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ABSTRACT

In the last moths the world was faced with the pandemic of a new severe acute respiratory
syndrome coronavirus (SARS-CoV) and the majority of the Nations have yet to come out of it.
Numerous assays have emerged to meet SARS-CoV-2 diagnostic needs. A clear knowledge of
these assays’ parameters is essential to choose the proper test by clinical microbiologists.
Unfortunately, the latter cannot be the unique criterion that guides test selection as - given the great
demand - shortcomings of commercial kits is also a great issue. Aimed by the intention of
overcoming both difficulties we have developed a new qualitative RT-PCR probe based for
COVID-19 detection. The system detects three genes of SARS-CoV-2: RNA-dependent RNA
polymerase (RdRp), envelope (E) and nucleocapsid (N) and B-actin gene used as endogenous
internal control. The results of our assay show a total agreement with those obtained using a
commercially available kit, with the exception of two specimens which did not pass the endogenous
internal control. Moreover, our kit was designed to be open either for nucleic acid extraction step or
on the RT-PCR assay to be carried out on several instruments. Thus, it is free from the industrial
production logics of closed systems and conversely it is hypothetically available for distribution on
large numbers in any microbiological laboratories. Presently, the kit is currently distributed

worldwide
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INTRODUCTION

Since November 2019, the world has had to face an unprecedented public health emergency: the
coronavirus: SARS CoV 2, now COVID-19 [1,2].

The pandemic has put a strain on the health system in its entirety and above all has put
microbiologists in serious diagnostic difficulty, having to answer questions without having valid
scientific evidence, especially in the early stages [3-5].

Over the time and through the gradual acquisition of new scientific findings - also supported by the
World Health Organization (WHO) and Centers for Disease Control (CDC) and European Centers
for Disease Control (ECDC) - evidences on the virus have become more and more available. The
knowledge access has made possible to design diagnostic kits for the virus detection in biological
samples. There have been many proposed diagnostic systems over the months that often differed in
the proposed gene targets [6-9].

Gradually the various systems have passed the appropriate validations required by the Food and
Drugs Administration (FDA) or CE IVD. However, the massive global spread of the virus has
caused an objective difficulty in the supplying of diagnostic systems on the market, sometimes this
is due to the viral nucleic acid extraction systems only, others to amplification and detection
systems, frequently both [10].

The shortage of diagnostic systems has imposed a consequent limitation in their use, this has
presented severe difficulties in having test kits available, which then resulted in delays in
identifying positive patients. [10-12].

Unfortunately to date, even in our country, and with important differences from region to region,
the problem persists.

On one hand, we have to deal with the population legitimate request to access the testing and their
availabilities; on the other hand we have to face the same issue from health institutions and we do

have to put up with the tech the technological and diagnostic resources actually available.
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Furthermore, another key element is also the problem of limited human resources, engaged in
microbiology laboratories to carry out the COVID19 tests.

After the moment of maximum spread of the virus, the real challenge for Italy as for the rest of the
world, steered into the stocking of the diagnostic tests, the simplicity in the administration of the
latter to the population and the sustainability of the system as a whole.

In a time of great diagnostic difficulty, our research team decided to design a new diagnostic system
that could satisfy the required sensitivity and specificity, but allowing at the same time a reasonable
rapid diagnosis, thus it could be introduced in a diagnostic process matching up to the requests of
the health system. Our assay (from now kit) is a qualitative Reverse Transcriptase Real Time PCR
probe-based (qQRT-PCR) detecting target genes of COVID-19. In this paper we present the

characteristics of our system.
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MATERIALS AND METHODS

Specimens: A total of 166 nasopharyngeal swabs were included in the study. Samples were
collected by trained staff using nasopharyngeal Eswab™ (Copan, Brescia-Italy) [13,14]. Once
collected the swabs were quickly sent and processed at Life GeneMap Laboratory Messina (Italy)
using a commercially available system: Novel Coronavirus (2019-nCoV) Real Time Multiplex RT-
PCR Kit (Detection for 3 Genes) (LifeRiver, San Diego, CA 92121, USA). The leftover, remnants
of specimens collected for routine clinical care or analysis that would otherwise have been
discarded, were used in the evaluation of our system.

Kit Design: Our diagnostic assay is a qualitative Reverse Transcriptase Real Time PCR probe-based
(qRT-PCR). The targeted COVID-19 genes detected by our assay are: RNA-dependent RNA
polymerase (RdRp), envelope (E) and nucleocapsid (N) of the COVID-19. Primers and Probes were
designed on the base of the published sequence of COVID-19 on NCBI and were synthesized by
Bio-Fab Research (Bio-Fab Research, Rome, Italy). Two set of primers, called “E” directed versus
Envelop gene and “N” directed versus of Nucleocapsid gene, were specific to COVID19, one called
RdpR, directed versus polymerase gene, was in common with SARS virus. The concentration of the
primers and probes has been established by experimental procedure and the sensibility of the test
performed with chimeric plasmid described below. Sequences of primers and Probes are not shown
as patented.

A portion of an endogenous gene of human [-actin was used as internal control (IC) for the test, the
latter also allowed the evaluation of correct nasopharyngeal sampling.

In order to evaluate our kit an initial proficiency assay was performed at Microbiology laboratories-
Department of Experimental Medicine of “Tor Vergata” University of Rome. This proficiency-
assay was run using a chimeric plasmids (CPs) in which sequences of the virus were artificially
inserted on a plasmid [pBlueScript I SK(+)]. Synthesis of CPs was hired to Bio-Fab Research (Bio-

Fab Research, Rome, Italy).
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The specificity of the primers and probes was evaluated using ZeptoMetrix panels (ZeptoMetrix,
Co.,Buffalo, NY,US): a)SARS-CoV-2 (E/ORF/1ab recombinant) Stock (ZeptoMetric), which is
formulated with purified, intact bacterial cells containing synthetic SARS-CoV-2 sequences (the
cells have been chemically modified to render them non-infectious and refrigerator stable); b)
NATtrol™ Respiratory Verification panel 2 (ZeptoMetrix), which is formulated with purified intact
virus particles and bacterial cells that have been chemically modified to render them non-infectious
and refrigerator stable; c) NATtrol ™ Coronavirus-SARS Stock, containing intact virus particles
modified to render them non—infectious and refrigerator stable. The panels are supplied in a purified
protein matrix that mimics the composition of true clinical specimens.

The samples of ZeptoMetrix panels were treated as a common nasopharyngeal sample, but

performed in triplicate. ZeptoMetrix tests were carried out at Adaltis Laboratories.

Assay conditions: An aliquote 200ul of samples collected in Eswab'™ was extracted both with

manual procedure by silica magnetics beads procedure (MOLgen Universal Extraction Kit,
QIAamp viral RNA) according to the manufacturer’s instruction. In order to process a large number
of samples at time, the extraction procedure was also automatized on ExtralLab (Adalties srl,
Guidonia, Italy).

The Real time amplification was performed in double on AmpliLab system (Adalties srl, Guidonia,
Italy) and on CFX96 (Bio-Rad, Hercules, CA, USA) using qPCRBIO PROBE 1-Step Go No-Rox

(PCR biosystems; www.pcrbio.com). In order to establish the proper amount of reverse

transcriptase activity quantification of RTase Go was performed according to manufacturer’s
instruction. Titration experiment showed that 0,2ul of 20X RTase Go, in amplification mix, gave
good results in term of sensitivity.

Ideal condition of reaction was achieved using for 20 pl reaction a master mix composed as follow:
2X gqPCRBIO probe 1-step Go Mix 10 ml; ppMix (Mix of all primer and probe) 5 pl; 20X RTase

Go 0,2 pl; and 5 pl of specimen. In particular ppMix contained as final concentration: 10 picomoles
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of RdpR, E and B-actin (Forward and Reverse primers), 30 picomoles of N (Forward and Reverse
primer); 2,5 picomoles of probe for each target.

RT-PCR conditions, for both instruments, were the following: one step 45°C for 10 minutes; one
step at 95°C for 2 min; 40 steps at 95°C for 5 seconds and the last one at 60°C for 25 seconds.

The instrument was programmed to read gene RdpR on Fam, gene E on Rox, gene N on Cy5 and in

B-actin on Hex channel.
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RESULTS

The positivity in our test was based on WHO guidelines [6]. In particular, a sample was considered
positive if showing a signal in at least one fluorophore Rox (gene E) and/or Cy5 (gene N), while the
presence of a single positive signal on Fam channel was considered inconclusive, being the gene
RdpR designed to be in common with other Sabercoviridae. On the contrary the absence of a signal
on all channels, with the exclusion of Hex (that of B-actin), allowed us to conclude a sample as
negative. The absence of a signal in all channels allowed us to conclude a sample as invalid due
probable inhibition or an unreliable sampling. Table 1 reports the criteria of interpretation. Figure 1
reports the curve and the relative CT of a positive sample.

The results of our test of specificity and cross reactivity tests, performed using the ZeptoMetrix
panels, showed the absence of any cross-reaction as well as the specific reaction of our primers and
probes toward COVID-19 genes (Figure 2).

In total 166 samples were included in the study. 133 samples were negative, 31 resulted positive,
two samples did not show amplification of endogenous internal control (B—actin) and were
concluded as indeterminate.

Among 31 positive sample, six were positive for RdRp only, therefore reported as “inconclusive”;
and 25 were COVID-19 positive. Among these 25, nine were positive for all the targets while 16
RdpR and E only (see Table 2).

The results showed by our assay were in agreement with those obtained using Novel Coronavirus
(Novel-Cov19) Multiplex Real Time RT- PCR ( RR-0479-02) (LifeRiver) for the initial diagnosis

of SARS-CoV-2.
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DISCUSSION

Accurate and reliable diagnostic assays and large-scale testing are critical for early detection of a
pathogen involved in an outbreak, but it is more crucial in case of an epidemic event for prompt
public health actions. This has proven to be particularly true for SARS-CoV-2, which was identified
as the cause of an outbreak of pneumonia, in Wuhan (China) in December 2019, and quickly spread
all over in the world [15-21]. Laboratory diagnosis of infections caused by severe acute respiratory
syndrome coronavirus 2 (SARS CoV-2) is mainly accomplished by performing nucleic acid
amplification tests (NAATSs) on respiratory tract specimens. Indeed, the upper respiratory tract
specimens such as nasopharyngeal swabs and oropharyngeal swabs generally have high SARS-
CoV-2 viral loads upon symptom onset [22]. Some authors have recently suggested to extend
NAAT testing in order to include saliva and stool samples [23,24]. Due to the pressing worldwide
request of tests to diagnose COVID-19, numerous SARS-CoV-2 NAAT assays have become
available and many others are in the final stages of development [20, 28, 29]. This aspect has the great
advantage of making a wide range of diagnostic tests available to health systems and therefore allows us
to respond to the diagnostic needs caused by the pandemic, but on the other hand this incredible
quantity and difference between each kit poses problems on the validation process itself. An important
restriction to validation qRT-PCR molecular assays for detection of SARS-CoV-2 is the availability
of virus RNA standard and debate is still ongoing as whether or not to consider integral SARS-
CoV-2 RNA full length as a safety level 3 biological hazard [19,20]. If debate reaches consensus on
marking SARS-CoV-2 as Level 3, its treatments could only be performed by laboratories with
appropriate level 3 (BSL3) security measures, whose number is scarce thus limiting the capacity of
carrying out experimental tests [28]. Taking into account these critical issues we have developed a
gRT-PCR assay able to detect three target genes of SARS CoV-2 which strongest aspect is the
characteristics of IC which is able to evaluate jointly the accurate collection of nasopharyngeal
samples and the presence of any inhibitors in the PCR reaction. Sampling in SARS-CoV-2 is, in

fact, one of the most frequent and probable cause of false negative results and therefore of delayed
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diagnosis [15,28]. Moreover, in order to avoid to work with a full-lenght viral RNA, overcoming
the issue of BSL3, we have chosen to construct artificial chimeric plasmid to test our primes and
probes and at the same time to use ZeptoMetrix panels which allowed us to evaluate the specificity
of our assay in safe conditions.

Our kit was designed to be open, either for nucleic acid extraction step or on the RT-PCR assay to
be carried out on several instruments (in the present paper we tested two of them). Therefore, our
assay can be used in any molecular biology laboratory. Furthermore, our kit is free from the
industrial production logics of "closed systems" and conversely it is hypothetically available for
distribution on large numbers. This aspect, at a time of great demand for tests and of equally known
shortcomings of commercial kits, can be a significant strength that facilitates the introduction into
microbiological laboratories.

In addition, taking into account potential genetic drift of SARS-CoV-2, especially as the virus
evolves within new populations, and albeit literature suggests at least two molecular specific targets
should be included in the assay to reduce the likely of cross-reactions, we are implementing our kit
by adding a forth target gene codifying for glycoprotein spike (S) S gene, but validation tests are
still in progress [25-29]. Finally, as evidences emerged in literature show that aside to direct
respiratory sampling, rectal swab as well as saliva could be proper specimens to enhance the

diagnosis of COVID-19, we are also extending validation test of our assay on such direction [28].

Acknowledgments
This study beneficed of a financial support by Adaltis s.r.I. The funders had no role in study design,

data collection and interpretation, or the decision to submit the work for publication.

Ethics statement

10


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Ethical approval was not required, having based this study on the use of leftover human specimens
collected for routine clinical care or analysis that would otherwise have been discarded. The same
specimens are "unlinked anonymized materials". This statement in agreement to FDA “Guidance on
Informed Consent for In Vitro Diagnostic Device Studies Using Leftover Human Specimens that
are Not Individually Identifiable” April 25, 2006 and “Bioetica ed uso dei campioni biologici

umani” Pezzati P. & Graziani MS biochimica clinica, 2008, vol. 32, n. 3.

Conflict of Interest
Carla Fontana has received a research grant by Quintiles/Angelini. Advisory Board: Angelini,

Pfizer

Marco Favaro has received a research grant by Alifax R&D and Adaltis s.r.1

Walter Mattina, Simon Middleton, Silvia D’Angelo and Tullio Altarozzi are employed in Adaltis

11


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

All rights reserved. No reuse allowed without permission.

REFERENCES

1.

Huang C, Wang Y, Li X, Ren L., Zhao J, Hu Y, Zhang L, Fan G, XuJ, Gu X, Cheng Z,
YuT, XiaJ, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H,Guo L, Xie J,
Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B.. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020. 215; 395(10223):497-506. doi:

10.1016/S0140-6736(20)30183-5.

Monto AS, Fukuda K. Lessons From Influenza Pandemics of the Last 100 Years. Clin

Infect Dis.2020. 70(5):951-957. doi: 10.1093/cid/ciz803.

Cutler D. How Will COVID-19 Affect the Health Care Economy? Jama Forum April 2010

( https://jamanetwork.com/channels/health-forum/fullarticle/276454)

Shamasunder S, Holmes SM, Goronga T, Carrasco H, Katz E, Frankfurter R, Keshavjee S.
2020. COVID-19 reveals weak health systems by design: Why we must re-make global
health in  this  historic moment. Glob  Public Health 30:1-7. doi:

10.1080/17441692.2020.1760915.

Inglis TJJ. Logic in the time of coronavirus. J Med Microbiol 2020 69(5):653-656. doi:

10.1099/jmm.0.001191

WHO: Laboratory testing for coronavirus disease (COVID-19) in suspected human cases.

March 2020 available at web site: https://www.who.int/publications-detail/laboratory-

testing-for-2019-novel-coronavirus-in-suspected-human-cases-20200117

12


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

7. CDC: Interim Guidelines for Collecting, Handling, and Testing Clinical Specimens from
Persons for Coronavirus Disease 2019 (COVID-19) update 5 May, 2020. Available at web

site: https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html.

8. ECDC: An overview of the rapid test situation for COVID-19 diagnosis in the EU/EEA.
Available at web site: https://www.ecdc.europa.eu/en/publications-data/overview-rapid-

test-situation-covid-19-diagnosis-eueea.

9. Division of Viral Diseases. 2020. 2019-novel coronavirus (2019-nCoV) real-time RT-PCR
panel primers and probes. Centers for Disease Control and Prevention, Atlanta, GA

https://www.cdc.gov/coronavirus/2019-ncov/downloads/rt-pcr-panel-primer-probes. pdf.

10. Ratanghayra N. What Led to Reagent Shortages for Coronavirus Testing in the US?
Clinical Lab Manager March 2020 https://www.clinicallabmanager.com/insight/what-led-

to-reagent-shortages-for-coronavirus-testing-in-the-us-22083

11. Giordano G, Blanchini F, Bruno R, Colaneri P, Di Filippo A, Di Matteo A, Colaneri M.
Modelling the COVID-19 epidemic and implementation of population-wide interventions

in Italy. Nat Med. 2020 Apr 22. doi: 10.1038/541591-020-0883-7. [Epub ahead of print]

12. Bassetti M, Vena A, Giacobbe DR. The novel Chinese coronavirus (2019-nCoV)
infections: Challenges for fighting the storm. Eur J Clin Invest. 2020. 50(3):e13209. doi:

10.1111/ec1.13209.

13. Petruzzi G, De Virgilio A, Pichi B, Mazzola F, Zocchi J, Mercante G, Spriano G, Pellini R.

COVID-19: Nasal and oropharyngeal swab. Head Neck 2020. 42:1303-1304

13


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

14.

15.

16.

17.

18.

All rights reserved. No reuse allowed without permission.

Lippi G, Simundic AM, Plebani M. Potential preanalytical and analytical vulnerabilities in
the laboratory diagnosis of corona virus disease 2019 (COVID-19). Clin Chem Lab Med.
2020 Mar 16. pii: /j/cclm.ahead-of-print/cclm-2020-0285/cclm-2020-0285.xml.  doi:

10.1515/cclm-2020-0285.

Alireza Tahamtana and Abdollah Ardebili. Real-time RT-PCR in COVID-19 detection:
issues affecting the results. Expert Rev Mol Diagn. 2020 20(5):453-454.

doi:10.1080/14737159.2020.1757437

Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA, Haagmans
BL, Lauber C, Leontovich AM, Neuman BW, Penzar P, Perlman S, Poon LLM,
Samborskiy D, Sidorov IA, Sola I, Ziebuhr J. Severe acute respiratory syndrome-related

coronavirus: The species and its viruses — a statement of the Coronavirus Study Group. Nat

Microbiol 2020 5:536-544 . https://doi.org/10.1038/s41564-020-0695-z

Wu F, Zhao S, Yu B, Chen YM, Wang W, Song ZG, Hu Y, Tao ZW, Tian JH, Pei YY,
Yuan ML, Zhang YL, Dai FH, Liu Y, Wang QM, Zheng JJ, Xu L, Holmes EC, Zhang YZ.
A new coronavirus associated with human respiratory disease in China. Nature 2020. 579 ,

265-269.

Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL,
Chen HD, Chen J, Luo Y, Guo H, Jiang RD, Liu MW, Chen Y, Shen XR, Wang X, Zheng
XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi ZL. A
pneumonia outbreak associated with a new coronavirus of probable bat origin. Nature 2020.

579: 270-273.

14


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

19. Vogels CBF, Brito AF, Wyllie AL, Fauver JR, Ott IM, Kalinich CC, Petrone ME, Landry
ML, Foxman EF , Grubaugh ND. Analytical sensitivity and efficiency comparisons of
SARS-COV-2 gRT-PCR assays. medRxiv preprint doi:

https://doi.org/10.1101/2020.03.30.20048108.

20. Iwen PC, Stiles KL, SM, Pentella MA. Safety Considerations in the Laboratory Testing of
Specimens Suspected or Known to Contain the Severe Acute Respiratory Syndrome

Coronavirus 2 (SARS-CoV-2). Laboratory Medicine 2020 XX:1-4.

21. Xiang F, Wang X, He X, Peng Z, Yang B, Zhang J, Zhou Q, Ye H, Ma Y, Li H, Wei X, Cai
P, Ma WL. Antibody Detection and Dynamic Characteristics in Patients with COVID-19.

Clin Infect Dis. 2020 Apr 19. pii: ciaa461. doi: 10.1093/cid/ciaa461

22.Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu J, Kang M, Song Y, Xia J, Guo
Q, Song T, He J, Yen HL, Peiris M, Wu J. SARS-CoV-2 Viral Load in Upper Respiratory

Specimens of Infected Patients. N Engl J Med 2020. 382:1177-1179

23. Chen Y, Chen L, Deng Q, Zhang G, Wu K, Ni L, Yang Y, Liu B, Wang W, Wei C, YangJ,
Ye G, Cheng Z. The presence of SARS-CoV-2 RNA in the feces of COVID-19 patients. J

Med Virol.;2020 10.1002/jmv.25825. doi:10.1002/jmv.25825

24. Anne Louise Wyllie, John Fournier, Arnau Casanovas-Massana, Melissa Campbell, Maria
Tokuyama, Pavithra Vijayakumar, Bertie Geng, M. Catherine Muenker, Adam J. Moore,
Chantal B. F. Vogels, Mary E. Petrone, Isabel M. Ott, Peiwen Lu, Alice Lu-Culligan,
Jonathan Klein, Arvind Venkataraman, Rebecca Earnest, Michael Simonov, Rupak Datta,
Ryan Handoko, Nida Naushad, Lorenzo R. Sewanan, Jordan Valdez, Elizabeth B. White,

Sarah Lapidus, Chaney C. Kalinich, Xiaodong Jiang, Daniel J. Kim, Eriko Kudo, Melissa

15


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Linehan, Tianyang Mao, Miyu Moriyama, Ji Eun Oh, Annsea Park, Julio Silva, Eric Song,
Takehiro Takahashi, Manabu Taura, Orr-El Weizman, Patrick Wong, Yexin Yang, Santos
Bermejo, Camila Odio, Saad B. Omer, Charles S. Dela Cruz, Shelli Farhadian, Richard A.
Martinello, Akiko Iwasaki, Nathan D. Grubaugh, Albert I. Ko. Saliva is more sensitive for
SARS-CoV-2 detection in COVID-19 patients than nasopharyngeal swabs. medRxiv

2020.04.16.20067835; doi: https://doi.org/10.1101/2020.04.16.20067835

25. Dawood AA. Mutated COVID-19, May Foretells Mankind in a Great Risk in the Future

2020 New Microbes New Infect. 2020;35:100673. doi:10.1016/j.nmni.2020.100673.

26. Khailany RA, Safdar M, Ozaslan M. Genomic characterization of a novel SARS-CoV-2
[published online ahead of print, 2020 Apr 16]. Gene Rep. 2020;19:100682.

doi:10.1016/j.genrep.2020.100682.

27. Benvenuto D, Giovanetti M, Ciccozzi A, Spoto S, Angeletti S, Ciccozzi M. The 2019-new
coronavirus epidemic: Evidence for virus evolution. J Med Virol. 2020;92(4):45517459.

doi:10.1002/jmv.25688.

28. Yi-Wei Tang, Jonathan E. Schmitz, David H. Persing, Charles W. Stratton. The Laboratory
Diagnosis of COVID-19 Infection: Current Issues and Challenges Journal of Clinical

Microbiology Apr 2020, JCM.00512-20; DOI: 10.1128/JCM.00512-20.

29. Joshua Lieberman, Gregory Pepper, Samia N Naccache, Meeili Huang, Keith R. Jerome,
Alexander L. Greninger. Comparison of Commercially Available and Laboratory
Developed Assays for in vitro Detection of SARS-CoV-2 in Clinical Laboratories Journal

of Clinical Microbiology doi: 10.1128/JCM.00821-20

16


https://doi.org/10.1101/2020.06.17.20124396

medRxiv preprint doi: https://doi.org/10.1101/2020.06.17.20124396; this version posted June 19, 2020. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Table 1. Interpretation criteria used in our qRT-PCR assay

Target gene Example 2 Example Example Example Example | Example 7
and channel 3 4 5 6
IC
(B-actin) +/- +/- +/- +/- + -
HEX
RdRPgene + + + + - -
(FAM)
E gene - + + - - -
(ROX)
N gene - + - + - -
(Cy5)
Negative for |Positive for | Positive for | Positive for Negative| Sample
Results CoVidl9 |CoVid 19 CoVid 19 CoVid 19 invalid
interpretation | Sabercovirus probably
detected inhibition or
unsuitable
withdrawal

Note: Cut off value for all gene is <40;

In presence of strong signal of others genes, the signal of IC may be inhibited but the results still

valid.
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Table 2. Results obtained by our assay (QRT-PCR).

Results Target gene No.sample
RdpR N E B-actin
Indeterminate - - - - 2
Inconclusive 6 6 6
Positive 9 9 9 9 9
16 16 16 16
Negative 133 133
Total 166
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Figure 1. Image example of real-time RT-PCR curves of three target genes of SARC-CoV-2 and

Internal Control (IC) detected by our assay.
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Figure 2. Results of qRT-PCR assays obtained using ZeptoMetrix ™ panels in detecting the target

genes of SARS-CoV-2 virus.
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