
Diagnostic system for COVID-19 
in South Korea

Hyukmin Lee, Prof., M.D., Ph.D.
Department of Laboratory Medicine, Severance Hospital, Yonsei University College of Medicine

COVID-19 Task Force, Korean Society for Laboratory Medicine



SARS-CoV-2
• Novel coronavirus reported in December 2019 in Wuhan, China
• Genetic similarity (80%) with SARS-CoV reported in 2003   SARS-CoV-2

Paraskevis D., et al. Infect Genome Evol 2020

Fig. 1. A. Genomic organization of the novel coronavirus (2019-
nCoV) according to the positions in the edited alignment. B.
Simplot of 2019-nCoV (NC_045512_Wuhan_Hu-1) against
sequences within the subgenus sarbecovirus. Different colours
correspond to the nucleotide similarity between the 2019-nCoV
and different groups. The regions with discordant phylogenetic
clustering of the 2019-nCoV with Bats_SARS-like sequences are
shown in different colours. C. Maximum likelihood (ML)
phylogenetic trees inferred in different genomic regions as
indicated by the Simplot analysis. The genomic regions are
shown in numbers at the top or at the left of the trees. The 2019-
nCoV sequence is shown in red and stars indicate important
nodes received 100% bootstrap and 1 posterior probability
support. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this
article.)



https://www.worldometers.info/coronavirus/

(4.9%)

https://www.worldometers.info/coronavirus/


Characteristics of COVID-19 transmission

• Asymptomatic transmission (Arons M.M., et al., NEJM 2020)
‒ 76 residents in long-term care residency participated in PPS in US

‒ 48 (63%) were positive for COVID-19  27 (56%) patients were asymptomatic

‒ Among 27 asymptomatic patients, 24 (89%) patients became symptomatic

• Very mild symptom even in symptomatic patients (Guan W., et al., NEJM 2020)
‒ The percentage of patients who showed high BT (>38℃): 21.7%

‒ Low prevalence of sore throat (13.9%) and shortness of breath (18.7%)

• Massive viral shedding in early stage of infection by droplet  Droplet trasmission



Characteristics of COVID-19 transmission

• Asymptomatic transmission

• Very mild symptom even in symptomatic patients (Common cold)

• Massive viral shedding in eary stage of infection by droplet

 Hard to screen by symptom in community

Massive screening by epidemiological tracking 



Diagnostic 
testing

Isolation and 
treatment

Tracking

• Early implementation 

• Capacity for massive testing

• Exact testing

• Rapid turnaround time





Early implementation of nationwide diagnostic system

• Transmissibility of COVID-19
‒ China data: R0 2.4-2.7, Doubling time 6.7 days

‒ USA data: R0 5.7, Doubling time 3 days

• Exponential increase of COVID-19 (Logarithmic elevation) 
‒ 10 patients on Jan 20: The number of estimated patients by R0 (China data)

‒ Feb 20 = 10 X 24 = 160 

‒ Mar 20 = 160 X 24 = 2,560

‒ April 20 = 2560 X 24 = 40,960

‒ May 20 = 40,960 X 24 = 655,360

‒ Jun 20 = 655,360 X 24 = 10,485,760 

2,560 new patients/week -> 366 new patients/day
Test, tracing and isolation: Possible (Flattening or decrease) 

40,960 new patients/week ->  5,851 new patients/day
Test, tracing and isolation: Impossible  Lock down



Reusken C.B.E.M. et al. Eurosurveillance 2020

Date
No. of laboratories 
which can test for 

COVID-19

Available No. 
tests/day

Feb-7 25 8,000

Mar-1 65 22,000

April-1 94 35,000

May-1 94 50,000

Jun-1 103 55,000

• The number of countries in EU = 30 
• Total population = 740 M
• 8,275 test/week ≈ 1,200 tests/day



The number of COVID-19 tests and capacity in February
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Comparison of diagnostic methods for COVID-19
Comparison Molecular diagnosis

Immunoassay (Rapid assay)
Antigen assay Antibody assay

Detection target Genes (E, RdRp, S, N, etc) Antigen Antibody

Detection period
(From Sx onset)

From early to late
(Guide to isolation)

Mid-term
(Medium sensitivity compared 

with molecular assay)

7-28 days
(Low-Medium sensitivity 

during early 2 weeks)

Sensitivity ≥ 95% 50-70% (?)
(Currently not evaluated)

≥ 95%
(Currently not evaluated)

Specificity ≥ 95%

>70% (?)
(Currently not evaluated, and 

possibility of cross-reaction from 
the other coronavirus)

?%
(Currently not evaluated, and 

possibility of cross-reaction from 
the other coronavirus)

Asymptomatic 
patient detection From early stage May be different according to 

antigen amount Late stage

Cost High Low Low

Purpose Diagnosis for treatment and 
containment

Pandemic situation with 
insufficient molecular diagnostic 

capacity

Epidemiologic study for missing 
link or seroprevalence, Pandemic 

situation with insufficient 
molecular diagnostic capacity

Current situation 
for use

Worldwide
(Including WHO and CDC) Part of China Part of China



Long Q-X. et al. Nat Med 2020



Diagnostic capacity for COVID-19 in Korea

Characteristics Clinical laboratory network Public laboratory network

Management Korean Society for Laboratory Medicine Center for laboratory control of infectious 
diseases in KCDC

Component • 2nd- or 3rd care hospital (91)
• Clinical laboratory center (12)

• Center for laboratory control of infectious 
diseases in KCDC (1, central)

• Research institute of health and 
environment (17, Local)

Lab. capacity 55,000 tests/day (Normal) 3,000-4,000 tests/day (Normal)
15,000-20,000/day (Pooling)

Turnaround time 3-24 hours 3-24 hours

• The amount of testing kits per day in Korea: ≥ 500,000 tests/day (five companies)
• The number of testing kits which can be exported: ≥ 450,000 tests/day (2020 JUN) 



Establishment of diagnostic laboratory network

Problem Solution

• Lack of primers/probes
• Lack of positive control
• Lack of panel to assess specificity
• Absence of commercial tests

• Development and approval of commercial 
tests for emergency use (EUA)

• Storage of positive clinical specimen for 
evaluation

• Lack of personnel/time
• Lack of equipment
• Absence of proper BSL laboratory

• Expansion of laboratory tests for many 
laboratory (Private health system)

• Recruit for COVID-19 testing among 
accredited private laboratory 

• Lack of funds • Insurance

• Implementation according to quality control 
system

• Need for specific training

• Collaboration with academic society (private 
healthcare system) and KCDC



Approval process for EUA in Korea
Process Description

Application • Analytical sensitivity and cross-reaction check should be required (transcript RNA and 
various virus)

Evaluation

• Clinical evaluation should be done by several laboratory (1 public laboratory and 4 public 
laboratories)

• Clinical specimen collected from patients have been stored in deep freezer for evaluation
• Negative specimen showing positivity for other respiratory viruses should be tested for 

specificity 

Decision

• The evaluation results should be reviewed by board members consisting of public and 
private laboratory directs and other experts

• Final decision for approval should be made by agreement between board members 
• The testing kits showing the same results in all laboratories can be approved for EUA
• Currently, about 30 testing kits have been evaluated and 6 testing kits have been approved.



Strategy for laboratory testing 
Testing capacity Strategy

High molecular testing capacity
• Diagnosis: Only molecular testing
• Mass screening: Molecular testing with pooling (5X)
• Seroprevalence: Antibody testing (ELISA)

Low molecular testing capacity 
with antibody testing

(hig Sn after 14 days, high Sp)

• Diagnosis: Sx onset 1-7 days – Molecular
Sx onset 7-14 days – Antibody (1st) + Molecular (2nd) 
Sx onset 14 days - Antibody 

• Mass screening: Antibody (Targeting)
Molecular testing with/without pooling (5X)

• Seroprevalence: Antibody testing (ELISA)

Low molecular testing capacity 
with antigen testing 

(moderate Sn, high Sp)

• Primary testing: Antigen testing
• Secondary testing: Molecular testing (Primary testing negative)
• Mass screening: Antigen testing (Targeting)
• Seroprevalence: Antibody testing (ELISA)

Diagnosis for treatment and containment



Laboratory testing strategy recommendations for COVID-19, WHO, 2020



Conclusion

• COVID-19 can easily spread in community 

• Three cycle for COVID-19 containment is important

• Early implementation and expansion of capacity for COVID-19 
diagnostic testing is essential

• Collaboration of private and public health system is required to 
establish the laboratory capacity
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