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Pneumococcal Vaccination for Patients
With COPD*
Current Practice and Future Directions

Jeremy G. Schenkein, MD; Moon H. Nahm, MD; and Mark T. Dransfield, MD

Despite a level “A” recommendation by the Centers for Disease Control and Prevention, the use
of pneumococcal polysaccharide vaccination in patients with COPD is supported by limited data.
Clinical and laboratory studies have suggested that the currently approved vaccine is less
effective in the population of COPD patients than in healthier patients, and to date no
randomized-controlled trial of pneumococcal vaccination for COPD patients has demonstrated
any beneficial effect. The implementation of a pneumococcal vaccine trial in the COPD
population is problematic because of the large sample size required for studies examining clinical
outcomes and the fact that no adequate in vitro assays have been available to serve as surrogate
measures of vaccine protection. However, new laboratory methods have been developed and
more accurate determination of the immunogenicity of pneumococcal vaccines is now possible.
There is considerable interest in the development of an improved pneumococcal vaccine for
patients with COPD, and advances in vaccine design hold considerable promise for improved
prevention against pneumonia and acute exacerbations caused by Streptococcus pneumoniae. The
following discussion will examine the available data supporting pneumococcal polysaccharide
vaccine use, the currently available laboratory methods to measure immunogenicity, and
advances in the development of an improved pneumococcal vaccine that could better protect
patients with COPD against this pathogen. (CHEST 2008; 133:767–774)

Key words: COPD; pneumonia; pneumonia vaccine

Abbreviations: ELISA � enzyme-linked immunosorbent assay; PCV7 � seven-valent pneumococcal conjugate vac-
cine; PPSV23 � 23-valent pneumococcal capsular polysaccharide vaccine

I nfection with Streptococcus pneumoniae is a ma-
jor cause of morbidity and mortality among older

adults and patients with comorbid illnesses.1 It is
estimated to cause 500,000 cases of pneumonia in

the United States each year, as well as 50,000 cases
of bacteremia and 3,000 cases of meningitis; the elderly
and those with underlying medical problems are dis-
proportionately affected.1 S pneumoniae accounts for
one third of all hospitalizations for community-acquired
pneumonia and is the most frequently isolated organ-
ism among patients with COPD in whom pneumonia
or acute exacerbations develop.2,3

Based on the major impact of S pneumoniae, the
Centers for Disease Control and Prevention recom-
mend1 that pneumococcal vaccination be adminis-
tered to all patients � 65 year of age as well as to
younger patients with chronic medical illnesses, in-
cluding COPD. The currently available adult pneu-
mococcal vaccine consists of the capsular polysaccha-
ride of 23 different serotypes of S pneumoniae. The
antibodies produced in response to this polysaccha-
ride opsonize bacteria for phagocytosis and killing by
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host immune cells.4 Although these antibodies can
be protective, there remains debate about the im-
munogenicity and effectiveness of the existing 23-
valent pneumococcal capsular polysaccharide vac-
cine (PPSV23) in patients with COPD. The following
discussion will examine the methods for determining
vaccine efficacy, the clinical data supporting the use
of PPSV23 in COPD patients, as well as future
directions for the development of more effective
pneumococcal vaccines.

Determining Vaccine Efficacy

The strengths and weaknesses of various methods
used to determine vaccine efficacy are summarized
in Table 1. Although randomized controlled trials
would provide the most definitive data about vaccine
efficacy in the COPD population, their implementa-
tion is problematic. First, S pneumoniae is difficult to
isolate in clinical samples; therefore, identifying an
organism-specific effect would be difficult. Second, a
placebo-controlled trial in patients with COPD may
raise ethical concerns as pneumococcal vaccination
of this at-risk group is considered to be the standard
of care in many countries. A new vaccine could be
compared to PPSV23, but the effect size of the test

vaccine would be reduced, necessitating very large
studies. It has been estimated that a randomized
controlled trial would require between 120,000 and
482,000 patients to demonstrate a benefit in a clin-
ically relevant outcome such as pneumonia.5 Be-
cause these trials are prohibitive in terms of costs
and logistics, there has been interest in developing
surrogate markers for vaccine efficacy.

An enzyme-linked immunosorbent assay (ELISA)
has been used since the early 1980s to measure
antipneumococcal IgG as a surrogate marker for
immunity.6 This technique is widely used and has
been standardized7; however, there is no consensus
regarding the level of the antibody that provides
protection against infection in adults nor what de-
fines an appropriate vaccine response. In addition,
older adults routinely have nonspecific, nonfunc-
tional antibodies to the pneumococcal capsule as
well as to other antigens such as cell-wall polysac-
charide. These antibodies are not protective but are
measured by older generation ELISAs, and can lead
to the overestimation of both baseline antibody levels
and those achieved after vaccination6,8–10 (Fig 1).
The latest generation of ELISAs can more accurately
measure serotype-specific antibody levels by preab-
sorbing antibodies to the cell-wall polysaccharide
and other contaminants.7 However, while a patient
may demonstrate an increase in antibody titers after
vaccination, an ELISA cannot distinguish between
functional and nonfunctional antibodies.11 It has
been shown that even when older adults develop
antibody titers that are similar to those in their
younger counterparts, these antibodies have reduced
function.12–14 This limits the utility of antibody levels
measured by any ELISA.

Given these issues, there has been interest in
developing an in vitro assay that can directly mea-
sure the protective effect of antibodies. Antibodies
against pneumococcal capsular polysaccharide func-
tion by opsonizing bacteria, which allows for phago-
cytosis by host immune cells.4 In recent years, assays
that measure functional opsonophagocytosis have
been developed, and opsonic activity has been shown
to correlate with immune protection in animal stud-
ies.11,14,15 Multiplexed, automated opsonization as-
says have subsequently been developed and vali-
dated for high throughput.16,17 While measures of
opsonophagocytic activity have been shown to cor-
relate with protection better than ELISAs for otitis
media in children,18 at this time there are no data
demonstrating correlation with protection from in-
fection in adults. Though some issues remain with
standardization, the development of reference values,
as well as a definitive correlation with protection, the
opsonization assay may ultimately become the surro-
gate for large clinical trials of vaccine efficacy.

Table 1—Summary of Advantages and Disadvantages
of Various Methods for Determining Vaccine Efficacy

in Adults

Methods Advantages Disadvantages

Clinical trials Most definitive
demonstration of
vaccine efficacy; and

Large sample size and
extended follow-up;

Directly measure
clinical end points

High cost; and
Placebo-controlled trial

often not feasible in
at-risk groups

ELISA Well-established
protocol;

Nonspecific antibodies
interfere with older
assays;

Highly reproducible;
and

Total antibody levels
include
nonfunctional
antibodies;

Reference standard
available

Lack of a correlate of
protection; and

Each assay limited to
testing of a single
serotype

Opsonization
assay

Measurement of
functional antibody
activity; and

Multiple protocols;

High throughput with
multiplex assay

No reference standard
available; and

Lack of a correlate of
protection

768 Special Feature

 Copyright © 2008 American College of Chest Physicians
 on April 16, 2009www.chestjournal.orgDownloaded from 

http://www.chestjournal.org/


Clinical Evidence Supporting
Pneumococcal Capsular Polysaccharide

Vaccine Vaccination

Nonrandomized studies examining pneumococcal
vaccine efficacy almost uniformly report protection,
at least in terms of the prevention of invasive pneu-
mococcal disease such as bacteremia. However,
randomized controlled trials have rarely demon-
strated any benefits (Table 2). In addition to the
logistical issues that complicate the implementation
of randomized trials, it is important to note that all
studies of vaccine efficacy, regardless of design,
could fail to detect an effect because of the variable
application of case definitions and misdiagnosis.5
This is most problematic in studies of pneumonia, as,

unlike blood cultures, sputum samples cannot be
used to reliably differentiate infection from coloni-
zation. In addition, in both randomized and nonran-
domized studies, physician diagnosis and administrative
coding of pneumonia may occur in the absence of a
chest radiograph confirming the presence of an infil-
trate; thus, other diagnoses such as congestive heart
failure and exacerbations of COPD can be captured as
end points. These factors as well as the bias inherent to
the design of nonrandomized studies complicate the
interpretation and comparison of these reports.

General Population and Older Adults

The initial studies demonstrating benefit after
pneumococcal vaccination were randomized con-

Figure 1. Evolution of the ELISA technique for detection of capsule-specific IgG. The purified
capsular polysaccharide that was used for the ELISA contained contaminants that cannot be removed
during purification of the capsular polysaccharide. One of these contaminants, cell-wall polysaccharide,
is covalently linked to capsular polysaccharide via a peptidoglycan moiety.6 Additional epitopes are
poorly characterized but are also not removed during capsular purification. Although antibodies to
these contaminants develop, they are not protective. The first-generation assay (top, A) measured these
nonfunctional antibodies as true anticapsular antibodies. The second-generation assay (center, B)
eliminated the measurement of antibodies to cell-wall polysaccharide by preabsorbing with free
cell-wall polysaccharide. It was subsequently recognized that antibodies binding an unknown epitope
that was not specific for a given capsule type were still measured by the assay.9,10 These nonfunctional
antibodies could also be removed by preabsorbing with a different purified capsule (usually 22F)
[bottom, C]. This third-generation assay allows for the measurement of true capsule-specific antibodies.
It should be noted that even this third-generation ELISA cannot determine the functionality of these
antibodies.
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trolled trials19,20 that were performed in healthy
South African gold miners, among whom the inci-
dence of pneumococcal pneumonia was high. It
should be noted that these patients were younger
and healthier than the at-risk adults who typically
receive the vaccine today. Support for the use of the
pneumococcal vaccine in the latter patients is based
largely on the findings of retrospective studies21–23

that have demonstrated efficacy ranging from 57 to
80% for the prevention of invasive pneumococcal
disease. In contrast, randomized controlled trials24,25

in these patients have failed to demonstrate efficacy
for any clinical outcome, even when evaluated in
metaanalyses. Several studies23,26–28 have specifically
examined vaccination in older adults. While one
population-based prospective study29 did show a
protective benefit at 6 months and 1 year when

pneumococcal vaccination was administered in com-
bination with the influenza vaccine, randomized-
controlled trials23,30–33 have repeatedly failed to
show benefits. It is difficult to eliminate bias due to
differences between vaccinated and unvaccinated
patients as an explanation for the benefits reported
in nonrandomized studies, while it is also possible
that randomized trials have been inadequately pow-
ered to detect a true vaccine effect.25 Clearly, none
of these studies have recruited the sample size that is
currently thought to be necessary to detect a reduc-
tion in the rates of pneumonia.5 However, there are
also data to support a biological explanation for vaccine
failure. Several studies12,13 have demonstrated that older
adults not only have an impaired antibody response to the
vaccine, but that the antibodies produced are less effective
at opsonizing bacteria for phagocytosis.

Table 2—Representative Clinical Studies of Pneumococcal Polysaccharide Vaccination*

Study Type Study Design Population Patients, No. Primary End Points Vaccine Efficacy†

Nonrandomized
Shapiro et al21/1991 Case-control Age � 18 yr;

cases with
Pneumococcus
from a sterile site

1,054 case patients
and 1,054 control
subjects (33%
with “chronic
pulmonary
disease”)

Isolation of Pneumococcus
from normally sterile site

56 (42 to 67)

Butler et al22/1993 Indirect cohort Age � 5 yr with
Pneumococcus
from blood or
CSF

2,837 patients (10%
with “pulmonary
disease”)

Isolation of Pneumococcus
from blood or CSF

57 (45 to 66)

Sims et al26/1988 Case-control Age � 55 yr;
cases with
Pneumococcus
from a sterile site

122 case patients
and 244 control
subjects

Isolation of Pneumococcus
from normally sterile site

70 (37 to 86)

Jackson et al28/2003 Cohort Age � 65 yr; HMO
members

47,365 patients
(10% with
“chronic lung
disease”)

Hospitalization for pneumonia
Outpatient pneumonia
Pneumococcal bacteremia

� 14 (� 2 to � 28)
� 4 (� 13 to 4)

44 (7 to 67)

Randomized
Simberkoff et al30/

1986
RCT VA patients � 55 yr

old
2,295 patients (23%

with “chronic
pulmonary
disease”)

Pneumonia and bronchitis � 15 (� 48 to 11)

Koivula et al31/1997 RCT Age � 60 yr 2,837 patients (5%
with lung
disease)

Pneumococcal pneumonia 15 (� 43 to 50) in
overall group;
and 59% (6 to 82)
in “increased
risk” patients

Örtqvist et al32/1998 RCT Age 50–85 yr,
treated as
inpatients for
pneumonia

691 patients (22%
with “chronic
pulmonary
disease”)

Pneumonia
Pneumococcal pneumonia

17 (� 12 to 42)
22 (� 51 to 60)

Honkanen et al33/
1999

RCT Age � 65 yr 26,925 patients Pneumonia
Pneumococcal pneumonia
Pneumococcal bacteremia

� 20 (� 50 to 10)
� 20 (� 90 to 20)

60 (� 40 to 90)

*Vaccine Efficacy � (1 � odds ratio or hazard ratio or relative risk) � 100; CSF � cerebrospinal fluid; HMO � health maintenance organization;
RCT � randomized controlled trial; VA � Department of Veterans Affairs; CI � confidence interval.

†Data are presented as % (95% confidence interval).
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COPD Patients

Few studies have been designed to specifically
examine vaccine efficacy in COPD patients. This is
an important issue because it is possible that COPD
patients may respond differently than the general
population, given their ongoing systemic inflamma-
tion, chronic colonization of the lower respiratory
tract, repeated exacerbations, and frequent use of
inhaled and systemic steroids. Studies of biological
response have shown that COPD patients can mount
antibodies when challenged with pneumococcal vac-
cine,34–36 even when patients are receiving systemic
corticosteroids37,38 or when the vaccine is given via
inhalation.39 Unfortunately, these studies were per-
formed using the earlier generation of ELISAs,
limiting the interpretation of their results. To date,
there have been no studies performed specifically on
COPD patients using the current generation of
ELISAs, and only one study40 of opsonization has
been conducted using only a single-serotype vaccine.

The available clinical studies have provided con-
flicting results about the utility of pneumococcal
vaccination in COPD patients (Table 3). One retro-
spective analysis27 found a decreased risk of hospi-
talization for pneumonia and influenza, a decreased
risk of death, and cost savings of $21 to $784 per
person vaccinated. Subset analyses of larger trials
have also generally yielded positive results. A retro-
spective, indirect cohort study22 revealed efficacy in
patients with “pulmonary disease,” while a prospec-
tive case-control study21 revealed benefit in patients
with “moderately high risk” (40% of whom had
“chronic pulmonary disease”). Another population
study29 found decreased mortality from COPD-

related hospital admissions. Even a subset analysis of
a randomized-controlled trial32 showed benefit in
patients in the “increased risk category” (of whom
14% of patients had COPD).

Randomized controlled trials have failed to dem-
onstrate benefit among the intent-to-treat popula-
tion. A randomized controlled trial35 involving 189
patients using the 14-valent pneumococcal capsular
polysaccharide vaccine found no difference in the
rates of hospitalization, the rates of emergency de-
partment visits, the lengths of hospital stay, the rates
of pneumonia, or survival, while a similar study36 of
103 patients failed to demonstrate a reduction in
pneumonia or mortality. Both studies35,36 were al-
most certainly underpowered to detect a significant
difference for any of these clinical outcomes. A
larger (596 patients) and more recent randomized-
controlled trial41 of PPSV23 also found no protection
from pneumonia. Some benefit was seen in subset
analyses as the vaccine delayed the first episode of
pneumonia in patients �65 years of age and in those
with an FEV1 of � 40% predicted. Notably, no
mortality benefit was demonstrated in the overall
population or in any subgroup.41 This study, like its
predecessors, was likely underpowered to detect any
clinically significant effect, should one exist.

Unfortunately, these three studies represent the
entire collection of randomized controlled trials of
pneumococcal vaccination in COPD patients. Thus,
despite the preponderance of data from nonrandom-
ized studies suggesting that there is a benefit to
vaccinating patients with COPD, when one examines
the highest levels of evidence, there has been little to
suggest that the pneumococcal vaccine, in its current

Table 3—Clinical Studies of Pneumococcal Polysaccharide Vaccination in COPD Patients*

Study Type Study Design Population Patients, No. Primary End Points Benefit†

Nonrandomized
Nichol et al27/1999 Cohort Age � 65 yr with

ICD-9 code for
chronic lung
disease

1,898 Hospitalization for
pneumonia

Death

43 (16 to 62) vaccine efficacy
29 (9 to 44) vaccine efficacy

Randomized
Leech et al35/1987 RCT COPD with

FEV1 � 1.5 L
189 Death, hospital admissions,

emergency department
visits, mean length of
hospital stay

None

Davis et al36/1987 RCT COPD 103 Pneumonia and survival None

Alfageme et al41/2006 RCT COPD, first time
vaccines

596 Time to first pneumonia 24 (� 24 to 54) vaccine efficacy in
intent-to-treat population;

91 (35 to 99) vaccine efficacy in
subgroup of patients � 65 yr old
and FEV1 � 40% predicted

*See Table 2 for abbreviations not used in the text. ICD-9 � International Classification of Diseases, ninth revision.
†Data are presented as % (95% confidence interval).
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formulation, provides meaningful protection. This
has led some authors23,25 to question the current
recommendations for the vaccination of COPD pa-
tients,1 though because of its safety and low cost
none has advocated its discontinuation. There is
consensus, however, that a more protective pneumo-
coccal vaccine is needed.

Future Directions

Pneumococcal Conjugate Vaccine

The currently available pneumococcal polysaccha-
ride vaccine induces a host immune response that is
T-cell-independent, producing antibodies through
the B-cell response only, which does not induce
immunologic memory.42 The juvenile immune sys-
tem cannot respond to this type of vaccine, but it can
respond to polysaccharide that has been conjugated
to a protein. A conjugate vaccine stimulates host
immunity in a T-cell-dependent fashion, which does
induce a memory immune response and is more
immunogenic in pediatric patients. A seven-valent
pneumococcal conjugate vaccine (PCV7) was intro-
duced in 2000 for use in pediatric patients after it
was shown to prevent � 90% of the invasive disease
caused by vaccine serotypes.43 PCV7 has also proven
to be highly effective in preventing otitis media in
young children.43 The introduction of routine PCV7
vaccination among children has also had important
benefits among adults, including the elderly. Just 1
year after introduction of the pediatric vaccine, there
was a 31% reduction in the rate of invasive disease in
young adults and a nearly 20% decrease in adults
� 65 years of age.44 During this time, there have also
been decreased rates of carriage of PCV7 pneumococ-
cal serotypes in all age groups45 as well as a decreased
overall rate of penicillin-nonsusceptible disease in pa-
tients � 65 years of age.46 There has been no study that
has specifically examined the impact of this herd-type
immunity on infections among COPD patients. In part
due to these promising findings, there is hope that
directly immunizing adults with a pneumococcal con-
jugate vaccine rather than with a polysaccharide could
induce greater protection.

A 2004 review47 found only 15 studies of pneumo-
coccal conjugate vaccination in adults and demon-
strated conflicting results. Although some studies
suggested that conjugate vaccination induced a more
robust immune response than PPSV23, this finding
was not universal, and several reports47 suggested an
increased risk of local side effects with the conjugate
vaccine. It has been argued that the apparent lack of
superiority might be due to inadequate dosing of the
conjugate vaccine for adults.47 The only published
study40 examining the use of a conjugate vaccine in

COPD patients involved a single serotype (6B) and
found that postvaccination antibody titers were no
higher those of PPSV23 and that neither vaccine
induced significant opsonic activity. It should be
noted that this study used an older generation
ELISA for antibody measurement, that the opso-
nization assay used was not the currently accepted
standard assay,16 and that the vaccine was a tetanus
toxoid (as opposed to diphtheria toxin) conjugate.

A more recent study48,49 has compared the immu-
nogenicity of PCV7 at varying doses to PPSV23 in
healthy patients aged 70 to 79 years who had been
previously vaccinated with PPSV23. Importantly, the
study found that it was safe to administer the
conjugate vaccine to adults; in fact, the highest rate
of local complications was found with PPSV23.48 It
was also shown that the PCV7 vaccine induced
higher antibody titers (using the current generation
ELISA) as well as a greater opsonization response to
the covered serotypes than PPSV23. The study also
demonstrated a dose-response effect with greater
immunogenicity following the administration of a
1.0-mL and 2.0-mL PCV7 doses than with the
pediatric dose of 0.5 mL. Unfortunately, neither
vaccine induced a significant antibody response on
rechallenge with PPSV23 1 year after the initial
vaccination.49 The National Heart, Lung, and Blood
Institute is currently sponsoring a study50 to examine
the potential benefits of PCV7 vaccination among
patients with COPD. It should be stressed that
PCV7 is currently licensed only for pediatric use.

While the data on conjugate vaccine are certainly
promising and have dramatically changed the biology
of pneumococcal disease, there are potential risks in
the use of the currently available vaccines. While
vaccination may offer protection against vaccine
serotypes, infection with nonvaccine serotypes has
become more common. This concept of replacement
disease is a major concern for the future of both
conjugate and polysaccharide vaccines. This phe-
nomenon was demonstrated as early as the late 1970s
when higher proportions of nonvaccine serotypes
were isolated from patients with infection.36 More
recent studies45,46 have shown that there is increasing
carriage of non-PCV7 serotypes in adults and that there
is increasing penicillin-nonsusceptible disease caused
by non-PCV7 serotypes. Other studies have also docu-
mented a significant increase in antibiotic-resistant
isolates of nonvaccine serotypes among children51 and
increasing rates of invasive disease caused by nonva-
ccine serotypes among native Alaskan children.52

New Pneumococcal Vaccines

Given the concern about the emergence of re-
placement disease with nonvaccine serotypes, there
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is major interest in expanding the serotype coverage
of conjugate vaccines. Although 10-valent and 13-
valent conjugate vaccines are in the late stages of
development,7 there remains concern that replace-
ment disease will continue to occur; it is not practical
or financially viable to develop a conjugate vaccine
that covers all of the � 90 known serotypes of the
Pneumococcus. The next frontier in the develop-
ment of an effective pneumococcal vaccine may be
to develop a vaccine that is not serotype-specific.
Other readily available antigen targets may provide
coverage against a wide array of pneumococcal sero-
types and hopefully would eliminate the possibility of
replacement disease. For example, pneumococcal
surface proteins A and C extend through the pneu-
mococcal capsule and are recognized by the immune
system.53 Another potential target, pneumolysin, is
not on the surface of the Pneumococcus, but human
antibodies to this antigen have been found and may
provide protection against disease. As these antigens
have few immunological variants, an effective vac-
cine against a small combination of variants may
provide protection to a broad array (or even all) of
the clinically significant serotypes.53 It is difficult to
estimate the ultimate utility of these vaccines,
though it is hoped they will demonstrate significant
advantages over currently available anticapsular vac-
cines, including the avoidance of replacement dis-
ease. Minimum levels of protection and correlation
of those with vaccine efficacy will be needed to fully
understand their potential impact.

Conclusion

S pneumoniae is a significant pathogen in patients
with COPD. Vaccination is an important method for
disease prevention, but the data supporting the
efficacy of PPSV23 in these patients are limited.
Significant challenges exist in the development of
improved vaccines, including the high cost of clinical
trials, the lack of correlation between in vitro assays
and minimum levels of protection in adults, as well
as the specter of replacement disease. It is essential
that we continue the search for a better and more
effective pneumococcal vaccine as the potential ex-
ists to greatly reduce morbidity and mortality from
this common and potentially deadly pathogen.
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