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Abstract

Objective

According to the YY/T 1182—2010 standard of the People’s Republic of China on nucleic
acid amplification test reagents (kits) for medical industry, the accuracy, precision, linear
range, and analytic sensitivity of HIV-1 standardized quality control products should be
assessed. The Geneway HIV-1 Nucleic Acid Detection Kit from China has been success-
fully registered with the National Medical Products Administration. Here, we aimed to assess
for the first time its detection performance.

Methods

The accuracy, precision, analytic sensitivity, and linearity of the Geneway HIV-1 nucleic acid
quantification test kit were analyzed using a series of diluted standard control samples of
HIV-1 negative plasma. Clinical plasma samples were collected from 163 HIV-infected
patients and 38 HIV-negative patients. The detection performance of the Geneway assay
was compared with that of the US FDA-approved COBAS AmpliPrep/COBAS® Tagman®
HIV-1 test (Roche), version 2.0, for viral load (VL) monitoring.

Results

The absolute deviation of the assay between the logarithm of the measured concentration
and the logarithm of the expected concentration did not exceed +0.5 logarithmic units. All
coefficients of variation (CV%) for the assays were within 5%, indicating good precision in
the detection. The linearity of quantitation was excellent (r = 0.999). Overall agreement was
observed in 198 of the 201 specimens (98.51%), with a kappa value of 0.953. Bland-Altman
analysis revealed an average difference of 0.030 between the two assays, with 95.95%
(142/148) of the differences falling within the 95% confidence limits of agreement (-0.50,
0.56). Linear regression results demonstrated a strong linear correlation between the two
assays, with a high Pearson correlation coefficient (r = 0.980) and coefficient of determina-
tion (R% = 0.960, p < 0.001).
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Conclusions

The Geneway HIV-1 VL assay demonstrated excellent accuracy, precision, analytic sensi-
tivity, and linearity. Compared to the Roche assay, the Geneway assay showed good perfor-
mance for HIV-1 VL detection, supporting its use in clinical practice.

Introduction

According to the Joint United Nations Programme on HIV/AIDS (UNAIDS), 39.0 million
people worldwide were living with HIV in 2022, 1.3 million were newly infected, and 630,000
died from AIDS-related illnesses [1]. By the end of 2020, there were 1.053 million reported
cases of HIV infection in China, resulting in 351,000 deaths [2]. To end the AIDS epidemic by
2030, 95-95-95 targets for 2025 were set by UNAIDS in 2021, establishing goals for diagnosis,
access to sustained HIV antiretroviral therapy (ART), and viral suppression for people living
with HIV [3]. Viral load (VL) quantitation of HIV-1 has primarily been utilized for the moni-
toring of antiviral therapy, including determination of treatment timing, assessment of treat-
ment efficacy, and early detection of drug resistance. It can also serve as a supplementary
diagnostic tool for HIV infection and blood screening [4,5]. The World Health Organization
(WHO) recommends routine VL testing 6 and 12 months after the start of ART and every 12
months thereafter [6]. Monitoring plasma VL levels is essential to detect treatment failure;
therefore, there is an increasing global demand for widespread access to VL measurement
[7.8].

Assays used to monitor HIV-1 VL have demonstrated high sensitivity and accuracy. HIV-1
is a chronic infection that requires long-term treatment and monitoring. During this time, VL
measurements may be performed in various laboratories or using different assays and analyz-
ers within the same laboratory. Therefore, it is crucial to ensure consistent, concordant, and
interchangeable results across laboratories and assays. The Geneway HIV-1 Nucleic Acid
Detection Kit from China has been successfully registered with the National Medical Products
Administration. To the best of our knowledge, however, there have been no studies evaluating
its performance. Currently, the most widely used method for HIV RNA quantification is the
US FDA-approved COBAS AmpliPrep/ COBAS® Taqman® HIV-1 test, version 2.0, which is
based on the same principle as the Geneway assay using real-time fluorescence quantitative
PCR technology. Here, we aimed to assess the Geneway assay’s performance and compare it
with COBAS AmpliPrep/ COBAS® Tagman® HIV-1 test, version 2.0, for VL monitoring
using clinical samples. We initially assessed the accuracy, precision, analytical sensitivity, and
linearity of the Geneway kit using a dilution series of HIV-1 negative plasma standard control
samples. Subsequently, we compared VL results from the Geneway and Roche COBAS assays
using plasma samples from 163 HIV-infected and 38 HIV-negative patients, and we assessed
the concordance between the two methods with Bland-Altman analysis across different VL
groups.

Materials and methods
Sample collection

HIV-1 quantitative quality control materials S1 (2.3E+05 IU/mL) and S3 (2.6E+03 IU/mL) as
well as HIV-1 pseudovirus (1.0E+08 IU/mL) were procured from Beijing Conchestan Biotech-
nology Co., Ltd. According to the "GB/T21415-2008/1SO17511:2003" standard for in vitro
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diagnostic medical devices, this reference material is traceable to the WHO reference material
(NIBSC code: 97/650).

In total, 201 blood samples from HIV-infected and HIV-negative patients were collected
between March and June 2023 by the Shandong Provincial Center for Disease Control and
Prevention. Of the 163 plasma samples that tested positive for HIV-1 antibodies, confirmation
was achieved through western blot analysis. Additionally, 38 plasma samples tested negative
for HIV antibodies, as determined by ELISA screening. Plasma was obtained from samples
treated with EDTA to prevent coagulation and stored at —70°C after collection. Initially, the
samples were thawed, mixed, and split into two tubes, with one tube allocated for COBAS test-
ing and the other for Geneway testing. The research involving human samples complied with
all relevant national regulations, institutional policies, and the tenets of the Declaration of Hel-
sinki (as revised in 2013) and was approved by the Shandong Center for Disease Control and
Prevention, Jinan, China (IRB No: SDJK-2022-048-01). The data were accessed on July 3,
2023, after obtaining ethical approval for research. Written informed consent was waived as
no epidemiological investigation was involved.

HIV-1 VL detection

The Geneway HIV-1 Nucleic Acid Quantification Detection System includes the HIV-1
Nucleic Acid Testing Reagent Kit (PCR-Fluorescent Probe Method) (Geneway, Jinan, China),
an Automatic Nucleic Acid Purification Instrument (Geneway, Jinan, China), and the Quant-
Studio Q5 Real-time Fluorescent Quantitative PCR Instrument (ABI, USA), which features a
linear quantitation range of 50-1.0E+08 IU/mL and a minimum detection limit of 30 IU/mL,
were used. Results above the 50 IU/mL standard were reported as positive. The reference assay
HIV-1 Nucleic Acid Quantification System includes the Roche COBAS® AmpliPrep/
COBAS® TagMan® HIV-1 test, version 2.0 (real Time-PCR; Roche, Basel, Switzerland)
assay in conjunction with the COBAS® TaqMan®) 48 Analyzer for automated amplification
and detection (Roche, Basel, Switzerland), which features a linear quantitation range of 34—
1.67E+07 IU/mL and a minimum detection limit of 34 IU/mL. Results above the 34 IU/mL
standard were reported as positive. Sample preparation, RNA extraction, purification, nucleic
acid amplification, and other procedures were performed according to the manufacturer’s
instructions.

The accuracy, precision, analytic sensitivity, and linearity of the Geneway HIV-1 nucleic
acid quantification test kit were analyzed using a series of diluted standard control samples of
HIV-1 negative plasma. Nucleic acid extraction and purification, RNA isolation, reverse tran-
scription, and quantitative real-time polymerase chain reaction (QRT-PCR) were performed
according to the manufacturer’s instructions (Geneway, Jinan, China).

Accuracy analysis

The HIV-1 quality control material S1 was diluted to achieve concentrations of 2.3E+05, 2.3E
+04, 2.3E+03, and 2.3E+02 IU/mL, followed by three-fold testing for each concentration.

Precision analysis

HIV-1 negative sample plasma was used to dilute the HIV-1 pseudo-virus sample (1.0E+08
IU/mL) to high (1.0E+04 IU/mL) and low (1.0E+03 IU/mL) concentrations. Each experiment
was repeated five times with at least four parallel samples in each experiment. The results were
then subjected to intra-assay testing.
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Analysis of the linear range

The HIV-1 control material at a concentration of 1.00E+08 IU/mL was diluted to produce
seven concentrations: 1.00E+07, 1.00E+06, 1.00E+05, 1.00E+04, 1.00E+03, 1.00E+02, and
5.00E+01 IU/mL. Each sample was subjected to two tests.

Analytic sensitivity analysis
The HIV-1 control material S3, initially at a concentration of 2.6E+03 IU/mL, was diluted to
3.0E+01 IU/mL and then subjected to 25 tests.

HIV-1 detection results from plasma samples using Geneway and Roche COBAS were
compared, and the performance of the Geneway HIV-1 VL detection assay was evaluated.
Based on the VL test outcomes from the Roche COBAS platform, positive specimens were
classified into two distinct categories: those with a VL of 1000 copies/mL or higher, and those
with a VL below 1000 copies/mL. Subsequently, the concordance between the two assay
reagents across varying VL thresholds was evaluated. All tests were performed by the same
operator.

Statistical analysis

The HIV-1 VL (IU/mL) detection results were transformed into logarithmic values and ana-
lyzed using statistical software, including SPSS Statistics 23.0 and GraphPad Prism 8.0 (Graph-
Pad Software, San Diego, California USA, www.graphpad.com). According to the HIV-1 RNA
WHO International Standard based on Nucleic acid Technology (NIBSC 97/656), one copy of
HIV-1 RNA is equivalent to 1.7+0.1 IU [9].

Based on the standard of the People’s Republic of China on nucleic acid amplification test
reagents (kits) for medical industry (National Standard of the Peoples Republic China, YY/T
1182-2010), the accuracy was considered qualified if the absolute deviation of the test results
did not exceed + 0.5 logarithmic orders of magnitude. The intra-assay precision was assessed
by calculating the mean, standard deviation (SD), and coefficient of variation (CV%) for each
concentration, with precision deemed acceptable if the CV% for the logarithmic detection con-
centrations was < 5%. The detection limit was considered qualified if the detection rate
exceeded 95% of the lower limit in 25 repeated detections, according to the manufacturer’s
instructions (Geneway, Jinan, China). A linear range was deemed qualified if the Pearson cor-
relation coefficient (r) was > 0.98.

The Cohen’s Kappa Statistic (kappa statistic) assessed the agreement in the qualitative
results between the Geneway and reference assays. A kappa value of < 0.4 indicated poor
agreement, 0.4 < kappa < 0.75 indicated moderate agreement, and kappa > 0.75 indicated
excellent agreement. The Bland-Altman model was utilized to analyze the consistency of HIV-
1 VL quantification results by evaluating the deviation between the detection results of the two
assays. A linear regression equation was used to evaluate the correlation between the results of
the two assays. Subsequently, the Pearson correlation coefficient (r) and coefficient of determi-
nation (R*) were calculated, and differences were considered statistically significant at
p < 0.05. The raw data is presented in the S1 Raw data.

Results
Accuracy analysis

The accuracy of the Geneway HIV-1 Test Kit was assessed by comparing the expected and
measured levels of HIV-1 quantitative quality control materials at four different concentra-
tions, ranging from 2.30E+05 to 2.30E+02 IU/mL. The results demonstrated that the absolute
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Table 1. Analysis of the accuracy of the Geneway HIV-1 test kit.

Expected (IU/mL)
2.30E+05
2.30E+04
2.30E+03
2.30E+02

https://doi.org/10.1371/journal.pone.0315579.t001

Expected [Log;o(IU/mL)] Mean [Log;o(IU/mL)] ALog;o(IU/mL)
5.36 5.41 0.05
4.36 4.42 0.06
3.36 3.40 0.04
2.36 2.34 -0.02

deviation between the measured concentration’s logarithm and the expected concentration’s
logarithm did not exceed +0.5 logarithmic units (Table 1).

Precision analysis

The results showed that the intra-assay coefficient of variation was < 5% (Table 2). The low
concentration level (1.0E+03 IU/mL) had a mean log;o(IU/mL) of 3.01, with a standard devia-
tion of 0.059 and a coefficient of variation of 2.03%. At the high concentration level (1.0E+04
IU/mL), the mean log;o(IU/mL) was 4.00, with a standard deviation of 0.038 and a coeftficient
of variation of 0.98%.

Analysis of the linear range

The results indicated that the assay exhibited linearity across the concentration range of 5.00E
+01 to 1.00E+07 IU/mL, with a linear slope of 1.016 and a correlation coefficient (r = 0.999) >
0.98 (Fig 1).

Analytic sensitivity analysis
The HIV-1 control material S3, initially at a concentration of 2.6E+03 IU/mL, was diluted to
3.0E+01 IU/mL and then subjected to 25 tests. The results demonstrated a 95% detection pro-

portion at a sample concentration of 3.0E+01 IU/mL, with the limit of quantitative detection
set at the same level.

Comparison of test results for HIV-1 infected patients between the two
assays

Plasma samples from 163 patients infected with HIV-1 and 38 HIV-1-negative patients under-
went qualitative analysis for HIV-1 using two distinct detection methods. The results showed
that the 201 samples exhibited consistent test outcomes (Table 3). Compared to the reference
assay, the positive agreement proportion with the test kit was 98.77%, whereas the negative
agreement proportion was 97.44%, resulting in an overall agreement proportion of 98.51%.
The Kappa Statistic revealed a value of 0.953 (p < 0.001), indicating a high level of consistency
in qualitative detection between the two assays.

Among the 161 HIV-1 positive plasma samples, 88 contained subtype information, with 46
samples classified as CRFO1_AE, 26 as CRF07_BC, six as CRF08_BC, five as CRF55_ 01 B, and

Table 2. Analysis of the precision of the Geneway HIV-1 test kit.

Low Concentration
High Concentration

https://doi.org/10.1371/journal.pone.0315579.t002

Intra-assay precision

Mean SD CV%
[Log;o(IU/mL)] [Log;o(IU/mL)]

3.01 0.059 2.03%

4.00 0.038 0.98%

PLOS ONE | https://doi.org/10.1371/journal.pone.0315579 December 13, 2024 5/10


https://doi.org/10.1371/journal.pone.0315579.t001
https://doi.org/10.1371/journal.pone.0315579.t002
https://doi.org/10.1371/journal.pone.0315579

PLOS ONE

Evaluation of an HIV-1 viral load assay

Y=1.016*X-0.0753
r=0.9988, p<0.001

R%=0.9976

Geneway HIV-1 VL
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| |

o
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Fig 1. Linear relationship between the Geneway HIV-1 test results and the dilution factor.
https://doi.org/10.1371/journal.pone.0315579.g001

o
-

five as subtype B. In this study, both the Geneway and reference test kits successfully identified
all 88 samples containing subtype information.

Consistency in quantitative test results between the two assays

The results of 148 samples fell within the linear quantitative range of both the Geneway and
Roche HIV-1 VL reagents. Bland-Altman analysis revealed an average difference of 0.030
between the two methods, with 95.95% (142/148) of the differences falling within the 95% con-
fidence interval (-0.50, 0.56) (Fig 2A). The linear regression results demonstrated a high linear
correlation between the two assays, with a Pearson correlation coefficient of r = 0.980 and a
coefficient of determination of R* = 0.960, p < 0.001 (Fig 2B).

Based on the VL test results for the reference assay, 148 positive samples were stratified into
VL > 1000 copies/mL and VL< 1000 copies/mL groups. The Bland-Altman analysis revealed
that in the VL > 1000 copies/mL group, the mean difference between the two methods was
0.053, and 98.15% (106/108) of the samples exhibited differences within the 95% confidence
interval (-0.39, 0.49) (Fig 3A). In the VL<1000 copies/mL group, the mean difference between
the two methods was —0.034, with 92.50% (37/40) of the samples demonstrating differences

Table 3. Comparison of HIV-1 infected patients results for the Geneway and reference test Kits.

Geneway Roche Total
Positive Negative
Positive 160 1 161
Negative 2 38 40
Total 162 39 201

https://doi.org/10.1371/journal.pone.0315579.t003
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Fig 2. Bland-Altman and Pearson correlation analyses of the Geneway and reference assays. (a) Bland-Altman analysis
of the Geneway and reference assay test results (n = 148). The blue dashed line represents the 95% confidence interval of the
difference in test results (d + 1.96 SD, d: Mean difference, SD: Standard deviation of the difference). The red dashed line
represents the average difference in test results of the two assays. (b) Linear regression analysis of the Geneway and reference
test results (n = 148).

https://doi.org/10.1371/journal.pone.0315579.9002

within the 95% confidence interval (-0.75, 0.68; Fig 3C). The linear regression results demon-
strated that in the VL > 1000 copies/mL group, the two assays exhibited a strong linear corre-
lation, with a Pearson correlation coefficient of r = 0.966, a determination coefficient of R* =
0.933, and p < 0.001 (Fig 3B), while in the VL< 1000 copies/mL group, the two assays

(a) VL21000 cp/mL (n=108) (b) VL21000 cp/mL (n=108)
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Fig 3. Bland-Altman and Pearson correlation analyses for the Geneway and reference assays at different VLs. Bland-
Altman (a) and linear regression (b) analyses of the Geneway and reference assay test results for the VL > 1000 copies/mL
group. Bland-Altman (c) and linear regression (d) analyses of the Geneway and reference assay test results for the VL<
1000 copies/mL group.

https://doi.org/10.1371/journal.pone.0315579.9003
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exhibited a Pearson correlation coefficient of r = 0.734, a determination coefficient of R? =
0.538, and a p < 0.001 (Fig 3D).

Discussion

VL testing plays a critical role as a laboratory test indicator for HIV prevention and control. In
recent years, owing to the increasing HIV-infected population, various assays have been com-
monly used to measure VL in practical settings. Analyzing and comparing the test results of an
assay is essential for evaluating its performance [10]. Our study evaluated the HIV-1 Geneway
assay for accuracy, precision, analytic sensitivity, linearity, and detection of the common sub-
types. These results demonstrated its excellent performance.

The Roche VL load assay was used as the reference assay in our study. Both assays employ
real-time fluorescence PCR to monitor the PCR process by introducing a fluorescent group
into the reaction system. They quantitatively detect the target genes by constructing a standard
curve. HIV-1 exists throughout the world as different subtypes comprising different genetic
variants [11,12]. Nevertheless, both detection methods target the gag gene and LTR region by
referencing the relatively conserved sequences of the identified HIV-1 M and O groups,
thereby avoiding mutation-prone regions. This substantially diminishes the likelihood of false-
negative results in positive samples.

We obtained 163 plasma samples from HIV-infected patients and 38 HIV-1-negative
patients, and evaluated them using two different reagents: the Geneway assay and the Roche
reference assay. Qualitative test results from both assays showed good consistency. Overall
agreement was observed in 198 of 201 specimens (98.51%), with a kappa value of 0.953. The
Pearson’s correlation coefficient between the two assays was 0.980. The test results of the
remaining three samples were inconsistent. Two plasma samples tested negative in the Gene-
way assay, whereas the corresponding Roche assay results were 6.51E+01 IU/mL and 2.47E
+02 IU/mL. A plasma sample tested negative in the Roche assay, while the corresponding
result of the Geneway assay was 5.19E+01 IU/mL. Variations in the results may be due to the
selection of diverse probe sequences, reaction systems, and primers utilized in distinct assays
[13]. For example, the Geneway assay requires at least 200 uL of sample, while the Roche assay
requires at least 850 pL of sample. Moreover, as HIV is a retrovirus, its genomic mutation pro-
portion is exceptionally high. Hence, mutations in the target genes of the tested sample
genomes may have led to disparities between the results as well.

Automated real-time PCR technologies with an expanded dynamic range and reduced sus-
ceptibility to contamination have supplanted endpoint-based methods for VL measurement.
With the decrease in the lower limits of detection and quantification of these platforms, tran-
sient low-level viremia (viral blips of 50-500 copies/mL) and persistent low-level viremia have
increasingly been observed in patients undergoing ART [14-16]. Of the 40 samples with a
viral load below 1,000 copies/mL analyzed in this study, 24 exhibited a viral load below 500
copies/mL. The clinical significance of low-level viremia remains a matter of debate [14,17];
however, some studies have suggested its role in predicting treatment failure and early onset of
drug resistance [18]. Hence, standardizing and developing assays with a reliable readout close
to the lower limit of quantification and establishing thresholds that define treatment failure are
crucial for clinical decision-making.

Using the Roche assay with compatible equipment and consumables yields stable and reli-
able results. However, this comes with high equipment and consumable costs, a rigorous labo-
ratory environment, and space demands. Nonetheless, its fully automated operational process
is relatively straightforward and user-friendly, making it better suited for VL testing in larger
medical facilities with substantial sample sizes. The Geneway assay offers a cost advantage and
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is compatible with commonly used real-time fluorescence quantitative PCR instruments. By
adhering to the zoning concept of PCR laboratories during instrument installation, the appli-
cation of domestic assays in community-level laboratories is expected to expand.

The limitation of this study is its relatively small sample size, especially for the group with
VL<1000 copies/mL. Additionally, we only compared the results for two reagents and did not
categorize and compare the HIV-1-related subtypes that may be involved in the test samples.

In summary, the Geneway assay assessed in this study exhibited excellent precision and a
broad linear detection range, displaying a strong consistency with imported assays. Compared
to imported assays, the Geneway assay offers advantages such as reduced sample input, accessi-
ble detection equipment, and affordability, enhancing its acceptability by clinical physicians
and patients. However, the Geneway assay must improve the detection precision in the low VL
concentration range to achieve better detection performance.
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