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Abstract

Objectives: Since December 2019, the worldwide public
health has been threatened by a severe acute respiratory
syndrome caused by Coronavirus-2. From the beginning, a
turning point has been the identification of new cases of
infection, in order to minimize the virus spreading among
the population. For this reason, it was necessary intro-
ducing a panel of tests able to identify positive cases,which
became crucial for all countries.
Methods: As a Regional Reference Centre, the CRQ Labo-
ratory (Regional Laboratory for the Quality Control) devel-
oped and conducted an External Quality Assessment (EQA)
panel of assay, so as to evaluate the quality of real-time
reverse transcription polymerase chain reaction (PCR),
which were used by 62 Sicilian laboratories, previously
authorized to issue certificates for the COVID-19 diagnosis,
on behalf of the Public Health Service.
Results: The qualitative performance test was based on
pooled samples with different viral loads of SARS-CoV-2
or human Coronavirus OC43. 75% of the participating
laboratories tested all core samples correctly, while the

remaining 25% interpreted incorrectly the EQA exercise
samples matching negatively the standards required.
Conclusions: Subsequent inspection visits confirmed the
issue of incorrect positive and negative certifications for
COVID-19 by private and public laboratories, despite the
possession of the authorization requirements currently
provided for by current regulations, with a significant
impact on the SSR.

Keywords: COVID-19; Covid437; External Quality Assess-
ment; ISO 15189; ISO/IEC 17025; ISO/IEC 17043; regional
laboratories quality control; SARS-CoV-2; test performance
evaluation.

Introduction

As for June 20, 2022, the health emergency for the ongoing
pandemic by Coronavirus infectious disease (COVID)-19, that
caused a severe acute respiratory syndrome by Coronavirus-2
(SARS-CoV-2), has affected over 533 million people world-
wide, resulting in over 6.3milliondeaths [1]. Italywas thefirst
European country fighting on the front lines of COVID-19,
and a forerunner for the clinical and social interventions.
On 20th of June 2022, the pandemic, in Italy, led to 17,773,764
confirmed cases and 167,617 deaths [2].

Typical clinical symptoms of most patients are fever,
dry cough, hypoxemia and respiratory failure, typical of
the acute respiratory distress syndrome (ARDS) [3].

The first viral genome sequence was released for imme-
diate public health support via the community online
resource virological.org on 10 January, 2020 (Wuhan-Hu-1,
GenBank accession number MN908947) [4]. SARS-CoV-2 is a
single stranded positive sense RNA virus, which shares 79%
genome sequence identity with SARS-CoV and 50% with
MERS-CoV [5]. The virus genome consists of six major open-
reading frames (ORFs), arranged in the order of 5′ to 3′ as
follows: replicaseORF1ab, spike (S), envelope (E),membrane
(M) and nucleocapsid (N) [6].
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In order to facilitate public health interventions with
the aim of interrupting the transmission chain, early and
accurate detection of SARS-CoV-2 with an efficient labo-
ratory diagnosis becomes necessary. The WHO provided
interim guidance for laboratory testing for COVID-2019 [7].
Specifically, real-time reverse transcription polymerase
chain reaction (rRT-PCR) is routinely used to detect caus-
ative to diseases viruses from nasal and pharyngeal swabs,
bronchoalveolar lavage, and blood plasma. The viral genes
targeted include the N, E, S and RdRP genes [7]. Therefore,
rRT-PCR needs to be continuously adapted to precisely
identify new variants of concern (VOC) or seroptypes [8].

However, rRT-PCR tests show several technical and
generic limitations. Firstly, rRT-PCR tests do not discrimi-
nate the results into a binary classification, either positive or
negative, but in a semi-quantitative determination, based
on cycle threshold (Ct) values and referencing to the viral
load [9]. Secondly, rRT-PCR tests require 2–3 h to generate
results, which are technically intricate and labor-intensive,
that have higher costs, easily contaminated, and results
being inefficient or wrong in case of virus mutation based
on the assay used. Consequently, the standardization in
reporting rRT-PCR Ct values it is necessary to assess the
reliability of the laboratories tests providing the SARS-CoV-2
results as well as medical important decisions [10–12]. For
these reasons, an External Quality Assessment (EQA)
scheme, that include samples with known specific proper-
ties, allows to verify the skills of the participant laboratories.
Therefore, the Regional Health Services authorized the
executionofmolecular biology investigationsofSARS-Cov-2
for only specific and performing laboratories.

As an Institutional Public Provider for EQA, we devel-
oped and conducted an EQA in 62 laboratories, accredited
and authorized by the Regional Health Service, in order to
challenge the effectiveness of the laboratory’s quality man-
agement system for SARS-CoV-2 detection. In this report, we
present the outcome of the EQA conducted in Sicily, and
small surrounding islands (first in Italy) providing an over-
view of the diagnostic laboratory’s performances.

Materials and methods

EQA design

The Sicilian EQA system provides a mandatory participation in the
SARS-CoV-2 EQA for every public and private laboratory that intends
performing SARS-CoV-2 molecular testing to patients. The number of
participating laboratories has increased sharply since the beginning
of the pandemic, and thus has given more strength to the scientific
data in our study.

Out of 654 laboratories belonging to the regional health service
only 62 were enrolled for the participation in the EQA scheme “Mo-
lecular Biology SARS-COV-2 – COVID437” (340). These laboratories
were the ones authorized to perform such analysis for the Regional
Health System and for COVID-19 case identification. The authorization
was released from the Regional Government Office after a specific and
public selection based on a particular, structural, technological and
professional features follow: (1) the presence of a molecular biologist;
(2) the presence of a geneticistmedical doctor ormicrobiologist; (3) the
presence of DNA/RNA automatic extraction platforms; (4) the pres-
ence of validated Real-Time PCR systems.

Participants

The results of the participants were submitted through the CRQ’s EQA
Platform. By the use of the CRQ Platform, the laboratory can manage
the entire EQA process, from laboratory personal data registration and
EQA orders, to the evaluation of EQA results, statistical analysis and
reporting. As soon as a laboratory has been registered on the Platform,
it can access to the CRQ EQA, which offers an on-line catalogue and
submits its own EQA orders in an e-commerce manner. The catalogue
is mainly structured into various categories, each of which give full
details of EQA. The details include specimen type, sample quantity,
analyte list, etc. Information about the scheduling of samples ship-
ment and related quality test deadlines are provided, as well. A lab-
oratory is updated about the status of its orders and samples
shipments, so it has to confirm samples delivery on-line before it can
access EQAs results submitting process. As a first step of SARS-CoV-2
EQA, a laboratory has to specify for each tested gene of the virus,
instruments, reagents and methods used for every analysis phase:
extraction, amplification and detection. Instruments, reagents and
methods are not entered manually, but selected by accessing the
Platform catalogues. The latter are constantly updated by the CRQ,
and at the request of the laboratory. Before a laboratory enters analysis
results, it has to specify if the conditions of the received samples are
valid, so that the CRQ can take it into consideration for the evaluation
phase. Subsequently, laboratories must enter the results of the anal-
ysis for each tested gene, expressed also in terms of CT values,
including a medical report with the overall results of each samples
(i.e. positive or negative for COVID-19). As a proof of the analysis
performed, laboratories need to upload the reports produced by the
instruments used, from which the entered results can be deduced.

Preparation of simulated samples

Briefly, 7 EQA samples (SARS-COV-2 Wuhan wild type) were shipped
to each participant laboratory. In order to fulfill the quality criteria and
to overcome health and legal issues, the 7 test samples were sub-
ministrated to the laboratories in a blind and name-inverted way,
given that each scheme could reflect the real conditions of the patient.
Coronavirus positive samples deployed in the Extra EQA scheme
“Molecular Biology SARS-COV-2 – COVID437” derive from lysates of
cells which have been infected with coronavirus (SARS-CoV-2, HCoV
OC43 or HCoV 229E) and contain heat inactivated virus. In particular,
for the EQA1 round, the positive samples represent different dilution
series of lysate of cells infected with SARS-CoV-2, (1:1,000;
1:1,000,000; 1:10,000; 1:100,000). Negative samples derive from (1)
lysates of non-infected cells MRC-5 as specificity control; (2) lysates of
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HCoVOC43-infected cells (1:2,500) as specificity control; and (3) lysate
of HCoV 229E-infected cells (1:2,500) as specificity control. For the
EQA2 round the positive samples were dilution series of lysate of
SARS-CoV-2 infected cells (1:50,000,000; 1:5,000,000; 1:500,000;
1:50,000). Negative samples derive from (1) lysates of non-infected
cells MRC-5 as specificity control; (2) lysates of HCoV OC43-infected
cells lysates (1:1,000) as specificity control; and (3) lysate of HCoV
NL63-infected cells (1:1,000) as specificity control. For the EQA3 round
the positive samples were dilution series of lysate of SARS-CoV-2
infected cells (1:75,000; 1:50,000; 1:7,500; 1:5,000). Negative samples
derive from (1) lysates of non-infected cells MRC-5 as specificity
control; (2) lysates of HCoV OC43-infected cells lysates (1:1,000) as
specificity control; and (3) lysate of HCoV 229-E-infected cells (1:1,000)
as specificity control.

Each panel bearing the COVID437 code consists of 7 samples
labeled A – G and consist of cell suspensions negative or positive for
SARS-CoV-2 (genome complete viral) inactivated by heat. Each aliquot
volume of approximately 0.8 mL is sufficient for at least two uses in
normal nucleic acid extraction procedures.

Before the distribution to the participating laboratories of the
EQA scheme, the target value of a given EQA sample is also confirmed
in three ways: (1) technical support structure (Quality Control and
Chemical and Biological Risk – CQRC) of the CRQ (Quality Control
and Chemical) provider through two different PCR-RT assay systems:
TaqPath COVID-19 CE-IVD RT-PCR (Applied Biosystems, Waltham,
MA, USA) and Diagnostic kit for SARS-CoV-2 Nucleic Acid (Real-time
PCR) (Shanghai Kehua bio-engineering Co., Ltd, Xuhui District,
Shanghai, China); (2) INSTAND Expert Laboratories; (3) through the
outcomes of the EQA scheme “Virus GenomeDetection– SARS-CoV-2”
(340) of the INSTAND, provider ISO/IEC 17043 accredited [13].

The target value includes median from Ct/Cp/Cq/CN values,
lowest reported Ct/Cp/Cq/CN value and highest reported Ct/Cp/Cq/CN
value for each gene analyzed (E, N, Orf1a, Orf1ab, RdRp, S, and a
not specified region). Other samples are used for the detection of
SARS-CoV-2 by PCR.

Data collection and statistical analysis

Statistical analysis, evaluation of the participants and reporting are
performed by the CRQ’s EQA Platform engine. The evaluation takes
into account the overall entered result of each sample against target
results. Warnings about received samples, if any, are considered in
this phase. Furthermore, uploaded instrument reports are evaluated.
Participants achieve a positive evaluation if the target results are
fulfilled for all the samples and if instrument reports are regular.
Therefore, the evaluation report is produced, containing all informa-
tion about participants, quality tests, results, target and performance
evaluation.

Results

Participants

In the end a total of 62 previously authorized laboratories, 32
public and 30 private laboratories, equipped with different
PCR systems validated, participated in three distribution

rounds (EQA1/EQA2/EQA3) of the INSTAND Extra EQA
scheme “Virus Genome Detection – SARS-CoV-2” (340). For
SARS-CoV-2 molecular detection testing, the number of
participating laboratories increased steadily: 41 registered
laboratories in the first EQA round (EQA1), 54 in the second
EQA round (EQA2) and 62 in the third EQA round (EQA3)
(Figure 1).

Overall SARS-CoV-2 molecular test
performance

The blind work setting was necessary to avoid false labo-
ratory results and so false reports by the participating
authorized laboratories. The false certifications would
have a devastating effect in the management of the
pandemic, as the diagnosis for COVID-19, unlike what
happens for many other diseases, is exclusively linked to
the outcome of the laboratory investigation in molecular
biology. The incorrect diagnosis for COVID-19 would also
have important implications on vaccination cycles and the
issuance of the green pass.

In the first EQA round conducted between April, 8th
2020 and April, 20th 2020, 30 laboratories out of 41 (73%)
received a Positive Performance evaluation (Figure 2A) for
the CRQ’s EQA scheme COVID437 (252 samples out of 287
processed (88%) received an acceptable evaluation).

In the second EQA round conducted between July, 1st
2020 and July, 17th 2020, 35 laboratories out of 54 (65%)
received a Positive Performance evaluation (Figure 2B) for
the CRQ’s EQA scheme COVID437 (310 samples out of 416
processed (81%) received an acceptable evaluation). In the
third EQA round conducted between November, 18th 2020
and November, 26th 2020, 54 laboratories out of 62 (87%)
received a Positive Performance evaluation (Figure 2C) for
the CRQ’s EQA scheme COVID437 (433 samples out of 455
processed (97%) received an acceptable evaluation).
The laboratories that received a Negative Performance
evaluation, (27% for EQA1, 35% for EQA2 and 13% for EQA3)
(Figure 2A–C) have incorrectly interpreted the EQA exer-
cise samples, either mistaking the interpretation of the
instrumental data or the results compared to the expected
outcomes (negative samples given as positive or positive
samples given for negative).

The simulation test based on a real patient, carried out
with the EQA program considered (7 samples, one of which
was educational) and covered a total of 1,453 tests
with 87.8, 74.5 and 95.2% agreement with the expected
outcomes for the EQA1, EQA2 and EQA3 respectively
(Figure 3A–C).
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Figure 1: Positive performance evaluation: the flow diagram summarizes the performance evaluation results of sixty-two participating
laboratories.

Figure 2: Overall performance of laboratories: the graphs show the average percentage of positive/negative evaluation of participating
laboratories for each EQA rounds: (A) EQA1; (B) EQA2; (C) EQA3.

Figure 3: Performance on single sample: the graphs show the percentage of correct result (agreement to target value) of the final
interpretations for each EQA rounds: (A) EQA1; (B) EQA2; (C) EQA3.
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The selected test geneswere: E,N,N1,N2, S,Orf1ab and
RdRp. A successful participationmeans the achievement of
100% correct results in all the 7 samples according to the
target values. In the EQA1 round the success rate for each
sample test was respectively 92.7, 82.9, 82.9, 90.2, 85.4,
87.8, and 92.7% (Supplementary Table S1). In the EQA2
round the success rate for each sample test was respec-
tively 61.1, 92.6, 92.6, 57.4, 87.0, 85.2 and 88.9% (Supple-
mentary Table S2) and In the EQA3 round the success rate
for each sample test was respectively 100, 97, 100, 89, 97,
95 and 89% (Supplementary Table S3). Interestingly, the
75% performed the SARS-CoV-2 detection with success,
while the 25% failed either in one or all the 7 samples test.

The failure is mainly due to errors during the analysis
(58.6%) probably due to contaminations, not-specific
detection, or an operator error. Other reasons (41.4%)
including inhibition of internal control, lower results due
to the limit of detection (LOD), and incomplete results such
as less of 7 EQA samples analyzed.

Nucleic acid extraction methods test
performance

A total of 55 different nucleic acid extraction KIT (Table 1)
were used. The most frequently used systems were QIAamp
DSP Virus Spin Kit (QIAGEN Pty Ltd, Clayton, Australia),
MagrevViral DNA/RNAExtractionKit (AnatoliaGeneWorks,
Sultanbeyli/İstanbul, Turkey) and STARMag 96x4Universal
Cartridge Kit (Seegene Inc, Walnut Creek, CA, USA), Xpert
Xpress SARS-CoV- 2 (Cepheid, Sunnyvale, CA, USA).

Detection assays

A total of 55 different amplification SARS-CoV-2 kit plat-
forms (Table 2) were used Themost frequently used system
wereAllplex 2019 n-CoVAssay (Seegene Inc.Walnut Creek,
CA, USA), TaqPath COVID-19 (Thermo Fisher Scientific,
Waltham, MA, USA), Novel Coronavirus (2019-nCoV) Real
Time RT-PCR Kit (Shanghai ZJ Bio-Tech Co, Shanghai,
China), and COVID-19 HT Screen (CLONIT srl, Siziano PV,
Italy). It is important to underline that, among the different
PCR systems used by the participating laboratories, there
was one PCR assay, VitaPCRTM SARS-CoV-2 fromMenarini
Diagnostics (Ripoli, FI, Italy), with the absence of an RNA
extraction separated step, has demonstrated to be less
sensitive than the other tests. Indeed, the laboratories that
used this particular test have completely failed the EQA1
and EQA2 rounds, giving an indeterminate result. Only

two participants among 62 used this direct assay, but
considering that the direct test was used also in emergency
areas and islands, in order to avoid report inhomogeneity,
subsequently, a specific EQA scheme was implemented for
this type of assay.

Discussion

Hereby, we report the first Italian EQA scheme for SARS-CoV-
2 molecular detection assigned to clinical laboratories in
Sicily during the 2020. In particular, 62 Sicilian laboratories
(32 public and 30 private) were involved. It is important to
note that these laboratories had previously been authorized,
from the Regional Government to perform COVID-19 case
identification, based on specific, structural, technologic and
professional features. The laboratories participated in the
EQA following the three distribution rounds (EQA1/EQA2/
EQA3) scheme.

Table : List of the most utilized extraction methods and platforms.

Extraction methods used All samples
correct

Total
samples

%
Correct

Anatolia GeneWorks   %
BioMerieux – easyMAG   %
Cepheid – GeneXpert   %
DiaSorin S.p.A. – Simplexa   %
Norgen Biotek   %
Promega Corporation – Maxwell   %
QIAGEN – QIAamp   %
RBC Bioscience – MagCore   %
Roche Diagnostics – MagNA   %
Seegene Inc. – STARMag   %
Shanghai ZJ Bio-Tech Co   %
Thermo Fisher Scientific –
MagMAX

  %

Enbiotech – SARS-COV-   %
Fast Track Diagnostics –
SARS-CoV-

  %

Hain Lifescience GmbH – GTX
Extraction kits

  %

Hangzhou Bioer Technology –
MagaBio plus Virus

  %

Liferiver – Viral RNA Isolation Kit   %
Menarini Diagnostics – Test
VitaPCRTM SARS-CoV-

  %

Molgen – PurePrep Pathogens   %
Siemens Healthcare – VERSANT
Sample

  %

TIB MOLBIOL GmbH – LightMix
Modular Wuhan CoV RdRP-gene

  %

Zymo Research – Quick-RNA
Viral Kit

  %

Other   %
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Seven EQA samples were shipped to each participant
laboratory. In order to fulfil the quality criteria and to
overcome to technical issues, the 7 test samples (E, N, N1,
N2, S, Orf1ab and RdRp) were subministrated to the labo-
ratories in a blind and name-inverted way.

Interestingly, the overall results of SARS-CoV-2 mo-
lecular test 2020 performance showed that 75% of the
laboratories received a positive performance evaluation
while 25% did not receive a good score but a negative
performance evaluation. The percentage of laboratories
that received a positive performance evaluation for each
EQA1/EQA2/EQA3 were respectively 73%/65%/87%.

Within the population (25% of the participants) who
received a negative performance evaluation, it is observed
that the test failure ismainly due to errors during the analysis
(58.6%), probably on account of contaminations, not-specific

detection, or an error caused by the operator. Other reasons
(41.4%), including inhibitionof internal control, lower results
due to the limit of detection (LOD), and incomplete results,
such as less than 7 EQA samples analyzed.

Among the public and private laboratories, the most
used nucleic acid extraction methods and platforms were:
QIAamp DSP Virus Spin Kit (QIAGEN Pty Ltd, Clayton,
Australia), Magrev Viral DNA/RNA Extraction Kit (Anatolia
GeneWorks, Sultanbeyli/İstanbul, Turkey) and STARMag
96x4 Universal Cartridge Kit (Seegene Inc, Walnut Creek,
CA, USA), and Xpert Xpress SARS-CoV- 2 (Cepheid).
Whereas, the most used detection assays were: Allplex
2019 n-CoV Assay (Seegene Inc. Walnut Creek, CA, USA),
TaqPath COVID-19 (Thermo Fisher Scientific, Waltham,
MA, USA), Novel Coronavirus (2019-nCoV) Real Time
RT-PCR Kit (Shanghai ZJ Bio-Tech Co, Shanghai, China),
and COVID-19 HT Screen (CLONIT srl, Siziano PV, Italy).

The early and successful detection of SARS-CoV-2 in
likely patients is the crucial element for reducing the viral
transmission among the population. The government stra-
tegies focused on diagnosis, isolation and contact tracing.
For this reason, the diagnostic tests able to drive the afore-
mentioned approaches are a matter of global health deal. In
order togivea significant contribution to themanagement of
the SARS-CoV-2 pandemic, the reliability of the molecular
results and so, the outcomes of the EQA, were fundamental
elements, not only for the usual processes of improvement
of overall performance of the individual laboratories, but
mainly for themaintenance of the authorization to carry out
laboratory activities for the diagnosis and certification of the
COVID-19 disease.

The blind work setting is always necessary to avoid
false laboratory results and therefore false reports by
the participating and authorized laboratories. The false
certifications have a devastating effect on any healthcare
processes, especially in the management of a pandemic
such as COVID-19, unlike what happens with other
diseases. The incorrect diagnosis for COVID-19, exclusively
linked to the outcome of the laboratory investigation in
molecular biology, has important implications on the
vaccination cycles and the issuance of the Green Pass.

For these reasons, “the authorization to carry out
molecular biology investigation for the research of the
SARS-CoV-2 viruswas suspended in the population (25%of
the participants) that received a negative performance
evaluation in any sample of the EQA scheme, as well was
suspended the authorization to issue reports diagnosis of
COVID-19 disease”.

The participation and the positive performance of
specific and related EQA schemes are required, by the
current legislation, for the accreditation of laboratories,

Table : List of the most utilized PCR reagents and kit.

- All samples
correct

Total
samples

%
Correct

Adaltis – MOLgen SARS-CoV-   %
Anatolia GeneWorks – Novel
Coronavirus

  %

Cepheid – Xpert Xpress
SARS-CoV-

  %

CLONIT- HT Screen   %
GeneMatrix – NeoPlex
COVID-

  %

Imegen – SARS-CoV-   %
Hangzhou Bioer Technology   %
Norgen Biotek – -nCov
TaqMan

  %

Nuclear Laser Medicine – SARS
CoV- Real Time

  %

OSANG Healthcare   %
Roche Diagnostics –
GENEMATRIX

  %

Roche Diagnostics – LightMix
Modular SARS

  %

Sacace Biotechnologies –
SARS-CoV-

  %

Seegene – Allplex  n-CoV
Assay

  %

Shanghai Kehua Bio-
engeneering

  %

Shanghai ZJ Bio-Tech Co   %
Thermo Fisher Scientific –
TaqPath

  %

TIB MOLBIOL GmbH – LightMix
Modular SARS

  %

Vitassay Healthcare – Vitassay   %
Wuhan HealthCare
Biotechnology

  %

Other   %
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together with various guidelines and international tech-
nical standards of the sector (ISO/IEC 17025, ISO 15189,
Joint Commission, etc.) [14, 15].

The actual study performed in Italy, has implemented
an EQA scheme for COVID-19, andwas organized in a blind,
centralized and governmental way. Our study allowed us to
identify pockets of non-compliance that the normal health
governance processes had not been able to highlight. The
results of the study suggest that, the EQA schemes should
become a valid standard of authorization, accreditation and
a goal strategy for continuous verification of the possession
of the requirements so as to operate in the name of the
service of patients and on behalf of the Health Services.
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