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Abstract In the last two decades, an increasing trend in the
incidence of pneumococcal disease in Europe has been
reported. We investigated the effect of the use of the
heptavalent pneumococcal conjugate vaccine (PCV7) in an
area of northern Spain, where all recorded cases of invasive
pneumococcal diseases (IPD) were included (n=450; 91
between 1996-2007 in children aged <5 years and 359
between 1998-2007 in adults aged >64 years). All isolates
were serotyped. In children, the overall IPD incidence did
not significantly decrease after the introduction, in late
2001, of PCV7. However, the incidence of PCV7 serotypes
significantly decreased by 137.2% from 31.59 cases/
100,000 population in 1996-2001 to 13.42 in 2002-2007
(95% confidence interval [CI] —27.2 to —342.4%), as did
the overall rates of penicillin resistance (from 45.6 to
18.6%) and multiresistance (from 30.3 to 11%). In older
adults, the overall IPD incidence showed a non-significant
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increase due to non-PCV7 serotypes, which seemed to
continue a previous trend in our region.

Introduction

Pneumococcal diseases are the first cause of death
attributable to a vaccine-preventable disease worldwide
[1, 2]. At present, two types of pneumococcal vaccines are
used, each with a different number of capsular serotypes:
the 23-valent pneumococcal polysaccharide vaccine
(PPV23) and the newer heptavalent pneumococcal conju-
gate vaccine (PCV7). PPV23 is poorly active and is not
recommended for routine vaccination in young children
[3, 4]. The PCV7 has been shown to confer protection and
to decrease the incidence of invasive pneumococcal disease
(IPD) in young children, due to the serotypes included in
this vaccine (serotypes 4, 6B, 9V, 14, 18C, 19F and 23F),
as well as to decrease the rates of antibiotic-resistant
invasive pneumococcal infections [5, 6].

In Europe, the use of PCV7 has been infrequent, with
most countries having introduced this vaccine in 2005 and
2006 [7]. Consequently, few studies on the effect of PCV7
have been performed. This vaccine was introduced for the
vaccination of young children in Spain in late 2001.
Although PCV7 has not been included in the Basque
Health System vaccination calendar (it is not subsidised),
estimates indicate that approximately 50% of children aged
<2 years in our autonomous community (Basque Country,
Northern Spain) have been vaccinated [8]. PPV23 was
introduced in the vaccination calendar in our region for
people over 64 years of age in June 2007.

The incidence of IPD in the previous 12 years (1996—
2007) in children aged <5 years and in the last 10 years
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(1998-2007) in adults aged >64 years in a specific region
of northern Spain was studied. This study was performed in
a region that provided population-based data and where the
main changes produced in the diagnostic procedures could
be controlled.

The aim of this study was to gain a greater understand-
ing of the benefits and limitations of PCV7 use in a region
of Europe. The association between temporal trends in IPD
and changes in the prevalence of Streptococcus pneumo-
niae serotypes and PCV7 use were analysed.

Materials and methods
Population data and study periods

This study was performed in a region that included the
areas of San Sebastidn, Tolosa and most of the villages
belonging to the area of the Urola Coast, all of which are in
the province of Gipuzkoa, Basque Country, northern Spain.
All registered cases of IPD in people living in these areas
were included in this study.

The study was performed in children aged <5 years and
in adults aged >64 years. To calculate the incidence rates of
IPD by age groups, official data from the population living
in the study areas (Eustat, Basque Institute office; http://
www.eustat.es) were used. Census data were available for
1996, 2001 and 2006, while values estimated from a
standard curve determined by linear regression were used
for the remaining years.

The study was divided into two distinct periods. In
children, the study period was 12 years, divided into two 6-
year periods; a pre-vaccination period from 1996 to 2001,
before the introduction of PCV7, and a post-vaccination
period, from 2002 to 2007. In adults, the study period was
10 years; the pre-vaccination period was from 1998 to 2001
and the post-vaccination period was the same as that in
children. Data on IPD from 1996 and 1997 from adults
were excluded from the analysis due to differences in the
diagnostic methods used in 1996 and 1997 compared with
those in the following years.

Blood culture practice

Hospital Donostia is a 1,100-bed hospital, including a
maternity unit, and is the referral hospital for the entire
province. The hospital has 76 paediatric (<14 years old)
beds and attends an annual mean of approximately 29,500
paediatric emergencies and approximately 4,000 deliveries.
The hospital belongs to the public health system, which
attends more than 97% of paediatric hospitalisations in
Gipuzkoa. Although non-apparent changes were produced
in the demand for diagnostic procedures, to coarsely
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estimate possible changes, the annual number of blood
cultures collected from children and adults at the hospital
was measured. Specific ages were available from 79 and
81% of the paediatric and adult patients with blood
cultures, respectively. The unknown ages of the remaining
21 and 19% patients with blood cultures were then
extrapolated and distributed accordingly into each age

group.
Definition of IPD case

During the study periods, all children aged <5 years or
adults aged >64 years living in the study areas diagnosed
with pneumonia, meningitis, peritonitis or arthritis with an
S. pneumoniae isolate from a sterile site (blood, cerebro-
spinal fluid [CSF], pleural, joint or peritoneal effusion)
were considered to be eligible for inclusion. Patients with a
S. pneumoniae isolated exclusively from a blood culture
collected at the paediatric emergency department without
signs of invasive disease, hospital admission or antibiotic
treatment were not included.

Isolates

S. pneumoniae isolates were identified to the species level
by their colony morphology, optochin sensitivity and bile
solubility tests. Isolates were serogrouped and serotyped by
the Quellung reaction using antisera (Statens Serum Institut,
Copenhagen, Denmark) and/or by a multiplex polymerase
chain reaction (PCR) using previously described primers
and conditions [9]. Isolates were grouped as PCV7
serotypes if they pertained to the serotypes included in
PCV7 and as non-PCV7 serotypes if they were of any other
serotype.

Pulsed-field gel electrophoresis (PFGE) and multilocus
sequence typing (MLST) were performed on isolates of
selected serotypes according to previously described proto-
cols [10] in order to study their clonality.

Antimicrobial susceptibility

Antibiotic susceptibility was determined by the broth
microdilution method and interpreted according to proce-
dures and breakpoints reported by the Clinical and
Laboratory Standards Institute [11]. Multiresistance was
considered if an isolate showed resistance to penicillin
(minimum inhibitory concentration [MIC] >0.12 pg/ml)
and any two of the following antibiotics: cefotaxime
MIC >2 pg/ml), erythromycin (MIC >1 ug/ml), clinda-
mycin (MIC >1 ug/ml), tetracycline (MIC >8 pg/ml),
trimethoprim—sulfamethoxazole (MIC >4/76 pg/ml),
chloramphenicol (MIC >8 pg/ml) and ciprofloxacin
MIC >4 pg/ml).
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Statistical analysis

The chi-square test was used to compare qualitative
variables with application of Yates’ or Fisher’s corrections
(two-tailed) when required. Spearman’s rank correlation (7)
was used to determine the strength of association or
correlation between pairs of variables (IPD and diagnostic
blood culture demand; IPD and population etc.) An r=1
represents 100% correlation of ranking between two
variables, an »=0 represents no correlation and a negative
correlation coefficient represents an inverse correlation.
Statistical significance was determined with 95% confi-
dence intervals (CI). Changes in incidence rates between
the pre- and post-vaccination periods were assessed by
calculating relative risks (RRs), reported as percentage
changes in disease rates (percentage change in IPD = [1 —
RR] x 100). A P-value of <0.05 was considered to be
significant.

Results

A total of 450 IPD cases were included in this study
(Tables 1 and 2), 91 for the period 19962007 in children
aged <5 years [annual mean: 7.6 (95% CI: 6.0-9.2)] and
359 for the period 1998-2007 in adults aged >64 years
[annual mean: 35.9 (95% CI: 31.7-40.1)].

Throughout the study period, the overall population of
the region increased, especially the population of interest in
this study. Based on the census for 1996, 2001 and 2006,
the population aged <5 years grew from 13,622 to 17,128
and to 19,509 inhabitants, respectively, and that aged
>64 years from 59,487 to 65,674 and to 70,684 inhabitants,
respectively.

Invasive pneumococcal disease in children aged <5 years

During the 12 years of the study, S. pneumoniae caused 91
episodes of IPD in children <§ years, being isolated in
blood on 79 occasions, in CSF in nine and one each in
pleural fluid, peritoneal fluid (spontaneous peritonitis) and
knee joint fluid. In children, pneumonia with bacteraemia
was the most common manifestation of IPD (44/91,
48.4%), followed by bacteraemia without focus (33/91,
36.3%) and meningitis (11/91, 12.1%). No differences in
the percentages of clinical presentations were found
between both periods. Only one child died from meningitis
caused by serotype 19A in the post-vaccination period. Of
the 91 episodes, 46 episodes (50.5%) occurred in the pre-
vaccination period (1996-2001; annual mean 7.7, 95% CI:
6.2-9.1) and the remaining 45 cases (49.5%) in the post-
vaccination period (2002-2007; annual mean 7.5, 95% CI:
3.9-11.1). All 91 cases were serotyped. PCV7 serotypes

caused 48.4% of IPD episodes, most of which occurred in
the pre-vaccination period (29/44, 65.9%). Non-PCV7
serotypes were more frequent in the post-vaccination period
(30/47; 63.8%).

Throughout the study period, the number of children
<5 years of age living in the districts studied and the
number of blood cultures performed increased (Table 1),
with both increases showing a statistically significant
correlation (r=0.9161, 95% CI: 0.7120-0.9774, P<
0.0001). Between 1996 and 2007, no significant correla-
tion was observed between the overall number of IPD
episodes and the number of blood cultures drawn or the
population size. No correlation was observed either with
the number of IPD episodes caused by PCV7 or by non-
PCV7 serotypes.

The annual incidence rates of IPD for the pre- and post-
vaccination periods showed a non-significant decrease from
49.95 to 39.55 per 100,000 population (Table 3). When the
two periods were compared, the decrease from 31.59 to
13.42 per 100,000 population in the annual incidence of
IPD caused by PCV7 serotypes was statistically significant.
In contrast, no statistically significant differences were
observed in the incidence of IPD caused by non-PCV7
serotypes between the same two periods.

The most prevalent serotypes were the non-PCV7
serotypes 19A (n=15) and 1 (n=12) and the PCV7
serotypes 6B (n=11) and 14 (n=11). Serotypes 1 and 19A
represented 29.7% of all episodes, while serotypes 6B and
14 represented an extra 24.2%. Except for serotype 1,
which was isolated on three occasions in the pre-vaccina-
tion period and on nine in the post-vaccination period,
serotypes 19A, 6B and 14 were isolated less frequently in
the post-vaccination period. No association was observed
between 19A isolates (12 different PFGE patterns were
found), while 8 of the 12 isolates of serotype 1 had the
same PFGE pattern and belonged to ST306.

Of the 45 children with IPD in the post-vaccination
period, 18 had received at least one dose of PCV7 prior to
infection. PCV7 serotypes infected 1/18 (5.6%) vaccinated
and 14/27 (51.9%) non-vaccinated children (P=0.0013).
The episode due to a PCV7 serotype was an arthritis caused
by serotype 19F in a 17-month boy who had received two
doses of PCV7.

The other serotypes found in vaccinated children were
serotype 1 (n=7), 19A (n=3), 7F (n=2), 5 (n=1), 10 (n=1),
15 (n=1), 22 (n=1) and 24 (n=1).

Penicillin resistance decreased during the post-vaccina-
tion period (Tables 1 and 3). Penicillin resistance (25/44,
56.8%) and multiresistance (15/44, 34.1%) were associated
with PCV7 serotypes versus non-PCV7 serotypes (5/47,
10.6 and 4/47, 8.5%, respectively); P<0.005 for both.
Cefotaxime resistance (MIC >2 pg/ml) was only observed
in PCV7 serotypes.
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age, respectively. The serotype 11 and 14 of the 18 isolates
causing IPD in children who had received at least one
PCV7 dose before infection were represented in the PCV10
and PCV13 vaccines, respectively.

Discussion

After 2001, the incidence of IPD caused by PCV7
serotypes in children <5 years of age sharply decreased,
as did the percentages of penicillin resistance and multi-
resistance in the strains causing these IPD cases. Neverthe-
less, the overall incidence of IPD in children aged <5 years
showed only a non-significant reduction of —10.4 (95% CI:
—26.57-5.76). According to the published data, in the last
decade, the incidence of pneumococcal disease in European
countries has increased [12—17]. If these reports are an
accurate reflection of reality, whether due to a true increase
in disease occurrence or as a result of an improvement in
surveillance methodology in the last few years [16], the
effect of PCV7 may not have been as obvious as in other
places where these circumstances have not occurred. In the
USA, the introduction of the PCV7 vaccine has been
accompanied by a striking decrease in the incidence of IPD
[5, 18]. In contrast, most of the few studies performed in
Europe have found no significant differences between the
pre- and post-vaccination periods. In Portugal [15], France
[19] and in several studies from Spain, the changes in the
incidence of IPD were not significant [20—-22] or were very
slight [17]; a recent study even showed increases in the
incidence of IPD after the introduction of PCV7 [23]. In the
present study, all isolates were available for serotyping, and
despite the yearly population increase, a high IPD incidence
rate was found in comparison with the rates described in
similar areas [7, 20, 23].

The reported incidence of IPD and its interpretation may
have been influenced by methodological issues. Changes in
the size of the population studied, as well as modifications
in medical practice, especially in the practice of drawing
blood cultures, are highly important [24].

The overall population in our region rose yearly and this
increase was more noticeable in the population of interest
(small children and older adults), the age groups most
susceptible to pneumococcal infection.

The non-significant increase in the incidence of IPD in
children caused by non-PCV7 serotypes found in this study
could not be explained by more frequent blood culturing,
since, throughout the study period, the number of children
living in the districts studied and the number of blood
cultures performed increased in a similar fashion. The trend
of non-PCV7 IPD in the last few years in our region will
continue or even increase as the spread of specific epidemic
clones not covered by PCV7 increases.

The epidemiology of pneumococcal infection is com-
plex, and the reason why a certain clone disappears from a
region or spreads epidemically is not well known. The non-
significant increase in the rate of IPD in children caused by
non-PCV7 between 1996-2001 and 2002-2007 was partly
due to serotypes 1 and 19A. As in this study, the rest of
Europe and North America, serotype 1 has been associated
with ST306 and its related sequence types [22, 25-28] and
can, therefore, be considered as a clone whose current
behaviour is nearly pandemic. Serotype 19A isolates in this
study belonged to 12 different clones (different PFGE
patterns), indicating polyclonal spread of this serotype.
Infections caused by serotypes 1 and 19A were increasing
in Europe before the introduction of PCV7 [16, 27-30].

Apart from preventing IPD, PCV7 affects both pneumo-
coccal carriage and the transmission of PCV7 serotypes
[31], and some authors have indicated the beneficial effect
that the use of PCV7 in children may have in adults [31, 32].
The higher the vaccine coverage and the longer the
vaccination programme has been implemented, the higher
the herd effect or protection among the non-vaccinated
population. A vaccine coverage of about 50% in the
population aged <5 years would be unlikely to significantly
change the trend of pneumococcal infection in older people
in such a short space of time, prompting us to speculate that
our findings in older people, including the decrease in
multiresistant isolates, was mainly a consequence of the
natural evolution of pneumococcal infection in our region.

In conclusion, our findings in older adults seem to
reproduce the overall trends of pneumococcal infection in
the last few years in our region. In contrast, in children,
despite modest PCV7 coverage, both antimicrobial resistance
and the incidence of IPD caused by vaccine serotypes
decreased. The beneficial effect of PCV7 was probably
greater than that which would have been estimated by
comparing the overall IPD incidences between pre- and
post-vaccination periods and could be increased by using new
PCVs that cover more serotypes when they become available.
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