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Abstract

Background: Currently, FDA-approved HIV-1 viral load (VL) assays use venipuncture-derived
plasma. The Hologic Panther system uses 0.7 mL for the Aptima HIV-1 Quant Assay standard
(APT-Quant-std) and dilution (APT-Quant-dil) protocols. However, smaller plasma volumes from
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fingerstick whole blood (FSB) collected in EDTA-microtainer tubes (MCT) could provide an
easier sample collection method for HIV-1 VL testing.

Objectives: To evaluate the performance of the APT-Quant-std compared to the Roche
CAP/CTM and Abbott m2000RT VL assays and an alternative APTQuant 1:7 dilution protocol,
the latter using 100 pL of MCT-derived plasma from FSB.

Study Design: Linearity was determined using commercial HIV-1 RNA plasma controls.
Dilutions ranging 1.56-2.95 log10 copies/mL were prepared to determine the APT-Quant-dil
Limit of Quantitation (LOQ) using Probit analysis. Specificity of APT-Quant-std was calculated
using 326 HIVnegative samples. To evaluate agreement, 329 plasma specimens were tested with
APT-Quant-std, CAP/CTM, and m2000RT. Forty-seven matched venipuncture and MCT-derived
plasma specimens were tested with APT-Quantstd and APT-Quant-dil.

Results: Among the RNA controls, specificity was 99.69% for APT-Quantstd. The R2 values
were 0.988 (APTQuant-std/CAP/CTM), 0.980 (APT-Quantstd/m2000RT), and 0.997 (APT-Quant-
std/APT-Quant-dil). The APTQuant-dil LOQ was estimated at 2.7 log10 copies/mL (500
copies/mL) (95%CI 2.62— 2.87). At 2.3 1og10 copies/mL (200 copies/mL), the overall agreement
was 91.0% for APT-Quant-std/CAP/CTM, 85.7% for APT-Quantstd/m2000RT, and 82.9% for
APT-Quant-std/APT-Quant-dil. Quantified APT-Quant-std results were on average 0.2 log10
copies/mL higher than CAP/CTM and m2000RT and 0.14 log10 copies/mL higher than APT-
Quant-dil.

Conclusion: APT-Quant showed similar performance compared to the CAP/CTM and m2000RT
assays and remains sensitive and accurate using the dilution protocol.

Keywords
viral load; Aptima HIV-1 Quant; HIV diagnosis; Microtainer preparation tubes; Self-collection

1. Background

In early 2019, Ending the HIV Epidemic: A Plan for America was announced, with the goal
of >90% reduction in new HIV infections within 10 years [1]. Despite the scientific progress
made in diagnostic tests and available treatment options, approximately 69% of new HIV
infections in the U.S. are from individuals aware of their infection but not virally suppressed
[2]. In 2015, 48.9% of the estimated 1.1 million people living with HIV (PLWH) in the U.S.
did not achieve viral suppression (VS), and in 2016 there were 38,700 new HIV diagnoses
[3]. Moreover, only 20% of individuals on antiretroviral therapy (ART) in low-middle
income countries receive viral load (VL) testing due to limited capacity [4].

Many clinical studies have supported the concept that individuals with VS greatly reduce the
risk of HIV transmission [1, 5, 6]. VL assays approved by the Food and Drug
Administration (FDA) are nucleic acid tests (NAT) that quantify HIV-1 RNA levels and are
important to monitor viremia in PLWH before and after initiation of ART, but they require
phlebotomists to collect venous blood and the complexity and high costs prevent them from
being implemented in various settings despite the high demand [7]. Providing individuals
with the option for home self-collection has shown to be an effective way to obtain various
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types of samples for VL monitoring, and could increase monitoring of suppression,
particularly when clinic access is difficult [8].

The Aptima HIV-1 Quantitative assay (APT-Quant) on the automated Panther system was
approved by the FDA in 2016 for VL monitoring using plasma [9] and is approved for
diagnosis outside of the U.S. The standard APT-Quant assay using 0.7 mL of plasma has
previously been evaluated in early and established infections and with various HIV-1
subtypes [10-13]. Additional studies have also demonstrated the performance of APT-Quant
using alternative specimen types, such as dried blood spots (DBS), cervicovaginal lavage
and cerebrospinal fluid [14-16]. Although the package insert includes data for 1:3 and 1:100
dilution protocols [17], the performance of an optional 1:7 dilution protocol has not been
evaluated. This dilution could be used for plasma derived from fingerstick whole blood
(FSB) collected in a microtainer tube (MCT) containing ethylenediaminetetraacetic acid
(EDTA) [18-20]. Modifying a fully-automated VL assay to accurately detect and quantify
HIV-1 RNA in 100 pL of plasma from FSB could facilitate sample collection using MCTs
outside of clinical settings and increase access to VL monitoring.

2. Objectives

To compare the performance of the standard APT-Quant assay (APT-Quant-std) with
venipuncture-derived plasma to other FDA-approved VL assays, and also evaluate a 1:7
dilution VL protocol (APT-Quant-dil) for use with MCT-derived plasma.

3. Study Design

3.1 HIV-1 RNA VL assays

3.1.1 Aptima HIV-1 Quant—According to the manufacturer’s package insert, the
standard protocol quantifies RNA over the linear range of 1.48 to 7 log10 copies/mL (30 to
107 copies/mL) using 0.7 mL plasma (APT-Quant-std; Hologic Inc., San Diego, CA) [17].
The reagents for part of this evaluation were provided by Hologic Inc. as part of a
collaboration with CDC. We modified the standard protocol to test the performance of the
APT-Quant-dil at 1:7 by mixing 100 pL of plasma with 600 pL specimen diluent provided
by Hologic and placing directly onto the instrument; the results in RNA copies/mL were
multiplied by 7 and transformed to log10 copies/mL values.

3.1.2 Roche COBAS AmpliPrep/Cobas TagMan HIV-1 v2.0—The assay quantifies
RNA over the linear range of 1.3 to 7 log10 copies/mL (20 to 107 copies/mL) using 1.1 mL
plasma (CAP/CTM; Roche Diagnostics, Indianapolis, IN) [21].

3.1.3 Abbott RealTime HIV-1—The assay quantifies RNA over the linear range of 1.6
to 7 log10 copies/mL (40 to 107 copies/mL) using 0.8 mL of plasma (m2000RT; Abbott
Molecular Inc., Des Plaines, IL) [22].

3.2 Reportable range- Linearity

The AccuSpan 10-member HIV-1 RNA Linearity Panel (LP, SeraCare, Milford, MA) and
AcroMetrix Low, Mid and High HIV-1 controls (Life Technologies, Carlsbad, CA)
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measured by m2000RT and CAP/CTM were tested in seven replicates and in triplicate with
APT-Quant-std, respectively, and in triplicate with APT-Quant-dil. Linear regression
analysis to calculate R2 using the mean of the replicates was performed with GraphPad
Prism8 software (San Diego, CA).

3.3 Limit of Detection (LOD) and limit of quantification (LOQ) of APT-Quant-dil

Two HIV-1 RNA controls were used to prepare dilutions of 1.56, 1.89, 2.33, 2.49, 2.56, 2.62,
2.76, and 2.93 log10 copies/mL using Basematrix HIV-negative plasma (SeraCare,
Lifescience, US) and tested with APTQuant-std in triplicate and with APT-Quant-dil at 1:7
using 15 replicates. Probit analysis was performed using SAS v9.4 (SAS Institute, Cary, NC)
to estimate 95% LOD and LOQ for APT-Quant-dil.

3.4 Specificity

Frozen plasma specimens collected from 278 persons seeking HIV testing at two clinics in
Los Angeles, CA [23] and 48 from a multi-site study [24] that have been previously
characterized as HIV-1 negative were used to evaluate APT-Quant-std specificity.

3.5 Performance in Clinical Samples

Frozen plasma specimens from two US studies characterized as established infections were
used to evaluate APT-Quant-std. From the Diagnostic Evaluation to Expand Critical Testing
Technologies (DETECT) study conducted at the University of Washington in collaboration
with CDC, 134 plasma specimens were collected from men who have sex with men (MSM)
living with HIV [25]. Of the 134 tested with APT-Quant-std and m2000RT, 110 were tested
with CAP/CTM. From the Validating Supplemental Testing to Confirm Preliminary Positive
Rapid HIV Tests study conducted by the CDC at nine clinical sites within the U.S., 195 of
2202 samples collected from adult PLWH not on ART for at least three months were
included [24]. Of the 195, 190 were tested with APT-Quantstd and CAP/CTM and 142 were
tested with APT-Quant-std and m2000RT.

The Engagement study was funded by NIH and conducted by Emory University to better
understand racial disparities in HIV care and treatment during a 24-month period. Trained
staff collected different types of specimens from MSM including venipuncture EDTA whole
blood and one MCT containing FSB stored at ambient temperature for up to 48 hours [26].
From this study, 47 matched plasma and FSB specimens tested with APT-Quant-std and
APT-Quant-dil, respectively, (Figure 1) and of those 32 samples had m2000RT results [26].
All non-commercially obtained human specimens were collected under protocols approved
by local Institutional Review Boards with additional human subjects project determination
approval by the CDC for the use of anonymized specimens consented for research.

For quantified results, agreement was analyzed with Bland-Altman plots and concordance
calculated by Pearson’s R using GraphPad [27]. Accuracy of all paired results with APT-
Quant-std was calculated by overall percentage agreement at the medically relevant
threshold of 2.3 1og10 copies/mL (200 copies/mL) for VS.
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4. Results

4.1 Linearity

The R? values were 0.9878 (APT-Quant-std/CAP/CTM) and 0.9797 (APT-Quant-std/
m2000RT) (Figure 2A). The two highest concentrations quantified by CAP/CTM at 7.91 and
6.72 log10 copies/mL were both detected at >7 log10 copies/mL by APT-Quant-std and at
>7 and 6.75 log10 copies/mL by m2000RT, respectively. The lowest concentration
quantified with APT-Quant-std in six of seven (85.6%) replicates (mean of 1.73 log10
copies/mL) was 1.91 log10 copies/mL with CAP/CTM and 1.97 log10 copies/mL with
m2000RT.

The R2 was 0.9969 when comparing APT-Quant-std/APT-Quant-dil (Figure 2B). The
highest concentration that was quantified in all three replicates by APT-Quant-dil was >7
log10 copies/mL (mean of 7.68 log10 copies/mL), while the lowest concentration
reproducibly quantified was 2.48 log10 copies/mL. This latter was quantified in two of three
(66.7%) replicates by APT-Quant-dil (mean of 2.43 log10 copies/mL). The AcroMetrix low
control had a APT-Quant-std mean of 2.21 log10 copies/mL and in APT-Quant-dil, all three
replicates were detected at <1.47 log10 copies/mL. 4.2 LOD and LOQ of APT-Quant-dil

The estimated LOD value where 95% are detected but not quantified was 1.91 log10
copies/mL (95% CI: 1.68-4.89) and the estimated LOQ value where 95% are quantified was
2.70 log10 copies/mL (95% ClI: 2.62-2.87). Table 1 shows the percentage of replicates
detected and quantified by APT-Quant-dil using diluted HIVV-1 RNA controls.

4.3 Specificity
Of the 326 HIV-negative samples, 325 were target not detected (TND) using APT-Quant-std
resulting in a specificity of 99.69% (95% CI: 98.3 to 99.9%). The remaining sample was
detected <1.47 log10 copies/mL.

4.4 Performance in Clinical Samples

The Bland-Altman analysis showed a mean difference (in log10 copies/mL) of 0.22 in APT-
Quantstd/CAP/CTM (Figure 3A), 0.20 in APT-Quant-std/m2000RT (Figure 3B) and 0.14 in
APT-Quant-std/APT-Quantdil (Figure 3C) results. Differences of greater than 0.5 log10
copies/mL totaled 24 between APT-Quantstd/CAP/CTM (mean of 5.68 and 5.0 log10
copies/mL) and 23 between APT-Quant-std/m2000RT (mean of 5.0 and 4.32 log10 copies/
mL). APT-Quant-std values were on average higher than results from CAP/CTM and
m2000RT, especially above 4.6 log10 copies/mL. Two samples in Figure 3C that were below
the 95% CI with mean differences of —0.51 and —0.40 were 1.94 and 2.39 log10 copies/mL
in APT-Quant-std and 2.45 and 2.79 log10 copies/mL in APT-Quant-dil, respectively. The
Pearson’s R values were 0.974 between APT-Quant-std/CAP/CTM, 0.970 between APT-
Quant-std/m2000RT and 0.986 for APT-Quant-std/APT-Quant-dil.

The comparison of results at 2.3 log10 copies/mL are displayed in Table 2, with overall
percentage agreement of 91% (273/300) for APT-Quant-std/CAP/CTM, 85.7% (264/308)
for APT-Quant-std/m2000RT and 83% (39/47) for APT-Quant-std/APT-Quant-dil. One
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sample with 4.35 log10 copies/mL on CAP/CTM was detected <1.47 log10 copies/mL on
APT-Quant-std and <1.6 log10 copies/mL on m2000RT. In APT-Quant-dil, four samples
were TND and detected <1.47 log10 copies/mL in APT-Quant-std. One sample was TND in
APTQuant-dil and 2.66 1og10 copies/mL in APT-Quant-std but showed amplification of the
LTR target only. Two samples with APT-Quant-std VLs of 2.32 and 2.46 log10 copies/mL
were detected at <1.47 log10 copies/mL in APT-Quant-dil. One sample was 1.94 log10
copies/mL in APT-Quant-std and 2.45 log10 copies/mL in APT-Quantdil. No differences
were observed in results from the nine MCT samples processed after 48 hours and 38
processed after 24 hours at ambient temperature.

5. Discussion

This study demonstrated accurate performance of the FDA-approved APT-Quant-std assay
for measuring HIV-1 VL, with results highly concordant with CAP/CTM and m2000RT
reference assays. The data support a dilution protocol using 100 pL of FSB-derived plasma,
which allows VL testing when sample volume is too limited for standard protocols. Matched
venipuncture-derived plasma (APT-Quant-std) and FSB-derived plasma (APTQuant-dil)
samples had 96.8% agreement at values above 1.7 log10 copies/mL (50 copies/mL),
demonstrating that even at low VL values the agreement of results was still very high. This
provides an important opportunity for self-collection of specimens when people are
unwilling or unable to attend a provider for VL sample collection, expanding the potential to
identify treatment failure and prevent further transmission.

Overall agreement was high between APT-Quant-std and reference VL assays using plasma
samples obtained from clinical specimens although APT-Quant-std values were slightly
higher compared to CAP/CTM and m2000RT. These results are similar to previous studies
with agreement ranging from 83-95% and mean differences around 0.2 log10 copies/mL
higher in APT-Quant-std [12, 28, 29]. Mean quantitative values in clinical samples were
similar in APT-Quant-std, CAP/CTM and m2000RT, with greater VL differences seen in the
range of 4-6 log10 copies/mL. Specificity was also high in APT-Quant-std with only one
false-positive result out of 326 total HIV-1 RNA Qual and serology negative samples, similar
to other studies [10].

The APT-Quant-dil detected 80% of samples at 1.56 log10 copies/mL (36 copies/mL). In
four clinical samples with APT-Quant-std of 1.9 log10 copies/mL, three were <1.47 log10
copies/mL and one 2.45 log10 copies/mL in APT-Quant-dil. Five clinical samples quantified
by m2000RT (range of 1.7-2.43 log10 copies/mL) were detected <1.47 log10 copies/mL by
APT-Quant-dil, showing that even very low VL values can be detected in diluted samples.
Current U.S. guidelines indicate VL levels must be below 2.3 1og10 copies/mL (200
copies/mL) to be successfully virally suppressed [30]. However, due to the difficulties in
accurately detecting VL at low concentrations from different specimen types, the WHO
recommendation for viral suppression is at HIV levels below 3.0 log10 copies/mL (1000
copies/mL) [31]. CAP/CTM offers an automated specimen dilution protocol requiring a
minimum plasma volume of 450 pL, and one study using 250 pL of plasma diluted with
phosphate-buffered saline (PBS) showed high agreement with matched undiluted samples
but the LOD and LOQ were not assessed [32, 33]. In this evaluation, the APT-Quant-dil only
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required 100 uL of plasma and performed well to detect HIV at and above clinically relevant
thresholds of 2.3 log10 copies/mL. In addition, the 1:7 dilution protocol allows samples with
VL above the linear range to be quantified.

Although the MCT package insert states that samples should be analyzed within four hours
of collection, in this limited sample set, results showed that plasma derived from blood
collected by trained personnel from FSB in MCTs, sent to the lab at ambient temperature
and processed within 24-48 hours after collection did not affect VL results compared to
venipuncture-derived plasma (Figure 1). This offers an easy way to collect, transport and
store clinical samples without influencing the analytical aspects of the test, expanding access
to NAT for individuals on ART in non-clinical settings [19]. The use of MCT-derived plasma
instead of whole blood used in DBS eliminates the presence of inhibitors and proviral DNA,
which have been shown to alter VL results [14, 34]. DBS processing for VL is a more
laborious process involving punchers and rockers and an additional incubation step, while
processing for small plasma volumes only requires the addition of diluent. The disadvantage
of MCTs is shipping as biohazardous material, whereas DBS can be shipped as standard
mail.

One limitation of the study was that FSB in MCTs offers a collection method for singlet
testing and some results could not be confirmed with retesting. The feasibility of individuals
to effectively self-collect FSB samples of 200 uL was not assessed in this study and should
be considered in the future when determining the feasibility for VL monitoring. The
PrEP@Home project demonstrated great success with 93% participants able to provide at
least 100 pL of self-collected FSB for laboratory testing, and allowing them to obtain a
prescription for HIV preexposure prophylaxis (PrEP) without having to access a clinic [35].
Although our sample size was small and many Engagement participants had reached VS, we
successfully evaluated the assay performance with a dilution protocol using a minimum of
200 L of FSB.

Ultimately, the goal in the US to increase the rates of VS and achieve the 10-year benchmark
for reducing new HIV infections requires improved strategies for HIV testing and high
adherence in prevention and treatment [1]. Overall access to VL testing for PLWH on ART
is low due to the high costs and complexity of the test, demonstrating the high global
demand for new and efficient NAT technologies [36]. FSB collected in MCTs provides an
alternative approach for PLWH to self-collect samples for timely VL monitoring, removing
a significant barrier for many persons on ART [37]. We demonstrated that the off-label 1:7
dilution protocol for plasma samples performs well compared to standard volumes and
offers an alternative sample collection method to monitor VS using an automated
commercial VL platform. While the results are encouraging, the off-label protocol with self-
collected blood must be properly validated within laboratories prior to implementing this
strategy.
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Highlights

A modified Aptima HIV-1 Quant protocol can quantify RNA using 100 pL of
plasma.

The standard and modified protocols had high agreement above 50
copies/mL.

Using microtainers for blood collection could expand access to treatment and
care.
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Sample Collection
Fill an EDTA MCT with FSB (minimum volume of 200 uL), cap the labeled tube and invert 10 times

NS

Sample Shipping
Ship the MCT as a clinical specimen to the CDC laboratory at ambient temperature within 24-48 hours

NS

Sample Processing:

Mix FSB again by inversion and centrifuge for 3 minutes at 3,000 rpm to separate a minimum of 100 pL
plasma. Store at -80°C until testing

N7

Viral Load Testing

Place 100 puL of thawed plasma into a specimen aliquot tube containing 600 uL of Hologic specimen
diluent. Invert tube and place directly on the Panther instrument for APT-Quant testing and multiply the
RNA copies/mL result by 7

Figure 1: Collection, shipment and processing of MCTs during the Engagement study from FSB
and viral load testing using the 1:7 APT-Quant-dil protocol.

MCTs: Microtainer Tubes. FSB: Fingerstick whole blood.
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Figure 2: Linear regression analysis using commercial HIV-1 RNA controls
(A) Mean VL values of seven Linearity Panel (LP) replicates and triplicate AcroMetrix Low,

Mid and High controls with APT-Quant-std were compared to known CAP/CTM and
m2000RT assays results. (B) Mean VL of three replicates of APT-Quant-dil compared to
APT-Quant-std results using LP and AcroMetrix High and Mid controls.

J Clin Virol. Author manuscript; available in PMC 2021 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Rossetti et al.

=

= 1.57

9

=™}

< - o o

O o) O 95% CI

T 054 0.73

a Bias

g ] 0.22

-

[‘_? 95% CI

& 0.5 -0.28

<

@ -

<

=

@

5

g -15 T T T 1

a 0 2 4 6 8
Average VL of APT-Quant-std and CAP/CTM

(A)

%

S 1.5-

=

< ] 95% CI

B 0.59

<

é 0.5 O 0.0 O Bias

7 505 3% o 0.14

= 7 o °

z e S 95% CI

S e o 5%

g 08 ° -0.31

o

< J

@

2

=

£ -LS T T T 1

=] 0 2 4 6 8

a

2

Average VL of APT-Quant-std and APT-Quant-dil

Difference (APT-Quant-std - m2000RT)

~
)
N

Page 14

95% CI

95% CI
-0.33

Figure 3: Bland-Altman plots of quantified clinical samples
Quantified VL results (in log10 copies/mL) to show agreement from (A) APT-Quant-std and

CAP/CTM (n=174), (B) APT-Quant-std and m2000RT (n=184) and (C) APT-Quant-std and
APT-Quant-dil (n=24). The average VL values of paired samples are plotted on the X-axis,
and the differences between the VL values are plotted on the Y-axis. The solid horizontal
lines represent mean difference (bias) and the two horizontal dashed lines represent the 95%
confidence intervals (Cl), corresponding to the mean + 1.96 SD.

Average VL of APT-Quant-std and m2000RT
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Table 1.

Limits of detection and quantification of the 1:7 dilution protocol in HIV-1 RNA controls

APT-Quant-dil

Reference Value mean SD Quantified Detected
(log10 cop/mL)  (log10 cop/mL) (%) (%)
1.56 0 0 0 80
1.89 0 0 0 93
2.33 2.43 0.1 33 100
2.49 2.50 0.12 60 100
2.56 251 0.12 67 100
2.62 2.61 0.11 93 100
2.76 2.75 0.18 100 100
2.93 2.89 0.12 100 100

Page 15

Quantified results from diluted HIV-1 RNA controls tested in triplicate with APT-Quant-std to determine the reference value and tested in 15
replicates with APT-Quant-dil to determine percent quantified and detected, and the mean and standard deviation (SD).
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