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Immunology of HIV infection and AIDS:
Memorandum from a WHO/IUIS Meeting*

This Memorandum presents an update of information on the immunological effects of
human immunodeficiency virus (HIV) infections, the immunological aspects of their
natural history, and protective immunity. It also discusses vaccines against HIV and
treatment, as well as infections in infants and populations in Africa.

Since the first report of this working group in 1984
(1), a considerable amount of information has been
obtained on the spectrum of clinical consequences of
infection by the human immunodeficiency virus(es)
(HIV) and the underlying immunological abnormali-
ties. The cytopathic effects of the virus on the
immune system, the mechanisms leading to severe
immunodeficiency, and the immunological factors
predisposing to HIV infection and influencing
progression of the disease have been extensively
studied. Major efforts have been directed to an
understanding of the elements of possible host
resistance to virus infection and development of a
vaccine, and to a rational approach to restore
immunological functions in conjunction with anti-
viral therapy.
HIV is transmitted by three established routes:

(1) sexual contact, both heterosexual and homo-
sexual; (2) blood; (3) maternofetal. Transmission of
HIV may or may not result in infection. Among those
who are infected, as determined by seroconversion,
many remain asymptomatic for several years. Some

* This Memorandum is the report of a Working Group on the
Immunology of AIDS, organized jointly by the World Health
Organization and the Clinical Immunology Committee of the Inter-
national Union of Immunological Societies (IUIS), which was held
in Geneva on 18-20 February 1987. The names of the participants
are given on page 460. Requests for reprints should be sent to
Microbiology and Immunology Support Services, Division of
Communicable Diseases, World Health Organization, 121 1 Geneva
27, Switzerland. A French translation of this Memorandum will
appear in a later issue of the Bulletin.

(10-20%) manifest symptoms of an acute infection
characterized by fever, rash, and enlarged lymph
nodes, with or without aseptic meningitis, and blood
changes which resemble infectious mononucleosis.
Some of these patients, as well as some of those
without symptoms, develop persistent generalized
lymphadenopathy (PGL) associated in a minority
of cases with come constitutional symptoms. Some
patients with PGL (5-10%) may revert to an
asymptomatic state. In both PGL and asymptomatic
subjects, the condition may progress to the so-called
"AIDS-related complex" (ARC) characterized by
long-lasting fever, weight loss, persistent diarrhoea,
oral candidiasis, multidermatomal herpes zoster,
and/or hairy leukoplakia. Most patients with ARC,
as well as an incremental number of asymptomatic
carriers and PGL patients, develop full-blown fatal
AIDS characterized by opportunistic infections and/
or Kaposi sarcoma (KS) and B-cell lymphomas. Some
patients with KS never develop opportunistic in-
fections. Individuals infected by HIV may manifest
thrombocytopenia as an isolated finding. Neuro-
logical disease characterized by encephalopathy,
myelopathy or peripheral neuropathy can occur as a
direct consequence of HIV infection unrelated to the
presence or absence of ARC or AIDS, although it is
found most commonly and most severely in those
patients with profound immune defects. The spectrum
of clinical responses to HIV, as seen in adults, is
depicted schematically in Fig. 1 and has recently been
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Fig. 1. Schematic depiction of clinical responses to HIV in adults.

reclassified by the Centers for Disease Control,
Atlanta, GA, USA (2).

THE IMMUNOLOGICAL EFFECTS OF HIV INFECTION

Target cells
The clinical picture of severe cellular immuno-

deficiency caused by HIV infection results from virus
infecting the CD4(T4) T lymphocyte. Since the
observation that CD4 + but not CD +(T8) T lympho-
cytes can be infected by HIV (3), it has been
demonstrated that the very molecule defining that
subset serves as the cellular receptor for the virus.
Some monoclonal antibodies to the CD4 glycoprotein
block virus binding and penetration (4, 5). The
inhibition depends on the particular CD4 region
recognized by those antibodies. Immunochemical
experiments have demonstrated that the envelope
protein of the virus binds CD4 molecules (6). More-
over, transfection of tumour cells with the isolated
CD4 cDNA demonstrated that CD4 expression is the
sole requirement for virus binding (7). The CD4
molecule expression is not restricted to cells of T
lymphocyte lineage but is expressed to a variable
degree on EBV-transformed B lymphocytes,
monocyte /macrophages, Langerhans /dendritic cells
and on follicular dendritic cells of germinal centres.
In concordance with the CD4 expression, all these
cells support viral replication (8-11).

Neurological manifestations imply cells of the
central nervous system as another target for HIV.
Viral antigen and replication has been detected in all
regions of the brain. As to the cellular localization of
HIV, experimental data mostly point to macrophages
and the related microglial cells, and possibly to other
glial cells and neurons (12). In this context it is of
interest to note that recent studies demonstrated CD4
expression on glial cells and neurons (7, 13).

Though the CD4 glycoprotein is essential for virus
binding, additional factors may be required for virus
penetration, as suggested by observations on CD4
transfected mouse fibroblasts which bind the virus
efficiently without allowing subsequent productive
infection (7). Hence, the major factor controlling
cellular susceptibility to HIV infection is to be located
at the cell membrane since all animal and human cells
tested are competent for HIV replication when trans-
fected by cloned HIV-cDNA (14).

In vitro experiments have demonstrated that, after
penetrating the T cells, the virus remains latent;
increased viral replication is only observed upon
activation of the host cells. Whether such activation is
required in vivo for T cells and for other CD4+ cells
is not known. Efficiency of virus replication may
vary considerably in various cell types. Thus far, the
detection of latently infected cells has remained
difficult. In situ hybridization detecting viral RNA
indicates that rather low numbers (10-4) of peri-
pheral blood cells are actively engaged in virus
replication (15).

Immunological abnormalities
The immunological abnormalities that are listed in

Table 1 vary in degree and frequency in the different
clinical stages of HIV infection. There is a trend
towards more severe abnormalities with clinical pro-
gression from an asymptomatic state or PGL to ARC
and to AIDS (16). Furthermore, patients with KS
alone usually have fewer abnormalities than those
with opportunistic infections (16). For example,
lymphopenia rarely occurs in KS.
The hallmark of the immune defect in AIDS is a

quantitative and qualitative defect of CD4+ cells.
Since CD4+ cells have a central role in the immune
response, loss of activity of this T-cell subset will
consequently compromise the function of other cell
types. For example, the induction of T-cytotoxic
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Table 1. Main immunological abnormalities in AIDS

1. Characteristic abnormalities
1. Depletion of CD4 + T cells
2. Decreased proliferative responses to soluble antigens
3. Impaired delayed-type hypersensitivity reactions

4. Decreased y-IFN production in response to mitogens
and antigens

5. Polyclonal B-cell activation with increased spontaneous
proliferation and immunoglobulin production,
predominantly IgGl, IgG3, IgA and IgD

6. Decreased helper function for pokeweed mitogen
induced B-cell immunoglobulin production

7. Decreased humoral response to immunization
(mainly primary).

11. Consistently observed abnormalities
1. Lymphopenia

2. Decreased proliferative responses to T-cell mitogens
and allo-antigens

3. Decreased proliferative responses in AMLR (Autologous
mixed lymphocyte reaction) and to anti-T3

4. Decreased proliferative responses to specific B-cell
mitogens

5. Decreased IL-2 production
6. Decreased cytotoxicity to virally infected cells

7. Increased immune complex formation

8. Decreased NK cell activity, despite normal binding
to targets

9. Decreased monocyte chemotaxis

10. Decreased MHC class 11 antigen expression on
monocyte/macrophages

11. Increased acid-labile a-IFN levels.

responses requires CD4 + cells as does immuno-
globulin production by B cells. Reduction in CD4+ T
cell numbers is associated with depression of pro-
liferative responses to mitogens and soluble antigens
(17). Even in the absence of CD4 + T cell depletion,
proliferative responses to soluble antigens are
impaired in some asymptomatic individuals and
patients with PGL. The failure of purified CD4+ cell
populations from AIDS patients to respond to soluble
antigens implies that a defect is intrinsic to these cells.
Possible explanations for this defect may include:
(a) a selective loss of a subset of the CD4+ popu-
lation (e.g., decrease in the TQI+ Leu8+ CD4+
subset precedes the depression of the TQ1- Leu8 -
CD4+ subset (18, 19); (b) impairment of antigen
presentation by accessory cells (20); (c) suppression
of CD4+ cell function by viral proteins and soluble
factors induced by virus (21).
Antibody responses to polysaccharide antigens are

impaired in most PGL patients, including those with

normal CD4+ cell count and normal humoral re-
sponses to protein antigens (22). The mechanism
responsible for this early defect of B cell function in
vivo is at present unknown. Different crude prepar-
ations of inactivated and live virus have been shown
to affect the function of various cell types. B cells are
induced to polyclonal activation either by direct
stimulation (23-25) or through the induction ofB cell
growth and differentiation factors in T cells (21,
23-25). The loss of lymphokine activities may affect
multiple components of the immune system. For
instance, natural-killer cell function is usually
impaired in AIDS patients and may be reconstituted
by the addition of interleukin 2 (IL-2) in vitro (26).
The observed impairment of some functions of

monocytes/macrophages may be due to the infection
of these cells with HIV (9, 10, 12) or may result from
the absence of lymphokines (2 7) or an altered
response to them (28, 29).

Several mechanisms for the in vivo depletion of
CD4 + cells have been delineated. Cellular loss may
result from direct cytopathic effects. The ability to
induce these effects in CD4+ cells has been corre-
lated with the density of CD4 expressed on the cell
surface (30). Formation of large amounts of
intracellular complexes of CD4 and viral envelope
protein may be responsible for the cytotoxicity.
However, as few cells appear to be actively synthes-
izing viral RNA in vivo at any one time (15),
alternative mechanisms for CD4+ cell depletion have
been proposed. Based on the high affinity of the
envelope protein for CD4 molecules (6), cells
expressing HIV proteins can fuse with CD4+ un-
infected cells, form syncytia and then lyse (31, 32).
Reductions in CD4+ cell numbers have also been
ascribed to putative autoimmune mechanisms (33,
34). The association of HIV envelope and the CD4
molecule may mimic the physiological CD4-ligand
complex. Alternatively, a majority of CD4+ cells
could be productively infected with HIV, express
viral antigens and induce cytotoxic mechanisms,
which consequently cause their elimination. In the
absence of adequate cell replacement, depressed
levels of CD4+ cells would persist (35).

IMMUNOLOGICAL ASPECTS OF NATURAL HISTORY

Infection does not invariably result from exposure
to HIV; while variation in infectivity of the HIV
source may account for some of this, host factors are
also likely to be important. The spectrum of clinical
outcomes of HIV infection may also reflect different
host factors including any possible protective immune
response against HIV.
Any evaluation of the natural history of HIV
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infection is limited by the relatively short period of
observation. Furthermore, most long-term studies
are on cohorts of homosexual men who were infected
early in the epidemic; these cohorts may not be
behaviourally or biologically representative of the
natural history in general. Within such constraints,
rates of progression to AIDS amongst these cohorts
suggest that 15-20% develop AIDS and 5-10% ARC
by three years after infection (36-38). Progression
to AIDS may reach 25-30% by five years.

Duration of infection is clearly a major determinant
of the risk of the development of severe disease.
However, it has already been possible to identify
factors that affect either the risk of acquisition of HIV
infection or the risk of progression to AIDS or other
severe HIV-associated disease. These include host
factors resulting from intercurrent events and genetic
factors.

It has been shown in some studies on seropositive
homosexual men (37, 39) that sexually-transmitted
diseases (STDs) increase the risk of progression. As
STDs are the commonest major infections in homo-
sexual men, the effect could be one of infections in
general; alternatively STDs may have a particular
role when they occur at the site of entry of HIV. It
has yet to be determined whether other systemic
infections, such as malaria in Africa, also play a part
in increasing the risk of progression. The single re-
ported cohort from Africa (40) showed that the rate of
development of AIDS was similar to that observed in
homosexual men in the USA. Pregnancy (particularly
second and subsequent) in previously symptomless
HIV-infected women has been found to increase the
risk of development of AIDS (41). HIV-infected
neonates have a remarkably high rate of progression
to AIDS (42).

All of these "cofactors" could operate through the
activation of latently infected CD4 + T cells, thereby
increasing viral replication. CD4 + lymphocyte-
activation would be provoked by infectious organ-
isms, the paternal antigens on the fetal graft or the
numerous foreign antigens to which the child is
exposed. It seems less likely that pregnancy acts
through its associated immunosuppression, since this
is modest in degree and restricted in type and because
first pregnancies appear unaffected. Similarly the
relative immaturity of the neonatal immune system
may be less important than its stimulation. While
CD4+ lymphocyte activation may underlie these
cofactors, there are some apparent discrepancies. For
example, patients treated with IL-2 show no sign of
increased immunosuppression and no clear effect of
allogeneic stimulation has been shown in people
receiving multiple transfusions. The mechanisms by
which cofactors influence progression need to be
established and the discrepancies adequately
explained.

Other intercurrent events which diminish cell-
mediated immunity may also increase the risk of
progression. If high-dose corticosteroids are given to
a patient with ARC or KS, they lead to more profound
clinical immunodeficiency; HIV-infected transplant
patients develop an unusually high frequency of
opportunistic infections (43). The possibility that
ciclosporin has a similar effect cannot be ignored.
Moderate degrees of malnutrition may also adversely
affect the outcome in HIV-infected persons. It has not
been possible to determine unequivocally whether
any of these defined or potential cofactors increases
the susceptibility to HIV infection.
Evidence concerning genetic factors affecting

susceptibility to HIV infection or to HIV-associated
disease remains scanty. An association of HLA DR5
with KS (44) and PGL (45) was found in early studies
on persons of Mediterranean origin or Ashkenazi
Jewish ethnic background. This association has also
been found in a series of French patients with PGL
or HIV-related thrombocytopenia (46). HLA B35
has lately been associated in one study (47) with
progression to AIDS amongst HIV seropositive
persons. No HLA association has been described for
acquisition of HIV infection.
More recently another genetic association has been

found indicating that subtypes of group-specific
components (Gc) influence both susceptibility or
resistance to HIV infection and disease progression in
cohorts of homosexual men (48). Persistently sero-
negative sexual contacts of HIV-infected persons
have the Gc 2 subtype more frequently and the Gc 1
fast subtype less frequently than controls. Pro-
gression to AIDS among those who are infected is
positively associated with Gc 1 fast and is negatively
associated with Gc 2. Other risk groups should be
studied and the mechanism identified.
The ideal markers of HIV infection should reflect

the key pathogenic mechanisms and be useful in
predicting clinical outcome and in evaluating therapy.
The usefulness of immunological markers for assess-
ing the effects of HIV infection needs to be evaluated
in the context of individual patients as well as groups.

Studies on groups of subjects have shown that
CD4+ cell numbers are of some value in indicating
the likelihood of progression to AIDS in asympto-
matic subjects and of survival in patients with AIDS
(49-52). Studies on individuals on a single occasion
are of very limited prognostic value. In some
longitudinal studies of CD4+ cells in cohorts of
homosexual men (53), it has been shown that, after
initial infection, a minority of individuals show little
change, while another small group shows a rapid
unremitting fall in CD4+ cell levels. The most
common pattern of change, however, is an initial
progressive fall, which gradually slows until a plateau
is reached. Some studies do not show such distinctive
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trends (37). Subjects with the most extensive and/or
rapid fall in CD4 + cell numbers are the most likely to
develop AIDS. Serial measurements of CD4+ cells
may provide an index of progression of HIV infection
and should also help to stratify individuals at various
stages.

Functional assays of CD4 + T cells are also sensi-
tive markers of the course of the infection. These
include proliferative responses to antigens and to
pokeweed mitogen, and mitogen-induced y-IFN
(interferon) production. For example, in a study of
patients with ARC (54), the degree of impairment in
y-IFN production and antigen-induced proliferation
correlated better with the development of AIDS than
did measurements of CD4+ cell numbers alone.
Further comparisons of functional testing with
CD4+ T cell quantitation should provide more
definitive information on marker selection. Delayed-
type hypersensitivity (DTH) skin tests have not been
of great value as a marker of disease progression in
adults (37). Markers of immune stimulation are still
being investigated for their relevance to prognosis.
These include: elevated CD8+ lymphocyte numbers,
polyclonal hyperimmunoglobulinaemia and acti-
vation markers on CD8+ lymphocytes.
The patterns of antibody responses against specific

HIV components change over time in HIV-infected
subjects who progress to ARC or AIDS. Although
antibody responses to envelope glycoproteins are
maintained, the antibody responses to core proteins
(anti-gag) progressively decline (55-57). Indeed, the
decline of anti-gag precedes clinical signs and other
immunological markers of progression. Further
studies of antibody responses to other HIV antigens
are warranted. Measurement of specific HIV anti-
genaemia and quantitative HIV culture may prove to
be important markers of progression.

PROTECTIVE IMMUNITY

The nature of the humoral and cellular immune
responses against HIV has not been well character-
ized. Animal models have demonstrated that protect-
ive immunity can be induced to other retroviruses
(58, 59). It has yet to be established whether the
immune responses against HIV confers protection
against primary HIV viral infection or influences
disease progression.

HIV-infected individuals develop antibodies to
many viral proteins (60, 61). Comparably low
neutralizing activity is present in sera of both
asymptomatic seropositive individuals and AIDS
patients, suggesting that naturally developing neutral-
izing antibodies offer little protection (62-64). This
notion is supported by a study of HIV antibody

responses in a cohort of asymptomatic individuals
followed for three years (55). Despite higher titres of
antibody to the ccie protein p24 in individuals who
remained asymptomatic, neutralizing activity in their
sera was not significantly different from that in
patients whose disease progressed. If the presence of
antibody to p24 offers protection, it may be by a
mechanism other than neutralization. In another
study, sera that contained antibodies to envelope
protein gpl2O, and to p24 mediated more antibody-
dependent cellular cytotoxicity (ADCC) against HIV-
infected cells than sera with antibodies to gpl20 alone
(65). Further studies are needed to establish whether
antibodies to core proteins are associated with a
protective immune response. Concurrent examination
of ADCC, neutralizing, and cytolytic antibody
activities in well-characterized serum samples from
cohorts of asymptomatic individuals may provide
insight into the mechanisms by which antibody could
confer protection.
Immunization of animals with purified and recom-

binant forms of envelope proteins has induced strain-
specific neutralizing activity in titres as low as those
seen in patients (66, 67). Experimental protocols to
test other HIV-associated proteins singly, and in
combination, will need to be designed.

Lysis of virus-infected target cells may be achieved
by different kinds of cytotoxic cells, such as MHC-
restricted cytotoxic T lymphocytes (CTL), natural-
killer cells (NK), and lymphokine activated cells
(LAK). Protective immunity to the murine retrovirus
Friend leukemia virus has been clearly associated
with the generation of CTL responses, but not with
the development of neutralizing antibody (68). More-
over, HTLV-I-specific CTL responses have been
found in patients with adult T-cell leukaemia in
remission (69). Preliminary reports have shown that
HIV-specific CTLs can be detected in the peripheral
blood of some healthy HIV-seropositive individuals
and in AIDS patients following bone-marrow trans-
plantation from their healthy identical twins. The
importance of CTL responses and of the specific
antigens which can stimulate them needs to be
defined. Such studies will be difficult. For instance,
appropriate target cells will need to be generated for
each subject and HIV-specific CTL clones will need
to be expanded in vitro. Antigcns that can induce
HIV-specific proliferation in vitro need to be
determined.
NK cells from healthy HIV-seronegative individ-

uals lyse HIV-infected targets effectively only if
stimulated by IL-2 (70). There is at present no
evidence that NK cells are important in vivo in host
defence against HIV.

Several mechanisms may explain why an HIV-
infected host is unable to generate sustained pro-
tective immunity. First, a virus may escape an
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adequate immune response by developing structural
changes within immunodominant regions. Further-
more, several strains of HIV may infect a given
individual and a recurrent selection may thus occur.
In vitro experiments using neutralizing antibodies
support the principle of strain selection (71). In
equine infectious anaemia, another lentiviral disease,
cycles of new serological strains can be isolated from
an infected animal, following rises in neutralizing
antibody titres (72).
On the other hand, while cell-mediated responses

may adequately lyse cells actively producing viral
progeny, HIV may exist predominantly in a latent
form in vivo and thus would be unavailable to immune
recognition. Frequent activation of these latently
infected cells would result in persistent viral
replication, sustained viral dissemination, and cell
death, despite generation of CTL activity. Alterna-
tively, as observed in measles infection (73), HIV-
infected cells may avoid immune recognition by
capping off their antigens.

VACCINES AGAINST HIV

While it is widely agreed that vaccine development
is crucial to the containment of the HIV epidemic, a
number of important issues still need to be resolved
(74, 75). We will focus our attention on those of
immunological relevance. Hitherto, vaccines against
other organisms have only been able to protect against
primary infection. A role for HIV vaccines in
preventing disease amongst those already infected
remains largely speculative.
Much antigenic variation is found between HIV- 1

isolates, notably in envelope protein, but parts of the
envelope and most of the core proteins are remarkably
conserved. Furthermore, the more recently identified
HIV-2 shows even more envelope difference from
HIV- 1, yet the core proteins appear similar in the two
viruses (76). Vaccine preparations used should be
able to confer protection against all strains and
preferably all virus types. In order to assess priorities
and approaches, previous experience with other viral
vaccines may be instructive; the most pertinent model
is the only effective retrovirus vaccine, that for feline
leukemia virus.

It seems unlikely that vaccines using attenuated
virus, simian virus or even inactivated virus will be
ethically acceptable, because of the difficulty of
guaranteeing their safety. The use of single or even
multiple recombinant virus proteins or peptides seems
more appropriate. Attention has so far focused on
envelope proteins as antigens, but other proteins also
merit attention, as with some other viruses. The viral
antigens could be administered together with synthetic

adjuvants, on semisynthetic micelles (iscoms) or on
virus vectors; even less pathogenic vectors than the
oft-proposed vaccinia would be ideal. Logically, the
choice of vaccine should rest on evidence of a
protective immune response, whether humoral or
cellular. Such evidence is lacking and appropriate test
systems are few, so trials should be monitored with
all available assays. It will also be necessary to
determine for any vaccine what methods will be used
to distinguish between the response to vaccine and
that to natural infection.
HIV is uniquely pathogenic for humans, so the

value of animal models for evaluation of vaccines is
limited to studies on safety and on protection against
infection. The only animal known to be susceptible to
HIV infection is the chimpanzee; as this animal is
scarce and does not develop immunodeficiency, other
models are urgently needed. Following infection by
vaginal or intravenous routes, chimpanzees develop
viraemia followed by an antibody response (77). In
vaccinated animals it should be possible to challenge
with HIV; evidence of infection would be monitored
using antigen assays, virus culture, differential
antibody response and any other available assays
(e.g., cellular).

It will be necessary to define carefully appropriate
test populations for Phase I human studies, particu-
larly for assessing vaccine efficacy, given that other
methods of reducing risk are being advocated for
seronegative members of high-risk groups. Strict
ethical standards must be applied consistently to all
populations of potential vaccinees. Monitoring of
human subjects should utilize the assays for infection
described above. Even when a suitable vaccine is
available for use in such human studies, it will be
some time before its efficacy can be established.

THERAPY

Efforts to treat HIV infection and AIDS have been
directed towards inhibition of virus replication (77B)
and towards restoration or stimulation of impaired
immune functions. Besides careful clinical follow-up,
the evaluation of antiviral therapy requires ways of
detecting virus replication including the measurement
of antigenaemia. Current methodology is imperfect
for assessing therapeutic benefit. The monitoring of
relevant immunological parameters is also required.
Ideally, effective agents will result in substantial and
sustained improvement in T cell numbers and in
immune function. In trials of antiviral drugs in
relatively mild diseases, selection and stratification of
subjects on the basis of clinical and immunological
parameters will be important.

Restoration of immunity has been attempted by
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bone-marrow transplantation or lymphocyte trans-
fusion, by lymphokine administration and by
immunostimulatory drugs. Transfer of cells from
uninfected to infected individuals has been generally
limited to identical twins. Transient improvement in
several cases was observed (78). Lymphokines, both
natural and recombinant, such as interferons (IFN) ca
and y and IL-2 have been used. The therapeutic
benefits of high dosage of a-IFN in some KS patients
(79, 80) are possibly due to a direct anti-proliferative
activity of this IFN. The efficacy of 'y-IFN in patients
with AIDS is uncertain. Although clinical deterior-
ation was found with high-dose treatment schedules
(81, 82), a low-dose treatment schedule resulted in
increased CD4 + T cell numbers and functions, restor-
ation of DTH responses, and resolution of AIDS-
associated atopic symptoms (82, 83). Thus far,
clinical trials with IL-2 administration have not
altered the course of AIDS (84), although prelim-
inary reports suggest a benefit in some cases of
cryptosporoidiosis (85). Considering the fact that
HIV impairs the production of more than one
lymphokine, therapy with a combination of several
lymphokines may be more effective. The afore-
mentioned cellular and humoral reconstitutions
should now be evaluated in conjunction with antiviral
drugs.
Immunostimulatory drugs have been proposed as

means for increasing immune functions in HIV-
infected individuals. Preliminary reports of isoprino-
sine in patients with PGL or ARC have indicated
transient improvements in NK cell functions (86) but
no consequent clinical improvement has been noted.
There is no controlled trial with other immuno-
stimulatory drugs.

Despite its obvious potential hazards, the use
of ciclosporin has been advocated on theoretical
grounds (e.g., reducing autoimmunity or preventing
CD4+ T cell activation).
Treatment of opportunistic infections is important

in AIDS. Intravenous gammaglobulin has shown
some benefit in adults with AIDS, recurrent pyogenic
infections, and IgG subclass deficiency. Further trials
of antibody preparations may be expected.

PAEDIATRIC HIV INFECTION

HIV infection of the fetus or newborn infant results
in an immunodeficiency disease, which is distinct
from the HIV-associated syndrome in adults and
which is also distinct from all primary immuno-
deficiency diseases of infancy. HIV crosses the
placenta during the first trimester of pregnancy and
infects 30-60% of the fetuses of mothers who are
seropositive (87, 88). HIV has been transmitted to

newborn infants by blood transfusions (89). HIV
infection of newborns may also occur intrapartum.
The average age at the onset of symptoms in infants

is five to six months. The average lag period follow-
ing transfusion of HIV-contaminated blood is ten
months, about half that observed in adults.

Infected infants develop PGL, enlargement of the
liver and spleen, retarded growth and development,
interstitial pneumonitis, parotitis, recurrent pyogenic
infections, and polyclonal hyperimmunoglobulin-
aemia of all classes. The interstitial pneumonitis and
parotitis have been associated with Epstein-Barr
virus. A distinctive dysmorphism (hypertelorism,
box-like forehead and short stature) is observed in
infants who have been infected in utero.
Poor responses to soluble antigens in vitro and

absent delayed-type hypersensitivity predict a rapid
downhill course, which occurs in 50% of patients
(90). Lymphopenia, reduced numbers of CD4+ T
lymphocytes, and opportunistic infections character-
istic of cell-mediated immunodeficiency occur only in
the very late stages of paediatric AIDS. Intravenous
administration of gammaglobulin has prevented re-
current pyogenic infections and prolonged survival
(42).

SPECIAL ISSUES IN AFRICA

Published studies of surveys carried out in some
African regions report a high incidence of HIV
infections (91). These results suggest an epidemic of
alarming proportions in Africa. The spread of HIV
infection throughout Africa is recent (92, 93).
Analysis of the sampling methods in various reports
reveals that rather restricted populations (prostitutes,
hospital patients in urban settings) have been studied
and they are not representative of the population at
large. Data being currently collected in rural areas of
Africa reveal a low incidence of seropositivity (94).
Clearly there is a need for more and better-planned
epidemiological studies.

Heterosexual transmission would appear to be the
predominant mode of spread of HIV in the groups
studied to date (93). There is also strong evidence of
transmission by blood products, as well as maternal
transmission to babies in utero or in the perinatal
period. Parenteral medications, scarifications and
other surgical interventions may pose additional risks
(95). The clinical picture, for the most part, is similar
to that seen elsewhere. The major difference in the
spectrum of opportunistic infections found in the
African patients reflects variations in the prevalence
of opportunistic organisms. Pneumocystis carinii is
infrequent while tuberculosis is common. Indolent
and aggressive forms of KS have been endemic in
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Central Africa for a long time and clearly pre-date the
HIV epidemic. The aggressive form of KS associated
with HIV is rapidly progressive and fatal (96). As this
is the most lethal form of KS in the world, it is
important to study the factors that predispose to this
complication.
Immunological methods and markers used in

Europe and America for the study of HIV infection
have yet to be validated in the African milieu where
environmental factors such as fungal or parasitic
infections and malnutrition induce a different range of
immunological values. Since environmental con-
ditions are not homogeneous for all of Africa, it will
be necessary to establish norms for T-cell number and
T-cell subsets, immunoglobulin classes and sub-
classes, y-IFN levels, etc., in various areas. Par-
ticular problems arise with HIV serology. False-
positive results occur frequently with most ELISA
kits currently in use which may explain conflicting
findings and can be attributed to a number of factors:
hypergammaglobulinaemia in the test subjects, poor
handling of serum such as repeated freezing and
thawing, presence of immune complexes in test
serum, cross-reactivity ofantigenic determinants with
cell lines used to produce antigen for ELISA kits, and
possibly malaria. The longitudinal enumeration of
CD4 + lymphocytes may be of uncertain applicability
in African populations when endemic malaria or
trypanosomiasis causes depression ofCD4+ lympho-
cytes (97).

Furthermore, the same environmental factors could
influence the acquisition of HIV infection and the
progression of disease in those infected. Similarly,
the possibility that genetic factors influence suscepti-
bility to infection or to disease must be addressed; an
apparent difference in the prevalence of Gc subtypes
could for example increase the risk of infection in this
population (48). There can be no doubt that studies on
the behaviour of HIV among African populations can
shed considerable additional light upon our under-
standing of its biology.
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