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In this material we describe the statistical models we employed in Section “Cluster char-
acterization.” The selected characteristics from Table 1 are compared between clusters and
non-clusters based on linear and logistic mixed effects models. We let n be the number of indi-
viduals involved, and nj ≥ 1 the number of episodes (records) in which the exposure period of
individual j ∈ {1, 2, . . . , n} is divided. We denote by Yij the value of one of these characteristics
for the i-th exposure episode of individual j.

The linear mixed effects models have the following form:

Yij = µ+ αj + β1C
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ij + εij , (1)

εij ∼ N(0, σ2y), (2)

αj ∼ N(0, σ2α), (3)

for j = 1, . . . , n, and i = 1, . . . , nj . In Equation (1), Ckij = 1 if individual j was located in
cluster k ∈ {1, 2, 3} during the i-th exposure episode; εij are idiosyncratic errors assumed to be
independent and identically distributed between and within individuals, and to follow a Normal
distribution (2). The correlation between samples (episodes) associated with the same individual
is modeled through the random effects αj , j = 1, . . . , n, that are assumed to be independent
and identically distributed as in (3). Testing whether there is a relationship between a selected
characteristic and the clustering of locations is done by testing the null hypothesis:

H0 : β1 = β2 = β3 = 0, (4)

against the alternative hypothesis

HA : β1 6= 0, or β2 6= 0, or β3 6= 0. (5)

We note that those selected characteristics that take only positive values (e.g., age) were log-
transformed before being used as outcomes in the linear mixed effects model. For a selected
characteristic that takes two values Yij ∈ {0, 1}, we employ logistic mixed effects models of the
form:
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αj ∼ N(0, σ2α), (7)

for j = 1, . . . , n, and i = 1, . . . , nj . In Equation (6), logit(p) = log p
1−p , for p ∈ (0, 1). The cluster

membership variables Ckij , k = 1, 2, 3, and the random effects αj from (7) follow the same
definitions and distributional assumptions as for the linear mixed effects model (3). Testing
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whether the binary selected characteristic has a relationship with the clustering of locations is
also done by testing the null hypothesis (4) against the altenative (5).

We examine the relationship between incidence rates and the clustering of locations by
fitting separate Cox proportional hazards models for men and women. We denote by tij the
end time of the i-th episode (i = 1, . . . , nj) of the exposure period of individual j, j = 1, . . . , n.
With this notation, the i-th episode lasts between time ti−1,j and ti,j , with t0,j = 0. For a time
in the i-th exposure episode t ∈ [ti−1,j , tij), we denote by C̄j(t) = ∪3k=1{Cki′j : i′ ∈ {1, 2, . . . , i}}
the cluster memberships associated with all the episodes that precede the i-th episode, and the
i-th episode. We also denote Ckj (t) = Ckij if t ∈ [ti−1,j , tij), for k = 1, 2, 3. We specify a Cox
proportional hazards model for the time to HIV seroconversion that has the cluster membership
indicator variables as time-dependent covariates:

λ(t | C̄j(t)) = λ0(t) exp
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, (8)

where λ(t | C̄j(t)) is a conditional hazard function, and λ0(t) is an unspecified baseline hazard
function. Testing whether the clustering of locations is associated with the hazard of HIV
acquisition is performed by testing the null hypothesis (4) against the alternative hypothesis
(5) in the Cox proportional hazards model (8).
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