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Background: Serological assays for SARS-CoV-2 are important tools for diagnosis in patients with negative RT-PCR

testing, pediatric patients with multisystem inflammatory syndrome, and serosurveillance studies. However, lateral flow-

based serological assays have previously demonstrated poor analytical and clinical performance, limiting their utility.

Methods: We assessed the ADEXUSDx COVID-19 lateral flow assay for agreement with diagnostic RT-PCR testing

using 120 specimens from RT-PCR–positive patients, 77 specimens from symptomatic RT-PCR–negative patients,

and 47 specimens obtained prepandemic. Specimens collected <14 days from symptom onset in RT-PCR–positive

patients were compared relative to the Abbott SARS-CoV-2 IgG assay.

Results: The ADEXUSDx COVID-19 Test yielded an overall positive percent agreement (PPA) of 92.5% (95%CI 85.8

to 96.3) and negative percent agreement of 99.2% (95% CI 94.9–100.0) relative to RT-PCR and in prepandemic

specimens. Relative to days from symptom onset, the PPA after 13days was 100% (95% CI 94.2–100); from 7 to 13

days, 89.7 (95% CI 71.5–97.2); and from 0 to 7 days, 53.8 (95% CI 26.1–79.6). The overall agreement between the

Abbott and ADEXUSDx assays was 80.9%. Twenty-five specimens were positive by both assays, 9 specimens were

negative by both assays, and 8 specimens were positive by only the ADEXUSDx assay.

Conclusions: We demonstrate high PPA and negative percent agreement of the ADEXUSDx COVID-19 assay and diag-

nostic testing by RT-PCR, with PPA approximately 90% by 7 days following symptom onset. The use of waived testing for

antibodies to SARS-CoV-2 with high sensitivity and specificity provide a further tool for combatting the COVID-19 pandemic.

INTRODUCTION

According to the Infectious Diseases Society of

America, serological testing for SARS-CoV-2 is use-

ful for conducting serosurveillance studies, for the

assessment of multisystem inflammatory syn-

drome in children, and for evaluating patients with

high suspicion of COVID-19 but persistently

negative molecular testing, (1, 2). While there are

more serological assays available for SARS-CoV-2

than any other infectious disease, until recently

few waived methods existed with emergency use

authorization (EUA) (3). As a result, most of the se-

rological testing for COVID-19 requires trained

phlebotomists performing blood draws, often a

hindrance to enrolling participants in studies and

aNOWDiagnostics, Inc., Springdale, AR, USA; bDepartment of Pathology & Immunology, Washington University in St. Louis School of Medicine, St.
Louis, MO, USA.
*Address correspondence to this author at: Department of Pathology & Immunology, Washington University in St. Louis, 660 S. Euclid Ave.,
Campus Box 8118, St. Louis, MO 63110, USA. Fax 314 362-1461; e-mail cwfarnsworth@wustl.edu.
Received August 27, 2021; accepted December 13, 2021.
https://doi.org/10.1093/jalm/jfac003
VC American Association for Clinical Chemistry 2022. All rights reserved.
For permissions, please email: journals.permissions@oup.com.

.......................................................................

2022 | 7:4 | 1–7 | JALM 1

ARTICLE



frequently a challenge in pediatric patients (4).

Furthermore, the emergence of the COVID-19

pandemic led to the introduction of hundreds of

lateral flow-based, sample to answer assays from

companies with limited experience in the in vitro

diagnostics market (5, 6). Most of these devices

had remarkably poor clinical sensitivity and specif-

icity (7, 8), leading the US Food and Drug

Administration (FDA) to require EUA for all serolog-

ical testing for SARS-CoV-2. While considerable lit-

erature has assessed fully automated methods for

SARS-CoV-2 serological testing and has found

those with EUA to be suitable for detecting

patients with previous SARS-CoV-2 infection (2, 9–

12), little exists in the published literature assess-

ing the clinical performance of EUA SARS-CoV-2 se-

rological assays designated as waived by the FDA.
The ADEXUSDx COVID-19 Test received EUA in

May 2021 for qualitative detection of total antibodies

to SARS-CoV-2 in human venous whole blood,

plasma, serum, and fingerstick whole blood. The pur-

pose of this study was to perform a clinical evaluation

of the ADEXUSDx COVID-19 Test using RT-PCR as the

gold standard for diagnosis of SARS-CoV-2 infection.

MATERIALS AND METHODS

Test Specimens

This study was approved by the Washington

University Institutional Review Board. All specimens

were clinical remnants collected in EDTA plasma

tubes. One hundred twenty specimens were from

patients presenting symptomatic and confirmed
positive for COVID-19 by EUA Cepheid Xpert Xpress

SARS-CoV-2 test, 77 specimens from patients con-

firmed negative by EUA Cepheid Xpert Xpress

SARS-CoV-2 test and clinically adjudicated as non-

COVID-19 patients, and 47 prepandemic specimens

were used. All specimens were frozen and stored at
�80�C prior to analysis. Each specimen underwent

a single freeze–thaw cycle prior to testing. All post-

pandemic specimens were collected from April

through August 2020. The confirmed positive speci-

mens were selected according to range of days fol-
lowing positive RT-PCR test; 30 specimens were

selected 0 to 6days post-RT-PCR; 30 specimens, 7

to 13days post-RT-PCR; 30 specimens, 14 to

20days post-RT-PCR; and 30 specimens, >20days

post-RT-PCR. Time from symptom onset was adjudi-
cated by 2 independent reviewers using physician

encounter notes in the electronic medical record

(EPIC, Epic Systems Verona). All patients in this co-

hort were hospitalized due to symptoms from

COVID-19. Age and sex were also collected but
were not available for prepandemic specimens in-

cluded in the validation study.

Diagnostic Tests and Analyses

Specimens were tested using ADEXUSDx

COVID-19 Tests developed by NOWDiagnostics.

IMPACT STATEMENT

High volume assays for assessing serological response to SARS-CoV-2 have been extensively reported

on, but little exists in the published literature assessing lateral flow-based assays designated as waived un-

der an emergency use authorization. Here we describe the performance of the ADEXUSDx COVID-19 Test

and demonstrate high positive and negative percent agreement relative to SARS-CoV-2 RT-PCR testing, with

better agreement than a high throughput automated method <14days from symptom onset. The use of

waived testing for antibodies to SARS-CoV-2 with high sensitivity and specificity provide a further tool for

combatting the COVID-19 pandemic.
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The assay uses a lateral flow platform that is engi-

neered for separation of plasma from whole

blood. The sample first passes through the plasma

separating membrane. The membrane is impreg-

nated with SARS-CoV-2 recombinant receptor

binding domain (RBD) of the viral spike protein

and rabbit IgG, both conjugated with colloidal

gold. Antibodies specific to SARS-CoV-2 in the

specimen bind to the gold-labeled SARS-CoV-2 re-

combinant antigen, and the complex is captured

by immobilized SARS-CoV-2 antigen with the ap-

pearance of a visible test line indicating a detect-

able level of SARS-CoV-2 antibody. Rabbit IgG

binds to the immobilized polyclonal anti-rabbit an-

tibody at the control line. Test (T) and control (C)

lines on each cassette are visually read. This test is

approved by the FDA under an EUA for venous

whole blood and plasma testing in a moderate

complexity laboratory or capillary whole blood as

a waived complexity test.
The reported positive agreement in plasma rel-

ative to RT-PCR confirmed cases of SARS-CoV-2 is

100% (95% CI 82.4–100) 15 days after diagnostic

testing and the negative percent agreement is

97.9% (95% CI 95.2–99.1) (13). All testing was per-

formed by a trained technologist according to the

laboratory pipette test method of the manufac-

turer’s reference instructions. Briefly, 40 uL of

plasma was applied to the sample application

zone of the cassette.
Specimens from patients with RT-PCR confirmed

infection, but specimens <14 days from symptom

onset were also tested by the Abbott SARS-CoV-2

IgG assay. This assay is a chemiluminescent micro-

particle immunoassay to target antibodies to the

SARS-CoV-2 nucleocapsid protein. The assay reports

positive results as a signal to calibrator ratio, with a

signal�1.4 considered positive.

Statistical Analyses

Diagnostic positive percent agreement (PPA)

and negative percent agreement (NPA) for each

assay were calculated using RT-PCR testing as the

gold standard. CIs were calculated according to

the efficient score method as previously described

(14). All statistics were performed using GraphPad

Prism v9.

RESULTS

Positive specimens (n¼ 120) were acquired

from 45 subjects. The average age of the test sub-

jects was 64.8 years (range 40–90), and 25/45

(57.8%) subjects were male.
The ADEXUSDx COVID-19 Test yielded an overall

PPA of 92.5% (95% CI 85.8–96.3) (Table 1). The

highest agreement was found after 13 days from

RT-PCR–positive result (PPA 100% for 14–20 days

and þ21 days). Relative to days from symptom on-

set, the PPA after 13 days was 100% (95% CI 94.2–

100). The PPA from 7 to 13 days from symptom

onset was 89.7 (95% CI 71.5–97.2), and from 0 to

7 days, it was 53.8 (95% CI 26.1–79.6). Thirteen

days from symptom onset was the latest time-

point in which a specimen from a patient with RT-

PCR confirmed SARS-CoV-2 infection was negative

by the ADEXUSDx COVID-19 Test (Fig. 1).
The overall NPA of the ADEXUSDx COVID-19

Test was 99.2% (95% CI 94.9–100.0) relative to di-

agnostic, RT-PCR testing for SARS-CoV-2, and pre-

pandemic specimens. The NPA was 100.0% (95%

CI 94.1–100.0) and 97.9% (95% CI 87.3–99.9), re-

spectively, in specimens from symptomatic but

SARS-CoV-2 RT-PCR–negative patients and speci-

mens drawn prepandemic.
All specimens from patients that were RT-PCR–

positive but <14 days post-COVID-19 symptom

onset (n¼ 42) were also tested using the Abbott

Architect SARS-CoV-2 IgG assay. This assay yielded

a PPA of 30.8% (95% CI 10.4–61.1) <7 days post–

symptom onset and 72.4% (95% CI 52.5–86.6)

from 7 to 13 days post–symptom onset (Fig. 2) rel-

ative to RT-PCR testing. The overall agreement be-

tween the Abbott and ADEXUSDx assays was
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80.9% (kappa ¼ 0.57, 95% CI 0.31–0.84). Twenty-

five specimens were positive by both assays, 9

specimens were negative by both assays, and 8

specimens were positive by only the ADEXUSDx

assay. No specimens were positive by the Abbott

assay but negative by the ADEXUSDx assay.

DISCUSSION

Waived assays with EUA or FDA approval and

high sensitivity/specificity are important tools for

serosurveillance studies and for the diagnosis of

multisystem inflammatory syndrome. However, lit-

tle is available in the published literature assessing

the clinical performance of these devices. In this

study, we demonstrate high PPA and NPA of the

ADEXUSDx COVID-19 lateral flow assay in plasma

from patients relative to diagnostic testing for

SARS-CoV-2.
Under the FDA EUA, serological assays for

SARS-CoV-2 must meet a clinical PPA with molecu-

lar testing of 90% and a NPA of 95% (15).

Interestingly, in hospitalized patient cohorts, many

of these assays have frequently not performed as

well as package inserts claimed by manufacturers

(9, 10). This is likely due to multiple comorbidities

of hospitalized patients. Nonetheless, in this study

we found a PPA of >100% after 13 days from

symptom onset and a PPA approaching 90% from

days 7 to 13 in a hospitalized patient cohort.
Importantly, serological testing has not been con-

sidered diagnostic, in part because of the low sen-

sitivity at early timepoints from symptom onset

(16, 17). At our hospital, the average time from

symptom onset to emergency department pre-

sentation is approximately 3 days, but approxi-

mately 26% of patients present by 7 days or later

after symptom onset (unpublished data). While

Infectious Diseases Society of America guidelines

and the CDC do not recommend serological test-

ing until 2weeks after symptom onset (2, 17),

higher sensitivity assays like those described here

may be useful at earlier timepoints after symptom

onset in symptomatic patients that are persis-

tently RT-PCR–negative. However, more studies

Table 1 Qualitiative agreement between ADEXUSDx and RT-PCR.

PPA, days from RT-PCR–positive n Positive, n PPA (95% CI)

<7 30 23 76.7 (57.3–89.4)

7–13 30 28 93.3 (76.5–98.8)

14–20 30 30 100.0 (85.9–100.0)

21þ 30 30 100.0 (85.9–100.0)

Combined 120 111 92.5 (85.8–96.3)

PPA, days from symptom onset n Positive, n PPA (95% CI)

<7 13 7 53.8 (26.1–79.6)

7–13 29 26 89.7 (71.5–97.2)

14–20 33 33 100.0 (87.0–100.0)

21þ 45 45 100.0 (90.2–100.0)

Combined 120 111 92.5 (85.8–96.3)

NPA n Negative, n NPA (95% CI)

Prepandemic 47 46 97.9 (87.3–99.9)

Pandemic, RT-PCR–negative 77 77 100.0 (94.1–100.0)

Combined 124 123 99.2 (94.9–100.0)
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are required to confirm the clinical utility of this

approach toward serological testing, and RT-PCR

and antigen-based approaches should continue

to be first-line tests for diagnosis when available.
As with all serologic assays for SARS-CoV-2, there
is a trade-off of enhanced analytic sensitivity with
reduced analytic specificity. However, the NPA of
the ADEXUSDx COVID-19 Test was also quite high,
exceeding 99% across all samples. Interestingly,
the specimen that was positive was a prepan-
demic (2018) specimen drawn from a healthy con-
trol. Unfortunately, no demographic information
was available for prepandemic specimens.
However, the specificity found in this study is simi-
lar to that reported in the manufacturer’s instruc-
tion for use (97.9% in serum or plasma). This does
imply a potentially important role of this assay for
serosurveillance, particularly when combined with
other data such as patient demographics to help
guide public health efforts.
Previous studies have demonstrated relatively

poor performance of lateral flow based SARS-CoV-
2 serological assays (7, 8). In contrast, we demon-
strate comparable performance of the ADEXUSDx
COVID-19 assay with a high throughput EUA-ap-
proved serological assay <14days from symptom
onset. Of note, we observed that specimens from
patients <14 days from symptom onset had a
higher PPA than the Abbott Architect SARS-CoV-2
IgG assay with diagnostic RT-PCR testing. This may
be due in part to the different targets of the
assays: the Abbott assay targets the SARS-CoV-2
nucleocapsid protein, and the ADEXUSDx targets
the RBD domain of the viral spike protein. The as-
say design of the ADEXUSDx also detects both IgG
and IgM, which may allow for earlier detection of
SARS-CoV-2 infection than assays that only detect
IgG. However, reports on this with other total Ig
assays are conflicting (10). Finally, several immuno-
suppressed patient populations have been shown
to have reduced or no measurable antibody re-
sponse following vaccination with SARS-CoV-2
(18). While antibody testing was not recom-
mended for assessing immunity by the FDA in
May 2021 when SARS-CoV-2 vaccines were being
widely distributed across the United States (19),
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Fig. 1. PPA of the ADEXUSDx assay and time
from symptom onset. Specimens from patients
with RT-PCR–confirmed SARS-CoV-2 infection
were analyzed on the ADEXUSDX assay and
plotted by time from symptom onset.
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Fig. 2. Agreement between the ADXUSDx and
Abbott assay. Specimens from patients with
<14days of symptoms were tested using both
assays. Shown are the results of each relative
to the time from symptom onset. Black circles
were positive and gray circles were negative
for the ADEXUSDx assay. The dotted line indi-
cates the positive cutoff by the Abbott assay.
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these guidelines have continued to change over
time. Recently published studies have found the
benefit of a booster vaccination dose in immuno-
suppressed patients (20). Therefore, waived test-
ing for assessment of antibodies to RBD could
provide means for distinguishing at-risk patients
and administering a booster within a single visit to
a physician’s office or clinic. However, further stud-
ies are required to determine the utility of this ap-
proach and the necessity of antibody testing for
distinguishing at-risk patients. Interestingly, the
RECOVERY study recently demonstrated a reduc-
tion in mortality in patients who were seronega-
tive and treated with a combination of
monoclonal antibodies targeting the RBD domain
of the viral spike protein but not patients who
were seropositive (21). Therefore, near-patient se-
rologic testing may be useful for rapidly assessing
patient populations that will benefit from certain
therapies, but further studies are needed.
There were several limitations of this study. The

use of a single observer for all testing did reduce
inconsistencies, but real-world performance may
vary for qualitative, lateral flow-based methods.
Importantly, this study was not designed to assess
the clinical sensitivity and specificity of the
ADEXUSDx assay in capillary blood. It is possible
that variable performance would be observed in
this population given potential complexities of col-
lecting capillary specimens. Nonetheless, studies
submitted to the FDA for EUA demonstrated com-
parable performance between plasma and capil-
lary blood, supporting the use of this device for
each specimen matrix. It is possible that patients

in the negative group represented false negatives,

conflating the PPA and NPA of the ADEXUSDx as-

say. However, this is unlikely given that no patients

negative by RT-PCR were clinically adjudicated as

having COVID-19. Furthermore, this study was not

designed to assess cross-reactivity with antibodies

to seasonal coronaviruses, HIV, hepatitis C, or in-

fluenza. Studies in the manufacturer’s instruction

for use document do imply that routine cross-

reactivity is not expected (13). Nonetheless, fur-

ther independent studies are required to assess

this. Another important limitation was that lot-to-

lot variability was not assessed in this study.

Previous studies with lateral flow-based methods

from other manufacturers have demonstrated

poor agreement between lots of cartridges (22).

Independent validation of the variability of

ADEXUSDx device lots are needed in follow-up

studies. Finally, this study used specimens from an

entirely hospitalized cohort of adults. Further

studies are required to assess the clinical utility in

pediatric patient populations and in the outpa-

tient setting.
In conclusion, we demonstrate very high

PPA and NPA of the ADEXUSDx COVID-19

assay and diagnostic testing by RT-PCR on the

Cepheid XPRESS SARS-CoV-2 assay, with PPA ap-

proximately 90% by 7 days following symptom on-

set. The use of waived testing for antibodies to

SARS-CoV-2 with high analytical sensitivity and

specificity provide a further tool for combating the

SARS-CoV-2 pandemic.
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