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Flow Cytometry Panels

· T cell activation panel:  CD25 (3G10)-PE (clone 3G10, Miltenyi), CD38-PE-Vio770 (clone IB6, Miltenyi), CD69-FITC (clone FN50, Miltenyi) and HLA-DR-PerCP (clone AC122, Miltenyi). 

· T cell exhaustion panel: Lag-3-PerCP-eFluor®710 (clone 3DS223H, eBioscience), PD-1-PE-Cyanine7 (clone eBioJ105, eBioscience) and Rat anti-Human Tim-3 PE-conjugated (clone 344823, R&Dsystems). 

· Anchor markers: CD3-eFluor®450 (clone UCHT1, eBioscience), CD4 (VIT4)-VioGreen (clone VIT4, Miltenyi), CD8-APC (clone BW135/80, Miltenyi) and a LIVE/DEAD™ Fixable Near-IR Stain marker. 

· Cells were run on a MACSQuant® (Miltenyi, Bergisch Gladbach, Germany) and analysed with FlowJO software Version 10.0.7 or 10.8.0r1 (Treestar, Ashland, Oregon, USA). The gating strategy is presented in Figure S4. Fluorescence Minus One controls were used for each activation and exhaustion marker.

Ethics Statement

The SPARTAC trial was approved by the following authorities: Medicines and Healthcare products Regulatory Agency (UK), Ministry of Health (Brazil), Irish Medicines Board (Ireland), Medicines Control Council (South Africa), and the Uganda National Council for Science and Technology (Uganda). It was also approved by the following ethics committees in the participating countries: Central London Research Ethics Committee (UK), Hospital Universitário Clementino Fraga Filho Ethics in Research Committee (Brazil), Clinical Research and Ethics Committee of Hospital Clinic in the province of Barcelona (Spain), The Adelaide and Meath Hospital Research Ethics Committee (Ireland), University of Witwatersrand Human Research Ethics Committee, University of Kwazulu-Natal Research Ethics Committee and University of Cape Town Research Ethics Committee (South Africa), Uganda Virus Research Institute Science and ethics committee (Uganda), The Prince Charles Hospital Human Research Ethics Committee and St Vincent's Hospital Human Research Ethics Committee (Australia), and the National Institute for Infectious Diseases Lazzaro Spallanzani, Institute Hospital and the Medical Research Ethics Committee, and the ethical committee Of the Central Foundation of San Raffaele, MonteTabor (Italy). HEATHER (‘HIV Reservoir targeting with Early Antiretroviral Therapy’) was approved by the West Midlands – South Birmingham Research Ethics Committee reference 14/WM/1104. Ethical approvals include use of samples for the studies described. All samples were analysed anonymously.

S1 Figure. CONSORT Flow Diagram.
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ART: Antiretroviral therapy; pVL: plasma viral load; TI: treatment interruption.

* Investigators ST et al. N Engl J Med. 2013

** Williams et al. Elife 2014

*** Patients who received > 46 full weeks of ART but presented with a pVL blip at TI were included in the TI sub-cohort

S2 Figure. Comparison within the African cohort of baseline and TI characteristics of reservoir-associated markers in the 22 patients undergoing 48 full weeks of ART.

[image: image2.png]CD4 T cell count

(cells/pL)

L_] Baseline
[ ART interruption

e

Baseline ART Total Integrated
interruption HIV DNA HIV DNA




Reservoir-associated markers were compared within the African cohort at baseline (open boxes) and ART interruption (grey boxes) for the 22 participants undergoing 48 full weeks of ART (see flow chart in S1 Figure. CD4 T cell count (A), total and integrated HIV DNA (B) studied. Comparisons were performed using non-parametric Wilcoxon signed-rank test.

*** p < 0.001

S3 Figure. Correlation between HIV-1 DNA and reservoir-associated markers in the African cohort.
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At baseline (A) and ART interruption (B), correlation between total HIV DNA (n = 82 at baseline, n = 22 at TI) and integrated HIV DNA (n = 54 at baseline, n = 22 at TI) (A and B) were studied, as well as correlation between HIV DNA and CD4 T cell count at TI (open dots and black dots respectively for total and integrated HIV DNA) (C). Associations between markers were tested using Spearman correlations.

S4 Figure. Gating strategy.
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Lymphocytes from thawed PBMCs were first gated according to forward and side scatter signals. Doublets and non viable cells were then excluded. CD4 T cells and CD8 T cells were defined first on CD3 and CD4 expression, secondly by CD8 expression. CD4 and CD8 T cells expressing activation (CD25, CD38, CD69, HLA-DR) and exhaustion (PD-1, Lag-3, Tim-3) markers were eventually quantified thanks to the use of Fluorescence Minus One controls. 

S1 Table. Biomarkers associated with total HIV DNA in the African cohort at baseline and ART interruption.

	
	Baseline

(n = 70)
	ART interruption

(n = 18)

	Variable
	Simple linear model
(β; s.e.; P value) *
	Multivariable 

regression model 

(β; s.e.; P value) *
	Simple linear model
(β; s.e.; P value) *
	Multivariable regression model 

(β; s.e.; P value) *

	CD8+ CD38+
	0.013; 0.004; 0.001
	0.006; 0.004; 0.102
	0.001; 0.004; 0.756
	-

	CD4+ Lag3+
	0.308; 0.106; 0.005
	0.203; 0.093; 0.033
	0.311; 0.150; 0.054
	0.404; 0.118; 0.004


	CD4+ Tim3+
	0.052; 0.023; 0.030
	-
	0.001; 0.030; 0.976
	-

	CD4+ PD1+
	0.009; 0.006; 0.108
	-
	0.013; 0.006; 0.036
	-

	CD8+ PD1+
	0.004; 0.004; 0.270
	-
	0.007; 0.004; 0.171
	-

	CD4+ HLA-DR+
	0.031; 0.018; 0.090
	-
	0.026; 0.020; 0.222
	-

	CD8+ HLA-DR+
	0.007; 0.004; 0.124
	-
	0.009; 0.008; 0.293
	-

	CD8+ Lag3+
	0.100; 0.056; 0.080
	-
	0.067; 0.045; 0.153
	-

	CD4+ CD25+
	0.0029; 0.005; 0.592
	-
	0.004; 0.005; 0.423
	-

	CD4+ CD38+
	-0.0022; 0.004; 0.598
	-
	-0.003; 0.005; 0.534
	-

	CD4+ CD69+
	0.074; 0.043; 0.086
	-
	0.166; 0.078; 0.049
	0.214; 0.062; 0.004

	CD8+ CD25+
	-0.134; 0.116; 0.253
	-
	0.050; 0.062; 0.429
	-

	CD8+ CD69+
	0.044; 0.031; 0.163
	-
	0.111; 0.058; 0.075
	-

	CD8+ Tim3+
	0.005; 0.010; 0.603
	-
	-0.001; 0.001; 0.923
	-

	CD4 T cell count
	-0.112; 0.019; <0.001
	-0.081; 0.023; <0.001
	-0.044; 0.026; 0.106
	-

	Plasma viral load
	0.220; 0.045; <0.001
	0.104; 0.050; 0.043
	-
	-


In each model, log10 HIV DNA was the dependent variable. Variables with P< 0.2 in simple linear models were tested with backward selection (exit criteria P< 0.1), to identify which to include in the multivariable model. *β, regression coefficients; s.e. standard error.
S2 Table. Prediction of clinical progression in the African cohort at baseline.

	
	Univariable Cox model
	Multivariable Cox model

	
	P value
	HR (CI95%)
	P value
	HR (CI95%)

	Total HIV DNA
(increase of 1 log10 copies/million CD4 T-cells)
	0.001
	5.38 (1.95 – 14.79)
	0.999
	0.99 (0.13 – 7.94)

	Integrated HIV DNA
(increase of 1 log10 copies/million CD4 T-cells)
	0.028
	6.11 (1.22 – 30.64)
	0.858
	0.78 (0.05 – 12.24)

	Plasma viral load

(increase of 1 log10 RNA copies/mL)
	< 0.001
	1.99 (1.35 – 2.94)
	0.768
	1.11 (0.54 – 2.28)

	CD4 T cell count

(increase of 100 cells/µL)
	< 0.001
	0.34 (0.24 – 0.48)
	< 0.001
	0.47 (0.28 – 0.66)


Univariable and multivariable Cox regression models were used to identify predictive markers of disease progression at pre-therapy baseline in patients in primary HIV infection. Primary endpoint in SPARTAC trial was a composite of CD4 T cell count of 350 cells/µL or initiation of long-term ART.

As the analyses were done on samples from patients randomised in the SOC arm (n=38) and ART48 arm (n=44), each variable was adjusted on ART duration in both univariable and multivariable cox models. Co-variables analysed were baseline total and integrated HIV DNA, plasma viral load and CD4 T cell count. Results are presented as hazard ratio (CI95%) and P value. 

S3 Table. Association of T cell exhaustion and activation markers with clinical progression in the African cohort at baseline. 

	
	Univariable Cox model
	Multivariable Cox model

	
	P value
	HR (CI95%)
	P value
	HR (CI95%)

	CD4 T cell activation markers
(% of CD4 T cells)
	CD25
	0.374
	1.02 (0.98 – 1.06)
	-
	-

	
	CD38
	0.008
	0.96 (0.93 – 0.98)
	0.086
	0.97 (0.94 -1.00)

	
	CD69
	0.011
	1.47 (1.09 – 1.97)
	0.068
	1.34 (0.98-1.82)

	
	HLA-DR
	0.203
	1.09 (0.95 – 1.25)
	-
	-

	CD8 T cell activation markers
(% of CD8 T cells)
	CD25
	0.748
	1.15 (0.49 – 2.66)
	-
	-

	
	CD38
	0.419
	1.01 (0.98 – 1.05)
	-
	-

	
	CD69
	0.127
	1.19 (0.95 – 1.50)
	-
	-

	
	HLA-DR
	0.740
	0.99 (0.96 – 1.03)
	-
	-

	CD4 T cell exhaustion markers
(% of CD4 T cells)
	Lag3
	0.888
	1.06 (0.47 – 2.41)
	-
	-

	
	PD1
	0.345
	1.02 (0.98 – 1.06)
	-
	-

	
	Tim3
	0.682
	1.04 (0.87 – 1.24)
	-
	-

	CD8 T cell exhaustion markers
(% of CD8 T cells)
	Lag3
	0.377
	0.81 (0.50 – 1.30)
	-
	-

	
	PD1
	0.676
	1.01 (0.98 – 1.03)
	-
	-

	
	Tim3
	0.045
	0.91 (0.83 – 1.00)
	0.326
	0.96 (0.88-1.04)


Univariable and multivariable Cox regression models were used to identify immunological predictive markers of disease progression at pre-therapy baseline in patients in primary HIV infection from the African cohort (n = 70). Primary endpoint in SPARTAC trial was a composite of CD4 T cell count of 350 cells/µL or initiation of long-term ART. As the analyses were done on samples from patients randomised in the SOC arm (n=32) and ART48 arm (n=38), each variable was adjusted on ART duration in both univariable and multivariable cox models. Results are presented as hazard ratio (CI95%) and P value. 

S4 Table. Prediction of clinical progression in the African cohort at ART interruption.

	
	Univariable Cox model

	
	P value
	HR (CI95%)

	Total HIV-1 DNA (increase of 1 log10 copies/million CD4 T-cells)
	0.475
	2.58 (0.19 – 34.69)

	Integrated HIV-1 DNA (increase of 1 log10 copies/million CD4 T-cells)
	0.120
	10.2 (0.55 – 190.5)

	CD4+ T-cell count (increase of 100 cells/µL)
	0.090
	0.71 (0.48 – 1.05)

	CD4+ T cell activation markers
(% of CD4+ T-cells)
	CD25
	0.372
	1.03 (0.96-1.10)

	
	CD38
	0.593
	0.98 (0.91-1.05)

	
	CD69
	0.330
	0.27 (0.02-3.78)

	
	HLA-DR
	0.109
	1.26 (0.95-1.67)

	CD8+ T cell activation markers
(% of CD8+ T-cells)
	CD25
	0.433
	1.36 (0.63-2.90)

	
	CD38
	0.461
	1.03 (0.96-1.10)

	
	CD69
	0.553
	0.71 (0.23-2.18)

	
	HLA-DR
	0.251
	1.07 (0.95-1.21)

	CD4+ T cell exhaustion markers
(% of CD4+ T-cells)
	Lag3
	0.295
	3.63 (0.33-40.44)

	
	PD1
	0.089
	1.08 (0.99-1.19)

	
	Tim3
	0.650
	0.90 (0.56-1.44)

	CD8+ T cell exhaustion markers
(% of CD8+ T-cells)
	Lag3
	0.448
	1.27 (0.69-2.34)

	
	PD1
	0.077
	1.06 (0.99-1.13)

	
	Tim3
	0.384
	0.93 (0.80-1.09)


Univariable Cox models were used to identify predictive markers of disease progression when measured at TI in patients in primary HIV infection from the African cohort. Primary endpoint in SPARTAC trial was a composite of CD4 T cell count of 350 cells/µL or initiation of long-term ART. Variable studied were reservoir-associated markers (n = 22) such as total HIV DNA, integrated HIV DNA and CD4 T cell count, and T cell activation and exhaustion markers (n = 18). Results are presented as hazard ratio (CI95%) and P value.

S5 Table. Association of T cell activation and exhaustion markers with time to viral rebound in the African cohort.

	
	Univariable Cox models

	
	Baseline
	ART interruption

	
	P value
	HR (CI95%)
	P value
	HR (CI95%)

	CD4 T cell activation markers
(% of CD4 T cells)
	CD25
	0.966
	1.00 (0.94 – 1.07)
	0.606
	1.02 (0.96 – 1.08)

	
	CD38
	0.943
	1.00 (0.95 – 1.05)
	0.316
	0.97 (0.91 – 1.03)

	
	CD69
	0.159
	1.36 (0.89 – 2.08)
	0.675
	1.16 (0.58 – 2.33)

	
	HLA-DR
	0.495
	1.06 (0.89 – 1.26)
	0.823
	1.02 (0.87 – 1.21)

	CD8 T cell activation markers
(% of CD8 T cells)
	CD25
	0.619
	1.31 (0.45 – 3.81)
	0.231
	1.44 (0.79 -2.60)

	
	CD38
	0.476
	1.02 (0.97 – 1.06)
	0.666
	1.01 (0.97 – 1.05)

	
	CD69
	0.262
	1.34 (0.80 – 2.23)
	0.535
	1.18 (0.70 – 2.00)

	
	HLA-DR
	0.615
	1.01 (0.97 – 1.06)
	0.885
	0.99 (0.93 – 1.07)

	CD4 T cell exhaustion markers
(% of CD4 T cells)
	Lag3
	0.973
	0.98 (0.23 – 4.19)
	0.973
	0.98 (0.23 – 4.19)

	
	PD1
	0.555
	1.01 (0.98 – 1.07)
	0.555
	1.01 (0.98 – 1.07)

	
	Tim3
	0.812
	0.96 (0.69 – 1.34)
	0.812
	0.96 (0.69 – 1.34)

	CD8 T cell exhaustion markers
(% of CD8 T cells)
	Lag3
	0.461
	1.21 (0.73 – 2.01)
	0.556
	1.12 (0.76 – 1.66)

	
	PD1
	0.271
	1.02 (0.98 – 1.07)
	0.305
	1.02 (0.98 – 1.06)

	
	Tim3
	0.448
	1.07 (0.90 – 1.26)
	0.813
	0.99 (0.88 – 1.10)


Univariable Cox models were used to identify markers predicting time to viral rebound at pre-therapy baseline and ART interruption in the African SPARTAC cohort (n=18). Virological failure was defined as two consecutive measurements of plasma viral load above 400 copies/mL. Results are presented as hazard ratio (CI95%) and P value.

S6 Table. Prediction of time to virological failure in SPARTAC at TI.

	
	Univariate Cox model
	Multivariate Cox model

	
	P value
	HR (CI95%)
	P value
	HR (CI95%)

	Cohort

(African versus non-African)
	<0.001
	0.29 (0.15-0.57)
	<0.001
	0.24 (0.12-0.50)

	Total HIV DNA
(increase of 1 log10 copies/million CD4 T-cells)
	0.082
	1.71 (0.93-3.14)
	0.105
	2.23 (0.85-5.86)

	Integrated HIV DNA
(increase of 1 log10 copies/million CD4 T-cells)
	0.0126
	2.17 (1.18-3.99)
	0.979
	1.01 (0.38-2.70)

	CD4 T-cell count
(increase of 100 cells/µL)
	0.232
	0.95 (0.87-1.04)
	-
	-


Data measured at ART interruption in patients from the African cohort (n = 22) and the UK cohort (n = 44) were combined. Univariable and multivariable Cox regression models were used to identify TI markers predicting time to viral rebound. Time to virological failure was defined as the first of two consecutive values of plasma viral load above 400 copies per mL. Results are presented as hazard ratio (CI95%) and P value. 

S7 Table. HLA typing of the 5 sustained controllers from the African cohort.

	Patient #
	HLA-A
	HLA-A
	HLA-B
	HLA-B
	HLA-C
	HLA-C

	1
	*03:01
	*01:01
	*45:01
	*81:01
	*16:01
	*18:01

	2
	*23:01
	*23:01
	*07:02
	*39:10
	*07:02
	*17:01

	3
	*02:05
	*74:01
	*08:01
	*15:03
	*02:10
	*02:17

	4
	*03:01
	*03:01
	*15:03
	*49:01
	*02:10
	*07:01

	5
	*01:01
	*74:01
	*35:01
	*81:01
	*04:01
	*18:01


HLA-type was analysed in the sustained controllers in order to highlight potential disease-susceptible or protective alleles. B*58:02 and B*18:01 were the disease-susceptible alleles studied in clade C HIV-1 infection. B*57:02, B*57:03, B*81:01 and B*58:01 were the protective alleles studied in C clade HIV-1 infection.

