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Revision

Revision of the laboratory testing guidelines

➢ Highlights the specific measures to enhance
the positive rate of the nucleic acid tests
➢ Specifies the specimen collection and
processing methods
➢ Include the criteria to confirm the specimens
tested with one positive target as COVID-19
cases.

5

The real-time fluorescence-based
quantitative RT-PCR assay for COVID-19
These technical guidelines are formulated to
guide disease control agencies and relevant
institutions at all levels to carry out laboratory
testing for COVID-19
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Citation

• Laboratory Bio-safety Guidelines for COVID-19 (2th edition)
• Technical Guideline for Laboratory Testing for COVID-19 (5th edition)
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Target of the specimen collection
⚫Suspected COVID-19 cases;
⚫Others requiring diagnosis or differential diagnosis for SARSCoV-2;
⚫Other environmental or biological substances that require
further screening and testing
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Specimen collection requirements
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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Categories of specimens collected and the corresponding
collection requirements
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, whole blood samples and serum
samples can be collected according to clinical needs.
1.

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

2.

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

3.

Fecal specimens: Fecal samples are about 10 g (peanut size). If it is not convenient to collect fecal samples, 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 illness), and the second
specimen should be collected during 3-4 weeks after the onset of illness. 5 ml of blood is required for each specimen and
vacuum tubes without anticoagulant are recommended. Serum specimens are mainly used for measuring antibodies, rather
than nucleic acid testing.
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Findings from the Zhong Nanshang Research Group: SARS-COV-2 isolated from the
COVID-19 patient’s urine
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Pharynx structure
Applied anatomy
of pharynx
I. Sections
1. Nasopharynx
2. Oropharynx
3. Larygopharyn
x
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Collection of nasopharyneal swabs
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.
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Collection of pharyngeal swabs
The 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
digestion reagents of equal volume of sputum.

Phosphate buffer containing 1 g/L of protease K

Phosphate buffer containing
0.1 g of dithiothreitol and 0.78 g of sodium chloride
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Fecal specimen processing
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 detection

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
replenishing with deionized water to 1000 ml.
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Anal swabs

Gently insert the disinfectant cotton swab into the anus
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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Specimen packaging
Collected specimens shall be packaged separately in
a biosafety cabinet of a BSL-2 laboratory.
1.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.
2.Specimens kept in an airtight container should be
sealed in a plastic bag of appropriate size, with
each bag containing one specimen.
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Specimen preservation
• 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. Repeated freeze-thaw cycles

during specimen transportation should be avoided.
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Specimen submission

Specimens of cluster cases in each province (autonomous region,
municipality directly under the central government) shall be
submitted to the National Institute for Viral Disease Control and
Prevention (NIVDC) under China CDC for testing and review,
with the specimen submission form attached (see Appendix).
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Specimen transportation
1. 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
2. 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.
3. 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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Laboratory testing techniques for
COVID-19
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Molecular testing primer
and probe
Target 1 (ORF1ab):
Forward primer (F): CCCTGTGGGTTTTACACTTAA
Reverse primer (R): ACGATTGTGCATCAGCTGA
Fluorescent probe (P): 5'-FAMCCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-3'
Target 2 (N):
Forward primer (F): GGGGAACTTCTCCTGCTAGAAT
Reverse primer (R): CAGACATTTTGCTCTCAAGCTG
Fluorescent probe (P): 5'-FAM-TTGCTGCTGCTTGACAGATTTAMRA-3'
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Laboratory testing targets for COVID-19
To confirm a case as positive in the laboratory, one of the following criteria shall be
met:
1. The real-time fluorescence-based-based RT-PCR assay of the 2019-nCoV in the
same specimen shows that the two targets, ORF1ab 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-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.
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Coronavirus genomic structure

1. Fixed genome structure: 5′-replicase (2/3) -S-E-M-N (structural gene, 1/3) -3 ′;
2. Replicase-transcriptase polyproteins are expressed by ribosome frameshifting;
3. Replicase-transcriptase protein products have specific enzymatic activities for
replication and transcription;
4. Downstream genes are expressed by transcription of multiple 3 'nested subgenomic
mRNAs.
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The unique intracytoplasmic discontinuous
transcription pattern of the coronavirus

1. RdRp
2. Replicative intermediate
3. The RNA virus with the largest genome

Prone to genome mutation
and recombination
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Judgment of the fluorescence-based
quantitative RT-PCR assay results
1.

Negative: no Ct value or Ct value is 40.

2.

Positive: Ct value <37.

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 considered as negative.
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A High specificity and sensitivity nucleic acid testing system
has been put in place by NIVD under China CDC
A
√

C

√

B
√

D
√
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Bio-safety requirements for the COVID-19
laboratory 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 its 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 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.

34

17

2020/4/19

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.
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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.
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Technical preparation and groundwork by NVID
under China CDC for the COVID-19 laboratory
testing
1. Nucleic acid rRT-PCR assay established for COVID-19
2. Genome sequencing for SARS-CoV-2 determined;
3. SARS-CoV-2 strain isolated;

4. Drafted and submitted the Technical Guidelines for
Laboratory Testing for COVID-19

5. ……
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Thank you！
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TECHNICAL NOTE
The training information is based on the Technical Guidelines for
Laboratory Testing for COVID-19 (5th Edition) and Laboratory Bio-safety
Guidelines for COVID-19 (2nd edition). Guided by the evolving understanding of

COVID-19 and progress made by the epidemic control and prevention programme,
these documents and information will be continuously updated and improved to
ensure the accuracy of test results.
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