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Should We Develop an Inhaled Anti-pneumococcal Vaccine for Adults?

Stephen B. Gordon* and Neil French
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Abstract: Streptococcus pneumoniae is the most important bacterial cause of pneumonia and meningitis among adults. It
is also a common cause of bacteraemia among HIV infected adults with rates of disease approaching 100 times normal
community incidence figures. Rates of antibiotic resistance are rising among pneumococcal isolates globally and the
currently available 23-valent pneumococcal polysaccharide vaccine is ineffective in HIV infected adult populations. The
newer conjugate vaccine has been highly effective in children in the developed world. It may also offer some promise in
adult risk populations, but it is expensive and has limited serotype coverage. This article reviews the epidemiology of
pneumococcal disease, the current state of pneumococcal vaccines, the pathogenesis of pneumococcal disease, the
potential advantages of an inhaled vaccine in adults and some of the chemical obstacles to producing such a vaccine.

INTRODUCTION

Streptococcus pneumoniae, the pneumococcus, is a
leading cause of morbidity and mortality at all ages
throughout the world [1]. Pneumococcal disease primarily
affects the young [2], the old (particularly in the presence of
cardio-respiratory co-morbidity) [3] and the
immunosuppressed, Human Immunodeficiency Virus (HIV)
being the most important of these conditions [4,5].
Pneumococcus is the most common cause of community
acquired pneumonia at all ages. Incidence rates of invasive
pneumococcal disease are 0.07 per 1000 person years in
immunocompetent adults but reach 23.4 per 1000 person
years( over 300 times increase) in risk groups such as young
children, the elderly and adults with AIDS [6]. Recent
advances in vaccination have dramatically altered the
incidence of pneumococcal disease in children in developed
countries, but adult risk groups and children in the
developing world remain vulnerable.

SUSCEPTIBILITY TO PNEUMOCOCCAL DISEASE

S.pneumoniae is an asymptomatic upper airway
colonising bacterium in 10% of adults and 40% of children
in cross-sectional studies. Droplet spread ensures that in
close communities, exposure to pneumococci is universal
and therefore, the nasopharynx of almost all adults and
children are periodically colonised after pneumococci for
several months at a time [2,7].

The normal pulmonary and systemic defences described
below ensure that mucosal infections (pneumonia, sinusitis
and otitis media) or invasive pneumococcal disease
(bacteraemia, meningitis and deep infections) are rare in
immunocompetent adults. The factors that determine the
shift from nasopharyngeal colonisation to mucosal and then
invasive disease are summarised below after a discussion of
specific environmental factors, pneumococcal virulence
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factors and host responses that determine the progression to
disease in susceptible patient groups [8].

Environmental Factors

Environmental changes influencing susceptibility to
pneumococcal disease include seasonal changes in
temperature and humidity which alter conditions on the nasal
mucosa [9], recent viral infection causing up-regulation of
critical mucosal adherence sites for pneumococci and
exposure to domestic and cigarette smoke [10]. The most
significant environmental correlate of susceptibility to
pneumococcal disease in otherwise immunocompetent adults
is cigarette smoking [11], likely due to multiple effects on
cough, airway secretions, phagocytic function and non-
specific soluble factors of the innate immune defense of the
airway. Special conditions of crowding and humidity alter
the transmission of disease-causing pneumococci in military
barracks [12], mining camps [13] and small crowded homes
[14-17].

Bacterial Factors

Pneumococcal virulence factors include capsular type
[18-20], cell wall [21], pneumolysin [22], surface proteins
[23-25], autolysin [26], neuraminidase [27], peptide
permeases, hydrogen peroxide [28] and IgA protease [29]
but many more factors will now be described using
molecular investigative techniques to decipher the functional
significance of the fully described (www.tigr.org)
pneumococcal genome [30,31]. Pneumococcal virulence
factors have been well reviewed in a number of recent papers
[32-34] and are only reviewed in this paper, in the relevant
sections, in terms of how they may present as candidate
antigens for a vaccine or alter the likely efficacy of an
inhaled vaccine.

Host Factors

In considering the possible utility of inhaled vaccination
as a strategy to prevent pneumococcal disease globally, it is
appropriate to consider in particular detail the defects in host
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response that are responsible for the excess of disease in
special risk groups — the young, the old and people with
primary or secondary immune deficiency especially that
caused by HIV. The additional risk for pneumococcal
disease experienced by certain groups with particular genetic
constitution may also be important as successful vaccination
strategies must overcome the effect of genetic predisposition
as well as environmental and bacterial pressures.

Young Age

Young children, particularly those under the age of 2
years, lack the capacity to mount an effective immunological
response to carbohydrates and in particular the
polysaccharide capsules of capsulate pathogens. B cells
expressing CD21 (C3d complement receptors) are an
essential part of the splenic architecture necessary for an
optimal response to polysaccharide antigen [35,36]. Recent
work has shown that a circulating B cell subgroup of splenic
origin, termed IgM memory, is deficient in children under
the age of 2 as well as in adults post-splenectomy [37].
Nevertheless, not all splenectomised patients have deficient
antibody responses to pneumococcal vaccine [38] suggesting
that polysaccharide antigen may be effectively presented in
other locations such as regional lymph nodes [39].

Old Age

Elderly patients have an increased incidence of
pneumonia and invasive pneumococcal disease but no
specific immune defect in otherwise fit elderly people has
been identified [40]. It is likely, therefore, that much of the
excess of pneumococcal disease seen in elderly patients [41]
results from co-morbid illness, the immunosuppressive
effects of malnutrition and from environmental factors such
as residency in old people’s homes and cigarette smoking.
The increased mortality observed among elderly people with
invasive pneumococcal disease [41,42] and pneumonia [3]
likely results from the paucity of clinical signs [3] and
resulting late severe presentation to hospital [43] as well as
from risk factors such as aspiration.

Primary and Secondary Immunodeficiency

Patients with hypogammoglobulinaemia, complement
defects, splenic dysfunction, sickle cell disease, nephrotic
syndrome and haematological malignancy all exhibit a
marked increase in susceptibility to pneumococcal disease
[44,45]. Pregnancy, diabetes mellitus, alcoholism, cirrhosis
and non-haematological malignancy also increase
susceptibility to pneumococcal disease but to a less marked
degree. The mechanisms of deficiency are instructive in the
these patients, but the number of potential immune defects,
the increase in susceptibility to disease and the number of
patients involved globally, however, is greatest for patients
infected with the HIV [46].

Hypogammaglobulinaemia results in a loss of capsule-
specific 1gG and specifically 1gG, responses that are critical
in opsonophagocytosis of capsulate bacteria [18,47]. Primary
hypogammaglobulinaemic  patients are treated with
prophylactic gamma globulin infusion to prevent
pneumococcal disease [48]. Secondary hypogamma-
globulinaemia may result as a direct complication of chronic
lymphatic leukaemia and decreased responsiveness to
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polysaccharide antigens has been reported in both bone
marrow and solid organ transplants [49-52].

Primary complement deficiencies cause increased
susceptibility to pneumococcal disease both due to decreased
efficiency of opsonophagocytosis [53,54] and due to a failure
of presentation of antigen to B cells using C3d and the CR2
receptor [35,36]. Nephrotic syndrome causes excessive
urinary loss of complement proteins and hence secondary
complement deficiencies [55].

Patients with sickle cell disease, in whom both
immunoglobulin and complement deficiencies are evident,
also fail to clear organisms properly from the bloodstream
due to defective splenic sequestration of organisms [56,57].
Children under the age of 2 with sickle cell disease have an
approximately 150 times increased incidence of invasive
pneumococcal disease compared to healthy infants and a
27% mortality associated with these episodes [58].

HIV Infection and Susceptibility to Pneumococcal Disease

HIV infection results in a dramatic decrease in CD4
lymphocytes in the circulation as well as a pulmonary CD8
lymphocytosis and loss of splenic and lymph node
architecture [59]. HIV infection results in increased numbers
of activated circulating B cells producing non-specific 1gG
[60] likely driven by an altered cytokine milieu [61-65].
There is evidence of reduced effectiveness in dendritic cell
function [66,67] and altered immunoglobulin repetoires [68].
The resulting immune defects have several direct effects on
immunity to pneumococcal infection. These include lower
levels of circulating capsule and pneumolysin-specific 1gG
[69], with lower expression of VHj; idiotype IgM and IgG
genes in B cells from HIV infected adults [70,71]. Lower
levels of specific antibody initially and in response to
pneumococcal antigens have been noted in HIV infected
children [72] and in adults [73-75]. Anti-pneumococcal
antibody function measured in vitro is a better predictor of
clinical protection than IgG levels alone [76]. Using an
opsonophagocytic assay with exogeneous complement and
healthy donor PMNs to measure serum opsonic function,
Janoff et al. showed reduced titres of phagocytosis in 4 out
of 6 bacteraemic HIV infected patients compared to HIV
negative controls [77]. In the same study, serum
pneumococcal Killing titres in patients remained less than
control subjects even after recuperation. In addition, further
work by the same group showed serum pneumococcal Killing
titre was lower in HIV infected Kenyan women that in
seronegative subjects and proportional to the measured
capsule-specific antibody [78]. Nevertheless, there is
evidence that response to recall antigen is preserved in HIV
infected patients [79].

Studies of humoral defense against pneumococci using
broncho-alveolar lavage fluid in several laboratories
including our own have not shown evidence of defective IgG
production in HIV infected adults [80] but altered IgA has
been demonstrated [81]. These responses have been
explained by the relatively conserved mucosal plasma cell
repetoire in HIV infection [82]. Upper airway washings
contained similar levels of IgA; and IgA; as well as innate
factors including lactoferrin, lysozyme and lactoperoxidase
[83]. Lung fluid total levels of IgG were higher in HIV
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infected adults compared to controls and levels of
pneumococcal capsule-specific 1gG were not significantly
different [80,84,85]. Capsule-specific 1gG levels were
highest in a group of HIV infected patients with recent
invasive pneumococcal disease, suggesting that despite
polyclonal IgG responses in HIV infected adults, appropriate
responses to infection were also present [80]. Measurements
of innate factors (lactoferrin, lysozyme, SPLI) were not
different in BAL from HIV infected adults with or without
recent pneumococcal disease compared to healthy adult
control ~ subjects (authors  observations -manuscript
submitted).

Phagocytic defects have been demonstrated in monocyte-
derived macrophages and alveolar macrophages from HIV
infected patients using fungi [86] and Pneumocystis carinii
[87]. Complement-mediated and Fc-receptor mediated
reticulo-endothelial clearance of radiolabelled erthyrocytes
was noted to be reduced in HIV infected adults [88,89]. No
defect in alveolar macrophage ingestion of opsonised
S.pneumoniae type 1, coagulase-negative staphylococci or
Staphylococcus aureus has been shown [90,91]. There are
therefore, data to support both humoral and cellular immune
defects in HIV-infected adults as well as evidence to suggest
that important differences with functional consequences may
exist between the humoral defense in pulmonary and
circulating compartments.

Genetic Factors

Alaskan natives [15], other native American peoples [92]
and black Americans [93] are groups of people shown in
epidemiological studies to have an excess of pneumococcal
disease. The underlying host factors are beginning to be
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elucidated and include factors related to opsonisation
including FcR  polymorphism [94,95], CRP gene
polymorphism [96] and MBL polymorphism [97]. Many
more genetic factors are expected to emerge.

PAST AND CURRENT PNEUMOCOCCAL VAC-
CINES

Prevention of pneumococcal disease by vaccination has
been a developing technique for the past 90 years [98].
Vaccines used to date have all depended on generating
antibodies against capsular polysaccharide by systemic
vaccination with polysaccharide of multiple serotypes. The
23-valent polysaccharide vaccine has been licensed since the
early 1980’s following studies undertaken in South African
goldminers living in overcrowded conditions [99].
Subsequent randomised controlled trials conducted in other
high risk groups have failed to reproduce the protective
effect of polysaccharide vaccination in miners [74,100-104].
Retrospective analyses, however, have suggested that the
polysaccharide vaccine provides some protection against
invasive pneumococcal disease [93,105-109]. The capsular
polysaccharide vaccine has not been shown to prevent
pneumonia in adults or have any effect in children.

The development of protein-conjugate pneumococcal
polysaccharide vaccines was driven by the need to protect
children against pneumococcal disease. In the developed
world this has included the desire to prevent mucosal
pneumococcal infections in particular otitis media, as well as
the more serious syndromes of pneumonia, bacteraemia and
meningitis. Six studies using these vaccines have now been
published, including one from the developing world, as
shown in Table 1 [110-115]. To summarise these studies,

Table 1. Prospective Randomised Clinical Trials to Date of Protein Conjugate Pneumococcal Polysaccharide Vaccine in Children.
Figures Underlined Indicate Significance at or Greater than the 5% Level
Efficacy %
Reference Year Sample | Duration Site Vaccine IPD* Pnm? | OM? Comments
Size Months

Black (110) 00 37,868 43 uUs 7-CRM* 94 7

Eskola (111) 01 1,662 17 Finland 7-CRM - - 6 34% reduction in culture confirmed
pneumococcal OM

Kilpi (112) 00 1,666 18 Finland 7-OMPC® - - -1 25% reduction in pneumococcal OM

O’Brien (113) 03 8,292 37 uUs 7-CRM 83 - -

Veenhoven (114) 03 383 18 Netherlands | 7-CRM - - - Combination vaccination as secondary

+23-PPV 25% | prophylaxis in recurrent OM sufferers

Klugman (115) 02 39,879 24 SA 9-CRM 83 22 - 53% reduction in vaccine serotype
IPD in sub-group of HIV-infected
children

! Invasive pneumococcal disease of vaccine serotype

2 All cause pneumonia

3 Acute otitis media

4 Mutant diphtheria toxoid - CRM197 used as the protein carrier

5 Meningococcal outer membrane protein complex used as the carrier
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conjugate vaccines induce good serotype-specific immunity
against invasive syndromes but more modest protection
against mucosal infection. Unlike the older polysaccharide
vaccine the conjugate vaccines do produce a mucosal
response to systemic vaccination [116] and this is believed to
underpin their ability to prevent mucosal disease.

Although the protein—polysaccharide conjugate vaccines
represent a great leap forward in terms of protecting children
problems with these vaccines remain.

Current vaccines have limited serotype coverage and it is
unclear what the maximum number of serotypes that can
be incorporated into these vaccines will be. There are 90
serotypes of pneumococcus with varying distributions
around the world. The currently available 7-valent
conjugate vaccine is effective against 80-90% of disease
in Europe and the USA but may only cover 25% of
serotypes causing disease in southern Africa [117].

Conjugate vaccines induce changes in the carried
serotypes of pneumococci. This may result in a change
over time of pneumococci causing mucosal and invasive
syndromes necessitating a change in vaccine serotype
formulation. Evidence exists for this effect in otitis media
[111] but not yet for invasive infection.

They are expensive. This is not simply a reflection on
drug companies recouping drug development costs, but
the vaccines are technically demanding to produce and
will continue to have significant manufacturing costs.

Vaccine-serotype specific efficacy against mucosal
infections appears lower than against invasive infections.
Mucosal infections contribute a much larger burden of
disease than the invasive syndromes and their remains a
need to reduce morbidity and the disability they create.

There is no evidence to suggest these vaccines will be
any more effective than the older polysaccharide vaccine
in adult populations.

Continued development of pneumococcal vaccines
remains essential. The evaluation of new vaccine candidates
is on-going — the pneumococcal peptides pneumolysin and
pneumococcal surface adhesin A discussed below are
perhaps the most well-developed of these. However, in
addition to the antigens used, the route by which we
vaccinate needs investigation. It is tempting to believe that
the most appropriate protective immune response against the
pneumococcus, a respiratory pathogen, will be derived from
vaccination of the respiratory mucosa [118]. Evidence from
animal studies provides some support for this and whether
these findings can be translated into humans now needs to be
evaluated. This paper reviews current knowledge about anti-
pneumococcal immunity and puts forward the case for
investigating respiratory mucosal vaccination.

HOST DEFENSE AGAINST PNEUMOCOCCAL
DISEASE

Since optimal vaccination should augment natural
defense against pneumococcal disease, a review of the
pathogenesis of pneumococcal disease is relevant to this
discussion, along with a discussion of the mechanisms of
antibody response to pneumococcal components.
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PATHOGENESIS OF PNEUMOCOCCAL DISEASE
Colonisation, Inhalation and Epithelial Binding

Asymptomatic nasopharyngeal carriage is established by
binding between nasal epithelium and surface components of
the pneumococcus [32,119]. Pneumococci of a given
genotype exist in different phenotypes (termed transparent
and opaque phases due to colony morphology on clear agar)
dependent on conditions of oxygen tension [120]. The
predominant pneumococcal phenotype in the nose is the
transparent phase, which exhibits less polysaccharide capsule
and more prominent surface proteins than the capsule-rich
opaque phase. In the transparent phase, pneumococci exhibit
increased binding to epithelium, increased colonisation in
animal models and reduced resistance to host defence,
particularly phagocytosis [121]. Nasopharyngeal
colonisation typically ends after several months and this is
accompanied by the detection of capsule specific mucosal
and circulating antibody [122,123]. Adults experience less
nasopharyngeal colonisation than children and are colonised
by pneumococci with a smaller range of capsular types,
likely due to the development of persistent capsule-specific
mucosal antibody [124,125].

Inhaled pneumococci present a threat to the host as the
lower respiratory epithelium lacks the barrier defenses of the
upper airway [126]. Specifically, pneumococcal cell wall
moieties have been shown to bind to the platelet-activating
factor (PAF) receptor on alveolar epithelium [127]. Bound
pneumococci are then internalised by epithelial cells,
transported in a phase-dependent manner to the basal surface
of the cell and extruded thus achieving epithelial penetration
[128]. Mucosal disease provokes a predominantly local
response, but invasive disease causes systemic inflammatory
responses and an antibody response critically dependent on
splenic function.

Pulmonary Immune Responses to Pneumococci

Pulmonary immunity can be divided in to innate and
acquired responses. Innate immunity is a system of
genetically inherited defence mechanisms based on pathogen
pattern recognition. Innate immunity serves both as a first
line pathogen recognition and early response system and also
as the means by which the acquired response is correctly
focussed. The acquired immune system is found only in
vertebrates and involves the response of B and T
lymphocytes to produce an antigen-specific, amplified and
more effective inflammatory response.

Pulmonary Innate Immunity

Pulmonary innate immune defenses interact with inhaled
pneumococci in several ways. First, patrolling surface
phagocytes, predominantly alveolar macrophages [129,130],
ingest small numbers of inhaled bacteria and particles using
a variety of surface receptors including scavenger receptors,
mannose receptor, immunoglobulin and complement
receptors. Ingestion of small numbers of particles or bacteria
does not result in an inflammatory response due to the
immunoregulatory properties of alveolar macrophages [131].
Second, pneumococci are recognised by several receptors
including toll-like receptor 2 (TLR2) [132], which
recognises Gram positive bacterial motifs such as
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lipoteichoic acid, TLR9 which recognises non-methylated
bacterial CpG DNA and the PAF receptor mentioned above.
Toll-like receptors initiate NFxB dependent gene
transcription by several mechanisms and this results in
increased cytokine expression, increased bone-marrow
release and increased migration of phagocytes, particularly
neutrophils. S.pneumoniae has been shown to induce
chemokine production by respiratory epithelium [133] and to
induce early neutrophil migration from the marginated
pulmonary intravascular pool to the alveolar space by a
CD18 independent mechanism [134]. Resident alveolar
effectors of innate immunity (likely alveolar macrophages)
therefore, have a critical period in which to remove inhaled
pneumococci before inflammatory signals are produced to
recruit neutrophils. Alterations in pulmonary capillary
neutrophil deformability have been shown to occur in less
than 60 minutes after bacterial challenge. Recent work has
demonstrated that the classical pathway is the dominant
complement pathway required for innate immunity to
S.pneumoniae in mice [54]. Complement activation is likely
opsonic and pro-inflammatory in the lung. Inflammation
resulting in pneumonia is initially compartmentalised within
the affected lung as demonstrated by measurements of
pulmonary and circulating cytokine levels [135].

Pulmonary Acquired Immunity

In the lung, the acquired response has 3 distinct phases —
afferent antigen processing and transport to regional lymph
nodes [136], presentation to naive lymphocytes and then
efferent migration of activated T lymphocytes and mature B
cells to the inflamed area of lung [137]. Pulmonary antigen
presenting cells consist of dendritic cells [138] and B
lymphocytes [139] as alveolar macrophages have weak
antigen presenting properties [140,141]. Pulmonary acquired
immune responses result in the presence of antigen-specific
immunoglobulin in the lung lining fluid and consequent
increased effectiveness of professional phagocytes such as
alveolar macrophages and neutrophils [142]. In healthy
adults, pneumococcal polysaccharide specific
immunoglobulin  has been shown to be present in
bronchoalveolar lavage fluid (BAL) with increased levels
detectable in patients with a recent history of pneumococcal
disease [80].

Pneumococcal Virulence Factors Cause Accelerated
Inflammation

After pneumococcal infection is established on the
mucosal surface, bacterial virulence factors (eg pneumolysin,
neuraminidase) contribute to the rapid spread of bacteria in
to the circulation [22,143]. Pneumococci invading the blood
are predominantly opaque in phenotype as this phase are
most resistant to phagocytosis [120]. The inflammatory
process is rapidly accelerated by the fact that non-surface
antigens of pneumococcus, including cell wall components
and cytoplasmic antigens, cause rapid activation of
complement and a pro-inflammatory response. This has been
demonstrated in models of pneumococcal meningitis [144]
and pneumonia using lysed bacterial products and is relevant
to vaccine design since any cytoplasmic product is likely to
induce overwhelming inflammation, even in the absence of
infection [126].
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The reticulo-endothelial system and in particular liver
and spleen macrophages, has been demonstrated as being
critical in opsonic removal of pneumococci and
pneumococcal debris from the circulation [145]. Thus,
defence against pneumococcaemia is critically dependent on
immunoglobulin, complement and a functioning spleen.
Asplenic  patients are susceptible to overwhelming
pneumococcal infection [56].

Meningitis and other tissue invasive pneumococcal
infections occur when bacteraemia is unchecked for
sufficiently long that endothelial layers can be crossed. In the
case of the meninges, transparent phase pneumococci are
able to bind endothelial receptors and are then transported to
the CSF in a phase and receptor dependent manner [146].

PULMONARY ANTIGEN PROCESSING AND ANTI-
BODY PRODUCTION

Pneumococci present protein, polysaccharide and
glycoprotein conjugates to the bronchial and alveolar
surfaces. Protein or glycoprotein antigens are processed in a
different manner to pure polysaccharides and each will
therefore be described separately.

Protein Antigen Processing

Alveolar macrophages comprise the majority of cells
obtained at bronchoalveolar lavage (>90%) but these cells
are relatively ineffective at antigen presentation [141,147]
and are better considered as immunoregulatory cells of the
alveolar surface [140,148].  Nevertheless, alveolar
macrophages have been shown to ingest pneumococci in
vitro [142] and antigen internalised by alveolar macrophages
can be transferred to dendritic cells for antigen presentation
[149,150]. Dendritic cells are considered to be the
predominant antigen presenting cells in the lung [137]. These
cells are a population of lung macrophages that are found
predominantly in the submucosa [138,151]. They have many
spindle-shaped processes, some of which impinge on the
airspaces of the lung. Dendritic cells constantly sample the
alveolar milieu by endocytosis of small particles, pinocytosis
of soluble antigen and phagocytosis of particles greater than
1mm in diameter [151]. Dendritic cells in the lung
parenchyma exhibit an immature phenotype which is
ineffective at antigen presentation to lymphocytes [140], but
on challenge with protein antigen and a critical innate
immune stimulus (“danger signal’”), immature dendritic cells
migrate to the regional lymph node [136,137,152]. This is
achieved under the influence of a chemotactic gradient and
increased expression of CCR7 [153-155]. During migration,
expression of MHC class Il molecules is increased and the
dendritic cell production of cytokine increases [151]. The
cytokines produced are critically dependent on the innate
immune danger signal received and will in turn influence the
TH1 or TH2 nature of the germinal centre response
(proliferation of antigen specific T and B cells) obtained at
the regional lymph node [137,156]. At the lymph node,
lymphocyte responses to antigen presented by dendritic cells
are regulated by 3 signals - antigen presentation [157], co-
receptor signals of both pro- and anti-inflammatory nature
[158] and cytokine signals [151,159,160]. The germinal
centre will persist as long as antigen is presented and will
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result in B-cells maturing to plasma cells for export, memory
cells that find a niche in the node and B-cells with
inadequate affinity maturation which undergo apoptosis.
Affinity maturation of B cell responses within the germinal
centre of the regional lymph node is dependent on antigen
signal in the context of co-receptor and cytokine signals
[161,162]. Mature effector cells produced as a result of
antigen presented in the regional lymph node traffic back to
the inflamed region by means of the blood using high
expression of chemokine receptors and possibly activated
complement to localise the inflamed area [163-165]. This
response will include mature B-cell derived plasma cells and
T cells of both CD4 and CD8 lineage including
immunosuppressive regulatory T cells (Tres) [166]. The
effector response that emerges at the mucosal surface is the
result of a critical balance of these effectors and the presence
or absence of persistent antigenic stimuli [167-169].

Not all antigen presented to dendritic cells results in an
inflammatory response- when these cells are presented with
antigen alone, in the absence of a danger signal detected by
the innate immune system, they do not mature but instead
induce tolerance to the antigen by an IL-10 dependent
mechanism [151]. In addition, B cells in the regional lymph
node which recognise antigen in the presence of T cell
activation produce an effective response but presentation of
either antigen alone or T cell activation in the absence of
antigen produce B cell apoptosis [170,171].

Polysaccharide Antigen Processing

Polysaccharide antigens do not elicit a response in the
immature immune system of young children. There is much
current research investigating the mechanisms by which a
mature immune system can respond to polysaccharide
antigen, predominantly using injected models of antigen
presentation.

Polysaccharide Antigen Presentation- Systemic, Pulmo-
nary, or Both?

One intriguing facet of pulmonary studies is that the lung
is both a mucosal surface in terms of histology and the
production of secretory IgA and a potential site of absorption
of peptides and other small molecules. This has led to the
substantial interest in the use of the lung as a site for delivery
of peptide hormones, hence avoiding the first pass effect due
to liver metabolism. In the context of this review, however,
antigen presented to the lung must be considered as
potentially absorbed and so the distinction between injected
and inhaled presentation of antigen is most likely the
distinction between systemic only versus mucosal and
systemic presentation.

Using injected polysaccharide models, B cells are of
critical importance as antigen presenting cells in responses to
polysaccharide antigens because pure polysaccharide is not
presented in the MHC groove but is directly bound to the B
cell receptor [172]. Furthermore, polysaccharide antigens are
defined as T-independent antigens (TIl) because
polysaccharide can elicit an effective humoral immune
response from B cells when injected into the nude (athymic
therefore, T-cell deficient) mouse [8]. Tl antigens are further
subdivided into types 1 and 2 on the basis of their
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immunogenicity in CBA/N mice (an X-linked immuno-
deficiency resulting in defects in B cell receptor signalling)
[162,173]. Pneumococcal polysaccharide is defined on this
basis as a TI-2 antigen (no response in CBA/N mice) and has
been shown to induce an antibody response in isolated
human B cells in vitro [174]. It is important to emphasize,
however, that the TI-2 Ilaboratory definition of a
polysaccharide antigen does not exclude a role for T cells in
vivo. Indeed, a regulatory effect of T-cells on TI-2 responses
has been demonstrated [166,175,176] and a modulating
effect of CD40 antibodies (providing a surrogate for T cell
help) has shown increased protective antibody production in
a mouse model [177]. The adult human capacity to respond
to carbohydrate antigen with the production of specific 1gG,
is likely the result of a mature Ty cell population able to
facilitate the production of antibody by selected B-cells
presenting appropriate antigen [178,179] or appropriate
idiotype antibody [176].

Possible Pulmonary Polysaccharide Antigen Presentation

Pulmonary responses to polysaccharide antigen have not
been fully described. Immature dendritic cells likely take up
polysaccharide antigens presenting to the lung by pinocytosis
or endocytosis according to whether the polysaccharide is
soluble or in particulate form. Alveolar macrophages ingest
small numbers of intact bacteria and may transfer antigen.
Whole pneumococci have been shown to elicit both protein
and polysaccharide responses from dendritic cells [180]. DC
migrate to the regional lymph node and present antigen to
extra-follicular B cells as with protein antigen [152,180] but
it is not clear if this is a fully effective mechanism in TI-2
immunity. Lymph node B cells are not capable of responding
alone to polysaccharide in vitro but produce an appropriate
response in the presence of dendritic cells of splenic origin
[35,181]. The known critical role of the spleen in antibody
responses is due to the high concentration of particular
populations of B cells (CD21 expressing and IgM memory
cells) and macrophages which are together capable of
making a rapid, effective antibody response [182]. It is not
known if this response can be ellicited in pulmonary lymph
nodes. These are important subjects for further investigation.

B Cell Responses to Pure Polysaccharide Antigens- Spleen
Alone or Lymph Nodes Too?

B cell responses to polysaccharide are elicited from 3
types of B cells —marginal zone splenic B cells, B1 cells and
extra-follicular B cells [37,173]. The most rapid response,
also producing the largest amount of antibody, is derived
from marginal zone (MZ) B cells in the spleen. These are
partially activated B cells as shown by their large size, co-
receptor expression and preformed granular
immunoglobulin. MZ B cells produce a rapid, short-lived
response that results in a peak of circulating plasmablasts 3-7
days after antigen stimulation. B1 cells are found in the
peritoneum and pleura and produce low levels of
immunoglobulin to a restricted number of fixed patterns in a
manner similar to the collectins produced by the innate
immune system [183]. Persistent polysaccharide antigen
will, however, elicit a specific response in these cells. Finally
and of most interest in considering pulmonary responses,
extra-follicular B cells in the medullary region of lymph
nodes are potentially capable of responding to
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polysaccharide antigen in the context of dendritic cell
support [35]. Additionally, small numbers of MZ type B
cells may be found in regional lymph nodes. Polysaccharide
antigens do not produce classical germinal centres and as a
result there is no B cell memory. The persistence of
response, however, is determined by the duration of
persistence of the antigen and there is some evidence that
particulate antigen persists longer in the follicular dendritic
cells [172]. Plasma cells that migrate back to the lung surface
are likely short-lived (less than 3 months) but may be
capable of producing an increased response when presented
with further antigen [184]. It is of clinical relevance to note
that some post-splenectomy patients can mount an effective
response to pneumococcal vaccines.

Protein —Polysaccharide Conjugates

Protein polysaccharide conjugates do bind MHC
molecules and elicit specific T cell responses [185] and this
provides the basis for the successful protein conjugated
polysaccharide vaccines against Haemophilus influenzae and
7 serotypes of pneumococci. Unfortunately, the conjugate
vaccines retain some TI-2 properties in that they do not show
evidence of a booster effect [186], or affinity maturation in
adults [187]. There are no data on antibody production in
response to pulmonary challenge with conjugate vaccine.

THE CASE FOR AN INHALED VACCINE
Immunological Advantages of Mucosal Vaccine

The primary advantage of a mucosal vaccine is that the
antigen is presented in a manner sufficiently similar to the
invading pathogen that, as demonstrated in animal studies,
maximally effective responses can be locally produced in the
appropriate  compartment [188-192]. Studies of human
subjects in military camps have shown that exposed but non-
infected recruits in a pneumonia outbreak developed
serotype-specific antibody [123] suggesting that mucosal
exposure could elicit a protective response in humans. This
type of antibody response has subsequently been confirmed
in human nasal inoculation with whole pneumococci
[193,194]. The differences in rodent and human nasal
lymphatic drainage [152] and the local regulation of
antibody production shown in animal studies [195], show
that distal airway antigen presentation will be required to
elicit pulmonary responses in humans [196]. Protein
conjugate anti-pneumococcal vaccine induces a mucosal
(salivary) response in children that is effective against otitis
media and alters pneumococcal carriage. This response
might be further optimised by inhaled vaccine delivery due
to the compartmentalisation of pulmonary immunoglobulin
responses reviewed above.

The second major advantage of a mucosal vaccine is
suggested by evidence that the mucosal response is relatively
preserved in the important patient groups at risk for
pneumococcal disease — namely young children, the elderly
[197] and patients with HIV disease [82]. This suggests that
a mucosal vaccine might be more effective than systemic
vaccination.

A final and important immunological case for inhaled
vaccine is that multiple antigens can be delivered
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simultaneously without loss of immunogenic effect [198-
200].

ADVANTAGES OF NEEDLE FREE VACCINATION

There are advantages to needle free vaccination
independent and in addition to the immunological
advantages of mucosal vaccination [201]. Needle free
mucosal vaccination strategies under current investigation
are oral, nasal and inhaled vaccines but transcutaneous and
percutaneous jet vaccination are also under development.
The important advantages of needle free vaccination are
different in resource-rich and resource- deprived regions of
the world and in situations of acute disease outbreak.

In resource-rich regions, multiple vaccines are now
available for measles, mumps, rubella, pertussis, polio,
varicella, tetanus, diphtheria and so on. This plethora of
vaccines has increased the number of injections to which
parents are asked to expose their children and compliance
has become a problem which has recently been compounded
as public anxiety about the advisability of multivalent
vaccination (MMR) has risen. Needle free vaccination may
therefore, increase compliance as well as reducing
occupational risks from needle stick injury in health workers.
All forms of needle free vaccination may be helpful in this
setting.

In resource-poor regions, the limited availability of funds
and skilled staff makes widespread use of even a selected
number of vaccines (expanded EPI programme) very
difficult. There is an increasing disparity between the
number of vaccines available in resource-rich regions and
the number in use in resource-poor regions. In addition, the
paucity of hygienic clinical supplies makes the risk of
needle-stick transmitted infection a major worry in resource-
poor regions. Needle free vaccination offers the chance of
reduced costs in needles, syringes and the need for skilled
staff, therefore, potentially allowing greater EPI
effectiveness. In resource-poor regions, needle free
vaccination must be developed in such a way that it is
cheaper than existing methods and, therefore, there has been
an emphasis on developing nasal, oral and simple inhaled
vaccines. In addition, needle free vaccination could reduce
the risk of transmission of HIV, hepatitis B and hepatitis C
viruses, both among vaccine recipients and health workers.

In acute disease outbreaks, rapid delivery needle free
percutaneous vaccination technology would be an advantage.
As in all settings vaccination would be of greatest benefit if
the vaccine was also temperature stable, delivered without
the need for electricity and immunogenic in less than three
doses [201].

EXISTING NEEDLE FREE VACCINES

Oral polio vaccine is well known but there are other
needle free vaccines already available or in the late stages of
development.

Inhaled measles vaccine was studied in South America
and Southern Africa and the data show inhaled measles
vaccine to be immunogenic and effective. Appropriate
nebuliser technology is now being developed to make
measles vaccination by inhalation widely available to
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Table 2. Current Vaccines or Vaccine Candidate Antigens Suitable for Consideration as Inhaled Vaccines
Candidate Comment Animal studies on mucosal effect Refs
23-valent pneumococcal No memory or boosting but possible persisting No
polysaccharide response due to maintenance on dendritic cell
surface possible.
Protein-polysaccharide Presented in MHC 1l dependent manner and No

conjugate

response may be manipulated with adjuvant use

Pneumococcal peptides

MHC |1 presentation, so can be used with
adjuvants. Inducement of allergy/inflammation
possible concern

PspA (pneumococcal

Phase 1 trials in humans well tolerated and

Trials in mouse studies. No adverse pulmonary

23, 189-90, 214-28

surface protein A) produced passive protection in mice

outcomes. Protection shown when used intra-
nasally.

PsaA (Pneumococal
surface adhesin A)

A metal binding lipoprotein (not an adhesin)

Systemic and nasal vaccination of mice protects
against carriage

194, 229-39

PdB (pneumolysin toxoid)

of pneumolysin

Toxoid lacks pro-inflammatory characteristics

Protects against lethal infection in mice given
systemically.

22,188, 213, 222,
224, 235, 240-43

children in resource-poor regions. Influenza vaccine can be
delivered by the nasal route but does not yet produce an
increased mucosal response to that achieved by injection.

Mucosal vaccination for HIV has been an important
research area and although a protective vaccine in humans
has not yet been developed, important lessons have been
learned and a degree of protection achieved in animal models
[202]. In particular, it has been appreciated that mucosal
immunity requires a coordinated response from innate and
acquired immune effector cells. This involves appropriate
antigen processing particularly by dendritic cells, followed
by T-lymphocyte activation and accessory cell function and
finally B cell migration resulting in local, specific and
mucosal immunoglobulin. Needle free vaccination for
hepatitis B virus has been studied using CpG DNA as an
adjuvant [203], for Mycobacterium tuberculosis using sub-
unit antigens presented to the gastic mucosa [204], for
Moraxella catarrhalis using detoxified lipopolysaccharide
presented to the nasal mucosa [205], for Bordetella pertussis
using pulsed dendritic cells [206] and for various
pneumococcal antigens reviewed below.

MECHANISMS AND CANDIDATE ANTIGENS FOR
INHALED ANTI-PNEUMOCOCCAL VACCINE

Mechanisms for An Inhaled Vaccine

An inhaled vaccine must either contain pneumococci in
the colonising but not invading state, or prevent colonisation
altogether. Prevention of disease will involve boosted
mucosal defense and a mechanism to prevent inhaled
bacteria breaching the respiratory epithelium. This is most
likely to be achieved by augmenting the existing respiratory
defences reviewed above and in particular, by enhancing
opsonin-enhanced phagocytosis of pneumococci by resident
and transient phagocytes. The critical interval for
pneumococcal disease is probably of the order of 4 hours
since this is the time taken for transparent phase

pneumococci to cross an epithelial barrier using a PAF
receptor dependent mechanism [146].

CANDIDATE ANTIGENS FOR AN
VACCINE

Antigens that could potentially be useful in an inhaled
vaccine against pneumococcal disease include all
components of Streptococcus pneumoniae and the
components of the inflammatory response that facilitate
pneumococcal invasion [143]. The ideal mucosal vaccine
would not impair barrier defence (mucous, ciliary function,
epithelial integrity), but would be optimally taken up,
processed and presented by antigen presenting cells (ideally
dendritic cells) that migrate to a suitable location for
interaction with naive B and T cells (ideally the regional
lymph node). Following optimal interaction between DC and
lymphocytes, including cytokine production by accessory
cells to ensure the correct TH1/TH2 balance in terms of
response [157], maturing B cells must migrate to the
appropriate mucosal compartment and produce effective
antibody in the absence of a chronic inflammatory or allergic
response. Finally, effective phagocytes must be able to act in
the time-frame available between surface adhesion of the
bacteria and wuptake into intracellular or submucosal
compartments. An additional factor to consider is the anti-
inflammatory nature of the alveolar and airways cytokine
and cellular milieu [207]. This regulated environment
extends to the whole mucosal compartment and presents a
particular problem as most antigens presented to the mucosal
compartment fail to elicit an immunological response at all.
Successful use of adjuvants in development of mucosal
vaccines has been hampered by the excessive side effects of
these products [208].

Candidate antigens can be selected from among
pathogenicity factors of S.pneumoniae using observations of
the immune response to these factors in recuperating patients

INHALED
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[209,210]. Surface moieties of pneumococcus are favoured
as they are non-inflammatory [25,211]. Cell wall fragments
and cytoplasmic products are pro-inflammatory [212] unless
modified but one such product, a pneumolysin derivative
(PdB), has been shown to be non-inflammatory and
protective in an animal model [213]. Combinations of
antigens may be more effective than single antigen vaccine
[198-200].

The most promising inhaled vaccine candidates include
currently licensed vaccines (polysaccharide and conjugate)
and novel peptide vaccines that will elicit T-cell memory in
the lung (Table 2). Peptide vaccines include pneumococcal
surface protein A (PspA), pneumococcal surface adhesin A
(PsaA) and PdB. PspA is a virulence determinant [23,214] of
all serotypes of pneumococci [215] and the protein has been
described [216,217], cloned and produced for experimental
work in recombinant systems [218,219]. PspA s
immunogenic in humans [220] and protective against disease
when injected or presented nasally or orally in animal
models [221,222]. The immunogenicity of nasal presentation
has been increased by co-presentation with IL-12 [189,223]
or mutant cholera toxin [190]. Anti-PspA antibody responses
in serum can be found in serum and saliva after IPD, otitis
media or nasal carriage in humans [224-227]. Phase 1 trials
of PspA as a candidate vaccine antigen have shown the test
antigen to be immunogenic in humans and human antibody
has protective efficacy against pneumococcal challenge in
passive transfer experiments using mice [220,228]. Toxicity
data remain to be evaluated. PsaA is a metal-binding
lipoprotein shown to be a virulence determinant of all 90
serotypes of pneumococci [229,230]. The structure of this
protein has been described [231] and the gene cloned
allowing protein production by recombinant technology in
sufficient quantities for experimental work [232]. PsaA
antibodies are found in humans after recovery from
pneumonia [233], otitis media [234] and invasive
pneumococcal disease [224,226] and are induced by nasal
carriage of pneumococci [194]. PsaA-specific B cells have
been recovered from human adenoidal lymphoid tissue and
further challenge of adenoidal cells in vitro produced
increased responses suggestive of a booster effect [235].
Injected PsaA elicited a protective response against
pneumococcal carriage [236] and invasive disease in mice
[237] and a PsaA DNA vaccine is under development [238].
Oral immunisation using PsaA in microspheres produced
protection in the respiratory tract in mouse models [239].
Phase 1 trials in humans have not yet been published. PdB is
a non-toxic derivative [213] of pneumolysin [22,240].
Antibodies against pneumolysin are found in humans
following pneumonia [241], otitis media [242] and invasive
disease [224] and anti-pneumolysin antibodies were found in
BAL following challenge with whole dead pneumococci in
animal experiments [188]. Injected PdB was protective
against disease in animal models [222,243] and PdB-specific
cells were recovered from adenoidal tissue, albeit at lower
levels than PsaA specific cells [235]. Phase 1 trials in
humans have not yet been published.

Adjuvants

Mucosal surfaces are poorly responsive to antigen
[140,141] and this property protects the host from excessive
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inflammation in response to inhaled air or food. Mucosal
vaccination as a strategy has been delayed by the hypo-
responsiveness of the compartment in the absence of an
adjuvant and by the toxicity of available adjuvants.
Adjuvants to optimise mucosal vaccine immunogenicity
have been developed in animal models [200,208] and several
now have low toxicity sufficient to consider human use
[191,244,245]. Cholera toxin (CT) and the heat labile
enterotoxin (LT) of E.coli have been demonstrated to be
effective adjuvants, particularly at very low doses, but cause
extreme diarrhoea. More recently, the B subunit of CT (CT-
B) [246], a non-toxic CT-A subunit [190] and modified LT
variants (LTK63 and LTR72) [200] have been shown to
retain effective adjuvant activity in the absence of side-
effects. Importantly, the dose-response studies of these
adjuvants indicate that they are effective at microgram doses
and towards several antigens at once [200]. It has been
proposed that the adjuvant activity is mediated by a CD80
and CD86 mechanism [190].

POTENTIAL PITFALLS: DRUG DELIVERY,
IMMUNOGENICITY, SAFETY AND EFFICACY

Drug Delivery

It is critical in mucosal immunisation that the effector
response is targeted to the intended mucosal surface. In
animal studies, antigen challenge has demonstrated local
immune responses localised to a single lobe of lung [247].
Inhaled vaccine candidate antigens must therefore, reach the
catchment area of all significant local lymph nodes. In
practice, this means that the delivered particles must be
approximately 1mm in diameter and delivered at low speed
by nebuliser or other breath-activated device to a subject
using tidal breathing. For development purposes, nebulised
antigen solutions will allow greatest control of total dose at
high dilution but eventually a breath-activated dry powder
device may be optimal in order to escape the need for a cold
chain and electricity. Modern piezo-electric nebulisers offer
portable, battery operated, low volume and reliable nebulised
delivery of most solutions.

Immunogenicity

Immunogenicity is critically altered by antigen dose, co-
receptor expression and cytokine milieu. Antigen excess may
result in anergy due to a lack of DC stimulation by innate
immune signals. This is the principle behind desensitisation
therapy in allergy and is a potential problem for effective
vaccination. Immunogenicity will be maintained by correct
antigen dose, co-receptors and cytokine responses.

Lack of critical co-receptors (or even antigen presenting
cells) may explain the lack of response in patient groups at
particular risk of pneumococcal disease. Lack of certain B
cell subgroups in young infants may make these infants as
unresponsive to pulmonary vaccination as to the currently
available injected vaccines [37]. HIV infection may interfere
with dendritic cell function by a DC-SIGN mediated down-
regulation of antigen presentation and CD80 and CD86 co-
receptor expression [66].

Cytokine balance is critical in determining the Th1/Th2
balance of the immune response to antigen [169]. More
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recent understanding has extended this model to include ThO,
Treg and Thpp pools of lymphocytes. It may be that HIV
infected patients, for example, have an altered cytokine
milieu that interferes with optimal antigen processing in the
lung or presentation in the lymph node. Alternatively, the
known pro-inflammatory effects of inhaled pollution [248-
250] may interfere in vaccine efficacy, just as particulate
exposure is noted to be associated with increased risk of
respiratory infection [251,252].

Safety

Immune regulation by vaccination has great potential
benefits in life saved and morbidity avoided but necessarily
involves a degree of risk. The pro-inflammatory risks in
presenting antigen aimed at altering pulmonary immunity are
acute lung injury, asthma, allergy, anaphylaxis and
pulmonary fibrosis. There is also a small risk of inducing an
excessive anti-inflammatory response leading to anergy to
the immunised antigen.

Acute lung injury or nasal inflammation have not been
observed in animal models or in human studies using surface
components of pneumococci, live capsulate pneumococci or
unencapsulated pneumococci. Inflammation has arisen in
animal models when complement fixing antigens such as
cytoplasmic products (eg pneumolysin), or cell wall products
(eg lipoteichoic acid) were used.

Asthma has not been induced in inhalational studies to
date but can be easily exacerbated in mild asthmatic or latent
atopic individuals [253]. These asthmatic responses can be
early or late and are familiar to respiratory physicians with
training in occupational medicine and inhalational challenge
as a diagnostic tool [254]. There is a theoretical risk that
protein antigens presented with adjuvant could result in a
Th2 response of sufficient strength that a secondary exposure
would result in an allergic response. This is unlikely
following a single exposure because the common asthma
allergens (house dust mite, animal dander and occupational
hazards) require prolonged exposure and are among the most
ubiquitous allergens to which humans are exposed. In any
antigen exposure, anaphylaxis is a theoretical risk that must
be minimised by appropriately cautious experimental
protocols and close monitoring in a medically safe
environment.

Pulmonary fibrosis is often idiopathic but in cases where
the cause is known (eg asbestosis, farmer’s lung) the
exposure has been incurred for many years. In addition, in
cases where pulmonary fibrosis occurs as part of an
inflammatory  condition (eg sarcoidosis, ankylosing
spondylitis), the inflammatory condition has also typically
been present for many years. It therefore, seems unlikely that
a small number of inhalational challenges with candidate
vaccines will induce pulmonary fibrosis.

Memory

Finally, an effective antibody response lasting only a
matter of weeks would be of little clinical benefit.
Polysaccharide antigens are known to produce a short-lived
(3 months), oligoclonal response with no booster or memory
effect. An effective vaccine must also induce a memory
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response both in B cells (plasma cells producing antibody at
the mucosal surface for at least 5 years) and in the T cell
population required for B cell support (ideally a life-long
response but at least 10 years). The duration of effect of
protein conjugate anti-pneumococcal vaccines is not yet
known, but may be limited by changes in carried serotype
epidemiology. Ideally, immunity should be life-long and this
is possible with peptide inhaled vaccine candidates as natural
colonisation or exposure should provide a booster effect.

MODULATION OF THE PULMONARY IMMUNE
RESPONSE TO OPTIMISE AN INHALED VACCINE

Some of the potential pitfalls in designing an inhaled
vaccine have been detailed above. Recent advances in our
understanding of pulmonary immunology and immuno-
therapy, however, may allow manipulation of the pulmonary
response to counteract these problems. In particular, antigen
size manipulation, co-receptor replacement and cytokine
manipulation may critically alter the innate response to
antigen and facilitate an optimal acquired response.

Systemic Priming

Conjugate vaccines produce mucosal responses with
measurable levels of IgA in saliva and changes in
pneumococcal carriage. Using an inhaled vaccine to boost
mucosal protection may be an effective method of
maintaining good sytemic response whilst producing the
maximal mucosal response, but using the same vaccine
antigen and avoiding adjuvants.

Antigen Presentation -
Solutions?

Particulate Suspensions or

Polysaccharide and protein-polysaccharide conjugate
responses are short-lived perhaps due to failure of memory
induction in the primary response. One form of B cell
memory is antigen-dependent memory that can be induced
by persistent antigen. There is some evidence that particulate
polysaccharide antigen is retained on the surface of dendritic
cells in lymph nodes [172]. Therefore, nebulised suspensions
of polysaccharide or protein-polysaccharide conjugates may
result in more prolonged immune responses than antigens
presented in solution.

Co-Receptor Manipulation

Presentation of pneumococcal antigen to mice in the
presence of CD40L was effective in preventing B cell
apoptosis in a mouse model [177]. In addition, HIV has been
shown to downregulate CD80 and CD86 expression in
dendritic cells. Perhaps that can be replaced. There is
evidence that adjuvants work by increasing CD80/86
expression and so this may be effective in HIV.

Cytokine Manipulation

Patient therapy with either cytokine (eg IL-2, IL-12, IFN-
g or blocking monoclonal antibodies (anti-TNF) is now
established [255,256] and further experimental strategies
involving IL-10 [257,258], 1L-11 [259], IL-18 [260], gene
therapy [261,262] and dendritic cells [263] are under
development. It is therefore, possible that co-presentation of
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antigen with an appropriate cytokine (eg IL-12 or 1L-18)
may optimise the T cell response and lean towards an
effective  anti-pneumococcal Thl response. These
manipulations are some way off, however, as basic
descriptions of response to antigen alone have not been
carried out in human volunteers.

CONCLUSION

Substantial recent progress in our understanding of
mucosal biology, B cell immunology and the pathogenesis of
pneumococcal disease suggest that a mucosal vaccine may
be the best approach for prophylaxis against pneumonia and
invasive disease in adult risk groups. Progress in pulmonary
pharmacology has made the development of a needle-free
vaccine possible. Promising candidate antigens have been
developed in animal studies and are now ready for human
trials. This is an important new field of investigation that will
have important implications both within and beyond the
prevention of pneumococcal disease.
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