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Abstract

Introduction: There are significant knowledge gaps concerning complex forms of mobility emergent in sub-Saharan Africa,
their relationship to sexual behaviours, HIV transmission, and how sex modifies these associations. This study, within an ongo-
ing test-and-treat trial (SEARCH, NCT01864603), sought to measure effects of diverse metrics of mobility on behaviours, with
attention to gender.

Methods: Cross-sectional data were collected in 2016 from 1919 adults in 12 communities in Kenya and Uganda, to examine
mobility (labour/non-labour-related travel), migration (changes of residence over geopolitical boundaries) and their associations
with sexual behaviours (concurrent/higher risk partnerships), by region and sex. Multilevel mixed-effects logistic regression
models, stratified by sex and adjusted for clustering by community, were fitted to examine associations of mobility with higher-
risk behaviours, in past 2 years/past 6 months, controlling for key covariates.

Results: The population was 45.8% male and 52.4% female, with mean age 38.7 (median 37, IQR: 17); 11.2% had migrated in
the past 2 years. Migration varied by region (14.4% in Kenya, 11.5% in southwestern and 1.7% in eastern and Uganda) and
sex (13.6% of men and 9.2% of women). Ten per cent reported labour-related travel and 45.9% non-labour-related travel in
past 6 months—and varied by region and sex: labour-related mobility was more common in men (18.5%) than women (2.9%);
non-labour-related mobility was more common in women (57.1%) than men (32.6%). In 2015 to 2016, 24.6% of men and
6.6% of women had concurrent sexual partnerships; in past 6 months, 21.6% of men and 5.4% of women had concurrent part-
nerships. Concurrency in 2015 to 2016 was more strongly associated with migration in women [aRR = 2.0, 95% CI(1.1 to
3.7)] than men [aRR = 1.5, 95% CI(1.0 to 2.2)]. Concurrency in past 6 months was more strongly associated with labour-
related mobility in women [aRR = 2.9, 95% CI(1.0 to 8.0)] than men [aRR = 1.8, 95% CI(1.2 to 2.5)], but with non-labour-
related mobility in men [aRR = 2.2, 95% CI(1.5 to 3.4)].

Conclusions: In rural eastern Africa, both longer-distance/permanent, and localized/shorter-term forms of mobility are associ-
ated with higher-risk behaviours, and are highly gendered: the HIV risks associated with mobility are more pronounced for
women. Gender-specific interventions among mobile populations are needed to combat HIV in the region.
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1 [ INTRODUCTION

Despite substantial progress in HIV treatment and prevention
in sub-Saharan Africa, highly mobile populations are proving
challenging to engage in these gains. The significance of mobil-
ity in the HIV epidemic is clear: the early epidemic spread

along major transportation routes [1-4], mobile populations
are faced with numerous individual- and structural-level barri-
ers to HIV diagnosis, treatment and prevention [5-8], and may
disproportionately contribute to onward transmission [?].
However, there exist significant knowledge gaps concerning
the complex forms of mobility emergent in sub-Saharan Africa,
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their relationship to sexual behaviours, HIV acquisition and
risk of onward transmission, as well as how sex modifies these
associations. These knowledge gaps hinder the development
and delivery of tailored interventions to successfully engage
mobile persons in recent advances in HIV treatment and pre-
vention.

Previous research into the relationships between mobility,
sexual behaviours and HIV has been limited by measures that
are broad, simplistic in their range and complexity, and has
failed to take into account the significant heterogeneity of
mobility by sex [10,11]. There are few data sources and met-
rics for population-based estimates that are reflective of the
complex forms of mobility emergent in sub-Saharan Africa.
This has precluded meta-analytical summaries [11-13], and
resulted in contradictory and inconclusive results in studies of
the links between mobility, sexual behaviour and HIV [11].

The lack of adequate depth and breadth in current mea-
sures and dimensions of mobility is particularly problematic
for research on HIV and mobility in sub-Saharan Africa, where
populations are highly mobile: sub-Saharan Africa’s intra-conti-
nental emigration rate (65%) represents the largest south to
south movement of people in the world [14]. Levels of mobil-
ity in the region have risen dramatically in recent decades, in
tandem with rapid social transformations, including the world’s
fastest rate of urbanization (from 23% urban in 1970 to 40%
in 2005.[15]) Forms of mobility in sub-Saharan Africa are
diverse and complex relative to other regions: the paradig-
matic rural-to-urban migration flow does not predominate in
all settings [16]; rather, counter-urbanization [17] and circula-
tion between rural areas, semi-urban towns and the rural
perimeters of cities are common [10,18-21], particularly
among women. The temporary, localized forms of mobility, for
example, frequent movements among several homesteads, are
more common in women, but difficult to measure [21].

To overcome these previous research gaps, we leveraged
an ongoing large scale, population-level community cluster ran-
domized trial of 334,512 persons in eastern Africa evaluating
a test-and-treat strategy for HIV epidemic control, to embed a
detailed sub-study of mobility, sexual behaviours and HIV. In
this sub-study, we apply newly developed, high-resolution
measures of mobility and sexual relationship history to
enhance our understanding of the behavioural and social path-
ways through which patterns of mobility may contribute to
HIV acquisition and sustain onward transmission.

2 | METHODS

2.1 | Study Setting

This mobility study is embedded within the Sustainable East
Africa Research in Community Health (SEARCH) trial (NCT#
01864603), which seeks to test the effectiveness of the test
and treat strategy for reducing population-level HIV incidence
[22,23]. SEARCH is a community cluster-randomized con-
trolled trial in 32 communities in one region in Kenya and two
regions in Uganda. All communities received a census and
population-wide HIV testing at baseline. The SEARCH inter-
vention used a hybrid mobile HIV testing approach, in which
2-week, mobile, multi-disease community health campaigns
were followed up by home-based testing of campaign non-
participants [22]. In the 16 intervention communities, all

individuals diagnosed as HIV-seropositive were then referred
for immediate anti-retroviral therapy (ART) within a stream-
lined model of care that is patient-centred and designed to
reduce patient-level barriers and maximize health system effi-
ciency [24]. The ongoing study of mobility within the trial
(ROIMH104132) is being conducted in 12 of the SEARCH
trial communities. In the embedded mobility study, we are
conducting original data collection using novel classifications
and quantifications of mobility in individuals in the 12 commu-
nities in order to more fully understand the impact of mobility
on sexual HIV risk behaviours, HIV prevalence and incidence,
engagement in the HIV care continuum and components of
the universal HIV testing and treatment intervention strategy.
This analysis describes significant forms of mobility and their
associations with sexual behaviours at study baseline.

2.2 | Study sample

Our study enrolled 2750 adults aged 16 and older (with a
consent rate of 98.3% to derive the cohort), of whom
n = 480 simultaneously were enrolled in an embedded cohort
of n =240 couples. Individual-level analyses were conducted
with n = 2308 individuals who were not exclusively in the
couples’ cohort (including n = 2270 who were exclusively in
the individuals’ cohort and n = 38 who were in both cohorts).
The analyses for this article were further restricted to
n= 1919 sexually active individuals, defined as individuals
reporting any sexual partnerships since January 2011. The
dataset therefore excluded n = 389 individuals, among whom
n = 76 reported not ever having had any sexual partners and
n = 313 reported having been sexually active in the past but
not since January 2011.

A multi-level stratified random sampling design (region, inter-
vention arm, HIV status, mobility status, gender) was used to
select the sample of individuals from the census-enumerated
adult population of each of 12 SEARCH communities, composed
of eight roughly equally sized groups of HIV-positive and HIV-
negative, mobile and residentially stable men and women. The
12 communities, balanced by SEARCH study arm, were selected
purposively to reflect underlying heterogeneity in forms of
mobility across communities in SEARCH, and were composed of
three communities each from the two regions of Uganda, along
with three inland, and three Lake Victoria shoreline communi-
ties in Kenya. Baseline mobility for sampling purposes was
defined on the basis of census data collected by the SEARCH
trial on household presence in past 12 months (mobile = ‘away
from household 6 months or more in past 12 months’, and/or
“fewer than half of nights spent in household in past 4 months”).
HIV-positive individuals and mobile individuals were oversam-
pled to achieve the desired sample size in each stratum. In com-
munities with low total numbers of a stratum, all individuals
were sampled in the stratum, a scenario that was common
in communities with low HIV prevalence and low levels of
mobility.

Sampling weights were generated based on the proportional
representation of each of eight strata in the population census
enumeration of the 12 communities. Sampling weights for
stratum i in community j(wm) were calculated by dividing the
expected number of individuals within each stratum (based on
population proportions) by the observed number of individuals
actually sampled in each stratum, as follows:
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Where Nj; is the population size of stratum i in community j,
Nj is the total population size of community j, n; is the sample
size of community j, and n, ; is the sample size of stratum i in
community j.
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Inclusion into the study was restricted to individuals in these
12 SEARCH communities, aged 16 and older, for whom base-
line HIV serostatus and census-defined mobility status was
ascertained. As described in detail elsewhere [22], the
SEARCH trial ascertained individuals’ HIV status via rapid, fin-
ger-prick blood based HIV antibody testing and counselling
using ministry of health test kits and testing algorithms.

Inclusion/exclusion criteria

24 |

Mobility survey data were collected during one visit with
study participants between February and November 2016.
Data were collected in households or in another location pre-
ferred by the participant; research assistants, trained in
research ethics and qualitative and survey interview tech-
niques, conducted data collection in participants’ preferred
local language. Research teams were gender-balanced and
gender-matched to participants, to maximize rapport and
reduce social desirability bias. Survey data were collected
using programmed tablets and took about one and one-half
hours to complete; topics included demographics, migration
histories, work and non-work related travel in the past
six months, and reasons for mobility. For HIV-positive partici-
pants, additional data were collected about disclosure, experi-
ences of stigma, and HIV care engagement.

Data collection

25 |

A Relationship History Calendar module, adapted from an instru-
ment previously used in the region and shown to reduce social
desirability bias to improve the reporting of sexual relationships
and behaviour [25], was used to collect information about sexual
behaviour and partnerships since January 2011. The calendar
survey is a fold-out grid with units of time in months and years
noted across the top of the grid. The survey records information
in monthly intervals rather than years, because many relation-
ships survive for <1 year; we measured changes in relationship
dimensions and behaviours over the course of each sexual rela-
tionship in the preceding approximately five years from the time
of the survey (i.e. since January 2011). Use of the calendar sur-
vey enabled us to clearly identify sexual partner concurrency and
its overlap with mobility over time.

The calendar was used to collect month-by-month data on
partnerships, including relationship type and co-residence and
mobility of partners; durations; frequency of sex, contraceptive
and condom use; and the exchange of gifts and/or money
within each partnership. “High risk partner” refers to a sexual
partnership with a casual partner, commercial sex worker or
client, one night stand, or inherited partner/inheritor. Sexual
partnership concurrency is occurrence of two or more sexual

Measurement of sexual behaviour

partnerships within any one month over a given time period.
Occupation types, detailed in Table 1, are grouped into the
categories “informal low risk”, “formal” and “informal high risk”
on the basis of underlying HIV prevalence levels within those

livelihood categories.
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The baseline mobility survey captured participants’ histories
of migrations over their lifetime, by asking participants to tell
us their birthplace and the names of places they lived (with
county/district/nation recorded by the interviewer) along with
their age at change of residence, in childhood through to the
present. Reasons for moves were collected for the five most
recent changes of residence. These data were used for mea-
sures of migration. Migration was defined as a movement of
people across a specified geopolitical boundary for the pur-
pose of establishing a new permanent residence. Migration
between countries was classified as international; migration
within countries, as internal migration. We used high-resolu-
tion metrics in order to differentiate between shorter-distance
and longer-distance internal migration: we recorded inter-dis-
trict/sub-county (i.e. across district) as well as intra-district/sub-
county (i.e. within district) changes of residence. Districts in
Uganda, and sub-counties in Kenya, are the geopolitical units
that are most equivalent in population size and area.

After a set of questions about livelihoods, interviewers
asked about mobility in the past six months. Participants were
asked first about labour-related mobility: “The next questions
are about the travelling that you do for business/to earn money.
This includes travel to look for a job, and for farming/food produc-
tion. Do you ever travel away from your home area for these pur-
poses? (For this question, I'm talking about travel that requires
your sleeping away from your main residence.)” If participants
answered yes, interviewers then probed to ask the names of
ALL locations where participants travelled in past six months.
Interviewers recorded the county/district of the location, the
number of trips to the location, the length of nights spent on
each trip to the location, where participants stayed, and the
reasons for the trip(s) to the location. Interviewers then asked
participants about non-labour-related mobility: “Did you travel
to any other places for other purposes (other than work) in the
last six months?” If participants answered ves, interviewers
then probed to ask the names of ALL locations where partici-
pants travelled in past six months for reasons other than
work, and recorded all subsequent information as described
about frequency, duration and reasons. These data were used
for measures of mobility: Mobility was defined as travel
involving time spent away from primary places of residence,
without any intention to change residence (locations and
movements between multiple homes that are considered to
be main residences are also recorded). This excluded commut-
ing, as mobility is recorded only if the travel involved sleeping
one or more nights away from primary residence(s). Labour-
related mobility was defined as travel “for business/to earn
money”, including travel to look for a job, and for farming/food
production. Non-labour-related mobility was defined as travel
for all other purposes. Numbers of trips taken, and number of
nights spent on each trip, by location, are collected for the
previous 6 months before the visit date; a total number of
nights was tallied over time periods by travel purpose.

Measurement of mobility
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Table 1. Sociodemographic characteristics, by region and sex.

Region Sex
Characteristic Overall Kenya Uganda E Uganda SW p Men Women p
Weighted n 1898.1 1045 364 489.1 869.1 1029
Region NA 0.910
Kenya-Western 1045.0 (55.1) 1045.0 (100.0) 0.0 (0.0) 0.0 (0.0) 4794 (55.2) 565.5 (55.0)
Uganda-Eastern 3640 (19.2) 0.0 (0.0) 364.0 (100.0) 0.0 (0.0) 167.2 (19.2) 196.8 (19.1)
Uganda-South Western 489.1 (25.8) 0.0 (0.0) 0.0 (0.0) 489.1 (100.0) 2224 (25.6) 266.7 (25.9)
10-year age band 0.038 0.017
16 to 24 4052 (21.3) 2268 (21.7) 724 (19.9)  106.0 (21.7) 1755 (20.2) 229.7 (22.3)
25 to 34 616.6 (32.5)  320.5(30.7) 133.1(36.6) 162.9 (33.3) 250.6 (28.8) 366.0 (35.6)
35 to 44 4238 (22.3)  240.5 (23.0) 83.3 (22.9) 100.1 (20.5) 2025 (23.3) 221.3 (21.5)
45 to 54 207.6 (10.9)  105.7 (10.1) 53.7 (14.8) 48.2 (9.9) 934 (10.8) 114.2 (11. )
55 to 64 149.3 (7.9) 96.7 (9.3) 17.8 (4.9) 34.9 (7.1) 83.0 (9.6) 66.3 (6.4
65 and older 95.5 (5.0) 54.8 (5.2) 7 (1.0) 37.0 (7.6) 64.1 (7.4) 315 (3. )
Marital status <0.001 0.022
Divorced, separated, widowed, 155.2 (8.2) 108.3 (10.4) 45 (1.2) 42.5(8.7) 268 (3.1) 1284 (12.5)
missing
Currently married 15438 (81.3) 8157 (78.1) 3452 (94.8) 3829 (78.3) 734.1 (84.5) 809.7 (78.7)
Currently single 199.1 (10.5) 121.0 (11.6) 14.3 (3.9) 63.8 (13.0) 108.2 (124) 90.9 (8.8)
Education level <0.001 0.007
No Schooling 193.8 (10.4) 41.2 (4.0) 684 (19.1) 84.2 (17.3) 610 (7.2) 1328 (13.1)
Primary/Secondary 1587.4 (850) 9533 (93.2) 274.1(76.5) 3600 (74.1) 747.7 (88.0) 839.7 (82. )
Post-secondary 85.3 (4.6) 278 (2.7) 16.0 (4.5) 414 (8.5) 41.1 (4.8) 441 (4.3
Household wealth: Poorest 256.3 (13.5) 113.1 (10.8) 56.5 (15.5) 86.6 (17.7) 0018 1335 (154) 1227 (11.9) 9 0.120
quantile
Occupation
Informal sector (low risk) 0.239 <0.001
Farming/livestock 1037.5 (58.6) 461.0 (47.8) 3028 (85.5) 273.6 (60. 8 4412 (54.2) 596.3 (62 4
Student 22.1(1.2) 22.1 (2.3) 0.0 (0.0) 0 (0.0 21.2 (2.6) 9 (0.
Construction/artisanal labour 65.8 (3.7) 41.6 (4.3) 0.0 (0.0) 24.2 (5. ) 65.1 (8.0) 7 (0. )
Shopkeeper/market vendor 2724 (154)  160.0 (16.6) 23.7 (6.7) 88.8 (19.7) 87.7 (10.8) 184.8 (19.3)
Household worker/housewife 7 (0.3) 0 (0.5) 0.0 (0.0) 6 (0.1) 4 (0.4) 3(0.2)
Informal sector (high risk)
Fishing/fish trade 188.5 (10.7) 184.1 (19.1) 3.1(0.9) 14 (0.3) 96.3 (11.8) 922 (9.7)
Hotel/restaurant/bar worker 35.1 (2.0) 13.7 (1.4) 5.5 (1.6) 15.8 (3.5) 17.5(2.2) 17.5(1.8)
Transport driver/tourism 414 (2.3) 304 (3.2) 0.0 (0.0) 11.0 (2.4) 394 (4.8) 2.1 (0.2)
Formal sector
Gov't/military/teacher/ 95.7 (5.4) 421 (4.4) 19.1 (54) 34.5 (7.7) 38.9 (4.8) 56.8 (6.0)
healthcare
Factory worker/mining 7 (0.3) 4.6 (0.5) 0.0 (0.0) 0.1 (0.0) 3.1 (0.4) 1.5(0.2)

Weighted frequencies and column percentages shown.

Informal sector occupations categorized as “high risk” or “low risk” are defined on the basis of associations with underlying HIV prevalence in the

SEARCH trial.

2.7 |

Statistical analyses with individual-level survey weights were
used to describe population characteristics and test for their
bivariate associations with sexual partnership concurrency and
with higher risk partnerships over the period 2015 to 2016
and in the six months prior to the survey date, and imple-
mented in the R statistical language version 3.2.2 using the

Data analysis

survey package [26]. Multilevel mixed-effects logistic regres-
sion models, adjusted for clustering by community, were fitted
using Stata statistical software (version 14.2) [27] to examine
associations of measures of mobility with sexual behaviour
measures, in past two years and in past six months respec-
tively, controlling for key covariates (region, sex, age, marital
status, occupation, and household wealth.) Subsequent models
were fitted to test for interactions between sex and measures
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of mobility on sexual behaviour. We then estimated model-
adjusted risks [28] to compare predicted sexual behaviour
outcomes: using Stata post estimation procedures (“margins,
dydx”), we obtained average marginal effects of selected
mobility metrics (dichotomous independent variables) from
the fitted logistic regression models, summarized in Tables 6.
The average marginal effect is the difference in the adjusted
predictions for the two groups, or risk difference [28], from
which adjusted marginal relative risks are obtained using the
conversion method [29].
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Ethical approvals for this research were received from the
University of California San Francisco Committee on Human
Research (14-15058), Ethical Review Committee of the Kenya
Medical Research Institute (KEMRI/SERU/CMR/3052), Maker-
ere University School of Medicine Research and Ethics Com-
mittee (2015-040), and Uganda National Council for Science
and Technology (HS 1834).

Ethical approval

3 | RESULTS
31 |

Tables 1 and 2 describe characteristics of the study popula-
tion and their mobility and sexual behaviours by region and
sex. Over half of the sample (50.6%) had at least one migra-
tion as an adult; nearly all of these were internal migrations
(49.5%). A higher proportion of internal migrations occurred
across district or sub-county lines (38.3%), compared to intra-
district/sub-county  (23.6%) migrations. Over 20% had
migrated in the past five years, 11.2% in the past two years,
and 7.5% in the past year. International migration was rare,
undertaken by men only, and almost exclusively intra-continen-
tal (not shown). Levels of migration varied across regions, and
were most prevalent in Kenya, with 27% having migrated in
past five years, and 14.4% in past two vyears. The only excep-
tion: a higher proportion of southwestern Ugandans (18%)
than Kenyans (12.3%) undertook inter-district/sub-county
migration in the previous five years (and in past two years,
11% vs. 4.6% respectively.) Higher proportions of men than
women migrated in past five (22.4% vs. 18.2%) and two years
(13.6% vs. 9.2%). However, women predominated in the more
localized intra-district/sub-county migrations (25.6% vs. 21.2%)
overall, with higher but non-statistically significant differences in
levels of intra-district moves in the past five, two and one years.

Migration by Region and Sex

3.2 |

Overall, 10% undertook any labour-related travel, and 45.9%
undertook travel for other reasons, in the previous six months.
The mean number of labour-related trips was higher than for
non-labour related trips, and the mean number of nights spent
away was higher on labour-related trips (16.5) than on non-
labour related (11.9). Levels of mobility of all types were sig-
nificantly lower in eastern Uganda, comparable between
southwestern Uganda and Kenya, but somewhat higher in
Kenya for some forms of mobility. For example, 58.6% of Ken-
yans versus 48.5% of southwestern Ugandans undertook non-
labour related travel in the prior six months. Types of mobility

Recent mobility by region and sex

by purpose varied significantly by sex: while 18.5% of men ver-
sus  2.9% of women undertook labour-related travel
(p <0.001), 57.1% of women versus 32.6% of men undertook
travel for other purposes (p = 0.001) in the past six months.
The mean number of nights spent away for labour-related tra-
vel was 21.5 for men versus 9.9 for women (p = 0.008); in
contrast, women spent 13.7 nights away and men spent 9.0
nights away on average on non-labour-related travel
(p = 0.022) in past six months.

3.3 | Sex and regional differences in reasons for
mobility

Participants were asked about the reasons for trips taken in
the prior six months; these were significantly patterned by
region and sex, as shown in Table 3. The predominant reasons
men travelled for work were “artisanal labour (e.g. construc-
tion)” in Kenya (33.6%), and “market trading” in eastern
(45.9%), and southwest Uganda (58.3%). The predominant rea-
sons women travelled for work were “market trading” in
Kenya (83.5%), and “looking for work” in southwest Uganda
(77.3%) (in eastern Uganda fewer than five women travelled
for livelihoods). Mobility in fishing communities figured pre-
dominantly in Kenya, where 27.9% of men and 11.1% of
women travelled for livelihoods in the fish trade. The predomi-
nant reasons for non-labour-related mobility among men were
for “attending funerals” in Kenya (42.4%), “holidays and visiting
family” in south eastern Uganda (60.6%), and ‘care-giving or
care-seeking” in southwest Uganda (58.5%). Among women,
these were “attending funerals” in Kenya (50.1%) and eastern
Uganda (85.7%), and “care-giving or care-seeking” in south-
west Uganda (55.4%).
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The mean number of lifetime sexual partners was 5.2 overall,
significantly higher in Kenya (6.5) than in southwest (4.2) or
eastern Uganda (3.0) (p < 0.001), and higher in men (7.8) than
women (3.0) (p < 0.001) (Table 2). Similarly, measures of sex-
ual partnership concurrency varied by region and sex. For
example, 15% reported overlapping sexual partnerships in any
month over the period 2015 to 2016; concurrency was high-
est in Kenya (19.5%), followed by southwestern (11.6%) and
eastern Uganda (6.6%) (p < 0.001). A higher proportion of
men (24.9%) than women (6.6%) reported sexual partnership
concurrency (p < 0.001). Figure 1 shows the prevalence of
concurrency by age and sex in 2015 to 2016. As shown,
prevalence peaked in women in the youngest age band, declin-
ing thereafter; in contrast, prevalence of concurrency peaked
in men aged 55 to 64. Condom use was rare, with only 9.8%
always using condoms within a one-month period. In 2015 to
2016, 11.9% had partnerships classified as higher risk (includ-
ing casual partners and ‘one night stands”, commercial sex
workers or clients, or inherited partners/inheritors), a propor-
tion higher in Kenya (16.7%) than southwestern (10.4%) and
eastern Uganda (0.1%) (p < 0.001); sex differences were non-
significant. Finally, prevalent HIV infection in the baseline year
of the SEARCH study among this sample was 13.7% overall;
20.9% in Kenya, 6.8% in southwest and 2.5% in eastern
Uganda (p < 0.001), and 15.4% in women versus 11.8% in
men (p < 0.001).

Sexual risk behaviour
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Table 3. Reasons for labour and non-labour related mobility (among those reporting any mobility), by region and sex.

Men Women
Most common reported reason
for travel Kenya Uganda E  Uganda SW p Kenya Uganda E  Uganda SW p
Weighted n (weighted %) 4794 167.2 2224 565.5 196.8 266.7
Non-labour-related travel <0.001 0.018
Holiday/Visiting family 6 (4.7) 7.4 (60.6) 15.2 (21.8) 35.8 (8.7) 0.6 (6.4) 16.0 (9.5)
Funeral 85.5 (42.4) 8 (6.7) 9.0 (12.9) 205.9 (50. ) 7.4 (85.7) 36.4 (21.7)
Care-giving/Care-seeking 68.5 (34.0) 8 (6.7) 40.7 (58.5) 107.2 (26. 0.6 (6.7) 93.1 (55.4)
Other 334 (16.6) 2 (26.1) 0.5(0.7) 60.7 (14.8 0.1 (1.2) 18.3 (10.9)
Schooling 6 (2.3) 0 (0.0) 4.2 (6.0) 7 (0. ) 0.0 (0.0) 0 (2.4)
Labour-related travel 0.070 NA
Artisanal labour (e.g. construction)  20.2 (33.6) 1.0 (33.8) 6.5 (19.6)
Farming (own or others’ plots) 2 (3.7) 0.2 (8.3) 6.4 (19.1) 0 (5.1) 0.0 (NA) 1.0 (11.7)
Fish trade 16.7 (27.9) 0.1 (3.7) 2.9) 3 (11 0.0 (NA) 0.0 (0.0)
Looking for work 7 (4.5) 0.2 (8.3) 0.0 (0.0) 1 (0. ) 0.0 (NA) 6.8 (77.3)
Market trading (incl. buying stock) 18.2 (30.3) 1.4 (45.9) 19.4 (58.3) 17.1 (83.5) 0.0 (NA) 1.0 (11.0)

Weighted frequencies and column percentages shown.

3.5 | Characteristics associated with higher risk
sexual behaviours, by sex

The distribution of sex-stratified population characteristics by
concurrent sexual partnerships, and higher risk sexual partner-
ships, is shown for 2015 to 2016 (Table 4) and in the
six months prior to survey (Table 5). Measures of mobility in
the two tables differ in order to be temporally aligned with
outcomes, with migration in 2015 to 2016 shown in Table 4,
and past six-month mobility shown in Table 5. Compared to
those without concurrent sexual partners in 2015 to 2016,
men and women who had any concurrent sexual partners
were more likely to be Kenyan (p = 0.006), HIV infected

50
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N \
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Figure 1. Prevalence of concurrent sexual partnerships in 2015 to
2016 among Sexually Active Adults, by 10-year Age Band and Sex.

(p = 0.004), and migrated in 2015 to 2016 (p = 0.003). Con-
currency also differed by age and marital status in women,
and by occupation in men (Table 4); in addition, concurrency
was associated with age and marital status in women, and
with occupation in men. Women with concurrent partners in
2015 to 2016 were more likely to be younger (39.6%, vs.
21.1% of those without concurrency were ages 16 to 24)
(p = 0.035), and single (26.2%, compared to 7.6% of those
without concurrent partners) (p = 0.013).

Concurrency was disproportionately higher among those in
‘informal high risk’ occupations: 33.5% of men and 13.6% of
women with concurrent partners had these occupations (vs.
15.6% of men and 10.8% of women without concurrent part-
ners in these occupations); these associations were highly sig-
nificant in men but only approached significance in women
(p = 0.090). Concurrency was more prevalent than not among
women who were fish traders (14.1% vs. 9.4%), market tra-
ders (26.5% vs. 18.9%), and hotel/restaurant/bar workers
(2.2% vs. 1.8%); and among men who were fishermen (19.4%
vs. 9.4%), transport drivers (8.3% vs. 3.7%) and hotel/restau-
rant/bar workers (4.8% vs. 1.3%) (not shown).

Participation migration in 2015 to 2016 was elevated in
those with concurrent partners in 2015 to 2016. Among
women, 30% of those in concurrent partnerships reported
having migrated in 2015 to 2016 (vs. 7.8% not in such part-
nerships)(p = 0.003), and the respective differences were
especially pronounced for migrations across district/sub-
county boundaries (16.5% vs. 2.1%) (p <0.001). In men,
20.6% of those in concurrent partnerships (vs. 11.2% not in
such partnerships) migrated in 2015 to 2016 (p = 0.011);
there was no statistically significant association between con-
currency and inter-district/sub-county migration. Figure 2
illustrates the associations of past migration in 2015 to 2016
with prevalence of sexual concurrency in the same time period
for both men and women.

In women, engagement in higher risk sexual partnerships
over 2015 and 2016 was significantly associated only with
Kenyan residence and with marital status: women with higher
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(Continued)

Table 5.

Men

Women

Men

Women

Higher risk partnerships Higher risk partnerships

Concurrent sexual partnerships

Concurrent sexual partnerships

Yes

No

Yes

No

Yes

No

Yes

No

Characteristic

Sexual behaviour, Past 6 months

<0.001

614 (620)

<0.001 120.2 (16.2)

29.1(34.1)

23.5 (2.6)

Any concurrent sex

partners, past
6 months

<0.001

614 (33.8)

<0001  375(57)

29.1 (55.3)

56.1 (6.1)

Any high risk sex

partners, past 6 month

<0.001 <0.001

<0.001

<0.001

Number of sexual

partners, past
6 months
Oor1

2

35.3 (35.7)
34.8 (35.2)
288 (29.1)

608.8 (81.9)

55.9 (65.7)
26.9 (31.6)

853.3 (96.3)

0.0 (0.0)
134.2 (73.9)
47.3 (26.1)

644.1 (97.5)

0.0 (0.0)
46.7 (88.9)

909.2 (99.0)

115.9 (15.6)
18.6 (2.5)

29.0 (3.3)

16.6 (2.5)

9.3 (1.0)
0.1 (00

2.3 (27)

3.7 (0.4)

(0.0)

0.0

58 (11.1)

3 or more

Data are weighted; column percentages shown; missing data excluded for education level and occupation.

risk partners were disproportionately divorced/separated/wid-
owed (51.7% vs. 8.3%) or single (18.8% vs. 7.8%)(p < 0.001).
In men, having higher risk sexual partners was associated with
Kenyan residence, younger age group, middle education level,
informal high-risk occupation, and past two-year internal
migrations of all types. Over 29% of men who had higher risk
partners from 2015 to 2016 (vs. 10.9% without such part-
ners) had migrated during the same time period (p = 0.004).

In the six-month period prior to survey (Table 5), concur-
rency was disproportionately more prevalent among women
not currently married (p = 0.027), and women who had
undertaken any non-labour-related travel (77% in concurrent
relationships vs. 55.8% not in such relationships) (p = 0.022).
In men concurrency was disproportionately more prevalent
among those who were Kenyan (p < 0.001), older (p = 0.008),
not currently married (p = 0.005), in informal sector employ-
ment (p = 0.006), and who had undertaken past six-month
mobility of all types (for example, 25.2% in concurrent rela-
tionships vs. 16.7% not in such relationships had travelled for
work) (p = 0.018). In women, having higher risk sexual part-
ners in the past six months was more prevalent among those
who were Kenyan (p = 0.001), unmarried (p < 0.003), and
travelled for work (9.7% with higher risk partners vs. 2.3%
without such partners) (p = 0.015). For men, higher risk part-
nerships were more prevalent among men who were younger
and unmarried (p < 0.001), and in informal sector employment
(p = 0.004), and who travelled for non-labour-related reasons
(57.8% with higher risk partners vs. 29.4% without such part-
ners) (p = 0.006). Figure 3 illustrates the association of any
past six-month mobility with prevalence of sexual concurrency
in the past six months for both men and women. A Supple-
mental Figure S1, displays the same associations, but by the
types of past six month mobility.

3.6 | Multivariate relationships between mobility
and higher risk sexual behaviours

Table 6 shows summary mobility metrics (with model-adjusted
relative risks of outcomes) from multilevel mixed effects logis-
tic regression models fitted on four outcomes, sequentially:
concurrency in 2015 to 2016, and in the past six months, and
higher risk sexual partnerships in 2015 to 2016, and in the
past six months. Models were adjusted for clustering at the
community level, controlled for region, age group, marital sta-
tus, occupation, and HIV status, and stratified by sex (full out-
put of the models is shown in supplementary Tables S3, S4.)
Having undertaken any migration in 2015 to 2016 was associ-
ated with concurrency in 2015 to 2016 among women
[aRR = 1.99, 95% CI (1.08 to 3.68)] and men [aRR = 1.47,
95% CI (1.00 to 2.16)]. Intra-district/sub-country migration in
2015 to 2016 was not associated with concurrency in 2015
to 2016 in either men or women, but inter-district migration
was, in women only [aRR = 2.93, 95% CI (1.18 to 7.28)]. Hav-
ing undertaken any labour-related travel in the past six months
was associated with concurrency in the past six months in
women [aRR =286, 95% Cl (1.03 to 7.96)] and men
[aRR = 1.75, 95% CI (1.24 to 2.49)]. Non-labour-related travel
in the past six months was associated with concurrency in the
past six months in men only [aRR = 140, 95% Cl (1.01 to
1.94)]. Migration in 2015 to 2016 was not associated with
having higher-risk partnerships in 2015 to 2016, in adjusted
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Figure 2. Prevalence of Sexual Partnership Concurrency in 2015 to
2016, by Sex and Migration in 2015 to 2016.
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-#- Non-mobile -#- Mobile in past 6 months

Figure 3. Prevalence of Sexual Partnership Concurrency in past
6 months, by Sex and Mobility.

models, but there were associations between mobility and
higher risk partnerships in the past six months: having higher
risk partners was associated with labour-related travel in
women [aRR = 2.32, 95% CIl (1.01 to 5.33)] and non-labour-
related travel in men [aRR = 2.33, 95% CI| (1.45 to 3.43)].
Tests for interactions between sex and key mobility metrics
yielded null findings, but were suggestive; the coefficient for
the interaction between sex and migration for the prediction

of concurrency in 2015 to 2016 was non-significant at
p=0.07.

4 | DISCUSSION

The findings of this study in rural populations in Kenya and
Uganda underscore the highly gendered nature of mobility
and its influence on higher-risk sexual behaviour. There was
significant heterogeneity in mobility (movements to and from
households of primary residence) and migration (moves to
change residence, across geopolitical boundaries) across
regions in Kenya and Uganda, which correlated with heteroge-
neous levels of risk behaviour and HIV prevalence observed
across the regions. As we [10] and others [30-32] have previ-
ously documented in rural settings in South Africa, Uganda
and Kenya, while men overall are more mobile than women,
associations between population mobility and sexual risk beha-
viour were observed to be stronger in women compared to
men. Levels of concurrency are elevated among both men and
women who migrated or travelled compared to their more
residentially stable counterparts, but the differences in levels
of risk behaviour were greater for women than for men. For
example, even though lower proportions of women (9.2%)
than men (13.6%) migrated in the past 2 years, that migration
was associated with a markedly higher risk of sexual partner-
ship concurrency among women (aRR 2.0), than in men (aRR
1.5). Similarly, women were less likely (2.9%) than men
(18.5%) to travel away from home for labour-related purposes
in the prior six months, but women who did had a higher risk
of sexual partnership concurrency in that period (aRR 2.9)
than did men who travelled for those reasons (aRR 1.8). Our
findings support evidence that the pathway linking mobility to
HIV acquisition and transmission in sub-Saharan Africa is
through higher risk sexual behaviour, and that these relation-
ships are especially pronounced in women; longitudinal data
will be required to confirm these findings.

Our study builds on a growing theoretical framework for
empirical research on mobility and HIV (including key work by
Cassels et al.[33]), by including high-resolution measures inclu-
sive of both men’s and women’s forms of and motivations for
mobility. A unique contribution of this study to that literature
is the finding that sex differences in the behavioural HIV risks
associated with mobility are influenced by the underlying pur-
poses of that mobility. The findings also show that not all
markers of higher risk sexual behaviour are equivalent: whilst
concurrency was associated with multiple measures of migra-
tion and mobility among both men and women, having higher
risk partnerships was associated with certain types of mobility
that differed by sex: having higher risk partners was associ-
ated with labour-related travel in women (aRR = 2.3) and
non-labour-related travel in men (aRR = 2.3). Labour-related
mobility was associated with concurrent partnerships in both
women (aRR 2.9) and men (aRR 1.8), yet it conferred risk of
higher risk partnerships only in women (aRR 2.3); that mobil-
ity was conducted primarily for livelihoods associated with
market trading and the fish trade in women in Kenya. For
men, non-labour-related mobility was associated with having
concurrent (aRR 1.4) and higher risk partnerships (aRR 2.2);
and that mobility was undertaken for more varied reasons
including attending funerals, in Kenya, and care-seeking or
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care-giving or travelling for holidays to visit family in Uganda.
For both men and women, higher risk sexual behaviour co-
occurred with the type of mobility that was less common for
their sex (18.5% of men vs. 2.9% of women travelled for
labour-related purposes; 57.1% of women vs. 32.6% of men
travelled for other purposes in the past six months).

Our prior research has documented the ways in which
women'’s labour-related mobility in Kenya—the livelihoods that
women engage in that require their mobility—often involve sex-
ual behaviour that can increase HIV acquisition and onward
transmission risks [19]. The circumstances that drive migration
(e.g. widowhood) may increase HIV risk at the community of ori-
gin, and social contexts at destinations and transit points facili-
tate multiple and higher risk sexual partnerships. We found
higher HIV prevalence among female market traders (25.6% in
2013) relative to a comparable population of women of repro-
ductive age from a household survey in Kisumu in western
Kenya (15.3% in 2013) [34]. Our qualitative research has
revealed that the more mobile market traders (in contrast to
those who did not travel) often supplemented their low and
sporadic earnings from market trading with transactional sex;
the practice was common enough that the phrase “she mixes
her business” was used, we were told, to describe this practice.
Women's travel away from home communities, and away from
the social monitoring of their sexual behaviour that occurs
within kinship networks (especially the “prying eyes” of moth-
ers-in-law with whom women often reside), facilitated opportu-
nities for such exchanges [19].

That men’s labour-related mobility was not associated with
higher risk sexual behaviour reflects the social reality that for
most men in our study communities, higher risk sexual beha-
viour is not embedded within livelihood strategies as it is for
many women. Men's non-labour-related mobility, often associ-
ated with travel that is highly social and even familial (attend-
ing funerals, seeking care, visiting family), was associated with
higher risk behaviour and this perhaps reflects the greater
cultural acceptance of men’s extramarital sexual behaviour.
Prior research from Tanzania found that men living apart from
their wives did not report more extramarital sex than men
who co-resided with their wives, but the opposite was true
for women, among whom those living apart reported extra-
marital sex more often [35]. Normative masculinities in these
settings are such that men's extramarital affairs, while often
leading to marital strife, are common and even valorised [36].
In Kenya, funerals are multi-day gatherings of friends and fam-
ily at the home of the deceased, accompanied by music and
dancing; these are also occasions in which casual, transactional
unprotected sex is common [37].

The findings presented here also confirm our prior research
documenting high levels of mobility and HIV risk in communi-
ties on the shores of Lake Victoria: fishermen follow the fish
over great distances, and female fish traders, who buy, pro-
cess, transport and retail the fish in local markets, are also
highly mobile [38,39]. Moreover, a lakeside transactional sex-
ual economy known as “sex-for-fish”, or “jaboya”, contributes
to the continued spread of HIV in these communities [38,40]
and those effects are likely to be amplified through women’s
mobility necessary to access fish and to sell in local and dis-
tant markets.

Reduced to its simplest message, this study’s findings show
that in predominantly rural eastern African settings, both

migration and also localized short-term mobility—whether
labour-related travel, or travel for other purposes—are associ-
ated with higher risk sexual behaviour, and that types of
mobility and their relationship to sexual behaviours are
strongly influenced by gender.

Our findings are of significant importance for understanding
the context of the larger test and treat intervention trial in
which this study is embedded. SEARCH demonstrated the
effectiveness of its model for high HIV “cascade coverage’,
and demonstrated an increase in virologic suppression rates
from 45% to 81% among intervention communities [23]. As of
the time of this publication, measurement of the impact of the
“test and treat” intervention on community-level HIV incidence
is underway. The impact of mobility on the efficacy of “test
and treat” is not yet known, but mathematical modelling of its
potential effect has suggested that the movement of individu-
als in and out of communities and care systems may substan-
tially attenuate the gains of test and treat [41] and other HIV
prevention interventions. We have recently argued [?9] that
even strategies that successfully meet or exceed the 90-90-
90 targets will leave up to 27% of people living with HIV/
AIDS virally non-suppressed, and that the sexual behaviour,
mobility, and network connectedness of this “missing 27%"
must be better characterized to fully evaluate the effective-
ness of and barriers to the universal test and treat strategy.
Moreover, even demonstrated effectiveness in one setting
does not ensure that these strategies will work everywhere.
Understanding the potential effects of mobility on sexual
behaviours and engagement in HIV prevention and treatment
interventions could be critical for settings where mobility is
common and on the rise.

Our study has several limitations. First, the data are cross-
sectional, serving as a baseline characterization of a cohort
being followed longitudinally. The direction of causality between
mobility and sexual risk cannot therefore be conclusively deter-
mined. Higher risk sexual behaviour may precede mobility, fol-
low it as a consequence, or an unmeasured “predisposition to
risk-taking” may underlie both mobility and risk behaviour. Sec-
ond, we cannot fully ascertain the pathways between mobility,
risk and HIV prevalence in the region. That being said, the
strength and consistency of relationships seen in this study can
provide significant evidence in support of hypotheses that can
be longitudinally investigated and confirmed in future study.
There are strong associations between mobility and baseline
HIV infection observed in this and other settings and plausible
causal pathways leading from mobility to infection and in the
other directions can be made. Prior research has shown that
marital instability following HIV infection can lead to migration
[42], and that people living with HIV are known to move to seek
better care [43]. Lastly, data for understanding the dynamics of
mobility and sexual risk behaviour at the couple level was not
available for this analysis. Future dyadic analyses, and longitudi-
nal data, will be necessary to answer important research ques-
tions concerning relationship dynamics and links between
mobility and HIV in these settings.

5 | CONCLUSIONS

In rural eastern African settings, both long-distance and per-
manent, and localized, short-term forms of mobility were
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associated with higher-risk sexual behaviour. Types of mobil-
ity, and their influence on sexual behaviour were found to be
highly gendered and while overall men are more mobile than
women, the behavioural risks associated with mobility are
more pronounced for women than for men. Taken together,
our research has significant implications for the design and
evaluation of HIV prevention and treatment interventions
that need to address the strong links between mobility and
sexual HIV risk behaviours. Moreover, this work highlights
the need for gender-specific interventions among mobile
populations to combat the ongoing HIV epidemic in sub-
Saharan Africa.
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