








Extended DataFig. 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,
inmegabase pairs (Mbp), of each T. succinifaciens MAG. MAGs from Soweto
arenot pictured, as Soweto samples only contained two MAGs. ¢) Number

of genesin 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
thisstudy (noted in pinkinner ring) and public datasets (n =430 total genomes).
Middleringindicates the country of origin, and outer ring indicates the continent
of origin. White line and asterisk indicate the T. succinifaciens DSM 2489 type
strainreference genome. PERMANOVA testindicates significant differencein
phylogenetic distance by country of origin (P=0.001).



Article

a b c
3 3
g 1501 £ 150 « 15000+
o (@) ()
& < 8 = §
035100- © 2100- 210000+
83 g8 5
> 7 50 > 7 50 S 5000+
q) O - —
5 g >
Z O- Z 0- o- T T T
O O O & 00 C PO &0
O« (\Q @ 00 Q" O Q Qq @ 0\> Q" . O 0 250 500
S O L > S O WL N o
W & ef X N NS Number of participants
N R SR parielp
d € 800-
S
o 150 Es
@ T 600-
C
5 1004 @ 400-
< == H
S =
® 200
0 >
250 500 750 € & © & 0
Prokaryotic richness e’b"\o @‘0@\@& (-Soc’o @§\0 e‘éf\&o
f RN o
25
< 20~
9 151
o
« 101
>
()
@ O IJ
\
0 - . - ] l— [ | - 0 I
\g 2 O Q < < € Q> N
@ @ @ 2 @ 2 2 @ o
S S S S S S S S
e @ @ @ @ @ 2 > N
SR AR - AR AR R

Extended DataFig.9|Additional characterization of viralnovelty and
diversity inthe AWI-Gen 2 cohort. Number of novel viral genomes relative
tothe MGV (a) and the Zolfo et al. viral catalogue (b) presentineach sample
(n=1,820total samples). Pointsindicate 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
ofthe number of individuals sampled, by study site or from the full AWI-Gen
sampleset (grey). Eachrandom subset was repeated ahundred times, and
linesrepresent the mean feature count. d) Spearman correlation coefficient

(Spearman’s p) 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% relative abundance).

f) Prevalence of jumbophages across sites, where prevalence indicates

the percentofindividuals at each site with 0.1x coverage of the indicated
jumbophage genome, as measured by CoverM (see Methods). All colors
indicatesite, using colour-code in panel a. For all boxplots, boxes denote the
interquartile range (IQR) with the median as athick black line and the whiskers
extending up to the most extreme points within1.5-fold IQR.
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Extended DataFig.10|Phage, prokaryotic, and phenotypic differences
inART+and ART-PLWH. a) Prokaryotic diversity (inverse Simspon’s index
after rarefaction) and phage richness (species present at >10°% abundance)
by HIV and antiretroviral therapy status. Points representindividual samples.
Differencesindiversity by site were tested with ANOVA and across sites with a
linear mixed effect model accounting for site as arandom effect. b) Generalized
fold change (gFC) for all speciesin HIV+ ART+ relative to HIV-individuals and
for HIV+ ART-relative to HIV-individuals. Species are coloured by g-value in
HIV-vs HIV+ ART+ comparison. Species withan absolute gfC>0.3 inthe
HIV-vs HIV+ ART- comparison (that do not exhibitagFC > 0.3 in the HIV-vs
HIV+ ART+ comparison) are annotated. ¢) Prediction from machine learning
modeltrained prokaryotic data from HIV-and HIV+ ART+ participants and
applied to HIV+ ART- participants. Sample fraction predicted to be positive ata

Agincourt Soweto Nairobi Agincourt Soweto Nairobi

5% internalfalse positive rate (dashed line) is listed below. d) HIV-associated
effect size for prokaryotic and phage species. Species are colored by g-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 eachsite (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 forindividualswho are HIV seronegative and seropositive on ART.

All p-values result from Wilcox rank sum test. For all panels, n =129 HIV+ ART+,
n=28HIV+ART-, n=719 HIV-.For allboxplots, boxes denote the interquartile
range (IQR) with the median as a thick black line and the whiskers extending up
to the most extreme points within1.5-fold IQR.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX O OO0 000F%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  REDCap v14.7.3 was used for collection of participant data.

Data analysis Workflows for read quality control, classification, assembly, and binning are available at https://github.com/bhattlab/AWIGen2Microbiome/.
Tools used for data analysis include: SuperDeduper v1.3.3, TrimGalore v0.6.7, BWA v0.7.17, mOTUs v3.0.3, Phanta v1.1.0, vegan v2.6-4,
labdsv v2.1-0, megahit v1.2.9, QUAST v5.2.0, prodigal v2.6.3, MetaBAT v2.5, CONCOCT v1.1.0, MaxBin v2.2.7, DAS Tool v1.1.6, CheckM v1.2.2,
dRep v3.4.3, GTDB-tk v2.3.0, iTOL v6, VIBRANT v1.2.1, BLAST v2.14.0, roary v3.12.0, MAFFT v7.407, FastTree v2.1.11, Rv4.1.2, ggplot2 v3.4.2,
cowplot v1.1.1, tidyverse v2.0.0, mmseqs v14.7e284, checkV v1.0.1, ImerTest v3.1-3, SIAMCAT v2.5.0, pROC v1.18.2., bakta v1.8.2, DendroPy
v4.6.1, CoverM v0.7.0, fetchMG v1.2, dbCAN3 v4.1.4, stats v4.2.2

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

To maximise public availability our data while protecting participants, we have split our data in two sets: (a) sequences that may contain human reads — this is
available from EGA as EGADXXXXXXX on application to the H3Africa Data and Biospecimens Access Committee; and (b) an open data set available from the NCBI
Sequence Read Archive as PRINA115737 (see Supplementary Methods). The dereplicated genome sets are available at 10.5281/zenodo.13761309. Participant
phenotype is stored at the European Genome-Phenome Archive under accession EGADO0001015440. Participant phenotype data are under restricted access due to
ethics requirements of the AWI-Gen 2 study. Applications must be made to the independent Human Heredity and Health in Africa Data and Biospecimen Access
Committee by registering and applying at https://catalog.h3africa.org/. The H3Africa Data Sharing Policy can be found at https://h3africa.org/wp-content/
uploads/2020/06/H3Africa-Consortium-Data-Access-Release-Policy-April-2020.pdf. Decisions on requests made by the third week of the month should be made by
the end of the subsequent month. Source data, including classification tables, genome summary statistics, taxon prevalence, and differential feature tables, are
available as source data within the manuscript.

Reference data used in this study are available from the Unified Human Gastrointestinal Genome collection in the European Nucleotide Archive under project
accession PRJEB33885, the Metagenomic Gut Virus catalogue at https://portal.nersc.gov/MGV, and the Genome Taxonomy Database at https://
data.gtdb.ecogenomic.org/releases/. The hg38 human reference genome is available at NCBI Genome under accession number GCF_000001405.26. .

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender We aimed at recruiting self-identified females primarily because menopause and hormonal transition is another arm of the
AWI-Gen 2 study and we want to explore the link in a subsequent paper (see Supplementary Methods). A small number of
self-identified males were recruited. We recruited 1,803 females and 17 males. Males were excluded from all comparative
analyses to avoid confounding. However, a comparison of microbiome composition between male and female participants is
included in the Supplementary Figures.

Reporting on race, ethnicity, or Race, ethnicity, and other socially relevant groupings were not reported on within this study. We controlled for confounding
other socially relevant variables by conducting cross-sectional recruitment at each study site. That said, each study site has a different ancestry
groupings background, which is accounted for by adjusting for 'site' as a confounder in comparative analyses.

Population characteristics Participants are 42-86 years old. Individuals were recruited cross-sectionally, and therefore have a range of health conditions
that are typical of the larger populations at each study site, including hypertension, obesity, HIV, and others.

Recruitment The AWI-Gen 2 study performed cross-sectional recruitment based on population records from the participating Health and
Demographic Surveillance Sites. The participants in the microbiome sub-study were semi-randomly chosen from the larger
AWI-Gen 2 participant pool, with a randomization approach that favored balancing participants by menopause and
hypertension status. Approximately 35% of the overall AWI-Gen participants were lost to follow up in the second study
phase. Participants were cross-sectionally and randomly sampled across each site catchment area, and therefore we do not
expect a strong self-selection bias.

Ethics oversight Human subjects research approval was obtained from the University of the Witwatersrand Human Research Ethics
Committee, Clearance Certificate No. M170880, M2210108.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Microbiome data was generated for 1,820 participants. No sample size calculation was performed. Sample sizes were chosen based on study
feasibility and budget, which allowed for target enrollment of at least 200 individuals from each site, with greater enrollment at Agincour and
Nanoro to support orthogonal research efforts. These sample sizes are sufficient to capture a range of microbiome diversity and to detect
microbial taxa with significantly different prevalence and abundance across groups, based on sample sizes used in previous literature and our
pilot studies in Agincourt and Soweto.
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Data exclusions  Samples that did not meet DNA yield thresholds for shotgun sequencing were excluded from these analyses. 1,820 participants had
sequencing data that met inclusion thresholds, which were determined prior to analysis. Samples from men and samples with high
proportions of human reads were excluded from analyses comparing microbiome composition between sites, to avoid confounding.

Replication As this study compares samples from six populations, we did not replicate the full study with an additional set of sample collection. The
analysis in this study is reproducible through the availability of our computational pipelines (see Data and Code Availability).

Randomization  Participants/samples were not randomized into experimental groups for this study as we compared the microbiomes of six distinct
communities. Samples were randomized across plates for DNA extraction and sequencing to avoid batch effects between groups. Covariates
between groups were not controlled for, as the purpose of this study was to understand how geography and lifestyle covariates relate to
microbiome composition.

Blinding Investigators were not blinded to group during data collection. Blinding was not possible as participants were surveyed at their respective
locales. Blinding was not relevant to our study as all data were processed through the same computational pipelines.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies g |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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Plants

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Authentication Describe-any-atithentication-procedtres for-each seed stock-tised-ornovel- genotype generated—Describe-anyexperiments-used-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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