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ABSTRACT

Background.

The introduction of pneumococcal conjugate vaccine in children has changed the pattern of
pneumococcal serotypes causing invasive pneumococcal disease (IPD). The aim of this study
was to analyze the differences in clinical presentation and outcome between the pre and

postvaccine era in adults with IPD.

Methods.
An observational study of all adults hospitalized with IPD in a university hospital, from 1997 to
2001 (prevaccine period), and from 2006 to 2009 (postvaccine period). Incidence rates,

serotype distribution and clinical data were compared between both periods.

Results.

A total of 688 episodes of IPD were observed. In the postvaccine period IPD caused by vaccine
serotypes decreased significantly (-54%; 95%Cl, -66% to -38%) while IPD caused by non-vaccine
serotypes increased (200%; 95%Cl, 105% to 338%). Among patients aged 18-50 years, the
incidence of IPD and empyema increased significantly (from 9.9 to 17.1 cases per 100,000
population-year and from 0.8 to 2.3 per 100,000 population-year respectively). The IPD in
postvaccine period was associated to higher rates of septic shock (16.4% vs. 29.3%, p<.001),
greater ICU admission (16.9% vs. 23.5%, p=.039) and, among patients aged 50-65 years, a
higher score in the pneumonia severity index (score IV-V: 54.2% vs. 77.3%, p=.008). The overall

case-fatality rate among patients aged 50-65 years increased from 11% to 24.1% (p=.023).

Conclusions. Our findings indicate that the emergence of new serotypes seems to be
associated with increases of IPD incidence, especially in younger adults, and with clinical

changes to a more severe illness.



INTRODUCTION

After the implementation of the 7-valent pneumococcal conjugate vaccine (PCV7) in USA
significant declines in invasive pneumococcal disease (IPD) were reported in young children [1-
4]. Moreover, decreased rates of IPD were also observed in groups of unvaccinated
population, especially in adults, suggesting that PCV7 has both direct and indirect protective
effects in vaccinated and unvaccinated people [3-5]. This protective effect in unvaccinated
individuals is likely due to a reduction in transmission of vaccine-type pneumococci as a result
of the reduction in carriage in the vaccinated pediatric population [6,7].

Simultaneously, increases in the incidence of IPD caused by non-PCV7 serotypes, both in
children and adults, were observed [8-10]. The question is whether shifts in serotype
distribution of IPD may be accompanied by changes in disease severity. In fact, high rates of
empyema in children with pneumococcal pneumonia associated to the non-PCV7 serotypes 1
and 3, have been observed [11, 12].

PCV7 was introduced in Spain in June 2001 and, although it was not included in the routine
pediatric vaccination schedule except for children at high risk, it has been extensively used in
the private medicine for children aged < 2 years. In 2006 it was estimated that about 50% of
children had been vaccinated [13]. In Spain, as in other geographic areas, the emergence of
IPD caused by non-PCV7 serotypes after PCV7 introduction has also been described [10,14,15].
To our knowledge there are scarce data about the clinical impact of the emergence of IPD
caused by non-PCV7 serotypes in adults after the introduction of the PCV7. The aim of our
study was to analyze the differences in the disease characteristics, complications and clinical

outcome between the pre and post PCV7 era in hospitalized patients with IPD.



PATIENTS AND METHODS

Study population and setting.

We performed an observational study of all adults hospitalized with IPD from January 1997 to
December 2001, and from January 2006 to December 2009 in the University Hospital Vall
d’Hebron, a 1200-bed terciary care teaching hospital in Barcelona that serves an estimated
population of 500000 people. Patients were classified in two groups according to the
introduction of PCV7 in our area: prevaccine period (1997-2001) and postvaccine period

(2006-2009). The study was approved by the Commission of Medical Ethics of our institution.

Study variables and data collection.

The patients’ records from 1997 to 1999 were reviewed retrospectively, and from 2000
onwards all data were collected prospectively. From each patient the following variables
were recorded: (1) sociodemographic data; (2) underlying diseases; (3) immunosuppressive
conditions; (4) clinical syndrome (pneumonia, meningitis, peritonitis, arthritis, endocarditis and
primary bacteremia); (5) severity of the illness at presentation (septic shock, Pneumonia
Severity Index (PSl) at the moment of admission to the Emergency Department); (6)
microbiological data (serotype and antibiotic resistance pattern of the Streptococcus
pneumoniae causal strain); (7) antimicrobial therapy and (8) variables related to clinical
outcome (mortality, intensive care unit (ICU) admission, orotracheal intubation requirement,

suppurative lung complications and length of hospital stay).

Definitions

IPD was defined as isolation of S. pneumoniae from a normally sterile site. Pneumococcal
meningitis was considered when the patient had a positive CSF culture or a clinical diagnosis of
meningitis in combination with a positive blood culture. Invasive pneumococcal pneumonia
was diagnosed when a patient had consistent clinical findings plus a new pulmonary infiltrate
on chest radiography and isolation of S. pneumoniae in blood and/or pleural fluid culture. If no
clinical focus could be identified, it was recorded as bacteremia without focus.

Comorbid condition includes any of the following: chronic heart disease, chronic lung disease,
cerebrovascular disease, cirrhosis, diabetes, chronic renal insufficiency or need for dialysis. An
immunosuppressive condition was considered when any of the following was present: HIV
infection, hematologic cancer, solid cancer, solid organ or bone marrow transplantation,
immunoglobulin deficiency, splenectomy or current immunosuppressive therapy.

Septic shock was considered when vasoactive drugs were necessary to obtain appropriate

arterial pressure values. Empyema was defined as loculated pleural effusion, positive results of



Gram staining or culture of the pleural fluid, purulent pleural fluid with a pH < 7.2 or a glucose

level < 40mg/dI [16].

Microbiological procedures

S. pneumonia strains were identified by Gram staining, optoquin susceptibility, bile solubility
testing and latex agglutination testing. Amtimicrobial susceptibility was tested using the
microdilution method, in accordance with Clinical and Laboratory Standards Institute
procedures (CLSI). Serotypes were performed by capsular swelling reaction using commercial
serogrup and serotype-specific antisera, using the quellung reaction at the Spanish Reference
Laboratory (Instituto Carlos Ill, Madrid, Spain). Serotypes were classified in two groups: PCV7
serotypes were those that matched serotypes included in the vaccine (serotypes 4, 6B, 9V, 14,

18C, 19F, and 23F); and all other serotypes were designated as non-PCV7 serotypes.

Calculation of incidence of IPD

Crude and group age incidence rates were calculated using as the denominator the number of
people, by age group per year, of the reference area of the hospital in accordance with the
public database of the Web de I'Estadistica Oficial de Catalunya and is expressed as cases per
100000 people per year [17]. To compare the incidence rates between pre and postvaccine
periods we used the mean of the yearly incidence during the period. To estimate the incidence
of IPD due to vaccine or nonvaccine serotypes, we assumed that the distribution of serotypes
for cases missing serotype information (15% of cases) was the same as the distribution for

those cases with serotype information.

Statistical analysis

Statistical analyses were performed using the statistical software package SPSS for Windows,
version 15.0.

Differences in means of incidence between prevaccine and postvaccine periods were tested
using Mantel-Haenszel test. Their relative risks were reported as the percent changes ((relative
risk-1) x 100) in rates with their associated 95% Cl.

The X2 test or Fischer’s exact test when appropriate, were used to compare the distribution of
categorical variables and the Student’s T test or the Mann-Whitney U test for continuous
variables. Results were considered statistically significant if the 2-tayled p value was <.05. A
multivariate analysis using a forward stepwise binary logistic regression model was performed

to identify variables independently associated with IPD in postvaccine period. Significant and



nearly significant (P<0.1) variables from univariate analysis were included in the multivariate

analysis.



RESULTS.

Changes in disease burden

During the period of the study 668 episodes of IPD were diagnosed in adults, 345 of them in
the prevaccine period and 323 in the postvaccine period. The overall incidence of IPD did not
change significantly between both periods (19.1 and 20.8 per 100,000 population-year
respectively). However, the incidence of IPD due to PCV7 serotypes decreased significantly in
the postvaccine period (-54%; 95% Cl, -66% to -38%) while the incidence of IPD caused by non-
PCV7 serotypes increased significantly (60%; 95% Cl, 33% to 93%) (Table 1). Non-vaccine
serotypes comprised 55.4% of the isolates in the prevaccine period and 81.2% in the
postvaccine period (p<.001).

Reductions in PCV7 serotypes in the postvaccine era were due mostly to a 77% reduction of
IPD caused by serogrup 6 (from 2 to 0.5 episodes per 100,000 population-year; 95% Cl, -90% to
-49%), and a 51% reduction of infections by serogrup 9 (from 1.4 to 0.7 episodes per 100,000
population-year; 95% Cl, -76% to -0.1%). In non PCV7 serotypes we found a 94 % increase of
IPD caused by serotype 1 (from 1.5 to 2.9 episodes per 100,000 population-year; 95% Cl, 20%
to 213%) and a 250% increase of infections by serogrup 7 (from 0.5 to 1.7 episodes per
100,000 population-year; 95% Cl, 65% to 644%). Although serotype 3 is a non vaccine
serotype, we found a significant decrease in its incidence in the postvaccine period from 2.2 to
1.3 episodes per 100,000 population-year (-42%, 95% Cl, -66% to -0,2%). No changes in other
specific serotypes were observed.

In patients aged 18-50 years, the IPD incidence increased significantly from 9.9 to 17.1 cases
per 100,000 persons-year (71.6%; 95% Cl, 30%-126%), mainly due to an increase in infections
caused by non-PCV7 serotypes (200%; 95% Cl, 105% to 338%). Among people aged > 65 years,
the IPD incidence decreased from 56.3 to 44.3 cases per 100,000 persons-year (-21%, 95% Cl, -
38% to -0.6%) associated to a decreased IPD incidence of infections by PCV7 serotypes (-66%;
95% Cl, -79% to -45%) without significant changes in infections caused by non PCV7 serotypes.
In patients aged 50-65 years there was a significant decrease in infections caused by PCV7
serotypes and a significant increase in infections by non PCV7 serotypes although the overall

incidence of IPD did not change in this age group (Table 1).

Sociodemographic variables and underlying diseases

The main baseline variables are shown in table 2. Comparing the two periods, the mean age of
the patients decreased from 62.7 to 57.7 years (p=.001). Although we did not observe
significant differences in the comorbid conditions between pre and post vaccine periods, the

pattern of underlying diseases varied depending on the age. In younger patients (aged



between 18 and 50 years) we found a significant reduction in the proportion of HIV infections
(53.1% vs. 26.6%, p<.001). In the other hand, patients aged 50-65 years had greater
proportions of chronic medical illness (42.9% vs. 60%, p=.03), and solid cancer (13.1% vs.
36.3%, p=.001) in the postvaccine period. In contrast, no significant differences regarding

underlying diseases were observed in the older patients (aged > 65 years).

Clinical syndromes

The most common clinical presentation of IPD was bacteremic pneumonia which accounted
for 81.2% of all 668 episodes, followed by meningitis for 8.6% and bacteremia without focus
for 6%. The incidence of bacteremic pneumonia increased significantly from 14.7 to 17.4 cases
per 100,000 population-year in the postvaccine period. We did not find significant changes in
the incidence of meningitis and bacteremia without focus in both periods except for a 61%
reduction in primary bacteremia in older population (Table 3).

Overall 11.7% of all patients developed empyema. Both the proportion of patients with
empyema and the incidence of empyema were unchanged in the postvaccine compared to the
prevaccine period. However, when we analyzed patients according to age groups, in those
aged between 18 and 50 years old we found a significant increase (183%; 95% Cl, 17% to
583%) of empyema from 0.8 to 2.3 cases per 100,000 persons-year.

Clinical presentation and outcome

The proportion of patients with IPD who presented with septic shock was significantly higher
(16.4% vs. 29.3%, p<.001) in the postvaccine era and as a consequence the proportion of
patients who required ICU admission was also higher (16.9% vs. 23.5%, p=.039). Although
theses changes tended to occur in all age groups, they specially affected to patients aged 50-
65 years in whom the proportion of them with septic shock increased from 10.8% to 39.2%
(p<.001) and they tended to require ICU admission more frequently (16.9% vs. 29.1%, p=.091)
(Table 4). When we analyzed only the whole group of patients with pneumonia we found
similar findings. Once again the group of patients with 50-65 years had a higher PSI score
(score IV or V: 54.2% vs. 77.3%, p=.008).

The overall case-fatality rate remained unchanged in both periods (18.3% vs. 19.3%). However,
among patients aged 50-65 years we found a significant increase in case-fatality rate, from
11% in the prevaccine period to 24.1% in the postvaccine period (p=.023). Although not

significant, mortality showed a downward trend in younger patients (19.5% vs. 9.4%, p=.057).
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Multivariate analysis showed that patients aged younger than 50 years, septic shock and IPD
caused by non vaccine serotypes were independently associated to IPD in the postvaccine era

(Table 5).
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DISCUSSION

In this study we have observed significant changes not only in the incidence but also in the
clinical presentation and severity of IPD in adults after the implementation of pneumococcal
conjugate vaccine. These clinical changes seem to be caused by a shift in the pattern of

pneumococcal serotypes causing IPD in adults.

In the United States, in the first years after the introduction of pneumococcal conjugate
vaccine the overall incidence of IPD decreased significantly not only in children but also in
adults [1-5]. This beneficial effect on the incidence of IPD in adults persisted in USA 7 years
after the introduction of the vaccine in all age groups [1]. However, in other geographical areas
theses changes in the burden of IPD in adults have not been so evident. In a population-based
surveillance study in Canada, while there was a significant 37% reduction in the incidence of
IPD in adults > 65 years, the incidence in adults aged 16 to 64 years increased by 73% [18]. In
France the pneumococcal conjugate vaccine was introduced in 2003 and by 2006 the incidence
of IPD not only had not decreased but also increased significantly in adults of all age groups
[19]. A similar situation has been observed in Holland and in Spain [10, 15, 20]. In our study the
overall incidence of IPD in adults has remained stable from 1997 to 2009, however we found a
significant increase of IPD incidence in patients aged 18-50 years in the years following PCV

implementation.

Several reasons can be argued to explain the differences in the burden of IPD in adults in
United States and Europe. The first reason may be attributed to the different vaccine coverage
between USA and Europe. While 93% of children had been vaccinated in 2006 in USA, the
estimated coverage was 60% in France and about 50% in Spain by the same period [1, 13, 19].
Differences in the methodology of the studies should also be taken into account. In hospital
based studies, like ours, the estimation of incidence rates of IPD may be biased by a higher
proportion of severe cases. In contrast the extensive surveillance studies performed in USA
may show a more realistic view of the burden of disease in the general population. Finally
other factors like fluctuations of serotypes or outbreaks of infections in a specific geographical

area may play a role [10].

The question why the disease is increasing in younger adults may be related to the emergence
of specific non vaccine serotypes. Brueggemann et al classified pneumococcal serotypes
according to their capacity of produce invasive disease [21, 22]. Non vaccine serotypes 1, 5 and

7F have been associated both to invasive disease and also to IPD in younger adults [23, 24]. In
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our study we observed a significant increase in infections caused by serotype 1 and serogroup
7 which could explain the increases in incidence of IPD in younger adults.

Our study confirms the findings of previous reports about increasing proportions of patients
with IPD who have comorbidities [5, 25]. In our setting this finding has had impact mainly in
persons aged 50-65 years. Some authors have suggested that persons with comorbid
conditions may be more susceptible to invasive disease caused by the non-PCV7 serotypes [5].
On the other hand, the percentage of patients with HIV infection has decreased in the
postvaccine era among young adults, probably because of the generalization of HAART and the

implementation of polysaccharide vaccine [10,26,27].

In the postvaccine period we have found significant variations in the incidence of the different
clinical syndromes. Incidence of invasive pneumonia has increased, especially in young people,
while the incidence of bacteremia without focus has decreased in older patients. Different
American studies performed in children have noticed significant increases in rates of empyema
and necrotizing pneumonia [11, 28, 29]. Data published in Spain in children also show a trend
to higher incidence of empyema [12, 14]. However, to our knowledge there are no published
data about suppurative lung complications in adults. We have also found a significant increase
in the incidence of empyema in younger patients. Although the reasons behind these changes
in the clinical syndromes are not entirely clear, it seems reasonable to explain them by
changes in serotypes of pneumococccus causing IPD. It is well known the propensity of various
serotypes to cause one type of disease manifestation rather than another [23, 34, 30, 31].
Thus, decreased in bacteremia without focus is probably associated to a decrease in infections
caused by serogrup 6 in the postvaccine period, as it has been previously published [5]. In the
same way the higher rates of infections by serotype 1, which has propensity to cause
suppurative complications, explains the higher rates of empyema both in children and adults in

the postvaccine period [11, 28, 29].

In our opinion one of the most important findings of our study is that not only the serotype
distribution but also the severity of pneumococcal disease has changed in the postvaccine
period. We have found higher rates of septic shock, greater proportion of patients who require
ICU admission and, among patients aged 50-65 years, a higher score in the pneumonia severity
index and a longer length of hospital stay. When we have analyzed overall mortality we have
not found significant changes between pre and postvaccine periods. However the evolution of
mortality rates differs depending on the age group analyzed. While mortality rate in younger

people has tended to decrease, we have observed a significant increase in case-fatality rates in
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patients aged 50-65 years in the postvaccine era. Lexau et al also found an increase in
mortality rates in adults aged 50 years or older from 15.7% in 1998 to 19.5% in 2003 [5]. Once
again, the explanation for these findings is probably related to the emergence of new
serotypes. A recently published study has suggested that initial presentation with septic shock
is associated to illness caused by serotype 3 [32]. A previous study found that the presence of a
comorbid condition, but also the non-vaccine serotypes 3, 11A, 19A and the vaccine serotype
23F were independently associated to higher mortality in the postvaccine era [5]. More studies
are necessary to confirm this data, however it seems that, with the emergence of new

serotypes, the clinical presentation and outcome of IPD are changing to a more severity illness.

In conclusion, since the introduction of PCV7 vaccine, there has been a profound decrease in
the overall incidence of IPD caused by PCV7-serotypes, nevertheless a replacement by non
vaccine serotypes has been produced. The emergence of these new serotypes seems to be
associated with increases of IPD incidence in some settings, especially in younger adults, and
with changes in clinical presentation and outcomes. These last findings are novel and deserve
additional investigation with studies focused on the clinical and outcomes of IPD in order to

understand the real impact of PCV7 and the upcoming PCV10 and PCV13 vaccines.
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TABLE 1. Mean incidence of invasive pneumococcal disease by serotype, age group and time period among adult patients.

PNEUMOCOCCAL DISEASE PREVACCINE PERIOD POSTVACCINE PERIOD PRE vs POSTVACCINE PERIOD
No. of cases Cases per 100000 No. of cases Cases per 100000 Change, % (95% Cl) P value
population-year population-year
All serotypes
All adults 345 19.1 323 20.8 9.3% (-6% to 27%) .25
Adults aged 18-50 years 85 9.9 125 17.1 73% (30% to 126%) <.001
Adults aged 50-65 years 84 13.1 80 14.5 11% (-18% to 51%) .5
Adults aged > 65 years 176 52.8 118 44.3 -219% (-38% to -0,6%) .043
Conjugate vaccine serotypes
All adults 154 8.5 61 3.9 -54% (-66% to -38%) <.001
Adults aged 18-50 years 48 5.6 30 4.1 -27% (-54% to 15%) 17
Adults aged 50-65 years 33 5.1 10 1.8 -65% (-83% to -28%) .003
Adults aged > 65 years 73 23.5 21 7.9 -66% (-79% to -45%) <.001
Non-Conjugate vaccine serotypes
All adults 191 10.6 262 16.9 60% (33% to 93%) <.001
Adults aged 18-50 years 37 4.3 95 13 200% (105% to 338%) <.001
Adults aged 50-65 years 51 7.9 70 12.7 60% (12% to 130%) .01
Adults aged > 65 years 103 32.8 97 36.4 11% (-16% to 46%) .46
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TABLE 2: Basal characteristics, underlying diseases and clinical presentation by time period among
adult patients.

Prevaccine period Postvaccie period P value
(n=345) (n=323)
Sociodemographic variables
Age (years, mean) 62.65 57,67 .001
Sex male 65,2% 61% 262
Underlying diseases
Immunosuppressive condition ° 37.7% 33.4% .259
HIV infection 13.8% 12.1% .562
Hematological cancer 12.6% 8.4% .098
Solid cancer 12.6% 16% .220
Chronic medical illness 48.4% 50.2% .699
Clinical Presentation
Pneumonia 78% 84.6% .036
Meningitis 7.9% 9.4% .492
Primary bacteremia 8% 3.8% .031

? Includes any of the following: HIV infection, Hematologic cancer, Solid cancer, solid organ

or bone marrow transplant, immunoglobulin deficiency, splenectomy or current immunosuppressive
therapy (including systemic steroids).

® Includes any of the following: chronic heart disease, chronic lung disease, cerebrovascular
disease, cirrhosis, diabetes or chronic renal insufficiency.



TABLE 3. Mean incidence of different pneumococcal syndromes by age group and time period among adult patients.

PNEUMOCOCCAL DISEASE PREVACCINE PERIOD POSTVACCINE PERIOD PRE vs POSTVACCINE PERIOD
% of Cases per 100000 % of Cases per 100000 Change, % (95% Cl) P value
all IPD population-year all IPD population-year
Pneumonia
All adults 78% 14.7 84.6% 17.4 18% (0% to 40%) .049
Adults aged 18-50 years 75.9% 7.4 84.4% 14.1 91% (39% to 161) <.001
Adults aged 50-65 years 75% 9.8 87.5% 12.7 30% (-8% to 82%) .134
Adults aged > 65 years 80.3% 44.7 82.9% 36.4 -19% (-37% to 6%) 12
Meningitis
All adults 7.9% 1.5 9.4% 1.9 29% (-23% to 118%) .32
Adults aged 18-50 years 12.3% 1.3 7.4% 1.2 -4% (-60% to 130%) .918
Adults aged 50-65 years 9.5% 1.2 12.5% 1.8 56% (-42% to 269%) 423
Adults aged > 65 years 4.6% 2.6 9.5% 4.1 60% (-35% to 299%) .304
Primary bacteremia
All adults 8% 1.5 3.8% 0.8 -48% (-74% to 2%) .054
Adults aged 18-50 years 3.7% 0.4 3.3% 0.5 56% (-65% to 595%) .56
Adults aged 50-65 years 2.5% 0.9 2,5% 0.4 -61% (-92% to 93%) .23
Adults aged > 65 years 5.1% 5.8 5.1% 2.3 -61% (-85% to -2%) .03
Empyema
All adults 11.3% 1.5 12.1% 2.2 42% (-14% to 134%) .170
Adults aged 18-50 years 11.7% 0.8 15.6% 2.3 183% (17% to 583%) .015
Adults aged 50-65 years 15.5% 1.4 11.3% 1.5 4% (-60% to 169%) .94
Adults aged > 65 years 9.2% 3.9 9% 3.4 -12% (-63% to 108%) .762
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TABLE 4: Clinical presentation and outcomes by age group and time period among adult patients

ALL ADULTS ADULTS 18-50 YEARS ADULTS 50-65 YEARS ADULTS > 65 YEARS
Prevaccine  Postvaccine P Prevaccine Postvaccine P Prevaccine Postvaccine P Prevaccine Postvaccine P
period period value period period value period period value period period value
(n=345) (n=323) (n=85) (n=125) (n=84) (n=80) (n=176) (n=118)
Clinical presentation
Septic shock 16.4% 29.3% <.001 18.6% 24.8% .369 10.8% 39.2% <.001 18% 27% .096
PSI>4° 67.7% 64.5% .453 62.7% 65.3% .864 54.2% 77.3% .008 87.7% 87% 1
Outcomes variables
ICU admission 16.9% 23.5% .039 24.7% 26.5% .869 16.9% 29.1% .091 13.25 16.5% .269
Length of ICU stay” 6 7,5 .195 4,5 7 .185 6 9 .165 9 8 .715
Orotracheal intubation 12.1% 14.9% .354 13.6% 19.1% .330 11% 16.5% .363 12% 9.6% 567
Length of hospital stay” 9 9 .603 7 8 .544 6 10 .753 11 9 .56
Hospital mortality 18.3% 19.3% .751 19.5% 9.4% .057 11% 24.1% .023 21.3% 26.4% .383

? PSI: Pneumonia Severity Index only in patients with pneumonia.
®Expressed in days (median).
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TABLE 5: Variables associated to invasive pneumococcal disease in the
postvaccine period in multivariate analysis.

Risk factor RR (95% Cl) P value
Age, 18-50 vs > 50 years 2.027 (1.333-3.083) .001
Septic shock 2.289 (1.449-3.615) <.001
Non-vaccine serotypes 3.711 (2.402-5.733) <.001
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