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Background. Viral load (VL) quantification is considered essential for determining antiretroviral treatment
(ART) success in resource-rich countries. However, it is not widely available in resource-limited settings where the
burden of human immunodeficiency virus infection is greatest. In the absence of VL monitoring, switches to
second-line ART are based on World Health Organization (WHO) clinical or immunologic failure criteria.

Methods. We assessed the performance of CD4 cell criteria to predict virologic outcomes in a large ART
program in Nigeria. Laboratory monitoring consists of CD4 cell count and VL at baseline, then every 6 months.
Failure was defined as 2 consecutive VLs >1000 copies/mL after at least 6 months of ART. Virologic outcomes were
compared with the 3 WHO-defined immunologic failure criteria.

Results. A total of 9690 patients were included in the analysis (median follow-up, 33.2 months). A total of 1225
patients experienced failure by both immunologic and virologic criteria, 872 by virologic criteria only, and 1897 by
immunologic criteria only. The sensitivity of CD4 cell criteria to detect viral failure was 58%, specificity was 75%,
and the positive-predictive value was 39%. For patients with both virologic and immunologic failure, VL criteria
identified failure significantly earlier than CD4 cell criteria (median, 10.4 vs 15.6 months; P < .0001).

Conclusions. Because of the low sensitivity of immunologic criteria, a substantial number of failures are
missed, potentially resulting in accumulation of resistance mutations. In addition, specificity and predictive values
are low, which may result in large numbers of unnecessary ART switches. Monitoring solely by immunologic
criteria may result in increased costs because of excess switches to more expensive ART and development of drug-
resistant virus.

International and national programs have supported
the rapid expansion of antiretroviral therapy (ART)
access in countries with the highest burden of human
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immunodeficiency virus (HIV) infection. Despite sig-
nificant progress, with >5.2 million individuals re-
ceiving ART, the World Health Organization (WHO)
estimates that only one-third of persons in need of
ART have been reached [1]. As ART programs con-
tinue to expand, achieving balance between cost
constraints and quality of care remains at the forefront
of sustainability discussions.

In resource-rich countries, plasma viral load (VL)
monitoring is considered to be the gold standard for as-
sessing treatment success [2, 3]. Historically, use was
limited even in developed nations until sufficient evidence
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confirmed that VL monitoring improved patient outcomes
while also proving to be cost-effective [4-6].

The optimal use of laboratory monitoring for patients re-
ceiving ART in resource-limited settings (RLS) remains con-
troversial [7-11]. However, evidence suggests that immunologic
and clinical criteria are inadequate to predict virologic failure
[12—-15]. Limiting aspects of previous studies determining the
usefulness of immunologic and clinical parameters as predictors
of virologic failure include short follow-up times and overall low
virologic failure rates resulting in predictive values that may not
be generalizable to actual treatment programs.

As the debate continues regarding how to best use resources
for treatment monitoring, given the ongoing need to expand
access, this study was conducted to evaluate the ability of the
WHO immunologic criteria to predict failure in a large treat-
ment cohort in Nigeria with a longer duration of treatment
follow-up than in previous studies.

METHODS

The Harvard President’s Emergency Plan for AIDS Relief
(PEPFAR)/AIDS Prevention Initiative in Nigeria (APIN) pro-
gram has provided HIV care services to >100 000 individuals at
33 clinical sites in Nigeria since 2004. This retrospective cohort
study evaluates treatment data from patients enrolled at 4 ter-
tiary hospitals: Jos University Teaching Hospital, the National
Institute of Medical Research, 68 Military Hospital, and Uni-
versity of Maiduguri Teaching Hospital. ART eligibility was
based on the Nigerian National Adult ART Guidelines [16],
with ART recommended for all individuals with CD4 cell
counts =200 cells/mm”’ and for those individuals with CD4
cell counts =350 cells/mm® and clinical stage 3 or 4 conditions.
Recommended first-line ART included a nonnucleoside reverse-
transcriptase inhibitor (NNRTI) plus 2 nucleoside reverse-
transcriptase inhibitors.

Study Patients

The study cohort consisted of ART-naive individuals >15 years
of age for whom at least 12 months of treatment follow-up was
available. In addition, a minimum number of laboratory eval-
uations were necessary to assess failure criteria, including CD4
cell count at baseline and after at least 12 months of ART and
a minimum of 2 VL measurements after 6 months of ART. To
assess for concordance between immunologic and/or virologic
failure, both CD4 cell count and VL were required at or after the
point of failure by either method.

Data Collection

Patient data were collected on standardized clinic forms and
entered into a customized electronic record database (FileMaker
Pro) by trained data staff at each site. Baseline evaluations

included medical history, physical examination, WHO clinical
staging, complete blood counts, CD4 cell count, and plasma VL.
These same clinical and laboratory evaluations were performed
3 and 6 months after ART initiation, then approximately every
6 months thereafter unless symptoms required more frequent
monitoring.

Laboratory Analysis

All laboratory tests were performed on site in Nigeria. CD4
cell count measurement was performed using laser-based CD4
T-lymphocyte enumeration (Cyflow, Partec). Plasma HIV-1
RNA polymerase chain reaction determination was performed
using the Roche Cobas Amplicor Monitor assay, version 1.5.
All laboratories participate in regular external quality-control
programs for HIV infection diagnosis, CD4 cell enumeration,
and plasma VL estimation.

Definitions of Treatment Failure

Virologic failure was primarily defined as 2 consecutive VL
measurements >1000 copies/mL after at least 6 months of ART.
Because this definition is used as the programmatic threshold for
second-line switch, it is the primary outcome measure used in
this study (ie, protocol-defined virologic failure). However, the
recently revised WHO guidelines recommend using a definition
of persistent VL >5000 copies/mL to define virologic failure
[17]; thus, secondary analyses were performed using this as an
alternative failure definition (ie, WHO-defined virologic failure).
For patients with virologic failure, the time to failure was defined
as the time from ART initiation to the first of 2 consecutive
VL >1000 copies/mL.

Immunologic failure definitions were consistent with WHO
guidelines [17], including (1) decrease in CD4 cell count to
pretherapy baseline level (or below), (2) 50% decrease from the
peak value during treatment, or (3) persistent CD4 cell counts
<100 cells/mm? after at least 12 months of ART. Because in-
fection may cause transient CD4 cell count decrease, these failure
definitions are intended for patients without concomitant in-
fection. Therefore, individuals with a diagnosis of tuberculosis or
other stage 3 or 4 infections (excluding oral candidiasis) within
6 months before or after CD4 cell count failure were not con-
sidered to have experienced immunologic failure in this study.
Concurrent illness did not impact diagnosis of virologic failure.

On the basis of WHO guidelines, a single CD4 cell count
meeting immunologic failure criteria was necessary to identify
treatment failure. Because the APIN protocol required 2 consec-
utive VLs >1000 copies/mL to define ART failure, the perfor-
mance of confirmatory CD4 cell count failure was also assessed.
Specifically, secondary analyses were performed using a mod-
ified immunologic failure definition requiring 2 consecutive
CD4 cell count measurements meeting the same or any of the
3 WHO CD4 cell count failure definitions.
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Table 1. Baseline Patient Characteristics

Variable No. % Median IQR
Sex Male 3486 36.0
Female 6204 64.0
Age at ART initiation (years) All 9597 34.5 29.2-40.7
Male 3451 38.8 33.6-44.6
Female 6146 8.5 27.5-37.6
Weight at ART initiation (kg) All 9518 58 50.5-66
Male 3411 62 55-70
Female 6107 55 48.5-64
CD4™ cell count at ART initiation (cells/mm?) 0-49 1489 15.4 140 77-203
50-99 1804 18.6
100-199 3827 BOI5)
200-349 2070 21.4
=350 500 5.2
Viral load at ART initiation (copies/mL) Median copies/mL 53162 10358-181580
Median logo copies/mL 4.7 4.0-5.3
<1000 811 8.4
1000-9999 1416 14.6
10000-49999 2193 22.6
50000-99 999 1198 12.4
100 000-999999 3093 31.9
=1000000 341 85
Unknown 638 6.6
WHO stage at ART initiation 1 2044 21.1
2 2831 29.2
8 2065 21.3
4 1100 1.4
Unknown 1650 17.0

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range; WHO, World Health Organization.

Failures in this study, either by immunologic or virologic
criteria, did not distinguish between those resulting from poor
adherence and from drug resistance.

Statistical Analysis

Statistical analyses were performed using Stata, version 10.1
(StataCorp). With use of virologic failure as the comparator,
sensitivity, specificity, and predictive values (with 95% confi-
dence intervals [CIs]) were calculated. For patients diagnosed
with immunologic failure, either with or without concurrent
virologic failure, the numbers of individuals identified as having
immunologic failure by each of the 3 WHO immunologic failure
definitions were compared using a > test; a P <.05 was con-
sidered statistically significant. The Kaplan—Meier method was
used to describe the cumulative proportion of individuals ex-
periencing failure either by immunologic or virologic criteria.
For those patients who did not meet failure criteria, follow-up
data were censored at the time of the last available VL or CD4
cell count, depending on the specified group. For the subgroup
of patients who experienced failure by both CD4 cell count and

VL criteria, median time to failure was compared using a Wil-
coxon signed-rank test for correlated samples.

Ethical Considerations

All patients enrolled in the Harvard PEPFAR/APIN program
provided consent for care. The treatment protocol was approved
by the institutional review board (IRB) of the Harvard School of
Public Health and the IRBs at Jos University Teaching Hospital,
the National Institute of Medical Research, 68 Military Hospital,
and University of Maiduguri Teaching Hospital. The Nigerian
IRBs were registered with the US Federal Wide Assurance.

RESULTS

Study Population

A total of 9690 patients enrolling from December 2004 through
March 2008 met the protocol eligibility criteria, with 97.0%
starting NNRTI-based ART and the remainder starting pro-
tease inhibitor—based or triple-nucleoside therapy primarily
because of NNRTT intolerance. Baseline patient characteristics
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Table 2. Performance of Inmunologic Failure Criteria to Identify Protocol-Defined Virologic Failure

Failure
CD4 value CD4 failure Immunologic and  Immunologic ~ Virologic  None  Sensitivity = Specificity PPV~ NPV
confirmation definition? virologic (a)® only (b) only (c) (d) % % % %
Unconfirmed Any® 1225 1897 872 5696 58.4 75.0 39.2 86.7
1 740 1020 1357 6573 35.3 86.6 42.0 829
2 931 1362 1166 6231 44.4 82.1 40.6 84.2
3 501 310 1596 7283 23.9 95.9 61.8 82.0
Confirmed by All by same® 579 417 1518 7176 27.6 94.5 58.1 825
same definition
1 318 222 1779 7371 15.2 97.1 589 80.6
2 337 209 1760 7384 16.1 97.2 61.7 80.8
3 222 65 1875 7528 10.6 99.1 77.4  80.1
Confirmed by All by any® 594 420 1503 7173 28.3 94.5 58.6 82.7
any definition
1 358 243 1739 7350 171 96.8 59.6 80.9
2 408 257 1689 7336 19.5 96.6 61.4 813
3 268 88 1829 7505 12.8 98.8 75.3 804

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

The row sum of the ““Immunologic & virologic’” and “Virologic only"’ failure columns (a+c = 2097) represents protocol-defined virologic failure; the denominator is

the row sum of all 4 “'Failure’” columns (a+b+c+d = 9690).

@ CD4 failure definitions: 1, fall of CD4 count to, or below, pretherapy baseline; 2, 50% fall from on-treatment peak value; 3, persistent CD4 levels <100 cells/mm?

after at least 12 months on ART.

® Formula used in calculations: sensitivity = a/(a+c); specificity = d/(b+d); PPV = a/(a+b); NPV = d/(c+d).

¢ Total: 3122 (32.2%).
9 Total: 996 (10.3%).
¢ Total: 1014 (10.5%).

are summarized in Table 1. Sixty-four percent were female,
median age was 35 vyears (interquartile range [IQR],
29-41 years), baseline CD4 cell count was 140 cells/mm’
(IQR, 77-203 cells/mm?), and VL was 53 162 copies/mL
(IQR, 10358-181 580 copies/mL).

Follow-up of Study Patients

The median duration of follow-up was 33.2 months (IQR,
24.8-40.5 months), resulting in 26 607 person-years of patient
data. The median number of VL measurements per patient was
7 (IQR, 5-8), and median number of CD4 cell count measure-
ments was 7 (IQR, 6-9), resulting in a mean of 1 CD4 cell count
and VL evaluation every 4.7 months. In this dataset, there was
excellent concordance of CD4 cell count and VL measurements.
Of 73 644 laboratory entries, 87% contained both CD4 cell count
and VL measurements for an individual patient on a specific date,
11.5% contained CD4 cell count but no VL from the same date,
and 1.5% contained VL but no corresponding CD4 cell count.

Treatment Failure

With use of protocol-defined criteria, virologic failure was
identified in 2097 (21.6%) of 9690 individuals (Table 2), and
1329 (13.7%) met WHO-defined VL failure criteria. In resource-
rich settings, virologic failure is often defined as a confirmed

VL >200 or >50 copies/mL. Although we chose to use the pro-
grammatic definition of virologic failure as the primary com-
parator in this analysis, using a cutoff of 400 copies/mL (the
lower limit of detection for the assay in the program) would
have increased the proportion experiencing failure to 28.3%.

Overall, 3122 (32.2%) of 9690 patients met any of the im-
munologic failure criteria. The proportion of individuals iden-
tified by each of the 3 or a combination of immunologic failure
definitions is shown in Table 4. Because protocol-defined viro-
logic failure required 2 consecutive VLs >1000 copies/mL, we
also analyzed rates of failure according to immunologic criteria if
consecutive CD4 cell count confirmation was required (Table 2).
When confirmation with either the same or any of the
3 immunologic definitions was required, the proportion of
patients with immunologic failure decreased to 10.3% and
10.5%, respectively. Compared with standard WHO CD4 cell
count failure criteria, significantly fewer individuals were
identified as having immunologic failure when a modified
definition of 2 consecutive CD4 cell count measurements was
used (P < .0001 for both comparisons). Additional labora-
tory findings at the time of protocol-defined failure are
displayed in Table 5. Of note, 48% of individuals were viro-
logically suppressed (VL =400 copies/mL) at the time or
within 6 months of immunologic failure.
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Table 3. Comparison of Performance of CD4 Failure Criteria® to Various Definitions of Virologic Failure

Failure
Immunologic and  Immunologic  Virologic
Viral load failure definition virologic only only None  Sensitivity%  Specificity% PPV% NPV%
Confirmed VL >5000 copies/mL 880 2242 449 6119 66.2 73.2 28.2 93.2
(WHO-defined viral failure)
Confirmed VL >1000 copies/mL 1225 1897 872 5696 58.4 75.0 39.2 86.7
(protocol-defined viral failure)
Confirmed VL >400 copies/mL 1440 1682 1301 5267 52.6 759 46.1 80.2

Abbreviations: NPV, negative predictive value; PPV, positive predictive value; VL, viral load; WHO, World Health Organization.

@ Immunologic failure defined in this table as meeting any of the 3 WHO CD4 failure definitions (unconfirmed by a second CD4 value).

Time to Failure

Overall, 1225 of 9690 (13%) patients met both immunologic
and virologic failure criteria. For patients with both virologic
and immunologic failure, VL criteria identified failure signifi-
cantly earlier (median, 10.4 months; IQR, 6.9-15.9 months)
than did CD4 cell count criteria (median, 15.6 months; IQR,
10.0-23.5 months; P < .0001). The overall proportion of pa-
tients experiencing failure by any of the immunologic and/or
virologic criteria among the 9690-patient cohort is displayed in
the Figure 1. In this survival analysis, time to failure is compared
between immunologic and virologic monitoring methods among
the entire 9690-patient cohort. Patients were censored if they
reached the protocol-defined end point of failure, were switched
to a protease inhibitor—containing regimen, or, if at the point of
last CD4 cell count or VL assessment, they did not meet failure
criteria throughout follow-up.

Table 4. Comparison of Inmunologic Failure Definitions for True-Positive Versus False-Positive Groups

Sensitivity, Specificity, and Predictive Values

With use of protocol-defined virologic failure as the gold stan-
dard, the sensitivity of immunologic criteria to detect viral
failure was 58.4% (95% CI, 57.4%-59.4%), specificity was
75.0% (95% CI, 74.1%-75.9%), positive predictive value (PPV)
was 39.2% (95% CI, 38.2%—40.2%), and negative predictive
value (NPV) was 86.7% (95% CI, 86.0%—87.4%). When con-
firmation of CD4 cell count failure was required, either with the
same or any of the 3 definitions on consecutive measurements,
the sensitivity decreased to approximately 28% and specificity
increased to 95% (Table 2). With use of WHO-defined viro-
logic failure as the gold standard to assess immunologic criteria
(Table 3), the sensitivity was 66.2% (95% CI, 63.6%—68.7%),
specificity was 73.2% (95% CI, 72.2%-74.1%), PPV was
28.2% (95% CI, 26.6%—29.8%), and NPV was 93.2% (95% CI,
92.5%-93.8%).

Immunologic and virologic failure
(true positives)

Immunologic failure only
(false positives)

Immunologic (CD4)

2702 ‘2z Jequede uo 1senb Ag /Hlo'sfeulnolploixo pio//:dny wouy papeoumoq

failure definition? No. Row %P No. Row %° x? Pvalue
1 only 222 334 442 66.6

2 only 275 26.8 751 73.2

3 only 438 42.5 65 57.5

1and 2 227 36.6 394 63.4

2and 3 162 72.6 61 27.4

1and3 24 46.2 28 53.8

1,2,and 3 267 63.1 156 36.9

Total 1225 1897 <.0001
All def. 1 failures 740 42.0 1020 58.0 <.0001
All def. 2 failures 931 40.6 1362 59.4 <.0001
All def. 3 failures 501 61.8 310 38.2 <.0001

@ CD4 failure definitions: 1, fall of CD4 count to, or below, pretherapy baseline; 2, 50% fall from on-treatment peak value; 3, persistent CD4 levels <100 cells/mm?®

after at least 12 months on antiretroviral therapy.

> Row percentage describes the proportion of individuals among either the true-positive or false-positive group meeting any 1 (or combination of) CD4 failure
criteria, over all individuals meeting the same criteria. This provides a quick assessment as to which criteria more commonly contribute to true-positive versus false-

positive results.
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Table 5. Laboratory Characteristics of Patients Meeting Virologic
and/or Inmunologic Failure Definitions

Failure definition Median (IQR) %

Virologic failure®

Average of 2 consecutive
VLs at failure (copies/mL)

Immunologic failure
Median CD4 at failure (cells/mm?q) 162 (93-245)
CD4 >200 at immunologic failure 38.5

VL at or after 6 months of
immunologic failure

20630 (5646-77 854)

VL =400 copies/mL 48.0
VL >400 copies/mL 51.7
Unknown VL at or after 0.2

immunologic failure

Abbreviations: IQR, interquartile range; VL, viral load.

@ Virologic failure refers to protocol-defined virologic failure (2 consecutive VL
measurements >1000 copies/mL).

To further evaluate the performance of each of the individual
immunologic failure definitions, the number of patients meeting
each of the 3 definitions and/or multiple definitions was de-
termined (Table 4). An overall comparison of the distribution of
immunologic definitions was significantly different between
those patients meeting both immunologic and virologic failure
criteria (true positives) and those meeting only immunologic
failure criteria (false positives; P << .0001). Specifically, CD4 cell
count failure definitions 1 and 2 were more commonly associated
with false positives, whereas definition 3 was more commonly
associated with true positives (P < .0001 for all comparisons). In
addition, a significantly higher proportion of true positives
(55.5%) than false positives (33.7%) met =2 immunologic
failure definitions (P < .0001).

1.00

0.75

Probability of no regimen failure (%)
0.25 0.50

0.00

T T T T T T T T
0 6 12 18 24 30 36 42 48 54
Months since ART initiation

Viral load monitoring ————- CD4 monitoring |

Figure 1. Time to failure by immunologic and virologic failure criteria
(n = 9690). Abbreviation: ART, antiretroviral therapy.

DISCUSSION

This is the largest cohort study to date demonstrating that WHO
immunologic failure criteria lack sensitivity for predicting viro-
logic failure. Almost 50% of individuals identified as experiencing
failure by CD4 cell count criteria were virologically suppressed
(VL, <400 copies/mL), whereas the criteria did not identify
nearly half of individuals who were actually experiencing failure.

The conclusion that CD4 cell count criteria perform poorly
remains true even when the slightly less stringent WHO defini-
tion of virologic failure is used (Table 3), but most patients in RLS
are monitored using CD4 cell count or clinical criteria. Previous
studies have shown a similarly low performance of immunologic
and clinical criteria [12, 13]. However, this analysis, which uses
programmatic treatment data, a large sample size, longer dura-
tion of follow-up, and rates of virologic failure commensurate
with other real-life treatment cohorts in RLS [18-20], provides
the strongest evidence to date of the poor performance of im-
munologic criteria in identifying treatment failure.

As a retrospective analysis of a large treatment cohort, this
study is limited by the data available, the frequency of pro-
grammatic monitoring, and the program protocol for ART
switch. Because virologic failure typically precedes immunologic
failure in the natural progression of disease, this may have re-
sulted in lower than expected sensitivity and PPV. However,
given the risk of accumulating drug-resistance mutations in the
context of nonsuppressive regimens, timely identification of
failure remains critical for appropriate ART management. In
addition, to compare monitoring strategies, a minimum number
of laboratory values were required, as delineated in the inclusion
criteria. Exclusion of patients with the poorest protocol com-
pliance may have resulted in some underestimation of overall
failure rates.

Missed Opportunities for Failure Detection
ART regimens that do not achieve virologic suppression are
associated with an increased risk of disease progression and
death [21], and identification of antiretroviral failure and
prompt switching to second-line therapy may reduce the de-
velopment of resistance [22, 23]. In this study, immunologic
criteria did not detect 42% of failures identified by VL testing.
Although rates of adverse events vary, a study found that 20% of
patients experience serious adverse outcomes by 30 months with
a regimen that did not achieve virologic suppression [20]. Thus,
a substantial number of unnecessary adverse outcomes would be
expected if CD4 cell count monitoring alone were relied on to
assess ART success.

The PPV modestly increased to 58.1% when confirmation of
CD4 cell count criteria in 2 consecutive measurements was re-
quired (Table 2). As expected, requiring confirmatory CD4 cell

count assessment resulted in a significant reduction in sensitivity.
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Less than one-quarter of individuals with virologic failure
would have been identified if confirmation of CD4 cell count
failure criteria had been required. Of note, although confir-
mation of CD4 cell count criteria is not necessary to meet
WHO-defined immunologic failure criteria, there is a tendency
for caregivers to use this method in practice (ie, checking a
second CD4 cell count before making an ART switch decision).
Clinicians should therefore be aware that, although specificity is
considerably improved, a significant majority of treatment
failures would be missed by this method.

In addition to potentially resulting in unnecessary adverse
events, nonsuppressive regimens also contribute to the de-
velopment of drug resistance. The number of resistance mu-
tations has been found to correlate with duration of ART
exposure [24-26]. In a study that evaluated patients who re-
ceived virologically nonsuppressive combination ART over
a median of 6 months, patients developed a mean of 1.96 drug
resistance mutations (International AIDS Society), with a loss
of 1.25 active drugs [27]. There is also evidence that prolonged
exposure to failing NNRTI regimens may compromise future
treatment options, in particular, the use of etravirine [28-30].
As this study shows, relying on CD4 cell count criteria to di-
agnose treatment failure will, at best, result in a diagnosis sig-
nificantly later than by VL monitoring (P < .0001). Perhaps
more worrisome, this method misses nearly half of the failure
cases, allowing for the selection of increasingly drug-resistant
viruses. This raises the very real concern that subsequent second-
line regimens may not perform as well because of compromise
of nucleoside backbones as increasing class-wide resistance
develops [22, 23, 31].

Patients Identified as Experiencing Failure by Both Inmunologic
and Virologic Criteria

Among patients identified as experiencing failure by both im-
munologic and virologic criteria, VL monitoring identified
failure significantly earlier than did CD4 cell count criteria
(P <.0001). Thus, even among patients correctly identified as
experiencing failure by CD4 cell count criteria, the potential
exists for accumulated drug resistance mutations, given an
increased time to failure. If more frequent VL monitoring
recommendations had been used in the present study cohort, as
is the case in resource-rich countries, it is likely that viral failure
would have been identified even earlier.

Patients Misclassified as Experiencing Failure

Despite dramatic price reductions for ART, second-line ART
currently remains almost 5 times more costly than first-line
regimens. Along with negotiations to reduce drug prices, VL
assays have also become more economical, with a mean cost of
US $22 per VL test in the Harvard PEPFAR program. Discussions
regarding effective monitoring strategies should therefore also

take into consideration the potential impact on overall drug
costs. In this study, the PPV was low, suggesting that less than
half of patients identified as experiencing failure by CD4 cell
count criteria were actually experiencing failure. Therefore, if
CD4 cell count failure criteria were used to identify patients for
switch, 60.8% (1897 of 3122 (Table 2) patients switched to
second-line therapy would have been unnecessarily switched.
Although further detailed cost analyses are underway, the sig-
nificance of this should be noted, because 1897 patients un-
necessarily switched to second-line therapy would cost in excess
of US $1 million in increased treatment costs per year.

Immunologic criteria not only misclassified a significant
number of patients as failures, but also identified a significantly
larger number of treatment failures overall. In this cohort of
9690 patients, immunologic criteria identified 3122 failures
(32.2%), and virologic criteria identified only 2097 (21.6%;
P < .0001). The incremental increase in cost resulting from
a greater number of identified failures should also be considered
when assessing the overall value of CD4 cell count versus VL
monitoring.

In conclusion, this large cohort study shows that immuno-
logic criteria are poor predictors of virologic failure, missing
nearly half of individuals who were failing ART and mis-
identifying nearly half of patients with immunologic failure
who were actually virologically suppressed. The impact of
accumulated drug resistance and unnecessary drug switches
may ultimately eclipse the cost of VL monitoring and po-
tentially erode the gains achieved through widespread ART
use. Although the development of point-of-care HIV RNA
quantification may alter the feasibility discussion, suitability
for high-volume urban clinics remains to be seen. As HIV
treatment programs in RLS progress beyond the emergency
phase, commitments to building the infrastructure for opti-
mal patient monitoring may improve patient outcomes and

long-term sustainability.
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