
Multi-ancestry sex-stratified genomic associations with HIV viral load and controller status 1 

from the ICGH 2 

 3 

Supplementary Results 4 

Results 5 

The impact of autosomal and chromosome X single genetic variation on HIV controller status 6 

stratified by sex.  7 

Sex-stratified association analysis of autosomal single genetic variation with HIV control status 8 

Given the known imbalance in HIV controller status between males and females (1-3), we 9 

assessed the impact of autosomal variation on HIV viremic control. We used the subset of our 10 

sample contributed by the International HIV Controllers Study and the AIDS Clinical Trials 11 

group (n=2,831) used in a previous GWAS of HIV control (4). We tested for association 12 

between autosomal genetic variation and a binary HIV controller/non-controller phenotype using 13 

linear mixed models in the full sample (n=778 controllers, 2,053 non-controllers, 14 

Supplementary Figure S2A), males only (n=584 controllers, 1704 non-controllers) and females 15 

only (n=194 controllers, 349 non-controllers, Supplementary Figure S2B). Consistent with the 16 

spVL analysis, we observed strong signals of association in the HLA region in all analyzed 17 

groups, significant associations in the CCR5 region in the total sample and in males only and no 18 

significant associations outside of these loci in the sex-stratified analysis.  19 

 20 

Sex-stratified association analysis of X chromosome genetic variation with HIV control status 21 

After applying quality control, we analyzed 5,907 individuals with a controller phenotype in the 22 

total sample corresponding to 5,291 males (controllers=737, non-controllers=4554) and 616 23 



females (controllers=227, non-controlers=389). No sex chromosome markers reached statistical 24 

significance for association with controller status in the full sample (Supplementary Figure 25 

S2A) and in males and females (Supplementary Figure S2B) separately.  26 
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Supplementary Tables and Figures 45 

Cohort 

Analysis of 

Autosomes 

(N=9,705) 

Analysis of X 

chromosome(N=6,953) 
Genetic 

Ancestry 

Group 

Genotyping 

Platform 

n 
% 

Female 
n 

% 

Female 

The International HIV Controllers 
Study & The AIDS Clinical Trials 

Group 

2,824 19.2 2,019 14.3 EUR/AA 
Illumina 550, 

Illumina 1M 

ALIVE, MHGDS, MHCS, DCG 1,356 5.8 1,328 4.2 EUR/AA Affymetrix 6.0 

EuroCHAVI 1304 25.1 1,304 25.1 EUR 
Illumina 650, 
Illumina 1M 

The Multicenter AIDS Cohort Study 1117 0.0 1,117 0.0 EUR/AA Illumina 1M 

Urban Health Study: Genetics Cohort 769 24.6 0.0 0.0 EUR/AA Illumina 650 

The nonprogressor Genomics of 

Resistance to Immunodeficiency Virus 

Study & The ANRS PRIMO cohort 

581 12.6 0.0 0.0 EUR Illumina 300 

CHAVI 515 4.5 0.0 0.0 EUR/AA Illumina 1M 

The Amsterdam Cohort Studies on 

HIV infection and AIDS 
384 7.8 382 7.8 EUR Illumina 300 

The Swiss HIV Cohort Study 340 67.9 340 67.9 AFR 
Illumina H3A 

African array 

The International AIDS Vaccine 
Initiative 

242 40.5 463 38.8 AFR Illumina 1M 

The Pumwani Sex Workers Cohort, 
University of Nairobi 

147 100.0 0.0 0.0 AFR Affymetrix 5.0 

Wellcome Trust Sanger Institute 126 61.9 0.0 0.0 AFR Illumina 1M 

Supplementary Table S1. Characteristics of the individuals included in the analysis of 46 

autosomes and X chromosomes and distribution by cohort, sex, ancestry group and genotyping 47 

platforms. Acronyms: ALIVE: The AIDS Linked to the IntraVenous Experience Cohort; 48 

MHGDS: The Multicenter Hemophilia Growth and Development Study; MHCS: Multicenter 49 

Hemophilia Cohort Studies; DCG: the D.C. Gays cohort; EuroCHAVI: Center for HIV/AIDS 50 

Vaccine Immunology ;CHAVI: Center for HIV/AIDS Vaccine Immunology.   51 



 52 

Rs Number 
Allele 1/ 

Allele2 

Males (n =7,890) Females (n=1,815) P value 

Heterogeneity 
Variant Description 

b (A2) s.e b (A2) s.e. 

rs6441975 C/A -0.187 0.020 -0.172 0.054 0.794 Top CCR5 variant in full sample 

rs7637813 A/G -0.186 0.019 -0.167 0.055 0.744 Top CCR5 variant in males 

rs113341849 A/G -0.311 0.035 -0.143 0.115 0.162 CCR5d32 proxy 

rs1015164 G/A -0.185 0.020 -0.173 0.074 0.876 CCR5-AS eQTL 

 53 

 54 

Supplementary Table S2. Analysis of heterogeneity in effect size (b) between males and females at the top associated CCR5 variant 55 

in the full sample (rs6441975), the top associated variant in males only (rs7637813), a variant in strong LD with CCR5delta32 56 

(rs113341849) and the CCR5-AS variant (rs1015164). Acronyms: b: beta; s.e.: standard error.  57 

 58 



Supplementary Table S3. Genes associated with HIV spVL in the full sample, males only and 59 

females only analyses (excel file).  60 

Supplementary Table S4. Markers located on chr19p13.2 locus contributing to the gene-based 61 

association signal in males (excel file). Acronyms: b: beta; s.e.: standard error. 62 

Supplementary Table S5. Genes associated with HIV control in the full sample, males only and 63 

females only analyses.  64 

(excel file).  65 

Supplementary Table S6. SNPs with significant differential effect in males vs females given by 66 

variants with positive (spVL increasing) effect observed in females compared to negative (spVL 67 

decreasing) or neutral effect in males. Markers with statistically significant differential effect are 68 

shown in bold. b= beta, s.e.=standard error (excel file).  69 

Supplementary Table S7. SNPs with significant differential effect on HIV control in males vs 70 

females given by variants with positive (favorable) effect observed in females compared to 71 

negative (unfavorable) or neutral effect in males. Markers with statistically significant 72 

differential effect are shown in bold. b= beta, s.e.=standard error (excel file). 73 

Supplementary Table S8. Functionally mapping of genes with differential effect on spVL in 74 

males vs. females.  75 

Supplementary Table S9. Functionally mapping of genes with differential effect on HIV 76 

control in males vs. females.  77 

 78 
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Supplementary Figures 82 

 83 



Supplementary Figure S1: Setpoint viral load differs by sex. Boxplots show the mean and 84 

quartile ranges of spVL in males (n=7,890) and females (n=1,815). Females have an ~0.36 log 85 

lower mean setpoint viral load compared to males ( P value =2.4 x 10-41). 86 

 87 

88 



Supplementary Figure S2: Manhattan plots of genome-wide association results between 89 

common genetic variants (MAF > 0.01) and HIV control status. Association was tested using 90 

linear mixed models in the A full sample, B males only and females only. Each dot indicates a 91 

genetic variant tested for association with spVL ordered by their physical position in the genome 92 

(x-axis) and strength of association (-log10( P value), y-axis). Coordinates are based on 93 

GRCh38/hg38. The dashed line indicates statistical significance accounting for multiple 94 

comparisons ( P value =8.3 x 10-9). The signals on chromosome 3 and chromosome 6 correspond 95 

to the CCR5 and HLA class I regions respectively. 96 

 97 



98 



10 
 

Supplementary Figure S3: Manhattan plots of gene-based association with HIV control in 99 

males (upper panel) and females (lower panel). SNPs were assigned to the genes obtained from 100 

Ensembl build 85 (all genes). Each dot indicates a gene tested for association with spVL ordered 101 

by their physical position in the genome (x-axis) and strength of association (-log10(p-value), y-102 

axis) as calculated by MAGMA (see Methods). Coordinates are based on GRCh37/hg19. The red 103 

dashed line indicates statistical significance accounting for multiple comparisons (P value =2.56 104 

x 10-6). Abbreviations: CCR5: C-C motif chemokine receptor 5, HLA-B: major 105 

histocompatibility complex, class I, B. 106 
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