
CHAPTER2 

Adjuvants for Mucosal Vaccines 

J. Ronco and B. Guy 

PART 2.1- General Features 

2.Ll Introduction 

The term 'adjuvant' (Latin: adjuvare, to help), as was first defined by 
Ramon ( 1926), has been used in many ways in biology and medicine. 
Most commonly, adjuvants are immunostimulatory compounds or 
associations of compounds that potentiate or modulate the immune system 
against an antigen or vaccine beyond the level achieved by administration 
of the immunogen alone. These compounds with immunostimulatory 
properties will generally act in a non-specific manner on one or many of 
the steps of the immune system, resulting in an improvement of the 
specific immunity to an antigen. 

Adjuvants have been extensively used in order to increase the immune 
response in experimental immunology, as well as in practical vaccination, 
for more than six decades. A series of simple but elegant experiments 
performed by Ramon (1925) showed that the antitoxin response to tetanus 
and diphtheria was increased when these vaccines were injected together 
with other compounds, such as metal salts, oil, tapioca, pyogenic bacteria 
or saponins. Those experiments indicated for the first time that 
components of a vaccine formulation other than the antigen itself are 
important for a successful biological response and started a search that is 
still ongoing for vaccine adjuvants. 

Traditional vaccines currently available contain antigen preparations 
that are frequently impure and poorly characterised; however, these 
preparations are capable of eliciting protective immunity and have been 
proven to be safe. In some cases, such as with killed bacterial vaccines, 
the contaminants themselves may act as immuno-potentiating agents 
boosting the immune response against the vaccine, as adjuvants do; 
however these same contaminants may also be responsible for most of the 
side-effects induced by the vaccine (Munoz, 1964, Stewart, 1985, 
Griffith, 1989). 
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Advances in DNA technology and biochemistry have led to the 
production of increasingly pure antigens allowing an induction of more 
specific immune responses, this progress culminating in the introduction 
of the first recombinant subunit vaccine based on the Hepatitis B surface 
antigen (HbsAg) in the 1980's (Valenzuela et al., 1982; Michel et a!., 
1984). Unfortunately,·many of these highly purified protein preparations 
have also been shown to be relatively weak immunogens; nevertheless 
this major difficulty encountered during development of modem vaccines 
can be overcome by the use of adjuvants. Aluminum salts as hydroxides 
and phosphates are the only adjuvants widely approved for use in humans. 
These compounds, however, are not active with all immunogens and 
stimulate mainly humoral responses. Consequently the availability of a 
new generation of improved adjuvants is crucial for the development of 
new vaccines. Fortunately, the considerable progress in the fields of 
adjuvants, antigen formulations and delivery systems made in recent years 
should help to find ways to increase the immunogenicity of subunit 
vaccines, to modulate the balance between T -cell responses of Th 1 and 
Th2 types, and to induce local immunity, opening new routes such as 
mucosal vaccine administration for prevention of infection. 

The different fields within the domain of vaccinology are growing, and 
active immunisation is now being applied to distinct pathologies not only 
involving infectious agents. Cancer, autoimmune disorders, and other 
afflictions are also being attacked by different new approaches to 
vaccination, involving the concept of modulating the immune responses 
to specific antigens. 

2.L2 Adjuvants 

2.1.2.1 What are adjuvants? 

Adjuvants are a group of structurally heterogeneous comounds that have 
the property of overall adjuvanticity as the only functional characteristic 
in common. However, the ways in which they affect the immune system 
and their toxicity profiles are variable, and must probably depend on their 
individual chemical and biological properties. Indeed, the hyper
activation of the immune response by adjuvants may be accompanied by 
adverse reactions that implicate distinct mechanisms involving the 
immune system, or physiological parameters outside the immune system. 
For many years, research has been focused on finding adjuvants with the 
ability to potentiate the immune response but with minimal or no toxicity. 

Table 2.1.1 lists examples of adjuvants undergoing development and 
testing for use with human vaccines. Vaccine adjuvants commonly used 
or considered for human or veterinary vaccines mainly include mineral 
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salts, emulsions, compounds from bacterial cell walls, saponins and other 
synthetic products (Cox and Coulter, 1992, 1997; Stewart-Tun, 1994; 
Vogel and Powell, 1995). The use of cytokines, which can also act as 
modulators through the natural pathway of the immune response, may be 
also considered as promising compounds, especially for human vaccines. 

2.1.2.2 Strategies for improving vaccines 

Even though adjuvants, as described above, correspond to a group of 
compounds with imrnunomodulatory characteristics, the tenn "adjuvant 
effect" is frequently used to describe an improved action on the immune 
response (either by modulation or enhancement) elicited by a compound 
or a vaccine strategy. Therefore, adjuvants can be included as a topic in a 
list of the different strategies developed to enhance the immune response 
to weak imrnunogens. These strategies have been the subject of several 
reviews (Edelman, 1986; Bamford, 1990; Del Giudice, 1992; Gupta and 
Siber, 1995a) and are briefly described here. To improve immunity, an 
antigen can be administered: (a) together with an adjuvant, such as those 
listed in Table 1, which can, in itself, promote certain host defence 
mechanisms (as described later in this chapter); (b) in a delivery system 
such as biodegradable micropartides (Morris et a/., 1994) which have no 
intrinsic adjuvant activity; (c) by direct targeting to the immune system by 
fusion with a cytokine (Hazama et al., 1993), a monoclonal antibody 
specific for class II MHC detenninants (Carayanniotis and Barber, 1987) 
or with a complement fragment (Dempsey et al., 1996); (d) as part of an 
attenuated, defective or non-replicating microbial vector such as vaccinia 
virus (Smith et al., 1983) or Salmonella species (Bowen et al., 1990). 
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Table 2.Ll. Vaccine adjuvants 

Adjuvant References 

Minerals salts Alum (aluminum hydroxide and phosphate) (Glenny eta!., 1926; Gupta 

and Siber, 1994), 

Calcium phosphate (Relyveld, 1986; Gupta and Siber, 1994) 

Synthetic Polyphosphazene (Payne eta!., 1995, 1998) 

Non-ionic block copolymers (Johnson, 1994; Hunter eta!., 1991) 

Muramyl dipeptide analogues (Allison and Byars, 1991; Kahn eta!., 

1994; Azuma, 1992; Chedid et al. 1986, Audibert et al., 1985) 

Oligodinucleotides (ODN) (Moldoveanu eta!., 1998) 

Bacterial E. coli heat labile toxin (LT) (Clements et al. 1988) 

Monophosphoryy lipid A (MPLA) (Baker eta!., 1988; Johnson, 1994) 

Cholera toxin (CT) (Holmgren eta/., 1993) 

Emulsion-based Lipomes (Gregoriadis and Panagiotidi, 1989; Gregoriadis, 1990; Wassef 

et al., 1994; Shahum and Therien, 1995) 

MF59 (Valensi et al., 1994; Kahn eta!., 1994; Ott eta!., 1995a, 1995b) 

Syntex (SAF) (Allison and Byars, 1991) 

Freund's incomplete adjuvant (IFA) (Stuart-Harris, 1969; Putkonen et 

a!., 1994) 

Montanide (Seppic) (Scalzo et al., 1995) 

Others Saponins (QS21) (Soltysik eta!., 1995; Kensil, 1996; Newman eta!., 

1992) 

Immunostimulating complexes (ISCOMs) (Morein, 1988; Villacres

Eriksson, 1995; Barr and Mitchel, 1996) 

DC-Chollipid 3a-[N-(N',N' -dimethylaminoethane) 

arbamoyl]cholesterol 

(Haensler eta!., 1996; Brunei et al., 1999) interleukin-12 (Bliss et a!., 

1996) 

2.1.2.3 Mode of action of adjuvants 

Major mechanisms 

Some distinct mechanisms by which adjuvants can act are summarised as 
follows: 

a)depot effect for slow release of antigen from the site of injection. 
This effect causes antigen to persist for a longer period at the site of 
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injection or in the draining lymph nodes, improving its uptake by 
antigen-presenting cells (APCs); 

b) effects on APCs by targeting the antigen to APCs (i.e. carbohydrate 
adjuvants can target lectin receptors on macrophages and dendritic 
cells), activation and/or recruitment of APCs and others lymphoid 
cells; 

c) improvement of antigen presentation, for example by enabling B cells 
to be exposed to epitopes involved in pathogen neutralisation; 

d) activation of complement; 
e) stimulation of APCs expression of costimulatory molecules and 

prodution of immuno-regulatory substances such as cytokines 
(immunomodulating action that modifies the cytokine network); 

f) facilitation of the phagolysosome entry pathway (MHC class II 
presentation) in APCs for CD4+ T-lymphocyte mediated responses (T 
helper effector cells), enhancing antibody production; 

g) delivery of antigen to the cytoplasmic pathway (MHC class I 
presentation) in APCs, favouring induction of CDS+ cytotoxic T 
lymphocytes (CTL). 

For soluble antigens, at least two additional mechanisms can explain the 
immunopotentiating activity when aluminum salts and many other 
adjuvants (emulsions in general, llposomes, ISCOMs, etc.) are used .. By 
physical association, these adjuvants are able to transform partially or 
completely a soluble antigen into a particulate one (i.e. antigen adsorbed 
in the aluminum precipitate, or included in the oil microdroplets of 
emulsions), and as a result there is a shift from soluble antigen uptake by 
B cells to particulate uptake by macrophages or dendritic cells. We know 
that B cells internalise antigens via specific binding to their cell surface 
immunoglobulins (Abbas et al., 1985) and can present soluble antigens in 
concentrations as low as 1 ng/ml (Malynn et a!., 1985). On the other 
hand, APCs like macrophages and dendritic cells intemalise antigens by 
non-specific phagocytosis and pinocytosis (Unanue, 1985), and present 
these as peptides in association with major histocompatibility complex 
(MHC) class II molecules to T cells. Consequently we can conclude that 
particulate forms of antigens, which may be employed herein, effectively 
mediate the complete accessory cell activation of naive T cells, while a 
soluble form of antigen best mediates B cell interaction with helper T 
cells (Paul and Seder, 1994). 

We can conclude that adjuvants influence the immune response in 
one or more ways by the above mechanisms, and, consequently, 
adjuvanticity can be defined as follows: "adjuvanticity is the resultant of 
the addition of several modes of action, shared more or less by most of 
adjuvants. However, the proportion and the contribution of each of these 
mechanisms on the whole adjuvanticity are particular to each adjuvant". 
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Through the distinct mechanisms mentioned above, major benefits 
that can be expected by the use of vaccine adjuvants should be: a) 
enhancement of the speed (kinetics), strength, and persistence (long 
lasting immunity) ofthe immune response to a given immunogen, and b) 
modulation of the humoral or the cell-mediated immunity, or both. 

2.1.3 Development of new adjuvants 

2.!3.1 introduction 

To date our knowledge about the events involved in the generation of 
protective immunity, and the ways that adjuvants can modulate or 
influence so many parameters of the immune response is not sufficient to 
allow us to be capable of tailoring adjuvants to the requirements of a 
particular vaccine. Indeed, most of research on vaccine adjuvants has 
been empirical, in that, an antigen preparation was given with and without 
an adjuvant and the specific immune responses were compared by 
assessing humoral and/or cellular mediated immunity. Selection was then 
based on the balance between toxicity and adjuvanticity in an animal 
model. The advent of improved biochemical techniques has allowed the 
purification or construction of new and well characterised adjuvants, but 
these have been generally based upon the older empirical experiments. As 
our knowledge of the cell types and cytokines interacting in the immune 
responses increases, so does our understanding of the mode of action of 
adjuvants, as well as the way in which they produce side-effects. 
Nevertheless, it has now become possible to address many of the factors 
that must be considered in the rational design of new adjuvants for use in 
vaccines (and the side-effects to be avoided). Moreover, a clear 
understanding ofthe latter may facilitate regulatory approval and all these 
points taken together have rejuvenated adjuvant research so that it is once 
again at the forefront ofbiomedical sciences. 

2.1.3.2 Criteria 

It is most likely that there is no such thing as an "universal" adjuvant 
since the immunity elicited by adjuvanted vaccines is modulated strongly 
by many different factors, such as the nature and dose of the immunogens, 
the nature of the adjuvant, the final vaccine formulation and its stability, 
the immunisation schedule, the route of administration, and the animal 
species. Nevertheless, the following general characteristics should be 
considered for the development of new adjuvanted vaccines: 
(I) The adjuvant should be produced or be made available according to 

GMP (Good Manufacturing Practices), and defined chemically and 
biologically, allowing for stability and lot-to-lot variation studies in 
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the manufactured product, thereby assuring safety and consistent 
responses in vaccinees over time. 

(II) The adjuvant combined with immunogens should elicit a stronger 
protective immunity than the same immunogens without adjuvant. 

(III) The safety of the adjuvant must be assured, including immediate 
and long-term studies of side effects. 

(IV) The adjuvant should be intrinsically non-immunogenic, bio
degradable and biocompatible. 

2.l3.3 State of the art 

Adjuvants are often effective with some antigens and not with others. For 
example, aluminum compounds work successfully for vaccines against 
diphtheria (Aprile and Wardlaw, 1966), polio (Drescher et al., 1967), 
rabies (Wiktor et al., 1978), and hepatitis B (Scolnick et al., 1984), but 
fail to augment the response to vaccines against whooping cough (Butler 
et al., 1962), typhoid fever (Cvjetanovic and Uemura, 1965), trachoma 
(Woolridge et al., 1967), adenovirus hexon antigens (Kasel et al., 1971), 
influenza haemagglutinin (Davenport et al., 1968), and Haemophilus 
influenzae type b (Hib) capsular polysaccharide conjugated to tetanus 
toxoid (Claesson et al., 1988). 

It is not always possible to predict compatible and incompatible 
adjuvant-vaccine combinations before the late stages of preclinical or 
early clinical development. The predictability concerning adjuvantation in 
human is especially difficult because, very often, there are no reliable 
animal models. For this reason, when the selected adjuvant reaches the 
development stage, it is recommended that at least two strains of mice are 
utilised (inbred and outbred strains), and other species such as rabbits or 
monkeys included in further immunogenicity studies. These additional 
experiments will allow us not only to better predict adjuvanticity in 
humans but also to calculate the adjuvant dose and frequency of 
immunisation for use in clinical trials. Furthermore, vaccine alone, 
adjuvant, and vaccine adjuvant combinations should be studied for 
toxicity and immunogenicity, and their concentrations should mimic and 
exceed the calculated human doses (Gupta and Siber, 19953 ; Goldenthal et 
a/., 1993). 

Although preclinical studies should be done with the antigen that 
will be used in clinical studies (Gupta and Siber, 1995a; Goldenthal eta/., 
1993), the use of antigen models for adjuvant screening may be helpful to 
carry out comparative experiments among distinct adjuvant formulations. 
This may help to study their mechanisms of action and capability to 
induce protection in well-known animal models. 

Aluminum hydroxide can be used as a reference for the evaluation 
of new adjuvants for human vaccines. Therefore, it is important that 
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aluminum adjuvants be used optimally to allow correct evaluation of the 
experimental adjuvant (Edelman and Tacket, 1990; Gupta and Siber, 
1995a, 1995b ). Thus, during the adsorption of antigens on aluminum 
adjuvants, attention must be paid to the chemical and physical 
characteristics of the antigen, type of aluminum salt, conditions of 
adsorption, and concentration of adjuvant (Gupta and Siber, 1995a, 
1995b). 

2.I3.4 Safety 

The most important feature of any adjuvanted vaccine is that it is more 
efficacious than the non-adjuvanted vaccine and that this benefit 
outweighs its risk. During the past, several vaccines adjuvanted with 
mineral salts have been developed, and their immediate and delayed 
toxicity has been evaluated. Today, the potential use of some new strong 
adjuvants revealed in animal models, some of them being real 
immunomodulatory drugs, makes it necessary to review and update the 
traditional toxicological studies carried out in the field of vaccinology. In 
fact, some of these immunomodulory compounds should not be 
considered as vaccine excipients but instead as pharmacologically active 
drugs. 

The current attitude regarding risk-benefits of vaccination favours 
safety over etTicacy when a vaccine is given to the healthy population. In 
high-risk groups, including, for example, patients with cancer or acquired 
immunodeficiency syndrome (AIDS), and for some therapeutic vaccines, 
an additional level of toxicity may be acceptable if the benefit of the 
vaccine is substantial. Unfortunately, the absolute safety of adjuvanted 
vaccines, or any vaccine, cannot be guaranteed, so we must minimize the 
risks. The real and potential risks of administering vaccine adjuvants have 
been discussed in detail (Edelman and Tacket., 1990; Goldenthal et al., 
1993; Bussiere et al., 1995). 

Safety of new adjuvants is a major concern. In particular, one has to 
look for those rare reactions that may only occur once in several thousand 
doses, and thus may not be detected until late in the development 
program. At present, no specific guidelines exist for assessing the safety 
of adjuvant preparations for use in humans. The only guidelines issued by 
health authorities refer to tests on the final container lot of all biological 
products, which includes adjuvanted vaccines. These standard tests 
include: potency (by in vitro or in vivo tests), general safety (in two 
different animal species), sterility, purity (including a pyrogenicity assay 
in rabbits), and identity. In addition, for each vaccine, the adjuvant is 
tested for safety on a case-by-case basis, often with the help and guidance 
of the health authorities. 
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Therefore, even though separate and extensiv.e preclinical toxicity 
studies have been performed on both the adjuvant and the final vaccine 
formulation, the preliminary safety evaluation of the human candidate 
formulation may only be first conducted in a Phase I clinical trial. It arises 
from what was dicussed above that decades of expensive and time
consuming follow-up are required to identify potential low-incidence 
reactions, and, at present, proceedings for the systematic, active follow-up 
ofvaccinees given experimental adjuvants is not available. 

2.1.4 Adjuvants for human use 

The number of clinical trials using adjuvants has increased dramatically in 
recent years, even though the knowledge related to their mechanisms of 
action remains limited. The empirical approach that has guided the 
development of early vaccines, still plays a key role in the development of 
the « new technology adjuvanted vaccines >> (Leclerc and Ronco, 1998). 
Adjuvanticity is usually judged in terms of levels, duration and 
localisation of the antibody responses. Nevertheless, some adjuvants 
display the ability to fme-tune cellular immune responses upon 
vaccination, including CTLs, a key driver of modem vaccine strategies. 

The number of vaccine adjuvants tested in animals is too large to be 
reviewed in this chapter. Instead, a smaller number of novel adjuvants or 
adjuvant formulations used to enhance a variety of experimental vaccines 
in humans are considered in Table 2.1.2 and some of the more 
encouraging ones described below. 

In many instances, several adjuvants have been combined in one 
adjuvant formulation in the hope of obtaining a synergistic or additive 
effect. The majority of these adjuvants are being developed and tested by 
the pharmaceutical industry. 
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Table 2.1.2. Clinical trials with new adjuvants 

Trial adjuvant 
MF-59 

SAF (Syntex) 

QS21 

MDP (Murabutide) 

Nor-MDP 
MTP-PE 

Polyphospbazene (PCPP) 
Liposomes 
Virosomes 

Montanide 
Montanide ISA 720 
IFA 

(lrtokines IL-12 

IFN-y 

IFN-a 
IL-2 
GM-CSF 

Adjuvant combinations 
QS21 +MPLA +0/W emulsion 
MPL®+Aluminum 

MF59+MTP-PE 
Liposome+ 
MPL®+A1uminum 
DETOXTM 

References 
HIV (Kahn et al., 1994), Flu (Ott et al., 1995a, 1995b; 
Martin, 1997), Herpes (Ott et al., 1995; Straus et al., 1997) 
HIV (McElrath, 1994) 
HIV (McElrath, 1994; Keefer et al., 1997), Flu (Van Hoecke et 
al., 1995; Bouveret Le Camet al., 1998), Cancer (Livingston et 
al., 1994) 
Tetanus toxoid {Telzak et al., 1986), S. pyogenes (Olberling et 
al., 1983), Leishmania (Monjour eta!., 1986) 
Cancer (Triozzi et al., 1993) 
Flu (Gluck et al., 1994) 

Flu (Bouveret Le Camet al., 1998) 
Flu (Powers et al., 1995) 
Flu (Gluck et al., 1994) 

HIV (Trauger et al., 1994; Turner et al., 1992) 
Malaria (Lawrence et al., 1997) 
Flu (Stuart-Harris, 1969; Beebe et al., 1972), Polio (Salk and 
Salk, 1977) 
HIV (Jacobson et al., 1996), Cancer (Del Vecchio and Bajetta, 
1997) 
HBV (Quiroga et al., 1990; Patou et al., 1989), Malaria 
(Stiirchler et al., 1989) 
Malaria (Stiirchler et al., 1989, 1990), HBV (Grob et al., 1984) 
HBV (Meuer et al., 1989; Jungers et al., 1994) 
HBV (Lin et al., 1995 

Malaria (Stoute et al. 1997) 
HBV (Leroux-Roels et al., 1993, 1994; Koutsoukos eta!., 1994; 
Thoelen et al., 1998), Malaria (Gordon et al., 1995) 
HIV (Kahn eta!., 1994; Keefer eta!., 1996) 
Malaria (Fries et al., 1992), HIV (McElrath, 1994), 

Malaria (Hoffman et al., 1994; Rickman eta!., 1991 
Cancer (MacLean et al., 1992; 1993; Mitchell eta!., 1988, 1990; 
Elliott et al., 1993; Schultz et al., 1995) 

PART 2.11- Mucosal Immunity/Adjuvants and Techniques 

2.11.1 Introduction 

In general, mucosal immunisation can be used to reach two different 
goals : the induction of a mucosal response against a mucosal pathogen 
(or a pathogen penetrating through mucosae), and/or the induction 
through mucosal route of a systemic response against a non-mucosal 
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pathogen. The latter objective would be to replace injectable vaccines by 
needle-free ones while the former objective would be to target mucosal 
pathogens more specifically. The use of a mucosal route is considered to 
be required in that case; however, targeting systemic immunisation may 
also work, and we will discuss this point. One may also aim to induce 
both systemic local and immune responses, and actually the means used 
in mucosal immunisation (adjuvants/formulation) are usually able to do 
so. However, some adjuvants and/or formulations may orientate the 
response towards being predominantly or even only mucosal, while other 
adjuvants will enhance simultaneously both mucosal and systemic 
responses. The definition of an adjuvant, and the distinction between 
immunostimulatory and antigen-delivery capacities has already been 
addressed. These terms and concepts also apply to the field of mucosal 
immunisation. 

Immunising through mucosae often requires specific formulations and 
adjuvants, of which the choice and development is guided by the 
knowledge acquired on the structure and the role of the mucosa
associated lymphoid tissue (MALT), which is described in other chapters 
of this book. Various reviews have addressed in details the different 
characteristics of the mucosal immune system and their implications in 
vaccine development (Walker, 1994; Staats et al., 1994; Gupta et al., 
1993). The present review will focus on two aspects: 
adjuvants/formulations used in mucosal immunisation, and techniques 
used to measure at the mucosal level immune responses induced by a 
pathogen or by immunisation. 

Briefly, the gastrointestinal immune system and the related mucosae 
(nasal, rectal) present some specific features. From place to place along 
the mucosal epithelium are found some specialized structures - the most 
characteristic being the intestinal Peyer's patches- which are responsible 
for the uptake of pathogens and/or antigens, and subsequent initiation of 
the immune response (Brandtzaeg et al., 1989). Some cells are specialised 
in the uptake of pathogens and antigen, called M cells in the intestinal 
Peyer's patches, and M-like cells are also found in other mucosal 
lymphoid structures, such as the nasopharyngeal tonsils for instance 
(Kuper et al., 1992; Hopkins et al., 1998; Lemoine et al., 1998). 

In theory, an optimal formulation should be able to target these M 
cells and inductive sites in order to initiate an optimal mucosal response. 
For instance, M cells preferentially handle particulate antigens, therefore 
particulate formulations could be used to target these cells (Jones et al., 
1995; Giannasca et al., 1994). However, the epithelium itself plays a role 
in the induction of mucosal- and systemic - immune responses and other 
formulations/adjuvants able to target and eventually penetrate and cross 
epithelial cells would also do the job. We can try to summarize this in Fig. 
2.11.1. An adjuvant/formulation should ideally have at least two 
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properties, the first one being to target and bind M cells and/or epithelial 
cells. However, targeting and binding these cells are not sufficient to 
induce the desired i1runune response, and may even result in the induction 
of tolerance if the appropriate signals are not delivered at the same time 
(Waldo et al., 1994). Therefore the second property of a mucosal 
adjuvant/formulation should be to activate the immune system in the 
desired direction to obtain a mucosal/systemic response. We can then 
arbitrarily divide adjuvants in different categories. The first category 
would comprise adjuvants just mixed with antigen that would in turn 
benefit from a bystander effect due to the activation of the immune 
system at the very time when it is delivered. These adjuvants could be 
toxins (the cholera toxin is the prototype), cytokines, or non proteic 
compounds. The second category comprises adjuvants/formulations that 
would specifically target the antigen towards inductive sites. In this case, 
antigen can be within and/or presented on the surface of such 
formulations. Liposomes and microspheres are the most representative of 
this second group; however, these formulations often require the addition 
of an immunostimulant in order to properly activate the immune sytem. 
Finally, antigen can be expressed by live vectors (bacteria or viruses) (see 
chapter ) that naturally target the mucosae, and these vectors would 
constitute a third group; this aspect will not be developed extensively 
here, although we will mention the more representative vectors used in 
the research area. An altemative approach would be to use systemic 
immunisation - and systemic adjuvants - to induce immune responses in 
the mucosae, and we will also address this point. 

In the third part of this chapter, we will describe the techniques used to 
measure the immune responses in the secretions or in the mucosae 
themselves. 

Before addressing all these points, it is important to point out that 
most studies published in this field have been done in laboratory animals, 
mice in particular. We have to stress that important differences exist in the 
mucosal immune systems, between mice and human beings in particular, 
and that many promising adjuvants and formulations selected in animals 
go on to fail in clinical trials. For instance, particular attention has to be 
paid when analysing results obtained by nasal route in mice, regarding the 
volume administered and the use of anaesthetised or unanaesthetised 
animals. A large volume (> 5 -10 ~-tl) administered in anaesthetised mice 
will reach the lungs where a very strong response will be induced. This is 
clearly different from what will be called <<nasal immunisation» in man. 
In addition the dose/weight ratio has to be considered when one tries to 
extrapolate animal experiments to the human situation. We have to keep 
this in mind, and human studies will be mentionned as often as possible in 
this review. 
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Figure 2.11.1. Properties required for mucosal adjuvantation 
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2.II.2 Adjuvants 

2.IL2.1 Soluble adjuvants mixed with antigens 

2.IL2.1.1 Toxins 

Cholera Toxin 

Cholera toxin (CT, from Vibrio cholerae) is the prototype «gold 
standard» mucosal adjuvant, and so far the most widely used and studied, 
along with the related heat labile toxin from E. coli (LT). These two 
toxins are very potent mucosal adjuvants and have been tested in 
combination with a large number of antigens in different animal species. 
CT (and LT) are composed of two subunits: a monomeric, enzymatically 
active A subunit (CTA) and a pentameric, non-toxic, B subunit (CTB) 
that binds GMl ganglioside at the surface of eukaryotic cells (Elson et al., 
1989). As proposed in Fig. 2.II.l in the introduction, an adjuvant should 
bind to cells and activate the immune system. CT and LT almost perfectly 
fulfill these two criteria: CTB first binds to the widely expressed GMl 
ganglioside, and, in a second step, CTA activates the cell by catalysing 
the ADP ribosylation of the regulatory protein Gsa of adenylate cyclase, 
which in turn increases the synthesis of the intracellular second messenger 
3', 5' cyclic AMP (cAMP) (Lycke and Strober, 1989). An important 
signalling reaction occuring in CT -treated eukaryotic cells is an increased 
synthesis of prostaglandins, which results from CT -mediated release of 
arachidonic acid from membrane phospholipids (Peterson et al., 1996). 
From an immunological point of view, feeding animals with antigen and 
CT results in the break of oral tolerance and the induction of a strong 
immune response (with a long-lasting memory) towards CT itself and the 
co-administered antigen (Elson et al., 1984 ). The immune response 
induced in the presence of CT by the mucosal route is mostly of the Th2 
type, resulting in pa1iicular in the synthesis of local slgA, but also in high 
circulating antibody titres (mainly IgG 1 in mice, representative of the Th2 
type) (Xu Amano et al., 1994). The adjuvant effect is most likely linked 
to the activity of CT A, although some studies have demonstrated an 
adjuvant effect of CTB itself, and we will discuss this point below. 

Different authors have looked more precisely at the consequences of 
cell activation induced by CT : the observed effects include synthesis of 
pro-inflammatory cytokines I L-1 and IL-6 (Me Gee et a!., 1993 ), B cell 
isotypc differentiation (Lycke and Strober, 1989), alteration of T cell 
function (Elson eta/., 1995), and upregulation of costimulatory molecule 
B7-2 (Cong et al., 1997). However, the magnitude of the adjuvant effect 
depends on the genetic background of the animal and is controlled by 
different genes, including H-2 and lps genes (Elson and Balding, 1987). 
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The major problem linked to CT is its high toxicity in man, while 
this is not the case in mice. Therefore different authors have investigated 
if CTB alone could have an adjuvant effect. Although some initial studies 
carried out with purified CTB demonstrated some adjuvant effect, this 
was linked to minute amounts of residual CT A. Using recombinant CTB 
(rCTB), different authors were not able to find any adjuvant effect, at 
least when administered by the oral route (Blanchard et al., 1998). 
However, several studies did show an adjuvant effect of rCTB when using 
nasal route (De Gens et al., 1997). Other authors intentionally mixed 
small amounts of CTA with CTB and found that the doses of CTA 
required for adjuvantation were dramatically reduced, which would 
enable a potential use in humans {Tamura eta!., 1994). Alternatively, the 
use of CTB as a carrier has been investigated by some authors, and this 
will be discussed below. Nevertheless, CTB by itself is a very potent 
immunogen and has indeed been included in vaccine formulations against 
cholera in human trials, inducing significant immune responses (Begue et 
al., 1995). 

Another way to use CT in humans more safely is to genetically 
construct non-toxic mutants retaining some adjuvanticity. Several mutants 
have been constructed by different groups, targeting different sites of the 
molecule. Although it seems that some ADP-ribosylating activity should 
be maintained, some mutants completely devoid of such activity in vitro 
were still active as adjuvant, although still only by the nasal route 
(Yamamoto et al., 1998). 

Recently, the construction and use of a CT A-protein A fusion as an 
adjuvant was reported to exhibit the same adjuvanticity as CT, without 
any toxicity. This chimeric adjuvant targets B cells and potentially other 
APCs in which ADP ribosylation and subsequent activation takes place. It 
seems to work both mucosally or parenterally but it is unclear why the 
formulation reaches preferentially mucosal inductive sites where APCs 
are located (Agren et al., 1995). 

E. coli heat labile toxin (LT) 

Most ofthe characteristics ofCT, including toxicity in man, are shared by 
its counterpart from E. coli, LT (Clements et al., 1988; Walker and 
Clements, 1993). However, one potentially important difference is the 
report that they induce different Th profiles. While CT induces a Th2 
biased response by mucosal route, it seems that L T induces a more 
balanced Thl/Th2 response {Takahashi et al., 1996); this would be 
important if one aims to induce one or the other type of immune response 
against one defined pathogen. Despite its toxicity, L T has been used in 
human clinical trials, with modest adjuvant effect by oral route (Baquar et 
al., 1995). Less-toxic or non-toxic mutants of LT have also been 
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constructed by different groups, which appear active when given by oral, 
nasal or intravaginal routes in mice (Douce et al., 1995; Chong et al., 
1998; De Magistris et al., 1998). However, adjuvanticity of these mutants 
is still to be confirmed in humans, in particular by oral route. 

- Other toxins 

Other toxins have been tested for their adjuvant effect, including the 
ADP-ribosylating toxin from B. pertussis (PTX). Similar to CT and LT, 
mutants of this toxin have been constructed, one of them -PT 9K/129G
still acting as a potent adjuvant when co-administered by nasal route in 
mice (Roberts et al., 1995). 

2.IL2.1.2 Lipoproteins 

It had been observed that the adjuvanticity of CT was linked to its very 
high immunogenicity and its ability to induce proinflammatory cytokines. 
It was tempting to investigate if other proteins presenting the same 
properties were able to similarly adjuvant co-administered proteins. The 
outer membrane lipidated protein from Borrelia burdogferi (OspA) had 
been demonstrated to induce pro-inflammatory cytokines, and in our 
laboratory we have observed that it was a potent mucosal immunogen. 
We also showed that it was -by nasal route in mice - as potent as CT as a 
mucosal ADJUVANT with different co-administered antigens (Erdilc and 
Guy, 1997). The same strategy could be applied to a number of potent 
mucosal immunogens. However, in the case of OspA for instance, it is 
unclear if a real targeting of mucosal inductive sites is achieved; 
adjuvanticity rather resulting from a broad local immune activation. 

2.IL2.1.3 Cytokines 

Apart from toxins, other biologically active proteins could act as 
adjuvants, and in the first place cytokines themselves. Actually, several 
authors have explored this approach to enhance and/or modulate the 
efficacy of mucosal immunisation (Rollwagen et al., 1996). Indeed, 
mucosal inductive sites generally present a Th2 biased environment 
which may be required according to the considered pathogen to 
reorientate the immune response. IL-12 or IFN-y cytokines have been 
successfully used by the oral route to shift the Th2 response towards a 
more balanced Thl/Th2 profile, as measured by cytokine levels and 
antibody isotypes (IgG2a/IgGl balance in mice) (Marinaro et al., 1997). 
In addition, it seems that the slgA local response is not affected by such 
an administration ofriL-12. However, in contrast, according to a different 
study, nasal administration of the same cytokine did suppress IgA 
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responses (Arulanandam et al., 1998). Other authors have used vectors, 
such as herpes simplex virus, to express cytokines such as IL-4 or IFN-y 
and observed results are consistent with their respected and expected 
biological activities (K.uklin et al., 1998). 

Finally, plasmids encoding cytokines such as IL-12 or GM-CSF 
have been administered by the nasal route in mice to enhance the immune 
response to DNA vaccines encoding HIV proteins (Okada et al., 1997). 
All these different works illustrate the potential of cytokines to modulate 
mucosal responses, as previously observed for systemic responses. 

2.1!2.1.4 Non proteic adjuvants 

Beside proteic mucosal adjuvants, non proteic formulations can be mixed 
with antigens in order to increase their immunogenicity. They can include 
polysaccharidic compounds such as Chitosan (Jabbal-Gill et al., 1998), 
lipophilic preparations having mucoadhesive properties (Gizurarson et al., 
1995), lipopeptides such as MAP-P3C (Nardelli et al., 1994), saponins 
(Estrada et al., 1998), or even the widely used alum (Isaka et al., 1998). 
Most of these adjuvants have been tested by nasal route in mice, as oral 
immunisation was in most cases unsuccessful, probably due to large 
dilution or antigen degradation. These adjuvants most likely do not 
selectively target mucosal inductive sites, and dilution of both adjuvant 
and antigen is clearly a limiting factor which has to be taken in 
consideration in humans, even when the nasal route is used. 

Nevertheless, Chitosan enhances immune reponses against PTX by 
the nasal route in mice (Jabbal Gillet al., 1998), while saponins (QS21) 
potentiate the response not only against co-administered antigens 
(ovalbumin or CT), but also against proteins expressed by co
administered plasmids, such as plamids encoding HIV antigens (Sasaki et 
al., 1998). It is interesting to notice that aluminum hydroxide, which is so 
far almost the only accepted adjuvant for human use, is also able to act as 
a mucosal adjuvant by the nasal route in mice (Isaka et al., 1998). 

Finally, in the growing area of CpG oligonucleotides used as 
adjuvants, and besides their use in parenteral immunisation, recent reports 
demonstrate some adjuvanticity of these compounds, again when given 
by the nasal route in mice (Me Cluskie et al., 1998; Moldoveanu et al., 
1998). 

This further illustrates that a potentially large number of systemic 
adjuvants tested so far may also work by the nasal route. Actually, nasal 
immunisation not only enables antigens to be presented at a mucosal 
surface (where they may induce a local response), but also the antigen 
(and the adjuvant) may reach the circulatory system via the extensive 
submucosal blood supply in the nasal cavity and stimulate a systemic 
response too. This is probably the reason why the use of the nasal route in 
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mice is so popular when one aims to demonstrate a mucosal adjuvanticity 
for any given compound, although, unfortunately, efficacy is not always 
achieved when the same experiment is performed in humans. 

2.11.3 Particulate adjuvants/vectors/carriers 

2.Il3.1 Liposomes 

In order to protect and target antigen in the case of mucosal 
immunisation, in theory, particulate formulations such as liposomes 
constitute a promising vehicle. These structures are commonly made of 
phospholipids constituting cell membranes and can be filled or coated 
with a large variety of antigens. The composition and the size of 
liposomes may be adapted to specific needs, may include lipids having an 
adjuvant effect by themselves, or may alternatively co-encapsulate 
antigens with selected adjuvants. Depending on their composition, 
liposomes are usually non-toxic and protect their loads from being diluted 
or degraded in biological fluids,- but may not resist biliary salts for 
instance. Liposomes have been widely used to encapsulate drugs, and 
their potential for vaccination by the systemic or mucosal routes has also 
been extensively investigated. 

One of their major potential targets is antigen presenting cells 
(APCs), but they may also target M cells in the mucosae, due to their 
particulate structure. However, liposomes themselves may be extensively 
diluted in the digestive tract, and most likely no real targeting occurs after 
oral administration. Once again the nasal route appears more promising 
(De Haan et a/., 1994), but such formulations have also been given by 
other routes in mice with some success (Zhou et al., 1995). 

As mentioned above, the nature of the lipid that can be used to 
prepare the liposomes is fairly flexible; it can be neutral, negatively or 
positively charged. The lipids used may also act in some cases as 
adjuvants. In our research department, we have had good results with 
cationic liposomes made of DC Chol in inducing systemic and mucosal 
responses against mixed flu antigens administered by nasal route in non
anaesthetised mice; using equivalent doses, the nasal route in mice 
induced systemic responses comparable to those induced by systemic 
route, as well as a much better mucosal response. Interestingly, some 
authors have observed that neutralliposomes may act not only as carriers, 
but also as immunostimulants, as administration of empty liposomes 
(negatively charged) 48 hours prior antigen administration also enhanced 
the immune response (DeHaan et al., 1994). Good responses were also 
obtained when immunising with liposomes in the lower respiratory tract 
(De Haan et al., 1995). Theses responses were not restricted to the 
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respiratory tract, but were also induced in distant mucosae such as the 
uro-genital tract. However, as we pointed out in the introduction, 
immunisation in the lungs is not likely to be routinely applied in the field. 

Liposomes acting as carriers may also be simply mixed with 
adjuvants, as has been done with CT administered by the rectal route 
(Zhou et a/., 1995). An interesting point from this study is the potential 
use of IgA-coated liposomes that would enhance the uptake of the 
liposomes by M cells. 

Other modified liposomes have been used, some of them been 
tested in clinical trials, such as Virosomes TM which carry the two 
glycoproteins of influenza virus on their surface (Mengiardi eta/., 1995). 
Clinical trials have been conducted with these carriers administered by 
parenteral route, but also by nasal route with the flu antigens, that have 
now reached phase II. Significant increases of pre-existing titres were 
observed, but it is unclear if results were really different from those 
observed in other studies with non-formulated antigens. 

Although administration of vaccines by the oral route in humans is 
difficult, liposomes have been used with some success when 
encapsulating Streptococcus mutans carbohydrates, at least for inducing 
local immune responses (Childers et al., 1991). 

One potential and major limitation of the use of liposomes is the 
scale-up of such vectors in conditions allowing human immunisation, and 
this will also apply to microspheres; if non-sterilisable or non-filtrable, 
these compounds would have to be prepared under sterile conditions 
during the whole process. However, small liposomes may be filtrable and 
further progresses is likely to be achieved in that respect in the coming 
years. 

2.IL3.2 Microspheres 

Beside liposomes, microspheres constitute another type of particulate 
carrier that has been undergoing tests for a long time, for both parenteral 
and mucosal administration. Indeed, the concept of antigen encapsulation 
in biodegradable microspheres for immunising animals or humans has 
been considered very early on as an attractive delivery system (for a 
review see Eldridge eta/., 1991). Encapsulated antigen is protected from 
degradation, and depending on the microsphere composition, antigen 
release can be controlled over time. In addition, the size and 
hydrophilicitylhydrophobicity ratio of microspheres can be adapted to the 
route of immunisation. For instance, uptake by M cells appears to depend 
on both hydrophobicity and size (micron range), but varies with different 
animal species. Oral immunisation with flu antigens encapsulated in 
microspheres gave promising results in mice (Moldoveanu et al., 1993), 
but this has not been confirmed in humans. Once again, the use of the 
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nasal route avoids too a large a dilution and induces both systemic and 
mucosal immunity. This may constitute a more viable alternative, and has 
been demonstrated as an efficient way to enhance immune responses. 

However, several limitations are linked to the use of microspheres. 
Some are the same as those encountered with liposomcs used by mucosal 
routes (inter-species differences, no real targeting of inductive sites, large 
dilution in mucosal fluids, potential problems of scaling-up), and some 
are specific to the preparation of microspheres. For instance, in most 
cases, the use of organic solvents is required, which may be a critical 
limitation for some antigens if appropriate conformation and folding are 
absolutlely required. However, as for liposomes, significant progresses 
are likely to be made in the future to make these vectors suitable for 
human use. 

2.II3.3 Other particulate carriers 

Apart from liposomes and microspheres, many different carriers have 
been tested for mucosal immunisation. The goals are usually the same 
when using such compounds : allowing delivery of antigens in a 
particulate form, together with an adjuvant, and if possible in a vehicle 
protecting antigen from degradation in the mucosal fluids. 

We can mention ISCOMS, for which strong adjuvanticity had 
already been observed in parenteral immunisation, and that appear to 
constitute an appropriate delivery system for mucosal immunisation by 
the nasal route (Morein et al., 1998). More recently, a new family of 
carriers (BiovectorsTM) has been developed. These are nanoparticles of 
polymerised polysaccharides substituted with phosphate residues and 
surrounded by covalently bound palmitic acid (Castignolles et al., 1996). 
In collaboration with Biovector Therapeutics, we have tested these 
carriers in mice with flu vaccine given by the nasal route, and observed 
good systemic and local responses (unpublished results). A phase I 
clinical trial with these formulations has recently been carried out, using 
the nasal route and flu antigens, and immune responses have been induced 
at significant levels in some volunteers, but again it is unclear whether the 
carrier was critical in the induction of such responses. 

Proteosomes have also been tested by the nasal route, as were 
recombinant Norwalk virus-like particles by the oral route (Ball et a!., 
1998), alone or in combination with adjuvants like CT, and induced good 
levels of systemic and local antibodies in mice (Lowell eta!., 1997). 
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2.IL3.4 Carrier proteins 

Proteins presenting an affinity for mucosal surfaces may constitute 
carriers for other antigens. In that respect, CTB and L TB are among the 
most attractive ones, due to their high affinity to GMl gangliosides (for a 
review see Nashar et al., 1993). When coupling antigens to CTB or LTB -
genetically or chemically-, the binding capacity of the carrier has to be 
conserved, and many constructions have been tested by different groups. 
However, one has to be aware of what kind of response is desired, in 
particular if one aims to induce systemic responses by the mucosal route 
using this approach. It has been reported that coupling CTB to different 
antigens may enhance peripheral tolerance to these antigens, when 
administered by mucosal (oral or nasal) routes (Sun et al., 1994). A 
selective tolerisation of Thl-like cells plays a role in this process (Me 
Sorley et al., 1998}, and this strategy is considered to have potential for 
the prevention or cure of some auto-immune disorders. 

2.11.4 Live vectors 

Although we will not develop this section in detail since it is addressed 
elsewhere in this book, it is important to mention some vectors used to 
express and deliver foreign antigens to mucosal inductive sites. Among 
these vectors, those having a particular tropism for M cells are 
particularly attractive, e.g. attenuated Shigella and Salmonella vectors 
(Tacket et al., 1997; Nardelli-Haefliger et al., 1996}. These vectors can 
express foreign proteins or deliver plasmids bearing the corresponding 
genes for expression in eukaryotic cells (Sizemore et a!., 1995). Other 
bacterial vectors can be used, including Listeria (Paglia et al., 1997), 
BCG (Kremer et al., 1998) or Vibrio cholerae (Ryan et a!., 1997) that 
have been used to express foreign antigens. Viruses are also good 
candidates and their natural tropism for different mucosae is a strong 
advantage for some of them, adenoviruses in particular with regard to 
respiratory mucosae (for a review see Imler, 1995). Even plant viruses 
have been used as vectors by nasal route, inducing significant immune 
responses (Durrani et al., 1998). Another advantage of live vectors is 
often their capacity to induce both Th1 and Th2 responses, balancing the 
natural Th2 bias generally inherent to mucosal inductive sites in the case 
of immunisation with purified antigens. 

On the other hand, one potential limitation of these vectors is their 
residual toxicity that may prevent their use in immunocompromised hosts 
(Sinha et al., 1997). In addition, instability of the vectors and their 
capacity for inducing an immune response against themselves is another 
drawback that may prevent repeated use. 
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Moreover, the efficacy of these vectors, although well demonstrated 
in animals, may not be the same in humans. In recent clinical trials using 
Salmonella vectors, it has been observed that although some response was 
effectively raised against the vector, none was expressed against the 
antigen (Tacket et al., 1997). 

Beside these vectors for which residual toxicity may be a problem, 
commensal micro-organisms such as Gram-positive bacteria (e.g. lactic 
acid bacteria) have been used as immunostimulants (Miettinen et al., 
1998), and also to express foreign antigens (Medaglini et al., 1995; Di 
Fabio et al., 1998). Although expression and mucosal targeting of these 
antigens is usually achieved by such vectors, it has to be demonstrated 
that appropriate immune activation takes place in a second step, leading to 
significant immune responses. This seems to be the case in mice 
(Medaglini et al., 1997, 1998) as well as a recent monkey study 
conducted with recombinant Streptococcus gordonii (Di Fabio et al., 
1998). On the other hand, these vectors may be used to induce oral 
tolerance in order to prevent auto-immune disorders, as recently proposed 
in the case of multiple sclerosis (Maassen et al., 1999). Another potential 
application of lactic bacteria is their ability to compete with pathogenic 
bacteria for colonization of mucosae. This has been shown in the case for 
H. pylori gastric colonization in mice or in humans, directly, and/or 
through soluble mediators (Coconnier et al., 1~98; Aiba et al., 1998; 
Michetti et al., 1999). 

This area will be explored and discussed much more extensively in 
other chapters of this book. 

2.11.5 Enhancement of mucosal responses by targeted systemic 
immunisation 

The fields of mucosal immunity and mucosal immunisation have been 
extensively explored only relatively recently, and in comparison more 
knowledge has been acquired in the past decades on systemic immunity 
and the adjuvants required to boost it. Moreover, some authors have 
stated that any sufficiently strong and appropriate systemic immunisation 
would effectively prevent any infection, wherever it takes place and data 
obtained after a long-standing and extensive use of the currently marketed 
vaccines to some extent uphold this point of view. However, a more 
selective alternative to mucosal immunisation would be to direct systemic 
immunisation to induce local responses in the desired mucosae (Coffin et 
al., 1995; Lehner et al., 1996). This would enable the use of adjuvants 
that have been shown to be efficient in systemic immunisation and to 
provide a broader choice of compounds with which to orientate the 
immune response in the desired direction. This concept has been widely 
explored and validated by the group of T. Lehner, in particular in 
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monkeys with the SIV model (Lehner et al., 1996). The choice of the 
systemic immunisation site is dictated by the lymphatic drainage of the 
injection site and of the target mucosa (Barone, 1996), which should be 
the same. Targeting any lymph node draining a mucosal surface would, in 
theory, favour a mucosal response, due to the particular environment in 
these lymph nodes, which would favour the expression on lymphoid cells 
of mucosal integrins, such as a.4p7. 

We have in our laboratory explored this concept and demonstrated 
the importance of the site of systemic immunisation using different 
antigens (flu or Helicobacter antigens) in different animal species (mice 
and monkeys) (Guy et a/.,1998 a, b, c,l999). In these studies we 
compared « parenteral » adjuvants such as QS21, cationic lipid DC Chol, 
Bay synthetic glycolipopeptides or phosphopolymers such as 
polyphosphazene (PCPP), and observed that targeted immunisation with 
an appropriate adjuvant could induce the desired local response in the 
target mucosa, and a significant protection in the case of H. pylori (Guy et 
a/., 1998 a, b, e, 1999). In addition, we also used mucosal adjuvants such 
as CT or LT by the parenteral route, and again observed good protective 
efficacy in an H. pylori challenge model when such adjuvants were given 
by systemic route. However, the high local toxicity of CT or L T at the 
injection site requires a dramatic reduction of the doses used; this can be 
achieved by combining CTB or LTB with minute amounts of CT or LT, 
as we described above. Alternatively, a new concept has recently been 
explored by G. Glenn and coworkers uses CT as an adjuvant for 
transcutaneous immunisation, without inducing any local reaction (Glenn 
et al., 1998). Although the doses needed both for adjuvant and antigen are 
very high compared to subcutaneous immunisation, latitude for 
improvement exists and such a way to immunise against systemic and 
mucosal diseases is interesting and sufficiently challenging to justify 
further studies and sustained efforts, both in animals and humans. 

Finally, another way to exploit the potency of systemic 
immunisation with chosen adjuvants is to combine mucosal and 
parenteral vaccination. Many different combinations have since long been 
tested, and show the effectiveness of such a strategy (Keren et al., 1988). 
From an immunological point of view, antigen would be processed by 
different APCs, present in mucosal and systemic inductive sites, resulting 
in presentation of different peptides {Todryck et al., 1998). The feasibility 
of such protocols in the field remains, however, an important issue. 

2.11.6 Techniques 

Measurement of mucosal responses is required if one aims to look at 
natural immune responses against a mucosal pathogen, or to analyse the 
quality and the level of responses induced after mucosal immunisation. 
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Although most immunological techniques used to measure systemic 
immunity apply quite well to the overall domain of mucosal immunity, 
some specific tools exist to investigate immune responses at the mucosal 
level. 

2./I 6.1 Measurement of humoral responses 

Routine ELISA techniques can be used to measure antibody or other 
immune mediator levels in various mucosal secretions (saliva, intestinal 
or vaginal secretions, tears, broncho-alveolar and nasal lavages ... ). 
However, the first step, namely the collection of fluids or mucosal cells, 
often constitutes some limitation, the quality and the quantity of obtained 
secretions being sometimes limited. 

In laboratory animals, some techniques have been described to 
collect and store secretions in vivo, and allow repeated measurements of 
antibodies (Elson, 1984). Alternatively, or in addition, the collection of 
secretions can take place after sacrifice by using absorbent wicks which 
may allow a better quantitative recovery and measurement of responses 
(Haneberg et al., 1994). These can also be measured in easily collected 
and air-dried samples of faeces and saliva, allowing an easier storage not 
always requiring refrigeration (Vetvik et al., 1998). 

In humans, different tools exist to collect a large number of 
secretions, for instance tears and saliva (Laufer et a!., 1 995), and different 
companies market specific devices to collect and store individual samples. 
These devices are now being used routinely in clinical trials. Rectal and 
vaginal secretions can also be collected, using marketed rectal absorbent 
wicks for instance (Kozlowski et al., 1997; Kantela et al., 1998). 

Once collected, centrifuged, filtrated and diluted in appropriate 
buffers, samples are then analysed by conventional techniques. All 
isotypes can be measured in secretions, but the most commonly analysed 
is the IgA isotype. Due to the highly variable dilution of the collected 
secretions according to different experiments, it is often necessary to 
normalise the level of specific Ig to the total level of the corresponding 
isotype present in the same sample. In addition, detecting the presence of 
the secretory component (SC) may help to confirm the nature of IgA 
detected (monomeric or dimeric), as only the secreted dimeric form 
(SigA) bears this peptide. Alternatively or in addition, HPLC techniques 
may allow the discrimination between monomeric and polymeric IgA. 

It is to be noted that some secretions (bronchoalveolar lavages for 
instance) may be a source of immune cells, and once obtained, they can 
also be analysed by conventionnal techniques used for measuring cellular 
immunity. 
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2.!!6.2 Measurement of cellular responses 

ELISPOT (antibodies and cytokines) 

The quantification of antibodies or other soluble mediators accumulated 
in secretions has some limitations: it brings little information on the 
dynamic aspects of immune responses and in particular is unable to yield 
information concerning the precise anatomical location(s) of antibody or 
cytokine formation. The analysis of secretions at the cellular level is more 
informative in that respect. Since its original description (Czerkinsky et 
al., 1983), the ELISPOT technique (or ELISA plaque assay) has been 
employed as an altemative to the conventional plaque-forming cell assay 
to enumerate specific, as well as total, immunoglobulin secreting-cells 
and also to detect a variety of cells (lymphoid or non lymphoid) that 
secrete factors with immunological properties such as cytokines (Mega et 
al., 1992). Antigen (against which antibodies are directed) or capture 
antibodies (directed against a cytokine for instance) are adsorbed onto a 
solid surface and, in a second step, cells to be analysed for secretion are 
added into the wells. After a variable time of incubation depending on the 
experiment, cells are removed by the use of a detergent (Tween for 
instance), and subsequent steps are similar to those followed in ELISA 
tests, except for the final revelation step. The secreting cells are then 
visualised as spots that are then counted under a dissecting microscope. 
The spots appear distinct from the background, and counting them is 
usually not difficult for someone with some experience. However, it is 
often time consuming, and some companies now propose devices for 
automated counting. 

The method can be employed to detect secreting cells in 
suspensions prepared from a variety of animal species (for which reagents 
exist) and from different anatomic compartments. As for the collection of 
secretions, the limiting factor here is the source of cells and the recovery 
yields. When working on animals, collection of different organs can be 
made after sacrifice, and this usually allows recovery of substancial 
numbers of cells after appropriate digestion. However, the digestion step 
is a critical one, in particular with organs with a low number of lymphoid 
cells. The enzymes and conditions used have to keep cells in a 
physiological state, not damage them, and not activate them non
specifically. Dispase and/or collagenase are among the most popular 
enzymes used (Mega et al., 1992), but digestion is often preceded by a 
chopping step that can be done manually or with automated tissue 
choppers marketed by different companies. After digestion, a final 
purification step may be required using Ficoll or equivalent reagents. This 
is recommanded in the case of crude preparations that may induce too 
high a background signal after revelation of the spots, and thus prevent an 
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accurate quantification, although one has to be aware that such steps often 
result in a high loss of cells. This can be a problem when the number of 
cells is initially very low, and a compromise has to be found. 

In humans, the source of cells usually comprises biopsies or 
samples obtained after surgery, and in the former case the yields are 
usually low whatever the technique used to obtain the cells, which may 
constitute some limitation. 

A considerable number of studies have used this technique to 
measure in particular IgA secretory cells in murine nasal tissue, salivary 
glands, Peyer's patches, lamina propria, lymph nodes or spleen (Asanuma 
et a/., 1998). Similarly, cytokine-secreting cells have been detected in 
different mucosal inductive and effector sites (Taguchi et al., 1990; Mega 
('t a/., 1992). The ELISPOT technique can be used with different 
revelation systems in order to visualise different cells secreting, for 
instance, different isotypes in the same well (Czerkinsky eta!., 1988). It 
can also be combined with specific purification steps (immunobeads) 
before incubation (Lakew et al., 1997). 

Apart from mice, it has been used in a large variety of animals, 
including monkeys (VanCott et al., 1993; Van Besouw et al., 1994), and 
in humans, for IgE to IFNy detection (Shinomyia eta!. 1993; Hanke eta!., 
1998). Due to the sometimes limited availability ofbiopsies, some authors 
have correlated the detection of antibody secreting cells in the blood 
circulation with the level of mucosal antibody responses (Nieminen eta!., 
1998). When stimulated in inductive sites, cells bearing a mucosal 
adressin will, over a short time window (usually about 1 week after 
induction in mucosal sites), transit through the blood circulation where 
they can be picked up and quantified. This may constitute a convenient 
alternative to the use of biopsies when schedules of immunisation and 
sampling are well defined, and when correlation between local and 
peripheral detection has been clearly demonstrated within this interval of 
time. 

Expansion ofT cell clonesfrom biopsies 

Although the amount of lymphocytes in human biopsies is usually small, 
some T cell expansion can be carried out to allow subsequent analysis 
using conventionnal T cell immunology techniques. Actually, techniques 
used to generate clones from PBLs (Del Prete et a!., 1991) have been 
applied to biopsies from bronchial and nasal mucosae, or gastric mucosa 
respectively (Del Prete eta/., 1993; D'Elios eta!., 1997). Once obtained, 
clones can be characterised, and their antigenic specificity, phenotype and 
cytokine profile determined. One drawback of these techniques is the use 
of clones that usually result from non-specific polyclonal activation which 
constitutes, in most cases, the first step of the cloning procedure. This 
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may preferentially select the more resistant or activatable clones, 
regardless of their Th profile or antigenic specificity. 

Immunohistochemistry!F A CS analysis, and more ... 

Techniques used to analyse immune responses in tissue sections apply 
quite well to the analysis of mucosal immunity. Although the ELISPOT 
technique is often preferred for the detection of antibodies or cytokines, 
immunohistochemistry can be used to analyse different cell markers in 
situ for instance (Elitsur et al., 1998; Trajman et al., 1997). This can be 
combined with F ACS analysis. 

There areas many different techniques as there are different subjects 
and laboratories, and we do not pretend to have described, or even listed, 
all of them here. Each technique has to be selected and developed 
according to the specific model and antigen(s) used. The current chapter 
has only described the most widely used techniques and compounds, and 
constitutes a source of references rather than a detailed description of each 
adjuvant and/or protocol. 

References 

Abbas, A.K., Haber S, and Rock, K.L. (1985) Antigen presentation by hapten-specific B 
lymphocytes, J Immun. 135, 1661-1667. 

Agren L, Lowenadler B, Lycke N. A novel concept in mucosal adjuvanticity: the CTAl
DD adjuvant is a B cell-targeted fusion protein that incorporates the enzymatically 
active cholera toxin A1 subunit. lmmunol Cell Bio/1998, 76, 280. 

Aiba Y, Suzuki N, Kabir AM, Takagi A, Koga Y. Lactic acid-mediated suppression of 
Helicobacter pylori by the oral administration of Lactobacillus salivarius as a 
pro biotic in a gnotobiotic murine model. Am J Gastroentero/1998, 93, 2097-101. 

Allison, A.C., Byars, N.E. (1991) Immunological adjuvants: Desirable properties and 
side-effects, Mol Immunol; 28, 279-284. 

Aprile, M.A. and Wardlaw, A.C. (1966) Aluminum compounds as adjuvants for 
vaccines and toxoids in man: a review, Canadian Journal of Public Health 57, 343-
360. 

Arulanandam BP., and DW. Metzger. Modulation of mucosal and systemic immunity 
by intranasal IL-12 delivery. Vaccine 1998, 17: 252 

Asanurna H., C. Aizawa, T. Kurata and S. Tamura. (1998) IgA antibody forming cell 
responses in the NALT of mice vaccinated by intranasal, intravenous and/or 
subcutaneous administration. Vaccine, 16, 1257. 

Audibert, F., Leclerc, C., and Chedid, L. (1985) Muramyl peptides as 
imrnunopharmaco1ogical response modifiers, in P.F. Torrence, (eds), Biological 
Response Modifiers. New Approaches to Disease Prevention, Academic Press, 
Orlando, pp. 307-327. 

Azurna, I. (1992) Synthetic imrnunoadjuvants: application to non-specific host 
stimulation and potentiation of vaccine immunogenicity, Vaccine 10, 1 000-1 006. 



56 

Baker, P.J., Hiemaux, J.R., Fauntleroy, M.B., Stashak, P.W., Prescott B., Cantrell, J.L., 
and Rudbach, J.A. (1988) Ability of monophosphoryl lipid A to augment the 
antibody response of young mice. Infect lmmun 565, 3064-3066. 

Ball JM., ME. Hardy, RL. Atmar, ME. Conner and MK. (1998) Estes. Oral 
immunisation with recombinant Norwalk virus like particles induces a systemic and 
mucosal immune response in mice. J. Virol, 72, 1345. 

Baquar S., AL Bourgeois, PJ. Schultheiss, RI Walker, DM. Rollins, DL Haberberger and 
OR. Pavlovskis (1995). Safety and immunogenicity of a prototype oral whole-cell 
killed campylobacter vaccine administered with a mucosal adjuvant in non-human 
primates. Vaccine, 13, 22 

Barone R. Anatomie comparee des mammiferes domestiques. Tome 5. Angiologie, pp. 
667-864. Vigot eds. Paris.l996. 

Barr, I.G., and Mitchell, G.F.(1996) ISCOMS (Immunostimulating Complexes) The first 
decade, lmmunol and Cell Bioi. 74, 8-25. 

Beebe, G.W., Simon, A.H., and Vivona, S. (1972) Long-term mortality follow-up of 
army recruits who received adjuvant influenza virus vaccine in 1951-1953, Am J 
Epidemiol95, 337-346. 

Begue RE., G. Castellares, C. Bezas, JL. Sanchez, R. Meza, DM. Watts and DN. Taylor. 
(1995) lmmunogenicity in peruvian volunteers of a booster dose of oral cholera 
vaccine consisting of whole cells plus recombinant B subunit. Infect. lmmun. 63, 
3726 

Blanchard TG., N. Lycke, SJ. Czinn and JG Nedrud. (1998) Recombinant cholera toxin 
B subunit is not an effective mucosal adjuvant for oral immunisation of mice against 
Helicobacter felis. Immunology, 93, 22. 

Bliss, J.R., Maylor, K., Stokes, K.S., Murray, M.A., Ketchum, and Wolf, S.F. (1996) 
Interleukin-12 as vaccine adjuvant: characteristics of primary, recall, and long-term 
responses, Annals of the New York Academy of Sciences 795, 26-35. 

Bamford, R. (1990) Immunomodulation by adjuvants, in N.J. Dimmock.,P.D. Griffiths 
and C.R. Madeley (eds.), Control of Virus Diseases. 45th Symposium of the Society 
for General Microbiology. Cambridge University Press, pp. 143-154. 

Bornford, R., Stapleton, M., Winsor, S., McKnight, A., and Andronova, T. (1992) The 
control of antibody isotype response to recombinant human immunodeficiency virus 
gpl20 antigen by adjuvants, AIDS Res Human Retrovir 8, 17 65-1771. 

Bouveret Le Cam, N.N., Ronco, J., Franyon, A., Blondeau, C., and Fanget, B. (1998) 
Adjuvants for influenza vaccine, Res Immuno/149, 19-23. 

Bowen, J.C., Alpar, 0., Phillpotts, R., Roberts, I.S., and Brown, M.R.W. (1990) 
Preliminary studies on infection by attenuated Salmonella in guinea-pigs and on 
expression on Herpes simplex virus, Res Microbia/141, 873-877. 

Brandtzaeg P., TS. Halstensen, K. Kett, P. Krajcl, D. Kvale, 0. Rognum, H. Scott, and 
LM. Sollid. (1989) Immunobiology and immunopathology of human gut mucosa: 
humoral immunity and intraepitheliallymphocytes Gastroenterology, 97, 1562 

Brunei, F., Darbouret, A., and Ronco, J. (1999) Cationic lipid induces an improved and 
balanced immunity able to overcome the unresponsiveness to the hepatitis B vaccine. 
Vaccine, in press. 

Bussiere, I.L., McCormick, G.C., and Green, J.D. (1995) Preclinical safety assessment 
considerations in vaccine development, in M.F. Powell and M.I. Newman (eds.) 
Vaccine Design: The Subunit and Adjuvant Approach. New York, Plenum Press, pp. 
61-79. 

Butler, N.R., Wison, B.D.R., Benson, P.F., eta!. (1962) Response of infants to pertussis 
vaccine at one week and to poliomyelitis, diptheria, and tetanus vaccine at six 
months, Lancet 2, 112-114. 

Carayanniotis, G., and Barber, B.H. (1987) Adjuvant-free IgG responses induced with 
antigen coupled to antibodies against class II MHC. Nature 327, 59-61. 



57 

Castignolles N., S. Morgeaux, C. Gontier-Jallet, D. Samain, D. Betbeder and P. Perrin. 
(1996) A new family of carriers (biovectors) enhances the immunogenicity of rabies 
antigens. Vaccine, 14, 1353 

Chedid, L,. Audibert, F,. and Jolivet, M. (1986) Role of muramyl peptides for the 
enhancement of synthetic vaccines. Dev Bioi Stand 63, 133-140. 

Childers NK.., SM. Michalek, DG Pritchard and J. McGhee. (1991) Mucosal and 
systemic responses to an oral liposome-Streptococcus mutans carbohydrate vaccine 
in humans. Regional Immunol. 3, 289 

Chong C, M. Friberg and JD. Clements. LT (1998) (R192G), a non-toxic mutant of the 
heat-labile enterotoxin of Escherichia coli, elicits enhanced humoral and cellular 
immune responses associated with protection against lethal oral challenge with 
salmonella spp. Vaccine, 16, 732. 

Claesson, B.A., Trollfors, B., Lagergard, T., et al. (1988) Clinical and immunological 
responses to the capsular polysaccharide of Haemophilus influenzae type b alone or 
conjugated to tetanus toxoid in 18- to 23-month-old children, J Pediatr 112, 695-702. 

Clements JD., NM. Hartzog and FL. Lyon. (1988) Adjuvant activity of Escherichia coli 
heat labile enterotoxin and effect on the induction of oral tolerance in mice to 
unrelated protein antigens. Vaccine, 6, 269 

Coconnier MH, Lievin V, Hemery E, Servin AL. (1998) Antagonistic activity against 
Helicobacter infection in vitro and in vivo by the human Lactobacillus acidophilus 
strain LB. Appl Environ Microbial, 64, 4573-80. 

Coffin SE, M. Klinek, and PO. Ofit. (1995) Induction of virus specific antibody 
production by lamina propria lymphocytes following intramuscular inoculation with 
rotavirus. J. Infect. Dis. 172, 874. 

Cong Y., CT. Weaver and CO. Elson. (1997) The mucosal adjuvanticity of Cholera toxin 
involves enhancement of costimulatory activity by selective up regulation of B7.2 
expression. J. Immunol, 159, 5301 

Cox, J.C. and Coulter, A.R. (1992) Advances in adjuvant technology and application, in 
W.K. Yong (ed.), Animal Parasite Control Utilizing Biotechnology, CRC Press, Boca 
Raton, pp. 49-112. 

Cox, J.C. and Coulter, A.R. (1997) Adjuvants - a classification and review of their 
modes of action, Vaccine 15, 248-256. 

Cvjetanovic, B. and Uemura, K. (1965) The present status of field and laboratory 
studies of typhoid and paratyphoid vaccines with special reference to studies 
sponsored by the World Health Organization, Bull WHO 32, 29-36. 

Czerkinsky C., C. Nilsson, H. Nygren, 0. Ouchterlony and A. Tarkowsky. (1983) A 
solid phase enzymz-linked immunospot (ELISPOT) assay for enumeration of 
antibody secreting cells. J. Immunol. Methods, 65, 109 

Czerkinsky C., Z. Moldoveanu, J. Mestecky, LA. Nilsson and 0. Ouchterlony. (1988) A 
novel two colour ELISPOT assay. J. Immunol. Methods, 115, 31 

D'Elios MM., M. Manghetti, F. Almerigognia, A. Amedei, F. Costa, D. Burroni, CT. 
Baldari, S. Romagnani, JL. Telford and GF., Dal Monte P., and FC. Szoka Jr. (1988) 
Effect of liposome encapsulation on antigen presentation in vitro. J. Jmmunol, 142, 
1437 

Davenport, F.M., Hennessy, A.V., and Askin, F.B. (1968) Lack of adjuvant effect of 
AlP04 on purified influenza virus haemagglutinins in man, J Immuno.l 100, 1139-

1140. 
DeHaan A., Geerligs HJ., JP. Huchshom, GJM. Van Scharrenburg, AM. Palache and J. 

Wilschut. (1994) Mucosal immunoadjuvant activity of liposomes : induction of 
systemic IgG and secretory IgA responses in mice by intranasal immunisation with 
an influenza subunit vaccine and coadministered liposomes. Vaccine, 13, !55 



58 

De Haan A., KB. Renagar, P. Small Jr., J. Wilschut. (1995)Induction of scretory IgA 
response in the murine female urogenital tract by immunisation of the lungs with 
liposome-supplemented viral subunit antigen. Vaccine, 3, 613 

De Magistris MT., M. Pizza, G. Douce, P. Ghiara, G. Dougan and R. Rappuoli. (1998) 
Adjuvant effect of non toxic mutants of E. coli heat labile enterotoxin following 
intranasal, oral and intravaginal immunisation. Dev. Bioi. Stand. 92, 123 

Del Giudice, G. (1992) New carriers and adjuvants in the development of vaccines, Curr 
Opinion in Immunol. 4, 454-459. 

Del Prete GF., M. De Carli, C. Mastromauro, R. Biagiotti, D. Macchia, P. Falagiani, M. 
Ricci and S. Romagnani. (1991) Purified protein derivative of Mycobacterium 
tuberculosis and excretory-secretory antigen(s) of Toxocara canis expand in vitro 
human T cells with stable and opposite (Th 1 and Th2) profile of cytokine production. 
J Clin. Invest. 88, 346 

Del Prete GF., M. De Carli, MM.D'Elios, P. Maestrelli, M. Ricci, L. Fabbri and S. 
Romagnani. ( 1993) Allergen exposure induces the activation of allergen specific Th2 
cells in the airway mucosa of patients with allergic respiratory disorders. Eur. J 
Immuno!. 23, 1445 

Del Prete. (1997) Different cytokine profile and antigen specificity repertoire in 
Helicobacter pylori-specific T cell clones from the antrum of chronic gastritis 
patients with or without peptic ulcer. Eur J Immunol. 27, 1751 

Del Vecchio, M., and Bajctta, E. (1997) Results of the treatment with IL-12 in patients 
with malignant melanoma, ivfelanoma Research 7, 159-161 

Dempsey, P.W, Allison, ME D, Akkaraju, S., Goodnow, C. C., and Fearon, D.T ( 1996) 
C3d of complement as a molecular adjuvant: Bridging innate and acquired immunity. 
Science 271, 348-350. 

DiFabio S., D. Medaglini, CM. Rush, F. Corrias, GL. Panzini, M. Pace, P. Verani, G. 
Pozzi and F. Titti. (1998) Vaginal immunisation of Cynomolgus monkeys with 
Streptococcus gordoni1 expressing HIVI and HPV16 antigens. Vaccine, 16, 485 

Douce G., C. Turcotte, I. Cropley, M. Roberts, M. Pizza, M. Domenghini, R. Rappuoli 
and G. Dougan. (1995) Mutants of Escherichia coli heat-labile toxin lacking ADP
ribosyltransferase activity, mucosal adjuvants. Proc. Natl. Acad Sci. USA. 92, 1644 

Drescher, J., Grutzner, L., and Godgluck, G. (1967) Further investigations on the 
immunogenic activity of aqueous and aluminum oxide adsorbed inactivated 
poliovirus \'accines in Macaca mulatta, Am. J. £pidemiology 85, 413-423. 

Durrani Z., TL Mcinerney, L. McLain, T. Jones, T. Bellaby, FR. Brennan, NJ. 
Dimmock. (1998) Intranasal immunisation with a plant virus expressing a peptide 
from HIVl gp41 stimulates better mucosal and systemic HIVl specific IgA and IgG 
than oral inmmnisation. J fm111unol. Met/1.\'. 220, 93 

Edelman, R., and Tacket, C.O. (1990) Adjuvants, fnt Rev lmmunol. 7, 1-GG. 
Eldridge JH., JK. Staas, JA. Meulbrock, JR Me Ghcc, TR. Tice, RM. Gilley. (1991) 

Biodegradable microspheres as a vaccine delivery system. Molecular Immunology, 
28,287 

Elitsur Y, S. Jackman, C. Neace, S. Keerthy, X. Liu, J. Dosescu and JA. Moshier. (1998) 
Human vaginal mucosal immune system : characterization and function. Gen. Diagn. 
Pathol. 143, 271 

Elliott, G.T., McLeod, R.A., Perez, J., and Von Eschen, K.B. (1993) Interim results of a 
phase II multicenter clinical trial evaluating the activity of a therapeutic allogeneic 
melanoma vaccine (Theraccine) in the treatment of disseminated malignant 
melanoma. Semin Surg Oneal. 9, 264-272. 

Elson CO. (1989) Cholera Toxin and its subunits as potential oral adjuvants. Curr. Top. 
Microbial. Immunol. 146, 29 



59 

Elson CO., and W. Ealding. (1984) Cholera toxin feeding did not induce oral tolerance 
in mice and abrogated oral tolerance to an unrelated protein antigen. J. Immunol. 133, 
2892. 

Elson CO., and W. Ealding. (1987) Ir gene control ofthe murine secretory IgA response 
to cholera toxin. Eur. J. Immunol. 17, 425. 

Elson CO., SP. Holland, MT. Dertzbaugh, CF. Cuff and AO. Anderson. (1995) 
Morphologic and functional alterations of mucosal T cells by Cholera toxin and its B 
subunit. J. lmmunol. 154, 1032. 

Elson CO., W. Ealding and J. Lefkowitz. (1984 b) A lavage technique allowing repeated 
measurement of IgA antibody in mouse intestinal secretions. J. Immunol. Methods. 
67, 101. 

Erdile LF and B. Guy. (1997) OspA lipoprotein of Borrelia biurdogferi is a mucosal 
immunogen and adjuvant. Vaccine, 15, 988. 

Estrada A, LiB, Laarveld B. (1998) Adjuvant action of Chenopodium quinoa saponins 
on the induction of antibody responses to intragastric and intranasal administered 
antigens in mice. Comp Immunol Microbiol lrifect Dis. 21, 225. 

Fries, L.F., Gordon, D.M., Richards, R.L., et al. (1992) Liposomal malaria vaccine in 
humans: A safe and potent adjuvant strategy. Proc Nat! Acad Sci USA 89, 358-362. 

Giannasca PJ., KT. Giannasca, P. Falk, ll Gordon and MR. (1994) Neutra. Regional 
differences in glycoconjugates of intestinal M cells in mice : potential targets for 
mucosal vaccines. Am. J. Physiol. 267, G1108. 

Gizurarson S., V. Mjoll Jonsdottir and I. Heron. (1995) Intranasal administration of 
diphteria toxoid. Selecting antibody isotypes using formulations having various 
lipophilic characteristics. Vaccine. 13, 617. 

Glenn GM., T. Scharton-Kersten, R. Vassel, CP. Mallett, TL. Hale, and CR. Alving. 
(1998) Cutting edge :transcutaneous immunisation with cholera toxin protects mice 
against lethal mucosal toxin challenge. J. Immunol. 161, 3211 

Glenny A.T, Pope C.G., Waddington H., Wallace V. {1926) The antigenic value of 
toxoid precipitated by potassium alum. J Path Bact. 29, 38-45. 

Gluck, R., Mischler, R., Finkel, B., Que. J.U., Scarpa, B. and Cryz, S.J.Jr (1994) 
lmmunogenicity of new virosome influenza vaccine in elderly people. Lancet 344, 
160-163. 

Goldenthal, K.L., Cavagnaro, J.A., Alving, C.R., and Vogel, F.R. (1993) NCVDG 
working groups: Safety evaluation of vaccine adjuvants: National cooperative 
vaccine development meeting working group. AIDS Res Hum Retrovirus 9, S47-S51. 

Gordon, D.M., McGovern, T.W., Krzych, U., et al. (1995) Safety, immunogenicity, and 
efficacy of a recombinantly produced Plasmodium falciparum circumsporozoite 
protein-hepatitis B surface antigen subunit vaccine. J Inject Dis. 171, 1576-1585. 

Gregoriadis, G. (1990) Immunological adjuvants: a role for liposomes. Immunol. 
Today.ll, 89-97. 

Gregoriadis, G., and Panagiotidi, C. (1989) Immunoadjuvant action of liposomes; 
comparison with other adjuvants. Immun Lett. 20, 237-240. 

Griffith, A.H. (1989) Permanent brain damage and pertussis vaccination: is the end of 
the saga in sight? Vaccine 7, 199-210. 

Grob, P.J., Joller-Jemelka, H.I., Binswanger, U., et al. (1984) Interferon as an adjuvant 
for hepatitis B vaccination in non- and low-responder populations. Eur. J. Clin. 
Microbiol. 3, 195-198. 

Gupta, R.K., and Siber, G.R. (1994) Comparison of adjuvant activities of aluminum 
phosphate. calcium phosphate and stearyl tyrosine for tetanus toxoid. Biologicals. 22, 
53-63. 

Gupta, R.K., and Siber, G.R. (1995a) Adjuvants for human vaccines-Current status, 
problems and future prospects. Vaccine 13, 1263-1276. 



60 

Gupta, R.K., and Siber, G.R. (1995b) Adjuvant properties of aluminum and calcium 
compounds, in M.F. Powell and M.J. Newman (eds.), Vaccine Design: The Subunit 
and Adjuvant Approach. New York, Plenum Press, pp. 229-248. 

Gupta, R.K., Relyveld, E.H., Lindblad, E.B., Bizzini, B., Ben-Efraim, S., and Gupta, 
C.K. (1993) Adjuvants-a balance between toxicity and adjuvanticity. Vaccine 11, 
294-306. 

Guy B, C. Hessler, S. Fourage, P. Lecoindre, M. Chevalier, S. Peyrol, M. Boude J. 
Haensler, B. Rokbi and MJ. Quentin-Millet. (1998 c) Mucosal, systemic or combined 
therapeutic immunisations in cynomolgus monkeys naturally infected with 
Gastrospirillum hominis like organisms. Vaccine Res. 6, 141. 

Guy B., S Fourage, Ce Hessler, V Sanchez and MJ Quentin Millet. (1998 a) Effect of 
the nature of adjuvant and site of parenteral immunisation on the serum and mucosal 
immune responses induced by a nasal boost with a vaccine alone. Clin. Diag. Lab. 
Immu110l. 5, 732 

Guy B., C Hessler, S Fourage, B Rokbi and MJ Quentin Millet. (1999 in press) 
Comparison between targeted and untargeted systemic immunisations with 
adjuvanted urease to cure Helicobacter pylori infection in mice. Vaccine 

Guy B., C. Hessler, S. Fourage, J. Haensler, E. Vialon-Lafay, B. Rokbi and M.J. Quentin 
Millet. (1998 b) Systemic immunisation with urease protects mice against 
Helicobacter pylori infection. Vaccine 16, 850. 

Haensler, J., Trannoy, E., and Ronco, J. (1996) Patent Application WO 96/14831. 
Haneberg B., D. Kendall, HM. Amerongen, FM. Apter, JP. Kraehenbuhl and MR. 

Neutra. (1994) Induction of specific IgA in the small intestine, colon-rectum, and 
vagina measured by a new method for collection of secretions from local mucosal 
surfaces. Irifect. Immun. 62, 15. 

Hanke T., TJ. Blanchard, J. Schneider, CM. Hannan, M. Becker, SC. Gilbert, AVS. Hill, 
GL. Smith and A. McMichael. (1998) Enhancement of MHC class I restricted 
peptide specific T cell induction by a DNA prime/MVA boost vaccination regime. 
Vaccine, 16, 439. 

Hazama, M., Mayumi-Aono, A., Askawa, N., Kuroda, S., Hinuma, S. and Fujisawa, Y. 
(1993) Adjuvant-independent enhanced immune responses to recombinant herpes 
simplex virus type 1 glycoprotein D by fusion with biologically active interleukin-2. 
Vaccine 11, 629-636. 

Hoffinan, S.L., Edelman, R., Bryan, I.P., et al. (1994) Safety, immunogenicity, and 
efficacy of a malaria sporozoite vaccine administered with monophosphoryl lipid A, 
cell wall skeleton of mycobacteria, and squalane as adjuvant, Am J Trop Med Hyg. 
51, 603-612. 

Holmgren, J., Lycke, N., and Czerkinsky, C. (1993) Cholera toxin and cholera B subunit 
as oral-mucosal adjuvant and antigen vector systems, Vaccine 11, 1179-1184. 

Hopkins S., G. Fisher, JP. Kraehenbuh1 and D. Ve1in. (1998) Nasal associated lymphoid 
tissue. A site for vaccination and pathogen entry.STP Pharma Sc. 8, 47. 

Hunter, R., Olsen, M., and Buynitzky, S (1991) Adjuvant activity of non-ionic block 
copolymers. IV. Effect of molecular weight and formation on titre and isotype of 
antibody. Vaccine 9, 250-255. 

Imler JL. 1995 Adenovirus vactors as recombinant viral vaccines. Vaccine, 13, 1143. 
Isaka M., Y. Yasuda, S. Kosuka, Y. Miura, T. Taniguchi, K Matano, N. Goto and K 

Tochikubo. (1998) Systemic and mucosal immune responses of mice to aluminum 
adsorbed or aluminum-non-adsorbed tetanus toxoid administered intranasally with 
recombinant cholera toxin B subunit Vaccine, 16, 1620 

Jabbal-Gill 1., A. Neil Fisher, R Rappuoli, S. Stewart Davis and L. Ilium. (1998) 
Stimulation of mucosal and systemic antibody responses against Bordetella pertussis 
filamentous haemagglutinin and recombinant pertussis toxin after nasal 
administration with chitosan in mice. Vaccine, 16, 2039. 



61 

Jacobson, M.A., Hardy, D., et al. (1996) Phase I trial of recombinant human interleukin 
12 in HIV-infected subjects, 3rd Coriference on Retroviruses and Opportunistic 
Injections 110.28 (Abstract). 

Johnson, A.G. (1994) Molecular adjuvants and immunomodulators: New approaches to 
immunization, C/in Microbial Rev. 7, 277-289. 

Jones B., L. Pascopella and S. Falkow. (1995) Entry of microbes into the host : using M 
cells to break the mucosal barrier. Cu"ent Opinion in Immunology, 7, 474. 

Jungers, P., Devillier, P., Salomon, H., et al. (1994) Randomised placebo-controlled trial 
of recombinant interleukin-2 in chronic uraemic patients who are non-responders to 
hepatitis B vaccine, Lancet. 344, 856-857. 

Kahn, J.O., Sinangil, F., Baenziger, J., Murcar, N., Wynne, D., Coleman, R.L., Steimer, 
K.S., Dekker, C.L., and Chernoff, D. (1994) Clinical and immunologic responses to 
human immunodeficiency virus (HIV) type 1 SF2 gpl20 subunit vaccine combined 
with MF59 adjuvant with or without muramyl tripeptide dipalmitoyl 
phosphatidylethanolamine in non-HIV -infected human volunteers, J. Inject. Dis. 170, 
1288-1291. 

Kantele A., M. Hakkinen, Z. Moldoveanu, A. Lu, E. Savilahti, RD. Alvarez, S. Michalek 
and J. Mestecky. (1998) Differences in immune responses induced by oral and rectal 
immunisations with Salmonella typhi Ty2la : evidence for compartimentalization 
within the common mucosal immune system in humans. Inject. Immun. 66, 5630. 

Kasel, J.A., Couch, R.B., and Douglas, R.G. Jr. (1971) Antigenicity of alum and aqueous 
adenovirus hexon antigen vaccines in man.!. Immunol. 107, 916-919. 

Keefer, M.C., Graham, B.S., McElrath, M.J., Matthews, T.J., Stablein, D.M., Corey, L. 
Wright, P.F., Lawrence, D., Fast, P.E., Weinhold, K., Hsieh, R.H., Chernoff, D., 
Dekker, C. and Dolin, R. (1996) Safety and immunogenicity of Env 2-3, a human 
immunodeficiency virus type 1 candidate vaccine, in combination with a novel 
adjuvant, MTP-PEIMF59. NIAID AIDS Vaccine Evaluation Group, AIDS Res Hum 
Retroviruses 12, 683-693. 

Keefer, M.C., Wolff, M., Gorse, G.J., Graham, B.S., Corey, L., Clements-Mann, M.L., 
Verani-Ketter, N., Erb, S., Smith, C.M., Belshe, R.B., Wagner, L.J., McElrath, M.J., 
Schwartz, D.H. and Fast, P. (1997) Safety profile of phase I and II preventive HIV 
type 1 envelope vaccination: experience of the NlAID AIDS Vaccine Evaluation 
Group, AIDS Res Hum Retroviruses 13, 1163-1177 

Kensil, C.R. (1996) Saponins as vaccine adjuvants. Therapeutic Drug Carrier Systems 
13, l-55. 

Keren DF., RA. McDonald and JL. Carey. (1988) Combined parenteral and oral 
immunisation results in an enhanced mucosal immunoglobulin A response to 
Shigella flexneri. Inject. Jmmun. 56, 910. 

Koutsoukos, M., Lerous, G., Vandepapeliere, P., et al., (1994) Induction of cell mediated 
immune responses in man with vaccines against herpes simplex based on 
glycoprotein D, 34th lnterscience Cmiference on Antimicrobial Agents and 
Chemotherapy 217 (Abstract). 

Kozlowski PA., S. Cu-Uvin, MR. Neutra and TP. Flanigan. (1997) Comparison of the 
oral, rectal and vaginal immunisation routes for induction of antibodies in rectal and 
genital tract secretions of women. Inject lmmun. 65, 1387 

Kremer L., L. Dupre, G. Riveau, A. Capron, and C. Locht. ( 1998) Systemic and mucosal 
immune responses after intranasal administration of recombinant Mycobacterium 
bovis BCG expressing GST from Schistosoma haematobium. Inject. lmmun. 66, 
5669 

Kuklin NA., M. Daheshia, PC. Marconi, DM. Krisky, RJ. Rouse, JC. Glorioso, E. 
Manican and BT. Rouse. (1998) Modulation of mucosal and systemic immunity by 
enteric administration of non replicating herpes simplex virus expressing cytokines. 
Virology, 240, 245 



62 

Kuper CF., PJ Koornstra, DMH Hameleers, J. Biewenga, BJ. Spit, AM. Duijvestijn, PJC. 
Van Breda Vriesman and Taede Sminia. (1992) The role of nasopharyngeal 
lymphoid tissue lmmunol. Today, 13:219 

Lakew M., I. Nordstom, C. Czerkinsky, and M. Quiding-Jarbrink. (1997) Combined 
imunomagnetic cell sorting and ELISPOT assay for the phenotypic characterization 
of specific antibody-forming cells.J.Immunol. Methods, 203, 193 

Laufer DS., W. Hurni, B:·Watson, W. Miller, J. Ryan, D. Nalin and L. Brown. (1995) 
Saliva and serum as diagnostic media for antibody to Hepatitis A virus in adults and 
in individuals who have received an inactivated Hepatitis A vaccine. Clin. Infect. Dis. 
20,868 

Lawrence, G.W., Saul, A., Giddy, A.J., Kemp, R., and Pye, D. (1997) Phase I trial in 
humans of an oil-based adjuvant SEPPIC MONTANIDE ISA 720, Vaccine 15, 176-
178. 

Leclerc, C., and Ronco, J. (1998) New approaches in vaccine development, Immunol 
Today 19, 300-302. 

LehnerT., Y. Wang, M. Cranage, LA. Bergmaier, E. Mitchell, L. Tao, G. Hall, M. 
Dennis, N. Cook, R. Brookes, L. Klavinskis, I. Jones, C. Doyle and R Ward. (1996) 
Protective mucosal immunity elicited by targeted iliac lymph node immunisation 
with a subunit SIV envelope and core vaccine in macaques. Nature. Medicine, 2, 767 

Lemoine D, M. Francotte and V. Preat. (1998)Nasal vaccines. From fundamental 
concepts to vaccine development. STP Pharma Sci. 8, 5. 

Leroux-Roels, G., Moreau, E., Desombere, 1., et al. (1994) Persistence of humoral and 
cellular immune response and booster effect following vaccination with herpes 
simplex (gD2t) candidate vaccine with MPL (abstr). 34th Jnterscience Conference on 
Antimicrobial Agents and Chemotherapy 250 (Abstract) 

Leroux-Roels, G., Moreux E., Verhasselt, B., et al. (1993) Immunogenicity and 
reactogenicity of a recombinant HSV-2 glycoprotein D vaccine with or without 
monophosphoryl lipid A in HSV seronegative and seropositive subjects, 33rd 
Interscience Conference on Antimicrobial Agents and Chemotherapy 341 (Abstract). 

Lin, R., Tarr, P.E., and Jones, T.C. (1995) Present status of the use of cytokines as 
adjuvants with vaccines to protect against infectious diseases, Clin Inject Dis. 21, 
1439-1449. 

Livingston, P.O, Adluri, S., Helling, F., Yao, T.I., Kensil, C.R, Newman, M.J., and 
Marciani, D. (1994) Phase I trial of immunological adjuvant QS-21 with a GM2 
ganglioside-keyhole limpet haemocyanin conjugate vaccine in patients with 
malignant melanoma. ~'accine 12, 1275-1280. 

Lowell GH., RW. Kaminski, TC. Vancott, B. Slike, K. Kersey, E Zawoznik, L. Loomis
Price, G. Smith, RR. Redfield, S. Amselem and DL. Birx. (1997) Proteosomes, 
emulsosomes, and CTB improve nasal immunogenicity of HlV gp 160 in mice : 
induction of serum, intestinal, vaginal, and lung lgA and IgG. J. irifect. Dis 175, 292 

Lycke N., and W. Strober. (1989 b) Cholera Toxin promotes B cell isotype 
differentiation. J.Immunol. 142, 3781 

Lycke N., T. Tsuji and J. Holmgren. (1992)The adjuvant effect of Vibrio cholerae and 
Escherichia coli heat labile enterotoxins is linked to their ADP ribosyltransferase 
activity. Eur. J. Immunol. 22, 2277 

Maassen CBM, JD Laman, MJ Heine den Bak-Glashouwer, FJ Tielen, JCPA van Holten 
Neelen, L Hoogteijling, C. Antonissen, Rl Leer, PH. Pouwels, WJA Boersma, and 
DM Shaw. (1999) Instruments for oral disease-intervention strategies • recombinant 
Lactobacillus casei expressing tetanus toxin fragment C for vaccination or myelin 
proteins for oral tolerance induction in multiple sclerosis. Vaccine 17, 2117-2128 

MacLean, GD, Bowen-Yacyshyn. M B. Samuel. J., eta/. (1992) Active immunization 
of human ovarian cancer patients against a common carcinoma (Thomsen-



63 

Friedereich) determinant using a synthetic carbohydrate antigen, J Jmmunother. 11, 
292-305. 

MacLean, G.D., Reddish, M., Koganty, R.R., et a/. (1993) Immunization of breast 
cancer patients using a synthetic sialyl-Tn glycoconjugate plus Detox adjuvant. 
Cancer Immunol Immunother. 36, 215-222. 

Malynn, B.A., Romeo, D.T., Wortis, H.H. (1985) Antigen-specific B cells efficiently 
present low doses of antigen for induction ofT cell proliferation, J. lmmun. 135, 980-
988. 

Marinaro M, Boyaka PN, Finkelman FD, Kiyono H, Jackson RJ, Jirillo E, McGhee JR. 
(1997) Oral but not parenteral interleukin (IL)-12 redirects T helper 2 (Th2)-type 
responses to an oral vaccine without altering mucosal IgA responses. J Exp Med 
185,415 

Martin, J.T. (1997) Development of an adjuvant to enhance the immune response to 
influenza vaccine in the elderly. Biologicals 25, 209-213. 

Me Cluskie MJ., and HL. Davis. (1998) Cutting edge: CpG DNA is a potent enhancer of 
systemic and mucosal immune responses against Hepatitis B surface antigen with 
intranasal administration to mice. J. lmmunol. 161,4463 

McElrath, M;J. {1994) Adjuvant effects on human immune responses in recipients of 
candidate HIV vaccines. IBC Conference: Novel Vaccine Strategies for Mucosal 
Immunization, Genetic Approaches and Atljuvants. Rockville, MD, pp. 24-26. 

McGee DW., Elson CO., and JR. McGhee. (1993) Enhancing effect of cholera toxin on 
interleukin 6 secretion by IEC-6 intestinal epithelial cells : mode of action and 
augmenting effect of inflammatory cytokines.lnfect. lmmun. 61, 4637 

McSorley S., C. Rask, R. Pichot, V. Julia, C. Czerkinsky and N. Gleichenhaus. (1998) 
Selective tolerization of Thl like cells after nasal administration of a cholera toxoid
LACK antigen. Eur. J. lmmunol. 28, 424 

Medaglini D, Oggioni MR, Pozzi G. (1998) Vaginal immunization with recombinant 
gram-positive bacteria. Am J Reprod Immunol. 39, 199-208 

Medaglini D, Pozzi G, King TP, Fischetti VA. (1995) Mucosal and systemic immune 
responses to a recombinant protein expressed on the surface of the oral commensal 
bacterium Streptococcus gordonii after oral colonization. Proc Nat/ Acad Sci U S A. 
92,6868-72 

Medaglini D, Rush CM, Sestini P, Pozzi G. (1997) Commensal bacteria as vectors for 
mucosal vaccines against sexually transmitted diseases: vaginal colonization with 
recombinant streptococci induces local and systemic antibodies in mice. Vaccine 15, 
1330-7 

Mega J., JR. McGhee, and H. Kiyono. (1992) Cytokine and Ig- producing cells in 
mucosal effector tissues. Analysis of IL-5 and IFNy producing T cells, T cell receptor 
expression, and IgA plasma cells from mouse salivary glands associated tissues. J. 
Immunol. 148, 2030 

Mengiardi B., R. Berger, M. Just and R. Gluck. (1995) Virosomes as carriers for 
combined vaccines. Vaccine, 13, 1306 

Meuer, S., Dumann, H., Meyer zum Biischenfelde, K.H., and Kohler, H. (1989) Low
dose interleukin-2 induces systemic immune responses against HBsAg in 
immunodeficient non-responders to hepatitis B vaccination, Lancet 1, 15-18. 

Michel, M.L., Pontisso, P., Sobczak, E., Malpiece, Y., Streeck, R.E., and Tiollais, P. 
(1984) Synthesis in animal cells of hepatitis B surface antigen particles carrying a 
receptor for polymerised human serum albumin, Proc. Nat/. Acad Sci. USA 81, 
7708-7712. 

Michetti P, Dorta G, Wiesel PH, Brassart D, Verdu E, Herranz M, Pelley C, Porta N, 
Rouvet M, Blum AL, Corthesy-Theulaz I. (1999) Effect of Whey-Based Culture 
Supernatant of Lactobacillus acidophilus (iohnsonii) Lal on Helicobacter pylori 
Infection in Humans. Digestion 60, 203-209 



64 

Miettinen M., S. Matikainen, J. Vuopio-Varkila, J. Pirhonen, K. Varkila, M. Kurimoto, 
and I. Julkunen. (1998) Lactobacilli and streptococci induce IL12, 1118 and IFNg 
production in human peripheral blood mononuclear cells. Inject Immun. 66, 6058 

Mitchell, M.S., Hare!, W., Kemp£: R.A., eta/. (1990) Active-specific immunotherapy for 
melanoma. J Clin Oncol. 8, 856-869. 

Mitchell, M.S., Kan-Mitchell, J., Kemp£: R.A., et al (1988) Active specific 
immunotherapy for melanoma: Phase I trial of allogeneic lysates and a novel 
adjuvant, Cancer Res. 48, 5883-5893. 

Moldoveanu Z, L. Love-Homan, W. Qiang Huang and AM. Krieg. (1998) CpG DNA, a 
novel immune enhancer for systemic and mucosal immunisation with influenza virus, 
Vaccine 16, 1216 

Monjour, L., Monjour, E., Vouldoukis, 1., eta/. (1986) Protective immunity against 
cutaneous leishmaniasis achieved by partly purified vaccine in a volunteer. Lancet 1, 
1490. 

Mora AL., and JP. Tam. (1998) Controlled lipidation and encapsulation of peptides as a 
useful approach to mucosal immunisations. J. Immunol. 161, 3616 

Morein B., M. Villacres-Eriksson and K. Lovgren-Bengtsson. (1998) ISCOM, a delivery 
system for parenteral and mucosal vaccination. Dev. Bioi. Stand. 92, 33 

Morris, W., Steinhoff, M.C., and Russell, P. (1994) Potential of polymer micro
encapsulation technology for vaccine innovation, Vaccine 12, 5- I I. 

Munoz, J. (1964) Effect of bacteria and bacterial products on antibody response, 
Adv.lmmuno/. 4, 397-440. 

Nardelli B., PB. Haser and JP Tam. (1994) Oral administration of an antigenic synthetic 
lipopeptide (MAP-P3C) evokes salivary antibodies and systemic humoral and 
cellular responses. Vaccine 12, 1335 

Nardelli-Haefliger D., JP. Kraehenbuhl, R. Curtis III, F. Schadel, A. Potts, S. Kelly and 
P. de Grandi. (1996) Oral and rectal immunisation of adult female volunteers with a 
recombinant attenuated Salmonella typhi vaccine strain. Infect. Immun. 64, 5219 

Newman, M.J., Wu, Y.J., Gardner, B.H., Munroe ,K.J., Leombruno, D., Recchai, J., 
Kensi, C.R., and Coughlin, R.T. (1992) Saponin adjuvant induction of ovalbumin
specific CDS+ cytotoxic T lymphocyte responses. J Immunol. 148, 2357-2362. 

Nieminen T., H. Kaythy, A. Virolainen and J. Eskola. (1998) Circulating antibody 
secreting cell response to parenteral pneumococal vaccines as an indicator of a 
salivary lgA antibody response. Vaccine, 16, 313. 

Okada E., S. Sasaki, N. Ishii, I. Aoki, T. Yasuda, K. Nishioka, J. Fukushima, fl. 
Miyazaki, B. Wahren and K. Okuda. (1997) Intranasal immunisation of a DNA 
Vaccine with IL-12 and GM-CSF expressing plasmids in liposomes induces strong 
mucosal and cell-mediated immune responses against HIVI antigens. J. Immunol. 
159,3638 

Olberling, F., Morin, A., Duclos, B., eta/. (1983) Enhancement of antibody response to 
a natural fragment of streptococcal M protein by Murabutide administered to healthy 
volunteers, Int J lmmunol .398. 

Ott, G., Barchfeld, G.L., Chernoff, et al. (1995a) MF59: Design and evaluation of a safe 
and potent adjuvant for human vaccines, in M.F. Powell and M.J.Newman (eds.), 
Vaccine Design: The Subunit and Atfjuvant Approach, New York, Plenum Press, pp. 
277-296. 

Ott, G., Barehfeld, G.L., and Van Nest, G.(l995b) Enhancement of humoral response 
against human influenza vaccine with the simple submicron oiVwater emulsion 
adjuvant MF59, Vaccine 13, 1557-1562. 

Paglia P., I Arioli, N. Frahm, T. Chakraborty, MP. Colombo and CA. Guzman. (1997) 
The defined attenuated Listeria monocytogenes Del.mpl2 mutant is an effective oral 
vaccine carrier to trigger a long lasting immune response against a mouse 
fibrosarcoma. Eur. J. Immunol. 27, 1570 



65 

Patou, G., Scott, G.M., Kelsey, M.C., Playfair, J.H.L. (1989) Gamma interferon as an 
adjuvant to hepatitis B vaccine (abstr), J Intet:feron Res. 9, S261. 

Paul, W.E., and Seder, R.A. (1994) Lymphocyte responses and cytokines. Cell76, 241-
251. 

Payne, L.G., Jenkins, S.A., Andrianov, A, Roberts, B.E. (1995) Water-soluble 
phosphazene polymers for parenteral and mucosal vaccine delivery. Pharm 
Biotechnol. 6, 473-493. 

Payne, L.G., Van Nest, G, Barchfeld, G.L., Siber, G.R., Gupta, R.K., and Jenkins, S.A. 
(1998) PCPP as a parenteral adjuvant for diverse antigens. Dev. Bioi. Stand 92, 79-
87. 

Peterson JW, SS. Saini, WD Dickey, GR Klimpel, JS. Bomalaski, MA Clark, KJ Xu and 
AK. Chopra. (1996) Cholera toxin induces synthesis of phospholipase A2-activating 
protein. Infect. Immun. 64, 2137 

Powell, MF., Eastman, DJ, Lim, A., Lucas, C., Peterson, M., Yennari., J., Weissburg, 
R.P., Wrin, T., Kensil, C.R., and Newman, M.J. {1995) Effect of adjuvants on 
immunogenicity ofMN recombinant glycoprotein 120 in guinea pigs, AIDS Res Hum 
Retroviruses 11, 203-209. 

Powers, D.C., Hanscomes, P J., and Pietrobon, P.J.F. (1995) In previously immunized 
elderly adults inactivated influenza A (HI N I) virus vaccines induce poor antibody 
responses that are not enhanced by liposome adjuvant, Vaccine 13, 1330-1335. 

Putkonen, P., Nilsson, C., Walther, L., Ghavamzadeh, L., Hild, K., Broliden, K., 
Biberfeld, G., and Thorstensson, R. {1994) Efficacy of inactivated whole IDV-2 
vaccines with various adjuvants in cynomolgus monkeys, J Med Primato/.23, 89-94. 

Quiroga, JA., Castillo, 1., Porres, J.C., et al. (1990) Recombinant gamma-interferon as 
adjuvant to hepatitis B vaccine in hemodialysis patients, Hepatology 12, 661-663. 

Ramon, G. (1925) Sur \'augmentation anormale de l'antitoxine chez les chevaux 
producteurs de serum antidiphterique. Bull Soc Centr Med Vet 101, 227-234. 

Ramon, G. (1926) Procedes pour accroitre Ia production des antitoxines. Ann Inst. 
Pasteur 40, 1-10. 

Relyveld, E. H. ( 1986) Preparation and use of calcium phosphate adsorbed vaccines. Dev. 
Bioi. Stand 65, 131-136 

Rickman, L.S., Gordon, D.M., Wistar, R.Jr., Krzych, U., C:rross, M., Hollingdale, MR., 
Egan, J.E., Chulay, J.D., Hoffman, S.L. (1991) Use of adjuvant containing 
mycobacterial cell-wall skeleton, monophosphoryl lipid A and squalene in malaria 
circumsporozoite protein vaccine, Lancet 337, 998-l 001. 

Robbins JR. R Schneerson and SC Szu. ( 1995) Perspective • hypothesis • serum IgG 
antibody is sufficient to confer protection against infectious diseases by inactivating 
the inoculum. J Infect. Dis. 171, 1387 

Roberts M., A Bacon, R. Rappuoli, M. Pizza, I. Cropley, G. Douce, G. Dougan, M. 
Marinaro, J. McGhee and S. Chatfield. (1995) A mutant pertussis toxin molecule that 
lacks ADP-Ribosyltransferase activity, PT-9K/l29G, is an effective mucosal 
adjuvant for intranasally delivered proteins. Infect lmmun. 63, 2100 

Rollwagen FM., and S Baqar. Oral cytokine administration. (1996) Immunology Today, 
17, 548 

Ryan ET, JR Butterton, T. Zhang, MA. Baker, SL Stanley Jr., SB. Calderwood. (1997) 
Oral immunisation with attenuated vacine strains of Vibrio cholerae expressing a 
dodecapeptide repeat of the serine-rich Entamoeba histolytica protein fused to the 
Choler toxin B subunit induces systemic and mucosal antiamebic and anti Y. 
cholerae antibody responses in mice Inject. lmmun 65, 3118 

Salk, J. and Salk, D ( 1977) Control of influenza and poliomyelitis with killed virus 
vaccines, Science 195, 834-847. 

Scalzo, A.A., Elliott, S L., Cox, J, Gardner, J., Moss, D.l, and Suhrbier, A (1995) 
Induction of protective cytotoxic T cells to murine cytomegalovirus by using a nona-



66 

peptide and a human-compatible adjuvant (Montanide ISA 720), J Virol. 69, 1306-
1309. 

Schultz, N., Oratz, R, Chen, D., et a/. (1995) Effect of DETOX as an adjuvant for 
melanoma vaccine, Vaccine 13, 503-508. 

Scolnick, E.M., McLean, AA., Wesr, D.J., McAleer, W.J., Miller, W.J., Buynack, E.B. 
(1984) Clinical evaluation in healthy adults of a hepatitis B vaccine made by 
recombinantDNA,JAMA 251,2812-2815. 

Shahum, E. and Therien, H.M. (1995) Liposomal adjuvanticity: effect of encapsulation 
and surface-linkage on antibody production and proliferative response, Inti. 
Immunopharmacol. 17,9-20. 

Shinomyia N., M. Kumai, DG. Marsh, and SK. Huang. (1993) Detection of specific IgE 
secreting cells with an enzyme-linked immunospot assay. J. Allergy Clin. Immunol. 
92,479 

Sinha K, P. Mastroeni, J. Harrison, R. Demarco de Hormaeche and CE. Hormaeche. 
(1997) Salmonella typhimurium aroA, htrA, and aeoD htrA mutants cause 
progressive infection in athymic (nu/nu) BALB/c mice. Inject. Immun. 65, 1566 

Sizemore DR., AA Branstrom and JC Sadoff. (1995) Attenuated Shigella as a DNA 
delivery vehicle for DNA-mediated immunisation. Science 270, 299 

Smith, G.L., Mackett, M., and Moss, B. (1983) Infectious vaccinia virus recombinants 
that express hepatitis B virus surface antigen, Nature 302, 490-495. 

Soltysik, S., Wu, J.Y., Recchia, J., Wheele,r D.A, Newman, M.J., Coughlin, R.T., and 
Kensil, C.R. (1995) Structure/function studies of QS-21 adjuvant: assessment of 
triterpene aldehyde and glucuronic acid roles in adjuvant function, Vaccine 13, 1403-
1410. 

Staats HF., RJ. Jackson, M. Marinaro, I. Takahashi, H. Kiyono and J. Me Ghee. (1994) 
Mucosal immunity to infection with implications for vaccine development. Current 
Opinion in Immunol. 6, 572 

Stewart, G. T. (1985) Whooping cough and pertussis vaccine: a comparison of risks and 
benefits in Britain during the period 1968-83. Dev. Bioi. Stand 61, 395-405. 

Stewart-Tun, D.E.S. (1994) (Ed.) The Theory and Practical Application of Adjuvants. 
John Wiley and Sons Ltd, Chichester,. 

Stoute, J.A, Moncef-Slaoui, D., Gray-Heppner, D., Momin, P., et a/. (1997) A 
preliminary evaluation of a recombinant circumsporozoite protein vaccine against 
Plasmodium falciparum malaria, The New England Journal of Medicine 336, 86-91. 

Straus, S.E., Wald, A, Kost, R.G., McKenzie, R., Langenberg, A.G., Hohman, P., 
Lekstrom, J., Cox, E., Nakamura, M., Sekulovich, R., lzu, A., Dekker, C. and Corey, 
L. (1997) Immunotherapy of recurrent genital herpes with recombinant herpes 
simplex virus type 2 glycoproteins D and B: results of a placebo-controlled vaccine 
triaL J. Inject. Dis. 176, 1129-1134 

Stuart-Harris, C.H. (1969) Adjuvant influenza vaccines, Bull Wid Hlth Org 41, 617-621. 
Stiirchler, D., Berger, R., Etlinge,r H., et al (1989) Effects of interferons on immune 

response to a synthetic peptide malaria spororoite vaccine in non-immune adults, 
Vaccine 7, 457-461. 

Stiirchler, D., Zimmer, G., Berger, R., et al (1990) Interferon-alpha and synthetic 
peptide malaria spororoite vaccine in non-immune adults: antibody response after 40 
weeks, Bull WHO 68, 38-41. 

Sun JB., J. Holmgren and C. Czerkinsky. (1994) Cholera toxin B subunit : an efficient 
transmucosal delivery system for induction of peripheral immunological tolerance. 
Proc. Natl. Acad. Sci. USA. 91,10795 

Tacket CO., SM. Kelly, F. SchOdel, G. Losonsky, JP. Nataro, R. Edelman, MM. Levine 
and R. Curtis III. (1997) Safety and immunogenicity of an attenuated Salmonella 
typhi vaccine vector strain expressing plasmid-encoded Hepatitis B antigens 
stabilized by the Asd-balanced lethal vector system. Infect. Immun. 65, 3381 



67 

Taguchi T., JR. McGhee, llli Coffman, KW. Beagley, JH. Eldridge, K. Takatsu and H. 
Kiyono. (1990) Analysis of Thl and Th2 cells in murine gut associated tissues; 
frequencies ofCD4+ and CDS+ cells that secrete IFNg and IL5. J. Immunol. 145, 68 

Takahashi I., M. Marinaro, H. Kiyono, RJ. Jackson, I. Nakagawa, K. Fujihashi, S. 
Hamada, JD Clements, KL. Bost and J. McGhee. (1996) Mechanisms for mucosal 
immunogenicity and adjuvancy of Escherichia coli labile enterotoxin J. Inject. Dis. 
173,627 

Tamura SI.; A. Yamanaka, M. Shimohara, T. Tomita, K. Komase, Y. Tsuda, Y. Suzuki, 
T. Nagamine, K. Kawahara, H. Danbara, C. Aizawa, A. Oya and T. Kurata. (1994) 
Synergistic action of cholera toxin B subunit (and Escherichia coli heat labile toxin B 
subunit) and a trace amount of cholera whole toxin as an adjuavnt for nasal influenza 
vaccine. Vaccine 12, 419 

Telzak, E., Wolff, S.M., Dinarello, C.A., et al. (1986) Clinical evaluation of the 
immunoadjuvant murabutide, a derivative of MDP, administered with a tetanus 
toxoid vaccine, J. Inject. Dis. 153, 628-633. 

Thoelen, S., VanDamme, P., Mathei, C., Leroux-Roels, G., Desombere, I., Safary, A., 
Vandepapeliere, P., Slaoui, M. and Meheus, A. (1998) Safety and immunogenicity of 
a hepatitis B vaccine formulated with a novel adjuvant system. Vaccine 16, 708-714 

Todryck SM., CG. Kelly and T. Lehner. (1998) Effect of route of immunisation and 
adjuvant on T and B cell epitope recognition within a streptococcal antigen. Vaccine 
16, 174 

Tough, D.F., Sun, S. and Sprent, J. (1997) T cell stimulation in vivo by 
lipopolysaccharide (LPS), J. Exp. Med. 185, 2089-2094. 

Trajman A., TT McDonald and CC. Elia. (1997) Intestinal immune cells in 
Strongyloides stercoralis infection. J. Clin Pathol. 50, 991 

Trauger, R.J., Ferre, F., Daigle, A.E., et a/. (1994) Effect of immunization with 
inactivated gpl20-depleted human immunodeficiency virus type 1 (HIV-1) 
immunogen on HIV-1 immunity, viral DNA, and percentage of CD4 cells, J Inject 
Dis 169, 1256-1264. 

Triozzi, P.T., Martin, E.W., Gochnour, D., and Aldrich, W. (1993) Phase lb trial of 
synthetic 0 human chorionic gonadotropin vaccine patients with metastatic cancer, 
Ann. NY. Acad. Sci. 690, 358-359. 

Turner, J.L., Slade, H.B., Trauger, R.J., eta/. (1992) Double-blind placebo-controlled 
dose ranging study of Salk immunogen in asymptomatic patients with early human 
immunodeficiency virus infection (PoB3043) (abstr). Program and abstracts, VIII 
International Conference on AIDS/Ill S1D World Congress (Amsterdam) B94. 

Unanue, E.R. (1985) Antigen-presenting function of the macrophage, Ann. Rev. 
Immunol. 2, 395-428. 

Valensi, J-P.M., Carlson, J.R. and Nest, G.A.V. (1994) Systemic cytokine profiles in 
BALB/c mice immunized with trivalent Influenza vaccine containing MF59 oil 
emulsion and other advanced adjuvants, J. Immunol. 143, 4029-4039. 

Valenzuela, P., Medina A., Rutter, W.J., Ammerer, G. and Hall, B.D. (1982) Synthesis 
and assembly of hepatitis B virus surface antigen particles in yeast, Nature 298, 347-
350. 

van Besouw NM, van der Meide PH and Bakker NPM. (1994) The mitogen-induced 
generation of interferon gamma producing cells in cultures of rhesus monkey PBMC 
is age dependant. J. Medical Primatology, 23142 

Van Hoecke, C., Koutsoukos, M., Thiriat, C., eta/. ( 1995) Humoral and cellular immune 
responses to three formulations of inactivated split influenza vaccine (ISIV) 
adjuvanted with QS-21, 35th Interscience Conference on Antimicrobial Agents and 
Chemotherapy, Abstract 189. 

VanCott JL., TA. Brim, RA. Simkins, and LJ. Saif. (1993) Isotype specific antibody 
secreting cells to transmissible gastroenteritis virus and porcine respiratory 



68 

coronavirus in gut and bronchus associated lymphoid tisues of suckling pigs. J. 
Immunol. 150, 3990 

Vetvik H., HMS. Grewal, IL Haugen, C. Ahren and Bjorn Haneberg. (1998) Mucosal 
antibodies can be measured in air dried samples of saliva and feces. J. lmmunol. 
Methods. 215, 163 

Villacres-Eriksson, M. (1995) Antigen presentation by naive macrophages, dendritic 
cells and B cells to primed T lymphocytes and their cytokine production following 
exposure to immunostimulating complexes, Clin. Exp. Immunol. 102, 46-52. 

Vogel, F.R and Powell, M.F. (1995) A compendium of vaccine adjuvants and 
excipients. in M.F. Powell and M.J Newman (eds), Vaccine Design: Ihe Subunit and 
Acijuvant Approach. New York, Plenum Press, pp. 141-228. 

Waldo FB, AWL. Van den Wall Bake, J Mestecky and S. Husby. (l994)Suppression of 
the immune response by nasal immunisation. Clin. lmmunol. and Immunopathology. 
72, 30 

Walker RI. (1994)New strategies for using mucosal vaccination to achieve more 
effective immunisation. Vaccine, 12, 87 

Walker Rl., and JD. Clements. (1993) Use of heat-labile toxin of enterotoxigenic 
Escherichia coli to facilitate mucosal immunisation. Vaccine Research, 2, 1. 

Wassef, N.M., Alving, C.R, and Richards, RL. (1994) Liposomes as carriers for 
vaccines, Immunomethods 4, 217-222. 

Wiktor, T.J., Atanasiu, P., Bahmanyar, M., Boege!, K., Cox, J.H., Diaz, A.M., 
Fitzgerald, E.A., Kuwert, E., Netter, R., Selimov, M., Turner, G. and Van Steenis, G. 
(1978) Comparison studies on potency tests for rabies vaccines, Dev. Bioi. Stand 40, 
171-178. 

Woolridge, R.L., Grayston, J.T., Chang, lA, et al (1967) Long-term follow-up of the 
initial (! 959-1960) trachoma vaccine field on Taiwan, Am J Ophthalmol. 63, 1650-
1653. 

Xu Amano J., RJ. Jackson, K. Fujihashi. H. Kiyono, HF. Staats and J McGhee. (1994) 
Helper Thl and Th2 cell responses following mucosal or systemic immunisation with 
cholera toxin. Vaccine 12, 903. 

Yamamoto M., DE Briles, S. Yamamoto, M. Ohmura., H. Kiyono and J. McGhee. 
(1998)A non toxic adjuvant for mucosal immunity to pneumococal surface protein A 
J. Immunol. 161, 4115 

Zhou F., JP. Kraehenbuhl and M. Neutra. (l995)Mucosal IgA response to rectally 
administered antigen formulated in lgA-coated liposomes. Vaccine, 13, 637 


