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Abstract

Objectives: Results of earlier external quality assessment
(EQA) rounds suggested remarkable differences in the
sensitivity of SARS-CoV PCR assays. Although the test
systems are intended to detect SARS-CoV-2 in individual
samples, screening is often applied to sample pools to in-
crease efficiency and decrease costs. However, it is un-
known to what extent these tests actually meet the
manufacturer’s specifications for sensitivity and how they
perform when testing sample pools.

Methods: The sensitivity of assays in routine use was eval-
uated with a panel of positive samples in a round of a
SARS-CoV-2 virus genome detection EQA scheme. The panel
consisted of samples at or near the lower limit of detection
(“weakly positive”). Laboratories that routinely test sample
pools were asked to also analyze the pooled EQA samples
according to their usual pool size and dilution method.
Results: All participants could detect a highly positive
patient-derived sample (>106 copies/mL). Most (96%) of the
test systems could detect at least 1,000 copies/mL, meeting
the minimum acceptable benchmark, and many (94%)
detected the vVRNA in a sample with lower concentration (500
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copies/mL). The false negative ratio increased to 16 and 26%
for samples with 100 and 50 copies/mL, respectively.
Conclusions: The performance of most assays met or
exceeded their specification on sensitivity. If assays are to be
used to analyze sample pools, the sensitivity of the assay and
the number of pooled samples must be balanced.

Keywords: external quality assessment; limit of detection;
nucleic acid test (NAT); PCR; pooling; SARS-CoV-2.

Introduction

An assay’s sensitivity affects its clinical performance in
SARS-CoV-2testing, and if too low, it can lead to false-negative
results that are not conducive to managing the pandemic [1].
Therefore, the World Health Organization (WHO) describes a
limit of detection (LoD) of 1,000 copies/mL as “acceptable”,
but 100 copies/mL as “desirable” [2]. Results from previous
rounds of the SARS-CoV-2 virus genome detection external
quality assessment (EQA) scheme of the Austrian Association
for Quality Assurance and Standardization of Medical and
Diagnostic Tests (DQUASTA) and the Center for Virology at the
Medical University Vienna (the national reference laboratory
for respiratory viruses) suggested remarkable differences in
the sensitivities of assays in routine use [3]. Determination of
the LoD is part of the validation of an assay by the manufac-
turer and the verification by the user [4]. If sample pools are
analyzed, the sensitivity of the assay and the size of the pool
must be balanced in order to reliably identify SARS-CoV-2
RNA from one positive sample in the pool [5]. After assay
validation and verification procedures, the performance of
diagnostics in routine use should be closely monitored. It is
advisable to include data from external quality assessment
schemes as they are reports from the “real life” performance
apart from validation or verification settings [6]. We therefore
dedicated an EQA round in early 2022 to the sensitivity of
SARS-CoV-2 nucleic acid test (NAT) assays in routine use.

Materials and methods

A panel of seven samples was designed to compare the performance of
SARS-CoV-2 NAT assays in routine laboratory use against the LoD
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recommended by WHO. Preparation and shipment of samples
(including quality control assessment under storage and shipping
conditions) were performed as previously described [7]. Instructions
for participants to perform the analysis and to report the results, the
collection of results and their independent assessment were per-
formed by the EQA provider, and feedback was provided to the par-
ticipants as previously described [7].

In addition to the data that were to be provided by participants in
previous rounds, laboratories routinely screening sample pools were
asked in this round to dilute the EQA samples with negative samples or
buffer solution according to their standard pool size. These pools
should then be analyzed and the samples should subsequently be
individually tested.

One positive sample (S2) was a clinical specimen from a swab
positive for SARS-CoV-2 variant omicron (BA.2), yielding Ct 23.8, cor-
responding to a virus load of 9.3 x 10° copies/mL, as characterized by
the reference laboratory. One other sample (S3) was negative for
SARS-CoV-2 RNA. Five positive samples were prepared by making
dilutions of the AccuPlex™ SARS-CoV-2 Reference Material (Material
Number 0505-0126, SeraCare, Milford, MA, USA) to yield the following
calculated concentrations: ~50 copies/mL (1:100 dilution, S6); ~100
copies/mL (1:50 dilution, S1); ~500 copies/mL (1:10 dilution, S4); and
~1,000 copies/mL (1:5 dilution, S5 and S7). Two samples with ~1,000
copies/mL were provided to allow discrimination of false negative
results caused by random error from those caused by limited sensi-
tivity of assays. Human cell culture material was added to all samples
to provide human housekeeping genes for assays that test and require
this for a valid result. The requirement to pass this EQA round was to
obtain correct results for the negative sample, the highly positive
clinical sample and for the positive samples with ~1,000 and ~500
copies/mL SARS-CoV-2.

Results

A total of 133 laboratories participated in this round and
used 160 assays in total, among which were 72 different
combinations of 45 extraction reagents on 39 extraction
platforms, and 48 detection reagents on 35 detection
platforms. A total of 52 (32.5%) assays were represented by
only one to three individual participant reports in this EQA
round. Taking into account that reporting of correct results
for S2, S3, S4, S5, and S7 was required to pass, the success
rate in this round was 149/160 (92.5%). In descending order
of the virus load in the EQA samples, S2 (~9.3E+6 copies/
mL) was reported positive by every (100%) assay; S5 and S7
(~1,000 copies/mL) were incorrectly reported negative
by six (3.8%) and seven (4.4%) assays, respectively; S4
(~500 copies/mL) was reported negative by 9 (5.6%), S1
(~100 copies/mL) by 25 (15.6%), and S6 (~50 copies/mL) by
41 (25.6%). Sample S3 was correctly reported negative by
159/160 (99.4%) assays. A total of 112 assays reported
correct results for all seven samples (Table 1).

A total of 153 (95.6%) and 152 (95.0%) assays detected
at least ~1,000 copies/mL, which was the concentration of
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SARS-CoV-2 in S5 and S7, respectively. Among the assays
that did not detect both S5 (n=6 false negatives) and S7
(n=7) were the Abbott ID Now™ (Abbott Diagnostics
Scarborough, Inc., Maine, USA) (LoD according to manu-
facturer information 125 copies/mL, n=1), PhoenixDx
SARS-CoV-2 P681R Multiplex (Procomcure Biotech,
Austria) (LoD 3 copies/pL eluate, n=2), ViroReal Kit
SARS-CoV-2 & SARS (Ingenetix GmbH, Vienna, Austria)
(LoD 893 copies/mL, n=2). One of the samples S5 and S7
was not detected positive by one (out of two) 2019-nCoV
nucleic acid test kit (Hecin Guangdong Scientific, Inc.,
China) (LoD 400 copies/mL), one (out of two) Luna Uni-
versal/One-Step-RT-qPCR (Covid) (New England Biolabs)
(LoD 5 copies/mL), and in total three (out of six) VitaPCR
SARS-CoV-2 Assay (A. Menarini Diagnostics, Florence, Italy)
(LoD 1,000 copies/mL). Eight of these nine assays and one
(out of two) RealAccurate® Quadruplex SARS-CoV-2 PCR kit
(Biozym Scientific GmbH, Germany) (LoD 5 copies/reaction)
failed to detect S4 (~500 copies/mL). Another 15 did not
detect S1 (~100 copies/mL), and another 19 did not detect S6
(~50 copies/mL) as positive (data not shown).

Five laboratories routinely screened pools of patient
samples, in pool sizes of five to ten patients, and reported
results from individual test samples as if they were pooled.
Additionally, one laboratory reported results only from
pooled testing. In mock pools and in follow-up individual
testing, S2 (~9.3 x 10° copies/mL) and S7 (~1,000 copies/mL)
were reported positive by all five assays. Among the false
negative test results from pooled testing, ANDiS FAST
SARS-CoV-2 RT-gPCR Detection Kit (3D Biomedicine Science
& Technology Co. Ltd, Shanghai, China) (LoD 5 copies/re-
action) missed S1 (~100 copies/mL) and S6 (~50 copies/mL)
in a pool of eight samples but detected both samples as
positive in individual tests. The Aptima SARS-CoV-2 Assay
(Hologic, Inc., California, USA) (LoD 0.001 TCID50/mL)
detected all samples as positive in both individual testing
and in a pool of five samples. The cobas SARS-CoV-2 assay
(Roche Molecular Systems, Inc. New Jersey, USA) (LoD 46
copies/mL) detected all samples as positive in individual
tests, but in a pool of 10 samples, S6 was missed. S1 and S6
were missed by Molaccu Covid-19 detection kit (Zybio,
Chongging, China) (LoD <500 copies/mL) in a pool of six
samples as well as in individual tests. S5 (~1,000 copies/mL),
S4 (~500 copies/mL), S1, and S6 were missed by ViroReal Kit
SARS-CoV-2 & SARS (LoD 893 copies/mL) in a pool of five
samples, however this assay reported S5, S4 and S6 as pos-
itive in individual tests. VitaPCR SARS-CoV-2 Assay (LoD
1,000 copies/mL) reported S2, S5, S4, and S1 as positive in a
pool of 10 samples, did not obtain a valid result for S7 (e.g.,
internal assay control failed), and reported a false negative
result for S6. Ct values for samples testing positive in both a
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Table 1: False negative/total results and approximate virus load in six positive individual (non-pooled) EQA samples by test system.

Sample ID (copies/mL)
LoD (as specified by S2 87 S5 S4 S1 S6
Assay manufacturer) ~10%7 ~1000  ~1000  ~500 ~100 ~50
Allplex 2019-nCoV, .
Seegene, Seoul, Republic of Korea 4.167 copies/mL 0/4 0/4 0/4 0/4 0/4 2/4
Aptima SARS-CoV-2-Assay, -
Hologic Inc., San Dicgo, Ca, USA 0.001 TCID50/mL 0/4 0/4 0/4 0/4 0/4 0/4
BD MAX SARS-CoV-2,
Becton, Dickinson and Company; Sparks, MD, USA 640 GC/mL/ 40 GE/mL. o U U L 0L e
cobas Liat SARS-CoV-2 und Influenza A/B, .
Roche Diagnostics Deutschland GmbH, Mannheim, Germany 12 copies/mL. 08 08 o8 08 UK UK
cobas SARS-CoV-2, .
Roche Diagnostics Deutschland GmbH, Mannheim, Germany 46 copies/mL 09 0/9 0/9 09 /9 /9
RealStar Altona SARS-CoV-2 RT-PCR Kit,
altona Diagnostics GmbH, Hamburg, Germany 0.025/0.014 PFU/mL 0/4 0/4 0/4 0/4 1/4 0/4
Simplexa Liaison MDX Realtime PCR, S
DiaSorin Molccular, Cypress, CA, USA 500 copies/mL 0/6 0/6 0/6 0/6 0/6 1/6
LightMix SarbecoV E-gene plus EAV control . . false
. 52 /react 0/5 0/5 0/5 0/5 0/5 3/5 .
TIB MOLBIOL Syntheselabor GmbH, Berlin, Germany copiesireaction negative:
ViroReal Kit SARS-CoV-2 & SARS, . 0,
ingenctix GmbH, Vienna, Austria 893 copies/mL 0/7 1/7 1/7 1/7 3/7 3/7 <10%
VitaPCR SARS-CoV-2 Assay, . 10 -
A. Menarini Diagnostics, Florence, Italy 1000 copies/mL. LG 2o o A o IO <25%
Xpert Xpress SARS-CoV-2, . 25 -
Cepheid, Sunnyvale, CA, USA 0.02 PFU/mL 0/34 0/34 0/34 0/34 1/34 5/34 <50%
Xpert Xpress SARS-CoV-2/FIu/RSV, " 0
Cepheid, Sunnyvale, CA, USA 131 copies/mL 0/11 0/11 0/11 0/11 0/11 0/11 >50%
Xpert Xpress SARS-CoV-2/FIu/RSV plus,
Cepheid, Sunnyvale, CA, USA 0.005/0.002 PFU/mL 0/6 0/6 0/6 0/6 0/6 0/6
other (<4 palnicipzmls)a 0/52 4/52 4/52 6/52 16/52 21/52
total 0/160 7/160 6/160 9/160 25/160 41/160

TCID50, 50% tissue culture infectious dose; GC, genetic copies; GE, gene equivalents; PFU, plaque forming units. ®Including 2019-nCoV nucleic
acid test kit (Hecin), Abbott ID NOW, Abbott RT Sars-CoV-2, Alinity m SARS-Cov-2 Assay, ANDiS FAST SARS-CoV-2 RT-qPCR Detection Kit, Artus
SARS-CoV-2 Prep&Amp UM Kit, SARS-CoV-2 und Influenza A/B, Convergys POC RT-PCR- SARS-CoV-2, COVID-19 Nucleic acid (RNA) Detection Kit,
Easy SARS-Cov-2 Kit, FTD SARS CoV-2, genesig Real-Time PCR, GenomeCoV19 Detection kit, Luna Universal Probe One-Step, Luna Universal/
One-Step-RT-qPCR (Covid), Molaccu Covid-19-Detection Kit Zybio, Multiplex RNA Virus Master Kit, MutaPlex RT-PCR Kit, NeuMoDx SARS-CoV-2
Test Strip, PerkinElmer SARS-CoV-2 Real-time RT-PCR Assay, PhoenixDX, PhoenixDx SARS-CoV-2 P681R Multiplex, QlAprep&amp Viral RNA, Real
AccurateR Quadruplex SARS-CoV-2 Multiplex RT, Real Fast PCR, Respiratory Viruses 16-well (AusDiagnostics), SARS-CoV-2-N + RdRp Cubedx,
SARS-CoV-RealFast Assay/Viennalab, TagMan Fast Virus1Step MasterMix, TagPath Covid 19, TagPath TM, TIB MOLBIOL Light MIX, Virella
SARS-CoV-2 seqc RT-PCR Kit 2.0, Vivalytic RTI, Volcano3G® RT-PCR SARS-Cov-2.

sample pool and in individual test were consistently lower in
individual tests (Table 2).

Discussion

Data presented here are not based on a verification or
evaluation of assays but are snapshots of the performance
of laboratories operating under routine procedures and
their test systems in an EQA round. The majority of the
assays in this EQA round met the WHO recommendation to
detect atleast 1,000 copies/mL of SARS-CoV-2RNA (97.3%,
467 of 480 total assays from three samples). Many also
detected SARS-CoV-2 in the test samples with 500 and 100
copies/mL (94.1%, 753/800 detected in five samples
with 2100 copies/mL) and some laboratories could detect
an even lower viral load (50 copies/mL). However, the
overall false negative ratio increased from ~6 to ~16 to
~26% when virus concentration decreased from 500 to 100

to 50 copies/mL, respectively. The robust performance in
this EQA round is not surprising, as in most cases they met
the LoD as specified by the manufacturers — and some even
exceed it. This underscores the importance of considering
the manufacturer’s specifications on sensitivity when
selecting assays and verifying them for intended use.
Assay-specific performance and comparison between
assays is difficult to assess in an EQA, given the many
combinations between assays with sample preparation,
and the infrequent use of some products across labora-
tories. We restricted our analysis to assays that were re-
ported by at least four participants in our EQA round, and
to assays for which LoD information is clearly provided.
Eight assays matched these criteria, and among these
eight, we observed no evidence that a detection limit was
systematically missed. On the contrary, the LoD specified
by the manufacturers were mostly exceeded and the assays
detected samples with a lower viral load as positive under
routine use. For other assays and test systems that were
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Table 2: Results and Ct values obtained in pooled and single testing of positive EQA samples.

LoD Sample ID (copies/mL)
(as specified by Analysis S2 S7 S5 S4 S1 S6
Assay manufacturer) (pool size) (9.3x10% (~1000) (~1000) (~500) (~100) (~50)
ANDIS FAST SARS-CoV-2 RT- S conies! X pooled (8) positive (29.0)  positive (36.9)  positive (36.6)  positive (38.0) negative (-) negative (-)
GPCR Detection Kit copiesireaction 4 ividual  [BROSAYEI263) IR Osve (3316) IR pos ivelGAIG) M positive (3510) M posiiive (3519) M p oS e (B4
. 0.001 pooled (5) positive (26.5)  positive (35.2)  positive (35.5)  positive (36.6)  positive (37.5)  positive (39.1)
Aptima SARS-CoV-2-Assay S T . o . as a8 s
TCID50/mL individual positive (24.8)  positive (33.2)  positive (33.7)  positive (34.3)  positive (37.1)  positive (37.2)
ooled (10 ositive (27.7 ositive (34.3 ositive (34.6 ositive (35.2 ositive (36.8 negative (-
cobas SARS-CoV-2 46 copies/mL p . a0 e L ( DB L ¢ ) P L { ) P " @52) " p L ¢ ) g Q)
individual positive (23.3)  positive (31.7)  positive (31.4)  positive (32.4)  positive (33.5)  positive (33.4)
pooled (6) positive (28.2)  positive (36.5)  positive (37.7)  positive (38.9) negative (-) negative (-)
Mol “ovid-19-Detection Ki < i L
olaccu Covid-19-Detection Kit <500 copies/m individual positive (24.8)  positive (35.4)  positive (35.2)  positive (35.4) negative (-) negative (-)
pooled (5) positive (30.6)  positive (39.1) negative (-) negative (-) negative (-) negative (-)
ViroReal Kit SARS-CoV-2 AR 3 i L
iroReal Kit SARS-CoV-2 & SARS 893 copies/m individual  positive (26.9)  positive (36.2)  positive (36.1)  positive (38.3)  negative(-)  positive (38.0)
ooled (10 ositive (26, invalid ositive (35 ositive (36 ositive (36 negative (-
VitaPCR SARS-CoV-2 Assay 1000 copies/mL p L. 4o P ) ( ) 4 () P € P ) £ )
individual n.d. n.d. n.d. n.d. n.d. n.d.

TCID50, 50% tissue culture infectious dose.

infrequently represented in this EQA round, it is difficult to
determine whether false negative results were more likely
to be caused by operator error or lack of sensitivity. How-
ever, it is reasonable to assume that limited sensitivity may
be at least partly responsible for false negative results, as
we and others have observed that error rates are higher for
samples with lower virus loads.

The usage of an assay for the analysis of sample pools
is a special adaptation of the assay; and the performance
with pooled material is not directly evaluated by manu-
facturers but could be inferred from other parameters.
Therefore, the diagnostic laboratory must select and verify
assays that are amenable to pooled samples and still ach-
ieve the desired sensitivity. In the data from the five assays
that analyzed samples both pooled and individually, we
saw differences in detection rates, as expected. Specif-
ically, some assays were used to analyze pool sizes that,
combined, were inappropriate to achieve the LoD set by the
WHO. In other words, the LoD for a given assay should be
multiplied by a factor equal to the number of samples in the
pool to calculate the “pool-size-adjusted” sensitivity of the
assay relative to the dilution of the RNA to be detected; in
some cases this would raise the relative (per sample)
sensitivity above the recommended sensitivity with an LoD
of 1,000 copies/mL.

Awareness of the LoD when preparing samples is a
known caveat to verifying assays for use in diagnostic labo-
ratories, and we have noted errors that may be attributed to
this in previous rounds of SARS-CoV-2 NAT detection EQA.
Specifically, laboratories may save reagents by using lower
volumes of material during extraction (and/or reconstituting
extracted RNA in a disproportionately larger volume of
buffer) or using half-reactions when performing RT-qPCR -
both of which are practices that change the relative sensitivity
of the setup of the analysis. In addition, some laboratories
reported following extraction-free protocols using direct

sampling into lysis buffer [8], thus diluting the resulting
extract and raising the relative sensitivity. When evaluating
results of EQA rounds using liquid samples, the dilution of
the sample virus load by the lysis buffer and the change in the
chemical composition of the buffer by the carrier solution of
the samples must be taken into account. Such test systems,
unless they have also been validated with liquid samples,
should not be included in EQA schemes targeting LoD and
using liquid samples.

Ultimately, the responsibility for the selection and
use of SARS-CoV-2 assays lies with the laboratory. When
qualifying assays, especially when examining sample
pools, it is their responsibility to consider the intended use
and to ensure compliance with WHO specifications. Re-
ports of undetectable viral RNA should consistently
include the LoD of the assay used, or the relative sensitivity
if applicable. A large selection of high-quality test systems
is available for this purpose.
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