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live-attenuated or inactivated vaccines, may rely on direct mimicry

of the natural immunity induced by the pathogen. However, satis-

factory vaccines have not yet been developed against infections that

fail to elicit a protective immune response against the causative

organism. For instance, for those diseases that do not induce steril-

izing immunity after natural infection (e.g., malaria, RSV, or

P. aeruginosa) or those that cause persistent or latent infection (e.g.,

HIV and HCV and S. aureus), a vaccine-induced protective immune

response must go beyond the mechanisms that nature has evolved.

Furthermore, the immune response against the determinants of

certain viral agents, such as RSV or dengue virus, can actually exac-

erbate disease with low levels of antibody giving rise to enhance-

ment of infection (Kim et al, 1969; Halstead, 1988).

Depending on the type of infection to be prevented, an effective

vaccine may require the induction of different humoral and cellular

immune effector mechanisms. A lack of understanding in the patho-

genesis of the infecting organism, the absence of good animal

models, and also the lack of correlates of protection are all factors

that have contributed to the difficulties in developing some of the

more challenging vaccines. Among them, and despite decades of

concerted efforts in vaccine research, HIV, malaria, and tuberculosis

represent diseases for which there are currently no highly effective

candidate vaccines close to licensure. Recent failures in late-phase

clinical trials highlight the difficulties that have been encountered.

Selected clinical trials on vaccines for the prevention of
infectious diseases

HIV
HIV is the fourth largest killer in the world today with an annual

death toll of approximately 2 million and over 7,000 new infections

daily (Koff et al, 2013). While nearly three decades have passed

since the identification of HIV as the causative organism of AIDS,

attempts to develop effective vaccines against the highly variable

retrovirus have been repeatedly stymied. The challenges of develop-

ing an HIV vaccine are multifold and include the global variability

of HIV; the lack of a validated animal model, correlates of protective

immunity, and of natural protective immune responses against HIV;

the reservoir of infected cells conferred by integration of HIV’s

genome into the host; and the destruction of the immune cells by

HIV infection. The driving forces in HIV vaccine design have moved

from either targeting antibody responses with protein antigen

vaccines or cell-mediated responses with viral vectors and gene-

based vaccines, respectively, to vaccines which attempt to elicit

both cellular and humoral immune responses with heterologous

prime-boost regimens.

Initial HIV vaccine trials attempted to elicit protective antibody

responses to soluble HIV-1 envelope protein (gp120), but failed to

show any efficacy (Flynn et al, 2005; Pitisuttithum et al, 2006). Two

clinical trials (STEP and Phambili) were conducted with the same

candidate MRKAd5, a multivalent recombinant adenovirus vectors

(rAd5) expressing multiple antigens (including clade B Gag, Pol,

and Nef and lacking Env) intended to induce cellular responses.

Despite the induction of HIV-1 Gag- and Pol-specific CD8+ T-cell

responses in a majority of subjects, early viral loads were not

decreased (Buchbinder et al, 2008; Gray et al, 2010, 2011). In addi-

tion, an increased risk of acquisition was observed in a subset of

vaccinees with pre-existing Ad5 antibodies in the STEP trial

(Buchbinder et al, 2008; McElrath et al, 2008). The recent failure

and discontinuation of the HVTN505 efficacy trial represents

another hard blow to HIV vaccine advancement. The trial used DNA

prime and rAd5 vector boosts with multiple antigens (HIV-1 modi-

fied env genes from clades A, B, and C, and gag and pol genes from

clade B) for elicitation of both antibody and T-cell responses and

was performed on subjects without pre-existing antibodies against

rAd5. This vaccine failed to show protection, and despite the prese-

lection of rAd5 seronegative subjects, a trend toward more infec-

tions among the vaccinees was observed although not statistically

significant (http://www.hvtn.org/505-announcement-25April2013.

html). The lack of efficacy in this trial suggests that future HIV
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Figure 2. Target disease and target populations for 21st century vaccine
development.
Included in the list are the agents of infectious diseases for which vaccines are
not yet available or for which more effective vaccines would be beneficial. Also
included are therapeutic vaccines for chronic infectious diseases, as well as non-
communicable pathologies such as autoimmune diseases, cancer, and allergy,
some of which are in advanced clinical trials.
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* Adjuvare (in Latin) = help 

* Ramon G (1926)  
      “substance used in combination with a  
       specific antigen that produces a more 
       robust immune response than the  
       antigen alone”
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Dose sparing. A recently issued report2 specifically addressed solu-
tions to increase the global supply of an influenza vaccine in the event 
of a pandemic. It was estimated that approximately 1 billion doses 
of the vaccine could be produced, which is insufficient to cover the 
worldwide population. Recommendations included the expansion 
of vaccine technologies beyond egg-based production (which itself 
could be compromised in the event of a pandemic involving bird 
flu) to include recombinant vaccines, as well as the use of adjuvants 
to increase global vaccine supply. Recombinant vaccines can have 
considerable manufacturing advantages, but they are weakly immuno-
genic on their own. The pairing of adjuvants with recombinant 
pandemic influenza protein can substantially reduce the amount 
of antigen needed to induce target antibody titers, a result with an 
obvious effect on manufacturing capacity. For example, inclusion of 
the adjuvant glucopyranosyl lipid adjuvant–stable emulsion (GLA-SE) 
reduced the amount of recombinant influenza H5 protein needed to 
reach 40% seroconversion after one immunization by greater than 
30-fold compared with the antigen alone3.

Enabling a more rapid immune response. For many applications, 
including biodefense vaccines for pandemic flu, anthrax and other 
potential bioterrorism weapons, a single-shot vaccine is the goal.  

This may be accomplished by the addition of adjuvants to the target  
antigens, as exemplified by the addition of the AS04 adjuvant to  
hepatitis B antigen in GlaxoSmithKline’s (GSK’s) Fendrix, which ena-
bled a reduction of a three-dose regimen to two doses4,5.

Antibody response broadening. Many pathogens, such as influenza 
viruses, HIV, human papilloma virus (HPV) and the malaria parasite, 
display substantial antigenic drift, strain variations or both. Thus, the 
ability of adjuvants to broaden an immune response profile could be 
crucial to the success of vaccines against such targets. Experimentally, 
massively parallel sequencing has shown that the broadening effect of 
adjuvants may be mediated via expansion of B cell diversity, not merely 
through increased titers6. Clinically, antibody response broadening by 
adjuvants has been demonstrated in influenza and HPV vaccines7–9.

Antibody response magnitude and functionality. It is well accepted 
that widely used adjuvants such as aluminum salts or oil-in-water 
emulsions induce a greater magnitude of antibody responses to vac-
cine antigens. There is now an increased appreciation of the capacity 
of adjuvants to increase not just overall antibody titer but greater 
numbers of functional antibodies, antibodies with higher affinity for 
vaccine antigens or both10,11.

Developing vaccines for effective T cell responses. Several vac-
cines in development are aimed at targeting T cell responses, which 
are not optimally induced by the most commonly used adjuvants in 
vaccines approved for human use, including alum and oil-in-water 
 emulsion–based adjuvants. A more refined objective may be to elicit 
more effective engagement of T helper cells for optimizing the quality 
and durability of antibody responses or to induce effector CD4+ or 
CD8+ T cells to kill intracellular pathogens. Therefore, the new gen-
eration of vaccines often incorporates agonists for Toll-like receptors 
(TLRs) and other innate immune receptors that facilitate the genera-
tion of T helper cell responses. This has been particularly important 
in the development of vaccines against pathogens that are controlled  
by cellular immune responses, including those causing malaria, tuber-
culosis and leishmaniasis.

Classes of adjuvants
The term adjuvant may have different meanings depending on 
the application. For example, delivery systems composed of 
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Figure 1 A timeline of adjuvant development. The history of vaccines 
containing adjuvants is shown, indicating the development from natural 
adjuvants to defined adjuvants. BCG, bacillus Calmette-Guérin; LPS, 
lipopolysaccharide; ssRNA, single-stranded RNA; TB, tuberculosis. 
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Figure 2 Potential benefits of adjuvants. Several crucial gaps in modern vaccine 
product development may be filled by appropriate adjuvant technologies.
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 nonimmunostimulatory components may function as adjuvants by 
providing more effective antigen presentation to the immune sys-
tem. In contrast, specific adjuvant molecules may directly activate 
innate immune receptors (for example, TLRs). Other formulation 
systems may include both delivery and immunostimulatory compo-
nents. Thus, adjuvants may be broadly classified into three groups of 
delivery systems: immunomodulatory molecules, and combinations 
of the former two classes (combination systems) (Table 1). Moreover, 
the mechanisms of action of many adjuvants, including aluminum 
salts, the oldest adjuvant in use, are still being elucidated (Box 1 and 
Figs. 3 and 4).

Immunomodulatory molecules include ligands of innate immune 
receptors such as TLRs, NOD-like receptors (NLRs), C-type lectins 
and RIG-I–like receptors (Fig. 3). The mechanisms of action of other 
immunostimulatory molecules, such as QS21 and other saponins, 
are not well understood. Among the most advanced compounds are 
the TLR4 ligand MPL, which comprises part of the adjuvant system 
in the Cervarix HPV vaccine (from GSK), and the TLR9 ligand CpG 
oligodeoxynucleotide (ODN), which is the adjuvant in the Hepislav 
vaccine candidate for hepatitis B from Dynavax that has completed a 
phase 3 clinical trial12. MPL and QS21 form part of the RTS,S malaria 
vaccine from GSK evaluated in a phase 3 clinical trial13, although 
the adjuvant system in this case (AS01) and in the Cervarix vaccine 
(AS04) are classified as combination systems.

Another class of adjuvants includes delivery systems, meaning that 
their main function is to promote more effective delivery of vaccine 
antigens, immunomodulatory molecules or both. These adjuvants are 
perhaps best exemplified by conventional liposomes or virosomes. 
Liposomes are vesicles comprised of phospholipid bilayers. There are 
several related variations in development or in approved vaccines, 
such as virosomes (liposomes that include fusogenic viral proteins) 
and niosomes (vesicles composed of nonionic surfactants instead of 
phospholipids). Liposomes can range in size from <100 nm to sev-
eral microns and are versatile delivery vehicles because antigens or 
immunomodulatory molecules can be encapsulated or associated with 
the vesicle surface. These lipid vesicle–based formulations are gener-
ally composed of nonimmunostimulatory components (for example, 
phosphatidylcholine) that provide delivery system capabilities, such 
as multimeric antigen presentation or fusogenic lipid activity, which 
enhance vaccine presentation to antigen-presenting cells (APCs). 
Approved virosome-based vaccines include the Inflexal V vaccine for 
influenza and the Epaxal vaccine for hepatitis A, both manufactured 
by Crucell. The RTS,S malaria vaccine mentioned above is also lipo-
some based, wherein the liposomal formulation includes the immu-
nostimulatory molecules QS21 and MPL.

Most adjuvants in advanced development provide delivery sys-
tem and immunomodulatory properties. For instance, the Cervarix 
vaccine contains MPL and aluminum salt (AS04). Squalene-based 

Table 1 Classes of clinically used and tested adjuvants
Adjuvant name Class Mechanism or receptor Type of immune response Clinical phase or licensed product name

dsRNA analogues  
(for example, poly(I:C))

IM TLR3 Ab, TH1, CD8+ T cells Phase 1

Lipid A analogues  
(for example, MPL, RC529, GLA, E6020)

IM TLR4 Ab, TH1 Cervarix, Supervax, Pollinex Quattro, 
Melacine

Flagellin IM TLR5 Ab, TH1,TH2 Phase 1

Imidazoquinolines  
(for example, Imiquimod, R848)

IM TLR7 and TLR8 Ab, TH1 Aldara

CpG ODN IM TLR9 Ab, TH1, CD8+ T cells Phase 3

Saponins  
(for example, QS21)

IM Unknown Ab, TH1,TH2, CD8+ T cells Phase 3

C-type lectin ligands  
(for example, TDB )

IM Mincle, Nalp3 Ab, TH1, TH17 Phase 1

CD1d ligands  
(for example, - galactosylceramide)

IM CD1d Ab, TH1, TH2, CD8+ NKT cells Phase 1

Aluminum salts  
(for example, aluminum oxyhydroxide, 
aluminum phosphate)

PF Nalp3, ITAM, Ag delivery Ab, TH2 Numerous licensed products

Emulsions  
(for example, MF59, AS03, AF03, SE)

PF Immune cell recruitment, ASC,  
Ag uptake

Ab, TH1, TH2 Fluad, Pandemrix

Virosomes PF Ag delivery Ab, TH1,TH2 Epaxal, Inflexal V

AS01 (MPL,QS21, liposomes) C TLR4 Ab, TH1, CD8+ T cells Phase 3

AS02 (MPL,QS21, emulsion) C TLR4 Ab, TH1 Phase 3

AS04 (MPL, aluminum salt) C TLR4 Ab, TH1 Cervarix

AS15 (MPL, QS21, CpG, liposomes) C TLR4 and TLR9 Ab, TH1, CD8+ T cells Phase 3

GLA-SE (GLA, emulsion) C TLR4 Ab, TH1 Phase 1

IC31 (CpG, cationic peptide) C TLR9 Ab, TH1, TH2, CD8+ T cells Phase 1

CAF01 (TDB, cationic liposomes) C Mincle, Ag delivery Ab, TH1, CD8+ T cells Phase 1

ISCOMs (saponin, phospholipid) C Unknown Ab, TH1,TH2, CD8+ T cells Phase 2

Ab, antibody; Ag, antigen; ASC, apoptosis-associated speck-like protein containing caspase recruitment domain; C, combination of immunomodulatory molecule and particulate 
formulation; dsRNA, double-stranded RNA; IM, immunomodulatory molecule; ITAM, immunoreceptor tyrosine-based activation motif; PF, particulate formulation; TDB, trehalose 
dibehenate. Some particulate formulations (such as aluminum salts and emulsions) also generate immunomodulatory activity.
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by cellular immune responses, including those causing malaria, tuber-
culosis and leishmaniasis.

Classes of adjuvants
The term adjuvant may have different meanings depending on 
the application. For example, delivery systems composed of 

Year

1885 Rabies ssRNA
TLRs 7 and 8

Briegen describes endotoxin

More durable immune
response to typhoid vaccine

Typhoid LPS, DNA
TLRs 1, 2, 4, 5, 6 and 9

BCG for TB DNA, lipoprotein
TLRs 1, 2, 6 and 9

Lipovaccine

Enhanced antibody
responses to diphtheria

vaccine
Aluminum salts

Enhanced cellular and
antibody responses to TB

Incomplete Freund’s
adjuvant (IFA)

(water-in-oil emulsion)
Diphtheria, pertussis

and tetanus
LPS, DNA

TLRs 1, 2, 4, 5, 6 and 9
Whole-cell
influenza

ssRNA
TLRs 7 and 8

Inactivated
polio vaccine

ssRNA
TLRs 7 and 8

LPS structure determined

Ribi makes detoxified
endotoxin MPL

MPL tested in clinicHepatitis A

TLRs discovered

Fluad MF59
(oil-in-water emulsion)

Epaxal (for hepatitis A)
Inflexal (for influenza) Virosome

Invivac
(for influenza; Europe) Virosome

Fendrix
(for hepatitis B; Europe)

MPL
Defined TLR4

Pandemic influenza
vaccines (Europe)

MF59, AS03
(oil-in-water emulsion)

Cervarix (for HPV16
and HPV18; USA)

MPL
Defined TLR4

1886

1911

Coley shows tumor necrosis
with bacterial extracts1889

1921

1916

1937

1926

1942

1949

1955

1966

1979

1991

1996

1997

LPS shown to be
TLR ligand1998

2004

2005

2007–
2009

2009

1997

Adjuvant and mechanismVaccine Scientific findings

D
eb

bi
e 

M
ai

ze
ls

Figure 1 A timeline of adjuvant development. The history of vaccines 
containing adjuvants is shown, indicating the development from natural 
adjuvants to defined adjuvants. BCG, bacillus Calmette-Guérin; LPS, 
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Alum has been the only adjuvant
licensed for human vaccines for
decades and is still widely used, but
its mechanism of action remains
obscure. Recently, the NLRP3 inflam-
masome has been linked to the
immunostimulatory properties of
alum and other particulate adjuvants,
although it is disputed to what degree
NLRP3 is genuinely essential in vivo.
Meanwhile, researchers are testing
adjuvants harnessing both the in-
fectious/non-infectious-discriminat-
ing TLR and the danger-sensing
NLRP3 inflammasome pathways.
Could this be the basis of a long-

needed rationale in the design of
adjuvants?

Aluminium-containing adjuvants, either
crystalline aluminium oxyhydroxide or
amorphous aluminium hydroxy-
phosphate [1, 2], have been extensively
administered to humans to boost
responses against poorly immunogenic
Ag. However, the mechanisms
underlying immunostimulation of
such adjuvants, improperly but
commonly referred to as ‘‘alum’’,
remain elusive [3]. Given the central

role of APC, particularly DC, in linking
innate to adaptive immunity, research-
ers have spent considerable effort inves-
tigating how alum influences APC
biology. Surprisingly, alum is unable
to directly activate DC in vitro in terms
of upregulation of costimulatory mole-
cules [4–6], although DC are activated
indirectly by alum in vivo [5]. Despite a
lack of DC maturation, alum does
enhance Ag uptake and presentation
[6–9].

A major breakthrough came in
2007, when Re’s group demonstrated
that alum induces IL-1b and IL-18
release in a caspase-1-dependent way in
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supports the concept that effectiveness
of protection, strength of response and
toxicity are tightly linked [34]. Indeed,
a low-toxicity lipid A-derivative, 3-O-
desacyl-40-monophosphoryl lipid A,
shows only weak immunostimulatory
activity [32].

Bearing in mind the two-step
mechanism of NLRP3 activation, a
number of novel adjuvants target both
the TLR and the inflammasome path-
ways. For example, Demento et al. [35]
bound LPS onto the surface of PLGA
nanoparticles. This resulted in a signif-
icant reduction of the toxicity normally
associated with LPS administration, and
markedly improved the adjuvant prop-
erties of the PGLA nanoparticles. Over-
all, this strategy notably elevated both
Ag-specific IgG titres and Th1 polarisa-

tion to a level comparable with that of
the powerful adjuvant CFA [35]. Some
such adjuvants have even been tested in
humans, including the combination of
3-O-desacyl-40-monophosphoryl lipid A
with QS21, a high-purity preparation of
QuilA. In a randomised double-blind
study, this novel adjuvant outperformed
CpG oligonucleotides in all the para-
meters tested with tolerable reacto-
genicity [36].

Despite the efficacy of the combina-
tion adjuvants, the double-step
requirement for IL-1 release does not
seem to apply in vivo. Alum or PLGA
particle injection resulted in IL-1b
release without any apparent need for
inclusion of NF-kB activators in the
vaccine formulation [31]. It is concei-
vable that endogenous mediators, such

as damage signals released by cells
injured upon particulate injection,
might activate NF-kB, thereby providing
the ‘‘priming’’ signal. Although TLR-
mediated priming was not required for
inflammasome function in vivo,
coupling TLR- and inflammasome-
targeting molecules in adjuvant formu-
lations could still be beneficial, parti-
cularly for the Th1-skewing capability
provided by TLR stimulation [24].

Concluding remarks

Polly Matzinger proposed an integration
of the classical infectious non-self/non-
infectious self-model with the danger
model [37]: the immune system should
attack non-self entities only when they
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Figure 1. A summary of the findings regarding alum-driven Ab production based on the data from [13, 14, 16, 17, 19, 24, 25] is shown in the top panel
(above the dotted line). In the bottom part (below the dotted line), a putative mechanism is proposed, based mainly on the findings reported in [5].
Although isotype switching to IgG1 and IgE in response to alum is noted in the summary as being MyD88 independent, the essential step concerning
the recruitment of Ag-laden inflammatory monocytes to secondary lymphoid organs in the proposed mechanism is shown to be MyD88 dependent.
Similarly, the role of NLRP3 for alum-driven Ab production is debated with differing results being obtained with different systems/conditions. Finally,
the contribution of uric acid/MSU crystals has not yet been assessed at the level of alum-driven IgG1 and IgE production.

Eur. J. Immunol. 2010. 40: 595–653 FORUM 641

& 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.eji-journal.eu

Action Mechanism of Alum



Considerations for ideal adjuvants

R E V I E W

1598 VOLUME 19 | NUMBER 12 | DECEMBER 2013 NATURE MEDICINE

Dose sparing. A recently issued report2 specifically addressed solu-
tions to increase the global supply of an influenza vaccine in the event 
of a pandemic. It was estimated that approximately 1 billion doses 
of the vaccine could be produced, which is insufficient to cover the 
worldwide population. Recommendations included the expansion 
of vaccine technologies beyond egg-based production (which itself 
could be compromised in the event of a pandemic involving bird 
flu) to include recombinant vaccines, as well as the use of adjuvants 
to increase global vaccine supply. Recombinant vaccines can have 
considerable manufacturing advantages, but they are weakly immuno-
genic on their own. The pairing of adjuvants with recombinant 
pandemic influenza protein can substantially reduce the amount 
of antigen needed to induce target antibody titers, a result with an 
obvious effect on manufacturing capacity. For example, inclusion of 
the adjuvant glucopyranosyl lipid adjuvant–stable emulsion (GLA-SE) 
reduced the amount of recombinant influenza H5 protein needed to 
reach 40% seroconversion after one immunization by greater than 
30-fold compared with the antigen alone3.

Enabling a more rapid immune response. For many applications, 
including biodefense vaccines for pandemic flu, anthrax and other 
potential bioterrorism weapons, a single-shot vaccine is the goal.  

This may be accomplished by the addition of adjuvants to the target  
antigens, as exemplified by the addition of the AS04 adjuvant to  
hepatitis B antigen in GlaxoSmithKline’s (GSK’s) Fendrix, which ena-
bled a reduction of a three-dose regimen to two doses4,5.

Antibody response broadening. Many pathogens, such as influenza 
viruses, HIV, human papilloma virus (HPV) and the malaria parasite, 
display substantial antigenic drift, strain variations or both. Thus, the 
ability of adjuvants to broaden an immune response profile could be 
crucial to the success of vaccines against such targets. Experimentally, 
massively parallel sequencing has shown that the broadening effect of 
adjuvants may be mediated via expansion of B cell diversity, not merely 
through increased titers6. Clinically, antibody response broadening by 
adjuvants has been demonstrated in influenza and HPV vaccines7–9.

Antibody response magnitude and functionality. It is well accepted 
that widely used adjuvants such as aluminum salts or oil-in-water 
emulsions induce a greater magnitude of antibody responses to vac-
cine antigens. There is now an increased appreciation of the capacity 
of adjuvants to increase not just overall antibody titer but greater 
numbers of functional antibodies, antibodies with higher affinity for 
vaccine antigens or both10,11.

Developing vaccines for effective T cell responses. Several vac-
cines in development are aimed at targeting T cell responses, which 
are not optimally induced by the most commonly used adjuvants in 
vaccines approved for human use, including alum and oil-in-water 
 emulsion–based adjuvants. A more refined objective may be to elicit 
more effective engagement of T helper cells for optimizing the quality 
and durability of antibody responses or to induce effector CD4+ or 
CD8+ T cells to kill intracellular pathogens. Therefore, the new gen-
eration of vaccines often incorporates agonists for Toll-like receptors 
(TLRs) and other innate immune receptors that facilitate the genera-
tion of T helper cell responses. This has been particularly important 
in the development of vaccines against pathogens that are controlled  
by cellular immune responses, including those causing malaria, tuber-
culosis and leishmaniasis.

Classes of adjuvants
The term adjuvant may have different meanings depending on 
the application. For example, delivery systems composed of 
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Figure 1 A timeline of adjuvant development. The history of vaccines 
containing adjuvants is shown, indicating the development from natural 
adjuvants to defined adjuvants. BCG, bacillus Calmette-Guérin; LPS, 
lipopolysaccharide; ssRNA, single-stranded RNA; TB, tuberculosis. 
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Figure 2 Potential benefits of adjuvants. Several crucial gaps in modern vaccine 
product development may be filled by appropriate adjuvant technologies.
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be suitable for intradermal use; for instance, aluminum hydroxide has 
been reported to cause persistent granulomatous and necrotic reac-
tions at intradermal administration sites49. The considerations that 
should be taken into account in order to design an ‘ideal’ adjuvant’, 
with a focus on formulation factors, are summarized in Table 2.

Adjuvant formulations for the development of new vaccines
Different formulations of the same immunomodulatory molecules 
may induce substantially different immune responses. This was illus-
trated in the malaria vaccine program wherein the RTS,S vaccine 
candidate formulated with AS02 (an oil-in-water emulsion containing 
MPL and QS21) protected six out of seven vaccine recipients from 
infection, whereas the same antigen with AS03 (emulsion without 
MPL or QS21) or AS04 (MPL and aluminum hydroxide) protected 
only two out of seven or one out of eight recipients, respectively50. 
Later, it was shown that switching from an oil-in-water emulsion for-
mulation (AS02) to a liposome formulation (AS01) with the same 
antigen and immunostimulants increased efficacy, T helper type 1 
(TH1) cell–mediated immunity, and antigen-specific humoral immu-
nity in both mice and humans51–55. This vaccine candidate retained 
almost 50% efficacy in children 5–17 months old, although effi-
cacy waned in the very young (26% in infants aged 6–12 weeks)56. 
Pairing either AS01 or AS02 with the tuberculosis vaccine antigen 
M72 demonstrated that the liposomal formulation (AS01) with the 
same antigen and immunostimulants elicited greater frequencies of 
polyfunctional TH1 cells in immunized volunteers than the oil-in-
water emulsion57. Addition of MPL to aluminum hydroxide (AS04) 
 significantly increased the titers of anti-HPV antibodies in both vac-
cinated mice and humans compared to a vaccine adjuvanted with 
aluminum hydroxide alone58,59.

Another widely used adjuvant formulation, MF59, has been evalu-
ated preclinically in the context of additional immunostimulants, 
systematically demonstrating the contribution of each component of 
the emulsion. Whereas MF59 boosts overall immune responses, addi-
tion of TLR ligands changes the quality of the immune response. For 
instance, inclusion of the TLR9 ligand CpG or the TLR4 ligand E6020 
in an MF59-adjuvanted influenza vaccine did not further increase 
antibody titers in mice compared to treatment with an MF59-alone 
influenza vaccine, but it did induce a shift to a TH1-type immune 
response60. In another influenza vaccine study in mice, addition of 
CpG to aluminum hydroxide or MF59 resulted in higher antibody 
titers as well as a TH1 shift compared to CpG alone or either formu-
lation alone61. Interestingly, an MF59-mimic formulation combined 
with CpG administered prophylactically with a recombinant antigen 
inhibited melanoma and prolonged survival in tumor-bearing mice, 
whereas the same composition administered in the absence of CpG 
actually promoted melanoma growth62. Finally, an MF59-E6020 for-
mulation (oil-in-water emulsion with a TLR4 agonist) combined with 
recombinant meningococcus B antigens enhanced serum and bacte-
ricidal titers in mice compared to MF59 alone63. In contrast, clinical 
evaluation of the oil-in-water emulsion AS03 in the context of seasonal 
influenza vaccine for elderly people showed only a limited immuno-
genicity benefit from the addition of MPL64. Taken together, these two 
studies of oil-in-water emulsions combined with TLR4 ligands high-
light an important point: the added benefit of a TLR ligand is depend-
ent on the nature of the antigen. In other words, there may be less 
need for additional immunostimulants when the vaccine antigen is an 
inactivated virus that has inherent TLR ligands compared to a purified 
recombinant antigen where the addition of a TLR ligand will probably 
have more substantial immunogenic effects. We have found that the  

Table 2 Considerations for an ideal adjuvant
Category Subcategory Considerations

Biological activity Safety Formulation must be safe and effective in all age groups; metabolizable components preferred; 
adjuvant activity should be localized and transient; adjuvant should not have direct effect on 
lymphocytes: no nonspecific B or T cell responses

Immunization route Each immunization route may have different formulation requirements

Antigen dose sparing Adjuvant should enable reduction in required antigen dose or number of immunizations

Response broadening Adjuvant should broaden protective responses against heterologous pathogen strains

Antibody responses Neutralizing antibody responses should be enhanced or prolonged by adjuvant

Cell-mediated immunity Adjuvant should induce and/or prolong pathogen-specific CD4+ and/or CD8+ T cell responses

Immune response quality Adjuvant should enable shaping of immune response (for example TH1 versus TH2 balance)

Improve responses in weak immune  
systems

Immune responses should be enhanced in very young, elderly or immunocompromised populations

Physicochemical aspects Raw materials Synthetic adjuvants are preferable for purity, sustainability and safety; plant-based adjuvants 
may be acceptable if synthetic ones are too costly or have low yield; animal sources should be 
avoided for sustainability and disease concerns; multiple sources should be available at low cost; 
metabolizable or excretable components preferred

Manufacturability Equipment and process should be scalable, transferable and able to produce consistent batches

Particle morphology <200 nm particles can be terminally filtered, avoiding requirement for aseptic manufacturing, and 
may enter lymph node more easily than large particles; orientation and shape of nonspherical 
particles affects cell uptake; charge and chemical structure of surface groups are crucial factors 
in resulting bioactivity; targeting molecules such as mannose may enhance delivery to APCs; 
some concern regarding potential toxicity of cationic particles

Antigen compatibility, association Effects of adjuvant formulation on antigen structure should be characterized; generally it is 
thought that some level of association of the antigen to the formulation is preferred, although 
direct association is not required for biological activity

Stability Excipients and active pharmaceutical ingredients (APIs) should maintain chemical structure 
and particle size, shape, polydispersity and visual appearance, and API localization should be 
constant for several years; packaging under inert gas guards against oxidative degradation
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(CFA) is also reactogenic and frequently induces granulo-
mas, sterile abscesses, and ulcerative necrosis at the site of
inoculation, which precludes it from being used in human
vaccines. Figure 1 shows a timeline of adjuvant discov-
ery.

A variety of compounds with adjuvant properties cur-
rently exist, and they seem to exert their functions through
different mechanisms of action. Mineral salts, emulsions,
microparticles, saponins, cytokines, microbial components/
products, and liposomes have all been evaluated as adjuvants
[6–8]. Nevertheless, few adjuvants are licensed for human
use and several formulations are now being evaluated in
clinical trials. In many cases, their use is empirical. Over
the past years, many efforts have been made to investigate
how and why adjuvants work. Recent advances have shown
that adjuvants can (i) increase the biological half-life of vac-
cines, (ii) increase antigen uptake by antigen presenting cells
(APCs), (iii) activate/mature APCs (e.g., dendritic cells), (iv)
induce the production of immunoregulatory cytokines, (v)
activate inflammasomes, and (vi) induce local inflammation
and cellular recruitment [3, 9].

Independently of their mechanism of action, adjuvants
have been traditionally used in the formulation of vaccines
in an attempt to (i) decrease the amount of antigen, (ii)
reduce the number of doses required to induce protective
immunity, (iii) induce protective responses more rapidly, and
(iv) increase the rate of seroconversion in special populations
(the elderly, immunocompromised individuals, individuals
with chronic disease, neonates and infants) [9].

2. Classification of Adjuvants

Different criteria may be used to group adjuvants in order
to allow a rational comparison. Adjuvants can be classified
according to their physicochemical properties, origin, and
mechanisms of action [10]. Based on their mechanisms
of action, adjuvants can be divided into delivery systems
(particulate) and immune potentiators (immunostimula-
tory) [11]. Mucosal adjuvants are a class of compounds
that can fit in both of the previously described categories
(Table 1).

Table 1: Classification of adjuvants.

Type Adjuvant/formulation
Delivery systems

Mineral salts Aluminum salts [alum]
Calcium phosphate

Lipid particles
Incomplete Freund’s adjuvant
MF59
Cochleates

Microparticles
Virus-like particles
Virosomes
PLA (polylactic acid), PLG
(poly[lactide-coglycolide])

Immune potentiators

dsRNA: Poly(I:C), Poly-IC:LC
Monophosphoryl lipid A (MPL),
LPS
Flagellin
Imidazoquinolines: imiquimod
(R837), resiquimod (848)
CpG oligodeoxynucleotides (ODN)
Muramyl dipeptide (MDP)
Saponins (QS-21)

Mucosal adjuvants

Cholera toxin (CT)
Heat-labile enterotoxin (LTK3 and
LTR72)
Chitosan

Delivery systems can function as carriers to which anti-
gens can be associated. Also, they create local proinflamma-
tory responses that recruit innate immune cells to the site of
injection [12]. Hence, it has been proposed that this type of
adjuvants can activate innate immunity.

In a simplistic definition, the role of immune potentiators
is to activate innate immune responses through pattern-rec-
ognition receptors (PRRs) or directly (e.g., cytokines).
Pattern-recognition receptors (PRRs) consist of different
classes of receptors [Toll-like receptors (TLRs), nucleotide-
binding oligomerization domain- (NOD-) like receptors
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As it works to refine its vaccine strategy for the event of
an avian flu pandemic, the NIH is trialing Sanofi's
($SNY) H7N9 vaccine at a range of doses and with a
variety of adjuvant combinations. And now, it has one
that looks promising.

In a Phase II trial, the vaccine prompted an immune
response in 59% of the 700 participating healthy adults--
but only when mixed with Novartis' ($NVS) MF59
adjuvant. Without MF59, even those patients who
received a higher-dosage vaccine had minimal immune
responses, the NIH's National Institute of Allergy and
Infectious Diseases (NIAID) said Wednesday.

H7N9 first hit the public health radar in March of last year, when the virus first
surfaced in humans in China. Since then, the NIH has launched two trials to
assess Sanofi's vaccine in conjunction with both the Novartis adjuvant and
A503, an adjuvant from GlaxoSmithKline ($GSK).

The Biotech Primer: An insider's guide to the science driving the biotech and
pharma industries

This 200-page book takes an in-depth look at the biotech industry and the science that drives it.
Although the industry itself is constantly changing, these fundamental concepts upon which it is
built will remain important for years to come - and decision-makers who understand these
fundamentals will be better able to evaluate and predict new trends. Click here to buy today!

While the number of reported cases has declined considerably as of late, the
virus can still cause serious illness. Approximately 67% of reported cases have
required hospitalization, and as of Sept. 4 of this year, the World Health
Organization (WHO) had recorded 166 bird flu deaths.

So despite the fact that H7N9 doesn't spread easily from person to person,
NIAID Director Anthony Fauci said in a statement, conducting trials like these is
"prudent" in order to be prepared in the event of a pandemic.

"All novel influenza viruses have the potential to evolve to cause widespread
illness or death," he said.

- read the NIAID release

Special Report: The top 5 vaccine makers by 2013 revenue - Sanofi - Novartis
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Sanofi bird flu vax prompts immune response in
PhII--but only with Novartis adjuvant
October 9, 2014 | By Carly Helfand
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industry, with a special focus on the innovations
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​Vaccine Adjuvants

Benefits of Vaccine Adjuvants
Adjuvants have several important benefits, including the following:

Reducing the Amount of Antigen Required
Adding an adjuvant may reduce the amount of antigen, or pathogen component, required in a vaccine to elicit a
protective immune response. The ability to increase the number of vaccine doses that can be produced for public use
may be especially important during an epidemic or pandemic. For example, NIAID-supported scientists found that
formulating an experimental H9N2 influenza vaccine with MF59 adjuvant greatly reduces the amount of antigen
needed to elicit a strong protective response. Currently, MF59 is licensed for use as a vaccine adjuvant in Europe but
not in the United States.

Reducing the Number of Vaccine Doses Needed
A person may need fewer doses of a vaccine containing a certain adjuvant because the immune response may be
more effective. For example, results from clinical trials indicate that two doses of an investigational hepatitis B
vaccine containing a novel adjuvant given over one month elicit potent, long-lasting protection. The current hepatitis
B vaccine, which contains alum, requires three doses over six months. In addition, for a small number of people, the
current vaccine does not confer immunity against the hepatitis B virus. Research suggests that the investigational
vaccine is effective for almost everyone.

Enhancing Vaccine Effectiveness in Immunocompromised People
People with compromised immune systems, such as the elderly or the very young, may benefit from vaccines with
adjuvants because their immune systems may require an extra boost to provide protection. For example, a European
study showed that addition of MF59 adjuvant to a seasonal influenza vaccine boosted the vaccine’s effectiveness in
young children from 43 percent to 89 percent.

Boosting the Immune-Stimulating Effects of Vaccines
Adjuvants are especially effective at boosting the immune-stimulating effects of newer vaccines, such as those made
with purified antigens. By enhancing immune responses to pathogen antigens, adjuvants may help scientists develop
vaccines against infectious diseases for which no effective vaccine currently exists, such as tuberculosis.

Offering Broad Protection
Adjuvanted vaccines may offer broad protection against related strains (types) of pathogens. For example, the
human papillomavirus (HPV) vaccine Cervarix, which contains the AS04 adjuvant, is designed to prevent infection by
HPV 16 and 18, the two strains that cause approximately 70 percent of cervical cancers. Results from clinical trials
show that Cervarix protects against two additional cancer-causing strains, HPV 45 and 31.

Directing Specific Immune Responses
Adjuvants can direct specific immune responses to provide protection against the pathogen that the vaccine targets.
Bacteria, viruses, and parasites use different infection strategies, and therefore, each is thwarted by different
components of the immune system. Certain adjuvants may be more effective at stimulating responses to a particular
vaccine antigen. Vaccine developers must tailor each antigen-adjuvant combination to maximize the safety and
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​Vaccine Adjuvants

Funded Research Programs
NIAID supports an array of adjuvant research, from basic studies on immune receptors to clinical testing of new
adjuvanted vaccine candidates. NIAID-funded programs involving adjuvant research include the following:

Innate Immune Receptors and Adjuvant Discovery Program
Established in 2003, this program was renewed in 2009 and again in 2014 to continue support for the identification
and optimization of promising adjuvants. NIAID-funded researchers are screening thousands of compounds for
adjuvant activity and have identified several promising leads.

Adjuvant Development Program
NIAID initiated this program in 2008 to advance novel vaccine adjuvants toward licensure for human use. The
program, which was renewed in 2013, supports the optimization of adjuvant candidates, vaccine formulation studies,
and preclinical adjuvant pharmacology, toxicity, and efficacy studies.

Human Immunology Project Consortium
NIAID established the Human Immunology Project Consortium (HIPC) in 2010 to create a public resource that
characterizes the diverse states of the human immune system. HIPC investigators use modern analytic tools to
profile the immune system before and after infection, vaccination, or treatment with an adjuvant. The information
gained from HIPC promises to improve understanding of the human immune system and its regulation. It also will
help scientists evaluate the safety and effectiveness of different vaccine formulations and administration techniques.

Vaccine Treatment and Evaluation Units
The NIAID-sponsored Vaccine and Treatment Evaluation Units (VTEUs), first established in 1962, have conducted
hundreds of clinical trials, many of which have contributed to vaccine licensure. Researchers at the VTEUs, which
are located at universities and health centers across the United States, test novel vaccines and vaccine delivery
methods. This includes the evaluation and study of adjuvants.

Stay Connected:          



Adjuvant may act in one or more of 
five ways

* Immune potentiation 

* Presentation 

* Induction of preferred (Th1 or Th2) 
immune response 

* Targeting 

* Depot generation

The best adjuvant will never correct the  
choice of the wrong epitope………



Vaccine adjuvant: putative mechanism of action
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Dose sparing. A recently issued report2 specifically addressed solu-
tions to increase the global supply of an influenza vaccine in the event 
of a pandemic. It was estimated that approximately 1 billion doses 
of the vaccine could be produced, which is insufficient to cover the 
worldwide population. Recommendations included the expansion 
of vaccine technologies beyond egg-based production (which itself 
could be compromised in the event of a pandemic involving bird 
flu) to include recombinant vaccines, as well as the use of adjuvants 
to increase global vaccine supply. Recombinant vaccines can have 
considerable manufacturing advantages, but they are weakly immuno-
genic on their own. The pairing of adjuvants with recombinant 
pandemic influenza protein can substantially reduce the amount 
of antigen needed to induce target antibody titers, a result with an 
obvious effect on manufacturing capacity. For example, inclusion of 
the adjuvant glucopyranosyl lipid adjuvant–stable emulsion (GLA-SE) 
reduced the amount of recombinant influenza H5 protein needed to 
reach 40% seroconversion after one immunization by greater than 
30-fold compared with the antigen alone3.

Enabling a more rapid immune response. For many applications, 
including biodefense vaccines for pandemic flu, anthrax and other 
potential bioterrorism weapons, a single-shot vaccine is the goal.  

This may be accomplished by the addition of adjuvants to the target  
antigens, as exemplified by the addition of the AS04 adjuvant to  
hepatitis B antigen in GlaxoSmithKline’s (GSK’s) Fendrix, which ena-
bled a reduction of a three-dose regimen to two doses4,5.

Antibody response broadening. Many pathogens, such as influenza 
viruses, HIV, human papilloma virus (HPV) and the malaria parasite, 
display substantial antigenic drift, strain variations or both. Thus, the 
ability of adjuvants to broaden an immune response profile could be 
crucial to the success of vaccines against such targets. Experimentally, 
massively parallel sequencing has shown that the broadening effect of 
adjuvants may be mediated via expansion of B cell diversity, not merely 
through increased titers6. Clinically, antibody response broadening by 
adjuvants has been demonstrated in influenza and HPV vaccines7–9.

Antibody response magnitude and functionality. It is well accepted 
that widely used adjuvants such as aluminum salts or oil-in-water 
emulsions induce a greater magnitude of antibody responses to vac-
cine antigens. There is now an increased appreciation of the capacity 
of adjuvants to increase not just overall antibody titer but greater 
numbers of functional antibodies, antibodies with higher affinity for 
vaccine antigens or both10,11.

Developing vaccines for effective T cell responses. Several vac-
cines in development are aimed at targeting T cell responses, which 
are not optimally induced by the most commonly used adjuvants in 
vaccines approved for human use, including alum and oil-in-water 
 emulsion–based adjuvants. A more refined objective may be to elicit 
more effective engagement of T helper cells for optimizing the quality 
and durability of antibody responses or to induce effector CD4+ or 
CD8+ T cells to kill intracellular pathogens. Therefore, the new gen-
eration of vaccines often incorporates agonists for Toll-like receptors 
(TLRs) and other innate immune receptors that facilitate the genera-
tion of T helper cell responses. This has been particularly important 
in the development of vaccines against pathogens that are controlled  
by cellular immune responses, including those causing malaria, tuber-
culosis and leishmaniasis.

Classes of adjuvants
The term adjuvant may have different meanings depending on 
the application. For example, delivery systems composed of 
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Figure 1 A timeline of adjuvant development. The history of vaccines 
containing adjuvants is shown, indicating the development from natural 
adjuvants to defined adjuvants. BCG, bacillus Calmette-Guérin; LPS, 
lipopolysaccharide; ssRNA, single-stranded RNA; TB, tuberculosis. 
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Figure 2 Potential benefits of adjuvants. Several crucial gaps in modern vaccine 
product development may be filled by appropriate adjuvant technologies.
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of response36–41. The question of formulation association is important 
not only for antigens but also for TLR agonists or other immuno-
modulatory molecules. Thus, co-encapsulation of CpG and antigen 
in polymeric microparticles significantly increased cytotoxic T lym-
phocyte activity compared to the same particles with unencapsulated 
CpG42. Associating immunostimulants with particulate formulations 
may also promote localized immune activation and reduce systemic 
exposure and inflammation and thus improve the safety profile of an 
adjuvant. For instance, development of the new TLR7 and TLR8 lig-
and 3M-052 was designed to maintain the adjuvant activity but reduce 
the systemic exposure profile of the small molecule R-848, a similar 
TLR7 and TLR8 ligand, via the addition of an acyl chain43.

Finally, the anatomical disparity in the various immunization 
routes and the surface modification of particle-based formulations 
by adsorbed host proteins (that is, the ‘protein corona effect’, wherein 
particles are surrounded by adsorbed proteins from the interstitial 
milieu) are essential factors in considering how to optimize formu-
lations44,45. Formulations of a specific size or composition may be 
suitable for some routes but ineffective or even reactogenic when 
administered by another route46–49. For instance, Mohanan et al.46  
demonstrated that intralymphatic administration of different particle-
based adjuvant formulations with OVA elicited strong IgG2a responses 
in mice compared to subcutaneous administration (with the exception 
of a chitosan-lipopolysaccharide nanoparticle formulation), whereas 

intramuscular and intradermal routes pro-
duced intermediate responses. However, 
some formulations at certain doses may not 
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Figure 3 Target receptors on APCs for adjuvants. 
Several pattern recognition receptors (PRRs) 
that activate an innate immune response can 
be targeted by adjuvants, and details of their 
downstream signaling pathways are shown. TLRs, 
located at the cell surface (TLR1, TLR2, TLR4, 
TLR5, TLR6 and TLR11) or the endosome (TLR3, 
TLR7, TLR8 and TLR9) are targets for adjuvants, 
and when activated they stimulate signaling 
that leads to the activation of key transcription 
factors, such as nuclear factor- B (NF- B). These 
transcription factors then stimulate gene expression 
programs that lead to the production of chemokines 
and cytokines that help orient particular immune 
responses. Adjuvants can also target cytosolic 
PRRs such as NLRs and RIG-like helicases. 
The NLR NALP3 is part of a macromolecular 
assembly, the inflammasome, that leads to 
caspase 1 activation and the production of the 
proinflammatory cytokines IL-1  and IL-18. ASC, 
apoptosis-associated speck-like protein containing 
CARD; IRF3, interferon regulatory factor; MDA5, 
melanoma differentiation-associated protein 5; 
MyD88, myeloid differentiation factor 88; TBK1, 
TANK-binding kinase 1; TIRAP, Toll-interleukin 
1 receptor domain–containing adaptor protein; 
TRAM, Trif-related adaptor molecule; TRIF, TIR-
domain-containing adapter-inducing interferon- .
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Figure 4 Putative mechanisms of action of 
adjuvants. A number of mechanisms have been 
postulated through which adjuvants mediate 
their activity. Many adjuvants can act as ligands 
for PRRs that activate an innate immune 
response. Receptor signaling can then activate 
transcription factors that induce the production 
of cytokines and chemokines that help direct 
a particular immune response, such as a TH1 
or TH2 type response, as well as influence the 
immune cells that are recruited to the site of 
injection. Inflammasome activation has also been 
implicated as a mechanism for some adjuvants. 
Activation of the inflammasome leads to the 
production of the proinflammatory cytokines IL-1  
and IL-18. Some adjuvants also influence antigen 
presentation by MHC. It is possible that some 
adjuvants can act through multiple mechanisms; 
for example, it has been suggested that alum 
can affect antigen uptake, PRR signaling, 
inflammasome activation and recruitment of 
immune cells. NK, natural killer cell.
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Classification of Adjuvants
✔ Mineral salts or gels - aluminum salts or calcium phosphate 

✔ Oil-in-water and water-in-oil emulsions, amphiphilic 
molecules and surfactant-base formulations - MF59, 
QS-21, AS03, and Montanide 

✔ Particulate adjuvants – liposomes, virosomes, DC Chol, ISCOMS, 
Iscomatrix, biopolymers such as PLGA, etc 

✔ PAMPs (natural and synthetic) – low-toxicity LPS or lipid A (MPL, 
MPLA, OM-174), CpG, flagellin, nontoxic bacterial toxins(mLT and CTB), 
Poly IC, Poly ICLC, imiquimod/resiquimod (R837/R848), etc  

✔ Endogenous human immunostimulators – cytokines (hGM-
CSF and hIL-12) administered as proteins or as plasmid preparations 

✔ Inert vehicles – gold particles 
✔ Adjuvants derived from inulin – delta inulin (Advax) 

✔ Combination adjuvants or adjuvant systems - AS01, AS03, 
AS04, AS15, glucopyranosyl lipid adjuvant-stable emulsion (GLA-SE), 
CAF01, etc

WHO guideline, 2013



TLR signaling serves linker between 
innate and adaptive immunity

TLR ligands are considered as an attractive adjuvant 
candidate in vaccine development.



TLR Adjuvant Preference

TLR4 (LPS, MPL) > TLR9 (CpG ODN) > TLR3 (poly I:C) > TLR5 (flagellin) 
                                                                                                                

                                                                                               TLR2 (LTA, lipoproteins)   



Flagellin:  
TLR5-targeting  

Mucosal Adjuvant

Shee	Eun	Lee,	Soo	Young	Kim,	and	Young	Ran	Kim



Flagellin

Nature. 2001 Mar 15:410(6826) 331-7.Nature. 2001 Apr 26;410(6832):1099-103.

•



• Flagellum 

Vibrio vulnificus
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Intranasally administered Vv-FlaB enhanced  
antigen-specific systemic & mucosal IgA 
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Trafficking of 131I-Vv-FlaB 

Intranasally administered 131I-Vv-FlaB readily reached 
systemic circulation while the regional draining cervical 
lymph nodes retained the adjuvant protein relatively 
longer than spleen.
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CD11c Vv-FlaB CD11c/Vv-FlaB

Intranasally administered Vv-FlaB colocalized with CD11c  
in the draining cervical lymph nodes.

In vivo colocalization of Vv-FlaB with DCs  
in cervical lymph node 
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Then, can FlaB make the 
commercial killed influenza 

vaccine needle-free?

Shee	Eun	Lee,	Seol	Hee	Hong,	and	Soo	Young	Kim



**

**

*

Intranasal co-administration of flagellin with inactivated 
influenza vaccine protects mice against lethal challenge 

with mouse-specific-pathogenic influenza virus

Vaccine 30:466-474, 2012



S.C.

Intranasal administration of flagellin-adjuvanted inactivated 
influenza vaccine potents IgA production in serum and 

mucosal secretions

I.N.

* **** ***

I.N.

Vaccine 30:466-474, 2012



Lung wash

**
ND ND ND

Lung extract

Protective Immunity  

- Challenge with live virus: Viral titer -

Vaccine 30:466-474, 2012



Vv-FlaB: Safety

Murine nasal tissues. Anatomical position of 
nasopharyngeal associated lymphoreticular 
tissues with olfactory tissues and the CNS

LT/CT IN adjuvant failure history 

Retrograde CNS uptake - GM1 ganglioside 

Facial paralysis : Bell's palsy 

Treatment

Tissue
6.0 µg  

CT
5.0 µg  

Vv-FlaB
p*

ON/E 1.26 ± 0.57 0.29 ± 0.05 <0.01
OB 1.28 ± 0.24 0.20 ± 0.02 <0.01

FlaB accumulation in the CNS - significantly lower than  the CT

Vaccine 30:466-474, 2012



Conclusion 

✓ FlaB adjuvant converted the killed influenza 
injection vaccine into a higher value mucosal 
vaccine  

✓Cleared GLP preclinical safety test in accordance 
with WHO guidelines 

✓ IND submission process to KFDA   



Would FlaB-Ag fusion work? 

Mucosal vaccine & enhanced efficacy?

Chung	Truong	Nguyen,	Soo	Young	KIm,	and	Shee	Eun	Lee



PspA  
(pneumococcal	surface	protein	A)

• Present	on	all	strains	of	S.	pneumoniae	
– expressed	during	invasion	
– expressed	during	colonization	

• Virulence	factor	for	
– invasion	
– colonization	

• Elicits	protection	against	
– bacteremia,	sepsis,	and	pneumonia	
– colonization	

• Inhibits	
– C3	activation	
– killing	of	pneumococci	by	cationic	peptides	

• Serologically	diverse(2-3	PspAs	are	needed	for	a	vaccine).

• Aras	Kadioglu,	et	al.	Nat	Rev	Micro	6(4):	288-301

•



Recombinant fusion proteins 

FlaB    PspA     PF     FP        FlaB        PF      FP      PspA    PF   FP

FlaB Ab       PspA Ab

	Vaccine	29:5731-9,	2011



Direct association of recombinant 
fusion protein with TLR5

Recombinant	fusion	proteins	directly	interacted	
with	TLR5	expressed	in	epithelial	cells

	Vaccine	29:5731-9,	2011



NF-κB activation through TLR-5

*

**



Immunization schedule

	Vaccine	29:5731-9,	2011



PspA-specific IgG Antibody

Enhanced Ab responses in both systemic and mucosal compartments
	Vaccine	29:5731-9,	2011



PspA-specific IgA Antibody

	Vaccine	29:5731-9,	2011



Protective immunity 

Survival	of	mice	challenged	with	200x	the	LD50	S.	pneumoniae	D39	(A)	 
	 	 	 	 		and	5	x	108	CFU	S.	pneumoniae	WU2	(B). 
FlaB–PspA	fusion	proteins	provided	the	best	protection	against	intranasal	
challenge	with	pathogenic	S.	pneumoniae

S.	pneumoniae	D39 
                      type 2

S.	pneumoniae	WU2 
                      type 3	

	Vaccine	29:5731-9,	2011



Effects on colonization?

By David E. Briles of UAB



Conclusion 

✓ FlaB-PspA fusion protein - successful intranasal vaccine, 
heteroserotypic  protection, could replace existing 
capsular polysaccharide-based vaccine? 

✓ FlaB-PspA could be considered as an effective carrier for 
multivalent capsular polysaccharide conjugate vaccine 
for the development of  new pneumococcal vaccine



Would sublingual route work? 

Gastrointestinal immune responses?

Vivek	Verma,	Wenzhi	Tan,	Sao	Puth,	and	Shee	Eun	Lee



JTM, 14:135, 2016

❑ Single-stranded, non-enveloped 
viruses having 7-8 kb RNA 
genome with 4 open reading 
frames (ORFs).  

o ORF1 encodes the 
nonstructural protein  

o ORF2: Major proteins VP1, 
could generate VLPs 

o ORF3: Minor capsid VP2 
o ORF4 an alternative reading 

frame overlapping the VP1

•

Verma et al. J Transl Med  (2016) 14:135 
DOI 10.1186/s12967-016-0899-4

RESEARCH

Norovirus (NoV) specific protective 
immune responses induced by recombinant 
P dimer vaccine are enhanced by the mucosal 
adjuvant FlaB
Vivek Verma1,3,5, Wenzhi Tan1, Sao Puth1, Kyoung-Oh Cho4, Shee Eun Lee1,2 and Joon Haeng Rhee1,3*

Abstract 
Background: Noroviruses (NoVs) are a major cause of childhood gastroenteritis and foodborne diseases worldwide. 
Lack of appropriate animal models or cell-based culture systems makes the development and evaluation of NoV-spe-
cific vaccines a daunting task. VP1 is the major capsid protein of the NoVs that acts as a binding motif to human histo-
blood group antigens (HBGAs) through its protruding 2 (P2) domain and can serve as a protective antigen candidate 
for vaccine development.

Methods: Recombinantly produced NoV specific P domain (Pd) vaccine was inoculated into groups of mice either 
alone or in conjugation with mucosal adjuvant FlaB, the flagellar protein from Vibrio vulnificus. Antigen specific 
humoral and cell mediated immune responses were assessed by enzyme linked immunosorbent assay (ELISA) or fluo-
rescent activated cell sorting (FACS). A comparative analysis of various routes of vaccination viz. intranasal, sublingual 
and subcutaneous, was also done.

Results: In this study, we show that a recombinant Pd-vaccine administered through intranasal route induced 
a robust TH2-dependent humoral immune response and that the combination of vaccine with FlaB significantly 
enhanced the antibody response. Interestingly, FlaB induced a mixed TH1/TH2 type of immune response with a 
significant induction of IgG1 as well as IgG2a antibodies. FlaB also induced strong IgA responses in serum and feces. 
FlaB mediated antibody responses were toll like receptor 5 (TLR5) dependent, since the FlaB adjuvanticity was lost in 
TLR5−/− mice. Further, though the Pd-vaccine by itself failed to induce a cell mediated immune response, the Pd-FlaB 
combination stimulated a robust CD4+IFNγ+ and CD8+IFNγ+ T cell response in spleen and mesenteric lymph nodes. 
We also compared the adjuvant effects of FlaB with that of alum and complete Freund’s adjuvant (CFA). We found that 
subcutaneously inoculated FlaB induced more significant levels of IgG and IgA in both serum and feces compared to 
alum or CFA in respective samples.

Conclusion: We validate the use of TLR5 agonist as a strong mucosal adjuvant that would facilitate the development 
of NoV specific vaccines for humans and veterinary use. This study also highlights the importance of route of immuni-
zation in inducing the appropriate immune responses in mucosal compartments.

Keywords: Norovirus, FlaB, Adjuvant, Antibody, Intranasal, Sublingual, Subcutaneous, Alum
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Norovirus P domain

Atomic	resolution	structural	characterization	of	recognition	of	histo-blood	group	antigens	by	Norwalk	virus

P domain dimer has the same conformation as in the whole capsid structure



NoV (ORF2) 
amino acid 1-539

NoV (P domain) 
amino acid 222-539

Vaccine Target: NoV P domain dimer (Pd)

Pd recombinant protein formed 
VLP like polymers:  

» Dimers and trimers by SDS-PAGE 
» Trapped in the stacking gel by 

native PAGE

The three dimensional (3D) 

organization of Pd

JTM, 14:135, 2016



FlaB enhances Pd-specific Ab responses - Mucosal Vx 

JTM, 14:135, 2016



Balanced induction of Th1/Th2 immune responses

IgG1 IgG2a

JTM, 14:135, 2016



FlaB potentiates Pd-specific cell mediated immune responses in 
systemic and local immune compartments

The combination with FlaB 
stimulated a robust CD4+IFNγ+ 

and CD8+IFNγ+ T cell response in 
spleen as well as in mLNs.

JTM, 14:135, 2016



Final conclusion

56

Flagellin is a 
versatile mucosal 

adjuvant.



Thank you for your attention !
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