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a b s t r a c t

The introduction of pneumococcal conjugate vaccines (PCV7 and PCV13) in children has led to a change
in the pattern of pneumococcal serotypes causing pneumococcal disease in adults. The aim of this study
is to analyze the distribution of pneumococcal serotypes in adults with bacteremic pneumococcal
community-acquired pneumonia (BPP) after the introduction of PCVs in childhood, and the impact of
age and comorbidity on this distribution. We conducted an observational study of all adults hospitalized
with BPP between 2001 and 2014, in two tertiary hospitals. Overall, we identified 451 cases of BPP
(2001–2005: 194, 2006–2010: 134, 2011–2014: 123). The rate of appearance of new cases decreased over
the study period. In 70% of the cases, the serotypes found were among those included in PCV13. The most
prevalent serotypes were 3 (23.1%), 7F (14.6%), 19A (8.4%) and 1 (7.5%). There was a significant trend to
decrease in the percentage of BPP cases due to PCV7 from period 2001–2005 to 2011–2014 (p = 0.0166)
and a significant trend to increase in the six serotypes added to form PCV 13 (p = 0.0003). Serotype 3 was
the most frequent in patients who developed complications during hospitalization. We did not detect a
significant increase in cases caused by non-PCV13 serotypes. The most frequent non-PCV13 serotype was
22F. In conclusion, a significant proportion of adults continue to develop BPP with vaccine serotypes
despite infant pneumococcal vaccination. There is a need for further strategies to reduce the current bur-
den of this disease on adults.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Pneumococcal infection is a major public health problem
worldwide because of its high morbidity and mortality rates [1–
3]. Streptococcus pneumoniae is the most common cause of pneu-
monia, being found in 10–15% of cases with bacteremia, and tradi-
tionally associated with poor outcomes [4,5].

Immunological protection against pneumococcal pneumonia is
mediated through antibodies against bacterial capsular polysac-
charides that define the pneumococcal serotypes and serve as vir-
ulence factors [6]. For that reason, a number of vaccines have been
developed seeking to cover the most prevalent serotypes. Cur-
rently, there are two types of pneumococcal vaccines, both direc-
ted against a limited number of these serotypes: the 23-valent
pneumococcal polysaccharide vaccine (PPSV23) and the protein-
conjugated vaccines directed against 7 (PCV7), 10 (PCV10) or 13
(PCV13) serotypes. For prevention in children <2 years, only conju-
gated vaccines (PCVs) have been approved, whereas for the adult
population both have: first, the polysaccharide vaccine (PPSV23),
and more recently PCV13, approved for having demonstrated
greater effectiveness in the prevention of pneumococcal
pneumonia.

In Spain, childhood pneumococcal conjugate vaccination began
in 2001 with PCV7, while the newer PCV13 became available in
2010. During the study period (2001–2014), these vaccines were
not being covered by the Spanish National Health Service, but
could be administered if bought privately. In addition coverage
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varied between regions of the country. The uptake in the area
where the study was carried out was estimated to be about 61%
for the period 2010–2014 [7].

However, recently available data suggest that PCV13 pneumo-
coccal pneumonia serotypes continue to cause a high rate of infec-
tion in adults, despite some impact of childhood PCV13 vaccination
[8]. Further, given that PCV13 has recently been evaluated and
approved for the prevention of pneumonia in adult patients [9],
it is essential to determine the distribution of serotypes in adult
BPP to estimate and then assess the impact of implementation of
standard vaccination in adults.

The primary objective of the present study is to investigate the
distribution of the pneumococcal serotypes included in PCV13 in
adults with BPP over time, since the introduction of PCV7 and sub-
sequently of PCV13 vaccination in children. Secondary objectives
were to evaluate serotype replacement by non-PCV13 serotypes
and the impact of age and comorbidities on the serotype
distribution.
2. Methods

2.1. Patients and study design

This was a prospective observational study of consecutive

patients (�18 years of age) hospitalized for BPP in two tertiary hos-
pitals (Cruces and Galdakao-Usansolo) in the Basque Country
(Spain), with a catchment population of around 700,000. The study
was conducted between January 2001 and December 2014. The
ethics committees of both hospitals approved the study.

For a patient to be classified as having BPP, we required the
presence of new pulmonary infiltrate on chest X-ray together with
acute signs and symptoms suggestive of lower respiratory tract
infection in addition to one positive blood culture for S. pneumoniae
taken within 24 h of presentation at hospital. Individuals were
excluded if they were known to be positive for human immunod-
eficiency virus or chronically immunosuppressed, as well as if they
had had an episode of pneumonia in the 3 months prior or if they
had hospital-acquired pneumonia.

Patients were considered active smokers when they smoked at
least 10 cigarettes per day and heavy alcohol users if they reported
a daily alcohol intake of at least 80 g for men or 60 g for women
during the previous year [10]. Vaccine status refers to having
received the influenza vaccine the previous year and the polysac-
charide vaccination PPSV23 in the previous 5 years. No patient
had been vaccinated with the PCV13 conjugate during the study
period. Septic shock was defined as systolic blood pressure
<90 mmHg and the need for a vasopressor agent for at least 4 h,
after fluid therapy.

Patients were treated empirically at the discretion of the
attending doctor following the guidelines of the Spanish Society
of Pulmonology and Thoracic Surgery [11].

2.2. Study variables

Data were collected on patient clinical and demographic
characteristics, vaccination status, antibiotic treatment during the
previous month, blood test results and X-ray findings. To assess
the severity of a patient’s pneumonia on admission, we used the
Pneumonia Severity Index [12]. Two consecutive blood cultures
were performed for all patients within 24 h after hospital
admission.

The course of the illness and patient outcomes were described
using the following variables: admission to intensive care unit
(ICU); use of invasive mechanical ventilation; development of sep-
tic shock; 30-day mortality; and development of pleural effusion.
The study was divided into three periods (first, 2001–2005 vs.
second, 2006–2010, vs. third period, 2011–2014).Serotypes were
categorized into three groups: PCV 7 serotypes, the six serotypes
added in PCV13 (PCV13-7), and the non-vaccine serotypes (non-
PCV13)

Pneumococcal isolates were stored frozen in skimmed milk at
�40 �C or below in the microbiology department at each hospital
until delivery to the central laboratory (Reference Laboratory of
the Carlos III Health Institute). Serotyping was performed by mul-
tiplex polymerase chain reaction [13] and confirmed by the Quel-
lung reaction using polyclonal antisera.
2.3. Statistical analysis

Patients with BPP whose serotype was not determined were
described as having ‘‘untyped pneumococcal CAP”. We compared
the main characteristics between patients with and without
serotyping data. Among serotyped patients, we compared the main
characteristics between the two participating hospitals. For cate-
gorical variables, chi-square or Fisher’s exact tests were used for
comparisons, and for continuous variables t-tests or the nonpara-
metric Wilcoxon tests.

Patient general characteristics, comorbidities, and outcomes
were compared among the three study periods. The serotype dis-
tribution was compared between the three periods in the entire
study population and in the following subsamples: patients with
comorbidities, patients that were otherwise healthy, patients with
risk factors, and patients by age group (<50 years, 50–64 years, or
�65 years). We used chi-square or Fisher’s exact tests for the com-
parison of categorical variables and analysis of variance or non-
parametric Kruskal-Wallis tests for continuous variables. The Bon-
ferroni correction was used for multiple comparisons. Further, the
Cochran-Armitage trend test was also used to study trends among
the three periods. To draw inferences about changes in the period
before PCV 13 introduction in children on the period after, serotype
distribution during 2001–2010 was compared with distribution
during 2011–2014, by means of the chi-square or Fisher’s exact
test.

Further, we compared outcomes by serotype. Each outcome of
each serotype was compared with respect to serotype 1. We used
serotype 1 as the reference group because it represents a frequent
serotype in our study, and had a high risk of invasive disease and
low fatality rate [14]. We used chi-square or Fisher’s exact tests
with Bonferroni correction for multiple comparisons. In addition,
we analyzed the relationship between serotypes and outcomes
adjusting for other covariates, such as age, sex, comorbidities and
pneumococcal vaccination, by means of multivariate logistic
regression models.

All effects were considered statistically significant at p < 0.05.
All statistical analyses were performed using SAS for Windows,
version 9.2 (SAS Institute Inc., Cary, NC).
3. Results

Out of 529 patients with BPP evaluated, no serotypes were col-
lected (untyped pneumococcal) in 78 of them, so they were
excluded from the study, resulting therefore in a study cohort of
451 patients. There were no significant differences in age
(p = 0.8982) or in comorbidities (p = 0.8387) between serotyped
and non-serotyped patients.

Overall, there was a decrease in the frequency of new cases of
BPP over the study period. There were no significant differences
between the two hospitals in the presence of comorbidities
(p = 0.5703), severity (p = 0.1844), 30-day mortality (p = 0.7716)
and serotype distribution (p > 0.5854). There were significant dif-
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ferences in age (p = 0.0003), mechanical ventilation (p = 0.0265)
and ICU admission (p = 0.0201) (Table 1S supplement on line).
3.1. Characteristics, comorbidities and outcomes

Patient sociodemographic characteristics, comorbidities and
outcomes during the three study periods are summarized in
Table 1. Considering the entire sample, 53.9% of patients were
�65 years old and 46.7% had some comorbidity. The most common
comorbidity was chronic obstructive pulmonary disease (COPD)
(17.2%), followed by diabetes (15.1%) and heart failure (12.9%). Fur-
ther, 31.2% were active smokers and 12% reported heavy alcohol
user. A third (33%; 151/451) of patients with BPP had no comor-
bidities, and reported neither active smoking nor heavy alcohol
use at baseline.

Overall, 30-day mortality was 7.8% and a significant decrease
was observed during the study period (from 11.3% during the first
period [2001–2005] to 2.5% in the third period [2011–2014], trend
test p = 0.0041). Mortality was higher in patients �65 years of age
Table 1
General characteristics of the study sample.

Variable 2001–2005 a (N = 194)

Male 135 (69.6)
Age (years), mean (SD) 65 (17.2)
Nursing home resident 7 (3.6)
Smoker 32 (28.8)
Alcohol user 24 (12.8)
Pneumococcal vaccine (PPSV23) 2 (1.2)a

Influenza vaccine 35 (19.8)a

Comorbidities
0 86 (44.6)a

1 72 (37.3)a

>1 35 (18.1)
Pneumonia Severity Index class IV-V 106 (54.6)
Appropriate antibiotic (SEPAR) 112 (57.7)a

Length of stay (days)
Mean (SD) 9.1 (11.5)
Median (IQR) 6 (4–9)

30-day mortality 22 (11.3)a

Septic shock 25 (14.7)
Mechanical ventilation 23 (11.9)
Pleural effusion 26 (13.4)
Intensive care unit admission 43 (22.2)
30-day readmission 3 (2.3)

SD: standard deviation; IQR: interquartile range.
Cochran-Armitage trend test resulted statistically significant for Pneumococcal vaccin
mortality (p = 0.0041).

a Superscript letters indicated significant differences among periods using Bonferroni

Table 2
Serotype distribution in relation to clinical outcomes.

Serotypes Total number of cases 30-day mortality Intensive care un

N (%) 451 35 (7.8) 114 (25.3)
1 (reference) 34 (7.5) 0 (0) 6 (17.7)
3 104 (23.1) 14 (13.5) 43 (41.4)
7F 66 (14.6) 1 (1.5) 15 (22.7)
19A 38 (8.4) 2 (5.3) 8 (21.1)
14 33 (7.3) 4 (12.1) 3 (9.1)
4 33 (7.3) 1 (3) 9 (27.3)
8 32 (7.1) 3 (9.4) 7 (21.9)
22F 20 (4.4) 3 (15) 5 (25)
9 V 10 (2.2) 1 (10) 0 (0)
Others 81 (18) 6 (7.4) 18 (22.5)

PCV7: serotypes 4, 6B, 9 V, 14, 18C, 19F, and 23F; PCV13-7: serotypes included in PCV13
14, 18C, 19A, 19F, and 23F; Non-PCV13: other serotypes not included in PCV13.

* Statistically significant differences with serotype 1 are indicated. The chi-square tes
serotype 1. The Bonferroni correction for multiple comparison was applied, considering
(9.1%) and in those with comorbidities (10.5%). Within these sub-
groups we also observed a significant decrease in mortality. In
the group of patients �65 years, mortality decreased significantly
from 12% in the period 2001–2005 to 1.3% in the period 2011–
2014 (trend test p = 0.0348). A similar trend was observed in the
group with comorbidities, with a decrease from 13.1% in the first
period to 3.7% in the last, although it didn’t reach statistical signif-
icance (trend test p = 0.0850)

The overall rates of complications were as follows: 25.3% of
patients needed ICU admission, 14.8% developed septic shock,
10.6% needed mechanical ventilation and 16% developed metap-
neumonic effusion. Table 2 details the distribution of complica-
tions across the serotypes. Serotype 1 was not responsible for
any deaths, but was the most closely associated with pleural effu-
sion (Table 2). We found statistically significant differences in sep-
tic shock and mechanical ventilation of serotype 3 (30.2% and 25%,
respectively) in relation to serotype 1 (0% and 2.9%, respectively).
The percentage of septic shock was also significantly higher in
patients with serotype 22F when compared with serotype 1 (25%
2006–2010 a (N = 134) 2011–2014 a (N = 123) p

85 (63.4) 79 (64.2) 0.434
60.8 (20.2) 62.3 (17.5) 0.108
6 (4.5) 1 (0.8) 0.207
38 (29.5) 43 (35.3) 0.496
18 (14.5) 10 (8.3) 0.295
7 (6.1) 11 (13.3)a 0.0003
44 (37.9)a 20 (24.1) 0.002

0.008
85 (63.9)a 68 (55.7)
32 (24.1)a 31 (25.4)
16 (12) 23 (18.9)
66 (49.3) 61 (49.6) 0.546
116 (86.6)a 96 (80.0)a <0.0001

10.2 (17.5) 9.4 (16.7) 0.343
5 (3–9) 5 (4–10) 0.343
10 (7.5) 3 (2.5)a 0.016
20 (16.3) 22 (17.9) 0.764
15 (11.2) 10 (8.1) 0.560
29 (21.6) 17 (13.8) 0.101
34 (25.6) 37 (30.1) 0.287
4 (3.7) 2 (1.7) 0.606

e (PPSV23) (p < 0.0001), Appropriate antibiotic (SEPAR) (p < 0.0001), and 30-day

correction for multiple comparisons, considering a p-value significant at p < 0.0166.

it admission Septic shock Mechanical ventilation Pleural effusion

67 (14.8) 48 (10.6) 72 (16)
0 (0) 1 (2.9) 10 (29.4)
29 (30.2)* 26 (25)* 18 (17.3)
8 (13.6) 4 (6.1) 11 (16.7)
4 (10.8) 3 (7.9) 9 (23.7)
3 (9.7) 2 (6.1) 5 (15.2)
6 (18.8) 3 (9.1) 8 (24.2)
4 (15.4) 2 (6.3) 5 (15.6)
5 (25)* 3 (15) 0 (0)
0 (0) 0 (0) 1 (10)
6 (11) 4 (4.9) 5 (6.2)*

but not PCV7, i.e., 1, 3, 5, 6A, 7F, and 19A; PCV13: serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9 V,

t or Fisher’s exact test comparing clinical outcomes in each serotype in relation to
a p-value significant at p < 0.0056.
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vs. 0%, respectively). These differences remained statistically sig-
nificant in the multivariate analyses after adjusting for age, sex,
comorbidities and pneumococcal vaccine status. Besides, after
adjustments, we also found significant differences in intensive care
unit admission in serotype 3 in relation to serotype 1 (OR = 5.3;
95% confidence interval = 1.8–15.8; p = 0.0030) .
3.2. Distribution of serotypes

The distribution of serotypes was similar in the two hospitals
(p > 0.5854) in the study periods (Table1S supplement, on line).
Overall, of 451 BPP cases 318 (70.5%) were caused due to PCV13
serotypes.

Fig. 1 shows a significant decrease in the percentage of cases of
the serotypes included in the initial PCV7 vaccine from period 1–3
(trend test p = 0.0166), and a significant increase in the six sero-
types that were added to form PCV13 (trend test p = 0.0003). More
specifically, regarding PCV13-7, there was a significant difference
(p = 0.0011) between the first period (41.8%) and the second period
(61.8%) but not between the second and third periods (56% and
61.8% respectively). A non-significant decrease was observed in
non-PCV 13 serotypes. The most prevalent serotypes were 3
(23.1%), 7F (14.6%), 19A (8.4%), and 1 (7.5%).

After the introduction of the PCV13 vaccine in 2010, among the
six extra serotypes (PCV13-7), serotypes 1 and 5 showed a non-
significant decrease over this period, serotypes 3, and 19A showed
a non significant increase, while the presence of the 7F serotype
was the only one that increased significantly (Fig. 2).

With respect to serotype replacement, we did not identify a sig-
nificant increase in cases caused by non-PCV13 serotypes. Among
the most frequent non-PCV13 serotypes, serotype 22F showed a
non-significant increase since the introduction of the PCV13 vac-
cine, while serotype 8 decreased in 2006–2010, but remained
stable in the following period (2011–2014)), with a significant
trend (p = 0.0146) (Fig. 3).

Figs. 4a and b shows the distribution of serotypes by health sta-
tus and age. The most prevalent serotypes in patients with comor-
bidities and those �65 years of age were included in PCV13,
accounting for as many as 71.2% of cases (173/243). Significant
Fig. 1. Evolution of vaccine (PCV7 and PCV13-7) and non-vaccine (non-PCV13) seroty
serotypes 1, 3, 5, 6A, 7F, and 19A; Non-PCV13: other serotypes, not included in PCV13. T
three periods of time by means of the Chi-square test. abc Superscript letters indicated s
comparisons, considering a p-value significant at p < 0.0166. Cochran-Armitage trend test
not for Non-PCV13 (p = 0.0589).
changes were observed in the distribution of serotypes in the
two subgroups: in patients with comorbidities for PCV7 (trend test
p = 0.0010) and PCV13-7 (trend test p = 0.0011) and in those
�65 years of age, with a significant decrease for PCV 7 (trend test
p = 0.0052), and with a significant increase in the six serotypes that
were added in PCV13 (trend test p = 0.0006).

4. Discussion

The most notable findings of the study were: (i) the serotypes
included in PCV13 were responsible for 70.5% of BPP in adults;
(ii) there was a decrease trend for the serotypes included in
PCV7 and a increasing trend in some of the six additional serotypes
in PCV13; (iii) the most prevalent serotypes were: 3, 7F, 19A and 1;
and (iv) in the last 4 years, even after the introduction of the PCV13
infant vaccine, the most prevalent serotypes in BPP in adults were
still found among those included in PCV13, with no replacement
effect seen by non-PCV13 serotypes.

4.1. PCV7 serotype decrease vs PCV13 serotype increase

Following the effect found after the implementation of the PCV7
vaccine in 2001 in both the USA and Europe [15], a parallel
decrease in the six additional serotypes included in PCV13 would
be expected after the introduction of the PCV13 vaccine in 2010.
The reduction in these six serotypes, has indeed been observed
in countries with high immunization coverage, such as England,
Wales and the USA (immunization rates above 90%) [16,17].

Our data do not follow this trend. They suggest that the indirect
effect of childhood immunization programs, when vaccination cov-
erage is lower than in the aforementioned countries, may have
reduced disease among adults due to PCV7 serotypes but not elim-
inated them. While we saw an increase in BPP due to additional
serotypes in PCV13 from 2001 to 2005 period to 2006–2010, there
was no decline in the post-PCV13 2011–2014 period.

Further, the herd protection effects post-PCV13 seem to be less
pronounced than the equivalent effects post-PCV7. This pattern
has also been found in the work of Galanis et al. [18] in an elderly
population. In an Italian study, conducted in a large population of
pes by time period. PCV7: serotypes 4, 6B, 9 V, 14, 18C, 19F, and 23F; PCV13-7:
he p values measures the homogeneity of the distribution of serotypes between the
ignificant differences between the periods using Bonferroni correction for multiple
resulted statistically significant for PCV7 (p = 0.0166) and PCV13-7 (p = 0.0003), but



Fig. 3. Changes in the number of cases of the most prevalent serotypes over the study period. The p values measures the homogeneity of the distribution of serotypes
between the three periods of time by means of the Chi-square test. abc Superscript letters indicated significant differences between the periods using Bonferroni correction for
multiple comparisons, considering a p-value significant at p < 0.0166. Cochran-Armitage trend test resulted statistically significant for serotypes 4 (p = 0.0313), 7/7F
(p < 0.0001) and 8 (p = 0.0146).

Fig. 2. Evolution of the six extra serotypes added to PCV13, overall and before and after introduction of PCV13. The p values measures the homogeneity of the distribution of
serotypes between the two periods of time by means of the Chi-square test or Fisher’s exact test.
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adults where there was high coverage of infant pneumococcal vac-
cination, it was also found that serotypes 1, 3, 7F and 19A caused
most cases of BPP in adults [19]. So far, it remains questionable
whether herd protection effects apply uniformly to all serotypes
beyond PCV7, as has been described for serotype 3 [16,17].
4.2. Frequency of serotypes

The most frequent serotypes found in Europe are, 1, 3, 7F, 14
and 19A [20]. Our results corroborate these data, with 3, 7F, 19A,
1 and 14 (all included in PCV13) being the most frequent. In Spain,



Fig. 4a. Evolution of serotypes in each period by subgroup: patients who were otherwise healthy, those with risk factors and those with comorbidities. PCV7: serotypes 4, 6B,
9 V, 14, 18C, 19F, and 23F; PCV13-7: serotypes 1, 3, 5, 6A, 7F, and 19A; Non-PCV13: other serotypes, not included in PCV13. Risk factor: Smoker and alcohol user;
Comorbidities: chronic obstructive pulmonary disease, diabetes, heart failure, chronic liver disease, cancer, renal failure, or stroke. The p values measures the homogeneity of
the distribution of serotypes between the three periods of time by means of the Chi-square test or Fisher’s exact test. abc Superscript letters indicated significant differences
between the periods using Bonferroni correction for multiple comparisons, considering a p-value significant at p < 0.0166. Cochran-Armitage trend test resulted statistically
significant for PCV13-7 (p = 0.0445) and non-PCV13 (p = 0.0311) in healthy adults; and for PCV7 (p = 0.0010) and PCV13-7 (p = 0.0011) among adults with comorbidities.
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data obtained from the multicenter ODIN study indicate that
PCV13 serotypes were responsible for 63% of the invasive
forms of disease in immunocompetent adults and 45% in
immunocompromised patients [21]. The most frequently identified
serotypes were 3 (11.2%), 19A (8.9%) and 7F (8.3%). In addition,
the work of Ardanuy et al. [22] on episodes of invasive pneumococ-
cal disease with patients �65 years found that PCV13 serotypes
(19 A, 3, 7F, 14, 1) were the most prevalent, causing 59.3% of
episodes.

Our distribution of serotypes did not vary significantly in sub-
groups of patients with associated risk factors, comorbidity, or
advanced age, even though increased age and comorbidity are rec-
ognized risk factors for invasive pneumococcal disease and these
at-risk groups are targets for disease prevention [23,24]. Recently,
a document endorsed by 18 scientific societies was published in
Spain, with recommendations on pneumococcal vaccination in
adults with underlying pathologies and conditions, among which
the age-related recommendations stood out [25]. In contrast, one
interesting finding in our study is that in patients with no underly-
ing conditions, the proportion of BPP due to PCV13 serotypes was
72.2% overall and 86.8% in the post-PCV13 period 2010–2014. The
potential of preventing cases of pneumonia among healthy adults
should also be considered by vaccine policy makers when dis-
cussing adult PCV13 recommendations.

Serotype 3 was the most frequent and the one most associated
with complications during hospitalization. Among all BPP cases
serotype 1 had caused no deaths and was the serotype most asso-
ciated with metapneumonic pleural effusion. These patterns have
also been observed in previous studies [26,27]. Considering the
variables for which we had data, the observed decrease in mortal-
ity was related to an increase in the use of the appropriate antibi-
otics, vaccination with PPSV23 among adults with BPP, and the
conjugated vaccination in children during the period of study [28].

In our study area, current data suggest that serotypes 3, 7F and
19A have not been affected by the administration of PCV13 in
childhood and remain the most common serotypes found among
adults with BPP. As a comparison, in the CAPITA study [29], a dou-
ble blind, placebo-controlled trial in patients over 65 years old, in
which participants were randomized to receive either a single dose
of PCV13 or a placebo, it was demonstrated that the highest effi-
cacy for PCV13 was found against the following three serotypes:
3, 7 and 19A [30].



Fig. 4b. Distribution of serotypes in each period by age group. PCV7: serotypes 4, 6B, 9 V, 14, 18C, 19F, and 23F; PCV13-7: serotypes 1, 3, 5, 6A, 7F, and 19A; Non-PCV13: other
serotypes, not included in PCV13. The p values measures the homogeneity of the distribution of serotypes between the three periods of time by means of the Chi-square test
or Fisher’s exact test. abc Superscript letters indicated significant differences between the periods using Bonferroni correction for multiple comparisons, considering a p-value
significant at p < 0.0166. Cochran-Armitage trend test resulted statistically significant for PCV7 (p = 0.0052) and PCV13-7 (p = 0.0006) among patients �65 years.
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4.3. Lack of replacement effect

We do not yet know the scale of the serotype replacement phe-
nomenon in our area after the introduction of PCV13 vaccination in
infants. In a neighboring region, after the introduction of PCV13, no
increase in non-vaccine serotypes has been observed [31].
The authors speculated that PCV13, as the vaccine with the highest
valence (6 serotypes added), has less potential for replacement
than PCV7, and the results may depend on the degree of
invasiveness and the prevalence of non-vaccine serotypes in the
carriers.

Consistent with other studies [19,32], after switching to PCV13,
we have observed no increase in the number of cases caused by
non-PCV13 serotypes (Fig. 1). Serotypes 8 and 22 F were the most
frequent among non-PCV13 serotypes. Serotype 8 showed a signif-
icant decreasing trend from one study period to the next, while
serotype 22F showed an increase, although not significant. The sig-
nificant increase in the proportion of the population covered by
PPSV23 in addition to other changes such as modification of antibi-
otic policy or the natural evolution of pneumococcal populations
may have conditioned these results. Non-vaccine serotypes repre-
sented 29.5% of the total and 23.6% in the period 2011–2014. They
were also correlated with a slightly higher than average mortality
rate and a complication rate similar to that of the most prevalent
serotypes.
Nevertheless, our results only evaluate the early impact, so a
longer-term study is needed to rule out serotype replacement.
Monitoring of the evolution of serotype replacement will be neces-
sary in the coming years, when greater vaccine coverage in chil-
dren can be expected. Since 2015 vaccine coverage among
infants/young children in our region has rapid increased all the
way up to 95% in 2017. [33]

Our study has some limitations. We only included cases of BPP
that had been hospitalized at both Respiratory Services, hence inci-
dence rates could not be calculated. Since PCV13 is not offered for
free under the Spanish public health system, we only have an esti-
mate of the data regarding vaccine coverage in the pediatric popu-
lation [7], with data based on reports from the vaccine
manufacturer, which do not specify whether the patient completed
the vaccination schedule, a major shortcoming. Further, our find-
ings reflect only the early impact of PCV13, but longer term
follow-up is required to assess the full impact of this vaccine.

The study was conducted in a limited geographical area, and
hence, it is not necessarily representative of the situation across
Spain. It is, however, worth noting that this was a prospective
study and based on a cohort from two hospitals covering a large
population, with detailed microbiological information and clinical
follow-up for all patients admitted for BPP.

Our findings show that 14 years after the introduction of child-
hood PCV immunization in our country, mainly with private fund-
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ing and with an estimated uptake of around 61% [7], 70.5% of BPP
in adults is still being caused by PCV13 serotypes. This indicates
that among adults diagnosed with BPP, a significant proportion
continues to be due to vaccine serotypes, and suggests that herd
protection from ‘‘current infant vaccination” levels is not enough
to protect adults. Nevertheless, our results only evaluate the early
indirect effects of PCV13 introduction among children on BPP
among adults. Future long-term studies will help determine if
greater declines in vaccine-type BPP will be seen with higher infant
vaccine coverage levels, and also the presence and magnitude of
serotype replacement.

Author contributions

PPE, AU, LAR, RZ, and JMQ contributed to the study design. PPE,
AU AA, LS, APM, RA, and AB conducted the study and contributed to
the interpretation of data and PPE, JMQ, AB, RZ to data analysis.
PPE, AU, RZ, LAR, and JMQ prepared the manuscript and critically
revised the content. All authors approved the version submitted
for publication.

Declaration of Competing Interest

Dr. Pedro P. España and Dr. Ane Uranga report a grant to their
Institution by Pfizer SLU, Madrid, Spain for another investigation.
The sponsor had no role in this study. The remaining authors have
no conflicts of interest to declare.

Acknowledgements

We would like to thank the translation and editorial assistance
provided by Ideas Need Communicating Language Services,
through the translation and edition service of the Basque Founda-
tion for Health Innovation and Research (BIOEF).

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2019.05.052.

References

[1] Welte T, Torres A, Nathwani D. Clinical and economic burden of community-
acquired pneumonia among adults in Europe. Thorax 2012;67(1):71–9. Jan.

[2] Said MA, Johnson HL, Nonyane BA, Deloria-Knoll M, O’Brien KL; AGEDD Adult
Pneumococcal Burden Study Team, Andreo F, Beovic B, Blanco S, Boersma WG,
Boulware DR, Butler JC, Carratalà J, Chang FY, Charles PG, Diaz AA, Domínguez
J, Ehara N, Endeman H, Falcó V, Falguera M, Fukushima K, Garcia-Vidal C,
Genne D, Guchev IA, Gutierrez F, Hernes SS, Hoepelman AI, Hohenthal U,
Johansson N, Kolek V, Kozlov RS, Lauderdale TL, Mareković I, Masiá M, Matta
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