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ABSTRACT
Introduction: Pneumococcal infection is a leading cause of illness and death in HIV-infected adults. Current
United States guidelines for HIV-infected adults recommend a single dose of the 13-valent pneumococcal
conjugate vaccine (PCV-13) at any CD4 count and at least 1 y after receipt of the 23-valent pneumococcal
polysaccharide vaccine (PPV). PPV is known to lead to hyporesponsiveness to subsequent pneumococcal
vaccines for at least 1 y Whether PCV-13 would be more immunogenic if administered later after PPV
receipt or at higher CD4 counts has not been tested.

Methods: We prospectively collected serum from 96 HIV-infected adults before and after PCV-13
receipt, and measured antibody concentrations against 4 pneumococcal serotypes (3, 6A, 7F, and 19A) via
indirect ELISA according to the WHO protocol. Post-booster antibody concentrations and fold-rise in
antibody concentrations were compared according to time from PPV receipt and baseline CD4 count
using univariate and multivariate analyses.

Results: PPV receipt >3 versus 1–3 y prior did not significantly change post-vaccination antibody
concentrations, but was associated with slightly higher fold-rise in antibody concentration for the 3 tested
serotypes included in PPV, though this only reached significance for serotype 7F. CD4 count was
significantly associated with post-vaccination antibody concentrations for 3 of 4 serotypes, but not for
fold-rise in antibody concentration for any serotype.

Conclusion: Waiting longer than 1 y after PPV receipt to administer PCV-13 may slightly improve the
antibody response to serotypes included in both vaccines. While higher CD4 count at PCV-13
administration results in higher post-vaccination antibody concentrations, this is likely because higher
CD4 count is also associated with higher pre-vaccination antibody concentrations.
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Introduction

Pneumococcal disease is a leading cause of illness and death
among adults infected with the Human Immunodeficiency
Virus (HIV). Although invasive pneumococcal disease (IPD)
rates have dropped in the era of effective antiretroviral therapy,
HIV-infected adults still have a 35-fold greater risk of IPD than
the general population.1 The 7-valent pneumococcal conjugate
vaccine (PCV-7) has been shown to reduce recurrent IPD in
HIV-infected adults, even in subjects with CD4 counts
<200 cells/mm3.2 Consequently, in 2012 the Unites States
Advisory Committee on Immunization Practices (ACIP) rec-
ommended that HIV-infected adults with any CD4 count (no
lower limit defined) receive a single dose of the newer 13-valent
pneumococcal conjugate vaccine (PCV-13) if at least 1 y has
passed since receipt of the 23-valent pneumococcal polysaccha-
ride vaccine (PPV).3,4 If possible, PCV-13 is recommended
prior to the 2–3 recommended doses of PPV, with the first
dose of PPV at least 8 weeks after PCV-13.4 The addition of
PCV-13 will enhance IPD protection for this vulnerable group,
and possibly also enhance protection against community-
acquired pneumonia due to vaccine-type pneumococcal strains,

as demonstrated for elderly adults in the recent large CAPITA
trial.5 However, the timing recommendations are based on lim-
ited data.

Although the recommendation to give PCV-13 before PPV
is sound, the recommendation to wait only 1 y after PPV
receipt to give PCV-13 is based on limited data. Polysaccharide
vaccines are known to cause hyporesponsiveness to subsequent
vaccine doses, an effect that is likely time-limited.6 Two studies
suggested that hyporesponsiveness may no longer be present
if >3 y elapse between administration of PPV and PCV.7,8 An
additional study demonstrated that hyporesponsiveness was
still present if only 1 y had elapsed between the dosing of PPV
and PCV.6 However, whether hyporesponsiveness to PCV-13
would still be present 1–3 y after PPV receipt is unknown.

Secondly, studies of earlier PCV containing 4–7 serotypes
showed that HIV-infected subjects with higher CD4 counts
had increased vaccine responses.7,9–11 Thus, administering a
single dose of PCV-13 at low CD4 counts may not provide
optimal protection. Conjugate vaccine were developed because
they can activate CD4 cells and consequently elicit a T-cell
dependent B cell response resulting in memory B cells.
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Consequently, giving PCV-13 after the CD4 count increases on
antiretroviral therapy might elicit a better immune response.

To help fill these knowledge gaps, we measured the antibody
response in HIV-infected adults who were receiving PCV-13
according to the ACIP guidelines, and analyzed the effect of
time interval since PPV receipt and CD4 count.

Results

Of the 105 subjects enrolled inGroup 1 (serum taken before and 1
month after PCV-13), 4 subjects were excluded because of addi-
tional prior PCV-13 doses, and 5 subjects failed to return for the
second visit, leaving 96 subjects for the analysis. Of the 50 subjects
enrolled in Group 2 (serum taken 1 y after PCV-13), 1 was
excluded because of additional prior PCV-13 doses.

The demographics of the subjects are shown in Table 1. Of
the 42 subjects in Group 1 who received PPV 1–3 y prior, 2
had received 3 lifetime doses, 11 had received 2 lifetime doses,
and 29 had received 1 lifetime dose of PPV. Of the 54 subjects
who received PPV >3 y prior, 5 had received 2 lifetime doses,
28 had received 1 lifetime dose, and 21 had no record of receiv-
ing PPV. All subjects who had received multiple PPV doses
received them at intervals of at least 5 y.

The antibody geometric mean concentrations (GMCs) at
baseline (Group 1), 1 month post-vaccination (Group 1), and
1 y post-vaccination (Group 2) are shown in Fig. 1. Of note,
there were demographic differences between Group 1 and
Group 2 (Table 1), making any GMC comparisons between the

1 y time point and the other time points difficult. The remain-
der of the analysis is restricted to Group 1 alone.

Time from PPV receipt (>3 y vs. 1–3 y) was not signifi-
cantly associated with 1 month post-vaccination antibody con-
centration for any serotype on either univariate or multivariate
analysis (Fig. 2, Table 2). Fold-rise in antibody concentration
was higher for the subjects who had the >3 y versus 1–3 y
interval between PPV and PCV-13 receipt for the 3 tested sero-
types included in PPV (3, 7F, and 19A). However, this only
reached significance for serotype 7F on univariate analysis
(geometric mean of 8.0vs. 4.0 fold-rise for >3 versus 1–3 y, p D
0.04), and did not remain significant on multivariate analysis.

CD4 count as a continuous variable was significantly associ-
ated with 1 month post-vaccination antibody concentrations
for 3 of 4 serotypes on univariate analysis (p D 0.007, 0.1, 0.03,
and 0.005 for serotypes 3, 6A, 7F, and 19A respectively), and
for all serotypes on multivariate analysis (p D 0.04, 0.02, 0.04,
and 0.003 for serotypes 3, 6A, 7F, and 19A respectively). Of
note, the multivariate regression model did not include baseline
antibody concentrations, and baseline antibody concentrations
were significantly associated with post-vaccination antibody
concentrations (p < 0.0001 for all serotypes). Fold-rise in anti-
body concentration, which does take baseline antibody concen-
trations into account, was not significantly associated with CD4
count for any serotype on univariate or multivariate analysis.
The relationships of CD4 count to antibody concentrations
before and 1 month after PCV-13 receipt, and to fold-rise in
antibody concentration, are shown in Fig. 3. The relationships
of CD4 count as a categorical variable (< or > 500 cells/mm3)

Table 1. Demographics of study subjects.

Group 1 Total
Group 1 PPV
1–3 yrs prior

Group 1 PPV >3 yrs
prior

Group 1
CD4 <500 cells/mm3

Group 1
CD4 >/=500 cells/mm3 Group 2

n 96 42 54 37 59 49
Age in years

mean § SD 44 § 11~ 46 § 11 42 § 11 45 § 10 43 § 11 50 § 11~
range 20–65 22–65 20–62 26–63 20–65 21–71

Gender: no (%) male 66 (69%) 26 (62%) 40 (74%) 30 (81%)̂ 36 (61%)̂ 38 (78%)
Race

no (%) black 76 (79%)~ 33 (79%) 43 (80%) 28 (76%) 48 (81%) 27 (55%)~
no (%) white 19 (20%)~ 9 (21%) 10 (19%) 1 (3%) 0 (0%) 22 (45%)~
no (%) other 1 (1%)~ 0 (0%) 1 (2%) 8 (22%) 11 (19%) 0 (0%)~

Body weight (lbs): mean § SD 188 § 47 188 § 48 189 § 47 188 § 46 188§ 48 189§52
No (%) prescribed a statin 23 (24%) 11 (26%) 12 (22%) 9 (24%) 14 (24%) 20 (41%)
No (%) with hx pneumonia 38 (40%) 15 (36%) 23 (43%) 22 (59%)̂ 16 (27%)̂ 23 (47%)
No (%) with diabetes 11 (11%) 5 (12%) 6 (11%) 2 (5%) 9 (15%) 10 (20%)
No (%) ever homeless 26 (27%) 12 (29%) 14 (26%) 10 (27%) 16 (27%) 8 (16%)
No (%) currently smoking 37 (39%) 15 (36%) 22 (41%) 16 (43%) 21 (36%) 22 (45%)
No (%) with hepatitis C 11 (11%) 6 (14%) 5 (9%) 4 (11%) 7 (12%) 12 (25%)
No (%) with AIDS diagnosis 57 (59%) 23 (55%) 34 (63%) 28 (76%)̂ 29 (49%)̂ 29 (59%)
No (%) on cART 100 (100%) 42 (100%) 54 (100%) 37 (100%) 54 (100%) 48 (98%)
CD4 count

mean C SD (cells/mm3) 626C 342 657C 331 602 C 352 — — 642 C 309
no (%) <200 cells/mm3 11 (11%) 4 (10%)� 7 (13%)� — — 3 (6%)
no (%) 200–499 cells/mm3 26 (27%) 8 (19%)� 18 (33%)� — — 16 (33%)
no (%) 500–799 cells/mm3 34 (35%) 18 (43%)� 16 (30%)� — — 15 (31%)
no (%) >800 cells/mm3 25 (26%) 12 (29%)� 13 (24%)� — — 15 (31%)

Time from PPV
no (%) 1–3 y 42 (44%) — — 12 (32%) 30 (51%) 27 (55%)
no (%) >3 y 54 (56%) — — 25 (68%) 29 (49%) 22 (45%)

SDD standard deviation, no D number, cARTD combination antiretroviral therapy. Group 1 had serum taken before and 1 month after and Group 2 had serum taken 1
year after PCV-13 receipt. Comparisons were done by t-test for continuous variables, Fisher’s exact test for binary variables, and Chi square test for categorical variables
with >2 categories. Bold indicates variables with significant differences:» p=0.003 for age and 0.001 for racial distribution between groups 1 and 2; *p=0.03 for CD4
count distribution between groups divided by PPV receipt; ^p=0.04 for gender, 0.002 for pneumonia history, and 0.01 for AIDS diagnosis between groups divided by
CD4 count.
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to 1 month antibody concentrations and fold-rise in antibody
concentration are shown in Table 2.

Covariates with significant associations with 1 month post-
booster antibody concentrations on multivariate analysis
included age and smoking status (serotypes 3, 7F, and 19A).
Covariates with significant associations with fold-rise in anti-

body concentrations on multivariate analysis included age and
race (serotype 19A only).

Discussion

Our observational study measured antibody response to PCV-
13 in adults with well-controlled HIV infection following
ACIP recommendations. Subjects responded to vaccination,
with significant increases in GMC 1 month post-vaccination
for all serotypes tested. The fold rises in antibody concentra-
tion for serotypes 3, 7F, and 19A (the 3 tested serotypes
included in both PPV and PCV-13), were slightly higher in
subjects who had received PPV >3vs. 1–3 y prior to their
PCV-13 vaccination, though this only reached significance for
serotype 7F. This suggests that PPV-induced hyporesponsive-
ness may still be present 1–3 y after PPV receipt, although not
to a high degree.

A number of studies have shown that PPV does not induce
memory cells and can even decrease the response to subsequent
pneumococcal vaccination.12 It has been theorized that the
hyporesponsiveness following receipt of polysaccharide vac-
cines like PPV results from polysaccharide antigens persisting
in the body for prolonged periods of time, leading to downre-
gulation of B cells and binding of neutralizing polysaccharide-
specific antibodies in the serum. This may also explain why in
the only clinical trial testing the efficacy of PPV in HIV-
infected adults, there were significantly higher rates of all-cause
pneumonia in the vaccine versus placebo group, particularly in

Figure 1. Antibody geometric mean concentrations (GMCs) for each serotype
grouped by time since PCV-13 receipt. Bars represent 95% confidence intervals.
yOne year GMCs are from a different group of subjects (Group 2) than the baseline
and one month GMCs (Group 1).

Figure 2. The geometric mean of the antibody concentrations at baseline (2A) and 1 month post –vaccination (2B), and the geometric mean of the fold-change in anti-
body concentrations (2C), according to time since PPV receipt by serotype. Bars represent 95% confidence intervals. There were 42 and 54 subjects in the 1–3 and >3 y
since PPV receipt groups respectively. Of note, serotype 6A is included in PCV-13 but not PPV, but serotypes 3, 7F, and 19A are included in both PCV-13 and PPV.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2119



the first 6 months after PPV receipt.13 The hyporesponsiveness
appears to be time-limited. In an American study, adult sub-
jects who had recovered from pneumococcal pneumonia had a
substantially lower antibody response to PCV-7 if they had
received PPV 6 months earlier vs. not having recently received
PPV.6 Further, subjects who had received PPV within the past
year had distinctly lower antibody responses to PCV-7 than
those vaccinated>5 y before, and those vaccinated 1–5 y before
had an intermediate response. However, another study among

204 HIV-infected adults in the United States showed that prior
PPV receipt 3–5 versus 5–8 y prior did not significantly affect
antibody response to revaccination with either PPV or PCV-7,
suggesting that hyporesponsiveness might wane by 3 y.8 In sup-
port of this, a Ugandan study demonstrated that HIV-infected
adults vaccinated with PCV-7 who had received PPV 3.5–6.5 y
prior had similar immune responses to those who had never
received a prior PPV dose.7 In addition, in a recent PCV-13
immunogenicity trial in 329 HIV-infected adults who had

Table 1 Post-PCV-13 antibody concentration and fold-rise in antibody concentration by time since PPV receipt and CD4 count.

By Years Since Pneumovax Receipt By CD4 Count at Vaccination

1-3 years
(n=42)

>3 years
(n=54)

unadjusted
p value

adjusted
p value

<500 cells/mm3
(n=37)

>500 cells/mm3
(n=59)

unadjusted
p value

adjusted
p value

Serotype 3
Post Booster GMC (95% CI) 0.26 (0.17-0.41) 0.31 (0.22-0.44) NS NS 0.16 (0.11-0.25) 0.41 (0.30-0.57) 0.0008 0.01
Fold-rise geometric mean (95% CI) 3.24 (2.16-4.87) 4.32 (3.18-5.89) NS NS 3.17 (2.14-4.70) 4.28 (3.11-5.90) NS NS

Serotype 6A
Post Booster GMC (95% CI) 2.27 (1.43-3.61) 1.82 (1.40-2.37) NS NS 1.74 (1.19-2.55) 2.19 (1.58-3.05) NS NS
Fold-rise geometric mean (95% CI) 3.61 (2.46-5.29) 3.28 (2.40-4.49) NS NS 3.88 (2.48-6.07) 3.16 (2.39-4.17) NS NS

Serotype 7F
Post Booster GMC (95% CI) 1.00 (0.60-1.68) 1.25 (0.84-1.87) NS NS 0.81 (0.48-1.37) 1.41 (0.96-2.08) NS (0.09) NS
Fold-rise geometric mean (95% CI) 4.01 (2.70-5.94) 8.04 (4.8-13.47) 0.043 NS (0.06) 6.22 (3.96-9.76) 5.75 (3.54-9.34) NS NS

Serotype 19A
Post Booster GMC (95% CI) 2.97 (2.08-4.24) 3.55 (2.54-4.98) NS NS 2.34 (1.54-3.56) 4.06 (3.04-5.43) 0.03 NS (0.07)
Fold-rise geometric mean (95% CI) 1.99 (1.55-2.56) 2.69 (2.00-3.61) NS NS (0.09) 2.00 (1.49-2.68) 2.62 (2.00-3.42) NS NS

GMC D geometric mean concentration. CI D confidence interval. NS D nonsignificant. Adjusted p values were from multivariate regression models including the follow-
ing covariates: age, gender, race, statin use, AIDS diagnosis, history of pneumonia, diabetes, history of homelessness, current smoking status, and hepatitis C coinfection.
Of note, serotypes 3, 7F, and 19A are included in both PCV-13 and PPV, but 6A is only in PCV-13.

Figure 3. The geometric mean of the antibody concentrations at baseline (3A) and one month post –vaccination (3B), and the geometric mean of the fold-change in anti-
body concentrations (3C), according to CD4 count by serotype. Bars represent 95% confidence intervals. There were 11, 26, 34, and 25 subjects in the<200, 200–499, 500–
799, and >800 CD4 cells/mm3 groups respectively.
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received PPV a mean of 3.7 y prior (range not reported), time
from PPV receipt did not correlate with vaccine response.14

Our results extend on these findings, demonstrating that sub-
jects who received PPV 1–3vs. >3 y prior to PCV-13 had a
trend toward a lower antibody response, but that this only
reached significance for 1 serotype on univariate analysis. The
results of this study on PCV-13, which are similar to prior stud-
ies of PCV-7, are likely applicable to PPV and PCV in general,
including PCV-10, the other pneumococcal conjugate vaccine
supported by Gavi (the global vaccine alliance) for use in devel-
oping countries.15

Antibody concentrations 1 month post-vaccination were
significantly associated with CD4 count. However, this seems
to be related to the fact that baseline antibody concentrations
were also significantly associated with CD4 count, as fold-rise
in antibody concentration was not significantly associated with
CD4 count. Elevated baseline concentrations could have been
due to prior natural pneumococcal exposure, prior PPV receipt
(serotypes 3, 7F, or 19A), or cross-reaction with serotype 6B
from prior PPV receipt (serotype 6A).16 Other studies on ear-
lier pneumococcal conjugate vaccines have also shown that
subjects with higher CD4 counts have higher baseline antibody
concentrations, and that baseline antibody concentrations
strongly correlate with post-vaccination antibody concentra-
tions.17 This is presumably from a stronger immune response
to prior pneumococcal exposure in subjects with higher CD4
counts. This would make sense in that CD4 cells are critical to
the creation of germinal centers and the development of long-
lasting memory B cells, either from pneumococcal natural
infection or PCV, that can be boosted though subsequent pneu-
mococcal antigen exposure.18

Serologic correlates of protection for pneumococcus in
adults are not clearly defined. In studies of children receiving
their primary PCV series, serotype-specific IgG concentrations
of 0.35 ug/ml have been used as the threshold for immunity
against IPD17 However, adults tend to have higher baseline
antibody concentrations due to prior pneumococcal exposure
and nasal colonization, so the threshold for immunity in
adults is less clear. Furthermore, higher antibody concentra-
tions may be needed to protect against non-invasive pneumo-
coccal disease than against IPD, and IgG levels sufficient for
protection seem to differ between different serotypes.19

Despite these uncertainties, common sense would dictate that
higher post-vaccination antibody concentrations should corre-
late with improved protection. For other vaccines like hepatitis
B vaccine, it has been shown that the antibody concentration
1 month after completing the initial vaccination series directly
correlates with duration of immunity in HIV-infected adults.20

In HIV-infected children, memory response to pneumococcal
vaccination was shown to directly correlate with antibody con-
centration 8 weeks after initial vaccination.21 Consequently, as
HIV-infected subjects vaccinated at higher CD4 counts had
higher post-vaccination antibody concentrations, one would
expect them to have higher duration of protection after PCV-
13 vaccination, regardless of the etiology.

The ACIP likely recommended a single dose of PCV-13 at
any CD4 count because patients with lower CD4 counts are
at increased risk of IPD. The only efficacy trial of pneumo-
coccal conjugate vaccines in HIV-infected adults showed

that 2 doses of PCV-7 reduced IPD due to vaccine serotypes
by 86% in subjects with CD4 counts <200 cells/mm3.2 Fur-
thermore, 75% of the IPD cases due to vaccine serotypes in
this trial occurred in subjects with CD4 counts <200 cells/
mm3. However, efficacy dropped from 85% the first year
after vaccination to 25% thereafter, suggesting that duration
of protection might be suboptimal. In contrast, in the recent
large CAPITA trial, in which 84,496 healthy elderly adults
(>65 y old) were randomized to PCV-13 versus placebo, the
vaccine efficacy of 75% against IPD and 46% against com-
munity-acquired pneumonia due to vaccine-type strains per-
sisted throughout the 4 y of follow-up.5 However,
immunocompromised individuals (including HIV-infected
individuals) were excluded from the trial, and those who
became immunocompromised after enrollment demon-
strated decreased vaccine efficacy. This further suggests that
duration of protection in HIV-infected subjects vaccinated at
low CD4 counts could be suboptimal.

To balance the need to provide protection for HIV-infected
adults with low CD4 counts and the need to provide long-last-
ing protection, giving an additional dose of PCV-13 at a higher
CD4 count could be considered. Although 2 recent clinical tri-
als which evaluated the immunogenicity of multiple doses of
PCV-13 in HIV-infected adults found limited benefit after a
second and third dose, both trials limited enrollment to subjects
with CD4 counts >200 cells/mm3.14,22 Further studies evaluat-
ing the immunologic response to a second dose of PCV-13,
given after the CD4 count increases over 200 cells/mm3, in
HIV-infected adults originally vaccinated at low CD4 counts,
are needed.

Our study has several limitations. Our primary outcomes are
only a surrogate for protection against pneumococcal disease.
The mean CD4 count of our subjects was high, and only 11
subjects had a CD4 count <200 cells/mm3, which may have
made it more difficult to detect differences in antibody response
based on CD4 count. We only analyzed the serologic response
to 4 of the 13 serotypes in PCV-13. Finally, it would have been
ideal to follow the same cohort of subjects longer than 1 month
post-vaccination. However, to our knowledge, our study is the
first to evaluate the association between CD4 count and PCV-
13 response in HIV-infected adults, to assess the response to
PCV-13 in subjects with CD4 counts <200 cells/mm3, or to
report antibody concentrations 1 y after PCV-13 receipt in
HIV-infected adults.

Conclusions

In conclusion, we present data on the antibody response to
PCV-13 administered to HIV-infected adults according to
ACIP guidelines. Our data suggests that waiting longer than 1 y
after PPV receipt to administer PCV-13 may slightly improve
the antibody response to serotypes included in both vaccines.
We show that post-vaccination antibody concentrations signifi-
cantly correlate with CD4 count, but that this is due in large
part to higher baseline antibody concentrations in subjects with
higher CD4 counts. Future studies are needed to determine if a
second PCV-13 dose would be beneficial after the CD4 count
increases in subjects originally vaccinated at low CD4 counts.
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Methods

Subjects

This was a prospective, observational study conducted at the
primary HIV clinic (C3ID) at Eastern Virginia Medical School
(EVMS) in Norfolk, VA. The EVMS Institutional Review Board
approved the study. All subjects underwent informed consent.

Between August 2013 and February 2014, we enrolled 105
subjects whose provider had ordered PCV-13 (trade name Pre-
vnar-13, manufactured by Wyeth Pharmaceuticals Inc.), and
collected blood, questionnaire data, and information from the
medical record such as dates of prior receipt of PPV (trade
name Pneumovax 23, manufactured by Merck & Co., Inc.) and
laboratory values including current CD4 count, before and
4–6 weeks after PCV-13 receipt (Group 1). Inclusion criteria
included documented HIV infection, age >18 y, and HIV viral
load<400 copies/ml on the most recent test. We limited enroll-
ment to subjects with well-controlled HIV infection to exclude
HIV viremia as a confounding factor, because subjects compli-
ant with HIV medications were felt to be more likely to show
up for the second study visit, and because subjects with uncon-
trolled HIV viremia have more immediate threats to their
health than suboptimal vaccine timing. Due to budgetary con-
straints, we did not follow our subjects past 4–6 weeks. How-
ever, to assess antibody concentrations 1 y after PCV-13
receipt, we simultaneously enrolled and collected blood, ques-
tionnaire data, and information from the medical record from
50 additional subjects who fit the same inclusion criteria and
who were retrospectively identified as having received PCV-13
11–13 months prior through review of clinic records (Group
2). Of note, none of the subjects in Group 2 had received PPV
after PCV-13 receipt.

Laboratory analysis

On the day of collection, blood samples were centrifuged, and
the serum stored at ¡80�C until laboratory analysis. Serum
was tested via Indirect ELISA for IgG antibody levels against
serotypes 3, 6A, 7F, and 19A according to the WHO protocol,23

using United States reference pneumococcal antiserum 007sp.
Our analysis was restricted to 4 serotypes for logistic reasons,
but we chose the 3 most prevalent serotypes in the United
States since 2008 that are included in PCV-13 (3, 7F, and 19A),
as well as the only serotype included in PCV-13 but not PPV
(6A).24

Statistical analysis

We calculated that we would need at least 81 subjects to pro-
vide samples before and 1 month after PCV-13 receipt to detect
a 1.5-fold difference in increase in geometric mean antibody
concentrations (GMCs) between subjects with PPV receipt
>3 y vs. 1–3 y prior, and subjects with CD4 counts of >500 vs.
<500 cells/mm3, with 80% power and a of 0.05. We over-
enrolled by 30% (105 subjects) to account for loss-to-follow up.

Descriptive statistics were reported. The 2 variables of inter-
est were time from PPV receipt (>3 y vs. 1–3 y) and CD4 count.
Of note, PPV receipt >3 y prior included both subjects who
had record of last PPV receipt >3 y prior and subjects who had

no record of ever receiving PPV, as other studies indicate that
PPV receipt >3 y prior does not diminish PCV response in
comparison to subjects who never received PPV.7,8 The pri-
mary outcomes were 1 month post-booster antibody concen-
trations and fold-rise in antibody concentrations for each of
the 4 serotypes, and were logarithmically transformed prior to
analysis. We chose continuous outcomes because serologic cor-
relates of protection for pneumococcus in adults are not well-
defined, prior studies have used various definitions of serologic
response, and therefore assigning a specific categorical defini-
tion seemed arbitrary. Of note, the 2 clinical trials of PCV-13
in HIV-infected adults also used continuous outcomes.14,22 To
analyze the association between variables and primary out-
comes, we used linear regression for continuous variables, and
t-test for binary variables. Multivariate regression models were
constructed to investigate the association between the variables
of interest and the primary outcomes. The covariates included
in the models were determined a priori, and included age, gen-
der, race, statin use, AIDS diagnosis, history of pneumonia, dia-
betes, history of homelessness, current smoking status, and
hepatitis C coinfection. Two-sided statistical tests were con-
ducted at an a level of 0.05. Statistical analysis was performed
using SAS version 9.3 (SAS institute, Cary, North Carolina).
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