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Detection of viral RNA by RT-PCR

RT-PCR test BRI 2 & R#EAKZETCOVID-19 - oJ &M ~ Throat ~ SalivaE S84 -
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» PCR: polymerase chain reaction (from DNA)

» RT-PCR:reverse transcriptase PCR (from RNA)

Real fime PCR (or quantitative PCR, gPCR): a PCR assay with relative values
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2019-Novel Coronavirus (2019-nCoV) Real-time rRT-PCR Panel
Primers and Probes

e tfargeting primers

Division of Viral Diseases

Nucleocapsid protein
N

b

SARS-CoV virion M Transmembrane glycoprotein

2019-Novel Coronavirus (2019-nCoV) Real-time rRT-PCR Panel Primers and Probes

Working
Name Description Oligonucleotide Sequence (5'>3°) Label' (“:):m"
c.
2019-nCoV N1 G =
. S . 2019-nCoV_N1-F | o d Priner] 5’-GAC CCC AAA ATC AGC GAAAT-3 None 20 um
pike glycoprotein 7
2019-nCoV_N1-R :‘;ﬁ;‘fﬁ:ﬂ‘r §'-TCT GGT TAC TGC CAG TTG AAT CTG-3’ None 20 uM
2019-nCoV_N1-P :‘r’:;“"i"‘ 5’-FAM-ACC CCG CAT TAC GTT TGG TGG ACC-BHQ1-3’ FAM,BHQ1 | 5uM
2019-nCoV_N2-F §°19'"C°"i:2 5'-TTA CAA ACA TTG GCC GCA AA-3’ None 20 uM
E orward Prifner|
2019-ncov_N2-R [ 20M3NCVINZ Y | 6 GG CGA CAT TCC GAA GAA-3' N 20 uM
Envelope protein ssRNA -nCOV_N2-R | oo o prither 5’- - one T
2019ncov N2 | 252" | 5 FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1-3' FAM,BHQ1 [ 5uM
TABLE 19.2  Group II coronavirus proteins and functions 2019-nCoV_N3-F ig::;?ﬁ%ﬂ::r 5.GGG AGC CTT GAA TAC ACC AAA A-3’ None 20 uM
Protein Functions T
2019-nCoV_N3R | oo "ﬁ',:’i\”’r 5'-TGT AGC ACG ATT GCA GCA TTG-3’ None 20 uM
mspl, 2, 7-10, 11 Unknown functions in replication; nspl may mediate cell-cycle arrest during overex- 2019:::0\" :3
pression in culture. 2019-nCoV_N3-P PR S’-FAM-AYC ACA TTG GCA CCC GCA ATC CTG-BHQ1-3’ FAM, BHQ-1 5uM
{:} nsp3 One or two papain-like proteinase domains (PLP1, PLP2) responsible for cleavage RNAse P F rd
of nspl, nsp2, and nsp3; zinc ribbon motifs with predicted transcription factors; RP-F PR ki S’-AGA TTT GGA CCT GCG AGC G-3' None 20 uyM
transmembrane sequences with membrane integration. Rh;Asee T
nspd, nsp 6 Membrane-spanning proteins, may localize replication complexes to membranes. RP-R Piknes everse | 5*-GAG CGG CTG TCT CCA CAA GT-3’ None 20 uMm
nsps Picornavirus 3C-like proteinase (3CL M ible for cleav: f [
{:} e proteinase (3CLpro or Mpro) responsible for cleavage of nsp4 RP-P m 5"-FAM — TTC TGA CCT GAA GGC TCT GCG CG — BHQ-1-3' | FAM, BHQ-1 5 uM

{:} nspl4, 15, 16

Predicted RNA-dependent RNA polymerase responsible for genome replication and
transcription.

RINA helicase, nucleoside triphosphatase activity in vitro. Likely involved in genome

unwinding, separation, and packaging; may be virulence factor.

Predicted RNA modifying enzymes: 3’ to 5" exonuclease (14), endoribonuclease (15),
and O-methyl transferase (16).

'"TagMan® probes are labeled at the 5'-end with the reporter molecule 6-carboxyfluorescein (FAM) and
with the quencher, Black Hole Quencher 1 (BHQ-1) (Biosearch Technologies, Inc., Novato, CA) at the 3'-
end.

Note: Oligonucleotide sequences are subject to future changes as the 2019-Novel Coronavirus evolves.
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» Ct value less than 40 is viewed as PCR positive clinically (reference:
Ct value for house keeping genes of GAPDH or b-actin is usually 26-
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®» [esting errors, reinfection, or reactivation (29)




Figure. Estimated Variation Over Time in Diagnostic Tests for Detection of SARS-CoV-2 Infection
Relative to Symptom Onset
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» fhe Centers for Disease Control and Prevention
(CDC) indicates that health care workers can return
to work, if “at least 3 days (72 hours) have passed

Ince recovery defined as resolution of fever without
the use of fever-reducing medications and
Improvement in respiratory symptoms (e.g., cough,
shortness of breath);

®» ond, at least 10 days have passed since symptoms
first appeared.
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»— R EE R G R  bronchoalveolar lavage
specimens (93%), followed by sputum (72%),
nasal swab (63%), and pharyngeal swab (32%)
(h=205)




Accuracy of RT-PCR

® False-negative results mainly occurred due to
Inappropriate timing of sample collection in relation 1o
iliIness onset and deficiency in sampling fechnique,
especially of nasopharyngeal swabs.

Specificity of most of the RT-PCR tests is 100% because
the primer design is specific to the genome sequence
of SARS-CoV-2.

®» Occasional false positive results may occur due to
technical errors and reagent contamination.



Detection of anfibodies ogoins’r SARS-CoV-2
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®» An important tool o understand the extent of COVID-19 in the
CO unity and to idenftify individuals who are immune and
potentially “protected” from becoming infected.

®» The most sensitive and earliest serological marker is total antibodies,
levels of which begin to increase from the second week of
symptom onset.

» Although IgM and IgG ELISA have been found to be positive even
as early as the fourth day after symptom onset, higher levels occur
In the second and third week of illness.



IgG and IgM seroconverstions

» |gM and |IgG seroconversion occurred in all patients
between the third and fourth week of clinical iliness
onset as measured in 23 patients by To et al and 85
patients by Xiang et al.

» Thereafter IgM begins to decline and reaches lower
levels by week 5 and almost disappears by week 7
whereas IgG persists beyond 7 weeks.

» During the first 5.5 days, quanftitative PCR had a higher
DOoSsItivity rate than IgM, whereas IgM ELISA had a
nigher positivity rate after day 5.5 of iliness.




ELISA-based IgM and IgG antibody tests have greater than 95%specificity
for diagnosis of COVID-19. Testing of paired serum samples with the initial
PCR and the second 2 weeks later can further increase diagnostic
accuracy.
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B=Z - Receptor-binding domain of S (RBD-S)=Zhost attachment protein -
LEI B2 ¥ RBD-SH R LEER B E — 14 KP4 -

Therefore, using one or both antigens for detecting IgG and IgM would
result in high sensitivity.

Antibodies may, however, have cross-reactivity with SARS-CoV and possibly
other coronaviruses.
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iPlague reduction neutralization assay °

owever, high fiters of IgG antibodies detected by ELISA
have been shown to positively correlate with
tralizing anfibodies.

ong-term persistence and duration of protection
‘erred by the neutralizing antibodies remains
unknown.



ANSWers 1o be addressed

»N\Most of the available data are for adult populations
Who are not iImmunocompromised.

®»The fime course of PCR positivity and seroconversion
may vary in children and other groups, iIncluding the
large population of asymptomatic individuals who go
undiagnosed without active survelllance.

®»AMany questions remain, particularly how long
potential immunity lasts in individuals, both
asymptomatic and symptomatic, who are infected
with SARS-CoV-2.



