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Abstract

Background—Appropriate use of highly active antiretroviral therapy (HAART) can markedly
decrease the risk of progression to acquired immunodeficiency syndrome (AIDS) and of
premature mortality. We aimed to characterize the trends between 1981 and 2013 in AIDS-
defining illnesses (ADIs) and in the number AIDS-related deaths in British Columbia (BC),
Canada.

Methods—We included data of 3550 HIV-positive individuals, aged 19 years or older, from
different administrative databases in BC. We estimated the relative risk of developing an ADI over
time using a Negative Binomial model, and we investigated trends in the percentage of all deaths
associated with AIDS using generalized additive models.

Findings—The number of ADIs has decreased dramatically to its lowest level in 2013. The peak
of the AIDS epidemic in BC happened in 1994 with 696 ADIs being reported (rate 42 ADIs per
100 person-years). Since 1997, the number of ADIs decreased from 253 (rate 7 per 100 person-
years) to 84 cases in 2013 (rate 1 per 100 person-years) (p-value equals to zero for the trend in the
number of ADIs). We have also shown that out of 22 ADIs considered, only PCP maintained its
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prominent ranking (albeit with much reduced overall prevalence). Finally, we observed that over
time very few deaths were related to AIDS-related causes, especially in the most recent years.

Interpretation—We showed that the number of new ADIs and AIDS-related mortality have
been decreasing rapidly over time in BC. These results provide further evidence that integrated
comprehensive free programs that facilitate testing, and deliver treatment and care to this
population can be effective in markedly decreasing AIDS-related morbidity and mortality, thus
suggesting that controlling and eventually ending AIDS is possible.

Funding—The British Columbia Ministry of Health, the US National Institutes of Health, the US
National Institute on Drug Abuse, the Canadian Institutes of Health Research, and the Michael
Institute for Health Research.

Introduction

First introduced in 1996, highly active antiretroviral therapy (HAART) has had a dramatic
impact on the natural history of human immunodeficiency virus (HIV)-related diseases,
including the acquired immunodeficiency syndrome (AIDS).! Appropriate use of HAART
can markedly decrease the risk of progression to AIDS and of premature mortality.2
Worldwide, the expansion in the number of individuals accessing HAART since 2005 has
been associated with a 30% decrease in AlDS-related mortality.> More recently, an
association has been described between the expansion of HAART coverage and a decrease
in the incidence of AIDS and AIDS-related mortality, as well as a decrease in estimated HIV
incidence.*6-9 As a result, there has been growing optimism regarding the possibility of
ending the AIDS epidemic.19-13 However, this remains a matter of significant
controversy.10-13

BC provides a unique environment to assess to what extent currently available tools can
control the AIDS epidemic, and whether the end of AIDS represents a realistic goal. BC’s
HIV/AIDS epidemic is highly concentrated around urban centres. HIVV/AIDS initially
affected men who have sex with men (MSM) with a peak in 1994/1995. In 1996/1997 a
rapid increase in cases among people who inject drugs (PWID) was seen.14 Currently, the
homeless, individuals with mental health issues, individuals of Aboriginal ancestry and
women through sex work are overrepresented within the BC epidemic.14 In addition,
vertical transmission has been virtually eliminated in the province - only two infants were
born to women who did not receive antenatal HAART prior to delivery in the last decade.14
HAART and related medical and laboratory monitoring have been fully subsidized in BC
since 1996, and eligibility for HAART has been consistent with the IAS-USA guidelines.
Since 2003, BC has had mandatory (nominal or non-nominal) HIV reporting legislation.
Additionally, the availability of unique personal health numbers for all BC residents
provides a great opportunity to perform anonymized data linkages between administrative
datasets to address our research question. Therefore, in this paper we focused on assessing
the population impact of the expansion of HAART coverage on changes in AIDS incidence
and mortality since the beginning of the HIV epidemic in BC in 1981. Specifically, we
aimed to characterize the trends between 1981 and 2013 in AIDS-defining illnesses (ADIs)
and in the number AIDS-related deaths.
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Data for these analyses came from: (1) the BC-Centre for Excellence in HIVV/AIDS (BC-
CfE), which provided the list of eligible individuals for this study;1° (2) St. Paul’s Hospital,
which is the main HIV/AIDS care provider in BC, where the BC-CfE is located and it
provides real-time clinical data updates for all eligible individuals; (3) the BC Vital Statistics
Agency, which provides mortality data that are monthly linked with the BC-CfE database;1°
and (4) the BC Cancer Agency, which is the provincial agency responsible for providing all
cancer-related care in BC, which also provides data that are yearly linked to the BC-CfE
database.® ADI case-reports were obtained from the BC-CfE, enriched with clinical records
from St. Paul’s Hospital, the BC Cancer Agency, and the BC Vital Statistics Agency. All
these agencies use passive reporting systems to collect data on ADIs. The complete list of
ADIs can be found in Table 1.16 Mortality data and causes of deaths were provided by BC
Vital Statistics Agency and BC Cancer Agency.

In BC, antiretroviral treatment, HIV care, and laboratory monitoring are fully subsidized by
the provincial government without any co-payments or deductibles since 1992 and under the
aegis of the BC-CfE. Antiretroviral treatment is distributed to eligible individuals based on
the BC-CfE HIV therapeutic guidelines, which have remained consistent with those put
forward by the International AIDS Society-USA (more recently renamed International
Antiviral Society-USA) since 1996.1:3 For these analyses, we obtained data for the number
and type of ADIs and for the number of people followed in the pre-HAART and post-
HAART era (i.e. HAART available as of July 15t, 1996) from the BC-CfE. In addition, ADI
case-reports were allocated according to the calendar year when an individual was
diagnosed with the first episode for each type of ADI.

All analyses were restricted to HIV-positive individuals 19 years or older. These individuals
were followed from January 15, 1981 until December 315, 2013, the last contact date, or
until they died, whichever came first. The first analysis focused on characterizing the
number of ADIs over time. For this purpose, we obtained the number of ADIs from 1981
until 2013 for individuals who have ever had an ADI diagnosed in BC. We stratified these
data by gender, age at the time the ADI was diagnosed (grouped as <30, 30 — 39, 40 — 49
and = 50 years), and by calendar year (grouped as 1981 — 1996, 1997 — 1999, 2000 — 2003,
2004 — 2012). The first period, from 1981 to 1996, relates to the era prior to the initial
rollout of HAART in BC. The second period, from 1996 to 1999, relates to the initial rollout
of HAART. The third, from 2000 to 2003, relates to a steady-state phase of HAART use.
The fourth, from 2004 to 2012, relates to the second HAART expansion in BC. We divided
the calendar years this way to control for the cohort effect in our analyses and to
accommodate the changes in HIV treatment guidelines during the study period. Based on
these factors, we estimated the relative risk of developing an ADI through a Negative
Binomial regression analysis.1”:18 In this case, we assessed the effect of gender and age
group, by calendar period, on the number of ADIs. The criteria for testing the goodness of fit
of this statistical model and for testing for overdispersion are presented in the
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Supplementary Material. Note that in this analysis, we used the statistical software R©
version 3.0.2 libraries MASS, AER, pcsl and Imtest. In a sub-analysis, we investigated
trends in the most common ADIs during the pre-HAART and post-HAART era.

We then characterized AIDS-related mortality over time. For this purpose, an AIDS-related
mortality was ascertained using either of the following criteria: (1) having at least one ADI
within three months from the death date (see Table 1 for the list of ADIs); or (2) having at
least one HIV-related diagnosis code for any cause of death. The codes for HIV-related
death were based on the International Classification of Disease (ICD) codes versions 9 and
10. The HIV-related ICD-9 codes considered were 795:71 and those starting with 042, 043,
044, V08 and 795-8. The HIV-related ICD-10 codes considered were those starting with
B20, B21, B22, B23, B24, R75 and Z21. We modeled the trend in the proportion of deaths
associated with an ADI using generalized additive models due to the non-linear trend in this
outcome. 19 The criteria for assessing goodness of fit of this model is also presented in the
Supplementary Material. In this model, the outcome variable was the proportion of deaths
associated with an ADI and the explanatory variable was calendar year. Note that for these
analyses, we used the statistical software R© version 3.0.2 libraries mgcv and Imtest. In all
analyses all p-values were two-sided and significance level was set at 5%.

The BC-CFE received approval for this study from the University of British Columbia ethics
review committee at the St Paul’s Hospital, Providence Health Care site (P05-123). The
study complies with the BC’s Freedom of Information and Protection of Privacy Act. The
study was conducted primarily using anonymized administrative databases, and therefore
informed consent was not required.

Role of funding source

Results

The funding sources had no role in the choice of methods, the contents or form of this work,
or the decision to submit the results for publication. The corresponding author had full
access to all data in the study and had final responsibility for the decision to submit for
publication.

Data based on HIV-positive individuals ever diagnosed with an ADI in BC

In this study, we included data on ADIs of 3097 males and 453 females reported between
1981 and 2013. The mean age (at the first ADI of each type) was 41 years (standard
deviation 9-7 years). The mean number of ADIs per person was 2 ADIs (standard deviation:
1.1; Maximum 7). The number of ADIs over time are reported in Figure 1A. The peak of the
AIDS epidemic in BC happened in 1994 with 696 ADIs being reported for a rate of 42 ADIs
per 100 person-years. Since 1997, the number of ADIs decreased from 253 (rate 7 per 100
person-years) to 84 cases in 2013 (rate 1 per 100 person-years) (p-value equals to zero for
the trend in the number of ADIs).

Figure 1B shows the trend in ADIs stratified by gender. Males throughout the study period
had consistently higher ADI cases than females, with the highest male to female ratios
obtained from 1989 to 1995 (ranging from 13:1 to 49:1). Since the introduction of HAART,
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this ratio between males and females has been decreasing from 10:1 in 1996 to as low as 3:1
in 2013. The consistent higher trend in males was due to the epidemic among MSM, which
reached its peak in 1994. The second peak of the epidemic was in 1997 among PWID.

The number of ADIs by age and calendar years are highlighted in Figure 1C. In terms of
age, the AIDS epidemic in BC has been concentrated among those aged 30 — 39 years. This
trend has been changing since 2004 and individuals in the age group 49 — 49 years, and
more recently, those in the age group = 50 years have now the highest number of AIDs in
the province. For this latest age group, the ADIs most frequent in 2013 (total=35) were
WASTING (N=8; 23%), NHL (N=7; 20%), MTB (N=4; 11%), CANDIDA (N=4; 11%) and
DEMENT (N=3; 9%).

As noted in Table 2, we fitted a Negative Binomial model for each period of time 1981 —
1996 (period 1), 1997 — 1999 (period 2), 2000 — 2003 (period 3), and 2004 — 2013 (period
4), considering as the outcome the total number of ADIs in these periods and as covariates
gender and age group. In this model, we demonstrated that the relative risk of developing an
ADI for females was consistently lower than that for males ranging from 0.10 (95%
Confidence Interval (CI): 0-07 — 0-14) (period 1) to 0-27 (95%CI 0-22 — 0-33) (period 4). For
example, the relative risk for period 1 means that being female was associated with a 90%
reduction in the risk of developing an ADI relative to males. The relative risk of developing
an ADI for individuals <30 years was consistently lower than the age group 30 — 39 years
(the reference group) ranging from 0-25 (95%CI 0-15 — 0-42) (period 1) to 0-29 (95%CI 0-20
— 0:41) (period 4). For those in the age group 40 — 49 years, the relative risk of developing
an ADI, in relation to the age group 30 — 39 years, only reached statistical significance in the
last period of observation and it was equal to 1-47 (95%CI 1-11 — 1.94) (period 4). Those
aged = 50 years also had a lower relative risk of developing and ADI than those in the age
group 30 — 39 years during the follow-up, ranging from 0-27 (95%CI 0.-15 — 0-47) (period 1)
to 0-35 (95%CI 0-16 — 0-80) (period 2). The relative risk in this last age group seems to be
increasing since 2000, but it did not reach statistical significance probably due to the limited
sample size of these groups.

Next we stratified the distribution of ADlIs by the pre- and post-HAART eras. Focusing on
the data in the pre-HAART era, the ADIs accounting for more than 60% of the total number
of ADIs in this period were Pneumocystis Jiroveci Pneumonia (PCP; 24%), Kaposi's
sarcoma (KS; 12%), Mycobacterium Avium Complex (MAC; 11%), Candidiasis of
Esophageal, Bronchi, Trachea, or Lungs (CANDIDA; 10%), and Wasting Syndrome due to
HIV (WASTING; 9%). In the post-HAART era, the ADIs accounting for more than 60% of
the total number of ADIs in this period were PCP (21%), Wasting Syndrome due to HIV
(WASTING; 12%), Non-Hodgkins Lymphoma, including Burkitt's, or immunoblastic, or
other lymphomas (NHL; 8%), KS (8%), CANDIDA (7%), and Recurrent Bacterial
Pneumonia (REC_PNEUM; 7%).

Data based on all HIV-positive individuals in BC

During the study period, we observed 4654 deaths (all-causes) (rate 4 per 100 person-years),
in which 2828 (61%) were AIDS-related (Figure 2). Due to data constraints, we were not
able to ascertain whether the mortality cases were AIDS-related prior to 1992. Thus after
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1992, most notably, the overall mortality rate has been decreasing consistently from the
highest observed rate in 1994 (rate 19 per 100 person-years) to its lowest in 2013 (rate 3 per
100 person-years). There were two peaks in which an AIDS-related cause was the main
cause of mortality (over 80% of cases); the first peak was between 1994 and 1996 and the
second one was between 2000 and 2003. Since 2005, although the number of mortality cases
has been somewhat constant, the deaths attributed to an AIDS-related cause have been
declining (p-value equals to zero for the trend in the proportion deaths attributed to an ADI),
that is from 150 out of 205 (73%; rate 2 per 100 person-years) in 2005 to 44 out of 218
(20%; rate 0-6 per 100 person-years) in 2013. Note that in the same period, the proportion of
deaths attributed to non-AlIDS related causes has steadily increased.

Discussion

In BC, since the inception of HAART, we observed that the number of individuals
developing an ADI and dying of AIDS has decreased dramatically to its lowest level in
2013. Current ADI rates are comparable to those in the early 80’s, at the very beginning of
the AIDS epidemic in BC.

We observed two peaks in AIDS-related mortality. The first one between 1994 and 1997,
which can be readily explained as part of the pre-HAART era (i.e., less potent regimens).
The second one, between 2000 and 2003, can be attributable to the contemporary change in
guidelines favoring deferral of HAART initiation, 20 as well as the high prevalence of
structured treatment interruptions, which came to an end with the results of the SMART
trial.21 New guidelines published since 2004 strongly recommended against these practices,
and this remains the case at the present time.3:22:23

We showed that males consistently had the largest number of ADIs. There was also an
interaction of age and calendar year, since until 2003 the age group with the highest
incidence of ADIs was the 30-39 years, and since 2004 the age groups 40-49 and =50 years
started to have the highest incidence of ADIs. It is important to mention that only in 2013
the number of ADIs in the age group =50 years surpassed that of all other groups. We
should also mention that given the small numbers, it is important to exercise caution to infer
that this trend will continue in the future. We have also shown that out of 22 ADlIs
considered, only PCP maintained its prominent ranking (albeit with much reduced overall
prevalence) with relative increases in the ranking of NHL (including Burkitt's, or
immunoblastic, or other lymphomas), WASTING and REC_PNEUM, especially since 2005.
These results are consistent with those published in other settings.24-28

Our results strengthen the evidence that programs that aggressively distribute free HAART
to infected individuals have a great potential to markedly decrease morbidity and mortality
caused by AIDS.2° Our data supports the proposition that expanded access to HAART, in
the presence of evidence-based guidelines and systems to ensure early HIV diagnosis, timely
HAART initiation and sustained virologic response, can transform AIDS from an epidemic
to an endemic disease, and eventually may lead to the elimination of AIDS. However, given
that there is no curative therapy available and that life-long suppressive HAART requires
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high levels of adherence, in order for this effect to be sustained, HAART programs and
related support must be strengthened on a long-term basis.

In any setting, the emergence of ADIs and AIDS-related mortality depend on how
comprehensive HIV testing is among the population at risk, how effective linkage and
retention in care structures are, how accessible HAART is to those in need, and on which
strategies to promote adherence and viral suppression are in place. In 2014, we published the
HIV continuum of care for BC and a longitudinal ecological study showing the population-
level effectiveness and sustainability of a strategy to enhance HIV case finding and to
expand the number of HIV-positive individuals accessing and being retained in care, and
aimed at reducing the morbidity and mortality associated with HIV/AIDS in BC.7:15:30 |
these studies we demonstrated significant improvements in the engagement of individuals
along the HIV continuum of care and in treatment outcomes. However, we also identified
that there still exists gaps related to HIV testing and retention in care in the province.
Therefore, we believe that the results in this paper provide further evidence of the positive
effect that HAART can have in reducing the incidence of ADIs and AIDS-related mortality.
However, it also highlights that there is room for improvement since the number of AIDS
cases is still not zero.

Our findings are relevant within the context of the ongoing optimism regarding the End of
AIDS. However, this has been used rather liberally in various media, and warrants further
exploration.>11:12.31-34 |t should be emphasized that ending AIDS and HIV represents two
different issues, with substantially different levels of complexity. Our report specifically
analyzed AIDS incidence rather than HIV. Ending AIDS could be achieved with the
identification of all HIV infected individuals in a given jurisdiction before they develop
AIDS, and intervening with effective HAART on a sustained basis. Ending HIV would
imply stopping HIV transmission, which in all likelihood would not be feasible without a
cure and or a vaccine, or both. Additionally, it is important to clarify the definitions for
disease control, elimination, eradication and extinction and please refer to the report from
the Dahlem Workshop for a formal definition of each of these epidemic outcomes.3° Based
on the definitions in this report, our results demonstrate that HAART can lead to AIDS
control. Whether this is truly possible with currently available bio-behavioural strategies
remains to be demonstrated.

There are some limitations in this study. First, it was based on an ecological study design,
and therefore, our results cannot be taken as definitive proof of causality. Second,
mandatory (nominal or non-nominal) reporting was implemented in the BC since 2003,
which resulted in better case ascertainment. Third, the ADI reporting relies on a passive
surveillance system, and although we conducted multiple data linkages to minimize this
source of bias, there is still an expected reporting delay to receive notification of ADIs in
some of our sources of data, and the potential bias for underreporting. In order to reduce the
effect of this potential bias, we restricted the analysis to the end of 2013. Fourth, due to data
constraints, we were not able to ascertain whether the mortality cases were AIDS-related
prior to 1992. Finally, estimating trends in ADIs and ADI-related mortality in some
population groups (e.g. by risk category) was not possible due to data incompleteness.
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In conclusion, we have shown that the expanded HAART coverage has led to the control of
AIDS and AIDS-related mortality in BC. These results are encouraging since they provide
strong evidence that integrated comprehensive free programs that facilitate testing, and
deliver treatment and care to this population can be effective in markedly decreasing AIDS-
related morbidity and mortality, thus suggesting that controlling and eventually ending
AIDS may be possible.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context
Systematic Review

We reviewed articles and reports about the end of the AIDS epidemic in different
countries. These articles were obtained through a search using PubMed using the
individual keywords and their combination including: “AIDS”, “acquired
immunodeficiency syndrome”, “end of AIDS”, “epidemic”, “trends”, “AlDS-related
deaths”, “ADI”, and “mortality”. We also looked at related citations of each paper that
was relevant to this work. Reports were obtained through a search using the Google
search engine for documents containing the same keywords as described above.

Interpretation

Diminishing the impact of AIDS amongst those living with HIV will require not only
lifetime access to HAART, but also a combination of different strategies to minimize
leakage along the HIV continuum of care. This study was conducted in an environment
where different strategies along the HIV continuum of care are in place to minimize both
morbidity and mortality associated with HIV/AIDS. Our results showed that although
ADI incidence and AIDS-related mortality have been steadily decreasing over time, in
2013 we still had 84 new cases of ADIs (most due to PCP; incidence rate 1.2 per 100
person-years), and 44 AIDS-related deaths (rate 0:6 per 100 person-years). Thus, this
study provides further evidence that controlling the AIDS epidemic is possible and there
are still challenges ahead to reach the goal of an AIDS-free generation. It also highlights
the importance of securing a long-term commitment from the government and different
stakeholders in the healthcare system to provide timely and adequate care to this
population.
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Table 1

List of AIDS-defining illnesses used in this study.

AIDS defining illnesses

Abbreviation

Candidiasis of esophageal, bronchi, trachea, or lungs
Invasive cervical cancer

Cytomegalovirus disease (site not specified)
Coccidiomycosis disseminated or extrapulmonary
Cryptococcosis extrapulmonary

Cryptosporidiosis chronic intestinal

HIV encephalopathy

Histoplasmosis disseminated or extrapulmonary
Herpes simplex infection, chronic mucocutaneous
Isosporiasis chronic intestinal

Kaposi's sarcoma AIDS-defining unspecified
Lymphoma primary of brain

Mycobacterium Avium Complex (MAC) or Mycobacterium kansasii disseminated or extrapulmonary
Tuberculosis AIDS-defining unspecified
Mycobacterium other or unspecified species disseminated or extrapulmonary
Lymphoma, non-Hodgkins, AIDS defining unspecified
Pneumocystis jiroveci pneumonia

Progressive multifocal leukoencephalopathy

Recurrent bacterial pneumonia

Recurrent salmonella septicemia

Toxoplasmosis of brain

Wasting syndrome due to HIV

CANDIDA
CERVCA
CMV
COCcCID
CRYPTOCO
CRYPTOSP
DEMENT
HISTO
HSV
ISOSPOR
KS
LYMPHOMA
MAC
MTB
MYCO
NHL
PCP
PML
REC PNEUM
SALM SEP
TOXO
WASTING
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Table 2

Page 15

Negative Binomial regression multivariable results for the effect of gender and age group on the number of
AIDS-defining illnesses.

Variables

Relative Risk (95% Confidence Interval)

Period

1981 - 1996
Total ADIs =77

1997 — 1999
Total ADIs =31

2000 - 2003
Total ADIs =23

2004 - 2013
Total ADIs =77

Gender
Male

Female

Age Group
< 30 years
30 - 39 years
40 - 49 years

> 50 years

1(-)
0.10 (0.07 - 0.14)

0.25 (0.15 - 0.42)
1(-)

0.62 (0.34 — 1.14)

0.27 (0.15-0.47)

1(-)
0.15 (0.09 - 0.24)

0.19 (0.09 - 0.38)
1(-)

0.71 (0.33 - 1.53)

0.35 (0.16 - 0.80)

1(-)
0.21(0.13-0.33)

0.19 (0.10 - 0.35)
1(-)

0.76 (0.34 - 1.72)

0.68 (0.30 - 1.55)

1(-)
0.27 (0.22 - 0.33)

0.29 (0.20 - 0.41)
1(-)

1.47 (1.11 - 1.94)

0.87 (0.67 - 1.13)

Footnote: ADI is the number of AIDS-defining illnesses.
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