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Abstract
Objective-To determine whether certain
sexually transmitted diseases are inde-
pendent risk factors for HIV transmission
in a cohort ofhomosexual men.
Methods-Eligible cases were identified
as those who had seroconverted between
November 1982 and November 1990. Two
persistently HIV-seronegative control
participants were randomly selected for
each case from all participants who
remained seronegative in November
1990. For cases, risk factor data were
taken from an index visit which was
defined as the first seropositive visit,
while for controls these data were
obtained from a matched visit which
occurred within two months of the index
visit for the corresponding case. Mantel-
Haenszel methods and logistic regression
were used to compare differences in risk
factors for seroconversion between cases
and controls.
Results-A total of 125 cases and 250 con-
trols were eligible for this study. Cases
were significantly more likely to have had
reported any gonorrhoea (17% versus 6%;
OR = 2.94; 95% CI: 1.51-5.73) or syphilis
(7% versus 2%; OR = 3.78; 95% CI:
1-33-10.79) than controls during the sero-
conversion period. Multivariate logistic
regression revealed rectal gonorrhoea to
be independently associated with risk of
seroconversion (odds ratio = 3*18; p =
0.044), whereas urethral gonorrhoea (p =
0.479) and pharyngeal gonorrhoea (p =
0.434) were not after inclusion of rectal
gonorrhoea. In addition, the following
variables were also shown to exert an
independent effect on seroconversion:
frequency of anal intercourse, use of
illicit drugs, number of male sexual
partners, and lack of a post-secondary
education.
Conclusions-In this observational study,
rectal gonorrhoea was found to be associ-
ated with HIV seroconversion after
adjustment for a number of HIV risk fac-
tors. We cannot rule out that rectal gon-
orrhoea was not directly associated with
HIV infection but rather with other resid-
ual lifestyle factors not fully adjusted for
in the analysis. However, the relationship
with gonococcal involvement of a specific
anatomic site lends support to a biologi-
cal association between gonorrhoea and
HIV infection, rather than to alternative
non-biologic explanations. Our findings

are consistent with previous studies
reporting an association between HIV
infection and non-ulcerative sexually
transmitted diseases. Such a direct asso-
ciation might be explained by postulating
that gonorrhoea results in inflamed rec-
tal mucosa and compromised epithelial
integrity, thereby predisposing an indi-
vidual to subsequent HIV infection.

(Genitourin Med 1995;71:150-154)
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Introduction
There is growing evidence that sexually trans-
mitted diseases act as important cofactors for
HIV transmission. In sub-Saharan Africa, het-
erosexual transmission of HIV has been
shown to be enhanced by genital or anorectal
ulcerative disease, largely due to chancroid. -4

The hypothesis that ulcers act as portals for
HIV transmission has been supported by the
isolation of HIV from exudates taken from
chancroid ulcers in Nairobi.5 In North
America, herpes simplex virus type 2 has been
shown to be a risk factor for concurrent or
subsequent HIV infection in homosexual
men.67
A potential association between non-ulcer-

ative diseases such as chlamydia infection or
gonorrhoea and HIV transmission has been
less well described.8 However, a recent study
in Zaire found chlamydia, gonorrhoea, and
trichomoniasis to all be independently associ-
ated with HIV seroconversion in women after
simultaneously controlling for condom use
and number of sexual partners.9 A Kenyan
study has also shown genital chlamydia infec-
tion to be associated with heterosexual HIV
transmission.3 In North America there has
been limited evidence of an association
between gonorrhoea and seroconversion in
both heterosexuals and homosexuals.'0 11

In this study, we conducted a nested case-
control analysis to determine whether certain
ulcerative and non-ulcerative sexually trans-
mitted diseases act as independent risk factors
for HIV infection within a cohort of homosex-
ual men.

Methods
The methods and aims of the Vancouver
Lymphadenopathy-AIDS Study (VLAS) have
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Table 1 Comparison of age, annual income, and post-
secondary education for cases and controls during the
seroconversion period

Cases Controls P value

Mean age at index visit (SD)
32-9 (6.9) 35.0 (7.8) 0.008*

Annual income
<$10 000 33 (27%) 47 (19%) 0.086t
>$10 000 91 (73%) 202 (81%)

Completed primary university degree
No 88 (72%) 134 (54%) 0.002t
Yes 35 (28%) 112 (46%)

*bases on t test
tbased on chi square test (uncorrected)

been described in detail.12 13 Briefly, the VLAS
is an ongoing prospective study of 1,000
homosexual men who were enrolled during
two recruitment periods. From November
1982 to December 1984, a total of 729 men

were recruited through six general practices in
central Vancouver. Follow-up visits occurred
approximately every six months until
September 1986 after which participants
completed visits on an annual basis. During
each visit, participants completed a self-
administered questionnaire which gathered
demographic data and information regarding
sexual practices, history of sexually transmit-
ted diseases, and use of illicit drugs. The
questionnaire elicited information for the
interval since the last scheduled visit (preced-
ing 6 months prior to September 1986; pre-
ceding 12 months thereafter). In addition, a

complete physical examination was performed
and blood samples were drawn for immuno-
logic and HIV antibody testing. All study par-
ticipants were counselled by their physicians
to adopt safer sex guidelines including reduc-
tion in the number of sexual partners and
avoidance of unprotected sexual intercourse.

Eligible "cases" were defined as those who
had entered the cohort study seronegative and
had subsequently seroconverted between
November 1982 and November 1990. The
estimated date of seroconversion for cases was

defined as the midpoint between the last nega-
tive and first confirmed HIV-positive test. For
convenience, this period between the last neg-
ative and first positive antibody test result will
be referred to as the "seroconversion inter-
val". For each case, two seronegative controls
were randomly selected from all participants
who had remained seronegative in November
1990. For cases, data regarding risk factors

Table 2 Comparison ofsexual practices in cases and controls

Odds ratio
Cases (n, %) Controls (n, %) (95% CI)

Receptive anal intercourse
S 25% of encounters 64 (51%) 175 (71%) 1-00
>25% 61 (49%) 72 (29%) 2-32

(1-49, 3 60)
Insertive anal intercourse
<25% of encounters 50 (40%) 156 (63%) 1.00
>25% 75 (60%) 91 (37%) 2-57

(1-65, 3.98)
Number of male sexual partners
(in previous year)
-<- 5 67 (54%) 165 (66%) 1.00
> 5 58 (46%) 84 (34%) 1-70

(1.10, 2.63)

were obtained from the first visit at which the
participant was found to be seropositive,
denoted the index visit. This choice was made
in order to utilise the questionnaire which
elicited information pertaining most closely to
the seroconversion interval. For controls, risk
factor data were obtained from the corre-
sponding visit which occurred within two
months of the index visit for the correspond-
ing case.

Univariate comparisons between cases and
control groups were carried out using Mantel-
Haenszel methods. Fisher's exact test was
employed when more than 25% of the
expected cell frequencies were less than five.
Unadjusted relative risk estimates were com-
puted using the odds ratio. Ninety five per
cent confidence intervals were approximated
using test-based limits proposed by
Miettinen. 14 Multivariate comparisons were
carried out using logistic regression analysis.
For all comparisons, participants with missing
or unknown values for the variable(s) of inter-
est were excluded from the analysis. All
reported p-values are two-sided.

Results
A total of 125 men seroconverted between
November 1982 and November 1990 and
formed the case group. Accordingly, 250 con-
trols were selected for the comparative analysis.
The median duration between the estimated
date of seroconversion and the index visit for
cases was 6 months (interquartile range of 3
to 8 months).

Table 1 compares cases and controls with
respect to age at the index visit, and annual
income and post-secondary education at
enrolment. Men who seroconverted were
younger than controls (mean age of 32.9 versus
35 0 years; p = 0.008), less likely to have
completed a university degree (28% versus
46%; p = 0.001) and more likely to have
earned below $10,000 per year (27% versus
19%; p = 0.086).
We compared cases and controls with

respect to the frequency of anal intercourse
and number of male sexual partners during
the seroconversion interval (table 2).
Significantly more cases reported having prac-
tised receptive anal intercourse in more than
25% of sexual encounters (49% versus 29%; p
< 0.001) yielding an odds ratio of 2.32 (95%
CI: 1.49, 3.60). Similarly, 60% of cases
reported insertive anal intercourse in more
than 25% of encounters compared to 37% of
controls (p < 0.001) giving rise to an odds
ratio of 2.57 (95% CI: 1.65, 3.98).
Significantly more cases reported having had
five or more sexual partners during the sero-
conversion interval (46% versus 33%; p =
0-017) yielding an odds ratio of 1-70 (95%
CI: 1.10, 2.63). No significant differences
between these two groups were observed with
respect to condom use during anal intercourse
(p = 0.250), the practice of receptive fisting
(Fisher's p = 0- 138), insertive oral intercourse
(p = 0 249) or receptive oral intercourse (p =
0.129).
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Table 3 Histoty ofinfectious diseases in cases and controls during the seroconversion
interval

Odds ratio
Cases (n, %) Controls (n, %) (95% CI)

Syphilis
No 116 (93) 244 (98) 1-00
Yes 9 (7) 5 (2) 3-78

(1-33, 10-79)
Pubic lice
No 89 (71) 199 (79) 1-00
Yes 36 (29) 50 (21) 1-61

(0-98, 2-64)
Intestinal parasites
No 111 (89) 235 (94) 1-00
Yes 14 (11) 14 (6) 2-12

(0-99, 4.53)
Herpes
No 96 (77) 202 (81) 1-00
Yes 29 (23) 47 (19) 1-30

(0-77, 2.19)
Venereal warts
No 107 (86) 215 (86) 1-00
Yes 18 (14) 34 (14) 1-15

(0-57, 1-97)
Non specific urethritis
No 105 (84) 222 (90) 1-00
Yes 20 (16) 26 (10) 1-62

(0-87, 3-04)
Mononucleosis
No 123 (98) 241 (97) 1-00
Yes 2 (2) 8 (3) 0-49

(0-11, 2-28)
Hepatitis
No 106 (85) 220 (88) 1-00
Yes 19 (15) 29 (12) 1-36

(0-73, 2-53)

Table 4 Comparison of the prior history ofgonorrhoea for cases and controls during the
seroconverszon interval

Odds ratio
Cases (n, %o) Controls (n, %o) (95% CI)

Any gonorrhoea
No 104 (83) 233 (94) 1-00
Yes 21 (17) 16 (6) 2-94

(1-51, 5-73)
Pharyngeal gonorrhoea
No 120 (96) 248 (99) 1-00
Yes 5 (4) 2 (1) 5-17

(1-16, 23-00)
Rectal gonorrhoea
No 114 (91) 245 (98) 1-00
Yes 11 (9) 5 (2) 4-73

(1-75, 12-76)
Urethral gonorrhoea
No 110 (88) 238 (95) 1.00
Yes 15 (12) 12 (5) 2-75

(1-25, 5-83)

Table 5 Final logistic regression modelforfactors associated with seroconversion including
gonorrhoea by anatomical site

Variable Beta S.E. Odds ratio p value

Rectal gonorrhoea* 1-155 0-573 3-18 0-044
Anal intercourset 0.930 0-253 2-53 < 0-001
Illicit drugs* 0-611 0-248 1-84 0-014
Number of partners§ 0.499 0-240 2-00 0-038
Educationll 0.734 0-251 2-08 0.004

*self-reported rectal gonorrhoea during the seroconversion interval
treceptive or insertive anal intercourse with > 25% of sexual partners
*Self-reported use of amphetamine, cocaine, marijuana, MDA or poppers during seroconversion
period
§more than 5 male sexual partners in the prior interval
idid not complete university degree

Table 3 compares cases and controls with
respect to infectious diseases reported since
the previous questionnaire. Men who had
seroconverted were more likely to have
reported having had syphilis (7% versus 2%;
Fisher's p = 0-019). Marginal differences
were observed for intestinal parasites (11%
versus 6%; p = 0-053) and pubic lice (29%
versus 21%; p = 0-059) and no differences

were detected for non-specific urethritis, her-
pes simplex, mononucleosis, hepatitis, and
venereal warts.

Table 4 compares cases and controls with
respect to their history of gonorrhoea and its
localization. Significantly more cases reported
a history of gonorrhoea during the serocon-
version interval (17% versus 6%; p = 0-002)
yielding an odds ratio of 2-94 (95% CI: 1.51,
5-73). In comparison with controls, men who
had seroconverted were more likely to have
reported having had urethral (12% versus 5%;
p = 0-011), rectal (9% versus 2%; p = 0 002),
and pharyngeal gonorrhea (4% versus 1%;
Fisher's p = 0 044).

Table 5 presents the final multivariate
logistic model for seroconversion. All vari-
ables found to be significantly or marginally
associated with seroconversion in the univari-
ate analyses were considered for inclusion in
this model. Owing to the high degree of
collinearity between anal insertive and anal
receptive intercourse, these were modelled as
a single variable representing anal intercourse,
receptive or insertive. In order to determine
whether seroconversion might be affected by
anatomical location of gonococcal infection,
the multivariate analysis was conducted with
variables specifying whether gonorrhoea
involved the rectum, urethra, or pharynx.
Rectal gonorrhoea was independently associ-
ated with risk of seroconversion in this model
(odds ratio = 3-18; p = 0-044), whereas ure-
thral gonorrhoea (p = 0-479) and pharyngeal
gonorrhoea (p = 0-434) were not after inclu-
sion of rectal gonorrhoea. In addition, the fol-
lowing variables were also shown to exert an
independent effect on seroconversion: fre-
quency of anal intercourse, use of illicit drugs,
number of male sexual partners, and lack of a
post-secondary education.

Because some cases had long seroconver-
sion intervals, we conducted a restricted
analysis using cases whose estimated dates of
seroconversion occurred within 12 months of
the index visit. A total of 112 cases (and 224
controls) were eligible for this sub-analysis.
The results of this multivariate regression
again demonstrated anal intercourse (p <
0-00 1), illicit drug use (p = 0-0 19), number of
male sexual partners (p = 0-035), and lack of
a post-secondary education (p = 0-006) to be
independently associated with seroconversion.
The regression coefficient for rectal gonor-
rhoea was similar to those obtained in the pre-
vious unrestricted analyses (odds ratio =
2-73) although it failed to achieve statistical
significance (p = 0-071) in this model.

Discussion
In this nested case-control study, a history of
rectal gonorrhoea during the interval encom-
passing seroconversion was the only self-
reported sexually transmitted disease that
appeared to act as an independent risk factor
for HIV transmission based on multivariate
analyses. Rectal gonorrhoea together with fre-
quency of anal intercourse, number of male
sexual partners, use of illicit drugs, and lack of
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a post-secondary education were shown to be
independently associated with HIV infection.
Our results once again confirm other epi-

demiological studies which have demon-
strated that anal intercourse, number of
sexual partners, illicit drug use, and socioeco-
nomic status are independent risk factors for
HIV transmission. The frequency of anal
intercourse has been uniformly shown to be
one of the more important independent
behavioural risk factors for this disease.'5 16
Number of sexual partners has similarly been
demonstrated to be an important predictor of
seroconversion.' 117 Heavy illicit drug use by
men who had seroconverted, especially the
use of nitrite inhalants, is also important con-
sidering that a number of studies'819 have
shown drug use to be associated with high risk
sexual behaviour among homosexual men.
Finally, low socioeconomic status (as mea-
sured by variables such as education, income,
and occupation) has been shown on numer-
ous occasions to be an independent predictor
of high risk taking behaviour20 and initial HIV
infection and prognosis.2'

There are a number of caveats regarding
these data which should be discussed. The
timing of our questionnaires as well as the
variable window period between exposure and
seroconversion do not allow us to conclude
that a self-reported sexually transmitted dis-
ease such as gonorrhoea was necessarily active
precisely at the time of the critical HIV expo-
sure. This would require a longitudinal design
of a large number of subjects including very
frequent testing for both sexually transmitted
diseases and HIV. In addition, although indi-
vidual participants provided us with estimates
of their number of sexual partners, we could
not determine nor take into account the num-
ber of HIV-infected sexual partners to which
an individual was exposed, the extent of expo-
sure to each partner (duration and type of
exposure) and the degree of infectivity of each
partner.22 Finally, there may be recall prob-
lems associated with the reporting of past sex-
ual behaviour or sexually transmitted
diseases.23 Although the effect of these recall
problems is difficult to estimate, several studies
have shown that interview-administered and
self-administered questionnaires can provide
reasonably reliable data concerning sexual
behaviour in homosexual men when the recall
period is relatively short.2425 In our study,
information regarding the sexual practices of
the cases was obtained from the questionnaire
at the first seropositive visit. Except for those
men who had a seroconversion illness and
suspected themselves to be positive on that
basis, the cases in this study were unaware of
their seropositive status at the time of the
index questionnaire completion. This might
have mitigated against significant recall bias.
The difficulties in analysing the complex

relationship of sexual behaviours and sexually
transmitted diseases are well known.22 The
most important limitation in assessing a sexu-
ally transmitted disease associated with HIV
transmission in an observational study con-
cerns the inherent difficulty in distinguishing

biological cofactors from non-biological
mechanisms, including the inadequate control
of confounders or differential misclassification
within the variables under consideration for
inclusion in the statistical model. Although
rectal gonorrhoea remained associated with
HIV seroconversion after adjustment for fre-
quency of anal intercourse, use of illicit drugs,
number of male sexual partners, and lack of a
post-secondary education, the possibility
must be acknowledged that rectal gonorrhoea
was not directly associated with HIV infection
but rather with other residual lifestyle factors
not fully captured in the model. However, our
finding that the observed association between
rectal gonorrhoea and HIV seroconversion
was both independent of a number of poten-
tial confounders, and related to gonococcal
involvement of a specific anatomic site lends
support to a biological association between
gonorrhoea and HIV infection, rather than to
the alternative non-biological explanations.
Although the possibility of residual confound-
ing exists even in a multivariate analysis, the
latter explanation would not appear to
account for a differential association related to
site of infection as easily as an explanation
invoking a direct biological mechanism facili-
tating transmission.

Such a direct association might be
explained by postulating that gonorrhoea
results in inflamed rectal mucosa and com-
promised epithelial integrity, thereby predis-
posing an individual to subsequent HIV
infection. It has been hypothesised that non-
ulcerative diseases may facilitate HIV trans-
mission by causing inflammation and
micro-ulceration, and there have been a num-
ber of observations providing support for the
biological plausibility of such an association.
Genital tract inflammation has been shown to
increase numbers of T-lymphocytes or
macrophages in reproductive fluids of men
and women, thereby increasing the pool of
infected cells capable of transmitting the
infection, or the number of target cells in a
seronegative individual.26-29 Gonococcal ure-
thritis has also been demonstrated to be sig-
nificantly correlated with isolation of HIV
proviral DNA among seropositive men pre-
senting with urethral discharge.30
Our findings support previous studies in

North America that appear to show gonor-
rhoea as a risk factor for HIV transmission in
the spouses of seropositive participants and in
homosexual men.'01' Our findings also sup-
port a recent prospective study in Zaire
demonstrating an association of gonorrhoea
and seroconversion that was independent of
sexual behaviours.9 Our findings apparently
contrast with the findings of a study in sub-
Saharan Africa, where gonococcal infections
were not found to be related to heterosexual
HIV transmission.3 This lack of association
may in part be due to the fact that ulcerative
diseases are endemic in this area and therefore
may be masking any underlying associations
between non-ulcerative diseases and HIV
transmission.
The fact that rectal gonorrhoea did not
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achieve statistical significance in the sub-
analysis restricted to those seroconverting
within 12 months of their index visit may be
related to the statistical power, coupled with
the fact that the association in the unrestricted
analysis was only marginally significant at the
0.05 level. This supposition is supported by
the fact that the coefficients (and odds ratios)
for all terms in this sub-analysis were similar
to the multivariate model in the primary
analysis.

Within the context of an observational
study it is exceptionally difficult to prove con-
clusively that a particular sexually transmitted
disease facilitates HIV transmission.
However, this nested case-control study has
demonstrated an independent association
between seroconversion and rectal gonor-
rhoea during the seroconversion interval in a
cohort of homosexual men. This result lends
itself more readily to explanations invoking a
role for gonorrhoea as a risk factor for the
transmission of HIV than alternate explana-
tions, and underlines the importance of the
need for health intervention programmes
which are designed to control gonorrhoea,
since such initiatives might also potentially
impact rates of HIV transmission. Those who
are socially and economically disadvantaged
are especially at risk because for these groups
rates of gonorrhoea have remained high.
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