0.04-9.72)  0.7452 1(0.03) - - 0.1993
31 2 (0.62) 1(0.2) 0.32(0.03-3.33)  0.3140 20 (0.63) 19 (0.39) 0.62(0.34-1.15)  0.1271
33A \ 2 (0.04) - 0.2526
33F 4 (1.24) 20 (3.98) 3.2 (1.1-9.29) 0.0241 57 (1.78) 86 (1.76) 0.99 (0.71-1.37)  0.9407
34 - - - 3(0.09) - - 0.0262
35A - 1(0.2) - 0.4240 - 5(0.1) - 0.0704
358 - 9 (1.79) - 0.0165 23(0.72) 24 (0.49) 0.68(0.39-1.2)  0.1807
35C - - - 2 (0.06) - 0.0695
35F 1(0.31) 8 (1.59) 5.11 (0.65-40.55)  0.0851 26 (0.81) 35 (0.72) 0.88(0.53-1.45)  0.6193
37 2 2 2 2 1 (0.03) 3(0.06) 1.96 (0.21- 0.5478

18.49)
38 1(0.31) 13 (2.58) 8.31(1.09-63.19)  0.0143 24 (0.75) 14 (0.29) 0.38(0.2-0.73)  0.0023

Serotypes 9L, 18A, 18F, and 35A were only found on one occasion in the pre-PCV13 period in children. Serotypes 7B, 11B, and 12A were only found on one occasion in the
pre-PCV13 period in adults. Serotypes 9L, 10B, 11C, and 15F were only found on one occasion in the post-PCV13 period in adults. 8 isolates were classified as 16 A/F in
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pre-PCV13 adults. P values <0.01 are in bold font. PCV13=Thirteen-valent pneumococcal conjugate vaccine. ~Incidence rates (IR) are quoted as cases per million population
per year. IRR=incidence rate ratio. “The final serotype of some serotype 15B/C pneumococci could not be determined. "No IRR could be calculated as there were no detected
cases in either the early-PCV13 time-period (November 2010-September 2011) or late-PCV13 time-period (February 2014-August 2015).
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