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1. Foreword 

Over one hundred nucleic acid-based kits and methods for detection of the novel 

coronavirus SARS-CoV-2 have been reported in response to the COVID-19 (Corona Virus 

Disease 2019) epidemic. After one and a half month of clinical application, many problems 

with the kits were exposed as reflected in the appearance of significant numbers of false 

negatives. This caused the public to question the application of nucleic acid detection 

methods for screening and diagnosis. In addition, inconsistent standards were used in the 

development of the tests, the performance indicators provided by different kit suppliers 

could not be compared, and large differences were found in the detection performance of 

the different kits. Therefore, detection methods for SARS-CoV-2 urgently need to be 

optimized to cope with the ongoing epidemic. 

 

This manual describes a method that can be applied to the detection of the new coronavirus 

SARS-CoV-2: enhanced fluorescence real-time reverse-transcription PCR (ERT-PCR).  

Compared with general RT-qPCR, the method has ~10 times greater sensitivity, which can 

alleviate the false negative problem found in current clinical nucleic acid tests and improve 

the accuracy of detection. 

 

We believe that appropriate test methods can be selected for different groups of people to 

achieve the purposes of screening, diagnosis and confirmation. The ERT-PCR method 

described herein, due to its high sensitivity, can be applied to screening of people in 

isolation or of the general community (ensuring screening reliability) or post-recovery 

verification (avoiding false negatives). If needed, we can also provide training to technicians 

with relevant operational experience so as to achieve maximum diagnostic capacity in 

emergency situations. 

 

Figure 1. Community screening 

In the case of screening (Figure 1), we recommend that, guided by epidemiological 

information, samples can be pooled for testing. For example, pool 10 samples into 1 test 

reaction, and then test the samples one by one only if the pooled result is positive. This can 



improve the test throughput and achieve the purpose of rapid screening. 

 

In addition, in order to ensure the safety of technical personnel and the reliability of test 

results, this manual also emphasizes the points to note during the test procedure. 

 

It should be noted that this method has not been clinically proven with large sample sets, 

and that the ERT-PCR process takes a relatively long time (~3-4 hours). The results are 

limited to the tested reagents and instruments, such that if other reagents or instruments 

are used, appropriate testing of positive and negative controls is needed. 

 

2. Sample collection 

 

Careful attention must be paid during the sample collection process to ensure the safety of 

the collecting personnel. Inactivate the sample as soon as the sample is collected (virus lysis 

buffer pre-packed in the collection container), and make sure packaging is in strict 

accordance with regulations before transport to the testing facility. 

 

This nucleic acid test method is applicable to nucleic acid samples taken from samples such 

as throat swabs, nasopharyngeal swabs, sputum fluids, alveoli irrigation fluids, urine, feces, 

etc. Samples for virus isolation and nucleic acid testing should be processed as soon as 

possible. Samples that can be detected within 24 hours can be stored at 4°C, and samples 

that cannot be detected within 24 hours should be stored at -70°C or below (if there is no 

-70°C storage, temporary storage at -20°C can suffice). 

 

Note: Proper collection of samples is essential for the accuracy of the test. The following 

instructions pertain to throat swabs and are for reference only: a sample collection kit will 

be provided for each user. The kit includes a sterilized sample collection rod, a sample 

collection tube containing 0.9ml virus lysis buffer, a registration form to fill out personal 

information, and an instruction manual for the required procedure specific to the test type. 

If sputum, feces, or urine samples need to be collected, there will be an additional larger 

sample collection container with a corresponding label. Users need to bring their own 

disinfection solution, 75% alcohol or 10% bleach, garbage bags, etc. The swab sample must 

be collected with a plastic rod swab with a synthetic material swab head (e.g. polypropylene 

fiber) to avoid inhibition of nucleic acid detection. 

 

1) Open the plastic sealed pouch in the sample collection kit and remove all the items inside; 

 

2) Fill in the collection tube label, then carefully read the operating instructions and follow 



the steps to start collection; 

 

3) Tear open the paper bag packaging of the sample collection stick, remove the collection 

stick, and collect a sample with the sterile swab using its finer end; 

 

4) Place the swab into the mouth cavity, wipe the back wall of the throat and the tonsil 

glands several times, avoiding touching the tongue and then remove the swab; 

 

5) Open the sample collection tube containing the sample preservation solution; 

 

6) Place the collected swab samples into the collection tube and ensure the swab heads are 

fully immersed in the solution; 

 

7) Snap the collection stick so that it fits inside the collection tube; 

 

8) Tighten the tube cap to ensure that it is sealed; 

 

9) Shake the collection tube up and down 5 times to mix thoroughly; 

 

10) Put the collection tube in the original pouch and seal the mouth of the bag; 

 

11) Wipe or spray the surfaces of the pouch with a disinfectant; 

 

12) Store the sample at room temperature for collection and transport; 

 

13) Disinfect the used swab handle and discard. 

 

3. Nucleic acid extraction 

 

Viral RNA extraction can be done using Qiagen QIAmp Virus RNA Mini Kit (52906), TransGen 



EasyPure Viral DNA/RNA Kit (ER201), Zymo Direct-zolTM RNA MiniPrep (R2050) or other RNA 

extraction kits, following the kit instructions. Any remaining extracted samples not used for 

testing are placed as soon as possible in -70°C or below for storage (if there is no -70°C 

storage condition, store in the refrigerator at -20°C). 

 

4. Nucleic acid testing 

 

(1) Experimental materials and reagent formulations 

 

• Primer sequence  

1) RT-PCR (Reverse-Transcription PCR)  (Primers and Probes for ORF1ab and N Gene 

regions designed by Hai Kang Life Sciences) :  

 

Target 1 (ORF1ab): 

Forward Primer (ORF1ab/F1): GTGGGGGACAACCAATCACT 

Reverse Primer (ORF1ab/R1): CTGCACTTACACCGCAAACC 

 

Target 2 (N): 

Forward Primer (N/F1): TGGTGCTAACAAAGACGGCA 

Reverse Primer (N/R1): GGCAGTACGTTTTTGCCGAG 

 

2) qPCR (primers and probes for the ORF1ab and N gene regions recommended by the 

CDC): 

 

Target 1 (ORF1ab): 

Forward Primer (ORF1ab/F2): CCCTGTGGGTTTTACACTTAA  

Reverse Primer (ORF1ab/R2): ACGATTGTGCATCAGCTGA  

Fluorescent probe (ORF1ab/Pr): 5' -FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-3'  

 

Target 2 (N): 

Forward Primer (N/F2): GGGGAACTTCTCCTGCTAGAAT  

Reverse Primer (N/R2): CAGACATTTTGCTCTCAAGCTG  

Fluorescent probe (N/Pr): 5'-HEX-TTGCTGCTGCTTGACAGATT-BHQ1-3' 

 

3) Internal reference gene: human RNase P (RP) gene  

 

Forward Primer (RP/F): AGATTTGGACCTGCGAGCG 

Reverse Primer (RP/R): GAGCGGCTGTCTCCACAAGT 



Fluorescent probe (RP/Pr): 5'-Cy5-TTCTGACCTGAAGGCTCTGCGCG-BHQ1-3' 

 

• Reagents and consumables        

RT-PCR Kit: One-Step RT-PCR Kit (TransScript® II One Step Enzyme Mix, TransGen Biotech, 

Cat. No. AH411-02) 

 

qPCR Kit: Real-time quantitative PCR kit (TaqMan® Universal PCR Master Mix, Thermo Fisher 

Scientific, Cat. No. 4304449) 

 

Other consumables: Pipettes (2.5μL, 10μL, 20μL, 200μL, 1000μL range), special filter head 

fitted pipette tips, RNase-free water, positive control standard, 0.2mL PCR tubes, qPCR tubes 

(8-well PCR strip or 96-well PCR plate), disposable latex gloves, 1.5mL centrifuge tubes, 2mL 

centrifuge tubes, marker pen, 10% bleach (1:9 Clorox), centrifuge tube rack, PCR tube rack, 

ice box, etc.  

 

• Reagent preparation and storage 

Reagents need to be kept at -20°C. Fluorescent probes are sensitive to light, so it is 

recommended to avoid light (cover the test tube with aluminum foil) and prepare the 

reaction mixture in a dark room. To prevent contamination by positive samples when 

preparing the reaction mixture, it is recommended that this operation be carried out in a 

separate room or biosafety cabinet.  

 

Note: Repeated freeze-thaw of reagents may reduce reagent sensitivity. Depending on the 

frequency of testing, you can store the reagents in appropriate volumes to avoid repeated 

freezing and thawing.  

 

• Suitable instruments and equipment 

This method was validated using the BIO-RAD CFX96TM fluorescent quantitative PCR system, 

ABI StepOnePlus fluorescent quantitative PCR system and the Applied Biosystems VeritiTM 

96-Well Thermal Cycler. Other quantitative PCR instruments can also be used after 

validation. 

 

 

(2) ERT-PCR procedure 

 

A. Pre-experimental preparation  

1) Whole laboratory UV sterilization for 30min; 

 

2) The required materials are placed in a biosafety cabinet, and subjected to 30min UV 



sterilization; 

 

3) After UV sterilization, all relevant equipment must be disinfected with 10% bleach.  

 

B. Part I (Reverse transcription-PCR)  

1) Thaw, mix and centrifuge each component before use; 

 

2) The reaction components, except the template, as given in Table 1 for the duplex reaction 

system (ORF1ab and N genes) and Table 2 for the monoplex internal control reaction system, 

are added in the order from large to small volumes and mixed thoroughly to form the 

reaction mixture;  

 

3) Aliquot 19µL to each PCR tube; 

 

4) Add in the following order 1µL RNase-free water (negative control), RNA sample and 

positive controls. The tubes should be quickly capped after each addition;  

 

5) Flick the tube wall to mix the solution, then immediately centrifuge; 

 

6) When all PCR reactions are ready, place all PCR tubes into the PCR instrument and amplify 

according to the amplification profile in Table 3. 

 

Table 1. Reverse-transcription PCR duplex reaction  
 
 

 
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Component Volume (μL) 

ORF1ab/F1 (10μM) 0.5 

ORF1ab/R1 (10μM) 0.5 

N/F1 (10μM) 0.5 

N/R1 (10μM) 0.5 

2×TS II One-Step Reaction Mix 10 

RNase-free water 6.6 

TransScript® II One Step 

Enzyme 

0.4 

RNA template  1 

Total volume 20 



Table 2. Reverse-transcription PCR monoplex internal control  

 
 
 
 
 

 
 
 
 
 

 

 

 

 

Table 3. Reverse-transcription PCR amplification profile 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Note: 

• Prepare the reaction mixture in a standalone safety cabinet in which there must be no 

sample or positive control; after the mixture is prepared, transfer to another biosafety 

cabinet to add sample; 

• RNA samples should be placed on ice during the experiment; 

• It is recommended that each sample is tested in duplicate in order to obtain reliable 

experimental results; 

• In order to verify that the negative test results were not due to the presence of PCR 

inhibitors in the sample, we recommend setting up a Spiking control*: Add 1μL positive 

Component Volume (μL) 

RP/F (10μM) 0.5 

RP/R (10μM) 0.5 

2×TS II One-Step Reaction Mix 10 

RNase-free water 7.6 

TransScript® II One Step 

Enzyme 

0.4 

RNA template  1 

Total volume 20 

Temperature Time Cycle 

50°C 30min 
1 cycle 

94°C 2min 

94°C 30sec 

10 

cycles 
60°C (A decrease of 1°C is 

applied after each cycle) 
30sec 

72°C 30sec 

94°C 30sec 
25 

cycles 
56°C 30sec 

72°C 30sec 

72°C 5min 1 cycle 



control to the test sample as a Spiking control and perform this control test at the same 

time as the non-spiked sample; 

• All experiments must be conducted in a Biosafety Level 2 Laboratory. 

 

C. Part II (qPCR) 

1) During the first-step PCR amplification run, prepare the qPCR reaction mixtures according 

to Table 4 (ORF1ab and N gene) and Table 5 (RP, internal control); 

2) Aliquot 18µL to each tube of a qPCR 8-well strip. Lightly cap the qPCR tubes (no need to 

cap tight) and place in a plastic sealable bag or a covered box to transfer to the 

laboratory designated for sample addition; 

3) Take the first-step PCR product as template and add 2µL to each aliquoted reaction 

mixture, capping each tube immediately after each template addition; 

4) Put all PCR tubes into the real-time PCR instrument; 

5) Select the FAM channel (Reporter: FAM, Quencher: None), HEX channel (Reporter: HEX, 

Quencher: None) and Cy5 channel (Reporter: Cy5, Quencher: None) to monitor the 

ORF1ab, N Gene and internal control RP. Select ‘None’ for passive reference dye; 

6) Run the program using the qPCR amplification profile given in Table 6. 

 

Table 4. qPCR duplex reaction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Volume (μL) 

ORF1ab/F2 (10μM) 0.4 

ORF1ab/R2 (10μM) 0.4 

ORF1ab/Pr (10μM) 0.4 

N/F2 (10μM) 0.4 

N/R2 (10μM) 0.4 

N/Pr 0.4 

TaqMan® Universal PCR 

Master Mix (2X) 

10 

RNase-free water 5.6 

PCR product 2 

Total volume 20 



Table 5. qPCR monoplex internal control reaction 

 

 

 

 

 

 

 

 

 

 

 

Table 6. qPCR amplification profile 

 

              

 

 

 

 

               

      

Note: 

• Use PCR tubes and consumables that are compatible or recommended with a real-time 

PCR instrument.  

• Prepare the reaction buffer in a safety cabinet, during which there must be no samples or 

positive controls in the cabinet. 

 

 

(3) Experimental control selection 

 

Positive Control  

Use in vitro transcription (IVT) RNA products, ORF1ab (12800 bp-14000 bp) and N gene 

(28274 bp-29533 bp) fragments, as positive controls in the reaction mixture. The 

recommended number of RNA copies is 1000 copies/µL.  

 

Negative Control  

The RNase-free water used to dilute the primer probe and to prepare the reaction mixture is 

used as a negative control.  

Component Volume (μL) 

RP/F (10μM) 0.4 

RP/R (10μM) 0.4 

RP/Pr (10μM) 0.4 

TaqMan® Universal PCR 

Master Mix (2X) 

10 

RNase-free water 6.8 

PCR product 2 

Total volume 20 

Temperature Time Signal Cycle 

50°C 2min - 
1 cycle 

95°C 10min - 

95°C 15sec - 

40 cycles 
60°C 45sec 

FAM, HEX and Cy5 

signal collection  



 

Internal control 

To ensure that the sample's negative results do not come from sampling failures, all clinical 

samples need to undergo RP gene testing to confirm sample quality.  

 

*Spiking Positive Control (Optional) 

Negative test results have several possibilities: 1. The sample does not contain the target 

fragment; 2. The quantity of target fragment in the sample is lower than the detectable level; 

3. The sample contains PCR inhibitors. The purpose of a Spiking control in an experiment is 

to test whether PCR inhibition took place. If the amplification result of the positive control is 

close to 40 (or near the Ct value of the negative control), this indicates that PCR inhibitors 

are present in the sample, the negative test results cannot be taken as correct. Sample RNA 

extraction and PCR amplification has to be repeated.  

  

(4) Explanation of the test results 

Each channel is set to automatic threshold. In general: 

 

1) The positive control FAM channel (ORF1ab) and HEX channel (N) Ct values are both ≤32.0 

and typical amplification curves are observed, and the negative control has no Ct or a Ct 

value of 40; otherwise the test is invalid and has to be repeated. 

 

2) Sample Ct values detected in both FAM channel (ORF1ab) and HEX channel (N) are ≤ 

32.0 and typical amplification curves are observed; the results are valid and the sample 

can be directly reported as POSITIVE. 

 

3) Sample Ct value for the RNaseP gene Cy5 channel is ≤ 35.0, both FAM channel (ORF1ab) 

and HEX channel (N) have no Ct or Ct values of > 35.0; the results are valid and the 

sample can be directly reported as NEGATIVE. 

 

4) Sample Ct value for the RNaseP gene Cy5 channel is > 35.0, both FAM channel (ORF1ab) 

and HEX channel (N) have no Ct or Ct values of > 35.0; the results are INVALID and the 

sample should be resampled for repeat experiment. 

 

5) Detection of a Ct value of 32.0 < Ct ≤ 35.0 in the FAM channel (ORF1ab) and HEX channel 

(N); a redo is recommended. If the redo results in no amplification curve growth at all, 

the sample is negative. If the Ct value is still between the given values and the 

amplification curve has observable exponential growth, the sample can be reported as 

positive.  



 

6) Interpretation of results performed according to Table 7. 

 

Table 7. Interpretation of results 

ORF1ab gene N gene RP gene Result Suggestion 

+ + ± Infected / 

Either is positive ± Inconclusive Redo 

- - + Not infected / 

- - - Invalid Redo 

 
 

Note: 

• For interpretation of nucleic acid test results, a comprehensive analysis is needed. 

Clinical treatment of patients should be considered in combination with patient 

symptoms / signs, medical history, other laboratory examinations and treatment 

responses.  

• Unreasonable sampling, processing and transport, as well as sample types and nucleic 

acid extraction methods can have an impact on the accuracy of the results; particularly 

in leading to false negative results, which may require confirmation using different kits 

or testing methods. 

• Before being applied to sample testing, the ERT-PCR method has to be validated. The 

positive samples (gradient dilution of template) should have Ct values for N gene ≤ 20.0 

and ORF1ab gene ≤ 32.0 and the negative sample should have no Ct value. This 

indicates there are no problems with the reagents and the operation, and the 

instruments are suitable.  

  

(5) Special Precautions for ERT-PCR Nucleic Acid Testing  

 

Before the experiment: 

1. The operator should first make sure of personal protection in accordance with Biosafety 

Level 2 Laboratory's personal protection requirements (medical protective masks or N95 

masks, latex gloves, isolation clothing over work clothes, medical protective caps, hand 

hygiene, protective glasses as appropriate). The experiment should be carried out in a 

Biosafety Level 2 Laboratory; 

 

2. There is a risk of contamination in the gene amplification area so there should be a 

specific amplification area or an individual laboratory specific for amplification to ensure 

strict physical separation from the nucleic acid extraction and reagent preparation areas; 

 



3. Work clothes worn in different operating areas should not be mixed. In particular, 

clothes from the amplification areas are recommended to be used only in the 

amplification area or amplification laboratory; 

 

4. The biosafety cabinet should be cleaned with 10% bleach and irradiated with UV lamp 

for 30 minutes prior to the experiment. The required tip boxes, centrifuge tubes, PCR 

reaction tubes and other materials need to be sprayed with 10% bleach before being 

placed into the cabinet.  

  

During the experiment: 

5. Prepare the reaction mixture in the reagent preparation area, aliquot after thorough 

mixing, centrifuge and transfer to the sample addition area via another person or 

through a transfer window. In the sample addition biosafety cabinet, add samples one by 

one into the corresponding reaction tubes and tightly cap the tubes. Each batch of tests 

must also include one positive control and three negative controls; 

 

6. Preparation of reaction mixture or sample dilution are done by up-down pipetting to 

avoid risk of aerosol production and contamination; 

 

7. Avoid passing over the top of uncapped tubes while pipetting; 

 

8. Suggest a changing of tips every time after a reagent is added and use tips with fitted 

filter. Avoid repeated use that would result in volume error and cross-contamination, and 

prepare a ‘Sample addition table’ to make sure the sample addition process is correct; 

 

9. Be extra careful when opening the PCR tube caps. Changing of gloves is recommended to 

prevent risk of contamination by gloves and other contacts with the inside of the tube 

cap; 

 

10. After the first step in the ERT-PCR process (reverse-transcription PCR) is completed, 

centrifuge the PCR tubes to ensure that any residual products on the tube walls are also 

collected; 

 

11. Add 20µL RNase-free water to all empty tubes and cap them to avoid tube deformation 

during reaction that may affect the experiment.  

 

Important: The extreme sensitivity of the ‘nested PCR’ approach in ERT-PCR comes with its 

own set of problems. The ERT-PCR method is more susceptible to contamination compared 



to routine RT-PCR as it involves additional sample manipulation procedures. Contamination 

is most probable during transfer of the first-round products to new tubes for the second 

round of amplification. It is recommended that post-amplification handling is performed in a 

separate room. To further reduce the risk of contamination, short centrifuge the first-round 

products to ensure that any residual products on the tube walls are pulled down and place 

the tubes on ice for the transfer process. It is also recommended that multi-channel 

micropipettes or a robotic liquid handling system such as QIAgility are used for the transfer. 

  

After the experiment: 

12. After completion of the experiment, disinfect the laboratory workbench and floor with 

10% bleach; the waste consumables should be immediately cleared from the 

experimental area which is subsequently UV irradiated for not less than 30 minutes; 

 

13. All new coronavirus-related medical waste has to be autoclaved before being collected 

as general medical waste by professional institutions. Garbage bags should be labeled 

"New coronavirus medical waste" with related information. 

 

 If you need more detailed information, please contact Hai Kang Life Technology Co., Ltd. 

technical support staff. 

 

 

5. Technical support 

 

If you need any technical information, please contact: 

 

 Mainland China Hong Kong and other 

countries/regions 

   Tel (Office hour)： +（8610）8712-8966 +（852）3902-2951 

Mon - Fri： 09:00-17:45 09:00-17:30 

24 hour hotline： 
+（86）17191084100 （same 

number for Wechat） 

+（852）9886 9647（same number for 

Wechat） 

 

You can also contact our technicians by phone message, fax or email, and we will reply as 

soon as possible. 

 

Fax (worldwide): + (852) 2111 9762 

Email address: technical@haikanglife.com 

Website: http://www.haikanglife.com 


