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Abstract

BACKGROUND

Hepatitis B virus (HBV) and hepatitis C virus (HCV) viral load (VL) estimation is
essential for the management of both HBV and HCV infections. Due to a longer
turnaround time for VL estimation, many patients drop out from the cascade of
care. To achieve the global goals of reducing morbidity and mortality due to
HBV/HCV and moving towards their elimination by 2030, molecular diagnostic
platforms with faster and random (i.e. single sample) access are needed.

AIM

To evaluate the performance of the recently launched NeuMoDx 96 random
access system with the conventional COBAS®AmpliPrep/ COBAS TagMan system
for HBV and HCV VL estimation.

METHODS

Archived once-thawed plasma samples were retrieved and tested on both
platforms. Correlation between the assays was determined by linear regression
and Bland-Altman analysis. The study included samples from 186 patients, 99 for
HBYV of which 49 were true infected HBV cases (hepatitis B surface antigen, anti-
hepatitis B core antibody, and HBV DNA-positive) and 87 for HCV assay in which
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39 were true positives for HCV infection (anti-HCV and HCV RNA-positive).

RESULTS

The median VL detected by NeuMoDx for HBV was 2.9 (interquartile range [IQR]: 2.0-4.3) log,, IU/mL and by
COBAS it was 3.70 (IQR: 2.28-4.56) log,, IU/mL, with excellent correlation (R* = 0.98). In HCV, the median VL
detected by NeuMoDx was 4.9 (IQR: 4.2-5.4) log,, IU/mL and by COBAS it was 5.10 (IQR: 4.07-5.80) log,, IU/mL
with good correlation (R* = 0.96).

CONCLUSION

The overall concordance between both the systems was 100% for both HBV and HCV VL estimation. Moreover, no
genotype-specific bias for HBV/HCV VL quantification was seen in both the systems. Our findings reveal that
NeuMoDx HBV and HCV quantitative assays have shown overall good clinical performance and provide faster
results with 100% sensitivity and specificity compared to the COBAS AmpliPrep/ COBAS TagMan system.

Key Words: Hepatitis B; Hepatitis C; NeuMoDx; Random access; Viral load; COBAS AmpliPrep

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, the clinical performance of the NeuMoDx 96 random access system for hepatitis B virus (HBV) and
hepatitis C virus (HCV) viral load (VL) quantification was evaluated and compared to the routinely used COBAS
AmpliPrep/COBAS TaqMan system. Good concordance was observed between both systems for the HBV and HCV VL
assays. Due to its random access (i.e. single sample access) characteristics and shorter turnaround, the NeuMoDx 96 can be
considered a faster and effortless molecular testing system.

Citation: Chooramani G, Samal J, Rani N, Singh G, Agarwal R, Bajpai M, Kumar M, Prasad M, Gupta E. Performance evaluation of
NeuMoDx 96 system for hepatitis B and C viral load. World J Virol 2023; 12(4): 233-241

URL: https://www.wjgnet.com/2220-3249/full/v12/i4/233 .htm

DOI: https://dx.doi.org/10.5501/wjv.v12.i4.233

INTRODUCTION

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are among the most common causes of chronic liver diseases
worldwide. This underscores its public health significance, with more than 250 million HBV carriers and about 70 million
people with chronic HCV infection[1]. As a result of HBV vaccination programs[2,3] and direct-acting antiviral treatment
against HCV[4], the prevalence of these infections has significantly decreased but both are still major risk factors for the
development of cirrhosis and hepatocellular carcinoma. In resource-poor nations, gaps in HBV and HCV screening,
treatment, and monitoring, as well as a lack of efficient therapeutic management choices for HBV /HCV-related liver
cancer, have resulted in a low survival rate among infected persons. In response to this significant worldwide public
health burden, the World Health Organization launched a worldwide Health Sector Strategy on Hepatitis 2016-2021 in
2016, with the objective of eliminating viral hepatitis as a public health issue by 2030[5]. Moreover, HBV and HCV
account for about 96% of all viral hepatitis deaths in low- and middle-income countries[1]. The complete burden of
disease includes not just death but also decreased quality of life for patients (due to cirrhosis and associated comor-
bidities), financial expenses of care for people and health care systems alike, and social economic costs[6]. Serological
assays to detect antigens/antibodies to HBV/HCV do not differentiate between an active and past infection; thus, an
active ongoing infection must be confirmed by the detection of viral DNA/RNA[7]. This two-step process for diagnosing
active HBV & HCV infection, i.e. first a serological test to screen for exposure, followed by a nucleic acid test (NAT) to
confirm viremia often takes a longer time and leads to patient loss to follow-up|[6].

Therefore, to prevent loss to follow-up of a patient from the cascade of care, it is important to have molecular assays
that are fully automated with high throughput and short turnaround (TAT), particularly in low-income countries[8].

At present, batch-based closed molecular testing platforms are routinely being used but recently fully automated
random access (i.e. single sample) closed systems are coming up and have demonstrated good potential[9,10]. The
NeuMoDx 96 molecular system (QIAGEN Sciences, Waltham, MA, United States) is one such recent fully automated
random access closed system. Therefore, the present study compared and evaluated the clinical performance of the
NeuMoDx 96 molecular system (referred to as assay 1) for HBV and HCV viral load (VL) testing with the routinely used
COBAS®AmpliPrep/COBAS® TagMan®, v2.0 (Roche Diagnostics, GmbH, Mannheim, Germany) system (referred to as
assay 2).
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MATERIALS AND METHODS
Study population

This was a retrospective study conducted in a tertiary care liver center in Delhi, India. A total of 186 archived once-
thawed plasma samples with pre-existing test results from initial routine lab testing were used. Among these, 99 samples
for the HBV assay and 87 samples for the HCV assay were simultaneously tested on both platforms from the same freeze-
thaw cycle. Of the 99 samples, 49 were HBV true positive (hepatitis B surface antigen [HBsAg], anti-hepatitis B core
antibody [anti-HBc] total, and HBV DNA-positive; VL range: 1 to > 10° log,, IU/mL), and the remaining 50 were
confirmed negatives for HBV (HBsAg, anti-HBc and HBV DNA-negative). In the HCV assay, of the 87 samples, 39 were
true positives for HCV infection (anti-HCV antibody and HCV RNA-positive; VL range: 1 to > 10° log,, IU/mL), and the
remaining 48 were confirmed negatives for HCV infection (anti-HCV antibody and HCV RNA negative).

The clinical details along with other virological parameters were obtained from our Hospital Information System.
Samples from patients with other co-infections, such as human immunodeficiency virus and hepatitis delta virus, on
immunosuppressants and samples with insufficient available volume were excluded. This study was approved by the
Institutional Ethics Board (Approval No. IEC/2023/102/MA06) and conducted as per the principles of the Declaration of
Helsinki. The study was performed on deidentified, anonymous, archived once-thawed clinical plasma samples.
Therefore, the requirement of individual patient consent was waived.

NeuMoDx 96 molecular system (assay 1)

In the NeuMoDx 96, 550 1L plasma was used in the instrument as per the manufacturer’s instructions. The results of the
test were automatically displayed on the system approximately within 1 h for HBV DNA and approximately within 1.25
h for HCV RNA. The results are expressed as IU/mL. The lower limit of detection (LOD) and lower limit of quantification

(LLOQ) for both HBV and HCV assays provided by the manufacturer are 8.0 IU/mL and 0.9 log,, IU/mL, respectively
(Table 1).

COBAS*AmpliPrep/COBAS® TagMan® (assay 2)

In the COBAS®AmpliPrep/COBAS® TagMan®, v2.0, 650 pL plasma sample was used in the instrument. The results of the
test were automatically displayed on the system within 5 h for HBV DNA and about 5 h 45 min for HCV RNA. For the
HBV assay, the LOD and LLOQ claimed by the manufacturer are 20 IU/mL and 1.3 log,, IU/mL, respectively. For the
HCYV assay, the LOD and LLOQ are > 15 IU/mL and 1.5 log,, IU/mL, respectively (Table 1).

Statistical analyses

The HBV and HCV VLs are expressed in log,, format. Continuous variables were summarized using the mean + SD or
median with interquartile range (IQR), as applicable. Categorical variables are presented as percentages. Linear
regression and Pearson’s correlation coefficient were determined for VL results between assay 1 and assay 2. The Bland-
Altman plot was used to determine the level of agreement between the assays, in which the difference in HBV VLs
measured by the two assays was plotted against the mean of the assays. All analyses were done using Statistical Package
for the Social Sciences software version 22 (SPSS Inc., Chicago, IL, United States).

RESULTS

Characteristics of the study population

The baseline demographic and clinical characteristics of the study population are described in Table 2. The male:female
ratio was 2.5:1.0. The overall mean age was 45 years * 15 years. The median VL detected for the HBV DNA-positive
samples was 2.9 (IQR 2.0-4.3) log,, IU/mL and 3.7 (IQR: 2.28-4.56) log,, [IU/mL for assay 1 and assay 2, respectively. For
HCV RNA, the median VL detected was 4.9 (IQR: 4.2-5.4) log,, IU/mL and 5.1 (IQR: 4.07-5.80) log,, IU/mL for assay 1
and assay 2, respectively. Further, for the HBV assay, genotyping data were available for 24 plasma samples with the
following information: GTD (n =10 as D1 and n = 8 as D2), GTA (n = 4, all as A1) and GTC (n = 2, all as C1). For the HCV
assay, genotype results were available for 34 plasma samples with the following distribution: GT3 (n =20 as 3a and n = 4
as 3b), GT1 (n = 6, all were GT1a), and GT4 (n = 4, all were GT4c).

Clinical performance of assay 1 for HBV VL

A total of 99 samples were analyzed, of which 49 were true HBV positives and 50 were true negatives for HBV infection.
A 100% concordance was observed for both positive and negative samples. Therefore, the sensitivity (95% confidence
interval [CI]: 92.75-100.00) and the specificity (95%CI: 92.89-100.00) were found to be 100%. Assay 1 showed no difference
in quantification of HBV VL across different genotypes compared to assay 2.

Correlation and agreement analyses of HBV VL measurement

A total of 49 confirmed HBV DNA-positive samples were used with VL ranging from 1.0 to 7.7 log,, IU/mL (Table 3).
Linear regression analysis of the quantifiable VLs obtained by both assays demonstrated a good correlation (Pearson’s
correlation coefficient; r* = 0.991) (Figure 1A). The Bland-Altman plot was used to determine the level of agreement
between the assays (Figure 1B). The mean difference between assay 1 and assay 2 was 0.05 log,, IU/mL, with agreement
limits ranging from -0.458 to 0.694 log,, IU/mL. With an intraclass correlation coefficient (ICC) of 0.995 (95%CI: 0.990-
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Table 1 Comparison of characteristics between assay 1 and assay 2

HBV HCV
Parameter

Assay 1 Assay 2 Assay 1 Assay 2
Sample volume 550 uL plasma 650 pL plasma 550 pL plasma 650 puL plasma
Turnaround time Approximately 1.00 h Approximately 5.00 h Approximately 1.25 h Approximately 5.45 h
LOD in IU/mL 8.0 20 8.0 215
LLOQ as log,, IU/mL 0.9 13 0.9 15
Linear range quantification as log;, IU/mL 1-9 1.3-82 1-9 1.5

HBV: Hepatitis B virus; HCV: Hepatitis C virus; IU: International unit; LLOQ: Lower limit of quantitation; LOD: Limit of detection.

Table 2 Baseline demographic and clinical characteristics of the study population

Characteristic HBV patient group HCV patient group
Patients, n 99 87

Sex as M/F ratio 3.34:1.00 1.71:1.00

Age in yr, mean + SD 44.0+14.6 46.0+£14.9

Total bilirubin in mg/dL, median (IQR) 0.83 (0.59-0.83) 0.95 (0.58-2.15)
Direct bilirubin in mg/dL, median (IQR) 0.18 (0.10-0.47) 0.25 (0.10-0.62)

ALT values in IU/mL, median (IQR) 32.5(23.2-60.1) 33 (17.0-59.7)

AST values in IU/mL, median (IQR) 36 (28.00-62.75) 46 (27.0-99.2)
NeuMoDx viral load as log;, IU/mL, median (IQR) 2.9 (2.0-4.3) 49 (4.2-54)

COBAS viral load as log;, IU/mL, median (IQR) 3.7 (2.28-4.56) 5.1 (4.07-5.80)

ALT: Alanine transaminase, AST: Aspartate aminotransferase; F: Female; HBV: Hepatitis B virus; HCV: Hepatitis C virus; IQR: Interquartile range; IU:
International unit; M: Male; SD: Standard deviation.

Table 3 Comparison of hepatitis B virus viral load results between assay 1 and assay 2

Range of viral load as log,, lU/mL HBY

Assay 1,n=49 Assay 2,n=49
10%-10° n =25 (51.0%) =19 (38.7%)
10°-10° n =18 (36.7%) n =25 (51.0%)
>10° n=6(122%) n=>5(10.2%)

HBYV: Hepatitis B virus.

0.997; P = 0.001), the two systems agreed well (Figure 1B).

Clinical performance of assay 1 for HCV VL

A total of 87 samples were analyzed, of which 39 were true HCV positives and 48 were confirmed negatives for HCV
infection. A 100% concordance was observed for both the positive and negative samples. Therefore, the sensitivity
(95%ClI: 90.97-100.00) and specificity (95%Cl: 92.6-100.0) were found to be 100% compared to assay 2. No difference was
seen in VL quantification among the different HCV genotypes between assay 1 and assay 2.

Correlation and agreement analyses of HCV VL measurement

A total of 39 confirmed HCV RNA-positive samples were used with VL ranging from 1.26 to 7.09 log,, IU/mL (Table 4).
Linear regression analysis of the quantifiable VLs obtained by both assays demonstrated a good correlation (Pearson’s
correlation coefficient; r* = 0.978) (Figure 1C). The Bland-Altman plot was used to determine the level of agreement
between the assays (Figure 1C). The mean difference between assay 1 and assay 2 was 0.06 log;, IU/mL, with agreement
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Table 4 Comparison of hepatitis C virus viral load results between assay 1 and assay 2

Range of viral load (log,, IU/mL) HCV

Assay 1 (n=39) Assay 2 (n = 39)
10%-10° n=4(10.2%) n=2(51%)
10%-10° 1 =32 (82.0%) n =28 (71.7%)
>10° n=3(7.69%) n=9(23.07%)

HCV: Hepatitis C virus.

limits ranging from -0.987 to 1.182 log,, IU/mL. With an ICC of 0.988 (95%CI: 0.981-0.992; P = 0.001), the two systems
agreed well (Figure 1D).

DISCUSSION

In this study, the performance of a random access system (NeuMoDx 96) was compared with the currently used batch
system (COBAS AmpliPrep/COBAS TaqMan) for the detection of HBV DNA and HCV RNA from clinical samples. A
concordance of 100% was observed between both systems for both HBV DNA and HCV RNA analyses. Moreover, both
assays demonstrated a good correlation with respect to the VL estimation. Such systems with random access to samples
are the need of the hour, so that results are provided in a shorter TAT to the clinicians[11]. In the cascade of care for both
HBV DNA and HCV RNA, patients screened initially through serological tests often are lost to follow-up for VL testing
due to either non-availability of the assays or a high TAT. The use of existing batch testing platforms across most of the
diagnostic labs results in longer “sample-to-result” time[12-15].

At present, for conventional real-time PCR, closed systems are commonly used[16]. Though the analytical sensitivity or
LOD of these assays is good and lies between 5 and 15 IU/mL, these available assays typically run on batch testing to
justify and minimize the cost of the test. This further leads to an increase in TAT, which eventually delays the test results,
and augments the total number of visits of the patients to the health care facility, and dropouts from the care process[17].
Another important aspect is that if viremic patients are not identified earlier, they pose a significant risk of transmission
of active infection to their family members and close contacts due to the nature of transmission of both HBV and HCV
infections.

Almost near point-of-care molecular testing platforms that are available at present for HBV/HCV VL are very limited
(GeneXpert, TrueNAT)[9,18]. These systems provide random access to samples but are useful in diagnostic sites with low
sample throughput such as in peripheral settings or remote areas, whereas systems such as NeuMoDx can cater to large
numbers of samples and be placed easily in a high-throughput laboratory. Molecular testing platforms such as NeuMoDx
can provide faster results with a very short TAT in a cost-effective manner. Limited studies regarding the evaluation of
the NeuMoDx platform are available. Our study focused on its real-life evaluation on clinical samples[19-21].

We found good correlation of HBV DNA and HCV RNA levels, especially when the VL in the sample was higher (> 10°
log,, IU/mL). However, in VL 10'-10° log,, IU/mL despite good concordance, only satisfactory correlation was seen. This
could be because very low VLs in clinical samples are often difficult to quantitate in terms of their exact values.

This system includes various functions including specimen preparation, nucleic acid extraction, real-time PCR set-up,
amplification, and detection, all integrated within a single platform. Notably, this system provides numerous advantages,
including high-throughput capacity, complete traceability, minimal risk of cross-contamination, and stringent safety
standards for end users. The assay holds all of the reagents required for up to 20 different assays on board and works at
room temperature. Therefore, this automated assay can be used in resource-limited settings, particularly in areas where
refrigeration could be a problem. This can be used just like chemiluminescence platforms used for serological testing and
would not require specialized molecular testing facilities or separate infra-structure requirements[22], which are
extremely expensive to design and require specialized trained manpower to perform such assays. The expertise needed to
perform testing on this platform and subsequent manual steps are greatly reduced and a single person can operate on the
machine and perform multiple assays together.

An important limitation of our study is that it was a retrospective, single-center study done on already archived tested
samples; thus, large-scale prospective studies in real time are needed to further evaluate their reproducibility, stability,
and cost-effectiveness.

CONCLUSION

The findings of the study demonstrated excellent clinical performance (100% concordance) of the random access system
compared to the conventional routinely used batch system. With a short TAT and user-friendly operation, it is a reliable
assay for HBV and HCV VL assessment. These promising preliminary results indicate that the NeuMoDx 96 system holds
great potential as a novel VL measurement solution in effective patient care and management.
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Figure 1 Linear regression analysis and Bland-Altman plot. A: Linear regression analysis for correlation of hepatitis B virus (HBV) viral load between
assay 1 and assay 2; B: Bland-Altman plot for comparison of HBV viral load between assay 1 and assay 2; C: Linear regression analysis for correlation of hepatitis C
virus (HCV) viral load between assay 1 and assay 2; D: Bland-Altman plot for comparison of HCV viral load between assay 1 and assay 2.

ARTICLE HIGHLIGHTS

Research background
Large-scale prospective studies are needed to evaluate the overall analytical, clinical performance, and reproducibility of
the NeuMoDx 96 system.

Research motivation

The findings of this study demonstrated excellent clinical performance (100% concordance) of the random access system
compared to the conventional commercially available batch system. With a short turnaround time (TAT) and user-
friendly operation, it is a reliable assay for hepatitis B virus (HBV) and hepatitis C virus (HCV) viral load (VL) ass-
essment.

Research objectives

In this study, overall a good correlation (100% concordance) and agreement were found between the two systems for
HBV DNA and HCV RNA VL quantification. The sensitivity and specificity of the NeuMoDx 96 for both HBV and HCV
assays were found to be 100%. Moreover, no difference was found in the quantification of HBV/HCV VL across different
genotypes.

Research methods

A total of 186 archived once-thawed plasma samples with pre-existing test results from initial routine lab testing were
used. The overall concordance, correlation, and agreement were evaluated among all samples for HBV and HCV VL
estimation using both systems.

Research results

The objectives of the study were: (1) Comparison of a random access system with conventional routinely used real-time
PCR for quantifying HBV and HCV VL in plasma samples; (2) to estimate the overall concordance and agreement of VL
quantification of clinical samples between the two systems; and (3) to evaluate genotype-based comparison of HBV and
HCV VL between both systems.

Research conclusions

To date, most routinely used assays for HBV/HCV VL estimation typically run on batch testing. The use of such
platforms across most of the diagnostic lab results in longer “sample-to-result” time, leading to loss to follow-up.
Therefore, a reliable random access system with a shorter TAT is the need of the hour for all clinicians.
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Research perspectives

HBV and HCV pose a significant health burden in low- and middle-income countries. The TAT for VL quantification
(from receiving samples to giving out results) is longer for the conventional routinely used batch system-based real-time
PCR assays. Therefore, to prevent loss to follow-up of a patient from the cascade of care, it is important to have molecular
assays that are fully automated with high throughput and short TAT.
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