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Pneumococcal infection dispropor-
tionally affects infants, elderly and 

persons with chronic diseases such as 
HIV and cancer. Healthy infants nor-
mally mount a protective antibody 
response following pneumococcal con-
jugate vaccination, but persons in other 
risk groups are often hypo-responsive to 
immunization with the licensed pneumo-
coccal polysaccharide and pneumococcal 
conjugate vaccines. The addition of vac-
cine adjuvants can potentially overcome 
hypo-responsiveness in these individuals 
by augmenting the innate and adaptive 
immune responses. Vaccine adjuvants 
may also enhance the immunogenicity of 
highly purified or recombinant antigens, 
lead to antigen sparring and reduce the 
number of immunizations required to 
achieve protective immunity. Numerous 
adjuvants have been tested in conjunction 
with pneumococcal polysaccharides and 
protein-conjugated polysaccharides in 
animal immunization studies. However, 
only a small portion of these adjuvants 
has progressed to clinical trials. This 
commentary looks at the clinical experi-
ences with the use of adjuvants in pneu-
mococcal immunization and discusses 
future perspectives for the development 
of adjuvanted pneumococcal vaccines.

Introduction

Streptococcus pneumoniae is one most 
prevalent bacterial infectious organism 
with a major effect on public health in 
both industrialized and developing coun-
tries.1,2 Streptococcus pneumoniae mainly 
causes disease at the extremities of ages, in 
the very young (<2 yrs) and in the elderly 

The clinical use of adjuvants in pneumococcal vaccination
Current status and future perspectives

Ole Schmeltz Søgaard
Aarhus University Hospital-Skejby; Department of Infectious Diseases; Aarhus N, Denmark

(>65 yrs).2-4 Ninety-one different capsular 
serotypes can cause pneumococcal disease 
such as pneumonia, sepsis or meningitis 
and pneumococcal infections kill more 
people than all other vaccine-preventable 
diseases combined.3,5,6 In developing 
countries, one out of six childhood deaths 
is attributed to pneumococcal infections.7 
Currently licensed vaccines are based 
on capsular polysaccharides that induce 
immune protection primarily via opsono-
phagocytic antibodies.

Vaccine Hypo-Responsiveness  
in High-Risk Groups

More than six decades after the first 
publication of pneumococcal vaccina-
tion, the effectiveness of pneumococcal 
polysaccharide vaccines (PPV) in adults 
at increased risk of pneumococcal infec-
tion (e.g. splenectomized, cancer, and 
HIV patients) remains controversial.8,9 
Vaccine failures—acquiring infection 
with vaccine-serotypes following PPV 
immunization—are relatively common 
in the literature.10-13 Furthermore, several 
randomized trials have questioned the 
efficacy of PPV and systematic reviews 
and meta-analyses do not demonstrate a 
consistent protective effect from the vac-
cine.14,15 The lack of PPV efficacy has 
prompted research into other vaccine 
formulations for high-risk populations, 
such as pneumococcal conjugate vaccines 
(PCV). Plain (unconjugated) polysaccha-
ride vaccines are not efficacious in children 
less than two years old.7 To recruit CD4+ 
T cells for antibody responses against 
capsular polysaccharides, exogenous 
CD4+ T cell epitopes must be provided, 
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frequency and severity of study treatment-
related complications in relation to rhIL-
12 were unacceptable according to the 
authors.

PPV-23 and QS-21. QS-21 is a sapo-
nin-based adjuvant isolated from the bark 
of Quillaja saponaria Molina. QS-21 stim-
ulates both Th1 immune responses and the 
proliferation of cytotoxic T-lymphocytes 
(CTLs) against exogenous antigens.27,28 
Two unpublished trials compared vac-
cine-specific antibody responses to QS-21 
adjuvanted PPV-23 (Quilimmune-P, 
Antigenic) and PPV-23 immunization 
alone.29,30 More than 400 elderly adults 
were enrolled. The investigators found 
no consistent, statistically significant dif-
ferences between Quilimmune-P for-
mulations and the control vaccine in the 
induction of two-fold or greater increase 
in antibody titer following a single dose of 
vaccine. Following these negative results 
further development of Quilimmune-P 
was stopped.

PCV-9 and monophosphoryl lipid 
A (MPL). MPL® (Corixa) adjuvant is a 
chemically modified derivative of lipo-
polysaccharide (LPS). MPL has less tox-
icity than LPS while maintaining its 
immuno-stimulatory potential primar-
ily through Toll-like receptor 4 (TLR4) 
activation.31 Vernacchio and colleagues 
immunized healthy toddlers with two 
doses of nine-valent pneumococcal-
CRM197 protein conjugate vaccine 
(PCV9) combined with 10, 25 or 50 μg 
of MPL with or without alum. Thirty 
days after the second dose of study vac-
cine there were no differences in vaccine-
specific IgG titers between the MPL and 
non-MPL groups. However, the investiga-
tors did find enhanced CRM197-specific 
T cell proliferation and interferon-γ pro-
duction in the 10 μg MPL group com-
pared with controls who received PCV9 
with alum. The study thus confirmed that 
MPL stimulates TH1-responses to the 
carrier protein, but the significance of this 
finding remains unknown and further 
development of MPL-adjuvanted PCV 
has not been pursued.

PPV-23 and granulocyte-macrophage-
colony-stimulating factor (GM-CSF). 
GM-CSF is a powerful chemoattractant 
for neutrophils and enhances the micro-
bicidal activity, oxidative metabolism and 

with type II T cell-independent antigens 
such as pneumococcal polysaccharides.21 
As a consequence, numerous other adju-
vants have been tested in conjunction 
with pneumococcal polysaccharides and 
protein-conjugated polysaccharides in 
animal immunization studies. However, 
only a small portion of these adjuvants has 
progressed to clinical trials.

Clinical Experience with  
Adjuvanted Pneumococcal  

Vaccination

PPV-14 and indomethacin. Indomethacin 
is a nonselective inhibitor of cyclooxygen-
ase (COX) 1 and 2, enzymes that par-
ticipate in prostaglandin synthesis.22,23 
Animal studies demonstrate prostaglan-
din-induced inhibition of both cellular 
and humoral immune responses, and a 
reduction in prostaglandin’s immune 
modulatory effect with indomethacin 
treatment. In 1981, Lafferty and cowork-
ers23 investigated whether indometha-
cin administration would augment the 
antibody response to pneumococcal vac-
cination in a group of healthy elderly indi-
viduals (Table 1). However, the authors 
found no significant difference in mean 
increases in antibody levels to 12 pneumo-
coccal polysaccharide types between the 
20 subjects who received indomethacin 25 
mg q.i.d. for five days after immunization 
versus controls.

PPV-23 and recombinant human 
interleukin-12 (rhIL-12). Interleukin 
(IL)-12 is a potent inducer of cytokine 
production, in particular T cell secretion 
of interferon-γ. IL-12 also enhances the 
production of certain antibody isotypes 
in response to exogenous antigens.24,25 In 
a study by Hedlund and colleagues,26 co-
administration of rhIL-12 and PPV-23 
was tested in healthy immunocompetent 
volunteers. Subjects were randomized to 
PPV-23 and concurrently treated subcu-
taneously with either rhIL-12 (1 or 4 μg) 
or placebo. Serum anti-pneumococcal 
antibody titers were measured prior to 
vaccination and at weeks 4 and 8 after 
vaccination. Co-administration of rhIL-
12 did not produce a significant general 
upregulation of antibody production, a 
shift in the isotype profile, or an increase 
in antibody avidity. Further, the observed 

usually in the form of a carrier protein. 
Pneumococcal conjugate vaccines (PCV) 
were developed for use in infants. In PCV, 
modified or unmodified immunogenic 
bacterial proteins are used as carriers cou-
pled to capsular polysaccharides. PCVs are 
highly effective in reducing pneumococcal 
disease in children.16 Further, in a recent 
trial, 7-valent PCV (Prevenar®, Pfizer) 
was protective against vaccine serotype-
specific invasive pneumococcal disease 
in a cohort consisting primarily of HIV-
infected Malawian adolescents and adults 
who had recovered from documented 
invasive pneumococcal disease.17 While 
this was the first trial showing clinical 
efficacy of PCV among adults, concerns 
about partial coverage, duration of immu-
nity and serotype replacement,18 as well as 
the cost and complexity of manufacturing 
multivalent pneumococcal conjugate vac-
cines, persist. This conflict highlights the 
critical need for alternative approaches to 
pneumococcal vaccination. Many of these 
alternative techniques include the use of 
vaccine adjuvants.

Adjuvants

Adjuvants augment the innate immune 
responses to vaccine antigens; they have 
been used in immunization since the 
1930s. Adjuvants are used for several pur-
poses including immunogenicity enhance-
ment of highly purified or recombinant 
antigen, antigen sparring, reduction of 
the number of immunizations required 
for protective immunity and improve-
ment of vaccine efficacy in immunocom-
promised persons.19 Alum salts, primarily 
aluminum phosphate or hydroxide, are 
the most widely used adjuvants in human 
vaccines. Alum salts cause antigen depot 
formation at the injection site, result-
ing in the slow release of antigen from 
local tissues.19 This in turn increases the 
duration of antigen interaction with the 
immune system and boosts complement, 
eosinophil and macrophage activation, as 
well as increasing antigen uptake by anti-
gen presenting cells.20 In the widely used 
7/13-valent PCV (Prevenar), protein-
conjugates are absorbed on aluminum 
phosphate. Unfortunately, alum salts are 
relatively weak adjuvants and have little or 
no adjuvant effect when co-administered 
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reactions to PCV-7 were more common 
in the experimental group. The addition 
of CPG 7909 to PPV-23 did not enhance 
the antibody response to non-PCV-7 sero-
types but increased the incidence of mod-
erate to severe influenza-like reactions. 
Thus, this study was the first human trial 
to document a significant positive effect 
on antibody production from an adju-
vanted pneumococcal conjugate vaccine.

The Nature of Pneumococcal 
Polysaccharides May Explain the 

Failure of Adjuvants in  
Combination with PPV-23

As highlighted above, human trials of 
pneumococcal polysaccharide vaccines 
combined with adjuvants have produced 
disappointing results. It seems unlikely 
that any of these strategies in their pres-
ent form will be brought forward in more 
advanced clinical trials. The reason for 
the apparent failure of potent adjuvants 
to improve PPV immunogenicity may 
be related to the nature of carbohydrate 
antigens.37,38 Pneumococcal polysac-
charides are type II T cell-independent 
(TI-II) antigens characterized by large 
molecular weight, repeating antigenic 
epitopes, ability to activate the comple-
ment cascade, poor in vivo degradabil-
ity and inability to stimulate MHC class 
II-dependent T cells.38,39 B-cell receptor 
crosslinking through binding of repetitive 

control subjects. Approximately 25–30% 
of abatacept-treated subjects versus 45% 
of control subjects responded to at least 
six serotypes. The lowest titers were found 
among subjects who were vaccinated two 
weeks after receiving abatacept. Hence, 
abatacept blunts the immune response to 
PPV-23.

PCV-7, PPV-23 and CPG 7909. CPG 
7909 is a synthetic oligodeoxynucleotide 
(ODN) containing CpG motifs that acti-
vate human B cells and plasmacytoid den-
dritic cells via toll-like receptor 9 (TLR9), 
which promotes antigen-specific antibody 
secretion.35 In a clinical trial, HIV-positive 
patients were randomized to receive dou-
ble doses of PCV-7 (Prevnar) at 0 and  
3 months and 1 dose of PPV-23 at 9 months, 
with experimental patients receiving 1 mg 
of CPG 7909 added to each of their three 
vaccine doses. Immunogenicity and safety 
were evaluated for up to 10 months.36 The 
addition of CPG 7909 to PCV-7 doubled 
the proportion of subjects achieving a high 
vaccine-specific IgG antibody response at 
9 months (pre-PPV-23 immunization). 
The TLR9 agonist-adjuvant also induced 
a more durable antibody response of 
higher magnitude than administration of 
PCV-7 alone. Subsequent boosting with 
PPV-23 resulted in increased produc-
tion of antibodies with higher opsono-
phagocytic activity in the experimental 
group compared with the control group. 
However, mild systemic and injection-site 

phagocytotic activity of both neutrophils 
and macrophages.24 In a clinical study, 
multiple-doses of GM-CSF were admin-
istered in an attempt to improve responses 
to PPV-23 in patients with chronic lym-
phocytic leukemia.33 Patients received 
PPV-23 either alone or with three doses of 
GM-CSF (250 μg) given either before or 
after vaccination. Serum antibodies were 
measured prior to vaccination and at four 
weeks and 12 weeks after vaccination. 
GM-CSF was well tolerated, but there 
were no differences in geometric mean 
IgG levels between any of the three groups 
at four weeks or 12 weeks after vaccina-
tion. Thus, at least in this patient popula-
tion the effect of GM-CSF as adjuvant to 
PPV-23 was negligible.

PPV-23 and abatacept. Tay and co-
workers tested the effect of a single infu-
sion of abatacept (Orencia®, Bristol-Myers 
Squibb), a selective T-cell co-stimulation 
modulator, on the antibody response 
to PPV-23 and tetanus toxoid vaccine 
among healthy volunteers.34 Subjects were 
randomized to receive one of four treat-
ments: (1) vaccines on day 1 only (control 
group); (2) vaccines 2 weeks before abata-
cept; (3) vaccines 2 weeks after abatacept; 
and (4) vaccines 8 weeks after abatacept. 
Anti-pneumococcal IgG titers were mea-
sured 14 and 28 days after vaccination. 
Approximately 70% of abatacept-treated 
subjects responded to at least three pneu-
mococcal serotypes compared to 100% of 

Table 1. Overview of human trials which have investigated the effectiveness of various adjuvants in pneumococcal vaccination

Vaccine Adjuvant Action
Administration 

(vaccine/adjuvant)
Trial population n

End of 
trial

Effect on IgG 
response

Reference

PPV-14 Indomethacin
Non-selective COX 

inhibitor
IM/oral (concurrent) Elderly 20 1981* None Lafferty23

PPV-23 RhIL-12 IL-12 agonist IM (concurrent)
Adults aged 

55–64
34 1998 None Hedlund26

PPV-23 QS-21 Lytic/DC maturation IM (mixed) Adults aged +65 400+ 2002 None
Press 

release29,30

PCV-9 MPL TLR2/4 agonist IM (mixed) Toddlers 129 2002* None Vernacchio32

PPV-23 GM-CSF
Granulocyte-

macrophage-colony-
stimulating factor

IM/SC (concurrent) Adults with CLL 32 2006 None Safdar33

PPV-23 Abatacept
Selective T cell co-

stimulatory modulator
IM/IV (concurrent)

Adults aged 
18–65

80 2007* None Tay34

PPV-23 CPG 7909 TLR9 agonist IM (mixed) Adults with HIV 96 2009 None Søgaard36

PCV-7 CPG 7909 TLR9 agonist IM (mixed) Adults with HIV 96 2009 Positive effect Søgaard36

*Year of publication—no published trial dates. PPV-14/23, 14- or 23-valent pneumococcal polysaccharide vaccine; PCV-7/9, 7- or 9-valent pneumococ-
cal conjugate vaccine; IM, intra-muscular; IV, intravenous; SC, subcutaneous; CLL, chronic lymphatic leukemia.
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fact, preparations of protein-based pneu-
mococcal vaccines in combination with 
adjuvants such as cholera toxin and TLR4 
agonists have yielded promising results in 
pneumococcal pharyngeal colonization 
and challenge mice models.46

Despite intense activity in the field of 
adjuvant research and development, there 
remain a relatively small number of adju-
vants used clinically. The main challenge 
for new formulations to enter clinical 
practice is that the safety requirements for 
prophylactic vaccines are extraordinarily 
high, in particular for vaccines aimed for 
use in healthy infants. However, as more 
and safer adjuvants are being development 
and used in commercial vaccines, the 
general acceptance of vaccine adjuvants 
appears to be increasing. Thus, despite 
past failures, future pneumococcal vac-
cines may very well be formulated with 
potent but safe adjuvants.
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