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Regular Review

The natural history of human T lymphotropic virus-III infection:
the cause ofAIDS

MADS MELBYE

The first report of a disease now known as the acquired
immune deficiency syndrome (AIDS) appeared in May
1981.' This highly lethal syndrome is characterised by unex-
plained opportunistic infections and aggressive Kaposi's
sarcoma.' From the very beginning homosexual men were
identified as the group at highest risk of AIDS, and its cause
was tentatively linked with various exposures common to this
group. These included infections with cytomegalovirus,
Epstein-Barr virus, and hepatitis B virus and exposure to
substances including amyl nitrite, to "antigen overload,"
and to semen.` In retrospect, such hypotheses failed to
explain the epidemiology of the disease as AIDS was found
to affect several different risk groups and was new to them
all.2 6 With the isolation of a human retrovirus as the aetiolo-
gical agent of AIDS a clearer understanding of its natural
history has emerged.

The cause of AIDS

The primary cause of AIDS, the human T cell lympho-
tropic virus type III (HTLV-III),78 also designated lympha-
denopathy associated virus9 (LAV) or AIDS related virus
(ARV),'0 belongs to a family of recently discovered human
retroviruses. Retroviruses have been known for more than 50
years as causes of leukaemias, lymphomas, and immune
deficiency conditions in animals." Three types of human
retroviruses have been characterised so far: HTLV-I, which
is associated with adult human T cell leukaemia; HTLV-II,
which was originally isolated from a patient with hairy cell
leukaemia but has not been linked to any particular disease;
and HTLV-III, which causes AIDS. Whereas HTLV-I and
II are stable viruses (with a low replication rate and molecular
stability), HTLV-III has a high replication rate'2 and shows
variability in its env gene region between isolates."'"' All
three retroviruses appear to cause prolonged infection of
OKT4 T lymphocytes (and perhaps other tissues, including
the central nervous system) by their ability to integrate
proviral copies of their genetic material into the host
genome.'5 Once infected a person may well stay infected for
life.

Epidemiological studies have used the presence of anti-
body as the most practical measure of exposure to HTLV-
III, and it is reliable with the following exceptions. Detection
of HTLV-Ill specific antibodies may become less easy as the

severity of the clinical illness increases; indeed, patients
with advanced stages ofAIDS may lose detectable HTLV-III
antibodies completely.'7 Recently a decline in HTLV-III
antibodies has been reported before the onset of the disease. ,
Loss of antibodies has also been reported in a clinically
healthy spouse of a patient with AIDS but is not considered a
frequent phenomenon.'9 Possibly some infected people have
a persistent viraemia while being antibody negative. This
occurs with hepatitis B, a virus with which HTLV-III shares
some recognised patterns of transmission. A few people have
been found to be positive for the HTLV-III virus but anti-
body negative20; some of these may have been caught in the
"window" between infection and antibody production. We
need to study longitudinal data on such cases to assess the
extent of this phenomenon.

Latency between viral exposure and antibody
development

The time that may elapse between infection with HTLV-
III and antibody production has not been clearly defined;
certainly it may be prolonged. Transfusion of plasma con-
taminated with HTLV-III to chimpanzees produced an
active antibody response three to 12 weeks after exposure.2'1-2
In man probably the most reliable data have come from a case
of nosocomial infection with blood from a patient with
AIDS, in which seroconversion occurred between days 27
and 47 after the accidental injection.24 In another single case a
patient with haemophilia probably seroconverted as a result
of exposure to contaminated factor VIII concentrate 44 days
earlier.2" For parenteral exposures, therefore, four to seven
weeks seems the most likely period for the development of
antibodies. Not much is known about the latent period in
cases of sexual transmission. One homosexual man who had
anal intercourse after abstaining from sexual activity for six
weeks seroconverted between 16 and 47 days.26

Detection of antibody
The antibody detection system used may be responsible

for minor differences in the time at which a seroconversion is
registered. The Western blot technique, considered by many
to be the most specific confirmatory assay, is also sensitive:
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it uses electrophoretic separation of virus proteins (p) and
glycoproteins (gp) to give a profile of bands characteristic of
HTLV-III when antibody positive sera are applied. The
bands specifically recognised in relation to HTLV-III are
p15-18, p24-25, gp4l-45, p53-55, and p64'627; these repre-
sent both viral core antigens and envelope antigens. Higher
molecular weight glycoproteins (for example, gpl20 and
gpl6O) may occasionally be seen in Western blots but may
be detected more readily by a radioimmunoprecipitation
assay. 8 On Western blot p24 and p55 bands generally appear
earliest in seroconversion (R J Biggar et al, submitted for
publication),'827 whereas p41 is seen more often in patients
with AIDS.27 The presence of gpl20 and gpl60, however,
seems likely to be one of the most stable indicators of prior
infection and antibody production.28 The implications of
patterns of antigen recognition are still under investigation,
but some antigens are known to occur together naturally
simply because of a precursor-product relation (for example,
p24 and p55).

Seroepidemiological studies and blood bank screening
programmes have mostly used the enzyme linked immuno-
sorbent assay (ELISA)-because it is rapid and economical.
It has proved to be sensitive and specific when dealing with
sera from members of the different risk groups in Europe and
the United States,29 but ELISA tests may need to be used
with caution on sera from Africa30 and perhaps other tropical
areas. Screening of populations without identified risk
factors (as in blood bank screening programmes3'132) has
shown that a substantial proportion have non-specific
reactivity. It is necessary, therefore, that confirmatory tests
such as the Western blot should be applied to ELISA positive
sera, especially when dealing with populations without risk
factors. Nevertheless, the commercially available ELISA
screening tests should exclude most of the virus positive
people from potential donors at a blood bank, the only
exceptions being those who have viraemia without antibodies
-and, possibly, recent seroconverters with only a low titre
of p24 antibodies.33

Seroprevalence studies

Antibodies to HTLV-III have been found in more than
90% of patients with AIDS and in between 80% and 100% of
people with related conditions such as unexplained persistent
generalised lymphadenopathy.0 29 3136 By contrast, antibodies
are found in less than 1% of healthy populations outside the
defined risk groups. The table shows some seroprevalence
rates for groups classified by location and year of study.
Direct comparison between the different studies is difficult
because of differences in study design, but the overall picture
is clear. Homosexual men from high risk areas such as New
York City, San Francisco, and Los Angeles have high sero-
positivity rates, whereas the same risk groups in intermediate
and low risk areas for AIDS have lower ones. These
differences may be only time related: AIDS was introduced
into Europe by homosexual contact between men in Europe
and America,36a64 and the AIDS epidemic among homo-
sexuals in Europe seems to be about two years behind that in
the United States.637 Furthermore, the actual rate at which
seropositivity has been rising in European homosexual
communities has paralleled the increase in antibody preva-
lence seen earlier in high risk American homosexual
communities (figure). Other places with a fairly high sero-
prevalence rate among homosexual men are Canada,
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Australia, South Africa, and Central and South America
(table).

Parenteral drug users in Europe have had proportionally
fewer cases of AIDS than their American counterparts (they
account for 17% of all cases in the United States but only 4%
in Europe2 38). These differences may be due to there being
less interaction between homosexuals and parenteral drug
users in Europe than in certain areas of the United States.
Unfortunately, the rate of seropositivity to HTLV-III re-
ported among parenteral drug users in Europe has increased
alarmingly in some areas in the most recent year (table).
Those European countries with high prevalence rates among
their drug users are not necessarily the same as those with a
generally high incidence of AIDS-this is not surprising
given the long interval between seropositivity and the
appearance of AIDS.
High rates of seropositivity have been reported among

haemophiliacs in many parts of the world, and indeed often
these rates have been higher than among other risk groups. 39-42
The crucial factors have been the source and amount of
clotting factor products used rather than geographical
barriers. The only haemophilia centres with low rates of
HTLV-III infection are those which have used locally
produced blood factor products obtained from non-risk
donor groups.32 From an epidemiological perspective this
unusual and rapid transmission pattern must necessarily
result in a different distribution of cases of AIDS among
haemophiliacs compared with other risk groups.

Recent studies of the prevalence of antibody to HTLV-III
among Haitians in good health (both in Haiti and elsewhere)
have shown a low percentage of positives unless other risk
factors are present (W D Johnson and colleagues, paper to
25th Interscience Conference on Antimicrobial Agents and
Chemotherapy, Minneapolis, Minnesota, 1985).

Modes of transmission

HTLV-III has been isolated from lymphocytes in periph-
eral blood, bone marrow cells, spinal fluid and brain tissue,
lymph nodes, cell free plasma, saliva, semen, and tears.8 45-48
In theory exposure to any of these body fluids, if con-
taminated with the virus, represents a risk. In practice,
however, the risk of infection seems to depend heavily on the
route of exposure.

BLOOD AND BLOOD PRODUCTS

Recipients of blood transfusions have been found at higher
risk of AIDS than persons without risk factors.49 More
recently, virus isolation and serological studies among
recipients and their donors have shown clear evidence for this
mode of transmission.505' Most people who have developed
AIDS associated with transfusion have received whole blood,
blood cellular components, or plasma from infected donors.
Other products prepared from blood-such as immuno-
globulin, albumin, plasma protein fractions, and hepatitis B
vaccine-have not been found to be infectious.5253

Attempts to keep risk group members out of the donor
pool have been largely successful, but there are still some
seropositive donors in the blood banks. A survey which
examined 70% of all the blood collected in the United States
within a four week period in April to May 1985 found that
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1484 units (0 25% of the specimens) were repeatedly reactive
in the ELISA assay. Those parts of the country with the
highest percentage of HTLV-III contamination were those
with the highest incidence ofAIDS in the population. 12 With
the exception of paid donors,54 the seropositivity rates seem

lower among European donors (table), probably reflecting a

lesser spread of the virus in these populations.

7

Use of factor VIII concentrates made from pooled blood
from thousands of donors, especially of American origin, has
been associated with both the development of AIDS and
seropositivity among patients with haemophilia A.42 "6
Patients with haemophilia B who have exclusively used factor
IX concentrate are also at risk, but both the number ofAIDS
cases and seroprevalence figures have been lower than those
reported for patients with haemophilia A.4955-x This dis-
crepancy may be explained by differences in the procedure
by which the products are manufactured."6 Furthermore,

HTLV-III seroprevalence by risk group and geographical distribution

Country

USA:
New York
Washington
San Francisco
Boston

Canada:
Montreal
Vancouver

Denmark
England (London)
France (Paris)
Italy
Holland
Sweden
Norway
Germany (Berlin)
Switzerland
Finland
Australia
Panama
Dominican Republic

USA:
New York City
Newark New Jersey
Boston

Italy:
Rome
Milan
Cagliasi
Catanzaro
Vitebo

Switzerland
England
Spain
Germany (Berlin)
Australia

USA:
Pennsylvania
Los Angeles
Georgia
Massachusetts

Denmark
Germany
England
Scotland
Canada

USA

Spain
England
Germany:

Hesse
Six cities

Switzerland
Sweden
Denmark
Finland
Brazil

Year of Total No % HTLV-III
collection studied seropositive

Homosex ual men

1985
1985
1984
1982-3

1984
1984
1984
1984
NS
NS
1982
NS
1984
1984
NS
1983-4
1984
NS
NS

85
160
435
160

209
318
131
308
44
70

697
78
47

496
40
175
49
66

65
44
67
21

21 1
26
17
18
9
4
8
6

27
10
15
20
2 6
10

70 -

Reterence

60 -

64
64
97
93

O'Shaugh-
nessy*

90a
36
17

120
Coutinho*
Biberfeldt*
Vestrup*

92
27
121
133

Wignall*
Koenig*

Intravenous drug users

1984
1984
1982-3
1985
NS
NS
NS
NS
NS
1985
1985
1985
1982
1984

273
NS
69
209
128
71
30
20
10
37

236
75

496
126

Hemophiliacs

1985 121
1984 42
NS 25
NS 47
1984 22
1984 40
1982-4 184
1984 77
NS 54

Blood donors
1985 1027786
1985 593831
1985 2142
1983-4 1042

1984 4445
1984 6 720
NS 83
NS 300
1982 69
1985 20000
1985 1469

60
50
42
29
20
23
17
0

0

32
6

48
22
33

59
50
72
64
64
53
34
16
56

Cohen*
Weiss*
Craven*

126
120
120
120
120
120
127
119
128

Pauli*
134

39
70
55
122
123
124
36
42
125

0 2 129
0-25 32
0-23 130
0 36

0-47
0-52
0

0

0

0-005
0-13

131
54
27

Biberfeldt*
63
t

132

homosexuals

50

.a 40 -

0

LO 30-

20-

10

I I I

1981 1982 1983 1984

Year

Percentage of HTLV-III antibody
followed cohorts.Y3364

homosexuals

homosexuals

1985

positivity by year in four longitudinally

recipients of cryoprecipitate alone (a product made from
pooled blood of only a few donors) have a low risk of
infection.9
What is still not known is whether all seropositive

haemophiliacs have been exposed to infectious virus or

whether some may have been exposed to inactive virus or

viral proteins and thereby been immunised without being
infected. HTLV-III has been isolated from seropositive
haemophiliacsf but the frequency of viral positivity among
seropositives remains unknown. For the time being, how-
ever, the presence of specific antibody should be considered
presumptive evidence of current infection and infectivity.
The high prevalence among patients with severe haemophilia
has drawn attention to those plasma products (for laboratory
use) prepared from haemophiliacs themselves. One study of
factor deficient products found several to be antibody
positive, and such products should therefore be considered
to be contaminated with HTLV-III as well.6'

HOMOSEXUAL AND HETEROSEXUAL PRACTICE

Sexual contact is believed to be the only risk factor for 64%
of all registered cases ofAIDS in adults in the United States;
63% of these are homosexual or bisexual men and 1%
heterosexual men and women.62 Among homosexual men

sexual contact with men from high risk areas, number
of partners, and anal recipient intercourse have all been

NS=Not stated.
* Presented to International Conference on AIDS, Atlanta, Georgia, 1985.
t Personal communication, S Koskimies.
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strongly associated with seropositivity, whereas oral sex has
not been found to be a risk factor.63 6' Nitrite inhalants, which
act as sexual stimulants and relax the anal sphincter, have
been suggested to be linked with the eventual later develop-
ment of Kaposi's sarcoma among homosexual men.66

Proof of heterosexual vaginal transmission has been most
clearly apparent in a recent report that artificial insemination
by symptomless carriers of HTLV-III provoked antibody
development in half the women exposed.67 Atraumatic
intravaginal inoculation studies performed on chimpanzees
have found clear evidence for successive HTLV-Ill serocon-

version and support this route of transmission (D Francis,
personal communication). Frequent transmission ofHTLV-
III was reported earlier from patients with AIDS related
complex or AIDS to their spouses, some of whom also
developed clinical evidence of AIDS related complex.68
Serological evidence for transmission is also well established
between haemophiliacs and their sexual partners.69-7' In
addition to sexual contact with persons at risk, the number of
partners is important in heterosexual transmission ofHTLV-
III.72 Female to male transmission has been reported in the
Western world,72 but not as often as male to female trans-
mission. Reports from Africa and Haiti, however, where
heterosexual transmission seems important,"7374 strongly
argue for female to male transmission.75

PARENTERAL DRUG USE AND PROSTITUTION

Seropositive parenteral drug users have mostly been found
in clusters in tht larger cities of the United States and
Europe. The route of exposure is believed to be sharing
equipment. The number of injections correlates with sero-

positivity, but specific attempts to associate sharing of
needles with seropositivity have so far been unsuccessful (H
Cohen et al and S H Weiss et al, papers to the International
Conference on AIDS, Atlanta, Georgia, 1985). Possibly not
only needle sharing but also sexual activity may be relevant to
transmission in this group.

Seropositivity was reported recently among 5-40% of
prostitutes in some areas of Europe and the United States,
many of whom were parenteral drug users.62 Other data
collected on 3206 women admitted to drug abuse treatment
programmes showed that 31% had been involved in prostitu-
tion.76 Probably, therefore, parenteral drug abuse accounts
for much of the present seropositivity among prostitutes, but
the possible influence of sexual exposure alone should be
considered as well. Thus African prostitutes also have a high
prevalence of antibody but do not normally use parenteral
drugs, indicating that heterosexual transmission is the more
likely source of infection in this group (J K Kreiss et al, paper
to the 25th Interscience Conference on Antimicrobial Agents
and Chemotherapy, Minneapolis, Minnesota, 1985).7 The
implications of the fairly high seroprevalence figures found in
prostitutes in the Western world as well as in Africa need
further investigation. Some people who are antibody positive
have as their only likely risk factors promiscuity and sexual
contact with prostitutes.72

PERINATAL TRANSMISSION

Infants with either symptomatic or asymptomatic HTLV-
III infection are mostly the offspring of parents at high risk of
AIDS.7778 Indeed, most such infants have been born to
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parenteral drug users or Haitians, but cases have also been
reported in families where the mothers were infected by their
spouses.79 In most cases transmission from mother to child
probably takes place before delivery,80 but in one instance
infection may have occurred postnatally through breast
milk.8' AIDS in childhood is seen mostly in infancy and the
first years of life and is rare in older children, which further
argues for perinatal rather than casual transmission.82 With
the increase in seropositivity among certain groups of
females, it is a high priority to assess the risk of vertical
transmission and the outcome of the disease among infected
children. The available data are not encouraging. In four out
of 12 cases in which a mother had a second child after giving
birth to one with AIDS the second child also developed
AIDS.77

NOSOCOMIAL EXPOSURE

The increasing numbers of patients with AIDS have
generated concern in hospital workers about the risks of
infection from casual or percutaneous occupational exposure
to HTLV-III. Several studies of both providers of care for
patients with AIDS and laboratory workers dealing with
samples from such patients have found, however, that the
risk of infection from an isolated parenteral exposure seems
low (T L Gerberding et al, abstract, 25th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Minneapolis, Minnesota, 1985).7 8384 Only one of a total of 73
people from two reported studies who admitted accidental
exposure to needles used by patients with AIDS were
seropositive when tested 15 days to three years after the
exposure.8384 Overall, three cases from the United States and
one from Britain have been reported of seropositivity after
parenteral exposure to HTLV-III.N84 Studies of superficial
exposure (excluding needles) to body fluids from patients
have shown no seroconversions among medical staff in the
absence of known risk factors.83 Some cases of AIDS have
been seen among health care staff with neither obvious risk
factors nor known nosocomial exposure,85 but it should be
emphasised that as yet there is no solid evidence for
transmission of HTLV-III through casual contact.6978

Immunological implications of infection

Full blown AIDS is associated with the depression or
aberration of most measurable cellular and humoral immune
responses. In vitro studies of specimens from patients with
AIDS have shown diminution of the mitogen response, of
proliferative responses to both soluble antigens and allo-
geneic lymphocytes, of interleukin 2 production, of natural
killer cell activity, ofpokeweed mitogen induced secretion of
antibody by B cells, generation of cytotoxic lymphocytes,
and of the ability to recognise and respond to soluble
antigen.8687 Central to it all is HTLV-III induced destruction
of T4 lymphocytes, the likely key to regulation of the
immune system.88
Among people seropositive to HTLV-III but without

clinical signs of AIDS the viral interaction with the immune
system is not completely understood. Several cross sectional
studies have found a correlation between seropositivity and a
lower phytohaemagglutinin response, higher IgG concentra-
tions, raised concentrations of immune complexes, and
inversion of the T helper to suppressor ratio (T4/T8).64658990
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More recently, changes in the T helper to suppressor ratio
has been shown to be associated with duration of seroposi-
tivity in longitudinal follow up of homosexual men.9 The
inverted ratio is due initially to both a rise in T suppressor
cells and a decline in T helper cells's 9 which makes the ratio
the single best predictor of seropositivity.6 9"a During sero-
conversion the number ofT cell suppressors is most likely to
be high, while in the late stages of seropositivity a decline in
the number of T helper cells may be more pronounced,"26
often associated with a lowered absolute T cell count. Some
people who have been seropositive for a long time may
suddenly have an unexplained large fall in the T helper cell
and total T cell counts.' These individuals have a high risk of
developing AIDS.

Clinical outcome

Several clinical conditions occur with unusual frequency
both shortly after infection with HTLV-III and after long
incubation. These observations have raised the possibility of
a broad range of non-lethal diseases that might be HTLV-III
syndromes.

Firstly, a transient, acute infectious mononucleosis-like or
influenza-like illness may appear within 14 days of initial
viral exposure. 2 In one instance clinical features were
present only six days after the estimated time of exposure.
The features may include fever, sweats, myalgia, malaise,
sore throat, headache, arthralgia, nausea, and rash; lympha-
denopathy and neuralgia have also been reported. In an
African case of seroconversion the patient developed a life
threatening acute febrile encephalopathy (R J Biggar et al,
submitted for publication). The experience from several
longitudinally followed cohorts is that such conditions are
rare. In an Australian study, however, 11 out of 12 serocon-
verters were found in retrospect to have suffered from acute
illnesses.26 Three patients carefully examined in this study
seroconverted 19, 32, and 56 days after the onset of their
acute illness.

People who are seropositive long term may show constitu-
tional and clinical features such as unexplained persistent
lymphadenopathy, diarrhoea, night sweats, oral thrush,
and herpes zoster infection (M A Koch et al, poster to
International Conference on AIDS, Atlanta, Georgia,
1985).'9 649 Half of homosexual men who had been sero-
positive for more than 29 months had such complaints
(excluding lymphadenopathy).9t' Lymphadenopathy alone
has been reported among 70% of haemophiliacs shown to be
positive for more than three years.69 Lymphadenopathy
appears, therefore, to be both a short term and long term
consequence of HTLV-III infection.9'a92 Studies of homo-
sexual men with persistent generalised lymphadenopathy
have shown that 10-20% develop life threatening opportunis-
tic infections or malignancies within two to three years.96-9'
This figure is, however, not much different from what has
been reported for HTLV-III seropositive people in general
(see below).
The AIDS related complex is characterised by at least two

symptoms and two or more laboratory findings consistent
with AIDS and is highly correlated with HTLV-III sero-
positivity."" AIDS itself is a life threatening syndrome of
conditions opportunistic in patients whose immunity has
been weakened by HTLV-III infection. The many different
manifestations have been described elsewhere.'

9

HTLV-Il and AIDS risk

Clearly our estimates of the incidence of AIDS among
people who are antibody positive for HTLV-III must be
based on only few years' experience. The initial reports that
described seropositive homosexual men in Denmark and
New York City showed that 9-14% developed AIDS over a
two year follow up.6" ' In a recent updated study, including
five cohorts with a total of 281 seropositive people (homo-
sexual men from New York, Washington, and Denmark,
haemophiliacs from Pennsylvania, and parenteral drug
users from New York), the three year incidence of AIDS-
calculated using the Kaplan-Meyer survival analysis-was
34% in Manhattan homosexual men and 15% in the four
other cohorts combined (J J Goedert et al, submitted for
publication). AIDS occurred at high rates in all cohorts, and
differences in exposure routes and in lifestyles in general did
not appear to have much effect on outcome. Furthermore,
preliminary analysis undertaken among seropositive homo-
sexual men who have and have not developed AIDS have
shown no obvious risk factors related to disease outcome (J J
Goedert, personal communication). The higher rate of
seropositivity in Manhattan men seems most likely, there-
fore, to reflect their longer duration of HTLV-III sero-
positivity. In another cohort study of homosexual men from
San Francisco 6-4% (95% confidence intervals 0-8-21 4%) of
men seropositive for more than five years developed AIDS
and another 25-8% AIDS related conditions.96 Among 30
seropositive high risk blood donors 4 (13 3%) developed
AIDS and eight lymphadenopathy between one and 35
months (median 16 months) after donating blood."

Estimated as time from exposure to the development of the
disease the syndrome has a long incubation period. In 18
patients with AIDS who had probably been exposed through
blood transfusion the median time between transfusion and
diagnosis was 28 months (range 15-57 months).97 In 24
homosexual men from San Francisco the median time
between serum collection (found later to be antibody positive)
and the diagnosis of AIDS was 43 months.96 Furthermore, in
four haemophiliacs the time between estimated serocon-
version and the diagnosis of AIDS was 28, 29, 36, and 47
months (J J Goedert et al, submitted for publication). AIDS
among infants seems to have a much shorter incubation
period. This accounts in particular for those with perinatal
HTLV-III exposure in whom diagnosis of AIDS (and often
also death) has been reported within the first year of life.629'I100
Among infants with AIDS associated with transfusion the
median interval from infection to diagnosis was 14 months (T
A Petersman et al, abstract, International Conference on
AIDS, Atlanta, Georgia, 1985). This short incubation period
may partly explain the fivefold higher estimated risk ofAIDS
in children compared with adults, although their immature
immune system and the volume of blood given may also be
relevant.

The African experience
Examination of specimens of stored serum has shown that

HTLV-III was introduced into American homosexual men
and hemophiliacs around 1977-8 and probably slightly later
into European risk groups."9-4' 90 101
There is no conclusive evidence that the HTLV-III virus

originated in Africa, but evidence suggesting an earlier origin
there than elsewhere includes case reports consistent with
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AIDS among residents in Africa in the mid-1970s.'2 103
Antibody to HTLV-III has been reported in sera taken from
50 of 75 children in 1972-3,04 but this finding needs further
investigation. If the virus in its present form is new in Africa
its origin raises several questions. A complex virus such as
HTLV-III would be unlikely to arise de novo. Two plausible
explanations exist: it may previously have existed as a non-
pathogenic virus in man or it may have come from the animal
world. Cross reactivity in African serum collections has
proved a problem in some antibody assays and might indicate
the existence of an HTLV-III related virus in the environ-
ment, but the specificity of these findings in African sera has
been questioned. "

Several findings favour an animal origin. Retroviruses that
share a high degree of homology with HTLV-I have been
isolated from different species of monkey."'5 A simian
retrovirus, STLV-III, causes an AIDS like disease among
macaques,'06 107 and this virus cross reacts with HTLV-III
antibody positive human sera as well as with sera from some
African green monkeys.'08 Most recently, viral isolates very
similar to the STLV-III obtained among macaques have also
been made from African green monkeys caught in the wild,'09
and antibodies against this virus have been found in green
monkey sera from 1960 (P J Kanki, personal communica-
tion). Yet, in contrast with the experience with macaques,
there is no evidence of an AIDS-like outbreak among the
African green monkeys. Furthermore, immunological
abnormalities have been reported among infected macaques,
whereas the results of preliminary immunological studies
from African green monkeys have been normal.

Investigations of patients with AIDS in Africa show the
same protein profiles on Western blot as do those from the
United States and Europe, and preliminary analyses of the
nucleotide sequences of African viral isolates have shown
patterns with only minor variations compared with isolates
from American homosexual men. 14

Seroepidemiological studies undertaken in epidemic areas
within Zaire, Rwanda, Uganda, and Zambia have shown a
high correlation between AIDS and seropositivity, but in
some areas there is also a high seroprevalence rate in the
general population, ranging from 2% to 12%.74"°'"' Even
higher figures have been reported, but non-specific reactivity
may be a problem in Africa.'0 Heterosexual activity, blood
transfusion, exposure to reused needles, and perinatal
exposure have been suggested as ways of transmission in this
environment, whereas homosexuality and parenteral drug
use appear unusual.74 11213 In a recent study undertaken
among hospital patients from an African AIDS epidemic
area, seropositivity was restricted to sexually active age
groups and was most frequently observed among patients
with venereal disease (M Melbye, unpublished observation).
African prostitutes have shown seroprevalence rates between
50% and 88% and seem likely to be a serious source of
infection (J K Kreiss et al, paper to 25th Interscience
Conference on Antimicrobial Agents and Chemotherapy,
Minneapolis, Minnesota, 1985).7 There is no indication of
frequent heterosexual anal intercourse or any other par-
ticular sexual activities that might explain these high figures,
and we still do not know why heterosexual intercourse is a
more likely route of infection in Africa than in the Western
world.
The immunological and clinical implications of sero-

positivity in Africans are much the same as outside Africa.
Some clinical manifestations are more common in Africa,
however, owing to a widespread distribution of some micro-
organisms in the African milieu"'3 for example, crypto-

coccal meningitis."'IN In addition, the aggressive form of
Kaposi's sarcoma seen among European and American
homosexual men with AIDS appears frequently in certain
areas of Africa endemic for AIDS and is closely related to the
presence of HTLV-III antibody.' By contrast, the endemic
form of Kaposi's sarcoma, which has been recognised
for decades in Africa, is unrelated to either HTLV-III
infection"' or immunosuppression. 116

Preventive and future aspects

In terms of prevention much has already been accom-
plished by a better understanding of the natural history of
HTLV-III infection. Changes in sexual behaviour aimed at
reducing the spread of HTLV-III have been reported in
homosexual communities,"7 screening programmes have
been introduced for blood donors in the United States and
Europe, and the heat treatment of factor concentrates has
been developed and is commercially available. We may
reasonably hope that haemophiliacs and patients receiving
blood transfusions may disappear in the future from the list
of people at exceptional risk, though AIDS or other HTLV-
III related diseases will continue to appear in those already
infected.

Efficient prevention is much more complicated in homo-
sexual communities. A man who has reduced his number of
partners from 10 to three within the past two years while
seroprevalence rates in his community have increased from
10% to 33% remains at the same risk of infection. The
growing rates of seropositivity in parenteral drug users are
also of concern because preventive programmes have so often
before failed in this group.

Nevertheless, even minor reductions of the rate with
which HTLV-III is spread will have a large impact on the
total number of infected persons a few years from now.
Therefore, prevention programmes-including both educa-
tion and counselling-should be given priority both nation-
ally and locally. In general, promiscuity and anonymous sex
should be discouraged. Not only blood donors but organ and
sperm donors should be tested for antibodies before their
donation is used at all. Women likely to be exposed to the
virus should be tested before planning to become pregnant;
those who are antibody positive should be advised not to
become pregnant or to postpone the decision until we have
more knowledge. Screening should be offered to pregnant
women belonging to high risk groups-for example, paren-
teral drug users-especially in areas with high seropositive
rates, for both counselling and eventual careful observation
of the child. The results of case tracing among patients with
syphilis suggest that such methods might also prove useful in
tracing HTLV-Ill positive people in especially low incidence
areas. Health care workers should be instructed to follow
published precautions,"0 especially safe handling and dis-
posal of needles and sharp instruments. Laboratories dealing
with HTLV-III infected material should use disposable
plastic products to replace needles and sharp instruments
wherever possible.
More than half a million people in the industrialised world

and probably even more in Africa may already have become
infected with HTLV-III. Many of these will develop AIDS;
possibly, too, other long term sequelae such as malignancy
and chronic degenerative diseases may occur in coming
decades among other HTLV-III infected people. Therefore,
we cannot afford to wait for a vaccine or effective antiviral
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treatment to be developed but must immediately take the
necessary precautions to prevent further spread of the virus.
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