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Abstract

Background—There is growing concern about the human resources needed to care for increasing

numbers of patients receiving antiretroviral therapy in resource-limited settings. We evaluated an

alternative model, community-based, comprehensive antiretroviral program staffed primarily by peer

health workers and nurses.

Methods—We conducted a retrospective cohort study of patients receiving antiretroviral therapy

during the first 10 months of program enrollment beginning in late 2003. Virologic, immunologic,

clinical, and adherence data were collected.

Results—Of 360 patients started on treatment, 258 (72%) were active and on therapy approximately

two years later. Viral load testing demonstrated that 86% of active patients (211 of 246 tested) had

a viral load <400 copies/mL. The median CD4 increase for active patients was 197 cells/mm3 (IQR,

108–346). Patients with either a history of antiretroviral use or lack of CD4 response were more

likely to experience virologic failure. Survival was 84% at one year and 82% at two years. WHO

stage 4 was predictive of both not sustaining therapy and increased mortality.

Conclusions—A community-based antiretroviral treatment program in a resource-limited setting

can provide excellent AIDS care over at least a two year period. A comprehensive program based

upon peer health workers and nurses provides an effective alternative model for AIDS care.
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Introduction

The global health workforce crisis is a significant barrier to the continued expansion of

antiretroviral therapy (ART) programs in resource-limited settings (RLS).1, 2 Alternative

models of care that rely on nurses and lay health workers rather than physicians may provide
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one solution. However, these programs must be carefully evaluated by appropriate criteria to

determine their effectiveness and long-term sustainability.

The Reach Out Mbuya Parish HIV/AIDS Initiative is a community and faith-based AIDS care

program in the urban slums of Kampala, Uganda. The Reach Out program is staffed

predominantly by nurses and peer health workers who are persons living with HIV (PLHIV)

themselves and receiving care from the program. In October 2003, Reach Out began proving

free ART purchased through private donations, along with a continued, comprehensive

package of support services and programs directed at patients, their families, and the larger

community. In early 2004, this program became the first in the world to provide antiretrovirals

with funding from the US-based President’s Emergency Plan for AIDS Relief (PEPFAR).

Evaluation of the Reach Out program therefore provides an opportunity to assess the longer-

term outcomes and sustainability of ART by a program using an alternative model of care.

Methods

We conducted a retrospective cohort evaluation of all patients who had been started on ART

through the Reach Out program from October 1, 2003 to July 31, 2004. Patients were classified

as active, died, transferred, lost to follow-up, or stopped therapy based upon their status on

April 1, 2006. Patients were defined as active if they had a clinic visit within the last 90 days

and were on ART. Patients were defined as lost to follow-up if they were last known to be on

ART but did not visit the Reach Out clinic in the past 90 days. Patients were defined as

transferred if they had discontinued care at Reach Out but follow-up care with another provider

had been clearly arranged. Patients were defined as stopped therapy if they were off of ART

for a period of greater than one week, continued to be followed by Reach Out, and were never

subsequently restarted on therapy. Finally, patients were defined as died if they were on a list

of deceased clients maintained by Reach Out staff through active follow-up and verbal

autopsies. Clinical, virologic, immunologic, and adherence outcomes were collected from

clinical and programmatic databases and records. History of alcohol abuse was based on patient

self-report of significant alcohol use during baseline evaluation for ART. Viral load testing

results were collected on active patients from April 2006 to January 2007. The end time point

for data collection and analyses was either the date the patient died, the date of viral load testing

if active, or the date of the last clinic visit if lost, transferred, or stopped therapy. If a patient

was classified as active but no viral load testing was available, then April 1, 2006 was

designated as their study end date. This study was approved by the institutional review boards

of Johns Hopkins University, the Uganda Virus Research Institute Science and Ethics

Committee, and the Uganda National Council for Science and Technology.

Reach Out Mbuya Parish HIV/AIDS Initiative

The Reach Out Mbuya Parish HIV/AIDS Initiative began in an urban slum of Kampala, Uganda

in May 2001 and has grown to currently serve over 2500 PLHIV, approximately 1200 of whom

are on ART. The population is of relatively low socio-economic status in an already poor

country and a significant proportion consists of displaced persons from the civil war in northern

Uganda. About two-thirds of Reach Out’s overall staff are PLHIV who are patients themselves.

Many of these peer health workers receive training in home-based care, are typically assigned

10–15 patients to follow, and regularly visit these patients in their homes to assess clinical,

social, and adherence issues and provide social support. The Reach Out ART clinic is staffed

predominantly by nurses rather than clinical and medical officers (at approximately a 7:1 ratio)

and continuing medical education and regular advanced training sessions are strongly

emphasized. The patient to provider ratio typically varies between approximately 50 to 100:1.

The Reach Out care model emphasizes a patient-led, holistic approach to AIDS care with the

provision of comprehensive health and social services, including clinic, laboratory, and
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pharmacy services, voluntary counselling and testing, microfinance and income generation

programs, a school fees program, food aid via the World Food Program, an adult literacy

program, and extensive community education and prevention activities. All Reach Out

services, including ART, are free, with funding provided through church funds, private and

institutional donations, the Uganda Ministry of Health, and the United States government

(Centers for Disease Control and Prevention-Uganda and PEPFAR). Reach Out is a faith-based

organization which began as a project within the Catholic church of Mbuya Parish and

continues to be supported by the church. However, Reach Out has staff, volunteers, and patients

from all the major religions and does not discriminate based on religion, ethnicity, sexual

orientation, or gender in the care of its patients or in the hiring and placement of staff and

volunteers. In April 2006, Reach Out was granted non-governmental organization (NGO)

status.

Patients

Reach Out serves patients from the Mbuya parish catchment area (population ~60,000);

patients must have residency confirmed prior to initiating therapy. Reach Out first began

providing ART in October 2003. Initially, ART was purchased with private funding, and

priority was given to the sickest patients. Starting in March 2004, PEPFAR-funded ART

became available and all patients meeting more generalized criteria were eligible for initiating

therapy. These eligibility criteria for starting ART included a CD4 count <250 cells/mm3 or

WHO Stage 3 or 4 illness. Available antiretrovirals included stavudine (D4T), zidovudine

(AZT), lamivudine (3TC), Combivir (AZT/3TC), efavirenz (EFV) and nevirapine (NVP).

Tuberculosis medications were freely available from the Ministry of Health. Only patients ≥13

years of age were included in this study.

Adherence

Clinic-based pill counts were performed at every patient clinic visit and also during intermittent

home visits. A summary pill count adherence percent was calculated by dividing the number

of pills taken over the study period by the sum of pills expected to be taken over the study

period.

Viral load and CD4 testing

Limited viral load testing first became available at Reach Out in April 2006. Testing was

performed on all available active patients who had started on antiretroviral therapy from

October 2003 to July 2004, and test results were used by clinicians to assist with patient

management. HIV viral loads were measured using the Amplicor Monitor Assay, version 1.5

(Roche Diagnostics, Branchburg, NJ, USA) with a lower limit of detection of <400 copies/

mL. CD4 counts have been generally available at Reach Out since they began providing

antiretroviral therapy and were usually obtained upon initial registration of patients and

repeated every 6 months if the initial CD4 was <=400 cells/mm3 or every 12 months if >400

cells/mm3. CD4 cell counts were measured using FACScan (Becton Dickinson, San Jose, CA,

USA). For this study, baseline CD4 cell count was designated as the CD4 count within two

months of starting ART or, if this was not available, the most recent CD4 prior to ART. End

of study CD4 count was designated as the CD4 count closest to the study end date.

Statistical analysis

The characteristics of those who sustained treatment were compared to those who did not

sustain treatment by using the chi-square test or Fischer’s exact test for categorical variables

and two-tailed t tests for continuous variables. Bivariate analyses of predictors of virologic

failure were performed in a similar manner. For multivariate analyses of variables associated

with virologic failure (defined as a viral load >400 copies/mL), we constructed a descriptive
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multivariate logistic model. Given our small sample size and number of events, our multivariate

model contained a limited number of pre-selected predictor variables previously reported to

have been associated with virologic failure. For analysis of sustainability of therapy, a Kaplan-

Meier probability estimate was constructed from time of initiation of ART to either death, lost

to follow-up or stopping therapy. A separate Kaplan-Meier estimate was also constructed for

survival. For analyses of both sustainability of therapy and survival, we used the log rank test

to compare different strata of interest. Finally, a descriptive Cox’s proportional hazard model

was constructed for multivariate analyses of predictors of sustainability of therapy and survival

using a descriptive modelling strategy with a limited number of known predictor variables,

again due to small sample size and events. Analyses were conducted using SAS, version 9.0,

SAS Institute Inc., Cary, NC, USA.

Results

Between October 1, 2003 to July 31, 2004, 393 patients were evaluated at Reach Out and

eligible for starting ART; 360 (92%) of these patients eventually started ART during this

period. By April 1, 2006, 258 (72%) of these 360 patients were still active and on therapy

through Reach Out (Figure 1). Baseline characteristics comparing patients who were active at

study end date versus those who had not sustained therapy, i.e. died, lost to follow-up,

transferred, or stopped therapy, are shown in Table 1.

Virologic and immunologic response

At least one HIV viral load test was performed from April 2006 to January 2007 on 246 (95%)

of the 258 active patients. The median time from ART initiation to viral load testing was 24.8

months (IQR, 24.4–25.9). Of those tested, 211 patients (86%) had an undetectable (<400

copies/mL) viral load. Multivariate analyses found lack of CD4 response (defined as no change

or decline of CD4 count from baseline to endpoint CD4 measurement) and any history of

previous antiretroviral use to be associated with virologic failure (Table 2). Pill count adherence

less than 95% was predictive of virologic failure in univariate analyses (p=0.02), but was not

included in the multivariate model as it produced an unstable model due to small numbers.

CD4 counts were increased in 222 (95%) of 233 active patients in whom both baseline and

endpoint CD4 measurements were available. The median CD4 increase from baseline for active

patients was 197 cells/mm3 (IQR, 108–346).

Sustainability of therapy

As shown in the Kaplan-Meier curve of sustainability of therapy (death, lost to follow-up, and

stopped being designated as failures), 85% (95% CI, 81% to 89%) of patients remained active

on ART at six months, 77% (73% to 82%) were active at one year, and 73% (69% to 78%)

were still on therapy at two years (Figure 2). Using log rank testing, we found patients with

baseline CD4 counts less than 100 cells/mm3 to be significantly more likely to not remain on

therapy (p=0.02). A baseline antiretroviral regimen of D4T/3TC/EFV was also associated with

not remaining on therapy (p<0.0004). Patients who were WHO Stage 4 when starting ART

trended toward more likely to not remain on therapy (p=0.06). Using a Cox proportional

hazards model, we found baseline D4T/3TC/EFV regimen and WHO Stage 4 were significant

predictors of not sustaining therapy (Table 3).

Survival

As shown in the Kaplan-Meier survival curve, survival was 87% (95% CI, 84% to 91%) at six

months, 84% (80% to 89%) at one year, and 82% (78% to 86%) at two years (Figure 3). Using

log rank testing, we found similar results to sustainability of therapy analyses with baseline

antiretroviral regimen of D4T/3TC/EFV (p<0.01), CD4 count <100 cells/mm3 (p=0.001), and

WHO stage 4 (p=0.0003) associated with worse survival. Using a Cox proportional hazards
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model, we found baseline D4T/3TC/EFV regimen, WHO Stage 4 and baseline CD4 count

<100 cells/mm3 were significant predictors of worse survival (Table 3). Patients started on

ART prior to the availability of PEPFAR-funded antiretrovirals (n=89, 25%) accounted for a

disproportionate number of the total deaths, 27 of 66 (40%); pre-PEPFAR patients had lower

CD4 counts than those started afterward (mean of 99 cells/mm3 versus 120 cells/mm3, t-test

p value <0.0001).

Drug toxicities and regimen changes

In the active patients, a total of 57 adverse drug events were noted in 36 (14%) patients.

Common toxicities included 17 (30%) cases of peripheral neuropathy, 10 (18%) cases of

anemia, 6 (11%) cases of rash, 5 (9%) cases of nausea/vomiting, 4 (7%) cases of CNS-related

side effects, and 3 (5%) cases of lipodystrophy. Active patients were changed from their

baseline antiretroviral regimen 39 times (15%). Changes were due to drug toxicities and/or

side effects in 21 (54%) of these patients and 6 changes (15%) were due to concerns about

tuberculosis drug interactions.

Adherence and clinical outcomes

Pill count adherence information was available for 237 active patients and the median

adherence was 99%. Only 2 patients had adherence <95%, and both of these patients had

detectable viral loads. For the 228 active patients in whom baseline and end study weights were

available, the median weight increase was 4 kilograms (IQR, 1–9). A total of 178 patients

(78%) had an increase in weight. 49 active patients (19%) were diagnosed with at least one

WHO Stage 3 or 4 illness during the course of therapy. The majority (61%) of these new

illnesses developed more than six months after ART initiation. The most common new illnesses

(n=62 total) included extrapulmonary cryptococcosis (n=12, 19%), pulmonary tuberculosis

(n=11, 17%), chronic diarrhea >1 month (n=9, 15%), oral candidiasis (n=7, 11%), esophageal

candidiasis (n=7, 11%), chronic herpes simplex virus infection >1 month (n=5, 8%), and

extrapulmonary tuberculosis (n=3, 5%).

Discussion

This study demonstrates that a peer health worker and nurse-staffed ART program in a RLS

can provide excellent AIDS care over at least a two year period. Viral load and CD4 responses

were comparable and in many cases better than reports from the developing and developed

world.3–13 Previous ART program evaluations were mostly in settings of relatively well-

resourced research, government, and academic programs and concerns have been raised about

barriers to future scale-up, the long term sustainability of ART in RLSs, and an end to the

“honeymoon” period of ART roll-out.1, 2, 14–16 This study provides evidence that a

community-based program in a RLS can sustain ART for years with good virologic outcomes.

This study has several limitations including its retrospective nature and reliance on clinical and

programmatic records, some of which were incomplete and all of which was originally

collected and utilized for intentions other than research activities. The number of patients lost

to follow-up likely resulted in an underestimation of survival. Outcome measurements were

not measured at exacting time intervals. This study would also have benefited from resistance

data to provide additional insight into our virologic outcomes.

Virologic failure was associated with past history of antiretroviral use, raising concerns about

virologic resistance. Lack of CD4 response was also associated with virologic failure though

the use of immunologic responses to predict virologic failure should be approached cautiously

based upon other reports.17 Beginning ART at WHO Stage 4 rather than at an earlier stage

was clearly predictive of both not sustaining therapy and earlier mortality which is supported
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by previous studies; lower baseline CD4 counts were also predictive of early mortality.10

Significant differences between other WHO Stages were not demonstrated, possibly due to

inadequate power. This study also found that patients started on the baseline antiretroviral

regimen of D4T/3TC/EFV were less likely to sustain therapy and had increased mortality. A

possible explanation for this surprising finding is that this ART regimen was predominantly

initiated in patients on concurrent tuberculosis therapy during the beginning of the Reach Out

program before Combivir became widely available. Indeed, 75% of patients started on D4T/

3TC/EFV had a history of tuberculosis treatment during ART compared to 23% of all other

patients (OR=9.35; 95% CI, 2.47–35.4; p value<0.0001). Therefore these patients likely

represented a group of sicker patients at higher risk of both not sustaining therapy and dying.

Additionally, as only a small number of patients (12 total) were started on this regimen, these

findings should be interpreted cautiously.

The initial drop off of patients from care over the first six months can largely be explained by

high early mortality. While the 16% mortality at 12 months is greater than some reports, it is

largely consistent with local findings.18, 19 This high early mortality reflects the known

disparity in mortality outcomes between low-income and high-income countries and suggests

the limitations of quality primary care if provided too late to patients presenting with late-stage

disease.19 In addition, high early mortality likely reflects the provision of ART from a limited,

pre-PEPFAR-funded supply to only the sickest patients during the early months of Reach Out’s

program enrolment. The significant number of patients lost to follow-up demonstrates the

challenges of caring for a dynamic urban slum population that often has ongoing rural to urban

to rural patterns of migration. These issues will require continued vigilance as well as

interventions to encourage early care-seeking and retention.

While there are clear areas for improvement, the overall success of the Reach Out program

offers insight into successful components of an ART program in RLSs. Reach Out uses a large

number of patients trained in home-based care to serve the simultaneous roles of peer educators,

patient social supporters, and adherence and clinical monitors. The use of these types of peer

health workers deserves closer investigation to understand their myriad effects on the delivery

and sustainability of ART.20 In addition, Reach Out’s nurse-based model of AIDS care

responds to the healthcare workforce crisis in RLSs by task shifting.21 This study is consistent

with a growing body of evidence that nurses are capable of delivering quality HIV care in

RLSs.1, 10

The Reach Out program also provides a comprehensive set of services to patients and the

community in an approach to AIDS care that attempts to address many of the known structural

barriers to antiretroviral uptake and adherence.22 It is impossible to separate out the individual

effects of programs such as microfinance, paying school fees, food aid, and community

education to reduce stigma, but these combined efforts are likely beneficial in improving AIDS

care outcomes in this population and reflect the strong community-based nature of Reach Out.
23 Adherence, as measured by pill counts, was remarkably high in our study and reflects

intensive efforts by Reach Out to address adherence when any pill counts demonstrate possible

non-compliance though there may also be a selection bias towards adherence as our study

population focused on patients who have remained on therapy for two years. However, while

worse adherence was associated with virologic failure, most patients with virologic failure had

pill count adherence percentages >95%. This finding may indicate the lack of sensitivity of

this isolated adherence measure as well as raises concerns for pre-existing resistance as a cause

of virologic failure. Finally, it is also important that ART and all services at Reach Out are

provided at no cost; the provision of free medications has been associated with lower mortality

and improved virologic outcomes.13, 19
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Finally, Reach Out’s religious roots are fundamental to its origin, growth, and vision of taking

comprehensive care of the whole patient. Reach Out, as with many faith-based organizations

thoughout RLSs, had extensive existing community relationships which helped promote “buy-

in”, follow-up, adherence, and dissemination of HIV care and prevention knowledge within

the community. The role of faith-based institutions in HIV care and prevention has stimulated

considerable discussion in the lay media; however, there has been minimal scientific

evaluations of faith-based treatment programs prior to this study.12, 13, 24 Assessments of

faith-based interventions and programs will continue to benefit from peer-reviewed, scientific

evaluations and reports.

A comprehensive community-based AIDS care program in a RLS using peer health workers

and nurses and integrating the delivery of ART with personal, family, and community services

demonstrated excellent outcomes over a two year period. The success of this model lends

support to similar strategies to address the global health workforce crisis.
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Figure 1.

Profile of Reach Out cohort.
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Figure 2.

Kaplan-Meier estimate with 95% confidence intervals of the proportion of adults remaining in

care and on antiretroviral therapy.
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Figure 3.

Kaplan-Meier estimate with 95% confidence intervals of the proportion of adults surviving

after initiation of antiretroviral therapy.
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Table 2

Bivariate and multivariate analyses of predictors of virologic failure for 246 patients.*

Characteristic OR (95% CI) aOR (95% CI) p value

Female gender 1.04 (0.48–2.24) 1.17 (0.43–3.20) 0.75

Age (per year) 0.95 (0.91–1.00) 0.95 (0.89–1.00) 0.09

Baseline CD4<100 1.08 (0.53–2.21) 1.21 (0.51–2.86) 0.66

WHO Stage 4 (versus Stage 2 or 3) 0.59 (0.22–1.61) 0.37 (0.11–1.21) 0.10

Initial ART Regimen†

 CBV/EFV 1.0 1.0

 CBV/NVP 1.08 (0.43–2.69) 0.78 (0.24–2.55) 0.68

 D4T/3TC/NVP 1.46 (0.63–3.36) 0.60 (0.20–1.81) 0.37

Any prior history of ART 6.52 (2.32–18.3) 7.88 (2.03–30.5) 0.003

No CD4 response‡ 6.28 (1.79–22.0) 7.12 (1.63–31.1) 0.009

*
OR, Odds Ratio; aOR, adjusted Odds Ratio; CI, Confidence Interval; p values are for aOR.

†
Patients on D4T/3TC/EFV not included in this analysis secondary to small numbers.

‡
Defined as no change or decline in CD4 response from baseline.
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Table 3

Cox’s proportional hazards analyses for predictors of not sustaining therapy and mortality for 360 patients.*

Not sustaining therapy Mortality

Characteristic Hazard Ratio (95% CI) p value Hazard Ratio (95% CI) p value

Baseline CD4 <100 1.33 (0.82–2.17) 0.25 2.44 (1.24–4.81) 0.01

WHO Stage 4 (versus Stage 1, 2 or 3) 1.87 (1.14–3.07) 0.01 3.49 (1.89–6.46) <0.0001

D4T/3TC/EFV baseline regimen 3.51 (1.49–8.29) 0.004 3.75 (1.19–11.8) 0.02

*
Model contains all variables in Table 2 except no CD4 response; D4T/3TC/EFV baseline regimen was included in this model; CI, Confidence Interval.
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