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ABSTRACT

Objective To examine the relation between plasma HIV-1

RNA concentrations in the community and HIV incidence

among injecting drug users.

Design Prospective cohort study.

Setting Inner city community in Vancouver, Canada.

Participants Injecting drug users, with and without HIV,

followed up every sixmonths between 1May 1996 and 30

June 2007.

Main outcome measures Estimated community plasma

HIV-1 RNA in the six months before each HIV negative

participant’s follow-up visit. Associated HIV incidence.

Results Among 622 injecting drug users with HIV, 12435

measurements of plasma HIV-1 RNA were obtained.

Among 1429 injecting drug users without HIV, there were

155 HIV seroconversions, resulting in an incidence

density of 2.49 (95% confidence interval 2.09 to 2.88) per

100 person years. In a Coxmodel that adjusted for unsafe

sexual behaviours and sharing used syringes, the

estimated community plasma HIV-1 RNA concentration

remained independently associated with the time to HIV

seroconversion (hazard ratio 3.32 (1.82 to 6.08, P<0.001),

per log10 increase). When the follow-up period was

limited to observations after 1 January 1988 (when the

median plasma HIV RNA concentration was <20000

copies/ml), the median viral load was no longer

statistically associated with HIV incidence (1.70 (0.79 to

3.67, P=0.175), per log10 increase).
Conclusions A longitudinal measure of community

plasma HIV-1 RNA concentration was correlated with the

community HIV incidence rate and predicted HIV

incidence independent of unsafe sexual behaviours and

sharing used syringes. If these findings are confirmed,

they could help to inform both HIV prevention and

treatment interventions.

INTRODUCTION

Since the mid-1990s, there have been major advances
in the medical management of HIV infection. In parti-
cular, highly active antiretroviral therapy (HAART)
has led to substantial reductions in HIV related mor-
bidity and mortality.1 As HAART is known to

effectively reduce a patient’s plasma HIV RNA
concentration,2 it has been debated whether or not
antiretroviral therapy can reduce HIV
transmission.3-6 While several mathematical models
have suggested this might be the case, researchers
have suggested that the increasing use of HAART
might lead to increased HIV risk behaviour, which
could overwhelm the possible protective effect of
HAART.3-6 Empirical data are urgently needed to
inform this controversy, particularly given the recent
negative results of clinical trials involving leading can-
didates in the microbicide and vaccine specialties.7 8

The topic has been a focus of recent academicmeetings
of HIV experts,9 and the World Health Organization
recently released a consensus statement in which using
HAART for HIV prevention was identified as a top
policy-relevant research question.10

To date, no study has described the real world rela-
tion between community plasma HIV RNA concen-
trations and HIV incidence. This is an important gap
in knowledge because the potential of HAART to
reduce HIV incidence has attracted growing inter-
national interest,5 6 11 and the ongoing debates over
the possible impact of increasing access to HAART
might be hindering global efforts to increase its
use.6 12 We therefore tested the hypothesis that a long-
itudinal estimate of community plasma HIV-1 RNA
concentration would be associated with an estimate of
community HIV incidence independent of HIV risk
behaviours, such as sharing used syringes and enga-
ging in unsafe sexual practices.

DESIGN

Between 1May 1996 and 30 June 2007, injecting drug
users with and without HIV were recruited into a pro-
spective cohort study from the Downtown Eastside
neighbourhood of Vancouver, Canada. Individuals
were recruited regardless of HIV status and followed
up every six months. Two virtual cohorts were created
at the database level to independently assess incidence
of HIV and plasma viral load. Those without HIV at
baselinemade up theVancouver InjectionDrugUsers
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Study (VIDUS), an open prospective cohort of inject-
ing drug users described in detail previously.13 14 Those
withHIV-1made up another cohort known as the Bar-
riers to Accessing Antiretroviral Therapy (BART).15 16

Briefly, at baseline participants gave blood samples for
HIV serology and completed a questionnaire adminis-
tered by an interviewer and then returned every six
months for follow-up evaluation. Extensive outreach
methods with snowball sampling techniques17 18 were
used to derive a representative sample. Individuals
who agreed to participate were offered $C20 at each
study visit. Because of the extent of poverty in the
neighbourhood, as well as the nursing and support ser-
vices offered through the study, the estimated refusal
rate for participation in the study was under 10%.19

Community plasma HIV-1 RNA concentrations

We estimated community plasma HIV-1 RNA con-
centrations every six months using data from BART
cohort participants recruited from 1 May 1996 to 30
June 2007. Plasma HIV-1 RNA concentration was
measured with the Roche Amplicor Monitor assay
(Roche Molecular Systems, Mississauga, Canada). All
plasma HIV-1 RNA samples collected from BART
participants at follow-up were used to derive a longitu-
dinal estimate of the plasma HIV-1 RNA concentra-
tion in the community over time. As previously
described,15 16 the local setting is quite unusual in that
there is a centralised antiretroviral dispensation pro-
gramme and HIV/AIDS laboratory, allowing for a
complete prospective profile of plasma HIV-1 RNA
levels and use of antiretroviral therapy among cohort
participants.
In addition, to determine explanations for changing

concentrations of community plasma HIV-1 RNA
during follow-up, we assessed use of antiretrovirals
among BART participants during each year of the
study and analysed changes during the study period
using the Mantel test for trend.

Community HIV-1 incidence

Weused similar standardised follow-upmethods every
six months (that is, twice a year) to estimate the annual

HIV incidence among participants recruited into the
VIDUS cohort. As previously described,14 HIV infec-
tionwas assessed at each follow-up visit, and the date of
HIV seroconversion was estimated with the midpoint
between the last negative and the first positive anti-
body test result. We considered all participants with
at least one follow-up visit to determine HIV inci-
dence, and participants who remained persistently
HIV seronegative were censored at the time of their
most recent HIV antibody test result before 30 June
2007. HIV tests reactive on enzyme linked immuno-
sorbent assay at St Paul’s Hospital were confirmed by
western blotting at the British Columbia Centre for
Disease Control.

Statistical analyses

To assess for a possible crude correlation between the
twice a year estimates of community plasma HIV-1
RNA and the twice a year estimates of community
HIV incidence, we first divided the study period into
six month intervals and used the Spearman rank order
correlation coefficient to assess for statistical correla-
tion. In addition, to present the data visually, we also
plotted the median plasma HIV RNA concentrations
and the incidence density every six months for each
year of the study and presented the uncertainty around
these estimates by calculating 95% confidence inter
vals.20 For the estimates of HIV incidence, we calcu-
lated 95% confidence intervals using the Poisson distri-
bution. For the estimates of median plasmaHIV-RNA
concentration,we calculatednon-parametric two sided
95% confidence intervals by non-parametric methods
based on the ordered plasma HIV-1 RNA concentra-
tions.
We also used Cox proportional hazards regression

to assess factors associated with the time to HIV infec-
tion and examined whether the estimated community
plasma HIV-1 RNA concentration in the six months
before each participant’s follow-up visit was associated
with HIV-1 incidence, while adjusting for HIV risk
behaviour. Specifically, to assess for potential con-
founding, we calculated unadjusted and adjusted
hazard ratios of HIV infection per log10 increase in
the estimated community plasmaHIV-1RNAconcen-
tration. The multivariate model was fitted with an a
priori defined modelling approach whereby we exam-
ined the hazard ratio for HIV-1 RNA after adjustment
for HIV risk behaviours and previously identified
potential confounders. Specifically, we adjusted for
sharing used syringes (yes versus no), unsafe sex (inser-
tive or receptive anal or vaginal intercourse without a
condom versus no unsafe sex), ethnicity (white versus
other), cocaine use (≥ daily versus < daily), heroin use
(≥ daily versus < daily), and unstable housing (living in
a single room occupancy hotel, shelter, recovery or
transition house, jail, on the street, or having no fixed
address versus having stable housing). As with the esti-
mated community plasmaHIV-1 RNA concentration,
all behavioural variables were time updated based on
the data of the twice a year questionnaire and refer to
the six months before the interview. All behavioural
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estimated in second half of 1996 as enrolment started in May 1996 and repeat HIV tests to

assess incidence were available only after six months of follow-up
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variable definitions were identical to previous
reports.13 14 To assess for explanations for changes in
plasmaHIVRNAconcentrations over time, we linked
participants to the local province-wide antiretroviral
dispensation programme to examine patterns of anti-
retroviral use during the study period. Analyses were
conducted with SAS 9.1 (Cary, NC) and the threshold
for significancewas set at P<0.05.All P valueswere two
sided.

RESULTS

Table 1 shows the baseline characteristics of the
cohorts of participants with and without HIV. The
baseline age was similar between the two cohorts
(36.6 v 36.1 years), whereas those with HIV were
more likely to be female (250 (40.2%) v 464 (32.5%))
and of non-white ethnicity (270 (43.4%) v 530 (37.1%)).

Community plasma HIV-1 RNA

During the study period, 622 BART participants
underwent plasma HIV-1 RNA assessments, among
whom 250 (40.2%) were women and the median age
was 37 (interquartile range 30-43). Among the 622 par-
ticipants, there were 12 435 plasma HIV-1 RNA
assessments, with a median of 17 (8-31) measurements
per person. The figure shows the estimated median
plasma HIV-1 RNA concentrations every six months
for 1996-2007.

HIV-1 incidence

During the study period, 1796 individuals who were
HIV negative at baseline were enrolled into the
VIDUS cohort. Of these, 367 (20.4%) were lost to fol-
low-upbefore re-assessment ofHIV infection andwere
therefore excluded from further analysis. Those lost to
follow-up were more likely to be white (P=0.012), but
there were no age or sex differences (both P>0.05).
Among the 1429 individuals included in the HIV inci-
dence analyses, 464 (32.5%) were women, the median
age was 36.1 (27.2-42.4), and the median number of
follow-up visits was 8 (3-16). During the study period,
there were 155 HIV seroconversions, resulting in an
overall incidence density of 2.49 (95% confidence
interval 2.09 to 2.88) per 100 person years. The figure
shows the incidence density for every six months for
1996-2007.

HIV-1 RNA and HIV incidence

As implied by the patterns in the figure, when we
divided the 11 year study period into 22 six month
intervals, the median plasma HIV-1 RNA concentra-
tion and the HIV-1 incidence were correlated (Spear-
man correlation coefficient 0.48; P=0.024).
In unadjusted Cox regression analyses, we found

that the median estimated community plasma HIV-1
RNA concentration during the six months before each
HIV negative participant’s follow-up visit was asso-
ciated with HIV seroconversion (hazard ratio 3.57
(2.03 to 6.27), P<0.001, per log10 increase). As shown
in table 2, in a multivariate model that adjusted for
sharing used syringes, unsafe sex, ethnicity, daily
cocaine use, daily heroin use, and unstable housing,
the median plasma HIV-1 RNA concentration during
the six months before each HIV negative participant’s
follow-up visit remained independently associated
with the time to HIV seroconversion (hazard ratio
3.32 (1.82 to 6.08), P<0.001, per log10 increase). In a
post-hoc analysis, which limited follow-up to the per-
iod after 1 January 1988 (when the median plasma
HIV RNA concentration was <20 000 copies/ml), we
found that the median viral load was no longer signifi-
cantly associated with HIV incidence (1.70 (0.79 to
3.67), P=0.175, per log10 increase).
When we assessed for explanations for the observed

longitudinal pattern of estimated community plasma
HIV-1RNA (figure), we found that the number of indi-
viduals who had started antiretroviral therapy
increased during the study period from 42.5% in
1996 to 69.6% in 2007 (Mantel test for trend across all
11 years P<0.001). Among those receiving anti-
retroviral drugs, we found that the number using at
least three antiretroviral drugs (versus fewer than
three drugs) in their antiretroviral regimen increased
during the study period from 8.4% in 1996 to 98.8%
in 2007 (Mantel test for trend across all 11 years
P<0.001).

DISCUSSION

In a small urban neighbourhood with high rates of
injecting drug use, we found that estimated community

Table 1 | Baseline demographic characteristics of injecting

drug users with and without HIV. Figures are numbers

(percentages) of participants unless stated otherwise

Characteristic
HIV positive*

(n=622)
HIV negative†
(n=1429)

Median (IQR) age
(years)

36.6 (30.3-43.3) 36.1 (27.2-42.4)

Male 372 (59.8) 965 (67.5)

Female 250 (40.2) 464 (32.5)

Ethnicity:

White 352 (56.6) 899 (62.9)

Other 270 (43.4) 530 (37.1)

IQR=interquartile range.

*Cohort used to estimate longitudinal pattern of plasma viral load.

†Cohort used to evaluate HIV incidence in community.

Table 2 | Cox proportional hazards regression of time to HIV infection among 1429 HIV

negative injecting drug users followed from 1 May 1996 to 30 June 2007

Characteristic Relative hazard (95% CI) P value

Plasma HIV RNA (per log10 increase)* 3.32 (1.82 to 6.08) <0.001

Unsafe sex† (yes v no)‡ 1.09 (0.77 to 1.54) 0.619

Used syringe sharing (yes v no) 1.45 (0.99 to 2.12) 0.058

Ethnicity (white v other) 0.65 (0.47 to 0.91) 0.011

Heroin injection (≥daily v <daily)‡ 1.35 (0.97 to 1.90) 0.079

Cocaine injection (≥daily v < daily)‡ 2.50 (1.76 to 3.54) <0.001

Unstable housing (yes v no)§ 1.41 (1.00 to 1.98) 0.049

*Plasma HIV RNA was time updated based on median value in BART cohort during six months before each HIV

negative participant’s follow-up visits.

†Defined as insertive or receptive vaginal or anal intercourse.

‡All behavioural data time updated based on data from follow-up every six months.

§Living in single room occupancy hotel, shelter, recovery or transition house, jail, on street, or having no fixed

address.
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plasma HIV-1 RNA concentration predicted esti-
mated community HIV incidence, and that this asso-
ciation was independent of HIV risk behaviours and
other potential confounders. Previous studies have
suggested that injecting drug users might be less likely
to access antiretroviral therapy because of physicians’
concerns related to lifestyle issues and reduced anti-
retroviral adherence.21 If our findings are confirmed,
outreach strategies could be used to improve access
to HAART among this population in an effort to
reduce the HIV incidence. Any benefit of earlier use
of HAART, however, must be balanced with anti-
retroviral toxicities and potential for increased anti-
retroviral resistance.22

Comparison with other studies

Our study was observational, and the observed
declines in HIV incidence in the community might
not be causally related to the observed decline in the
estimated community plasma viral load. It is nonethe-
less compelling that the effect of plasma HIV-1 RNA
on HIV incidence was independent of time updated
measurements of HIV risk behaviours, drug use pat-
terns, and other possible confounders. Several lines of
evidence support the hypothesis that community
plasma HIV-1 RNA concentrations might be among
the factors that determine community HIV incidence.
Most importantly, HAART has been shown to reduce
HIV-1RNAconcentrations in blood,23 the female gen-
ital tract,24 the rectum,25 and semen,26 which might
make those with HIV less likely to transmit the
virus.5 An ecological study from Taiwan showed that
the expanded use of HAART was associated with a
greater than 50% reduction in new HIV cases.27 Simi-
larly, a study from Uganda, which examined couples
serodiscordant for HIV, found no cases of HIV trans-
mission where the index case had anHIV-1 RNA con-
centration below 1500 copies/ml.28 Interestingly, we
found that the association between plasma viral load
and HIV incidence was no longer significant in suba-
nalyses restricted to the period when the median viral
load reached <20 000 copies/ml. This finding intro-
duces some uncertainty into our overall finding as it
suggests that our results are largely driven by the
early years, during which the plasma viral load was
high. The relation between viral load and HIV inci-
dence might be less strong when viral load is below a
certain threshold. Alternatively, as this is an observa-
tional study, an unmeasured confounding variable
might explain the association, and the results in this
subanalysis might not have been consistent because
this confounding variable did not have a consistent
effect throughout the follow-up period.

Strengths and limitations

Our analyses were also limited by the fact that there is a
known delay between HIV exposure and seroconver-
sions, and, consistent with most studies on HIV inci-
dence, we had to estimate an individual’s date of HIV
seroconversion as the midpoint between the last nega-
tive HIV test and the first positive test.14 As a result,

HIV seroconversions might have happened slightly
earlier than the year to which they were assigned in
our study. Regarding this limitation, it is interesting
that the highest rate of HIV seroconversion was
observed in the year after the highest community
plasma HIV-1 RNA concentration. Antiretroviral
resistance is unlikely to explain our findings as
increased resistance is associatedwith use of less potent
antiretrovirals and increasing viral load,29 30 whereas
during the study period we observed the use of more
potent antiretroviral therapy and decreased plasma
HIV RNA concentrations. Finally, although we used
extensive outreach methods and snowball sampling
techniques in an effort to derive a representative
sample,17 18 injecting drug users are a highly margina-
lised and hidden population, and we do not know with
certainty that our cohort is representative of injecting
drug users in the community. Previous studies have
suggested the demographics of our cohort are consis-
tent with other samples of the city’s injecting drug
users,31 and it is noteworthy that our study encom-
passes about 30% of the estimated 4700 injecting
drug users living in the neighbourhood (unpublished
report, Health Canada, 1998). Although the question
of the impact of a community’s plasma HIV-1 RNA
concentration on HIV incidence might be better
answered by a study design that randomised commu-
nities to differing levels of HAART use, such an
approach might present ethical challenges because of
HAART’s known effects on reducing mortality, and
these data are not presently available.

Conclusions and policy implications

Wehave shown that a longitudinalmeasure of commu-
nity plasmaHIV-1 RNA concentration correlates with
the community HIV incidence rate and can predict
HIV incidence independent of unsafe sexual beha-
viours and sharing syringes. These data should prompt
a re-examination of arguments that dichotomise HIV
prevention and HIV treatment, as they might not be
independent strategies to reduce the rate of new HIV
infections.6 12 These data should also help to inform the
debates regarding global increase in use of anti-
retrovirals and possible unintended negative impacts
of expanded HAART use on HIV risk behaviour and
new HIV infections, as expanded HAART use in the
community was associated with both reduced commu-
nity plasmaHIVRNA concentrations and subsequent
HIV incidence.3-6
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Antiretroviral therapy reduces plasma viral load and reduces HIV related mortality

Its potential role in reducing HIV transmission by reducing an individual’s infectivity is
controversial

Drug misusers with HIV are less likely to access HAART (highly active antiretroviral therapy)
than other people with HIV

WHAT THIS STUDY ADDS

A longitudinal measure of community plasma HIV-1 RNA correlates with the community HIV
incidence rate and predicts HIV incidence independent of unsafe sexual behaviours and
sharing syringes

These data should prompt a re-examination of arguments that dichotomise HIV prevention
and HIV treatment, which might not be independent strategies for reducing the rate of new
HIV infections

Injecting drug users can be successfully attracted to and retained in HAART programmes
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