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Mobility and circular migration in Lesotho: implications for
transmission, treatment and control of a severe HIV epidemic
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Abstract

We analyzed georeferenced data on mobility and HIV infection from the 2009 Demographic and
Health Survey of Lesotho. We found ~50% of the population traveled in the preceding year. By
constructing gender-specific mobility maps we discovered travel is highest in the urban areas
bordering South Africa, and in the mountainous interior of the country. For both genders,
increased mobility was associated with increased levels of “recent” sexual behavior. Notably,
mobility was only associated with an increased risk of HIV infection for men who travelled
frequently. We discuss the implications of our results for designing effective treatment programs
and HIV interventions.

Introduction

Studies in Kenya, Tanzania, Burkina Faso, Zimbabwe, South Africa and Cameroon have
shown an association between increased mobility and increased levels of sexual behavior
[1-3], increased risk of HIV infection [4, 5], or both [6-10]. These studies indicate
population mobility may have a significant effect on HIV transmission in these countries.
Moreover a recent study has shown the importance of travel in the early spread of the HIV
epidemic in Sub-Saharan Africa [11]. Notably, the potential impact of mobility on HIV
transmission in countries where the HIV prevalence is extremely high has not yet been
investigated. Here we assess the potential impact of mobility on the high-prevalence HIV
epidemic in Lesotho, where 27% of women and 18% of men are infected with HIV [12]. In
Lesotho there is a high level of circular migration as many men and women have to travel
for employment. Some travel within the country to work in agriculture and the textile
industry [13], others travel between Lesotho and South Africa for employment as domestic
and mine workers [13, 14]. To evaluate the impact of mobility we analyzed linked
demographic, behavioral and HIV infection data from the 2009 Demographic and Health
Survey (DHS) of Lesotho [15]. We analyzed the DHS data in order to: (i) quantitatively
assess the mobility of the population, (ii) identify the demographic and behavioral
characteristics of individuals who travel, (iii) determine if there are geographic patterns in
mobility, and (iv) determine whether there is an association between mobility and increased
levels of sexual behavior and/or risk of HIV infection.

"Correspondence to Sally Blower: sblower@mednet.ucla.edu; Tel: +1 310 794 3933; fax: +1 310 794 3972..
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Methods

Results

Many of the previous epidemiological studies investigating the effect of mobility and
migration on HIV epidemics have been based on small sample sizes and/or used poorly
designed questionnaires to collect data on risk behaviors [9, 16, 17]. In contrast in our study
we analyzed data collected from ~45,000 individuals living in ~9,000 households. It has
been suggested that concurrency is under reported in DHS surveys in Sub-Saharan Africa
due to problems with the questionnaire design [18, 19]. However, we note the questionnaire
was changed for the 2009 Lesotho DHS and the levels of reported concurrency are high
[19].

We used georeferenced demographic, behavioral, and HIV testing data that had been
collected in the 2009 DHS in Lesotho. In this data set an individual's HIV test results are
linked to their demographic and behavioral data. The response rate for the DHS in Lesotho,
unlike in many other African countries where DHS are conducted [20], was very high: 98%
for women, 95% for men. Participation in HIV testing was also high: 94% for women, 88%
for men. Data were weighted to ensure they were representative of the population [21]. A
detailed description of the DHS data can be found elsewhere [12].

We quantified population mobility by stratifying the population into three travel categories
according to the number of trips taken in the preceding year: (i) no travel, (ii) one to four
trips, and (iii) five or more trips. A trip was defined as being away from home for at least
one night. We defined individuals who had made five or more trips in the preceding year as
frequent travelers. We compared demographic and behavioral characteristics of individuals
in these three travel categories.

We constructed mobility maps, using the georeferenced DHS data, to determine if there are
geographic patterns in mobility. The maps show: (i) the percentage of individuals (living at a
specific geographic location) who traveled in the preceding year, and (ii) where the frequent
travelers live. We constructed gender-specific maps. The maps were constructed using
Kriging [22-24] which was implemented using the R package geoR [25].

To determine whether mobility was associated with increased risk behavior and/or increased
risk of HIV infection we used logistic regression. For both genders, risk behavior was
defined in terms of: (i) the number of sex partners reported in the preceding year and in the
respondents lifetime, (ii) concurrency (defined as two or more sexual partnerships that
overlapped in time) and (iii) condom usage (defined as using a condom for the last sex act).
For men we analyzed a further measure of risk behavior, whether they had ever paid for sex.
In separate analyses the measures of risk behavior and HIV infection were used as response
variables; analyses were gender-specific. Mobility (adjusting for age, education level,
marital and employment status) was assessed as an explanatory variable.

Demographic statistics, stratified by gender and travel category (i.e., number of trips taken
in the last year) are given in Table 1. It can be seen that the population of Lesotho is highly
mobile: 30% of women and 32% of men made one to four trips in the preceding year, 18%
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of women and 21% of men made five or more. For a high percentage of individuals who
travelled (37% women and 39% men), one or more of their trips lasted for at least a month.
Men and women who travelled were slightly older than those who did not travel. They were
also more likely to be married, employed, live in urban areas and have a higher level of
education. The age of sexual debut was not significantly different between those who
travelled and those who did not. Notably, individuals who travelled reported having had a
greater number of sex partners in the preceding year than those who did not; those who were
frequent travelers (i.e., made five or more trips in the last year) reported the highest
numbers. A greater percentage of men who travelled reported paying for sex; however the
numbers are low, only ~8% of men who travelled frequently reported paying for sex.

The mobility maps (for men) are shown in Figure 1. Figure 1A shows the percentage of men
(living at a specific geographic location) who travelled in the preceding year; Figure 1B
shows where the frequent travelers live. Figure 1A shows that the level of mobility is high
throughout the country, but geographic patterns are apparent. In some parts of the country
~40% of men traveled (green data), whereas in other parts ~70% of men traveled (red data).
The highest concentration of frequent travellers (shown by the red data) is in several of the
urban areas that border South Africa, and also in the mountainous interior of the country
(Figure 1B). For a map of the mountainous areas and urban centers in Lesotho see reference
[23]. The mobility maps for women are similar to those for men; results not shown.

Adjusted odds ratios from the logistic regression analyses are presented in Table 1. We
found men and women who travelled (regardless of the number of trips they made) were
more likely to have had multiple partners in the preceding year (i.e., recent partners) than
those who did not travel; odds increased with the frequency of travel. Men and women who
made five or more trips were almost twice as likely to have two or more recent partners than
those who did not travel. In addition, men and women who travelled (regardless of the
number of trips they made) were more likely to have concurrent partners than those who did
not travel; odds increased with frequency of travel. Further, men who travelled (regardless
of the number of trips they made) were more likely to have a greater number of lifetime sex
partners, than men who did not travel. However, no association was found between travel
and the number of lifetime partners for women; and no association was found, for either
gender, between mobility and condom usage. Men who travelled, regardless of the number
of trips they made, were not more likely to have paid for sex than men who did not travel.

Notably, only men who travelled frequently (i.e., made five or more trips in the past year)
had an increased risk of HIV infection: they were 1.31 (Cl: 1.01-1.68) times more likely to
be infected than men who did not travel, Table 1. Men who travelled infrequently (i.e., made
one to four trips in the preceding year), and women who traveled (regardless of the number
of trips) did not have an increased risk of HIV infection in comparison with individuals who
did not travel.

Discussion

Previous epidemiological studies that have looked for associations between mobility and
increased levels of sexual behavior and/or risk of HIV infection have focused on specific
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“risk groups” living in particular locations [2, 4-8, 10]. In contrast, we have focused on an
entire population and (by using georeferenced data) evaluated mobility within a large-scale
geographic context. By constructing mobility maps we have discovered that, although the
entire population of Lesotho is very mobile, there is an observable geographic pattern. We
have found two “types” of areas where a very high proportion of the population travel: (i)
Maseru (the capital of Lesotho) and smaller urban areas that border South Africa, and (ii)
the remote, mountainous interior of the country. Notably, this geographic pattern holds for
both men and women. Unfortunately, the DHS did not collect data that enabled us to
determine where, or why, individuals traveled. It is possible that the destinations individuals
travelled to may differ for those who live in urban areas versus those who live in the
mountains. Our results suggest that travel (for both genders) may be necessary for
employment, as we found that those who travelled were more likely to be employed than
those who did not travel. Notably, in the mountainous areas there are few employment
opportunities. Future studies of migration would be improved by collecting detailed data to
determine where individuals travel and why they travel.

Our results show, as suggested by social scientists [16], that the effect of mobility and
circular migration on HIV epidemics is complex and dynamic. For both men and women we
found that increased mobility was associated with increased levels of “recent” sexual
behavior (i.e., in the preceding year). However it was only for men that we found an
association between increased mobility and increased numbers of lifetime sex partners.
Notably, it was only for men who were frequent travelers that we found an association
between increased mobility and an increased risk of HIV infection. Whether, or not,
mobility increases an individuals’ risk of infection depends upon multiple interacting
factors: e.g., the baseline risk of infection, the magnitude of increase in risk behavior, and
the travel destination. There is a need to develop a greater understanding of the causal
pathways through which migration can increase vulnerability to HIV [16]. There is also a
need to develop complex transmission models that can be used to gain insights into the
dynamic effect of mobility and migration on sexual networks and HIV epidemics [26, 27].

Our results have significant implications for the design of effective treatment programs and
interventions for reducing HIV transmission in Lesotho. As many individuals travel it may
be very difficult to ensure high adherence to treatment [28]. Our mobility maps can be used
to identify the geographic regions where attaining high levels of adherence may be the most
challenging. We recommend that treatment programs in Lesotho should collect travel data
from patients and use these data as a basis for developing strategies to enhance adherence. It
is generally assumed that implementing interventions in one geographic region will reduce
transmission in that region. However this may not be the case in Lesotho where the highly
mobile population can link many “localized” HIV epidemics both within the country and in
the bordering provinces of South Africa. For example, miners who live in Lesotho may
become infected in South Africa and then infect their partners when they return home.
Under these conditions it is essential to design interventions that are specifically targeted to
migrant workers, and frequent travelers. Our mobility maps can be used to identify where
there is the greatest need for such interventions. Taken together our results imply that in
Lesotho and in other countries (such as Zimbabwe, Cameroon and Kenya) that have high
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levels of mobility and circular migration, it may be more difficult to control HIV epidemics
than currently appears.
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Figure 1.
Mobility maps for men in Lesotho. The maps are constructed using the 2009 Demographic

Health Survey data from Lesotho and plotted using kriging: (A) shows the percentage of
men (living at a specific geographic location) who travel; men who travel are defined as
those who made one or more trips in the last year, and (B) shows the percentage of men
(amongst those who traveled last year) who were frequent travellers and who live at that
specific geographic location; frequent travelers are defined as those who made five or more
trips in the last year.
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