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Introduction

On March 11, 2020, severe acute respiratory syndrome-
coronavirus-2 (SARS-Cov-2), which causes the COVID-19 
infection, was officially declared as a pandemic by the 
World Health Organization (WHO). As of June 1, 2020, 
more than 6.26 million people have been infected and more 
than 380,000 lives have been lost worldwide. The mortality 
rate of COVID-19 differs across countries, possibly due 

to differences in testing capacity, demographics, and 
other factors (1). Because COVID-19 can spread through 
asymptomatic patients, the number of confirmed cases is 
also in continual flux (2).

The U.S. reported its first confirmed COVID-19 case 
in the state of Washington. This individual had previously 
traveled to Wuhan, China in early January 2020 (3). 
Gradual increases in confirmed cases slowly rose in the U.S., 
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with the first COVID-19 death reported on February 29, 
2020. Even with efforts to reduce spread, such as closing 
schools and preventing gatherings, the U.S. eventually 
had the most confirmed cases of COVID-19 globally, with 
140,000 in March 29, 2020 (4). As of June 1, 2020, there are 
more than 1.79 million confirmed cases in the U.S., which 
accounts for almost a third of cases worldwide (5).

Fortunately, although there are consistently newly 
confirmed cases daily, the rate appears to be declining in 
some parts of the U.S. (5) However, most public health 
experts anticipate a second wave in the fall of 2020 (6-8). 
Since there are currently no effective therapies or vaccines 
available, the only way to prevent or mitigate a second wave 
is to take necessary precautions, such as social distancing 
and frequent hand-washing (9). The goal of this review 
paper is to provide an overview of trending diagnostic 
kits and smartphone applications against COVID-19. To 
this end, we searched databases and literatures available 
using keywords such as COVID-19, diagnostic kits, and 
smartphone applications. This narrative review article 
will summarize presently available methods for mitigating 
spread. Since South Korea is an established outstanding 
example of a country managing the COVID-19 pandemic 
well, the diagnostic kits and applications being widely used 
in that country will also be discussed.

The authors present the following article in accordance 
with the Narrative Review reporting checklist (available at 
http://dx.doi.org/10.21037/tau-20-1042).

COVID-19 diagnostic tests

To cope with the COVID-19 pandemic, diagnostic test kits 
are being evolved rapidly all over the world. Diagnostic tests 
can be categorized based on the analytes being measured, 
such as molecules or antibody. A molecular test detects 
certain genes, proteins, or molecules in a sample while an 
antibody test searches for virus-matched antibodies in the 
blood.

In relation to COVID-19, most molecular diagnostic 
tests look for the COVID-19 N gene or RdRP gene; 
whereas diagnostic antibody tests look for IgG or IgM 
antibodies (10-13). Figure 1 shows the levels of analytes over 
time in samples from COVID-19-positive patients after 
infection. Once SARS-CoV-2 enters the human body, only 
the viral ribonucleic acid (RNA) can be detected for the 
first several days after infection. The viral load continues 
to increase until day 5 or 6. Around day 7, the viral RNA 
load starts to decrease; however, detection can be done until 
day 13 or 14 (14). The IgM antibody response is normally 
elicited 5 days after the initial onset of symptoms and hits 
peak levels around day 9. It is detectable until days 14–21. 
The IgG antibody rises after 14 days and generally peaks 
around or after clinical recovery, which 28–35 days after 
infection (15,16).

Based on the characteristics of the detected target, 
different COVID-19 tests kits have optimal periods of 
use. Molecular tests, which detect viral RNA directly, can 
diagnose COVID-19 within the early stages of the disease, 
before symptoms and antibodies form; thereby, making 
it ideal as a primary diagnostic tool (17,18). On the other 
hand, antibody tests can be used as a subsidiary diagnostic 
tool and is ideal for research purposes; it can be used to 
track potential asymptomatic patients and discover new 
findings behind immunity against SARS-CoV-2 (19). 
Diagnostic tests start with the collection of samples, such as 
blood or swabs collected from the throat. The presence of 
target analytes is then tested for in the samples and attained 
data is analyzed to determine whether or not the person is 
positive for COVID-19.

Molecular test

Molecular diagnostic tests usually utilize reverse transcription 

Figure 1 Changes in analyte levels following COVID-19 infection. 
Infection with SARS-CoV-2 leads to a building increase in viral 
mRNA, which peaks around 5-7 days after infection. This mRNA 
load begins to decrease after but is detectable up until day 14. As 
the viral mRNA starts to taper off, the patient’s body begins to 
produce antibodies against the virus. The IgM antibody starts to 
build 5 days after the onset of symptoms and peaks around 9 days  
after infection. The IgG antibody is produced 14 days after 
infection and continues to build for a prolonged period of time, 
approximately 35 days. SARS-CoV-2, severe acute respiratory 
syndrome-coronavirus-2.
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polymerase chain reaction (RT-PCR) or reverse transcription 
loop-mediated isothermal amplification (RT-LAMP). RT-
PCR takes around 90–120 minutes to complete, while RT-
LAMP can be done in 30 minutes. Successful detection 
of SARS-CoV-2 in these two methods depends on the 
design of primers that bind specifically to the viral RNA 
and its fragments. Most molecular diagnostic tests for 
COVID-19 use the RT-PCR technique. Figure 2 shows an 
example workflow for a RT-PCR COVID-19 diagnostic 
test. The first step involves collecting sputum or bronchial 
fluid samples from the upper or lower respiratory tract  
(Figure 2A). Upper respiratory sources are preferred due 
to its ease. As of April 29, 2020, the Centers for Disease 
Control and Prevention (CDC) recommends collecting 
samples from the nasopharynx (NP) rather than the 
oropharynx (OP) (20). It is extremely important to collect 

samples as instructed by trained professionals in order to 
avoid false results (21).

With the collected sample, RNA is extracted using 
guanidinium thiocyanate-phenol-chloroform. After 
extraction, the sample is ready for RT-PCR, which detects 
specific SARS-CoV-2 mRNA (Figure 2B). RT synthesizes 
complementary deoxyribonucleic acid (cDNA) from 
RNA, while PCR amplifies the target cDNA. RT must 
be performed together (one-step) or before (two-step) 
PCR. From the amplification process, a fluorescent signal 
is emitted from sequence-specific probes or fluorescent 
dye, which can then be quantified using electronics or the 
naked eye. RT-PCR is the gold standard for detecting 
COVID-19 due to its high accuracy. However, the 
sensitivity of kits varies depending on the manufacturer and 
instruments used. Low sensitivity can lead to false negatives. 

Figure 2 Example workflow for a one-step RT-PCR COVID-19 diagnostic test. (A) Collection of the sample from either the nasopharynx 
(upper respiratory) or oropharynx (lower respiratory) using a cotton swab. (B) Overview of RT-PCR. The mRNA is extracted from the 
sample and a primer attaches to the sequence of interest with reverse transcriptase. Sequence-specific probes that are conjugated with either 
fluorescence or color attaches and this process is amplified, leading to a detectable signal. (C) Analysis of results. A threshold for the signal 
intensity is established and if the fluorescence passes that threshold, then the patient is considered positive for COVID-19. RT-PCR, reverse 
transcription polymerase chain reaction.
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Additionally, training must be given in order to ensure that 
samples are collected and processed properly, which can 
make RT-PCR very labor-intensive. Furthermore, RT-PCR 
requires expensive equipment for proper processing (22,23)  
(Figure 2C).

Antibody test

Also known as a serological test, antibody detection is 
another test type to determine COVID-19 infection. 
This test can show whether a person is currently infected 
or has been infected. Unlike, RT-PCR, antibody type 
tests are currently not approved for use as a diagnostic 
tool but only for research. The antibody test has two 
process types, cassette-based and lab-based. The cassette-
based assay includes either a lateral flow assay (LFA) or 
chemiluminescence immunoassay (CLIA) while the lab-
based has an enzyme linked immunoabsorbent assay 
(ELISA), microsphere immunoassay (MIA), etc. LFA, the 
most common cassette-based assay, takes 10–30 minutes 
to complete and examines the presence of antibodies in 
serum. ELISA, on the other hand, is the most common 
lab-based assay, takes 2–5 hours to complete, and provides 
quantification of antibodies. Lab-based tests have several 
advantages over cassette-based systems because they 
utilize sensitive laboratory instruments and controlled test 
environments. However, cassette-based tests have their own 
advantages as well, including ease, quick response times, 
and cost-efficiency (24,25).

The principle behind LFA is simple: antigen-antibody 
binding affinity (26). Figure 3 explains the basic procedure 
of a LFA-based COVID-19 diagnostic test kit. First, fluid 
sample is applied to a sample pad. This then migrates to the 
conjugate release pad, which contains antigens for either 
SARS-CoV-2 or control antibodies. These antigens are 
conjugated to colored or fluorescent particles for indication. 
Once the fluid reaches the conjugate release pad, if present, 
IgG and IgM antibodies from the fluid bind to the SARS-
CoV-2 antigen conjugates. Then, the fluid moves to the 
test line, which has antibodies for target detection. If the 
migrating fluid contains the target antibodies, color or 
fluorescence develops to indicate the results, as shown in 
Figure 3 (right). The control line is used to verify proper 
fluid flow and contains anti-rabbit IgG antigens to capture 
the rabbit IgG conjugate antibodies from the release pad. If 
the control line does not show positive, the results should 
not be trusted. The results of the LFA test kit should be 
analyzed as indicated from the supplier (16).

Diagnostic kits widely used in the U.S.

On January 31, 2020, the Secretary of Health and Human 
Services (HHS) declared a public health emergency 
recognizing the potential threat of SARS-CoV-2. The 
Federal Drug Administration (FDA) issued an emergency 
use authorization (EUA) to enable emergency use of 
the CDC 2019-nCoV Real-Time RT-PCR Diagnostic 
Panel, which was the first U.S. diagnostic kit. The FDA 
immediately issued a guidance policy specific to COVID-19 
diagnostic kits on February 29, 2020 (27,28).

To be authorized for use by the FDA under EUA 
condit ions,  the performance of  test  kits  must  be  
verified (29). For molecular tests, analytical performance 
(limit of detection, reactivity/inclusivity results, specificity/
exclusivity, etc.) and clinical performance should be clearly 
stated. The performance of antibody tests can be defined 
with sensitivity (PPA) and specificity (NPA). Currently, 
all FDA EUA issued molecular tests have more than 95% 
accuracy above the limit of detection. Present antibody tests 
show around 90% PPA and NPA (20). So far, more than 
17,612,125 tests have been conducted and approximately 
9.8% of total tests have been confirmed positive for 
COVID-19 in the U.S. (5). As of June 1, 2020, the FDA has 
approved 86 COVID-19 diagnostic kits (Table 1) (29).

Diagnostic kits widely used in South Korea

On January 20, 2020, the same day that the U.S. reported 
its first COVID-19 case, South Korea confirmed their own 
first COVID-19 patient. Within 2 weeks, South Korea 
approved its first diagnostic kit, the PowerCheckTM2019-
nCoV. In order to be authorized for use, COVID-19 
diagnostic kits in South Korea must have defined limit of 
blank (LDB), limit of detection, limit of quantification 
(LoQ), strain reactivity, cross-reactivity, repeatability, cross-
contamination, and clinical performance (30). As of June 
1st, 2020, 6 molecular type tests have been approved for 
domestic use (Table 2). All of the approved diagnostic test 
kits have more than 90% accuracy (31). So far, South Korea 
has conducted 921,391 tests, of which 1.2% have been 
confirmed to be positive for COVID-19 (5).

Diagnostic kits widely used in China

SARS-CoV-2 has caused a great concern for public health 
and governance. The WHO held a meeting on January 
30, 2020 to declare the outbreak of coronavirus in China 
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as a public health emergency of international concern. 
After the outbreak of the virus, the Chinese government 
issued a series of effective anti-epidemic measures, and 
the international community recognized that China has 
made great progress in effectively responding epidemics. 
As a result, there are many lessons to be learned from the 
experiences of epidemic control in China. For example, 
many Chinese medical and biotechnology companies 
immediately funneled resources into developing COVID-19 
test kits. Initially, test results could be generated within 6 
hours; however, now the shortest tests can be done within 
15 minutes. This has been incredibly useful for screening, 
early diagnosis, treatment, and post-treatment analysis.

As of March 27, 2020, the National Medical Products 
Administration (NMPA), which is the Chinese governmental 
agency responsible for regulating drugs and medical devices, 

has approved 15 nucleic acid reagent test kits and 8 antibody 
reagent test kits. See Table 3 for details.

Tracing person-to-person contact: current usage 
of smartphone applications

COVID-19 is a respiratory illness, which makes it highly 
contagious. SARS-CoV-2 can be transferred from person 
to person mainly through respiratory droplets. One of the 
biggest challenges to slowing down the spread of COVID-19 
is the prevalence of asymptomatic patients who are unaware 
that they are carriers. As a result, enforcing isolation of 
COVID-19 patients and recommending self-quarantine 
for those who may have been in contact for 14 days  
is required (32). Contact tracing plays an essential role in 
determining who should be isolated or quarantined (33).  

Figure 3 Example of an LFA-based COVID-19 diagnostic test (A) Inside structure of LFA-based COVID-19 diagnostic test Kit (left). 
Unused test kit result (right). The kit detects the antibodies (IgG, IgM) derived from COVID-19 in the sample. (B) Antigen-antibody 
binding affinity of test kit with COVID-19 Positive patient’s sample (left). Test kit result of COVID-19 positive patient (right). LFA, lateral 
flow assay.
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Table 1 List of U.S. COVID-19 diagnostic kits approved by the FDA under EUA

No. Product name Company name Instruction for use

1 1copy COVID-19 qPCR Multi Kit (PCR) 1 drop Inc. https://www.fda.gov/media/137935/download

2 ID NOW COVID-19 (Near) Abbott Diagnostics  
Scarborough, Inc.

https://www.fda.gov/media/136525/download

3 SARS-CoV-2 IgG assay (CLIA) Abbott Laboratories Inc. https://www.fda.gov/media/137383/download

4 Abbott RealTime SARS-CoV-2 assay (PCR) Abbott Molecular https://www.fda.gov/media/136258/download

5 Alinity m SARS-CoV-2 assay (PCR) Abbott Molecular Inc. https://www.fda.gov/media/137979/download

6 RealStar SARS-CoV02 RT-PCR Kits  
U.S. (PCR)

Altona Diagnostics GmbH https://www.fda.gov/media/137252/download

7 Linea COVID-19 Assay Kit (PCR) Applied DNA Sciences, Inc. https://www.fda.gov/media/138059/download

8 Assurance SARS-CoV-2 Panel (PCR) Assurance Scientific Laboratories https://www.fda.gov/media/138154/download

9 iAMP COVID-19 Detection Kit (LAMP) Atila BioSystems, Inc. https://www.fda.gov/media/136870/download

10 Anti-SARS-CoV-2 Rapid Test (LFA) Autobio Diagnostics Co. Ltd. https://www.fda.gov/media/137367/download

11 AvellinoCoV2 test (PCR) Avellino Lab USA, Inc. https://www.fda.gov/media/136453/download

12 BD SARS-CoV-2Reagents for BD MAX 
System (PCR)

Becton, Dickinson & Company https://www.fda.gov/media/136816/download

13 BioGX SARS-CoV-2 Reagents for BD MAX 
System (PCR)

Becton, Dickinson & Company (BD) https://www.fda.gov/media/136653/download

14 Real-Time Fluorescent RT-PCR Kit for 
Detecting SARS-CoV-2 (PCR)

BGI Genomics Co. Ltd https://www.fda.gov/media/136472/download

15 BioCore 2019-nCoV Real Time PCR  
Kit (PCR)

BioCore Co., Ltd. https://www.fda.gov/media/138290/download

16 BioFire COVID-19 Test (PCR) BioFire Defense, LLC https://www.fda.gov/media/136353/download

17 BioFire Respiratory Panel 2.1 (RP2.1) (PCR) BioFire Diagnostics, LLC https://www.fda.gov/media/137583/download

18 SARS-COV-2 R-GENE (PCR) BioMérieux SA https://www.fda.gov/media/137742/download

19 Platelia SARS-CoV-2 Total Ab assay (EIA) Bio-Rad Laboratories, Inc https://www.fda.gov/media/137493/download

20 Bio-Rad SARS-CoV-2 ddPCR Test (ddPCR) Bio-Rad Laboratories, Inc https://www.fda.gov/media/137579/download

21 qSARS-CoV-2 IgG/IgM Rapid Test (LFA) Cellex Inc. https://www.fda.gov/media/136625/download

22 CDC 2019-nCoV Real-Time RT-PCR 
Diagnostic Panel (CDC) (PCR)

Centers for Disease Control and 
Prevention's (CDC)

https://www.fda.gov/media/134922/download

23 Xpert Xpress SARS-CoV-2 test (POC-PCR) Cepheid https://www.fda.gov/media/136314/download

24 DPP COVID-19 IgM/IgG System (LFA) Chembio Diagnostic System, Inc https://www.fda.gov/media/136963/download

25 Logix Smart Coronavirus Disease 2019 
(COVID-19) Kit (PCR)

Co-Diagnostics, Inc. https://www.fda.gov/media/136687/download

26 Hymon SARS-CoV-2 Test Kit (PCR) dba SpectronRx https://www.fda.gov/media/138345/download

27 QuantiVirus SARS-CoV-2 Test kit (PCR) DiaCarta, Inc https://www.fda.gov/media/136809/download

28 LIAISON SARS-CoV-2 S1/S2 IgG DiaSorin Inc. https://www.fda.gov/media/137359/download

29 Simplexa COVID-19 Direct assay (PCR) DiaSorin Molecular LLC https://www.fda.gov/media/136286/download

30 Anti-SARS-CoV-2 ELISA (IgG) (ELISA) EUROIMMUN US Inc. https://www.fda.gov/media/137609/download

Table 1 (continued)

https://www.fda.gov/media/137934/download
https://www.fda.gov/media/136522/download
https://www.fda.gov/media/137384/download
https://www.fda.gov/media/136255/download
https://www.fda.gov/media/137980/download
https://www.fda.gov/media/137257/download
https://www.fda.gov/media/137257/download
https://www.fda.gov/media/138060/download
https://www.fda.gov/media/138151/download
https://www.fda.gov/media/136872/download
https://www.fda.gov/media/137364/download
https://www.fda.gov/media/136450/download
https://www.fda.gov/media/136813/download
https://www.fda.gov/media/136813/download
https://www.fda.gov/media/136650/download
https://www.fda.gov/media/136650/download
https://www.fda.gov/media/136473/download
https://www.fda.gov/media/136473/download
https://www.fda.gov/media/138292/download
https://www.fda.gov/media/138292/download
https://www.fda.gov/media/136356/download
https://www.fda.gov/media/137580/download
https://www.fda.gov/media/137743/download
https://www.fda.gov/media/137494/download
https://www.fda.gov/media/137576/download
https://www.fda.gov/media/136622/download
https://www.fda.gov/media/134919/download
https://www.fda.gov/media/134919/download
https://www.fda.gov/media/136316/download
https://www.fda.gov/media/136965/download
https://www.fda.gov/media/136684/download
https://www.fda.gov/media/136684/download
https://www.fda.gov/media/138343/download
https://www.fda.gov/media/136806/download
https://www.fda.gov/media/137356/download
https://www.fda.gov/media/136288/download
https://www.fda.gov/media/137606/download
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Table 1 (continued)

No. Product name Company name Instruction for use

31 Everlywell COVID-19 Test Home Collection 
Kit (PCR)

Everlywell, Inc. https://www.fda.gov/media/138146/download

32 FTD SARS-CoV-2 (PCR) Fast Track Diagnostics Luxembourg 
S.á.r.l. (a Siemens Healthineers 
Company)

https://www.fda.gov/media/137690/download

33 Fosun COVID-19 RT-PCR Detection  
Kit (PCR)

Fosun Pharma USA Inc. https://www.fda.gov/media/137120/download

34 Fulgent COVID-19 by RT-PCR Test (PCR) Fulgent Therapeutics, LLC https://www.fda.gov/media/138150/download

35 NeoPlex COVID-19 Detection Kit (PCR) GeneMatrix, Inc. https://www.fda.gov/media/138100/download

36 ePlex SARS-CoV-2 Test (PCR) GenMark Diagnostics, Inc. https://www.fda.gov/media/136282/download

37 GS™ COVID-19 RT-PCR KIT (PCR) GenoSensor, LLC https://www.fda.gov/media/137093/download

38 Gnomegen COVID-19 RT-Digital PCR 
Detection Kit (PCR)

Gnomegen LLC https://www.fda.gov/media/136738/download

39 Gnomegen COVID-19-RT-qPCR Detection 
Kit (PCR)

Gnomegen LLC https://www.fda.gov/media/137895/download

40 Gravity Diagnostics COVID-19 Assay (PCR) Gravity Diagnostics, LLC https://www.fda.gov/media/138530/download

41 COVID-19 IgG/IgM Rapid Test Cassette 
(Whole Blood/Serum/Plasma) (LFA)

Healgen Scientific LLC https://www.fda.gov/media/138438/download

42 Panther Fusion SARS-CoV-2 Assay (PCR) Hologic, Inc. https://www.fda.gov/media/136156/download

43 Aptima SARS-CoV-2 assay (PCR) Hologic, Inc. https://www.fda.gov/media/138096/download

44 Smart Detect SARS-CoV-2 rRT-PCR  
Kit (PCR)

InBios International, Inc https://www.fda.gov/media/136786/download

45 COV-19 IDx assay (PCR) Ipsum Diagnostics, LLC https://www.fda.gov/media/136621/download

46 Curative-Korva SARS-Cov-2 Assay (PCR) KorvaLabs Inc. https://www.fda.gov/media/137089/download

47 LabGun COVID-19 RT-PCR Kit (PCR) LabGenomics Co., Ltd. https://www.fda.gov/media/137483/download

48 COVID-19 RT-PCR Test (PCR) Laboratory Corporation of America 
(LabCorp)

https://www.fda.gov/media/136151/download

49 ARIES SARS-CoV-2 Assay (PCR) Luminex Corporation https://www.fda.gov/media/136693/download

50 NxTAG CoV Extended Panel Assay (PCR) Luminex Molecular Diagnostics, Inc. https://www.fda.gov/media/136500/download

51 SARS-CoV-2 Fluorescent PCR Kit (PCR) Maccura Biotechnology (USA) LLC https://www.fda.gov/media/137026/download

52 Accula SARS-Cov-2 Test (PCR) Mesa Biotech Inc. https://www.fda.gov/media/136355/download

53 COVID-19 ELISA IgG Antibody Test (ELSIA) Mount Sinai Laboratory https://www.fda.gov/media/137029/download

54 NeuMoDx SARS-CoV-2 Assay (PCR) NeuMoDx Molecular, Inc. https://www.fda.gov/media/136565/download

55 OPTI SARS-CoV-2 RT PCR Test (PCR) OPTI Medical Systems, Inc. https://www.fda.gov/media/137739/download

56 VITROS Immunodiagnostic Products Anti-
SARS-CoV-2 Total Reagent Pack (CLIA)

Ortho Clinical Diagnostics, Inc. https://www.fda.gov/media/136967/download

57 VITROS Immunodiagnostic Products Anti-
SARS-CoV-2 IgG Reagent Pack (CLIA)

Ortho-Clinical Diagnostics, Inc. https://www.fda.gov/media/137363/download

Table 1 (continued)

https://www.fda.gov/media/138144/download
https://www.fda.gov/media/138144/download
https://www.fda.gov/media/137687/download
https://www.fda.gov/media/137117/download
https://www.fda.gov/media/137117/download
https://www.fda.gov/media/138147/download
https://www.fda.gov/media/138101/download
https://www.fda.gov/media/136283/download
https://www.fda.gov/media/137090/download
https://www.fda.gov/media/136735/download
https://www.fda.gov/media/136735/download
https://www.fda.gov/media/137892/download
https://www.fda.gov/media/137892/download
https://www.fda.gov/media/138532/download
https://www.fda.gov/media/138435/download
https://www.fda.gov/media/138435/download
https://www.fda.gov/media/136153/download
https://www.fda.gov/media/138097/download
https://www.fda.gov/media/136787/download
https://www.fda.gov/media/136787/download
https://www.fda.gov/media/136618/download
https://www.fda.gov/media/137088/download
https://www.fda.gov/media/137484/download
https://www.fda.gov/media/136148/download
https://www.fda.gov/media/136694/download
https://www.fda.gov/media/136497/download
https://www.fda.gov/media/137023/download
https://www.fda.gov/media/136345/download
https://www.fda.gov/media/137032/download
https://www.fda.gov/media/136566/download
https://www.fda.gov/media/137737/download
https://www.fda.gov/media/136966/download
https://www.fda.gov/media/136966/download
https://www.fda.gov/media/137360/download
https://www.fda.gov/media/137360/download
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Table 1 (continued)

No. Product name Company name Instruction for use

58 GeneFinder COVID-19 Plus RealAmp  
Kit (PCR)

OSANG Healthcare https://www.fda.gov/media/137116/download

59 P23 Labs TaqPath SARS-CoV-2  
Assay (PCR)

P23 Labs, LLC https://www.fda.gov/media/138297/download

60 PerkinElmer New Coronavirus Nucleic Acid 
Detection Kit (PCR)

PerkinElmer, Inc. https://www.fda.gov/media/138297/download

61 Primerdesign Ltd COVID-19 genesig Real-
Time PCR assay (PCR)

Primerdesign Ltd. https://www.fda.gov/media/136823/download

62 LetsGetChecked Coronavirus (COVID-19) 
Test (PCR)

PrivaPath Diagnostics, Inc. https://www.fda.gov/media/138406/download

63 QIAstat-Dx Respiratory SARS-CoV-2  
Panel (PCR)

QIAGEN GmbH https://www.fda.gov/media/136571/download

64 Quest SARS-CoV-2 rRT-PCR (PCR) Quest Diagnostics Infectious 
Disease, Inc.

https://www.fda.gov/media/136231/download

65 Lyra SARS-CoV-2 Assay (PCR) Quidel Corporation https://www.fda.gov/media/136820/download

66 Sofia SARS Antigen FIA (FIA) Quidel Corporation https://www.fda.gov/media/137885/download

67 Lyra Direct SARS-CoV-2 Assay (PCR) Quidel Corporation https://www.fda.gov/media/138178/download

68 Rheonix COVID-19 MDx Assay (PCR) Rheonix, Inc. https://www.fda.gov/media/137489/download

69 Elecsys Anti-SARS-CoV-2 Roche Diagnostics https://www.fda.gov/media/137605/download

70 cobas SARS-CoV-2 (PCR) Roche Molecular Systems, Inc. 
(RMS)

https://www.fda.gov/media/136049/download

71 Rutgers Clinical Genomics Laboratory 
TaqPath SARS-CoV-2-Assay (PCR)

Rutgers Clinical Genomics 
Laboratory at RUCDR Infinite 
Biologics - Rutgers University

https://www.fda.gov/media/137774/download

72 Novel Coronavirus (2019-nCoV) Nucleic 
Acid Diagnostic Kit (PCR-Fluorescence 
Probing)

Sansure BioTech Inc. https://www.fda.gov/media/137651/download

73 ScienCell SARS-CoV-2 Coronavirus Real-
time RT-PCR (RT-qPCR) Detection Kit

ScienCell Research Laboratories https://www.fda.gov/media/136691/download

74 STANDARD M nCoV Real-Time Detection 
Kit (PCR)

SD Biosensor, Inc. https://www.fda.gov/media/137302/download

75 U-TOP COVID-19 Detection Kit (PCR) SEASUN BIOMATERIALS https://www.fda.gov/media/137425/download

76 AQ-TOP COVID-19 Rapid Detection  
Kit (PCR)

Seasun Biomaterials, Inc. https://www.fda.gov/media/138307/download

77 Allplex 2019-nCoV Assay (PCR) Seegene, Inc. https://www.fda.gov/media/137178/download

78 Sherlock CRISPR SARS-CoV-2 Kit 
(CRISPR)

Sherlock BioSciences, Inc. https://www.fda.gov/media/137746/download

79 Atellica IM SARS-CoV-2 Total (COV2T) Siemens Healthcare Diagnostics Inc. https://www.fda.gov/media/138442/download

80 ADVIA Centaur SARS-CoV-2 Total (COV2T) Siemens Healthcare Diagnostics Inc. https://www.fda.gov/media/138446/download

Table 1 (continued)

https://www.fda.gov/media/137113/download
https://www.fda.gov/media/137113/download
https://www.fda.gov/media/138295/download
https://www.fda.gov/media/138295/download
https://www.fda.gov/media/136407/download
https://www.fda.gov/media/136407/download
https://www.fda.gov/media/136306/download
https://www.fda.gov/media/136306/download
https://www.fda.gov/media/138405/download
https://www.fda.gov/media/138405/download
https://www.fda.gov/media/136569/download
https://www.fda.gov/media/136569/download
https://www.fda.gov/media/136228/download
https://www.fda.gov/media/136224/download
https://www.fda.gov/media/137886/download
https://www.fda.gov/media/138179/download
https://www.fda.gov/media/137490/download
https://www.fda.gov/media/137602/download
https://www.fda.gov/media/136049/download
https://www.fda.gov/media/137773/download
https://www.fda.gov/media/137773/download
https://www.fda.gov/media/137652/download
https://www.fda.gov/media/137652/download
https://www.fda.gov/media/137652/download
https://www.fda.gov/media/136688/download
https://www.fda.gov/media/136688/download
https://www.fda.gov/media/137303/download
https://www.fda.gov/media/137303/download
https://www.fda.gov/media/137420/download
https://www.fda.gov/media/138300/download
https://www.fda.gov/media/138300/download
https://www.fda.gov/media/137179/download
https://www.fda.gov/media/137747/download
https://www.fda.gov/media/138439/download
https://www.fda.gov/media/138443/download


947Translational Andrology and Urology, Vol 10, No 2 February 2021

  Transl Androl Urol 2021;10(2):939-953 | http://dx.doi.org/10.21037/tau-20-1042© Translational Andrology and Urology. All rights reserved.

This enables public health officials to quickly identify 
people who may have had exposure to COVID-19 and 
allows them to act accordingly.

South Korea’s policy for tracing

Realizing the importance of contact tracing, South Korea 
implemented a smart city platform for contact tracing on 
March 26, 2020. This same approach was not successfully 
applied to other Western countries due to potential privacy 
issues. This smart city platform is a state of the art “system 
of systems” that integrates multiple high technologies, 
including information and communications, big data, and 
artificial intelligence, to solve burdens for high quality life 
in many different fields.

Once a COVID-19-postive patient is identified, the 
screening center reports the case to the Korea Centers for 
Disease Control and Prevention (KCDC). The KCDC then 
registers the patient on a contact tracing system linked to 

the smart city data hub. Once the patient is registered, the 
system contacts the National Police Agency for the patient’s 
information and requests to the Credit Finance Association 
(CREFIA). If the CREFIA approves, the hub requests the 
patient’s epidemiological information from cellular service 
providers and credit card companies. Through this, the 
KCDC can collect all pertinent information regarding 
the patient within 10 minutes. The KCDC releases the 
information to the public after verification of the patient 
from the smart city data hub and alerts others who may have 
been in contact with the patient. People who receive an 
alert must be tested regardless of symptom manifestation. 
The patient information available to the public includes any 
public transportation that he or she took, locations visited, 
and time frames. This data is available for 14 days.

Meanwhile, in the U.S., once a COVID-19 patient is 
identified, trained public health staff manually conduct 
contact tracing by interrogating the patient directly. With 
the attained information, health officials then alert those 

Table 1 (continued)

No. Product name Company name Instruction for use

81 DiaPlexQ Novel Coronavirus (2019-nCoV) 
Detection Kit (PCR)

SolGent Co., Ltd. https://www.fda.gov/media/138303/download

82 TaqPath COVID-19 Combo Kit (PCR) Thermo Fisher Scientific, Inc. https://www.fda.gov/media/136112/download

83 PhoenixDx 2019-CoV (PCR) Trax Management Services Inc. https://www.fda.gov/media/137153/download

84 New York SARS-CoV Microsphere 
Immunoassay for Antibody Detection (MIA)

Wadsworth Center, New York State 
Department of Health

https://www.fda.gov/media/137541/download

85 New York SARS-CoV-2 Real-time  
Reverse Transcriptase (RT)-PCR Diagnostic 
Panel (PCR)

Wadsworth Center, New York State 
Department of Public Health’s (CDC)

https://www.fda.gov/media/135847/download

86 Quick SARS-CoV-2rRT-PCR Kit (PCR) Zymo Research Corporation https://www.fda.gov/media/137780/download

FDA, Federal Drug Administration; EUA, emergency use authorization.

Table 2 List of COVID-19 diagnostic kits approved for use in South Korea

No. Product name Company name Company website Issued date

1 PowerCheckTM2019-nCoV (PCR) Kogene biotech http://www.kogene.co.kr/eng/ 02/04/2020

2 AllplexTM2019-nCoVAssay (PCR) Seegene http://www.seegene.com/ 02/12/2020

3 DiaPlexQTMNovel Coronavirus (2019-nCov) Detection kit (PCR) Solgent Co. http://www.solgent.com/english 02/27/2020

4 STANDARD M nCoV Detection kit (PCR) SDBiosensor http://sdbiosensor.com/xe/ 02/27/2020

5 Real-Q 2019-nCoV Detection Kit (PCR) Biosewoom http://www.biosewoom.com/ 03/13/2020

6 BioCore 2019-nCoV Real Time PCRKit (PCR) Bio-core http://www.bio-core.com/ 05/11/2020

https://www.fda.gov/media/138306/download
https://www.fda.gov/media/138306/download
https://www.fda.gov/media/136113/download
https://www.fda.gov/media/137150/download
https://www.fda.gov/media/137540/download
https://www.fda.gov/media/137540/download
https://www.fda.gov/media/135661/download
https://www.fda.gov/media/135661/download
https://www.fda.gov/media/135661/download
https://www.fda.gov/media/137781/download
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Table 3 List of emergency NMPA-approved COVID-19 testing kits in China

No. Product name company name Company website Registration No.

1 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Shanghai ZJ Bio-Tech 
Co., Ltd.

www.liferiverbiotech.com/ CFDA:20203400057

2 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Shanghai GeneoDx 
Biotech Co., LTD

www.geneodx.com/ CFDA:20203400058

3 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (combinatorial 
probe-anchor synthesis sequencing)

BGI Biotechnology 
(Wuhan) Co., LTD

en.genomics.cn/ CFDA:20203400059

4 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

BGI Biotechnology 
(Wuhan) Co., LTD

en.genomics.cn/ CFDA:20203400060

5 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Da An Gene Co., Ltd of 
Sun Yat-Sen University

en.daangene.com/ CFDA:20203400063

6 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Sansure Biotechnology 
Co., Ltd

eng.sansure.com.cn/ CFDA:20203400064

7 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Shanghai BioGerm 
Medical Biotechnology 
Co., Ltd

www.bio-germ.com/ CFDA:20203400065

8 Antibody test kit for the novel coronavirus 
2019-nCoV (colloidal gold method)

Guangzhou Wondfo 
Biotech Co., Ltd

en.wondfo.com.cn/ CFDA:20203400176

9 Antibody test kit for the novel coronavirus 
2019-nCoV (colloidal gold method)

Innovita (Tangshan) 
Biological Technology 
Co., Ltd

www.innovita.com.cn/index.html CFDA:20203400177

10 Nucleic acid reagent test kit for six 
respiratory viruses (constant temperature 
amplification chip)

Chengdu CapitalBioPro 
Co., Ltd

www.capitalbio.com/ CFDA:20203400178

11 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Beijing Applied 
Biological Technologies 
Co., Ltd

www.x-abt.com/en/ CFDA:20203400179

12 IgM antibody test kit for the novel 
coronavirus 2019-nCoV (magnetic particle-
based chemiluminescence immunoassay)

Bioscience (Chongqing) 
Diagnostic Technology 
Co., Ltd

www.bioscience-cq.com/ CFDA:20203400182

13 IgG antibody test kit for the novel coronavirus 
2019-nCoV (magnetic particle-based 
chemiluminescence immunoassay)

Bioscience (Chongqing) 
Diagnostic Technology 
Co., Ltd

www.bioscience-cq.com/ CFDA:20203400183

14 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Maccura Biotechnology 
Co., Ltd.

www.maccura.com/en/ CFDA:20203400184

15 Antibody test kit for the novel coronavirus 
2019-nCoV (chemiluminescence 
microparticle immunoassay)

Xiamen innoDx Biotech 
Co., Ltd

www.innodx.com CFDA:20203400198

16 IgM antibody test kit for the novel coronavirus 
2019-nCoV (colloidal gold method)

Guangdong Hecin 
Scientific Co., Ltd

www.hecin-scientific.cn CFDA:20203400199

17 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Wuhan EasyDiagnosis 
Biomedicine Co., Ltd

www.mdeasydiagnosis.com/en/ CFDA:20203400212

Table 3 (continued)

http://www.liferiverbiotech.com/
http://www.geneodx.com/
https://en.genomics.cn/
https://en.genomics.cn/
http://en.daangene.com/
http://eng.sansure.com.cn/
http://www.bio-germ.com/
https://en.wondfo.com.cn/
http://www.innovita.com.cn/index.html
http://www.capitalbio.com/
http://www.x-abt.com/en/
http://www.bioscience-cq.com/
http://www.bioscience-cq.com/
https://www.maccura.com/en/
http://www.innodx.com/
http://www.mdeasydiagnosis.com/en/
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who may have had potential exposure. The substantial 
differences in contact tracing between the U.S. and South 
Korea arises from the levels of information disclosure and 
privacy.

Smartphone applications for preventing the spread of 
COVID-19

A multitude of researchers and companies are now striving 
to develop supplemental tools for preventing the spread 
of COVID-19. There has especially been a deluge of 
smartphone applications on the market due to its usefulness, 
affordability, and accessibility (Table 4). Smartphone 
applications derived from contact tracing or information 
sourcing has received particular attention (34,35). As 
mentioned previously, there are noted differences in tracing 
or tracking between countries due to privacy laws and 
attitudes.

In the U.S., tracing applications function mainly to 
alert exposure to SARS-CoV-2. One such application is 
Healthy Together by Twenty Holding Inc. The applications 
use Bluetooth signals and GPS location data to collect a 
list of people that the user has had encounters with (per 
the user’s consent). If the user meets other users within 

a certain range, the Bluetooth signal allows each user to 
share their encrypted serial number. GPS data is collected 
to understand transmission zones. If any of the users 
get diagnosed with COVID-19, other users who have 
encountered the patient will be alerted of the possible 
exposure with details such as the time and date. This 
mechanism can protect users’ privacy while alerting others 
at risk.

Because the KCDC is  a lready implementing a 
comprehensive tracing program, there are no applications 
with similar functionality in South Korea. Instead, there 
are other types of tracking applications on the market. The 
main function of these is alerting people when they are near 
COVID-19 patients using data attained from the KCDC. 
By informing users of potential risk, these applications can 
reduce infection rates. Additionally, the Korean Ministry 
of the Interior and Safety recently started operating an 
application called the Self-Quarantine Safety Protection 
App. This is a mandatory installation for anyone entering 
South Korea. It collects the users’ personal information, 
symptoms, and GPS location in real-time and shares the 
data with the KCDC. Contact tracing applications are not 
the only informative utilities against spread. There are 
multiple applications that inform accurate and necessary 

Table 3 (continued)

No. Product name company name Company website Registration No.

18 IgM/IgG antibody test kit for the novel 
coronavirus 2019-nCoV (colloidal gold 
method)

Nanjing Vazyme 
Biotech Co., Ltd

www.vazymemedical.com CFDA:20203400239

19 IgM/IgG antibody test kit for the novel 
coronavirus 2019-nCoV (colloidal gold 
method)

Zhuhai Livzon 
Diagnostics Co., Ltd

www.livzondiagnostics.com/en-us/ CFDA:20203400240

20 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (Fluorescent 
Isothermal Amplification)

Hangzhou Ustar 
Biotechnology Co., Ltd

www.bioustar.com/en/index.aspx CFDA:20203400241

21 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (Hybrid capture 
immunofluorescence assay)

Anbio (Xiamen) 
Biotechnology Co., Ltd

www.anbio.com/en/ CFDA:20203400298

22 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (fluorometric PCR)

Shanghai Fosun Long 
March Medical Science 
Co., Ltd

en.lm-diagnostics.com.cn/ CFDA:20203400299

23 Nucleic acid reagent test kit for the novel 
coronavirus 2019-nCoV (RNA capture probe 
method)

Shanghai Rendu 
Biotechnology Co., Ltd

www.rdbio.com/ CFDA:20203400300

NMPA, the National Medical Products Administration.

http://www.vazymemedical.com/
http://www.livzondiagnostics.com/en-us/
http://www.bioustar.com/en/index.aspx
http://www.baidu.com/link?url=MPOjqw8NGw1WC9EVHs2rgIleOaqZOqg4nt3W9XutclRMiVblyYB1P2k4i5FJxWcgOYOxQMbxu9sUgq0CQZCava
http://www.baidu.com/link?url=MPOjqw8NGw1WC9EVHs2rgIleOaqZOqg4nt3W9XutclRMiVblyYB1P2k4i5FJxWcgOYOxQMbxu9sUgq0CQZCava
http://www.baidu.com/link?url=MPOjqw8NGw1WC9EVHs2rgIleOaqZOqg4nt3W9XutclRMiVblyYB1P2k4i5FJxWcgOYOxQMbxu9sUgq0CQZCava
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Table 4 Smartphone applications used in South Korea and the United States

Purpose of 
application

Country Application name Manufacturer Characteristic

Composite South Korea Corona doctor University 
students

Tracking, news, statistics, guideline, screening center 
location information are provided

Corona 100 cine HANDASOFT 
Corp.

Tracking, news, statistics, screening center location, public 
mask availability information are provided

Corona map Unknown Tracking, statistics, guideline, screening center location 
information are provided

Corona compass Unknown Tracking, statistics, screening site, public mask information 
availability are provided

Corona now Middle school 
students

News, statistics, screening site, public mask availability 
information are included

United States Healthy together Twenty Holdings, 
Inc.

Tracking, self-diagnosis, guideline, screening center location 
information are provided. Daily checkup function is possible

NJ COVID 19 NJ PBA News, screening site information are provided. (Only for New 
Jersey)

Tracking/tracing South Korea Where is Corona? Unknow Specific date when confirmed patient tested is shown

Coback Plus TINA3D Once user is near the traced place, push alarm is given  
to user

News feed South Korea Corona News Unknown News from ‘Naver’ which is one of major portal sites in South 
Korea are provided

United States CoronaFacts Trusted  
Medical LLC

Preference of COVID-19 news source can be set

Statistics South Korea Corona World Unknown Global statistics is displayed

Corona virus 
infection current 
situation

Unknown The national statistics are shown on the map

United States HEALTHYNKED 
COVID-19 Tracker

HealthLynked 
Corp.

An anonymous chat room is provided

Guideline United States COVID Coach US Department of  
Veterans Affairs

The app helps managing mental health

Screening 
center location 
Information

South Korea Corona  
Screening Site

Unknown Connects to KCDC

United States Apollo COVID-19 Gauss Surgical, 
Inc.

QR code including result of self COVID-19 assessment is 
given. The QR code can be used at screening center to 
minimize exposure during screening

Public mask 
availability 
information

South Korea Coronapin DBL User can search a specific seller

Mask Map Unknown 3D map is provided

Mask Alerts App Unknown Recommended route to chosen seller is provided

Self-quarantine 
control

South Korea Self-Quarantine 
safety protection

Government Installation is mandatory to people who entered South Korea

Table 4 (continued)
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information to users, such as statistics, new guidelines, 
screening center locations, news updates, and face mask 
availability. For instance, in South Korea, there is a 
smartphone application for where face masks are available 
to purchase. This is specifically possible in South Korea 
because the government has allocated face masks to be sold 
only in assigned pharmacies.

Prospectives/future directions

When it comes to testing for COVID-19, most diagnostic 
tests take either a molecular or antibody approach. 
Within each of these, there subsets of tests that are 
ideal for different patients, time frames, and needs. As a 
result, it is essential that diagnostic test kits are utilized 
accordingly. For instance, mRNA-based testing kits are 
best utilized during the earlier stages of the infection while 
antibody tests are ideal for longer time frames after. These 
considerations must be made particularly for asymptomatic 
patients who may either have an active infection or recently 
fought off the virus. Contact tracing is another key element 
for preventing further spread of SARS-CoV-2. The South 
Korean government has taken an immensely precautious 
approach with much success; however, there are some 
issues with privacy that can arise. In the U.S., smartphone 
applications are not as widely popular and entail mostly on 
exposure alerts.

The COVID-19 pandemic has tested the preparedness 
and response of each nation. These lessons are critical for 
moving forward and are necessary to address for potential 
future public health events. Advancements in science and 
technology has made diagnostic testing readily available; 

however, the logistics, regulation, and distribution of such 
tests can be improved. Integration of smart technology in 
everyday life has also raised interesting prospects for future 
use in public health, but its tradeoff with privacy remains 
controversial. As nations continue onto the next steps of the 
pandemic, testing and tracing needs to evolve and adapt to 
meet changing demands as well.
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Table 4 (continued)

Purpose of 
application

Country Application name Manufacturer Characteristic

Self-diagnosis South Korea Corona Self-
diagnosis

Unknown Questions based on self-diagnosis for staff are given

United States Apple COVID-19 Apple | CDC The application is available in 34 languages

1-Check COVID University of 
Nebraska

User can share the result of self-diagnosis

Symptom 
research

United States COVID Symptom 
Study

Zoe Global 
Limited

Health advice is provided

How We Feel The How We Feel  
Project, Inc.

It tells user how many people have symptoms near the user
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