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Abstract

Background: Measurement of viral load in human immunodeficiency virus type 1 (HIV-1) infected patients is essential 
for the establishment of a therapeutic strategy. Several assays based on qPCR are available for the measurement of viral 
load; they differ in sample volume, technology applied, target gene, sensitivity and dynamic range. The Bioneer AccuPower®  
HIV-1 Quantitative RT-PCR is a novel commercial kit that has not been evaluated for its performance.

Objective: This study aimed to evaluate the performance of the Bioneer AccuPower® HIV-1 Quantitative RT-PCR kit.

Methods: In total, 288 EDTA plasma samples from the Dharmais Cancer Hospital were analyzed with the Bioneer  
AccuPower® HIV-1 Quantitative RT-PCR kit and the Roche COBAS® AmpliPrep/COBAS® TaqMan® HIV-1 version 2.0 
(CAP/CTM v2.0). The performance of the Bioneer assay was then evaluated against the Roche CAP/CTM v2.0. 

Results: Overall, there was good agreement between the two assays. The Bioneer assay showed significant linear correla-
tion with CAP/CTM v2.0 (R2=0.963, p<0.001) for all samples (N=118) which were quantified by both assays, with high 
agreement (94.9%, 112/118) according to the Bland-Altman model. The mean difference between the quantitative values 
measured by Bioneer assay and CAP/CTM v2.0 was 0.11 Log10 IU/mL (SD=0.26).

Conclusion: Based on these results, the Bioneer assay can be used to quantify HIV-1 RNA in clinical laboratories.
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Introduction
HIV is the responsible etiologic agent for the onset of AIDS, 

a disease characterized by the depletion of CD4+ helper T-cells.1 
AIDS leaves the host susceptible to opportunistic infections and 
cancer development, which frequently result in mortality.2 At 
the end of 2013, there were 35 million people living with HIV. 
This number has risen as more people are living longer because 
of antiretroviral therapy (ART), alongside the number of new 
HIV infections which, although declining, is still very high.

Measurement of viral load in HIV-1 infected patients is  
essential for the establishment of a therapeutic strategy. In 
2013, the World Health Organization recommended that, with
the exception of dried blood spot samples, the threshold for  
detection of virological failure should be lowered to 1,000

copies/mL.3 Thus, the commercial HIV-1 quantitative assay 
should be able to detect and quantify at least 1,000 copies/mL. 
Several commercial kits utilizing different principles, such as 
nucleic acid sequence based amplification (NASBA), branched 
DNA (bDNA) and reverse transcriptase real-time PCR (RT 
-qPCR) have been developed to detect and quantify HIV-1 
RNA.4 These kits are able to detect and quantify HIV-1 viral 
load of 1,000 copies/mL, which is within the linear range of viral 
load assay claimed by manufacturers.5

Indonesia, a country with a population of 249.9 million 
in 2013, has an estimated HIV prevalence of 0.5% among the 
15 to 49-year-old age group. The situation in Indonesia is a  
cause for concern, as new HIV infections have increased by



Material and Methods
Ethical approval

This study has been approved by the Dharmais Cancer  
Hospital Ethics Committee (approval number: 060/KEPK/IX/ 
2016).

Clinical samples and WHO panel
For the determination of the limit of detection (LoD), 

a WHO panel (WHO International Standard Third HIV-1  
International Standard, NIBSC code 10/152, subtype B) was 
used. For the evaluation of HIV-1 subtype detection, the  
Second WHO International Reference Panel Preparation 
for HIV-1 Subtypes for NAT (Main) (NIBSC code: 12/224) 
and the First WHO International Reference Preparation for  
HIV-1 CRFs (NIBSC code: 13/214) were used. The panels  
included 14 subtypes from Group M, including subtype AE  
and Circulating Recombinant Form (CRF)01_AE which were 
the subtypes reported as the most prevalent in some provinces 
in Indonesia,7,8 plus Group N and Group O. 

A total of 288 EDTA plasma samples from outpatients  
requesting HIV-1 RNA viral load testing were collected at 
the Dharmais Cancer Hospital, Indonesia consisting of fresh  
samples (N=94) which were stored at 4-8°C before testing 
and frozen samples (N=194) which were stored at -20°C until  
testing.

Measurement of viral load
Bioneer AccuPower® HIV-1 Quantitative RT-PCR kit

The HIV-1 RNA was quantified using an ExiStation™  
Universal Molecular Diagnostic System which consisted of 
three ExiPrep™ 16 Dx nucleic acid extraction instruments 
and one Exicycler™ 96 real-time quantitative thermocycler.
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48% from 2005 to 2013, and the country’s share of new HIV 
infections in the Asian/the Pacific region reached 23% in 2013, 
second only to India.6 The high incidence of HIV-1 infection 
in Indonesia consequently translates into a high demand for  
HIV-1 viral load measurement. Unfortunately, HIV-1 viral 
load measurement is still considered expensive, and requires  
expensive analyzers and skilled operators, and is therefore still 
underutilized.

The Bioneer AccuPower® HIV-1 Quantitative RT-PCR kit 
(Bioneer, Daejeon, Korea) is a novel commercial kit which  
applies TaqMan technology and targets the HIV-1 pol  
(integrase) gene for the quantification of HIV-1 group M, N 
and O in human EDTA-treated plasma. The dynamic range of  
AccuPower® HIV-1 Quantitative RT-PCR kit is 100~100,000,000 
IU/mL. This system uses only 0.4 mL plasma, and has a short 
turnaround time of 3.5 hours. Thus, the Bioneer kit and  
ExiStation™ Universal Molecular Diagnostic System offer an  
affordable alternative for HIV-1 viral load testing for  
developing countries, but its performance has not been  
evaluated in Indonesia.

In this study, the performance of the Bioneer AccuPower® 
HIV-1 Quantitative RT-PCR kit was evaluated in comparison 
to the Roche CAP/CTM v2.0 assay, which is the assay currently 
used at the Dharmais Cancer Hospital, a referral hospital for 
HIV testing in Indonesia.

ExiStation™ manager software controlled the entire process 
of nucleic acid preparation, amplification, automatic data  
acquisition and analysis, and finally delivered a report to 
the user. The ExiPrep™ 16 Dx automated the extraction and  
purification of nucleic acids from clinical specimens by  
utilizing magnetic particle technology. All reagents for  
extraction were included in the cartridge of the ExiPrep™ Dx  
Viral RNA kit. Extracted RNA was eluted into diagnostic  
reaction tubes directly, and thus RT-qPCR on the Exicycler™ 96 
was performed without any manual pipetting steps.9

HIV-1 RNA was extracted from 0.4 mL of EDTA plasma 
using the ExiPrep™ Dx Viral RNA kit and the ExiPrep™ 16 
Dx of the ExiStation™ system. The extracted HIV-1 RNA was  
automatically loaded into the PCR tubes of the AccuPower® 
HIV-1 Quantitative RT-PCR kit, and RT-qPCR was performed 
by the Exicycler™ 96 real-time quantitative thermocycler with 
the following program: 55°C for 15 min; 95°C for 5 min; 45 
cycles of 95°C for 5 sec, 55°C for 5 sec and fluorescence scan; 
25°C for 1 min. All procedures were conducted according to 
the manufacturer’s instructions. The concentration of HIV-1 
RNA was determined based on the threshold cycle (Ct), and the  
corresponding RNA concentration (IU/mL) was calculated  
using a standard curve. An internal positive control consisting 
of RNA sequences unrelated to the HIV-1 target sequence, was 
preloaded in each sample loading tube from the beginning of 
RNA extraction from specimens to determine whether the  
nucleic acids were properly extracted and amplified in each  
reaction and whether PCR was inhibited by the sample.

Roche Cobas AmpliPrep/Cobas TaqMan HIV-1 test, v2.0 (CAP/ 
CTM v2.0)

The Roche COBAS AmpliPrep/COBAS TaqMan HIV-1 test 
v2.0 (CAP/CTM v2.0) (Roche Diagnostics Ltd, Burgess Hill, 
UK) uses a fully automated analyzer for the quantification of 
HIV-1 groups M and O in human plasma. CAP/CTM v2.0  
targets both the gag and LTR regions using two dual-labeled  
hybridization probes with a dynamic range of 34-17,000,000 
IU/mL and LoD of 34 IU/mL.10 HIV-1 RNA was obtained 
from a 0.85 mL of EDTA plasma using the COBAS AmpliPrep  
system. RNA was extracted using the COBAS AmpliPrep  
system prior to being automatically transferred to the COBAS 
TaqMan system for amplification and detection. All procedures 
were conducted according to the manufacturer’s instructions.

Statistical analysis
The correlation coefficient (r) was used to assess the 

strength of the linear association between the log10 IU/mL  
levels in the quantified samples measured by the two assays. The  
Bland-Altman method was used to assess the level of agreement 
between the paired measurements.11 The correlation coefficient, 
the Bland-Altman plot, mean differences and standard  
deviation (SD) were generated using SPSS 18.0 software.

Results
Limit of detection 

The LoD of the Bioneer HIV-1 assay was determined by  
analyzing a dilution series of the WHO Panel (Third HIV-1  
International Standard, subtype B) at concentrations of 100, 
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Table 2. Comparison of HIV-1 viral load determinations by 
both assays.

No. of samples with the following result with 
CAP/CTM v2.0

Undetected <LloQ Quantified Total

Results 
with 
Bioneer 
assay

Undetected 107 14 4 125

<LLoQa 5 16 19 40

Quantified 4 1 118 123

Total 116 31 141 288

a LLoQ: Lower limit of quantification

Table 1. Limit of Detection of the Bioneer HIV-1 test using 
the WHO International Panel.

Concentration (lU/mL) Percent detected
(Number detected / Number tested)

100 100 (30/30)

50 100 (31/31)

25 93.5 (29/31)

12.5 56.3 (18/32)

6.3 32.3 (10/31)

2.1 29 (9/31)

50, 25, 12.5, 6.3, and 3.1 IU/mL. The detection rates of each  
concentration are summarized in Table 1. The proportion 
of positive results from each concentration was analyzed to  
calculate the 95% hit detection limit, which was 38.0 IU/mL.

Figure 1. Correlation between HIV-1 RNA levels from all quantified samples obtained using the Bioneer assay and the CAP/
CTM v2.0, R2 = 0.963 (A). Agreement between the Bioneer assay and CAP/CTM v2.0 calculated using the Bland–Altman model 
(B). Solid horizontal lines indicate the mean values, and red-dashed horizontal lines indicate the ± 2 SD values.

(A) (B)

The detection of HIV-1 subtypes by the assay was evaluated 
using the WHO subtype panel, which includes 14 subypes: A, 
C, D, AE, F, G, AG-GH, CRF_11AJ, CRF_02AG, CRF_01AE, 
CRF_01AGJU, CRF_24BG, J, and CRF_ADG. The assay  
detected all 14 subtypes at a concentration of 100, and at 50  
IU/mL when four replicates of each concentration were tested. 
The assay detected positive all of four replicates of Group N at a 
level of 50 IU/mL and Group O at a level of 100 IU/mL.

Performance of the AccuPower® HIV-1 Quantitative RT-PCR 
kit versus CAP/CTM v2.0

Of the 288 EDTA plasma samples, HIV-1 was not detected 
in 107 samples, detected below the lower limit of quantification

The Bioneer assay showed a significant linear correlation 
with the CAP/CTM v2.0 assay (R2=0.963, p<0.001) for all 
samples (N=118) that were quantified by both assays (Figure 
1A), with high agreement (94.9%, 112/118) according to 
the Bland-Altman model (Figure 1B). The fitted regression  
equation was: Bioneer assay = 1.0563×CAP/CTM v2.0 - 0.1549. 
The mean difference between the quantitative values measured 
by the Bioneer assay and the CAP/CTM v2.0 assay was 0.11 log10 
IU/mL (SD=0.26).

(LLoQ) in 16 samples, and quantified in 118 samples by both 
assays (Table 2). Among the 118 quantified samples, 17 samples 
were quantified between the LLoQ and 1,000 copies/mL. The 
average viral loads (log10 IU/mL; the conversion factor for HIV
RNA was 1.74 copies/IU) in the 17 samples measured by the  
Bioneer assay and CAP/CTM v2.0 were 2.44 (SD=0.27) and
2.53 (SD=0.36), respectively.

R2 = 0.963
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The Bland-Altman model of the 17 low copy samples 
which were quantified between the LLoQ and 1,000 copies/mL 
showed good agreement between the two assays (88.2%, 15/17).  
A difference of >0.3 log10 IU/mL was observed in two samples 
(11.8%), in which the concentrations (log10 IU/mL) were 
2.62 and 2.67 by Bioneer (3.09 and 3.02 by CAP/CTM v2.0,  
respectively); a difference of >0.5 log10 IU/mL was observed in 
three samples (17.6%), in which the concentrations (log10 IU/
mL) were 2.09, 3.07, and 2.67 by Bioneer (3.22, 2.16, and 2.03 
by CAP/CTM v2.0, respectively). The mean difference in 17
low copy samples between the quantitative values measured by 
the Bioneer assay and the CAP/CTM v2.0 assay was -0.08 log10 
IU/mL (SD=0.43) (Figure 2). Overall, the quantification of low 
copy samples was similar by both assays.

Figure 2. Bland-Altman model of 17 low copy samples with 
VL between LLoQ and 1,000 copies/mL. Solid horizontal 
line indicates the mean value, and red-dashed horizontal lines  
indicate the ± 2 SD values.

The average viral loads (log10 IU/mL) in the 118 samples 
measured by the Bioneer assay and CAP/CTM v2.0 were 
4.81 (SD=1.31) and 4.70 (SD=1.21), respectively. There were 
four samples that were quantified by CAP/CTM v2.0, but not  
detected by the Bioneer assay. The viral loads were 57, 86, 118, 
and 130 IU/mL by CAP/CTM v2.0. In contrast, four samples 
were quantified by the Bioneer assay, but not detected by CAP/
CTM v2.0. The viral loads determined by the Bioneer assay were 
584, 404, 135, and 204 IU/mL.

Discussion
 HIV-1 viral load is the most important indicator of initial 

and sustained response to ART and should be measured 
in all HIV-infected patients at entry into care, at the  
initiation of therapy, and on a regular basis thereafter.12  
Current international guidelines and clinical trials define  
virological suppression as the achievement and maintenance of 
an HIV-1 RNA level of 50 copies/mL or to levels below assay 
limits as the virologic endpoint of successful ART. In contrast, 
the HIV RNA threshold for defining virological failure differs 

between guidelines. The WHO guidelines define virological 
failure as a viral load that is persistently above 1,000 copies/
mL after ≥6 months on ART.3 The British HIV Association  
(BHIVA),13 International Antiviral Society (IAS),14 European 
AIDS Clinical Society (EACS),15 and Department of Health and 
Human Services (DHHS) guidelines consider virological failure 
to be a confirmed viral load of more than 400, 200, 50, or 48 
copies/mL after suppression, respectively.12,16

In the present study, 288 clinical samples were tested for 
the evaluation of the Bioneer assay in comparison with Roche
CAP/CTM v2.0. Of 288 samples, 118 samples were quantified
by the Bioneer assay and CAP/CTM v2.0. All 107 negative  
samples were negative in both assays, indicating that the  
Bioneer assay has a good specificity for the test. There were 19 
samples that were undetected by one assay and determined  
below the LLoQ by the other assay. Five samples were detected 
below the LLoQ in the Bioneer assay while these were not  
detected by CAP/CTM v2.0, and 14 samples were detected  
below the LLoQ in CAP/CTM v2.0 but not detected in the  
Bioneer assay. There were 20 samples below the LLoQ by one 
assay and quantified by the other assay. Of the 20 samples, one 
sample was quantified by the Bioneer assay (238 IU/mL) but  
detected below the LLoQ by CAP/CTM v2.0, and 19 samples 
were quantified by CAP/CTM v2.0 and detected below 
the LLoQ by the Bioneer assay. The average HIV-1 RNA  
concentration of the 19 samples was 109 IU/mL (SD=80.6). 
These results were likely caused by different LLoQ of each assay. 
The LLoQ of CAP/CTM v2.0 is 34 IU/mL, whereas the LLoQ of 
the Bioneer assay is 100 IU/mL. 

A total of eight samples were discordant. The Bioneer assay 
quantified four samples in which the average concentration 
of HIV-1 RNA was 331 IU/mL, all of which were undetected 
by the CAP/CTM v2.0 assay. CAP/CTM v2.0 quantified four  
samples in which the average concentration of HIV-1 RNA was 
98 IU/mL, all of which were undetected by the Bioneer assay. 
This result may be caused by the different primers. In a 2004 
case report in Thailand, a seven-year-old child with HIV-1 
subtype (CRF)01_AE, which is the most prevalent subtype in 
Indonesia, had undetectable HIV-1 RNA and DNA using env/
pol primers, but was positive using gag/pol.17 Bioneer uses 
a pol primer, while CAP/CTM v2.0 uses gag/LTR primers.  
Confirmatory tests for the discordant results of both assays were 
not performed due to the lack of samples.

A significant correlation (R2=0.963, p<0.001) between the 
two assays was found for the 118 quantified samples, even 
though the Bioneer assay uses 0.4 mL of plasma while CAP/
CTM v2.0 uses 0.85 mL of plasma for the test. Bland-Altman 
analysis revealed that the differences for 112 samples (94.9%) 
among the 118 samples were within the 2SD value, while those 
for the other six samples were outside the 2SD value, thus  
indicating good agreement between the two assays for the 118 
samples assessed as quantified by both assays.

Most guidelines recommend the use of a single  
quantification assay for therapeutic monitoring of HIV-1  
infected patients. Furthermore, several current guidelines  
advise against switching ART in HIV-1 infected patients when 
the HIV-1 viral load remains at 200 to 1,000 copies/mL, taking 
into account the possibility that it may represent a blip.3,12-15,18 

On the other hand, during ART, a careful assessment of
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Conclusion
In conclusion, a good agreement was observed between 

the two assays. The Bioneer assay met the performance criteria 
as an alternative for HIV-1 RNA quantification in clinical  
laboratories.
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persistent HIV-1 RNA in the range of 200 to 1,000 copies/mL 
is recommended, since viral evolution and drug resistance  
mutations might accompany low level viral replication,  
subsequently leading to virological failure.19-22 The Bioneer assay 
showed good agreement and significant quantification of the 
HIV-1 viral load with CAP/CTM v2.0 using low copy samples. 
These results indicate that the Bioneer assay is able to quantify 
low copy HIV-1 viral load in HIV-1 infected patients on ART.


