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MAJOR ARTICLE

Long-term Comparative Immunogenicity of
Protein Conjugate and Free Polysaccharide
Pneumococcal Vaccines in Chronic Obstructive
Pulmonary Disease

Mark T. Dransfield,"? Sarah Harnden, Robert L. Burton,’ Richard K. Albert,® William C. Bailey,' Richard Casaburi,®
John Connett? J. Allen D. Cooper, Jr,"? Gerard J. Criner,” Jeffrey L. Curtis,® MeiLan K. Han,? Barry Make,’
Nathaniel Marchetti,” Fernando J. Martinez,? Charlene McEvoy," Moon H. Nahm,* Dennis E. Niewoehner,"
Janos Porszasz,® John Reilly,"" Paul D. Scanlon,'? Steven M. Scharf,” Frank C. Sciurba,"" George R. Washko,"
Prescott G. Woodruff,”® and Stephen C. Lazarus,” for the NIH COPD Clinical Research Network

'Division of Pulmonary, Allergy and Critical Care Medicine, University of Alabama at Birmingham, 2Pulmonary Section, Birmingham VA Medical Center,
Alabama; ®Division of Biostatistics, School of Public Health, University of Minnesota, Minneapolis; “Departments of Pathology and Microbiology,
University of Alabama at Birmingham; ®Department of Medicine, Denver Health Medical Center, Colorado; ®Division of Respiratory and Critical Care
Physiology and Medicine, Harbor-UCLA Medical Center, Torrance, California; "Division of Pulmonary and Critical Care Medicine, Temple University,
Philadelphia, Pennsylvania; ®Division of Pulmonary and Critical Care Medicine, University of Michigan, Ann Arbor; °National Jewish Health, University
of Colorado, Denver; "°Pulmonary Section, University of Minnesota VA Medical Center, Minneapolis; ''Division of Pulmonary and Critical Care
Medicine, University of Pittsburgh, Pennsylvania; '?Division of Pulmonary and Critical Care Medicine, Mayo Clinic, Rochester, Minnesota; *Division of
Pulmonary and Critical Care Medicine, University of Maryland, Baltimore; "*Division of Pulmonary & Critical Care Medicine, Brigham & Women's
Hospital, Boston, Massachusetts; and "®Division of Pulmonary and Critical Care Medicine and Cardiovascular Research Institute, University of
California, San Francisco

Background. Although the 23-valent pneumococcal polysaccharide vaccine (PPSV23) protects against inva-
sive disease in young healthy persons, randomized controlled trials in chronic obstructive pulmonary disease
(COPD) have demonstrated no benefit in the intention-to-treat population. We previously reported that the
7-valent diphtheria-conjugated pneumococcal polysaccharide vaccine (PCV7) is safe and induced greater sero-
type-specific immunoglobulin G (IgG) and functional antibody than did PPSV23 1 month after vaccination. We
hypothesized that these advantages would persist at 1 and 2 years.

Methods. One hundred eighty-one patients with moderate to severe COPD were randomized to receive PPSV23
(n=90) or PCV7 (1.0 mL; n = 91). We measured IgG by enzyme-linked immunosorbent assay and assessed function-
al antibody activity by a standardized opsonophagocytosis assay, reported as a killing index (OPK). We determined
differences in IgG and OPK between vaccine groups at 1 and 2 years.

Results. Relative to PPSV23, PCV7 induced greater OPK at both 1 and 2 years for 6 of 7 serotypes (not 19F).
This response was statistically greater for 5 of 7 serotypes at 1 year and 4 of 7 at 2 years. Comparable differences in
IgG were observed but were less often statistically significant. Despite meeting Centers for Disease Control and Pre-
vention criteria for PPSV23 administration, almost 50% of individuals had never been vaccinated. No differences in
the frequency of acute exacerbations, pneumonia, or hospitalization were observed.

Conclusions. PCV7 induces a greater functional antibody response than PPSV23 in patients with COPD that
persists for 2 years after vaccination. This superior functional response supports testing of conjugate vaccination in
studies examining clinical end points.

Clinical Trials Registration: NCT00457977.
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Streptococcus pneumoniae is a major cause of pneumonia, hos-
pitalization, and mortality and disproportionately affects those
with comorbid illnesses, such as chronic obstructive pulmo-
nary disease (COPD) [1]. Until recently, the only pneumococ-
cal vaccine approved for use in adults in the United States and
Europe was the 23-valent pneumococcal polysaccharide vac-
cine (PPSV23) [2]. Although PPSV23 provides partial protec-
tion against invasive pneumococcal disease in young healthy
patients, it appears to have limited impact on this risk among
older patients and those with underlying medical problems [3].
In addition, the benefit of PPSV23 on the incidence of non-
bacteremic pneumonia has not been clearly demonstrated [2, 4],
and no randomized, controlled trial of the vaccine in patients
with COPD has shown a reduction in clinical outcomes in the
intention-to-treat population [5-9]. Although observational
studies suggest that PPSV23 offers some protection against
pneumococcal infection in patients with lung disease [10], it is
well accepted that more effective vaccines are needed [2, 11].

Pneumococcal protein conjugate vaccines link the polysac-
charide antigen to a nontoxic protein carrier, thereby increasing
its immunogenicity [11]. Conjugate vaccines were developed for
young children who mount inadequate antibody responses to
unconjugated polysaccharide antigens. The 7-valent diphtheria-
protein conjugated pneumococcal vaccine (PCV7) induces a
potent immune response in children, and randomized trials re-
vealed reductions in otitis and invasive disease in this popula-
tion [12]. Since the introduction of PCV7 in the United States
in 2000, rates of invasive pneumococcal disease have decreased
markedly [13]. In 2011, the US Food and Drug Administration
(FDA) approved an extended serotype 13-valent pneumococcal
protein conjugate vaccine (PCV13) for use in children [2] and
more recently matched the European Commission by extending
this approval to adults aged >50 years on the basis of studies
suggesting that the immune response to conjugate vaccines may
be superior to the response to PPSV23 [11, 14, 15].

In the first 120 patients with COPD who were recruited to
this trial, we previously reported that PCV7 (at 1.0 mL, twice
the pediatric dose of 0.5 mL) is as safe as PPSV23 and induces
a superior immune response 1 month after vaccination, as as-
sessed by serotype-specific IgG and by functional antibody
opsonophagocytosis activity (OPK) [16]. Although the short-
term superiority of pneumococcal conjugate vaccines has not
been a consistent finding in studies in adults [11], our data
suggest that there may be advantages in patients with COPD.

Definitive data about the relative efficacy of pneumococcal
vaccines would come from randomized trials using clinical
end points. However, such studies are difficult to perform
because of problems with the accurate detection of pneumo-
coccal infection and ethical issues with the inclusion of a
placebo control arm, together necessitating very large sample
sizes and major expense [10]. Serotype-specific IgG and OPK

serve as the best available surrogate markers of vaccine effec-
tiveness in adults [17, 18]. There are limited data about the
long-term immunogenicity of PPSV23 and PCV7 in healthy
adults [14, 15], and none are available on patients with COPD.
Here, we report the 1-year and 2-year comparative immunoge-
nicity data for the entire study population of patients with
moderate to severe COPD (n =181) who were randomized to
receive PCV7 (1.0 mL) or PPSV23.

Methods

Additional Detail Is Available in the Online Supplement

Study Design, Randomization, and Masking

We performed a randomized, open-label trial comparing the
safety and immunogenicity of PCV7 (1.0 mL) with those of
PPSV23 in 181 patients with COPD. The study was conducted
by the 10 centers participating in the National Heart, Lung,
and Blood Institute’s COPD Clinical Research Network
(CCRN). The study was approved by the participating center’s
Institutional Review Boards and the FDA under an Investiga-
tional New Drug approval. The study was registered online
(NCT00457977) and completed in May 2011.

Study Population

Detailed inclusion and exclusion criteria are published else-
where [16]. Participants were men and women >40 years of
age with >10 pack-year cigarette smoking and a clinical diag-
nosis of moderate to very severe COPD (as defined by post-
bronchodilator-forced expiratory volume [FEV,]/forced vital
capacity [FVC] <70% and FEV;<70% predicted). Persons were
eligible if they had never received PPSV23 or if it was admin-
istered >5 years before randomization. Whenever possible, the
receipt and the date of prior PPSV23 administration were con-
firmed with medical records. Exclusion criteria included a di-
agnosis of asthma, use of immunosuppressive medications
other than systemic and inhaled corticosteroids, presence of
conditions known to impair pneumococcal vaccine response,
and any illness within the month prior to enrollment that re-
quired antibiotics and/or systemic steroids. Participant enroll-
ment and disposition are shown in Figure 1.

Vaccines and Administration

Each 1.0 mL dose of PCV7 contained 4 ug of the capsular poly-
saccharide from serotypes 4, 9V, 14, 18C, 19F, and 23F and 8 pg
of serotype 6B covalently linked to a total of 40 ug of CRM197,
a nontoxic diphtheria protein. The 1.0-mL dose of PCV7 also
contained 0.250 mg of aluminum phosphate. PPSV23 was in-
jected in the approved volume of 0.5 mL and contained 25 pg of
the capsular polysaccharide from each of the 23 included sero-
types and 0.25% phenol. Vaccinations were given as a single in-
tramuscular deltoid injection with a 1-inch needle.
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Excluded (n=76)

Assessed for eligibility:

n=257 Lung Function: n=56
No Consent: n=9

Malignancy: n=2
Medically unstable: n=1
Latex Allergy: n=1
Diabetes: n=2

,| Bleeding disorder: n=1

i

Asthma/Insufficient Smoke hx: n=1
Alcohol Consumption: n= 1
Recent Acute Exacerbation: n=1

Randomized: n=181

Family Issues: n=1

Allocated to Prevnar (PCV7)  (n=91)
Received allocated intervention (n=91)

A 4

Exited study early: N=16

Death n=4

Withdrawn n=3

Lost to Follow-up n=8

Adverse event other than death n=1

A 4

Blood available and analyzed at 1
month (n=87); 1 year (n=76); 2
years (n=66)

Excluded from analyses after
baseline (n=4)
[No blood available]

Allocated to Pneumovax (PPSV23) (n=90)
Received allocated intervention (n=90)

A 4

Exited study early: N=18

Death n=7

Withdrawn n=35

Lost to Follow-up n=5

Adverse event other than death n=1

A

Blood available and analyzed at 1
month (n=88); 1 year (n=69); 2
years (n=62)

Excluded from analyses after
baseline (n=2)
[No blood available]

Figure 1. CONSORT diagram of participant recruitment and disposition. Abbreviations: PCV7, 7-valent diphtheria-60 protein conjugated pneumococcal

vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

Serologic Testing

Blood specimens were obtained immediately before and 1
month, 1 year, and 2 years after vaccination and were shipped to
the University of Alabama at Birmingham for serologic testing.
The capacity of each serum sample to opsonize S. pneumoniae
for ingestion and killing by phagocytes was determined by incu-
bating bacteria in serum and exposing them in vitro to HL-60
cells and complement [19]. Results are reported as OPK, repre-
senting the reciprocal of the interpolated serum dilution that
led to 50% uptake and killing of pneumococci. Total IgG

concentrations to the 7 PCV7 serotypes were also measured
using a World Health Organization-recommended enzyme-
linked immunosorbent assay protocol (www.vaccine.uab.edu).

Statistics

IgG and OPK were transformed using natural logarithms to
account for their skewed distributions and reported as geometric
means. Unpaired ¢ tests were used for between-group compari-
sons of baseline and postvaccination IgG and OPK. Data de-
scribing PCV7 and PPSV23 responses in healthy older patients
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were used to determine a sample size of 180 participants, pro-
viding >90% power to detect a statistically significant difference
in OPK at 1 year between the 2 study groups for each serotype
(primary end point) [20]. The proportions of participants re-
porting pneumonia, acute exacerbation, or hospitalization or
who died during follow-up were compared using Fisher’s exact
test. Time to first exacerbation was also compared between the
groups with use of a Cox proportional hazard model. P values
<.05 were considered to be statistically significant. No adjust-
ments were made for multiple comparisons.

RESULTS

From 9 April 2007 through 7 May 2009, we randomized 181
participants. An additional 76 participants signed informed
consent and were screened but were excluded before vaccine
administration, primarily because they did not meet spiromet-
ric criteria (Figure 1). Baseline characteristics of the entire
study population were similar to those of the first 120

participants recruited [16] and were well matched between
groups (Table 1). Participants had significant COPD, as evi-
denced by lung function (mean FEV; 45% predicted), epi-
sodes of exacerbation and hospitalization during the previous
year, frequent use of inhaled steroids (65%), and proportion
on supplemental oxygen (28%).

Almost 50% of participants reported a history of pneumonia,
and a similar proportion was vaccine naive despite meeting at
least 1 (COPD) and <3 (age, >65 years; history of pneumonia)
Centers for Disease Control and Prevention (CDC) criteria for
PPSV23. Participants who had been previously vaccinated with
PPSV23 were older than those who had never received the
vaccine (67 vs 60 years; P <.001). In addition, they were more
often white (88% vs 67%; P <.001), had more severe airflow
limitation (FEV; 41% vs 48% predicted; P =.002), more fre-
quently used oxygen (43% vs 12%; P <.001), and more often
reported a history of pneumonia (60% vs 38%; P =.005).

Results of baseline testing showed that IgG levels were gen-
erally similar in previously vaccinated and vaccine-naive

Table 1. Patient Characteristics
Characteristic PCV7 (N=91) PPSV23 (N =90) Pvalue
Age, years 63+9 64 +10 .66
Male, n, (%) 59 (65) 52 (58) .36
Caucasian, (%) 70 (77) 71 (79) .86
FEV, (L) 1.33+0.53 1.27 +0.50 37
FEV;, (% predicted) 449+ 15 448 +15 .96
FvC 291+0.85 2.86+1.0 .73
FEV,/FVC 0.46+0.13 0.45+0.12 .66
Oxygen use, n (%) 21 (23) 29 (32) 19
Inhaled corticosteroid use, n (%) 60 (66) 58 (64) .88
Pack-Years smoking 52 +28 55+ 27 48
Current Smoker, n (%) 33 (36) 32 (36) 1.0
Co-Morbid lliness, n (%)
Coronary Artery Disease 22 (24) 19 (21) .72
Congestive Heart Failure 3(3) 5 (6) .50
Stroke 3(@3) 7 (8) 21
Diabetes Mellitus 8(9) 7 (8) 1.0
Prior Malignancy 9 (10) 12 (13) .60
Anemia 12 (13) 5 (6) 12
Previous Pneumonia, n (%) 44 (48) 45 (50) .88
Exacerbation History (Year Prior to Enrollment)
Hospitalized or unscheduled emergency visit, n (%) 18 (20) 11(12) 22
Number of hospitalizations or unscheduled ED visits in past year for those with any. 1.2+09 1.2+06 .90
Received systemic steroids and/or antibiotics, n (%) 38 (42) 34 (38) .65
Number of courses of systemic steroids and/or antibiotics in past year for those 19+1.6 16+1.0 .28
with any courses.
Vaccine naive, n (%) 45 (49) 42 (47) 77
Years since last vaccination 76+£2.7 8.4+35 19

Results are mean + standard deviation, unless indicated.

Abbreviations: ED, emergency department; FEV,, forced expiratory volume; FVC, forced vital capacity; L, liters; PCV7, 7-valent diphtheria-conjugated
pneumococcal polysaccharide vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

e38 o CID 2012:55 (1 September) e Dransfield et al



Table 2. Baseline Serotype-Specific Antibody (Immunoglobulin G) and Opsonophagocytosis Killing Index in Vaccine-Naive and
Previously Vaccinated Participants

lgG OPK

Serotype Naive (N = 86) Previously Vaccinated (N=93)  Pvalue Naive (N = 86) Previously Vaccinated (N=93)  Pvalue
4 0.25 (0.19-0.32) 0.33 (0.26-0.43) 1 7.14 (4.95-10.31) 18.53 (12.17-28.21) <.001
6B 0.94 (0.75-1.17) 0.86 (0.70-1.06) .60 33.47 (19.88-56.34) 49.04 (32.38-74.27) .25
9V 0.70 (0.54-0.92) 0.91 (0.72-1.16) .15 25.5 (15.53-41.87) 44.7 (27.77-71.96) 11
14 2.05 (1.46-2.88) 3.14 (2.25-4.38) .078 98.11 (51.95-185.27) 161.78 (91.15-287.13) .25
18C 0.84 (0.64-1.10) 1.44 (1.06-1.96) .009 28.26 (17.67-45.20) 62.17 (37.01-104.44) .027
19F 3.22 (2.62-3.96) 2.99 (2.45-3.67) .61 8.68 (5.59-13.48) 25.63 (15.42-42.57) .002
23F 0.51 (0.40-0.66) 0.83 (0.63-1.09) .010 7.94 (5.10-12.35) 26.21 (16.69-41.14) <.001

Values are shown as geometric mean and 95% confidence interval. Significant differences between groups are shown in bold.

Abbreviations: IgG, immunoglobulin G; OPK, opsonophagocytosis killing index.

groups (Table 2), although the former had significantly higher
titers against serotype 18C and 23F. By contrast, revaccination
participants had higher baseline OPK for all serotypes (statisti-
cally greater for 4, 18C, 19F, and 23F).

Follow-up visits with collection of serum samples and ques-
tionnaires were accomplished in 175 (97%), 145 (81%), and
128 (71%) participants at 1 month, 1 year, and 2 years, respec-
tively. Consistent with our previously reported data [16], OPK
values were higher at 1 month after vaccine than at baseline in
both groups for all serotypes (P<.001), whereas PCV7
induced a greater response than PPSV23 for 6 of 7 serotypes
(statistically greater in 5; Figure 2). Similar results were ob-
served when the ratios between 1 month and baseline OPK
were compared.

OPK decreased over the next 23 months in both vaccine
groups but remained significantly greater than baseline for all
serotypes. Multivariate modeling revealed that the rate of OPK
decrease was not affected by age, race, FEV,, smoking status,
or prior vaccination status in either vaccine group (see Online
Supplement). OPK was greater after PCV7 than after PPSV23
at both 1 and 2 years for 6 of 7 serotypes (all but 19F). This
difference was statistically significant for 5 of 7 serotypes at
1 year (4, 9V, 14, 18C, and 23F) and numerically higher for
serotype 6B (476 vs 229; P=.0526). OPK to serotype 19F was
greater after PPSV23, although the difference was not statisti-
cally significant (116 vs 86.8; P=.47). PCV7 elicited a statisti-
cally superior OPK response for 4 of 7 serotypes at 2 years
(4, 14, 18C, and 23F), and this was numerically higher for
serotype 9V (433 vs 219; P=.08). Serotype-specific OPK
for vaccine-naive and previously vaccinated participants are
presented in the Online Supplement.

Both vaccines resulted in significant increases (P <.001) in
postvaccination IgG levels for all serotypes (Table 3). Similar
to the OPK results, serotype-specific IgG levels at 1 month

were greater after PCV7 for all serotypes and were statistically
greater in 4 (4, 9V, 18C, and 23F). At 1 year, this superior
response persisted in all serotypes and was statistically greater
in 3 (4, 18C, and 23F). IgG levels remained higher than base-
line levels at 2 years in both groups, and the PCV7 response
remained higher than that for PPSV23 for 6 of 7 serotypes,
although was statistically greater only in one (23F). Serotype-
specific IgG levels for vaccine-naive and previously vaccinated
participants are presented in the Online Supplement.

The study was not powered to detect differences between
groups in clinical outcomes, and none were observed in the
frequency of respiratory infection, hospitalization, or death
(Table 4), nor was there any difference (hazard ratio, 0.91;
P =.66) in the time to first exacerbation of COPD (Figure 3).

DISCUSSION

We found that, in patients with moderate to severe COPD, a
population at high risk for pneumococcal infection, conjugate
vaccination (PCV7) elicits a superior immune response to
free-polysaccharide vaccine (PPSV23) that persists for >2
years. To our knowledge, the present study was the first study
to examine the long-term (>1 year) comparative immunoge-
nicity of pneumococcal vaccines in adults and specifically in
those with underlying COPD. The current data suggest that
conjugate vaccination may offer advantages in these patients
and motivate further studies examining clinical end points.

An important feature of the study is the use of the 2 best
surrogates of pneumococcal immunity: serotype-specific IgG
and OPK. No published study has adequately compared
long-term immune responses after conjugate or PPSV23 vac-
cination in adults with use of these measures, and the limited
existing data about short-term responses have shown mixed
results [11]. Despite consensus that OPK is the best laboratory
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Figure 2. Ratios of the mean opsonophagocytosis killing index (OPK)
between the 7-valent diphtheria-60 protein conjugated pneumococcal
vaccine (PCV7) and 23-valent pneumococcal polysaccharide vaccine
(PPSV23) groups for each serotype at 1 month, 1 year, and 2 years. PCV7
elicited a greater OPK response in 6 of 7 serotypes at all 3 time points
that was statistically greater (*) in 5 serotypes at 1 month and 12 months
and 4 serotypes at 24 months. Error bars denote 95% confidence inter-
val. At year 1, the statistically greater OPK for PCV7 was observed for
serotype 4: 268 vs 61.8, P=.0002; serotype 9V: 444 vs 142, P=.0016;
serotype 14: 1801 vs 839, P=.0279; serotype 18C: 665 vs 284, P=.0091;
and seratype 23F: 407 vs 47.8, P<.0001. At 2 years, statistically greater
OPK was observed for serotype 4: 237 vs 69.1, P=.0032; serotype 14:
1255 vs 594, P=.0319; serotype 18C: 540 vs 268, P=.0446; and serotype
23F: 266 vs 40, P<0001]. Abbreviations: OPK, opsonophagocytosis
killing index; PCV7, 7-valent diphtheria-60 protein conjugated pneumo-
coccal vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

surrogate for vaccine protection from pneumonia and bactere-
mia [10, 17, 18], no published report has included this mea-
surement beyond 6 months after vaccination, although
preliminary 1-year data on healthy adults are available in ab-
stract form [14, 15]. Our results are consistent with and extend
those of Musher et al, who reported that, in patients who had
recovered from pneumonia, both PCV7 and PPSV23 elicited
comparable IgG levels and OPK at 4-8 weeks but only re-
mained greater than baseline at 6 months in those receiving

Table 3. Baseline and Postvaccination Geometric Mean Serotype-Specific Antibody Levels (Immunoglobulin G)

2Y (95% Cl)

1 Mo (95% Cl) 1Y (95% Cl)

Baseline (95% Cl)

=62)

PPSV23 (N

=66)

PPSV23 (N = 69) PCV7 (N

=76)

PCV7 (N
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PPSV23 (N

87)

PCV7 (N

PPSV23 (N = 88)

=91)

PCV7 (N

Serotype

.32-.65)
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.98-1.90)
3.38-6.88)
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1.00
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3.19
4.87
15.73
9.65
7.54
7.76
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Abbreviations: Cl, confidence interval; PCV7, 7-valent diphtheria-60 protein conjugated pneumococcal vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

Values are shown as geometric mean and 95% confidence interval. Statistically significant differences between 7-valent diphtheria-60 protein conjugated pneumococcal vaccine and 23-valent pneumococcal

polysaccharide vaccine groups are shown in bold.
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Table 4. Frequency of Major Respiratory and Cardiac Events,
Hospitalization, and Death

Event PCV7 (N=91) PPSV23 (N =90)
Acute exacerbations
0 46 45
1 16 21
2 15 12
8 4 4
>4 7 6
Total number of exacerbations 93 93
Participants with an exacerbation 42 43
Pneumonia
0 81 80
1 9 9
2 1 0
8 0 1
Total number of pneumonias 11 12
Participants with pneumonia 10 10
Hospitalizations—any cause
0 65 66
1 11 16
2 12 4
3 1 2
4 1 0
5 1 2
Total number of hospitalizations 47 40
Total participants hospitalized 26 24
Deaths 4 7

Abbreviations: PCV7, 7-valent diphtheria-60 protein conjugated pneumococcal
vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

PCV7 [21]. Our data contrast with those of Ridda et al, who
reported no difference in IgG levels at 6 months after PCV7 or
PPSV23 in older patients [22], and Goldblatt et al, who found
that PCV7 was superior to PPSV23 for only 1 serotype (23F) at
1 year in healthy adults aged 50-80 years [23]. This disparity
could be explained in part by PCV7 dose, because each of
these studies used the usual pediatric dose (0.5 mL). However,
Jackson et al found that IgG responses 1 year after a 1.0-mL
dose of PCV7 were superior to those after PPSV23 for only 2
of 7 serotypes [20]. Similarly, although we found numerically
greater IgG levels at 1 and 2 years in those receiving PCV7
(1.0 mL), these were statistically superior for only 3 and 1 sero-
type at each time. Despite this marginal advantage in IgG, the
sustained superiority in OPK in those vaccinated with PCV7
argues that conjugate vaccination offers greater protection in
patients with COPD for the 7 included serotypes [10, 17, 18].
This study provides novel information about the important
policy question of revaccination. We found that baseline OPK
were generally higher in those patients who had been previ-
ously vaccinated (a mean of 8 years earlier) than in those who
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Figure 3. Cox proportional hazard model adjusted for baseline age,
sex, forced expiratory volume 1% predicted, and baseline smoking
status, showing the time to first acute exacerbation in the 2 vaccine
groups. No difference between 7-valent diphtheria-60 protein conjugated
pneumococcal vaccine and 23-valent pneumococcal polysaccharide
vaccine was observed (hazard ratio, 0.91; P=.66). Abbreviations: COPD,
chronic obstructive pulmonary disease; PCV7, 7-valent diphtheria-60
protein conjugated pneumococcal vaccine; PPSV23, 23-valent pneumo-
coccal polysaccharide vaccine.

were vaccine naive. A similar pattern was observed for base-
line IgG, although the differences were less pronounced, re-
flecting that OPK is both a better correlate of protection, in
part because of detection of functional IgM [24], and a more
sensitive end point for immunogenicity studies. In addition,
participants receiving either vaccine maintained IgG and OPK
higher than those at baseline at 1 and 2 years. These results
extend prior reports suggesting that, although levels decrease
after vaccination, older adults can maintain IgG responses
greater than those at baseline for up to 10 years and OPK re-
sponses up to 5 years [23, 25, 26]. Despite this immune persis-
tence and some evidence that older persons can respond
adequately to repeated PPSV23 vaccination, we previously re-
ported that older age and prior vaccination were associated
with a blunted 1-month vaccine response [16]. Our analysis
showing that neither of these factors (nor lung function, race,
or smoking status) impacts the rate of decrease in OPK shows
the importance of the initial peak as the primary driver of
long-term immune persistence. Because COPD is a disease of
aging and most developed nations are experiencing expansion
of their older population, current CDC guidelines recommend
PPSV23 for those with disease and for all smokers, and func-
tional antibody levels after vaccination are often short lived,
the issue of revaccination is of major importance. A preventive
strategy using repeated conjugate vaccination might offer ad-
vantages based on the greater immune response and emerging
evidence that these vaccines are less likely to induce immune
hyporesponsiveness [11].
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Several studies including ours [20, 27] have demonstrated
that PCV7 offers no advantage over PPSV23 for serotype 19F,
emphasizing that protein conjugation of polysaccharide anti-
gens does not ensure superior immunogenicity. Comparative
responses to the additional serotypes included in expanded
conjugate vaccines must therefore be individually examined.
Of note, antibodies against serotype 19F do not cross-react
against serotype 19A, which is frequently antibiotic resistant
and has emerged as a significant cause of invasive disease
since the introduction of PCV7 [28]. PCV13 will contain this
replacement serotype and may offer some protection [2], but
the long-term efficacy of any serotype-specific vaccine may ul-
timately be limited by the emergence of infections caused by
serotypes that it does not contain.

Our population provides new insight into the usefulness of
PPSV23 in the United States. All patients in the trial met
current CDC criteria for vaccination with PPSV23 on the
basis of their diagnosis of COPD and, in some cases, their age
(>65 years) or history of pneumonia [1, 2]. Nevertheless,
almost half of our participants reported never having received
the vaccine. This finding is particularly telling, because we re-
cruited from university medical centers and their affiliated
Veterans Administration hospitals and, thus, sampled a pop-
ulation with access to medical care that is likely to be superi-
or to the national norm. Absence of previous vaccination
was more common in those with less advanced lung disease
and among African-American persons. These data are com-
patible with prior reports suggesting the significant underuse
of pneumococcal vaccination in healthy African-American
individuals and of underuse of influenza vaccination in those
with COPD [29, 30]. This phenomenon is poorly understood
but is unlikely to be solely attributable to disparities in socio-
economics and access to care [29].

Our study has a number of limitations. First, our primary
end point was a 1-year difference in OPK between the 2 study
groups for each serotype. Accordingly, although we found no
difference in the rates of acute exacerbations, pneumonia, hos-
pitalizations, or mortality, our study was not powered to
detect such differences. Second, the protective thresholds for
IgG and OPK against respiratory infections are not known in
adults, limiting our ability to definitively conclude that the
greater immunogenicity observed after PCV7 will translate
into superior clinical efficacy and meaningful reductions in
these events. This caution applies particularly for the preven-
tion of acute exacerbations, because pneumococcus is not the
most frequent bacterial cause and higher IgG and OPK do not
appear to result in clearance of pneumococcal carriage [31].
Lastly, we did rely in part on self-reported vaccination, and
thus, it is possible that some participants were misclassified as
vaccine naive or previously vaccinated or were enrolled <5
years after previous PPSV23.

No study has compared the effectiveness of PCV7 and
PPSV23 in adults, and such a trial would necessarily be very
large. A placebo-controlled trial of PCV13 enrolling >80 000
patients to detect a difference in rates of pneumonia is under
way in Europe but will not resolve the debate regarding the com-
parative effectiveness of conjugate vaccines and PPSV23 [32].
The reduced serotype coverage offered by PCV13 and its major
cost-disadvantage (estimates are that PCV13 will be 5-fold more
expensive than will PPSV23, although a recent study suggests
that the conjugate vaccine may be cost-effective [33]) raise ques-
tions about its widespread introduction [2, 11]. Serum immune
end points proved to be powerful surrogates of clinical efficacy
in children [12]; however, such correlative data do not exist in
adults, and comparative studies using clinical end points are
needed despite their complexity and expense. The superior
immune response to PCV7 that we observed supports the
pursuit of those trials.
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