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DEVELOPMENT OF A TEST SYSTEM AND A METHOD e
FOR DETECTING RIBONUCLEIC ACID OF SEVERE ACUTE
RESPIRATORY SYNDROME CORONAVIRUS 2 USING
REAL-TIME POLYMERASE CHAIN REACTION
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ABSTRACT. Given the rapid spread of coronavirus disease 2019 (COVID-19) globally, test systems are needed for its
diagnosis, timely treatment, and introduction of quarantine measures. In the shortest possible time, a diagnostic system
based on real-time reverse-transcription polymerase chain reaction to detect the ribonucleic acid of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in nasopharyngeal and oropharyngeal smears was developed and registered.
The method determines the nucleocapsid and small-membrane protein genes and the human PGK1 gene, acting as internal
control reactions. The nucleotide sequences of SARS-CoV-2 were analyzed, and primers were selected. The conditions for
carrying out real-time reverse-transcription polymerase chain reaction and the composition of a set of reagents were set.
The diagnostic sensitivity and specificity of the kit were tested on biological samples, with the addition of inactivated SARS-
CoV-2. The high analytical characteristics of the developed set of reagents were demonstrated, with a sensitivity of at least
103 GE/mL and a specificity of 100%, and no false-positive or false-negative results were recorded. The high specificity
of the test system was shown on a representative sample of genetic materials of respiratory viral pathogens. Clinical and
laboratory tests of the diagnostic “SARS-CoV-2 test” were conducted in the N.F. Gamalei National Research Center for
Epidemiology and Microbiology. A set of reagents for the detection of ribonucleic acid of SARS-CoV-2 through on real-time
reverse-transcription polymerase chain reaction for in vitro diagnostics “SARS-CoV-2 test” was registered in the Russian
Federation as a medical device (Registration certificate no. RZN 2020/10632, dated 06/03/2020).
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PA3PABOTKA TECT-CUCTEMbI U CNOCOBA
BbIABJIEHUA PUBOHYKJIEMHOBOW KUCAOTbI
KOPOHABUPYCA TSAXXEJIOI0 OCTPOI0
PECMTUPATOPHOIO CHHAPOMA-2, BO3BYAUTENA
HOBOW KOPOHABUPYCHOW MH®EKLUK, UCNOJb3YA
NOJIMMEPA3HYKO LENMHYKO PEAKLUIO B PEXXUME
PEAJIbHOI0 BPEMEHMU

0.A. MuteBa, A.B. CMupHoBa, U.A. Machukosa, K.A. bbikoBa, b.A. KaneBckwi, B.A. MsacHukoB

locynapCTBeHHbII Hay4HO-MCCIEA0BATENbCKUIA UCTIbITATENbHbIA MHCTUTYT BOEHHOM MeanumHbl, CaHkT-TeTepbypr, Poccus

Pe3tome. B cBsi3u ¢ BbICTpbIM pacnpocTpaHeHWeM HOBOI KOPOHABMPYCHOM MH(EKLMM N0 BCEMY 3EMHOMY LLapy nosiBuiach
HeobXoaMMOCTb B 60MBLLOM KONIMYECTBE TECT-CUCTEM ISl e AMarHOCTUKM C LIeSbl0 Ha3HaYeHUsi CBOEBPEMEHHOMO JIeYeHUs
1 BBEJEHUS KapPaHTUHHBIX MeponpusaTuii. B KpaTtyaiiume cpoku bbina paspaboTaHa W 3aperncTpupoBaHa AuMarHoCTUYeCKas
cucteMa B hopmate 06paTHOM TPAHCKPUMLMM M MOIMMEPA3HOM LIEMHONM peakLuu B peasibHoOM BPEMEHM Af1sl BbISIBNEHNS pu-
BOHYKNEMHOBOM KMCNOTHI KOPOHaBUPYCa TAXKENOro 0CTPOro PecnMpaTopHOro CUHAPOMa-2 B Ma3Kax CO CIIU3UCTON 0605104KK
HOCOTNIOTKW U POTOrNOTKM, OCHOBaHHAas Ha OMPeAEeNieHUW TeHOB HyKIeoKancuaa U Manoro benka MembpaHHoi 060n0uKy,
a Takke reHa PGK1 yenoBeKa, BbICTYMalOLLEr0 B KAYECTBE BHYTPEHHETO KOHTPOMS peakuuu. poBeAeH aHanu3 HyKNeoTua-
HbIX NOCNe0BaTeNbHOCTEN KOPOHABUPYCa TAXENIOr0 OCTPOr0 PecnMpaTopHOro CMHAPOMa-2 U OCYLLECTB/IEH Noabop npaiime-
poB. MopobpaHbl ycnosusa Ais npoBefeHns 0bpaTHoOM TPAHCKPUNLMKM 1 NMONMMEPa3HON LIeMHOW peakumn B peanbHOM BpeMe-
HW 1 cocTaB Habopa peareHToB. ccnepoBaHne AWMarHOCTUYECKON YyBCTBUTENBHOCTU M crieumdmyHoCTU Habopa npoBoawmn
Ha obpasuax buonornyeckoro Matepuana, ¢ AobaBieHUEM MHAKTUBMPOBAHHOMO BUpYCa TSKENON0 OCTPOr0 PECrMpaTopHOro
cuHpoMa-2. [IpoieMOHCTPMPOBaHbI BbICOKUE aHANMTUYECKME XapaKTepPUCTUKM pa3paboTaHHoro Habopa peareHTOoB: YyBCTBU-
TenbHoCTb He MeHee 10° [3/mn, cneunduuHocte — 100%, He BbIIO 3aPErMCTPMPOBAHO JIOKHOMONOMUTENBHBIX UM JIOKHO-
OTpULIATENbHBIX pe3ynbTaToB. BbicoKas cneumduyHoCTL TeCT-CUCTEMbI NOKa3aHa Ha pernpe3eHTaTUBHOW BbIbOpKe reHeTuye-
CKOro Matepuana Bo3byautenen pecnmpaTopHO-BUPYCHbIX MHeKUM. KnnHuko-nabopaTopHble UCMbITaHWSA AWArHOCTUKyMa
«SARS-CoV-2-TecT» 6binm npoBeAeHbl Ha baze HaumoHanbHOro Mccie[0BaTeNlbCKOro LieHTpa aNMAEeMIUOIorun U MUKpoburo-
norun umenn H.®. Tamanen. Habop peareHToB Ans BbisSBEHUS pUOOHYKIENHOBOI KMCOTbI KOPOHABUpPYCa TSKENOro 0CTPo-
ro PecnupaTopHOro CUHAPOMa-2 NyTeM NOJMMEPasHOM LiEMHON PeaKLyn B PeXUMe peanbHoro BPEMEHU 1S AMArHOCTUKM
in vitro «SARS-CoV-2-TecT» 3apeructpupoBaH B Poccuiickon ®eaepaumm Kak MeaMUMHCKOE U3AEeNve, perucTpaLmMoHHoe yao-
ctoBepenre N2 P3H 2020/10632 ot 03.06.2020.

KnioueBble cnoBa: AMarHoCTMKa MHGMEKUMOHHbIX 3aboneBaHuit; MoNeKynspHas AMarHOCTMKA; HOBask KOPOHaBMPYCHas
WHdEKLMS; 0bpaTHas TPaHCKPUNUMA U MONMMepa3Has LenHas peakuns B peanbHOM BPEMEHM; KOPOHaBUPYC TAXENOro
0CTPOro Pecnm1paTopHOro CMHAPOMA-2; reHeTUYECKUIA MaTepuman; HyKneoKancua,; Bo3byautenu pecnmpaTopHO-BUPYCHBIX
UHEKLMIA.
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INTRODUCTION

Viral infections account for more than 60% of all known
human infectious diseases and are one of the main mortality
causes in both developed and developing countries [1].
In the process of evolution, more and more new types of
pathogens occur, so new, so-called emerging or emergent,
infections with extremely high epidemic potential are
regularly recorded. One of critical situations instantly
developed following a local outbreak of new respiratory
infection caused by Severe Acute Respiratory Syndrome-
related Coronavirus 2 (SARS-CoV-2), the causative agent of
a new coronavirus infection COVID-19 [2].

In December 2019, a previously undetectable coronavirus,
originally named 2019 novel coronavirus (2019-nCoV),
caused an outbreak of acute respiratory infection in
Wuhan, China [3]. On February 11, 2020, the World Health
Organization (WHO) assigned the official names to the virus
and the corresponding disease, Severe Acute Respiratory
Syndrome-related Coronavirus 2 (SARS-CoV-2) and
Coronavirus infection disease 2019 (COVID-19), respectively'.
In January 2020, in Russia, COVID-19 was added to the list of
diseases posing a danger to others, along with other highly
infectious diseases such as plague, cholera, and smallpox?.
In March 2020, the WHO classified the spread pattern of
the new infection as a pandemic®.

Such a rapid spread of SARS-CoV-2 raised key issues
related to the urgent development of early diagnostic tools
necessary for timely and correct diagnostics, selection of
treatment strategy, and implementation of disease control
measures. According to generally accepted recommendations,
most tests designed to detect COVID-19 are based on
molecular biological methods and are implemented in
the real-time polymerase chain reaction (RT-PCR) format*®.

Due to favorable analytical and technical characteristics
and simple and rapid reaction, this methos was recognized
as successful and promising for development of PCR-based
test systems to be used in clinical laboratory practice and

" WHO. The name of the disease caused by coronavirus (COVID-19),

and the viral pathogen. [Epub] URL: https://www.who.int/ru/emergencies/
diseases/novel-coronavirus-2019/technical-guidance/naming-the-
coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it. (Accessed
on September 29, 2022).

2 On Amending the List of Diseases Posing a Danger to Others: Decree

of the Government of the Russian Federation of January 31, 2020 No. 66.
In: Collection of Laws of the Russian Federation. 2020. No. 6. Art. 674.

3 WHO. Director General's opening remarks at the media briefing on
COVID-19 — 11 March 2020 [Epub] URL: https://www.who.int/dg/speeches/
detail/who-director-general-sopening-remarks-at-the-media-briefing-on-
covid-19--11-march-2020 (Accessed on March 23, 2020).

4 S N. Avdeyev et al. Prevention, Diagnosis and Treatment of Novel

Coronavirus Infection (COVID-19): Interim Guidelines. Version 15.
The Ministry of Health of the Russian Federation. Moscow. 2022. 245 pp.

5 WHO. Technical Guidance-coronavirus disease (COVID-19) [Epub].
URL: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
technical-guidance-publications (Accessed on September 29, 2022).
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epidemiological monitoring studies. Developing diagnostic
tools of such a type is facilitated by a variety of high-tech
platforms for selecting and optimizing primers [4]. Selection
criteria for best PCR conditions were well known and
standardized [5]. This allowed to quickly develop and scale
up the production of diagnostic PCR kits for the public health
system [6, 71.

The first data on the genetic sequence of SARS-CoV-2
was published in the GenBank database and the Global
Initiative on Sharing Avian Influenza Data (GISAID) portal
on January 10 and 12, 2020, respectively. This allowed
rapid development of diagnostic PCR tests to detect
a new infection®. Just two weeks after deciphering the
SARS-CoV-2 genome, BGI & Co-Diagnostics (China) offered
the first commercial diagnostic kits for quantitative reverse
transcription combined with real-time polymerase chain
reaction (RT-PCR). To date, the technical manual posted
on the WHO website’ presents a wide list of test systems
developed by different countries and includes hundreds of
molecular genetic and immunoanalytical diagnostic kits
which are developed or under development.

The aim of the study was to develop a set of reagents for
laboratory COVID-19 diagnostics using real-time PCR as well
as to evaluate its analytical characteristics and diagnostic
significance.

MATERIALS AND METHODS

Samples for nucleic acid (NA) isolation were
prepared according to Guidelines 1.3.2569-09 “Workflow
Management in Laboratories using Nucleic Acid Amplification
Techniques When Working with Materials Containing
Group |-IV Pathogens™. Ribonucleic acid (RNA) was
isolated from biomaterial samples by manual isolation
of NA using a medical device Reagent kit for RNA/DNA
extraction from clinical material "RIBO-prep" according to
TU 9398-071-01897593-2008 of Central Scientific
Research Institute of Epidemiology of Rospotrebnadzor.
The recommended elution volume is 50 pL.

The development of the reagent kit was started in January
2020 when there was no clinical material in the Russian
Federation. As a result, a region of the SARS-CoV-2 genome
was synthesized de novo, and its fragment was cloned
into a plasmid construct with isolating a recombinant RNA
containing a portion of the SARS-CoV-2 genome. It was

¢ GISAID. [Epub] URL: https://www.gisaid.org/epiflu-applications/next-
hcov-19-app/ (Accessed on March 23, 2020).

7 WHO. Novel Coronavirus (2019-nCoV) technical guidance: laboratory
guidance. [Epub] URL: https://www.who.int/emergencies/ diseases/
novel-coronavirus-2019/technical-guidance/laboratory-guidance (Accessed
on March 23, 2020).

8 Workflow Management in Laboratories using Nucleic Acid Amplification

Techniques When Working with Materials Containing Group I-IV Pathogens:
Guidelines 1.3.2569-09. Effective date: April 05, 2010. [Epubl.URL: http://
docs.cntd.ru/document/1200077791 (Accessed on Septmeber 29, 2022).
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necessary for further studies and used as a positive control
sample. By the time the kit was developed, the nucleotide
sequences of 183 full-length virus genomes with minor
genetic differences had been included in the database of
the National Center for Biotechnology Information (NCBI)
and GISAID. The sequences were aligned using the Mega X
program and the Clustal W algorithm. Primers and probes
for the selected target genes were designed using the Primer
Express software from Applied Biosystems (USA). Preliminary
specificity of primers and characteristics of fluorescent
probes were assessed using the MEGA software package
and online NCBI database resources. Each probe was
labelled with a fluorescent reporter dye (FAM, HEX, or Cy5).
Amplification products were detected using TagMan Assay
probes. Primers and probes were synthesized by a closed
joint stock company (CJSC) Evrogen (Russia).

To obtain more accurate and reliable data, control samples
were included in the developed set of reagents. A positive
control sample was obtained by cloning the synthesized
deoxyribonucleic acid (DNA) fragments carrying a virus-
specific insert (a conservative fragment of the SARS-
CoV-2 E-gene) into the pUC57 plasmid from Evrogen CJSC
(Russia). A positive control sample should be included into
the analysis during the NA extraction step as a separate
sample. PGK1, the human housekeeping gene, was used
as an internal endogenous control of the reaction. Plasmid
DNA concentration was determined using a commercial
Quant-IT DNA HS reagent kit and a QUBIT fluorometer from
Invitrogen and ThermoFisher Scientific (USA) in accordance
with the manufacturer's instructions.

The developed set of reagents is suitable for conducting
reverse transcription and real-time PCR in one step.
The analysis is carried out according to the developed
instructions. The total volume of the reaction mixture is
25 pL, including 5 pL of the RNA sample. The reaction
mixture is composed of the following components: 17 L of
SARS-CoV-2 test RT-PCR mixture, 3 pL of SARS-CoV-2 test
FS mixture, 5 pL of RNA sample. The amplification program
consists of the following steps: reverse transcription for
15 min at 50°C; further denaturation at 95°C for 15 min;
45 cycles, each included DNA denaturation at 94°C for 15 s,
primer annealing at 55°C for 45 s, and chain elongation at
72°C for 15 s. Curves of fluorescent signal accumulation
are analyzed by three channels: the channel for the FAM
fluorophore registers a signal indicating the accumulation
of the amplification product of the SARS-CoV-2 N-gene
fragment; the VIC fluorophore channel registers a signal
indicating the accumulation of an amplification product
of the SARS-CoV-2 E-gene fragment; the Cy5 fluorophore
channel registers a signal indicating the accumulation of
the amplification product of the internal endogenous control
gene fragment.

The result was evaluated by threshold method,
determining Ct by the intersection of the fluorescence
curve with a threshold line set at the middle of
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the exponential section of the fluorescence increase
graph on a logarithmic scale. The amplification results
were interpreted as positive if the intersection of
the fluorescence curve with the threshold line set at
the appropriate level was observed. The SARS-CoV-2-test
reagent kit was optimized using CFX96 PCR diagnostic
devices registered in the Russian Federation as
medical devices from Bio-Rad Laboratories (USA) and
DT-light from DNA Technology (Russia) .

Clinical and laboratory tests of "SARS-CoV-2-test" were
conducted at the N.F. Gamaleya National Research Center for
Epidemiology and Microbiology. To determine the analytical
sensitivity, 52 nasal swabs were tested with the addition of
an inactivated GK2020/1 strain of the SARS-CoV-2 in serial
dilutions. The following virus concentrations were used to
prepare model samples: 10° genomic equivalents per mL
(GE/mL) with 10 replicates, 10* GE/mL with 10 replicates,
10° GE/mL with 10 replicates, 10? GE/mL with 10 replicates,
10" GE/mL with 6 replicates, 0 GE/mL with 6 replicates.
Total number was 52 samples. The sensitivity threshold
was set according to the minimum dilution detected in
all replicates. To determine the analytical specificity,
9 samples with pathogens of other respiratory infections
(Influenza A virus (HINT1, H3N2, H7N9)), Influenza
B virus, human adenovirus A-5 (strain Adeno-5), human
metapneumovirus (HM-1 virulent strain), parainfluenza
virus type 1 (Sendai Biomed strain), Haemophilus
influenzae (ATCC 49619), Streptococcus pneumoniae
(CCBH-101/14). The presence or absence of Influenza A
(HINT and H3N2) and Influenza B virus markers (nucleic
acids) was confirmed by testing with AmpliSens® Influenza
virus A/B-FL reagent kits (TU 9398-080-01897593-2012
LOT 02.03.20) and AmpliSens® Influenza virus
A/H1-swine-FL (TU 9398-101-01897593-2009 LOT
05.03.20) reagent kits. For other infections, we used
characterized museum strains from the State Virus
Collection of the National Research Center for Epidemiology
and Microbiology based on data presented in strain
passports provided (with a biological activity of at least
1.0 x 10° PFU/mL). Samples with respective pathogens
were tested in quadruplicate each.

Diagnostic sensitivity and specificity were assessed
using samples of human biomaterial taken during
the diagnostic and treatment process, with the addition
of an inactivated GK2020/1 strain of SARS-CoV-2. A total
of 48 nasal model swabs containing SARS-CoV-2 RNA
and 35 nasal swabs without SARS-CoV-2 RNA were
tested. To obtain samples with the final concentration
(5 x 10* GE/mL), 10 pL of GK2020/1 archival strain of SARS-
CoV-2 was added to 1000 pL of each biological sample.
The assessment of diagnostic characteristics included
comparative studies of the same hiomaterial samples using
the developed and reference set of reagents. The validated
Vector-PCRv-2019-nCoV-RG test system from Vector
(Russia) was used as a reference set.
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Diagnostic sensitivity (D Se) was calculated using
the formula:

D Se=TP /(TP + FN) x 100%,

where: TP is the number of true positive results, FN is
the number of false negative results.

Diagnostic specificity (D Sp) was calculated using
the formula:

D Sp=TN /(TN + FP) x 100%,

where: TN is the number of true negative results, FP is
the number of false positive results.

RESULTS AND DISCUSSION

The developed technique is based on RNA reverse
transcription and subsequent cDNA amplification
consisting of repeated cycles of thermal DNA denaturation,
annealing of primers with complementary sequences,
and subsequent completion of polynucleotide chains
from these primers with Tag polymerase. Reverse RNA
transcription and PCR amplification of cDNA are performed
using one tube.

When developing PCR techniques for indicating and
identifying dangerous pathogens, genetic determinants are
most often used as markers. They are highly specific and
conservative for this type of pathogens and are absent in
closely related organisms. For a new coronavirus infection,
N, E, S genes (peplomer spike protein gene) and RdRP
(RNA-dependent RNA polymerase gene) are recommended
as target genes’. Most international and national health
organizations recommend using the N gene and one of
additional genes as a target when developing diagnostic
kits. This approach prevents future diagnostics errors due
to false negative results, which are possible in case of
new mutations in the SARS-CoV-2 genome. In accordance
with these recommendations, when developing our own
original set of reagents for COVID-19 diagnostics, target
genes were sequences consisting of sections of the N and
E genes of SARS-CoV-2 and the human PGKT gene, acting
as an internal endogenous control of the reaction. Control
samples were used to evaluate the effectiveness of all
stages of analysis.

The reaction mixture contains fluorescently labeled
oligonucleotide probes, which hybridize with complementary
regions of the target cDNA being amplified, resulting
in an increase in fluorescence intensity. This allows to
register accumulation of a specific amplification product
by measuring the intensity of the fluorescent signal in real
time. Primers were designed using sequences that served
as targets for selection of specific oligonucleotides to

7 WHO. Laboratory testing for coronavirus disease 2019 (COVID-19) in
suspected human cases: interim guidance. 2 March 2020. [Epub]. URL:
https://apps.who.int/iris/bitstream/handle/ 10665/331329/WHO-CQOVID-19-
laboratory-2020.4. (Accessed on September 29, 2022).
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effectively detect currently circulating isolates (including
variants a-, 6-, 0-).

At the first stage, monoplex PCRs were used for
each detection channel to determine the optimal range
of fluorescent signal values, sufficient to detect specific
fluorescence and non-overlapping with the signals of
other channels, as well as to select the amplification
program and the ratio of primer and probe concentrations
in each reaction mixture without increase in background
fluorescence. When choosing the optimal conditions for
the real-time PCR, the following reaction parameters
were determined: composition of the reaction mixture
including concentrations of primers, probes, Tag
polymerase, and magnesium ions; amplification program
with primer annealing temperature, duration of each step
of the amplification cycle, number of cycles, duration of
preliminary denaturation. Using the data obtained during
monoplex reactions, the composition of the reaction
mixture for multiplex real-time RT-PCR was selected
to ensure a stable increase in the fluorescence level
in the detection channels (FAM, VIC, and Cy5) without
distorting the signal in other channels. When developing
optimal conditions for one-stage PCR with the RT stage,
the optimal concentrations of enzymes (Tag-polymerase
and MMLV reversetase), magnesium ions, deoxynucleotide
triphosphates were selected, and the temperature
protocol for one-stage PCR were established. Based
on above findings, the maximum value of the threshold
cycle (Ct) was determined, at which the reaction result is
considered positive. In this case, the fluorescence curve
of the sample should cross the threshold line in the area
of the characteristic exponential rise in fluorescence.
An appropriate algorithm was proposed to interpret
amplification results (Table 1). In case of discrepancy
between the results obtained and tabular data, the analysis
shall be repeated, starting with RNA extraction.

The optimized composition of the reagent kit is shown
in Table 2.

According to studies, the analytical sensitivity of the SARS-
CoV-2 test kit for qualitative detection of SARS-CoV-2 RNA by
real-time PCR for in vitro diagnostics was at least 10° GE/mL,
which meets the criteria provided in technical specification
(TU). Specificity assessment did not reveal any cross-
reactions with closely related and heterologous microbial
species. Fluorescence in these samples did not exceed
the background level on all detection channels.

Findings obtained when assessing diagnostic
characteristics of the developed reagent set are presented
in Table 3.

The diagnostic sensitivity of the kit was 100% (95%
confidence interval (CI): 94.4%, 100%). The diagnostic
specificity was 100% (95% ClI: 92.3%, 100%). Studies
showed that the detection limit for SARS-CoV-2 RNA
(analytical sensitivity of the reagent kit) in nasal swabs is
1 x 103 GE/mL.
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Table 1. Detection of SARS-CoV-2 RNA by a set of reagents for SARS-CoV-2 test
Ta6nuua 1. Yuet pesynbtatos BbisneHus PHK SARS-CoV-2 HabopoM peareHToB «SARS-CoV-2-tecT»

Detection by channel

Name of sample FAM (N-gene) VIC (E-gene) Cy5 (PGK1-gene) Interpretation of results
Ct
<40 <40 <38 (Tjo be considered. Viral RNA
etected
Test sample . .
Absent Absent <38 Lgtggtggnadered. Viral RNA not

Negative control Absent Absent Absent To be considered.
sample
Positive control <32 <32 <38 To be considered.
sample
Internal control sample Absent Absent <38 To be considered.

Table 2. Composition of a set of reagents for qualitative detection of SARS-CoV-2 RNA by real-time polymerase chain reaction for in vitro
diagnostics “SARS-CoV-2 test” according to TU 21.20.23-001-07669108-2020

Tabnuua 2. CocTaB Habopa peareHToB s KauecTBeHHOro BoisiBNneHns PHK Bupyca SARS-CoV-2 nyTeM nonmmepasHoi LenHoi peaKLumm
B pPeXMMe peanbHOro BpeMeHu 18 AMarHocTuKK in vitro «SARS-CoV-2-Tect» no TY 21.20.23-001-07669108-2020

Name of set components

Description Number per pack

FS reaction mixture
RT-PCRm reaction mixture
Positive control sample

Negative control sample

Clear, colorless liquid without sediment
Pink liquid without sediment
Clear, colorless liquid without sediment

Clear, colorless liquid without sediment

1 test tube (0.310 mL)

1 test tube (0.744 mL)

1 test tube (0.280 mL)

1 test tube (0.280 mL)

Table 3. Diagnostic characteristics of a set of reagents for the detection of SARS-CoV-2 virus RNA by real-time polymerase chain reaction
Tabnuua 3. PesynbTaT OLEHKM AMarHOCTMYECKUX XapaKTepuCTUK Habopa peareHToB ans netekumn PHK Bupyca SARS-CoV-2 nytem no-

J'IVIMepa3HOI7I LienHon peakuun B pexxnMe peasibHOro BpeMeHn

Result Quantity
True positive 48
False positive 0
True negative 35
False negative 0

Total 83

CONCLUSION

The State Scientific Research Institute of Military Medicine
has developed a diagnostic test system for detecting SARS-
CoV-2 RNA by real-time RT-PCR. These studies allowed to
develop an experimental set of reagents and after laboratory
testing, instructions for use, technical specification,

DOl https://doi.org/10.17816/brmmal07133

pilot-scale production regulations, and a quality certificate
were prepared. Clinical and laboratory testing confirmed
the favorable analytical and diagnostic characteristics of
the developed test system. According to clinical findings, this
set of reagents meets technical and operational requirements
for functional characteristics, effectiveness, quality, and
safety of a medical device. Clinical trials confirmed quality
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of this medical device as well as its effectiveness and
safety. As a result, a marketing authorization was issued
by the Federal Service for Surveillance in Healthcare
(Roszdravnadzor) dated June 03, 2020 No. RZN 2020/10632
for a medical device Reagent kit for the qualitative detection
of SARS-CoV-2 RNA by real-time polymerase chain reaction
for in vitro diagnostics "SARS-CoV-2-test" according to
TU 21.20.23-001-07669108-2020. To obtain complete and
reliable data on the developed medical device when used

REFERENCES

1. Medunitsyn NV, Katlinsky AV, Vorslov LO. Editors. Vaccinology.
Moscow: Practical Medicine; 2022. 480 p. (In Russ.)

2. LiQ, Guan X, Wu P, et al. Early transmission dynamics in Wuhan,
China, of novel coronavirus-infected pneumonia. N Engl J Med.
2020;382(13):1199-1207. DOI: 10.1056/NEJM0a2001316

3. WangH, Wang W, Tan W. Summary of the detection kits for SARS-
CoV-2 approved by the National Medical Products Administration
of China and their application for diagnosis of COVID-19. Virol Sin.
2020;35(6):699-712. DOI: 10.1007/s12250-020-00331-1

4. Park S, Zhang Y, Lin S, et al. Advances in microfluidic PCR
for point-of-care infectious disease diagnostics. Biotechnol Adv.
2011;29(6):830-839. DOI: 10.1016/j.biotechadv.2011.06.017

CMUCOK JIUTEPATYPbI

1. BakumHonorus / nog pea. H.B. MeayHuupbiHa, A.B. KatnmnHcko-
ro, J1.0 Bopcnosa. Mockga: lMpaktnyeckas Meauumta, 2022. 480 c.
2. LiQ,GuanX, WuP. etal. Early transmission dynamics in Wuhan,
China, of novel coronavirus-infected pneumonia // N Engl J Med.
2020. Vol. 382, No. 13. P. 1199-1207. DOI: 10.1056/NEJM0a2001316
3. Wang H., Wang W., Tan W. Summary of the detection kits
for SARS-CoV-2 approved by the National Medical Products
Administration of China and their application for diagnosis
of COVID-19 // Virol Sin. 2020. Vol. 35, No. 6. P. 699-712.
DOI: 10.1007/s12250-020-00331-1

4, Park S, Zhang Y. Lin S., et al. Advances in microfluidic PCR for
point-of-care infectious disease diagnostics // Biotechnol Adv. 2011.
Vol. 29, No. 6. P. 830-839. DOI: 10.1016/j.biotechadv.2011.06.017

Vol. 24 (4) 2022

DOl https://doi.org/10.17816/brmmal07133

Bulletin of the Russian Military Medical Academy

by Russian Military Medical Service in 2020, the test system
was tested in various Centers for Disease Control and
Prevention of the Russian Ministry of Defense. The system
was recognized as promising for use in disease control and
prevention units of the Russian Military Medical Service
(including Centers for Disease Control and Prevention of
the Russian Ministry of Defense, sanitary platoon of
a separate medical company / brigade, sanitary laboratory
of the division).

5. Esbin MN, Whitney ON, Chong S, et al. Overcoming the bottleneck
to widespread testing: a rapid review of nucleic acid testing
approaches for COVID-19 detection. RNA. 2020;26(7):771-783.
DOI: 10.1261/rna.076232.120

6. TanW, Zhao X, Ma X. et al. A novel coronavirus genome Identified
in a cluster of pneumonia cases. Wuhan, China 2019-2020. China
CDC Weekly. 2020;2(4):61-62. DOI: 10.46234/ccdew2020.017

7. Dong L, Zhou J, Niu C, et al. Highly accurate and sensitive
diagnostic detection of SARS-CoV-2 by digital PCR. Talanta.
2021;224:121726. DOI: 10.1016/] talanta.2020.121726

5. Eshin MN., Whitney O.N., Chong S., et al. Overcoming the
bottleneck to widespread testing: a rapid review of nucleic acid
testing approaches for COVID-19 detection // RNA. 2020. Vol. 26,
No. 7. P. 771-783. DOI: 10.1261/rna.076232.120

6. Tan W, Zhao X, Ma X, et al. A novel coronavirus genome
Identified in a cluster of pneumonia cases. Wuhan, China
2019-2020 // China CDC Weekly. 2020. Vol. 2, No. 4. P. 61-62.
DOI: 10.46234/ccdcw?2020.017

7. Dong L., Zhou J., Niu C., et al. Highly accurate and sensitive
diagnostic detection of SARS-CoV-2 by digital PCR // Talanta. 2021.
Vol. 224. P. 121726. DOI: 10.1016/j.talanta.2020.121726

681



682

OPUIMHAITBHBIE MCCIEAQOBAHMA Tom 24, N° 4, 2022 BecTHUK POCCUICKOM BOEHHO-MEOMLMHCKOM akagemmy

AUTHORS INFO 0b ABTOPAX

*0lga A. Miteva, applicant for an academic degree; *Onbra AHaTosibeBHa MuTteBa, coMcKaTeslb y4eHOM CTeneHw;
e-mail: letto2004@inbox.ru; ORCID: 0000-0002-3874-6954; e-mail: letto2004@inbox.ru; ORCID: 0000-0002-3874-6954;
SCOPUS: 55195685300; eLibrary SPIN: 2070-7250 SCOPUS: 55195685300; eLibrary SPIN: 2070-7250

Anna V. Smirnova, applicant for an academic degree; AHxHa BnapgumupoBHa CMUpHOBaA, COVCKaTeNb YYEHOW CTeNeHu;
e-mail: gniii_7@mil.ru; eLibrary SPIN: 4897-0219 e-mail: gniii_7@mil.ru; eLibrary SPIN: 4897-0219

Irina A. Myasnikova, candidate of medical sciences; WUpuHa AHaTonbeBHa MACHUKOBA, KaHAMAAT MEAMLMHCKMX HaYK;
e-mail: gniii_7@mil.ru; eLibrary SPIN: 8883-1534 e-mail: gniii_7@mil.ru; eLibrary SPIN: 8883-1534

Ksenia A. Bykova, junior research assistant; KceHus AnekcaHppoBHa bbikoBa, MNafLLMii Hay4HbINA COTPYA-
e-mail: gniii_7@mil.ru; eLibrary SPIN: 3310-3572 HWK e-mail: gniii_7@mil.ru; eLibrary SPIN: 3310-3572

Boris A. Kanevsky, deputy chief; e-mail: gniii_7@mil.ry; Bopuc Anekcanpaposuy KaHeBCKMI, 3aMeCTUTENb HaYaNbHIIKa;
eLibrary SPIN: 2549-9294 e-mail: gniii_7@mil.ru; eLibrary SPIN: 2549-9294

Vadim A. Myasnikov, candidate of medical sciences; Bapum AnekcanapoBuy MAcHUKOB, KaHAMAAT MEANLIMHCKMX
e-mail: gniii_7@mil.ru; eLibrary SPIN: 5084-2723 Hayk; e-mail: gniii_7@mil.ru; eLibrary SPIN: 5084-2723

* Corresponding author / ABTOp, 0TBETCTBEHHbIN 3@ NEPENUCKY

DOl https://doi.org/10.17816/brmmal07133






