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@ : 1.1 The journey of discovery

In 1933, asthma ataacks in chickens were
discovered by Baudette et al.

Infectious bronchitis virus or IBV was first
1solated from chickens in 1937.

In 1967, MclIntosh et al. isolated a batch of
viruses from the human embryo trachea

organ culture from an adult with a cold.
OC43 was the major strand among them
(organ culture, OC)

Porcine transmissible gastroenteritis  virus
(TGEV)

4. Di f SARS-
o 2. B814 and HCoV-229E @ |SC0V(9:2(,°

K 3. HCoV-0C43

1. Infectious bronchitis virus
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In 1968, June Almeida and Tyrrell performed
morphological studies on these viruses. Electron

In 1975, International Virus Nomenclature
microscopy observations revealed that the envelopes

Committee or ICTV officially established
of these viruses had spikes that resemble the sun Coronaviridae for the virus
coronal, so they named these viruses coronaviruses.
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@ : 1.3 Classification

A Order

NIDO b‘iﬁRA LES

Family

Coronaviridae

| |
Subfamily Cumm:i'w'rin ae Toroviringe
| I | |
Alpha

Beta Gamma Delta
COronavirus coronavirus coronavirls coronavirus

Genus

Torovirus Bafinivir

Lineage

M2 #EERRpHE 7 7 D508 w10 05 & 2 Tk 1L W o i
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Figure 3: Phylogenetic analysis of full-length genomes of 2019-nCoV and representative viruses of the genus Betacoronavirus
2019-nCoV=2019 novel coronavirus. MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus.

Page 846.7
Lu et al. 2020, lancet.



Replication

i . ? N
~ receptor W
——
2
'\.1'.\,

I l . ."'\.-..
%

smooth-walled —— 0

e % W

P By i

(+) gRNA Translation of RTC
£ vesicle

/

% double-membrane
vesicles

Transcription
N U R e —
:'J I-'lll'u .-'"--l-'::---_-_ ----.:::\.M‘"
~ ERGIC

(-) sgRMNAs =y

R N Ui G — EEIJ |
wrumamue UL ]
/ E—'% |

L T L
I:+} SERNAE L B AR
Brumomurururus ARA
i ey Y|
-‘w

(-) gRNA
I it

| (+) gRNA

Cytoplasm P
iy

FIGURE 28.6. Overview of coronavirus replication (see text for details).
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1.5 The unique intracytoplasmic discontinuous transcription pattern of the coronavirus

Mastant minus strand

ranfered toleader TRS [y
%
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%) SubgencmC MRt

1. RdRp
2. Replicative intermediate Prone to genome mutation and recombination
3. The RNA virus with the largest genome Page 846.9
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China releases genetic sequence of newly
discovered coronavirus from Wuhan

The Chinese Center for Disease Control and Prevention, the
Chinese Academy of Science and the Chinese Academy of
Medical Science released through the GISAID Initiative the
genome sequence of a newly discovered coronavirus. The
virus was identified during an outbreak in the city of Wuhan,
where patients were suffering from respiratory illnesses such

as pneumonia since late December 2019. lipid mt;:',per envelope

The genome sequence of this betacoronavirus is crucial to
develop specific diagnostic tests and to identify potential
intervention options.

purified virions of mouse hepatitis virus (MHV), recon-
hella, and Stanley Sawicki.) B: Schematic showing the
rotein; E, envelope protein; and N, nucleocapsid protein.

> read more and access the data

Courtesy: IWVDC, China CDC
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@? ;1.7 Symptoms of the diseases
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=’ caused by human coronavirus

Headache
Fever et
Overall soreness and «m
ache |
Flu symptoms

. o 2019-nCoV
Chills Zhu N, et al. 2020
Dry cough '

Vomiting
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Specimen collection

requirements
 Collection O Requirements for the
target sampling personnel
O Specimen O Specimen processing
categories O Specimen transportation
O Specimen
packaging and
preservation
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@ 1. Specimen collection target

L

ﬁ Suspected COVID-
) 4

19 cases;

p.
Others requiring diagnosis or \,
differential diagnosis for SARS-Co ‘
2
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Sampling personnel

1. The SARS-CoV-2 testing specimens shall be collected by qualified
technicians who have received biosafety training (who have passed the
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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3. Categories of specimen collected

o
i
Disgage coWt

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
needs.

Stool samples, urine samples, whole blood samples and serum samples can be collected according to clinical

Upper respiratory tract specimens: including nasopharyngeal swabs

, pharyngeal swabs etc.
2)(,[Le<l)wer respiratory tract specimens: including deep-cough sputum, alveolar lavage fluids, bronchial lavage fluid and respiratory tract
collect :

32)]]i“ ecal | specimens Fecal samples are about 10 g (peanut size). If it is not convenient to collect fecal samples, an anal swab can be
é} Bloo

S8496 dssgﬁ lmens: (g)ne shoul as mu

1S requure for'cach lPec%%]%leVCOHeCt

Serum CCI

T‘feé?eé‘ unii

acuum %I’éle%"@gﬁ‘%éfﬁ%gﬁﬁdﬂ&t fidcuis phase within 7 davs after s 8

R s R T s e e
Weeks a ter ¢ 0ns 00 1S re(}g ach specimen and vacuum tubes w
erum specimens are ma y use or measuring anttbodies, Crather tHan nucleic acid res ing.

6) Urine specimens: Collect 2-3ml of mid-stream urine sample in the morning. (Ji XA, 1HHHIN)

are recommen

I%C 101.

ut anticoagulant
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.Gg | Pharynx structure

Applied anatomy of
pharynx

® [ [1) 1. FH it +41)
l.  Sections

;-. :..T - |] L i | 4 A
1. Nasopharynx o — 19 IR Feg o HH
2. Oropharynx L A
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ygophary 14508 ( nasopharvn )

21114 (oropharynx)
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- Collection of nasopharyneal
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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.

Nasopharynx

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 aligla (MRSA) SEeEl Diagnostic Laboratory of Oklahoma
ISI
tests solely for the presence of MRSA Culture, Nasopharyngeal / Nasal...
and no other microbes. Feb 10,2017 _ .
Images may be subject to copyright. Learn more
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- Collection of pharyngeal
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he sampled person 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.
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Sputum treatment

/ Deep cough sputum:

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 sputum

@igestion reagents of equal volume of sputum.

/

Oxoid HEH thitt
f5: SRO233A B 100 TSmudy
Sl H R O SmiD SRR TE AT 92 3ml ST SRR, SRR B ) A
2-RT SR 48
WHITTE:
| AEH RO S i
EITHAR, BT bR, SR N RN, R A L

A5

i p— I
gy o D]

N\

—_— - ™
Phosphate buffer containing 1 g/L of protease K
Phosphate buffer containing 0.1 g of dithiothreitol and 0.78 g
> remel R tleamon

J

of sodium chloride
Page 846.23



)

%,

(&g ; Fecal specimen processing
T / \
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 8,000rpm for 5 minutes, absorb the supernatant for detectio

N J

/Treatment solution for the fecal \

specimen
_ 211g tris,

| 8.5g sodium chloride,
1.1 g calcium chloride anhydrous or 1.47g calcium
chloride containing crystalline water, dissolved
into 800 ml deionized water, with the pH adjusted
to 7.5 with concentrated hydrochloric acid and

165 Qplenishing with deionized water to 1000 ml. /
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4 Gently insert the disinfectant cotton swab into the anus N
for 3-5cm in 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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vy 4. Specimen packaging and
& preservation

1. Collected snecimens shall he nackaoed senaratelv in a hinsafetv cabinet of a RSI -2 lahoratorv.

2. 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.

3. 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.
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5. 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 PI 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 PI 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).
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Baseline

eshold

1. Baseline: In the first few cycles of the PCR amplification reaction, the fluorescence signal is close to a straight line
as it does not change significantly. Then, such a straight line is the baseline;

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 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.

3. Ctvalue: 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
k the logarithm of the initial copy number, and the y coordinate represents the Ct value. /
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~ Primer and probe of the SARS-CoV-2 nucleic
acid assay

Genomes

Target 1 (ORF1ab):

Forward primer (F): CCCTGTGGGTTTTACACTTAA

Reverse primer (R): ACGATTGTGCATCAGCTGA

Fluorescent probe (P): 5'-FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-3'
Target 2 (N):

Forward primer (F): GGGGAACTTCTCCTGCTAGAAT

Reverse primer (R): CAGACATTTTGCTCTCAAGCTG

Fluorescent probe (P): 5'-FAM-TTGCTGCTGCTTGACAGATT-TAMRA-3'
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5. Judgment of the fluorescence
quantitative RT-PCR assay results

Reverse transcription 42 °C 5 min
Initial denaturation 95 °C 10 s
95°C 10 s
PCR 60°C (Collect
45s
fluorescence)

1 cycle
1 cycle

40 cycles

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

@nsidered as negative.

~

3. Repeated experiments are recommended should Ct value
range between 37 and 40. If the Ct value reads <40 and the
amplification curve has obvious peaks, the sample should
be considered being tested positive, otherwise it should be

/
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@ Confirmation of COVID-19
w7/ positive cases

To confirm a case as positive in the laboratory, one of the following criteria shaIIQ
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

Qe same type, it could be determined as positive. J




Antibody
testing

~ @ IAENEE @ ELISAJRE

@ KirEiEmlinis @ ZERICFNTUAENIATEIAYSERE
1 Antibody testing methods
O ELISA’s principle

O Colloidal gold antibody testing
O How to choose the nucleic acid test against the testing window

> A
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Antibody testing assays
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Radioimmuno
assay

Enzyme-linked
immunosorbent assay

luminescence

— _—

1960's

1970’s

1990's
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Principle for indirect ELISA
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Indirect antibody testing
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@ . Serum antibody tests for SARS-CoV-2

( e 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

exBosure surve]ys of concerned population groups.
Laboratory confirmed positive cases need to meet one of

the following two conditions:

1. Serum IgM antibodies and IgG antibodies to 2019-nCov are
positive;

2. Serum IgG antibodies to 2019-nCov turn from negative to
positive or the 1gG antibody titers of recovery period are 4
times or more higher than that of acute phase.



log,,, (virus load)
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e 111 CCTIOUS VIS recovery

FECOVETY

faecal

_,--l—-

anhibody

respiratory

5 I R O
2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34 36

days after onset of illness

Figure 1, Schematic diagram of the course of virus shedding and detection in body fluids during SARS iliness and recovery,
Onset of illness is taken to be the onset of symptomatic fever.
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Bermingham A, et al. 2004
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Overview of the laboratory

£ testing methods for SARS-CoV

Common testing method

Time required

Interpretation of the testing results and their implications

ELISA test for the virus
nuclear protein (N) antigen

4 hours

Serum samples collected during 1—10 days after the disease onset (3-
5 days most sensitive). The “positive test result carries diagnosis
significance. It is a sensitive test used for early diagnosis, with stable
results and minor impacts from the quality of the specimen.

Real-time PCR assay for the
viral nucleic acid

6 hours

Pharynx and anal swabs and serum specimens collected during 3-10
days since the disease onset. The positive results from multiple
specimens have diagnosis significance. The method is applied to the
early diagnosis, with stable results and good sensitivity. However, the
specimens’ quality exerts a major impact on the results.

Routine PCR assay for the
viral nucleic acid

6 hours

Ditto, can be used for nucleic acid sequencing which has diagnosis
significance. The method is applied for early diagnosis and is a stable
andl.::,ensitive test. However. It can be impacted by the specimen’ s
quality.

ELISA and fluorescence
detection for IgG and IgM

4 hours

Only the serum collected during 10 days after the disease onset can
yield results. The 4-times increase or the result turning positive carry
diagnosis si%nificance. The method is applied to mid and late stage
diagnosis with stable results.

Neutralizing antibody assay

3-5 days

Only the serum collected during 10-22 days after the disease onset can
yield results, with 4-time increase having diagnosis significance. The

method should be applied to the mid and late stage diagnosis, with
stable results.

Viral isolation

5-10 days

. Thecloharynx and anal swabs and serum specimens collected during
1-10 days "after the disease onset have diagnosis significance. The
method is used for the mid and late stage diagnosis with major
impacts from the samples’ quality.
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-~ . Analysis of the test results
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@ . Negative result from the nucleic acid assay
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| —— Interpretation of the SAR-Cov-2 nucleic,antibody

1 i testing results

T b S AR/ (AR R 352

No. Nucleic

acid lgM | IgG fE 5%

1 4 - - Patients may be during the "window period" of nCoV infection in 2019, typically 2 weeks
May be at 2019-nCoV early infection

2 + + -

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.

3 + - +
The patient is during the active infection, but its body has already developed a certain immunity to 2019-nCov.

4 + + + The patiet’s likely to be in the acute phase of 2019-nCoV infection. At this time, you need to question the results of
nucleic acid testing. Other diseases such as rheumatoid factors have been found to cause weak IgM positive or
positive tests.

5 - + -

May have been infected with 2019-nCoV in the past, but the patient has been recovered or the virus has been
+ cleared. The IgG produced by the immune response is maintained for a long time and is still detected in the blood.
¢ s -
First infection with a very low viral load, and during an early stage. Thus, the viral load is lower than the lower limit
of nucleic acid detection. The body produces a small amount of IgM antibodies, and has not yet produced IgG; a

7 — i = false positive result is caused by the patient's own rheumatoid factor
Recently infected 2019-nCoV and are in the recovery period. The internal virus is cleared, but the IgM has not been
reduced to the lower limit of detection; or the nucleic acid test result is false negative, with the patient being in the

8 - + + active infection period

N AREE, LUIRKESESHERE! For reference only. The clinical judgment

should prevail
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General introduction

Animal infection experiments

Operations of inactivated materials

Viral culture

Operations of the uncultured infectious substances
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Bio-safety requirements for the COVID-
19 llaboratory activities

According to the biological features, epidemiological characteristics, clinical
data and other available information concerning the SARS-CoV-2, the pathogen

shall be temporally managed as Category B pathogens and microorganisms based

on 1ts hazards.
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Bio-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 i1s 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.
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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.
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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.




)) Vital milestones for the early laboratory work

@ Detection of BALFs € 2019-nCoV
from 4 patients with specific rRT-PCR
NCP by rRT-PCR were developed

targeting a concerved
RdRp of B-CoV

Jan 2

Jan 4

@ Corna-like viral
particles was
observed by EM.

Jan 7 Jan 9

@ Etiological information
shared with WHO

& Five coronaviruses
Sequence and
information shared on
GISAID Database

Jan 10-12

€ IgG and neutralizing
antibody detected in
serum of patients with
COVID-2019

Jan 27

” Jan 8 ” Jan 11 » Jan 23 II Jan 29

Dec 31 Jan 3

@ Experts  team @ The first full-
reached Wuhan, genome of 2019-
€ unusual nCoV was born.

pneumonia was
associated with

virus infection

Jan 6

& CPE on HAE cells
was observed.

@ Detection reagents
were send to Hubei
CDC and technical
training performed

& National Health
Commission of China
declared the 2019-
nCoV was the
etiological agent of
NCP

€ Commercial rRT-
PCR detection Kits of
2019-nCoV were
distributed to Hubei

€ hACE2 transgenic @ Challenged mice
mice were showed typical
challenged with pneumonia
2019-nCoV pathology,
fulfilling with
Koch’s
postulates
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Thank you!
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