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OBJECTIVE To determine the clinical effectiveness of pneumococcal vaccine.
DATA SOURCES Computerized searches of MEDLINE, EMBASE, and SCISEARCH databases were
performed, reference lists of retrieved articles were reviewed, and first authors of published studies were
contacted.
STUDY SELECTION Studies of use of pneumococcal vaccines in adults were included if the study design was
a randomized or quasi-randomized controlled trial and at least one of the following clinical outcomes was
reported: vaccine-type systemic pneumococcal infection, systemic pneumococcal infection, vaccine-type
pneumococcal pneumonia, pneumococcal pneumonia, non-vaccine-type pneumococcal pneumonia.
SYNTHESIS Study quality was assessed and descriptive information concerning the study populations,
interventions, and outcome measurements was extracted for 13 trials involving more than 65000 patients.
Estimates of vaccine efficacy, based on a meta-analysis of randomized and quasi-randomized trials, were
determined for clinical outcomes.
CONCLUSIONS Vaccination with pneumococcal polysaccharide vaccine can be expected to reduce the risk
of systemic infection due to pneumococcal types included in the vaccine by 83% and systemic infection due to
all pneumococci by 73%. We found no evidence that the vaccine was less efficacious for the elderly,
institutionalized people, or those with chronic disease.

OBJECTIF Determiner l'efficacit cdinique du vaccin antipneumococcique.
SOURCES DES DONNEES Des recensions par ordinateur ont ete realisees dans les bases de donnees
MEDLINE, EMBASE et SCISEARCH, les listes de references des articles extraits ont ete analysees et on a
communique avec le premier auteur des etudes publiees.
SELECTION DES ETUDES Pour etre incluses, les etudes sur le recours au vaccin antipneumococcique chez les
adultes devait etre concues sous forme d'essai controle aleatoire ou quasi-aleatoire et au moins une des
issues cliniques rapportees devaient etre au nombre des suivantes: une infection systemique 'a pneumoco-
ques du type du vaccin; une infection systemique 'a pneumocoques; une pneumonie 'a pneumocoques du type
du vaccin; une pneumonie 'a pneumocoques; une pneumonie a pneumocoques de type different du vaccin.
SYNTHESE La qualite des etudes a fait l'objet d'une evaluation. Des renseignements descriptifs concernant
lels populations etudiees, les interventions et la mesure des resultats ont ete extraits de 13 etudes portant sur
plus de 65 000 patients. Une estimation de l'efficacite du vaccin, fondee sur une meta-analyse des etudes alea-
toires et quasi-aleatoires, a ete faite en fonction des issues cliniques.
CONCLUSIONS On peut s'attendre 'a ce que le vaccin polysaccharide antipneumococcique reduise de 83% le
risque d'infection systemique due aux types de pneumocoques que comporte le vaccin et de 73% le risque
d'infection systemique causee par tous les types de pneumocoques. Aucune donnee probante n'a ete relevee
'a l'effet que le vaccin serait moins efficace chez les personnes 'agees ou en etablissement, ou les malades
chroniques.

7his article has been peer reviewed.
Cet article a fait l'objet d'une evaluation externe.
Can Fam Physician 1999;45:2381-2393.
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ncertainty about the usefulness of pneu-
mococcal vaccine is reflected in the low
levels of vaccine use, the discrepant con-
clusions of review articles, and conflicting

recommendations from authoritative bodies regard-
ing its use. The 1995 United States Behavioral Risk
Factor Surveillance System revealed that 35.6% of
people older than 65 years had ever received pneu-
mococcal vaccine.' This is a substantial increase from
1993 when coverage was 28.7%.2 Tis level of vaccina-
tion contrasts, however, with a US national health
objective to increase pneumococcal vaccination levels
to at least 60% among noninstitutionalized, high-risk
populations by the year 2000.3

In 1996, the Centre d'epidemiologie d'intervention
du Quebec conducted a survey to determine the level
of pneumococcal vaccine coverage among all nonin-
stitutionalized people 18 years or older residing in
Quebec.4 Self-reported vaccination coverage levels
were 1.2% (95% confidence interval [CI] 0.5 to 1.9) for
the whole population, 1.8% (95% CI 0.0 to 3.8) for
people 65 years or older, and 1.9% (95% CI 0.0 to 3.9)
for people aged 18 to 64 years with high-risk condi-
tions. Coverage in Canada also appears low based on
pneumococcal vaccine distribution data from 1980 to
1993. Distribution levels in Canada were less than
eight doses per 10000 population each year from
1980 to 1989 and increased to 10 to 12 doses per
10 000 population annually from 1990 to 1993.5
Among authors of recent editorials, review arti-

cles, and policy statements on the subject, there is a
distinct lack of consensus regarding vaccine effica-
cy, disease incidence, cost effectiveness, and
appropriateness of immunizing specific target
populations.&2' Given this background of uncertainty
and disagreement regarding the evidence, we
undertook a systematic overview of randomized and
quasi-randomized (a method of group assignment,
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such as alternation or allocation based on odd-even
birth dates or identification numbers, that falls
short of strict randomization) clinical trials of
pneumococcal vaccine effectiveness to provide
quantitative summary measures of vaccine efficacy.

Method
Data sources. We searched MEDLINE for
reports of primary research published from
January 1966 to November 1996. Index Medicus
was searched manually back to 1938, 2 years
before publication of the earliest trial of which we
are aware. EMBASE and SCISEARCH were also
searched, and the reference lists of all retrieved
articles were reviewed. To ensure that all relevant
literature was obtained, we wrote to first authors
of clinical studies of pneumococcal vaccine effec-
tiveness and to organizations producing immuniza-
tion guidelines and asked them to identify any
other published or unpublished data of which they
were aware.

The computer searches and reference lists of all
the retrieved articles were reviewed by two of the
investigators for studies of clinical effectiveness.
Complete texts of all potentially relevant articles
were obtained and reviewed by B.G.H. and S.L.
using the following inclusion criteria: the target pop-
ulation was adults; the intervention was a pneumo-
coccal (Streptococcus pneumoniae) vaccine; at least
one clinical outcome was reported; and the study
design was a randomized controlled trial or a
prospective cohort or case-control study. We report
here on randomized or quasi-randomized controlled
studies in which one or more of the following clinical
outcomes was assessed: vaccine-type systemic pneu-
mococcal infection, systemic pneumococcal infec-
tion, vaccine-type pneumococcal pneumonia,
pneumococcal pneumonia, and non-vaccine-type
pneumococcal pneumonia.
We chose to focus on pneumococcal disease out-

comes because they provide a more sensitive and
accurate measure of vaccine effectiveness than non-
specific outcomes, such as clinically or radiological-
ly diagnosed pneumonia, which involve dilution of
any protective effect of the vaccine by the presence
of an unknown number of cases of non-pneumococ-
cal disease. We included the outcome non-vaccine-
type pneumococcal pneumonia to assess the
possibility that a reduction in pneumococcal infec-
tions due to vaccine serotypes might be offset by an
increase in infections due to serotypes not included
in the vaccine.
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Table 1. Methodologic criteria for prospective
studies

ALLOCATION

* * * Random
...............................................................................................................

* * Quasi-random (ie, alternate)

FOLLOW UP

** Active

* Passive

? Cannot tell

COMPLETENESS OF FOLLOW UP

* >90%

** >80% and <90%

* <80%

? Cannot tell

OUTCOME ASSESSMENT
**** Blinded or all-cause mortality
*** Death or illness with isolation of S pneumoniae from

normally sterile tissues or body fluids without blinding,
or radiologically confirrned pneumonia without blinding

** Hospitalization with respiratory illness or clinical
illness associated with isolation of S pneumoniae
without blinding

* Clinical illness with no blinding

BLINDING OF PROVIDERS AND SUBJECFS

* Placebo controlled with blinding of providers
and subjects

** Blinding of subjects only or providers only
* No blinding

?Cannot tell

Study selection. The methodologic rigour of each
study included was assessed using the criteria shown
in Table 1. The methodologic quality of each study
was independently appraised by three investigators.
Disagreements among reviewers regarding assess-
ments of study quality were resolved by consensus.

Age and other characteristics of the study popula-
tions, type of vaccine, and raw data on the incidence
of clinical outcomes were extracted independently
from each study by two investigators. For studies
where outcomes were not reported as proportions,
rates were used. In the few cases where this
occurred, the duration of follow up was short enough
that few patients would have experienced more
than one episode of disease. Therefore, little, if any,

difference would be expected between reported rates
and the proportion of patients who experienced one
or more events.

Analysis. Common odds ratios (OR) were estimated
for each outcome using exact methods with EGRET
Statistical Software (prerelease version, Statistics in
Epidemiology Research Corp, Seattle, Wash, 1989).
In some circumstances, the data set was too large for
this procedure and the package was used to calculate
an asymptotic (large-sample) combined OR. For both
methods, a 95% CI was estimated and the homogene-
ity of the individual studies' ORs was examined.
Statistically significant heterogeneity (P<.05) indi-
cates a low probability that differences in results
among individual studies are due to chance alone.
When results of studies were statistically signifi-

cantly heterogeneous for an outcome, logistic regres-
sion (using EGRET) was used to test for possible
sources of variability in the results. In these analyses,
possible explanatory variables were dichotomized,
and the followinag factors were considered: whether
the study was a randomized controlled trial, whether
the vaccine was > 12 valent, and whether subjects
were exclusively elderly, chronically ill, or institution-
alized. Interactions with vaccination status were
assessed. A significance level of 5% was used in these
analyses.

Although ORs are not identical to relative risks,
they provide a good approximation when outcomes
are comparatively rare, as in this study. Odds ratios,
which are common in meta-analyses, have desirable
statistical properties when combining results across
studies.23 In this study, they represent the ratio of
the odds of a clinical outcome occurring in those
vaccinated with the odds of a clinical outcome occur-
ring in those not vaccinated. Therefore, an OR of
less than 1.0 represents beneficial treatment. We
treat the OR as equivalent to relative risk in our pre-
sentation of results. Relative risk reductions, which
are commonly reported measures of dichotomous
treatment effects, are also presented as a com-
plement of the ORs.

Our evaluation of study quality was not used to
weight studies during aggregation of data. Studies
were weighted according to their size, with larger
studies receiving more weight. Recognizing that lack
of blinding might introduce bias, we conducted a sen-
sitivity analysis in which we excluded the three
unblinded trials, thereby assigning zero weight to
these trials, to determine if inclusion of these studies
had an important effect on overall results.
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Synthesis
'The MEDLINE search yielded more than 1000 citations;
we retrieved more than 250 articles. Among these,
45 reports of 37 independent studies were identified.
Twenty independent studies reported in 20 papers
referred to adult populations.2"3 These included
15 prospective studies published between 1945 and
1987,243 one unpublished prospective study (personal
communication from P. Helena Makela), and four case-
control studies.' Thirteen were randomized or quasi-
randomized controlled studies in which one or more of
the five clinical outcomes of interest were assessed.2433

Descriptive details regarding these 13 studies are
presented in Table 2,2433339 and our methodologic
assessment of the studies is summarized in
Table3.2323539 Only one of these studies fully met all
our methodologic criteria.36 Eleven were randomized
trials. The method of allocating patients to vaccine
or control groups was mixed (non-random and quasi-
random)24'25 or quasi-random26 in the other two studies.
For more than half the studies, we could not ascertain
how complete follow up had been or whether subjects
had been actively followed up or investigators had relied
on routinely collected data. Main results are summa-
rized in Table4, and results for each clinical outcome
are presented in Tables5 to 9.

Systemic pneumococcal disease. Four studies
contributed data on systemic infection (positive cul-
ture of blood24252&31 or any normally sterile body
fluid39) due to pneumococcal types included in the
vaccine (Table 524,25283139) The common OR derived
from results of all four studies was 0.17 (95% CI 0.09
to 0.31), a risk reduction of 83%.

Six studies assessed systemic infection caused by
any pneumococcus, vaccine-type or non-vaccine-type
(Table 62425273(539) The common OR derived from all
six prospective studies was 0.27 (95% CI 0.13 to 0.49),
showing a reduction in risk of systemic pneumococcal
infection of 73% with use of pneumococcal vaccine.

Pneumococcal pneumonia. Nine studies con-
tributed data on pneumonia (diagnosed either clini-
cally or radiologically) associated with growth of
vaccine-type pneumococci from blood or, more com-
monly, respiratory secretions (Table 72426,2&33,37,39).
In all but one study,39 pneumococcal vaccination was
associated with a reduction in vaccine-type pneumo-
nia, with ORs ranging from 0.08 to 0.85. In six stud-
ies, the reduction was statistically significant.
Differences in results across studies were greater
than would be expected by chance alone (P<.0001).

Seven studies assessed pneumococcal pneumonia
(defined as clinically or radiologically diagnosed pneu-
monia associated with growth of pneumococci, either
vaccine-type or non-vaccine-type, from blood or respira-
tory secretions or, in one study,37 with pneumococcal
antigen in the urine) as an outcome (Table8"-26'3337'39).
In three of these studies2-6`37 the reduction in pneumo-
coccal pneumonia was statistically significant with ORs
ranging from 0.24 to 0.69. Heterogeneity of study results
was significant (P<.0001).

Non-vaccine-type pneumococcal infection. Five
studies contributed data on pneumonia caused by
non-vaccine-type pneumococci (Table 92426,33,3739). In
four of the five studies, the observed effect of pneumo-
coccal vaccine on non-vaccine-type pneumonia was not
statistically significant, with ORs ranging from 0.40 to
1.13.2633739 In Kaufman's cohort quasi-random stud?25
among institutionalized, mainly elderly subjects, using
vaccines containing either two or three pneimococcal
serotypes, there was a statistically significant reduction
in pneumonia caused by non-vaccine-type pneumo-
cocci, with an OR of 0.44 (95% CI 0.27 to 0.68).
Heterogeneity of results across the five studies was
greater than would be expected by chance (P=.036).

Special populations
Elderly people: Seven of the 13 studies included in this
overview had substantial numbers of elderly sub-
jects.24'25'333539 Two of the four studies contributing data
on vaccine-type systemic pneumococcal infection24'25'39
and five of the six studies in which systemic pneumo-
coccal infection was reported as an outcome24'25'3639 had
study populations that were substantially or exclusively
elderly. Therefore, the overall common ORs for vac-
cine-type systemic pneumococcal infection (common
OR 0.17, 95% CI 0.09 to 0.31) and systemic pneumococ-
cal infection (common OR 0.27, 95% CI 0.13 to 0.51) can
be assumed to apply to the elderly. Four studies provid-
ing data on vaccine-type pneumococcal pneumo-
nia24,25'33'37,39 and six studies reporting pneumococcal
pneumonia as an outcome24'25'3335-37'39 had mostly or
exclusively elderly subjects. In stepwise logistic regres-
sion analysis, there was no significant interaction
between vaccination and presence or absence of exclu-
sively elderly or near-elderly study populations for
these outcomes.

Chronically ill people: Three studies had popula-
tions composed entirely of people with chronic ill-
ness,35'36'38 and two additional studies37'39 included
substantial numbers of chronically ill subjects (27% in
one case37 and at least 69% in the other39). Only one of
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Table 3. Methodologic assessments: Studies are listed in order ofmethodologic rigour (strongest to
weakest) from top to bottom.

STUDY ALLOCATION FOLLOW UP COMPLETENESS OF FOLLOW UP OUTCOME ASSESSMENT BLINDING

Klastersky et a136 (1986) **
................................................................................................................................................................................................................................

Leech et al8 (1987) ** Mortality**, morbidity*

Simberkoff et al39 (1986) ** ?
................................................................. ...............................................................................................................................................................

Davis etal35 (1987)
................................................................................................................................................................................................................................

Riley eta27(1977).?.
Smit et al (a,b)32 (1977)

.:

Austrian (b)2931 (19751977) . **.

Austrian (a)28'29 (1975-1976)
.................................................................................................................................................................I...............................................................

Gaillat et a37 (1985) * * Systemic pneumococcal *
infection**

other outcomes**
.............................................................................................................................................................................I...................................................

MacLeod et aF6 (1945) ** **
...........................................................................................................I.....................................................................................................................

Kaufman24'25 (1947) First year*; ? ? Systemic pneumococcal *
after** infection***,

other outcomes**

For scoring criteria, see Table 1.

the four studies in which vaccine-type systemic pneu-
mococcal infection was assessed had a study popula-
tion of largely chronically ill people.39 No effect of
vaccination was apparent in this study (OR 1.15, 95%
CI 0.36 to 3.74). Four of the six prospective studies
contributing data on systemic pneumococcal infec-
tion had study populations that were exclusively36'38
or substantially37'39 chronically ill. Pneumococcal vac-
cination was not associated with a statistically signifi-
cant protective effect in any of these studies. Four of
the seven studies contributing data on pneumococcal
pneumonia had populations composed entirely35'36 or
substantially37'39 of chronically ill people. In logistic
regression analysis, there was no significant interac-
tion between vaccination and presence or absence of
subjects who were exclusively chronically ill for
this outcome.

Institutionalized people: Three of the 13 studies
were conducted in chronic care institutions.24'25'33'37
Of the four studies contributing data on vaccine-
type systemic pneumococcal infection, one24'25 had
an institutionalized study population. Results of
that study indicated that vaccination protected
against vaccine-type systemic pneumococcal infec-
tion (OR 0.07, 95% CI 0.00 to 0.50). Two of the six
studies in which systemic pneumococcal infection

was reported as an outcome were set in chronic
care institutions.242537 In both these studies, pneu-
mococcal vaccination was associated with a reduc-
tion in infection, which in one study2425 was
statistically significant. Three of nine studies con-
tributing data on vaccine-type pneumococcal pneu-
monia24'25'33'37 and three of seven studies contributing
data on pneumococcal pneumonia24'25'33'37 had institu-
tionalized populations. In all three studies, both out-
comes were less frequent among those vaccinated.
In logistic regression analysis, the vaccine was more
effective for institutionalized populations for both
vaccine-type pneumococcal pneumonia and pneumo-
coccal pneumonia.

Sensitivity analysis. In our sensitivity analysis, we
excluded the three unblinded studies262638 and, in the
process, excluded all studies that involved quasi-ran-
dom allocation, used vaccines containing less than six
pneumococcal serotypes, and were conducted before
1970.2126 Exclusion of non-blinded studies had little
effect on the common OR for vaccine-type systemic
pneumococcal infection (common OR 0.19, 95% CI
0.09 to 0.36 for the sensitivity analysis vs 0.17, 95% CI
0.09 to 0.31 for the main analysis, which included all
eligible studies).

2386 Canadian Family Physician * Le Medecin defamille canadienx VOL 45: OCI'OBER * OCI'OBRE 1999
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Table 4. Main results

TEST FOR 95% Ci$
NUMBER OF TOTAL RANGE OF AVERAGE BASELINE HOMOGENEITY COMMON

OUTCOME STUDIES SAMPLE SIZE ODDS RATIOS RISK/1000 * (PVALUE)t ODDS RATIOt LOW HIGH

Vaccine-type systemic 4 25 190 0.07-1.00 8.8 .25 0.17 0.0 90.31
pneumococcal infection

Systemic pneumococcal 6 20 493 0.14 -o 4.5 .08 0.27 0.13 0.49
infection

Vaccine-type pneumococcal 9 59 295 0.08-1.17 15.7 <.0001
pneumonia

Pneumococcal pneumonia 7 45 759 0.24 -0 11.3 <.0001

Non-vaccine-type 5 45 609 0.40-1.13 6.6 .04
pneumococcal pneumonia

*Average baseline risk-Total number ofevents in control groups divided by total number ofpatients in control groups. Numbers in table
represent a weighted average ofnumber ofevents per 1000 patientsfor all studies reporting each outcome.

tp valuesfor x2 testfor homogeneity ofthe odds ratios (ORs) calculated using exact method (ie, probability ofthe observed differences
between the ORsfrom individual studies occurring due to chance alone).

tThe common OR is a weighted average ofthe ORsfrom all the studies reporting the outcome where the ORfrom each study is weighted
by the precision ofthe estimate (1/variance). The 95% confidence intervals are calculated using a fixed effects model. For outcomes
with statistically significant heterogeneity, the common OR has not been presented.

For the outcome systemic pneumococcal infec-
tion, the common OR increased to 0.53 (from 0.27) in
the sensitivity analysis, and the effect of vaccination
was no longer statistically significant (95% CI for com-
mon OR 0.14 to 1.78). Because there was statistically
significant heterogeneity of results across studies for
the outcomes vaccine-type pneumococcal pneumonia
and pneumococcal pneumonia in both the main
analysis and the sensitivity analysis, comparison of
common ORs with and without the non-blinded stud-
ies is not possible. After excluding the non-blinded
studies, the common OR for non-vaccine-type pneu-
mococcal pneumonia was 1.14 (95% CI 0.61 to 2.15)
and the statistical heterogeneity of results across
studies, which had been present in the main analysis,
was eliminated (P [heterogeneity] = 1.00).

Effectiveness of the vaccine
Based on available results of randomized and quasi-
randomized controlled studies, there is little doubt that
pneumococcal vaccine substantially reduces the risk of
systemic pneumococcal infection. Risk reduction for
systemic pneumococcal infection due to pneumococcal
serotypes included in the vaccine was more than 80%.
Vaccine-type systemic pneumococcal infection pro-
vides the most sensitive measure of the efficacy of
pneumococcal vaccine because outcome is based on
retrieval of pneumococcal serotypes included in the
vaccine from normally sterile body fluids. Risk reduc-
tion for systemic pneumococcal infection due to any

pneumococcus, vaccine-type or non-vaccine-type,
was about 73%.
The vaccine is expected to be less effective

against all-type systemic pneumococcal infection
than against vaccine-type systemic pneumococcal
infection. While pneumococcal vaccine might have
some protective effect against pneumococcal
serotypes antigenically related to serotypes included
in the vaccine, it would not offer protection against
other non-vaccine serotypes. Studies by the US
Centers for Disease Control (CDC) covering the
period May 1978 to April 1992 showed that 67% of
unvaccinated patients with systemic pneumococcal
infections were infected with serotypes included in
the 14-valent vaccine and 88% were infected with
serotypes included in the 23-valent vaccine.44

Our pooled results from clinical trials for vac-
cine-type systemic pneumococcal infection are
broadly consistent with those obtained in retrospec-
tive studies conducted by the CDC comparing
serotype distributions of pneumococcal isolates
obtained from vaccinated and unvaccinated peo-
ple,44 the single case-control study which assessed
this outcome,43 and a prospective cohort study
among chronically ill institutionalized elderly peo-
ple.34 Our estimate of overall vaccine effectiveness
for preventing vaccine-type systemic pneumococcal
disease (83% risk reduction), however, which is
derived from the combined results of randomized
and quasi-randomized studies, is substantially
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Table 5. Vaccine-type systemic pneumococcal infection: Test ofheterogeneity P=.25
LOG ODDS RATIOEXPERIMENTAL CONTROL .................................................................

STUDY EVENTS (N) EVENTS (N) ODDS RATIO 95% CI .01 .1 .5 1 2 10 100

Kauman24a25 1 (5750) 12 (5153) 0.07 0.00-0.50 : I

Austrian(a)28n 2 (1490) 42 (3007) 0.09 0.01-0.37
....................................................................................................................................................

Austrian b)2931 8 (2467) 71 (5028) 0.23 0.09-0.47 : I
.....................................................................................................................................................

Simberkoff et al9 1 (1145) 1 (1150) 1.00 0.01-78.88

Common odds ratio 0.17 0.09-0.31 :
and 95% CI

Table 6. Systemic pneumococcal infection: Test ofheterogeneity P =.08

EXPERIMENTAL CONTROL LOG ODDS RATIO
STUDY EVENTS (N) EVENTS (N) ODDS RATIO 95% CI .01 .1 .5 1 2 10 100

Kaufnan'A5 8 (5750) 34 (5153) 0.21 0.08-0.46 I
...................................................................................................................................

Riley et a127 1 (2713) 7 (2660) 0.14 0.00-1.09
....................................................................................................................................................

Klastersky et al36 1 (26) 1 (21) 0.80 0.01-65.90 -1
....................................................................................................................................................

Gaillat et al37 0 (937) 1 (749) 0.00 0.00-31.17
....................................................................................................................................................

Leech et al`8 1 (92) 0 (97) 0 0.03-oo I
....................................................................................................................................................

Simberkoffetal39 2 (1145) 1 (1150) 2.01 0.10-118.69:
....................................................................................................................................................

Common odds ratio 0.27 0.13-0.49 -:-

Table 7. Vaccine-type pneumococcal pneumonia: Test ofheterogeneity P <.0001

LOG ODDS RATIOEXPERIMENTAL ODDS RATIO
AUTHOR EVENTS (N) CONTROL EVENTS (N) ODDS RATIO 95% CI .01 .1 .5 1 2 10 100

Kaufman24'25 3 (5750) 33 (5153) 0.08 0.02-0.26 :
.....................................................................................................................................................

MacLeod et al26 4 (8586) 26 (8449) 0.15 0.04-0.44
....................................................................................................................................................

Austrian (a)28'9 14 (1490) 132 (3007) 0.21 0.11-0.36 - - I
....................................................................................................................................................

Austrian (b)931 17 (1493) 160 (3002) 0.21 0.12-0.34 - I
....................................................................................................................................................

Smit et al (a)32 9 (983) 78 (2036) 0.23 0.10-0.47 I
....................................................................................................................................................

Smit et al 0b)32 1 (540) 25 (1135) 0.08 0.00-0.51
....................................................................................................................................................

Austrian (c)33 24 (6872) 28 (6818) 0.85 0.47-1.52
............................................................ .......................................................................................

Gaillatetal37 1(937) 5 (749) 0.16 0.00-1.43
....................................................................................................................................................I

Simberkoff et al9 7 (1145) 6 (1150) 1.17 0.34-4.24
....................................................................................................................................................

Cormnonodds raio 0.25 0.20-0.33-:
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Table 8. Pneumococcal pneumonia: Test ofheterogeneity P <.0001

EXPERIMENTAL CONTROL LOG ODDS RATIO
STUDY EVENTS (N) EVENTS (N) ODDS RATIO 95% CI .01 .1 .5 1 2 10 100

Kaufman24,25 34 (5750) 96 (5153) 0.31 0.20-0.47 - I

MacLeod et a126 60 (8586) 85 (8449) 0.69 0.49-0.98
....................................................................................................................................................

Austrian (c)33 40 (6872) 42 (6818) 0.94 0.60-1.49

Davis et al5 1 (50) 0 (53) 00 0.03-oo-
.....................................................................................................................................................

Klastersky et al36 2 (26) 4 (21) 0.36 0.03-2.86

Gaillat etal37 3 (937) 10 (749) 0.24 0.04-0.93 : i

Simberkoff et a39 16 (1145) 15 (1150) 1.07 0.49-2.34 -1

Commonoddsralio 0.58 0.47-0.72 :

Table 9. Non-vaccine-type pneumococcal pneumonia: Test ofheterogeneity P <.036

EXPERIMENTAL CONTROL LOG ODDS RATIO
STUDY EVENTS (N) EVENTS (N) ODDS RATIO 95% Cl .01 .1 .5 1 2 10 100

Kaufman2425 31 (5750) 63 (5153) 0.44 0.27-0.68 :
.

MacLeod et a126 56 (8586) 59 (8449) 0.93 0.63-1.37
.....................................................................................I...............................................................

Austrian (C)33 16 (6872) 14 (6818) 1.13 0.52-2.51

Gaillat et a137 2 (937) 4 (749) 0.40 0.04-2.79

Simberkoffet al39 8 (1145) 7 (1150) 1.15 0.36-3.74 -4:
..................................................................................................................................................94
Common odds ratio 0.73 0.56-0.94 :

higher than that obtained in the two retrospective
studies: 57%44 and 56%,43 respectively. Similarly, for
systemic pneumococcal infection due to any pneu-
mococcus (vaccine type or non-vaccine-type), the
common estimate of effect derived from clinical tri-
als (73% risk reduction) is greater than estimates of
vaccine efficacy obtained in recent case-control
studies40f43 (range 0 to 67%).

Because the vaccines assessed in the 13 prospec-
tive studies included in our analysis contained from
two to 17 pneumococcal serotypes, our results might
underestimate the effect of the current 23-valent vac-
cine on this outcome. The basis for the lower esti-
mates of vaccine effectiveness from case-control
studies is not clear. Possibilities include overmatch-
ing and ascertainment bias.

Heterogeneity of results
The heterogeneity of results across studies for the
outcomes pneumococcal pneumonia and vaccine-type
pneumococcal pneumonia might be related in part to
unreliability and variability of outcome measurement.
Diagnosis of pneumococcal pneumonia is usually made
on the basis of clinical or x-ray exam-iination findings in
combination with the growth of pneumococci on spu-
tum culture. Unfortunately, sputum culture results
often fail to accurately identify the causative organism
in pneumonia.4546 More accurate diagnosis requires
invasive procedures that are rarely clinically justified.

Given the statistically significant heterogeneity
of results for these outcomes, we are unable to esti-
mate the overall magnitude of the protective effect of
pneumococcal vaccine against either pneumococcal
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pneumonia or vaccine-type pneumococcal pneumo-

nia. It should not be forgotten, however, that, of the
nine studies providing data on vaccine-type pneumo-

coccal pneumonia, all but one showed a reduction in
vaccine-type pneumonia among vaccine recipients. In
six studies this was statistically significant.

Special populations
From a clinical and health-policy viewpoint, the
overall effectiveness of pneumococcal vaccination is
perhaps less important than its effectiveness in par-

ticular subgroups considered to be at increased risk
of pneumococcal disease or more vulnerable to its
effects: elderly, institutionalized, and chronically
ill people.
Two of four studies for vaccine-type systemic

pneumococcal infection and five of six studies for sys-

temic pneumococcal infection as the clinical outcome
had study populations that included a substantial

proportion of elderly subjects. Pneumococcal vac-
cine can, therefore, be expected to reduce the risk of
vaccine-type systemic pneumococcal infection and
systemic pneumococcal infection by about 83% and
73%, respectively, among elderly people. This com-
pares with an estimated vaccine efficacy of 75% (95%
CI 57% to 85%) against vaccine-type pneumococcal
bacteremia among immunocompetent patients 65
years old or older in Butler and colleagues' retro-
spective study of pneumococcal serotype distribu-
tions among blood isolates from vaccinated and
unvaccinated people."

Similarly, because five of six studies contributing
data on systemic pneumococcal infection had study
populations that were partly or exclusively elderly,
the overall common OR for this outcome (common
OR 0.27, 95% CI 0.13 to 0.51), corresponding to a
risk reduction of 73%, can be assumed to apply to
the elderly.

Based on studies during the 1980s of pneumococ-
cal bacteremia in two communities, Charleston
County, SC,47 and Oklahoma City, Okla,"8 the CDC
estimate the annual incidence of pneumococcal bac-
teremia to be 50 cases per 100 000 people 65 years
old or older.12 Allowing for the fact that about 11% of
elderly people had received pneumococcal vaccine at
the time of those studies,49 we estimate that approxi-
mately 2520 elderly people would need to be vaccinat-
ed to prevent one case of pneumococcal bacteremia
per year based on our estimate of vaccine effective-
ness from the results of controlled clinical trials.

Data from clinical trials in which the outcomes
pneumococcal pneumonia and vaccine-type pneumo-
coccal pneumonia were assessed give no indication of
reduced vaccine effectiveness in the elderly. For
example, in stepwise logistic regression analysis,
there was no significant interaction between vaccina-
tion and an exclusively elderly study population for
the outcome vaccine-type pneumococcal pneumonia.

Our results do not provide either evidence of
reduced vaccine effectiveness or definitive evidence
of equivalent vaccine effectiveness for people with
chronic illnesses.

Because our meta-analyses for the outcomes vac-

cine-type systemic pneumococcal infection and sys-
temic pneumococcal infection included studies set in
chronic-care institutions, and because the results of
those individual studies were consistent with the
overall results, we believe that our overall estimates
of the protective effect of pneumococcal vaccination
against those outcomes are applicable to institutional-
ized populations.
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Key points
* Antipneumococcal vaccination is effective in pre-
venting vaccine-type pneumonia and systemic
pnebmococcal infections; risk is reduced by at
least 73%.

* The vaccine can be expected to protect instiftuon-
alized patients and elderly people.

* For people older than 65 years, where fthe inci-
dence of pneumQcoccal b'acteremia is about
50 cases pr 100000 people, 2520 elderly people
would need to be vaccinated to prevent one case
of pneumococcal bacteremia per year.

.......................................................................................................
Points de rep6re
*L'immanis.ation antipneumococc'ique. est efficace

dans. Ia .prevention des infections syst6miques 'a
pneumocoques et des.pneumonies dqes au type
couvert par le vaccin; le risque est reduit d'au
moins 73%.

* On peut s'attendre A ce que le vaccin protege
les patients souffrant de maladies chroniques,
les patients en &tablissement et les personnes
Ag6es.

* Pour les personnes de plus de 65 ans, chez qui
l'incidence des bact6ri6mies pneumococciques
est d'environ 50 cas par 100000 personnes, II au-
drait vacciner 2 520 personnes AgWes pour pr6-
venir un cas par ann6e de bact&ri6mie pneumo-
coccique.
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For the outcomes pneumococcal pneumonia and
vaccine-type pneumococcal pneumonia, an institu-
tionalized study population was associated with
increased vaccine effectiveness in stepwise logistic
regression analysis.

The results of both our main analysis and the sen-
sitivity analysis do not support the concern that,
among recipients of pneumococcal vaccine, pneumo-
coccal infections due to vaccine serotypes might be
replaced by infections due to non-vaccine pneumo-
coccal serotypes.

Our stepwise logistic regression analysis has fea-
tures that limit its usefulness. Our dichotomous cate-
gorization of study populations as exclusively elderly,
exclusively chronically ill, or exclusively institutional-
ized vs "other" compromises our ability to assess the
interaction between vaccine effectiveness and these
variables. Many of the studies with "other" study pop-
ulations included a substantial proportion of subjects
(sometimes a majority) with the characteristic of
interest. For many studies, however, insufficient
detail was available on the distribution of these char-
acteristics to allow a more sophisticated analysis.

Recent meta-analysis
During preparation of this manuscript, Fine and col-
leagues reported results of a meta-analysis of ran-
domized controlled trials of pneumococcal vaccine in
adults.50 Their inclusion criteria differed from ours
because they excluded trials of pneumococcal vac-
cines less than 5-valent. They also did not include
data from Austrian's randomized controlled trial of 6-
valent vaccine among South African gold miners,2931
even though this study appears to meet their inclu-
sion criteria.

They assessed somewhat different outcomes than
we did, but, for the outcome that corresponded most
closely to the outcome vaccine-type systemic pneu-
mococcal infection in our study (definitive vaccine-
type pneumococcal pneumonia [defined as clinically
and radiographically confirmed pneumonia with vac-
cine-type S pneumoniae isolated from a culture of
blood, a transthoracic lung puncture specimen, or a
sample from a usually sterile body fluid]), the sum-
mary OR was 0.17, which is the same as our common
OR for vaccine-type systemic pneumococcal infection.
For the outcome definitive pneumococcal pneumonia
(defined as clinically and radiographically confirmed
pneumonia with S pneumoniae isolated from a culture
of blood, a transthoracic lung puncture specimen, or
a sample from a usually sterile body fluid), the sum-
mary OR was 0.34, compared with 0.27 for systemic

pneumococcal infection in our study. In contrast to
our results, however, Fine and colleagues found sig-
nificant heterogeneity of results among studies for
both of these outcomes.

Conclusion
Based on a meta-analysis of controlled clinical tri-
als, vaccination with pneumococcal polysaccharide
vaccine can be expected to reduce the risk of sys-
temic infection due to pneumococcal types includ-
ed in the vaccine by 83% (95% CI 69% to 91%) and
systemic infection due to all pneumococci (vaccine
type or non-vaccine-type) by 73% (95% CI 51% to
87%). These estimates of vaccine efficacy are high-
er than those reported in recent retrospective stud-
ies.0" Our analyses do not indicate that the
vaccine has less efficacy among the elderly, institu-
tionalized people, or those with chronic illness.
Finally, we found no evidence that pneumococcal
infections due to vaccine serotypes are replaced in
those vaccinated by infections due to other pneu-
mococcal serotypes.
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interactoons when felorie was given concomity wth indomethacin or spironoladone.
ADVERSE REACTIONS In 861 essential hypertensive patients treated once daily with 2.5 mg to
10 mg PLENDIL (felodipine) as monotherapy in controled clinical tris, the moot common clinical
adverse events were peripheral edema and headache. Adverse eents that occurred with an incidence
of 1.5% or greater at any of the recommended doses of 2.5 mg to 10 mg once a day, without regard
to causality, are listed by dose in Tabt1 below. These events are repoded from controlled clinical
trials with patients who were randomized to eiher a fixed dose of PLENDIL or trated from an initial
dose of 2.5 mg or 5 mg once a day. A dose c 21 nl owe a day has beot naiuaad in some
dini saludies. Abqh Me anftiWpwenit elO of PLERDI A imera td 211 mg onee a
day, Oen i a disproponlwemalaliill adlvore mil, especially 1m1= macialed wHi
vansdiltlay ffects (see DOSAGE AND ADMINISTRATION).
Table 1. Percent of patents with adverse event in controlled trals of PLENDIL (N=861)*

as monotherapy without regard to causality (incidence of discontinuatons shown in
parentheses).

BodySystem Placebo 2.5mg 5mg 10mg
Adverse Events N-334 N=255 N=581 N-408
BodyasaWhole
Peripheral Edema 3.3 (0.0) 2.0 (0.0) 8.8 (2.2) 17.4 (2.5)
Asthenia 3.3 (0.0) 3.9 (0.0) 3.3 (0.0) 2.2 (0.0)
Cardioscultar
Palpitation 2.4 )0.0) 0.4 (0.0) 1.4 (0.3) 2.5 (0.5)
Warm SensabonlFlushing 0.9 (0.3) 3.9 (0.0) 6.2 (0.9) 8.4 (1.2)
DipBloe
Nausea 1.5 (0.9) 1.2 (0.0) 1.7 (0.3) 1.0(0.7)
Dyspepsia 1.2 (0.0) 3.9 (0.0) 0.7 (0.0) 0.5 (0.0)
Constipabon 0.9(0.0) 1.2 (0.0) 0.3(0.0) 1.5 (0.2)
Renes
Headache 10.2 (0.9) 10.6(0.4) 11.0(1.7) 14.7(2.0)
Dizziness 2.7 (0.3) 2.7 (0.0) 3.6 (0.5) 3.7 (0.5)
Paresthesia 1.5 (0.3) 1.6 (0.0) 1.2 (0.0) 1.2 (0.2)
Respiralney
Upper Respiratory Irfecbon 1.8 (0.0) 3.9 (0.0) 1.9 (0.0) 0.7 (0.0)
Cough 0.3 (0.0) 0.8 (0.0) 1.2 (0.0) 1.7 (0.0)
Sin
Rash 0.9 (0.0) 2.0 (0.0) 0.2 (0.0) 0.2 (0.0)
' Some patients have been exposed to more than one dose level of PLENDIL
Adverse events that occurred in 0.5 up to 1.5 percent of patients who received PLENDIL in all
contolled dinicaltris at the recommended dosage range of 2.5 mg to 10 mg once a day are listed
below. These events are listed in otder of decreasing severity within each category regardless of
relationship to PLENDIL therapy: Body as a Whole: Chest pain, facial edema, flu-like illness;
Cardiocescubr: Tachycardia, premature beats, postural hypotension, bradycardia; Gashtintestital:
Abdominal pain, diarrhea, vomiting, dry mouth, ittulence, acid regurgitation, cholestaUc hepatitis,
gingival hyperplasia, saliary giand enlargement Metkbol:ALT (SGPT) increased; Muscubskeletal:
Arthralgb, muscle cramps, myalgk Nenvousycthiric: Insomnia, depression, anxiety disorders,
irritabily, nervousness, somnolence, decrease in libido, tremor, confusion; Respiratory Dyspoea,
epistaxis; Dermatologic: Pruritis, erythema multiforme, erythema nodosum, uricaria,
photosenstivity reactions; Special Senses: Visual disturbances; Urogenital: Impotence, urinary
frequency, urinary urgency, dysuria, polyuria. Serious adverse events reponed from controlled
dinical tres and during marketing experience (incidence 0.5 percent) were myocardial intarction,
hypotension, syncope, angina pectors, arrhythmia and anemia. Isolated cases of angioedema have
been repoeed. Angioedema may be accompanied by breathing difficuh'y. Laborabry tests: For the
fdlowing laboratory values statistically signficant decreases were observed; bilirubin, red blood count,
hemoglobln, and urate. Statstcaly signffcant increases were found in eryithrocyte sedimentaiton rate
and thrombocyte count In isebaed cases, there were increased ver enzymes. None of theschanges
were considered to be d clinical sgnifcance.
DOSAGE AND ADINIISTRATION PLENDIL should be swallowed whole and not crushed or chewed.
The usual recommended inital dose is 5 mg once daily (see DOSAGE AND ADMINISTRATION - Use
in the Elderly, and - Use in Patients wih Impaired Liver Function). Depending on the patient's
response, the dosage should be adjuted accordingly. Dose adjushtmnt necessary, should be done
at intervals of not less than two weeks. The maintenance dosage range is 2.5 mg to 10 mg once
daily. In clinical trials, doses above 10 mg daily showed an increased blood pressure response but a
dispropontionately higher incidence of peripheral edema and other vasodilatory adverse events.
Modificabon of the recommended dosage is usually not required in pafients wRh renal impairment
URe in th Elda Patients over 65 years of age may develop elevated plasma concentrations of
felodipine. A staritng dose no hgher than 2.5 mg once daily is recommended. A dosage of 10 mg
daily should not be exceeded (see PRECAUTIONS - Use in Elderly Patents). so In Patieiae wit
Impaired Liver Function Patients with impaired liver function may develop elevated plasma
concentrations of felodipine. A starting dose no higher than 2.5 mg once daily is recommended. A
dosage of 10 mg daily should not be exceeded (see PRECAUTIONS - Use in Patients with Impaired
Liver Function).
AVAILABILITY PLENDIL tablets are extended release, film-coated tablets, containing felodipine in
strengths of2.5 mg, 5 mg and 10mg.
PLENDIL 2.5 mg Tablt A yelow, drcuir, blco x film-coated table engraved FALon ore side and 25
on eothen. PLERDILS mg Tablet Aipnk cidcuar, boimonme edl blengeaed FM on e side
and 5 onihe other. PLENDIL 10 mg Tablet: A red-brown, circular, biconvex film-coated tablet,
engraved FE on one side and 10 on th ohen.
Each tablet trength is avaie inMbli r pacages (30's) and in 1n0x I unit dosebister packages.
NOTE: These exended release tablets mus not be divided, crushed or chewed.
tFut Product Mongraph avable on request
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1994;volume 74:730-32. 4. Little WC, Cheng C, Elvelin L et al. Vascular selective calcium entry
blockers in the treatment of cardiovascular disorders: Focus on felodipine. Cardiovascular Drugs and
Tberapy 199;9:557-563.
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