

















intensity of infectiousness of HIV sero-positives, the extent
of these individuals’ sexual interaction with other as yet
infection-free members of the population, the precise levels
of risk of acquiring infection entailed in these contacts and
how far ‘appropriate’ change in sexual behaviour can be
achieved are all major sources of uncertainty. Deficiencies
in these and other key areas of knowledge have not,
however, deterred attempts to predict the spread of the
virus, but more often the numbers of AIDS cases, many
years into the future.

Of the many examples that might be quoted, one of the
most recently published forecasts is that constructed by
Wilkie (1987). The model assumes that 5 per cent of males
are homosexual and that AIDS does not spread
significantly into the heterosexual community. On this
basis, it is predicted that the peak of the epidemic will be
reached in 1998 when there will be 63,000 sick from AIDS
and another 48,000 dying. Thereafter, it is estimated that a
further 7,600 deaths will occur each year.

A possible scenario of even more calamitous proportions
is suggested by the Christian Medical Fellowship in a new
book entitled “The 20th Century Plague’ (Collier, 1987). It
is argued that ‘if lifestyles involving multiple sexual
partners, extramarital relationships and certain
homosexual practices do not change, if intravenous drug
addicts continue to share infected needles and syringes, and
prostitution still goes on’ and if safer sex campaigns fail then
the virus will spread unchecked within the population. This
could mean 3 million people infected with HIV in the UK
by 1991, rising to 12 million by 1994. At this later point, it
is estimated that ‘there would only be between 120,000 and
240,000 cases of AIDS in Britain. Most of the rest of the 12
million would be symptomless. But they would represent a
time-bomb waiting to go off by the end of the century.’

Given the considerable measure of uncertainty that
surrounds many of the factors that will determine the
potential spread of HIV in the future, it is not clear how
useful ‘forecasts’ of this nature really are. More
moderately, and arguably in much closer accord with the
information currently available, Anderson and May (1987)
are only prepared to go as far as to suggest that heterosexual
transmission could well spread AIDS within relatively
promiscuous sub-groups. Beyond this, the possibility of
much more disseminated epidemic would ‘depend on
whether a significant fraction of the people infected with
HIV remain as carriers who show no symptoms and never
develop AIDS, essentially for the rest of their sexually
active lives. If this is so, then modest levels of promiscuity
could result in HIV infection spreading slowly, over
decades, among people who would not think of themselves
as promiscuous.’

This observation is offered by Anderson and May as a
‘guess’ and as such underscores the uncertainties of the
present time. Elsewhere, the first of these authors, in
collaboration with other workers, has demonstrated that
even more finely focused attempts at forecasting are unable
to yield confident insights into the future. Confining
attention to HI'V transmission within the male homosexual
community in the UK, Anderson and his colleagues (1987)
constructed a mathematical model with the objective of
gauging the minimum size of the future AIDS epidemic. It
was assumed that transmission ceased at the end of 1986,
but even on this restricted basis the model’s predictions
were found to range considerably according to the values
given to critical parameters such as the mean incubation
period of HIV and the proportion of sero-positive subjects
progressing to AIDS. In discussing the findings, it was
suggested that it may take as much as 30-50 years’
longtitudinal study to cbtain the necessary data in these
and other key areas.

Against this background, the policy of the UK
government is that ‘predictions should be made only as and
when justified by the available scientific data’ (Newton,
1987a). Provisional forecasts for the short-term have,
nevertheless, been produced by the Communicable
Disease Surveillance Centre. Extrapolating from previous

trends, Tillett and McEvoy (1986) have estimated that
there will be 3,000 new cases of AIDS in the UK in 1988.
This projection is based on only five years’ data and is
inevitably subject to potentially wide margins of error.
Indeed, latest available figures suggest that it may possibly
overstate the total for 1988. During the 11 months to the
end of November 1987, 560 cases of AIDS were reported to
the surveillance system. The monthly average implied by
this figure yields an estimated total for the whole of 1987 of
611. This sum implies a cumulative total at the end of 1987
of 1,221 cases, which is twice that recorded by the end of
1986. Ifitis assumed that a further doubling of the caseload
will occur during 1988, then ‘only’ about 1,200 new cases of
AIDS may be expected during the latter year.

It should be noted, however, that this analysis may be
flawed because of the existence of various drawbacks in the
available data. Late reporting of AIDS may mean, for
example, that the true number of cases diagnosed during a
given year — the basis of the predictions by Tillett and
McEvoy —is greater than the number reported to the
surveillance system over the 12 months in question.
Consequently, it is possible that the projected figure of
3,000 new AIDS cases in 1988 may turn out to be accurate.
Further, it is intriguing to note that if this is so, and the
annual doubling trend is maintained, then 12,000 new cases
may be anticipated in 1990, a total that can also be obtained
by assuming that about one quarter of the 40,000-50,000
people currently believed to be HIV antibody positive will
progress to AIDS in three years. However, superficially
satisfying as this confluence of forecasts may be, the
underlying reality is that at the present time there exists a
fundamental lack of information about the prevalence of
the virus in the community and its eventual effects.

PROGRESS IN VACCINES AND MEDICINES

A further source of uncertainty bedevilling attempts to
forecast the course and impact of HIV infection lies in the
role that vaccines and medicines will come to play in
containing and treating the virus. Theoretically, progress in
these two areas might pull in opposite directions. The
development of an effective vaccine could offer the
potential for eliminating further spread of HIV whereas the
evolution of survival-promoting but non-curative
medicines could, if they have no (or relatively little) impact
on infectiousness, serve to expand the pool of HIV
contagion within the community. Such developments are,
however, speculative, despite the substantial academic and
industrial research efforts that are currently being
channelled into such areas. (The Medical Research Council
is currently engaged on a £14.5 million research programme
and it has been estimated that the British based
pharmaceutical industry alone is spending about £40
million per year on AIDS related research.)

Nevertheless, since the identification of HIV 1 in 1983
the scientific community has made impressive steps forward
in understanding the virus and its pathological effects in
humans. In practical terms this has already led to the
availability of a number of tests for HIV antibody and the
recent development of assays capable of detecting HIV 1
itself. In the near future tests capable of distinguishing
between antibodies to ‘core’ antigens within the virus, as
opposed to those on the outer envelope, are due to become
available.

In time, tests for HI'V 2 should also be developed. Such
techniques are of course vital if epidemiologists are to be
able to track the spread of the infection in populations.
They also have an indirect therapeutic/preventative role.
The availability of tests for HIV 1 has already helped to
change the behaviour of many sero-positive individuals,
both in terms of encouraging them to adopt ‘healthier’
lifestyles and in leading them to protect the interests of
others to whom they might pass on the infection.

In the context of anti-viral medicines, the only product so
far available for the purpose of actively inhibiting HIV
infection in man is, as already noted, zidovudine. This is
similar to thymidine, one of the four substances used to



form DNA nucleotides. Under the control of an enzyme
known as reverse transcriptase, the RNA within HIV acts
as a template against which a DNA copy is made,
eventually to be integrated with the genetic material of the
human host cell. Zidovudine inhibits reverse transcriptase
in creating a DNA copy chain, because when it is taken up
instead of thymidine it lacks the ‘link’ necessary for other
molecules to attach themselves. This interrupts the HIV
replication process, leaving parts of the viral RN A exposed
to the degrading action of host cell enzymes.

Clinically, this medicine has shown itself capable of
extending the life expectancy of patients with the AIDS
syndrome, and it is to a degree at least effective in the
context of HIV dementia. Its potential for extending the
period of symptom free life amongst non-symptomatic
people with HIV infection is unproven: interest has
naturally been expressed in this possibility, but since
zidovudine can cause significant side effects —most notably
anaemia serious enough to demand blood transfusions — a
cautious approach to investigating the medicine’s role is
regarded as advisable.

Currently a key focus of research is combination therapy,
in which the effects of zidovudine may be enhanced by the
simultaneous use of other agents. Many experimental
medicines with actions related to those of zidovudine are
also under investigation by both government and industry
funded researchers, who hope to identify less toxic
therapies for the future.

In the relatively near future the recent achievement of a
British company in producing large quantities of HIV
reverse transcriptase through recombinant DNA
techniques, and in obtaining the enzyme in crystalline form,
should open the way to a detailed understanding of its
molecular structure. Differences between the latter and
that of human cell DNA polymerases may then be
systematically exploited in attempts to produce new
medicines which selectively block HIV replication.
However, inhibition of reverse transcription is only one of
the approaches to HIV chemotherapy that have been
identified (Mitsuya & Broder, 1987; Hall, 1987; Yarchoan
and Broder, 1987). Other potentially vulnerable stages of
the HIV replication cycle include:

Cell entry

HIV binds to CD4 receptors on the surface of T4
lymphocytes and other cells, and subsequently gains entry
to the target cell. If this initial invasion can be prevented,
infection may be halted. A substance known as peptide-T
has been tested in this context, but with disappointing
results. The lipid containing medicine AL721 from the
Weizman Institute in Israel may have an effect in this area,
reducing viral/CD4 binding through creating distortions in
the HIV envelope (Heley, 1987).

RNA uncoating

The anti-viral medicine amantadine probably functions (in
the context of influenza A) via an inhibition of viral ability
to ‘uncoat’ its genetic content after entry into a target cell.
It is theoretically possible that similar effects could be
achieved in respect of HIV/retroviruses.

Integration of DNA copies of viral RNA with host DNA,
and the subsequent transcription of the former to messenger
RNA

The experimental medicine ribovirine may inhibit the
‘capping’ of messenger RNA - and hence the later
production of viral proteins — more than it affects the
corresponding functions of human cells (Hirsch and
Kaplan, 1987). However, it is not officially approved for
the purpose of treating AIDS.

Viral protein assembly

It is possible that the chemical signals (peptides) which
activate T4 lymphocytes also boost synthesis of viral
components (Gallo, 1987). Greater understanding of this
could open the way to new therapies, although these could

interfere with normal immunological processes. A less
hazardous route to therapy may thus be to try to disrupt the
formation of specific viral proteins, such as the protease
enzyme responsible for ‘cutting up’ the proteins produced
by the three main genes that encode for the components of
HIV. Researchers in the pharmaceutical industry have
already identified potent inhibitors of this enzyme in vitro.
Other identified proteins appear to have a regulatory role
in the process of assembly which might be vulnerable to
disruption.

In addition it may be possible to prevent or alleviate the
ill-effects of HIV infection through treatments aimed at
correcting or modifying its impact on the immune system.
The pharmaceutical industry in Britain and elsewhere is
investigating a range of substances (lymphokines) which T4
lymphocytes can produce in order to ‘orchestrate’ immune
system responses. They include interferons and
interleukins, together with other potential
‘immunomodulators’ such as Colony Stimulation Factor
(CSF) and Tumor Necrosis Factor (TNF) (PMA, 1987).
The possibility that auto-immune reactions are involved in
syndromes such as AIDS is also being investigated.

With regard to vaccine development, French researchers
are already involved in a human vaccine trial in Africa, and
in America several companies have put forward, or are
preparing, candidate vaccines for consideration for trials.
In Britain the Medical Research Council is also involved in
this field, in particular through the work of Jarrett in
Glasgow (MRC, 1987).

Although it is commonly assumed that the role of
vaccines will be in essence one of primary prevention, they
may in practice also prove significant in maintaining HIV
sero-positive individuals in an indefinitely prolonged state
of freedom from symptoms (that is, maintaining viral
latency). Indeed, techniques based on passive and/or active
immunisation may ultimately be able to eliminate viral
material from infected subjects (Salk, 1987).

However, although the goal of an effective protective
vaccine (or vaccines) is clearly a desirable ideal, its
achievement could prove elusive. So far animal trials have
proved disappointing in as much as circulating antibodies
raised to viral envelope components do not seem to confer
adequate HIV protection. A complex response involving
cellular immunity is almost certainly necessary for this to be
achieved. And it is possible that the variablilty of HIV
strains (out of a total genome of 9,500 nucleotides some
variants of HIV 1 differ by as much as 1000) will defeat an
immunisation based approach, despite some encouraging
indications that infection with one HIV strain protects
against others.

Finally, the testing of vaccines for human use will prove
long and complex. Any suggestion, therefore, that
advances in this area can be expected in the next few years
to be shown to have a protective effect against HIV
infection should be treated with reserve.

CONCLUSION

Despite the uncertainty that surrounds the spread of HIV
in the foreseeable future, there is little doubt that its impact
on the community could potentially be substantial. In the
context of AIDS mortality, Osborn (1987) has commented
from United States’ experience that ‘we are losing a
generation of well-trained and exceptionally talented
young men and humanity cannot afford to lose an iota of
trained talent in these troubled times.’

In the United Kingdom, deaths from AIDS so far are
only about one-fortieth of the total recorded in the United
States but they are steadily gaining greater significance. In
the 11 months to the end of November 1987, 372 AIDS
deaths were recorded, suggesting a possible total for the
year as a whole of 406 deaths. If it is assumed that the mean
age of death from AIDS is 35 years, then current annual
fatalities may be estimated to be responsible for more than
12,000 lost years of potential working life. If it is further
assumed that all of these deaths occur in England and Wales



Table5 Years of potential working life lost due to
deaths in 1985 from certain causes, males, England
and Wales.
Cause of death Years lost
(thousands)
Malignant neoplasms 205.5
Trachea, bronchus, lung 49.0
Digestive organs 49.3
Circulatory system disease 264.8
Coronary heartdisease 195.4
Cerebrovascular disease 33.4
Diseases of respiratory system 50.3
Congenital anomalies 59.2
Conditions in perinatal period 67/ 8
Accidental deaths 156.7
Road accidents 97.4
Suicide 56.9
All causes 1028:5
Source: Office of Population Censuses and Surveys

and involve males’, then comparisons may be drawn
between AIDS and other causes of premature death. It is
clear from Table 5 that at present AIDS mortality generates
a level of loss that is small compared to most diseases and
almost insignificant in relation to such major contemporary
problems as coronary heart disease and accidents.
However, if the current annual rate of increase in AIDS
deaths is maintained (the total rose almost 2.4 fold during
1987) then about 5,500 deaths from this cause may be
anticipated in 1990. If this prediction proves correct, the
loss of potential working life generated by 1990’s AIDS
fatalities will total more than 165,000 years, a toll second
only to coronary heart disease in Table 5 (assuming the
values for these other causes do not alter significantly
between 1985 and 1990).

HIV also has major resource implications for the
National Health Service. Attention has so far tended to
focus principally on the hospital expenditures incurred in
treating HIV positive subjects who have progressed to the
full AIDS syndrome. However, the costs reported from
this sector of the health service have shown quite a
considerable degree of variation. In 1986, Johnson and her
colleagues calculated the costs of in-patient and out-patient
care for an AIDS patient between diagnosis and death at
nearly £7,000.

Subsequently, £10,000-£20,000 became the most
frequently quoted estimate of the expenditure involved
with a progressive shift towards the upper end of the range
over time. Indeed, in the recent House of Commons debate
on health, the Parliamentary Under-Secretary for Health
stated the cost to be about £20,000 per patient per year
(Currie, 1987). It is not clear whether this figure takes into
account the costs of treatment with zidovudine which are
now estimated at around £4,000 per patient per year
(Marsh, 1987).

It should of course be emphasised that AIDS patients do
not require hospital care alone. Indeed, researchers at St.
Mary’s Hospital in London have recently described a
theoretical package of care for the ‘average’ adult AIDS
patient in which only one month of the survival period of
one year is spent as a hospital in-patient (Cunningham and
Griffiths, 1987). Other elements of the package draw upon
day care treatment facilities as well as the home help,
district nursing, hospice at home and various other services.
In total, the per capita cost of the care package is estimated
to be slightly more than £27,000."

If this sum is applied to the estimated out-turn number of
AIDS cases for 1987 (611), the cost of providing care for

9 These are currently acceptable assumptions since the true proportions in
fact lie between 95 and 100 per cent.

10 This figure includes the cost of zidovudine treatment which at the time of
preparing the estimate was £5,200.

the year’s cohort of new patients may be calculated to be
£16.5 million. In 1988, this sum could rise five fold to £81
million if the Communicable Disease Surveillance Centre’s
prediction of 3,000 new cases is fulfilled. This expenditure
figure is equivalent to the cost of providing acute hospital
in-patient treatment for 128,000 non-AIDS patients — a
total equivalent to about one-fifth of the current hospital
waiting list in Britain.

Itis difficult to judge how accurate these estimates might
be. The fundamental uncertainties concerning the future
number of AIDS cases has already been discussed in detail.
In addition, the use of average data disguises the fact that
the shape of the AIDS illness — and hence the costs of care
—canvary quite markedly between patients. Changes in the
approach to care — forced by an increasing caseload or as a
concomitant of pharmaceutical progress — may serve to
alter per capita case costs. Finally, the estimates presented
above disregard the costs arising from the treatment of non-
AIDS manifestations of HIV infection as well as those
directly and indirectly generated by testing for the virus.

Despite these cautionary observations, it is clear that
HIV could have very serious resource implications for a
health service that is already experiencing severe financial
pressures. The potential impact of HIV in this respect
coupled with the immense human and social costs
accompanying the spread of the infection underpin the
urgent need to win both the battle against the epidemic and
the war against the virus (Hall, 1987a). In the present
absence of an effective vaccine or treatment, the former
depends on an appropriate public response to health
education about the nature of HI'V and how infection can
be avoided. The latter is a more distant prospect but the
worldwide efforts of the academic and industrial research
communities, often working in collaboration, suggest that
more effective drug treatments at least are a real possibility
(Healy, 1987). In addition to saving lives and reducing
suffering, such innovations may also play animportant role
in helping to limit further dissemination of the virus by
reducing the infectivity of individuals already infected.
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