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Abstract
Background—Enormous variation exists in HIV prevalence between countries in sub-Saharan
Africa. The contribution of migration to the spread of HIV has long been recognized, but its effect
at the population level has never been assessed. In this ecological analysis, we explore how much
variation in HIV prevalence in urban sub-Saharan Africa is explained by in-migration.

Methods—We performed a linear regression to analyze the association between the proportion
of recent in-migrants and HIV prevalence for men and women in urban areas, using 60 data points
from 28 sub-Saharan African countries between 1987 and 2005.

Results—We found a strong association between recent in-migration and HIV prevalence for
women (Pearson R2 = 57%, P < 0.001) and men (R2 = 24%, P = 0.016), taking the earliest data
point for each country. For women, the association was also strong within east/southern Africa (R2

= 50%, P = 0.003). For both genders, the association was strongest between 1985 and 1994,
slightly weaker between 1995 and 1999, and nonexistent as from 2000. The overall association for
both men and women was not confounded by the developmental indicators GNI per capita,
income inequalities, or adult literacy.

Conclusions—Migration explains much of the variation in HIV spread in urban areas of sub-
Saharan Africa, especially before the year 2000, after which HIV prevalences started to level off
in many countries. Our findings suggest that migration is an important factor in the spread of HIV,
especially in rapidly increasing epidemics. This may be of relevance to the current HIV epidemics
in China and India.

Enormous variation exists in HIV prevalence between countries in sub-Saharan Africa.1

Furthermore, HIV prevalence is typically much higher in east and southern Africa than in
the west and central regions of the subcontinent. This variation remains poorly understood,
which is unfortunate since a clear understanding may aid identification of effective
interventions. Cross-country comparison suggests that development is associated with more
rapid and extensive spread of HIV in Africa.2,3 Other studies suggest that biologic factors,
notably male circumcision4-6 and HSV-2 infection7,8 may be more important at the
population level than differences in individual behavior.9,10
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The contribution of migration to the spread of HIV has long been recognized11-15 but its
effect at the population level has never been assessed. There have been various attempts to
identify factors that explain the variation in HIV prevalence at the population level,10,16 but
these did not look at migration. We present measurements of the association between in-
migration and HIV prevalence in urban areas for 28 countries in sub-Saharan Africa, based
on data from Demographic and Health Surveys (DHS)17 and HIV sentinel surveillance of
pregnant women.18 Separate analyses are presented for men and women, because in-
migration behavior may be different for men and women.

MATERIALS AND METHODS
Data were analyzed for all publicly available DHS performed within sub-Saharan African
before 2006 (i.e., between 1987 and 2005). The in-migration level was derived from each
DHS by calculating the proportions of male and female residents aged 15 to 49 years in
urban areas (cities and towns) who had moved into their current place of residence in the last
12 months.17 Thus, people moving within a town or city were not considered as recent
migrants. HIV prevalence was derived from sentinel surveillance data by taking the median
value reported for “major urban areas” (the capital city and other metropolitan areas) for the
year(s) of the DHS survey(s), or by linear interpolation from adjacent years if no data were
reported for the year of the DHS survey.18 In total, 12 of the 77 DHS were excluded because
HIV data were lacking for the year of the DHS survey and could not be calculated by linear
interpolation since a more recent or an older adjacent year was also lacking. Of the
remaining 65 DHS, 5 were excluded because the question on in-migration was not asked in
the DHS. The remaining 60 data points, covering 28 countries, were included in the analysis
for women. Following the same procedures, for men 42 data points covering 24 countries
could be analyzed (the DHS initially covered women only).

For men and women in urban areas, we related in-migration to HIV prevalence through
linear regression, whereby Pearson R2 reflects the proportion explained variance. If more
than one DHS was performed in a country, we only included the earliest measure point in
our overall analyses. To explore whether any found association could be due to differences
between east/ southern versus west/central Africa, we also analyzed the association within
these regions, whereby countries were allocated to regions based on geographical proximity
and existing UN regional groupings.19 We also analyzed the association between HIV
prevalence and in-migration for each 5-year period (i.e.,1985–1989, 1990–1994, 1995–1999,
2000–2005). To avoid that some countries would have 2 data points within a 5-year period,
some data points had to be allocated to an adjacent period (i.e., Ethiopia/Rwanda/
Malawi ’00 were allocated to ’95-’99; Tanzania ’99 was allocated to ’00-’05).

Because migration is associated with socio-economic development, we adjusted our overall
linear regression analyses for socio-economic factors, for both men and women. To this end,
we included for each country Gross National Income (GNI) per capita,20,21 the Gini index
(representing household inequalities),22,23 and male or female literacy rate22,24 as con-
founders in the linear regression analyses. In case data for the correct year (i.e.,
corresponding to the DHS measurement) were lacking for any of these 3 indicators, we
included data of the nearest available year; for 80% of the data points, the figures differed
less than 5 years. We also looked at interaction between the significant factors in the
multivariate models for men and women, but there was no interaction.

We did not control our analyses for other possible population level determinants such as
male circumcision, HSV-2 infection, or religion, because our focus was on migration and
there was no a priori justification for expecting these determinants to confound the
relationship between migration and HIV prevalence. Moreover, we did not include
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population age composition as a confounder in our multivariate model, because there was no
univariate association between female urban HIV prevalence and the proportion of women
in urban areas aged 15 to 24 year old, as derived from the DHS datasets (R2 = 3%, P = 0.4).

RESULTS
We found a strong association between recent in-migration and HIV prevalence for women
(R2 = 57%, P < 0.001, n = 28) and men (R2 = 24%, P = 0.016, n = 24), taking the earliest
data point for each country. Figure 1 shows the scatterplot and the fitted regression line of
HIV prevalence versus proportion recent in-migrants for women, by country and by region.
For women, the association remained strong when the analysis was restricted to countries in
east/southern Africa (R2 = 50%, P = 0.003, n = 15); for west/central Africa, where the
variation in HIV prevalence is small, there was no association (R2 = 13%, P = 0.2, n = 13).
For men, there was no association in either region.

We analyzed the 60 and 42 data points for women and men, respectively, by 5-year period.
The association between in-migration and HIV prevalence was strongest in the late eighties
(R2 = 88%, P = 0.061, n = 4 for women; no data available for men in this period) and early
nineties (R2 = 75%, P < 0.001, n = 15 for women; and R2 = 74%, P = 0.06, n = 5 for men).
The association slightly declined in the late nineties (R2 = 43%, P = 0.001, n = 22 for
women; and R2 = 32%, P = 0.01, n = 19 for men). After the year 2000, there was no
association between in-migration and HIV prevalence, for women (R2 = 1%, P = 0.7, n =
19) or men (R2 = 4%, P = 0.4, n = 18).

We included GNI per capita, the Gini index, and female literacy rate as possible
confounders in the overall regression models for men and women. In the multivariate model
for women, recent in-migration remained very strongly associated with HIV prevalence (P <
0.001); none of the confounders was significantly associated with HIV prevalence, although
R2 increased from 57% to 67%. In univariate analyses, female literacy explained 20% of the
variance in HIV prevalence (P = 0.02) whereas GNI per capita and the Gini index were not
significant. In the multivariate model for men, in-migration remained very strongly
associated with HIV prevalence (P = 0.006), whereas male literacy (P = 0.010) and the Gini
index (P = 0.04) were also significant and R2 increased from 24% to 53%. In univariate
analyses, male literacy explained 20% of the variance in HIV prevalence (P = 0.03), whereas
GNI per capita or the Gini index were not significant. Of the variables that we considered,
recent in-migration had the strongest association with HIV prevalence for women as well as
men, and potential socio-economic confounders could not account for this effect.

DISCUSSION
In this exploratory ecological analysis of data from 28 countries in sub-Saharan Africa, we
found an unexpectedly strong association (R2 = 57%, P < 0.001) between the proportion of
recent female in-migrants and HIV prevalence for urban areas. Differences in urban HIV
prevalence within the east/southern region were also highly associated with the proportion
of female recent in-migrants. The association between in-migration and HIV prevalence was
strongest in the late eighties and early nineties, when the HIV epidemic rapidly increased in
many countries. The association disappeared after the year 2000, probably because the HIV
epidemic leveled off in many countries due to sexual behavior change and selective AIDS-
induced mortality. The difference between women and men in the overall analyses (R2 =
57% vs. R2 = 24%), proved to be largely because most data points for men were more recent
than for women; when stratifying data by 5-year period the R2 for men and women was
comparable.
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Our study is the first that demonstrates a strong association between in-migration and the
spread of HIV at the population level. The observed association could not be explained by
confounding with socio-economic development. Economic development often results in
higher mobility due to labor migration and improvement in transport infrastructure.3,11,14

However, large-scale migration also occurs independently of development (e.g., in times of
war and famine) and some aspects of development may constrain the spread of HIV (e.g.,
greater access to secondary education could facilitate the spread of HIV awareness25,26).

In our study, we only took confounding by socioeconomic development into account,
because this is a priori associated with migration. Confounding by other factors, such as
male circumcision, HSV-2 infection, or religion, were not taken into account, because this
was beyond the scope of our study. Nevertheless, it would be interesting to see if the
association between migration and HIV prevalence is confounded by the mentioned factors.

A well-known limitation of ecological analyses is the inability to indicate the direction of
causality. The association could also result if larger HIV epidemics induce or intensify
migration. Although few studies indicate such a reverse-causal mechanism,27,28 possible
results from large HIV epidemics— such as job loss, widowhood, and returning home to be
cared for or to die—would mean that most people move from urban to rural areas rather than
vice versa.29 On the other hand, a strong causal link between migration into cities and the
spread of HIV at the population level is highly plausible. Migration enhances casual and
commercial contacts, because of spousal separation and the weaker social control in
towns.30-33 Armed conflicts can increase the risk of HIV infection due to rape, disruption of
sexual norms, collapse of health systems, and lack of access to condoms.1 Moreover,
migration increases the size of sexual networks by linking networks from different
locations.34

Our study has more limitations. Sentinel surveillance data are biased towards high-prevalent
sites and they reflect HIV prevalence in (pregnant) women rather than men.35 National data
on male HIV prevalence have been lacking till recently, when DHS+ started to collect HIV
prevalence data in national representative samples.36 Because these data have been collected
for only a dozen of countries in sub-Saharan Africa, and all but one after the year 2000, we
could not use them for our analyses. Furthermore, we linked migration in “urban areas” as
defined in DHS to HIV prevalence in “major urban areas” as defined in sentinel
surveillance, which may not completely overlap. Another limitation is that the figures for the
socio-economic confounders could often not be found for the correct year (i.e., the year of
the DHS), nor adjacent years. Lastly, since one would expect a delay between migration and
HIV infection if assuming a causal link through high-risk sexual behavior, we alternatively
could have included people who moved longer than a year ago. We performed these
analyses, including people who in-migrated in the last 5 years, and found similar results as
for in-migration in the past year.

Although our analyses are exploratory, the results are striking. They suggest that in-
migration has been an important factor in the spread of HIV in sub-Saharan Africa,
especially in the rapidly increasing epidemics of eastern and southern Africa. This finding
may be of relevance to other rapidly increasing HIV epidemics such as currently in China
and India. Because of its potential importance, further study of the mechanisms underlying
the association between in-migration and HIV prevalence is recommended.
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Figure 1.
Association between urban HIV prevalence in pregnant women (derived from sentinel
surveillance data) and proportion of urban women who in-migrated in the last year (derived
from Demographic and Health Surveys), for 28 sub-Saharan African countries (R2 = 57%, P
< 0.001). The association remains strong when analysis is restricted to countries in east/
southern Africa (R2 = 50%, P = 0.003).
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