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33 Abstract

34 Background: In British Columbia (BC), Canada, “HIV Treatment as Prevention” (TasP), 

35 encompassing widespread HIV testing and immediate initiation of free ART, was piloted in 2010 

36 under the Seek and Treat for Optimal Prevention of HIV/AIDS initiative (STOP). We compared 

37 the time from HIV diagnosis to antiretroviral therapy (ART) initiation, and from ART initiation to 

38 first virologic suppression before and after the implementation of STOP.

39

40 Methods: This population-based cohort study used longitudinal data of all diagnosed people living 

41 with HIV (PLWH) in BC. Eligible PLWH were ≥18 years old, ART naïve, and newly diagnosed 

42 in BC during 2005-2016. Virologic suppression date was the first of ≥2 consecutive viral load 

43 measures <200 copies/mL within four months. Negative binomial regression models assessed the 

44 effect of STOP on the time from diagnosis to ART initiation, and from ART initiation to 

45 suppression, adjusting for confounders.

46

47 Results: PLWH diagnosed before (N=1601) and after STOP (N=1700) were significantly 

48 different: 81% vs. 84% were men, 30% vs. 15% ever injected drugs, and 27% vs. 49% had ≥350 

49 CD4 cells/µL at diagnosis. STOP was associated with a 65% shorter time from diagnosis to 

50 treatment (adjusted mean ratio: 0.35 [95%CI: 0.32-0.38]) and a 22% shorter time from treatment 

51 to suppression (adjusted mean ratio: 0.78 [95%CI: 0.72-0.85]).

52

53 Interpretation: In a population with universal health coverage, a TasP-based intervention was 

54 associated with accelerating progress towards the United Nations’ 90-90-90 target. Our results 
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55 support the global expansion of TasP to accelerate the control of HIV/AIDS, as currently 

56 recommended by the United Nations.

57

58 Keywords: HIV; continuum of care; treatment as prevention; health service; 90-90-90 target
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59 Introduction

60 The personal and public health benefits of early initiation of antiretroviral treatment (ART) are 

61 well documented (1–5). In addition to decreasing morbidity and mortality among people living 

62 with HIV/AIDS (PLWH) (1–3), ART has also been shown to reduce HIV incident cases in a 

63 population (4,5). The latter led to the conception of “HIV Treatment as Prevention” (TasP), the 

64 scaling-up of testing followed by the immediate initiation of ART, as a strategy for reducing AIDS-

65 related morbidity and mortality and, simultaneously, the spread of HIV (6–8). The success of TasP 

66 on HIV transmission relies on the ART-led suppression of HIV replication, resulting in sustained 

67 undetectable viral load in bodily fluids and an effectively zero risk of sexual transmission of HIV 

68 - referred to as “undetectable=untransmissible” (U=U) (9,10). 

69 To achieve the “End of AIDS as Pandemic” goal by 2030, the United Nations Joint AIDS 

70 Programs (UNAIDS) proposed the TasP based 90-90-90 Target constituting at least 90% PLWH 

71 diagnosed, 90% diagnosed PLWH on ART and 90% ART-treated PLWH virologically suppressed 

72 by 2020 (11). Meeting the 90-90-90 Target would yield in a dramatic decrease in AIDS-related 

73 morbidity and mortality and HIV new infections within a decade (12,13). The global progress 

74 towards the 90-90-90 Target has been encouraging despite political, fiscal and programmatic 

75 challenges (14–18). In British Columbia (BC), Canada, TasP was piloted in 2010 and subsequently 

76 expanded province-wide under the publicly-funded Seek and Treat for Optimal Prevention of 

77 HIV/AIDS initiative (STOP HIV/AIDS; hereinafter referred to as STOP). STOP used TasP as a 

78 framework to address the HIV care continuum including widespread HIV testing, immediate ART 

79 initiation, public health follow-ups for care interruptions, and targeted community outreach (19). 

80 By 2016, BC achieved 84-85-93 (20); by December 2020, BC surpassed the 90-90-90 Target (21).
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81 Evidence-based strategies that improve HIV clinical outcomes in a timely manner are 

82 needed to inform future prevention and care efforts. As such, this study aimed to assess the 

83 population-level impact of a TasP-based intervention in accelerating the progression towards the 

84 UNAIDS 90-90-90 Target by comparing: (1) the time from HIV diagnosis to ART initiation, and 

85 (2) the time from ART initiation to virologic suppression, before and after the implementation of 

86 STOP (2005-2009 and 2010-2016, respectively). To examine whether STOP affected various 

87 population subgroups equally, analyses of both outcomes were further stratified by demographic 

88 and clinical characteristics.
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89 Methods

90 Study setting

91 The BC Centre for Excellence in HIV/AIDS Drug Treatment Program (DTP) has been responsible 

92 for ART distribution in BC since 1992 (22). ART and routine laboratory monitoring (including 

93 plasma viral load [pVL] and CD4 cell counts) are free-of-charge for all PLWH. BC’s HIV 

94 therapeutic guidelines advise ART eligibility (23), with the minimum CD4 count to initiate ART 

95 evolving from 200 cells/µL before 2008 to 350 cells/µL in 2008 and 500 cells/µL in 2010. Since 

96 2012, ART is prescribed regardless of CD4 count. The recommended first-line ART regimens 

97 have also evolved. Credited with faster virologic suppression and reduced drug resistance (24,25), 

98 integrase strand-transfer inhibitor-based (INSTI) ART has been available in BC as a first-line 

99 therapy option since 2011 for raltegravir, 2013 for elvitegravir, and 2014 for dolutegravir.

100

101 Study design

102 In this population-based cohort study, eligible participants included ART-naïve PLWH aged ≥18 

103 years, who were diagnosed between January 1, 2005 and December 31, 2016, and initiated ART 

104 for the first time through the DTP. Longitudinal individual-level data on PLWH in BC were 

105 obtained from the STOP population-based cohort through linkages between the DTP clinical 

106 registry (22), and various provincial administrative datasets containing health information (26–

107 31). The cohort has been described elsewhere (26).

108

109 Outcomes and exposures

110 Our outcomes were time from HIV diagnosis to ART initiation (time Dx-Tx) and from ART 

111 initiation to first virologic suppression (time Tx-Vx). Our exposures were HIV diagnosis and ART 
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112 initiation eras, each grouped into pre-STOP (2005-2009) and post-STOP (2010-2016). Diagnosis 

113 date was the first instance of a positive HIV antigen/antibody test, a detectable pVL, an HIV-

114 related hospitalization, three HIV-related physician visits, an AIDS-defining illness, or ART 

115 dispensation (32). ART initiation date was obtained from the DTP. Virologic suppression date was 

116 the first instance of ≥2 consecutive pVLs <200 copies/mL within four months. PLWH with <4 

117 months of follow-up upon ART initiation, hence unable to meet the above virologic suppression 

118 definition, and those who did not achieve suppression during the study period were excluded from 

119 the time Tx-Vx analysis.

120

121 Potential confounders

122 The following potential confounders were investigated: gender (female, male), age (<30, 30–39, 

123 40–49, ≥50 years), health authority (HA) of residence (Fraser, Interior, Northern, Vancouver 

124 Coastal, Vancouver Island, unknown), CD4 count (<200, 200–349, ≥350 cells/mm3, unmeasured), 

125 ethnicity (White, non-White, unknown), and HIV acquisition risk group (gay, bisexual, and other 

126 men who have sex with men [gbMSM], people who have ever injected drugs [PWID], 

127 heterosexual/other, unknown). Note that age, HA of residence and CD4 count were measured at 

128 diagnosis and ART initiation for time Dx-Tx and Tx-Vx analyses, respectively. For Tx-Vx 

129 analysis, additional treatment-related potential confounders, measured at ART initiation, were also 

130 assessed: pVL (continuous in log10 copies/mL) and first-ART class (non-nucleoside reverse 

131 transcriptase inhibitor [NNRTI], protease inhibitor [PI], INSTI, INSTI combined with NNRTI 

132 and/or PI, others).

133 Of note, Vancouver Coastal HA cares for >50% of BC’s PLWH, while Northern is one of 

134 the most remote HAs. CD4 count was the closest measure within a year before diagnosis and ART 
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135 initiation dates, respectively. If unavailable, the closest CD4 count measured within three months 

136 after these dates was chosen. Similar criteria were applied when establishing pVL at ART 

137 initiation. To accommodate differential quantification limits across pVL monitoring assays (33), 

138 values <50 copies/mL received the value 49 copies/mL and values >100,000 copies/mL received 

139 the value 100,010 copies/mL.

140

141 Statistical approach

142 We explored the annual trends in time Dx-Tx and time Tx-Vx during 2005-2016. We also 

143 examined the distribution of the two outcomes pre- and post-STOP, across gender, age, HA of 

144 residence, CD4 count, ethnicity, and HIV acquisition risk groups to account for population 

145 subgroup differences. Lastly, we estimated the relative effects of STOP on time Dx-Tx and time 

146 Tx-Vx, adjusted for confounders.

147 Categorical variables were compared using the Fisher’s exact test or Chi-squared test, and 

148 continuous variables were compared using the Kruskal Wallis test (34). We modelled the 

149 overdispersed time Dx-Tx and time Tx-Vx (i.e., as the number of months, respectively) using a 

150 negative binomial regression model (35). Starting with a full model, confounding variables were 

151 gradually omitted until the change in the coefficient for the main explanatory variable was ≥5% 

152 (36). All p‐values are two‐sided, and the significance level was set at 0.05. Analyses were 

153 performed in SAS version 9.4 (SAS, Cary North CA, USA) and R© version 3.6.0 (R Core Team, 

154 Vienna, Austria).

155

156 Ethics
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157 Linkage and usage of administrative databases were approved and performed by data stewards in 

158 each collaborating agency and facilitated by the BC Ministry of Health. The University of British 

159 Columbia Ethics Review Committee at the St. Paul’s Hospital site provided ethics approval for 

160 this study (H18-02208). This study was conducted using strictly anonymized laboratory and 

161 administrative databases, and thus informed consent was not required. This study complies with 

162 the BC’s Freedom of Information and Protection of Privacy Act.
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163 Results

164 Study population

165 Of the 3301 eligible PLWH diagnosed in BC during 2005-2016, 82% were male, 58% 30-49 years 

166 old, 55% White, 51% Vancouver Coastal HA residents, 38% diagnosed with <350 CD4 cells/µL, 

167 41% gbMSM (Table 1). Those diagnosed pre- and post-STOP (N=1601 [49%] vs. 1700 [51%]) 

168 were significantly different in demographic and clinical characteristics except for ethnicity. Of the 

169 2979 PLWH (90%) who achieved suppression, those who initiated ART pre- and post-STOP 

170 (N=998 [34%] vs. 1981 [66%]) were significantly different except in gender, ethnicity and HA of 

171 residence.

172

173 Time Dx-Tx

174 The median time Dx-Tx substantially declined from 23 months ([25th, 75th percentile [Q1, Q3]: 4, 

175 47) in 2005 to one month (Q1, Q3: 1, 2) in 2016 (Figure 1). The decline in time Dx-Tx pre- and 

176 post-STOP was statistically significant across all population subgroups (Figure 2). Additionally, 

177 post-STOP, the previously observed gaps in time Dx-Tx across age, CD4 count and HIV 

178 acquisition risk groups have narrowed. For instance, pre-STOP, the median time Dx-Tx among 

179 those <30 years old was 20 months longer than those ≥50 years old. Post-STOP, PLWH across 

180 age groups initiated ART within a median of two months. Adjusted for confounder CD4 count at 

181 diagnosis, time Dx-Tx was on average 65% shorter (adjusted mean ratio: 0.35 [95% confidence 

182 interval: 0.32-0.38]) post-STOP.

183

184 Time Tx-Vx
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185 Annual median time Tx-Vx declined from four months (Q1, Q3: 2, 6) in 2005 to one month (Q1, 

186 Q3: 1, 3) in 2016, with PLWH initiating ART during 2007-2013 achieving suppression within a 

187 steady median of three months (Figure 1). The decline in time Tx-Vx pre- and post-STOP was 

188 statistically significant, except among females, Northern HA residents and those initiating ART 

189 with 200-349 CD4 cells/µL (Figure 2). Post-STOP, Northern HA residents and PWID experienced 

190 the longest median time Tx-Vx (4 months [Q1, Q3: 2, 9], respectively). On average, adjusted for 

191 confounders HA of residence, CD4 count at ART initiation, HIV acquisition risk and type of first 

192 ART, STOP was associated with 22% shorter time Tx-Vx (adjusted mean ratio: 0.78 [95% 

193 confidence interval: 0.72-0.85]).
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194 Interpretation

195 Within our universal healthcare setting, a TasP-based intervention was strongly associated with 

196 earlier ART initiation and shorter time to virologic suppression, even when changes in ART 

197 eligibility and first-line ART preferences were adjusted for. Observational studies from the 

198 Netherlands, South Korea, Thailand and New York City also reported a significant decrease in 

199 time Dx-Tx during 2012-2015 (37–40), when international guidelines began to recommend CD4-

200 count-independent rapid ART initiation (41–45). By 2015-2016, however, 75% of PLWH in BC 

201 initiated ART within two months of their diagnosis, compared to 6 months in the aforementioned 

202 jurisdictions (37–40). 

203 While the independent impact of STOP’s in accelerating time Dx-Tx in BC was evident, 

204 the full public benefit of early ART to reduce transmission risk requires a decline in another more 

205 complex time component, namely time from infection to diagnosis. Delayed HIV diagnosis has 

206 previously been observed in one in seven BC’s PLWH, particularly those who were older, 

207 heterosexual, PWID and residing in Northern HA (46). This reality argues for targeted 

208 interventions to improve HIV screening among the identified populations.

209 During our study period, other North American cohort studies also reported shorter time 

210 Tx-Vx (47,48). Others reported faster suppression from the time of diagnosis (49–55), which can 

211 be driven by shorter time Dx-Tx and/or time Tx-Vx. In 2016, BC’s combined median time from 

212 diagnosis to suppression was up to two months faster than the observations in several United States 

213 jurisdictions (53,54). While our annual trends signalled that INSTI-based regimens likely 

214 contributed to the faster decline in time Tx-Vx, our multivariable model corroborated the 

215 independent impact of STOP. 
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216 In the present U=U era, a shortened time to achieve suppression is a critical measure of 

217 HIV care success (56,57). This contention urges population-wide improvements in key risk factors 

218 of virologic suppression, such as removing barriers to ART adherence, reducing substance use and 

219 managing mental health disorders (58–60). While our study demonstrates BC’s remarkable 

220 progress on rapid viral suppression by 2016, further studies should investigate how the coronavirus 

221 disease pandemic may affect this progress. Interrupted healthcare access, medication disruption, 

222 and psychological stress from self-isolation and income loss are among additional challenges faced 

223 by PLWH during this pandemic, threatening progress on the control of  HIV/AIDS (61–64). 

224

225 Limitations

226 First, administrative health data are susceptible to coding errors. We thus used validated case-

227 finding algorithms specifically developed to ascertain HIV diagnosis dates in administrative 

228 datasets. Second, our lack of granular ethnicity data limited our ability to fully assess ethnic 

229 disparities in our outcomes. However, a recent study found no difference in HIV treatment 

230 outcomes between indigenous and non-indigenous PWID in BC (65). Lastly, those recently 

231 diagnosed may achieve virologic suppression after the administrative censoring date of March 31, 

232 2017, and were thus excluded from the time Tx-Vx analysis. Given the high suppression rates, the 

233 impact of this administrative censoring on our findings should be minimal.

234

235 Conclusion

236 Our large population-based study offers empirical evidence of the impact of a TasP-based 

237 intervention in accelerating the progress of BC towards the UNAIDS’ 90-90-90 target. These 

238 findings support the continued expansion of sustainable and equitable TasP-based policy and 
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239 programmatic efforts, targeting underserved and hard-to-reach populations, as key tools to further 

240 reduce AIDS-related morbidity and mortality, as well as HIV transmission, and thus alleviate the 

241 overall global burden of HIV/AIDS.
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Table 1. Characteristics of people living with HIV in British Columbia from 2005-2016 included in the study and in each analysis.

Time Dx-Tx analysis
N=3301

Time Tx-Vx analysis
N=2979

Overall 
N=3301

Pre-STOP 
HIV/AIDS 

N=1601

Post STOP 
HIV/AIDS 

N=1700

Pre-STOP 
HIV/AIDS 

N=998

Post STOP 
HIV/AIDS 

N=1981
Sociodemographic and clinical factors

N (%) N (%) N (%)

p-value

N (%) N (%)

p-value

< 30 719 (22) 320 (45) 399 (55) 126 (23) 421 (77)
30-39 977 (30) 488 (50) 489 (50) 302 (34) 575 (66)
40-49 929 (28) 493 (53) 436 (47) 323 (37) 560 (63)

Age†

(years)

≥ 50 676 (20) 300 (44) 376 (56)

0.0005
 

247 (37) 425 (63)

<0.0001
 

Female 582 (18) 308 (53) 274 (47) 175 (35) 328 (65)Gender
Male 2719 (82) 1293 (48) 1426 (52)

0.0187
 823 (33) 1653 (67)

 0.5013

White 1831 (55) 893 (49) 938 (51) 581 (35) 1074 (65)
Non-White 921 (28) 422 (46) 499 (54) 251 (30) 574 (70)

Ethnicity

Unknown 549 (17) 286 (52) 263 (48)

0.0626
 

166 (33) 333 (67)

 0.0662

Fraser 787 (24) 348 (44) 439 (56) 240 (33) 496 (67)
Interior 215 (7) 104 (48) 111 (52) 59 (33) 121 (67)

Northern 190 (6) 99 (52) 91 (48) 50 (33) 100 (67)
Vancouver Coastal 1690 (51) 824 (49) 866 (51) 536 (34) 1038 (66)
Vancouver Island 366 (11) 192 (52) 174 (48) 109 (34) 207 (66)

Health 
authority†  

Unknown 53 (2) 34 (64) 19 (36)

0.0138
 

<5 (17) 19 (83)

 0.6474

≥350 1259 (38) 427 (34) 832 (66) 192 (16) 1022 (84)
 200-349 530 (16) 225 (42) 305 (58) 336 (42) 463 (58)

<200 724 (22) 340 (47) 384 (53) 461 (49) 482 (51)

CD4 count† 
(cells/µL)

Not measured 788 (24) 609 (77) 179 (23)

<0.0001
 

9 (39) 14 (61)

<0.0001
 

gbMSM 1359 (41) 562 (41) 797 (59) 357 (28) 913 (72)
PWID 733 (22) 474 (65) 259 (35) 276 (44) 351 (56)

Heterosexual/Other 834 (25) 382 (46) 452 (54) 259 (35) 488 (65)

HIV 
acquisition 
risk

Unknown 375 (11) 183 (49) 192 (51)

<0.0001
 

106 (32) 229 (68)

<0.0001
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Confidential

Note: Q1-Q3: 25th-75th percentiles; Time Dx-Tx: time from HIV diagnosis to ART initiation; Time Tx-Vx: time from ART initiation 

to viral suppression; gbMSM: gay, bisexual and other men who have sex with men; PWID: people with history of injection drug use; †: 

Variables were measured at the time of HIV diagnosis (for overall and time Dx-Tx analysis) or at ART initiation (for time Tx-Vx 

analysis); ‡: All participants in time Tx-Vx analysis were virologically suppressed; §: Variables were only measured at the time of ART 

initiation. For time Dx-Tx analysis, CD4 count was the only selected as confounder; for time Tx-Vx analysis, selected confounders 

included health authority, CD4 count, HIV acquisition risk and ART type.

No 322 (10) 138 (43) 184 (57)Suppressed 
eventually Yes 2979 (90) 1463 (49) 1516 (51)

0.0329
 

Not applicable‡

INSTI 5 (1) 365 (99)
NNRTI 405 (38) 675 (63)

PI 584 (41) 852 (59)
INSTI + (PI and/or NNRTI) <5 (5) 82 (95)

ART type†

Other

Not 
applicable§

Not 
applicable§ 

0 (0) 7 (100)

<0.0001

Viral load† Median (Q1, Q3) 
in log10 copies/mL

Not 
applicable§

Not 
applicable§ 

4.92 
(4.40, 5.00)

4.78 
(4.24, 5.00)

<0.0001
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Figure 1. The distribution of time from HIV diagnosis to ART initiation and from HIV ART 

initiation to viral suppression (measured in months) among people living with HIV in British 

Columbia from 2005-2016.

Note: Dx: HIV diagnosis; Tx: ART initiation; Vx: viral suppression. PLWH: people living with 

HIV 
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Figure 2. The distribution of time from HIV diagnosis to ART initiation and from ART initiation to viral suppression (measured in 

months) before and after STOP HIV/AIDS roll-out, stratified by selected demographic and clinical characteristics.
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Note: Dx: HIV diagnosis; Tx: ART initiation; Vx: Viral suppression; North: Northern Health Authority; Coastal: Vancouver Coastal; 

Island: Vancouver Island. *Age, CD4 level and health authority of residence were measured at HIV diagnosis for time Dx-Tx and at 

ART initiation for the Tx-Vx, respectively. #Analyses for the unknown group is not shown. Time is in months, presented as median 

(25th percentile, 75th percentile). N/S: The difference in time before and after STOP HIV/AIDS was NOT statistically significant (p-

value>0.05).
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