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Diagnostic methods for RNA viruses



SARS-CoV-2 structural proteins and genomic component

Zhou, P, et al. Nature 2020; Udugama, B, et al. ACS Nano 2020; Sexton, N.R, et al. J. Virol. 2016; Duan, L, et al. Front. Immunol. 2020; 
Hu, Y, et al. Bioinform. 2003 ; Schoeman, D.; Fielding, B.C. Virol. J. 2019



Viral analyte (RNA, protein and antibody) dynamics

Tim R. Mercer and Marc Salit, Nature Reviews Genetics 2021
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Nandini Sethuraman, et al. JAMA 2020



Diagnostic approach： Whom to test？

• Symptomatic patients
• If possible, all symptomatic patients with suspected infection 

• Resp. symptoms, loss of taste or smell, pernio-like lesions… 

1. Esther E. Freeman, et al. J Am Acad Dermatol. 2020
2. Infectious Diseases Society of America Guidelines on the Diagnosis of COVID-19, updated December 23, 2020 



Diagnostic flow diagram 
for the detection of acute 
SARS-CoV-2 infection in 
individuals with clinical 
suspicion for COVID-19 

依序做 PCR, PCR, 抗體



Pre-test probability that the disease is present 
Edward C. Stites and Craig B. Wilen. Med (N Y) 2020
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Analytical sensitivity is dependent on test performance and viral dynamics

Tim R. Mercer and Marc Salit, Nature Reviews Genetics 2021



How test sensitivity, specificity and disease prevalence influence 
the interpretation of test results Tim R. Mercer and Marc Salit, Nature Reviews Genetics 2021
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Diagnostic approach: Whom to test?

• Asymptomatic testing for SARS-CoV-2 needs clear goals and protocols

• Select asymptomatic patients
• Close contact with index case

• individuals at risk for severe disease (eg, long-term care facilities, cancer patients…)

• hospitalized patients at locations where prevalence is high 

• Screening program
• depends on population prevalence of infection, the different tests, different 

people’s willingness to accept personal inconvenience…

1. Infectious Diseases Society of America Guidelines on the Diagnosis of COVID-19, updated December 23, 2020 
2. CDC Guidance for Expanded Screening Testing to Reduce Silent Spread of SARS-CoV-2.

https://www.cdc.gov/coronavirus/2019-ncov/php/testing/expanded-screening-testing.html
3. European Society for Blood and Marrow Transplantation. COVID-19 anbd BMT. https://www.ebmt.org/covid-19-and-bmt 

https://www.cdc.gov/coronavirus/2019-ncov/php/testing/expanded-screening-testing.html


Disease prevalence= 10%

Diagnostic assay sensitivity 80%, specificity：90%
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Disease prevalence= 10%

Diagnostic assay sensitivity 80%, specificity：90%

Infected Healthy

PPV= 8/17=47.1 %

NPV=81/83 =97.6%



Disease prevalence= 10%

Diagnostic assay sensitivity 80%, specificity：90%

Infected Healthy

Positive result

Negative result



Schematic overview of SARS-CoV-2 RT-PCR testing procedure

Ioanna Smyrlaki, et al. Nat commun 2020



以人工萃取RNA,傳統分生檢驗方法,面臨以下問題:
(1)疫情影響可能試劑短缺
(2)耗時且人力需求量大
(3)檢驗初期非特異性結合干擾問題

初期面臨問題



干擾訊號 去除
干擾訊號

-試劑量減半流程測試
-添加BSA於反應中



全國新型冠狀病毒通報檢驗量
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想像一下，如果檢驗量的高峰點是在2020
年5月

19

檢驗量能 176100/月
高峰量： 846833/月



全自動化cobas® 6800 系統

建立高通量自動化以提升檢測量能

• 每批可處理94支檢體
• 檢驗效率：第一批檢

體(自上機到結束)需
時3小時，第二批以
後後每1.5小時可完
成檢測

• 24小時可檢測約1400
支檢體

將檢體簡易處理後即可上機，在儀器內自動完成核酸萃取及PCR



Pooled Testing Strategies for SARS-CoV-2 diagnosis

• increase testing capacity, lower the cost per test, and conserve 
reagents during times of sudden and heavy inflow of test requests, 
pandemic surveillance, large-scale population testing.

• The larger the pool size, the higher the probability of false negatives

Nadja Grobe, et al. Clin Microbiol Infect 2021
Daniel EA, et al. Diagn Microbiol Infect Dis. 2021



Taiwan CDC accessed by 2021/10/06



快速核酸檢測工具
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檢測工具 操作時間 一次可檢測的
檢體量

說明

Xpert Xpress SARS-
CoV-2 (Cepheid)

1 小時 1-4 tests • 已有相當多的實證顯示檢驗效能與標
準做法相當

• 很貴

ID NOW COVID-19 
assay  (Abbott)

15 分鐘 1 test • 檢測速度非常快
• 無法提供Ct值
• 效能略低於標準做法，但仍算是相對

可靠的診斷工具

Liat System (Roche) 20-30 分鐘 1 test • 較新出來的工具
• 初步研究評估效能與Xpert類似
• 可同時檢測流行性感冒病毒

Xpert ID NOW Liat



Cochrane Database Syst 
Rev. 2020 Aug 
26;8(8):CD013705.

Rapid 
molecular 
assays 
檢測效能

Abbott ID NOW

Cepheid Xpert

Sen: 57%-94%

Sen: 96%-100%

Spe: 99%-100%

Spe: 92%-100%

The performance of the cobas® Liat® SARS-CoV-2 & Influenza A/B assay is equivalent to the cepheid® Xpress SARS-CoV-2 
assay for SARS-CoV-2 detection.



FDA grants first emergency use ok for at-home 
COVID-19 test

Credit: Lucira Health



SARS-CoV-2 antigen-detecting rapid diagnostic tests

Rosanna W Peeling,et al. Lancet Infect Dis 2021



Rapid antigens performance with SARS-CoV-2 variants 
in vitro study

Sabrina Jungnick, et al. Microorganisms 2021

快速抗原檢驗
對變異株有效



Detection of SARS-CoV-2 antibodies

• Multiple isotypes of antibodies, and the developed tests most 
commonly measure IgM and/or IgG

• As the antibody response requires time to develop, these tests are 
less useful for the diagnosis of an acute, active infection.
• advantageous for documenting a previous infection

• useful in epidemiological studies

• Combining real-time PCR and serological testing significantly 
increases positive viral detection rates

1. Hou, H. et al. Clin. Transl. Immunol. 2020.
2. Padoan, A. et al. Clin. Chim. Acta 2020
3. Long, Q. X. et al. Nat. Med. 2020
4. Weissleder, R., et al. Sci. Transl. Med. 2020



SARS-CoV-2 serological testing

Bhavesh D. Kevadiya, et al. Nature Materials 2021



Automated COVID-19 antibody test



1. 一般自費抗體結果不完全等同疫苗保護力
2. 需報告須載明檢測標的(如: S蛋白)及抗體項目(如: IgG)
3. 自費收費標準依地方主管機管核定 (目前已開放公費，自費等待收費標準核定中)



Meta-analytical estimates of sensitivity
(with 95% CI) by antibody class and 
time since onset of symptoms

Cochrane Database Syst Rev . 2020 Jun 25;6(6):CD013652.

• The sensitivity of antibody tests 
is too low in the first week since 
symptom onset.

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



國內現有相關檢測試劑 – EUA 專案核准

•醫療用核酸、抗原及抗體檢測試劑: 共180款 (110.10.28更新)

•家用快篩試劑: 共19款 (110.07.01 更新)



Summary

• No test is perfect when it comes to the attributes of accuracy, 
accessibility, affordability, and timeliness of results.

• Probabilistic test interpretation is an important role in test 
interpretation 

• The interpretation of a test for SARS-CoV-2 will depend on a 
combination of the accuracy of the test and the estimated risk of 
COVID-19 prior to performing the test 

• RT-PCR and rapid antigen detection tests are useful for diagnosis
of acute SARS-CoV-2 infection. 

• Serological tests identify previous exposure to the virus




