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Abstract

The massive scale-up of HIV counseling, testing, and treatment services in resource-limited sub-
Saharan settings with high HIV prevalence has significant implications for the course of the HIV/
AIDS epidemic. It also offers important broader policy lessons for improving access to critical
health services. Applying G1S-based methods and multilevel regression analysis to unique
longitudinal three-wave survey data from rural Mozambique, this study investigates the impact of
a rapid expansion of HIV-related services on access to and utilization of HIV testing. The results
illustrate the declining importance of spatial barriers to utilization of HIV testing services as these
services expanded. In addition, the expansion of HIV-related services decreased the spatial
variability of HIV testing among the survey respondents. At the same time, some important non-
spatial variation, such as that in educational level, persisted despite the expansion of services.
These results illustrate the process and consequences of health service diffusion.

Keywords
Health care; Access; Utilization; GIS; HIV/AIDS

1. Introduction

Public health faces great challenges in the developing world, especially in resource-limited
sub-Saharan countries which are deficient in health care resources and experience serious
health problems, such as high child mortality, maternal morbidity and mortality, endemic
respiratory and diarrheal diseases, and high prevalence of HIV/AIDS. With the aid of
international donors, various programs are being implemented in sub-Saharan Africa in
order to decrease disease incidence rates and ultimately enhance health and well-being. A
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correct evaluation of the effects of current programs can provide valuable insights for future
decision-making in health policies and resource allocation. An effective way to evaluate the
impact of a health program expansion is to assess the utilization of related health services.
Among many factors, access to healthcare systems has long been considered critical for
health service utilization decisions (Higgs, 2009). Hence, it is important to better understand
the relationship between access to health services and utilization of those services in order to
monitor and foster ongoing improvements in the health sector.

Given the geographic context inherent to public health, recent years have seen an increasing
interest in the geographic and spatial aspects of healthcare systems, resulting in broad
application of geographical information systems (GIS) and associated spatial analysis
techniques in health related research (Ricketts, 2003; Rushton, 2003; Cromley and
McLafferty, 2011). Powerful mapping capabilities of GIS can help visualize geographic
information in a straightforward way. In addition, spatial data analysis techniques allow
exploration of health data from a geographic perspective, assessing potential space-time
patterns, correlations and outliers that can facilitate subsequent hypothesis formulation and
testing (Anselin et al., 2006; Murray, 2010). Such exploratory investigation can then inform
confirmatory analysis involving formal statistical tests to detect potential covariates in
relation to disease clusters or any observed spatial-temporal patterns.

Using GIS-based approaches, we investigate the impact of an expansion of HIV/AIDS
services on changes in access to and utilization of HIV testing during a five-year period
between 2006 and 2011 in rural areas of southern Mozambique, where HIV prevalence
among adults aged 15-49 is estimated at around 25% (Ministry of Health, 2010). HIV
testing is chosen in this research as an example of critical sexual and reproductive health
(SRH) services for rural populations in resource-limited settings. HIV testing also
exemplifies health services that are being deployed in a comparatively short period of time
in response to a major health challenge. The expansion of HIV testing and other HIV/AIDS-
related services is relatively recent in Mozambique (Agadjanian et al., 2011). Thus,
voluntary counseling and testing (VCT) and prevention of mother-to-child transmission
(PMTCT) were not available until 2001 (Pfeiffer et al., 2010). The national deployment of
antiretroviral treatment was initiated only in 2004 (Audet et al., 2010). In recent years, these
services have been expanded rapidly with funding from foreign governments as well as
international organizations. In 2006, only 281 health care units provided HIV counseling
and testing in Mozambique, a country of some 22 million inhabitants (Ministry of Health,
2006: 4); by 2009, this number grew to 359 (National AIDS Council, 2010: 47). HIV testing
has become a routine part of prenatal care, but it is also widely available outside of it.

The gradual HIV testing expansion and its influences on access to and utilization of novel
healthcare can be construed in terms of health service diffusion. This understanding can be
theoretically guided by the interdisciplinary literature on diffusion of innovation (Brown,
1981; Feldman, 1994; Wejnert, 2002; Rogers, 2003; Webber et al., 2006). Usually, the
process begins with a diffusion strategy aiming at propagating an innovation (e.g., new
services, products and techniques) and ends with adoption of the innovation by the target
population (Brown, 1981). In the study, we apply this theoretical perspective to investigate
changes in access to and utilization of HIV testing in the dynamic process of health service
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expansion/diffusion. The remainder of the paper is organized as follows. The next section
reviews the relevant research on health service access and utilization, highlighting the
significance of integrating GIS in such research, and links that research to the scholarship on
the diffusion of innovations. This review is followed by a description of the data and study
area. Then, the methods employed are detailed and analysis results are presented. We
conclude with a discussion of the findings and of their implications.

2. Background

It has long been recognized that access to health services is critical for health care utilization
(Aday and Andersen, 1974; Gulliford and Morgan, 2003; Cromley and McLafferty, 2011).
However, access is a nebulous concept and can be defined in many ways depending on
perspective (Gulliford et al., 2002; Guagliardo, 2004). Generally, access is perceived as the
ease of entry to the health care system (Aday and Andersen, 1974). In geography, this
includes physical barriers that hinder the acquisition of health services (Wang, 2012). As
more geographically referenced data that can be efficiently processed in a GIS environment
have become available, distance-based measures have been increasingly utilized to assess
geographic access in health related research (Nemet and Bailey, 2000; Lovett et al., 2002;
Higgs, 2004). Many studies employing such measures have found that distance is a vital
indicator of healthcare use, especially in rural areas (Tanser et al., 2006; Yao et al., 2012,
2013) and for particularly vulnerable groups such as the elderly (Nemet and Bailey, 2000;
Djukpen, 2012).

Utilization of health services is a direct determinant of health and well-being, usually
manifested in health outcomes (Cromley and McLafferty, 2011). It should be noted that
even if sufficient health resources and reasonable proximity to health facilities are ensured,
actual health care use may or may not occur (Mooney, 1983). For example, people are
usually assumed to visit the nearest service; however, this is not necessarily the case and
actual utilization depends on personal and service-related characteristics as well as
contextual factors (McLafferty, 2003). From this perspective, service utilization is generally
perceived as realized access to the healthcare system, and as a result is considered a
validating indicator of potential access measures (Aday and Andersen, 1974). As a result,
the goal of health programs is to improve the utilization of health services while recognizing
that access is a critical concern.

Considering the spatial nature of a healthcare system, GIS has become an invaluable part of
spatial analysis of both access to and utilization of services (Gulliford and Morgan, 2003;
Higgs, 2004, 2009; Cromley and McLafferty, 2011). A range of GIS-based techniques have
been applied. Thus, desktop mapping of health outcomes has a long history in medical
geography. An example of early work is the map of London's 1854 cholera outbreak by John
Snow. GIS routines such as network analysis are widely utilized to derive distance-based
access measures (Lovett et al., 2002; Rosero-Bixby, 2004). This has been used to delineate
the service catchment area for health facilities (Tanser et al., 2001). Exploratory spatial data
analysis (ESDA) provides a set of powerful tools for gaining insights into spatio-temporal
patterns of disease clusters (Djukpen, 2012), as well as seeking potential environmental and
socio-economic contributing factors (Anselin et al., 2006). Further, spatial modeling using
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confirmatory testing is helpful in identifying determinants of access and health care use
(Field and Briggs, 2001; Tanser et al., 2006; Yao et al., 2012). All of these methods can be
carried out under different spatial scales to identify an appropriate representation framework
for the underlying research context. For instance, Langford and Higgs (2006) studied the
implications of different spatial representations of population for healthcare access
measurement. Moreover, GIS based approaches can help us to understand the spatial
patterns of diffusion of new health services.

The focus of this paper is on access to and utilization of HIV testing. The rapid deployment
of HIV/AIDS services in sub-Saharan and other resources-limited settings affected by the
pandemic can be seen as an example of diffusion of healthcare innovations. As the
innovation diffusion perspective would posit, widening access to HIV/AIDS services should
lead to increased utilization of those services. Given the growing availability of spatial data
and advances in spatial analysis techniques, as well as worldwide concern about the
challenges posed by HIV/AIDS to public health, it is not surprising that GIS is increasingly
adopted to support analysis of HIV-related outcomes (Kandwal et al., 2009; Cuadros et al.,
2013). For example, Tanser et al. (2000) found that geographic access is a vital determinant
of HIV heterogeneity in rural South Africa. Busgeeth and Rivett (2004) developed a spatial
information system to better manage and utilize HIV/AIDS data. Similar work has also been
carried out by Geanuracos et al. (2007). Fulcher and Kaukinen (2005) analyzed the spatial
distribution of HIV service providers in Toronto neighborhoods using mapping and
visualization. Nevertheless, there are still few GIS-based studies addressing the impact of
HIV/AIDS prevention, testing, and treatment programs on access and utilization of
corresponding services. This study helps fill this important gap by focusing on the impact of
the expansion of HIV/AIDS services in a high-prevalence rural sub-Saharan setting.
Specifically, we employ spatial analysis and regression techniques to demonstrate the
declining importance of geographic access to HIV testing services for HIV testing utilization
over the course of a rapid diffusion of these services.

3. Methods

3.1. Data and study area

The data used in this study were collected through three waves of a longitudinal survey
conducted in 2006, 2009 and 2011, respectively, in rural areas of four districts (Chibuto,
Choékwe, Guija and Mandlakaze) of Gaza province in southern Mozambique. The study site
covers an area of approximately 5900 square miles and had a total population of about
625,000 according to the 2007 National Population Census. At the time of the first and
second survey waves, there were 53 primary health clinics in this area; by the last wave, that
number increased to 57. Mozambique is located in the “AIDS belt,” and among all of the
country's provinces the HIV prevalence rate is the highest in Gaza province, 25% of adults
aged 15-49, not least because of massive labor migration directed mainly toward
neighboring South Africa (Ministry of Health, 2010). Given the very high levels of HIV
prevalence, the deployment of HIV counseling, testing, and treatment services has been a
top priority of local health authorities. All HIV services, including testing, have been
provided completely free of charge in all public health clinics (the only type of health
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facilities available to rural residents). HIV testing has been integrated into prenatal care on
the opt-out basis and is also done when HIV infection is suspected symptomatically or on
request.

All the three waves of the survey were carried out in 56 villages of the four districts (14
villages per district). In 2006, within each village, about 30 women in union were selected
from village rosters through probability sampling. The 2006 sample consisted of 1680
women. In the subsequent waves, attempts were made to re-interview the same women; the
women who died or could not be interviewed for various reasons were replaced with a
refreshment sample. In this analysis, we use data for women who were interviewed in all
three waves (N = 1025). The residence of each respondent is described by geographic point
data recorded as latitude and longitude. The survey collected a variety of information such
as respondents' age, educational level, and marital status, household economic
characteristics, and reproductive health and HIV/AIDS related information, as well as some
community-level features including the cost of public transportation from the village to the
closest town, and the degree difficulty of getting to the community during the rainy season.
Fig. 1 shows the locations of the respondents' residences and health clinics; the graph
illustrates the rapid spread of HIV testing services during the observation period: the number
of clinics offering HIV testing increased from 5 in 2006 to 32 in 2009 to 49 in 2011.

The outcome used in this study is whether or not a respondent had an HIV test (1 if yes, O if
otherwise). The specific definitions of this outcome vary slightly across the three waves.
Thus in 2006, when HIV testing was not as common, respondents were asked if they ever
had an HIV test. As testing became more widespread and regular, in 2009 and 2011, more
detailed testing history was collected. For these two waves the outcome is “whether or not
the respondent was tested in two years preceding the survey.” This approach allows us to
better account for the expansion of HIV services and to capture corresponding changes in
utilization of these services.

3.2. Methods of analysis

This study employs GIS, descriptive statistics, spatial pattern analysis, and confirmatory
analysis using multilevel regression. These methods are used as part of an ESDA
framework. GIS is used for spatial information management as well as geographic measure
derivation. Descriptive statistics are employed to outline individual characteristics and
summarize healthcare access and utilization measures. Spatial pattern analysis is used to
examine changes in the spatial distribution of access and HIV testing service utilization
during the five years of observation (2006—-2009). Multilevel regression analysis then
investigates the possible covariates, especially geographic access, of HIV testing.

First, we use basic statistics to describe changes in HIV testing service availability and
geographic access to these services. Given the distance effect on health service utilization
and the fact that people in rural areas are more likely to visit the closest health facility
(Haynes, 2003), Euclidean distance from a residence to the nearest clinic providing HIV
testing is used as a proxy for geographic access. In general, Euclidean distance has been
shown to be an adequate measure of spatial access in rural sub-Saharan Africa (Tanser et al.,
2006; Yao et al., 2012) and to be negatively associated with receiving an HIV test in
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particular (Leibowitz and Taylor, 2007; Thornton, 2008). The number of nearby clinics
offering HIV testing is used as an indicator of availability of HIV services. Specifically, the
10 km and 20 km radii are utilized in evaluating proximity to health services, where clinics
within this distance threshold are counted for each respondent.

Beyond descriptive statistics, spatial pattern of HIV testing service utilization is explored
using more encompassing ESDA approaches. A general discussion of ESDA can be found
in Anselin et al. (2006). Because respondents are naturally grouped into villages/
communities, aggregate data at the community level are initially mapped to provide an
intuitive impression of spatial disparities in utilization of HIV testing services in the
population of the study area. Spatial inequity is further investigated by formal specification
based on spatial cluster analysis techniques. In medical geography, a cluster typically
indicates a group of the population with significantly higher or lower disease rates than
expected (Jacquez, 2008; Cromley and McLafferty, 2011). In this study, a cluster is a group
of respondents with high/low rate of HIV testing. Specifically, the spatial scan statistic is
used to detect the high/low rate clusters, employing a window with variable size to scan the
entire population in order to find significant local clusters using a log-likelihood ratio test
(Waller and Gotway, 2004). The Bernoulli probability model (Kulldorff, 1997) is used here
because the outcome (tested/not tested) is binary in nature.

Then, multilevel multivariate logistic regression is used to examine the impact of geographic
access, as well as other covariates, on the probability of having been tested for HIV. The
advantages of multilevel models are that they take into account the hierarchical nature of the
survey sample. Such models have been widely adopted in health research, and are
sometimes referred to as nested models, mixed models, random effects models, or
hierarchical linear models (Goldstein, 2011). In this study, a two-level (individual and
village) random-intercept logistic regression model is employed to account for effects
caused by clustering of respondents within villages. The intercept in the model is allowed to
vary randomly across villages. Separate models are fitted for each wave of the data to see
whether the expansion of HIV testing services that was taking place in the period under
observation might be associated with declining importance of geographic access. In the
model for the 2006 sample, the outcome variable is “whether or not ever tested for HIV”; in
the models for 2009 and 2011, the outcome variable is “whether or not tested for HIV in the
past two years.”

The main covariate of interest is geographic distance from a respondent's residence to the
nearest clinic offering HIV testing in the year of the survey. It should be noted that the
geographic access for the 2009 and 2011 samples could be overestimated because the HIV
testing behavior represented by the outcome variable could occur before the survey year
when the additional services were not available yet. Also, since the relationship between
distance and healthcare utilization may not be linear, in this analysis distance is not defined
continuously and instead is classified into three categories—Iless than 10 km, 10-20 km, and
more than 20 km—to account for the nature of distance distribution as well as the perception
of healthcare accessibility by local residents. The models also include a community-level
covariate “difficulty of getting to the village during the wet season.” It is derived from the
community survey data and includes three levels: 1. Community is easily accessible with
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any type of vehicle; 2. Community is easily accessible only with a four-wheel drive vehicle;
3. Community is not easily accessible even with a four-wheel drive vehicle. This measure
reflects community accessibility and therefore complements the Euclidean distance between
respondents' residences and clinics offering HIV testing.

The models control for several non-spatial variables, including personal characteristics such
as age, education level (number of years of schooling), whether in a polygynous or
monogamous marriage, number of children ever born, and the household possession index
(derived on the basis of reported household possessions, such as radio, bicycle, motorcycle,
and automobile, and ranging from one to four with increasing wealth). In addition, for the
analysis of the 2009 and 2011 data, whether a respondent had been tested more than two
years before the survey is also included to account for previous experience with regard to
HIV testing: it is highly likely that women tested before will get tested again.

The above analyses are carried out using a variety of packages. The geographic measures are
derived using commercial GIS software, ArcGIS 10.0 (ESRI, Redlands, CA). Spatial cluster
detection is performed using SaTScan.l The multilevel analysis is carried out using the R
software.2

Basic descriptive statistics of the three survey samples are presented in Table 1. The mean
age of respondents is 28 (2006), 31 (2009) and 33 (2011), respectively. The educational
level of the surveyed women is quite low: the average number years of schooling is around
2.8; it does not change across waves illustrating that all education is received prior to
marriage. The average number of children was 2.8 in 2006, 3.8 in 2009, and 4.4 in 2011.
With regard to the marital status, most respondents are in monogamous union. The mean
household material possession score was 2.1 for all the three years (2006, 2009, and 2011).

Table 1 illustrates the rapid expansion of HIV testing: whereas in 2006 17.6% of
respondents had been tested for HIV at least once, in 2009 and 2011 these figures were
55.4% and 78.3%, respectively. Further, the proportion of women having been tested in the
last two years had increased from 44.7% in 2009 to 58.5% in 2011. The scale-up of HIV/
AIDS services is also reflected in the number of nearby clinics offering HIV testing. Table 1
shows that 84.2% women lived within 10 km of clinics offering such services in 2011, about
four times that the percentage in 2006. Moreover, about 85.0% of women surveyed in 2011
had at least two clinics offering HIV testing within 20 km from their residences compared to
only 18.0% in 2006. As indicated in Table 1, a major expansion of HIV testing services
occurred during 2006—2009, while the increase in geographic access to such services
between 2009 and 2011 was less substantial. For example, 49.0% women had to travel more
than 20 km to get tested for HIV in 2006, while this number decreased to about 9.6% by
20009, further dropping to 2.9% in 2011.

lhttp://www.satscan.org/
http://www.r-project.org/
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As an indicator of potential geographic access to HIV testing services, the distance to the
nearest clinic providing HIV testing for the three survey waves is presented in Table 2.
Compared to 2006, the decrease in minimum distance by 2009 is about 0.188 km (from
0.430 km to 0.242 km), while the changes in the maximum, median and mean distances are
60.679 km, 13.228 km and 15.511 km, respectively. In contrast, the differences between
2009 and 2011 are more modest. For example, the mean distance to the nearest clinic
offering HIV testing declined from 7.898 km to 6.021 km, a decrease of 1.877 km. This is
not surprising given that there were only five clinics offering HIV testing in 2006 and this
number grew to 32 by 2009, and 49 by 2011. That is, testing services became available in
more than 60% of local clinics by 2009 and about 86% by 2011. In general, it is apparent
that distance as a barrier to HIV testing greatly declined during the five years under
observation. In addition, within each of the three waves, although there is little difference in
terms of minimum and maximum traveling distances, on average the women who had been
tested lived closer to a health clinic offering these services than those who had not been
tested.

Similar conclusions can also be reached from Fig. 2 which describes the distance
distribution in the three survey years. In 2006, about half of respondents needed to travel
more than 20 km to get an HIV test and about 25% needed to travel more than 30 km. In
contrast, the distance to the closest clinic offering HIV testing was much smaller in 2009
and 2011. The declines in mean distance to the nearest clinics are statistically significant (p-
value < 0.01) as suggested by the Wilcoxon signed-rank test. For example, about 80% of
women had access to HIV testing within 12 km (2009) or 9 km (2011) of their residences.
Only about 10% (2009) and 3% (2011) of respondents needed to go beyond 20 km to get
tested for HIV, substantially less than 50% in 2006.

Again, as expected, increased access to testing services was associated with an increase in
actual utilization of those services. The spatial variation of the outcome “had an HIV test in
the two years before the survey” (“ever had an HIV test,” for the 2006 wave) across the
study area is described in Fig. 3. Differently sized circles reflect the share of village sample
that has been tested for HIV. In Fig. 3a, corresponding to the 2006 wave, most villages
having relatively high testing rates are located in the southeast and southwest (the more
economically developed and densely populated part of the study area), except one outlier in
the south. Few women in other villages, especially the five villages in the north, had been
tested. In Fig. 3b (2009), most communities in the south still have higher testing rates and
only a few have a very low proportion (e.g., < —1.5 std. dev.) of those tested in the past two
years. On the whole, the differences among communities in 2009 are not as large as in 2006.
In general, the spatial distribution of HIV testing service use in 2011 is similar as that in
2009, with villages having higher testing rates in the southwest and south-east. However,
compared to the pattern in 2006 and 2009, the most significant change in HIV testing
service utilization is that the tested population in the northern five villages had greatly
increased by 2011.

To further explore the spatial pattern of HIV testing service utilization, spatial clusters with
significantly high or low testing rates based individual-level data are examined using a
spatial scan statistic. Given the fact the study area is largely rural and the population is
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sparsely located, particularly in the north, 50 km (about one fourth of the width of the study
area) was used as the maximum size of the searching window to ensure potential clusters
can be identified. The analysis results are also shown in Fig. 3, with red circles indicating
high testing rate clusters and blue circles indicating low testing rate clusters (p-value 0 0.01).
The associated statistics are summarized in Table 3. As can be seen, the number and location
of clusters vary between the 2006 and 2009 waves. The former, described in Fig. 3a, has
three clusters, with one high-rate cluster (with 30.9% tested women compared to the
expected value of 17.6%) and one low-rate cluster (with 0.0% tested) in the southwest of the
study area, and another low-rate cluster in the north (with 3.8% tested). In the latter, again
three clusters are identified (Fig. 3b). The northern villages are still within a low-rate cluster
(with 40.9% tested women compared to the expected value of 44.7%), while the high-rate
cluster (with 88.9% tested) moves to the southeast, possibly in response to several newly
deployed testing services. The other low-rate cluster (with 16.3% tested) is still in the
southwest but with a smaller size. In contrast to the patterns in 2006 and 2009, no significant
cluster can be found in 2011. This reflects the fact that 86% clinics were offering HIV
testing by 2011, compared to 9% in 2006 and 60% in 2009. In particular, the five villages in
the north were served by four clinics with HIV testing services by 2011.

The relationship between the utilization of HIV testing and distance to clinic and other
factors is investigated using multilevel logistic regression analysis. The odds ratios (OR) and
associated 95% confidence intervals (CI) from the model predicting the probability of
having been tested for HIV are presented in Table 4. The results show that distance to a
clinic offering HIV testing has a similarly negative effect on the likelihood of having been
tested for HIV in the first two waves of the survey. However, in both waves, the difference
between women in the reference category, i.e., those living less than 10 km from a clinic
offering HIV testing, and women residing 10-20 km from such clinics is modest and not
statistically significant. In comparison, in both waves, the difference between women
residing within the 10 km of HIV testing clinics and those who have to travel more than 20
km to reach a clinic with HIV testing services is much larger and statistically significant at p
< 0.05. For example, in 2006, compared to those traveling less than 10 km, women traveling
more than 20 km had a 57% decrease in the odds of lifetime HIV testing (OR=0.43, 95% ClI:
0.24, 0.77); three years later the corresponding decrease in odds is smaller, 45% (OR=0.55,
95% CI: 0.31, 0.99), but is still statistically significant. However, in the model for the third
survey year, the corresponding parameter estimate becomes much smaller, and loses
statistical significance. Interestingly, the estimate for the differences between the reference
category and the next distance category is larger than in the previous two models but it is not
statistically significant. A similar pattern emerges with respect to the difficulty of getting to
the village during the rainy season: it is negatively associated with the probability of having
been tested in 2006 and 2009 (with the magnitude of the effect declining between the two
waves), but its effect completely disappears by the third wave.

The decline in the importance of geographic access stands in contrast with consistent
significance of individual demographic characteristics such as age and number of children
ever born throughout the observation period. The positive effect of education is also
statistically significant in all three years even though its magnitude declines noticeably
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between the first and second waves. The effect of household wealth is also positive in all the
three waves of the survey (albeit only marginally significant in 2006 and 2011). In contrast,
the effect of marriage type (polygynous or not) is not significant in all the three waves.
Finally, previous HIV testing experience has a positive impact on the likelihood of HIV
testing in the two years preceding the survey in both the 2009 and 2011 models, pointing to
the importance of learned experience in acquisition of critical health care services.

5. Discussion and conclusions

Geographic separation has long been considered a vital determinant of access to healthcare
as well as of spatial inequities in health outcomes, especially in resource-limited settings.
Although it is often assumed in the public health literature and practice that improvement in
access to vital health services in such settings lead to increases in utilization of these
services, rigorous tests of this assumption are rare. In this study, we used unique longitudinal
data from a setting with a rapidly changing service provision landscape to conduct such a
rigorous test using the deployment of HIV testing services in rural Mozambique as an
example. Our study provides an illustration of the utility of spatial analysis for assessing the
impact of a continuing expansion of critical health care delivery such as HIV testing and
treatment services. Paired with multivariate regression, GIS and related spatial analysis
techniques are invaluable tools for a better understanding of evolving spatial patterns of
access to health care as well as of the impact of changes in access on health service
utilization.

The results of the presented spatial and regression analyses suggest that with the rapid
spread of HIV testing services in the study area both access to these services and their
utilization greatly improved over the observation span. In parallel, spatial inequities
decreased substantially. Thus, high/low rates clusters only existed in 2006 and 2009 but
disappeared by 2011 as shown in Fig. 3. Fig. 3 also illustrates that the implementation of
spatially targeted prevention interventions reflects the distribution of the population at
higher risk of HIV infection. Specifically, given the low-rate cluster in the north in 2006 (see
Fig. 3a), two clinics were equipped with HIV testing services during 2006— 2009, but the
low-rate cluster still existed in 2009 implying insufficient supply of such services.
Meanwhile, more services were deployed in the south, and as a result the low-rate cluster in
the south in 2006 (see Fig. 3a) became smaller in 2009 (see Fig. 3b). With the continuing
expansion of HIV testing services throughout the study area, there were eventually no
significant inequities in HIV testing by 2011.

A decreased importance of distance is also suggested by the results of the regression
analysis (Table 4), particularly for women living very far (> 20 km) from HIV-related
services. Further, when analyzed in conjunction with non-spatial factors in a multiple
regression framework, the significant difference in the probability of having been HIV tested
among women in various distance categories, while noticeable at the low level of
deployment of those services, disappeared as the services expanded. What is interesting here
is that the most dramatic expansion of HIV testing services occurred between 2006 and
2009, while the geographic access has similar effect for women in different distance
categories for those two years. It is tempting to speculate about a possible threshold effect in
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the diffusion of these novel health services. However, the limitations of our data caution
against such speculations. Thus it is important to keep in mind that women who were
interviewed in 2009, by our definition, had been exposed to the possibility of HIV testing
during the preceding two years and therefore faced the array of services that were available
during that period rather than at the time of interview. In comparison, the exposure of the
2011 sample to HIV testing, by definition, started around 2009, i.e., when HIV testing
services had already become widespread. In addition, this result could be related to possible
improvement in access to the local clinics (e.g., better roads and cheaper transportation),
which is actually reflected in the non-significance of the parameter “difficulty to get to
community in rainy season” in the last survey wave.

Although with our data we cannot capture reliably the effects of the pace of the spread of
HIV testing, our results contribute to the scholarship on health service diffusion by clearly
illustrating the overall progress of the diffusion of the HIV services from an introduction
stage to the stage of mass adoption over a relatively short period of time. Thus, HIV testing
was still novel in 2006 and the diffusion of the service was at the early stage, with less than
one-fifth of the survey respondents having been tested. Only five years later, by 2011, the
diffusion process was approaching the final (adoption) phase, with more than three-quarters
of respondents having reported at least one HIV test. Spatial diffusion pattern of services can
be observed in Fig. 3, with distinct high/low tested population clusters in 2006 and 2009 and
no significant clusters in 2011. In particular, the low value clusters in the north of the study
area, shown in Figs. 3a and 3b, might be attributed to the long distance to the local clinics as
suggested by Table 4. Again, from Table 3 it can be seen that in 2006 the low-rate clusters
had a smaller proportion of the population. It reflects the hierarchical effects of service
provision (Hagerstrand, 1967) as people living farther away from towns are less likely to use
HIV testing services because typically those services are initially deployed in bigger clinics
located in areas with more people (usually towns) (see Fig. 1). Another possible reason
might be the spatial heterogeneity of the disease burden, that is, the rate of HIV prevalence
in high-rate HIV testing clusters (or towns) tends to be higher. In other words, spatial
deployment of services is determined not only by size of the population but also disease
burden.

As individual utilization of health innovations grows less dependent on geographic distance,
it is increasingly driven by demographic factors. The sociological literature on diffusion of
innovations in health behavior points to an important role of social interactions that help to
spread and legitimize novel tastes and practices (Casterline, 2001; Behrman et al., 2002;
Rogers, 2003). The data at hand do not allow us to measure social interactions regarding
HIV testing and to assess their impact on utilization of HIV testing services, relative to the
impact of spatial barriers. We see the collection of relevant social interactions data as an
important goal for our future research efforts. However, the existing data did allow us to
examine the role of selected socioeconomic characteristics in the context of changing
availability of testing services. Most notably—and reassuringly—the series of regression
analyses carried out in this study demonstrated the declining importance of household
socioeconomic status as a barrier to utilization of HIV testing services. At the same time, the
results also show that despite a rapid proliferation of HIV/AIDS services in the study area,
education continued to play a significant, even if weakening, role in utilization of HIV
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testing. Policy efforts therefore should not focus only on assuring spatial equity in access to
critical health services but also on mitigating social barriers, such as those related to
educational level, to utilization of these services.

Finally, it should be noted that even with the rapid scale-up of HIV services in the study
area, by 2011 about 15.8% of surveyed women had no access to such services within 10 km
and only about half women (56.9%) had two clinics providing them within that radius. Even
though HIV testing and treatment in Mozambique, as in other similar settings (Askew and
Berer, 2003; Myer et al., 2005; Cooper et al., 2009) has been integrated with broader sexual
and reproductive health services and HIV testing has increasingly become a routine
component of prenatal care, about 21.7% of the 2011 respondents had never been tested for
HIV. Moreover, the utilization of HIV testing services is much lower among men and
among women who are not reproductively active and therefore do not undergo prenatal care.
The needs of the underserved segments of the population must be taken into account in the
continuing deployment of these services. Also, importantly the rapid spread of HIV/AIDS
testing and treatment services that the study area saw during the period under observation
was taking places in the existing health clinics. Once all these facilities have been equipped
with HIV/AIDS-related services, further expansion of these services would require massive
investment in building new health facilities or deploying costly mobile clinics. These
remaining multiple challenges notwithstanding, the results of our study provide valuable
guidance for future improvements of critical HIV service deployment in resource-limited
sub-Saharan settings.
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Study area and the survey sample.
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Fig. 3.
Spatial variation of health care utilization and clusters of HIV testing outcome. (a) 2006

survey sample, (b) 2009 survey sample, and (c) 2011 survey sample. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of this
article.)
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Table 2

Distance to the nearest clinic providing HIV testing (km).

Min Max  Median Mean Std
2006 Allwomen 0.430 88.060 19.730  23.409 17.037
Tested 0.636 86.833 15231 17.996 11.545
Nottested  0.430 88.060 20.354 24563 17.780
2009 Allwomen 0.242 27.381 6.502 7.898 6.431
Tested 0.244  25.460 6.096 7.083 5.594
Nottested  0.242 27.381 7.368 8.910 7.212
2011  Allwomen 0.148 25.319 5.585 6.021 5.123
Tested 0.148 25.319 5.595 6.010 5.017
Nottested  0.184 24.658 5.502 6.060 5.490
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Summary of the spatial clusters.

Table 3

Page 20

Year Typeof cluster Sizeof cluster (km) Proportion of population  Prevalenceof HIV testing Relativerisk
within cluster (%) within cluster (%)

2006  High-rate 21.487 14.8 30.9 2.03

2006  Low-rate 12.592 7.3 0.0 0

2006  Low-rate 46.060 12.9 3.8 0.19

2009  High-rate 10.575 4.4 88.9 1.65

2009  Low-rate 7.502 4.2 16.3 0.28

2009  Low-rate 45.442 209 40.9 0.69
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Results of the multi-level logistic regression analysis of HIV testinga.

Table 4

Page 21

Covariates 2006 (Sample size: 2009 (Sample size: 2011 (Sample size:
1025) 1025) 1025)
Odds 95% Clof Odds 95% CI of Odds  95% CI of OR
ratio OR ratio OR ratio
(Constant) 123 (0.36,4.13) 465° (1.74,1242) 746" (2.74, 20.30)
Geographic access  Distance from residence to clinic offering 0.82 (0.46,1.47) 0.74 (0.48,1.13) 0.73 (0.46, 1.16)
HIV testing (10-20 km) (ref:
<10 km)
Distance from residence to clinic offering 0.43° (0.24,077) 55 (0.31,099)  0.62 (0.26, 1.48)
HIV testing (>20 km) (ref:
<10 km)
Difficulty to get to community in rainy 0.47% (0.30,0.76) 0.74 (0.54,1.02) 111 (0.82,1.52)
season
Individual Age (years) 095 (0.92,098) g3* (0.90,0.96) go*  (0.87,1.92)
characteristics
Children ever born 1'15* (1.04, 128) 1.18* (1.08, 129) 1.37* (126 1.49)
Education (continuous) 1.14% (1.07,1.22) 193¢ (0.98,1.09) 110  (1.051.19)
In polygynous marriage (ref: monogamous 1.12 (0.80,1.58) 0.80 (0.58, 1.10) 117 (0.84, 1.61)
union)
Household possession index (1-4) 1.16 (0.99,1.34) 1o1* (1.06,1.37) 1 13** (0.99, 1.29)
Was tested for HIV before the 24-month 159" (117,215) qg9*  (1.68,1.69)

period preceding the survey (ref:
was not tested)

aEver tested in 2006; tested in last two years in 2009 and 2011.

*
p <0.05

*

*
p<0.1.
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