






Extended Data Fig. 8 | Features of Treponema succinifaciens  metagenome- 
assembled genomes (MAGs). a) Number of high-quality T. succinifaciens 
metagenome-assembled genomes by study site. b) Distribution of the length, 
in megabase pairs (Mbp), of each T. succinifaciens MAG. MAGs from Soweto  
are not pictured, as Soweto samples only contained two MAGs. c) Number  
of genes in each MAG that were classified as core (≥ 80% prevalence), shell  
(25 ≤ prevalence < 80%), or cloud genes (< 25% prevalence) in the complete  

MAG set. d) Midpoint-rooted phylogenetic tree of T. succinifaciens MAGs from 
this study (noted in pink inner ring) and public data sets (n = 430 total genomes). 
Middle ring indicates the country of origin, and outer ring indicates the continent 
of origin. White line and asterisk indicate the T. succinifaciens DSM 2489 type 
strain reference genome. PERMANOVA test indicates significant difference in 
phylogenetic distance by country of origin (P = 0.001).
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Extended Data Fig. 9 | Additional characterization of viral novelty and 
diversity in the AWI-Gen 2 cohort. Number of novel viral genomes relative  
to the MGV (a) and the Zolfo et al. viral catalogue (b) present in each sample 
(n = 1,820 total samples). Points indicate the number of genome clusters 
present per sample that are not found in respective feature databases.  
c) Rarefaction curves of the number of viral genomes detected as a function  
of the number of individuals sampled, by study site or from the full AWI-Gen 
sample set (grey). Each random subset was repeated a hundred times, and  
lines represent the mean feature count. d) Spearman correlation coefficient 

(Spearman’s ρ) between prokaryotic richness and viral richess. Points represent 
individual samples. e) Viral richness per sample, based on Phanta profiles 
(number of phage species clusters present ≥ 10−5% relative abundance).  
f) Prevalence of jumbophages across sites, where prevalence indicates  
the percent of individuals at each site with 0.1× coverage of the indicated 
jumbophage genome, as measured by CoverM (see Methods). All colors 
indicate site, using colour-code in panel a. For all boxplots, boxes denote the 
interquartile range (IQR) with the median as a thick black line and the whiskers 
extending up to the most extreme points within 1.5-fold IQR.



Extended Data Fig. 10 | Phage, prokaryotic, and phenotypic differences  
in ART+ and ART- PLWH. a) Prokaryotic diversity (inverse Simspon’s index  
after rarefaction) and phage richness (species present at ≥10−5% abundance)  
by HIV and antiretroviral therapy status. Points represent individual samples. 
Differences in diversity by site were tested with ANOVA and across sites with a 
linear mixed effect model accounting for site as a random effect. b) Generalized 
fold change (gFC) for all species in HIV+ ART+ relative to HIV− individuals and 
for HIV+ ART− relative to HIV− individuals. Species are coloured by q-value in 
HIV− vs HIV+ ART+ comparison. Species with an absolute gFC ≥ 0.3 in the  
HIV− vs HIV+ ART− comparison (that do not exhibit a gFC ≥ 0.3 in the HIV− vs 
HIV+ ART+ comparison) are annotated. c) Prediction from machine learning 
model trained prokaryotic data from HIV− and HIV+ ART+ participants and 
applied to HIV+ ART- participants. Sample fraction predicted to be positive at a 

5% internal false positive rate (dashed line) is listed below. d) HIV-associated 
effect size for prokaryotic and phage species. Species are colored by q-value.  
e) Receiver-operating characteristic (ROC) for models trained to distinguish 
HIV status using phage composition. Shading indicates 95% confidence intervals 
and numbers show area under the ROC curve (AU-ROC). f) AU-ROC for models 
trained on participants from each site (panel e) and applied to other sites. Models 
were trained on two sites and validated on the left-out site for leave-one-site-out 
(LOSO) validation. g) Statistics for age, waist-to-hip ratio, cholesterol, and 
glucose for individuals who are HIV seronegative and seropositive on ART.  
All p-values result from Wilcox rank sum test. For all panels, n = 129 HIV+ ART+, 
n = 28 HIV+ ART−, n = 719 HIV−. For all boxplots, boxes denote the interquartile 
range (IQR) with the median as a thick black line and the whiskers extending up 
to the most extreme points within 1.5-fold IQR.










