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HIV-infected patients remain at higher risk for
pneumococcal disease than the general population despite
immune reconstitution and suppression of HIV replication
with combination antiretroviral therapy. Vaccination with 23-
valent pneumococcal polysaccharide vaccine (PPV23)
composed of T-cell-independent antigens has been
recommended to reduce the risk of pneumococcal disease in
HIV-infected adults. However, given the heterogeneity of
study design, execution and subjects enrolled, studies
examining serological responses to PPV23 yielded conflicting
results and observational studies of clinical effectiveness only
provided moderate evidence to support the routine use of
PPV23 in HIV-infected adults. Pneumococcal conjugate
vaccine (PCV), with conjugation of the capsular
polysaccharide to a protein carrier, is more immunogenic
than PPV23 and has been demonstrated to protect against
pneumococcal disease in HIV-infected children and recurrent
invasive pneumococcal disease in HIV-infected adolescents
and adults. Guidelines have recently been revised to
recommend that HIV-infected patients aged 19 y or older
receive one dose of 13-valent pneumococcal conjugate
vaccine (PCV13) followed by a booster vaccination with
PPV23. In this paper, we review the studies using different
vaccination strategies to improve immunogenicity among
HIV-infected adult patients.

Introduction

HIV infection results in defects in cell-mediated immunity, B
cell dysfunction, loss of memory B cell subset, and suboptimal
humoral immune responses,1-7which increase the vulnerability of
HIV-infected patients to acquire Streptococcus pneumoniae infec-
tion. In addition, older age, coinfection with hepatitis viruses,
co-morbidities, cigarette smoking, and substance abuse are also
associated with an increased risk of pneumococcal pneumonia
and/or invasive pneumococcal disease (IPD), defined as isolation
of S. pneumoniae from a normally sterile site such as blood, cere-
brospinal fluid or pleural fluid, while antiretroviral therapy, influ-
enza vaccination and antibiotic prophylaxis are associated with a
decreased risk.8

Without effective antiretroviral therapy, HIV-infected
patients may have more than 100 times higher risk for IPD than
age-matched populations, with high recurrence rates (8–25%).9

For example, in San Francisco, the estimated rate of pneumococ-
cal bacteremia in AIDS patients at the beginning of the HIV epi-
demic was 9.4 cases per 100 person-years, which was much
higher than that in the general population before the HIV epi-
demic (0.075–0.164 cases per 100 person-years).10-12 Of note,
pneumococcal pneumonia and IPD can occur early in the course
of HIV infection, before onset of other opportunistic infections
specifically associated with AIDS.13-15

With the introduction of zidovudine monotherapy or dual
antiretroviral therapy, the risk of pneumococcal disease as well as
other AIDS-related morbidity and mortality decreased in HIV-
infected patients; however the clinical benefit was not durable
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because of emergence of HIV-1 with resistance to therapy con-
taining only one or 2 antiretroviral agents.16,17 The advent of
combination antiretroviral therapy (cART) in the mid-1990s has
further led to significant decline in the incidence of pneumococ-
cal disease among HIV-infected patients with access to cART in
developed countries.18-20 Heffernan et al have shown that the
annual incidence of IPD in the United States declined from 10.9
cases per 1000 persons (July 1995–June 1996, pre-cART era) to
4.7 cases per 1000 persons (July 1999–June 2000, post-cART
era) in HIV-infected patients with AIDS18; and Saindou et al
reported that the incidence of community-acquired pneumococ-
cal pneumonia in France declined from 10.6 cases per 1000 per-
son-years in HIV-infected patients enrolled in the pre-cART era
to 2.5 cases per 1000 person-years in those in the post-cART
era.19 Despite cART, the risk of pneumococcal disease remains
elevated for HIV-infected persons compared with HIV-unin-
fected persons (10–60-fold).19,21-25 Although these studies were
mainly conducted in the early cART era consisting of HIV-
infected patients with CD4 cell counts <200 cells/ml, a recent
study in the UK, in which more than 80% of HIV-infected
adults with a CD4 cell count <350 cells/ml were receiving
cART, still reported a 20-time higher risk of IPD among HIV-
infected adults compared to the general population.25 Therefore,
other preventive interventions for pneumococcal disease are nec-
essary among HIV-infected patients.

To prevent pneumococcal disease among HIV-infected
patients, vaccination with a single dose of 23-valent pneumococ-
cal polysaccharide vaccine (PPV23) to all HIV-infected adults
regardless of their CD4 cell counts has been recommended since
the first version of guidelines on prevention of HIV-related
opportunistic infections by the US. Public Health Service and
the Infectious Diseases Society of America in 1995.26-30 Revacci-
nation with PPV23 was also recommended in the newer versions
of guidelines for those persons who have initial CD4 lymphocyte
counts of <200 cells/mL at primary vaccination and whose CD4
counts increase to 200 cells/mL or greater with cART,29,30 and
for those whose vaccination occurs 5 y earlier.30 However, 23-
valent PPV that is composed of T-cell-independent antigens is
known to be a poor inducer of immunologic memory. In the
only randomized clinical trial of PPV23 in HIV-infected Ugan-
dan adults, vaccination with PPV23 did not confer benefit in
terms of preventing IPD, pneumococcal disease or overall mor-
tality; in contrast, patients receiving PPV23 had a 60% higher
risk of all-cause pneumonia than those receiving placebo.31 A
recent systematic review by Pedersen et al8 included the afore-
mentioned randomized trial31 and 15 observational studies to
assess the clinical effectiveness of PPV23 in preventing pneumo-
coccal disease or IPD. Two of 7 studies that investigated the
effectiveness of PPV23 in preventing pneumococcal disease and
5 other studies that investigated the effectiveness in preventing
IPD found no significant protective effect. Despite the limita-
tions by the heterogeneity of study design and execution of these
observational studies, the authors concluded that currently avail-
able evidence is only moderate to support the routine use of
PPV23 in HIV-infected patients and newer or more immuno-
genic vaccines are needed.8

With respect to immunogenicity of PPV23, the results of
published studies are summarized in Table 1,31-41 which are
much more difficult to interpret than the clinical effectiveness
studies because of differences in study design, comparators
enrolled, CD4 counts and receipt of antiretroviral therapy, espe-
cially cART, of the subjects, pneumococcal serotypes assessed,
timing of blood sampling, follow-up duration, methods to assess
the response (enzyme-linked immunosorbent assay [ELISA] or
opsonophagocytic activity [OPA] assay), definitions used for
immune response (fold rise of antibody, antibody concentration,
or geometric mean concentration or titer). Despite the renumera-
tion of CD4 counts with cART, several studies have shown that
most patients failed to maintain durable antibody response for
most serotypes following vaccination with PPV23 over the 5-year
follow-up period, especially those who had low CD4 counts at
vaccination and uncontrolled HIV replication.38,42,43 Moreover,
in HIV-infected patients receiving long-term cART who had
received primary vaccination with PPV23 5 y earlier, revaccina-
tion with PPV23 elicited significantly poorer antibody responses
than revaccination with one or 2 doses of 7-valent pneumococcal
conjugate vaccines (PCV7).41

Pneumococcal conjugate vaccines (PCVs), wherein conjuga-
tion of the capsular polysaccharide to a protein carrier converts
the polysaccharide into a T cell-dependent antigen, have been
shown to protect against IPD in HIV-infected children44 and
recurrent IPD in HIV-infected Malawian adolescents and
adults.45 However, how to maximize the effectiveness of PCV in
the HIV-infected adults remains controversial. In this article we
review the immunogenicity studies of the PCVs in HIV-infected
patients in the cART era.

Guidelines of Vaccination with PCVs for
HIV-infected Adults in the cART Era

In 2012, the Advisory Committee on Immunization Practices
(ACIP) of Centers for Disease Control and Prevention and
updated DHHS Guidelines recommend that all HIV-infected
patients aged 19 y or greater, regardless of CD4 counts, receive
pneumococcal vaccination.46,47 Individuals who are pneumococ-
cal vaccine-na€ıve should receive one dose of PCV13 first. Patients
with CD4 counts �200 cells/mL should be given one dose of
PPV23 at least 8 weeks after receiving PCV13. For patients with
CD4 counts <200 cells/mL, PPV23 could be offered 8 weeks
after receiving PCV13, or deferred until the CD4 counts increase
to >200 cells/mL with cART. For individuals who have already
received PPV23, one dose of PCV13 should be given at least one
year after the most recent dose of PPV23. Subsequent revaccina-
tion with PPV23 is recommended for individuals of 19–64 y if
more than 5 y have elapsed since the first dose of PPV23 with no
more than 3 lifetime doses. Once the patient is older than 65 y,
another dose of PPV23 should be given if 5 y have elapsed since
the previous PPV23 dose. Similarly, the European AIDS Clinical
Society (EACS) Guidelines also recommended providing PCV13
instead of PPV23 to HIV-infected adults if available since
2013.48 In the 2012 WHO position paper of pneumococcal
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vaccines, routine vaccination with PPV23 among HIV-infected
adults in resource-limited countries was no longer recommended
because of the low level of evidence for benefit. The inclusion of
PCVs in childhood immunization programs worldwide is recom-
mended, and PCVs are considered safe in all target groups for
vaccination, including in immunocompromised individuals.
However, whether PCVs should be routinely recommended to
all HIV-infected adults remained unanswered.49 On the other
hand, the British national guidelines by the Public Health Eng-
land, which has been updated in 2013, still recommends one
dose of PPV23 for HIV-infected adults 50.

Clinical Efficacy of PCV in HIV-infected Adults

In the only clinical efficacy trial of PCV7 in the adults and
adolescents, French et al enrolled 496 Malawians aged 15 y or
greater, 437 (88%) being HIV-infected, who had recovered from
IPD to receive 2 doses of PCV7 or placebo administered 4 weeks
apart. The primary outcome of interest was recurrent episodes of
IPD caused by vaccine serotypes or serotype 6A.45 After a median
follow-up of 1.2 y, 67 episodes of IPD occurred in 52 HIV-
infected patients. Episodes of IPD were most common in the
subgroup of participants with CD4 count <200 cells/ml at base-
line. The vaccine efficacy was 74% (95% confidence interval, 30
to 90) in HIV-infected patients, which decreased from 85% in
the first year post-vaccination to 25% thereafter. In multivariate
analysis, patients with a CD4 count <200 cells/ml at baseline
had 7.1-fold greater risk for developing recurrent IPD than those
with a CD4 count >500 cells/ml.

In this study, S. pneumoniae of vaccine serotypes and serotype
6A accounted for only 50% of the episodes of IPD in the placebo
group; furthermore, only 13% of HIV-infected participants were
receiving cART at baseline. Therefore, PCVs with broader sero-
type coverage such as PCV13 and early initiation of cART would
be desirable to maximize the protection against IPD in HIV-
infected adolescents and adults.

Immunogenicity Studies of PCVs in
HIV-infected Adults

Efficacy, immunogenicity and safety of PCVs in the HIV-
infected individuals were recently reviewed by Nunes and
Madhi51 and Cordonnier et al.52 Published studies to examine
the immunogenicity of PCVs in the HIV-infected adults using
different strategies are updated in Table 233,35,36,39-41,39-41,53-61

Similar to those observed in the immunogenicity studies of
PPV23, direct comparisons between these studies and attempts
to draw conclusions are confounded by the fact that the studies
are heterogeneous in the vaccination schedule adopted (PCV
alone or prime-boost vaccination with PCV followed by PPV,
vaccine dose and interval between 2 vaccinations), time point of
assessing serological response, the definitions used for serological
responses (Table 2). While the correlation between the serologi-
cal responses and clinical protection against IPD for adults is

lacking, the antibody threshold used to define immune response
in these studies is either �0.35 mg/ml or �1 mg/ml.

PCV as Primary Vaccination and the
“Prime-boost” Strategy

Most of the published studies showed better immunogenicity
of PCVs compared to PPV23 in HIV-infected adults36,53,60,61

and a “prime-boost” strategy has been adopted to improve
immunogenicity of PCV by combining a prime with a PCV fol-
lowed by a boost with PPV23 4 to 8 weeks apart, although not
all studies demonstrated supporting evidence for this “prime-
boost” strategy.36,53,57,60

The case-control study by Lu et al enrolled 208 HIV-infected
adults to receive either one dose of PCV7 or PPV23 who were
matched by CD4 count and plasma HIV RNA load at vaccina-
tion.61 Patients who received PCV7 maintained significantly
higher immune responses to one or 2 of the 4 serotypes assessed
than those who received PPV23 at both 24 and 48 weeks after
vaccination.61

The randomized controlled trial by Lesprit et al enrolled 212
HIV-infected adults who received either PCV7 followed by
PPV23 4 weeks later (prime-boost group) or PPV23 alone at
week 4.36 At week 8, the immune responses were higher in the
prime-boost group, compared to the PPV23 group, and the supe-
riority of immune responses sustained until 24 weeks after the
first vaccine dose.36

In the randomized trial by Feikin et al that enrolled 67
HIV-infected adults to receive 2 doses of vaccines and/or pla-
cebo (PCV7-PCV7, PCV7-PPV23, placebo-PPV23 and pla-
cebo-placebo groups) given at an 8-week interval,53 subjects
receiving PCV7-PCV7 and PCV7-PPV23 had higher antibody
concentrations and OPA titers compared with those receiving
placebo-PPV23 at 8 weeks after the second vaccine dose.
However, booster vaccination with either PCV7 or PPV23 fol-
lowing the first PCV7 dose did not further increase the
immune responses.53 The most recent trial by Ho et al showed
similar findings. In this study, 331 HIV-infected adults were
enrolled to receive 2 doses of PCV7, PPV23 or placebo given
60 d apart (PPV23-placebo, PCV7-placebo, PCV7-PPV23).60

Patients receiving primary vaccination with PCV7 had better
immune responses than those with PPV23 (in 2 of the 3 sero-
types assessed) at both 60 and 180 days, but no differences
were observed between the PCV-placebo and PCV-PPV23
groups.60

On the other hand, the randomized trial by Penaranda et al
that enrolled 202 HIV-infected adults to receive either one dose
of PCV7 followed by PPV23 4 weeks later or one dose of PPV23
alone (similar design to the study by Lesprit et al36) did not dem-
onstrate any significant difference in the immune responses
between the 2 groups.57

In summary, while vaccination adopting the “prime-boost”
strategy with PCV followed by PPV23 tends to elicit better
immune responses in HIV-infected adults, more studies are
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warranted to determine the best time interval between the doses
to optimize the vaccine effectiveness.

PCV Revaccination in HIV-infected Adults
who have Received PPV Before

Before the introduction of PCVs, most HIV-infected
patients received primary PPV vaccination and revaccination
with PPV23 when 5 y has elapsed after the primary vaccina-
tion based on clinical guidelines for prevention of opportunis-
tic infections.30 However, a prior randomized clinical trial by
Tasker et al has shown that the immunogenicity of PPV23
revaccination more than 5 y after the initial dose was very lim-
ited.62 Significant decline in immune responses was observed
in HIV-infected patients receiving cART 5 y after primary
vaccination with PPV23, especially in patients with CD4
<100 cells/ml and uncontrolled HIV replication.38 Therefore,
several studies have examined the immunogenicity of revacci-
nation with PCV in HIV-infected patients who have received
PPV before.41,54,56

The first study in Uganda by Miiro et al compared the immu-
nogenicity of 2 doses of PCV7 (4 weeks apart) versus placebo in
HIV-infected adults who have received PPV23 3.5 to 6.6 y
(median 5.2 years) earlier.54 Significant increases in antibody
concentrations to all vaccine serotypes were observed after revac-
cination with PCV7, but no difference in immune response was
found by past vaccination status, suggesting that past receipt of
PPV23 did not blunt the immune response to PCV7.54

In the randomized trial by Crum-Cianflone et al, vaccination
with PCV7 in HIV-infected adults who had previously received
PPV23 3 to 8 y earlier (median 4.6 years) temporarily induced
a better immune response than PPV23 at 14 and 60 d after vac-
cination, but this effect did not sustain to 180 d post-vaccina-
tion.56 In another observational study by Lu et al, one or 2
doses of PCV7 (4 weeks apart) or PPV23 were administered in
HIV-infected adults previously vaccinated with PPV23 5 y or
more earlier. Revaccination with 2 doses of PCV7 resulted in a
higher immune response rate to at least 2 of the 4 serotypes
assessed compared to revaccination with one dose of PCV7 or
PPV23 throughout week 12 to week 48.41 The conflicting
results between the 2 studies may be due to different serotypes
assessed and lower baseline antibody levels among patients in
the former study,56 which may decrease the proportion of the
participants who could achieve post-vaccination antibody levels
to �1 mg/ml.

Association between CD4 Counts, cART, HIV
Replication and Immune Responses to PCVs

The studies by Kroon et al and Miiro et al have shown that
HIV-infected patients with CD4 counts �200 cells/ml had a
higher immune response, either in absolute antibody concentra-
tions35,54 or fold rise in antibody levels35, to PCV compared
with those with CD4 <200 cells/ml. In contrast, Lu et al showed

that among HIV-infected patients receiving cART, only success-
ful suppression of HIV replication, but not CD4 counts �200
cells/ml at vaccination, was associated with better immune
responses.61 For patients with CD4 >200 cells/ml, the studies by
Feikin et al and Sogaard et al found no significant association
between immune response to PCV and CD4 counts.39,53

Two studies evaluated the effect of antiretroviral therapy on
immune responses to PCV.39,40 Among the HIV-infected
patients with CD4 <200 cells/ml, the study by Slayter et al
enrolled 2 groups of patients who received PCV7 or PPV23
either immediately or delayed the vaccination until their immu-
nity had been reconstituted with antiretroviral therapy (CD4
>200 cells/ml or receipt of antiretroviral therapy for 6
months).40 The results showed that patients who delayed the
vaccination after the immune reconstitution with antiretroviral
therapy achieved a better immune response than those who
underwent vaccination immediately. Another study by Sogaard
et al which enrolled HIV-infected patients with CD4 >200
cells/ml also found that, after receiving a double dose of PCV7
administered twice at 3 months apart, cART-experienced and
cART-na€ıve HIV-infected adults had similar immune responses
initially, but cART-experienced patients achieved a more dura-
ble immune response of higher magnitude and functional activ-
ity than cART-na€ıve patients at 9 months.39 The superiority
persisted after adjustment for CD4 counts (�500 or 200–499
cells/ml).39

In summary, in the era with improved access to cART world-
wide and as cART is recommended to be initiated earlier by all
of the clinical guidelines,48,61,63 it may be preferable to provide
PCVs to HIV-infected adults after the HIV replication is success-
fully suppressed with cART.

Other Strategies to Improve the Immunogenicity of
PCV in HIV-infected Adults

The addition of an adjuvant CPG 7909, a toll-like receptor
agonist, has been evaluated by Sogaard et al to improve the
immunogenicity of pneumococcal vaccines in the HIV-infected
adults.58 Participants received double doses of PCV7 twice at 0
and 3 months and one dose of PPV23 at 9 months, along with
1 mg of CPG 7909 added to each of the 3 vaccine doses. The
proportion of high vaccine responders (defined as a fold2-
increase in antibody levels to � 1 mg/ml, for at least 5 of 7 sero-
types examined) was higher in the CPG 7909 group than placebo
group at 4, 9 and 10 months post-vaccination. OPA titers were
also elevated in the CPG 7909 group. In contrast, the addition of
CPG 7909 to PPV23 did not enhance the antibody response to
non-PCV7 serotypes.

The Impact of the Introduction of PCV in Children

The introduction of PCV in children has reduced the inci-
dence of IPD in adults including high risk populations, which
was thought to be due to “herd” effect.64–66 Prior studies
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among HIV-infected individuals also reported significant
declines in the incidence of IPD in HIV-infected adults after
the implementation of PCV7 in children.67–70 However, this
change has been accompanied by increases in the incidence of
IPD by non-vaccine serotypes, such as serotypes 3, 6A,
19A.67,68 As a result, one might expect that the introduction
of PCV13 with broader serotype coverage into the routine vac-
cination schedule for children will result in further declines in
IPD among HIV-infected adults.71

Conclusions

With cART, the survival of HIV-infected adults have signifi-
cantly been prolonged,72,73 and when and what vaccine and the
doses to be administered as revaccination in the lifetime of HIV-
infected adults has become clinically relevant for further

investigation. With introduction of PCVs with a broader sero-
type coverage and widespread, early initiation of cART, strategies
for preventing pneumococcal pneumonia or IPD in the HIV-
infected adults have evolved. PCV13 has replaced PPV23 in pri-
mary vaccination, followed 8 weeks later by revaccination with
PPV23 in the guidelines.46,47 Given the fact that the follow-up
duration of published immunogenicity studies of PCV7 vaccina-
tion in HIV-infected adults being at most 12 months,61 the dura-
bility of immune responses to the recommended prime-boost
strategy with PCV13 followed by PPV23 warrants further studies
to determine the optimal vaccines and intervals for subsequent
revaccinations during the lifetime.
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