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Immunological aspects of virology*
WHO WORKING GROUP'

This article summarizes the conclusions of a WHO Working Group concerning
progress towards an improved understanding of the mechanisms of natural and vaccine-
induced immunity to viral infection in man. Particular attention is given to the role of
humoral immunity, non-specific cellular and virus-specific T-cell responses, interferons
and lymphokines in the immune response to virus infection. Detailed knowledge of the
immune responses relevant to protection by vaccines is importantfor a rational approach to
vaccine design. Recommendations are made for future collaborative research in
immunovirology with due consideration given to the needs ofthe recently established WHO
Vaccine Development Programme.

ANALYSIS OF HOST RESPONSE TO VIRUS INFECTION OR IMMUNIZATION

Virus-specific T-cell clones

Cytotoxic T lymphocytes (Tc), which are HLA class I antigen-restricted, appear to be
important in limiting the growth of certain viruses in the infected host.' Most progress on
studies of specific T-cell lines has been made in the field of influenza. In mice and humans,
influenza A virus infections induce Tc and Tc memory cells that do not discriminate among
serologically distinct type A influenza viruses; these findings may have implications for
both naturally acquired immunity and immunization. Further studies are required to
define the roles of Tc responses in protective immunity for influenza and other viruses. The
ability to select virus-specific T-cell clones and maintain them in vitro over a long period is
an important step in understanding the role of individual T-cell subpopulations in virus
infections and in determining the relevance of such populations for immunity. Clones of

* This article is based on the report of aWHO Working Group on Immunological Aspects of Virology which met in Worcester,
Massachusetts, USA, on 7-9 March, 1984. Requests for reprints should be addressed to Director, Division of Communicable
Diseases, World Health Organization, 1211 Geneva 27, Switzerland. A French translation of this article will appear in a later issue
of the Bulletin.

' The members of the Working Group are listed on pp. 819-820.
a LIN, Y. & ASKONAS, B.A. Biological properties of an influenza A virus-specific killer T-cell clone. Journal ofexperimental

medicine, 154: 225 (1981).

4585 -813-



814 WHO WORKING GROUP

T-helper (Th) and Tc cells of human and murine origin specific for influenza and for other
viruses, such as herpesvirus, have been developed in several laboratories. These clones
facilitate studies of the in vivo function of defined T-cell populations, their ability to
release biologically active mediators, and their specificity for viral components. There are,
however, considerable difficulties in developing T-cell clones: they are laborious to
maintain in culture, they sometimes lose function and may show abnormal migration
properties on adoptive transfer (in mice).
An important aspect of these studies is the difference in induction of T-helper cell

lineages, which may be delayed-type hypersensitivity (DTH) effectors, compared with that
of cytotoxic T cells (also DTH effectors). While purified non-replicating viral antigens can
induce proliferation of T-helper cells in the presence of antigen-presenting cells bearing
HLA antigens (class II major histocompatibility complex (MHC)), the same is not true of
the T-killer (Tc) cell lineage. The latter is induced by cells infected or transformed with viral
components. This suggests a difference in the requirements for interactions between virus
and class I or II MHC molecules and recognition by Tc and Th, respectively. In infections
where Tc are an important aspect of defence, the problem of T-cell induction has impli-
cations for vaccination strategies. Further work is required on Tc recognition and induction
and virus-MHC class I interactions in order to produce improved vaccines that induce Tc
memory cells.

Natural killer cells in virus infections

Natural killer (NK) cells are large granular lymphocytes that have the ability to lyse a
variety of cells and have a potential role in limiting tumour development and virus repli-
cation in vivo. bNK cells are derived from the bone marrow and mature independently of the
thymus. They are a distinct class of lymphocytes but are part of the T lymphocyte differen-
tiation series. During the early stages of a virus infection, natural killer cell activity is greatly
augmented by virus-induced interferon, which stimulates activation and proliferation of
NK cells. Interferon increases the kinetics of NK cell-mediated cytotoxicity, increases the
expression of cell surface determinants involved in binding to targets, and enhances the
ability ofNK cells to rearm after mediating a lethal hit. The mechanism by which interferon
induces the proliferation of NK cells is unclear. Proliferation can be shown by the fact that
both interferon treatment and virus infections elicit the appearance of blast-size,
thymidine-incorporating NK cells. Increases in the number of large granular lymphocytes,
and the number of lymphocytes staining with antibody to an NK-specific cell marker
antigen, are also seen during virus infection.

Because the activity and the numbers ofNK cells are augmented during virus infections,
they may limit the pathological effects of certain viruses. Mice depleted of NK-cell activity.
are more sensitive to infection with cytomegalovirus (CMV), mouse hepatitis virus, and
vaccinia virus, but respond normally to lymphocytic choriomeningitis virus (LCMV). Beige
mice, which have a genetic deficiency in NK-cell activity, are similarly more sensitive to
CMV but not to LCMV. A cultured clone of NK cells administered to NK cell-depleted
mice, rendered the mice resistant to CMV. These data suggest that NK cells probably play a
significant role in natural immunity to CMV.

Molecular basis of antigenicity and virulence of poliovirus

Recent work on poliovirus has illustrated the potential value of monoclonal antibodies in
studies to identify and characterize antigenic sites on viruses, relevant to protective immune

b WELSH, R.M. ET AL. Regulation and role of natural cell-mediated immunity during virus infections. In: Ennis, F.A., ed.,
Human immunity to viruses, New York, Academic Press, 1983, pp. 21-41.
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responses. The design of potential novel vaccines, based on antigenic peptides of polio-
viruses and produced by controlled gene expression or by chemical synthesis, will require
detailed information on the antigenic sites involved in virus neutralization. In recent studies
involving a combination of recombinant DNA and monoclonal antibody techniques,C a
sequence of twelve amino acids (positions 89-100 from the N-terminus of the virus capsid
protein, VP 1) was identified as a major antigenic site involved in the neutralization of polio-
virus type 3. Virus-neutralizing antibodies capable of reacting with a wide range of
poliovirus type 3 strains were stimulated in rabbits by synthetic peptides containing
sequences from this site.d
Monoclonal antibodies are likely to be of value in the demonstration of haemagglutinin

antigenic variants of influenza B and influenza A (HI NI) that arise as a result of host cell
selection of viruses in eggs and mammalian cell lines; the potential significance of these
findings for studies of the antigenic characteristics of influenza virus has been discussed
elsewhere.e

Role of soluble mediators in antiviral immunity

Host defences against viruses involve three main mechanisms. These are: antibody
production; specific cell-mediated immunity, involving cytotoxic T cells and non-specific
effector cells such as NK cells that are able to destroy infected cells; and macrophages,
which restrict virus replication and dissemination, and can also destroy cells!f

Various soluble mediators are able to regulate the functions of these three types of
effector mechanism. For example, interleukin 1 and 2 (IL-1 and IL-2) amplify the
proliferation of specific T-cell clones, and have been shown to be critical factors in the
induction of cytotoxic T lymphocytes against virus-infected cells. Interferons may have an
important role in antiviral immunity through two main mechanisms: their ability to prevent
viral replication in many cells of the body, and their regulatory function in the immune
system.

Interferons

Virus-induced interferons of the alpha or beta type appear to have an important role in
protection early in the course of acute viral infections. This is evident from the potentiation
of viral replication in experimental animals treated with neutralizing antibody to alpha and
beta interferons.

Unlike the virus-induced alpha and beta interferons, gamma interferon is induced as a
result of immune stimulation. The antiviral effects of gamma interferon may be manifested
either directly by its antiviral activity or indirectly through immunoregulation. Some of the
reported immunoregulatory properties of gamma interferon are: (1) the induction of Tc,
which is neutralized by the administration of antiserum to gamma interferon; (2) activation
of macrophages and NK cells; and (3) regulation of antibody production by B cells. Virus-
infected target cells may be better recognized by Tc since gamma interferon has preferential
effects on synthesis and expression of HLA class I and II. Antigen presentation may be
enhanced by gamma interferon since this lymphokine is able to increase IL-I secretion by
human monocytes and to enhance HLA-DR expression on these cells.9
The amino acid sequences of alpha, beta, and gamma interferons of human origin have

cMINOR, P.D. ET AL. Nature (London), 301: 674-680 (1983).
d FERGUSON, M. ET AL. Virology, 143: 505-515 (1985).
eSCHILD, G.C. ET AL. Nature (London), 303: 706 (1983).
f TAMAMUTA, T. ET AL., ed. Humoralfactors in host defense.New York, Academic Press, 1983.
8VIRELIZIER, J.L. ET AL. Pure interferon gamma enhances class II HLA antigens on human monocyte cell lines. European

journal of immunology, 14: 106-108 (1984).
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been fully elucidated following cloning of cDNA copies of their respective mRNAs in
Escherichia coli. Gamma interferon has been shown to be markedly different in structure
from alpha and beta interferons, which are distantly related in evolutionary terms. Gamma
interferon produced by human cells is glycosylated and is known to exist at different levels
of glycosylation and probably in multimeric configurations.h
Many of the human interferons have been expressed in microorganisms carrying the

requisite gene copies. Alpha interferon subtypes produced by E. coli appear virtually
identical to their homologues produced by human cells. However, beta and gamma
interferons are not glycosylated by E. coli and are therefore structurally distinct from their
human cell counterparts. These differences are detectable using monoclonal antibodies.
However, despite the lack of carbohydrate on beta and gamma interferons produced by
E. coli, there appears to be no significant impairment of biological function.

All interferons have been demonstrated to evoke an antiviral state in homologous cells
and to affect some of the functions of the immune system, either directly or indirectly. They
may also be directly cytostatic or cytotoxic in relation to the growth of tumour cells.
Recently, it has become evident that gamma interferon is a soluble mediator released by
T cells and has a major role as a macrophage-activating factor in addition to possessing
antiviral properties. It is probable that the cell receptors for alpha and gamma interferons
and the antiviral pathways activated by alpha, beta, and gamma interferons are different;
the pathways may overlap such that in some instances synergistic effects against viruses can
be demonstrated in vitro.'
Major clinical trials have been initiated in response to the now virtually unlimited

availability of the various cloned human interferons. These have centred largely on testing
the potential of interferons for the treatment of cancer; however, several clinical trials have
been carried out to test the efficacy of alpha interferon against respiratory infections caused
by rhinovirus. The interferon has been administered via nasal spray and it has been shown
that high doses can prevent rhinovirus infection. Unfortunately, such treatment has been
found to promote undesirable side-effects such as nasal stuffiness and irritation of the nasal
mucosa. Alpha and beta interferons have also been shown to have some beneficial effects in
the therapy of hepatitis B infection and in various infections mediated by the herpes group
of viruses. Used prophylactically, interferon can suppress cytomegalovirus reactivation in
organ transplant patients.J It has also been shown to reduce markedly the size of benign
polyps and warts (e.g., juvenile laryngeal papilloma) induced by papilloma viruses.

IMMUNE RESPONSES IN MAN

Influenza

Influenza A virus-specific Tc can be generated from the peripheral blood lymphocytes of
humans. They are HLA class I antigen-restricted and virus type-specific. Studies at the
Medical Research Council's Common Cold Research Centre in England have indicated that
individuals with high or moderate levels of Tc memory shed less virus after induced
influenza. This effect appears to be independent of antibody levels. These cross-reactive Tc
appear to offer a degree of heterotypic immunity, which could be the main defence
mechanism upon exposure to virus of a new subtype. Methods of boosting this aspect of

hZOOM, K.C. & WETZEL, R. Comparative structures of mammalian interferons. In: Came, P.E. & Coate, W.A., ed.,
Interferons and their applications. Handbook ofexperimental pharmacology II, Heidelberg, Springer-Verlag, 1984.

' MEAGER, A. Interferons: their role in natural resistance to virus infections. In: Ennis, F.A., ed., Human immunity to viruses.
New York, Academic Press, 1983, pp. 43-69.

i CHEESEMAN, S.H. ET AL. Controlled trial of prophylactic human leukocyte interferon in renal transplantation. Effects on
cytomegalovirus and herpes simplex infections. New Englandjournal of medicine, 300: 1345-1349 (1979).
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immunity would be desirable. Volunteers immunized with inactivated whole virus vaccine
showed increased levels of inducible Tc activity. However, this response is not universal and
appears to be related to the pre-immunization level of Tc memory.k

Identification of the virus component seen by Tc cells is possible using transfection of
single virus genes into target cells. This technique has revealed that only a minor
subpopulation of Tc recognizes haemagglutinin; it is not yet known whether any of these
are cross-reactive for all type A viruses. Experiments are in progress with other virus
antigens to identify those recognized by the cross-reactive Tc population.'

Dengue virus

There is evidence that secondary infection with a heterotypic dengue virus strain is more
often complicated by haemorrhagic fever and shock syndrome. The mechanism of this
apparent sensitization by previous dengue infection is not clear. It is known that sub-
neutralizing amounts of antibody are able to enhance infection in cells bearing immuno-
globulin Fc effectors and this has been postulated as a mechanism of sensitization.

Peripheral blood mononuclear cells (PBMC) from humans without antibodies to dengue
2 virus lyse cells infected with dengue 2 virus to a significantly greater degree than
uninfected cells. Addition of anti-dengue antibody increases the lysis of dengue-infected
cells by PBMC. These results indicate that both PBMC-mediated cytotoxicity and anti-
body-dependent cell-mediated cytotoxicity (ADCC) can cause significant lysis of dengue-
infected cells.
The non-adherent effector cells responsible for lysis of dengue-infected cells in NK and

ADCC assays have been characterized with monoclonal antibodies. The effector cells pre-
dominantly responsible for lysing dengue-infected cells areMl +, Leu7 ±, Leu 11 + , T3 -,
T4 - and T8 ± fractions.

Rotavirus

The rapid acquisition of information about the epidemiology, molecular biology, and
immunology of rotavirus now permits an evaluation of strategies for vaccine development.
Rotaviruses of man and animals can be classified by serotype using neutralization tests that
measure antibody responses to an outer capsid glycoprotein, the product of viral gene 8 or
9. They can also be classified by subgroup using tests, such as enzyme immunoassay, com-
plement fixation, and immune adherence haemagglutination, that measure antibody
responses to a major inner capsid protein, which is the product of viral gene 6. The antibody
response to rotavirus in man is heteroserotypic and heterosubgroup-specific in nature, as
shown by studies of infected adult volunteers and naturally infected children. Resistance to
illness and/or infection in volunteers shows correlation with levels of pre-existing hetero-
serotypic neutralizing antibody, suggesting that either homoserotypic or heteroserotypic
strains might be effective vaccine candidates. Both experimental and natural rechallenge
studies indicate that prior infection significantly ameliorates the clinical symptoms
associated with reinfection, which usually occurs in nature with a different viral serotype or
subgroup.m Recent studies show that breast-fed babies may have milder illness, and this is
perhaps related to neutralizing antibody to rotavirus in breast milk. Several clinical
observations have provided evidence that the development of circulating antibody to rota-
virus may play an important role in recovery from illness. The roles in protection of local
antibodies and of the cellular responses to rotavirus deserve investigation.

k MCMICHAEL, A.J. ET AL. Cytotoxic T-cell immunity to influenza. New Englandjournal of medicine, 309:13-17 (1983).
l TOWNSEND A.R.M. ET AL. Cytotoxic T-cell recognition of the influenza nucleoprotein and haemagglutinin expressed in

transfected mouse L cells. Cell (in press).
m CUKOR, G. & BLACKLOW, N.R. Human viral gastroenteritis. Microbiological reviews, 48: 157-159 (1984).
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Current approaches to vaccine development include use of (1) culture-attenuated human
strains, (2) genetic reassortant rotaviral strains from humans and animals, (3) recombinant
DNA techniques, and (4) animal strains grown in cell culture. Recently a live bovine
rotavirus was administered orally to adults and children without resultant symptoms or
faecal viral excretion; approximately 70/o of 19 initially seronegative children developed
homoserotypic and homosubgroup seroresponses, and 6% developed heteroserotypic
responses. Upon subsequent natural challenge of 86 vaccinees and 92 control children with
rotavirus over a 5-month period, the vaccine showed an 88% protection rate."

Hepatitis A

It is known that hepatitis A virus induces a lymphocytic response in the infected liver.
Preliminary studies have been carried out on the lysis of hepatitis-A-infected cells (BSC-1)
by human peripheral blood mononuclear cells. The level of lysis of the infected cells was
consistently higher than that of uninfected cells, irrespective of the immune status of the
donor of the PBMC. Preliminary results suggest that the lymphocyte responsible for this
lysis is T3 -, Leul 1+ .

Studies in this field will be relevant to an understanding of the pathogenesis of hepatitis A
and are of interest in the assessment of experimental vaccines against hepatitis A.

RESULTS OF COLLABORATIVE STUDIES ON ASSAYS OF TC ACTIVITY

Collaborative experiments have been performed in three laboratories to compare levels
of cytotoxic T-lymphocyte activity specific for influenza virus. Only moderate agreement
was obtained between the laboratories on the testing of lymphocytes. In addition to the
logistical problem of ensuring adequate cryopreservation, a number of factors may have
been responsible for observed differences in the levels of activity. The protocol for the
collaborative studies did not include standardization of the virus strain used to stimulate the
memory T cells, or of the sera used for cultivation, or of methods for routine assessment of
expression of viral antigens in the virus-infected targets. These variables will be controlled
in further studies now in progress. It will be desirable to obtain adequate numbers of
cryopreserved HLA-defined human peripheral leukocytes, (a) with a high level of
influenza-specific Tc memory, and (b) from a donor whose lymphocytes do not appear to
have memory for influenza virus. These cells would serve as working references in further
collaborative studies now in progress.

Collaborative studies have also been carried out in four laboratories to measure the
content of interferon in the supernatant fluids of influenza-stimulated cells. There was
generally good agreement with the use of biological assays to measure international units of
interferon present in the supernatant fluids. In addition, a new immunoradiometric assay
has been developed that specifically measures the content of alpha and gamma interferon
present in the supernatant fluids. This potentially has great value in the evaluation of the
amount and types of interferon induced by virus-infected cells, since it is known that these
cells produce alpha interferon and, in the case of influenza, gamma interferon. Previously,
relying on results of bioassays and testing fluids following acid treatment, it has been
difficult to determine accurately the amount of the individual interferon component
present in such virus-stimulated cultures. It would be advantageous to employ the
immunoradiometric assays during future collaborative studies, to determine whether alpha

n VESIKARI, T. ET AL. Protection of infants against rotavirus diarrhoea by RIT4237 attenuated bovine rotavirus strain
vaccine. Lancet, 1: 977-981 (1984).
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and gamma interferons are synergistic in their biological effects, as suggested by pre-
liminary studies. Such a synergy, as a result of the presence of both alpha and gamma inter-
ferons, would have potential implications concerning the response of the infected host,
since both of these interferons may well be present early in the recovery period.

RECOMMENDATIONS AND CONCLUSIONS

1. There is an important need for studies on the various aspects of the immune response
to viral antigens in man, with emphasis on identifying the responses that contribute to
protective immunity and those that may be manifested in immunopathology. Such
activities should provide information important to the needs of the WHO Vaccine
Development Programme, and of other programmes relevant to the prevention and control
of viral diseases.

2. Studies are needed to investigate the role, in immunity to viral infection, of antibody
response as well as cellular immune responses, effector and regulatory functions, and
soluble mediators of such responses.

3. Collaborative studies aimed at the standardization of methods used in analysing
immune responses should be continued. Influenza appears to be an appropriate model
system for investigations to standardize assays of virus-specific Tc activity, induction ofNK
activity, and stimulation of alpha and gamma interferons.

4. In order to improve comparability of Tc assays, adequate numbers of cryopreserved
lymphocytes should be obtained, both from a donor with responding T cells and from a
nonresponder, for use as reference reagents in future collaborative studies. A standard
preparation of virus for infection of target cells, serum for lymphocyte cultivation, and an
appropriate anti-influenza antibody preparation for detection of efficiency of infection of
target cells in influenza-specific immunofluorescence tests should be distributed to
collaborating laboratories.

5. There is a need for development of standard reagents, including specific antibodies, for
the assay and characterization of murine and human gamma interferon and other soluble
mediators of the immune response (cytokines). These are required in order to characterize
the types of interferon and other cytokines produced by virus-stimulated cells of human and
mouse origin, to assess the regulatory function of these cytokines in immunological
responses, for example, in Tc production, and to determine their contribution to the
antiviral immune response of the host. International collaboration will be important in the
development of these reagents.
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