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Abstract

Background—Cepheid’s Xpert HIV-1 Viral Load (Xpert VL), a simplified, automated, single-
use quantitative assay used with the GeneXpert System, is not FDA-approved.
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Objectives—Using stored plasma, we conducted a study to assess the ability of Xpert VL to
quantify viral load relative to the Roche COBAS AmpliPrep/COBAS TagMan HIV-1 (Cobas VL)
and to examine the use of the Xpert VL as a qualitative diagnostic test.

Study Design—Following HIV-1 viral stock dilutions, we conducted a probit analysis to
identify the concentration where 95% of specimens had quantified VVLs. We also examined Xpert
and Cobas log VL correlation in linearity panels; compared the proportion of 220 seroconverter
specimens with virus detected using McNemar’s test; and tested specimens from persons with
untreated, established HIV-1 infection (n=149) and uninfected persons (n=497). Furthermore, we
examined Xpert VL as a qualitative test in seroconverter specimens with early (n=20) and later
(n=68) acute infections.

Results—At 1.80 log10 copies/mL, 95% of specimens had quantifiable virus using Xpert

VL. Xpert and Cobas VLs were highly correlated (R?=0.994). The proportion of seroconverter
specimens with virus detected using Cobas and with Xpert VL was not statistically different
(p=0.0578). Xpert VL detected 97.9% of established infections, and specificity was 99.80% (95%
Cl 98.87%-99.99%). Xpert VL detected 90% and 98.5% of early and later acute infections,
respectively.

Conclusions—If approved, Xpert VVL could allow U.S. laboratories that cannot bring on large,
complex testing platforms to conduct HIV monitoring. An approval for diagnostic use may
provide timely identification of HIV infections.

Keywords
HIV-1; nucleic acid test; viral load; diagnostic

Background

Viral load (VL) tests are used to monitor HIV infection to assess treatment adherence and
viral suppression. (1-4) VL testing may occur at a local laboratory. However, due to testing
complexity, specimens are often sent to referral laboratories, which may delay results.
Though Food and Drug Administration (FDA)-approved VL tests exist,(5) therapeutic
monitoring could be conducted more efficiently with fewer manual procedures using a
simplified nucleic acid test (NAT). Use of a simplified NAT may expedite clinical decisions
and counselling. In individuals failing to maintain viral suppression (e.g., =200 copies/mL
(2.3 log10)), simplified NATs may alert clinicians to the need to change therapeutic
regimens.(4)

A simplified quantitative assay, Xpert HIVV-1 Viral Load (Xpert VL; Cepheid, Sunnyvale,
CA), targets the long terminal repeat region (LTR) of the HIVV-1 genome using reverse
transcription real-time polymerase chain reaction in a self-contained cartridge that uses 1-
1.2mLs of plasma. It provides results after 92 minutes with the GeneXpert System, which
automates sample preparation, nucleic acid extraction, amplification, and detection of the
target sequence. The Xpert VL includes reagents for the detection of HIV-1 RNA and
internal controls for HIV-1 RNA quantitation and monitoring inhibitors in the RT and PCR
reactions.(6) Xpert VL has not been approved by FDA, but 20 tests are available for use in
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the United States on this system.(7) The test was approved in the European Union.(8) The
Xpert VL analytical range is from 1.6 to 7.0 log10 copies/mL.(9)

Simplified NATs are also needed for identification of acute infections, for use as
supplemental tests after reactive screening tests, and as an aid in HIV diagnosis. Only one
NAT, APTIMA HIV-1 RNA Qualitative Assay (APTIMA,; Hologic Inc., San Diego, CA),
has been FDA-approved for use as an aid in diagnosis, but it is a complex test that must be
performed manually, and takes approximately five or more hours to perform. Other VL tests
can be used for diagnosis if laboratory validation has occurred, or if ordered by a physician
as part of clinical care.

Objectives

We conducted a study to assess whether the performance of the Xpert VL was comparable
with the Roche COBAS AmpliPrep/COBAS TagMan HIV-1 Version 2.0 (Cobas VL) for
HIV-1 quantification, and to examine the use of Xpert VL as an aid in diagnosis.

Study Design

Detection of low concentrations of HIV using viral stock

We performed serial dilutions of a Virology Quality Assurance HIV-1 viral stock to obtain
4,3,2.7,2.3,2,1.9,1.8, 1.6, 1.3, and 0 log10 copies/ml, and determined the percent of 25
replicates detected at 1.3 and 1.6 log10 copies/mL (20 and 40 copies/mL, respectively). We
also conducted a probit analysis to identify the concentration at which 95% of specimens
had virus quantified with Xpert VL.

Reproducibility evaluation using linearity panel specimens

Linearity

A technician tested specimens from the HIV-1 RNA AccuSpan linearity panel (Seracare,
2410-0221) with Xpert VL over three days using two kit lots. Another technician tested the
panel over three days with a third kit lot. The linear panel product insert provided Cobas VL
data. We calculated the average Xpert VL for each linearity panel member. Xpert VL values
that were below or above the limit of quantification were considered to be at the limit of
quantification (e.g., > 7.0 log10 copies/mL was set to 7.0 log10 copies/mL).

Using the linearity panel specimens, we plotted the log VL for Xpert and Cobas VLs among
those with a quantifiable VL, and calculated the correlation.

Xpert VL sensitivity using HIV-1 seroconverter specimens

We tested seroconversion panels from 25 antiretroviral-naive persons (n=220 specimens)
obtained from Zeptometrix, Inc. (Buffalo, NY, USA) and BBI-SeraCare Diagnostics
(Milford, MA, USA) to examine assay sensitivity during seroconversion.(10, 11) These
specimens were presumed to be infected with subtype B HIV-1. They had at least one
specimen with indeterminate or positive results on the HIV-1 Western blot (WB) and at least
one specimen with a positive result on an HIV-1 RNA test.
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For seroconverter specimens, testing with the Cobas VL was performed on a different
aliquot, approximately 10 years before Xpert VL testing. We compared the proportion

of specimens with virus detected with Cobas and Xpert VVLs using McNemar’s test, and
calculated the Kappa coefficient. We repeated this analysis after raising the threshold for
detection to 1.6 log10 copies/mL. We described the proportion of specimens with an Xpert
VL >2.3 and 3.0 log10 copies/ml when the Cobas VL was at least 2.3 and 3.0 log10
copies/ml, respectively. The threshold recommended for resistance testing is 3.0 log10
copies/mL (1,000 copies/mL).(4)

Detection of established HIV-1 infection in specimens from antiretroviral-treated and
-untreated persons

We tested 149 plasma specimens from persons with established HIV-1 infection (i.e.,
antibody positive) who were not being treated with antiretrovirals (12, 13). Parallel serum
specimens from the same individuals tested positive with an antigen/antibody test, Western
blot, and a NAT. We also tested plasma from 73 antiretroviral-treated persons with HIV-1-
positive results using antigen/antibody and HIV-1/HIV-2 antibody differentiation tests, (14)
presumed to be subtype B. Specimens were tested with Xpert and Cobas VLs in parallel.

HIV-1 non- B subtypes and Group O

We tested 97 specimens with positive HIV-1 antibody and NAT results from Cameroon with
Xpert and Cobas VLs in parallel. The samples were previously sequenced in the envelope
gp41l and/or gag p17 regions and subtyped as A (n=23), HIV circulating recombinant form
(CRF) 01_AE (n=2), CRF02_AG (n=51), CRF09_cpx (n=1), CRF11 _cpx (n=7), D (n=1),
F1 (n=1), F2 (n=4), G (n=5) and Group O (n=2).(15) We examined the correlation between
the Xpert and Cobas VLs among specimens with a quantifiable VL.

Bland Altman analysis

We conducted a Bland Altman analysis on 374 specimens with quantifiable VVLs from
seroconverters, established HIV-1 infections, and HIV-1 non-B subtype and group O
infections.

Assay specificity

We tested specimens (n=497) that were nonreactive by an antigen/antibody test, Western
blot and NAT to evaluate specificity. (16, 17)

Qualitative diagnostic use of Xpert VL in specimens from seroconverters and persons with
established infections

We evaluated qualitative Xpert VL results among a subset of specimens described above:
(1) 20 seroconverter specimens reactive by NAT and non-reactive by an antigen/antibody
test; (2) 68 seroconverter specimens reactive by an antigen/antibody test and NAT but
negative or indeterminate with an HIV-1/HIV-2 differentiation antibody test; and (3) 143
specimens from persons with established infection not on treatment. These specimens were
reactive using APTIMA, the only HIV-1 NAT approved for diagnostic use. Xpert VL results
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that were quantifiable or detectable but not quantifiable (<40 copies/mL) were considered
reactive.

Technical errors

We examined the proportion of Xpert VL technical errors within the specimen sets utilized
for this study.

Analyses were conducted using SAS version 9.4 (Cary, NC).

Results

Detection of low concentrations of HIV using viral stock

At 1.3 1og10 copies/mL, 23/25 (92%) diluted viral stock replicates had Xpert VL results
with virus detected but not in the quantifiable range, and two (8%) did not have virus
detected. At 1.6 1og10 copies/mL, Xpert VL detected virus in all replicates; 16 were
detectable but not quantifiable and the average VL of the others was 1.7 log10 copies/mL.
At 1.80 log10 copies/mL (63.10 copies/mL), 95% CI (1.74-1.90 log10 copies/mL) 95% of
Xpert VL results were quantifiable among replicates.

Reproducibility and linearity evaluations using linearity panel specimens

Table 1 reports the average Xpert VL at each concentration of Cobas VL. Cobas and Xpert
VLs were highly correlated (R2=0.994) (Figure 1).

Xpert VL sensitivity using seroconverter specimens

Of 152 seroconverter specimens with virus detected by Cobas VL, 144 (94.7%) had virus
detected by Xpert VL (Table 2).

Cobas and Xpert VL test results were not statistically different (p=0.0578). The Kappa
coefficient was 0.89 95% C.I. (0.82, 0.96). When the threshold was raised to 1.6 1og10
copies/mL, the Kappa coefficient was 0.94 95% C.I. (0.89, 0.99).

There were Xpert VL errors among seroconverter specimens, including three assay-specific
termination errors, a digital temperature reading error, and two operator errors. There was
also an invalid result. These specimens lacked volume for repeat testing.

Most seroconverter specimens had concordant results at the 2.3 and 3.0 log10 thresholds
with few exceptions. There were 9/213 (4.2%) specimens with Cobas VL =2.3 log10
copies/mL that were <2.3 with Xpert VL. Xpert VL ranged from < 1.6 to 2.1 log10
copies/mL. Likewise, 15/213 (7%) specimens had a Cobas VL that was >3.0 log10
copies/mL but <3.0 with Xpert VL. Xpert VL were between 1.6 and 2.9 log10 copies/mL.

Established HIV-1 infection

Xpert VL detected most untreated, established infections (140/143, 97.9%). The Cobas
VLs of the specimens with virus not detected by Xpert VL were 1.3, 4.7 and 5.5 log10
copies/mL. There were five invalid results and an error; none had repeat testing.
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Of 71 specimens from persons with treated, established infections 34 (47.9%) had detectable
Cobas VL results, 24 (70.6%) of which had detectable Xpert VL results. Of those with
undetectable Xpert VL results, 9 had detectable but not quantifiable Cobas VLs and 1 had

a VL of 1.5 log10 copies/mL. Of 37 treated, established infections not detected by Cobas
VL, 8 (21.6%) were detected but not quantified using Xpert VL. Two specimens with invalid
Xpert VL results did not have volume for repeat testing.

HIV-1 non- B subtypes and Group O

Xpert and Cobas VLs among specimens with non-B subtypes and Group O infections were
correlated at R? of 0.7832. Xpert VL values overestimated Cobas results in these specimens
(data not shown).

Bland Altman Analysis

Specificity

Based on Bland Altman analysis, the difference between Xpert and Cobas VLs was evenly
distributed around zero at all mean concentrations of virus, and typically was within one log,
though most were within half a log. (Figure 2)

Xpert VL specificity was high (99.80%; 95% confidence interval (CI) 98.87%-99.99%).
The only Xpert VL false positive result was detectable but not quantifiable. Eight specimens
with insufficient volume for repeat testing gave errors. Three specimens with initial errors
did not have virus detected on repeat.

Qualitative diagnostic use of Xpert VL

Of 20 seroconverter specimens with virus detected by NAT that had negative results on
the antigen/antibody test, 18 (90%) had virus detected using Xpert VL. In seroconverter
specimens with reactive results on an antigen/antibody test and NAT, and negative or
indeterminate results on an HIV-1/HIV-2 antibody differentiation test, 67 of 68 (98.5%)
had virus detected by Xpert VL. Xpert VL detected most (97.9%) untreated, established
HIV-1 infections.

Technical errors

No technical errors or invalid results were reported within the viral stock, linearity panel or
non-B subtype specimen sets. The other specimen sets had errors or invalid results in 2.2%
to 4% of specimens: (2.2%, 11/497) uninfected specimens, (2.7%, 2/73) established HIV-1
infections on treatment, 3.2% (7/220) seroconverter specimens, 4% (6/149) established
HIV-1 infections not on treatment.

Discussion

As demonstrated in similar studies examining the performance of Xpert VL, including
among diverse subtypes, Xpert VL results were highly correlated and concordant with Cobas
VL. (18-22) In our small panel of non-B subtypes and Group Os, Xpert overestimated
Cobas VL. Lower concordance has been reported for the CRF02_AG subtype variant, which
accounted for almost half of the non-B subtypes evaluated in our study.(22) We were unable
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to assess the performance of Xpert VL with subtype C specimens, though studies conducted
in areas where it is predominant suggest that it performs well.(23)

Xpert VL detected almost 95% of early infections. Seroconverter specimens with virus not
detected using Xpert VL had VL levels under 2.0 log10 copies/mL (100 copies/mL). Most
replicates (92%) had detectable VL at 1.3 log10 copies/mL, close to the limit of detection
reported by the manufacturer and the World Health Organization (6, 9) The concentration
of virus at which 95% of replicates were quantified was slightly above the limit of
quantification from the package insert, 1.6 1og10 copies/mL. This difference in analytical
sensitivity estimates may be due to a dilution error. Xpert VL results were reproducible.

There was a small degree of misclassification at the threshold for treatment failure, 2.3 log10
copies/mL. Cobas VL targets both gag and LTR regions of the genome, instead of LTR

only, which may account for some discrepant results. Approximately 4% of seroconverters
above this threshold by Cobas VL were below it with Xpert VL. For the misclassified
specimens, follow-up VL testing may have identified treatment failure if it existed. Viral
suppression below the level of detection of the HIV RNA assay used is optimal, so persons
with detectable virus would likely be monitored closely by their provider.(4) At 3.0 log10
copies/mL, (4) one study reported 3% misclassification by Xpert VL compared to Cobas VL
and Abbott HIV-1 RealTime (Abbott HIV-1 RT) (Abbott Molecular, Des Plaines, Illinois)
(20) while another reported 8% misclassification relative to Abbott.(19) In our study, 7% of
seroconverters with a Cobas VL at or above 3.0 1og10 copies/mL had VLs below that level
with Xpert VL. Of 15 misclassified specimens, five had Xpert VL results between 2.7 to 3.0
log10 copies/mL, which may be sufficient for amplification for resistance testing.(4)

Most untreated, established infections (98%) were detected by Xpert VL, though two
specimens with Cobas VL results near 5.0 log10 copies/mL did not have virus detected
using Xpert VL. Specimen mix-up could not be ruled out, but repeat testing was not
possible. Alternatively, sequence variation in the target binding sites or other molecular
factors could account for the discordance. Specimens with virus not detected by Xpert VL
from persons with established infections treated with antiretrovirals had low Cobas VL
results (1.5 log10 copies/mL or less) as did specimens with detectable virus when using
Xpert VL but not Cobas VL. Optimal treatment results in a sustained, undetectable viral
load, but isolated, low level detectable virus is not predictive of failure, thus variation in
test results within and across tests in specimens with low viral load may not be clinically
meaningful.(4)

The Xpert VL performed well as a qualitative test, suggesting it could be used as an aid in
the diagnosis of HIV-1 infection at multiple points in a testing algorithm. It may be used as
a screening test for high-risk persons or persons with a recent exposure, as it detected most
infections in seroconverters. It has high specificity, though further testing would be needed
to resolve false-positive results. Xpert VL could be used as a supplemental test based on
the high proportion of specimens from seroconverter and established infection specimens
reactive on an antigen/antibody test and with virus detected. Using a NAT as the second
test in the laboratory algorithm may expedite patient receipt of results and decrease time to
treatment and VL suppression. In the rare case that the Xpert VL is negative after a reactive
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antigen/antibody test result, an additional antibody test may be needed.(24, 25) Outside the
U.S., Cepheid produces the Xpert HIV-1 Qual assay, which does not quantify detectable
virus. When used on serum from uninfected persons and persons with acute infection, it
correctly classified the infection status of all specimens tested.(26)

Simplified NATs can reduce the time for patients’ receipt of results; a sexual health clinic
reduced receipt of results by eight days when using the Xpert HIV-1 Qual assay for CT/NG
NAT.(27) Diagnostic use of the Xpert VL is desirable, though its run time may not be
conducive to real-time provision of results. When a “sample-first” clinic flow approach was
adopted only around one-fifth of patients received results from the CT/NG NAT before they
left the office.(28) Nevertheless, Xpert VL results are likely to be available before manual
NAT alternatives.

This study had some limitations. We used stored specimens, so specimen degradation may
have occurred. It is unclear whether assay errors took place due to specimen storage duration
or conditions, though specimens were handled similarly for the VL tests being compared.
Error rates as high as 4%, similar to those observed in some specimen sets in our study, have
been reported. (29) For the quantitative assessment, this study was limited to one comparator
assay, Cobas VL, which may be less accurate at lower viral loads than other comparators,
such as the Abbott Rea/Time HIV-1 assay.(30)

Availability of the Xpert VL in the United States is contingent on FDA review, a process that
may become simpler.(31) FDA approval could allow laboratories that cannot bring on a large
testing platform to conduct HIV VL monitoring. Further, approval of the test for diagnostic
use may provide timely identification of infections, including during the acute stage.
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Highlights
Xpert HIV-1 Viral Load is a simplified, automated, single-use guantitative assay.
Cobas and Xpert VLs were highly correlated (R? = 0.994).
Xpert VL detected 97.9 % of established infections, and specificity was 99.80 %.
Xpert VL detected 90 % and 98.5 % of early and later acute infections, respectively.

Xpert VL performs proficiently for quantitative and qualitative uses.
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Figurel.
Linear regression of Xpert and Cobas log10 VLs among linearity panel specimens with VLs

that were quantifiable by both tests. The Xpert and Cobas VLs were highly correlated with
an R? value of 0.994.

J Clin Virol. Author manuscript; available in PMC 2024 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Wesolowski et al.

Difference (Xpert log VL-Cobas log VL)

Page 13

Bland-Altman Plot of Difference (Xpert-Cobas) vs Mean
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Figure2.
Bland Altman plot of the difference of Cepheid Xpert 1og10 VL and the Cobas log10 VL

against the mean log10 VL of specimens with quantifiable VVLs from seroconverters, persons

with

established HIV-1 infections, and persons with HIV-1 non-B subtype and group O

infections. The difference between Xpert and Cobas VLs was evenly distributed around zero
at all mean concentrations of virus, and typically was within one log, though most were
within half a log. The solid line is the mean of the difference. The hatched lines are at + and

-2

tandard deviations of the mean of the difference.
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Table 1.

Average Xpert VL and standard deviation using linear panel specimens previously tested with Cobas VL

Linearity Panel Member and Average Cobas VL (log10 copies/mL) Average Xpert VL@ (logl0 copiessmL) and Standard Deviation
1)7.91 7.00 (0)
2)6.72 6.91 (0.03)
3)5.85 5.87 (0.03)
4) 4.96 4.92 (0.05)
5)4.22 3.93 (0.05)
6) 3.07 2.88 (0.08)
7)1.91 1.81(0.16)
8) <130 0.53 (0.80)
9) Target not detected 0 (0)

10) Target not detected 0.18 (0.53)

a_ . .
9 iterations
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Table 2.

Virus detection using Cobas VL and Xpert VL in seroconverter specimens

Virusdetected using Xpert VL | Virusnot detected using Xpert VL | Total
Virus detected using Cobas VL 144 (94.7%) 8 (5.3%)4 152
Virus not detected using Cobas VL 2 (3.3%)0 59 (96.7%) 61

Page 15

aTwo had virus detected that was not in the quantifiable range (Cobas VL <1.3 log10 copies/mL or 20 copies/mL) and six had Cobas VL between

1.37 and 1.62 log10 copies/mL.

bBoth had detectable but not quantifiable Xpert VL results (i.e., <1.6 log10 copies/mL or 40 copies/mL).
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