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COVID-19
• Coronavirus disease (also known as COVID-19) is an 

infectious disease 

• Caused by a novel severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) 

• Initially started in Wuhan province in China and has 

now affected > 200 countries worldwide 

• Declared as pandemic by WHO (world health 

organization)

• The virus primarily affects the respiratory system 

causing flu-like illness with symptoms such as a 

cough, fever, and in more severe cases, difficulty 

breathing 



COVID-19
• Mortality is high in older age group individuals (> 60 

years of age) and people with other morbid conditions

• Coronaviruses (CoVs) are a group of enveloped 

viruses. They are pathogenic (virulent) and have a 

positive sense single-stranded RNA genome 

• SARS-CoV-2 is more pathogenic compared to the 

previously identified SARS-CoV I (2002) and Middle 

East respiratory syndrome coronavirus (MERS-CoV, 

2013)

• All of the three coronaviruses (SARS-CoV-I, 

MERS-CoV and SARS-CoV-2) are transmitted 

and spread among humans through close contact. 





COVID-19
• SARS-CoV-2 has genome with length of 29.9 kb 

(29900 nucleotides)

• The SARS-CoV-2 genome share about 82% 

sequence identity with SARS-CoV and MERS-CoV

and > 90% sequence identity for essential enzymes 

and structural proteins

• Structurally, SARS-CoV-2 contains four structural 

proteins: spike (S), envelope (E), membrane (M) and 

nucleocapsid (N) proteins. These proteins share high 

sequence similarity to the sequence of the 

corresponding protein of SARS-CoV, and MERS-CoV



COVID-19
• Spike (S) proteins are responsible for the binding 

to the host cell surface receptor (ACE2) during 

host cell entry. 





COVID-19
• Viral genome is composed of ORF1a, ORF1b, Spike 

(S), ORF3a, Envelope (E), Membrane (M), ORF6, 

ORF7a, ORF7b, ORF8, Nucleocapsid (N), and 

ORF10 

• Spike (S), Envelope (E), Membrane (M) and 

Nucleocapsid (N) are the four structural proteins

• We diagnose patients using nasal swab sample





Stage I: Sample Collection 



Diagnosis of COVID-19

Nasal swab Extraction of viral RNA Amplification 
of viral RNA by 

qPCR

Stage 1 Stage 2 Stage 3



Stage II: Viral RNA Extraction
• Nucleic acid extraction Kit is used to extract the viral 

RNA using the magnetic beads method

• Advantages:

1. High quality of the extracted nucleic acid

2. The kit contains two 96-well plates (each can be 

used to extract material from 16 samples)

3. Reliable extraction process for 32 samples in 10 

minutes only 

4. Nucleic acid extraction reagents are                        

pre-packaged in the 96-well plates 

5. Easy, simple and convenient                                 

(Only add 200μl sample and                                      

15 μl proteinase K, 1μl internal control)





Pre-packaged 96-Well Plate



Pre-packaged 96-Well Plate

• Extraction reagent I: pre-loaded at positions (A1-H1 & A7-H7)

• Magnetic beads solution: pre-loaded at positions (A2-H1 & A8-H8)

• Extraction reagent II: pre-loaded at positions (A3-H3 & A9-H9)

• Elution buffer (deionized water): pre-loaded at positions (A6-H6 & A12-

H12)

• These wells are empty (A4-H4, A5-H5, A10-H10 & A11-H11)



Automated Nucleic Acid 
Extraction System 

• Zybio EXM3000 is designed as a high-tech instrument to 

isolate and purify the nucleic acid through magnetic beads 

method

• More efficient extraction and safer operation 

• Place the 96-well plates (Don’t forget to position the combs 

at their appropriate location   



Magnetic Beads 



The Extraction Program 

• Click “start” to run the extraction program

• Each extraction cycle takes 10 min 

150

Lysis and
binding



Stage II: Viral RNA Extraction









RT-qPCR

• We can’t do PCR directly on viral RNA !!!! and it 

should be converted first to complementary DNA 

known as cDNA by reverse transcription (RT)

• RT  is catalyzed by reverse transcriptase enzyme 

cDNA

RNA

10 min
50 ºC





RT-qPCR

• The next step is the amplification reaction using 

the cDNA as template, specific primers for the 

target fragments of the virus (ORF 1ab and N 

genes), dNTPs, Taq DNA polymerase, probes 

• Negative control (NaCL solution) and positive 

control (containing the target fragment sequence 

of the virus)

• Also the kit contains internal control IC (should be 

added to the wells before the extraction process) 

• Purpose of IC: allow accurate detection 

of PCR inhibition and failure of extraction so avoid 

false negative results 



SARS-CoV-2 Nucleic Acid 
Detection Kit

• Is enough for 96 tests or samples

• The one approach RT-qPCR (reverse transcriptase 

and Taq DNA polymerase)

• Contains 5 tubes: positive control, negative control, 

internal control, PCR reaction solution (master mix) 

and enzyme solution 



RT-qPCR

• Add 8μl master mix, 

2μl enzyme solution, 

10μl sample or 

negative or positive 

control (total 20μl)

Negative control

Positive control



Analysis of the Results 

positive control





Analysis of the Results 

Negative control
Negative result



Analysis of the Results 

Positive (acute, strong)

Positive result



Analysis of the Results 

negative result





Analysis of the Results 

negative result



Analysis of the Results 

Repeat (<38)


