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Abstract

Objectives

HIV viral load is recommended for monitoring antiretroviral treatment and identifying treat-

ment failure. We assessed the durability of viral suppression after viral load-triggered adher-

ence counseling among patients with HIV viremia 6 months after ART initiation.

Design

Observational cohort enrolled in an antiretroviral treatment program in rural Uganda.

Methods

Participants who underwent routine viral load determination every 24 weeks and had at

least 48 weeks of follow-up were included in this analysis. Patients with viral loads >400

copies/ml at 24 weeks of treatment were given additional adherence counseling, and all

patients were followed to assess the duration of viral suppression and development of viro-

logic failure.

Results

1,841 participants initiating antiretroviral therapy were enrolled in the Rakai Health Sciences

Program between June 2005 and June 2011 and were followed with viral load monitoring

every 24 weeks. 148 (8%) of patients did not achieve viral suppression at 24 weeks and

were given additional adherence counseling. 85 (60%) of these patients had undetectable

viral loads at 48 weeks, with a median duration of viral suppression of 240 weeks (IQR 193-

288 weeks). Failure to achieve an undetectable viral load at 48 weeks was associated with
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age <30 years and 24 week viral load >2,000 copies/ml in multivariate logistic regression

analysis.

Conclusions

The majority of patients with persistent viremia who were provided adherence counseling

achieved robust viral suppression for a median 4.6 years. Access to virologic monitoring

and adherence counseling is a priority in resource-limited settings.

Introduction
Adherence to antiretroviral therapy (ART) is critical for successful treatment of HIV infection.
Consistent ART use leads to viral suppression and dramatically reduced morbidity and mortali-
ty [1,2]. Additionally, virologic suppression reduces HIV transmission to the partners of in-
fected individuals and can decrease incidence within communities [3,4]. However, achieving
these benefits requires high levels of treatment adherence—generally estimated to be 90–95%—
which many patients find difficult to maintain [5–8]. Adherence may be improved through mo-
tivational patient counseling, involvement of peer treatment support, and text message reminder
systems, but the resource requirements of these interventions may limit their implementation as
the standard of care in large, resource-constrained programs [9–11]. Therefore, identifying pa-
tients at higher risk of poor adherence and subsequent treatment failure is a priority.

The best indicator of adherence and response to treatment is the virologic response [12].
Accordingly, the World Health Organization (WHO) and many national AIDS control pro-
grams have adopted guidelines recommending viral load testing 3 to 6 months after initiating
ART and then at regular intervals thereafter [13]. While these viral load determinations are pri-
marily performed to identify early treatment failure, recent studies have demonstrated that vi-
rologic monitoring may also help identify individuals with slow response to therapy who might
benefit from early adherence interventions to avoid treatment failure [14]. Between 57–84% of
patients in these studies achieve viral suppression or re-suppression after targeted adherence
interventions; however, few studies have reported maintenance of suppression beyond 1 year
of follow-up. The objective of this study was to determine whether patients in ART clinics in
rural Rakai District, Uganda with slow initial virologic response to therapy maintained long-
term viral suppression after targeted adherence interventions.

Methods
Rakai District, located in rural southwestern Uganda, has one of the highest HIV prevalences
in Uganda. The Rakai Health Sciences Program (RHSP), funded by the President’s Emergency
Plan for AIDS Relief (PEPFAR), has provided free antiretroviral therapy (ART) since June,
2004 through mobile outreach clinics with biweekly visits to 16 regional health clinics. Starting
in 2005, viral load monitoring was introduced to follow all patients on ART. Between June
2005 and June 2011, 2,365 ART-naïve adult (age 18 years or more) participants were enrolled
in an open cohort and after ART initiation based on a CD4 cell count<250 cells/mm3 or
WHO stage IV disease. Initial treatment regimens consisted of two NRTIs (zidovudine or stav-
udine plus lamivudine) and nevirapine or efavirenz. Participants were seen weekly for the first
month and then biweekly for 2 months followed by monthly follow-up appointments with ad-
herence and HIV risk reduction counseling at all visits. HIV-1 viral load testing using the
Roche Amplicor 1.5 Monitor assay (Roche Diagnostics, Indiana, USA) was used to monitor all
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ART clients every 24 weeks. Individualized adherence plans were developed for patients with a
viral load>400 copies/μl at 24 weeks by a multi-disciplinary team composed of physicians,
clinic officers, and counselors, with interventions including additional adherence counseling in
a one-on-one session with clinicians, assignment of a peer treatment supporter, or in-depth
psychosocial counseling interventions by specialized staff.

Baseline characteristics were compared among early suppressors, late suppressors, and non-
suppressors using chi-square tests for categorical variables and analysis of variance for continu-
ous variables. We assessed predictors of non-suppression by week 48 among n = 142 patients
who failed to suppress by week 24 using stepwise logistic regression to estimate odds ratios as-
sociated with gender, age, baseline CD4 cell count, baseline WHO stage and 24 week viral load.
Stepwise regression entry criterion was set as p = 0.3 and stay criterion was set as p = 0.15. In
order to calculate duration of virolgic suppression, we censored subjects at the time of their last
available viral load result. All analyses were conducted using SAS version 9.2.

The study was approved by the Uganda Virus Research Institute Scientific and Ethics Com-
mittee, The Johns Hopkins University IRB and the Uganda National Council for Science and
Technology.

Results
Between June, 2005 and June, 2011, 2,365 ART-naïve patients were initiated on ART (Fig 1).
We included the 1,841 (77.8%) patients alive and in care at least 48 weeks after initiation in this
analysis. Baseline characteristics according to virologic outcome categories are presented in
Table 1. To summarize, median age among these patients was 33 years (IQR = 28–40) and
1220 (66.3%) were female. The proportion of patients initiated on a d4T-containing regimen
was 19%, while 80% were initiated on a regimen containing 3TC/AZT. Median (IQR) for base-
line CD4+ count was 186 (107–226), and for baseline HIV-1 viral load was 73426 (17417–
234728). Thirty-eight (38%) of patients were WHO stage I at baseline, 37% stage II, 18% stage
III and 6% stage IV. The overall prevalence of virologic failure at week 24 for the entire cohort
was 9%. Of the 1,841 patients in care at 48 weeks included in this analysis, 1,699 (92%) had a
24 week viral load<400 copies/ml and were termed ‘early suppressors.’ The remaining 142 pa-
tients had a median viral load of 1020 copies/ml (IQR 543–2,974 copies/ml) at 24 weeks. These
patients underwent additional adherence counseling and were continued on first-line therapy.
At 48 weeks, 85 (60%) of these patients achieved a viral load<400 copies/ml and were termed
‘late suppressors.’ Fifty-seven (3%) patients included in this analysis never achieved viral sup-
pression with first-line regimens and were termed “non-suppressors.”

Early suppressors, late suppressors, and non-suppressors differed significantly by age, base-
line CD4 count, and WHO clinical stage at time of enrollment (Table 1), with early suppressors
having a higher median CD4 count (188 copies/μl) and lower percentage of patients with stage
IV disease (6%). There was no difference in gender, baseline viral load, or first-line ART regi-
men. Failure to achieve an undetectable viral load at 48 weeks was associated with age<30
years and 24 week viral load>2,000 copies/ml in multivariate logistic regression analysis
(Table 1).

The majority of late suppressors, 71/85 (84%), remained suppressed well beyond 48 weeks,
with median sustained suppression of 4.6 years (IQR 3.7–5.5 years). Virologic failure was iden-
tified in 193 (10%) patients by 48 weeks of treatment, including 179/1699 (11%) of early sup-
pressors and 14/84 (16%) of late suppressors. There was no significant difference in the median
time to virologic failure between these two groups (72 weeks versus 86 weeks, p = 0.85).
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Discussion
Viral load monitoring remains a critical component of HIV care, to evaluate treatment efficacy
and provide early warnings of resistance and treatment failure [15]. This study demonstrates
that early determination of viral load may help avoid downstream virologic failure with tar-
geted adherence counseling. While the majority of patients in our cohort achieved suppressed
viral loads by 24 weeks of treatment, a subset of patients with persistent viremia at this time
point were provided further adherence support. Subsequently, the majority of these patients
achieved viral suppression when retested 24 weeks later. These late suppressors were

Fig 1. RHSP ART Program Enrollment and Selection of Analysis Participants.

doi:10.1371/journal.pone.0127235.g001
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subsequently found to maintain suppressed viral loads for a median of 4.6 years, one of the lon-
gest follow-up terms reported in the literature. It is important to note that our findings may
overestimate the effectiveness the counseling intervention, as those with virologic failure whom
remained non-adherent to their medication may have been at greater risk of dying before
reaching one year on treatment.

Our findings add to evidence supporting the importance of early viral load determination
after ART initiation. In addition to allowing for earlier diagnosis of virologic failure [16], others
have found viral load testing 6 months after ART initiation to be predictive of future virologic
failure [12], HIV disease progression [17], and mortality [18,19]. Programs that employ viral
load testing are also more likely to detect treatment failure earlier in therapy than programs re-
lying on immunological or clinical monitoring, though no difference in mortality has been
demonstrated between patients managed using CD4 counts or viral loads to determine treat-
ment failure [20–23]. Reducing the duration of HIV viremia decreases the likelihood of devel-
oping viral resistance and achieving viral suppression [24,25].

The current study reinforces the utility of viral load testing to identify patients with persis-
tent viremia who may benefit from further adherence counseling in order to avoid treatment

Table 1. Baseline characteristics and analysis of the study population.

Baseline characteristics of the study population

Characteristic Early Suppressors N = 1699 (92%) Late Suppressors N = 85 (5%) Non-Suppressor N = 57 (3%) P-value

Age Median (IQR) 33 (28–40) 34 (30–41) 30 (26–35) 0.013

Gender 0.383

Female 1132 (67%) 55 (65%) 33 (58%)

Male 567 (33%) 30 (35%) 24 (42%)

Baseline CD4 cells/ul Median (IQR) 188 (108–227) 162 (106–214) 146 (61–215) 0.020

Baseline VL copies/ml Median (IQR) 72324 (16319–223996) 103426 (27443–348847) 77033 (28503–297333) 0.156

WHO Stage 0.006

Stage I 659 (39%) 19 (22%) 21 (37%)

Stage II 629 (37%) 34 (40%) 20 (35%)

Stage III 304 (18%) 26 (31%) 8 (14%)

Stage IV 99 (6%) 6 (7%) 8 (14%)

ART Regimen 0.527

d4T/3TC/NVP 206 (12%) 15 (18%) 9 (16%)

d4T/3TC/EFV 100 (6%) 12 (14%) 2 (4%)

CBV/NVP 919 (54%) 37 (44%) 30 (54%)

CBV/EFV 446 (26%) 21 (25%) 14 (25%)

Other 27 (1%) 0 1 (2%)

Univariate Odds Ratio Estimates for Non-Suppression at 48 Weeks

Univariate OR 95% CI p-value

Age < 30 years 2.9 1.4–6.0 0.0036

Gender (F vs M) 0.75 0.38–1.5 0.4130

Week 24 viral load > 2000 copies/ml 7.7 3.6–16.6 <0.0001

CD4 < 100 at BL 1.9 0.87–4.0 0.1081

WHO Stage 3 or 4 at BL (vs Stage 1 or 2) 1.5 0.75–3.2 0.2384

Adjusted Odds Ratio Estimates for Non-Suppression at 48 Weeks

Adjusted OR 95% CI p-value

Age < 30 years 2.7 1.2–6.1 0.0163

Week 24 viral load > 2000 copies/ml 7.4 3.4–16.3 <0.0001

doi:10.1371/journal.pone.0127235.t001
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failure. A recent systematic review found that programs employing such viral load-triggered
adherence interventions were able to achieve substantial rates of viral suppression or re-sup-
pression, though the percentage of patients achieving suppression varied considerably between
studies [14]. A study from Thailand reported results similar to ours, with 92% of patients with
persistent low-level viremia achieving viral suppression after additional adherence counseling
[26]. However. Studies in Burkina Faso and Mali found that only one-third of patients receiv-
ing viral-load triggered adherence interventions were able to achieve undetectable viremia [27].
However, patients in these cohorts had been treated with ART for a mean of 23.7 months prior
to their first viral load determination and were found to have high rates of resistance mutations.
All patients in our cohort were monitored virologically from 6 months after ART initiation,
and virologic failure rates were consistent with median values reported by other programs in
resource-limited settings [28]. Notably, the longest period of follow-up after viral suppression
reported in the review was 18 months [29]. Therefore our median duration of suppression
after viral load-triggered adherence counseling of 4.6 years is unique and supports the value of
early viral load monitoring in resource-limited settings.

This study’s retrospective design precludes strong causal inferences about the impact of ad-
herence counseling on viral suppression in patients with persistent viremia. Indeed the high
rates of initial suppression observed, as well as the success of our targeted adherence interven-
tions, may in part reflect the effects of closely monitoring viral load itself, rather than the added
counseling. Nevertheless, given the growing number of studies reporting an association be-
tween viral load-triggered adherence counseling and improved rates of subsequent suppression
adds plausibility to the benefits of this intervention. Our findings from a large cohort of pa-
tients receiving ART support early viral load monitoring and targeted adherence programs in
resource-limited settings.
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