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CORONAVIRUSES



Coronavirus Disease-19 (COVID-19)

• 병명: 코로나바이러스감염증-19 (코비드-19)

• 바이러스: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 사
스코브-2

• Viruses are named based on their genetic structure to facilitate the 
development of diagnostic tests, vaccines and medicines. Virologists and the 
wider scientific community do this work, so viruses are named by 
the International Committee on Taxonomy of Viruses (ICTV) 

• Diseases are named to enable discussion on disease prevention, spread, 
transmissibility, severity and treatment. Human disease preparedness and 
response is WHO’s role, so diseases are officially named by WHO in the 
International Classification of Diseases (ICD)



Coronavirus Disease-19 (COVID-19)

• ICTV announced “severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2)” as the name of the new virus on 11 February 
2020. This name was chosen because the virus is genetically related 
to the coronavirus responsible for the SARS outbreak of 2003. While 
related, the two viruses are different.

• WHO announced “COVID-19” as the name of this new disease on 11 
February 2020, following guidelines previously developed with the 
World Organization for Animal Health (OIE) and the Food and 
Agriculture Organization of the United Nations (FAO).



SARS-CoV-2 

• Positive-sense single-stranded RNA virus
• Viral genomes act as mRNA

• 1 Segment, 30kb
• Bat coronavirus (BatCoV RaTG13) 96.2% homology on genome level
• 50% with MERS-CoV
• 75% homology with SARS-CoV on S protein level

• Genome replication occurs in cytoplasm
• RNA-dependent RNA polymerase(RdRp)
• Error prone nature d/t minimal proofreading activities of RdRp

• 3x higher error rate than DNA-dependent DNA polymerase(DdDp)

• Can evolve up to 1 million times faster than DNA-based organisms
• Rapid escape of the virus from neutralizing antibody

• Nonstructural protein nsp14 functions as an RNA exonuclease (proofreading)



FROM HOST’S IMMUNE 
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Innate immunity

• Apoptosis (programmed cell suicide that limits the spread of 
infection)

• The induction and action of interferons (inducible cytokines that 
render cells resistant to infection by inducing a multifaceted antiviral 
state)

• Pathogen-recognition receptors (PRPs) recognize pathogen-
associated molecular patterns (PAMPS)
• Toll-like receptors (TLRs) on membrane

• Retinoic acid inducible gene (RIG)-like receptors (RLRs) in cytoplasm



From hosts’ specific immunity perspective

• Structural proteins are incorporated into virus particles

• Non-structural proteins are found only in infected cells

• Antibodies recognize viral Antigens
• On virions & virus-infected cells
• As soluble molecules produced by virally infected cells
• As breakdown products from virions and infected cells

• Functionally active or inert antibodies
• Active Abs reactive with viral antigens presented on virions/virally infected 

cells: minority
• Inert Abs directed to non-surface viral antigens: majority



Nature of B cell receptor (BCR), antibody

• 6 CDRs: 3 from heavy chain, 3 from light chain
• CDRH3

• Footprint (antibody contact area of antigen): 400~1,000 A

• Neutralization of free virus particles: the loss of infectivity that 
ensues when antibody molecules bind to a virus particle usually 
without the involvement of any other agency
• Affinity for antigen on the virion surface (occupancy model)

• Precise epitopes

• Surface accessible epitopes



Antibodies 

• Neutralizing antibody on virus surface
• Neutralizing antibodies (at high titer)

• Complement-medicated lysis and phagocytosis

• Other functions of antibodies 
• Fc-mediated cell lysis or clearance

• Cell signaling mediated inhibition of viral replication

• Steric obstruction leading to inhibition of virus release & cell-cell 
transmission



Coronaviruses receptors

• Sialic acid for human coronavirus 229E, OC43, NL63, HKU1

• Dipeptidyl peptidase 4 (DPP4) for MERS-CoV

• Angiotensin converting enzyme 2 (ACE2) for SARS-CoV & SARS-CoV-2 
• abundantly present in humans in the epithelia of the lung and small intestine

• in vascular endothelium

• Spike protein, receptor binding domain (RBD) of SARS-CoV-2
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LitCovid, Diagnosis 4,382 (29,313) as of July 6

68 from 6 July, 2020
9 from China





Patient information and diagnosis history



Laboratory results











www.thelancet.com/infection Vol 20 May 2020













Value and implications

• Salivary viral load was highest during the first week after symptom onset and 
subsequently declined with time

• EIA of IgG and IgM against internal viral nucleoprotein (NP) and surface spike 
protein receptor binding domain (RBD) showed correlation between antibody 
response and neutralizing antibody titer.

• Posterior oropharyngeal saliva specimens can be used for initial diagnosis and 
subsequent viral load monitoring of COVID-19. 

• The early peaking of viral load has important implications for transmission of 
SARS-CoV-2 in the community and hospital settings. 

• EIA of IgG and IgM against internal viral NP and surface spike protein RBD can be 
used for those with delayed presentation or retrospective diagnosis of mild cases. 

• As the positive EIA antibody level correlates well with neutralizing antibody titer, 
further studies on its role in immunopathology or antiviral therapy are warranted.





Positive rates of SARS-CoV-2-specific IgG/IgM in 
363 serum samples from 262 patients



Dynamic changes of the SARS-CoV-2 specific Ig





IgG-positive proportions of patients with COVID-
19 in the acute and convalescent phases



Asymptomatic individuals had a weaker immune 
response to SARS-CoV-2 infection

Symptomatic pts Asymptomatic pts

Viral shedding median duration 14 d 19 d (15 – 26d)

Virus-specific IgG level (S/CO) in acute phase 20.5 3.4

Reduction in IgG & NA during the early convalescent 
phase

96.8/62.2% 93.3/81.1%

Seronegative for IgG in the early convalescent phase 12.9% 40%

Level of 18 pro- & anti-inflammatory cytokines Lower level



Implications

• 37 (20.8%) out of 178 laboratory-confirmed pts never developed any 
symptoms throughout the disease course 

• Timely RT–PCR and serological testing should be used in conjunction, 
which would benefit accurate estimation of the asymptomatic 
proportion
• Vary in their specificity and sensitivity

• Confounded by previously existing antibodies to SARS-CoV, MERS-CoV or 
common cold coronaviruses



Disease control measures should be adjusted to account for 
probable substantial pre-symptomatic transmission

• 94 patients with laboratory-confirmed COVID-19 

• modeled COVID-19 infectiousness profiles from a separate sample of 
77 infector–infectee transmission pairs

• The highest viral load in throat swabs at the time of symptom onset

• Infectiousness peaked on or before symptom onset

• 44% (95% confidence interval, 25–69%) of secondary cases were 
infected during the index cases’ pre-symptomatic stage, in settings 
with substantial household clustering, active case finding and 
quarantine outside the home. 



Fields Virology 6ed



Antibody Tests for Identification of Current and 
Past Infection With SARS-CoV-2

• 57 publications 
• 54 study cohorts with 15,976 samples

• 8526 were from cases of SARS-CoV-2 infection

• Asia (n = 38), Europe (n = 15), and the USA and China (n = 1)

• The combination of IgG/IgM had a sensitivity of 
• 30.1% (95% CI 21.4 to 40.7) for 1 to 7 days

• 72.2% (95% CI 63.5 to 79.5) for 8 to 14 days

• 91.4% (95% CI 87.0 to 94.4) for 15 to 21 days

Cochrane Database Syst Rev. 2020 Jun 
doi: 10.1002/14651858.CD013652



Role of antibody tests and study design

• May still have a role complementing other testing 
• in individuals presenting later
• when RT-PCR tests are negative, or are not done

• Likely to have a useful role for detecting previous SARS-CoV-2 infection if 
used 15 or more days after the onset of symptoms

• The duration of antibody rises is currently unknown; very little data beyond 
35 days post-symptom onset

• Must report data on sensitivity disaggregated by time since onset of 
symptoms

• COVID-19-positive cases (RT-PCR-negative/positive) should be included in 
accordance with WHO and China National Health Commission of the 
People's Republic of China (CDC) case definitions

Cochrane Database Syst Rev. 2020 Jun 
doi: 10.1002/14651858.CD013652
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Situation by WHO region as of 8 July 2020

https://covid19.who.int/

In Republic of Korea, from Jan 
19 to 6:58pm CEST, 8 July 2020, 
there have been 13,244 confirmed 
cases of COVID-19 with 285 deaths.

https://covid19.who.int/


Why SARS-CoV-2 specific antibodies important?

• First, serological assays allow us to study the immune response(s) to 
SARS-CoV-2 in a qualitative and quantitative manner

• Second, serosurveys are needed to determine the precise rate of 
infection in an affected area, which is an essential variable to 
accurately determine the infection fatality rate

• Third, serological assays will allow for the identification of individuals 
who mounted strong antibody responses and who could serve as 
donors for the generation of convalescent serum/plasma 
therapeutics

• Lastly, serological assays can help inform studies that aim to identify 
antibody responses that correlate with protection from SARS-CoV-2.



Laboratory markers for HBV & HCV infection

Centers for Disease Control and Prevention (CDC)



N Sethuraman, JAMA June 9, 2020





https://cdn.statcdn.com/Infographic/images/normal/21866.jpeg 
May 29, 2020

https://cdn.statcdn.com/Infographic/images/normal/21866.jpeg%20May%2029


Why SARS-CoV-2 antibody test?

• To help define previous exposure to SARS-CoV-2 in populations

• To identify highly reactive human donors for convalescent plasma 
therapy 

• To investigate correlates of protection
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