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The natural history of human immunodeficiency
virus infection: a five year study in a London cohort
of homosexual men

G E Kelly, B S Stanley, I V D Weller

Abstract
Progression rates from asymptomatic to
symptomatic Human Immunodeficiency
Virus (HIV) infection according to the CDC
classification were prospectively studied in a
cohort of 172 seropositive homosexual and
bisexual men. The median follow-up time was
4 years. The progression from data of entry to
the study to any group IV disease was 56%
(SE 7%) at 5 years. However, the progression
from an estimated date of seroconversion to
any group IV disease was 36% (SE 4%) at 5
years. This was more than double the progres-
sion rate to AIDS-14% (SE 3%) at 5 years
calculated in the same way. There were no
differences in progression to AIDS from group
IV A (systemic symptoms such as unexplained
fever, weight loss or persistent diarrhoea) and
group IV C-2 (oral candida or oral hairy leuko-
plakia). Progression rates to AIDS were sig-
nificantly lower (p = 002) in patients who
were under 25 years of age at entry than in
those over 25. A review of progression rates to
AIDS among homosexual cohorts shows that
they tend to be higher than in cohorts of
haemophiliac patients, in the early stage of
infection. However, when Pneumocystis
carinii pneumonia is the outcome measure,
progression rates in all studies are remarkably
similar.

Certain aspects of the natural history of infection
with the human immunodeficiency virus (HIV) have
been extensively studied. Acturial progression rates
to the acquired immunodeficiency syndrome (AIDS)
following infection have been reported in many
cohorts of homosexual and bisexual men.`7 AIDS,

however, is the most extreme clinical endpoint of
HIV infection. The Centers for Disease Control
(CDC) classification system incorporates the broad
spectrum of clinical manifestations of HIV infec-
tion.8 AIDS is often preceded by long-standing non-
specific constitutional symptoms such as unex-
plained weight loss, unexplained fever or diarrhoea
(CDC group IV A) or other clinical signs such as oral
hairy leukoplakia (OHL) and oral candida (CDC IV
C-2), producing significant morbidity and requiring
close follow-up and treatment. It is therefore impor-
tant to examine progression rates to all CDC group
IV disease and only one study has attempted this.3
We have studied the natural history of HIV-I

infection and we present progression rates to any
group IV disease in a cohort of 172 homosexual men
based in London. We also present progression rates
from group IVA and IV C-2 to AIDS, and separately
from OHL and oral candida to AIDS. We have
compared our progression rates with those of other
homosexual and haemophiliac cohort studies com-
piled from the literature.

Patients and methods
A total of 172 anti-HIV-I seropositive, asymp-
tomatic homosexual and bisexual patients attending a
London sexually transmitted disease clinic were
recruited from November 1982 to form a cohort in
which the natural course of HIV infection could be
determined. Seventy of these were recruited as part
of a study of generalised lymphadenopathy, which
began in November 1982, before the anti-HIV test
became routinely available in late 1984. They were
subsequently found to be anti-HIV antibody sero-
positive. All patients were followed through to
August 1988 at regularly scheduled 3-month inter-
vals. The CDC classification of 1986 for the manifes-
tations of HIV infection was used to classify
patients.8 The median date of entry to the cohort was
December 1984. Progression rates from CDC groups
II and III to allCDC IV sub-groups were computed.

In this study AIDS is defined as the following
subgroups of CDC Group IV: subgroup IV B
(specific neurological disease), subgroup IV C
category C-1 (Pneumocystis carinii pneumonia (PCP)
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or specified secondary infectious diseases listed in the
CDC classification), subgroup IV D (Kaposi's Sar-
coma (KS) or lympyhoma) and subgroup IV E (other
conditions). Progression rates toAIDS are computed
for the cohort as a whole. Oral hairy leukoplakia
(OHL) was introduced as part of group IV subgroup
C, category C-2 at the beginning of 1986.' In this
study, OHL varied from minimal to severe and in the
majority of cases was not biopsy proven. Progression
rates to AIDS separately fromOHL and oral candida
are also compared. Progression rates to PCP are
examined separately for comparison purposes with
other studies, in particular haemophiliacs for whom
PCP is the most common AIDS outcome and in
whom KS is unusual.

All progression curves were generated according
to the Kaplan-Meier method using the Statistical
Analysis Software (SAS). For each patient the date of
first known HIV-seropositive result was the starting
point on the follow-up scale. The exceptions to this
were six patients forwhom an HIV-seronegative date
was available. For these six, the starting point was
taken as the date midway between the last known
negative and first known positive tests for anti-HIV.
An altemative starting point for the follow-up will be
discussed later as the above is almost certain to
underestimate length of infection and thus over-
estimate cumulative progression rates over time.

In computing progression rates to any group IV
illness all 172 patients were included in the risk set.
The number of days of follow-up was taken to the
date at which the patient developed a group IV
disease or to the date of last visit at which the patient
was asymptomatic before August 1, 1988. Progres-
sion rates to AIDS from group IV A, and from
IV C-2 (oral candida or OHL) respectively, were

computed in a similar manner.
Progression rates were also computed using an

altemative starting point on the follow-up scale.
From a study ofHIV seropositivity in our clinic, the
prevalence ofHIV seropositivity in homosexual men
was known to be 3.7% in March 1982 and 21% in
July 1984 and has not changed significantly since
then.9`0 Thus we assumed that the majority of
homosexual men attending this STD clinic who
acquired HIV infection did so between 1982 and
1984. Although 70 patients were recruited to this
study because of generalised lymphodenopathy in
November 1982, the majority of patients were
recruited after this time. Therefore it seemed reason-

able to use 15 May 1983, the median of the dates
above, as an alternative starting point for follow-up
for all patients. This date is an approximation for the
median date of seroconversion of the cohort.
The log-rank test was used to test if age at entry to

the study had prognostic value. It was also used to
compared Kaplan-Meier progression curves." A
95% confidence interval was used for the difference
in two sample proportions.
Results
PROGRESSION TO CDC GROUP IV FROM CDC GROUPS II
AND III
At study entry, 39 (23%) of the cohort were in CDC
group II and 133 (77%) were in group III. Thirteen
of 39 patients (33% SE 8%) progressed from group

II to group IV disease and 48 of 133 patients (36%
SE 4%) from group III to group IV disease, the
difference being 3%, which was not statistically
significant. A 95% confidence interval for the dif-
ference in progression from the two groups is
(-14%, 20%).

Table 1 Frequency of clinical diagnoses 1986

Total with a diagnosis
Group Number in this group

(A) First diagnosis by CDC classification
CDC IV A Unexplained weight loss of over 1000, or fevers, nightsweats

Or persistent diarrhoea 10
48

CDC IV C-2 Oral candida 18
Oral hairy leukoplakia 20

CDC IV B Specific neurological disease 1
CDC IV C-1 PCP or other opportunistic infections 4
CDC IV D Kaposi's sarcoma or lymphoma 4

13
CDC IV E Lymphoid interstitial pneumonitis (LIP) 1

Neurological disease and oral candida 1
PCP and oral candida 2

Total 61
(B) First diagnosis of aids
CDCIVB 3 7
CDC IV C-1 14 19
CDC IVD 8 10
CDCIVE 1 1

Total 26

LIP = lymphoid interstitial pneumonitis
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Figure Progression curves to aids in 172 seropositive men

In total 61 of the 172 seropositive men (35-5%)
progressed to group IV disease. Ten of the 61 had
CDC group IV A as their first diagnosis, 38 had
group IV C-2 (18 had oral candida, 20 had OHL) and
13 had an AIDS condition (table 1A). Of the 48 who
did not have AIDS as the first diagnosis, 13 sub-
sequently went on to develop AIDS. This gave a total
of 26 of 172 (15%) who developed AIDS in this
cohort. In halfof these cases AIDS was the first CDC
group IV condition diagnosed (table 1B). Eight men
were first diagnosed to have AIDS with KS (31%),
fourteen with PCP (54%), three with neurological
disease (12%), and one with lymphoid intestinal
pneumonitis (LIP). Some patients had multiple
diagnoses (table 1A). The prevalence of neurological
disease was seven out oftwenty-six (27%), ofPCP 19
(73%) and of KS 10 (38%).

The progression rates to any group IV disease, to
AIDS (fig) and to PCP were calculated using date of
entry to the cohort and using May 15, 1983 as an
estimated seroconversion date. The progression rates
and the associated standard errors, together with the
sample sizes on which the estimates are based are
shown in table 2. The progression rate at 4 years to
any group IV disease using date ofentry to the cohort
was 43%, whereas using the estimated seroconver-
sion date it was 21%. This progression rate to Group
IV disease of 21% is almost double the progression
rate to AIDS (12% at 4 years).

PROGRESSION TO AIDS FROM ORAL CANDIDA,
FROM OHL AND FROM ANY GROUP IV DISEASE
Ofthe 61 patients progressing to group IV disease, 28
developed oral candida and 23 leukoplakia. However,
10 patients developed AIDS or another group IV
disease before or simultaneously with oral candida
and 3 patients developed AIDS or another group IV
disease before OHL. Thus in examining progression
from oral candida and OHL to AIDS there were 18
and 20 respectively in the risk set (table 3). Seven
patients with oral candida (39%o) progressed to
AIDS. The median time to progression was 369 days
almost 1 year exactly, that is, 500/ of patients with
oral candida are predicted to progress to AIDS
within 1 year.

In 10 of the 20 patients with OHL, initial signs of
OHL were minimal, in four they were overt and the
remainder were not classified. In the 10 with minimal
signs, five have progressed to having overt disease. In
one patient symptoms disappeared, probably due to
long term treatment with acyclovir. Four of the 20

Table 2 Cumulative progression rates (standard errors) from (a) date of entry to the cohort andfrom (b) known or
estimated seroconversion date

No infollow-up Progression rate Standard error

Year (a) (b) (a) (b) (a) (b)

a) Any Group IV disease
1 156 (169) 7-1% (066%) 2-0% (0.6%)
2 132 (159) 15-7% (5.3%) 2-8% (1-7°h)
3 81 (146) 2844% (11 9%) 3.7% (25°/)
4 30 (122) 4299% (21-4%) 4.9% (3.2o)
5 8 (81) 55 60° (35.7%) 7.4% (3.9°')

Number of patients who progressed: 61 out of 172 (35.50)
Mean follow-up time: 3.84 years (S.E. 0 13)

b) AIDS
1 163 (169) 3-0% (0.6%) 13°o (O06,)
2 143 (165) 8-5% (1.8%) 222% (1-0%)
3 93 (153) 14-0% (72%o) 280°o (2o0%)
4 36 (135) 17-1% (11.6%) 32%o (2.50)
5 9 (102) 20.20/o (14-3%) 4.3% (28%o)

Number of subjects who progressed: 26 out of 172 (15 1 O/)
Mean follow-up time: 3 85 years (S.E. 0.07)

c) Pneumocystis Carinii Pneumonia
1 164 (172) 244% (0.0%) 1.20/o (0o00)
2 146 (167) 6-1% (0-6%) 199% (06%o)
3 96 (156) 1011% (5.4%) 244% (1-8%)
4 36 (139) 12-4% (922%) 2-8% (23%o)5 9 (112) 1566% (11-9%) 422% (26%o)Number of subjects who progressed: 19 out of 172 (111 %)

0.0 T_ * - X . .
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Table 3 Cumulative progression ratesfrom subgroups of CDCgroup IV to aids

Diagnosis Number with diagnosis Meanfollow-up time, years (S.E.) Progression rate (S.E.) 1 yr

IV C-2 ORAL CANDIDA 18 0*79 (0-09) 51-1% (13-9%)
ORAL HAIRY LEUKOPLAKIA 20 0-92 (0.06) 41-2% (16-5%)
GROUPS IV A AND IV C-2 48 0-95 (0-06) 42.8% (10-0%)

leukoplakia patients progressed toAIDS (20%). The
cumulative progression rate to AIDS at 1 year was
41%, not significantly different compared with that
for oral candida.
Combining groups CDC IV A and IV C-2 (oral

candida and OHL), giving a risk set of 48, the
progression rate to AIDS at one year was 43%/0
(SE 10%).

AGE
The median age at entry to the cohort was 32 years
ranging from 20 to 55. Age at date of entry to the
study was significantly associated with both progres-
sion to either any group IV disease (p = 0.04) and
progression to AIDS (p = 0.02) by the log-rank test
(fig). At entry only seven patients were aged less than
21 years. Twenty eight, however, were aged less than
25 and none progressed to AIDS after a median
follow-up of three years. For those aged over 25, the
progression rate at 3 years was 16.5%. The Kaplan-
Meier progression curves for these two age groups
are significantly different (p = 0.02).

Discussion
Our finding that patients in group III had no

increased risk of developing symptomatic disease
over those in group II agrees with other studies in the
literature.3 12 13
Few studies report progression rates to any group

IV disease. The San Francisco General Hospital
cohort study in 288 seropositive homosexual men

reported a 41% progression rate from estimated
seroconversion date to any group IV disease at six
years, compared with 36% (SE 4%) at five years for
this study.3 This is more than double the progression

rate to AIDS. Their estimate of a 44% progression
rate from ARC to AIDS at two years also agrees with
our estimates of 40% (SE 10%) at one year from
CDC IV A and IV C-2 combined. There were no
differences in our one year progression rates to
AIDS, from CDC group IVA oral candida andOHL
respectively. This is an important finding in that oral
candida in clinical practice is perhaps taken as an
important indication for early intervention with
zidovudine, whereas OHL is not. The progression
rate from oral candida to AIDS of 43% at one year
(SE 14%) is in agreement with the study of Klein
who found that of 22 patients with oral candida, 13
(59%) developed AIDS at a median of three
months.'4 Survival analysis has been used in another
study to compute progression rates from OHL to
AIDS (48% at 16 months and 83% at 31 months).'5
Our estimated progression rate of 37% (SE 16%) at
one year supports these findings. It is clear, however,
that larger sample sizes are needed in order to
estimate these rates more precisely.

Progression rates to AIDS in cohorts of homo-
sexual and bisexual men reported in the literature
have varied widely. In one study the three year

cumulative incidence rate ofAIDS was 34% for men
in New York city, 17% for men in Washington DC
and 8% for men in Denmark.' It has been suggested
that these differences occurred because some cohorts
had been infected longer than others, and it is well
known that the risk of AIDS for HIV infected
persons increases over time.'"' Therefore, in com-
paring the progression rates to AIDS, of the present

study with others, we have restricted attention to
those where the date of seroconversion is either
known or estimated. The results of six such indepen-
dent studies are shown in table 4.247.1 Unfortu-

Table 4 Cumulative progression rates (%) to AIDSfrom known (K) or estimated (E) date of seroconversion in studies of
homosexual men and haemophiliacs

1 2 3 4 5 6 7 8 9

Studies in homosexual men
Biggar: et al International (K) (n = 476) 0.4 3-1 6-6 11-5 22-8 36-4
Hessol: et al SF City Clinic (K) (n = 181) 40 90 14-0 22-0 340 38-0 42-0
Moss: et al SF General Hospital (E) (n = 288) 5.0 11-0 22-0
Munoz: et al MACS: all subjects (E) (n = 1523) 05 4.0 11-2 15-8 20-5
Phair: etal MACS Seroconvertors (K) (n = 277) 8-0
Schecter: et al Vancouver (K) (n = 96) 13-0

Present Study (E)(n = 172) 0-6 1-8 7-2 11-6 14-3
Studies in haemophiliacs

Biggar: et al International Adults (K) (n = 173) 0 0-6 4-2 10-9 15-8 23-9
Giesecke: etal Sweden (K)(n = 98) 0 0 0 1-0 5.0
Goedert: et al Maryland, U.S. Adults (K) (n = 304) 0 0.3 2-3 5-3 10-3 15-3 19 3 29.3 39.3
Lee: et al London (K) (n = 104) 31.0
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Table 5 Cumulative progression rates (%) to PCPfrom known or estimated seroconversion date

Year

Study 1 2 3 4 5 6

Biggar et al: Adult (K) Haemophiliacs (n = 173) 0 0-6 30 8-5 10-3 17-5
Homosexuals (K) (n = 476) 0-2 1-4 3-3 7-1 12-1 18-3

Eyster et al: Haemophiliacs (K) (n = 84) 0 0 30 90 11-0 18-0
Present Study (E) (n = 172) 0 0-6 5-4 9-2 11-9

nately, most studies have not reported standard
errors along with progression rates. The estimated
cumulative rates at 5 years ranged from 11% to 23%
with a median of 14%. The corresponding estimate
in this study is also 14% (SE 3%) showing excellent
agreement. But, it is clear that there is still some
variability across studies even when date of serocon-
version has been controlled for.
There has been much discussion in the literature

concerning the hypothesis that haemophiliac patients
have a lower incidence of AIDS than do homosexual
men.' 2 We have reproduced progression rates from
AIDS from studies of haemophiliacs with known or
estimated date of seroconversion6 21-23 (table 4). It is
clear that progression rates again vary, ranging from
5.0% to 16-0% at five years.
The compiled studies also showed slightly lower

progression rates among haemophiliacs than in
homosexual men. This may be due to the higher
incidence of KS in the latter which is rarely seen in
haemophiliac patients." Because of this, and since
diagnosis with PCP has a poorer prognosis than KS,
progression rates to PCP provide us with a more
equitable comparison of homosexual and haemo-
philiac cohorts.24 25 Results of studies reporting
Kaplan-Meier progression rates to PCP are shown in
table 5 along with the results of the present study.6 13
The results from all studies are remarkably similar,
being 11-5% at five years and 18.0% at six years. In
addition the study in US haemophiliacs with the
longest follow-up, reported a 39.0% progression rate
to AIDS at nine years almost identical to the San
Francisco City Clinic rate of 42-0 at nine years for
homosexual men. Similarly a study of 1445 German
haemophiliacs, estimated a 50% progression rate to
AIDS at nine years.26 This evidence suggests that the
long term progression rates to AIDS for haemo-
philiac and homosexual cohorts are the same.
Four studies listed in tables 4 and 5 also showed

age as a cofactor for progression.'61322 In the San
Francisco General Hospital cohort the difference was
between the under 35 year olds versus over 35s
(p = 0 02).3 Among haemophiliacs in the serocon-
verters working group study it was for under 21 years
versus over 21 (p = 0 003) and for Eyster's study
again it was for under 21 versus over 21 (p = 0 03).
The study by Goedert of US haemophiliacs also
showed marked differences between annual AIDS

rates among haemophiliacs less than 21 years old
versus those greater than 21 years old.22 The former
had a cumulative incidence of AIDS at 19% at 8
years, while for the latter it was 29% at 8 years. Our
study agrees with those of Eyster, Goedert and the
seroconverters study in that we found a significant
difference between under and over 25 year olds
(p = 0.02). As only seven ofthe cohort were aged less
than 21, 21 years could not be used as a cut-off for
comparison. The difference in progression rates
between under and over 35 year olds was not
significant in this study.
We have considered it important to examine

progression rates to all CDC groups for the following
reasons. Firstly, with the introduction of antiviral
drugs in the assessment of treatment of patients in
CDC groups II and III efficacy is being determined
by the delay in onset of any group IV disease.27
Secondly it is important to establish what the dif-
ferences are, if any, in progression rates from the
different CDC groups and subgroups to later disease.
Thirdly, different diagnoses involve different treat-
ment and use of resources. By assessing the
frequency of each type of clinical diagnosis and its
duration, the cost of care may be more effectively
assessed and resources planned.

All the evidence suggests that the natural history of
this cohort is similar to those of other cohorts of
homosexual men reported in the literature. This
being the case, the long term prognosis is poor. The
San Francisco City Clinic cohort progression rate of
42% at nine years is likely to repeat itself here.2 The
evidence also suggests that almost all of the patients
in this cohort will have progressed to some stage IV
disease by that time. The magnitude of the progres-
sion rates, however, make the current movement for
the assessment of therapeutic intervention before
stage IV disease, that is, in asymptomatic patients,
very compelling.27

This study was supported by the Medical Research
Council, the Wellcome Trust and the Frances and
Augustus Newman Foundation. The authors thank
colleagues in the Virology Section ofthe Department
of Medical Microbiology for serum storage and anti-
HIV testing on the cohort.
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