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Supplementary Figure S1. Inland and fishing populations in the Rakai region. Panel A Shows RCCS inland
communities in green, and Lake Victoria and fishing communities in brown. The region shown in green was
designated as the RCCS inland (included administrative 2 and 3 units including RCCS communities). The RCCS
included ~75-7% of populations in the lakeside area within 3km of the Lake Victoria shoreline (light brown), and
~16-2% of populations in the inland area of the Rakai region (light green). Areas classified as external in this study
are shown in light blue. Panel B shows estimated population density of persons aged 15-49 years in the Rakai
region; Panel C shows estimated HIV prevalence among persons aged 15-49 years in the Rakai region. Panel D
shows the estimated number of persons living with HIV (PLHIV) aged 15-49 years in the Rakai region.
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Supplementary Figure S2. Sources of transmission in by gender. To investigate the transmission bias that 60-4%
(95%Crl: 54-4%-66-3%) of HIV transmissions in RCCS communities originated from men, we considered the
sources of transmissions in inland and fishing communities after adjusting for sampling bias. Estimates were
obtained as described in Supplementary Text S2, and adjusted for heterogeneity in participation and sequence
sampling. In fishing communities, an estimated 44-3% (95%Cr1: 37-:2%-51-7%) of transmissions originated from
women, and 55-7% (95%Crl: 48-3%-62-8%) originated from men. In inland communities, an estimated 34-5%
(95%CrlI: 25-9%-43-9%) of transmissions originated from women, and 65-5% (95%Crl: 56-1%-74-1%) originated
from men.
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Supplementary Figure S3. Sources of transmission by migration status. To investigate the impact of in-
migration on HIV transmissions in RCCS communities, we compared the proportion of in-migrants among
phylogenetically likely transmitters to that among infected RCCS participants and all RCCS participants. Panel A
shows that an estimated 22-1% (95%CrtI: 17-3%-27-5%) of transmissions originated from in-migrants, compared to
26:5% (25:4%-27-8%) of infected participants who were HIV-positive in-migrants, and to 25-2% (24:6%-25-7%) of
participants who were in-migrants. Panel B reports the posterior probability distribution of the estimated proportion
of transmissions from in-migrants minus the proportion of in-migrants among infected participants. The 95%
credibility interval was (-9-4%-1-1%), demonstrating that in-migrant did not contribute to the epidemic in excess of
their overall representation among infected participants, and in fact likely less, although this was not statistically
significant.



33

34

Supplementary Table 1. Study population and HIV-1 transmission events reconstructed with deep sequence phylogenetic analysis by migration status

Population Individuals eligible  Participants HIV-1 positive ART-naive* Deep sequenced® Phylogenetic linkage and
(Location”, Gender, Migration Status') to participate direction of transmission
highly supported’
Total 37645 25882 5142 3878 2652 554
Fishing sites, women 3792 2859 1352 1095 769 167
Resident 2922 (77-1%) 1989 (69-:6%) 957 (70-8%) 802 (73-2%) 558 (72:6%) 123 (73-7%)
Migrant from inland community 298 (7-9%) 298 (10-4%) 140 (10-4%) 110 (10%) 79 (10-3%) 14 (8-4%)
Migrant from fishing community 13 (0:3%) 13 (0-5%) 9 (0.7%) 7 (0.6%) 6 (0.8%) 2 (1.2%)
Migrant from external 465 (12-3%) 465 (16:3%) 186 (13-8%) 140 (12-8%) 98 (12:7%) 22 (13-2%)
Migrant, origin unknown 94 (2:5%) 94 (3-3%) 60 (4-4%) 36 (3-3%) 28 (3-6%) 6 (3.6%)
Fishing sites, men 4737 3224 1087 964 745 171
Resident 3871 (81:7%) 2358 (73:1%) 847 (77-9%) 765 (79-4%) 587 (78:8%) 140 (81-9%)
Migrant from inland community 238 (5%) 238 (7-4%) 61 (5:6%) 56 (5-8%) 40 (5:4%) 11 (6:4%)
Migrant from fishing community 19 (0-4%) 19 (0-6%) 7 (0.6%) 6 (0.6%) 6 (0.8%) 0 (0%)
Migrant from external 372 (7-9%) 372 (11-5%) 91 (8-4%) 83 (8:6%) 69 (9-3%) 14 (8-2%)
Migrant, origin unknown 237 (5%) 237 (7-4%) 81 (7:5%) 54 (5:6%) 43 (5-8%) 6 (3.5%)
Inland communities, women 15154 10932 1797 1156 678 112
Resident 12146 (80-2%) 7924 (72-5%) 1248 (69-4%) 755 (65-3%) 473 (69-8%) 87 (77-7%)
Migrant from inland community 1372 (9-1%) 1372 (12:6%) 258 (14-4%) 195 (16:9%) 106 (15:6%) 16 (14-3%)
Migrant from fishing community 18 (0-1%) 18 (0-2%) 5(0.3%) 5(0.4%) 2 (0.3%) 2 (1.8%)
Migrant from external 1238 (8-2%) 1238 (11-3%) 185 (10-3%) 145 (12:5%) 72 (10:6%) 6 (5.4%)
Migrant, origin unknown 380 (2:5%) 380 (3-5%) 101 (5:6%) 56 (4-8%) 25 (3-7%) 1 (0.9%)
Inland communities, men 13962 8867 906 663 460 104
Resident 12195 (87-3%) 7100 (80-1%) 725 (80%) 518 (78:1%) 374 (81-3%) 87 (83:7%)
Migrant from inland community 690 (4-9%) 690 (7-8%) 81 (8:9%) 65 (9-8%) 36 (7-8%) 9 (8.7%)
Migrant from fishing community 9 (0.1%) 9 (0.1%) 3(0.3%) 3 (0.5%) 3(0.7%) 2 (1.9%)
Migrant from external 635 (4:5%) 635 (7-2%) 45 (5%) 41 (6:2%) 18 (3-9%) 5 (4.8%)
Migrant, origin unknown 433 (3:1%) 433 (4-9%) 52 (5:7%) 36 (5:4%) 29 (6:3%) 1 (1%)

* RCCS communities on the shore of Lake Victoria were classified as fishing site, and all others as inland communities.

+ Individuals who in-migrated into an RCCS community in the two years before their first survey visit were classified as an in-migrant, and otherwise as resident. Origins of migration were geo-
located from interview data.

§ Infected individuals who did not self-report use of ART.

¥ Infected ART-naive individuals who had deep sequences at sufficient quality for analysis, defined as reads of length at least 250nt that covered a minimum of 750nt of the HIV-1 genome at a
sequencing depth of 30X.

9 Sequenced individuals who were phylogenetically close, adjacent, and ancestral in the same direction to another individual in viral deep-sequence phylogenies across 60% of the HIV-1 genome.
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Supplementary Table 2. HIV-1 transmissions among RCCS communities by source location

Source population

Overall
Fishing sites
Inland communities
External to RCCS
Fishing sites
Inland communities
External to RCCS

By gender
M, Fishing sites
M, Inland communities
M, External to RCCS
M, Fishing sites
M, Inland communities
M, External to RCCS
F, Fishing sites
F, Inland communities
F, External to RCCS
F, Fishing sites
F, Inland communities
F, External to RCCS

Recipient population

Fishing sites
Fishing sites
Fishing sites
Inland communities
Inland communities
Inland communities

F, Fishing sites

F, Fishing sites

F, Fishing sites

F, Inland communities
F, Inland communities
F, Inland communities
M, Fishing sites

M, Fishing sites

M, Fishing sites

M, Inland communities
M, Inland communities
M, Inland communities

Estimated contribution to
overall HIV-1 transmissions
among RCCS communities
*

(mean, 95% credibility
interval of posterior density)

76-4% (69-7%-82-4%)
13-4% (8-8%-19-1%)
10% (61%-15-2%)
8.3% (4%-14-9%)
85-4% (77-6%-91-4%)
5.9% (2.3%-11-7%)

78-5% (69-4%-86-1%)
12:9% (7-1%-20-9%)
8.1% (3.8%-14-8%)
11-6% (53%-21%)
82-2% (71-7%-90-2%)
5.7% (1.7%-13-1%)
74% (63-5%-83-1%)
13-6% (7-2%-22-4%)
11-9% (5-9%-20-6%)
1.6% (0.1%-8.1%)
92-3% (80-4%-98-1%)
5.4% (0.8%-16-6%)

Predicted contribution to
overall HIV-1 transmission
among Rakai subdistricts **

(mean, 95% credibility interval
of posterior predictive density)

54-8% (42-2%-69%)
45-2% (31%-57-8%)
1.9% (0.7%-3.9%)
98:1% (96:1%-99-3%)

54% (37-2%-73-7%)
46% (26-3%-62-8%)
2.6% (0.9%-5.7%)
97-4% (94-3%-99-1%)
56-8% (38-9%-77-2%)
43-2% (22-8%-61-1%)
0.4% (0%-2.7%)
99-6% (97-3%-100%)

* Estimates based on phylogenetically reconstructed events, and adjusted for participation and sequencing differences via Bayesian multi-
level model; see Supplementary Text S2. ** Predictions based on fitted Bayesian multi-level model, and extrapolating from eligible
individuals who live in RCCS communities to the inland and fishing areas shown in Figure 1A; see Supplementary Text S3.

Supplementary Table 3. HIV-1 transmissions among RCCS communities by recipient location

Source population

Overall
Fishing sites
Fishing sites
Inland communities
Inland communities
External to RCCS
External to RCCS

By gender
M, Fishing sites
M, Fishing sites
M, Inland communities
M, Inland communities
M, External to RCCS
M, External to RCCS
F, Fishing sites
F, Fishing sites
F, Inland communities
F, Inland communities
F, External to RCCS
F, External to RCCS

Recipient population

Fishing sites
Inland communities
Fishing sites
Inland communities
Fishing sites
Inland communities

F, Fishing sites

F, Inland communities
F, Fishing sites

F, Inland communities
F, Fishing sites

F, Inland communities
M, Fishing sites

M, Inland communities
M, Fishing sites

M, Inland communities
M, Fishing sites

M, Inland communities

Estimated contribution to
overall HIV-1 transmissions
among RCCS communities
*

(mean, 95% credibility
interval of posterior density)

92-8% (87-1%-96-5%)
7.2% (3.5%-12-9%)
18% (11-9%-25-5%)
82% (74-5%-88-1%)
70-3% (49-3%-87%)
29-7% (13%-50-7%)

89% (80-1%-94-9%)
11% (5:1%-19-9%)
15-8% (8-6%-25-5%)
84-2% (74-5%-91-4%)
63% (34-5%-87%)
37% (13%-65-5%)
98-8% (94%-99-9%)
1.2% (0.1%-6%)
21-1% (11-2%-34%)
78-9% (66%-88-8%)
80% (49-3%-96-7%)
20% (3-3%-50-7%)

Predicted contribution to
overall HIV-1 transmission
among Rakai subdistricts **

(mean, 95% credibility interval
of posterior predictive density)

75:2% (59-2%-89-1%)
24-8% (10-9%-40-8%)

4.6% (2.5%-7.6%)
95:4% (92:4%-97-5%)

66-2% (46-8%-85-4%)
33-8% (14-6%-53-2%)
4.3% (1.8%-8.4%)
95:7% (91-6%-98-2%)
94-8% (71-2%-100%)
5.2% (0%-28-8%)
4.9% (1.9%-10-1%)
95:1% (89:9%-98-1%)

* Estimates based on phylogenetically reconstructed events, and adjusted for participation and sequencing differences via Bayesian multi-
level model; see Supplementary Text S2. ** Predictions based on fitted Bayesian multi-level model, and extrapolating from eligible
individuals who live in RCCS communities to the inland and fishing areas shown in Figure 1A; see Supplementary Text S3.
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Supplementary Table 4. Rakai sub-districts with RCCS surveillance over the study period.

Geographic
area

lakeside
lakeside
inland
inland

Gender

=T ™

Estimated
population,
ages 15-49

#

2981
2655
98476
81506

Estimated
infected
population, ages
15-49 years

# (%HIV+)

837 (28-1%)

558 (21-0%)
14927 (15-1%)
9951 (12-2%)

Census-eligible
population in

communities,
ages 15-49 years

3792
4737
15154
13962

Study
participants in
RCCS
communities,
ages 15-49
years

2859
3224
10932
8867

Infected
population in
RCCS
communities,
ages 15-49 years

# (%HIV+)

1352 (47-3%)
1087 (33:7%)
1797 (16:4%)

906 (10-2%)
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Supplementary Text S1 Rakai Community Cohort Study

S1.1 RCCS Recruitment and follow-up

The Rakai Community Cohort Study (RCCS), conducted by the Rakai Health Sciences Program (RHSP), is an open,
population-based, multi-community cohort of individuals aged 15-49 years. To identify eligible cohort participants,
a household census enumerates all persons by gender, age, and duration of residence, irrespective of age, and
whether they are present or currently absent. Eligible individuals are then invited to come to a central hub in the
community for RCCS consent and enrolment. At the hub, individuals undergo group consent procedures
(information is provided to a group at a time), followed by individual consent which is conducted in private by a
trained RCCS interviewer/counsellor. Two attempts are made to contact individuals at their home if they were
censused and eligible but who do not present at the hubs for survey. Mobile phone outreach is also performed for
survey participants from prior rounds who are not present at subsequent surveys. There are no specific incentives for
follow-up given, but all participants are compensated for time and travel.

For this study, participants were enrolled between August 10,2011 and January 30, 2015. Figure S4 illustrates the
distribution of first survey visit times of participants in inland and fishing communities, showing that the two
populations were surveyed concurrently.

S1.2 RCCS survey procedures

Each RCCS survey round collects detailed interview data (sociodemographic, behavioral, sexual network, health
care utilization, pregnancy and childbearing, health status) consenting residents aged 15-49. Interviews are
conducted in private by trained same sex interviews in the local language, Luganda, with direct data entry into
password protected encrypted mobile PCs.

As part of the survey, all RCCS participants are offered free voluntary counseling and HIV testing if they previously
tested HIV-negative in a prior RCCS survey or their HIV status is unknown. The vast majority (>90%) of
participants over the lifetime of the cohort consent to be tested, and to receive their results. A small percentage
(<5%) agree to be tested but choose not to receive their HIV results. HIV rapid testing is performed using a
validated algorithm, and results are returned to participants immediately through on-site post-test counselors.

All consenting participants, irrespective of HIV status, are also provide a venous blood sample for storage/future
testing, including viral phylogenetic studies. Blood is collected in EDTA tubes, and after collection, which occurs at
the hub, specimens are stored in a cool box until transport to the central RHSP laboratory. After specimen arrival to
the central lab, specimens are centrifuged, and plasma is separated into 1 ml aliquots for storage. Aliquots are
labelled with participants’ unique alphanumeric ID, and stored at -80°C in a designated freezer facility on site. In
case of power failure in the grid, the freezer facility is connected to a generator house with two backup 200 KVA
and one 150 KVA generators, UPSs, 24 inverters, and a 20-battery backup for uninterrupted power.

S1.3 Viral sequencing

HIV-1 deep sequences were generated from blood samples of HIV infected study participants who did not report
ART use. This selection criterion was motivated by the fact that self-reported ART use reflected actual ART use
with high specificity and sensitivity in a previous validation study(1), and that 90% of individuals who reported
ART use had suppressed virus below 1,000 copies per mL of plasma(2), below which viral deep sequencing was not
possible with our protocol(3). If an individual participated in more than one survey over the observation period and
they reported no ART use at multiple visits, only the sample at the initial visit at which they reported no ART use
was scheduled for sequencing. If an individual was observed multiple times and initially reported ART use but at a
later visit did not, the sample of the first visit at which they did not report ART use during the observation period
was scheduled for sequencing. Thus, one sample per participant was scheduled for sequencing, and it was the first
visit at which they did not report ART use during the observation period. Samples scheduled for sequencing were
shipped to University College London Hospital, London, United Kingdom for viral RNA extraction. RNA extraction
was automated on QIAsymphony SP workstations with the QIA- symphony DSP Virus/Pathogen Kit (Cat. No.
937036, 937055; Qiagen, Hilden, Germany), followed by one-step reverse transcription polymerase chain reaction
(RT-PCR). Deep-sequencing was performed on Illumina MiSeq and HiSeq instruments in the DNA pipelines core
facility at the Wellcome Trust Sanger Institute, Hinxton, United Kingdom.



96 2,652 individuals had viral deep-sequences generated that satisfied minimum quality criteria for phylogenetic
97 analysis(4). Figure S5 illustrates the sequence sampling times of these individuals, indicating that the sampling of
98 the populations in fishing and inland communities overlapped in time.
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101 Supplementary Figure S4. Survey dates in inland and fishing communities. 25,882 individuals in 40

102 communities participated in the Rakai Community Cohort Study from August 10, 2011 to January 30,2015. The
103 histogram shows the number of study participants in inland communities (green), and fishing communities (brown)
104 by month in the observation period. In inland communities, the first and last visit dates were respectively August 10,
105 2011 and January 30, 2015. In fishing communities, the first and last visit dates were respectively November 4, 2011
106 and October 2, 2014.
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Supplementary Figure S5. Sampling dates associated with viral sequences in inland and fishing communities.
From 2,652 individuals, viral sequences could be obtained that satisfied minimum criteria on read length and read
depth(4). Overall, the sequences were obtained from participants visited from August 10, 2011 to December 3, 2014.
In inland communities, the respective dates were August 10,2011 to December 3, 2014. In fishing communities, the
respective dates were November 21,2011 to July 3,2014.

10



114

115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

166

Supplementary Text S2 Statistical analysis of transmission flows between surveyed
communities

S2.1 Source attribution model

Input data from phyloscanner deep sequence analysis

2,652 individuals of 3,878 HIV-infected individuals who did not report ART use were deep-sequenced satifying
minimum quality criteria for phylogenetic analysis, and the phyloscanner software was used to reconstruct their viral
phylogenetic relationships(5). Full details are described in Ratmann et al.(4). Briefly: in a first stage, pairs of
individuals who had phylogenetically close virus across the HIV-1 genome were identified. Individuals were
randomly assigned to batches of individuals, and phyloscanner was run on viral deep-sequence data from individuals
in each pairwise combination of batches. This allowed identification of all pairs of individuals with phylogenetically
close virus. Potential transmission networks were then constructed by grouping individuals who had
phylogenetically close virus to at least one other individual. In a second stage, phyloscanner was run on viral deep-
sequence data from all individuals in a potential transmission network, and sequences from the ~10 most
phylogenetically closely related individuals not in the potential network that acted as controls. The topology of deep-
sequence trees and phylogenetic distance were used to confirm membership of individuals in a transmission
network, and to estimate the direction of transmission within networks. Each network was described with two
adjacency matrices L and D that quantified respectively the strength of phylogenetic evidence for direct transmission
(linkage) between two individuals in the network, and the strength of phylogenetic evidence for the direction of
transmission between two individuals in the network. The cell entry L;; was obtained by counting the number of
deep-sequence phylogenies with evidence for linkage across the HIV-1 genome, and then adjusting the raw count
for the extent of overlap in the read alignments from which the deep-sequence phylogenies were reconstructed. The
cell entry D;; was obtained by counting the number of deep-sequence phylogenies with evidence for transmission
direction from i to j, and then by adjusting the raw count for the extent of overlap in the read alignments from which
the deep-sequence phylogenies were reconstructed. Two individuals were defined as a phylogenetically likely
transmission pair with strong support for the direction of transmission (source-recipient pair) if L;;/K > ¢ and
D;j/Li; > c, where ¢ = 0.6. 293 source-recipient pairs were reconstructed.

Definition of inland, fishing, and external populations for source attribution

Figure 1A shows the 36 inland and four fishing communities that were part of the RCCS between August 2011 and
January 2015. All study participants and source-recipient pairs resided in one of these communities at time of
survey, of whom a quarter had migrated into RCCS communities within two years before to study visit (see main
text). To account for these population movements, inland and fishing populations were defined more broadly. The
northernmost and southernmost RCCS communities were located at latitudes -0-406 and -0-999 respectively. Fishing
populations were defined to be located within 3km to the shores of Lake Victoria within latitudes -0-406 and -0-999.
The 3km range was chosen so that the lakeside area contained all households belonging to Lake Victoria fishing
communities, and so that the geographic center of all inland communities was not in the lakeside area. Inland
populations were defined to be sub-districts where RCCS surveillance took place within the same latitude range,
with the exception of fishing populations. External populations were defined to be outside sub-districts where RCCS
surveillance took place, or beyond latitudes -0-406 and -0-999. Supplementary Figure S1 illustrates the locations of
inland, fishing and external populations.

Crude estimate of transmission flows

The aim of analysis is to estimate the population-level proportion of transmissions 14, from population sub-group a
to population sub-group b. Every individual is assumed to be part of one stratum. In this study, we focused on
estimating transmission flows by location, with the population stratified either in three groups (fishing, inland or
external populations), or stratified in six groups (fishing:men, fishing:women, inland:men, inland:women,
external:men, external:women). To introduce notation, suppose there are in total z,, transmissions from group a to
group b, of which ng;, are observed in a cross-sectional population-based sample, with corresponding totals Z =
YabZap.and N = ¥, ngyp. Table 1 left column reports the number of observed transmission events 1, and the
crude estimate T4, = ngp/N. Under the assumption that individuals are sampled at random with probability &, in
stratum a, then on expectation

Elfar] = Carkafo)/ (), Zeakeba)

11
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and 74, is an unbiased estimator of 1, if the sampling probabilities are homogeneous, i.e. £, is independent of a
for all strata a and just a constant. This is usually not the case.

Bayesian data augmentation model
For the case that sampling probabilities are not homogeneous, we developed the following Bayesian multi-level
model to obtain sampling-adjusted estimates of 7. The central assumption we make is that prior information on &,
are available, for example through enumeration and surveillance of the entire study population. Define the vector
n = (ngy,) to be the number of observed transmission flow counts for all pairwise strata combinations considered,
ngp = 0, e.g. fishing->fishing, fishing->inland, inland->fishing, inland->inland, or men->women, and women-
>men. Due to population movement, the basic scenario that we consider includes fishing->fishing, fishing->inland,
inland->fishing, inland->inland, external->fishing, and external->inland, and so the length of nis L = 6. Also
denote the vectors z = (zgp), T = (7)), § = (§,). Assuming that source-recipient pairs are independent, we
consider the model

z~Multinomial(Z, )

ngp~Binomial(zap, §4p)

$a~Dp (ga)

Z~p(Z)

m~p(m)
where the counts n;, are observed, i are the target parameters, and z, Z, £, are latent parameters. The Bayesian
model allows incorporation of information on the sampling probability for all strata through the prior distributions
p(&,), for example through Beta distributions that are centered at particular values and with particular precision.
The prior distribution on the total number of transmissions, p(Z), can also be specified based on available sampling
information, by setting p(Z) to a truncated Poisson distribution with lower limit N and median around N divided by
the average sampling fraction of the population. The prior distribution on 7 was set to an uninformative conjugate
Dirichlet distribution with constant hyper-parameters 4 = (1,;), A4, = 0.8/L. The joint posterior distribution
p(m,z,Z, & | n) can be estimated via Markov Chain Monte Carlo, including high-dimensional cases when the
number of transmission flows to be estimated exceeds 100. The algorithm is available at https://github.com/BDI-
pathogens/phyloscanner/phyloflows, version 1.1.0. The main simplifying assumption of this model is that
phylogenetically reconstructed transmission events are assumed to be independent in the Multinomial data
likelihood, which can be inappropriate when reconstructed transmission networks are large. When the large majority
of reconstructed transmission networks consists of two individuals as in the Rakai data, the independence
assumption is not overly restrictive.

S2.2 Application to Rakai data

Overall model specification

We applied the source attribution model in section S2.1 to estimate HIV transmission flows between inland and
fishing communities of the RCCS. The phylogenetic data consisted of 293 source-recipient pairs that were
reconstructed through deep-sequence viral phylogenetic analysis of a population-based sample of 2,652 RCCS
participants. Following extensive previous characterization of the study population (2, 6, 7), the model in section
S2.1 was specified in terms of strata a that were a combination of gender (male, female), age bracket (15-24,25-34,
35-50 years), migration status (in-migration in 2 years before first RCCS visit in study period, resident otherwise),
and community type (agrarian, trading, fishing). This detailed description was chosen to accommodate variation in
participation and sequence sampling rates in the cohort.

Modelling variation in participation rates
Figure S6 illustrates participation rates (#participants/#eligible) by migration status, gender, and age bracket. Results
for each community are represented as a point. There were significant overall differences in participation rates by
gender and age, with variation across RCCS communities. The differences were described in a Bayesian Beta-
Binomial logistic regression model including all interaction terms between gender, age bracket, and migration status,
kP*"~BeEaBinomial (§7", n¢", ¢)
logit(§7“") = Bo + BuFi + B2GiA1iM; + B3GiAyM; + BoGiM; +
Bs(1 = G)AM; + Be(1 — Gi)AiM; + (1 — G)M; +
BaGiA1i(1 = M;) + BoGiAzi (1 — M;) + B1oGi(1 — My) +
B11(1 = GAL (1 — M;) + B12(1 = G Ay (1 — M;)
Bo~Normal(0,100)
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Bj~Normal(0,10) forj = 1,...,12

with data

kf’ar RCCS participants in stratum i

nie” census eligible individuals in stratum §
G; gender status in stratum i (male=1, female=0)
F;  fishing community status in stratum i (yes=1, no=0)
T;  trading community status in stratum i (yes=1, no=0)
M;  inmigration status in stratum i (yes=1, no=0)

A;;  age bracket 15-24 years in stratum i (yes=1, no=0)
A,n age bracket 25-34 years in stratum i (yes=1, no=0)

and estimated parameters
& L.p 4" participation probability in stratum i
¢  overdispersion parameter

B;  fixed effects regression parameters, j = 0, ...,12.

Similar versions of the model with different interaction terms were fitted with Stan version 2.19 (8), and the final
version reported above was chosen based on best WAIC. The fixed effects parameters S, fs, S, f9> Bios B11> P12
had marginal posterior distributions with 95% credibility intervals excluding zero. Monte Carlo samples of the
marginal posterior distributions of {f " were used for sampling adjusted source attribution as described below.

Modelling variation in sequence sampling rates
Figure S7 illustrates sequence sampling rates (#sequenced at minimum quality criteria/#infected and not reporting
ART use) by migration status, gender, and age bracket. Results for each community are represented as a point.
There were significant overall differences in participation rates by gender and age, with variation across RCCS
communities. The differences were described in a Bayesian Binomial logistic regression model of the form

k;*I~Binomial(&°?, npoARTuse)

logit(§7*") = Bo + B1Gi + BoFi + BTy + BuM; +

BsA1i + BsAzi

Bo~Normal(0,100)

Bj~Normal(0,10) for j = 1,...,6
with data and estimated parameters

kiseq individuals of whom virus was deep-sequenced at minimum quality criteria in
stratum i
nfoARTUse infected individuals who did not report ART use in stratum i
gl sequencing probability in stratum I
i q gp y

and all other variables defined as for the participation rate analysis. Similar versions of the model were fitted with
Stan version 2.19 (8). The final version reported above was chosen based on best WAIC. Models with
overdispersion and/or interaction terms had worse WAIC values. The fixed effects parameters Sy, 81, B2, B3> B4 Ba»
Bs had marginal posterior distributions with 95% credibility intervals excluding zero. Monte Carlo samples of the
marginal posterior distributions of El.s ¢4 were used for sampling adjusted source attribution as described below.

Specification of the sampling variable

For stratum a, overall sampling was modelled as the product of study participation and, subsequently, sequencing if
participants were infected, p(¢,) = p(fgar)p(fzeq), where p(f};‘") is the marginal posterior distribution of
participation rates under the above Beta-Binomial-logistic model, and p(féeq) is the marginal posterior distribution
of sequencing rates under the above Binomial-logistic model. To fit the Bayesian data augmentation model of
section S2.1, Monte Carlo samples from p(¢,) are required. These were obtained by drawing Monte Carlo samples

from p(ffj‘") and p(féeq) that were obtained with Stan, and multiplying both samples.

Computational inference
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To adjust for sampling differences by gender, age, migration status, and community type, we extended the flow
vector 1 of size L = 6 to account for a finer stratification of the population by sampling groups. Based on our
stratification by gender, age bracket, migration status, and community type, the resulting flow vector i had length
L = 576, and captured, for example, the proportion of transmissions from resident men aged 25-29 in inland
communities to resident women aged 15-24 in inland communities. Most entries in the observation vector

n = (ng,) were zero. However because of incomplete sampling, the corresponding (unobserved) actual
transmission counts z,;, were often non-zero, and under the model of section S2.1 the probabilities that the actual
(unobserved) transmission counts were non-zero differed for each entry of z = (z,;) because the sampling
probabilities &, and &, differed in each case. The joint posterior distribution p(r, z, Z, ¢ | n) was numerically
estimated with the MCMC algorithm in Section S2.1 in 4.8 million MCMC iterations. Figure S8 reports traceplots
of the primary parameter of interest, 7r. Convergence was assessed with the Gelman-Rubin statistic, and mixing was
assessed in terms of effectice sample size, as calculated with the coda R package version 0.19-2. Numerical
convergence was achieved in a burn-in period of 240e3 iterations, and the effective sample sizes from the marginal
posterior densities were all above 10,000, confirming that inference of 7 on the Rakai data set was computationally
feasible.

Reported quantities
To characterize transmission dynamics between inland and fishing RCCS communities, the following quantities
were derived as summary measures from MCMC output:

quantity symbol definition
transmission flows Tpp, Tp, T T, Tgp, Tgp Where  Tpp = Ygep per Map» Where myy, is defined
between inland and F denotes fishing communities, I above as the proportion of transmissions
fishing communities in %  inland communities, E external from stratum a to stratum b; i.e. MCMC
introductions through output was aggregated across strata in fishing
inmigration, with communities. Calculations for m;r, wp;, Ty,
Mpp+T e+ e+ + Ty + gy, Tgp Were done analogously.
Tgr =1
transmission flow ratio y Y =M/
sources of infection in oF,6F,6F O8F = mpp/(mpp + yp + gp),
fishing communities in % 8F = myp/(mtpp + g + Tgp),
8t = mgp/(Mpp + Ty + Tgr)
sources of infection in 81, 8%, 6% 8! = ny/(myy + TRy + TR,
inland communities in % 8 = mp /(7 + R + TRy,
8g = g/ (T + gy + Tpp)
recipients of infection wk, wf Wb = mtpp/(Tpp + TRp),
from fishing communities of =g /(Tpp + )
in %
recipients of infection wk, ! wh = mpp/(mF + 1y,
from inland communities wl = /(T + 1)
in %
recipients of infection wE, wE wE = mgp/(mgp + 15,
from inmigration in % wf =g /(ngr + 10

Reported error bars are 95% highest posterior density intervals of the marginal posterior densities of the above
variables. Estimates stratified by inland and fishing RCCS communities and gender were calculated analogously.
Table 1 reports estimated transmission flows between fishing and inland communities. Figure 3 reports the
estimated transmission flow ratio. Table S2 reports estimated sources of infection in fishing communities and in
inland communities. Table S3 reports estimated recipients of infection in fishing communities and in inland
communities.

14



285

100%

286
A B
100% = 100% >
i * fishing site T I ,’( * fishing site gt -},"
§ . + inland community i :. J. i:- i . * inland community l :'_-. :; Rd
o8 TS g %
c A . B
g2 ~ g o
2 i * 2 e
% % 50 /.,' % 50° ,,"
=3 ‘ c .
e g
- o" & ,"
2
o 25! 50 759 o0 0%
0% 25% 50% 75% 100%
participation rate among
resident individuals participation rate among men
C 100 = D 1009 E 100% -
i - fishing site ‘ . ] § % *fishing site % *fishing site . ";':,s:'
& o Inland communiy @ « Inland community @ *  inland community o .'?,.
3 ™ % 759 g. 759 (RO &
3 s 3 E:
2 - k
g | H :
g’ = < 2 w0 2 s
: 5 5
2z . ] )
K E > g o
5 o o é 25% p i g = -
3 o = 7% c 37
s o g s o
o . L, p
259 50% 75% 100% P . . L = pot
o 25% 50 75% 100% - 25% 75%
participation rate among individuals aged 15-24
participation rate among individuals aged 15-24 participation rate among individuals aged 25-34
287  Figure S6. Participation rates by gender, age, and migration status. RCCS participation rates were defined as
288 the number of participants divided by the number of census eligible individuals for given population strata in each
289 RCCS community. 95% Agresti-Coull confidence intervals were calculated. The subfigures compare community-
290 specific participation rates between two strata, (A) migration status, (B) gender, (C-E) age brackets. The diagonal
2901 line indicates no community-specific differences in participation rates for the two strata compared.
292
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Figure S7. Sequence sampling rates by gender, age, and migration status. RCCS sequence sampling rates were
defined as the number of individuals of whom virus was deep-sequenced at minimum quality criteria divided by the
number of infected individuals who did not report ART use for given population strata in each RCCS community.

95% Agresti-Coull confidence intervals were calculated. The subfigures compare community-specific participation

rates between two strata, (A) migration status, (B) gender, (C-E) age brackets. The diagonal line indicates no

community-specific differences in sequence sampling rates for the two strata compared.
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Figure S8. Numerical performance: traceplots for estimated proportions of transmission flows between RCCS communities. Parameter states for the first
dimension of the target parameter 7 (proportions of transmission flows) from the first to the last full Markov Chain Monte Carlo cycle over all unknown
parameters. The MCMC algorithm was run for 100,000 cycles, corresponding to 4-8 million MCMC iterations, of which the first 5% were discarded as burn-in.
The traceplot indicates fast numerical convergence to the posterior distribution and good mixing on the posterior distribution.
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Supplementary Text S3 Prediction of transmission flows between lakeside fishing and
inland populations

Overview

The RCCS is not a proportionate sample of the underlying population in the Rakai region, chiefly because the RCCS
oversamples Lake Victoria fishing communities. This means that estimated transmission flows between the
communities within the cohort do not scale to the total population. We predicted the transmission flows

" = (Tpp, Typ, Ty, Typ) between the inland and fishing areas defined in Figure 1A. The predictions were based on
the estimated transmission flows between RCCS communities, and scaled by the total population in inland and
fishing areas.

Input data

The predictions required spatial estimates of the number of men and women in inland and fishing areas. High
resolution estimates of population density on a 1km”spatial grid were from the World Pop Project, aggregated
within inland and fishing areas by gender, and are reported in Supplementary Table S4 (7, 9). The population count
in fishing areas was lower than the census-eligible population in the four fishing communities of the RCCS,
suggesting underestimation of the population in the lakeside area by a factor of at least 1.78. We multiplied the
World Pop estimate of the population size in the lakeside area by a factor of 2. Sensitivity analyses using alternative
approaches did not substantially impact on our results as described in Supplementary Text S4. Population counts in
the inland area agreed with estimates from the Ugandan Bureau of Statistics, and were left unchanged. For the
predictions, we used the proportions ¢; and {r of individuals in inland and lakeside areas that are part of the RCCS
survey.

Prediction of area-level transmission flows
Predictions were based on the posterior predictive distribution

p(* |n) = f p(w'|m,2,2,8) 2,2, Eln) dm,2,2,§

where p(m, z, Z, &|n) is the joint posterior distribution of the parameters of the Rakai source attribution model in
section S2.2, with strata collapsed to gender and area type. The vector of RCCS transmission flows was thus
(inland:M -> inland:F, inland:M -> lakeside:F, inland:F -> inland:M, inland:F -> lakeside:M, lakeside:M ->
lakeside:F, lakeside:M -> inland:F, lakeside:F -> lakeside:M, lakeside:F -> inland:M), of length L* = 8. The
estimated transmission flows between RCCS inland and fishing communities were then adjusted by the number of
individuals under surveillance in the same manner as for sequence sampling in section S2.1, through the density

p(*|m, 2,7, §) =j p(n*,z*,2*,{|z,Z) dn*,z*,Z",{
where
p(n*,z*,Z2*,{|m, 2,Z) x HBinomial(zxy; Zyy, (x(y) X Multinomial(z*; Z*, ") X

P2 ().

The prior density for survey inclusion {, in area x was set to the Beta distribution with parameters a, set to the
number of individuals surveyed in area x plus one, and [, set to the number of individuals not surveyed in area x
plus one. The prior density on the total number of transmission in inland and fishing areas, p(Z*), was set to a
shifted Poisson distribution with mean Z/ 7. The prior density for the area-level transmission flows, p(1t*), was set
to the Dirichlet distribution with parameters 0.8/L".

Computational inference

Numerical estimation of the posterior predictive density of m* was straightforward due to the low dimensionality of
the parameter space (L* = 8). First, 10,000 Monte Carlo samples were drawn from p(, z, Z, §|n). Second, for each
Monte Carlo sample, 100 samples from p(w*, z*, Z*, {|m;, z;, Z;) were generated using the same MCMC algorithm
as in section S2.1. Numerical convergence was assessed with the Gelman-Rubin statistic, and was achieved in a
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burn-in period of 90 iterations. Third, the 10 last MCMC iterations were retained, and merged across all 10,000
samples from p(m, z, Z, &|n). Figure S9 reports traceplots of 7r*, and traceplots for the other variables were similar.
Effective sample sizes were calculated as described in Supplementary Text S2, and the smallest effective sample
size was above 10,000, indicating good numerical performance.

Reported quantities
Analogous to the reported quantities described in section S2.2.
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Figure S9. Numerical performance: traceplots for predicted proportions of transmission flows between inland and fishing sub-districts. Parameter states for
the first component of 7* (predicted proportions of transmission flows). First, 10,000 Monte Carlo samples were drawn from p (1, z, Z, §|n) described in
Supplementary Text S3. Second, for each Monte Carlo sample, 100 samples from p(1t*, z*, Z*, {|m;, 2;, Z;) were generated using the same MCMC algorithm as
in Supplementary Text S2, section S2.1. Third, the 10 last MCMC iterations were retained in each case, and merged across all 10,000 samples from

p(m, z,Z, &|n), to obtain 100,000 samples from p(mr*|n). The traceplot indicates good sampling of the posterior distribution.
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Supplementary Text S4 Sensitivity Analyses

Impact of quality criteria on deep-sequence depth used to select virus from individuals for phylogenetic
analysis

Deep-sequencing was attempted from viral samples of nearly all participant who self-reported to be ART naive;
however the quality of deep-sequencing output was moderate. For the main analysis, participants were included if
they had virus deep-sequenced with viral sequence fragments of at least 250bp that covered the HIV genome at a
depth of 30 copies (30X) for at least 750nt of the viral genome. In sensitivity analyses, these inclusion criteria were
relaxed and tightened as follows:

Analysis Description

10X Include participants in phylogenetic analysis if they had virus deep-sequenced with viral sequence
fragments of at least 250bp that covered the HIV genome at a depth of 10 copies (10X) for at least
750nt of the viral genome.

20X Include participants in phylogenetic analysis if they had virus deep-sequenced with viral sequence
fragments of at least 250bp that covered the HIV genome at a depth of 20 copies (20X) for at least
750nt of the viral genome.

30X Include participants in phylogenetic analysis if they had virus deep-sequenced with viral sequence

(central) fragments of at least 250bp that covered the HIV genome at a depth of 30 copies (30X) for at least
750nt of the viral genome.

50X Include participants in phylogenetic analysis if they had virus deep-sequenced with viral sequence
fragments of at least 250bp that covered the HIV genome at a depth of 50 copies (50X) for at least
750nt of the viral genome.

Figure S10 shows the impact of these criteria on estimated transmission flows among RCCS communities by
gender. Figure S11 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing
communities rather than vice versa overall. The interquartile range of the estimated transmission flow ratio was
clearly >1 at stronger quality criteria (20X to 50X), but not in the 10X analysis.

Impact of stringency criteria on the proportion of deep-sequence phylogenies that are supporting linkage and
transmission in one particular direction

Using phyloscanner, many deep-sequence phylogenies were reconstructed for each pair of individuals, and
phylogenetic inferences are based on the frequency of phylogenetic relationships seen in this set of deep-sequence
phylogenies. For the main analysis, a pair of sequenced participants was classified as a source-recipient pair and
used for estimating transmission flows if at least 60% of deep-sequence phylogenies supported virus transmission,
and if at least 60% of these phylogenies supported one direction of transmission. The error rate in phylogenetic
inference of the direction of transmission based on this criterion was estimated to be within 10-20%. In sensitivity
analyses, the threshold was varied as follows:

Analysis  Description

50% A pair of sequenced participants was classified as a source-recipient pair and used for estimating
transmission flows if at least 50% of deep-sequence phylogenies supported virus transmission, and if
at least 50% of these phylogenies supported one direction of transmission.

55% A pair of sequenced participants was classified as a source-recipient pair and used for estimating
transmission flows if at least 55% of deep-sequence phylogenies supported virus transmission, and if
at least 55% of these phylogenies supported one direction of transmission.

60% A pair of sequenced participants was classified as a source-recipient pair and used for estimating

(central) transmission flows if at least 60% of deep-sequence phylogenies supported virus transmission, and if
at least 60% of these phylogenies supported one direction of transmission.

65% A pair of sequenced participants was classified as a source-recipient pair and used for estimating

transmission flows if at least 65% of deep-sequence phylogenies supported virus transmission, and if
at least 65% of these phylogenies supported one direction of transmission.

70% A pair of sequenced participants was classified as a source-recipient pair and used for estimating
transmission flows if at least 70% of deep-sequence phylogenies supported virus transmission, and if
at least 70% of these phylogenies supported one direction of transmission.
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397 Figure S12 shows the impact of these criteria on estimated transmission flows among RCCS communities by

398 gender. Figure S13 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing

399 communities rather than vice versa overall. The width of the 95% credibility intervals increased as selection criteria
400 were stricter, and the interquartile range of the estimated transmission flow ratio was clearly >1 in all cases.

401

402 Impact of classification of phylogenetically likely transmitters into residents and in-migrants

403 To interpret phylogenetically reconstructed source-recipient pairs, we used data on current residence (geo-location
404 of current household) and in-migration (date and origin of in-migration). The geo-location of each phylogenetically
405 likely recipient partner was set to the community in which the recipient was found to be infected. For the main

406 analysis, the location of the phylogenetically likely transmitter was set to the community of residence at or shortly
407 before the recipient was identified as HIV-positive. If the source partner had migrated within the two prior years, the
408 location was set as the community prior to migration. In sensitivity analyses, the timespan used to classify the source
409 partner as a recent in-migrant was varied as follows:

410
Analysis Description
6 months If the source partner had migrated within the 6 prior months, the location was set as the
community prior to migration.
12 months If the source partner had migrated within the 12 prior months, the location was set as the
community prior to migration.
24 months If the source partner had migrated within the 24 prior months, the location was set as the
(central) community prior to migration.
36 months If the source partner had migrated within the 36 prior months, the location was set as the
community prior to migration.
48 months If the source partner had migrated within the 48 prior months, the location was set as the
community prior to migration.
411

412 Figure S14 shows the impact of these criteria on estimated transmission flows among RCCS communities by
413 gender. Figure S15 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing
414 communities rather than vice versa overall. The interquartile range of the estimated transmission flow ratio was
415 clearly >1 in all sensitivity analyses.

416

417 Impact of unknown origins of migration

418 There were 5 phylogenetically likely transmitters who had in-migrated in the two years prior to diagnosis of the
419 likely recipient, and for whom the origin of migration could not be identified. For the main analysis, the source
420 location was set to fishing communities in order to obtain a conservative estimate of transmission flows that is
421 biased towards transmissions from fishing communities. In a sensitivity analysis, the source location of these likely
422 transmitters was set to inland communities:

423
Analysis Description
Inland communities Source location of 5 phylogenetically likely transmitters with unknown origin of
migration was set to inland communities.
Fishing communities Source location of 5 phylogenetically likely transmitters with unknown origin of
(central) migration was set to fishing communities.
424

425 Figure S16 shows the impact of these criteria on estimated transmission flows among RCCS communities by

426 gender. Figure S17 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing

427 communities rather than vice versa overall. The interquartile range of the estimated overall transmission flow ratio
428 was clearly >1 in all sensitivity analyses.

429

430 Impact of sampling adjustments

431 Viral phylogenetic estimates of transmission flows are derived from reconstructed viral phylogenies, which in turn
432 depend on who is sampled. For the main analysis, we adjusted crude estimates by variation in the proportion of
433 census-eligible individuals who participated, by variation in the proportion of infected participants not reporting
434 ART use at first visit who were deep-sequenced at minimum quality criteria, and by variation in the proportion of
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infected participants who were deep-sequenced at minimum quality criteria. In sensitivity analyses, we varied these
adjustments as follows:

Analysis Description

P:0, S:0 No adjustments for variation in participation probability, and no adjustments for variation in deep-
sequencing probability.

P:1,S:0 With adjustments for variation in participation probability, and no adjustments for variation in
deep-sequencing probability.

P:0, S:1 No adjustments for variation in participation probability, and with adjustments for variation in the
proportion of sequenced individuals among individuals who did not report ART use at their first
visit.

P:1,S:1 With adjustments for variation in participation probability, and with adjustments for variation in

(central) the proportion of sequenced individuals among individuals who did not report ART use at their
first visit.

P:0, S:2 No adjustments for variation in participation probability, and with adjustments for variation in the

proportion of sequenced individuals among infected individuals including those reporting ART
use at their first visit.

P:1,8S:2 With adjustments for variation in participation probability, and with adjustments for variation in
the proportion of sequenced individuals among infected individuals including those reporting ART
use at their first visit.

Figure S18 shows the impact of these criteria on estimated transmission flows among RCCS communities by
gender. Figure S19 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing
communities rather than vice versa overall. The interquartile range of the estimated transmission flow ratio was
clearly >1 in all sensitivity analyses.

Impact of population size estimates

The statistical predictions of transmission flows between the lakeside and inland areas shown in Figure 1A were
based on the estimated transmission flows among RCCS communities and population size data on the lakeside and
inland areas (7, 9). For the main analysis, we used the 2015 WorldPop estimate of the total number of individuals
living in inland and fishing areas by gender reported in Supplementary Table S4, multiplied counts due to
underestimation by a factor of 2, and the divided the number of census-eligible individuals by these counts to obtain
estimates of the proportion of survey-eligible individuals in lakeside and fishing areas. This proportion was then
used to scale transmission flows within and between RCCS communities to lakeside and inland areas as described in
Supplementary Text S3. In sensitivity analyses, we varied the underestimation factor from 1 to 3. In addition, we
used estimates of the infected population in lakeside and inland areas to scale transmission flows, using a spatial
mapping approach that we previously reported (7). Briefly, spatial maps of infected men and women aged 15-49
years were generated on a 1km” high-resolution grid through a spatial binomial-logistic disease count model in Stan.
The estimated maps included data on (1) population density from the World Pop Project, (2) age structure from the
RCCS census conducted in 2015-2016, and (3) geo-referenced HIV prevalence data (15-49 years old) from the
RCCS shown in Supplementary Figure S1. The spatial estimates of infected men and women were then aggregated
within inland and fishing areas by gender, and are reported in Supplementary Table S4. The full set of sensitivity
analyses was as follows:

Analysis Description

Prop all, 1X Scaling RCCS transmission flows by 1 times the WorldPop estimate of the total population size
of men and women in inland and fishing areas.

Prop all, 2X Scaling RCCS transmission flows by 2 times the WorldPop estimate of the total population size
of men and women in inland and fishing areas.

Prop all, 3X Scaling RCCS transmission flows by 3 times the WorldPop estimate of the total population size
of men and women in inland and fishing areas.

Prop infected, Scaling RCCS transmission flows by 1 times the estimate of the number of HIV-infected men

1X and women in inland and fishing areas.

Prop infected, Scaling RCCS transmission flows by 2 times the estimate of the number of HIV-infected men

2X and women in inland and fishing areas.
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Prop infected,
3X
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Figure S20 shows the impact of these criteria on estimated transmission flows among RCCS communities by
gender. Figure S21 illustrates the impact of these criteria on the transmission flow ratio from inland to fishing
communities rather than vice versa overall. The interquartile range of the estimated transmission flow ratio was

clearly >1 in all sensitivity analyses.
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Figure S10. Impact of quality criteria on deep-sequencing depth on estimated transmission flows.
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Figure S11. Impact of quality criteria on deep-sequencing depth on the estimated transmission flow ratio
from inland communities to fishing communities rather than vice versa.
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Figure S12. Impact of stringency criteria on the proportion of deep-sequence phylogenies in support of
transmission and direction of transmission by gender on estimated transmission flows.
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Figure S13. Impact of stringency criteria on the proportion of deep-sequence phylogenies in support of
transmission and direction of transmission on the estimated transmission flow ratio from inland communities
to fishing communities rather than vice versa.
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Figure S14. Impact of the time span between in-migration events of likely transmitters and time of diagnosis
of likely recipients within which the source location is set to the origin of migration on estimated transmission
flows by gender.
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Figure S14. Impact of the time span between in-migration events of likely transmitters and time of diagnosis
of likely recipients within which the source location is set to the origin of migration on the estimated
transmission flow ratio from inland communities to fishing communities rather than vice versa.
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Figure S16. Impact of attributing the source location of likely transmitters with unknown origin of migration
to inland or fishing communities on estimated transmission flows by gender.
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Figure S17. Impact of attributing the source location of likely transmitters with unknown origin of migration
to inland or fishing communities on the estimated transmission flow ratio from inland communities to fishing
communities rather than vice versa.
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Figure S18. Impact of adjustments for variation in participation rates and for variation in deep-sequencing
rates of population groups defined by gender, age, migration status, and RCCS community on estimated
transmission flows by gender.
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Figure S19. Impact of adjustments for variation in participation rates and for variation in deep-sequencing
rates of population groups defined by gender, age, migration status, and RCCS community on the estimated
transmission flow ratio from inland communities to fishing communities rather than vice versa.
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512 Figure S20. Impact of population size estimates on predicted transmission flows in inland and fishing areas
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516 Figure S21. Impact of population size estimates on the predicted transmission flow ratio from inland to
517 lakeside area rather than vice versa.
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