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ABSTRACT: The present study assessed the effectiveness of the 23-valent pneumococcal

polysaccharide vaccine to prevent pneumonia and death in older adults in a first-time report

between January and December 2002.

A prospective cohort study was conducted including all individuals o65 yrs of age assigned to

one of eight primary care centres in Tarragona, Spain (n511,241). The primary outcomes were

community-acquired pneumonia (hospitalised or outpatient) and death from pneumonia. All

pneumonias were validated by checking clinical records. The association between the

pneumococcal vaccination and the risk of each outcome was evaluated by means of multivariate

Cox proportional-hazard models, adjusted by age, sex, influenza vaccination status, comorbidity

and immunological status.

Pneumococcal vaccination did not alter the risk of hospitalisation from pneumonia (hazard ratio

(HR): 0.80; 95% confidence interval (CI): 0.50–1.28) or overall pneumonia (HR: 0.86; 95% CI: 0.56–

1.31), but the vaccine was associated with considerable reductions of death risk from pneumonia

(HR: 0.28; 95% CI: 0.09–0.83).

In conclusion, these results suggest that pneumococcal polysaccharide vaccine may not be

effective in reducing the incidence of pneumonia, but may be able to diminish the severity of the

infection. These findings support the effectiveness of the pneumococcal polysaccharide vaccine

to prevent mortality caused by pneumonia in older adults, providing a new argument to

recommend systematic vaccination in the elderly.

KEYWORDS: Effectiveness, elderly, mortality, pneumococcal vaccine, pneumonia

T
he 23-valent polysaccharide pneumococcal
vaccine (PPV) has been available since
1983 and is currently recommended for

use in the elderly and high-risk groups [1, 2].
However, despite numerous studies, its efficacy
in the prevention of pneumococcal infections and
other clinically relevant medical outcomes is not
clear.

Several observational trials have shown a protec-
tive effect on preventing pneumococcal bacter-
aemia [3, 4], some have not shown this effect [5,
6], while others have reported little increased risk
of being hospitalised or suffering from overall
pneumonias [7, 8].

A meta-analysis limited to studies in more

developed countries showed a protective effect

to prevent pneumococcal bacteraemia, but a

significant protective effect against pneumonia

amongst elderly subjects or high-risk groups was

not found [9]. A recent Cochrane review [10]

concluded that, while polysaccharide pneumo-

coccal vaccines do not appear to reduce the

incidence of pneumonia or death in adults (with

or without chronic diseases) or in the elderly, the

evidence from nonrandomised studies suggests

that polysaccharide vaccines are effective in

reducing the incidence of the more specific

outcome (invasive pneumococcal disease) among

adults and immunocompetent elderly subjects

aged o55 yrs.

The latest studies on the vaccine have not
clarified the controversy regarding the effective-
ness of this vaccine. In a large retrospective
cohort study including .47,000 patients .65 yrs
of age, JACKSON et al. [8] found that the effective-
ness in preventing pneumococcal bacteraemia
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was 56%. They also observed an unexplained 14% increase in
the risk of hospitalisation due to pneumonia among vaccinated
subjects. The following two case-control studies have reported
contradictory results. BENIN et al. [11] did not find any
significant protective effect of PPV in pneumococcal invasive
disease in Navajo adults (group with high incidence of
pneumococcal infections). In contrast, DOMINGUEZ et al. [12]
found an effectiveness of 72% to prevent invasive disease
amongst Spanish people aged .65 yrs.

Despite these inconclusive results, the use of 23-valent PPV is
recommended in high-risk groups and the general elderly
population on the basis that the effectiveness of the vaccine in
preventing pneumococcal bacteraemia among these two
groups has been demonstrated. There is sufficient evidence
to justify widespread use [1, 2, 13].

In the current authors’ opinion, it is not clear whether or not
the 23-valent PPV reduces the different risks associated with
pneumococcal infections. Thus, long-term prospective studies
based on clinical data are required to determine the real
efficacy of PPV to prevent related events such as invasive
disease, pneumonia and death in different population groups.

In Catalonia (Spain), the systematic recommendation for free
pneumococcal vaccination in all elderly subjects .65 yrs of age
(with or without risk factors) was introduced in 1999 [2]. This
study was planned for 3 yrs and was started on January 1, 2002
[14]. The effectiveness of the 23-valent PPV in preventing
pneumonia and death among people aged .65 yrs was
assessed in a first-time report from January 1, to December
31, 2002.

METHODS
A prospective cohort study of community-dwelling subjects
aged .65 yrs, assigned to one of eight primary care centres
(PCC) in Tarragona, Catalonia (n511,241) was conducted. All
cohort members were followed until: enrolment from the PCC
ceased; death or any event occurred; or until the end of the
follow-up.

In this early report, the primary end points resulting from the
first 12 months of the survey (from January 1, to December 31,
2002) were analysed. The present study used the institution’s
general vaccinations database (from 1998) and the database of
electronic patient records (which contained immunisation
registries) of the eight participating PCCs to identify pneumo-
coccal and influenza vaccinations.

The primary outcomes were community-acquired pneumonia
(CAP; with hospitalisation or outpatient), death caused by
pneumonia and death from any cause. Hospitalisations for
pneumonia were identified on the database of hospital
admissions from discharge codes according to the
International Classification of Diseases 9th Revision (ICD-9:
480 to 487.0). All the cases were validated by checking the
medical records. CAP was considered if, on review of the
medical record review, the physician confirmed that this
diagnosis was correct and was not a re-admission, nosocomial
pneumonia or any another diagnosis. Outpatient pneumonia
was defined as a primary care or emergency visit (not
hospitalised) with an ICD-9 code registered for pneumonia in
the PCC databases. In all the cases the medical records were

reviewed to validate the diagnosis using the same criteria as
for hospitalised pneumonia. In all cases, the presence of an
infiltrate on chest radiographs was necessary to validate the
diagnosis.

The presence or absence of any comorbidity (chronic heart
disease, diabetes mellitus, chronic lung disease, high blood
pressure, obesity, smoking) was determined by review of the
ICD-9 codes reformed in the databases and clinical records of
each PCC. Immunocompromise was a composite variable
defined by the presence of any one of the following: cancer
(solid organ or haematological neoplasia); chronic severe
nephropathy (nephrotic syndrome, renal failure, dialysis or
transplantation); chronic severe liver disease (cirrhosis);
anatomical or functional asplenia; AIDS; and long-term
corticosteroid therapy (20 mg?day-1 of prednisone) or another
immunosuppressive medication [8, 12].

The incidence of each event was calculated as persons-year,
considering that in the denominator the total persons-time for
the study period was simply the sum of the persons-time
contributed to each individual. Multivariable Cox proportional
hazards models, with a time-varying covariable, were used to
evaluate the association between having received the pneu-
mococcal vaccine and the time to first outcome during the
study period. Pneumococcal vaccination status was a time-
varying covariable and persons were considered to be
vaccinated 14 days after vaccine administration. Other covari-
ables were defined on entry into the study.

The proportional hazard assumptions were assessed, adding
the covariate by time interactions to the model and plotting the
scaled and smoothed Schoenfeld residuals obtained from the
main effects model where possible. The current authors also
checked for confounding factors, interactions and multicolli-
nearity among the independent variables.

Multivariable Cox models began with all variables significant
in the univariate analysis at the 25 per cent level, as well as
other variables that were judged of clinical importance.

RESULTS
The 11,241 cohort members were observed for a total of 11,025
persons-year, of which 5,005 (46.3%) persons-year followed 23-
valent PPV. In total, 4,986 subjects were vaccinated before the
study started, while 4,314 (87%) had received 23 valent-PPV
during the previous 2 yrs. Of the 6,255 subjects who had not
received 23 valent-PPV before entering the study, 720 (11%)
were vaccinated during the 12-month study period. These 720
subjects contributed to the analysis for a total of 708.5 persons-
year (527.6 persons-year in the unvaccinated group and 180.9
persons-year in the vaccinated group). The baseline character-
istics of cohort members are shown in table 1.

During the 12 months follow-up, CAP was observed in 117
subjects (22 outpatient and 95 hospitalisations). Among the
cohort members there were 385 deaths from any cause (18
deaths caused by pneumonia). Therefore, there was an
incidence (per 1,000 persons-year) of 10.62 for overall
pneumonia (8.62 hospitalisations from pneumonia and 2.01
outpatient pneumonia), and a death rate from any cause of
34.92 per 1,000.
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An aetiological study was carried out in 89 (76.1%) of the 117
pneumonias. Streptococcus pneumoniae was identified in 12
cases (blood culture n59, sputum culture n53) and other
aetiological agents were identified in 25 cases. During the
influenza season (January 1, to May 15) 50 cases of pneumonia
were observed (12.1 cases per 1,000 inhabitants-year), and 67
pneumonias were observed during the rest of the year (9.7 per
1000).

The initial bivariate analysis showed higher crude rates for
hospitalisation and overall pneumonia among vaccinated
subjects, but it also showed lower crude rates for death among
these vaccinated subjects.

The mortality caused by pneumonia was 15.4% of overall
pneumonias (20.3% among unvaccinated and 10.4% among
vaccinated; p50.134). Of the 18 deaths from pneumonia, seven
occurred during the influenza season (two among those
vaccinated with 23-valent PPV and influenza vaccine, two
among those vaccinated against influenza, but not vaccinated
with PPV, and three among those not vaccinated with either).

In total, six cases of pneumococcal bacteraemia were observed
among unvaccinated subjects and three cases among vacci-
nated subjects (hazard ratio (HR): 0.63; 95% confidence interval
(CI): 0.12–2.79).

In the multivariable analysis, pneumococcal vaccination did not
significantly alter the risk of CAP. The pneumococcal vaccina-
tion showed a little, nonsignificant reduction in the risk for
hospitalisation (HR: 0.81; 95% CI: 0.51–1.30) and overall
pneumonia (HR: 0.85; 95% CI: 0.56–1.31). However, the
reception of the 23-valent PPV was associated with a significant
reduction of death from pneumonia (HR: 0.28; 95% CI: 0.09–
0.80) and death from any cause (HR: 0.67; 95% CI: 0.54–0.83).

The values of different results for each event are shown in
table 2. Multicollinearity in predictor variables was not found.
The proportionality of hazards was observed in all the
predictor variables in each model. Influenza vaccine was
found to be a confounder variable in hospitalisation and
overall pneumonia. All the predictors appeared statistically
significant at the level of 5%, except the confounder.

DISCUSSION
The present authors undertook a long prospective study to
evaluate the controversial effectiveness of the 23-valent PPV in
older adults. Although it is not randomised, the large size of
the cohorts, together with the adjustment of the main
confounding factors, in the multivariate analysis form an
adequate basis to assess the potential health effects of the
pneumococcal vaccination in the elderly population.

The vaccinated group and the nonvaccinated group differed
significantly in all baseline characteristics except sex in the
current study. The vaccinated subjects were older and had
more comorbidity than the nonvaccinated subjects. In spite of
the current authors adjusting the analysis for these factors, it is
possible that the effect of the vaccine could have been
underestimated for this reason. The vaccinated group had
larger influenza vaccination rates than the nonvaccinated
group, and this was a confounding factor. The adjustment
for the influenza vaccine status was also included in the Cox
models. The reception of this vaccine has also demonstrated
effectiveness to reduce hospitalisations for pneumonia and
death [15], and this must be taken into account in the analysis.

In this first-time study the present authors have not been able
to document a significant effect of PPV on preventing

TABLE 1 Baseline characteristics of 11,241 cohort members according to pneumococcal vaccination status before entering the
study

Characteristics Unvaccinated

before entry

Vaccinated

before entry

p-value#

Subjects n 6255 4986

Age group yr"

65–74 3903 (62.4) 2302 (46.2) ,0.0001

75–84 1780 (28.5) 2080 (41.7)

o85 572 (9.1) 604 (12.1)

Sex

Male 2716 (43.4) 2176 (43.6) 0.814

Female 3539 (56.6) 2810 (56.4)

Influenza vaccination previous yr 1917 (30.6) 4115 (82.5) ,0.001

High blood pressure 2988 (47.8) 3002 (60.2) ,0.0001

Obesity 937 (15.0) 1038 (20.8) ,0.0001

Diabetes mellitus 1294 (20.7) 1356 (27.2) ,0.0001

Chronic heart disease 623 (10.0) 717 (14.4) ,0.0001

Chronic lung disease 598 (9.6) 701 (14.1) ,0.0001

Smokers 569 (9.1) 361 (7.2) ,0.0001

Immunocompromised status 652 (10.4) 794 (15.9) ,0.0001

Data are presented as n (%), unless otherwise stated. #: p-values were calculated with the Chi-squared test; ": the median ages of the unvaccinated and vaccinated

subjects were 73.4 and 75.9, respectively.
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hospitalisation or overall pneumonia. However, the main
contribution of the work is that a significant protective effect
of the 23-valent PPV against death caused by pneumonia,
among elderly adults living in the community, has been found.

A little, but nonsignificant, effect of the 23-valent PPV to
reduce hospitalisation from pneumonia (19%) or overall
pneumonia (15%) was found.

Although a significant decrease in the risk for overall pneumonia
was not detected, the possibility of the vaccine having some
effect against pneumococcal pneumonia (with or without
bacteraemia) cannot be excluded. The incidence of pneumococ-
cal pneumonia was low. For this reason, although 23-valent PPV
seems to reduce the risk of pneumococcal bacteraemia (vacci-
nated n53, unvaccinated n56), the current study had very
limited power to detect this possible protective effect.

The association between vaccination and pneumococcal
pneumonia without bacteraemia could not be directly eval-
uated because an aetiological agent was not identified in most
cases of CAP [16]. However, assuming that S. pneumoniae is the
most common cause of CAP [16], the present results show that
23-valent PPV did not have a great protective effect against
nonbacteraemic pneumococcal pneumonia.

The effectiveness of PPV in the elderly and high-risk groups is
controversial. The recommendation of 23-valent PPV is based
on several clinical trials (i.e. trials before 1980) and some
observational studies, which found a protective effect against
bacteraemia and invasive disease [10]. Several meta-analyses
have evaluated this problem and, despite inconclusive results,
it has generally been observed that PPV is effective in

preventing bacteraemia and possibly pneumococcal pneumo-
nia in high-risk subjects ,55 yrs of age. However, according to
some meta-analysis, the effectiveness of 23-valent PPV has not
been demonstrated in elderly subjects or high-risk individuals
[9, 17–20].

A Cochrane review [10] valued a vaccine effectiveness of 53%
(41–63%) to prevent bacteraemia or invasive pneumococcal
disease, but this review has also concluded that the vaccine did
not prove a significative effect in preventing either pneumonia
(-15–20%) or death (-9–12%). In the last published meta-
analysis, MELEGARO and EDMUNDS [20] concluded that the PPV
provides 65% protection against invasive pneumococcal dis-
ease in the general elderly population, having a moderate 20%
effect in the high-risk elderly. They also concluded that the
vaccine could have little or null effect against pneumonia in the
general elderly population (-20–16%).

Several studies have shown a reduction in risk of death by
pneumonia among younger adults and institutionalised
elderly subjects vaccinated with PPV [21, 22], but an effect on
mortality from pneumonia has not been demonstrated for
high-risk patients or noninstitutionalised older adults to date
[9, 17–20]. In 1998, in a randomised clinical trial amongst 690
individuals aged .50 yrs with high-risk (previous pneumo-
nia), ORTQVIST et al. [23] observed a nonsignificant reduction of
31% in the mortality caused by pneumococcal diseases among
subjects vaccinated with 23-valent PPV. In a retrospective
cohort study published in 1999, NICHOL et al. [24] observed that
the pneumococcal vaccination produced a 47% reduction in
hospitalisations and 29% (9–44%) deaths among 1,898 patients
with chronic obstructive pulmonary disease. Recently, in a

TABLE 2 Incidence and risk of hospitalisation for pneumonia, overall pneumonia, death from pneumonia and death from any
cause in relation to pneumococcal vaccination status#

Hospitalisation

for pneumonia"

Overall

pneumonia+

Death from

pneumonia1

Death from all

causese

Events

Unvaccinated 50 59 12 223

Vaccinated 45 58 6 162

Unadjusted incidence rate

per 1000 persons-yrs

Unvaccinated 9.33 11.70 1.81 37.8

Vaccinated 11.73 15.54 1.79 37.6

Age and sex-adjusted

hazard ratio for all subjects
1.09 1.17 0.76 0.79

95% CI 0.84–1.43 0.93–1.42 0.41–1.45 0.69–0.91

p-value 0.505 0.171 0.410 0.001

Multivariate adjusted

hazard ratio for all subjects
0.81 0.85 0.28 0.67

95% CI 0.51–1.30 0.56–1.31 0.09–0.80 0.54–0.83

p-value 0.387 0.467 0.018 0.000

CI: confidence interval. #: the multivariate hazard ratios are for vaccinated subjects as compared with unvaccinated subjects and were adjusted by the following.
": adjusted for sex, age, obesity, chronic lung disease, immunocompromised status and receipt or nonreceipt of influenza vaccine the previous year; +: adjusted for sex,

age, chronic lung disease, chronic cardiopathy, immunocompromised status, obesity and receipt or nonreceipt of influenza vaccine the previous year; 1: adjusted for

age, immunocompromised status and receipt or nonreceipt of influenza vaccine the previous year; e: adjusted for sex, age, chronic lung disease, immunocompromised

status and presence or absence of hypertension. The categorisation of age was 65–74 yrs, 75–84 yrs or .84 yrs.
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nonrandomised large scale intervention including .250,000
individuals aged .65 yrs in Stockholm (Sweden), CHRISTENSON

et al. [25] observed an additive effect of influenza and
pneumococcal vaccinations in reducing mortality by 35%
(22–44%) caused by pneumonia, but this effect was not
significant in patients who had only received the 23-valent
PPV.

The present findings are compatible with the data reported by
these studies and previous meta-analysis. They could provide
a valid explanation to the reason why contradictory results
regarding this vaccine have been found in previous studies.
The majority of meta-analyses did not find a significant
protective effect of PPV against noninvasive disease or overall
pneumonia in the elderly. It is possible that PPV could not
avoid the infection due to Pneumococcus in many elderly
subjects. However, PPV may decrease the severity of pneu-
mococcal infection by preventing invasion of the bloodstream
and the incidence of the bacteraemia (as reported in several
observational studies) and it may decrease mortality (as found
the current study).

The reduction of overall deaths was significant. It is possible
that some deaths could be caused by another pneumococcal
infection not considered in the current study (e.g. meningitis)
or by complications after pneumonias. However, a possible
selection bias nonadjusted in the multivariable analysis cannot
be rejected.

In conclusion, the present authors emphasise that this study
should be considered as an interim analysis, since questions
remain unanswered. It is important to estimate accurately the
level of protection in high- and low-risk individuals, because
these two groups are at the centre of the current debate on
whether or not to extend the vaccination programme to all
elderly populations [13, 20].
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