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Monitoring HIV RNA levels (viral loads) every 3–6 months is recommended in patients
receiving antiretroviral therapy (ART) because HIV replication is the most important
indicator of treatment response. In high-resource settings, regular viral load monitoring is a
standard of care1 but not in resource-constrained settings.2 Currently, the number of patients
receiving ART is growing in resource-limited regions and so are the needs for monitoring
for treatment failure and development of drug resistance. Because of the high cost of viral
load testing, virological monitoring has been substituted by clinical and immunologic
monitoring in those regions, but the effectiveness is poor.2,3 There are various efforts to
identify less costly but still accurate method for monitoring treatment response in resourcelimited setting, and a pooling strategy has been proposed.4-7
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In theory, pooled testing can decrease the cost of monitoring by reducing the number of
assays needed to screen a population receiving ART,4-7 similar to the pooled nucleic acid
testing (pooled NAT) used to screen for acute HIV infection among individuals presenting
for HIV testing or blood donation.8-10 The usefulness of pooled NAT to detect ART failure
could be affected by several factors, including rate of virologic failure, assay platform, level
of detection, inherent error of assay type, laboratory space to avoid contamination during
processing, and personnel availability and expertise.5 Therefore, studies about use of
pooling NAT for monitoring treatment failure in various circumstances are needed. Three
pooling approaches have been evaluated in previous studies, including minipools, minipool
+ algorithm, and matrix + algorithm.4 Each of these approaches demonstrated a reduction in
the number of assays that need to screen a population receiving ART with minimal decrease
in sensitivity to detect ART failure, that is, “relative efficiency.”4,5 However, relative
efficiency varied by each approach, and the addition of an algorithm for determining the
deconvolution of pools greatly enhanced the relative efficiency. Specifically, the minipool
approach showed the lowest efficiency, and the matrix approach with 8 or 10 pool size was
the most efficient. The minipool + algorithm approach showed intermediated efficiency, and
among them, the one with pool size of 5 samples (5 minipool + algorithm) showed highest
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efficiency. It is also the strategy with the least likely technical errors.4 Based on previous
studies, the matrix + algorithm approach could potentially save more than the minipool +
algorithm, but the matrix platform has been demonstrated to be more technically demanding
with greater chance for contamination.6 Moreover, the matrix approach requires more
samples before testing can be performed, which could lead to longer turnaround time and is
likely not feasible at our institution. Therefore, we pursued evaluation of the minipool +
algorithm approach.
Based on these previously published data and liberally assuming that the accuracy of
minipool + algorithm strategy would be 100%, we calculated at what rate of virologic failure
would the minipool + algorithm strategy demonstrate improvement over testing samples
individually. Specifically, the relative efficiency of the minipool + algorithm would be a
point from “1 − ((1/N) + NR)” to “1 − ((1/N) + R)” [R = rate of virologic failure among the
individual samples, N = number of samples per one pooling test (pool size)]. Accordingly,
the minipool + algorithm approach would be more efficient than individual testing when the
rate of virologic failure (R) is lower than ((1/N) − (1/N2)). As an example, 5 minipool +
algorithm approach could be useful when the virologic failure rate is <16%.
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We then performed simulations of a 5 minipool + algorithm strategy using individual viral
load data collected from patients receiving ART for >6 months between January 2009 and
December 2010 at our urban Korean hospital. The viral load assay used (Roche COBAS
AmpliPrep/COBAS TaqMan) has a lower level of detection of 20 HIV RNA copies/mL, and
the cost per assay is 152,970 won (USD $136). Exceeding 200 copies/mL of HIV RNA was
defined as virologic failure according to recent HIV care guidelines.1 In this demonstration
evaluation, both actual individual test and simulated pooled assay were assumed to have no
measurement error; however, viral load values were evaluated based on a gamma
distribution of categories.
During the 24-month period, 1577 viral loads were performed for 351 HIV patients who
were receiving ART for >6 months. The overall virologic failure rate was 9.7% when the
cutoff value of HIV-RNA level was 200 copies/mL, while the distribution of viral loads
(copies/mL) was <20 (85.7%), 20–200 (4.7%), 200–1500 (3.5%), 1500–10,000 (2.2%), 104–
106(3.6%), and >106(0.4%). Based on these data, we selected the 5 minipool + algorithm for
the following simulation.
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We arranged the viral load sample data in chronological order assuming that testing would
be performed in order of prescription. Based on the minipool + 5 algorithm, 730 tests were
needed in simulation to screen all samples for ART failure, representing 847 tests saved and
a relative efficiency of 0.54. Converting the tests to cost, a total of USD $115,192 would
have been saved. Since the threshold of viral load for defining treatment failure in our study
was different from the previous study, and the threshold varied by each previous study,4-7
we also investigated the threshold of 1500 copies/mL and found that at 1500 copies/mL, the
virologic failure rate would be reduced from 9.7% to 6.2%, and the subsequent relative
efficiency would be 0.62.
In conclusion, the pooled NAT strategy with 5 minipool + algorithm seems to be a very
promising approach to effectively monitor patients receiving ART and save resources in
South Korea. However, this study was conducted retrospectively and in simulation, so we
could not analyze the turnaround time or accuracy, which could impact the usefulness of this
approach; therefore, a prospectively designed study should be conducted.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 March 01.

Kim et al.

Page 3

Acknowledgments
NIH-PA Author Manuscript

Supported by the National Research Foundation of Korea Grant funded by the Korean Government
(NRF-2011-220-E00015).

REFERENCES

NIH-PA Author Manuscript

1. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of
Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. Department of Health and Human
Services; Available at: http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/
adultandadolescentgl.pdf [Accessed July 1, 2012]
2. Calmy A, Ford N, Hirschel B, et al. HIV viral load monitoring in resource-limited regions: optional
or necessary? Clin Infect Dis. 2007; 44:128–134. [PubMed: 17143828]
3. Phillips AN, Pillay D, Miners AH, et al. Outcomes from monitoring of patients on antiretroviral
therapy in resource-limited settings with viral load, CD4 cell count, or clinical observation alone: a
computer simulation model. Lancet. 2008; 371:1443–1451. [PubMed: 18440426]
4. May S, Gamst A, Haubrich R, et al. Pooled nucleic acid testing to identify antiretroviral treatment
failure during HIV infection. J Acquir Immune Defic Syndr. 2010; 53:194–201. [PubMed:
19770802]
5. Smith DM, May SJ, Perez-Santiago J, et al. The use of pooled viral load testing to identify
antiretroviral treatment failure. AIDS. 2009; 23:2151–2158. [PubMed: 19730348]
6. Tilghman MW, Guerena DD, Licea A, et al. Pooled nucleic acid testing to detect antiretroviral
treatment failure in Mexico. J Acquir Immune Defic Syndr. 2011; 56:e70–74. [PubMed: 21124228]
7. van Zyl GU, Preiser W, Potschka S, et al. Pooling strategies to reduce the cost of HIV-1 RNA load
monitoring in a resource-limited setting. Clin Infect Dis. 2011; 52:264–270. [PubMed: 21288854]
8. Busch MP, Glynn SA, Stramer SL, et al. A new strategy for estimating risks of transfusiontransmitted viral infections based on rates of detection of recently infected donors. Transfusion.
2005; 45:254–264. [PubMed: 15660836]
9. Pilcher CD, Fiscus SA, Nguyen TQ, et al. Detection of acute infections during HIV testing in North
Carolina. N Engl J Med. 2005; 352:1873–1883. [PubMed: 15872202]
10. Pilcher CD, McPherson JT, Leone PA, et al. Real-time, universal screening for acute HIV infection
in a routine HIV counseling and testing population. JAMA. 2002; 288:216–221. [PubMed:
12095386]

NIH-PA Author Manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2014 March 01.

