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baseline and rebound so expected direction of change for each gene/protein was determined by the direction of
change in that analysis. Therefore, within each set, genes/proteins expected to be downregulated had their expression
values sign inverted (multiplied by -1), whereas genes/proteins with expected upregulation contributed to expression
values unchanged. Expression score was then defined as the mean of all values per sample for a given gene/proteins
set. Thus, expression scores represent a single aggregate activity measurement per set per sample. To compare trends
in expression/abundance over time between participants, we calculated a participant normalized expression score. In
this case, before averaging, values were normalized within-participant by z-scoring each value relative to that
participant’s own distribution: the participant-specific mean was subtracted from each value and divided by the
participant-specific standard deviation, yielding standardized values with mean = 0 and unit variance within

participant.
A4, HAH-L 480/, 8L

We used standard python modules for modeling expression scores. To assess if an expression score could predict
how far a given timepoint was from rebound, we used Pymer4 (v0.8.2) and Statsmodel (mixedlm, v0.14.2) for
mixed-effects modeling, with all predictors entered as fixed effects and participant ID specified as a random
intercept to model between-subject baseline variability. Conditional R? was used to measure model goodness-of-fit

which accounts variance explained for by both fixed and random effects of the model®

. To capture the initial
rebound trajectory, timepoints for mixed effects modeling were bounded from 40 days prior and 10 days post

rebound.

Breakpoint modeling was calculated using pwlf (v2.5.1) python library specifying 2 segments without pre-
determining breakpoint. The package identifies breakpoint locations using optimizations to minimize the sum of

squares errofr.
1= (AF (P-4

Statistical analyses were primarily performed in Python using standard packages Scikit-learn (v1.5.1), SciPy
(v1.14.0), and Statsmodel (v0.14.2). Additionally standard data processing packages such as Numpy (v1.26.4) and
Pandas (v2.2.2) were used in analysis. Mann-Whitney U tests and Wilcoxon tests used the median value per
participant per rebound stage to handle unequal number of samples. Adjusted p-values represent Benjamini-

Hochberg (FDR-BH) corrected p-values for multiple hypothesis testing.
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Extended Data Fig. 1: Viral load and sampling from Participants 101-203. Viral load curves by participant,
points represent ATI stage: B=Baseline, W=ART washout, D=Distal, P=Proximal, R=Rebound, C=Rebound-Control
(samples not used in analysis), S=Follow-up. Dotted grey line at rebound threshold of 200 copies/ml, green
background shading indicates ART. Samples used in analysis are annotated below the viral load plot. Black triangle
(') above viral load point represents baseline FNA.
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Extended Data Fig. 2: Viral load and sampling from Participants 204-203. Viral load curves by participant,
points represent ATI stage: B=Baseline, W=ART washout, D=Distal, P=Proximal, R=Rebound, C=Rebound-Control
(samples not used in analysis), S=Follow-up. Dotted grey line at rebound threshold of 200 copies/ml, green
background shading indicates ART. Samples used in analysis are annotated below the viral load plot. Black triangle
(') above viral load point represents baseline FNA.
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Extended Data Figure 3: Correlation between participant characteristics. Heatmap of Spearman correlation
coefficients between participant characteristics. Color indicates correlation coefficient; significant coefficients are
displayed on corresponding square. ¥ FDR<0.05, ** FDR<0.01, *** FDR<0.001
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664  Extended Data Fig. 4: IFN-al abundance association with viral load in REBOUND participants. Viral load
665 curves for each REBOUND participant (grey lines, triangles, right axis) overlayed with IFN-a1 abundance (colored
666 lines, circles, left axis). Grey shading indicates ART. ATI day O indicates the first day of the ATI.
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668  Extended Data Fig. 5: Participant-specific linear mixed effects models associated with time to rebound. Model
669 characteristics of participant-specific linear mixed effects models associating time to rebound with ERRP/Protein
670  score (a,b,c) and soluble protein score (d,e,f). (a,d) Forest plots showing the fixed-effect coefficients for the

671 measured variable and intercept with 95% confidence intervals. (b,e) Lollipop plots showing the distribution of
672 random intercepts across participants used in modelling, reflecting inter-participant variability. Lines colored by
673  participant’s controller type. (¢,f) Model predicted relationship between prediction (ERRP Score/Protein Score, x-
674 axis) and response (Days from Rebound, y-axis). Gray points represent observed data, thick black line indicates
675 population-level fixed effects. Thin multi-colored dashed lines show participant-level predictions with shared slopes
676  and varying intercepts.
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678  Extended Data Fig. 6: Viral loads of rebound stage timepoints between VC and NC. Viral loads of rebound
679 stage timepoints used for analysis compared between VC (left) and NC (right). p-value from two-sided Mann-
680  Whitney U test.
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682  Extended Data Fig. 7: Flow Cytometry gating strategy for myeloid cell panel.
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684  Extended Data Fig. 8: Flow Cytometry gating strategy for T cell panel.
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686  Extended Data Fig. 9: CyTOF gating strategy for T cell panel.
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Extended Data Table 1
REBOUND Cohort Participants

. Overall Non-Controllers Viremic Controllers
Variable
N=20 N=13 N=7
Age at Study Consent (years) 59.5 (32-75) 63 (41-75) 56 (32-69)
Gender
Cis man 15 (75%) 9 (69%) 6 (86%)
Cis woman 2 (10%) 1 (8%) 1 (14%)
Trans woman 2 (10%) 2 (16%) -
Non-binary 1 (5%) 1 (8%) -
Race
White 14 (70%) 8 (62%) 6 (86%)
African American or Black 3 (15%) 2 (15%) 1 (14%)
Mixed Race 1 (5%) 1 (8%) -
Unknown/Not Reported/Declined to Answer 2 (10%) 2 (15%) -
Ethnicity
Hispanic or Latino 3 (15%) 3 (23%) -
Viral Subtype
Subtype B 19 (95%) 13 (100%) 6 (86%)
Subtype AE 1 (5%) - 1 (14%)
Years from HIV acquisition to ART start 4.9 5.0 (0.02-16.7) 4.8 (1.7-23.6)
Years on ART prior to ATI 13.5 18.9 (4.9-26.7) 8.2 (1.6-17.0)
211 400
CD4" T Cell Nadir 294.5 (29-836) (249-1114)
Median pre-ART Viral Load (copies/ml) 8624 102
(120-27000) * (ND-1742)

GUPM (Gag units per million CD4" T cells) 181.4
Rebound Slope (logio(copies/ml) per day) 0.27

Days to Rebound (200 copies/ml)

21.5

Results displayed as: median (minimum-maximum)

ND = Not Detected

472.6 (0.0-1124.5)
0.31 (0.18-0.85)
17 (7-38)

31.4 (0.0-178.7)
0.13 (0.08-0.27)
40 (17-83)

* Median pre-ART viral load not known for 6 NC participants, NC with median pre-ART VL=120 was acutely
treated and excluded from median calculation
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Extended Data Table 2: Gene Set Terms

Gene Set Name Source GO1ID Figure Legend Name Figures Used
Defense Response To Virus GO:BP 2023 GO:0051607  Defense Response to Virus 4e, 5c
Pattern R ition Recept
atter Recognitionl Beceptor GO:BP2023  G0:0002221  PRR Signaling Pathway 2b, 2¢, 4e, 5c
Signaling Pathway
Response To Interferon-Alpha GO:BP 2023 GO:0035455  Response to IFN-a 4e, 5c
Response To Interferon-Beta GO:BP 2023 GO0:0035456  Response to IFN-8 4e, 5c
Response To Type II Interferon GO:BP 2023 GO:0034341  Response to Type II IFN 2b, 2c¢, 4e, Sc
Phagocytosis GO:BP 2023 GO:0006909  Phagocytosis 4e, 5c
B Cell Mediated Immunity GO:BP 2023 GO0:0019724 B Cell Mediated Immunity 4e, 5c
Regulati f Regulatory T Cell
cgulation Of Regulatory T Ce GO:BP2023  GO:0045589  Regulation of Treg Differentiation de, 5¢
Differentiation
formi th
Response To Transforming Growth ) pp 073 600071559 Response to TGF-B de, 5c
Factor Beta
Positive Regulation Of Phagocytosis GO:BP 2023 GO0:0050766  Positive Regulation of Phagocytosis 2a
Inflammatory Response GO:BP 2023 GO0:0006954  Inflammatory Response 2b, 2¢
oy . . oy tion of Chemoki
Posmve. Regulation Of Chemokine GO-BP 2023 GO-0032722 Posmve. Regulation of Chemokine 2b. 2v
Production Production
Regulation Of Cell Cycle Process GO:BP 2023 GO0:0010564  Regulation of Cell Cycle Process 2b, 2v
DNA-templated DNA Replication GO:BP 2023 GO:0006261  DNA-Templated DNA Replication 2b
Cytoplasmic Translation GO:BP 2023 GO0:0002181  Cytoplasmic Translation 2b, 2¢
Negative Regulation Of Viral Process GO:BP 2023 GO0:0048525  Negative Regulation of Viral Process 2c
. KEGG 2021 )
Complement and coagulation cascades - Complement and Coagulation 2b, 2v, 4e, 5c
(Human)
2021 .
Neutrophil extracellular trap formation KEGG 20 - Neutrophil Extracellular Trap 4e, 5c
(Human)
ill 11 iat KEGG 2021
Naturallkll er cell mediated GG 20 - NK Cell Mediated Cytotoxicity 4e, 5c
cytotoxicity (Human)
KEGG 2021 . . .
Antigen processing and presentation Antigen Processing and Presentation 4e, 5c
(Human)
Li et al. 2019%7
- (Fig2C)Lietal. - Cytotoxic CD8 Activity 4e, 5c
20197 (Fig 2C)
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