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Abstract
Background—The risk of pneumococcal disease persists and antibody responses to revaccination
with the 23-valent polysaccharide vaccine (PPV) are low among HIV-infected adults. We determined
whether revaccination with the 7-valent pneumococcal conjugate vaccine (PCV) would enhance
these responses.

Methods—In a randomized clinical trial, we compared the immunogenicity of revaccination with
PCV (n=131) or PPV (n=73) among HIV-infected adults (median CD4 count 533 cells/mm3)
vaccinated with PPV 3–8 years earlier. HIV-uninfected adults (n=25) without prior pneumococcal
vaccination received one dose of PCV. A positive response was defined as a ≥2-fold rise (baseline
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to day 60) in capsule-specific IgG with a post-vaccination level value ≥1000 ng/ml for at least 2 of
the 4 serotypes.

Results—HIV-infected persons demonstrated a higher frequency of positive antibody responses to
PCV vs. PPV (57% vs. 36%, p=0.004) and greater IgG concentration mean changes from baseline
to day 60 for serotypes 4, 9V, and 19F (all p<0.05), but not for serotype 14. However by day 180
both outcomes were similar. Responses to PCV were greater in frequency and magnitude for all
serotypes in HIV-uninfected compared with those in HIV-infected adults.

Conclusions—Among persons with HIV infection, revaccination with PCV was only transiently
more immunogenic than PPV, and responses were inferior to those in HIV-uninfected subjects with
primary vaccination. Pneumococcal vaccines with more robust and sustained immunogenicity are
needed for HIV-infected adults.

Introduction
Streptococcus pneumoniae infections are a common cause of morbidity and mortality among
persons infected with human immunodeficiency virus (HIV) [1–5]. Highly active antiretroviral
therapy (HAART) has reduced the incidence of pneumococcal disease among HIV-infected
persons by half. However, the incidence remains significantly greater than that of the general
population [2,6]. Despite administration of the 23-valent pneumococcal polysaccharide
vaccine (PPV) to HIV-infected adults [7], their risk for S. pneumoniae infections persists [2,
5].

The 7-valent pneumococcal conjugate vaccine (PCV), which contained 70–80% of pediatric
serotypes that cause invasive pneumococcal infections in North America at the time of its
release [8], effectively prevents invasive pneumococcal disease in HIV-uninfected infants and
children [9–12]. Compared with PPV, PCV elicits increased antibody responses among those
with immature or compromised immune systems, including transplant recipients [13–16] and
HIV-infected children [17,18]. Studies among HIV-infected adults have mainly focused on
comparing strategies for primary vaccination using varying sequences of two doses of PCV
and PPV, which have shown variable results [19–21].

Most persons diagnosed with HIV infection receive primary PPV vaccination based on current
guidelines [7]. A critical issue is to determine the most effective strategy for revaccination
among this prevaccinated group. Earlier results revealed that the immunogenicity of PPV
revaccination five or more years after the initial dose was very limited [22]. Therefore, we
performed a prospective, randomized study to determine whether the immunogenicity of
revaccination with PCV exceeded that of PPV to guide recommendations on revaccination of
HIV-infected adults.

Methods
Study Population

HIV-infected adults previously vaccinated with PPV 3–8 years earlier were randomized 2:1 to
be revaccinated with PCV (Prevnar; Wyeth Pharmaceuticals) or PPV (Pneumovax, Merck &
Co., Inc.). A block randomization strategy coordinated at a central location was utilized to
attain an overall 2:1 vaccine ratio for the PCV and PPV randomization arms. A group of HIV-
uninfected subjects (n=25) without prior pneumococcal vaccination were enrolled and received
a single injection of PCV. Study participants were enrolled at five sites: Naval Medical Center
San Diego, National Naval Medical Center, Naval Medical Center Portsmouth, Brooke Army
Medical Center, and Walter Reed Army Medical Center. All subjects provided written
informed consent, the study was approved by both central and local military institutional review
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boards (IRB) and the University of Colorado Multi-institutional IRB, and was registered with
the Clinical Trials network (registration ID# NCT00622843).

All study participants were 18–60 years old. Participants with HIV infection had documented
evidence of HIV infection (positive ELISA and Western Blot tests). Subjects without HIV
infection had a negative HIV ELISA result at or within one year of enrollment. Exclusion
criteria included documented pregnancy or lactation, chronic active viral hepatitis,
splenectomy, current temperature of ≥ 38°C, poor performance status (inability to ambulate
>1000 meters), contraindications to an intramuscular injection, ongoing illicit drug use or
alcohol abuse, current use of immunosuppressive or cancer chemotherapeutic agents, AIDS-
related wasting, and a current plasma HIV RNA level of >50,000 copies/ml.

Study and Laboratory Procedures
Pneumococcal vaccines were administered intramuscularly (0.5 ml) in the deltoid muscle using
a 23-gauge, 1-inch needle. Vaccines were stored in temperature-controlled and monitored
refrigerators, and transportation was in accordance with manufacturers’ guidelines. Adverse
events (AE) temporally related (within seven days) to revaccination were graded based on their
impact on participants’ daily activities [23]. Serious reactions, possibly related to vaccination
resulting in hospitalization, disability, or death, were reported to the Vaccine Adverse Event
Reporting System.

Serum samples for pneumococcal capsule-specific IgG responses were collected at baseline
(1–21 days prior to revaccination) and days 14, 60 and 180 after revaccination. CD4+ T cell
counts (flow cytometry) and plasma HIV RNA levels (Roche Amplicor) were determined
locally at each time point. We measured IgG reactive with each of four pneumococcal serotypes
(4, 9V, 14, and 19F) by ELISA, as described [22]. The four serotypes evaluated were chosen
as they were common to both PPV and PCV and represent a range of frequencies of infection.
In brief, sera were preadsorbed with cell wall polysaccharide and type 22F capsular
polysaccharide overnight to eliminate non-capsule-specific antibodies, capsular
polysaccharides were adhered to 96 well microtiter plates, and capsule-specific IgG was
detected with affinity-purified horseradish peroxidase-conjugated goat anti-human IgG label
and appropriate substrates. Samples were tested in triplicate. Antibody concentrations were
extrapolated from standards (Sample 89-SF; Food and Drug Administration) on each plate.
Coefficients of variation based on control samples on each plate were 16.3%, 17.3%, 15.9%,
and 15.1% for serotypes 4, 9V, 14, and 19F, respectively.

Study Design
The primary endpoint was defined a priori as the proportion of subjects in each arm with
positive antibody response to at least two of four serotypes at day 60. A positive response was
defined as a ≥2 rise in IgG level with a post-vaccination level value ≥1000 ng/ml. Secondary
outcomes included positive IgG responses and change in IgG concentrations for each serotype
at each time point.

The randomized study was designed assuming that 60% of the PCV arm and 40% of the PPV
arm would achieve a positive antibody response. With a PCV to PPV allocation ratio of 2:1,
alpha=0.05, and 90% power, the original sample size estimate was 320 HIV-infected
participants (210 in the PCV arm and 110 in the PPV arm). The study was designed for a Data
Safety and Monitoring Board (DSMB) to evaluate the first 150 study participants to assess
safety and adequacy of the sample size with pre-established stopping rules. The DSMB
revealed no safety concerns, but response rates at the time of the DSMB review projected less
than 50% power to find a significant difference between the HIV-infected vaccine arms for the
primary endpoint. In addition, study enrollment was slower than anticipated, and the number
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of remaining eligible participants was limited. Thus, the study was closed to enrollment, and
all active participants continued study visits through 180 days after revaccination.

Statistical Methods
Descriptive statistics are presented as means with standard deviations (SD) and medians with
interquartile ranges (IQR). Differences in the proportions of responders between groups were
compared using chi-squared tests. Medians were compared with Kruskal-Wallis tests. For each
analysis there were two comparisons: a randomized comparison of the HIV-infected PCV and
PPV arms, and a non-randomized comparison of the HIV-infected PCV arm to the HIV-
uninfected PCV group.

Geometric mean concentrations (GMC) were calculated by arm for each serotype at each time
point by determining the average on the log10 scale and then back transforming the results.
Logistic regression models were used to examine the odds of a positive antibody response for
the primary endpoint (a 2-fold risk in IgG for at least two of the four serotypes at day 60 with
capsule-specific IgG ≥1000 ng/mL) and for each serotype separately. To calculate changes in
IgG concentrations from baseline, the capsule-specific IgG measurements were log10
transformed. At each follow-up visit, the difference between the arms for change in IgG
concentrations was estimated with generalized linear fixed effects models. Unless otherwise
noted, all regression models were adjusted for age (≤ 40 or > 40 years), ethnicity (Caucasian
or other), and prior pneumonia; regression models comparing the HIV-infected arms were also
adjusted for CD4+ T cell counts (<500 cells/mm3 or ≥500 cells/mm3), HIV RNA level (≤50
copies/ml or >50 copies/ml), and HAART use at baseline. Models considering each serotype
separately were further adjusted for baseline level after log10 transformation. Odds ratios and
estimates of change in IgG concentrations are given with 95% confidence intervals (CI).

To determine whether baseline demographics and HIV-related factors differentially affected
responses within each vaccine arm, the heterogeneity of the treatment effect for subgroups was
assessed with additional models by including an interaction term between randomized arm
(PCV or PPV) and subgroup. Finally, for the HIV-infected arms separately and pooled together,
exploratory logistic regression models were used to examine possible predictors for a positive
antibody response. All p-values are two-sided. Analyses were conducted using SAS (version
9.1, Cary, NC).

Results
Study Population Characteristics

From February 2006 through September 2008, a total of 204 HIV-infected subjects (131 in the
PCV arm and 73 in the PPV arm) and 25 HIV-uninfected persons were enrolled. All participants
met eligibility criteria, except one HIV-infected person in the PCV arm who had received the
initial PPV vaccination 8 years and 15 days prior to randomization. The median time from last
PPV to enrollment among HIV-infected subjects was 4.6 years (IQR 3.6–6.0). The median
time from HIV diagnosis to study enrollment was 9.5 years (IQR 4.8–15.4); median CD4+ T
cell count at baseline was 533 (IQR 391–701) cells/mm3; 68% had an HIV RNA level <50
copies/ml; and 82% were currently receiving HAART (Table 1). The HIV-infected subjects
in each arm were well-matched by baseline clinical, immunologic, and virologic parameters.
Compared with the HIV-infected subjects receiving PCV, the HIV-uninfected group had a
higher proportion of females and Caucasians (Table 1).

Median baseline levels of untransformed capsule-specific IgG were similar in the three groups,
although levels to serotype 14 were higher among previously vaccinated HIV-infected subjects
compared to HIV-uninfected subjects receiving PCV (860 vs. 254 ng/ml, p<0.001; Table 1).

Crum-Cianflone et al. Page 4

J Infect Dis. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Among all HIV-infected subjects, time since last PPV did not correlate with baseline antibody
level to any serotype, nor did baseline antibody levels vary by ethnicity (data not shown).

Antibody Responses to PCV and PPV among HIV-Infected Participants
Among HIV-infected subjects, both PPV and PCV elicited significant increases in capsule-
specific IgG GMC from baseline to days 14, 60, and 180 for each serotype (Figure 1). The only
post-immunization values that were not significantly greater than baseline were to serotype
19F in the PPV arm at days 60 and 180.

Among HIV-infected subjects, a greater proportion of those receiving PCV reached the primary
endpoint (two-fold rises in IgG for at least two of the four serotypes on day 60 with levels
≥1000 ng/mL) than those receiving PPV (57% vs. 36%, respectively; OR 2.6, 95% CI 1.4–5.0,
p=0.004) (Table 2). At day 60, PCV compared with PPV elicited greater response frequencies
for serotypes 4 and 19F and were also more likely to achieve a positive response for at least
three of the four serotypes (31% vs. 14%, respectively; OR 2.6, 95% CI 1.1–6.0, p=0.02).
Results were similar when omitting the criterion of achieving a level of ≥1000 ng/ml. However,
the differences between the HIV-infected PCV and PPV arm for positive antibody response
seen at days 14 and 60 were not sustained through day 180 (Table 2).

Similar to the categorical analyses, changes from baseline IgG concentrations were greater in
the PCV arm compared with the PPV arm for three of four serotypes at day 60, but differences
were no longer present on day 180 (Figure 2 and Table 2). There were no significant differences
in change in IgG concentrations at day 60 for Caucasian compared with African American
adults for the PCV and PPV arms separately or when combined. For the combined HIV-infected
arms, the mean (SD) changes in IgG concentration (log10 ng/mL) at day 60 for the PCV and
PPV arms, respectively, were 0.41 (0.62) vs. 0.35 (0.64), p=0.51 for serotype 4; 0.55 (0.55)
vs. 0.38 (0.57), p=0.11 for serotype 9V; 0.43 (0.68) vs. 0.32 (0.71), p=0.46 for serotype 14;
and 0.20 (0.53) vs. 0.11 (0.56), p=0.73 for serotype 19F.

The differences between the HIV-infected PCV and PPV arms in positive antibody response
frequencies for the primary endpoint did not vary according to age (≤40, >40 years), ethnicity
(Caucasian, other), prior history of pneumonia, baseline CD4+ T cell count (≤350, 351–500,
501–750, >750 cells/mm3), time between revaccination and prior PPV (3–5, 5–8 years), or
HAART use at baseline.

Changes in CD4+ T Cell Counts and HIV RNA Levels after Revaccination
We observed no statistically significant decreases in CD4+ T cell counts or increases in plasma
HIV RNA levels from baseline to any time point in either vaccine arm (data not shown). In
addition, changes in CD4+ T cell counts and plasma HIV RNA levels after revaccination were
similar in both vaccine arms. The pooled median (IQR) change in CD4+ T cell count from
baseline in both arms was 20 cells/mm3 (−37, 94) at day 14; 18 cells/mm3 (−52, 88) at day 60;
and 22 cells/mm3 (−45, 102) at day 180. Moreover, an increase of at least 0.3 in log10 HIV
RNA at day 14 was noted in only 5% vs. 9%, (p=0.38) with PCV and PPV, respectively.

Factors Associated with Vaccine Responses among HIV-Infected Persons
Exploratory analyses of factors associated with a positive antibody response at day 60 to at
least two of four serotypes and for each serotype separately were performed for each HIV
vaccine arm and pooled together. Ethnicity, history of pneumonia, time since last PPV, and
HIV factors (CDC stage, CD4+ T cell count, HIV RNA level, and HAART use) were not
significantly associated with vaccine responses for either vaccine arm or when pooled. Younger
age (≤40 vs. >40 years) was associated with improved antibody responses to serotypes 4
(unadjusted OR 2.0, 95% CI 1.1–3.7, p=0.03) and 14 (unadjusted OR 2.0, 95% CI 1.1–3.6,
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p=0.02) in the pooled vaccine groups, with a trend for a positive antibody response to at least
two of four serotypes (unadjusted OR 1.7, 95% CI 0.9–3.1, p=0.08). Time since HIV diagnosis
(≤10 years vs. > 10 years) was also associated with improved antibody responses to serotype
4 in the pooled group (unadjusted OR 2.3, 95% CI 1.2–4.3, p=0.009)

Comparisons of Capsule-Specific IgG Responses to PCV among HIV-Infected and HIV-
Uninfected Participants

Compared with the HIV-uninfected subjects, HIV-infected persons receiving PCV generated
lower capsule-specific IgG responses to all serotypes (Figure 1). HIV-infected subjects also
exhibited a lower odds of generating a positive antibody response to at least two of four
serotypes at day 60 (57% vs. 88%, OR 0.2, 95% CI 0.1–0.7, p=0.01) (Table 3) and for three
of the four serotypes (4, 9V, 19F). These differences in response rate persisted through day
180 for two of the four serotypes individually (4, 9V). At each visit, and for all serotypes, the
changes in IgG concentration from baseline were also significantly higher among HIV-
uninfected compared to HIV-infected subjects who received PCV (Figure 2 and Table 3).

Adverse Events (AE)
Both vaccines were generally well tolerated among HIV-infected participants. During the first
seven days after revaccination with PCV and PPV, 39% and 32% experienced at least one AE,
respectively (p=0.29; Table 4). The frequency and pattern of adverse events were similar
between the HIV-infected vaccine arms. Most AEs were mild and most commonly were local
tenderness and myalgias. Only one HIV-infected participant (who received PCV) developed
a serious AE that was possibly related to the vaccine: encephalitis developing 41 days after
revaccination presumed due to herpes simplex virus and improved with acyclovir.

Compared with HIV-infected persons who received PCV, HIV-uninfected subjects were more
likely to experience at least one AE (39% vs. 96%; p<0.001) (Table 4). Again, the majority of
AE among HIV-uninfected subjects were mild (87%) and most often involved local tenderness,
malaise, and myalgia; none was severe/life-threatening. All vaccine-related AE in the HIV-
uninfected group occurred within seven days.

Discussion
We evaluated whether revaccination with PCV would provide a more robust response than
PPV among HIV-infected adults. PCV was initially more immunogenic than PPV, a result
consistent with most [18,20] but not all, studies [24]. However, this difference waned by day
180, suggesting that revaccination using this novel vaccine may provide little added clinical
advantage compared with PPV.

A recent study in Malawi that evaluated a two-dose series of PCV among HIV-infected adults
after recovery from invasive pneumococcal infection found that PCVwas effective at
preventing pneumococcal disease due to vaccine serotypes [25]. However, that study examined
PCV as primary vaccination rather than its use in revaccination, as performed in our study.

We also found that despite the ability of HIV-infected persons to generate statistically
significant increases in antibody levels after pneumococcal vaccination, their concentrations
and frequencies of responses to PCV were significantly lower than those in HIV-uninfected
subjects receiving the same vaccine. These differences were present even though this HIV
cohort had relatively high CD4+ T cell counts (median 533 cells/mm3), high antiretroviral
coverage, and few concurrent comorbidities.

Antibody responses to both pneumococcal vaccines likely depend, in part, on CD4+ T cell
function [18,20,21,24,26,27]. However, persistent CD4+ T cell defects, which may not be
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measured by the absolute current CD4+ T cell count nor completely recoverable with HAART,
may be present. The etiology of these persistent CD4+ T cell defects is likely due, at least in
part, to immune activation of CD4+ T cells, B cells and dendritic cells. Although our cohort
had well-controlled viremia (77% had undetectable HIV RNA levels), immune activation may
persist, albeit less prominently, despite viral suppression [28]. Independent of HIV infection,
responses to pneumococcal revaccination in older adults also appears to elicit a very limited
magnitude of response [29–31]. Although the exact nature of these underlying immune deficits
is unknown, immunosenescence may also contribute to poorer responses among subjects
receiving both primary and revaccination.

In our ethnically diverse cohort, we did not observe differential antibody responses by ethnicity.
Earlier reports demonstrated an increased incidence of invasive pneumococcal disease in
African Americans compared to Caucasians [32]. Furthermore, among HIV-infected adults
some studies have shown that black Americans and Africans, compared with Caucasians, are
not protected from pneumococcal infections after receipt of PPV [33,34]. However, we found
no evidence for differences in immunogenicity with revaccination in African American
compared with Caucasian HIV-infected adults with open access to care and little illicit drug
use.

Overall, both PPV and PCV were well tolerated, consistent with other studies [20,22,35]. Rates
of adverse reactions were similar, and as previously described [20,22], changes in HIV RNA
and CD4+ T cell numbers were few and comparable in the vaccine groups. However, the HIV-
uninfected cohort receiving PCV experienced a significantly higher rate of vaccine reactions,
which may have been related with more robust immune responses.

Our study has potential limitations. First, enrollment was halted prior to full recruitment, so it
is possible that important findings may have been missed due to truncated enrollment. Second,
although we used reported criteria [19], there is no defined correlate of protective
pneumococcal immunity in adults. However, the pattern for each of several analyses of
antibody responses yielded similar patterns. Third, prior pneumococcal vaccination may result
in blunted responses to subsequent revaccination [30]; however, most of this effect was noted
in the first year after initial vaccination [29], whereas the median time to revaccination in our
cohort was five years. Finally, although we limited our study to four serotypes shared between
PPV and PCV, it seems doubtful that large differences were missed by focusing on the
serotypes chosen. PCV contains seven pneumococcal serotypes; newer generations of
conjugate vaccines (i.e., 10- and 13-valent) are now available. Our study was designed to
determine whether revaccination with a pneumococcal conjugate vaccine could generate
superior antibody responses compared with those to a polysaccharide vaccine in HIV-infected
adults, effects that should not be influenced by the valence of either PPV or PCV.

Strengths of this work include its precedence as the first study to determine whether PCV is a
promising revaccination strategy after distant primary vaccination with PPV. In addition, this
study is one of the largest in HIV-infected adults to evaluate pneumococcal vaccine responses.
Finally, we characterized vaccine responses in a relatively healthy, well-defined HIV cohort
with open access to care.

In summary, although revaccination with PCV was more immunogenic than PPV among HIV-
infected adults at day 60, all such differences appeared to wane by day 180. Further, despite
high median CD4+ T cell counts and use of HAART by the majority of our cohort, HIV-
infected persons produced antibody concentrations that were significantly lower than did the
HIV-uninfected group, although the former had been previously vaccinated whereas the latter
had not. Our data suggest that the use of PCV may not provide substantial additional protective
benefit over PPV in defense against S. pneumoniae infections among HIV-infected adults.

Crum-Cianflone et al. Page 7

J Infect Dis. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



These data suggest that more effective revaccination strategies, including vaccines that elicit
more robust and sustained antibody responses, are needed to more consistently prevent
pneumococcal disease in HIV-infected adults.
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Figure 1.
Geometric mean concentrations (GMC) in μg/mL with 95% confidence intervals for each of
the four serotypes and each arm at baseline and days 14, 60, and 180 post-vaccination.
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Figure 2.
Results from models estimating the change in IgG concentration (log10 ng/mL) from baseline
to days 14, 60 and 180. For each plot, the panel on the left shows the mean changes for Group
A (HIV-uninfected PCV arm), Group B (HIV-infected PCV arm) and Group C (HIV-infected
PPV arm); while the panel on the right shows the differences (with 95% confidence intervals)
between Groups A and B and between Groups B and C for the change from baseline to each
post-vaccination visit. All models were adjusted for age, ethnicity, prior pneumonia, and
baseline serotype concentration; models comparing Groups B and C were also adjusted for
CD4 cell count, HIV RNA level, and use of HAART at baseline.
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