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OBJECTIVE: The aim was to evaluate the clinical efficacy of the 23-valent 
pneumococcal polysaccharide vaccine (PPV) among immunocompetent patients with 
chronic obstructive pulmonary disease (COPD).  
METHODS: A randomized, controlled trial was carried out with 596 COPD patients 
(65.8±9.7 years), of which 298 received PPV. The main outcome was a radiographically 
proven community-acquired pneumonia (CAP) of pneumococcal or unknown aetiology, 
after a mean period of 979 days (range 20-1454 days).  
RESULTS. There were 58 first episodes of CAP caused by pneumococcus, or of 
unknown aetiology, with 25 in the intervention and 33 in the non-intervention group. 
Kaplan-Meier survival curves for CAP did not show significant differences between 
intervention and non-intervention arms (log-rank test=1.15, p=0.28), in the whole group 
of patients, The efficacy of PPV in all patients was 24% (95%-CI, -24, 54, p=0.333). In 
the sub-group <65 years it was 76% (95%-CI, 20, 93; p=0.013), while in those with 
severe functional obstruction (FEV1< 40%) it was 48% (95%-CI, -7, 80; p=0.076). In 
younger patients with a severe airflow obstruction, the efficacy was 91% (95%-CI, 35, 
99; p=0.002). There were only 5 non-bacteraemic pneumococcal CAP, all being in the 
non-intervention group (Log-Rank test=5.03; p=0.025). A multivariate analysis showed 
a hazard ratio for unknown and pneumococcal CAP in the vaccinated group, adjusted 
for  age, of 0.20 (95%-CI, 0.06, 0.68; p=0.01).  
CONCLUSIONS. PPV was effective in avoiding CAP in COPD patients younger than 
65 years, and in patients with a severe airflow obstruction. No differences amongst the 
other groups of COPD patients were found.  
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INTRODUCTION 
Infection with Streptococcus pneumoniae remains a major cause of morbidity 

and mortality across all age groups, being the most common cause of community-
acquired bacterial pneumonia1. The burden of disease is greatest among young children 
and the elderly. The incidence of invasive pneumococcal disease has been estimated to 
be 15–30 per 100,000 inhabitants per year in developed countries, with the highest rates 
among persons older than 65 yrs of age and in children aged younger than 2 yrs. In 
adults, pneumococcal bacteraemia is associated with pneumonia in 60–85% of cases2 
Despite appropriate antibiotic therapy and intensive care treatment, there is a 
considerable case fatality in pneumococcal bacteraemia, 15–20% among adults overall, 
with the highest rates among the elderly and in patients with severe underlying medical 
conditions3. Thus, pneumococcal diseases are a major public health problem all over the 
world, a problem underlined by the rapidly spreading antimicrobial resistance to 
common and essential antibiotics. 

Smoking is the most common cause of COPD, and the rate of pneumococcal 
disease is high among patients with this condition4,5, probably due to defective 
clearance mechanisms. In these patients, community-acquired pneumonia (CAP) is an 
infectious illness that frequently leads to hospital admission and increased morbidity 
and mortality. The main aetiology of CAP in these patients is infection due to 
Streptococcus pneumoniae in up to 43% of cases6. 

The pneumococcal polysaccharide vaccine (PPV), has been shown to be 
effective in the prevention of pneumococcal pneumonia and bacteraemia in previously 
healthy young people7, and also in certain groups of patients at high risk of developing 
pneumococcal infection8. However, the degree of protection afforded by PPV remains 
an issue of some debate, despite the existence of a number of randomised (or quasi-
randomised) clinical trials, case-control and indirect cohort studies. The effectiveness of 
PPV has been questioned for certain populations, such as the elderly and some at-risk 
populations such as diabetics and those with chronic respiratory illnesses. Part of the 
problem is due to the frequent disparity of results, as found between various clinical 
trials9-13 including recent meta-analysis studies that included the 23 serotype PPV14-16. 

In Spain, the 23 serotype PPV was not made commercially available until 1999 
and is currently subject to prescription restrictions. It is still not included in general 
immunization programs or recommendations and has been used only to a very limited 
extent; in practice it is only given to splenectomized patients.  

 The aim of this study was to evaluate the clinical efficacy of 23 serotype PPV, 
in the prevention of pneumococcal pneumonias in immunocompetent COPD patients.  

Methods 
Patients were included who had no previous vaccination, and had a spirometric 

diagnosis of COPD at the pneumology service of the University Hospital of Valme (in 
the southern health area of Seville). Patients were excluded from the study if they were 
pregnant, suffered immuno-supression or had known neoplasia, renal insufficiency in 
dialysis, HIV infection, hypogammaglobulinaemia or anatomical or functional asplenia. 

The study was approved by the ethics committee of the hospital. A 
randomization code was developed using a computer random number generator in 
blocks lengths of 20 (10 of each group) Once patients agreed to be included, and 
provided they fulfilled the selection criteria, they were informed of the aims and 
characteristics of the study, were randomly assigned to the intervention group and 
received 23-valent pneumococcal capsular polysacharide vaccine (PNEUMO 23. 
Aventis Pasteur MSD), along with a clinical follow-up examination. For the non-
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intervention group, there was a clinical follow-up but no vaccine. The vaccine was 
given free of charge at the centre where the patients were recruited. Written, informed 
consent was obtained from all  patients. 
 At the start of the study, demographic, clinical and spirometric data were taken 
from each patient. Following inclusion, each patient had a clinical follow-up 
examination over three years. The physicians participating in this 3-year follow-up were 
unaware of the individual patient assignment to the groups. The patients were instructed 
to contact the doctor if they developed a fever of 38ºC for more than 3 days, or if they 
presented other symptoms that might suggest pneumonia. All the participants were 
revised methodically every six months or if they requested it. 
 The main variable of the study was time to the first episode of community-
acquired pneumonias of pneumococcal or unknown aetiology. Diagnosis of pneumonia 
was based on the finding of a new infiltrate, typical of pneumonia, which diminished or 
disappeared during follow-up, and symptoms of lower respiratory tract infection with 
fever. Pneumonia was considered as nosocomial, if the onset of symptoms occurred 
later than 3 days after admission to hospital or a chronic care unit, and earlier than 4 
days after discharge.. Other cases were considered to have been acquired in the 
community. Pneumococcal pneumonia diagnosis was based on the presence of 
pneumonia and the isolation of Streptococcus pneumoniae in sputum (for an adequate 
sample), broncho-aspirate, blood, pleural fluid or CSF. The remaining aetiologic 
diagnosis were performed according clinical guidelines17.    
 Patients admitted to hospital were given diagnostic tests, as considered necessary 
by their responsible doctor, according to the seriousness of the case, and in order to 
arrive at a diagnosis (blood culture, thoracocentesis, etc.). All those patients with an 
initial diagnosis of pneumonia were subject to a new regime, which included clinical 
revision and radiography, between 2 and 4 weeks from the first visit. All the 
radiographs were examined by two doctors participating in the study. 

Statistical Methods 
Absolute numbers and percentages were computed to describe the patient 

population. Medians and quartiles were computed as appropriate. Categorical values 
were compared using a chi-square or Fisher test and crude odds ratios with 95% 
confidence intervals were computed. Continuous variables were compared by the two-
tailed Wilcoxon rank sum test. Unless otherwise stated, statistical significance is 
indicated by p values of less than 5% (two-sided).  Crude event rates were calculated by 
dividing the number of cases by the person-time for each outcome. Multivariate Cox 
proportional hazard models, with covariates, were used to evaluate the association 
between the receipt of pneumococcal vaccine, and the time to a first outcome event 
during the study period and excluding repeated episodes from analysis. To investigate 
the possible effect of age and pulmonary function on the relative risk of pneumonia over 
time, we included age (< or ≥ 65 yr.) and the presence of severe airflow obstruction 
(defined as FEV1 <40% of expected, following SEPAR guidelines18) as covariates in a 
Cox regression model, and also an estimation of a possible age-by-treatment interaction 
effect. Therefore, the effects of the vaccine will be investigated in the whole group of 
596 patients as well in the subgroups of patients defined by the previously mentioned 
variables (age and severity of obstruction). The reason to perform this subgroup analysis 
is based in previously published data suggesting that younger patients (<65 yr.) and 
those with more severe obstruction (FEV1<40%), would benefit most from vaccine 
administration7,12,16. Graphs of the survival curves for patients younger than 65 years 
and with severe COPD were calculated by Kaplan-Meier methods. The effectiveness of 
the anti-pneumococcal vaccine was calculated, considering the first episode of 
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pneumococcal pneumonia, as the first episode of community acquired pneumonia of 
unknown aetiology or with isolation of pneumococcus (as 1-RR x 100). The number 
necessary to treat was calculated as the inverse of the absolute reduction of risk. 

The Odds Ratio, and the Relative Risk with 95% confidence intervals, were 
calculated using EPI-info™ (CDC, USA). The remaining tests were performed using 
the SPSS v. 12.0 for Windows.    

RESULTS 
Six hundred patients with a diagnosis of COPD were included in the study, using 

progressive intakes. Three hundred received the 23-valent pneumococcal vaccine and 
the other 300 were followed clinically during the same period. There were 4 patients 
(two from each arm of the study) that were lost to follow-up and were excluded from 
the final analyses. The study commenced in October 1999 and was completed in July 
2004, which allowed for a minimum follow-up of 3 years for each patient, except 115 
patients who died before the end of the follow-up period. No patient reported any local 
or systemic reaction to the vaccine. The epidemiological and clinical characteristics of 
the patients of both groups are shown in Table 1. Even though patients with immuno-
supression were excluded, neoplasia was detected in 34 patients during follow-up, 
although this finding did not influence the effectiveness of PPV, or the incidence of 
pneumonia. 

Pneumonias 
Seventy-five patients had some type of pneumonia episode during the time of 

the study of which 12.7% (38 of 298) were in the intervention group, 12.4% (37 of 298) 
being in the non-intervention group. There were a total of 88 episodes of pneumonia, 43 
in the intervention group, and 45 in the non-intervention group. Sixty-four patients had 
just one episode of pneumonia (34 and 30 in the intervention and non-intervention 
groups, respectively), nine had two episodes (3 and 6 in the intervention and non-
intervention groups, respectively) while two had three episodes (one from each group). 

Of the 88 episodes of pneumonia, 83% (73) were treated in the hospital and the 
other 15 were outpatients. These patients did not receive any special intervention, and 
the doctor responsible for their care decided on the studies to be undertaken, to 
determine the aetiology and treatment. An aetiological diagnosis was obtained for 23 
cases, 14 were found to be due to gram-negative bacilli, 2 to fungi (aspergillus and 
nocardia), 2 to Staphylococcus aureus, and 5 due to pneumococcus. The remaining 65 
had unknown aetiologies. There were 12 nosocomial pneumonias, 8 of these with 
known aetiology that did not include pneumococcus, and the other 4 from unknown 
aetiology. There were 67 first episodes of CAP with 33 in the intervention group and 34 
in the non-intervention group. Of these CAP, 58 were either of pneumococcus or 
unknown aetiology (25 in the intervention group, 33 in the non-intervention group). 
Most of these CAP required hospital admission: 19/25 (76%) in the intervention group 
and 27/33 (81%) in the control group (p= 0.59). Median values of length of stay were 
lower among vaccinated patients, although the differences did not reach statistical 
significance: 9.5 (6.5, 17) vs. 12.0 (8.0, 20.0), p=0.16. Finally, the total number of 
hospitalization days due to CAP was 242 in the intervention group and 412 days in 
control group.   

Pneumococal pneumonia 
Streptococcus pneumoniae was isolated from five of the non-intervention 

patients with pneumonia, in comparison to zero in the intervention group (Fisher’s test, 
p=0.03, single-sided).  In three cases it was the only isolated organism, and in the other 
two there was also H. influenzae in one case and P. aeruginosa in the other. 
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Pneumococcus was isolated from the sputum in two cases, and from bronchial secretion 
obtained via fibre-bronchoscopy in the other three. There were no cases of bacteraemic 
pneumococcal infection. 

Time to the first episode of CAP 
Kaplan-Meier survival curves for CAP did not show significant differences 

between intervention and non-intervention arms (log rank test=1.15, p=0.28, Figure 1), 
in the whole group of 596 patients, although they were significantly different in 
predefined subgroups of  patients (see below).   

Incidence of pneumonia and efficacy of the vaccine 
The incidence of global pneumonia (CAP and nosocomial) in patients with 

COPD was 55.1 per 1,000 patients with COPD per year. In those with CAP, it was 47.6 
per 1,000 patients with COPD per year (46.3 in the intervention group, 49.0 in the non-
intervention group). Table 2 shows the incidence of pneumonia by age and severity of 
airflow obstruction. The incidence of non-bacteraemic pneumococcal pneumonia was 
313 per 100,000 patients with COPD per year. 

Table 3 shows univariate analysis results and the efficacy of the anti-
pneumococcal vaccine in preventing pneumonia, which in the whole group of patients 
with COPD was 24% (95% CI, -24, 54, p=0.333). The efficacy increases in the 
subgroup of younger patients of less than 65 years up to 76% (95% CI, 20, 93; p=0.013) 
and in those that have severe functional obstruction to 48% (95% CI, -7, 80; p=0.076). 
In the subgroup of younger patients with severe airflow obstruction, the efficacy 
increased up to 91% (95% CI, 35, 99; p=0.002), with a NNT (number needed to treat) 
of 3 COPD patients (95% CI 2, 4).  

The risk ratio and the vaccine efficacy could not be calculated when there was 
no case of pneumonia with isolated pneumococcus in the intervention group, which is 
why both groups could only be compared by survival analysis. Accordingly, the 
Kaplan-Meier survival curves for pneumococcal pneumonia show a significant 
difference between intervention and non-intervention groups (log rank test= 5.03; p= 
0.0250). In Figure 2, a Kaplan-Meier curve shows the accumulated percentage of 
patients younger than 65 years without pneumonia (of unknown aetiology and 
pneumococcus) across time, for both intervention and non-intervention groups (log rank 
test= 6.68; p=0.0097). Figure 3 shows a Kaplan-Meier curve for patients with severe 
airflow obstruction (FEV1<40% of expected), with the accumulated percentage of 
pneumonias for both groups (log rank test= 3.85; p=0.049). In the Cox regression 
multivariate analyses (Figure 4), the hazard ratio for pneumonia was adjusted for the 
effect of age (<65 yr. or ≥ 65 yr.) (Table 4), the severity of obstruction (FEV1<40% or 
FEV1≥40%) and the interaction age by vaccine. This interaction means that the vaccine 
efficacy depends on the age of the patients: There was no sign of efficacy in older 
subjects (≥ 65 years); however, younger patients (< 65 years) in the intervention group 
were five times less likely to develop pneumonia compared with a non-vaccinated 
person with the same age and severity of COPD (RR, 0.20; 95% CI, 0.06, 0.68; p=0.01). 
Another risk factor for developing pneumonia was the severity of the airflow 
obstruction (FEV1<40%), (RR, 2.03; 95% CI, 1.21, 3.41; p=0.008). Similar results 
could be achieved if the model is stratified by age: instead a global model with an 
interaction term, we obtained two models, for age <65 yr. or ≥ 65 yr (table 4). For 
younger patients the model is very similar to the previously described  global model. 
However, for older patients, there is no sign of vaccine efficacy (RR, 1.53; 95% CI, 
0.61, 2.17; p=0.66). 
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Mortality 
 There was no difference in the rates of death between the two groups which was 
around 19%. The major cause of death was respiratory failure in 34 patients, followed 
by cardiovascular diseases in 29 cases, cancer detected during follow-up in 21 subjects 
(11 of these were pulmonary carcinomas), 13 deaths due to infections (12 for 
pneumonia, one being pneumococcus), 11 to gastrointestinal causes, 5 to other causes, 
and 2 due to unknown causes. Factors influencing the mortality rate among the patients 
were age (RR, 1.05; 95% CI, 1.03, 1.08; p<0.001), FEV1 (as a percentage of expected) 
(RR 0.97 (95% CI, 0.95, 0.98; p<0.001), current smokers (RR, 1.67; 95% CI 1.08, 2.60; 
p=0.022), and the presence of neoplasia (RR, 6.54; 95% CI, 4.15, 10.23; p<0.001). The 
rate of mortality for nosocomial pneumonia and CAP in those with COPD was 50.8 per 
1,000 per year (and 34.4 in those with CAP only). 
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DISCUSION 
This study demonstrates that the protective efficacy of 23-serotype PPV, in 

immunocompetent COPD patients, for the prevention of radiologically proven 
pneumonia of pneumococcal and unknown aetiology links to two factors. These are, the 
age of the patient and the severity of the airflow obstruction, as can be deduced from the 
survival analysis. A vaccine efficacy of 76% (95% CI, 20, 93) was found in patients of 
less than 65 years old, while it was 91% (95% CI, 35, 99) in those that also had a severe 
airflow obstruction. Pneumonia cases with isolated pneumococcus were not found in the 
intervention group. Cases of pneumococcal bacteraemia in the non-intervention group 
were not found, as expected, since bacteriemia occurs in 10% to 20% of patients with 
pneumococcal pneumonia2,7. Nevertheless within this group, in the sub-group older than 
65, vaccine efficacy was not shown.  

Practically all clinical studies10-12,19 and meta-analyses7,15,16 concur in the 
efficacy of the vaccine in the prevention of invasive pneumococcal disease; however, 
data regarding the effectiveness of this vaccine in reducing other, more common 
manifestations of pneumococcal disease, such as pneumonia, have been inconclusive for 
elderly and high-risk groups. Only Nichol20, in a retrospective cohort study, showed that 
pneumococcal vaccination of elderly people with chronic lung disease was associated 
with fewer hospital admissions for pneumonia (defined by ICD-9CM codes) and fewer 
deaths, with the additional effect of influenza vaccination. Hedlung21, in a recently 
published prospective cohort study, showed a reduction in the incidence of hospital 
admissions for pneumonia and invasive pneumococcal disease, in the year following 
vaccination, adjusted for sex and age. The reasons for these disparate findings include 
differences in the study population, prevalence and diagnosis of non-bacteraemic 
pneumococcal pneumonia or the methods used for ascertaining vaccination status12.   

The incidence of CAP requiring hospitalization is 2.7 per 1,000 of the 
population, which increases with age to 10.1 per 1,000, for those aged over 65 years22. 
A recent Spanish report establishes the relative risk of developing pneumonia in COPD 
patients as 4.7 times that of the general population over 65 years23. The overall 
incidence rate of CAP, in our COPD patients, was 47.6 episodes per 1,000 COPD yr., 
which corresponds to that expected. This incidence increases significantly in those 
patients older than 65 years with COPD (51.6 per 1,000 COPD yr.), and in those that 
presented a severe airflow obstruction (63.6 per 1,000 COPD yr.). In this last group, 
efficacy of the vaccine is shown in the prevention of pneumonias of both pneumococcal 
and unknown aetiology.  

It is highly unlikely that there was any bias towards omitting nosocomial 
pneumonias of pneumococcal aetiology, since pneumococcus was isolated in 5%24 of 
nosocomial infections from any origin. Also we excluded non-pneumococcal cases of 
known aetiology, because mixed infections are produced in about 2%22 of cases. This 
reduced the number of cases for analysis, but we believe it allowed us to come closer to 
the true number of non-bacteraemic pneumococcal pneumonias; by contrast, all of the 
pneumonias were radiologically proven, including those of outpatients. The diminution 
of pneumonias of unknown aetiology, after vaccination, supports the suspicion that 
some of these pneumonias may be due to pneumococcus. Perhaps all of these 
discrepancies would be clarified with a more widespread use of the antigenuria test to 
detect pneumococcus. This might demarcate, in a more precise way, the non-
bacteraemic pneumococcal pneumonias. Although the aetiology found in our patients 
was most frequently unknown, there were an appreciable number of gram negative 
bacterial pneumonias. This aetiology is justified because many of them were hospital 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2005.043323 on 14 O

ctober 2005. D
ow

nloaded from
 

http://thorax.bmj.com/


 9

acquired and these patients, due to their more serious condition, have more diagnostic 
tests performed in the aetiological diagnosis.  
Despite many studies of the effectiveness of anti-pneumococcal vaccine for different 
populations, there are few that have been made on COPD patients. Leech9 administered 
a 14-serotype anti-pneumococcal vaccine to patients with a FEV1 of less than 1.5 litres. 
In two years of follow-up, no differences were found between the groups, in terms of 
death or deteriorating conditions, which is attributed to the low number of patients 
included in the series, along with the low rate of pneumococcal bacteraemia. Later, 
Franzen25, in another short series study of 65 patients, with longstanding emphysema 
and/or bronchitis, after a year of follow-up, found a reduction in the number of 
pneumonias, compared with the year prior to the vaccination. The most representative 
study is the retrospective study of Nichol20 involving 1898 patients with an ICD-9-CM 
of chronic lung disease, including other illnesses in addition to COPD, such as bronchial 
asthma, bronchiectasis and fibrosis, which gave rise to a population less homogeneous 
than ours. Our study analysed the efficacy of the anti-pneumococcal vaccine, in a 
homogeneous cohort of patients with clinical and spirometric diagnosis of COPD. Here 
we establish the differences in the incidence of pneumonia according to the degree of 
airflow obstruction in COPD patients. Thus, patients had an incidence of pneumonia 1.7 
times greater if they had a severe degree of airflow obstruction compared to those with a 
light to moderate degree. Analyses of the efficacy of the vaccine, according to the 
degree of airflow obstruction, demonstrates the beneficial tendency of the vaccine in 
those patients with the most severe obstruction. For this reason we support the 
recommendation that anti-pneumococcal vaccine be administered to these patients, 
independently of the cost-effectiveness analysis already cited20.  Most COPD patients 
with CAP (76% and 81% in intervention and control groups, respectively) need hospital 
admission, with prolonged lengths of inpatient stay and elevated medical costs. 
Therefore, a low-cost intervention such as PPV, that tends to reduce the incidence of 
pneumonia, should be cost-effective.  

Nichol20 and Hedlung21 found a reduction in the mortality of those patients that 
received PPV, which can only be explained by a reduction of the specific mortality due 
to pneumonia of pneumococcal aetiology. However, these studies did not state this 
categorically, thus other uncontrolled factors may have influenced mortality in these 
patients. In our study the 23 serotype PPV did not change mortality; it was very similar 
in proportion and causes in both groups. Although it is certain there was a death due to 
pneumococcal pneumonia in the non-intervention group, this was not sufficient to 
generate a difference between the groups. The factors that influenced mortality in our 
patients, in addition to the presence of neoplasia, were those classically described in 
COPD patients: age, severity of airflow obstruction and currently smoking.    

A considerable limitation of this study is the lack of a blinding placebo 
comparison group. Nevertheless, it is highly unlikely that this limitation significantly 
influenced the results due to the following reasons: The vaccination status of the patient 
was kept in a specific encrypted database and was not stated in the patients clinical 
records. The main investigator of this study (IA), was the only person with access to this 
database, but this investigator did not participate in the follow-up, neither in the 
adjudication process of the outcome events. This task was performed by the physicians 
conducting the follow-up, who were unaware of the treatment group allocation of their 
patients. These investigators were committed not to ask patients about their vaccination 
status. Furthermore, during the follow-up period, most patients from both groups also 
received vaccination against influenza during several years; this could be confusing, 
especially for old patients from rural areas (the majority in the present study) and 
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probably many of them did not have a clear idea of their anti-pneumococcal vaccination 
status after 3 years of follow-up. 

In summary, PPV should be given to COPD patients less than 65 years of age, 
especially if they have severe airflow obstruction. This vaccination could avoid 
pneumococcal pneumonia episodes frequently labelled as “pneumonia of unknown 
aetiology”. Further studies are needed with larger sample size to examine a possible 
protective effect in the elderly population and in COPD patient with less severe 
obstruction. . In addition, studies should be undertaken to determine the real incidence 
of non-bacteraemic pneumococcal pneumonia, as well as perfecting the diagnostic 
methods used in its detection. All this would permit the effectiveness of PPV to be 
determined with greater precision, and to assess its possible substitution by other types 
of anti-pneumococcal vaccines, such as pneumococcal protein conjugate vaccine26 or by 
other protein vaccines27. 

 
 
 

The Corresponding Author has the right to grant on behalf of all authors and does grant 
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Figure 1. Kaplan-Meier survival curve, showing cumulative proportion of patients 
without pneumonia, during the follow-up period. 
 
 
Figure 2. Kaplan-Meier survival curve, showing cumulative proportion of patients 
younger than 65 yr. without pneumonia during the follow-up period.  
 
 
Figure 3. Kaplan-Meier survival curve, showing cumulative proportion of severe COPD 
patients (FEV1< 40%) without pneumonia during the follow-up period.  
 
 
Figure 4. Cox regression model curve showing proportion of COPD patients without 
pneumonia adjusted for age and severity of airflow obstruction during the follow-
period.   
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Table 1. Clinical and Functional Characteristics of COPD patients. 
 
 Intervention 

Group 
N=298 

Non-intervention 
Group 
N= 298 

 
 

p 
% Male 96.6% 93.3% 0.09 
Follow-up 
Average (days) 
Range (days) 
Total (person. yr) 

 
980.0 
20-1454 
800.1 

 
977.8 
21-1183 
798.0 

 
0.77 
 

FVC (l) 2.0 (1.6, 2.5) 2.1 (1.7, 2.6) 0.17 
FVC (%) 62 (50, 73) 63 (52, 74) 0.21 
FEV1 (l) 1.1 (0.8, 1.4) 1.2 (0.8, 1.5) 0.02 
FEV1 (%) 42 (32, 54) 43 (33, 55) 0.21 
FEV1%FVC 53 (45, 62) 55 (45, 64) 0.21 
Age (yr) 69 (62, 73) 68 (61, 73) 0.23 
 n % n %  
Age group 
<65 yr 
≥65 yr 

 
91 
207 

 
31 
69 

 
116 
182 

 
39 
61 

 
0.04 

Severity of COPD 
   Severe (FEV1<40%) 
   Non-severe (FEV1≥40%) 

 
132 
166 

 
44 
56 

 
114 
184 

 
38 
62 

 
0.13 

Currently smoking 65 22 77 26 0.25 
Previous pneumonia 58 19.5 52 17.4 0.53 
Pneumonia in previous 5 yrs 33 11 28 9.4 0.50 
Previous TB 22 7.4 33 11.1 0.12 
Neoplasia during follow-up 18 6 16 5.3 0.72 
Death from any cause 57 19.1 58 19.5 0.92 
Death from pneumonia 6 2 6 2 1.00 
 
TB = Tuberculosis. Values are expressed as median (interquartile range 25, 75). P 
values (two-sides) were calculated with the chi-square test for proportions and with the 
Wilcoxon test for quantitative variables.  
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Table 2. Incidence of CAP per 1,000 COPD per year.  
 
 CAP Persons/year. Rate 

(x 1,000 COPD. yr.) 
Overall 76 1597.3 47.6 
      Intervention Group 37 798.6 46.3 
       Non-intervention Group 39 795.7 49.0 
< 65 yr. 23 569.3 40.4 
≥ 65 yr.  53 1026.9 51.6 
FEV1<40% 41 644.5 63.6 
FEV1≥40% 35 952.0 36.8 
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Table 3. Numbers of Pneumonia Patients (1st episode) in a Prospective Randomized 
Trial showing 23-serotype Pneumococcal Vaccine Efficacy.  
 

CAP-PN= Community-acquired pneumonia of unknown aetiology and pneumococcal 
pneumonia. Vaccine Efficacy = 1-RR x 100. NNT= Number needed to treat. 
P values two-sides. The p value for pneumococcal pneumonia is 0.06, using the Fisher’s 
exact test (two-sides) and 0.03 (single-sided). This last p-value is very similar to that 
obtained with the Log Rank test (p=0.025, Kaplan-Meier curves). 
. 

Interventi
on Group 

Non-
interventio

n Group 

 
Vaccine Efficacy 

NNT 

 

n N n N % 95% CI 
 

p n 95% CI 
CAP–PN          
   All patients 25 298 33 298 24 (-24, 54) 0.333   
   <65 yr.  3 91 16 116 76 (20, 93) 0.013 10 (6, 31) 
   ≥65 yr. 22 207 17 182 -14 (-107, 38) 0.801   
FEV1<40% 12 132 20 114 48 (-7, 80) 0.076   
FEV1≥40% 13 166 13 184 -11 (-132, 47) 0.945   
Age<65 yr & 
  FEV1 <40% 

1 46 10 40 91 (35, 99) 0.002 3 (2, 4) 

Pneumococcal 
pneumonia 

0 298 5 298   0.061   
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Table 4.  Variables selected by the Cox regression model.  
 
 

95% CI   
  

Sig. RR Lower Upper 

Global model (with interaction 
between age and vaccine) 

 

Vaccinated (0=no/1=yes) 0.01 0.20 0.06 0.68 
Age: (0=<65/1= ≥65 yrs) 0.23 0.66 0.33 1.31 
Severe airflow obstruction 
(0=no/1=yes) 

0.01 2.03 1.21 3.41 

Age*vaccinated 0.01 5.82 1.45 23.34 
     
Model for age<65 ys     
Vaccinated (0=no/1=yes) 0.01 0.19 0.06 0.66 
Severe airflow obstruction  0.04 2.62 1.04 6.55 
     
Model for age ≥ 65 ys     
Vaccinated (0=no/1=yes) 0.66 1.53 0.61 2.17 
Severe airflow obstruction 0.07 1.81 0.96 3.39 
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