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ABSTRACT

Introduction: Long-term comparative
immunologic response to 13-valent pneumo-
coccal conjugate vaccine (PCV13) versus 23-va-
lent polysaccharide vaccine (PPV23) among
HIV-infected adults has not yet been
investigated.
Methods: In this prospective pilot study, we
quantified in HIV-positive adults serotype-

specific IgG concentrations of the 12 pneumo-
coccal serotypes shared by both vaccines 5 years
after vaccination with two doses of PCV13 8
weeks apart (group 1) or one dose of PPV23
(group 2) and compared them with those
assessed prior to vaccination (BL) and after
1 year (T1). Comparison of immunogenicity
was based on geometric mean concentration
(GMC), proportion of individuals with C

twofold increase from BL in specific antibody
concentration against C 2 serotypes and per-
centage of individuals with serotype-specific
IgG C 0.35 lg/ml, C 1 lg/ml and C individual
serotype-specific correlates of protection.
Results: We included 91 subjects (median
CD4? 650 cells/ll,[90% with HIV-RNA\50
copies/ml); patients in groups 1 (n = 42) and 2
(n = 49) were homogeneous for the main char-
acteristics. GMCs were significantly higher in
the PCV13 group than in the PPV23 group for
serotype 19F (p = 0.003). Both vaccines revealed
higher significant GMCs to most serotypes
compared with BL, i.e., eight in group 1 vs.
seven in group 2. With respect to T1, GMCs
decreased significantly in the PCV13 group for
eight vs. ten serotypes in the PPV23 group.
More participants in the PCV13 group had C 2
increase from BL in antibody levels to C 2 ser-
otypes compared with the PPV23 group (78.6%
vs. 59.2%, p = 0.042). Overall, the percentage of
subjects with serotype-specific IgG C 0.35 lg/
ml, C 1 lg/ml and C individual serotype-

Enhanced Digital Features To view enhanced digital
features for this article go to https://doi.org/10.6084/
m9.figshare.8937809.

Electronic supplementary material The online
version of this article (https://doi.org/10.1007/s40121-
019-0256-z) contains supplementary material, which is
available to authorized users.

S. Belmonti � A. Ciccullo � C. Picarelli � R. Cauda �
F. Lombardi (&)
Istituto di Clinica Malattie Infettive, Università
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specific correlates of protection was similar
between groups.
Conclusion: In this study with HIV-positive
adults with a favorable viro-immunologic pro-
file, both vaccines were shown to achieve a
long-term durable serologic response. We found
minor differences in immunogenicity between
the two vaccines, which favored PCV13 over
PPV23 5 years after immunization.
Trial Registration: ClinicalTrials.gov identifier,
NCT02123433.

Keywords: HIV; PCV13; Pneumococcal
vaccination; PPV23; Serologic response;
Streptococcus pneumoniae

INTRODUCTION

Despite the improved quality of life achieved by
HIV-infected patients mainly due to current
antiretroviral therapy efficacy and tolerability,
HIV-infected people are at higher risk for Strep-
tococcus pneumoniae infections than age-mat-
ched HIV-uninfected adults [1]; this risk may be
due to HIV-related accelerated senescence of the
immune repertoire, loss of memory cells and
the relative dysregulation of the immune sys-
tem [2, 3].

Thus, pneumococcal vaccination is manda-
tory for HIV-infected adults, but the optimal
time schedule still needs to be clarified. Two
vaccine formulations are currently available:
23-valent pneumococcal polysaccharide vac-
cine (PPV23) and 13-valent pneumococcal
conjugate vaccine (PCV13), which replaced the
previous 7-valent pneumococcal conjugate
vaccine (PCV7). The magnitude and duration of
responses to the pneumococcal polysaccharide
vaccine may be limited by its nature, and data
on its effectiveness in preventing pneumococcal
disease are inconsistent. By contrast, the con-
jugated vaccine, which elicits a T cell-depen-
dent response and memory B and T cells, has
been shown to be effective against vaccine-type
invasive pneumococcal disease in a randomized
controlled trial of HIV-infected adults [4].

Therefore, current guidelines recommend
that PCV13 be given as the initial vaccination
for HIV-positive adults and that PPV23 be

administered subsequently to broaden serotype
coverage [5]. However, a benefit of PCV vs. PPV
in terms of immunogenicity among HIV-posi-
tive adults has not been fully established [6–8].

Furthermore, there is a lack of data on the
long-term immunogenicity of PCVs compared
with PPV in this population. The characteristic
of PCVs to elicit immunologic memory could
hypothetically be an advantage in the long
term, but this still has to be demonstrated in
HIV-infected subjects.

Previous data showed that in HIV-positive
adults who were receiving antiretroviral ther-
apy, response to the pneumococcal polysac-
charide vaccine decreased for most of the
serotypes after 5 years [9]. In a similar setting, a
different study showed that one or two doses of
PCV7 ensured a durable serologic response
throughout the 5 years of follow-up, but PPV23
was not used as a comparator vaccine in this
study [10]. Overall, there is scanty evidence of
persistent serologic response to immunization
with PCV.

Thus, further investigations are mandatory,
and the long-term comparative immunogenic-
ity of protein-conjugated and free polysaccha-
ride vaccines in HIV-positive adults needs to be
addressed.

In a 1-year follow-up report, we previously
showed that vaccination with the 13-valent
pneumococcal conjugate vaccine or with the
23-valent pneumococcal polysaccharide vac-
cine elicited comparable immunogenicity in a
cohort of HIV-positive adults with a favorable
viro-immunologic profile [11].

Here we aimed to compare the long-term (5-
year) serologic response in those subjects pre-
viously immunized with PCV13 or PPV23.

METHODS

In a pilot prospective study, we included
pneumococcal vaccine-naı̈ve HIV-infected out-
patients who were matched for age (18–-
65 years) and CD4? cell count (C 200 cells/ll);
they received two doses of PCV13 8 weeks apart
(group 1) or one dose of PPV23 (group 2). As
described in the previous report, patients were
enrolled in two parallel Infectious Diseases
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Clinical Centers in Central Italy (University
Division of Infectious Diseases in Siena and
Institute of Clinical Infectious Diseases, Catho-
lic University of the Sacred Heart in Rome) [11].

All procedures performed in the study were
in accordance with the 1964 Helsinki Declara-
tion and its later amendments or comparable
ethical standards. The present study was
approved by the local Institutional Ethics
Committees, Comitato Etico Fondazione Poli-
clinico Universitario ‘‘Agostino Gemelli’’-
Università Cattolica del Sacro Cuore and
Comitato Etico Regione Toscana-Area vasta Sud
Est, AOU Senese (protocol no. 13379/16 and
protocol code PCV13HIV-BOOST-2014). Writ-
ten informed consent was obtained from each
participant.

Serotype-specific IgG concentration for the
12 pneumococcal serotypes shared by both
vaccines was quantified by ELISA 5 years (T5)
after the vaccination, as previously reported
[12]. The antibody concentrations were log-
transformed to approximate normal distribu-
tions and parametric methods were applied in
the analysis. Results of IgG antibody levels were
expressed as geometric mean concentrations
(GMCs). The GMCs were obtained by taking the
antilogarithm of the means of the log-trans-
formed values. Corresponding two-sided 95%
confidence intervals (CIs) for the GMCs were
constructed by back-transforming the 95% CI
for the mean of logarithmically transformed
assay results computed using Student’s
t distribution.

The primary end point of this report was to
compare the long-term serologic response at T5
by assessing the specific IgG levels for the 12
serotypes between the two groups, using a lin-
ear regression adjusted for age, gender and CD4
cell count. The comparison of IgG levels for
each serotype at T5 with respect to those asses-
sed prior to vaccination (BL) and after 1 year
(T1) intra-groups was performed by applying a
generalized linear model (GLMM) by specifying
correlation between repeated measures within
subjects and adjusting using the Bonferroni
method in the pairwise comparisons of time
points. The GLMM was also adjusted for gender,
age and CD4, which was considered a time-
varying variable.

As the secondary end point, we compared
the immunogenicity of the two vaccines by
measuring the proportion of individuals with a
twofold or greater increase from BL in specific
IgG against two or more serotypes at 5 years. We
also analyzed durable antibody response in both
groups in terms of seroprotection rate at T5,
defined as the proportion of responders for each
serotype with an IgG level C 0.35 lg/ml (ac-
cepted by the WHO for assessment of vaccine
efficacy against IPD) [13] and C 1 lg/ml (po-
tentially more relevant for long-term protection
and previously used in studies with HIV-in-
fected children) [14] and by using the novel
individual serotype-specific correlate of protec-
tion (established for all serotypes, except for
serotype 5) [15]. The proportion of participants
who achieved seroprotection to the majority of
serogroups (C 9) based on the three cutoffs was
also evaluated.

In the statistical analyses, the resulting
p values were corrected for multiple testing by
controlling the false discovery rate (FDR) to
B 0.05 through the Benjamini-Hochberg
method. Analyses were performed using the
SPSS software package (version 22.0, Chicago,
IL, USA).

RESULTS

We analyzed 91 subjects (out of the 100 patients
analyzed in the previous report) [11]: 72.5%
males; median age 50 years (IQR 45–56); med-
ian CD4? 650 cells/ll (IQR 506–881). All
patients were on antiretroviral therapy,[ 90%
with HIV-RNA\50 copies/ml; patients in
groups 1 (n = 42) and 2 (n = 49) were homoge-
neous for the main characteristics and were
comparable to the entire original study popu-
lation [11] (Table 1).

Pre-vaccination serotype-specific IgG levels
were comparable between the two groups, in
agreement with the original cohort (all ps n.s.)
[11]. The long-term serologic response was
markedly higher for serotype 19F in the group
immunized with PCV13 compared with the
PPV23 group; the specific IgG GMCs for all
other pneumococcal antigens did not differ
between groups (Table 2).
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Comparing BL and T5, responses to serotypes
6B, 19F and 23F were markedly higher in group
1, whereas two antigens, i.e., 1 and 4, elicited
higher responses in group 2. The IgG titers for
serotypes 5, 7F, 9V, 14 and 18C were signifi-
cantly higher in patients immunized with both
vaccines; antigens 3 and 19A did not show any
variation (Table 3a, b).

With respect to T1, at T5 IgG titers for 4, 5,
6B, 9V, 14 and 18C showed a statistically sig-
nificant reduction in both groups; regarding
antigens 19A and 23F, the decay was greater in
group 2 than group 1. IgG titers 7F and 19F
diminished only in group 2, whereas serotypes 1
and 3 were stable in both groups (Table 3a, b).
Analyzing the main effect of vaccine over time,
19F was statistically significantly higher in
PCV13 than in PPV23, although this effect
appeared to be less marked when considering
the contrast for interaction time-vaccine (Sup-
plementary Table 1).

When considering the seroconversion rate,
defined as a C twofold rise from baseline anti-
body levels at T5, a higher proportion of
responders to the 6B serotype were observed in
the PCV13 group than in the PPV23 group,
although it was not significant after adjusting

Table 1 Characteristics of HIV-infected patients who
received either two doses of PCV13 (group 1) or one dose
of PPV23 (group 2) 5 years after vaccination

Group 1
(PCV13)

Group 2
(PPV23)

p

n = 42 n = 49

Male, n (%) 28 (66.7) 38 (77.6) 0.246

Age, mean (SD) 49.5 (9.5) 50.3 (10.6) 0.685

Non-Caucasian, n (%) 5 (11.9) 1 (2.0) 0.091

Body mass index (kg/

m2), mean (SD)

24.2(4.3) 23.3(3.6) 0.295

Years from HIV

diagnosis, mean (SD)

15.2 (7.07) 16.1 (7.8) 0.553

Years from first

HAART, mean (SD)

13.3 (7.09) 13.1(5.9) 0.844

Risk factor, n (%) 0.354

Heterosexual 14 (33.3) 20 (40.8)

Homo-/bisexual 15 (35.7) 20 (40.8)

Injection drug use 7 (16.7) 7 (14.3)

Other/unknown 6 (14.3) 2 (4.1)

Nadir CD4 count (cell/

ll), mean (SD)

189 (130) 213 (192) 0.492

Current CD4 count

(cell/ll), mean (SD)

708 (249) 689 (295) 0.744

Current CD4 cell count, n (%) 0.693

200–350 5 (11.9) 4 (8.3)

351–500 7 (16.7) 6 (12.5)

[ 500 30 (71.4) 38 (79.2)

Pre-HAART HIV-

RNA (log HIV-RNA

copies/ml, mean

(SD)

4.8 (0.77) 4.8 (0.98) 0.791

Viral load B 50 copies/

ml, n (%)

38 (90.5) 45 (91.8) 0.843

Receipt of HAART,

n (%)

42 (100) 49 (100) 1.000

Comorbidities, n (%)

Diabetes 2 (4.8) 0 (0) 0.210

Table 1 continued

Group 1
(PCV13)

Group 2
(PPV23)

p

n = 42 n = 49

Chronic heart disease 3 (7.1) 5 (10.2) 0.721

Neoplasm 1 (2.4) 2 (4.1) 0.651

HCV co-infection 6 (14.2) 6 (12.2) 0.834

Recent hospitalization,

n (%) (last

12 months)

4 (9.5) 3 (6.1) 0.544

Past AIDS-defining

events, n (%)

9 (21.4) 18 (36.7) 0.111

Smokers*, n (%) 25 (59.5) 33 (67.3) 0.439

Alcohol consumers**,

n (%)

6 (14.3) 4 (8.2) 0.504

a Active smoker: 100 cigarettes in the last year
b Alcohol consumption: 10 alcholic units/week
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for FDR; for the remaining serotypes, propor-
tions of responders were comparable (Supple-
mentary Table 2). Notably, considering the
percentage of responders designed by a twofold
or greater increase in antibody levels to two or
more serotypes, more participants in the PCV13
group had a persistent antibody response than
those in the PPV23 group at 5 years (78.6 vs.
59.2%, AOR 0.37 95% CI 0.144/0.966,
p = 0.042). The seroprotection rate at T5 was
similar for all 12 serotypes between PCV13 and
PPV23 based on a threshold C 0.35, C 1 lg/ml
and considering serotype-specific clinically val-
idated thresholds (correlates of protection)
(Supplementary Table 3 A, B and C). In both the
PCV13 and PPV23 group, most of the partici-
pants achieved seroprotection to the majority of
serogroups (C 9) based on IgG levels C 0.35 lg/
ml (97.6 vs. 98.0%, AOR 1.47 95% CI 0.082/
26.32, p = 0.794), C 1 lg/ml (54.8 vs. 49.0%,
AOR 0.89 95% CI 0.38/2.11, p = 0.792) and
C serotype-specific clinically validated

thresholds (88.1 vs. 75.5%, AOR 0.41 95% CI
0.13/1.31, p = 0.134).

During the 5 years from the first vaccination,
no invasive pneumococcal disease occurred in
any patient; HIV-RNA level and CD4? cells
counts remained stable over time.

DISCUSSION

The aim of this report was to compare the long-
term response according to IgG levels in a study
population that included HIV-positive adults
who had received either one dose of PPV23 or
two doses of PCV13 5 years earlier.

Previously we reported that in the same
cohort of patients with a favorable viro-im-
munologic profile, PCV13 and PPV23 showed
comparable immune-specific IgG responses to
the 12 shared pneumococcal antigens at a
1-year follow-up [11].

In this report, which compared the IgG levels
of the two groups 5 years after vaccination, one

Table 2 Comparison of long-term geometric mean concentrations (GMCs) of IgGs against the 12 serotypes between two
groups of HIV-infected patients immunized with either PCV13 or PPV23 5 years earlier

Serotype PCV13 GMC 95% CI PPV23 GMC 95% CI GM ratioa 95% CI p

Lower Upper Lower Upper Lower Upper

1 2.57 2.04 3.24 2.82 2.29 3.47 1.11 0.82 1.50 0.481

3 0.78 0.63 0.98 0.72 0.60 0.89 0.95 0.71 1.28 0.758

4 0.98 0.76 1.26 0.93 0.74 1.15 1.00 0.71 1.41 0.992

5 1.29 0.93 1.74 1.15 0.85 1.55 0.93 0.60 1.44 0.730

6B 2.57 2.00 3.31 1.74 1.35 2.24 0.72 0.50 1.03 0.069

7F 1.45 1.12 1.86 1.26 0.95 1.70 0.91 1.61 1.33 0.616

9V 0.87 0.66 1.12 1.10 0.83 1.48 1.34 0.90 2.00 0.149

14 9.12 6.76 12.30 11.48 8.71 15.14 1.28 0.86 1.91 0.223

18C 1.91 1.45 2.45 1.48 1.12 2.00 0.79 1.80 0.53 0.074

19A 4.79 3.72 6.17 4.07 3.16 5.13 0.88 0.62 1.24 0.456

19F 5.89 4.79 7.41 3.72 3.09 4.47 0.64 0.47 0.85 0.003

23F 2.57 1.95 3.24 1.86 1.45 2.95 0.75 0.52 1.08 0.124

a Multivariable linear regression was adjusted with age, gender and CD4 cell counts
Significant p values are in bold
Significance was calculated from p values using the Benjamini-Hochberg false discovery rate test (B 0.05)
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antigen, i.e., 19F, was significantly higher in the
PCV13 group. When T5 was compared with BL,
more antigens displayed higher GMCs levels in
the PCV13 than in the PPV23 group, i.e., 8
versus 7, respectively. With respect to 1 year,
GMCs decreased significantly at T5 in the
PCV13 group for eight serotypes versus ten
serotypes in the PPV23 group. In terms of sub-
jects with a twofold or greater increase in
specific IgG against two or more serotypes, the
PCV13 group showed a greater proportion of
responders.

Although the differences in long-term
immunogenicity between PCV13 and PPV23
were not drastically relevant, these combined
results suggest that in the long-term the devel-
opment of memory cells via a T-cell-dependent
response elicited by PCV13 could be an advan-
tage in terms of antibody persistence compared
with PPV23 in HIV-positive adults. This higher
level of antibody persistence is a novel finding
in this population. In a previous analysis,
Cheng et al. [10] documented a durable anti-
body response in HIV-positive adults 5 years
after vaccination with PCV7; however, in that
study a group of subjects receiving PPV was
lacking for comparison.

Overall, both vaccines seem to have achieved
a durable serologic response 5 years after
immunization. Indeed, PCV13 and PPV23
revealed (1) significantly higher GMCs than BL
to most serotypes, (2) a C twofold increase in
antibody levels to C two serotypes in 79% and
59% of patients, respectively, and (3) the
achievement of seroprotection (based on the
defined thresholds) to the majority of the 12
serogroups in a large percentage of participants.

Regarding the response to PPV23, our find-
ings appear to be in contrast to previous reports,
which showed that the immunogenicity and
durability of 23-valent PPV are poor in HIV-in-
fected patients [9, 16, 17]; this probably suggests
the effect of the different definitions of sero-
logic response, number of serotypes examined
and study population with a longer follow-up
on antiretroviral therapy or different viro-im-
munologic statuses. Of note, our population
mainly consisted of virologically suppressed
HIV-infected patients who had good immuno-
logic recovery; this is important because theT
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CD4? cell count has been shown to be a favor-
able predictor of the response rate for patients
who have received a PPV23 vaccination
[9, 18, 19].

Consistent with previous data that showed a
lower immunogenicity of this serotype, antigen
3 did not elicit a significant long-term
immunologic response in either group [20]. In
our study, the two-dose schedule for PCV13 was
designed when there was no defined standard
regimen recommended for use of PCV 13 in
HIV-positive adults (year 2011), and the need
for a boosted dose was assumed based on pre-
vious data obtained in children [21]. Currently,
even if the guidelines recommend one dose of
PCV13 and there are no general recommenda-
tions for booster doses, some national guideli-
nes consider that one dose of PPV23 should be
administered at least 2 months after PCV13 [5].
However, there is still no definite consensus.
Our scheduled PCV13 booster could represent a
limit in interpreting our results in actual clinical
practice, even though we previously reported
no significant increase in IgG GMCs after the
second dose of PCV13 compared with after the
first dose [11], in line with other studies [22, 23].
Sequential vaccination with PCV13 followed by
PPV23 to boost the antibody secretion of com-
mon serotypes and additional data regarding
long-term immunization effects of the serotypes
unique to PCV13 should be carried out in
ongoing/future studies, which could be com-
pared with our results. Our study has several
limitations due to the relatively small sample
size and the absence of an a priori design as a
randomized trial. However, at the T5 time
point, the two groups were comparable for
demographic, clinical and viro-immunologic
parameters, as consistently reported at the time
of vaccination; moreover, at that time serotype-
specific IgG concentrations were similar
between groups. In addition, we performed
analyses adjusting for potential confounders
that could affect the comparison of long-term
effects of the two vaccines. Another limitation
is that, because of the small sample size, we
were unable to compare clinical outcomes of
infections according to vaccine group.

The main strength of the study is the
assessment of all 12 serotypes shared by both

PCV13 and PPV23. However, further investiga-
tions are needed in HIV-infected adults with
different viro-immunologic profiles.

CONCLUSION

Finally, to the best of our knowledge, this study
is the first direct comparison of long-term
serologic response of the conjugated vs.
polysaccharide vaccine in HIV-positive adults.

In our study overall both vaccines were
shown to achieve a long-term durable serologic
response. Nevertheless, we found minor differ-
ences in immunogenicity between the two
vaccines, which favored PCV13 over PPV23 5
years after immunization as PCV13 elicited sig-
nificantly higher GMC levels than the 19F ser-
otype, higher GMCs for a greater number of
antigens when compared with baseline values, a
significant decrease in GMCs for fewer antigens
with respect to T1 levels and a higher propor-
tion of patients who had a C twofold increase
in antibody titers from baseline to two or more
serotypes.
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