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Introduction

According to the UNAIDS 2009 AIDS Epidemic Update, HIV prevalence in the Democratic
Republic of Congo (DRC) is lower overall than most African countries, with a rate of 1.3
percent in adults aged 15-49 compared to 5.2 percent in sub-Saharan Africa (UNAIDS
2008). However, as many as 94,000 people were estimated to be living with HIV/AIDS in
the country in 2007, with women accounting for more than half of the adults estimated to be
living with the virus (UNAIDS 2008). While HIV surveillance data in the DRC are limited,
prevalence estimates have suggested much higher HIV rates in the eastern urban regions of
the country (WHO 2005), as well as some higher rates in certain rural areas.
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Spatial Patterns and Geographic Drivers of HIV Risk

Poverty and economic deprivation have been shown to be complex yet important factors
related to HIV transmission, making the study of HIV and AIDS in Africa an area in need of
collaboration between natural and social scientists, including geographers (Kalipeni 2007a).
Geography plays an important role in HIV transmission in the Democratic Republic of
Congo and other central African countries. While population centers in east Africa are
highly interconnected and the HIV epidemic has grown rapidly in this region of the
continent, the low prevalence of the virus in the Democratic Republic of Congo before and
after the emergence of the pandemic may be a reflection of the difficulty in travel between
major population centers in central Africa (Gray 2009). Although geographic factors are
important indicators of HIV prevalence, there is little current research that uses spatial
analytical techniques to study local heterogeneity of HIV prevalence rates in Africa. A 2002
review by Tanser and Leseuer of the application of Geographic Information Systems (GIS)
to public health problems in Africa found only one study which incorporated GIS in
analyzing factors related to HIV prevalence. This study (Tanser et al. 2000) found a
significant correlation between HIV prevalence rates in South Africa and proximity of
homesteads to primary or secondary roads using HIV data obtained from antenatal care
clinics. Since 2002, the number of national-level studies using spatial analytical
methodologies to study HIV prevalence has increased (Busgeeth and Rivett 2004, Chamla et
al. 2007, Kalipeni and Zulu 2008, Vanmeulebrouk et al. 2008, Tanser et al. 2009); however,
to date no detailed spatial studies have been published on HIV prevalence in the DRC.

Past studies of HIV transmission in African countries have shown prevalence to be
associated with geographic factors including population mobility, migrant labor routes, and
proximity to urban high-transmission areas (Serwadda et al. 1992, Amat-Roze 1993, Remy
1993, Arroyo et al. 2005, Arroyo et al. 2006, Coffee et al. 2005, Coffee et al. 2007, Karim
2009). Studies that map the geographic distribution of populations at greater risk of
infection, such as non-circumcised males and commercial sex workers, have been important
to our understanding spatial heterogeneity in rates of HIV prevalence (Obbo 1993, Webb
1994). Unfortunately, the lack of precise spatially-referenced data in many African countries
often hinders detailed geographic studies of HIV prevalence.

Socio-behavioral Factors and HIV Risk

While poverty has been shown to be significantly related to risky sexual outcomes (Dodoo
2007; Kalipeni 2007b; Masanjala 2007), the urban poor have been found to be more likely
to be infected with HIV than rural poor in African countries such as Kenya, due to a greater
incidence of multiple sexual partnerships in impoverished urban areas. High unemployment,
financial insecurity, unstable wages, and a social context which promotes prostitution may
explain such disparities across economic classes (Dodoo 2007).

It cannot be ignored that the DRC has been in and out of war since the beginning of the HIV
epidemic. Persistent conflict has led to the displacement of large numbers of refugees within
central African countries, eliminating much of what little employment existed and placing
an even greater demand on minimal health infrastructure. The combination of chaos,
poverty, population displacement, and sexual violence would seem to provide a likely
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setting for high rates of HIV transmission; however, we have discussed that the prevalence
of HIV in the DRC is low in comparison to most sub-Saharan African countries.
Surprisingly, most studies to date have found little or no relationship between HIV and
conflict. A 2007 Lancet review article (Spiegel, Bennedsen, Claass, et al. 2007) found no
relationship between seroprevalence and conflict. In this review, 65 studies in seven
countries compared HIV seroprevalence before and after conflict, and in conflict areas or
refugee camps compared to peaceful neighboring areas. Another study found no effect of
widespread rape on HIV prevalence. This study suggested that even when 15% of women
were raped by assailants with high HIV prevalence, overall HIV seroprevalence would only
increase by 0.023% (Anema, Joffres, Mills, & Spiegel 2008). However, two studies from the
DRC suggest that violence is indeed associated with an increased HIV seroprevalence, with
increased HIV prevalence found among refugees compared to the general population (Kim,
Malele, Kaiser, et al. 2009; Mulanga, Bazepeo, Mwamba, et al. 2004).

Also relevant to this study is recent research indicating that in many African countries, HIV
prevalence is higher in women than in men ((UNAIDS 2008; UNAIDS 2009); MacPhail et
al. 2002; Glynn et al. 2001; Laga et al. 2001; Zierler and Krieger 1997; Berkley et al 1990).
While it has been argued that gender norms and expectations have contributed to increased
risk and societal vulnerability to HIV (Masanjala 2007), Glynn et al. (2001) found that the
gender discrepancy in HIV existed in Kenyan and Zambian adults despite age at sexual
debut being similar in both genders and number of sexual partners being higher in men in
some cases. Furthermore, they found that prevalence was very high even among women
reporting only one lifetime sexual partner and few instances of sexual intercourse.
Therefore, it is possible that these seemingly important behavioral factors may not explain
the differences between HIV prevalence in men and women.

The gender disparity in HIV prevalence in many African countries is likely due in greater
part, then, to biological factors such as the greater ease with which HIV is spread from men
to women than vice versa, especially during cases of forced sex or first female intercourse.
Greater prevalence of other sexually transmitted diseases such as the herpes simplex in
women may further increase their biological risk of HIV infection (Glynn et al. 2001, Laga
et al. 2001). It has been argued, however, that this vulnerability to infection is worsened for
women by social inequalities (Kalipeni 2007a; Kalipeni 2008)

Gaps in Recent Literature

HIV prevalence in the DRC and many other African countries has often been estimated
using blood samples drawn from pregnant women in antenatal clinics. While these data have
been shown to provide proximate estimates of prevalence in the overall population of
women and men (Pisani et al. 2000), there are obvious limitations in that these samples do
not include women who are either not pregnant or do not attend antenatal care clinics, nor do
they include men. Furthermore, pregnant women have been found to be at increased risk for
new HIV infection (Gray et al. 2005), and knowledge of HIV status may also reduce a
woman’s fertility choices. Another important limitation to sentinel surveillance systems for
HIV is that almost no information is collected about the demographic or behavioral
characteristics of the individual women, nor is the geographic location of their place of
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residence. While broad regional estimates of prevalence may be possible from this type of
data, its limitations present important obstacles when attempting to analyze the socio-
demographic, behavioral and geographic determinants of HIV infection.

The current study used a 2007 population-based household survey of the DRC to examine
the individual and community-level factors that increase an individual’s risk for HIV
infection. Geographic coordinates of the survey communities were used to map prevalence
of HIV infection in the country and compute rates for areas surrounding an individual’s
community, as well as to explore a number of additional geographic variables thought to be
related to HIV risk. These were explored in conjunction with several demographic and
behavioral characteristics extracted from the survey. Improved surveillance systems in the
DRC and other African countries have the potential to greatly enhance understanding of the
determinants of HIV infection as well as the spatial patterns of prevalence, therefore
contributing to improved allocation of public health resources in the future.

Data and Methods

The 2007 DRC Demographic Health Surveillance (DHS) survey was a population-based,
nationally representative survey linking individual HIV test results to that individual’s
responses to an array of socio-demographic and behavioral characteristics. With the
exception of Kinshasa which is the country’s densely-populated capital, each of the
country’s eleven provinces was divided into three strata: major cities, towns, and rural areas,
with a total of 34 enumeration areas created. The basis for these areas was the 1984 DRC
census which contained a complete list of neighborhoods in the major cities and towns,
along with territories and chiefdoms in rural areas. Neighborhoods were selected from cities
and towns, and villages were selected from territories or chiefdoms. Within these
neighborhoods or villages, households were then selected. The population sampling scheme
did not exclude those areas heavily plagued by conflict; however, it must be considered that
conflict does affect short-term migration patterns and the sampling scheme could not
account for changes in the underlying population distribution since the 1984 census.

In total, nine thousand households in 300 communities (neighborhoods or villages) were
targeted for the 2007 DRC. DHS (3,690 in urban areas and 5,310 in rural areas). Of these
9,000 households, 99.3% were successfully identified and interviewed. This included 4,757
men aged 15-49 years, all of whom were tested for infection with HIV, as well as 9,995
women aged 15-49 years, half of whom were tested for HIV. Of the nearly 9,000
individuals tested for HIV, 1.3 % were found to be HIV-positive, with 0.9 % of men testing
positive and nearly double the proportion in women at 1.6 (Demographic and Health
Surveys, 2008).

Geographic coordinates of the 300 community centroids (mean centers) were also collected.
For privacy purposes, these geographic coordinates were randomly displaced by 5 km in
rural areas and 2 km in urban areas. The number of respondents in each community ranged
from 14 to 53 individuals, with an average of 30 individuals per community. The proportion
of HIV-positive individuals was computed for men, women, and both genders combined for
each community taking the sampling weights of the survey into account. Using the
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geographic coordinates of the communities, “hotspots”, or communities with HIV
prevalence which is higher than would be expected from a random disease distribution, were
detected using a Poisson-based spatial scan statistic that adjusts for the underlying
populations in each survey community using SatScan v8.0.1 (Kulldorff 1997, 2006). This
spatial scan statistic looks for these “hotspots” by taking into consideration the rates of
nearby clusters across multiple spatial scales, minimizing the potential for error resulting
from the small sample sizes within each individual cluster of households. It must be noted,
however, that in areas of the country where the survey communities were farther apart from
one another, the spatial scan statistic may be less robust.

A visualization of the spatial patterns of HIV prevalence in the DRC was created by
computing smoothed surfaces of prevalence for men, women, and both genders combined
using inverse distance weighting (IDW) in the GIS software ArcGIS 9.3 (ESRI, Redlands
CA). IDW uses nearby values to predict those in unmeasured locations. In this procedure,
known values closest to the unmeasured location have greater influence on the interpolated
values than those farther away. The estimated prevalence in a minimum of 2 and a
maximum of 15 of the nearest communities were used to interpolate prevalence for each
unmeasured 1 km-by-1 km cell in the resulting surfaces. As subsequently discussed in
further detail, these smoothed surfaces were also used to create regional-level HIV
prevalence predictor variables to be included in individual-level multivariate statistical
models of HIV risk.

Figure 1 is provided as a reference to the study area, showing cities in and near the DRC as
well as major rivers and inland water bodies. GIS layers for water bodies and roads were
obtained from the Digital Chart of the World (DCW) (ESRI 1991) and used to compute the
distance from the community centroid to the nearest primary or secondary road, nearest river
or major water body, and nearest city in kilometers. These geographic indicators serve as
measures of proximity to trade and migratory routes. It must be noted that while the DCW
dataset is the most recent data available for determining the locations of roads, it is likely
that in the face of economic collapse many of the roads have changed or disappeared since
1991.

A geographic database of armed conflict and refugee camp locational data was also
compiled. The Armed Conflict Locational Event Dataset (ACLED) includes locations, dates,
and additional characteristics of individual battle events in states affected with civil war
(Raleigh & Hegre 2005). The current dataset covers eight conflict areas in West and Central
Africa including the DRC and surrounding countries from 1960 through 2006. We computed
the number of conflict events within several distance buffers of the community centroids
(10, 25, and 100 km), aggregating events temporally into two categories: (1) all events
between 1960 and 2006, and (2) only those events occurring within ten years of the survey
year (since 1997). The locations of current refugee camps in the DRC and all surrounding
countries were also obtained from the United Nations Human Rights Council. The distance
of a community centroid to a refugee camp was computed, as well as the density of camps
within the three different distance buffers.
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Additional geographic indicator variables computed for this study included the average HIV
prevalence and population per square kilometer within 10-, 25- and 100-kilometer buffers
around each survey community. These were computed using the interpolated surfaces
described above and a DRC population density grid (SEDAC 2008).

Both the female and male questionnaires asked detailed questions regarding socio-
demographic characteristics, sexual activity and risk behaviors associated with HIV/AIDS.
Items related to the age, gender, education, wealth, sexual behaviors and rural or urban
residence of the respondents were extracted from the survey and examined in conjunction
with the computed geographic indicator variables for their relationship to HIV risk in DRC
individuals.

The socio-demographic, behavioral and geographic indicators described above were entered
into three multivariate logistic regression models using Stata v. 10 (StataCorp LP, College
Station TX), including separate models for men and women as well as a model for both
genders combined. Correction for unobserved random errors at the community level was
included as part of all three models. The dependent variable in all models was the
individual’s HIV status, and independent variables initially entered into the models included
the respondent’s age, gender (combined model only), education in single years, total number
of lifetime sex partners, the distance of the respondent’s community to the nearest road,
water body, and city, the population density and HIV prevalence within the 10-, 25-, and
100-km buffers, the described conflict-related variables, and whether the respondent resides
in a rural or urban community. Although the DHS survey provided many behavioral
variables of interest, due to the low prevalence of HIV in both men and women in the DRC,
only very simple statistical models with a small number of parameters could be used to
predict risk for infection and the variables described above were considered to be the most
important to enter into our models. The best-fitting model for the entire survey population as
well as each gendered subset was selected using Akaike’s Information Criterion (AIC), a
goodness-of-fit statistic which favors parsimony by making a tradeoff between the precision
and complexity of each model (Burnham and Anderson 2002).

Spatial Patterns in DRC HIV Prevalence

Figures 2a through 2c display the results of the Kulldorff spatial scan statistic for HIV
prevalence in all survey respondents, as well as for each gender separately. Each circle
represents a community centroid and is sized according to the HIV prevalence of the
community. As mentioned above, the spatial scan statistic takes into account the prevalence
in neighboring communities as well. Areas found to have rates that are significantly higher
than would be expected from a random distribution are shown along with those whose rates
are significantly lower than would be expected. Overall, lower rates tend to be found in the
southwest portion of the country, while higher rates are found in the north and west of the
country as seen in Figure 2a. Figure 2b indicates that the high rate found in Kivu is likely
accounted for by high prevalence of male HIV infection, while Figure 2c indicates that
higher than expected rates of female infection are found further to the north as well as to the
south of this male HIV hotspot.
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Figure 3 reinforces the impression of the differences in the spatial patterns between male
and female HIV prevalence in the DRC. While overall, the southwest and northeast regions
of the country exhibit low HIV prevalence, areas of high prevalence are not identical for
men and women. While there tends to be higher infection amongst women in the upper
northeast corner of the country, this is an overall low-prevalence region for men. On the
contrary, the southernmost tip of the country near Lubumbashi is an area of high prevalence
for men, while similar high rates are not seen for women. Overall, heterogeneity in
prevalence for the entire population, as well as for men and women separately, can be seen
upon examination of these interpolated surfaces, with estimated rates as high as 30.5 percent
in some areas as compared to the country’s overall HIV prevalence of less than 2 percent.
Such patterns indicate that some factor or set of factors is contributing to increased risk in
certain parts of the country.

Multivariate Analyses

Five variables were retained in both the overall and female-only models, while only three
variables were retained in the male-only model after selection using the AIC criterion (Table
1). In all models, individual HIV outcome is the dependent variable. No relationship was
found in any of our models between HIV status and education, population density, urban
versus rural place of residence, or conflict or refugee camp density. When men and women
were considered together, age, the total number of lifetime sexual partners, and HIV
prevalence within 25 kilometers of one’s community were all positive predictors of HIV
infection, while distance to a city was a negative predictor of infection. Men were also 71
percent less likely than women to be infected with HIV in the DRC.

Considered separately, the model results for both men and women indicate that an
individual’s total number of lifetime sexual partners as well as the HIV prevalence within 25
kilometers of his or her community were both positively associated with the probability of
being infected with HIV, with the total number of lifetime sexual partners further showing a
correlation of more than double the magnitude with women’s HIV prevalence than men’s. In
women, age and distance to a river or water body were also positively associated with HIV
infection, while distance to a city was negatively associated. In men, wealth was positively
associated with HIV infection, while it was not an important factor in a woman’s likelihood
of being infected with HIV.

Conclusions and Discussion

This study has shown the importance of considering socio-demographic, behavioral and
geographic factors in conjunction when determining individuals’ risk for HIV infection in
the DRC. Individual characteristics and sexual behaviors including age, gender, wealth and
number of sexual partners are shown to be associated with increased risk for HIV infection.
Most notably, our findings in the DRC are concurrent with recent literature highlighted in
the background section of this paper citing that women are significantly more likely to
become infected with HIV in many sub-Saharan African countries. We also noted in our
results that the total number of lifetime sexual partners showed a correlation of more than
double the magnitude with women’s HIV prevalence than men’s, supporting the literature
discussed in the background section of this paper which suggests women may be

Soc Sci Med. Author manuscript; available in PMC 2016 March 21.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Messina et al.

Page 8

biologically at greater risk for HIV infection than men. The significant positive relationship
between age and HIV status in the women-only and overall models indicates that exposure
time is important in terms of the likelihood of becoming infected with the virus. The greater
significance and magnitude of the relationship with this variable in the women-only model
may be related to more lifetime exposure to partner violence with increasing age (Maman
2002). Our results also indicate that wealth shows no relationship in our overall or women-
only models; however, a significant positive relationship was found between wealth and
men’s HIV status, likely due to increased travel and extramarital sex in wealthier men
(Gillespie 2007; Kimuna 2005).

It is also notable that the prevalence of HIV within 25 kilometers of an individual’s
community is highly significant in all three models. The greater significance of the 25-
kilometer buffer of HIV prevalence in comparison to the 100-km buffers is unsurprising in
that people in the DRC are likely partaking in sexual intercourse with people who live closer
to them rather than farther away. While small sample sizes within community household
clusters may have lead to exaggerated rates in certain areas, a particularly high HIV
prevalence in one 25 km area is not likely to have a significant impact in a model in which
persons are grouped into 300 clusters.

While living in an urban community itself is not a significant contributor to any of the three
models, the negative association found with the geographic variable (distance to a city) in
the overall and women-only models indicates that even individuals who do not live in urban
areas may be exposed to higher risk for HIV infection if they live close to these urban areas
and their associated high-risk sexual networks. It is not clear why this variable is not
significant when men’s HIV status is modeled alone, but its significance in the women-only
and overall model indicates that access to or living in cities places DRC individuals at a
greater risk for HIV transmission.

When controlling for other factors, the average population density near an individual’s
community and distance to roads are not shown to be significant, and the distance to the
nearest river is shown to be positively associated with female HIV prevalence, which is
contrary to the expected relationship. A large portion of the DRC is without primary or
secondary roads, particularly in the central part of the country where the Congo River Basin
lies. The terrain and climate of the basin present severe barriers to road construction, and
persistent economic mismanagement and domestic conflict has led to serious
underinvestment in transportation for many years, with only 2,250 km of paved roads, few
of which remain in good condition (Gauthier and Guepin 2006). In contrast, the DRC has
thousands of kilometers of navigable waterways, and thus water transport has traditionally
been the primary means of moving about the country. Therefore, it is surprising that the
distance to a river is not negatively associated with HIV infection overall or in men, and
furthermore that it is positively associated with HIV infection in women, as access to
transportation routes would likely increase one’s exposure to trade and migratory routes as
well as facilitate access to high-risk urban areas. Further information about the navigability
of the rivers in the DCW dataset would be necessary in order to fully assess this relationship.
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A finding meriting further study is the relationship between conflict and HIV prevalence in
the DRC. While the current study found no relationship between proximity to or density of
conflict events within several distances, either since 1960 or since 1997, or the proximity to
or density of current refugee camps, patterns of migration between neighboring countries
and high-conflict regions would be necessary in order to confirm our findings that conflict
does not seem to affect HIV prevalence in the DRC. A limitation of the current study also
lies in the fact that no information about personal experience of violence, especially rape,
was available and should be addressed in order to confirm our findings. It is also possible
that population movement from conflict plays an important role in the spatial distribution of
HIV clades, or subtypes, found across the country (Laga, Matendo, & Buve 2008), even if it
does not affect overall HIV prevalence. This is a question that also merits further research.

The geographic pattern of prevalence estimated using the DHS survey results confirms the
2005 WHO estimates from antenatal clinic data that higher HIV prevalence exists in the
eastern parts of the DRC. However, much more locally heterogeneous patterns are found in
this study by using a population-based survey and spatial statistical techniques, and most
importantly the differences in the locations of high-prevalence areas for men and women are
highlighted. Having access to counseling, testing services and treatment facilities is essential
for controlling HIV incidence. Understanding the geographic distribution of prevalence may
be of great importance when determining where to locate these services. In particular, our
study findings show that targeting interventions and sentinel surveillance sites may be most
effective if they were to be implemented in the north eastern border of the Orientale
province, the eastern border of Kivu, and the southeast corner of Equateur. High rates in the
southern portions of Kasai-Occidental and Kasai-Oriental as well as in the southern tip of
the Katanga province near Lubumbashi should also be considered for sentinel surveillance.

To date, this is the largest study examining factors associated with increased risk for HIV
infection in the DRC. A better understanding of the geographic distribution of HIV-infected
populations is essential in assessing the magnitude of the epidemic in certain parts of the
DRC and for allocating better treatment and support services to those who are infected. This
study has exhibited the potential for using spatial methods in conjunction with population-
based surveys in order to help predict HIV prevalence based on known socio-demographic,
behavioral and geographic factors associated with risk. While the region of residence was
included in the DHS survey, using region as a predictor in the analysis would not have
allowed such a fine scale computation of geographic variables which were built into the GIS
according to communities rather than large-scale regions. Modeling the spatial distribution
of HIV prevalence at the local scale allows for the exploration of sub-regional heterogeneity
in the DRC, an important step towards efficient intervention planning.
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Figure 1.
Map of the DRC, including major water bodies and cities within 25 km.
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Figure 2a. Results of the Kulldorff spatial scan statistic for HIV prevalence in DRC men and

women.

Figure 2b. Results of the Kulldorff spatial scan statistic for HIV prevalence in DRC men.
Figure 2c. Results of the Kulldorff spatial scan statistic for HIV prevalence in DRC women.
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Interpolated surfaces of HIV prevalence in the DRC.
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Table 1

Parameter estimates for the variables retained in the logistic regression models explaining individual HIV in
men and women.

Parameter Men Women  Men and Women
Age 0.042"™* 0.020"
Wealth index (1-5) 0.370"
Total lifetime no. of sexual partners 0.016" 0.034% 0.015"
Distance to a city (km) _0'005*** _0.004***
Distance to a water body (km) 0.117%
HIV prevalence within 25 km of community (%)  491***  0.370"* 0.430"**
Male N/A N/A ~0.710™*
Number of Observations 3325 3849 7174
Log Likelihood -172.5 -309.3 -490.7
AIC 351.0 628.6 991.4
* kK
=p<.001
* %
=p<.01
*
=p<.05
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