2.15.2 Odds ratios

The odds ratio (OR) was used to calculate the likelihood of individual serotypes to
cause a particular non-invasive infection as described previously (Brueggemann et
al., 2003, Shouval et al., 2006). In addition, the OR was used to determine if
antimicrobial non-susceptibility was associated with particular cell surface proteins.
An OR >1 indicated an increased probability for a serotype to be associated with an
infection or for a cell surface protein to be associated with antimicrobial non-
susceptibility. The ORs and their confidence intervals (Cl) were calculated using
Open Epi Version 2.3.1 (Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source
Epidemiologic Statistics for Public Health, Version 2.3.1. www.OpenEpi.com,

updated 2014/09/22, accessed December 2014).
2.15.3. Simpson’s index of diversity and Shannon Index

The Simpson’s index of diversity (D) was used to calculate the diversity of STs
associated with common emerging pneumococcal serotypes and the STs associated
with antimicrobial non-susceptibility for each year of the study and within selected
non-susceptible serotypes (Simpson, 1949). The formula used is D=3 n (n-1)/ N (N-
1), where N=total number of isolates and n=total number of isolates of a particular
ST. In addition, the Shannon index (H’) was used to calculate the evenness of STs
distributed among emergent pneumococcal serotypes and antimicrobial non-
susceptible pneumococci using the formula 2 fi log2fi, where fi refers to the

frequency of each individual ST (Shannon, 1948).
2.15.4. The adjusted Wallace coefficient

The adjusted Wallace coefficient was calculated using the comparing partitions
website in order to determine if serotype or STs were better predictors for the

presence or absence of virulence genes (http://www.comparingpartitions.info)

(Severiano et al., 2011).

87



3.2. Results
3.2.1. Rate of pneumococcal isolation and patient characteristics

3.2.1.1. Temple Street Children’s University Hospital, 2009—-2012

A total of 339 pneumococci were isolated from pneumococcal carriage and NIl from
336 children at TSCUH from 2009-2012. The male female ratio of patients was
1.2:1. Three different children had two different pneumococcal serotypes isolated
at the same time from a carriage site (serotypes 3 and 18C), conjunctivitis
(serotypes 11A and 16F) and nbLRTI (serotypes 6B and 19F). The mean age of
children from which pneumococci were isolated was 39 months. However, the
frequency of pneumococcal carriage and NIl varied among different age cohorts
(Figure 3.1. (A)). Children from whom PCV7 serotypes were isolated were older with
a mean age of 50 months, in contrast to the mean age from whom the additional
PCV13 serotypes and NVT pneumococci were isolated, at 35 and 36 months,

respectively.

During this study period, pneumococci were most frequently isolated from carriage
specimens followed by conjunctivitis, nbLRTI and OM. The distribution of
pneumococci isolated from each anatomical site in 2009, 2010, 2011 and 2012,
respectively was as follows: carriage, n=18, n=48, n=39, n=30; conjunctivitis, n=10,

n=30, n=23, n=21; nbLRTI, n=12, n=28, n=17, n=21; OM, n=6, n=15, n=10, n=11.

3.2.1.2. Temple Street Children’s University Hospital, Our Lady’s Children Hospital

Crumlin, The Adelaide and Meath Hospital Tallaght, Quarter one 2013—Quarter one

2014

From Quarter one 2013 to Quarter one 2014, n=89, n=65 and n=13 pneumococci
were collected at TSCUH, OLCHC and AMNCH, respectively, from a total of 167
children. The male: female ratio was 1.3:1. Overall, pneumococci were most
frequently isolated from conjunctivitis n=75, followed by carriage n=41, nbLRTI
n=30 and OM n=21. The mean age of children from whom pneumococci were
isolated was 29 months. However, the mean age of children from whom PCV7/13

serotypes (37 months) were recovered was greater than those from whom NVT
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pneumococci were detected (26 months). Similar to TSCUH in 2009-2012, the age
distribution of pneumococcal associated carriage and different NIl varied

(Figure3.1. (B))
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Figure 3.1. (A-B) Age distribution of paediatric carriage and non-invasive pneumococcal infections in Irish paediatric hospitals A) Age distribution of children from whom
pneumococcal carriage and non-invasive infection isolates were collected at Temple Street Children’s University Hospital, 2009—2012. *Conjunctivitis and **nbLRTI were more
likely to occur in children less than one year and in children greater than four years of age, compared to other age cohorts, carriage and other infections , p<0.0001. B) Age
distribution of children from whom pneumococcal carriage and non-invasive infection isolates were collected at Temple Street Children’s University Hospital, Our Lady’s Children’s
Hospital Crumlin, and The Adelaide and Meath Hospital, Tallaght, 2013-2014. *Conjunctivitis was significantly more likely to occur in children less than a year p<0.0001 compared
to other age cohorts and infection types, **nbLRTI was significantly more likely to occur in children older than four years of age compared to other age cohorts and infection types
p=0.0044 and *** OM was significantly more likely to occur in children aged 1-4 years compared to other age cohorts and infection types p=0.0025. Carriage isolates were

pneumococci isolated from nasopharyngeal swabs and aspirates, nasal specimens and throat swabs. nbLRTI, non-bacteraemic lower respiratory tract infection; OM, otitis media
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3.2.2. Pneumococcal serotype distribution amongst carriage and non-invasive

infection

3.2.2.1. Temple Street Children’s University Hospital, 2009-2012

The overall frequency of PCV7 and PCV13 serotypes during this period was 24.7%
(n=84) and 45.4% (n=154), respectively, with NVT occurring at a frequency of 54.5%
(n=185). Not all PCV7 and the additional PCV13 serotypes were detected such as
serotypes 14 and 5, while some of the other PCV7/13 serotypes such as 4, 9V, 1 and
7F occurred infrequently (Figure 3.2). Overall the most common serotypes were: 6B
(n=37, 10.9%), 19A (n=32, 9.4%), 11A (n=30, 8.8%), 19F (n=23, 6.7%) and 6A (n=22,
6.5%). However, the frequency of these serotypes varied amongst carriage and the
different infection types (Figure 3.2). Other serotypes, while they were less
frequent overall, were predominant in carriage or certain infections e.g. NT
pneumococci were the most common cause of conjunctivitis. The most frequent
NVT pneumococci included: 11A (n=30, 8.8%), 15B/C (n=17, 5%), 22F (n=14, 4.1%),
35B (n=13, 3.8%), NT (n=13, 3.8%), 23A (n=12, 3.5%), 16F (n=11, 3.2%).
Furthermore, serotypes 11A, 15B/C, 35B and 23A were among the most common

serotypes recovered from carriage, conjunctivitis, nbLRTI and OM (Figure 3.2).

3.2.2.2. Temple Street Children’s University Hospital, Our Lady’s Children Hospital

Crumlin, The Adelaide and Meath Hospital Tallaght, Quarter one 2013—Quarter one

2014

From quarter one 2013 to quarter one 2014, the only serotypes initially targeted by
PCV7 that were detected were 19F (n=3), 6B (n=1) and 23F (n=1). The overall
frequency of PCV7/13 serotypes was 25% (n=41) with NVT pneumococci accounting
for 75% (n=126) of pneumococci. The prevalence of PCV13 serotypes in all three
paediatric hospitals was 29% (26/89), 20% (13/65) and 15% (2/13), at TSCUH,
OLCHC and AMNCH, respectively. Serotypes 19A and 3 were the only PCV13
serotypes which were frequent in carriage sites and any NIl type (Figure 3.3).
Similar to the study period from 2009-2012, the serotype type distribution varied
among the different anatomical sites (Figure 3.3). Overall, the most frequent NVT

serotypes were 15A (n=15, 8.9%), 35B (n=14, 8.3%), 15B/C (n=12, 7.2%), 23A (n=10,
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5.9%), 23B (n=8, 4.8%), 11A and 10A (n=7, 4.2%). Importantly, these were the most
common serotypes in several infection sites (Figure 3.3). Serotype 15A was the
most frequent NVT in all the paediatric hospitals and occurred at a frequency of
8.9% (8/89), 7.7% (5/65) and 15% (2/13) in TSCUH, OLCHC and AMNCH,
respectively. Serotype 15B/C was also a common NVT in all hospitals, with an
occurrence of 5.6% (5/89), 7.7% (5/65) and 15% (2/13) in TSCUH, OLCHC and
AMNCH, respectively. Although in the majority of cases the data did not reach
significance, the occurrence of serotypes 35B, 11A, 23A, 23B and 10A showed some
variation between the three paediatric hospitals. The prevalence of serotype 35B
was 6.7% (6/89) and 12.3% (8/65) in TSCUH and OLCHC, respectively but this
serotype was not recovered in AMNCH. Serotype 11A was more prevalent in
TSCUH, i.e. 5.6% (5/89) compared to OLCHC at 3.0% (2/65) and AMNCH at 0%
(0/13). A similar observation was made for serotype 23A, which occurred at a
frequency of 7.9% (7/89) in TSCUH compared to 4.6% (3/65) in OLCHC but which
was not detected in AMNCH. The prevalence of serotype 23B was 6.2% (4/65) in
OLCHC and 15% (2/13) in AMNCH compared to just 2.2% (2/89) in TSCUH. Serotype
10A was more common in OLCHC 9.2% (6/65) (p=0.0144) compared to TSCUH 1.1%,
(1/89) and AMNCH 0% (0/13).

3.2.3. Association of serotypes with different non-invasive infection using the odds

ratio calculation

Calculation of the odds ratio revealed that serotypes 15A (OR 2.267 [Cl 0.7645—
6.721]), 16F (OR 6.03 [CI 1.2229-29.58]) and 6B (OR 2.553 [Cl 1.168-5.581]) had an
increased propensity to cause nbLRTI. The NT pneumococci and serotype 16F were
found to be more likely to cause conjunctivitis (OR 15.47 [Cl 3.593-66.59]) and (OR
4.609 [Cl 0.9641-22.04]), respectively. Serotypes most commonly causing OM
included 16F (OR 2.852 [Cl 0.3933-20.69]) 19A (OR 2.148 [Cl 0.9909-4.658]) and 3
(OR 5.346 [Cl 1.856-15.4]).
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Figure 3.2. Pneumococcal serotype distribution among carriage and non-invasive infections from children at Temple Street Children’s University Hospital, 2009-2012. Carriage
isolates were pneumococci isolated from nasopharyngeal swabs and aspirates, nasal specimens and throat swabs. nbLRTI, non-bacteraemic lower respiratory tract infection; OM,
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2014.
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98



3.2.4. Temporal trends in serotype distribution

The year 2007 may be considered a base-line year for PCV7 introduction in Ireland,
as it was the year before any conjugate vaccine was introduced to the Irish
childhood immunisation schedule. To determine the effects of conjugate vaccines
on pneumococcal carriage and NIl associated serotypes, the serotype distribution
from 2009 to Quarter one 2014 was compared to a dataset of carriage and NIl
isolates collected in 2007. This dataset compromised of a total of 105 pneumococci
from carriage (n=44), conjunctivitis (n=24), nbLRTI (n=26) and OM (n=11). The

changes in serotype distribution are illustrated in Figure 3.4.

Firstly, by 2014 significant decreases in PCV7 serotypes occurred in carriage and all
infection types compared with 2007 p<0.0001. Strikingly, no PCV7 serotypes were
recovered from conjunctivitis in 2012 and OM in 2013-2014, respectively. Most
notable was the absence of serotype 14 from 2009 onwards compared to 2007
when its overall prevalence was 8% (8/105). Furthermore, the only PCV7 serotypes

detected in 2013-2014 were 19F (n=3), 6B (n=1) and 23F (n=1).

Of the additional PCV13 serotypes; serotypes 1, 6A and 7F occurred relatively
infrequently throughout all study years, including 2007 (Figure 3.4). The PCV13
serotype 5 was not detected in any year. Serotypes 3 and 19A were the PCV13
serotypes which fluctuated to the greatest extent. The incidence of serotype 3 in
TSCUH during the years 2007, 2009, 2010, 2011 and 2012 was 6.6% (7/105), 4.3%
(2/46), 3.3% (4/121), 3.3% (3/89) and 1.28% (1/83), respectively. In 2013-2014, the
prevalence of serotype 3 in TSCUH increased to 10% ([9/89], p=0.0189) and was
mostly isolated from OM, (5/9) (Figure 3.4). In OLCHC and AMNCH in 2013-2014
serotype 3 was less frequent, accounting for 3% (2/65) and 7% (1/13) of isolated
pneumococci, respectively. The overall prevalence of serotype 19A in TSCUH was
just 1.9% in 2007 but this increased to 10% in 2010 (p=0.0132) and 15% in 2011
(p=0.0005) and declined to 4.8% in 2012 (p=0.0243). In 2013—-2014, the incidence of
19A (10% [9/89]) increased again but was lower than that in 2011 (15%). The
incidence of serotype 19A in 2013-2014 at OLCHC and AMNCH was 10% (7/65) and
8% (1/13), respectively.

99



The frequency of NVT pneumococci, increased significantly in all infection types
from 2009 onwards, compared to 2007 p<0.0001. Moreover, NVT overall outranked
PCV7/13 serotypes in 2012 and 2013-2014. Of the most frequent NVT pneumococci
serotypes, there was a continuous significant increase in the prevalence of
serotypes 15A and 35B, while fluctuations in the frequency of serotypes 11A, 15B/C
and 23A were observed (Figure 3.5).

3.2.5. Sequence types associated with common emerging pneumococcal serotypes

The majority of STs associated with serotype 19A, 15B/C, 15A and 35B were PMEN
clones or their variants, some of which were significantly associated with different
infection types (Table 3.1). The PMEN clones and their variants Sweden'**-25 and
Netherlands **®-37 were detected in more than one serotype. Interestingly, from
2009-2012, only Sweden™"*-25 occurred among serotype 19A. However, in 2013—
2014 Sweden™*-25 was mostly associated with serotype 15A (n=10) compared to
just three isolates of 19A. The Simpson’s index of diversity (D) and the Shannon
index (H’) showed that the STs associated with serotypes 19A (D=0.85, Cl 0.791—-
0.903, H’ 2.028), 15B/C (D=0.669, CI 0.077-1.26, H’ 1.399) and 15A (D=0.848, Cl
0.725-0.970, H’ 1.802) were quite diverse. In contrast, STs associated with 11A
(D=0.203, C1 0.034-0.371, H’ 0.403) and 35B (D=0.390, Cl 0.169-0.612, H’ 0.754)
were relatively clonal, as indicated by the lower Simpson’s index of diversity and

Shannon index.
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Figure 3.4 Changes in pneumococcal serotype distribution in the years 2007, 2009-2014 at Irish paediatric hospitals. Isolates from 2007 and 2009-2014 were collected from

Temple Street Children’s University Hospital. Isolates from 2013-2014 were also collected from Our Lady’s Children’s Hospital Crumlin and The Adelaide and Meath Hospital

Tallaght. * A significant decline in PCV7 serotypes and increase in non-vaccine type pneumococci occurred in carriage from 2007 to 2013-2014, p<0.0001. ** A significant decline
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occurred in nbLRTI from 2007 p=0.0005. tA significant decline in PCV7 serotypes (p=0.0005) and increase in non-vaccine type pneumococci (p=0.0045) occurred in otitis media
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Table 3.1. Sequence types of emerging pneumococcal serotypes in carriage and non-invasive infections at

Temple Street Children’s University Hospital 2009-2014, Our Lady’s Children’s Hospital Crumlin and the

Adelaide and Meath Children’s Hospital Tallaght, 2013-2014.

Serotype

ST

CC/PMEN Clone

Total Number of
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Anatomical Site

Carriage
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o
=
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11A
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*ST2081 and ** ST667 of serotype 19A were associated with conjunctivitis compared to other 19A associated

STs (p=0.0179). ¥ST994 was associated with nbLRTI compared to other 19A associated STs (p=0.0383). $ST838

of serotype 11A was more likely in OM compared to other 11A associated STs. ST199 of 15B/C was associated

with nbLRTI compared to other 15B/C associated STs. $ST7479 of 15B/C was more likely in conjunctivitis

compared to other 15B/C associated STs. Serotype 19A, underlined is a 13-valent pneumococcal conjugate

vaccine serotype. ST, sequence type; CC, clonal complex; PMEN clone, pneumococcal molecular epidemiology

network clone; SLV, single locus variant; DLV, double locus variant; Carriage isolates were pneumococci from

nasopharyngeal swabs and aspirates, nasal specimens and throat swabs. nbLRTI, non-bacteraemic lower

respiratory tract infection; OM, otitis media
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3.3. Discussion

In this present study, we surveyed the serotypes associated with paediatric carriage
and NIl in the years following conjugate vaccine introduction to the Irish
immunisation schedule. Similar to previous findings, serotypes associated with
carriage and the different NIl infections varied (Shouval et al., 2006). However,
most important were the changes observed in the prevalence of PCV7 serotypes,

some of the additional PCV13 serotypes and NVT pneumococci.

Firstly, significant declines occurred in the prevalence of all serotypes initially
targeted by PCV7, which prior to the introduction of any conjugate vaccine to
childhood immunisation schedules were among the leading source of paediatric
carriage and different NIl (Hausdorff et al., 2002, Marimon et al., 2013, Shouval et
al., 2006, Syrogiannopoulos et al., 2002, Vickers et al., 2011b, Yao et al., 2011). It
appears that PCV7 rapidly affected the circulating levels of serotype 14 in our
population, as this serotype was absent in TSCUH from the beginning of the period
when the vaccine was in use, i.e. 2009—2012. Furthermore, this effect occurred in
other paediatric hospitals, as the serotype was not detected in 2013—-2014 when
our study was expanded to include two other Irish paediatric hospitals. This finding
is particularly noteworthy given that before the introduction of the PCV conjugate
vaccines this serotype was predominant in carriage and Nll isolates in TSCUH and
elsewhere (Shouval et al., 2006, Syrogiannopoulos et al., 2002, Vickers et al.,
2011b). The positive impact of PCV7/PCV13 is also particularly evident in
conjunctivitis and OM. Notably; none of the initial serotypes targeted by PCV7 were
detected in conjunctivitis and OM in 2012 and 2013-2014, respectively. The
infrequent occurrence of PCV7 serotypes in OM in such a short time period
following conjugate vaccine introduction is remarkable given the reported
predominance of these serotypes causing this infection type before conjugate
vaccine introduction (Hausdorff et al., 2002, Vickers et al., 2011b). However, the
infrequency of PCV7 serotypes after conjugate vaccine introduction in conjunctivitis
reported in this study and that of Marimon et al may be due in part to the common
occurrence of NT and NVT pneumococci causing this infection even before

conjugate vaccine introduction (Marimon et al., 2013, Shouval et al., 2006). Similar,
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to conjunctivitis and OM, a decline in the PCV7 serotypes occurred in nbLRTI. Of
these serotypes, serotype 6B was more frequently isolated in the earlier part of the
study period i.e. 2009-2010. However, by 2013-2014, this serotype was absent in
this infection type. This finding is particularly important, given the propensity for
this serotype to cause nbLRTI as shown in this study. Finally, an extremely positive
finding is the low frequency of PCV7 serotypes in carriage isolates by the end of the
study period. Given the link between carriage and disease, the infrequency of
these serotypes in carriage will most likely continue in parallel with the

corresponding low incidence of these serotypes causing different infections.

Of the additional six serotypes targeted by PCV13, serotypes 1 and 7F occurred
infrequently and, serotype 5 was not detected. In contrast, serotypes 1 and 7F have
been frequently reported in Irish IPD (Vickers et al., 2015). Their low incidence in
carriage and NIl is most likely as a result of the association of these serotypes with
invasive disease compared to carriage and NIl (S4-Ledo et al., 2011, Shouval et al.,

2006).

No substantial changes occurred in the frequency of serotype 6A throughout the
study period and its incidence remained relatively low in comparison to other
serotypes. This suggests that PCV13 is exerting a positive effect on this serotype.
Furthermore, there is some evidence to suggest that PCV7 booster doses may
provide some cross protection against serotype 6A, which may perhaps explain that
no notable increase in 6A occurred in the initial years following PCV7 introduction
(Lee et al., 2013a). In contrast, PCV13 serotypes 3 and 19A exhibited considerable
fluctuations throughout the study period. Serotype 3 isolates were mostly
associated with OM and fluctuations of this serotype in this infection type have
been previously reported (Abdelnour et al., 2009). Moreover, it has been suggested
that sufficient protective immune responses may not be mounted following
vaccination with serotype 3 capsular polysaccharide (Poolman et al., 2009). The
findings in this current study therefore, highlight the importance of continued
serotype 3 surveillance following conjugate vaccine introduction. Furthermore, the

prevalence of this serotype in OM should be closely observed, given the propensity
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of this serotype to cause OM as revealed in this and other reports (Shouval et al.,

2006).

Similar to serotype 3, fluctuations were observed in the prevalence of PCV13
serotype 19A during this study. The highest incidence of serotype 19A was reported
in 2011, the year after PCV13 introduction. However, this year may be considered a
transitory year for the introduction of this vaccine, whereby PCV13 effects may not
have yet been fully exerted. The increased circulation of serotype 19A was mostly
attributed to STs 199 and 320 in agreement with reports elsewhere (Pai et al., 2005,
Gene et al., 2013). Notably, the incidence of 19A exhibited a significant decline in
TSCUH in 2012, suggesting that PCV13 was already exerting a positive effect on this
serotype. However, in 2013-2014, an increase in 19A prevalence occurred in
TSCUH, while the serotype was also relatively frequent in OLCHC and AMNCH. This
finding suggests that despite the previous initial decline in serotype 19A, it appears
that it may take longer for the anticipated effect of PCV13 on this serotype to be

fully exerted.

Similar to reports elsewhere, an increase in the prevalence of NVT pneumococci
occurred following the introduction of PCV7 and PCV13 (Martin et al., 2014, Parra
etal., 2013, Richter et al., 2014, Tocheva et al., 2011). In our study, the most
frequent NVTs included 11A, 15B/C, 23A, 35B, and were isolated from different
infections and from carriage sites. Other countries have reported a significant
increase in the prevalence of serotype 6C, in the years after conjugate vaccine
introduction (Sa-Ledo et al., 2009, Tocheva et al., 2011, Wroe et al., 2012b).

However, this serotype did not increase significantly in our population.

The frequent occurrence of serotype 35B and 15B/C in carriage and NIl has been
reported in several countries including America and Columbia following conjugate
vaccine introduction (Martin et al., 2014, Parra et al., 2013, Richter et al., 2014).
Moreover in agreement with independent reports of Hanage and Kasahara, the
expansion of serotype 35B was mediated by the expansion of ST558, a single locus
variant of the PMEN clone Utah**®-24 (Hanage et al., 2011, Kasahara et al., 2014).

Although STs associated with 15B/C were more diverse, ST199 was the most
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prominent and had an increased propensity to cause nbLRTI. This is may be of
concern given the rapid expansion of ST199 associated with 19A following
conjugate vaccine introduction in the United States (Pai et al., 2005). Serotype 11A
was reported as an important NVT serotype, particularly in carriage a finding similar
to reports in the Netherlands, the United Kingdom and America (Spijkerman et al.,
2011, Tocheva et al., 2011, Wroe et al., 2012b). However, in another report on
pneumococcal carriage from Portugal, serotype 11A was not frequently detected
(Sa-Ledo et al., 2009). In this study, 11A was the second most frequent cause of
conjunctivitis in 2009-2012. In contrast, Marimon et al reported that serotype
15B/C occurred more frequently in this infection type compared to 11A following
conjugate vaccine introduction (Marimon et al., 2013). Similar to serotype 35B, the
increase in serotype 11A after conjugate vaccine introduction was mostly clonal and
associated with ST62. It has been reported that 11A/ST62 is associated with an
increased mortality rate in invasive disease (Inverarity et al., 2011). To date a
significant increase has not occurred in the prevalence of 11A as a cause of IPD in
Ireland (Vickers et al., 2015). However, the prominence of this strain in carriage and
the link between carriage and invasive disease highlights the importance of
continued monitoring of this serotype in both carriage and infection. Interestingly,
ST838 of serotype 11A was associated with OM. ST838 is a single locus variant of
PMEN Spain®’-3 and has mostly been associated with PCV7 serotypes such as 9V

and 14 (http://pubmilst.net accessed December 2014). However, in agreement with

the present study, variants of PMEN Spain, expressing NVT have been detected
elsewhere (Xu et al., 2009). Likewise, the PMEN clone and its variants Sweden™*-25
was mostly associated with PCV13 serotype 19A early in this study (2009-2012) but
mostly occurred among NVT serotype 15A in the later years (2013-2014). The
increased prevalence of serotype 15A in this study has been recently mirrored
elsewhere (Domenech et al., 2014a, Grivea et al., 2014, Ricketson et al., 2014).
Moreover, the frequent occurrence of Sweden'*-25 expressing NVT serotypes such
as 15A has also been well documented (Ardanuy et al., 2014, Ho et al., 2014,
Liyanapathirana et al., 2015, Simdes et al., 2011). Overall, the observation of

pneumococcal clones typically associated with PCV7/13 expressing NVT
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demonstrates how these clones may effectively escape the selective pressures of

conjugate vaccines.

This research has some limitations. Firstly, the study was laboratory based
according to what specimens were submitted, the identification of isolates causing
NIl was based on clinical details included on the request form, and the number of
pneumococci collected varied from year to year and from hospital to hospital in the
time period 2013-2014. Secondly, due to the relatively low number of specimens,
we did not adjust for patients’ age or for seasonal variation. Thirdly, pneumococcal
isolates collected from paediatric hospitals particularly those representing carriage
may not necessarily represent those circulating in the community who do not
present to general practitioners or even to hospitals for assessment. Finally, the

vaccine status of individual patients was unknown.

Despite these shortcomings, the results presented in this chapter nevertheless
illustrate several important findings. Firstly, the combined effected of PCV7/PCV13
has had a positive impact on the seven serotypes initially targeted by PCV7.
Moreover, this effect has been sustained as evidenced by the low frequency of
these serotypes in the latter years of the study. The low incidence of serotype 19A
in 2012 suggests that PCV13 has begun to have a positive impact on this serotype.
However, the slight increase in circulation of this serotype in 2013—-2014 suggests
that it may take longer for PCV13 to exert a more substantial and permanent
decrease. Furthermore, the fluctuations observed in circulating levels of serotype 3
stress the need for careful monitoring of serotype 3 prevalence. It is therefore
essential that surveillance of PCV13 serotypes should be maintained for several

years to fully establish the effect of PCV13 on its target serotypes.

Finally, the increased occurrence in NVT pneumococci is of interest in informing
future vaccination strategies. The fluctuations observed in some emerging NVT
pneumococci along with the differences between hospital sites and between
different geographical regions demonstrate the need for wider surveillance. Finally,

surveillance should encompass carriage, a range of non-invasive infections as well
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as that already occurring with IPD, given the difference in serotype distribution as

observed in this and other studies (Shouval et al., 2006).
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Chapter 4: Non-susceptible paediatric non-invasive
pneumococcal serotypes and clones in the era of conjugate

vaccines
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4.1. Introduction

Pneumococcal non-susceptibility is generally associated with a few pneumococcal
clones including: Spain23F—1, SpainGB—Z, England14—9, Sweden®-25 and clonal CC320.
Many of these non-susceptible clones express serotypes targeted by PCV7 or PCV13
such as 6B, 9V, 14, 19A, 19F and 23F (Liflares et al., 2011). The PCV7 had an initial
positive effect on pneumococcal antimicrobial non-susceptible rates through
reduction of several of its target serotypes which were antimicrobial non-
susceptible (Kyaw et al., 2006). However, there have been reports in several
countries after PCV7 introduction of increases in serotype 19A belonging to non-
susceptible clones CC320 and Sweden®-25 in carriage and different infection
types, which is concerning (Fenoll et al., 2011, Gene et al., 2013, Lifiares et al.,
2011, Simdes et al., 2011, Wroe et al., 2012b). It is hoped that the introduction of
PCV13 targeting serotype 19A to routine infant immunisation schedules will have a
further positive impact on antimicrobial non-susceptible pneumococci. However,
the potential positive benefits that PCV13 may exert on antimicrobial non-
susceptible pneumococci could be offset by the development of resistance in NVT
serotypes owing to an increase in their circulation levels and resultant exposure to
selective antimicrobial pressure. Moreover, antimicrobial non-susceptible
pneumococcal clones traditionally associated with PCV7/13 serotypes may persist

in the population through the expression of NVT serotypes (Simdes et al., 2011).

The greater rate of antimicrobial non-susceptibility among pneumococcal isolates in
paediatric carriage and NIl represents an important reservoir for dissemination of
these associated non-susceptible clones throughout the wider population (Bogaert
et al., 2004, Lambertsen et al., 2010). The frequent occurrence of non-susceptibility
among NIl pneumococci may also present a potential challenge for effective empiric
treatment of these important infection types. Continued surveillance is therefore
warranted to establish if the implementation of conjugate vaccines has had a
positive impact on circulating levels of antimicrobial non-susceptible pneumococci
in paediatric pneumococcal carriage and NIl. Moreover, surveillance will detect the
emergence of any antimicrobial non-susceptible NVT serotypes. An understanding

the STs/clones associated with circulating NVT pneumococci is also essential.
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Indeed, Simdes et al, recently reported that the emergence of pneumococcal clones
typically associated with PCV7/PCV13 serotypes but expressing NVT pneumococci
resulted in rates of antimicrobial non-susceptibility similar to the pre-conjugate

vaccine era (Simdes et al., 2011).

Here, the prevalence of antimicrobial non-susceptibility and the associated
serotypes among 506 carriage and NIl associated pneumococci is described. The
typing data was described in chapter 3. In addition, the clones associated with
these non-susceptible serotypes were further characterised using MLST. Finally, the
results of this study were compared to a representative set of non-susceptible

carriage and NIl collected prior to PCV7 introduction.
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4.2, Results
4.2.1. Prevalence of antimicrobial non-susceptibility and patient characteristics

4.2.1.1. Temple Street Children’s University Hospital, 2009—2012

Twenty nine percent (100/339) of isolates were non-susceptible to at least one of
the six antimicrobials tested for. The prevalence of antimicrobial non-susceptibility
for each year of the study was: 2009 (30%, [14/46]), 2010 (31% [38/121]), 2011
(21% [19/89]) and 2012 (34% [29/83]). The total number of isolates non-susceptible
to penicillin, tetracycline, erythromycin and clindamycin was n=80, (24%), n=66,
(19%), n=78, (23%) and n=61 (18%). Non-susceptibility to cefotaxime and
levofloxacin was infrequent, occurring at a rate of n=2 (0.6%) and n=1 (0.3%),
respectively. The incidence of pneumococcal isolates non-susceptible to at least
one antimicrobial in carriage and different infection sites was as follows: carriage
(23.7% [32/135]), conjunctivitis (27.3% [23/84]), nbLRTI (34.6% [27/78]) and OM
(42.8% [18/42]). Of the 100 antimicrobial non-susceptible isolates detected, 37%
(n=37) were from those less than one year, 32% (n=32) were from children aged

between 1-4 years and 31% (n=31) from those older than four years.

4.2.1.2. Temple Street Children’s University Hospital, Our Lady’s Children Hospital

Crumlin, The Adelaide and Meath Hospital Tallaght, Quarter one 2013—Quarter one

2014

The overall prevalence of pneumococci non-susceptible to at least one
antimicrobial was 41% (69/167). Although the data did not reach significance,
pneumococcal antimicrobial non-susceptibility rates were lower at AMNCH (23%
[3/13]) compared to TSCUH (41% [37/89]) and OLCHC (44% [29/65]). The number of
isolates non-susceptible to penicillin, tetracycline, erythromycin and clindamycin
was n=60 (36%), n=38 (23%), n=51 (31%) and n=39 (23%). Non-susceptibility to
cefotaxime and levofloxacin was infrequent, occurring at a rate of n=4 (2.4%) and
n=0 (0%), respectively. The overall occurrence of non-susceptible pneumococci at
each anatomical site was 46% (19/41), 28% (21/75), 63% (19/30) and 48% (10/21)

for carriage, conjunctivitis, nbLRTI and OM, respectively. Non-susceptibility was
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frequent in all age cohorts occurring among 30% (n=24), 51% (n=27) and 51%
(n=18) of children less than one year, aged between 1-4 years and older than four,

respectively.

4.2.2. Serotype and sequence type distribution of antimicrobial non-susceptible

pneumococci

4.2.2.1. Temple Street Children’s University Hospital, 2009—-2012

A total of 14 different pneumococcal serotypes and NT pneumococci were
associated with non-susceptibility to at least one antimicrobial (Table 4.1). The
majority (64%, n=64) were PCV7/PCV13 serotypes and were more likely to be
associated with non-susceptibility compared to NVT pneumococci (36%, n=36),
p<0.0001. Of the 42 STs associated with antimicrobial non-susceptibility, the
majority were PMEN clones or their single or double locus variants (Table 4.1). The
PCV7/13 serotype 6B belonging to PMEN clone Spain®®-2 and its variants was the
most frequent source of penicillin non-susceptibility (18.75%, n=15) followed by
serotype 19A belonging to ST320 and Sweden®*-25 (17.5%, n=14). Moreover,
serotype 6B and 19A of these clones were also the commonest source of MDR
(n=15 and n=14, respectively). Serotype 35B of ST558 (SLV Utah>*%-24) was the
most common penicillin non-susceptible NVT pneumococci (n=10), while 15A was
the most frequent NVT non-susceptible to both penicillin and erythromycin (n=6).
Serotype 6B was the most frequent source of antimicrobial non-susceptibility in
carriage (25%, n=8) and nbLRTI (41%, n=11). The majority of non-susceptible 6B
isolates in NbLRTI were PMEN Spain®-2 or its variants (9/11) which contrasts with
carriage where this clone occurred less frequently (2/8). Pneumococci which were
NT were the most frequent source of antimicrobial non-susceptibility in
conjunctivitis (21.7%, n=5). Serotype 19A was the leading source of non-

susceptibility in OM (50%, n=9), the majority of which were ST320 (n=5).
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Table 4.1. Non-susceptible pneumococcal serotypes, sequence types/Pneumococcal Molecular Epidemiology Network clones in paediatric carriage and non-invasive infections

at Temple Street Children’s University Hospital, 2009-2012

Serotype Sequence type (number of isolates) Clonal complex/ PMEN clone Non-susceptibility pattern (number of isolates)
PEN CTX TET ERY cL LVX
19A** 320 (6) €C320 R (5),1(1) R(1),S(5) R(6) R (6) R (6) S (6)
63 (8) Sweden®*-25 1(8) S(8) R (8) R (8) R (8) S(8)
276 (3) SLV Denmark '*-32 1(3) S(3) R (3) R (3) R (3) S(3)
199 (1) Netherlands ©**37 1(1) S(1) S(1) S(1) S(1) S(1)
6B 94 (9) SLV Spain %2 R (4),1(5) S (10) R (9) R (9) R (9) S(9)
90 (5) Spain®-2 R (1), 1(4) S (5) R(4),S(1) R(5) R (5) S (5)
386 (2) DLV Poland %-20 S(2) S(2) R(2) R(2) R(2) S(2)
9006 (3) SLV Poland %8-20 1(3) S(3) R (3) R (3) R (3) S(3)
Other (4) 1(2),5(2) S (4) R(2),S(2) R(4) R(2),S(2) R(1),S(3)
358 558 (10) SLV Utah **%-24 1(10) S (10) S (10) S (10) S (10) S (10)
15A 63 (1) Sweden™*-25 1(1) S(1) S(1) R (1) R (1) S(1)
374 (1) SLV Sweden "*-25 1(1) S(1) R (1) R (1) R (1) S (1)
2613 (2) DLV Sweden™*-25 1(2) S(2) R (2) R (2) R (2) S(2)
Other (3) R(1),1(2) R(1),S(2) R(1),S(2) R(2),S(1) R(1),S(2) S(3)
19F* 2100 (4) SLV Sweden "*-25 R(2),1(2) S (4) R (4) R (4) R (4) S (4)
87 (2) 1(2) S(2) R(1),S(1) R(2) R(2) S(2)
Other (6) R(1),1(3),S(2) S(6) R (6) R (6) R(5),S(1) S(6)
NT 8991 (2) DLV Norway "'-42 R(2) S(2) R(2) R(2) S(2) S(2)
344 (2) Norway ""42 1(1),S(1) S(3) R (2) R(1),S(1) R(1),S(1) S(2)
Other (3) 1(2),S (1) S(3) R(1),S(2) R(1),S(2) S(3) S(3)
33F 717 (3) S (3) S(3) R(1),1(2) R(3) R (3) S (3)
100 (1) S(1) S (1) S (1) R (1) S(1) S (1)
23B
439 (1) SLV Tennessee 274 S(1) S (1) S(1) R (1) S(1) S(1)



Table 4.1. (cont)

Serotype Sequence type (number of isolates)  Clonal complex/ PMEN clone  Non-susceptibility pattern (number of isolates)
PEN CTX TET ERY cu LVX
BA** 473 (5) 1(4),5(1) 5(6) 5(6) R (5) 5(6) 5(6)
65 (1) s(1) S(1) S(1) R (1) S(1) S(1)
15B/C 199 (2) Netherlands ***37 s(2) S(2) S(2) R (2) S(2) S(2)
23F* 81(2) Spain®F1 R(2) S(2) R(2) R(1),S(1) R(1),S(1) S(2)
Other (2) 1(2) S(2) R(1),S(1) S(2) $(2) 5(2)
11A 838 (2) SLV Spain °'3 R (2) S(2) S(2) S(2) S(2) S(2)
6C 386 (2) DLV Poland 20 S(2) S(2) R(2) R(2) R(2) S(2)
9v* 156 (1) Spain®*3 1(1) S(1) S(1) S(1) S(1) (1)
13 9004 (1) s(1) s(1) R (1) s(1) s(1) S (1)

*7-valent pneumococcal conjugate vaccine serotype **additional 13-valent pneumococcal conjugate vaccine serotype; NT, non-typeable pneumococci; PMEN Clone,
Pneumococcal Molecular Epidemiology Network Clone; SLV, single locus variant; DLV, double locus variant; PEN, penicillin; CTX, cefotaxime; TET, tetracycline; ERY, erythromycin;

CLI, clindamycin; LVX, levofloxacin
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young children, since the carriage isolates collected from hospitals in this thesis
may not represent serotype and antimicrobial susceptibility patterns in the
community. Data on pneumococci circulating in the paediatric population in the
community is essential, given the role that asymptomatic pneumococcal paediatric

carriage may play in the dissemination of the organism to the wider population.

Whole genome sequencing will further improve pneumococcal surveillance as it will
improve our understanding of pneumococcal population biology and evolution
under the selective pressures of conjugate vaccines. Whole genome sequencing of
pneumococci after conjugate vaccine will also facilitate better detection of capsular
switch variants, and potential novel capsular serotypes which may emerge.
Genomic data has recently provided insight into how the pneumococcus adapts to
changes in antimicrobial prescribing practices and may allow improved

antimicrobial prescribing policies (Croucher et al., 2014).

In our relatively limited study using PCR, we detected variant virulence genes
including a nanB with an inserted transposase and the variant zmpC and nan0O2
genes. However, comparative genome analysis of isolates representing carriage and
different infection types similar to that collected in this thesis will allow for the
improved detection of virulence gene variants and further improve our
understanding of the pathogenesis of different pneumococcal infections. Future
large scale genomic studies exploring pneumococcal pathogenic determinants in
different anatomical sites should be performed in parallel with in vitro and in vivo
carriage and infection models for improved characterisation. Finally, particular
emphasis should be given to characterising the virulence mechanisms of NVT
pneumococci in order to better understand their mechanisms of pathogenesis
given their potential to continually emerge under the selective pressure of

conjugate vaccines.
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