EPIDEMIOLOGY AND PREVENTION

Trends in Plasma HIV-RNA Suppression and Antiretroviral
Resistance in British Columbia, 1997-2010

Angela Cescon, MPH,* Steve Kanters, MSc,*1 Chanson J. Brumme, BSc,* 1
Katherine J. Lepik, BSc Pharm, MSc,* Jamie 1. Forrest, MPH,* Mark Hull, MD,*
Hasina Samji, MSc,* Bohdan Nosyk, PhD,* P. Richard Harrigan, PhD,*f
Robert S. Hogg, PhD,*} and Julio S. G. Montaner, MD* 7

Objectives: To examine temporal trends in plasma viral load
(pVL) suppression and antiretroviral resistance from 1997 to 2010 in
British Columbia (BC), Canada, and determine characteristics, pVL
ranges, and resistance profiles of HIV-positive individuals with
unsuppressed pVL in 2010.
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Methods: HIV-positive individuals =19 years old in the provincial
database at the BC Centre for Excellence in HIV/AIDS were
included. Virological suppression was defined as 2 consecutive
pVL <500 copies per milliliter within each calendar year. Temporal
trends were evaluated using the Cochran—Armitage test. Persons
with suppressed vs. unsuppressed pVL in 2010 were compared using
the Pearson x? or Fisher exact test (categorical variables) and the
Wilcoxon rank-sum test (quantitative variables), including unsup-
pressed individuals only if they were on antiretroviral therapy
(ART) in 2010 or their baseline CD4 count was <350 cells per cubic
millimeter or <500 cells per cubic millimeter, in separate analyses.

Results: The proportion of individuals with suppressed pVL increased
from 24% to 80% (P < 0.001). In comparative analyses, individuals
with unsuppressed pVL (877 of 6142) were more likely to be female
(30% vs. 16%), younger (median, 43 vs. 48 years), have injection drug
use history (38% vs. 30%), report Aboriginal ancestry (30% vs. 16%),
and have hepatitis C coinfection (57% vs. 34%) (all P < 0.001). Similar
patterns were observed using the <500 cells per cubic millimeter CD4
cutoff. The median pVL of all unsuppressed individuals in 2010 was
12,896 copies per milliliter (interquartile range, 1495-47,763).

Conclusions: The proportion of individuals achieving pVL
suppression in BC has increased markedly since 1997; however,
further efforts are needed to maximize the individual and societal
benefits of modern antiretroviral therapy.

Key Words: HIV, viral suppression, antiretroviral therapy,
treatment as prevention, antiretroviral resistance, Canada
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INTRODUCTION

The introduction of combination antiretroviral therapy
(ART) in 1996 represented a pivotal moment in the history of
the HIV/AIDS epidemic.' ART stops HIV replication on a sus-
tained basis and, as a result, plasma viral load (pVL) becomes
undetectable.”* Treatment guidelines uniformly recognize that
sustained suppression of pVL is needed to optimize the thera-
peutic effects of ART,'™ allowing for immune reconstitution
and leading to long-term disease remission and prolonged sur-
vival.>”7 Over the last decade, ART has become more effica-
cious, better tolerated, and less complex,”** thus improving
health outcomes throughout the spectrum of disease severity.
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More recently, ART has been shown to greatly reduce
the likelihood of transmission by suppressing viral loads
below the limit of detection.”™* At the population level,
expanded access to ART has been shown to be an effective
means of decreasing new HIV diagnoses due to reductions in
community and aggregate pVL levels.'"!*'¢

In response to well-established evidence for the use of
ART for individual health and the growing body of literature
supporting ART use for prevention of transmission at the
population level (treatment as prevention), the Canadian prov-
ince of British Columbia (BC) announced the “Seek and Treat
for Optimal Prevention of HIV and AIDS” (STOP HIV/AIDS)
pilot program in February, 2010."” The program aims to expand
HIV testing and ART access to decrease HIV/AIDS-related
morbidity and mortality. Secondarily, the program aims to eval-
uate the impact of ART expansion on new HIV diagnoses, while
continuing to promote traditional prevention strategies.

Importantly, much of the program’s potential for suc-
cess hinges on the accessibility of ART. In accordance with
the “cascade of care” concept, HIV-positive persons must be
identified, engage in care, initiate treatment, and remain
engaged in order for treatment as prevention programs to be
effective.'® Despite the availability of free-of-charge ART and
associated medical monitoring in BC since 1986,'° treatment
remains underutilized, with 40% of HIV-related deaths from
1997 to 2005 having been among individuals who never
accessed treatment.”® This statistic speaks to a striking dis-
connect between the availability and actual uptake of serv-
ices. Identifying characteristics of individuals failing to
accrue the maximal benefits of available therapies should help
guide the development of targeted engagement and retention
strategies, thereby optimizing the individual and societal
impact of treatment as prevention initiatives.

This study therefore seeks to inform the expansion of
ART, by examining temporal trends in pVL suppression and
the prevalence of antiretroviral resistance from 1997 to 2010,
and exploring recent trends by determining the characteristics,
pVL ranges, and resistance profiles of HIV-positive individ-
uals with unsuppressed pVL in 2010. Of note, these analyses
were conducted in a setting with universal healthcare access,
where antiretroviral medications and related medical and
laboratory care are fully subsidized.

METHODS

Study Setting and Participants

Data were obtained from the province-wide registry at
the BC Centre for Excellence in HIV/AIDS (BC-CfE) in
Vancouver, Canada. This database includes information on all
individuals ever having a viral load test in the province; which
is also inclusive of all individuals who ever accessed ART in
the province.'® The BC-CfE and provincial healthcare program
offer fully subsidized antiretroviral drugs and clinical and lab-
oratory monitoring (without co-payments or deductibles). The
BC-CfE also maintains a set of independently generated HIV/
AIDS management guidelines,”' which have remained consis-
tent with the International AIDS Society-USA (IAS-USA)
guidelines since 1996.'
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All HIV-positive individuals =19 years old ever in the
provincial database were eligible for inclusion in this study,
regardless of whether or not they ever initiated ART. The last
date of follow-up for the current analysis was December 31, 2010.
Ethical approval was obtained from the University of British
Columbia Providence Health Care Research Ethics Board.

Primary Outcome

The primary outcome of interest was plasma HIV-RNA
suppression, defined as 2 consecutive pVL measures <500
copies per milliliter within the calendar year of interest. The
viral load level of <500 copies per milliliter was selected to
accommodate the temporal changes in pVL assay sensitivities
since study initiation in 1997."" Participants with only a single
pVL measure in a given year were grouped as having unsup-
pressed pVL if the measure was =500 copies per milliliter
and removed from the analysis that year if the measure was
<500 copies per milliliter. All viral loads were measured
using the Roche Amplicor or Roche TaqMan assays (Roche
Diagnostics, Laval, Canada) at the Diagnostic Virology and
Reference Laboratory at St. Paul’s Hospital in Vancouver.

Statistical Methods

To examine temporal trends in pVL suppression,
proportions of individuals with pVL suppression were
calculated by calendar year for all eligible BC-CfE partic-
ipants. Participants entered the analysis the year they had their
first pVL test and were removed if known to have moved out
of the province, died, or were lost to follow-up. Loss to
follow-up was defined as no viral load data for at least 1 year.
Mortality data were obtained through linkages with the
provincial vital statistics registry. Participants were divided
into 3 mutually exclusive categories for each study year from
1997 to 2010: (1) unsuppressed pVL off ART; (2) unsup-
pressed pVL on ART; and (3) suppressed pVL (as defined
above). The first group (unsuppressed pVL off ART) was
then further divided by prescription history: unsuppressed
previously on ART and unsuppressed never on ART. A
sensitivity analysis then recategorized individuals who were
lost to follow-up as having unsuppressed pVL, and the time
since loss to follow-up was assessed. Trends were evaluated
using the Cochran—Armitage test.

To determine temporal trends in resistance over time,
available drug resistance genotypes (protease/reverse transcrip-
tase) performed on pVL samples from all individuals in the
BC-CfE database were examined. Sequences were categorized
as resistant (1+ class) or not based on the presence of at least 1
nucleoside reverse transcriptase inhibitor, nonnucleoside
reverse transcriptase inhibitor, or protease inhibitor resistance
mutation as defined by a modified 2011 IAS-USA list.”
Results were then grouped by pVL suppression status each
year. Individuals with multiple resistance tests per year were
considered resistant if mutations were observed in any sequence
collected that year. If in subsequent years a resistance test was
not performed, the previous year’s result was carried forward.
Thus, individuals were categorized as “never genotyped” in all
years preceding their first resistance test and were assigned to
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a resistance category for all subsequent years. Trends over time
were assessed using the Cochran—Armitage test.

To evaluate recent trends in suppression, descriptive
statistics were calculated and compared between individuals
with and without pVL suppression in 2010. To avoid the
inclusion of participants in the unsuppressed group who were
not accessing treatment due to a possible decision or recom-
mendation based on CD4 counts, participants in the unsup-
pressed pVL group were only included in this comparative
analysis if they were on ART in 2010 or if treatment was
clinically indicated, defined as having a baseline CD4 count
<350 cells per cubic millimeter. A second analysis was then
conducted raising the CD4 count threshold to <500 cells per
cubic millimeter, to account for the evolving CD4 count guide-
lines for treatment initiation, which were updated in the latter
half of 2010.2 Groups were compared using the Pearson
X2 test or Fisher exact test for categorical variables and the
Wilcoxon rank-sum test for quantitative variables. Variables
of interest for comparison included socio-demographic charac-
teristics (age, sex, Aboriginal ancestry, injection drug use
[IDU] history, and place of residence), clinical indicators
(CD4 count, hepatitis C coinfection, and baseline AIDS-defin-
ing illnesses), and treatment information (antiretroviral regi-
mens and physician experience, defined as the median
number of HIV-positive patients under that physician’s care
as of January 1, 2010). Place of residence was categorized as
1 of 5 geographically defined provincial health authorities,
which are regional divisions that separate the governing and
planning of health services.**

To document the pVL ranges of all individuals with
unsuppressed pVL in 2010, we used the last viral load measures
of that year to calculate a pooled province-wide measurement,
presented as median and interquartile range. Viral loads in 2010
were measured by the Roche TagMan v1 assay (dynamic range
401,000,000 copies/mL).*> Finally, antiretroviral resistance
status among individuals with unsuppressed pVL in 2010
was determined as previously described, and results were
grouped by pVL range (500-999 copies/mL, 1000-9999 cop-
ies/mL, 10,000-99,999 copies/mL, and =100,000 copies/mL)
and compared using the Pearson x? test. All statistical analyses
were performed using SAS software (version 9.3; SAS Institute
Inc., Cary, NC).

RESULTS

Temporal Trends

Between 1997 and 2010, the proportion of individuals
with pVL suppression increased from 24% to 80% (Fig. 1A;
Cochran—Armitage, P < 0.001). The proportion of unsup-
pressed individuals on treatment decreased from 52% in
1997 to 6% in 2010 (P < 0.001). The majority of individuals
with unsuppressed pVL not on ART had never been pre-
scribed antiretrovirals in BC, with 157 of 888 individuals with
unsuppressed pVL off ART in 2010 (17%) having previously
taken treatment (Fig. 1B).

When individuals who were lost to follow-up were
reclassified as having unsuppressed pVL in the sensitivity
analysis, the proportion of individuals with pVL suppression
increased from 20% to 52% over the study period (Fig. 2A).

© 2013 Lippincott Williams & Wilkins

Although this improvement is attenuated compared to the pri-
mary analysis (an increase from 24% to 80%), the trend
remains statistically significant (P << 0.001). To note, over half
of individuals remaining lost to follow-up in 2010 had been
lost for over 6 years (2144 of 3614 persons, 59%) (Fig. 2B).

Over the same period, rates of drug resistance testing
increased from 41% of patients engaged in care in 1997 to
82% in 2010. Among those tested, the proportion of patients
with drug resistant HIV decreased among individuals with
both suppressed (61%—27%; P < 0.001) and unsuppressed
(52%—18%; P < 0.001) pVL (Figs. 3A, B).

Demographic and Clinical Characteristics

Table 1 displays demographic and clinical characteris-
tics of persons with unsuppressed pVL in 2010 that were on
ART, or clinically indicated for ART, compared to individu-
als with pVL suppression. Using the CD4 count threshold of
<350 cells per cubic millileter, data were available for 6142
participants, 877 (14%) having unsuppressed pVL. Individu-
als with unsuppressed pVL were significantly more likely to
be female (30% vs. 16%), younger (median, 43 vs. 48 years),
have a history of IDU (38% vs. 30%), report Aboriginal
ancestry (30% vs. 16%), and have hepatitis C coinfection
(57% vs. 34%) (all P < 0.001). They were less likely to have
had a baseline AIDS-defining illness (6% vs. 13%; P <
0.001). Suppression proportions also differed significantly
by provincial health authority, physician experience, and
composition of ART regimen (P < 0.001), as shown in Table
1.

Using the higher CD4 count threshold of <500 cells
per cubic millimeter, 6337 individuals were included, of
whom 1072 (17%) had unsuppressed pVL. Similar patterns
were observed regarding differences in characteristics using
this cutoff.

Viral Load and Antiretroviral Resistance
Among Individuals With Unsuppressed pVL

Of the 1289 persons who were virologically unsuppressed
in 2010 irrespective of CD4 count and treatment status, the
median pVL measure was 12,896 copies per milliliter (inter-
quartile range, 1495-47,763), with 21% (n = 272) having meas-
ures between 500 and 999 copies per milliliter; 25% (n = 322)
1000-9999 copies per milliliter; 40% (n = 516) 10,000-99,999
copies per milliliter; and 14% (n = 179) =100,000 copies per
milliliter. Among those tested, the proportion of patients with
resistant HIV was comparable across all pVL groups (range,
17%-21%; P = 0.56) (Fig. 4). Resistance to the nonnucleoside
reverse transcriptase inhibitor class was the most prevalent
(10%) among individuals with unsuppressed pVL with avail-
able resistance genotypes, followed by nucleoside reverse tran-
scriptase inhibitor (9%) and protease inhibitor (3%). No
significant differences in rates of resistance between pVL cate-
gories were observed in any drug category (all P > 0.1).

DISCUSSION

Our results demonstrate that although proportions of
pVL suppression have significantly improved over the
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FIGURE 1. A, Temporal trends in pVL suppression in BC from 1997 to 2010. Individuals were removed from graph if known to
have died, moved out of the province, or were lost to follow-up. B, ART prescription history among individuals in “Unsuppressed,

not on ART” from (A), 1997-2010.

14-year study period among HIV-positive individuals in BC,
disparities in treatment access and success remain. Individuals
with unsuppressed pVL were more likely to be female,
younger, have a history of IDU, report Aboriginal ancestry,
and have hepatitis C coinfection. When all individuals with
unsuppressed pVL were considered, the median pVL measure
in 2010 was 12,896 copies per milliliter. These findings
contribute to a better understanding of the impact of ART
expansion in BC and should also help to inform the
implementation of other treatment as prevention strategies.
The population-based registry at the BC-CfE provides
a unique opportunity for characterization of the temporal
evolution of pVL suppression within a universal healthcare
setting with free access to treatment and associated medical
and laboratory monitoring. Centralized, linked data collection
allows for comprehensive documentation of pVL measures
over time. Our results demonstrate a significant increase in the

6000 —

proportion of individuals with pVL suppression from 1997 to
2010, from 24% to 80% if persons lost to follow-up are
excluded, and from 20% to 52% if persons lost to follow-up
are categorized as having unsuppressed pVL. As 56% of
persons remaining lost in 2010 have not had a viral load test
in BC in over 6 years, we postulate that many of these
individuals may now be deceased or have moved out of
the province.

Over the study period, the proportion of individuals
with unsuppressed pVL on treatment decreased from 52% in
1997 to 6% in 2010. This decline is likely explained by
advances in ART regimens with respect to efficacy, tolera-
bility, and simplification of drug administration, such as the
introduction of fixed-dose combinations.® The increased
availability of integrative services that facilitate the uptake
of and adherence to ART, including directly observed and
assisted therapy,®®*” harm reduction strategies such as needle
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FIGURE 2. A, Temporal trends in pVL suppression in BC from 1997 to 2010, inclusive of loss to follow-up. Individuals were
removed from graph if known to have died or moved out of the province. *LTFU, lost to follow-up. Defined as no viral load data

for >1 year. B, Time since loss to follow-up.
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FIGURE 3. A, Temporal trends in cumulative antiretroviral resistance among individuals with suppressed pVL in BC, 1997-2010.
B, Temporal trends in cumulative antiretroviral resistance among individuals with unsuppressed pVL in BC, 1997-2010.

exchange programs and Vancouver’s supervised injection
facility,?®2° and linkages to other services such as day pro-
grams and methadone maintenance treatment’®>? has likely
also contributed significantly.

The prevalence of antiretroviral resistance among per-
sons with both suppressed and unsuppressed pVL decreased
markedly over the study period, even as resistance testing rates
increased significantly. The prevalence of resistance in geno-
typed samples collected from individuals with unsuppressed
pVL decreased from 52% in 1997 to 18% in 2010. Although it
is likely that a substantial portion of this decline could be
attributed to increased ART efficacy and tolerability, these
results, however, are limited by the availability of data from
clinical antiretroviral resistance testing requests. These results
therefore assume an equal prevalence of resistance among
genotyped and un-genotyped samples. However, changes in
clinical genotyping criteria over time may have affected the
characteristics of samples tested for resistance. For example,
the HIV treatment guidelines in BC did not recommend
universal baseline (pretherapy) resistance testing until 2002.
Additionally, because resistance genotyping cannot be consis-
tently performed on samples with low viremia (typically
<250 copies/mL), patients’ previous results were carried for-
ward in years where resistance data were not available. As
such, the annual prevalence of resistance reported likely repre-
sents an overestimate of the true prevalence, particularly
among individuals with suppressed pVL.

We acknowledge that trends presented here are not
inclusive of individuals who have tested HIV-positive and not
sought further care (ie, pVL or CD4 testing, an HIV physician
visit, or initiation of ART); recently estimated to be 533
persons from 1996 to 2009.** These trends also do not encom-
pass individuals with undiagnosed HIV infection. The Public
Health Agency of Canada estimates that 26% of HIV-positive
Canadians may be unaware of their status.** This unmeasured
burden of illness may have a clinically important impact on
pVL and resistance trends, and ongoing HIV transmission.

© 2013 Lippincott Williams & Wilkins

Importantly, new initiatives in BC aim to normalize HIV test-
ing in effort to achieve more timely diagnosis and subsequent
linkage to care, with recent analyses demonstrating substantial
reductions in the number of unknown cases across the province
since 1996.%

Although the observed improvements in rates of pVL
suppression over time are encouraging, there is no room for
complacency. Our analysis identified 877 individuals with
unsuppressed pVL in 2010 who have a clinical indication to
start treatment (CD4 count <350 cells/mm?), with this number
increasing to 1072 persons if a CD4 count threshold of
<500 cells/mm? is considered as the criteria for treatment ini-
tiation. More recently, North American guidelines have con-
verged in their recommendation that ART be offered to all
HIV-positive individuals regardless of their CD4 count, with
the exception of long-term nonprogressors or elite controllers.>>
This would expand the number of ART-eligible patients from
1072 to 1289 based on the 2010 data, the last year of observa-
tion in our study. Moreover, if individuals lost to follow-up in
2010 are reclassified as having unsuppressed pVL and eligible
for treatment, this number increases substantially.

Our comparative analysis of individuals with suppressed
versus unsuppressed pVL in 2010 highlights the presence of
disparities in access to treatment. This analysis demonstrates
that in 2010, individuals with unsuppressed pVL on or with an
indication for ART were more likely to be female, younger,
report Aboriginal ancestry, and have hepatitis C coinfection.
These findings are similar to those found in a larger pan-
provincial Canadian study, which reported suppression was
less likely among women, younger persons, and individuals
with IDU history, suggesting these disparities are not unique to
BC.* We hypothesize a number of potential reasons for these
differences, reflective of underlying differences in socioeco-
nomic conditions and other competing life circumstances that
may impede optimal access to care and adherence to ART.
Differences were also observed by geographic region (health
authority). To note, the highest proportion of persons with
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TABLE 1. Characteristics of Individuals With Unsuppressed pVL on ART or Clinically Indicated (Based on CD4 Count) for ART in
2010 Compared to Individuals With pVL Suppression in British Columbia, Canada

CD4 Cutoff: <350 cells/mm?>

CD4 Cutoff: <500 cells/mm?

Suppressed Unsuppressed Suppressed Unsuppressed
Variable Total (n = 5265) (n =877) P Total (n = 5265) (n =1072) P
Sex
Male 5061 4446 (84%) 615 (70%) <0.001 5219 4446 (84%) 773 (72%) <0.001
Female 1081 819 (16%) 262 (30%) 1118 819 (16%) 299 (28%)
Age 6142 48 (42-55) 43 (35-49) <0.001 6337 48 (42-55) 43 (35-48) <0.001
Aboriginal ancestry
No 2767 2588 (84%) 179 (70%) <0.001 2792 2588 (84%) 204 (71%) <0.001
Yes 558 480 (16%) 78 (30%) 563 480 (16%) 83 (29%)
IDU history
No 4126 3639 (70%) 487 (62%) <0.001 4285 3639 (70%) 646 (68%) 0.237
Yes 1881 1587 (30%) 294 (38%) 1895 1587 (30%) 308 (32%)
HCV coinfection
No 1855 1746 (66%) 109 (43%) <0.001 1859 1746 (66%) 113 (43%) <0.001
Yes 1028 886 (34%) 142 (57%) 1036 886 (34%) 150 (57%)
Baseline ADI
No 5422 4599 (87%) 823 (94%) <0.001 5616 4599 (87%) 1017 (95%) <0.001
Yes 720 666 (13%) 54 (6%) 721 666 (13%) 55 (5%)
CD4 count 5558 510 (360-680) 260 (140-350) <0.001 5753 510 (360-680) 320 (180-430) <0.001
Health authority
Unspecified 520 158 (3%) 362 (41%) <0.001 695 158 (3%) 537 (50%) <0.001
Interior 303 271 (5%) 32 (4%) 303 271 (5%) 32 (3%)
Fraser 1344 1225 (23%) 119 (14%) 1349 1225 (23%) 124 (12%)
Vancouver 3241 2982 (57%) 259 (30%) 3256 2982 (57%) 274 (26%)
Coastal
Vancouver Island 589 518 (10%) 71 (8%) 589 518 (10%) 71 (7%)
Northern 145 111 (2%) 34 (4%) 145 111 (2%) 34 (3%)
MD experience* 6142 171 (76-369) 94 (2-274) <0.001 6337 171 (76-369) 94 (5-275) <0.001
ART regimen
Triple NRTI 24 24 (1%) 0 (0%) <0.001 24 24 (1%) 0 (0%) <0.001
Single Pl-based 140 133 (3%) 7 (2%) 140 133 (3%) 7 (2%)
Boosted PI-based 3198 2917 (57%) 281 (70%) 3198 2917 (57%) 281 (70%)
NNRTI-based 1911 1821 (36%) 90 (22%) 1911 1821 (36%) 90 (22%)
Other 215 192 (4%) 23 (6%) 215 192 (4%) 23 (6%)

Results presented as frequency (%) or median (IQR).

*Experience of patient’s physician as of January 1, 2010 (median number of HIV-positive patients under physician’s care + IQR).
ADI, AIDS-defining illness; HCV, hepatitis C virus; IQR, interquartile range; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase

inhibitor; PI, protease inhibitor.

unsuppressed pVL had missing health authority data; suggest-
ing that these individuals have likely had fewer contacts with
the HIV care system and accordingly, limited opportunities to
collect this information. Further efforts are thus needed to opti-
mize the potential individual and societal benefits of
available therapies.

With respect to the preventive benefits of ART at the
population level, more than half (54%) of individuals with
unsuppressed pVL in 2010 had measures =10,000 copies
per milliliter; important to note in view of the biologic gra-
dient in the effect of pVL concentration on HIV transmis-
sion, shown by Quinn et al*® and others.'**"° Indeed, this
number grows rapidly when a conservative approach is
used, including persons lost to follow-up as having unsup-
pressed pVL.
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The results of this study must be interpreted in the
context of several limitations. The analysis was restricted to
individuals =19 years of age, and the outcomes of persons lost
to follow-up are unknown. Data on certain socio-demographic
and clinical variables of interest are missing for some partic-
ipants. In particular, complete data on ethnicity and place of
residence would allow for more comprehensive identification
of factors associated with disparities in pVL suppression.
Finally, as periods of incarceration are not captured in the
BC-CfE database, individuals in prison may have been consid-
ered lost to follow-up during these periods. Ongoing efforts
aim to establish a data linkage to address this limitation.

In conclusion, the data presented here indicate an
increase in the proportion of individuals achieving pVL
suppression since 1997. While the effectiveness of ART is

© 2013 Lippincott Williams & Wilkins
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FIGURE 4. Prevalence of antiretroviral resistance among in-
dividuals with unsuppressed pVL in BC in 2010, by pVL range
(n =1289).

well established, ensuring optimal access to all persons in
need remains an unmet challenge in BC despite universal
access to free antiretroviral medications and related medical
and laboratory care. Our results clearly demonstrate that
further efforts are needed if we are to maximize the individual
and societal benefits of modern ART.
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