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About us Collabor

In Focus

China releases genetic sequence of newly discovered
coronavirus from Wuhan

The Chinese Center for Disease Control and Preventicn, the Chinese
Academy of Science and the Chinese Academy of Medical Science
released threugh the GISAID Infiative the genome sequence of a newly
discovered coronavinus. The virus was identifed during an outbreak in the
city of Wuhan, where patients were suffering from respiratory iinesses
such as pneumonia since late Dacember 2019

EpiFiu™ Features Events

The gencme sequence of this betacoronavrus is cruca to deveop
specific diagnestic tests and to identify potentia’ intervention opticns

> read more and access the data



Timeline of the key events of the COVID-19 outbreak

8 December 2019 28 February 2020 Hu B., et al. Characteristics of SARS-CoV-2
Onset of the first recorded case in WHO risk assessment increased to and COVID-19. Nat Rev Microbiol. 2020
Wuhan very high on the global level

| |
31 December 2019 11 February 2020 2 October 2020
First report of 27 cases of pneumonia [CTV named virus SARS-CoV-2 and >34,000,000 cases and
with unknown cause in Wuhan, China WHO named disease COVID-19 >1,000,000 deaths

December January February March

9 January 2020 11 March 2020
China announced the identification of WHO defined COVID-19
a novel coronavirus as the causative as a pandemic
agent of the pneumonia outbreak
| 29 January 2020
13 January 2020 20 January 2020 The coronavirus
Case of a traveler from Human-to-human 23 January 2020 spread to all 34 30 January 2020
Wuhan was confirmed [— transmission was | Wuhan citywas — provincesacross (4 WHO declared a
in Thailand confirmed locked down China PHEIC alert

Fig. 1 | Timeline of the key events of the COVID-19 outbreak. The first recorded cases were reported in December
2019 in Wuhan, China. Over the course of the following 10 months, more than 30 million cases have been confirmed
worldwide. COVID-19, coronavirus disease 2019; ICTV, International Committee on Taxonomy of Viruses; PHEIC, public

health emergency of international concern; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; WHO, World
Health Organization.




-Coronavirus disease (COVID-19) Situation dashboard .-

Globally, as of 18 October 2020, there have been 39,596,858 confirmed
cases of COVID-19, including 1,107,374 deaths, reported to WHO.

Situation by WHO Region _ Weeky Deaths || Count

H DAILY CONFIRMED NEW CASES (7-DAY MOVING AVERAGE)

Amerl cas 1 83593!565 Outbreak evolution for the current 10 most affected countries
confirmed

South-East Asia 8,424,480

. contimed :

Europe 7,889,116
confirmed “

Eastern Mediterranean 2,749,606

- confirmed o

Africa 1,259,192

[ ] confirmed

Western Pacific 680,158
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Source: World Health Organization
_ Jan 31 Feb 29 Mar 31 Apr 30 May 31 Jun 30 Jul 31 Aug 31 Sep 30 .
Data may be incomplete for the current day or week.


https://www.who.int/redirect-pages/page/novel-coronavirus-(covid-19)-situation-dashboard

; @\ . Symptoms of diseases caused by
.~ ¢ human coronavirus

Headache
Fever
Overall soreness and
ache

Flu symptoms
Chills

Dry cough
\Vomiting
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2.1 Specimen collection requirements

2.2 Nucleic acid testing

2.4 Biosafety requirements




Sart | Specimen collection
ar requirements

Collection target

Requirements for the sampling personnel

Specimen categories
Specimen processing

Specimen packaging and preservation

Specimen transportation



@? ;1. Specimen collection targets

1
" Suspected COVID-19 cases;

Others requmng diagnosis or "

differential diagnosis for COVID-19
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@ . 2. Sample collection requirements

Sampling personnel

1. The COVID-2019 testing specimens shall be collected by qualified technicians who
have passed biosafety training and are equipped with the corresponding laboratory
skills. Personal protective equipment (PPE) is required for sampling personnel when
performing the sampling

2. Specimens of inpatient cases shall be collected by medical staff of the hospital where
they are being treated.

3. Specimens of close contacts shall be collected by the designated local CDCs and
medical institutions.

4. Multiple specimens may be collected in the course of the disease, depending on the need
of laboratory testing.
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Respiratory tract specimens in the acute phase (including upper or lower respiratory tract specimens)
must be collected from each case; lower respiratory tract specimens shall be preferred for the
collection from severe cases. Stool samples, urine samples, whole blood samples and serum samples
can be collected according to clinical needs.

Upper respiratory tract specimens: nasopharyngeal swabs, pharyngeal swabs etc.

2) Lower respiratory tract specimens: deep-cough sputum, alveolar lavage fluids, bronchial lavage fluid and
respiratory tract extracts.

3) Fecal specimens: about 10 g (peanut size). If not convenient to collect, an anal swab can be collected.

4) Blood specimens: One should, as much as possible, collect anticoagulated blood in the acute phase within 7
days after the onset of the disease. 5 ml of blood is required for each collection. Vacuum tubes containing EDTA
anticoagulant are recommended in blood collection.

5) Serum sPecimens: Both acute-phase and convalescent serum specimens should be collected as much as possible.
The first serum specimen should be collected as soon as possible (preferably within 7 days after the onset of
iliness), and the second specimen should be collected during 3-4 weeks after the onset of illness. 5 ml of blood

IS r_ec]uired for each specimen and vacuum tubes without anticoagulant are recommended. Serum specimens are

mainly used for measuring antibodies, rather than nucleic acid testing.
6) Urine specimens: Collect 2-3ml of mid-stream morning urine sample.
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Figure. Estimated Variation Over Time in Diagnostic Tests for Detection of SARS-CoV-2 Infection

Relative to Symptom Onset
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(&g / Pharynx structure

Anatomy of pharynx
1. Nasopharynx

2. Oropharynx

3. Laryngopharynx
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The sampler gently holds the person's head with one hand, the swab in another, insert the swab via nostril to enter,
slowly get deep along the bottom of the lower nasal canal. Because the nasal canal is curved, do not force too hard to
avoid traumatic bleeding. When the tip of the swab reaches the posterior wall of the nasopharyngeal cavity, rotate

gently once (pause for a moment in case of reflex cough), then slowly remove the swab and dip the swab tip into a
tube containing 2-3ml virus preservation solution (or isotonic saline solution, tissue culture solution or phosphate
buffer), discard the tail and tighten the cap.

D
l

Diagnostic Laboratory of Oklahoma
ISI
Culture, Nasopharyngeal / Nasal...

Images may be subject to copyright. Learn more

A nasal swab is collected by rotating a
swab inside each nostril. Occasionally,
a swab of a wound infection site or skin
lesion is collected. A methicillin-resistant
Staphylococcus aureus (MRSA) screen
tests solely for the presence of MRSA
and no other microbes. Feb 10,2017
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he person to be sampled first gargles with normal saline, the sampler immerses the swabs in sterile saline (virus preservation
solution is not allowed to avoid antibiotic allergies), holds the head of the sampled person up slightly, with one’s mouth wide
open, making a sound "ah" to expose the lateral pharyngeal tonsils, insert the swabs, stick across the tongue roots, and wipe
both sides of the pharyngeal tonsils with pressure at least 3 times, then wipe on the upper and lower walls of the pharynx for at
least 3 times, and dip the swabs in a tube containing 2-3ml storage solution (or isotonic saline solution, tissue culture solution
or phosphate buffer solution), ), discard the tail and tighten the cap. The pharyngeal swabs can also be placed in the same tube
together with the nasopharyngeal swab.




“rne”  /Deep cough sputum: I
Ask the patient to cough deeply, and collect the sputum coughed up in a 50-ml screw-
capped plastic tube containing 3 ml of sampling solution. If the sputum is not collected in
the sampling solution, 2-3 ml of the sampling solution can be added into the tube before
\testing, or add an equal volume of sputum digestion reagents. )
— ~ R
Phosphate buffer containing 1 g/L of protease K or 0.1 g of dithiothreitol
(DTT) and 0.78 g of sodium chloride
NS
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(&g ; Fecal specimen processing

4 N

Take 1ml sample processing solution, pick up a little sample about the size of a soybean and add it
into the tube, gently blow for 3-5 times, set aside at room temperature for 10 minutes, centrifuge
at 8,000 rpm for 5 minutes, absorb the supernatant for detection

\_ )

/Treatment solution for fecal specimen\
211 g tris,
8.5 g sodium chloride,
1.1 g calcium chloride anhydrous or 1.47g calcium
chloride containing crystalline water

dissolve into 800 ml deionized water, with the pH
adjusted to 7.5 with hydrochloric acid, finally

<1525 @olenish with deionized water to 1000 ml. /
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Anal swab

\_

Gently insert the disinfectant cotton swab into the anus for 3-5cm iIn
depth, then gently rotate and pull out, immediately put the swab into a 15-
ml screw-capped sampling tube containing 3-5ml virus preservation
solution, discard the tail and tighten the tube cover.
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(&g ; 4. Specimen packaging and preservation

. Collected specimens shall be packaged separately in a biosafety cabinet of a BSL-2 laboratory.

. All specimens should be placed in an airtight freeze-tolerant sample collection tube of appropriate
size, with a screw cap and a gasket inside. The sample number, category, name and sampling date
should be indicated on the outside of the container.

. Specimens kept in an airtight container should be sealed in a plastic bag of appropriate size, with
each bag containing one specimen.

Specimens for virus isolation and nucleic acid detection purposes should be tested as soon as possible.
Specimens to be tested within 24 hours can be stored at 4 °C; those that cannot be tested within 24
hours should be stored at -70 °C or below (specimens may be temporarily stored in -20 °C refrigerators
in the absence of -70 °C storage condition). Serum can be stored at 4 °C for 3 days and below -20 °C for
a longer period. A special depot or cabinet is required to store specimens separately.




;9. Specimen transportation

SARS-CoV-2 strains or other potentially infectious biological substances are subject to the packaging
instructions for Category A substances assigned to UN2814, and the Pl 602 of the Technical Instructions For
The Safe Transport of Dangerous Goods by Air (Doc 9284) issued by ICAO

Environmental samples, assigned to UN3373, shall be transported in Category B packaging in accordance
with the P1 650, Doc 9284; one may refer to the aforementioned standards for specimens to be transported in
other modes of transportation.

A Permit of Transport is required for the transportation of the SARS-CoV-2 strains or other potentially
infectious substances, according to the Transport Regulations on the Highly Pathogenic Microorganism

(Virus) Strains and Specimens that are Pathogenic to Humans (Order No. 45, former Ministry of Health).




@ : Laboratory testing techniques for COVID-19

Nucleic acid testing
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Part || Nucleic acid testing I

Technique

Principle

Primer and probe

Judgment of the testing results
Confirmation of positive specimens
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mRNA
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1. RT-PCR
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1. Nucleic acid testing techniques
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2. Real time RT-PCR

Next-generation DNA sequencing
€ Ubrary preparation ‘ ‘

0 Clonal amplification
© cydic array sequencing

@
emulsion PCR bridge PCR
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SOLID platform

454 sequencing Solexa technology

3. Sequencing
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29844 bases ORFiab
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(rTarget 1(ORFlab):
Forward primer (F): CCCTGTGGGTTTTACACTTAA
Reverse primer (R): ACGATTGTGCATCAGCTGA

Fluorescent probe (P): 5'-FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-

Target 2 (N):
Forward primer (F): GGGGAACTTCTCCTGCTAGAAT
Reverse primer (R): CAGACATTTTGCTCTCAAGCTG

\Fluorescent probe (P): 5'-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3'

. Real time RT-PCR
established and shared on
line in real time

Sensitivity of rRT-PCR targeted orflab and N ( A) and specificity
of ORF1l1ab (B) and N (C)-based rRT-PCR were evaluated rapidly.

.

orflab

iy |

orflab

orflab vs Six-CoV

N

vs Six-CoV

China COC Weekly China CDC Weekly

Preplanned Studies

Technical Guidelines for COVID-19 Laboratory Testing

& oo

Three Novel Real-Time RT-PCR Assays for Detection of COVID-19 Natienal Institute For Viral Disease Control and Prevention

Peihua Niu'*; Roujian Lu'*; Li Zhao'; Huijuan Wang; Baoying Huang': Fei Ye; Wenling Wang’; Wenjie Tan

Sum

What is already known on this topic?

A novel human coronavirus, known as SARS-CoV-2 or
2019-1CaV, is the causative agent of the coromavirus
disease 2019 (COVID-19). We have released the
primers and probes of real-time reverse transcription
polynieasse chusin reaccion (tRT-PCR) assays for the
lsboracory detecion of COVID-19 infection.

What is added by this report?

Here we provide detailed technical dats and evaluste
the performance of three novel RT-PCR assays
qargeting tie ORF1ab, N, and E genes for detection of
COVID-19 infecsion, “The application of rRT-PCR
sssays among four types of specimens (slveolsr Lavage,
spucum, chroat swabs. and stoel) from patients with
COVID-19 indicared that the mean viral loads
detected in spusum were higher than other specimens,
What are the implications for public health
practice?

These rRT-PCR asays reported here could be used for
aborarory diagnosis of COVID-19 infeerion with high
scnsiciviy, specificiy, and applicability. Sputum rather
than throse swabs nd stool should be  priorey for
specimen collction for lsboratory  detection  of
COVID-19.

C i 1 ded ded

are P
RNA that have the largest virus genome among RNA
viruses (1-2). Coronaviruses are widespread in bars
around the world but can be found in many other
species as well that are  phenotypically  and
genotypically diverse (1,3). The coronavirus discase
2019 (COVID-19) raised considerable concerns as it
was associated with severe acute pncumonia and fatal
outcomes(#-5) and thus rescmbled the clinical
presentation of severe acute respiratory syndrome
(SARS) obscrved in 2002 and 2003 as well as Middle
East respiratory syndrome (MERS) since 2012 (). ‘The
causative agent of COVID-19 was a novl coronavirus
known as SARS-CoV-2 and was previously named
2019-nCoV in China (2.5).

Novdl quanditative real-cime  reverse-transcription

Controland Prevention

delines are formulated (0 guide  nasopharyngeal swabs, pharyngeal swabs, ete.

and relevant instirurions ac all respiratory trace : including decp- "
levels ro cany our laborarary tescing for 2019 navel  cough spurum, alveolar lvage fluics, bronchial hm:, HEEe Hemg BEREH

polymerase chain reaction (rRT-PCR) assays werc coronavirus (2019-nCoV). fluid, and respiratory trace exrracts.
developed in rapid response 0 the emergence of Fecal specimens/anal swabs: Fecal samples are about
COVID-19 originating in Wuhan, and these assays Specimen Collection 10 g {peanut size), If it is not convenient o collect
have been widdly used in laborawry detection and fecal samples, an anal swab can be collected. FRSE GRS N HHEH =R ( Specific primers and probes for detection 2019 novel coronavirus )
written into the national technical guidelines used in Blood specimens: Onc should, as much as possible,
China (7). We report here in decil on the wechnical Callaction Targees 5(,HM andcosgulated blood in the scure phasc within 57

7 days after the onset of the discase. A 5 mL quanticy

data and comparative analysis of performance of three st e i -
ot o'y i I gets include the following: suspected i R el
2::(:' (LR\‘\:‘}\ it d:“ S :l&';\l{wdl‘v e i s . o del. iy an::c:j\g:ll:;r plgas
~0VER G L eon . O -19 diagnosis or differential diagnosis for 2019-nCoV; or * [ ez e i

4 ; blood vl FHFHE TE b -PCRAE)

infection. Three RT-PCT assays were further other environmeotal or 1 substances that ks SDUNG) WV LFERRASERNE (EHRART-POAE)

evaluation with several species of clinical specimens roquire further screcning and e ’ 5 T _
from paticnts with COVID-19. o % escent serum specimens should be collected as EELEHNFEIEESHTEEEE

 as possible. The first serum specimen be
Collection Requirements . referably within 7 days . . | -
MATERIALS AND METHODS {.. The 2013-nCoV: rosting specimens. shall be.  “aficr the onset.of lnom), and the sond specimen (nueleoprotein. ¥) ZEEFES HRRE.
collected by qualified technicians who have received  shauld be callecred during 3 or 4 wecks afier the anser
biosafety waining {who have passed the training) and  of illness. A 5 mL quantity of blood is required for Target 1 (0FFlab) :
Clinical Specimens are equipped with the corresponding lboratory skills,  cach specien and vacuum wbes  without

Aol of 135 dinical specimens were collected from Personal protective wuipmene (PPE) requi for lane are Serum specimens are Em34 (F) : CCCTCTGEETTTTACACTTAL
a dluscer of paticars with pocumonta in Wohan and ampling are: N95 masks ar macks with  mainly used for measuring antibodies, rather chan
Beijing suspected of being infected with SARS-CoV-2 higher fleracion efficiency, gopgles. prorecrive clothing,  nucleic acid testing SEIY (R) .+ ACGATTGTOCATCAGCTOA
Speciineas fochidal avelie. Brages iy dhioas double-layer lacex gloves and warerproof boor covers; if Urine speci Collecs 2-3 L. mid-stream of

exposed to patients' blood, body fuids, secretions or  morning urine sample. FIEE (P) . 5 -FAN-COEICTOOOOTATOTOOAACETTATEO-BHA1-T

swabs, and scool. Inactivation of specimen processing
excresions, dhe outer layer of the latex gloves should be

was performed in a biosafery level 3 (BSL3) laboratory.

changud in dime Methods of Specimen Collection
G o . 2. Specimens of inpatien cases shall be collecced by P i Target 2 (N) :
Nucleic Acid Extraction medical scaff of the haspital where they are being and Processing
Nucleic acids were extracted from a 140 l processed by Rl Nasopharyngeal swabs: The sampler gently holds the ERE4 (F) : GOGCAACTTCTCCTGCTAGAAT
fecmes. g n Qlhama VIAl KA Mial KX 3. Specimens of close concaces shallbe collored by Jerion's head with ome Band, the swab n another,
sccording o the  manufacturer’s  inscrucions ¢he datgrardd locsl CDGx and madical Tngrcitarss Tt tocuewab i posrl‘to-eniey slowly per docy R34 (R) : CAGACATTTIGCTCTCAAGC

along the bottom of the lower nasal canal. Because the
nasal canal is curved, do not force wo hard
traumaric bleeding, Whes

Approximarely 60 pl of wtal nucleic acid eluate was

4. Multiple specimens may he collected in the course
recovered into nuclease-fice wbes and either tested ¢

of the discase, depending on the need for boracory

TS (P 3 —FAM-TTGCTGCTGCTIGACARATT-TANRA-3

immediately or stored at =70 °C.

testing, the posterior wll of the nasopharyngeal cav RN B s
" genty once (pause for a moment in e AL EERE A ¥ ERT-PCREFR TEER
Design of Primers and Probes Categories of Specimens Collected Cough), then slowly remave the swab and dip the swab
Muliiple primer and probe sets were designed based Respitatory tcact specimens in the acute phase 1 b ing 2-3 L virus preservation 2L ERHNF
on bioinformatcs analyss of three complete genomes Gt o SE Ve vl s speini p e el =R
of SARS-CoV-2 (BetaCoV/Wauhan/IVDC-HB-01/ must be collecred fram cach case; lower respiraary  solution, or phosphate buffer), discard che tail, and r (S s
2019,  Accewion  ID:  EPLISI_402119, tract specimens shall be preferred for the collecrion  tighten the cap. Fif: TorEscid.
BetaCoV/Wuhan/IVDC-HB-04/2020, Accession 1D: from severe cases. Stool samples, whole blood samples, P swab: the sampled person first gargles T dEen —
EPL_ISL_402120) obtained in our lab (5,8). ORFlab, serum sumples urine specimenscan be collected  with normal saline, the sampler then immerses the i ctiar. TREHEE.
E gene and N gene sequences were selected as targets according to clinical needs, swabs in scerile saline (virus preservaion solution is not . i N h s el i . N _ N
wsing Primer Premicr software version 5 (Applied Categories of specimen: allowed o avoid antibiotic allergics), holds the head of TE: CtEEIT-407E. BUSESE, SIHER0Hw. FEFSFHIEE, SHEERS

is o her mouth

Biosystems) with the following default scttings: primer Upper respiratory wract  specimens: including  the sampled persan up slighd . o
i ENEEE.

€COC Weekdy Vol x/No. & 1 Chinase Centerfor Disaase Control nd Provention €C0C Weekdy /¥o x N9 1

{open reading frame, ORF1ab) . BRES

-

o

SARS-CoV-2 specific real time RT-PCR detection technology was rapidly established and shared with the whole
world after the first batch clinical samples were sequenced and detected in IVDC, China CDC. The detection
technology including specific primers and probes were all contained in “Technical Guidelines for COVID-19
Laboratory Testing” drafted by IVDC, China CDC and available publicly, which lays foundation for the
development of commercial detection Kits.
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2. List of SARS-CoV-2 nucleic acids test kits approved by the NMPA

No Registration company
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20
21
22
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Shanghai ZJ Bio-Tech Co., Ltd.

Shanghai GeneoDX Biotech Co., LTD

BGI Biotechnology (Wuhan) CO., LTD

Daan Gene Co., Ltd. of Sun Yat-Sen University
Sansure Biotech Inc.

Shanghai BioGerm Medical Biotechnology Co., Ltd.
Beijing Applied Biological Technologies Co., Ltd.
Maccura Biotechnology Co., Ltd.

Wouhan EasyDiagnosis Biomedicine Co. Ltd
Shanghai Fosun Long March Medical Science Co., Ltd.
Beijng Kinghawk Pharmaceutical Co., Ltd.

Jiangsu Bioperfectus Technologies Co., Ltd

Zhejiang Oriental genetic biological products Co., Ltd

Shenzhen United Medical Science and Technology Co., Ltd.

Beijing NaGene Diagnosis Reagent Co., Ltd

Coyote Biotechnology CO., LTD
BGI Biotechnology (Wuhan) CO., LTD

Chengdu CapitalBio Jingxin Biotechnology Co., Ltd.

Ustar Biotechnologies (Hangzhou), Ltd.

Anbio (Xiamen) Biotechnology Co., Ltd
Rendu (Shanghai) Biotechnology Co., Ltd

Wuhan Zhongzhi Biotechnologies Inc.

Wuhan Zhongzhi Biotechnologies Inc.

Detection principle

Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR
Real time RT-PCR

Real time RT-PCR

Real time RT-PCR
Sequencing

Isothermal Amplification on Disk
Chip

Isothermal Amplification of RNA-
Real time RT-PCR

Hybrid
Immunofluorescence Assay
RNA Capture Probe

Isothermal Amplification of RNA-
Gold Probes Chromatography
Isothermal Amplification of RNA-
dual amplification

Capture-

Targets

ORFlab, E, N
ORFlab, N
ORF1lab
ORFlab, N
ORFlab, N
ORFlab, N
ORFlab, E, N
ORFlab, E, N
ORF1lab, N
ORFlab, E, N
ORFlab, N,
ORF1lab, N
ORFlab, N
ORF1lab

ORFlab, N

ORFlab, N

2019-nCoV

2019-nCoV S, N

Influenza A,

New Influenza A HIN1 Virus (2009)
Influenza A H3N2,

Influenza B,

RSV

ORFlab, N

ORFlab, N, E
ORF1lab
ORF1lab, E

ORFlab, E

Approved No

20203400057
20203400058
20203400060
20203400063
20203400064
20203400065
20203400179
20203400184
20203400212
20203400299
20203400322
20203400384
20203400520
20203400535

20203400537

20203400644
20203400059

20203400178

20203400241

20203400298
20203400300
20203400301

20203400302

Approval date
(YY-MM-DD)
2020-01-26
2020-01-26
2020-01-26
2020-01-28
2020-01-28
2020-01-31
2020-02-27
2020-03-01
2020-03-12
2020-03-24
2020-04-03
2020-04-16
2020-05-21
2020-06-05

2020-06-09
2020-07-13
2020-01-26

2020-02-22

2020-03-16

2020-03-24
2020-03-26
2020-03-31

2020-03-31
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Comparison of detection methods for nucleic acids

Method Sample Detected Key features
material
HT-PCR + Nasopharyngeal swab Viral RNA Duration: 2-5 days
* Oropharyngeal swab Accuracy: High
+ Bronchoalveolar lavage Primary use: Gold standard diagnostic test
* Tracheal aspirates Cost: High (Reagents and Equipment)
s Saliva Major limitations: Time and cross reactivity with other viruses (false positives)
Emerging Methods
|sothermal Blood (finger stick) Viral RNA Duration: Minutes (<30 min) :
amplification Accuracy: To be determined é)ari:o Ls‘g 53/180(‘%;%; ?_\;vbg?:tory
* RTLAMP Primary US:E: Rapid S.C reening Testing Methods for Novel Severe
« HT-RFPA Cost: Medium (Specific reagents) Acute Respiratory
Major limitations: Requires validation Syndrome-Coronavirus-2
CRISPR/Cas13a Blood (finger stick) Viral RNA Duration: Minutes (SARS-CoV-2).
Accuracy: To be determined grf’.”t'o %‘Z‘égfv'lﬁ'zoolég :(?5868
Use: Rapid diagnosis olls 20t el .
Cost: Low
Major limitations: Requires validation
NGS Blood (finger stick) Viral RNA Duration: Hours—days

Accuracy: High

Primary use: Genomic profiling of virus

Cost: High (Reagents and Equipment)

Major limitations: Cost, mainly used for genetic mapping rather than diagnostic
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Summary of nucleic acids detection for SARS-CoV-2

Standard Curve for N assay

38 ?“‘x T=-3.160X + 39.81
ETE Efficiency: 2.072
B
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Log Concentration

Several detection methods,
such as rRT-PCR,
Isothermal Amplification,
Hybrid Capture-
Immunofluorescence
Assay, and probe-based
RNA Capture have been
eveloped to detect
Sh(jlcﬂucleic acids of the 2019-
nCoV. Among all the
approved nucleic acid
detection Kits, novel rRT-
PCR techniques were
developed in rapid
response to the emergence
of COVID-19 in China,
and have been written into
the technical guidelines
(Chinese Center for
Disease Control and
Prevention 2020) and
widely used.
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(Baseline: In the first few cycles of PCR amplification reaction, the fluorescence signal is close to a straight line as
does not change significantly. Thus, the baseline is a horizontal line.

2. Fluorescence threshold: Generally, the fluorescence signal of the first 15 cycles of PCR reaction is used as the
fluorescence background signal. The fluorescence threshold is 10 times of the standard deviation of the fluorescence
signal of the first 3-15 cycles. The fluorescence threshold is set in the exponential phase of PCR amplification.

o)

3. Ct value: indicates the number of cycles that the fluorescence signal in each PCR reaction tube undergoes when the
threshold is met. The Ct value of each template has a linear relationship with the logarithm of the initial copy number;
a standard curve can be developed based on the known initial copy number, the x coordinate represents the logarithm
Kof the initial copy number, and the y coordinate represents the Ct value.
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5. Judgment of the fluorescence quantitative RT-PCR

assay results

Reverse transcription 42 °C 5 min 1 cycle

Initial denaturation 95 °C 10's 1 cycle
95°C 10s

PCR 60°C (Collect 40 cycles

fluorescence) e

( Negative: no Ct value or Ct value is 40.
2. Positive: Ct value < 37.

amplification curve has obvious peaks, the sample should
considered being tested positive, otherwise It should
@nsidered as negative.

3. Repeated experiments are recommended should Ct value
range between 37 and 40. If the Ct value reads <40 and the

~

0€
0€

/




@: ;6. Confirmation of COVID-19 positive cases

To confirm a case as positive in the laboratory, one of the following criterh
shall be met:

1. The real-time fluorescence-based RT-PCR assay of the 2019-nCoV in the
same specimen shows that the two targets, ORFlab and Protein N, are both
positive. In case of the result showing positive for one target, then samples
shall be re-collected for another test. If it is still positive for a single target, it is
determined to be positive.

2. The real-time fluorescence-based RT-PCR assay of two types of specimens
show one single target positive at the same time, or one target positive in two
samples of the same type, it could be determined as positive.




Antibody testing I

® Antibody testing methods

® ELISA’s principle

® Colloidal gold antibody testing
® Time points for nucleic acid and

antibody detection




2 1. Antibody testing assays
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@ : Antibody detection

1. PRNT > ppNT The antibody detection test used

for supplementary detection of
». (E...m;mj}“ suspected cases with negative
| I SARS-CoV-2 nucleic acid.

:’_W—E - IgM: Appeared about 5 days
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E LI S A A Indirect ELISA for detecting B  sandwich ELISA for detecting . >
anti-SARS-CoV-2 antibodies SARS-CoV-2 antigens @
Microwell plate 7 NZ N\ Microwell plate
coated with ﬁr \’r WK coated with
SARS-CoV-2 antigens anti-SARS-CoV-2
| L antibodies
)k /)L\ Patient antibodies ) J Viral antigens in
77 77 ) bind to antigens NN ~ patientsample

bind to antibodies

L} L}
e R Enzyme-labeled ’ Enzyme-labeled
’)Ejt)tjd& secondary antibodies )E ’JE‘ JQ‘ antibodies
" bind to patient/primary \](/ Al ““'f‘/" bind to viral antigens
antibodies
i ]
o # Enzymatic conversion o # Enzymatic conversion
of substrate generates of substrate generates
PP measurable color : measurable color
)5() R Change ”)K‘ )g\ /)K\ c:hange
g L .

Y'Y
_ Figure 5. ELISA assays detecting antibodies (A) or antigens (B).
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List of SARS-CoV-2 antibody test kits approved by NMPA of

Registration company Efitr?cf:;(l); Targets Approved No xs_r:ﬂv&[ga;;e
oens o™ 1 Guangzhou Wondfo Biotech CO., Ltd. GICA IgM/1gG 20203400176 2020-02-22
2 Innovita (Tangshan) Biological Technology Co., Ltd GICA IgM/1gG 20203400177 2020-02-22
3 Guangdong Hexin Health Technology Co., Ltd GICA IgM 20203400199 2020-03-11
4 Vazyme (Nanjing) Biotech Co., Ltd GICA IgM/1gG 20203400239 2020-03-13
5 Zhuhai Livzon Diagnostics Inc GICA IgM/1gG 20203400240 2020-03-14
6 Shanghai Outdo Biotech Co., Ltd. GICA IgM/1gG 20203400367 2020-04-10
7 Beijing Zinxing Sihuan Biotech Co., Ltd GICA IgM 20203400457 2020-05-08
8 Bioscience (Chongging) Diagnostic Technology Co., Ltd MPCLIA IgM 20203400182 2020-02-29
9 Bioscience (Chongging) Diagnostic Technology Co., Ltd MPCLIA IgG 20203400183 2020-02-29
10  Xiamen InnodxBiotech Co. Ltd. MPCLIA IgM/1gG 20203400198 2020-03-06
11 Dynamiker Biotechnology (Tianjin) Co., Ltd. MPCLIA 19G 20203400365 2020-04-10
12 Dynamiker Biotechnology (Tianjin) Co., Ltd. MPCLIA IgM 20203400366 2020-04-10
13 Zhengzhou Autobio Diagnostics Co., Ltd MPCLIA IgM 20203400494 2020-05-15
14 | Zhengzhou Autobio Diagnostics Co., Ltd MPCLIA IgG 20203400495 2020-05-15
15 Maccura Biotechnology Co., Ltd. CLIA IgG 20203400496 2020-05-18
16 Maccura Biotechnology Co., Ltd. CLIA IgM 20203400497 2020-05-18
17 Bioscience (Tianjin) Diagnostic Technology Co., Ltd CLIA IgG 20203400498 2020-05-19
18 Bioscience (Tianjin) Diagnostic Technology Co., Ltd CLIA IgM 20203400499 2020-05-19
19 Beijing Hotgen Biotech Co., Ltd. UPICT IgM/1gG 20203400523 2020-05-25
20 Beijng Kinghawk Pharmaceutical Co., Ltd. QDFIC IgM/1gG 20203400536 2020-06-09
21 BGI Biotechnology (Beijing) CO., LTD ELISA IgM/1gG 20203400567 2020-06-17


http://en.dynamiker.com/
http://en.dynamiker.com/
https://www.maccura.com/en/about/jAEA2OQdXAE-.html
https://www.maccura.com/en/about/jAEA2OQdXAE-.html
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@& ; 2. Principle for indirect ELISA
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Serum antibody tests for SARS-CoV-2

Serum antibody tests are used as supplementary tests for cases of
negative 2019-nCoV nucleic acid tests, and used In conjunction with
nucleic acid tests in the diagnosis of suspected cases, or used In
serological surveys and past exposure surveys of concerned population
groups. Laboratory confirmed positive cases need to meet one of the
following two conditions:

1. Serum IgM antibodies and/or IgG antibodies to 2019-nCov are
positive,;
2. Serum 1gG antibodies to 2019-nCov turn from negative to positive

or the 1gG antibody titres during recovery period are 4 times or higher
than that in acute phase.



-* - Analysis of the test results
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@ Negative results of the nucleic acid assay
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@ ; Interpretation of SAR-Cov-2 nucleic/antibody testing results

L S For reference only. The clinical judgment should prevail

- Patients may be during the "window period" of 2019-nCoV infection, typically 2 weeks

-_-- May be at early infection phage of 2019-nCoV

May be during the mid and late infection stage or recurrent infection. When the 1gG antibody in the recovery
period increases by 4 times or more compared with the acute phase, a recurrent infection can be diagnosed.

The patient is during the active infection, a certain immunity to 2019-nCov has already been developed .

The patient’s likely to be in the acute phase of 2019-nCoV infection. Nucleic acid testing resulted should be
5 - + - confirmed firstly. Other factors such as rheumatoid factors have been found to cause weak IgM positive or
positive tests.

The patients have recovered and the virus has been cleared. The 1gG could be maintained for a long in the
blood.

First infection of less virus and be during an early stage. Thus, the viral load is lower than the lower limit of
7 - T - nucleic acid detection. A small amount of IgM has been produced while 1gG have not; a false positive result
might be caused by rheumatoid factor.

The patients were recently infected with 2019-nCoV and are during the recovery period. The virus has been

cleared, but the IgM has not reduced to the lower limit of detection; or the nucleic acid test result might be
false negative, the patient is indeed in the active infection phage.




Bio-safety requirements

® General introduction

® Viral culture

® Animal infection experiments

® Operations of the uncultured infectious substances

® Operations of inactivated materials



@ Bio-safety requirements for the COVID-19 laboratory
e’ aCtivities
|

According to the biological features, epidemiological characteristics, clinical

data and other available information concerning the SARS-CoV-2, the pathogen is

managed as Category B pathogens and microorganisms based on its hazards.




Bilo-safety requirements for laboratory activities

1) Viral culture

Viral culture refers to operations such as virus isolation, culture, titration, neutralization test,
purification of live virus and its protein, lyophilization of virus, and recombination test to produce live
virus. The above operations should be performed in a biosafety cabinet of a BSL-3 laboratory. When
viral medium is used to extract nucleic acid, the addition of lysing agent or inactivating agent must be
performed under the same level of laboratory and protective conditions as viral culture. Laboratories
shall report to the National Health Commission for approval and obtain relevant qualifications before

carrying out the corresponding activities.




2) Animal infection experiment

Animal infection experiment refers to operations such as infecting animals with
live viruses, sampling of infected animals, processing and testing of infectious
samples, special test for infected animals, disposal of infected animal excrement, etc.,
which should be performed in a biosafety cabinet of a BSL-3 laboratory. Laboratories
shall report to the National Health Commission for approval and obtain relevant

qualifications before carrying out the corresponding activities.




3) Operation of uncultured infectious substances

The operation of uncultured infectious substances refers to viral antigen
detection, serological testing, nucleic acid extraction, biochemical analysis,
inactivation of clinical samples and other operations performed on uncultured
infectious substances before inactivation through a reliable method. The
operation should be performed in a BSL-2 laboratory, with personal protective

equipment subject to BSL-3 laboratory protection requirements.




4) Operation of inactivated substances

After reliable inactivation of infectious substances or live viruses,
operations such as nucleic acid testing, antigen testing, serological
testing and biochemical analysis should be performed in a BSL-2
laboratory. Molecular cloning and other operations not involving live

pathogenic viruses may be carried out in a BSL-1 laboratory.
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@ : Waste disposal requirements

Experimental waste should be handled and autoclaved immediately
Clinical specimens should be handled and autoclaved immediately after detection ‘
SOP for laboratory waste disposal should be prepared in advance

Selection, preparation and use of chemical disinfectants

Use and maintenance of physical disinfection equipment

Dispose of all kinds of experimental materials and instruments, especially sharps
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@ : Laboratory or clinical waste disposal

» Cleaning up: Surface of experimental equipment should be sprayed or cleaned
with 75% ethanol or sodium hypochlorite containing 1 g/L effective chlorine.

» Medical Waste: should be autoclaved before transfer out of laboratory.

» Sharps: include syringes, needles, knife, metals, disposable scalpels, blades, and
glasses, etc., should be put in the sharps container made of hard material, packaged
Into two layers of medical waste bags, sealed tightly and labelled clearly before
leaving the ward, and then be transferred in closed containers.
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Thank you'!



