
Supplementary Note: Protein- and allele-specific adaptation 

The aim of the adaptation framework introduced here is to reduce the high-dimensional space of immune escape to a 

single dimension: the adaptation score. While this reduction in complexity enables an intuitive interpretation, and 

statistical exploration, of HLA-mediated escape, it necessarily loses information. It is thus natural to restore some 

complexity by focusing on different components of the adaptation score in an effort to address specific scientific 

questions. In this work, we consider three such components: HLA allele specific adaptation, HLA locus-specific 

adaptation, and HIV protein-specific adaptation.  

Because adaptation with respect to an individual’s HLA profile is simply the arithmetic mean of allele-specific adaptation, 

the first two are straightforward extensions. In analyses where allele-specific effects are the primary outcome, there are 

thus no direct statistical concerns (though see below). With respect to locus-specific adaptation, we approached all 

analyses from the standpoint that overall adaptation is the primary measure of interest. Although there is ample evidence 

in the literature that HLA-B is the primary locus linked with control (and progression), the underlying mechanism is 

unknown, and there is evidence that HLA-A and -C restricted responses play a role as well. We thus consider locus-

specific effects to be secondary analyses. We report these results in supplementary figures and tables, but do not discuss 

them at length in the text and note that any effects are subject to the usual caveats of post hoc analyses. The one exception 

is the heritability analysis, which was the final analysis undertaken, and thus had the benefit of the observation that HLA-

B adaptation was consistently the most important locus in all of the previous analyses. This observation, combined with 

prior reports on the Zambian dataset that HLA-B sharing among linked partners was associated with elevated VL in the 

recipient, led us to treat HLA B-similarity as the primary analysis. However, we note that overall similarity showed the 

same trend (Heritability = 7% (95% CI: -15–28%), 15% (-6–37%), 25% (-5–55%) when stratified by tertile), though the 

interaction effect was not statistically significant (P = 0.2).  

Protein specific adaptation is more problematic. While we present these results in the Supplementary material for the 

interested reader, we caution against direct interpretation without additional follow up experiments. At issue is the way in 

which the model is trained. The effect size that the model estimates for each escape substitution is roughly the comparison 

of the frequency of the amino acid in individuals with the HLA compared to those without. If escape or reversion 

dynamics differ among proteins (we previously reported substantially slower reversion rates in Pol over all non-consensus 

variants; Table S2 in Ref. 9), then the model-estimated effect sizes will be systematically different from protein to protein. 

Indeed, hints of this may be observed in Supplementary Figure 2b, where Pol has substantially higher autologous 

adaptation (to the donor) and lower heterologous adaptation (here, shown as transmitted adaptation to the new host), and 

shows very different trends over the first two years of infection. Whether these differences in model-estimated effect sizes 

are immunologically meaningful is unclear. Given prior work that has highlighted the relative importance of Gag-specific 

CTL responses (e.g., Ref. 40), we are inclined to dismiss as model artifact the observation that Pol-specific adaptation is 

consistently the strongest predictor of all outcomes studied here. However, we remain open to the possibility that this is a 

biologically relevant observation, and have thus elected to present these results in the Supplementary Material and intend 

to continue to explore this observation in future work. 

Finally, it is worth noting that some HLA alleles are associated with a higher number of escape mutations in some 

proteins than in others (see association lists in the Supplementary Data file). While this difference may be due to chance, 

any protein-specific biases induced on the model will thus manifest themselves within allele-specific adaptation. While 

this is of potential concern, we do not see evidence that this biases our results. For example, in Figure 2b, autologous 

adaptation eliminated control associated with all alleles tested, which included alleles such as B*81:01 (24/41, 59%, of 

associations in Gag) and B*44:03 (51/79, 65%, of associations in Pol). Similarly, in Fig. 4a, because overall circulating 

adaptation was lowest in Pol, protein-specific biases would cause us to overestimate the reported effect if alleles 

preferentially targeting Pol were most likely to be protective. In fact, the majority of protective alleles preferentially target 

Gag (or have no clear preference), and the allele with the lowest circulating adaptation is B*57:03, with 29/53 (55%) of 

associations in Gag. 
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Supplementary Figure 1. Schematic of datasets used for each analysis. Throughout the work, we refer to each dataset by the name or 
location, whichever is most specific. See methods for further details. Unless otherwise specified, all data are from cross-sectional samples.
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foryautoregressionymodelsyinywhichytheyendypointyisyVLyTleft9yoryautologousyadaptationyTright9-yInyeachymodelCytheytargetyvariabley
fromytheypreviousytwoytimeypointsyisyincludedyasyindependentyvariables-yBoldCytheyprimaryyendypointyofytheyanalysis:yautologousy
adaptationyasyaypredictoryofyVLyTleft9yoryVLyasyaypredictoryofyautologousyadaptationyTright9Cyatytheypreviousytimeypoint-yItalicsCy
randomyeffects-yInfectionyyearCybinaryyfixedyeffectyaroundytheymedian-yNCytotalynumberyofyobservedyendypointsCyovery77ysubjects-y
Allycontinuousyvariablesywereystandardizedytoymakeyeffectysizesycomparable-yTotalyvarianceyexplainedyisysubstantiallyymoreythany
theysumyofytheycomponentsydueytoyhighycovarianceyamongytheylaggedyVLyandyadaptationyvariables-yTb,c9yTheyeffectysizesyandy95jy
CIyareyshownyforytheyVLyTb9yandyAdaptationyTc9ydependentyvariables-yBlueyTleftycluster9CyprimaryyanalysisyasyshownyinyTa9-yRedy
Tmiddleycluster9CysubstitutionyofyAdaptationyvariablesyforylocusRspecificyadaptation-yGreenyTrightycluster9Cysubstitutionyofy
AdaptationyvariablesyforyproteinRspecificyadaptation-y
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Supplementary Figure S8. Circulating adaptation and allele-specific effects on VL and CD4 counts.BCirculatingBadaptationBexplainsB
relativeBprotectionBassociatedBwithBHLABalleleskB0a-cSBCirculatingBalleleFspecificBadaptationBisBcomparedBagainstBtheBalleleFspecificBeffectsB
onBCD4BcountsB0BoxFCoxBtransformedSB0a,bSBorBVLB0cS1BasBestimatedBfromBaBrandomBeffectsBmodelkBPFvalues1BpseudoFR21BfromBLMMBwithB
randomBoffsetsBforBeachBlocuskB0aSBAllelesBsignificantlyBassociatedBwithBCD4BcountskB0b,cSBAllBallelesBobservedBinBatBleastB20BindividualskB
SeeBFigure 4BinBtheBmainBtextBforBassociationBamongBallelesBsignificantlyBassociatedBwithBVLkB0dSBThereBwasBevidenceB0P < 0k1SBofBaBcityF
specificBinteractionBeffectBforBfourBHLABallelesBonBVLkBForBeachBofBtheseBalleles1BtheBcityFspecificBeffectBonBVLBisBcomparedBwithBtheBcityF
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SupplementarybFigureb9.bFunctionalbcharacterizationbofbprimarybCD8+bTbcellbresponsesbtobadaptedbandbnon-adaptedb
epitopes.bLa,bb+1Predicted1La+1and1experimental1Lb+1peptide1binding1affinity1for1matched1adapted1LAE+1and1nonadapted1LNAE+1
epitope1pairs.1See1Figureb4c,d1in1the1main1text1for1binding1affinity1of1all1peptides1tested.1Lc+1The1overall1polyfunctionality1of1
responses1L1−41functions1in1addition1to1interferonzγ1production+1was1assessed1for1the1three1pairs1of1responding1NAE/AE1epitopes;1
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Supplementary’Figure’10.’Pooled’ELISpot’responses’to’Step’vaccine’inserts’are’negatively’correlated’with’
protein-specific’adaptation’of’the’inserts’to’each’participant’s’HLA’alleles.’0a,’bxyTheymeanynumberyofyspotyformingy
cellsy0SFCxyperymillionycellsywereyestimatedyforyeachyinsertyusingyinterferonVγyELISpotypooledypeptidesythatyspannedy
eachyinsertNyForypolymeraseHyweyuseytheygeometricymeanyofytheySFCMmillionymeasuredyonyeachyofytwoypeptideypoolsNyRsHy
PVvalueHyfromypartialyrankycorrelationHycorrectingyforyparticipantyAgey0≥40xHySexHyRacey0whitexHyandyAD5yserostatusNy
ELISpotyassaysywereypreviouslyyperformedyinyduplicateybyytheyHVTNy0axyandyMercky0bxylaboratoriesNy
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Feature‡ estimate p R
2 estimate p R

2 estimate p R
2 estimate p R

2

Female -0.16 4E-03 0.8% -0.28 2E-05 0.8% 1.05 0.26 0.1% 6.01 4E-04 0.6%

Age40§ 0.04 0.32 0.1% 0.06 0.54 0.0% -1.00 0.13 0.2% -4.83 0.03 0.2%

HLA-A 0.06 9E-03 0.5% 0.05 0.02 0.2% 0.95 0.02 0.4% 0.88 0.07 0.1%

HLA-B 0.06 0.02 0.4% 0.15 <1E-16 3.0% 0.00 0.50 0.0% 3.19 7E-13 2.5%

HLA-C 0.00 0.50 0.0% 0.02 0.40 0.0% 0.00 0.07 0.2% 1.26 0.05 0.1%

Cohort || 0.18 3E-08 2.8% 0.36 <1E-16 6.9% 0.00 0.07 0.2% 5.98 <1E-16 4.7%

N¶ 1048 5.5% 2298 14.5% 1048 0.8% 1983 14.7%

Adaptation 0.27 2E-03 0.9% 0.99 <1E-16 3.7% -10.15 2E-12 4.5% -22.94 1E-16 4.0%

Female -0.16 4E-03 0.8% -0.29 8E-06 1.1% 1.11 0.22 0.1% 6.50 1E-04 0.9%

Age40 0.03 0.42 0.1% 0.07 0.42 0.0% -0.73 0.26 0.1% -5.56 0.01 0.4%

HLA-A 0.06 0.01 0.5% 0.04 0.08 0.1% 0.69 0.34 0.0% 1.30 8E-03 0.3%

HLA-B 0.06 0.03 0.3% 0.15 6E-13 2.7% 0.00 0.50 0.0% 3.12 6E-11 2.5%

HLA-C 0.00 0.50 0.0% 0.05 0.22 0.0% 0.00 0.50 0.0% 0.97 0.16 0.1%

Cohort 0.17 7E-08 2.6% 0.31 4E-16 3.4% 0.00 0.50 0.0% 6.38 <1E-16 5.8%

N 1048 6.4% 1869 14.0% 1048 5.2% 1659 19.0%

Adaptation-A 0.06 0.38 0.1% 0.27 9E-04 0.6% -1.88 0.08 0.3% -2.00 0.29 0.1%

Adaptation-B 0.16 1E-03 1.0% 0.47 5E-13 2.8% -5.61 2E-11 4.2% -10.83 2E-13 3.2%

Adaptation-C 0.01 0.93 0.0% 0.16 0.08 0.2% -1.43 0.17 0.2% -7.94 2E-04 0.8%

Female -0.16 3E-03 0.9% -0.29 8E-06 1.1% 1.24 0.17 0.2% 6.44 1E-04 0.9%

Age40 0.03 0.43 0.1% 0.08 0.37 0.0% -0.70 0.28 0.1% -5.33 0.01 0.4%

HLA-A 0.06 0.02 0.4% 0.04 0.08 0.1% 0.79 0.16 0.1% 1.40 3E-03 0.5%

HLA-B 0.06 0.02 0.4% 0.15 9E-14 2.9% 0.00 0.50 0.0% 3.20 6E-12 2.7%

HLA-C 0.00 0.50 0.0% 0.05 0.25 0.0% 0.14 0.50 0.0% 0.96 0.16 0.1%

Cohort 0.17 9E-08 2.6% 0.31 1E-16 3.6% 0.00 0.50 0.0% 6.33 <1E-16 5.5%

N 1048 6.7% 1869 14.4% 1048 6.2% 1659 19.6%

Adaptation-Gag 0.13 0.51 0.1% 0.48 0.03 0.5% -10.34 1E-03 1.5% -2.52 0.69 0.0%

Adaptation-Pol 0.00 0.99 0.0% 0.69 1E-04 1.5% -11.42 3E-04 2.0% -27.89 5E-08 3.8%

Adaptation-Nef 0.00 0.98 0.0% 0.23 0.35 0.1% -3.71 0.15 0.3% -12.20 0.06 0.5%

Adaptation-Acc 0.25 0.24 0.2% -1.69 0.65 0.0%

Adaptation-Gp41 0.06 0.88 0.0% -18.57 4E-03 1.4%

Female -0.15 0.03 0.8% -0.36 9E-07 2.5% 1.23 0.29 0.2% 6.68 7E-03 1.0%

Age40 0.04 0.44 0.1% 0.09 0.34 0.1% 0.20 0.81 0.0% -3.24 0.22 0.2%

HLA-A 0.04 0.09 0.3% 0.01 0.48 0.0% 0.00 0.23 0.1% 1.03 0.16 0.1%

HLA-B 0.05 0.05 0.4% 0.12 3E-05 1.7% 0.31 0.23 0.1% 3.19 3E-05 2.0%

HLA-C 0.00 0.50 0.0% 0.00 0.50 0.0% 0.00 0.50 0.0% 0.63 0.42 0.0%

Cohort 0.13 6E-04 1.7% 0.12 3E-03 0.8% 0.00 0.23 0.1% 8.62 1E-13 6.8%

N 609 4.4% 962 10.0% 609 7.8% 764 18.7%

CD4/LogVL** -0.01 6E-14 5.3% -0.02 <1E-16 16.9% -3.82 2E-14 5.4% -8.47 <1E-16 17.0%

Adaptation 0.14 0.11 0.2% 0.58 5E-06 1.4% -9.04 1E-10 3.9% -12.08 2E-06 1.5%

Female -0.14 7E-03 0.7% -0.05 0.52 0.0% 0.35 0.69 0.0% 5.55 6E-04 0.8%

Age40 0.02 0.58 0.0% 0.00 1.00 0.0% -0.59 0.35 0.1% -2.73 0.22 0.1%

HLA-A 0.05 0.07 0.2% 0.04 0.09 0.1% 0.38 0.50 0.0% 0.58 0.19 0.1%

HLA-B 0.05 0.04 0.3% 0.11 2E-06 1.4% 0.00 0.50 0.0% 1.95 1E-04 0.9%

HLA-C 0.01 0.50 0.0% 0.02 0.45 0.0% 0.25 0.50 0.0% 0.66 0.27 0.0%

Cohort 0.16 1E-07 2.5% 0.30 <1E-16 5.2% 0.00 0.50 0.0% 6.92 <1E-16 8.4%

N 1048 11.3% 1504 29.4% 1048 10.4% 1504 34.1%

Adaptation 0.40 0.01 1.9% 0.83 1E-03 2.7% -7.44 5E-03 2.4% -15.98 4E-03 2.4%

Female -0.17 0.08 1.0% -0.15 0.14 0.6% -0.23 0.89 0.0% 2.83 0.18 0.5%

Age40 -0.04 0.56 0.1% 1.43 0.20 0.5%

Time†† 0.00 0.99 0.0% -2.90 0.03 1.5%

vRC§§ 0.30 0.21 0.5% 1.77 3E-05 4.6% -13.29 9E-04 3.4% -28.20 2E-03 2.7%

Protein responses ‡‡ 0.09 6E-07 6.1% 1.39 8E-04 2.8%

OLP ¶¶ 0.08 0.04 0.8% 0.67 0.39 0.0%

HLA-A 0.03 0.35 0.0% 0.06 0.24 0.1% 0.29 0.50 0.0% 1.70 0.09 0.5%

HLA-B 0.00 0.50 0.0% 0.10 0.06 0.7% 0.00 0.50 0.0% 1.77 0.05 0.8%

HLA-C 0.02 0.41 0.0% 0.00 0.50 0.0% 0.00 0.50 0.0% 0.01 0.50 0.0%

Cohort 0.20 1E-04 4.1% 1.55 0.08 0.6%

N 325 8.7% 372 20.8% 325 9.7% 356 11.2%

Supplementary Table 1. Adaptation predicts cross sectional VL and CD4 counts in a linear mixed 

model (LMM). 

*Log10 VL as dependent variable. †Box-Cox tranformed CD4 counts as dependent variable. ‡Random effects in italics; estimate is the fixed effect size or the standard deviation for random effects; 

pseudo-R2 is estimated using the likelihood ratio method. §Indicator variable for age ≥ 40. ||Year of sampling for British Columbia, treated as a categorical variable; the source cohort for Southern 

Africa.  ¶Total number of observations for this model. The R2 for this row is that for the entire model, which may be greater than the sum of the individual terms, as the likelihood ratio approach tends 

to under-estimate the fraction of variation explained when features are not independent. **Box-Cox transformed CD4 counts were used as covariates for the VL models; log10 VL was used as a 

covariate for the CD4 models. ††Log10 transformed estimated days since infection, as estimated by clinician-patient interviews. ‡‡in vitro Gag-Protease viral replicative capacity, measured for a subset 

of the Durban cohort. §§Total number of OLP responses to each protein. OLP measured as whole proteome 18mers overlapping by 10, for a subset of the Durban cohort. ¶¶Random effects design 

matrix where each column represents a response to a particular OLP. 
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Feature§ estimate p R2 estimate p R2

Donor-to-recipient Adaption|| 0.96 4E-04 10.7% 1.28 9E-04 14.6%

Among male recipients (n=52, 36)¶ 1.21 5E-04 20.1% 0.81 0.04 13.0%

Among female recipients (n=61, 40) 0.67 0.11 4.5% 1.63 6E-03 20.5%

HLA-A 0.35 0.03 4.3% 0.47 0.03 6.7%

HLA-B 0.32 0.02 5.5% 0.42 0.02 7.8%

HLA-C 0.26 0.22 1.5% 0.36 0.20 2.1%

Gag 0.99 0.03 3.9% 0.25 0.70 0.2%

Pol 0.65 0.05 3.9% 1.62 9E-04 15.4%

Nef 0.67 0.18 2.0% 0.79 0.23 1.9%

Recipient Is Female -0.57 2E-06 19.4% -0.35 0.03 6.6%

Recipient Age (≥40) -0.10 0.62 0.4% -0.23 0.31 1.4%

Transmission year (≥median) -0.12 0.27 0.9% -0.23 0.13 3.4%

Founder virus gag  vRC 0.06 0.38 0.7% 0.06 0.48 0.8%

Donor VL** 0.19 0.02 3.9% -0.09 0.42 1.0%

HLA-A 0.00 0.50 0.0% 0.05 0.48 0.0%

HLA-B 0.00 0.50 0.0% 0.10 0.15 1.4%

HLA-C 0.07 0.50 0.0% 0.00 0.50 0.0%

N†† 113 27.4% 76 22.1%

Founder adaptation§§ 1.46 1E-03 18.1% 1.08 0.09 14.2%

HLA-A 0.75 8E-03 13.4% 0.22 0.62 1.5%

HLA-B 0.64 7E-03 13.7% 0.45 0.20 9.6%

HLA-C 0.19 0.53 1.0% 0.82 0.11 14.6%

Gag 0.56 0.49 1.0% -0.67 0.61 1.5%

Pol 3.05 4E-04 22.0% 1.93 0.15 12.0%

Nef 0.29 0.65 0.5% 1.22 0.27 7.0%

Age (≥40) -0.24 0.46 1.1% 0.14 0.76 0.5%

Race (white)¶¶ 0.25 0.22 1.8% -0.09 0.75 0.5%

HLA-A 0.00 0.50 0.0% 0.00 0.50 0.0%

HLA-B 0.15 0.26 0.7% 0.00 0.50 0.0%

HLA-C 0.02 0.50 0.0% 0.00 0.50 0.0%

N 56 20.5% 23 16.6%

Supplementary Table 2. Transmitted adaptation predicts VL.  

*Dependent variable was mean Log10 VL from 30-365d post infection. †Dependent variable was mean Log10 VL over samples taken after 365d 

post infection. §Random effects in italics; estimate is the fixed effect size or the standard deviation for random effects; pseudo-R2 is estimated 

using the likelihood ratio method. ||Adaptation of the donor's virus to the recipient's HLA alleles. ¶Features in inset represent independent runs 

in which autologous adaptation was replaced by allele-specific or protein-specific adaptation, or the subjects were stratified by sex. **VL of the 

donor, measured at the same time point as that used for sequencing (median 46d post transmission). ††Features in italics were treated as 

random effects. ††Total number of observations for this model. The R2 for this row is that for the entire model. §§Mean adaptation over all 

amplicons sequenced from the first available sample. ¶¶Indicator variable, as specificed in the Step study trial design.

Mean VL (30-365d)* Mean VL (>365d)†
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Feature‡ estimate p R2 estimate p R2 estimate p R2 estimate p R2

Autologous 0.25 4E-03 0.8% 1.00 <1E-16 3.9% -9.96 5E-12 4.3% -23.32 2E-16 4.2%
Circulating 0.79 1E-04 1.2% 1.22 8E-04 0.5% -4.49 0.13 0.2% -24.34 7E-03 0.4%

Female -0.15 5E-03 0.8% -0.33 4E-07 1.4% 1.09 0.23 0.1% 6.79 7E-05 1.0%
Age40§ 0.03 0.45 0.1% 0.06 0.51 0.0% -0.72 0.27 0.1% -5.36 0.01 0.4%

HLA Frequency || 0.18 0.46 0.0% 0.00 0.50 0.0% 0.00 0.35 0.0% 0.02 0.50 0.0%
HLA-A 0.03 0.10 0.2% 0.04 0.22 0.0% 0.67 0.24 0.0% 1.35 0.01 0.3%
HLA-B 0.03 0.17 0.1% 0.12 1E-08 1.7% 0.00 0.35 0.0% 2.59 2E-05 1.0%
HLA-C 0.02 0.34 0.0% 0.00 0.50 0.0% 0.00 0.50 0.0% 0.64 0.32 0.0%

Cohort ¶ 0.17 1E-07 2.5% 0.16 3E-07 1.4% 0.00 0.35 0.0% 5.99 <1E-16 4.8%

N** 1048 7.7% 1792 13.0% 1048 5.5% 1572 19.6%
Adaptation-A 0.06 0.33 0.1% 0.26 1E-03 0.6% -1.81 0.10 0.3% -2.16 0.26 0.1%
Adaptation-B 0.16 9E-04 1.0% 0.49 8E-14 3.1% -5.68 1E-11 4.3% -11.28 7E-14 3.5%
Adaptation-C -0.01 0.83 0.0% 0.14 0.12 0.1% -1.13 0.28 0.1% -7.53 5E-04 0.8%
Circulating-A 0.36 4E-03 0.8% 0.22 0.23 0.1% -1.84 0.34 0.1% -4.20 0.39 0.1%
Circulating-B 0.36 2E-03 0.7% 0.77 1E-03 0.5% -0.82 0.63 0.0% -20.87 4E-05 0.7%
Circulating-C 0.08 0.45 0.1% 0.44 0.06 0.2% -2.74 0.09 0.3% -2.95 0.64 0.0%

Female -0.15 6E-03 0.7% -0.33 4E-07 1.4% 1.25 0.17 0.2% 6.86 6E-05 1.0%
Age40 0.03 0.46 0.1% 0.06 0.48 0.0% -0.68 0.29 0.1% -5.04 0.02 0.3%

HLA Frequency 0.40 0.06 0.2% 0.00 0.50 0.0% 0.00 0.34 0.0% 0.04 0.50 0.0%
HLA-A 0.04 0.10 0.2% 0.04 0.26 0.0% 0.74 0.28 0.0% 1.46 4E-03 0.4%
HLA-B 0.01 0.50 0.0% 0.11 1E-07 1.5% 0.17 0.50 0.0% 1.97 2E-03 0.5%
HLA-C 0.00 0.50 0.0% 0.00 0.50 0.0% 0.00 0.34 0.0% 0.84 0.27 0.0%
Cohort 0.16 2E-07 2.4% 0.17 3E-08 1.6% 0.00 0.34 0.0% 5.86 <1E-16 4.3%

N 1048 8.5% 1792 13.6% 1048 6.6% 1572 20.6%
Adaptation-Gag 0.09 0.65 0.0% 0.52 0.02 0.6% -9.53 4E-03 1.3% -3.54 0.57 0.0%
Adaptation-Pol -0.05 0.79 0.0% 0.69 1E-04 1.5% -11.56 5E-04 1.8% -28.11 3E-08 4.0%
Adaptation-Nef 0.00 0.98 0.0% 0.21 0.39 0.1% -3.74 0.16 0.3% -11.16 0.08 0.4%
Adaptation-Acc 0.20 0.34 0.1% -1.36 0.72 0.0%

Adaptation-Gp41 0.11 0.76 0.0% -18.96 3E-03 1.3%
Circulating-Gag 1.19 3E-04 2.1% 1.27 0.02 0.5% -7.52 0.19 0.3% -46.79 3E-03 1.1%
Circulating-Pol 0.66 0.18 0.4% 0.31 0.60 0.0% 0.33 0.97 0.0% -19.93 0.28 0.2%
Circulating-Nef -0.18 0.67 0.0% 0.33 0.68 0.0% 1.51 0.84 0.0% -25.50 0.21 0.2%
Circulating-Acc 0.00 0.99 0.0% -2.65 0.69 0.0%

Circulating-Gp41 0.02 0.97 0.0% -10.56 0.43 0.1%
Female -0.15 0.02 0.9% -0.37 5E-07 2.6% 1.22 0.30 0.2% 6.96 5E-03 1.1%
Age40 0.03 0.47 0.1% 0.10 0.31 0.1% 0.22 0.78 0.0% -3.03 0.25 0.2%

HLA Frequency 0.00 0.50 0.0% 0.00 0.50 0.0% 0.00 0.50 -0.1% 0.05 0.50 0.0%
HLA-A 0.00 0.50 0.0% 0.00 0.50 0.0% 0.00 0.50 -0.1% 0.00 0.50 0.0%
HLA-B 0.03 0.48 0.0% 0.09 1E-03 1.0% 0.33 0.50 0.0% 1.52 0.11 0.2%
HLA-C 0.00 0.50 0.0% 0.00 0.50 0.0% 0.46 0.50 -0.1% 0.97 0.26 0.1%
Cohort 0.12 1E-03 1.5% 0.13 1E-03 1.0% 0.00 0.50 0.0% 8.31 2E-12 6.1%

N 609 7.5% 962 10.6% 609 8.3% 764 20.5%
Autologous 0.11 0.25 0.2% 0.86 1E-03 2.9% -8.14 7E-07 3.3% -16.02 4E-03 2.5%
Circulating 0.54 0.01 0.8% 1.76 2E-03 2.3% -7.56 0.02 0.5% -12.67 0.36 0.4%

Female -0.20 2E-03 1.3% -0.15 0.15 0.6% 1.04 0.33 0.1% 2.79 0.19 0.5%
Age40 0.04 0.40 0.1% -0.38 0.60 0.0%

vRC†† 0.47 1E-03 1.4% 1.78 2E-05 4.7% -14.89 9E-10 4.8% -29.60 1E-03 2.8%

Protein responses ‡‡ 0.08 5E-07 6.2% 1.38 8E-04 2.8%

OLP §§ 0.08 0.04 0.8% 0.01 0.47 0.0%
HLA Frequency 0.27 0.23 0.1% 0.00 0.50 0.0% 0.00 0.50 0.0% 11.04 0.50 0.0%

HLA-A 0.04 0.08 0.3% 0.03 0.50 0.0% 0.71 0.28 0.0% 1.67 0.11 0.4%
HLA-B 0.00 0.50 0.0% 0.05 0.36 0.0% 0.28 0.50 -0.1% 1.27 0.17 0.3%
HLA-C 0.00 0.50 0.0% 0.00 0.50 0.0% 0.00 0.50 -0.1% 0.01 0.50 0.0%
Cohort 0.16 9E-06 2.4% 0.00 0.50 0.0%

N 749 8.2% 372 22.6% 749 9.4% 356 11.5%

CD4/LogVL¶¶ -0.02 3E-14 7.4% -0.02 2E-11 11.9% -4.45 4E-14 7.5% -7.89 3E-14 12.9%
Autologous -0.01 0.90 0.0% 0.48 0.06 1.0% -7.53 2E-06 2.9% -9.64 0.06 0.9%
Circulating 0.44 0.04 0.5% 1.47 7E-03 2.1% -4.36 0.19 0.3% 4.16 0.75 0.0%

Female -0.18 4E-03 1.1% -0.05 0.58 0.1% -0.04 0.97 0.0% 2.09 0.30 0.3%
Age40 0.03 0.46 0.1% -0.18 0.80 0.0%

vRC 0.23 0.11 0.3% 1.38 8E-04 3.2% -12.96 4E-08 4.0% -16.19 0.06 0.8%
Protein responses 0.06 5E-05 4.2% 0.28 0.41 0.0%

OLP 0.07 0.08 0.6% 0.00 0.50 0.0%
HLA Frequency 0.28 0.23 0.1% 0.01 0.50 0.0% 0.00 0.15 0.1% 16.39 0.41 0.0%

HLA-A 0.03 0.13 0.2% 0.00 0.50 0.0% 0.58 0.36 0.0% 1.20 0.24 0.1%
HLA-B 0.00 0.50 0.0% 0.06 0.35 0.0% 0.31 0.50 0.0% 0.74 0.42 0.0%
HLA-C 0.02 0.41 0.0% 0.00 0.50 0.0% 0.32 0.35 0.0% 0.50 0.44 0.0%
Cohort 0.15 9E-06 2.4% 0.00 0.15 0.1%

N 749 15.0% 356 31.2% 749 16.2% 356 22.9%
*Log10 VL as dependent variable. †Box-Cox tranformed CD4 counts as dependent variable. ‡Random effects in italics; estimate is the fixed effect size or the standard deviation for random effects; pseudo-R2 is 

estimated using the likelihood ratio method. §Indicator variable for age ≥ 40. ||The mean frequency of the 2-digit HLA was computed for each locus. The three resulting features were then treated as random 

effects.  ¶Year of sampling for British Columbia, treated as a categorical variable; the source cohort for Southern Africa.  **Total number of observations for this model. The R2 for this row is that for the entire 

model, which may be greater than the sum of the individual terms, as the likelihood ratio approach tends to under-estimate the fraction of variation explained when features are not independent. ††in vitro Gag-

Protease viral replicative capacity, measured for a subset of the Durban cohort. ‡‡Total number of OLP responses to each protein. OLP measured as whole proteome 18mers overlapping by 10, for a subset of the 

Durban cohort. §§Random effects design matrix where each column represents a response to a particular OLP. ¶¶Box-Cox transformed CD4 counts were used as covariates for the VL models; log10 VL was used as 

a covariate for the CD4 models.
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Supplementary Table 3. Circulating adaptation predicts chronic VL and CD4 counts.



Covariate* Estimate SE tStat p

(Intercept) 4.84 0.09 54.31 <1E-16

Recipient is Female -0.49 0.10 -5.08 7E-07

Recipient Age (≥40) 0.06 0.18 0.35 0.73

Transmission Year (≥ Median) 0.03 0.09 0.30 0.77

Donor VL 0.13 0.05 2.73 7E-03

HLA-B Similarity† 0.15 0.05 3.17 2E-03

Donor VL : HLA-B Similarity§ 0.13 0.05 2.63 9E-03

Supplementary Table 4. Heritability estimate is influenced by 

HLA-B similarity.

* A linear model was fitted to recipient VL (mean over all observations 30-365d post infection) for N=275 

linked transmission pairs from the Zambian cohort. All independent variables were standardized (zero mean, 

unit variance). †The adaptation similarity between donor and recipient HLA-B alleles. Adaptation similarity is 

defined to be the Pearson correlation coefficient of two sets of alleles over the reference panel of all 

Southern Africa HIV sequences. §An interaction term between Donor VL and HLA-B similarity.


