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Summary

Objective—To investigate the prevalence of social exposure to a large, government-run ART
program in rural South Africa.

Method—Clinical data on 6681 patients were matched with demographic data on a nearly
complete cohort of 102,359 people residing in the program catchment area. We calculated the
proportion of residents in the demographic surveillance area that were members of a household, or
resided in a compound where someone had initiated ART or received pre-ART care.

Results—By January 2010, 3% of the population had initiated ART. However, 25% of the
population shared household membership or resided in a compound with someone who had
initiated ART; 40% shared household or living arrangements with people who had either initiated
ART or were enrolled in pre-ART care.

Conclusion—Such high rates of social exposure suggest that large scale ART programs are
likely to have profound spillover effects on social norms and economic welfare. These results also
point to the opportunity to reach large numbers of people with other health and social services
through existing ART programs.
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Introduction

The widespread provision of life-saving antiretroviral treatment (ART) represents an
unprecedented mobilization of resources and systems capacity for public health in settings
of high HIV prevalence. In South Africa, an estimated 568,000 people were on ART by
2008, with a further 760,000 in need of treatment, according to Department of Health
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guidelines (Adam & Johnson 2010). With the government committed to universal rollout,
over three million people are projected to be on ART by 2020 (Cleary & Mclntyre 2010). In
addition to its impacts on the health of people living with HIV, the implementation of large-
scale treatment programs may have important spillover effects on households and
communities. These may include changes in perceptions of HIV (Bechange et al. 2010,
Cassell et al. 2006, Kennedy et al. 2007, Stolte et al. 2004) and attitudes towards people
living with the virus (Wolfe et al. 2008); improvements in labor productivity (Thirumurthy
et al. 2005, Rosen et al. 2008, Larson et al. 2008), consumption (Beard et al. 2009, Chhagan
et al. 2008, Kaler et al. 2010, Wagner et al. 2009), and human capital investment (Graff
Zivin et al. 2009); and perceptions of the health system itself. Although there is growing
evidence of social spillover effects, hardly anything is known about the prevalence of social
exposure to ART programs in HIV-hyperendemic populations. This study seeks to fill this

gap.

In this paper, we describe the evolution of social exposure to a government-run ART
program in a poor, rural population in northern KwaZulu-Natal, South Africa. The Hlabisa
HIV Care and Treatment Programme is a highly decentralized ART program, implemented
by nurses at public health clinics (Houlihan et al. 2010, Mutevedzi et al. 2010). Established
in 2004, the program had initiated over 13,500 people on ART by 2010. We define social
exposure as shared membership of a household, or residency in a compound (a group of one
or more households) with someone who has either initiated ART or enrolled in pre-ART
monitoring and care. These close-range measures of social exposure are particularly salient,
given the high levels of social and economic integration within households and compounds.
Further, patients in the treatment program were explicitly encouraged to disclose their status
to other household members and to seek social support.

This analysis makes use of a novel data opportunity: the ability to match clinical data from
an ART treatment program with a nearly complete population cohort residing in the program
catchment area. We match clinical enrolment dates for 6681 patients in the Hlabisa HIV
Care and Treatment Programme with longitudinal data on the living arrangements and
household memberships of 102,359 people in the Africa Centre for Health and Population
Studies (Africa Centre) demographic surveillance area (DSA). We calculate the proportion
of this population that shared household membership or resided in the same compound as
someone who had initiated ART. We also estimate the prevalence of co-residence and co-
membership with people who enrolled in pre-ART monitoring and care. We describe the
evolution of social exposure to the ART program since its inception in 2004 and discuss
implications for future research and intervention.

Study population

The study population consists of all people who resided in the Africa Centre DSA at any
point between 01 January 2004 and 30 June 2010. The Africa Centre is a research initiative
funded by the Wellcome Trust (www.africacentre.com). Since 2004, the Africa Centre has
collected longitudinal demographic data on 102,359 people who have resided in a 438 km?
area of Umkhanyakude District. Data on household composition, place of residence,
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migration, and vital status of members are collected every six months, with household
response rates of > 99% (Tanser et al. 2008). The population of the DSA is mostly rural, and
quite poor (Tanser et al. 2008), with high rates of unemployment and government assistance
(Ardington et al. 2009). More than 20% of adults are HIV positive, with over half of
women, ages 25-29, living with HIV (Tanser et al. 2008).

Hlabisa HIV Treatment and Care Programme

Data

As part of the 2004 national treatment rollout, the South African Department of Health and
the Africa Centre collaborated to launch an HIV care and treatment program in Hlabisa sub-
district, in northern KwaZulu-Natal. The Hlabisa HIV Care and Treatment Programme is
supported financially by the Presidential Emergency Programme for AIDS Relief
(PEPFAR), via the United States Agency for International Development. The first patients
were initiated in late 2004 at the Hlabisa referral hospital, with subsequent roll-out to all 17
primary health care clinics in the subdistrict (Houlihan et al. 2010). The program is
primarily implemented by nurses in a highly decentralized model of care delivery,
appropriate for the rural setting (Mutevedzi et al. 2010). To date, more than 13,500 patients
have been initiated on ART in the Hlabisa Care and Treatment Programme. The Africa
Centre DSA lies in the southern third of the Hlabisa health services catchment area, and it is
estimated that 40% of patients in the Hlabisa HIV Care and Treatment Programme reside in
the DSA (Houlihan et al. 2010). In 2008, it was estimated that 21% of HIV-infected
individuals had initiated ART (Cooke et al. 2010); by 2010, the proportion was likely much
higher. As a result of the ART program, AIDS related mortality in the DSA decreased by
40% between 2003 and 2006 (Herbst et al. 2009).

The ART program adheres to Department of Health guidelines regarding eligibility and
treatment regimens. Adults are initiated on ART for WHO stage 1V HIV disease or a CD4+
lymphocyte count of < 200 cells/ul. Patients attend treatment education and counseling
sessions, in which they are encouraged to disclose their status to household members and
identify supporters to help them adhere. CD4 counts are monitored semi-annually for both
those on treatment and those not yet eligible; viral load is measured annually (Houlihan et
al. 2010). Maintenance in the program is quite high, with only 3.7% of patients lost to
follow-up in the first 12 months (Mutevedzi et al. 2010).

Patient records are kept at health clinics, but are regularly entered into the Africa Centre's
ART Evaluation and Monitoring System (ARTemis) database (Houlihan et al. 2010).
Patients provided written informed consent to use their clinical records for anonymous
research. Ethics approval for data collection, linkage, and use was obtained from the
Biomedical Research and Ethic Committee of the University of KwaZulu-Natal, in
agreement with the Research Office of the KwaZulu-Natal Department of Health.

In this paper, we focus on two operational indicators: date of initiation on ART and date of
earliest CD4 count obtained at the time of the first positive HIV test. Any individual who
ever initiated ART was classified as an ART initiator from the date of initiation. Individuals
who accessed the Hlabisa Care and Treatment Programme and had a CD4 count, but had not
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yet initiated treatment, were classified as enrollees in pre-ART monitoring and care from the
date of the first CD4 count until the date of ART initiation or the end of follow up. For both
ART initiators and pre-ART enrollees, we take the date of first CD4 count as a proxy for the
date when an individual first accessed the Care and Treatment Programme. In cases where
ART patients did not have a date for first CD4 count recorded (n = 26), or were reported to
have had their first CD4 count after initiating therapy (n = 158), we use the date of ART
initiation as the date of the first CD4 count. CD4 counts for non-initiators were not reported
prior to 2007.

Data in ARTemis were linked with demographic cohort data from the Africa Centre
Demographic Information System (ACDIS). Individuals were matched by their unique
South African identification number, or by first name, surname, age, and sex. We were able
to match 6681 patients in the Hlabisa HIV Care and Treatment Programme with individuals
in the ACDIS database who met our eligibility criterion of having resided in the DSA at
some point between 1 January 2004 and 30 June 2010. With such strict requirements for
matching, the probability that a patient was mistakenly identified as a DSA resident (Type-I
error) is likely very small. However, some patients who resided in the DSA could not be
matched (Type-II error), for reasons such as data entry errors or use of different names in
different settings. Previous analysis (conducted in 2009) found that 26% of patients who
reported living within the DSA could not be matched to ACDIS (Cooke et al. 2010). Since
this analysis, Africa Centre data management staff have worked to identify additional
patients within ACDIS. Nevertheless, we expect Type-I1 error to be substantially higher than
the negligible Type-I error, and estimates of social exposure reported in this paper should be
viewed as lower bounds.

Of the 6681 patients matched for this analysis, 3825 had initiated ART; the remainder were
patients with a CD4 count who had not yet initiated ART by the end of follow-up. Data on
dates of ART initiation and first CD4 count were merged with demographic data on dates of
all household residency episodes, household membership episodes, and bounded structure
residency episodes. We defined enrolment in the ART program as carrying forward
indefinitely from the date of ART initiation or the first CD4 count, until that patient exits the
DSA, through out-migration or death.

Measures of Social Exposure to ARTWe measure four concepts of social exposure to the
ART program, based on shared household membership or residence in a compound with
someone who has initiated ART or enrolled in pre-ART monitoring and care. These
concepts derive from the complex multilevel structure of the ACDIS data, with individuals
nested in households and bounded structures, and households nested in bounded structures
(Table 1). Due to high rates of labor migration, many individuals in rural KwaZulu Natal
reside apart from other household members, but maintain close social ties, for example,
visiting on weekends or during holidays. To capture important differences in social and
geographic proximity, the Africa Centre distinguishes between household membership and
residence in a bounded structure such as a “compound” or “homestead”, which may contain
several households. Individuals may be members of multiple households in different places,
but reside at only one bounded structure (Tanser et al. 2008, Africa Centre 2008). During the
period of study, DSA residents shared household membership with 8.49 - 9.45 people, and
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resided in a bounded structure with 5.65 - 6.02 people, where these numbers represent the
range of averages calculated semiannually during the study period (Table 1). In addition to
these concepts, we defined “household of residence” as the household of which the
individual is a member, which resides in the same bounded structure as the individual
herself.

For each of these membership/residence concepts, we created variables at the level of the
bounded structure and household, indicating the dates when there was someone living in that
household/bounded structure who had initiated ART or had a CD4 count. We then merged
these social exposure variables with individual level membership and residence data,
creating the following four measures of social exposure:

» co-residence in a household with someone who has initiated ART;
e co-membership of a household with someone who has initiated ART;
e co-residence in a bounded structure with someone who has initiated ART; and

» any co-membership or co-residence affiliation with someone who has initiated
ART.

These four measures were also defined for co-membership or co-residence with someone
who had accessed the program as either an ART initiator or as a pre-ART enrollee, as
indicated by the date of the person’s first CD4 count. In all cases, individuals who had
accessed the program or initiated ART were counted among the “exposed”, so long as they
resided in the DSA during the period of interest. We report the above measures as
accumulated, rather than cross-sectional, exposures, due to substantive interest in “ever-
exposure” to the ART program.

Data analysis

Results

Prevalence of each social exposure was evaluated every six months, from 01 January 2004
through 30 June 2010. Numerators were the number of individuals exposed to the ART
program by co-residence or co-membership, as defined above, at any point in the previous
six months. Denominators included all individuals residing in a household within the DSA
at any point in the previous six months. Due to births, deaths, external migration, internal
migration, and changing household affiliations, denominators were not constant over time,
with values ranging from 63,328 to 65,078. At any given time, approximately one third of
the population under surveillance was not resident in the DSA. Since we report prevalence
rates based on a nearly complete (>99%) sample of the underlying population of interest
(Tanser et al. 2008), confidence intervals are extremely narrow and are not reported.
Stata/SE 11.1 (StataCorp, LP; College Station, Texas) was used for all data analysis.

Figures 1 and 2 portray the evolution of social exposure to the ART program. Figure 1
displays rates of ever co-residence and ever co-membership with patients who have accessed
the program and have had a CD4 count taken. Figure 2 presents the same measures for
social exposure to ART initiators. Starting from zero exposure to ART in 2004, there has
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been a continuous and remarkably smooth expansion of social exposure to the ART
program. By 1 January 2010, 25% of individuals in the DSA had been members of
households or residents in a bounded structure in which someone was on ART. A full 39%
of individuals in the DSA had shared membership of a household or residence in a bounded
structure with someone who had accessed the HIV Care and Treatment Programme as either
an ART initiator or pre-ART enrollee. We also present on each graph the percent of DSA
residents who have accessed the program or initiated ART, providing a point of comparison
for the trends in social exposure. In January 2004, for every individual who had initiated
ART, 7.0 other individuals were “socially exposed” through shared household membership
or compound of residence; by 2010, this number had declined to 6.0. (About 10% of the
ART patients with which DSA residents shared household membership lived outside the
DSA and were not included in these calculations.)

The graphs also show a clear ordinal ranking by type of social exposure. Household co-
memberships consistently yield higher rates of social exposure than bounded structure co-
residence. These findings are in line with our descriptive statistics, which indicate that on
average, individuals are linked to more people through household memberships than through
compound of residence. The dominance of household memberships may also be driven by
the higher probability of accessing the ART program among people who are members of
multiple households (RR = 1.23 - 1.42 for each additional household membership, p <.
0001).

Discussion

This paper has described the evolution of social exposure to a government ART program in
a large population cohort in rural South Africa with high HIV prevalence. Close social and
geographical ties, at the level of household membership and compound of residence, link
large proportions of the population to the ART program. By January 2010, 39% of the
population had been members of households or resided in a compound with someone who
had accessed the program; 25% of the population had shared household membership or
resided with someone who had initiated ART. Comparing these numbers with the number of
people who had accessed the program or initiated ART and were in the sample in June 2010,
we observe that for every person who had initiated ART, about six had been exposed
“socially” through shared household membership or residence in the same compound.

Like HIV itself, antiretroviral treatment is becoming a feature of everyday life for a large
proportion of people in the DSA. Such high levels of social exposure suggest that ART roll-
out may have widespread social, economic, and behavioural effects, not just on individual
patients, but also on their households, compounds, and the larger communities in which they
live. Economic spillover effects of ART are likely to include: improved labor productivity of
people on ART (Thirumurthy et al. 2005, Rosen et al. 2008, Larson et al. 2008); lower care-
giving burdens for other household members; lower health expenditure on treatment for
opportunistic infections (Nachega et al. 2010); lower labor supply and increased school
attendance of children in the household (Thirumurthy et al. 2005, Graff Zivin et al. 2009);
and improved household consumption, e.g. leading to better nutritional status of children
(Graff Zivin et al. 2009). In South Africa, ART programs also connect people who are
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unable to work with government disability grants and other sources of assistance (Chhagan
et al. 2008, Nattrass 2005).

Social and behavioral effects may include increased understanding and communication
about HIV and sexual risk; lower HIV stigma and improved social position of PLWHA
(Wolfe et al. 2008); higher HIV testing rates (Mfundisi et al. 2005); and a reduction in
fatalism and greater investment in the future (Fortson 2011). Large scale ART roll-out may
also affect attitudes towards the health system and the ability of government to deliver
needed services. The effect of ART on HIV risk behaviors is theoretically ambiguous. Some
scholars have emphasized the potential for “disinhibition” as the consequences of HIV
infection are perceived to be less severe (Cassell et al. 2006, Stolte et al. 2004); however,
studies in sub-Saharan Africa have found little evidence of disinhibition (Bechange et al.
2010, Kennedy et al. 2007). Rather, ART initiation has been shown to reduce unprotected
sex among initiators (Goldstein et al. 2010) and among non-spousal household members of
initiators (Bechange et al. 2010). In addition to these behavior pathways, ART's effect on
viral loads and longevity impact HIV transmission directly. Further research is necessary to
elucidate the full range of spillover effects from ART programs; however our study
illustrates that any such effects will have large population level impacts.This analysis also
suggests an excellent opportunity to reach people with HIV services and other public health
interventions. In settings of high HIV prevalence, household networks provide opportunities
to recruit people living with HIV/AIDS into care and treatment and to reach many people
with primary prevention programs. ART programs could also be a vehicle for prevention,
surveillance, and clinical recruitment of patients with multi-drug resistant tuberculosis,
cancer, diabetes, and other chronic diseases which require early detection and long term
management. Finally, social workers at ART programs can link households to government
grants and other resources to improve child nutrition and other aspects of household welfare.

Already, people on ART are engaging members of their households by disclosing their HIV
status and seeking social support for ART adherence, as recommended by South Africa's
National Treatment Guidelines (Barnighausen et al. 2011; National Department of Health
2004). Women surveyed in the Hlabisa Programme disclosed their HIV status to an average
of four close family members and friends; men disclosed to 3.4 people (Peoples &
Bérnighausen 2008). Through the household networks of people on ART, large numbers of
people could be reached with health and other social services.

The levels of social exposure reported in this paper are based on nearly complete population
reporting (>99%) and are very precise (Tanser et al. 2008). However, there remain sources
of uncertainty in our estimates of social exposure to ART. In particular, it is possible that we
have not captured all individuals who have accessed the Hlabisa HIV Care and Treatment
Programme. As described in the methods section, some patients who resided in the DSA
could not be matched to ACDIS (Type-II error). Other DSA residents may have sought care
in the private sector (Adam & Johnson 2010) or accessed government ART programs
outside Hlabisa sub-district. However, it is unlikely that the proportion of patients accessing
ART through the private sector is higher than a few percent (personal communication, Dr.
Kevi Naidu, Clinical Programme Leader, Hlabisa HIV Care and Treatment Programme, 12
April 2011). Still others may have shared household membership with someone who
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accessed the Hlabisa Programme but resided outside the DSA between 1 January 2004 and
30 June 2010. Finally, clinical reporting of CD4 counts among pre-ART patients in the
Hlabisa Care and Treatment Programme may be incomplete. Each of these factors suggests
that our estimates of social exposure should be interpreted as lower bounds.

The rollout of life-saving HIV treatment has already touched the lives of a quarter of
residents in this rural community of KwaZulu-Natal, through shared household membership
or co-residence with someone who has initiated ART. Such high levels of social exposure to
life-prolonging AIDS treatment are likely to have profound social, economic, and behavioral
effects, and may also affect the course of the HIV epidemic itself. Future research on the
spillover effects of ART should acknowledge the widespread impacts of such effects in HIV
endemic populations. Further, high levels of social exposure to ART suggest a promising
avenue for health systems to reach large populations with preventive and therapeutic health
services through existing vertical ART programs (Bérnighausen et al. 2011).
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Figure 2.
Social exposure to someone who has initiated ART.
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Table 1

Household memberships and living arrangements of DSA residents

Variable Mean (low) Mean (high)
Households per bounded structure 1.04 111
Households per individual 1.06 1.07
Individuals per household 6.53 7.22
Household co-members per individual 8.49 9.45
Individuals per bounded structure 6.65 7.02
Bounded structure co-residents per individual 5.65 6.02

Note: data are high and low means for the thirteen semiannual cross-sections, Jan 2004 — Jun 2010
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