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Immunological recognition and effector
mechanisms in infectious diseases*

A WHO MEETING1

In recentyearsithasbecomeclearthatseveralspecialized cell typesareinvolved in
the induction of the immune response. The way the antigen is presented to the
different cell types may be important in decidingfor instance, ifa homograft will be
rejected or tolerated, or ifanother antigen willpreferentially stimulate antibody or a
cell-mediated immune response. Different types ofimmune response may be desirable
or harmful during the course ofdifferent infectious diseases. The knowledge ofhow
recognition and effector mechanisms operate in different conditions may help in the
production ofmore effective vaccines. In this article the present knowledge of both
antibody and cell-mediated responses is reviewed and recommendations are madefor
further research.

Although some distinguished authorities optimistically suppose that the major
discoveries in immunology have already been made, our knowledge of the science continues
to advance rapidly. For example, when considering the induction of immune responses, all
textbooks state, and most immunologists believe, that antigens are presented by macro-
phages to immunocompetent cells, which then respond. However, recent evidence suggests
that a specialized cell type, the Langerhans' cell, also presents antigens to T lymphocytes.
Furthermore, it now appears that for T lymphocytes to be generated, the precursor lympho-
cytes need to be exposed to alloantigens in the presence of a costimulator. These points are
not trivial; they determine, for example, whether a homograft will be rejected or tolerated,
a problem of both theoretical interest and practical importance. For generation of B
lymphocyte memory, which is also important in vaccination, antigens are also presented to
B lymphocytes by follicular dendritic cells. The localization of antigens in these cells is
favoured by the formation of immune complexes that fix complement. Immune complexes
of appropriate composition can be highly immunogenic, and this may be a way of
increasing the immune response to vaccination without the use of adjuvants, which can
have undesirable effects.

* This article presents the main points contained in the report of a WHO meeting. Requests for reprints should be addressed to
Chief, Immunology, World Health Organization, 1211 Geneva 27, Switzerland. The full report will be published later by Schwabe&
Co., Basel, Switzerland, in the Tropical Diseases Research Series.
I The full list of participants in the meeting is given on page 679.
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On the effector side of the immune system, it is now clear that many effector mechanisms
exist, some of which were unknown only a few years ago. An already classical example is the
restriction by the major histocompatibility complex of the killing of virus-infected target
cells by cytotoxic T lymphocytes (CTL). It is also widely supposed that delayed hyper-
sensitivity is correlated with T lymphocyte sensitization and therefore with protection, but
this is not always true. The system of natural killer cells and its activation by interferon are
recent discoveries. The relationship between natural killer activity and resistance to
parasitic infections in different strains of mice, and the increased severity of infections in
human patients in which this system is defective, suggest that it is important in combating
infectious disease. Considering how often delayed hypersensitivity is taken as a measure of
cell-mediated immunity (CMI) and related to protection, it is important from the practical
point of view to know that delayed hypersensitivity and protection can be dissociated in
several systems.

It is desirable to define, as far as current knowledge permits, the immune effector systems
that are important in different infectious diseases. In some viral and bacterial infections,
antibodies that can interact with complement and leukocytes are especially important. In
other infections, various cellular mechanisms are responsible for protection. In each disease
the major mechanism has to be defined, so that vaccines can be used to prime the immune
system of the recipient in the correct way. Recent knowledge about induction of immune
responses can be applied to achieve this aim.

There is still a time lag between the achievement of basic advances in immunology and
their practical application. A great deal of information about haptens and carriers has
accumulated in the last decade, but it is only recently that these substances have been used
to elicit antibodies against poorly immunogenic materials such as bacterial capsular poly-
saccharides. It has been known for 50 years that complexes of bacterial toxins and anti-
toxins elicit good antibody responses, and for 20 years it has been known that very small
amounts of such complexes elicit strong delayed hypersensitivity. We now understand
better why such responses occur and how they can be controlled. The use of highly specific,
monoclonal antibodies reacting with particular determinants on an antigen will help further
our understanding. Covalent bonding of antigen to antibody under the right circumstances
can increase immunogenicity. If we can understand what is required to turn on cytotoxic
and helper T cell responses, rather than T-suppressor cells, we shall have a system with
many possible practical applications.

ANTIBODY-MEDIATED IMMUNE RESPONSES

It has long been clear that circulating antibody plays the major role in protection in many
infectious diseases, e.g., in responses to encapsulated bacteria, toxoids, and enteroviruses.
Especially important is the capacity of an immunized individual to give a better response to
subsequent exposure to the antigen, i.e., to develop immunological memory. In some cases
it may be of equal importance to overcome deficiencies in a specific response due to age or
genetic constitution. It should be borne in mind that all responses probably represent a
balance between stimulation and suppression, the latter being particularly potent where self
antigens or antigens closely resembling self are concerned; this may also be the case with
some meningococcal polysaccharides. In practice, memory is usually manifested by the
rapid production of high antibody titres, often consisting largely of IgG, with a high
affinity for the particular antigen. It has been found that, in experimental animals, memory
is carried by both B lymphocytes and by specific T-helper cells.

Current knowledge of effector mechanisms suggests the desirability of priming for the
production of antibody subclasses that interact with the complement system or with
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leukocytes, e.g., in man, IgG1 and IgG3. These antibodies diffuse more readily into tissues
than does IgM, which tends to dominate the primary antibody response. In certain
situations it may be desirable to favour the production of secretory IgA or IgE antibodies,
whereas in other situations these classes of antibody may have deleterious effects.

Little is known about the mechanisms that control the expression of different antibody
subclasses. In experimental animals, T-helper cells are known to be involved in the switch
from IgM to IgG production and there is growing evidence that a distinct subpopulation of
T-helper cells controls the formation of IgE and possibly IgA and IgG antibodies. This
subject is clearly worthy of further study, especially using human lymphocytes, because of
its possible relevance to immunomodulation.
Many antibody responses are controlled by suppressor mechanisms, which may be

antigen-specific or -nonspecific. Some appear to be mediated by antibodies and T cells,
others by activated macrophages or by humoral mediators such as prostaglandins or
interferon. These may also be involved in the regulation of subclass expression, and a means
of abrogating or modifying this suppression would be useful.

Factors influencing antibody production

The efficacy of vaccination (induction of the appropriate memory cells) depends on the
following factors: the nature and amount of antigen, the route of administration, the use of
an adjuvant, and the presence or absence of circulating antibody. In addition, host factors
including age, genetic background, and overall immunocompetence of the individual are
obviously important.

Nature and amount of antigen
The following properties of the antigen appear to be important: whether it is particulate

or soluble, whether it is of sufficient molecular size, and whether it persists within the body.
For example, intact killer influenza virus immunizes more effectively than the isolated
haemagglutinin. With meningococcal polysaccharides, preparations with a relative
molecular mass of under 120 000 are poorly immunogenic. With regard to antigen dose,
there are clear indications that the priming dose of antigen can affect the nature of the
antibody response; thus, with certain antigens, very low doses selectively induce IgE
antibodies, higher doses induce IgM, and still higher doses induce IgM and IgG. In
experimental animals both high- and low-dose tolerance are well established. In man, there
is preliminary evidence for low-zone tolerance in individuals immunized with meningo-
coccal polysaccharides.

Route ofadministration
In practice, vaccines are usually given to human subjects subcutaneously, intradermally,

or intramuscularly. The induction of secretory IgA, however, requires local application of
the antigen, but may be augmented by parenteral priming. The short-lived nature of
secretory IgA responses induced by locally-administered antigens may be explained by poor
generation of IgA memory. In experimental animals, intravenous immunization against
haemoprotozoa (e.g., Plasmodium and Trypanosoma) is often more effective than
administration of antigens by other routes. This may be because of the importance of the
spleen in responses to this type of infection. Asplenic humans respond poorly to intra-
venous administration of bacterial polysaccharides during septicaemia, but normally
following subcutaneous immunization.
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Adjuvants

Alum precipitates are still the major adjuvants used in man. In experimental animals,
much greater immune responses can be induced by the use of Freund's complete adjuvant,
bacteria such as Bordetella pertussis or Mycobacterium bovis (BCG), or certain chemicals,
e.g., saponin, muramyl dipeptide, polyribonucleotides (poly A: U). Clearly, the develop-
ment of more effective adjuvants for human use, especially for increasing CMI, should
receive high priority. This field has recently been reviewed.!

Other strategies for immunopotentiation also deserve consideration. It seems likely that
in the case of successful parasites, i.e., those that survive in the host for prolonged periods,
the important protective antigens, once isolated, will prove to be poorly immunogenic. It
may thus be necessary to couple such antigens with highly immunogenic carriers (by
analogy with experimental hapten-carrier models), or to insert the antigen into liposomes.
It has been shown, for example, that the former approach successfully induces priming to
non-immunogenic oligosaccharides. This approach may be useful with those polysac-
charide antigens that are poorly immunogenic per se, or, for example, for inducing anti-
bodies to common glycoside groups on the surface of trypanosomes.

Presence ofantibodies

Antibodies can be derived passively from the mother, or from previous or concurrent
infection. It has been known for many years that the presence of antibody can inhibit
antibody production, e.g., in preventing the anti-Rh response. Another example is the
Group B meningococcal polysaccharide.
On the other hand, immunization with preformed antigen-antibody complexes can be a

very effective means of inducing memory, as was shown early this century in man, using
toxin-antitoxin complexes. Similarly, pre-existing antibody to certain bacterial
polysaccharides enhances the response of humans to deliberate immunization. So far, the
adjuvant effect of antigen-antibody complexes seems to be restricted to soluble rather than
particulate antigens, but this requires further study.

The mechanisms involved in both antibody feedback and in complex priming are still
poorly understood. However, experiments in rodents suggest that the latter process is
dependent on activation of the complement system, and presentation of the complex on the
follicular dendritic cell to B lymphocytes.

Hostfactors
Important host factors include age, genetic constitution, nutritional status, and presence

of concomitant infections. The unresponsiveness of infants to bacterial polysaccharides
represents a major obstacle to their use as vaccines. Further understanding of the ontogeny
of the human system is obviously required.

Genetic regulation of antibody responses linked to immunoglobulin allotypes, and T-cell
responses linked to major histocompatibility antigens (Ir-gene controlled responses) have
been demonstrated in animals, and presumably exist in humans. If found in outbred
populations (as suggested by the demonstration of HLA-linked susceptibility to various
diseases), such genetic mechanisms could explain the lack of response of some individuals
to certain vaccines. The contribution of other factors such as macrophage resistance to
infection are not understood, and deserve experimental attention.
The nutritional status of the host may be important in responsiveness, although the inter-

pretation of its importance under some conditions is complicated by the high incidence of
multiple concurrent infections among malnourished populations. There are indications
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that many infections e.g., African trypanosomiasis, produce non-specific immunosuppres-
sion, which may be important in the pathogenesis of the disease, and which could influence
the efficacy of vaccination against other organisms. Similar considerations apply to
individuals taking immunosuppressive drugs, who are well known to be susceptible to
various infections and are therefore prime candidates for immunoprophylaxis.

Future directions

A basic problem in the development of vaccines for human use is the uncertainty
surrounding the extrapolation of results obtained in animal models to the situation in man.
This is likely to prove particularly difficult in parasitic diseases, but with the advent of
improved methods for studying human lymphocyte function in vitro the problem should be
amenable to direct study.

Recommendations

The following problems merit detailed investigation.

The nature, location, andfunction of antigen-presenting cells

The suggestions that the Langerhans' cell primarily addresses T lymphocytes, (and thus
that it may be important in responses to subcutaneous immunization), and that the
follicular dendritic cell presents antigen to B lymphocytes, are particularly intriguing. The
presence of a complement receptor on both cells suggests a potential means of monitoring
levels of complement-fixing antibody, and also provides a novel mechanism for immuno-
regulation by antibody.

Immune complexes as immunogens

The concept of using antigen-antibody complexes as vaccines is an attractive one,
especially if human monoclonal antibodies become readily available. In this context, the
administration of small doses of complexes is unlikely to produce significant immuno-
pathology.

The cellular basis ofantibody class and subclass regulation

The balance between the expression of memory within T-helper, T-suppressor, and B cell
compartments may be critical. Factors requiring further study include antigen dose, route
of administration, the role of presenting cells etc., as discussed above.

The cellular basis ofmemory

Although there is growing evidence for the presence of B-memory lymphocytes in the
mouse, the factors that determine the functional behaviour and the differentiation
pathways of such cells are still poorly understood. Even less is known about what
constitutes a memory cell in the T-helper cell compartment.

Delineation of effector mechanisms
The precise nature of the effector mechanisms mediating protection against any

particular infection needs to be carefully defined. In this context the measurement or
passive transfer of unfractionated antibodies does not give sufficient information. The
increasing availability of monoclonal (hybridoma) antibodies should facilitate analysis of
the biological functions of different immunoglobulin classes. In addition, such antibodies
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may be useful for the study of both positive and negative interactions of antibodies and
cellular effector mechanisms.
The IgA and IgE systems deserve special attention in view of their importance in mucosal

immunity and in responses to helminths, respectively. In addition, the production of IgA in
meningococcal disease, and of IgE in hypersensitivity, is clearly detrimental. Further work
is required on the mechanisms of induction, generation of memory, and antibody distri-
bution in these systems.

T CELL-MEDIATED IMMUNE RESPONSES IN
INFECTIOUS DISEASES

Immunity to many infectious agents appears to involve specific T-cell immunity. In the
following section we will examine these phenomena at the level of T-cell induction and the
expression of effector functions; information will be drawn from both in vitro and in vivo
studies.

Effector mechanisms in vitro

Effector mechanisms seen in vitro include:

(a) lysis of infected target cells expressing recognizable surface antigenic determinants;
(b) release of lymphokines acting on macrophages and other leukocytes;
(c) immune interferon acting on both leukocytes and tissue parenchymal cells.

In the past, the conventional view has been that different T-cell subtypes are involved in
the expression of cytotoxic activity and in lymphokine-mediated reactions. However, most
studies were carried out at the population level using qualitative, rather than quantitative
assays, and new evidence suggests that this distinction between T cells expressing different
effector functions may not be as clear-cut as was previously believed. It may be that differ-
ences in effector functions reflect differences in the receptor specificity of T cells (e.g.,
recognition via K/D- or I-region antigens in association with the infectious agent) rather
than physiological differences between T-cell subsets. Further studies of this problem at the
level of clonal analysis are required.

Effector mechanisms in vivo

The relevance of the above-mentioned effector mechanisms to in vivo immunity and
recovery from infectious diseases has not yet been established. There is evidence that K/D-
restricted virus-specific T cells are involved in recovery from certain acute virus infections.
These cell populations also express specific antiviral cytotoxic activity in vitro. It has been
suggested that the in vivo effect of these cells results from killing of virus-infected target
cells during the eclipse phase of infection. However, other mechanisms such as lymphokine
production may be operative in vivo.

In a model system using a facultative intracellular bacterium (Leishmania monocyto-
genes) it has been shown that I-restricted T cells are involved in protection. These
I-restricted T-cell populations release lymphokine following in vitro triggering with a
specific antigen and these mediators have been shown to activate macrophages to increase
bactericidal activity. It is suggested that the same phenomenon occurs in vivo. However,
formal proof of the involvement of lymphokine in in vivo immunity is lacking, and the use
of anti-lymphokine antibody may help resolve this question.

676



IMMUNE RESPONSES IN INFECTIOUS DISEASES

It should be remembered that in the majority of intracellular infections, the final destruc-
tive event may depend on the activity of non-specific cells. Two major effector mechanisms
can be identified: intracellular killing by phagocytic cells (e.g., in mycobacterial or toxo-
plasmal infections) and extracellular cytotoxicity mediated, for example, by macrophages
or by the recently identified "natural killer" cells. The latter mechanism might be
particularly valuable where phagocytosis is unlikely (e.g., large worms), or in limiting
lymphoproliferation caused by the presence of viruses (e.g., Epstein-Barr virus) or
protozoa (e.g., Theileria parva) within the lymphocytes themselves. It is notable that
lymphoblasts appear to be particularly susceptible to lysis by "natural killer" cells.
A further possible role for the lymphokine system is the activation and recruitment of the

above-mentioned non-specific effector cells. A striking new example is the enhancement of
natural killer activity in viral and bacterial systems by interferon. The migration ofT and B
lymphocytes themselves into the appropriate microenvironment may also be influenced by
lymphokines.

Generation of effector T cells

There is increasing evidence that specific T-cell activation requires more than simple
interaction with an antigen. This is best documented in the case of alloantigen activation in
vitro, where it has been shown that for T-cell activation, it is necessary to present the foreign
antigen in conjunction with an inductive stimulus. In syngeneic systems it has been
suggested that antigen must be presented to the responsive T cell on the surface of the cell
that provides this inductive stimulus. Experimentally, the cells appear to be exclusively of
lymphoreticular origin. The generation of T-cell responses is usually accompanied by clonal
expansion. In vitro the continued proliferation of effector T cells requires the presence of a
T-cell growth factor.
There is evidence that in vitro-activated T cells are not necessarily end cells, but may

further differentiate into small inactive lymphocytes, which may be considered as a memory
population. Such populations will respond to secondary stimulation, and have a higher
frequency of CTL-precursor cells than unprimed cell populations. In many in vivo
situations, T-cell memory can be demonstrated-to be an earlier and more intense response
than that seen in unprimed animals. In practice, such responses may be tested in different
ways, e.g., delayed hypersensitivity, generation of cytotoxic cells, interferon production,
etc. At this stage it is not known whether immunological T-cell memory represents a
qualitative or quantitative change in the primed animal, and in this connexion it should be
borne in mind that conventionally-housed animals may be primed, particularly against
certain bacterial antigens.

Requirements for in vivo generation offunctional subpopulations of T cells

Functionally different T-cell subpopulations may be induced under different immunizing
conditions. For example, live virus may in many instances induce a potent cytotoxic T-cell
response in parallel with delayed-type hypersensitivity (DTH) and helper T-cell activation,
whereas immunization with antigenic viral components may fail to induce cytotoxic T cells
but can induce DTH T cells and helper cells. It is not known whether this reflects a
quantitative or qualitative difference. One finding which suggests that the difference may
be qualitative is that inactivated non-fusing virus does not, in general, prime for cytotoxic
T-effector cells restricted by K and D antigens of the mouse H-2 complex, whereas
inactivated fusing viruses do. In general, protection mediated by T cells is found when live
virus is used for immunization and not when isolated viral components are used. Similarly,
in the case of intracellular bacterial parasites, immunization with live organisms is required
to induce protective immunity.
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In the case of alloantigen, mice immunized with living allogeneic lymphoreticular cells
can generate a cytotoxic T-cell response and develop a state of CTL memory directed
against the K/D structures of the immunizing cell. Similarly, mice immunized in vivo with
alloantigens develop long-lived memory cells able to induce a secondary-type immune
interferon response when tested in vitro in the mixed leukocyte reaction assay using the
homologous H2-antigen-bearing stimulating cells and the generation of alloantibody, but
does not induce a detectable cytotoxic T-cell response.
The finding that DTH reflects a T-cell response but not necessarily protection against

reinfection, emphasizes that DTH may not be a reliable indicator of protection. For
example, killed L. monocytogenes induces DTH but no protection in mice, whereas
hamsters that have recovered from Leishmania enriettii are resistant to challenge with this
organism but show no detectable cutaneous DTH to leishmania antigens.

Protection and immunopathology

Immune protection against viruses and other intracellular parasites may be mediated, at
least partially, by host-cell destruction. Thus the clinical outcome of an infection may be
determined by the balance between viral cytopathogenicity and the competing T cell-
mediated destruction of host cells. This balance between protective and harmful T-cell
effects may be influenced by both viral and host factors. Immunization of the host can
modulate this balance in either direction. In extreme cases partial protection can be
accompanied by severe immunopathology (e.g., lymphocytic choriomeningitis and
tuberculoid and borderline tuberculoid leprosy). Another consideration is that one
particular immune mechanism may block the other. For example, blocking antibody or
suppressor mechanisms may interfere with the expression of a protective T-cell response.

Cell-mediated immunity in metazoan and protozoan parasitic infections

Information on the inductive and effector phases of immunity in the classical parasitic
diseases is still scarce, in general, being limited to phenomenological descriptions of
different aspects of the immune response. This makes it very difficult to propose a general
hypothesis to explain the mechanisms involved in the host immune response and parasite
interaction. However, some in vitro evidence is also available that implies the operation, in
some situations, of antigen-presenting cells. As for effector mechanisms, the information
available ranges from very little (for example, in Trypanosoma cruzi) to description of
several different mechanisms (for example, in Schistosoma).

There is clearly a need for better definition of the basic in vivo mechanisms involved in
classical parasitic infections.

Types of vaccine and responses

At present, knowledge of the various parameters is not sufficient to permit the formu-
lation of concrete proposals on screening for vaccines that give protection in diseases where
T cell-mediated responses play an important role. As pointed out above, one immediate
task is to identify and establish effective mechanisms of host defence in each type of
infectious disease. Once this basic information has been obtained a rational approach to the
design of appropriate vaccines may be feasible.
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RESUME

Reconnaissance immunologique et mecanismes effecteurs
dans les maladies infectieuses

Au cours des dernieres annees, il est devenu evident que plusieurs types de cellules
specialisees interviennent dans l'induction de la reponse immunitaire. La maniere dont
l'antigene est presente A ces differents types de cellules peut avoir un effet important et
determiner, par exemple, si une homogreffe sera rejetee ou toleree, ou bien si l'antigene
suscitera preferentiellement une reponse immunitaire en anticorps ou a mediation
cellulaire. Differents types de reponse immunitaire peuvent etre souhaitables ou nocifs au

679



680 A WHO MEETING

cours de diverses maladies infectieuses. Si l'on parvient A savoir comment s'effectue la
reconnaissance et comment operent les mecanismes effecteurs dans differentes conditions,
cela peut faciliter la production de vaccins plus efficaces.
Le groupe a examine en particulier les facteurs qui influent sur la production d'anticorps

et la reponse immunitaire dans laquelle interviennent les cellules T. En ce qui concerne la
production d'anticorps, les facteurs ci-apres ont ete consideres: nature et dose de
l'antigene, voie d'administration de l'antigene, presence d'anticorps et facteurs lies A l'hote
(Age, etat nutritionnel, constitution genetique, etc.).

Les voies par lesquelles agissent les mecanismes effecteurs tant in vitro qu'in vivo ont
egalement e etudiees, de meme que la possibilite du role de la reponse immunitaire dans la
production de lesions immunopathologiques.


