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Abstract

Describe the incidence of invasive pneumococcal disease (IPD) in serotypes with reduced antibiotic sensitivity to penicillin
(RAS-Pen) in adults over 59 years of age and its association with childhood anti-pneumococcal vaccination coverage (CVC) and
community consumption of beta-lactam. We selected IPD cases in adults over 59 years of age reported in the Community of
Madrid between 2007 and 2016. We estimated the incidence of cases caused by serotypes included in the 13-valent pneumo-
coccal conjugate vaccine (PCV13), those not included (non-PCV13) and the six serotypes additional to the 7-valent (PCV13-
no7). We compared the incidences of serotypes from the pre-vaccine period (2007—2009) and the vaccine period (2011-2016) by
analysing the incidence trend (JointPoint Trend Analysis) and its association with the CVC and community consumption of beta-
lactam (Poisson model). We identified 1936 cases of IPD, 29.2% (n = 565) in serotypes with RAS-Pen. The incidence decreased
for PCV13 cases (annual percentage of change, APC: -12.2, p < 0.05) and increased for non-PCV13 (APC: 15.4, p < 0.05). The
incidence of IPD due to non-PCV 13 was associated with community beta-lactam consumption (IRR 1.156; CI95% 1.025—1.304)
and that of cases of PCV13-no7 with CVC (IRR 0.574; 95% CI95% 0.413-0.797). The non-PCV13 strains that increased the
most at the end of the period were 6C, 11A and 15A. The incidence of IPD due to PCV13 with RAS-Pen at > 59 years was
decreasing and was associated with CVC. The incidence of cases due to non-PCV13 was increasing and was associated with
community consumption of beta-lactam.

Keywords Invasive pneumococcal disease - Pneumococcal conjugate vaccine - Reduced antibiotic sensitivity - Beta-lactam
antibiotic

Introduction
54 Abelardo Fernandez Chavez In recent decades, a significant worldwide increase in antimi-
abelardoclaudio.fernandez@salud.madrid.org crobial resistance to Streptococcus pneumoniae (SP) has been

observed [1]. There appears to be numerous factors involved

Preventive Medicine and Public Health, Hospital Universitario in the evolution of this resistance. Among these, age, vacci-

Ramén y Cajal, IRYCIS, Madrid, Spain nation coverage and community antibiotic consumption ap-
> Epidemiology Service of Health Department of Community of pear to be the most relevant populatlonjbased .factors. [2]. ‘

Madrid, Madrid, Spain Adults aged over 59 years are at higher risk of invasive
> Regional Public Health Laboratory of the Community of Madrid, pnelumo'coccalldlls.ease (IPD) caused by serotypes with lf’wer

Madrid, Spain antibiotic sensitivity (RAS) because of greater comorbidity,
4 predisposition to infection and high antibiotic consumption

Microbiology Service, Hospital Universitario Ramon y Cajal, o 3 ]
IRYCIS, Madrid, Spain [3]. The likelihood of contracting pneumococcal pneumonia

or IPD is four times higher in persons over 60 years of age

P ive Medici 4 Public Health. Hosnital Universitari compared to those aged 18 to 49 years [4].
reventive Medicine and Public Health, Hospital Universitario .
Ramoén y Cajal, IRYCIS, CIBER of Epidemiology and Public Health In 2000, the USA became the first country to introduce the

(CIBERESP), Madrid, Spain first pneumococcal conjugate vaccine in the childhood

> Microbiology Service, Faculty of Health of UNIR, Madrid, Spain

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10096-021-04196-4&domain=pdf
mailto:abelardoclaudio.fernandez@salud.madrid.org

1530

Eur J Clin Microbiol Infect Dis (2021) 40:1529-1538

immunisation schedule that included the seven serotypes
(VCN7) that were responsible for most IPD at that time. The
high childhood vaccine coverage achieved reduced the incidence
of IPD cases among the target cohorts and also the general pop-
ulation [5]. The latter is due to the indirect effect of the high
vaccine coverage of children under 2 years, who are the main
reservoirs and transmitters of SP to the rest of the population [6].

The lower incidence of IPD caused by the serotypes in the
VCNT7 contrasted with the higher incidence of cases caused by
serotypes not included in the vaccine [7-9], especially 19A,
which is particularly resistant to antibiotics. This led to the
development of the 13-valent vaccine (VCN13), which in-
cluded the six most frequent non-vaccine serotypes excluded
from its predecessor. As with VCN7, we may now be faced
with the emergence of RAS to serotypes not included in
VCNI13.

VCN7 was included in the Community of Madrid’s child
vaccination schedule in 2006, and IPD was added to the list of
mandatory notifiable diseases (EDO) shortly thereafter. In
June 2010, the VCN7 (serotypes: 4, 6B, 9 V, 14, 18C, 19F,
23F) was replaced by VCN13 (additional serotypes: 1, 5, 7F,
3,6A, 19A), which was excluded from the child immunisation
programme in 2012 and reinstated in May 2015. During this
exclusion period, it continued to be administered with private
financing [10].

Community antibiotic consumption is also associated with
a higher incidence of cases of IPD caused by serotypes with
RAS, particularly to penicillin (RAS-Pen) [11]. Some studies
show an increase in cases of serotypes with RAS-Pen in areas
with higher antibiotic consumption [12, 13]. The Community
of Madrid (CM) has one of the highest community consump-
tion of beta-lactam antibiotics in Europe, which are considered
first-line antibiotics in the treatment of infectious respiratory
diseases [6, 8].

The impact of the above factors on the incidence and dis-
tribution of resistant serotypes therefore merits analysis.

This study aims to describe the evolution of the incidence
of RAS-Pen by IPD-serotype in the adult population over 59
years of age in the 2007-2016 period and to analyse its asso-
ciation with childhood pneumococcal vaccine coverage and
community beta-lactam antibiotic consumption.

Methods

Study type

This study is a retrospective descriptive, analytical study.
Selection criteria

We selected cases of IPD in adults over 59 years of age,
reported to the System of the Epidemiological Surveillance
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Network of the Community of Madrid (EDO) between 2007
and 2016. The definition of IPD considers microbiological
criteria alone: isolates, DNA detection or detection of SP an-
tigen in samples from normally sterile sites. The definition of
RAS to penicillin considers a minimum inhibitory concentra-
tion of penicillin greater than 0.06 mg/L in the antibiogram.
This definition includes resistant isolates and those presenting
intermediate penicillin sensitivity.

Data sources and variables

The following data sources and variables were consulted and
analysed:

— EDO system: data such as date of birth, sex, date of onset
of symptoms and microbiological results (serotype and
antibiotic sensitivity) collected using a structured form.
Serotypes were identified using the Quellung reaction,
and antibiotic sensitivity was assessed using the criteria
established by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) [14].

—  Vaccination information system: date of birth, sex, date of
vaccination and type of vaccine prescribed.

— Information and analysis system of the pharmaceutical
service: community consumption of beta-lactam antibi-
otics, dispensed by prescription in pharmacy offices.
Consumption was expressed as a defined daily dose num-
ber (DDD), which is a standardised measure formulated
by the WHO (classification system with defined daily
doses (ATC/DDD) [15]. For beta-lactam antibiotics, the
DDD for the entire Community of Madrid were added
together.

—  Continuous census of the Institute of Statistics of the CM:
population by age, sex and year of study recorded in the
CM.

Indicators

—  Cumulative incidence (CMI) of cases of the groups of
RAS and penicillin-sensitive serotypes per 100,000 peo-
ple. The denominator used was the annual number of
adults over 59 years residing in the CM.

—  Childhood vaccination coverage (CVC): We estimated
the annual first-vaccinated in the 2-year-old cohort, this
being the age at which first vaccination with two or three
doses was theoretically received under the current vacci-
nation schedule. First-vaccinated was defined as children
vaccinated without the booster dose. Vaccination cover-
age was categorised into three levels for multivariate anal-
ysis (< 85%, 86-90% and > 90%). Vaccination coverage
was calculated for VCN13 (VC13) and for the sum of the
two vaccines (VC7 + 13).
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— Daily defined dose per 1000 persons per day (DHD) of
adults over 59 years of age: calculated for each study
year. The following formula was used: DHD =
(DDD*1000) / population*365 [15].

Analysis

Five groups of IPD cases were considered according to the
causative serotypes: (1) any serotype (STtotal), (2) serotypes
included in VCN7 (PCV7), (3) serotypes additional to VCN7
(PCV13-n07), (4) serotypes included in VCN13 (PCV13) and
(5) serotypes not included in VCN13 (non-PCV13).

We carried out the following analyses for the five case
groups by RAS and penicillin-sensitive serotypes:

1. Evolution of CI, childhood immunisation coverage and
DHD. It was analysed by the following:

1.1. JointPoint models: We estimated the annual trend
of vaccine coverage (VC13, VC7 + 13), DHD and
cumulative incidence for each of the five groups of
IPD. In all cases, we calculated the annual percent-
age of change (APC) and the average annual per-
centage of change (AAPC).

1.2. Poisson models: The annual mean incidence rate
ratio (IRR) was estimated for each group of IPD
between the pre-vaccination period (2007-2009)
and the vaccination period (2011-2016).

2. Evolution of the distribution of individual serotypes:

2.1. Distribution of individual serotypes: the biannual
prevalence of cases of the most frequent serotypes
was estimated according to their inclusion in
VCN13. Estimates were made using the following
four formulas:

— PCV13 specific with RAS-Pen/total PCV13 with RAS-
Pen
—  Specific sensitive PCV13/total PCV13 sensitive
—  Specific non-PCV13 with RAS/total of non-PCV13 with
RAS-Pen
—  Specific non-PCV13 sensitive/total non-PCV13 sensitive
2.2. Poisson models: We estimated the annual mean in-
cidence RRs for the most frequent individual sero-
types, between the pre-vaccination and the vaccina-
tion period. We calculated these for RAS-Pen and
penicillin-sensitive serotypes.
3. Association of CI with vaccine coverage and DHD. We
analysed these using Poisson multivariate models:

3.1. Model 1: whose dependent variable was the inci-
dence of IPD (STtotal/PCV13/mnon-PCV13/PCV13-

no7) and the explanatory variables VC13 and the
DHD of beta-lactam antibiotics. The analysis period
was 2010 to 2016, i.e. since VCN13 was in the
childhood immunisation schedule.

3.2. Model 2: whose dependent variable was the inci-
dence of IPD (PCV7/non-PCV13) and the explan-
atory variables were VC7 + 13 and HDD. The anal-
ysis period was from 2007 to 2016. During this
period, VCN7 first and then VCN13 were included
in routine vaccination throughout the study period.

The statistical programmes used were JointPoint Trend
Analysis 4.5 and STATA v. 14.

Results

There were 4678 cases of IPD reported to the EDO system in
the CM, of which 41.4% were cases in adults over 59 years of
age with known serotype (1936 cases) (Fig. 1). Among the
latter, 565 cases (29.2%) had RAS-Pen serotypes, and the rest
were sensitive.

Evolution of Cl, CVC and DHD trends
Evolution of Cl, CVC and DHD using JointPoint models.
Figure 2a and b show annual trends in CI cases by PCV13-no7

and non-PCV13, CV13 and DHD, obtained with the
JointPoint programme. The evolution of the cases was

4678 cases

}~ 2745 < 60y
2023 cases > 59y
Il 87 cases without
known serotypes
I 1936 cases with
known serotypes

1371 cases by l
sensitive cases by PNSP

565 cases 565

serotypes serotypes

Fig. 1 Study population size
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expressed by serotypes with RAS-Pen and susceptible to pen-
icillin separately.

The graphs show that the VC13 has been increasing since
its inclusion in 2010, exceeding 90% in 2013, thereafter re-
maining stable.

The evolution of beta-lactam consumption (DHD) in-
creased throughout the period studied, from 15.64 in 2007 to
17.94 in 2016.

The incidence of PCV13-no7 cases showed a different
trend by penicillin sensitivity. Those produced by RAS-Pen
serotypes increased until 2009, coinciding with the increase in
beta-lactam consumption (DHD). From 2010 they decreased,
while the VC13 increased. In contrast, cases of sensitive sero-
types tended to decrease throughout the study period.

Non-PCV13 cases tended to increase throughout the study
period and were similar among cases of RAS-Pen and sensi-
tive serotypes.

Figure 2c¢ and d show trends in cases of PCV7, com-
pared with the evolution of VC7 + 13, since they were
the target serotypes of these vaccines. The trend in the
incidence of PCV13 cases decreased for RAS and sen-
sitive pneumococci. The decrease was larger for sero-
type with RAS. Likewise, VC7 + 13 tended to increase
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Fig.2 a-b Trend in IPD incidence of non-PCV13 and PCV13-no7, DHD
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in IPD incidence of serotypes with RAS-Pen.b Trend in incidence of IPD
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until 2009, with a slight decrease observed until the end
of the study period.

Table 1 shows the CMI calculated per 100,000 inhabitants
and the analysis of trends obtained using JointPoint. The over-
all annual CMI trend of cases of IPD declined throughout the
study period (AAPC: -1%), with a higher decline for RAS-Pen
cases (AAPC: -2.4%) than for SP sensitive cases (AAPC: -
0.2%).

Among the five serotype groups studied, we observed a
statistically significant decrease in the cases caused by
PCV13 and PCV7. The incidence of non-PCV13 cases had
an upward trajectory, the trend of cases due to PCV13-no7
with RAS-Pen described two periods, one ascending period
followed by a descending period, neither of which was statis-
tically significant. PCV13-no7 sensitive cases did not evolve
similarly. Except for cases due to PCV13-no7, the other trends
were similar regarding sensitive serotypes and with RAS-Pen,
although the differences were greater for serotype with RAS-
Pen.

On the other hand, VCI13 showed a clear upward trend,
much more pronounced in the 2010-2012 period.

Finally, community consumption of beta-lactams increased
clearly throughout the period studied.
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Table 1 Evolution of vaccination coverage, DHD and CI of cases by serotype group and antibiotic sensitivity. Community of Madrid (2007-2016)
CMI 100,000 pax AAPC CI 95% APC CI 95%
2007 2016 20072016 First period Second period

IPD 15.01 14.1 -1% (-4.8;3.1)

RAS-Pen

STtotal 4.57 2.64 -2.4% (-6.7;2.1)

PCV13 3.62 0.76 -14.4%*  (-194;-9.2)

Non-PCV13  0.95 1.88 11.5%%* (3:20.7)

PCV13no7 1.38 0.39 -121%*  (-22.6;-0.1) 20072009  32.7% (-31.2; 155) 2009 -2016.  -21.8%* (-29.7; -13)

PCV7 224 0.28 -15.5%*  (-23;-7)

SENSITIVE

STtotal 10.44 11.46 -0.2% (-4.6;4.4)

PCV13 6.56 2.64 -11.4%*  (-14.5;-8.2)

Non-PCV13  3.88 8.82 8%* (2.3;14.1)

PCV13no7 5.26 2.01 -12%* (-15.8;-7.9)

PCV7 1.29 0.63 -7.7% (-20.9; 7.7)

Population variables

DHD 15.64 17.93 2.3% (1.3;3.3)

VC13 1.34%"  91.69%  98.6% (56.2;152.5)  2010-2012  681%* (62.2;3666) 20122016 0.1 (-8.1;9)

VC7 + 13 3221%  91.69%  83% (4.7;12) 20072009  56.7%* (29.5;89.5)  2009-2016 -2.5%%* (-4.2; -0.8)

*If AAPC or APC is p < 0.05. 2010 annual vaccination coverage; CMI cumulative incidence, AAPC average annual percent change, APC annual

percent change, RAS-Pen with reduced antibiotic sensitivity

Evolution of CMI of cases by the five groups of serotypes
using Poisson models

The average annual CMI of cases in the vaccination period
was lower than that in the pre-vaccination period for all cases
except for non-PCV13. The change was greater for cases with
pneumococci with RAS-Pen (Table 2).

Evolution of differences in individual serotype
distribution

Distribution of individual serotypes

The cases of PCV13 with RAS-Pen evolved differently from
the sensitive cases. The 19A serotype with RAS-Pen de-
creased the most. The remaining serotypes with RAS de-
creased in prevalence, except for 14 and 9 V. SP sensitive
cases also decreased in prevalence, except for three (Fig. 3).
Among the non-PCV13 with RAS-Pen, 6C was prominent
at the beginning of the period (5.41%. eight of 148 cases)
which then fell to 1.41% (five of 346 cases). Serotype 11A
was not identified in the early years, reaching 5.5% at the end
of the study (19 cases of 346). Something occurred with the
24F serotype. The frequency of all the other serotypes with
RAS-Pen remained stable. In contrast, serotype 8 sensitive

cases increased most of all during the study period from
8.11% (12 of 148 cases) to 22.25% (77 of 346 cases) (Fig. 4).

Evolution of CMI of individual serotypes using Poisson
models (Table 3)

—  The inter-period IRR (pre-vaccine/vaccine) for all cases
by vaccine serotypes was negative. There was a notable
reduction of serotypes 19A and 14 among the cases with
RAS-Pen. 7F and 1 were prominent among the sensitive
serotypes.

— IRR was positive for cases of non-vaccine serotypes with
RAS, with a notable increase in serotypes 6C, 23B and
11A. The increase in the vaccine period of serotype 8 was
significant among the sensitive serotypes.

Association of CMI with VC13 and DHD.

Table 4 shows the multivariate models developed to analyse
the association between case incidence and explanatory vari-
ables (CVC and DHD of beta-lactams).

Model 1 shows that CV13 was inversely associated with
the incidence of cases by STtotal with RAS-Pen (IRR 0.833)
and sensitive (0.832) cases. The association was greater with
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Table2 CMI of IPD by serotypes

RAS- Serotypes CMI x 100,000 pax RR CI95%
Pen
Pre- Vaccination period
vaccination
YES STtotal 4.85 (175) 4.08 (335) 0.840 0.698 1.015
PCV13 3.69 (133) 1.41 (116) 0.382 0.295 0.495
non-PCV13 1.16 (42) 2.66 (219) 2.289 1.639 3.266
PCV13no7 1.66 (60) 0.75 (62) 0.454 0.313 0.658
PCV7 2.02 (73) 0.66 (51) 0.324 0.224 0.468
NO STtotal 11.64 (420) 10.05 (826) 0.863 0.767 0.973
PCV13 6.40 (221) 3.12 (256) 0.487 0.406 0.584
Non-PCV13 5.24 (189) 6.94 (570) 1.324 1.121 1.569
PCV13no7 5.48 (198) 2.70 (222) 0.492 0.405 0.599
PCV7 0.915 (33) 0.413 (34) 0.452 0.272 0.753

RAS-Pen reduced antibiotic sensitivity to penicillin, CMI cumulative incidence, /RR incidence rate ratio, C/
confidence interval. Comparison between periods: pre-vaccination (2007-2009) and vaccination period (2011—
2016) until the inclusion of VCN13

the cases of PCV13-no7. Community beta-lactam consump-
tion was associated solely with the incidence of non-PCV13
IPD with RAS-Pen (IRR: 1.156) and 2 (1.281).

Model 2 shows that the incidence of cases of PCV7 with
RAS-Pen was positively associated with community beta-
lactam consumption and negatively associated with VC7 +
13. Those which were penicillin-sensitive were also negative-
ly associated with VC7 + 13.

Discussion

The indirect effect of childhood vaccine coverage has had an
important role in the decrease of RAS-Pen serotype-based
IPD in people over 59 years of age [5, 16]. This effect was
far greater for cases of vaccine serotypes. In our study, the
direct effect of PCV13 vaccine coverage on adults in the
CM has not been analysed because the vaccine has not been

PNSP PCV13ST
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on the adult immunisation schedule for the entire period
studied.

According to our results, the evolution of the incidence of
IPD cases in adults over 59 years of age was different for
RAS-Pen and sensitivity cases. The evolution of the incidence
of the cases by the six serotypes with RAS-Pen additional to
7-valent described two trends. The first of these was ascending
until 2010 and then descended until the end of the period
studied. The upward trend could be explained by antibiotic
pressure, while the downward trend was due to the indirect
effect of childhood vaccine coverage. The latter would seem
to contradict other studies, such as those by Gossens, which
suggest that the higher the use of antibiotics, the higher the
incidence of cases by serotypes with RAS-Pen, although it
should be noted that these works have not considered the
opposite effect of the high childhood immunisation coverage
[13]. Unlike the evolution of the six additional serotypes to
PCV with RAS-Pen, the sensitive serotypes descended
throughout the period studied.

PCV13ST susceptible
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Fig. 3 Distribution of serotypes (%) identified in PCV13 pneumococci, by penicillin sensitivity
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Fig. 4 Distribution of serotypes (%) identified in non-PCV13 pneumococci, by penicillin sensitivity

The evolution of the incidence of IPD cases by non-vaccine
serotypes was different. At the end of the period studied, their
incidence exceeded the level obtained by the vaccine serotype
cases. This could be due to the so-called serotype replacement,
caused by the increase in cases of non-vaccine serotypes in the
vaccinated and unvaccinated population. Replacement was
greater among RAS-Pen serotypes than sensitive serotypes,
which may be caused not only by the effect of vaccination
coverage but also by the constant increase in beta-lactam con-
sumption during the follow-up period.

Studies by Moore in the USA and Andrews in the UK
describe the appearance of serotype replacement in the unvac-
cinated population 3 years after the inclusion of PCV13 in the
childhood immunisation schedule [9, 17, 18]. In our study,
replacement occurred a little earlier than 3 years after the in-
clusion of PCV13 (approximately 2012). This could be due to
the rapid rise of VC13, which reached 75% in 2012, a value
considered by different studies as ideal to trigger a global
decline in pharyngeal colonisation by vaccine serotypes and
a simultaneous increase in non-vaccine serotypes [19-21].

Regardless of the differences in the evolution of incidences
between RAS-Pen and sensitive serotypes, there were also
distribution differences. We observed that one of the vaccine
serotypes with RAS-Pen, whose incidence decreased the
most, was the 19A [22]. This serotype was predominant in
Europe in the period before the inclusion of PCV13, except
for Finland, where it was serotype 14.

Among the cases of vaccine sensitive serotypes, it was also
those additional to the 7-valent vaccine that decreased most
after the year 2010, except serotype 3, which was the only one
that increased during the entire period studied. This could be
because it is a serotype that does not colonise the nasopharynx
in children. Because of this, the indirect vaccine effect would
be very limited in adults [23]. Direct vaccination would be the
most effective way to eradicate pharyngeal colonisation of
serotype 3 in adults.

Among the non-vaccine serotypes with RAS-Pen whose
incidence increased at the end of the studied period are 11A,

6C, 35B and 23B. In other European studies such as the one
by van der Linden in Germany, 15A and 23B were the most
frequent [8]. Outside Europe, the most frequent serotypes in
the USA were 15B, 23A, 23B and 35B [24]. These data show
the significant difference between countries in the distribution
of emerging serotypes, although the results of the above stud-
ies are not specific to the cohort of adults over 59 years of age.

Non-vaccine sensitive serotypes also became more preva-
lent, the most prominent being 8, although the magnitude of
the increase in incidence and prevalence of cases due to sen-
sitive serotypes was lower than that presented by serotype
with RAS-Pen.

We do not yet know the predisposition of some serotypes to
acquire antibiotic resistance. Among these are 19A (PCV13)
and 11A (non-PCV13) serotypes that were frequent and pre-
dominant among the serotypes with RAS-Pen. However, there
are other serotypes which, although frequent, like the above, are
almost always sensitive, such as serotypes 3 (PCV13) and 8
(non-PCV13). We know that PS acquires resistance from genes
from other PS and from commensal Streptococcus in a process
that could be favoured by the increase in antibiotic pressure and
the immunological selection of vaccines.

The different predisposition of serotypes could likely be
explained by microbiological factors, including those
concerning fitness and the cost associated with resistance.
However, some clones of serotypes with RAS-Pen could
evade the host’s immune response by adopting a non-
vaccine serotype capsule. One such genotypic clones that
would facilitate this camouflage is ST156, associated with
serotypes 9 V and 14, in the period before the inclusion of
PCV13 [25] that is currently associated with serotypes not
included in PCV13. One of the latter would be 11A, which
successfully avoids the immune response of the host. Such
circumstances make 11A an emerging serotype. Another
non-vaccine serotype whose incidence is increasing in some
countries in our environment is 7C. In this case, this is due to
the expansion of clone 177, which was previously associated
with the 19F vaccine serotype [26].
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Table 3 Evolution of the main

serotypes RAS TO PEN Serotypes CMI x 100.000 pax IRR CI95%
Pre- Vaccination period
vaccine
Yes PCV13
19A" 1.52 (55) 0.74 (61) 0.487 0.333 0.714
14 0.99 (36) 0.34 (28) 0.341 0.200 0.575
A% 0.36 (13) 0.18 (15) 0.507 0.225 1.157
19F 0.19 (7) 0.10 (8) 0.502 0.159 1.625
23F 0.22 (8) 0.02 (2) 0.110 0.011 0.550
6B 0.25 (9) 0.01 (1) 0.049 0.001 0.352
non-PCV13
6C 0.25(9) 0.54 (44) 2.146 1.034 5.00
11A? 0.11 (4) 0.57 (47) 5.158 1.886 19.715
15A 0.25 (9) 0.32 (26) 1.268 0.576 3.076
35B 0.17 (6) 0.29 (24) 1.756 0.699 5.252
24F 0.17 (6) 0.28 (23) 1.683 0.666 5.053
23B 0.08 (3) 0.26 (21) 3.073 0918 16.091
No PCV13
3! 2.27(82) 1.84 (151) 0.809 0.613 1.071
7F! 1.27 (46) 0.34 (28) 0.267 0.161 0437
1! 0.78 (28) 0.22 (18) 0.282 0.147 0.528
19A! 0.50 (18) 0.27 (22) 0.537 0.274 1.061
non-PCV13
8? 0.67 (24) 1.63 (134) 2.451 1.579 3.959
22F° 0.64 (23) 0.78 (64) 1.222 0.748 2.062
31 0.44 (16) 0.63 (52) 1.426 0.802 2.677
12F? 0.64 (23) 0.44 (36) 0.687 0.396 1.215
9N? 0.25 (9) 0.62 (51) 2.488 1.213 5.748

"PCV13-n07. * Serotypes included in the polysaccharide vaccine (PPSV23) that are not in the VCN13

CMI cumulative incidence, /RR incidence rate ratio, CI confidence interval

Comparison between periods: pre-vaccine (2007-2009) and vaccination period (2011-2016) to the inclusion of

VCN13

The main strength of this study is that the variables
come from the Mandatory Notification System for
Infectious Diseases System of the Community of Madrid
(EDO), which gathers population data actively and con-
sistently and did not undergo any relevant changes during
the 2007-2016 period. Another strength is the work done
by microbiology laboratories managing samples for
serotyping since the serotype was only unknown in 5%
of cases.

A weakness of this study is a lack of data for determining
whether the changes detected are due to other factors such as
microbiology, secular disease trend, changes in reporting,
chance or the presence of other factors such as socio-
economic precariousness that could play an important role in
the evolution of the IPD by serotypes with RAS [2]. Nor did
we consider the intervention of the coverage of the

@ Springer

polysaccharide vaccine 23 (PPSV23), partly because the sci-
entific literature does not give it a relevant role in the epide-
miology of resistant serotypes [27]. Unlike conjugate vac-
cines, PPSV23 does not generate lymphocyte-related immune
memory, nor does it intervene in pharyngeal colonisation of
SP, both important processes that explain the transmission and
dissemination of antibiotic-resistant serotypes [28, 29]. This is
demonstrated by an increase rather than a decrease in the
incidence of serotypes with RAS that are included in
PPSV23 but not in PNV13 (Table 3). Thus, the evolution of
these serotypes of PPSV23 is shown in that of serotypes not
included in PCV13.

We can conclude that our study demonstrates a reduction in
the incidence of IPD produced by serotypes with RAS-Pen in
adults over 59 years of age, at the expense of vaccine sero-
types, which supports the existence of vaccine herd immunity.
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Table 4 Association of

vaccination coverage and Models Variable RAS-Pen Sensitive to penicillin

population consumption of beta-

lactams with the incidence of IPD RR Cl95% RR CI195%

by pneumococci according to

RAS to penicillin Model 1 STtotal
Beta-lactam DHD 1.082 0.894 1.191 1.127* 1.061 1.197
VC13 0.833* 0.722 0.963 0.912%* 0.832 0.999
PCV13
Beta-lactam DHD 0.989 0.842 1.162 0.94 0.843 1.050
VCI13 0.638* 0.501 0.812 0.739* 0.632 0.867
STnoVCNI3
Beta-lactam DHD 1.156* 1.025 1.304 1243* 1.154 1.338
VCI13 0.994 0.155 0.828 1038 0.926 1164
PCV13no7
Beta-lactam DHD 0.845 0.67 1.067 0916 0.814 1.032
VCI13 0.574* 0.413 0.797 0.685* 0.578 0.812

Model 2 STnoVCN13#

Beta-lactam DHD 1.281% 1.164 1.408 1.199* 1.137 1.266
VC7 + 13 1.164 0.975 1.390 0.987 0.898 1.085
PCV7*
Beta-lactam DHD 0.803* 0.691 0.934 091 0.748 1.106
VC7 + 13 0.632%* 0.522 0.765 0.647%* 0.491 0.851

"The analysis was carried out on incident cases in the 2007-2016 period. *Statistically significant RR

In contrast, the incidence of non-vaccine serotypes with RAS-
Pen increased more than that of sensitive serotypes, possibly
due to the continued increase in beta-lactam consumption. The
distribution of non-vaccine serotypes was different according
to their sensitivity to penicillin. Non-vaccine serotypes with
RAS-Pen include 6C, 11A and 23B, and among the sensitive
ones, 8.

The results of this work provide the basis for guiding vac-
cination policies and rational use of antibiotics. In the future,
research into vaccines with new serotypes could be valuable to
public health interventions to control RAS-Pen serotype-in-
duced IPD. In any case, it is essential to continue with active,
epidemiological and microbiological surveillance
programmes to assess the effect of vaccination on the inci-
dence of invasive disease [30, 31].
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