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Background. Plasma human immunodeficiency virus type 1 (HIV-1) RNA suppression ,50 copies/mL is

regarded as the optimal outcome of highly active antiretroviral therapy (HAART). Current viral load (VL) assays

show increased sensitivity, but the significance of RNA detection ,50 copies/mL is unclear.

Methods. This study investigated the virologic outcomes of 1247 patients with VL,50 copies/mL at an arbitrary

time point during HAART (5 T0), according to whether the actual, unreported T0VL was 40–49 copies/mL, RNA

detected ,40 copies/mL (RNA1), or RNA not detected (RNA2), as measured by the Abbott Real Time assay.

Predictors of rebound .50 and .400 copies/mL over 12 months following T0 were analyzed with Cox

proportional hazards models incorporating the T0VL and demographic and clinical data.

Results. Rebound rates.50 copies/mL were 34.2% for T0VL 40–49 copies/mL, 11.3% for RNA1, and 4.0% for

RNA2; rebound rates .400 copies/mL were 13.0%, 3.8%, and 1.2%, respectively. The adjusted hazard ratios for

rebound .50 copies/mL were 4.67 (95% confidence interval, 2.91–7.47; P , .0001) and 1.97 (1.25–3.11; P , .0001)

with T0VL 40–49 copies/mL and RNA1, respectively, relative to RNA2, and 6.91 (2.90–16.47; P , .0001) and 2.88

(1.24–6.69; P , .0001), respectively, for rebound.400 copies/mL. The association was independent of adherence levels.

Conclusions. In treated patients monitored by RealTime, a VL of 40–49 copies/mL and, to a lesser extent, RNA

detection ,40 copies/mL predict rebound .50 and .400 copies/mL independently of other recognized

determinants. The goal of HAART may need to be revised to a lower cutoff than 50 copies/mL.

Guidelines have traditionally recommended sustained

viral load (VL) suppression,50 copies/mL as the optimal

outcome of highly active antiretroviral therapy (HAART)

[1]. Recent guidance has recommended suppression be-

low the detection limit of commercial assays [2, 3], but

also increased the threshold for virologic failure to 200

copies/mL [3]. Although the target level of suppression

was initially defined by the technical properties of the

assay, clinical trials and observational studies have shown

that maintaining a VL,50 copies/mL predicts long-term

virologic success and immunologic and clinical benefits

[4–6]. In many treated patients, human immunodefi-

ciency virus type 1 (HIV-1) RNA remains detectable in

plasma below the cutoff of 50 copies/mL—establishing

residual viremia that in some populations appears to

plateau at 3–10 copies/mL and is not responsive to

HAART intensification [7–14].

In recent years, new commercial assays have been in-

troduced based on real-time polymerase chain reaction

that have a lower limit of quantification of 20 or 40

copies/mL and can also report qualitative RNA detection

below these thresholds [15]. Although the assays have

now entered routine practice, the clinical significance

of RNA detection ,50 copies/mL during HAART is

Received 4 August 2011; accepted 4 October 2011.
Correspondence: Anna Maria Geretti, MD, MSc, PhD, FRCPath, Institute of

Infection and Global Health, University of Liverpool, Liverpool L69 3BX, UK
(a.geretti@ucl.ac.uk).

Clinical Infectious Diseases 2012;54(5):729–37
� The Author 2012. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/cid/cir936

HIV/AIDS d CID 2012:54 (1 March) d 729

 Clinical Infectious Diseases Advance Access published January 11, 2012
 by R

ichard Jefferys on January 11, 2012
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


unknown. In particular, it is unclear whether VL values that fall

between the proposed plateau of residual viremia and the 50

copies/mL cutoff should be regarded as an indication that the

potency and tolerability of the regimen, adherence, drug re-

sistance, and pharmacokinetics should be reviewed. Our center

introduced the RealTime HIV-1 VL assay (Abbott Molecular,

Maidenhead, UK) in 2006. The assay quantifies the viral load

over the range of 40–10 000 000 copies/mL (1 mL input) and

reports qualitative RNA detection ,40 copies/mL. The man-

ufacturer indicates detection of 30, 20, and 10 RNA copies/mL

in 96%, 88%, and 68% of cases, respectively. Following the

introduction of the assay in our laboratory, VL levels of 40–49

copies/mL and qualitative RNA-detected results were reported

as ,50 copies/mL. The actual results were not released to the

treating physician. Here, we investigated the virologic outcomes

of treated patients showing a VL ,50 copies/mL at an arbi-

trarily selected time point during HAART (5 T0) according to

whether the actual, unreported T0VL result 40–49 copies/mL,

RNA detected ,40 copies/mL, or RNA not detected.

METHODS

Study Population
In June to September 2008, the laboratory database was

searched for treated patients with VL of 40–49 copies/mL, with

RNA detection ,40 copies/mL (RNA1), or with RNA not

detected (RNA2). Patients were recruited consecutively, re-

gardless of line and duration of treatment, until the number

of observations estimated to be required to power the study on

the basis of pilot data were achieved. On the basis of this T0VL

result, patients were selected that had at least 12 months of

follow-up after T0 to evaluate their risk of rebound .50 and

.400 copies/mL. Patients who modified their treatment due to

toxicity were retained in the analysis. During follow-up, patients

underwent VL monitoring with the same assay at intervals of

12–16 weeks. In a subanalysis, VL results obtained at T0 were

compared with those obtained at the subsequent VL measure-

ment (referred to as T1) to analyze the effect of confirmed vi-

remia on virologic outcomes. Because guidelines recommend

that VL suppression ,50 copies/mL should be achieved within

16–24 weeks of starting HAART [1], we also determined the time

to VL suppression ,50 copies/mL, ,40 copies/mL, and RNA2

in a subset of patients starting first-line therapy. Most patients

were receiving care at the Royal Free Hospital (RFH), and for

these patients, the demographic and clinical data were obtained

from the clinic database. The remaining patients were receiving

care at other centers, and for these patients, only the duration

of VL suppression ,50 copies/mL prior to T0 was available.

Evaluation of Adherence and Plasma Drug Levels
For RFH patients, adherence was estimated at T0 on the basis of

the proportion of days covered by pharmacy drug prescription

records for at least 3 drugs in the previous 6 months, as described

elsewhere [16, 17]. Assessment of adherence was not repeated

during follow-up. Efavirenz plasma concentrations were mea-

sured in stored T0VL samples by high-performance liquid

chromatography.

Resistance Testing
In patients who experienced rebound .400 copies/mL, stored

plasma samples were retrieved for resistance testing, as described

elsewhere [18]. Major resistance-associated mutations (RAMs)

were analyzed according to the International AIDS Society

mutation list (December 2009).

Statistical Analysis
For the main analyses, patients were assigned to 3 groups ac-

cording to the T0VL (40–49 copies/mL, RNA1, or RNA2). The

characteristics of the 3 groups at T0 were compared using the

Kruskal–Wallis test for continuous outcomes and v2 or Fisher’s

exact tests for categorical outcomes.

All patients were followed up from T0 for at least 12 months,

with follow-up censored at 18months. Rebound during follow-up

was defined primarily as either 2 consecutive VL measurements

.50 copies/mL (or a single VL .50 copies/mL if this was the

last available) or the equivalent definition using a cutoff of

400 copies/mL. The date of the first of these 2 consecutive VL

measurements.50 or.400 copies/mL was defined as the date

of rebound, and treatment changes were ignored. In sensitivity

analyses, rebound was also defined as a single VL.50 copies/mL

(without the requirement for confirmation). Finally, a modified

definition of rebound was considered in the RFH population

defined as the first of (1) 2 consecutive VL.400 copies/mL,

(2) a single VL.400 copies/mL if this was the last available

measurement, or (3) a single VL .400 copies/mL followed by

a treatment change before the next VL measurement. Differences

in time to rebound according to the T0VL were assessed by the

log-rank test. Factors associated with rebound were identified

in Cox proportional hazards models. First, the estimate was

calculated among all available patients, and adjusted for

the length of time that the individual had maintained a VL

,50 copies/mL prior to T0. In the RFH population, the esti-

mate was adjusted for all available variables. Global P values were

calculated using change in deviance by comparing nestedmodels.

In a subanalysis, the Cox proportional hazards model was

fitted using the combined T0VL and T1VL measurements, and

the analysis of factors associated with rebound .400 copies/mL

was repeated, including T0/T1 status as a variable. Because we

were interested in the predictive value of a confirmed detectable

T0VL, the T0/T1 status was classified into 3 groups: RNA
2 at T0,

RNA 40–49 copies/mL or RNA1 at T0 and RNA2 at T1, and

RNA 40–49 copies/mL or RNA1 at T0 and any RNA detected

,400 copies/mL at T1.
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Efavirenz levels according to the T0VL group were compared

by the Mann–Whitney test; the proportion of patients with

levels above or below the therapeutic threshold of 1000 ng/mL

was compared by the v2 test. Efavirenz levels were not incor-

porated into the Cox proportional hazards models investigating

factors associated with rebound due to the small number of

observations.

In the resistance analysis, the prevalence of RAMs at the time

of rebound .400 copies/mL in the different T0VL group was

compared by the Fisher exact test. The analyses were performed

using SAS version 9.2 (SAS Institute Inc, Cary, NC); P values

were 2-sided, and P , .05 was considered to be statistically

significant.

RESULTS

Study Population
The population comprised 1247 patients with T0VL 40–49

copies/mL (n 5 240; 19.2%), RNA1 (n 5 507; 40.7%), or

RNA2 (n 5 500; 40.1%; Table 1). Overall, 891 of 1247 (71.5%)

patients were from the RFH and had demographic and clinical

data available, including adherence estimations. There were

several differences in the characteristics of the study population

at T0. Patients with RNA2 had longer duration of HAART and

suppression ,50 copies/mL prior to T0, a marginally lower

pre-HAART viral load, and higher CD4 lymphocyte cell counts,

and were more likely to be of white ethnicity and on non-

nucleoside reverse-transcriptase inhibitor (NNRTI)–based

therapy. To determine the time to VL ,50 copies/mL, ,40

copies/mL, or RNA2, we performed a retrospective analysis

among 78 patients who started first-line tenofovir/emtricitabine

plus either efavirenz (n 5 38) or ritonavir-boosted lopinavir

(n 5 40). The median (95% confidence interval [CI]) time to

suppression ,50 copies/mL,,40 copies/mL, and to RNA2 was

4.1 (3.3–5.1), 4.4 (3.7–5.4), and 6.2 (5.4–7.2) months, re-

spectively. There was no significant difference between the 2

treatment regimens in the time to RNA2 (P 5 .93).

Rebound After T0
The time to rebound according to the T0VL and each of the

4 definitions of rebound is shown in Figure 1. In the primary

analyses, 211 patients experienced confirmed (or last available

measurement; n 5 56) rebound .50 copies/mL, and 80 pa-

tients experienced confirmed (or last available measurement;

n 5 21) rebound .400 copies/mL. Rebound rates differed sig-

nificantly according to the T0VL. After 12 months, the Kaplan–

Meier estimates of the probability (95% CI) of confirmed

(or last available) rebound .50 copies/mL were 34.2%

(28.1%–40.3%), 11.3% (8.5%–14.0%), and 4.0% (2.3%–5.7%)

for the T0VL groups 40–49 copies/mL, RNA1, and RNA2,

respectively (P , .0001 for all). The estimates for the

.400 copies/mL cut-off were 13% (8.6%–17.3%), 3.8% (2.1%–

5.4%), and 1.2% (0.2%–2.2%) for the T0VL groups 40–49

copies/mL, RNA1, and RNA2, respectively (P , .0001 for all).

Predictors of Rebound
In the univariable analysis, predictors of confirmed (or last

available) rebound .50 copies/mL in the whole population

comprised the T0VL group and the length of suppression

,50 copies/mL prior to T0; additional predictors identified in

the RFH population were the time since starting HAART, CD4

cell count and HAART regimen at T0, age, ethnicity, risk group,

and adherence levels (Table 2). In the multivariable analysis,

the T0VL group and the length of suppression ,50 copies/mL

prior to T0 (and for the RFH population, the HAART regimen)

were the only independent predictors of rebound (Table 2).

Overall, rebound .50 copies/mL was least likely in patients

with T0VL RNA2, those with longer duration of suppression

,50 copies/mL prior to T0, and those receiving NNRTI-based

HAART. The observations were similar in the analysis of

confirmed (or last available) rebound .400 copies/mL,

showing that the T0VL group and the length of VL suppression

,50 copies/mL prior to T0 were strong independent pre-

dictors of rebound (Table 3).

In a subanalysis, we analyzed the VLmeasurement obtained at

the next time point after T0, referred to as T1VL. This followed

T0 by a median (range) of 12 (8–17) weeks, 15 (12–19) weeks,

and 16 (12–18) weeks for the T0VL groups 40–49 copies/mL,

RNA1, and RNA2, respectively. In the Cox proportional hazards

model, relative to patients with RNA2 at T0 (n 5 485), the

adjusted hazard ratios (HRs; 95% CI) for confirmed (or last

available) rebound .400 copies/mL were 1.52 (0.37–6.22)

for RNA 40–49 copies/mL or RNA1 at T0 and RNA2 at T1

(n 5 335), and 10.42 (3.36–32.33) for RNA 40–49 copies/mL

or RNA1 at T0 and any RNA detection ,400 copies/mL at T1

(n 5 180) (P , .0001) (Table 4). The results were consistent

when analyzing the RFH population alone (data not shown).

Next, we investigated T0 efavirenz plasma levels among

186 RFH patients receiving efavirenz-based HAART, comprising

90 patients with T0VL either 40–49 copies/mL or RNA1 and

96 patients with RNA2. We limited the analysis to patients on

efavirenz due to its stable pharmacokinetics and bedtime dosing.

In the 2 groups, the median efavirenz levels at T0 were

1484 ng/mL (interquartile range [IQR], 1054–2272 ng/mL)

and 1593 ng/mL (IQR, 1047–2323 ng/mL), respectively

(P 5 .48); levels were above the recommended threshold of

1000 ng/mL in 70 of 90 (77.8%) and 74 of 96 (77.1%) patients,

respectively (P 5 1.00; Figure 2). The median levels by T0VL

group were 1666 ng/mL (IQR, 1278–2449 ng/mL) for 40–49

copies/mL, 1339 ng/mL (IQR, 984–2041 ng/mL) for RNA1,

and 1593 ng/mL (1047–2323 ng/mL) for RNA2 (P 5 .11;

Kruskal–Wallis test).
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Drug Resistance at Rebound
Stored plasma samples were retrieved from 68 of 80 patients

with rebound.400 copies/mL for resistance testing at rebound.

The median interval between the first VL measurement .400

copies/mL and the resistance test was 5.5 weeks (IQR, 2–8.5

weeks). Among 63 test results, proportions showing $1 major

RAMwere 12 of 35 (34.3%), 9 of 21 (42.9%), and 2 of 7 (28.6%)

with T0VL groups 40–49 copies/mL, RNA1, and RNA2, re-

spectively (P 5 .75). The breakdown by drug class was nucle-

oside/nucleotide reverse-transcriptase inhibitors (NRTIs), 18 of

Table 1. Characteristics of the Population at Study Entry, Defined as Time Zero

T0VLa

Characteristics 40–49 RNA1 RNA2 P

Whole population, No. 240 507 500

Years of VL ,50 copies/mL pre-T0 0.2 (0.0–0.6) 1.3 (0.4–2.8) 2.8 (1.2–4.5) ,.0001

Month of follow-up post-T0 14 (1–33) 14 (2–21) 14 (4–17) .69

Number of VL measurements post-T0 4 (1–13) 4 (1–13) 4 (1–11) ,.0001

RFH patients, No.b 164 352 375

Years of VL ,50 copies/mL pre-T0, median (IQR) 0.2 (0.0–1.0) 1.9 (0.5–3.2) 3.2 (1.9–4.7) ,.0001

Months of follow-up post-T0, median (IQR) 14 (12–31) 14 (12–21) 14 (4–17) .12

Number of VL measurements post-T0, median (IQR) 5 (1–13) 4 (1–13) 4 (1–11) ,.0001

Pre-HAART VL, log10 copies/mL, median (IQR) 5.3 (4.7–5.8) 5.1 (4.6–5.6) 5.0 (4.5–5.6) .04

Years of HAART, median (IQR) 2.9 (1.1–7.9) 5.8 (2.4–9.8) 6.9 (4.1–10.1) ,.0001

CD4 cell count, cells/mm3, median (IQR) 405 (268–559) 564 (413–725) 581 (419–794) ,.0001

Age, years, median (IQR) 40 (34–44) 43 (38–48) 43 (38–48) ,.0001

Male, No. (%) 112 (68.3) 267 (75.9) 284 (75.7) .14

Ethnicity, No. (%)

White 79 (48.2) 233 (66.2) 253 (67.5) .0006

Black 67 (40.9) 95 (27.0) 98 (26.1)

Other 18 (11.0) 24 (6.8) 24 (6.4)

Risk group, No. (%)

MSM 75 (45.7) 212 (60.2) 219 (58.4) .0001

Heterosexual 86 (52.4) 116 (33.0) 131 (34.9)

Other 3 (1.8) 24 (6.8) 25 (6.7)

HAART regimen, No. (%)

NRTI 1 NNRTI 26 (15.9) 95 (27.0) 147 (39.2) ,.0001

NRTI 1 PI/r 114 (69.5) 196 (55.7) 165 (44.0)

NRTI 1 PI 1 (0.6) 10 (2.8) 6 (1.6)

NRTI only 3 (1.8) 16 (4.6) 11 (2.9)

Otherc 20 (12.2) 35 (9.9) 46 (12.3)

Adherence (% refilled prescriptions)d

Unavailable 42 (25.6) 38 (10.8) 20 (5.3) ,.0001

#60% 27 (16.5) 47 (13.4) 40 (10.7)

.60 to #80 20 (12.2) 46 (13.0) 41 (10.9)

.80 to #95 35 (21.3) 76 (21.6) 95 (25.3)

.95 to #99.9 11 (6.7) 53 (15.1) 63 (16.8)

100 29 (17.7) 92 (26.1) 116 (30.9)

Abbreviations: HAART, highly active antiretroviral therapy; IQR, interquartile range; MSM, men who have sex with men; NRTI, nucleoside/nucleotide reverse

transcriptase inhibitor; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, unboosted protease inhibitor; PI/r, ritonavir-boosted protease inhibitor; RFH, Royal

Free Hospital; T0, time zero (arbitrarily selected time point during HAART); VL, viral load.
a

T0VL: First viral load measurement prior to the start of follow-up, taken at an arbitrary time point during HAART and grouped into 40–49 copies/mL (40–49),

RNA detected ,40 copies/mL (RNA1), and RNA not detected (RNA2).
b RFH patients: individuals with demographic and clinical data from the Royal Free Hospital.
c The most commonly prescribed antiretrovirals comprised tenofovir (65.9%, 61.9%, and 58.7% in the T0VL groups 40–49 copies/mL, RNA1, and RNA2,

respectively), emtricitabine (43.9%, 42.6%, 42.7%), lamivudine (34.8%, 34.7%, 37.3%) and abacavir (25.6%, 32.1%, 29.6%) for the NRTIs; efavirenz (16.5%,

19.6%, 28.0%) for the NNRTIs; and ritonavir-boosted lopinavir (48.8%, 39.5%, 30.4%), saquinavir (20.1%, 14.8%, 18.1%), and atazanavir (17.1%, 15.1%, 16.5%)

for the PIs. Other regimens: NRTI 1 NNRTI 1 PI/r (n 5 7, 12, and 15 in the 3 T0VL groups, respectively), and other PI/r-based combinations (n 5 13, 23, and 31).
d Adherence was estimated on the basis of the proportion of days covered by drug prescription refill pharmacy data for at least 3 drugs in the previous 6 months.

732 d CID 2012:54 (1 March) d HIV/AIDS

 by R
ichard Jefferys on January 11, 2012

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


23 (78.3%); NNRTIs, 10 of 23 (43.5%); and protease inhibitors

(PIs), 5 of 23 (21.7%). Overall, 17 of 23 (73.90%) patients had

$1 RAM affecting drugs taken at the time of rebound.

DISCUSSION

In patients receiving HAART and showing VL ,50 copies/mL,

HIV-1 RNA detection below this cutoff predicted a risk of re-

bound .50 and .400 copies/mL during follow-up. The effect

was independent of other recognized determinants of rebound,

including adherence levels. Although further supportive evi-

dence is desirable, the findings indicate that the goal of HAART

may need to be revised to a lower cutoff than 50 copies/mL.

Using sensitive testing methods, HIV-1 RNA can be detected

in plasma in a large proportion (.80%) of patients receiving

HAART and showing a VL ,50 copies/mL for many years

[7–14]. Studies have shown that HIV-1 RNA levels decline to

,50 copies/mL within approximately 12 weeks of starting

therapy [8, 9]. Once levels are,50 copies/mL, they continue to

decline for several months before reaching a plateau at ap-

proximately 3–10 copies/mL [7–14]. The source of this residual

viremia is much debated [7–14, 19–22]. In recent studies, residual

viremia was unresponsive to HAART intensification [11, 13].

Although not excluding ongoing replication in ‘‘sanctuary’’

sites, the lack of response provides support to the hypothesis

that residual viremia does not reflect ongoing virus replication,

but rather originates from virus reactivation in latently infected

cells, with rapid suppression by HAART. The alternative model

proposes ongoing virus replication due to suboptimal drug

levels, penetration, or activity. It seems plausible that the 2

models may coexist. In a previous study, abacavir intensification

of a 2-drug regimen of efavirenz and indinavir in patients with

RNA levels below 50 copies/mL and above 2.5 copies/mL lowered

the levels to ,2.5 copies/mL [23]. Conversely, RNA levels

have been seen to increase before rebounding .50 copies/mL

in patients simplifying triple HAART to ritonavir-boosted

atazanavir [24]. HIV-1 genetic evolution has also been ob-

served with RNA level above 6.5 copies/mL [12]. These

findings suggest that there is a threshold level of viremia

,50 copies/mL that is indicative of ongoing virus replication.

Our data are consistent with this view, and although they

fall short of precisely defining a cutoff, the observed relevance

of detecting RNA ,40 copies/mL suggests that the threshold

may be even lower than 40 copies/mL.

Figure 1. Time to virologic rebound according to the T0 viral load (VL) and 4 definitions (A–D ) of rebound. A, Single viral load .50 copies/mL.
B, confirmed or last available viral load.50 copies/mL. C, confirmed or last available viral load.400 copies/mL. D, confirmed or last available viral load
.400 copies/mL or single viral load .400 copies/mL followed by a treatment change. Whole population (A–C ); Royal Free Hospital population (D ).
P , .0001 for all analyses (log rank test). Abbreviation: T0, time zero (arbitrarily selected time point during highly active antiretroviral therapy).
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Less than half of the patients who experienced rebound.400

copies/mL showed RAMs, which suggests poor adherence as

a major driver of rebound. Resistance is only 1 of the possible

negative outcomes of rebound. Previous studies have shown an

association between VL .400 copies/mL during HAART and

mortality [25]. Measuring adherence is complex, and all meth-

odologies have shortcomings. We previously validated a mea-

sure of adherence based on pharmacy prescription records

[16, 17]. We showed that calculating the proportion of days

covered by a prescription is a simple way of estimating adher-

ence and predicting virologic failure. In this study, adherence

was not associated with rebound in adjusted analyses, indicating

that the viral load was a more powerful predictor. We also

measured efavirenz plasma levels in the T0VL sample as a pos-

sible indicator of adherence. We detected no significant differ-

ences in drug levels between groups. It should be noted that,

given the retrospective nature of the study, the timing of the last

HAART dose relative to the collection of the T0VL sample was

not available. Efavirenz levels, however, are not expected to

fluctuate considerably.

We found that a single VL measurement had a strong pre-

dictive value for rebound. In clinical practice, it is recommended

Table 2. Cox Proportional Hazards Regression Analyses of Predictors of Confirmed (or Last Available) Virologic Rebound >50 Copies/mL

Univariable Results Multivariable Results

Whole Population HR 95% CI P HR 95% CI P

T0VL group ,.0001 ,.0001

40–49 7.76 5.23–11.53 4.67 2.91–7.47

RNA1 2.47 1.64–3.70 1.97 1.25–3.11
2RNA2 1.00 . 1.00 .

Length VL ,50 copies/mL pre-T0, per year longer 0.62 0.55–0.70 0.74 0.65–0.83

RFH patients

T0VL group

40–49 8.77 5.37–14.32 ,.0001 4.68 2.40–9.12 ,.0001

RNA1 2.61 1.57–4.33 2.33 1.26–4.31

RNA2 1.00 . 1.00 .

Length VL ,50 copies/mL pre-T0, per year longer 0.64 0.56–0.72 ,.0001 0.79 0.69–0.91 .0005

Pre-HAART VL, per 1 log10 copies/mL higher 1.13 0.89–1.43 .32 1.04 0.80–1.33 .79

Time since starting HAART, per year longer 0.94 0.90–0.98 .003 1.06 0.99–1.15 .10

CD4 count, per 100 cells/mm3 higher 0.82 0.77–0.89 ,.0001 0.92 0.84–1.00 .06

Age, per 10 years older 0.70 0.57–0.86 .0005 0.80 0.61–1.04 .09

Sex

Male 0.69 0.49–0.99 .05 0.81 0.45–1.45 .47

Female 1.00 . 1.00 .

Ethnicity

White 1.00 . ,.0001 1.00 . .11

Black 2.31 1.62–3.28 1.91 1.00–3.63

Other 2.09 1.19–3.66 1.50 0.75–2.98

Risk group

MSM 1.00 . .02 1.00 . .36

Heterosexual 1.66 1.18–2.34 0.83 0.41–1.70

Other 1.29 0.62–2.68 1.70 0.63–4.64

HAART regimen

NNRTI-based 0.27 0.16–0.45 ,.0001 0.40 0.21–0.77 .002

Other 0.75 0.47–1.19 1.40 0.79–2.48

PI-based 1.00 . 1.00 .

Adherence (% refilled prescriptions)

Unavailable 1.40 0.89–2.21 .0008 0.59 0.32–1.10 .23

#95% 1.00 . 1.00 .

.95% 0.56 0.38–0.83 0.87 0.54–1.39

Abbreviations: CI, confidence interval; HAART, highly active antiretroviral therapy; HR, hazard ratio; MSM, men who have sex with men; NNRTI, nonnucleoside

reverse transcriptase inhibitor; PI, protease inhibitor; RFH, Royal Free Hospital; T0, time zero (arbitrarily selected time point during HAART); VL, viral load.
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that a detectable VL result during HAART should be confirmed

in a subsequent sample prior to making management decisions

[1]. In this study, the risk of rebound was associated with

confirmed RNA detection in the subsequent VL measurement.

However, it should be noted that the next available VL test was

performed approximately 12–16 weeks after T0, whereas

prompt confirmation of viremia is generally sought in clinical

practice. Further studies are required to determine the relevance

of seeking immediate confirmation.

Our analysis included patients regardless of treatment dura-

tion and was adjusted for this factor. Longer duration of

suppression ,50 copies/mL prior to T0 was associated with

a reduced risk of rebound, in line with previous reports [26–28].

To apply our results to clinical practice, one should take into

account that the median times to RNA levels ,50 copies/mL,

,40 copies/mL, and to RNA2 were 4.1, 4.4, and 6.2 months,

respectively. This, however, does not detract from the strong

independent predictive value of the T0VL for the risk of virologic

rebound. Although we did not observe significant differences

between efavirenz-treated and lopinavir/ritonavir-treated pa-

tients, this analysis should be repeated with a larger data set,

preferably within a randomized study. The composition of the

Table 3. Cox Proportional Hazards Regression Analyses of Predictors of Confirmed (or Last Available) Virologic Rebound >400 Copies/mL

Univariable Results Multivariable Results

Whole Population HR 95% CI P HR 95% CI P

T0VL group

40–49 8.64 4.30–17.35 ,.0001 6.91 2.90–16.47 ,.0001

RNA1 3.01 1.48–6.15 2.88 1.24–6.69

RNA2 1.00 . 1.00 .

Length VL ,50 copies/mL pre-T0, per year longer 0.67 0.56–0.80 ,.0001 0.82 0.69–0.97 .02

RFH patients

T0VL group

40–49 13.92 5.39–35.94 ,.0001 10.71 3.30–34.81 ,.0001

RNA1 4.16 1.56–11.10 3.78 1.23–11.59

RNA2 1.00 . 1.00 .

Length VL ,50 copies/mL pre-T0, per year longer 0.70 0.58–0.84 ,.0001 0.88 0.72–1.06 .15

Pre-HAART VL, per 1 log10 copies/mL higher 0.79 0.59–1.06 .13 0.74 0.52–1.05 .10

Time since starting HAART, per year longer 0.95 0.89–1.01 .10 1.14 1.02–1.27 .03

CD4 cell count, per 100 cells/mm3 higher 0.88 0.79–0.99 .02 1.00 0.87–1.15 .97

Age, per 10 years older 0.72 0.52–1.00 .05 1.07 0.71–1.62 .74

Sex

Male 0.69 0.39–1.21 .21 1.49 0.65–3.38 .35

Female 1.00 . 1.00 .

Ethnicity

White 1.00 . .002 1.00 . .17

Black 2.73 1.57–4.77 2.40 0.91–6.36

Other 1.90 0.72–5.00 1.85 0.59–5.83

Risk group

MSM 1.00 . .03 1.00 . .63

Hetero 2.07 1.19–3.61 1.36 0.48–3.85

Other 1.86 0.64–5.41 2.07 0.50–8.60

HAART regimen

NNRTI-based 0.32 0.14–0.71 .007 0.46 0.17–1.23 .23

Other 0.80 0.39–1.66 0.99 0.40–2.46

PI-based 1.00 . 1.00 .

Adherence (% refilled prescriptions)

Unavailable 1.32 0.65–2.68 .009 0.99 0.39–2.47 .99

#95% 1.00 . 1.00 .

.95% 0.43 0.22–0.83 0.96 0.45–2.07

Abbreviations: CI, confidence interval; HAART, highly active antiretroviral therapy; HR, hazard ratio; MSM, men who have sex with men; NNRTI, nonnucleoside

reverse transcriptase inhibitor; PI, protease inhibitor; RFH, Royal Free Hospital; T0, time zero (arbitrarily selected time point during HAART); VL, viral load.
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regimen appears to play a significant role in both the T0VL result

and the subsequent risk of rebound. Patients on NNRTI-based

regimens were more prevalent in the RNA2 group and showed

a lower risk of rebound. It has been previously observed that,

compared with patients on other regimens, those receiving

NNRTI-based HAART were less likely to experience viremia

between 50 and 400 copies/mL in the first year after achiev-

ing ,50 copies/mL, and were also less likely to rebound

.400 copies/mL [5]. Others have reported a lower risk of low-

level viremia in patients receiving NNRTIs (especially nevirapine)

compared with other regimens [29, 30]. These observations

may reflect different tolerability profiles, which may influence

adherence, and different pharmacokinetic properties, which

may influence penetration into ‘‘sanctuary’’ sites and modify

the consequences of incomplete adherence. In addition, given

that NNRTI-based regimens are the recommended first-line

therapy in the United Kingdom, patients on these regimens

were either less experienced or may have been perceived as

being at lesser risk of nonadherence than those given PIs.

Controlled studies are needed to confirm the findings.

Our study has limitations. Demographic and clinical data,

including adherence estimations and drug levels, were available

for a subset of patients, albeit this was a large and well-defined

subset. We were unable to perform further testing to identify

a level of viremia below which the risk of virologic rebound was

no longer apparent. We were also unable to assess the perfor-

mance of other commercial VL assays, and must caution against

uncritically extrapolating our findings to assays with different

detection and reporting ranges. Nonetheless, our study dem-

onstrates that in treated patients monitored with the RealTime

assay, a VL ,50 but .40 copies/mL, and, to a lesser extent,

qualitative RNA detection ,40 copies/mL, indicate that treat-

ment efficacy should be reviewed. Further studies, including

possibly a controlled trial, are required to support these rec-

ommendations.
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Figure 2. Efavirenz plasma concentration at T0 in patients receiving
efavirenz-based highly active antiretroviral therapy (HAART). Lines
indicate median values. Abbreviations: T0, time zero (arbitrarily selected
time point during HAART), VL, viral load.

Table 4. Cox Proportional Hazards Model Investigating the Effect of Confirmed Viremia on the Risk of Viral Load Rebound >400 Copies/mL

Univariable Multivarablea

VL at T0 and T1 HR 95% CI P HR 95% CI P

T0VL RNA2 1 . ,.001 1 . ,.0001

TOVL 40–49 copies/mL or RNA1
T1VL RNA2 1.80 0.55–5.92 1.52 0.37–6.22

TOVL 40–49 copies/mL or RNA1
T1VL, any

RNA detected ,400 copies/mL
13.39 5.23–34.23 10.42 3.36–32.33

a Adjusted for the variables indicated in Table 3.

Abbreviations: CI, confidence interval; HR, hazard ratio; T0, time zero (arbitrarily selected time point during HAART); T1, results obtained at subsequent

VL measurement; VL, viral load.
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