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Abstract
Background—Controversy persists over the benefits of pneumococcal polysaccharide vaccine
(PPV) in at-risk adults. We studied PPV, protein-conjugate pneumococcal vaccine (PCV), or
immunologic ‘priming’ with PCV followed by ‘boosting’ with PPV in adults who recovered from
pneumococcal pneumonia.

Methods—Subjects received PPV followed in 6 months by PCV, or vice-versa. IgG to capsular
polysaccharide and opsonophagocytic killing activity (OPK) were studied at baseline, 4–8 weeks
and 6 months after each vaccination.

Results—PPV and PCV stimulated similar IgG levels and OPK at 4–8 weeks. Six months post-
PPV, antibody declined to baseline but remained modestly elevated post-PCV. PCV given 6 months
post-PPV stimulated modest IgG increases that failed to reach post-PPV peaks. In contrast, PPV 6
months after PCV caused dramatic increases in IgG and OPK to all polysaccharides, consistent with
a booster effect. Six months after the second vaccination, however, IgG and OPK in all patients fell
precipitously, returning toward original baseline levels.

Conclusions—In high-risk subjects, the effect of PPV is short-lived; PCV stimulates a more
prolonged response. PPV as a booster following PCV causes early antibody rises, but IgG declines
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rapidly thereafter, consistent with induction of suppressor cells or tolerance. Protein vaccines may
be needed for high-risk adults.
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Introduction
Several lines of evidence show that pneumococcal polysaccharide vaccine (PPV) protects
recipients against pneumococcal infection [1–5]. Some studies, however, have not confirmed
these findings [6,7] and, while most authorities agree that PPV is protective at some level [5,
7,8], controversy continues to surround the issue [9,10]. Even staunch advocates of PPV [5]
agree that a better vaccine and/or a better vaccination strategy is needed to protect persons at
highest risk of pneumococcal disease.

Protein-conjugate pneumococcal vaccine (PCV) has been brilliantly effective in preventing
invasive pneumococcal disease in children [11,12] and, via the so-called ‘herd effect’ [13], in
adults [12]. Attempts to show that PCV might elicit better antibody responses than PPV have
found modest differences in healthy adults and few or no differences in elderly subjects or
those with HIV infection and low CD4 counts [14–16]. Jackson et al [17] recently showed that,
one year after PCV, antibody levels in healthy older adults were proportional to the dose and
were greater than those observed after PPV. The attractive suggestion [5,15,16,18] that
conjugate, followed by non-conjugate, vaccine would lead to a priming/boosting effect,
culminating in substantially higher antibody levels than either vaccine alone was supported in
studies of patients with Hodgkin disease [18] or HIV-infection [19], both of which reported
antibody levels only 3–6 weeks after the second vaccination. Other investigations have failed
to support this hypothesis [15–17,20], perhaps due, in part, to the doses used and/or the dosing
schedule.

In this study, we tested the hypothesis that PCV followed by PPV might provide a useful
strategy for vaccinating a high-risk population, namely, adults who had survived pneumococcal
pneumonia.

Methods
Patients

Between October, 2002 and August, 2006, patients hospitalized at the Michael E. DeBakey
VA Medical Center, Houston for pneumococcal pneumonia were asked, after their medical
condition stabilized, to participate in this study. The diagnosis of pneumococcal pneumonia
was based on clinical and radiologic evidence for pneumonia together with either of the
following: (a) ≥1 blood culture yielding S. pneumoniae; or (b) a sputum sample showing >10
inflammatory cells per epithelial cell on microscopic examination with clear predominance of
Gram positive cocci in pairs and chains by Gram stain, and a culture yielding many
pneumococci with no other likely pathogenic bacterium being identified [21,22].

By the time we began this study, a great proportion of all veterans at MEDVAMC had received
PPV. Accordingly, prior pneumococcal vaccination was not a criterion for exclusion. Patients
who remained medically unstable or were thought to be unlikely to survive for one year were
not asked to participate. Those who gave written consent (approved by the Institutional Review
Board, Baylor College of Medicine) generally received their first dose of vaccine while they
were still in the hospital.
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Study design
Baseline sera were obtained, and patients were randomized to receive either: (a) 0.5 ml PPV
(Pneumovax®) which contains CPS from 23 pneumococcal serotypes; or (b) 0.5 ml PCV
(Prevnar®) given at each of two sites. Both vaccines were given intramuscularly. Prevnar
contains protein conjugated CPS from S. pneumoniae types 4, 6B, 9V, 14, 18C, 19F, and 23F
which are all among the 23 CPS included in Pneumovax. Twice the pediatric dosage was chosen
as a dose greater than that used for children but still practicable; in fact, this dose was
subsequently shown to be optimal for vaccinating healthy adults [17]. Serum was obtained 4–
8 weeks and 6 months later. At 6 months, patients were given the vaccine they had not received
the first time, and serum was again obtained 4–8 weeks and 6 months thereafter. For the
purposes of this manuscript, we call patients who received PPV followed by PCV Group 1,
and those who received PCV followed by PPV, Group 2.

ELISA
IgG to 7 capsular polysaccharides (CPS) common to PPV and PCV was assayed by a
"sandwich" type ELISA as we have described previously [23]. Sera were pre-absorbed with 5
µg/ml pneumococcal cell-wall polysaccharide (Statens Seruminstitut, Copenhagen) and 5 µg/
ml type 22F CPS (ATCC, Rockville MD) for 30 min at room temperature. Dilutions of a
laboratory reference serum (Pool 89-SF, FDA, Bethesda) were included on every ELISA plate.
All sera from each individual subject were studied concurrently.

OPK
The capacity of each serum to opsonize S. pneumoniae types 6B, 14, 19F and 23F, for ingestion
and killing by phagocytes was determined by incubating bacteria in serum and then exposing
them in vitro to HL-60 cells [24]; results are reported as an opsonophagocytic killing [OPK]
index, the reciprocal of the serum dilution that led to 50% uptake and killing of pneumococci
during 1 hr of incubation.

Statistics
IgG levels (µg/ml) and OPK index levels were converted to log10, and geometric means were
calculated. Because data were not normally distributed, differences were compared using
Wilcoxon rank analysis with a two-tailed test. Significance is reported at P ≤0.05 level and
power at 80%. P values presented for multiple comparisons pertain to every individual
comparison in the data set. Categorical variables were compared using two-tailed Chi square
or Fisher’s exact test.

RESULTS
Subjects

Eighty-one subjects consented to participate, were randomized to Group 1 (PPV followed by
PCV, 44 patients) or Group 2 (PCV followed by PPV, 37 patients), and provided a baseline
serum. As is expected in a study of middle-aged persons who have survived pneumococcal
pneumonia, the attrition rate was substantial. Of the 81 subjects, 7 died and 8 were transferred
to remote nursing facilities without a follow-up serum being obtained. Only those 66 who
returned at 4–8 weeks to provide a post-vaccine serum sample were included in the final data
analysis. All were male. The average ages for Groups 1 and 2 were 64.3 and 62.7, respectively.
Underlying conditions including alcohol consumption, cigarette use, chronic pulmonary
disease, cancer, diabetes, congestive heart failure, liver disease, and HIV infection were similar
in the two groups (Table 1). Seventy-six percent of all patients had received pneumococcal
vaccine prior to enrollment in this study, with no difference between Group 1 and Group 2
(Table 1). Forty-seven of the 66 subjects returned at 6 months to provide blood and receive the
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second vaccine; of the 19 who did not return, 8 died and 11 were lost to follow-up. Forty-one
provided blood 4–8 weeks later and 26 completed the study with a final blood sample 6 months
after the second vaccination. In order to exclude the possibility that a bias resulted from the
attrition of patients, we compared demographics and comorbidities as specified in Table 1 for
those who completed the study and those who died or were lost to study; there were no
differences (P>.02 for all comparisons).

Antibody levels at enrollment
Geometric mean IgG to CPS before the initial dose of vaccine (called ‘baseline’ in this report)
was <1 µg/ml for 5 of the 7 CPS tested and was essentially identical in patients randomized to
the 2 vaccination groups (Figure 2 and Figure 3; P>0.2 for all comparisons). OPK indices for
the four serotypes studied were also similar at baseline in both groups (Figure 4; P>0.1 for all
comparisons). Interestingly, these baseline antibody levels were similar in subjects who had
received and those who had not received PPV in the preceding 5 years (data not shown; P>0.2
for all CPS).

Antibody 4–8 weeks post-vaccination
Four to 8 weeks post-vaccination (Table 2 and Figure 1), mean IgG levels exceeded baseline
for all 7 CPS in both groups of subjects (P<0.03 for all comparisons). IgG levels were similar
in Group 1 (recipients of PPV) and Group 2 (recipients of PCV), with P>0.2 for CPS 4, 6B,
14, 18C and 19F; P=0.1 for CPS 9V and P=0.06 for CPS 23F).

Except for type 6B in Group 1, mean OPK index in both groups of subjects and for all CPS
rose ≥2-fold 4–8 weeks after the initial vaccination (Table 3 and Figure 2). The increases were
significant for CPS 14, 19F and 23F in Group 1, and for all serotypes in Group 2 (P<0.02).
Comparing Groups 1 and 2, there were no significant differences except for a higher OPK titer
to CPS 23F in Group 2 (P=0.04). Taken together, these data show that patients who recently
recovered from pneumococcal pneumonia had similar quantitative and qualitative antibody
responses to PPV or PCV 4–8 weeks post-vaccination.

Antibody 6 months post-vaccination
Six months after vaccination, however, in Group 1 patients, IgG levels to all 7 CPS returned
essentially to baseline levels (Table 2 and Figure 1; P≥0.11 for all comparisons to baseline).
In Group 2, IgG levels remained significantly higher than baseline for all CPS (P≤0.04), and
significantly exceeded levels in Group 1 subjects for CPS 9V, 14 and 23F (P≤0.02).

OPK activity followed a similar pattern; levels returned to baseline for all serotypes in Group
1 but remained ≥2-fold greater than baseline for 3 of 4 serotypes in Group 2 (Table 3 and Figure
2), with differences vs. baseline significant for serotypes 6B, 19F and 23F (P≤0.01). These
results suggest that, in these high-risk patients, very little antibody to CPS persists for 6 months
after PPV, whereas there is a greater degree of persistence following PCV.

Antibody 4–8 weeks post second vaccination
At the 6-month visit, patients were given whichever vaccine they had not received initially. In
Group 1, PCV caused modest increases in IgG that did not reach levels observed 4–8 wk post-
PPV for 5 CPS and that equaled or slightly exceeded the earlier peak for 2 CPS (Table 2 and
Figure 1). In contrast, in Group 2, PPV stimulated substantial further increases in IgG, although
the increases were not significant, reflecting the persistence of higher IgG 6 months after initial
PCV. Importantly, at this 4–8 week time point, mean IgG levels were greater in Group 2 than
in Group 1 (P=0.02 for CPS 6B, 9V and 23F).
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In Group 1, OPK indices doubled 4–8 weeks after the second vaccination (Table 3 and Figure
2) with significant increases for all serotypes (P≤0.02), but generally did not reach the initial
4–8 week post-PPV peak. In Group 2 patients, the OPK index increased substantially after the
second vaccine (P≤0.04 for CPS 6B, 14 and 19F). This peak after vaccination with PPV
exceeded the initial 4–8 week post-PCV peak in every instance, although these differences
were not significant (P≥0.10). Comparing Groups 1 and 2, OPK index after the second
vaccination was >3-fold higher in Group 2 for CPS 6B, 19F and 23F (differences not
significant, P≥0.08). Taken together, these IgG and OPK results 4–8 weeks after the second
vaccine appeared to support the hypothesis that patients who had been ‘primed’ with PCV
exhibited a ‘booster’ response to PPV.

Antibody 6 months post second vaccination
Six months after revaccination, IgG levels in both groups of subjects strikingly declined,
approaching original baseline levels (Table 2 and Figure 1), although, in Group 1, IgG to
serotype 4, and in Group 2, IgG to serotypes 4, 9V and 23F remained significantly higher than
baseline (P≤0.04). At this time 6 months after the second vaccination, there were no significant
differences between Groups 1 and 2. Final OPK index also returned nearly to baseline and
were essentially identical in Groups 1 and Group 2 (Table 3 and Figure 2). These data, showing
precipitous declines in IgG and OPK following a second dose of pneumococcal vaccine in all
subjects, suggest the induction of a suppressor effect (see Discussion). In order to exclude the
possibility of bias resulting from the loss of subjects during the course of the study, we analyzed
results at each time point using data only from those 26 patients who completed the study;
results were similar (data not shown).

Stratification of antibody responses based on prior vaccine status
Vaccine-related information at our medical center is highly reliable; a yearly review is
mandated at clinic visits, and all vaccine-related data are documented in a specially designated
field in the computerized medical record. In order to determine whether vaccine responses
were affected by prior vaccine status, patients were stratified into three groups, based on having
previously received PPV as follows: never or >5 years; <5 years but >1 year; or <1 year. In
this group of at-risk patients, baseline levels of IgG were similar in the three groups. Patients
who had received PPV within the preceding year had distinctly lower IgG responses to
revaccination with PPV and somewhat lower responses to PCV than those who had never been
given PPV or had received it >5 years previously. IgG levels for those who had been vaccinated
1–5 years previously were intermediate; results for a representative CPS (6B) are shown in
Figure 3. Similar responses were seen in OPK index (data not shown).

Discussion
This study examined possible benefits of PCV, PPV, or sequential administration of these two
vaccines in adults whose high risk for pneumococcal pneumonia was documented by their
having just recovered from that disease. PCV has been remarkably successful in infants and
young children whose immature immune systems do not respond to PPV, eliciting antibody
and protecting against invasive pneumococcal disease [11,25]. In contrast, PCV in healthy or
immune-compromised adults stimulates IgG levels that, 4–8 weeks post-vaccine, equal or only
modestly exceed those following PPV [14–18]. We hypothesized that PCV might lead to better
antibody responses than PPV, albeit for a limited number of vaccine serotypes, in our high-
risk patients. We found that IgG levels and opsonic activity in serum increased after vaccination
and, at 4–8 weeks, were similar in recipients of PPV or PCV. Six months after vaccination,
however, IgG and OPK levels had returned to baseline in recipients of PPV; in contrast,
although levels fell in those vaccinated with PCV, they remained measurably greater than
baseline,, as recently reported in healthy elderly adults [17].
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A further hypothesis of our work was that sequential vaccination with PCV followed by PPV
might elicit a priming/boosting response, as had been described in patients with Hodgkin
disease [18] or HIV-infection [19]. Other studies have failed to demonstrate this effect [15,
16,20], perhaps due to vaccine dose, preparation or schedule. Our PCV dose was subsequently
shown to be optimal in older adults [17], and our boosting dose was higher than in some earlier
studies. In Group 1 patients, administration of PCV 6 months after PPV caused antibody at 4–
8 weeks to increase but not to exceed the original, post-PPV peak. This finding is consistent
with Heidelberger’s [26,27] meticulous observations on responses to polysaccharide antigens
and indicates the lack of participation by long-lived T-helper cells in response to polysaccharide
antigens. In contrast, in Group 2 patients who received PCV followed by PPV, IgG and OPK
levels rose to greater levels 4–8 weeks after PPV, consistent with a priming/boosting effect
suggestive of participation by amplifying B or T cells [28].

The major contribution of our study, however, is in the long-term follow-up of our subjects.
Six months after the second vaccination, antibody in both groups fell precipitously, returning
nearly to original, baseline levels. Previous investigations of a priming/boosting effect [17–
19] only studied subjects 3–8 weeks after the boost. Our findings suggest the induction of a
long-lasting suppressor effect [28–30] rather than a simple waning of the antibody response
since, in Group 2 subjects, IgG levels originally rose and then declined rapidly after the second
dose of vaccine. We hypothesize that, in elderly subjects, induction of a population of relatively
long-lived memory suppressor T regulatory cells is responsible for the observed suppression
and may be intrinsic to the immune response to polysaccharide antigens [31]. This
interpretation is supported by our important observation that subjects who had received PPV
within a year of enrolling in the study had almost no response to PPV or PCV, whereas IgG
levels increased in proportion to time elapsed since, or in the absence of, prior vaccination.
Alternatively, repeated administration of antigen may deplete the existing pool of sensitized
lymphocytes in a classically described immunologic tolerance [28], but If this mechanism were
responsible, we do not think there should be such a nice initial response 4–8 weeks after the
boosting dose.

The results of this study have both clinical and basic implications. First, they raise serious
question about the value of administering pneumococcal vaccine routinely to patients who have
recovered from pneumococcal pneumonia, a policy that has been elevated to the status of a
quality indicator at many medical centers. They also suggest that, in these patients, a priming/
boosting strategy with PCV followed by PPV is unlikely to provide protective benefit, at least
with the presently available conjugate vaccine. At a more basic level, they support the
hypothesis that the magnitude of the antibody response to polysaccharide antigens is
determined by the interplay of amplifying and suppressive B or T cells or by a balance between
generation and depletion of sensitized B cells [26–28]. Except in infants, multiple doses of
polysaccharide, whether pure or protein-conjugated, have long been known to exert a
suppressive effect [26,32]. Infants may respond well to several doses of PCV because of the
delayed ontogeny of the regulatory suppressor T cells. Although other mechanisms, such as
immunological paralysis or tolerance [33,34], or genetically mediated [35] or acquired [36]
failure [36] to respond to polysaccharide antigens might be responsible for our observed results,
adequate responses at 4–8 weeks oppose these possibilities and favor induction of a suppressor
effect. This suppressive effect appears to wane after 5 years; interestingly, in a recent study
[37] showing that previously vaccinated older adults respond well to a repeat dose of PPV, the
mean time between the first and second dose was 5.4 years.

There are several limitations of this study. (1) We only studied a single population of adults
who are susceptible to pneumococcal infection, namely those who had pneumococcal
pneumonia and survived, and only a small proportion of these patients survived to the final
analysis. Furthermore, the majority of these patients had previously received pneumococcal
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vaccine, which could possibly indicate that they constitute a poorly-responding subgroup. A
recent study of conjugate followed by polysaccharide pneumococcal vaccine in HIV-infected
children 1–2 year follow-up [38] did not find evidence for suppression; as noted above, this
difference could reflect the immaturity of the regulatory T cell population in children.
Otherwise healthy adults might respond differently to vaccination. (2) Since no subjects
received only PCV, we can not exclude the possibility that we simply detected a waning
antibody response when we gave PPV after PCV; this explanation seems unlikely considering
how well antibody had persisted for 6 months after PCV alone and how striking the decline
was 6 months after the putative boosting dose. (3) We did not include a group that received
only two doses of PCV, for example, at 6-month intervals [28]; such a study is now in progress
in our laboratory. Notable strengths of the present study include the availability of an
exceptionally accurate vaccine history thanks to reliability of MEDVAMC automated records,
measurement both of IgG levels and OPK activity, and the 6-month follow-up after vaccination.

Based solely on our findings, one might still propose a vaccination strategy that relies solely
on conjugate vaccine for at-risk adults. There are at least two problems with such an approach:
(1) presently known techniques of protein-conjugation limit the number of CPS that can be
included in a vaccine; in accord with current vaccine recommendations, PPV might still need
to be given to cover a greater range of serotypes [39,40]; and (2) the emergence of ‘replacement
types’ of S. pneumoniae [41,42] may severely limit the long-term efficacy of conjugate
vaccines.

In conclusion, our findings suggest that a vaccination strategy based on repeated doses of
pneumococcal polysaccharide, including ‘priming’ with PCV and ‘boosting’ with PPV is not
likely to be beneficial in adults who are most at risk, such as those who have recently recovered
from pneumococcal pneumonia. Depletion of sensitized B-cells or induction of long-lived T
regulator suppressor cells may be responsible, and this phenomenon may be an intrinsic
property of the response to polysaccharides in adults These results question the long-term value
of administering PPV to persons who have recovered from pneumonia. They further reinforce
the need to develop protein vaccines for high-risk adults, for example, those derived from
pneumolysin, from surface-exposed pneumococcal surface proteins A or C [43], or from other
proteins newly recognized by microarray analysis [44,45] in order to protect our highest risk
populations from pneumococcal disease.
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Figure 1.
IgG to capsular polysaccharides (in µg/ml) is shown for Group 1 (patients who received PPV
followed, 6 months later, by PCV, dashed lines) and Group 2 (patients who received PCV
followed, 6 months later, by PPV, solid lines). Each panel shows results for a different CPS.
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Figure 2.
Opsonic activity reported as OPK index for four CPS at each point of the study. Group 1 (PPV
followed by PCV) is shown by dashed lines and Group 2 (PCV followed by PPV) by solid
lines.
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Figure 3.
IgG after patients received PPV followed by PCV (Panel A) or vice-versa (Panel B), with
patients stratified according to prior vaccination status. Dotted line: those who received
pneumococcal polysaccharide vaccine within the previous year; dashed line: those vaccinated
1 – 5 years previously; and solid line: those vaccinated > 5 years previously or never vaccinated.
Representative data are shown for CPS 6B; similar responses were observed with the other 3
CPS studied. None of the patients in Group 1, who received PPV in the previous year (Panel
A) had a 6 month follow-up serum. Small numbers of subjects in some groups precluded
statistical analysis.
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Table 1
Comparison of epidemiologic characteristics of the groups

GROUP 1 GROUP 2
(PPV/PCV) (PCV/PPV) P value
n=34 n=32 (<0.05)

Age 64.3 62.7 0.7
Gender (Male) 34 (100%) 32 (100%) 1.0
Race
    W 21 (61.7%) 21 (65.6%) 0.8
    AA 12 (35.3%) 10 (31.3%) 0.8
    H 1 (2.9%) 1 (3.1%) 1.0
COPD 13 (38.2%) 16 (50.0%) 0.5
Cancer 7 (20.5%) 7 (21.9%) 1.0
Diabetes 11 (32.4%) 6 (18.8%) 0.3
CHF 3 (8.8%) 6 (18.8%) 0.3
Liver disease 8 (23.5%) 8 (25.0%) 1.0
HIV 1 (2.9%) 4 (12.5%) 0.2
Splenectomy 0 (0%) 1 (3.1%) 0.5
Alcohol 14 (41.2%) 9 (28.1%) 0.3
Smoking 26 (76.5%) 27 (84.4%) 1.0
Previously Vaccinated 24 (70.6%) 26 (76.5%) 0.4
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