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Diagnostic methods for RNA viruses

Saadet Alpdagtas, et al. APL Bioeng 2020



SARS-CoV-2 structural proteins and genomic component

Nucleocapsid Protein (N)

It encapsulates the viral genome and
enhances the efficiency of RNA transcription
and viral replication. The N protein has been

detected through FICA.

Viral RNA

The nucleic acid component of SARS-
CoV-2. Certain genes (RdRP and
ORF1ab) can be amplified by RTFQ-

PCR, dPCR, mPCR and LAMP assays.

Surface “spike” Glycoprotein (S) € m———
Main target of neutralizing antibodies. It
has been used for designing and

developing S protein-based vaccines and
therapeutics.

Envelope Protein (E)

Small integral protein involved in
critical viral functions and
pathogenicity. SARS-CoV-2 strains
Matrix Protein (M) lacking E protein are promising
Substitutions in this protein may vaccine candidates.

result in changing viral antigenicity.

The gene that encodes for M

protein has been detected by NTS.

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

Viral analyte relative

abundance

Tim R. Mercer and Marc Salit, Nature Reviews Genetics 2021
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Before symptom onset After symptom onset
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Diagnostic approach : Whom to test ?

* Symptomatic patients
* |f possible, all symptomatic patients with suspected infection
* Resp. symptoms, loss of taste or smell, pernio-like lesions...

Coronavirus: Key symptoms

Fever and tiredness

----- [ el Contmuous cough

Loss of taste or smell

Breathing difficulties

Source: NHS [BIB|C]

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



Diagnostic testing for SARS-CoV-2
Interim guidance World Health
11 September 2020 @O%Enizgfion

Diagnostic flow diagram
for the detection of acute
SARS-CoV-2 infection in
individuals with clinical
suspicion for COVID-19
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Pre-test probability that the disease is present

Edward C. Stites and Craig B. Wilen. Med (N Y) 2020

g a
specificity 99% _‘__\} Likelihood the patient is infected with
SARS-CoV-2 now 65%

Estimated pre-test probability 90%.

test

+
test Likelihood the patient is infected with
SARS-CoV=2 now >99%
An individual likely to be terii;g;? —
infected with SARS-CoV-2.
! W < | sensitivity 80%

90%

+

Two patients with different situations receive the same exact test,
but the meaning of a positive and negative test is different,

v

+
test Likelihood the patient is infected with
An individual unlikely to be tested by SARS-CoV-2 now 45%
infected with SARS-CoV-2. H-PCR
Estimated ‘st oropability 1 < sensitivity 80%
stimated pre-test probability 1%. ificity 99
specifielty 99% L Likelihood the patient is infected with

- SARS-CoV-2 now <1%

test

1%




Analytical sensitivity is dependent on test performance and viral dynamics
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How test sensitivity, specificity and disease prevalence influence
the interpretation of test results

5%

prevalence

95% Specificity
95% Sensitivity

70% Specificity
70% Sensitivity

A population of 400 people has
a 5% prevalence

Test with 95% specificity and
95% senstivity

b

A population of 400 people has
a 5% prevalence

Test with 70% specificity and
70% senstivity

Negative test result

An mdividual who tests negative
has a 0.3% chance of being
infected

Negative test result

An individual who tests negative
has a 2.2% chance of being
infected

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

Positive test result

An individual who tests positive

has a 50% chance of being

I infected

PPV: [ PETEMI(E * 50%

Positive test result

An individual who tests positive

has a 10.9% chance of being

infected

PPV: [ METHIME * 10.9%

M Infected W Uninfected




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

a b / C d e
/
% / RNA % cDNA » Amplification and detection
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) ) O
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Sampling Inactivation extraction plate RT-gPCR Sequencing

J f \
\ No extraction

Direct inactivation
No extraction

loanna Smyrlaki, et al. Nat commun 2020
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Optimization of the CDC Protocol of Molecular
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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.

Lele B0

* The larger the pool size, the higher the probability of false negatives
& dh &

=—=] Fo
=] e

@ @
GER [
Pool test resulting in positive results

Nadja Grobe, et al. Clin Microbiol Infect 2021
Pool test resulting in negative results

Daniel EA, et al. Diagn Microbiol Infect Dis. 202
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Rapid
molecular

Figure 10. Forest plot by test brand for molecular assays. A&E: accident and emergency; IFU: instructions for use

Abbott ID NOW

Abbott - ID NOW {Isothermal PCR)

Study TP FP FHN TN IFU compliant Sensitivity {95% CI) Specificity (95% CI} Sensitivity {95% Cl}Specificity {95% CI)
a Ssays Ghofrani 2020 16 1 1 95 No 0.94 [0.71, 1.00] 0.99 [0.94, 1.00] —= -
Al =k s Smithgall 2020 [A] 65 © 23 25 No 0.74 [0.63, 0.83] 1.00 [0.86, 1.00] - —
1\:: N IJ,‘SZ E Rhoads 2020 s0 0 & O No 0.94 [0.87, 0.98] Mot estimable -
"R IRIXX BB Moore 2020 94 0 25 79 No 0.79 [0.71, 0.86] 1.00 [0.95, 1.00] - -
Mitchell 2020 33 0 13 15 Mo 0.72 [0.57, 0.84] 1.00 [0.78, 1.00] —a— —=a
Zhen 2020 [4] S0 0 7 50 No 0,88 [0.76, 0.95] 1.00 [0,93, 1.00] -
SoRelle 2020 32 0 7 44 No 0,82 [0.66, 0,92 1,00 (0,92, 1.00] =
Cradic 2020(a) 30 0 3 151 No 0.91 [0.76, 0.98] 1.00 [0.98, 1.00] u
Cochrane Database Syst Cradic 2020(b} 12 0 1 169 Unclear 0.92 [0.64, 1,00] 1.00 [0.98, 1.00] 0 o
Lephart 2020 [A] 11 0 5 59 Yes 0.69 [0.41, 0.89] 1.00 [0.94, 1,00] . B
Rev. 2020 Aug Jin 2020 4 0 2 48 Yes 0.67 [0.22, 0.96] 1,00 [0,92, 1,00] Spe * 99 A) 1001)
26;8(8):CD013705. Harrington 2020 139 2 47 336 Yes 0.75 [0.68, 0.81] 0,99 [0,98, 1,00] - ]
Thwe 2020 8 0 6 147 Yes 0.57 [0.29, 0.82] 1.00 [0.98, 1.00] e ..

0020405081 0[!20406081

Cepheid Xpert

Cepheid - Xpert Xpress {Automated RT-PCR}

Study TP FP FN TN IFU compliant Sensitivity {95% CI} Specificity {95% CI} Sensitivity (95% Cl.‘!Spem ity {95% ()]
Goldenberger 2020 10 0 0 9 Mo 1.00 [0.6%9, 1.00] 1.00 [D.66, 1.00]

Chen 20204 25 0 0 Q Mo 1.00 [0.94, 1.00] Mot estimable -

Hou 2020 147 S5 6 127 Mo 0.86 [0.92, 0.99] 0.86 [0.81, 0.99] - -

Stevens 2020 53 0 1 50 Mo 0.88 [0.90, 1.00) 1.00 [0.63, 1.00] —a

Zhen 2020 [B] 27 0 1 50 Mo 0.88 [0.91, 1.00] 1.00 [0.83, 1.00] —a

Wong 2020 118 0 1 43 Mo 0.99 [0.95, 1.00] 1.00 [0.92, 1.00] IAY21aM 96%_100% -u
Wolters 2020 58 0 0 30 Mo 1.00 [0.94, 1.00] 1.00 [0.88, 1.00] —a

Dust 2020 20 0 0 18 Unclear 1.00 [0.83, 1.00] 1.00 [0.81, 1.00] 5 o
Jokela 2020 60 0 0 30 Unclear 1.00 [0.94, 1.00] 1.00 [0.68, 1.00] . =
Smithgall 2020 [B] gy 2 1 23 Unclear 0,99 [0.94,1,00] 0,82 [0.74, 0,99] Spe * 92 A) 100%)
Moran 2020 42 1 0 80 Unclear 1.00 0,92, 1.00] 0,98 [0,81, 1.00]

Loeffelholz 2020 219 11 1 250 Unclear 1,00 [0,97, 1,00] 0,86 [0,93, 0,98] n u

Broder 2020 34 0 1 0 Yes 0,97 [0.85, 1.00] Mot estimable —a

Lieberman 2020 12 0 0 13 Yes 1,00 [0,75, 1.00] 1,00 [0.75, 1,00] —a —a
Lephart 2020 [B] 16 2 0 56 Yes 1.00 [0,79, 1.00] 0,87 [0.88, 1,00] —_t —! M —H

0020406'381 002D4060Ell

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

Sample type Time of sample Result reading Sensitivity, Comments
collection® specificity
Abbott BinaxNOW, USA Nasal swab 0-7 days Visual, 15 min 97%, 99% WHO Emergency Use Listing; US FDA
Emergency Use Authorization; app for
results; influenza A and B tests available
Abbott Panbio, USA Nasal swab, 0-7 days Visuval, 15-20min 93%, 99% WHO Emergency Use Listing; US FDA
nasopharyngeal swab Emergency Use Authorization
pending
Access Bio CareStart, USA  Nasal swab, 0-5 days Visuval, 15-20min 88%, 100% US FDA Emergency Use Authorization
nasopharyngeal swab
BD Veritor, USA Nasal swab 0-5 days Instrument, 30 min 84%, 100% US FDA Emergency Use Authorization
LumiraDx, UK Nasal swab 0-12 days Instrument, 12 min 98%, 97% US FDA Emergency Use Authorization
Quidel Sofia SARS Antigen  Nasal swab, 0-5 days Instrument, 20 min 97%, 100% US FDA Emergency Use Authorization;
Fluorescent Immunoassay, nasopharyngeal swab does not differentiate between
USA SARS-CoV and SARS-CoV-2
Quidel Sofia Flu and SARS  Nasal swab, 0-5 days Instrument, 20 min 95%, 100% US FDA Emergency Use Authorization
Antigen Fluorescent nasopharyngeal swab
Immunoassay, USA
SD Biosensor, South Korea  Nasal swab, Not stated Visuval, 15-30min 97%, 100% WHO Emergency Use Listing

nasopharyngeal swab

Data from the Foundation for Innovative New Diagnostics.” SARS-CoV=severe acute respiratory syndrome coronavirus. FDA=Food and Drug Administration. *Days after
symptom onset. TData from manufacturers.

Rosanna W Peeling,et al. Lancet Infect

Dis 2021



Rapid antigens performance with SARS-CoV-2 variants

in vitro study

Dilution in Saliva

Dilution Levels (RNA copies/mL) ?

Test Virus Lineage 1:10 1:100 1:1000 1:10,000 1:100,000
(10%/mL) (107/mL) (10°/mL) (105/mL) (10*/mL)
B.1.1 .
(Non-VOC) 5 4 2 Neg. Neg.
Test T B.1.1.7 (Alpha) 5 3 1 Neg. Neg.
©s B.1.351 (Beta) 5 4 2 Neg. Neg.
P.1 (Gamma) 5 3 1 Neg. Neg.
rjj‘ :lJ:)—L ' * B.1.617.2 (Delta) 5 4 2 Neg. Neg.
5 n\‘
2 . B'l}l . 5 4 2 1 Neg.
“ 4 E s (Non-VOC) -
s X Test 11 B.1.1.7 (Alpha) 5 3 2 1P Neg.
© B.1.351 (Beta) 5 4 2 1 Neg.
P.1 (Gamma) 5 3 1 Neg Neg.
B.1.617.2 (Delta) 5 3 1 Neg Neg.
B.1.1 .
(Non-VOC) 5 3 2 Neg Neg.
B.1.1.7 (Alpha) 5 3 1 Neg Neg.
Test 1l B.1.351 (Beta) 5 3 2 Neg Neg.
P11 (Gamma) 5 3 2 Neg Neg.
B.1.617.2 (Delta) 5 2 1 Neg Neg.
B.1.1 .
(Non-VOC) > 4 3 1 Neg.
B.1.1.7 (Alpha) 5 3 2 Neg. Neg.
}' o o
Test I\ B.1.351 (Beta) 5 4 2 1 Neg.
P.1 (Gamma) 5 3 2 Neg Neg.
B.1.617.2 (Delta) 5 4 2 Neg Neg.

Sabrina Jungnick, et al. Microorganisms 2021



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
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Automated COVID-19 antibody test

Abbott Laboratories Inc.
AdviseDx SARS-CoV-2 IgG I

FACT SHEET FOR HEALTHCARE PROVIDERS Coronavirus

March 1, 2021 Disease 2019
(COVID-19)

This Fact Sheet informs you of the significant known and

potential risks and benefits of the emergency use of the
AdviseDx SARS-CoV-2 1gG Il

This test detects human SARS-CoV-2 antibodies
that are generated as part of the human adaptive

You should not interpret the results of this test
as an indication or degree of immunity or
protection from infection.

immune response to the COVID-19 virus using
only human serum (including collected using a
serum separator tube) and plasma (acid citrate
dextrose, sodium citrate, dipotassium EDTA,
tripotassium EDTA, lithium heparin, lithium

Cov-21g6

o

heparin in a separator tube, and sodium
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Meta-analytical estimates of sensitivity
(With 95% CI) by antibody Class and Figure 3. Meta-analytical estimates of sensitivity (with 95% Cl) by antibody class and time since onset of symptoms

Meta-analytical estimates of sensitivity (with 95% Cl) by

time since onset of symptoms antibody class and time since symptom onset

1gG Days 1-7 (23 studies, 568 samples) Y
IgG Days 8-14 (22 studies, 1200 samples) @

Cochrane Database Syst Rev . 2020 Jun 25;6(6):CD013652. e 0t M i3 Moy

1gG Days >35 (4 studies, 252 samples) °

IgM Days 1-7 (24 studies, 608 samples) Y
IgM Days 8-14 (21 studies, 1171 samples) ®

L] L] L] L] =
* The sensitivity of antibody tests s 2.5 11 s, 07t o
IgM Days >35 (4 studies, 215 samples) ®
L] L] L] L]
is too low in the first week since b by iancn < -
IgA Days 15-21 (3 studies, 68 samples) B
IgA Days 22-35 (2 studies, 82 samples) o

Sym ptom Onset. IgA Days >35 (1 study, 23 samples) ®

Total antibodies Days 1-7 (4 studies, 144 samples) G

Y A t M b d t t I M k I t h Total antibodies Days 8-14 (5 studies, 247 samples) °
n I O y e S S a re I e y O a Ve Total antibodies Days 15-21 (5 studies, 176 samples) ®©
Total antibodies Days 22-35 (3 studies, 19 samples) Q
Total antibodies Days >35 (1 study, 28 samples) @

a useful role for detecting

1gG/1gM Days 8-14 (9 studies, 608 samples) o
L] L] L] L]
previous SARS-CoV-2 infection if v e -t
1gG/IgM Days >35 (2 studies, 153 samples) L 2
used 15 or more days after the bl s i I
IgG/IgA Days 15-21 (1 study, 8 samples) @
IgG/1gA Days 22-35 (1 study, 1 sample) ®

onset of symptoms.

Sensitivity (%)



|

\

CYEEM RETAE

iz
B0

Alptf
s
=]

EEEN

cr
=
FHF
-

1

bt
it
il

T
i

Sn
Tl
s
_H_
C

~—
7

_]
Mroa e
Taiwan Food and Drug Administration

TR

5 zE,M 1R
RN

T

Bl BER®B

ESEE A

&

s
4
ﬂ
H:H

11

a4
H:H
&
h
il
2
ﬁv
a 13
iy

1]
[
cift

T
HeH
o
—'{Iff!

—
—
—_ -
o ¢
=
o
[} ]

hr
LS

=+

&
[H
Cil
i
Het
4
_:,{ff.l
-
g‘njl_ \

R
ﬁg

11

iy
fi
an
i
s
[NES

S ERE R (COVID-19)EE

TIEHB v A EEETEN

-

ol

Lre i L

=+
V2N 19 ﬁ?ﬂ (110.07.01 E5)

B3

BREFA

& AR

EREHEEN

BRI R(COVID-19)REEERMEEHETRS 24

EEERVMEERAZEE

! |

[

i
b
T
=
=]
it
Al

EHEE(FEMNR)

R oA m WAL H LE L e R
E =3 ’gl == No. | Approval Commercial Name Manufacturer Target
- date
AR (orf lab)iie M8
POCKIT Central SARS-CoV-2 (orf lab) Premix
Kit
— A A Bk ase i |
=15 .1 1 'D 1 1 [}2 o ) ) 25 5 T A PR AT AT
( : ; POCKIT Central Nucleic Acid Analyzer i R
2020/4/30 % A E e H ' Nucleie
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Update date : 110/10/28
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The imported COVID-19 IVD granted emergency use authorization by Ministry of
Health and Welfare (MOHW), Taiwan
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No. date
SARS-COV-2 Antibody Test LRE R FiT ey i) LA e
1 20200330
‘Guangzhou Wondffo Biotech Co.. Ltd | Antibody
COVID-19 TgG/TgM Rapid Test
{E/’\’l’tﬁﬁﬁ‘i 020/4/ X Xi SARS-CoV Cepheid I s
2 2020048 Xpert Xpress SARS-CoV-2 test epheid Inc
=l ! P 1 Nucleic acid
Abbott RealTune SARS-CoV-2
Amplification Reagent Kit ki
2020048 Abboit Molecular Inc.

Abbott RealTime SARS-CoV-2 Control Nucleic acid

Kit
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Tnnovita (Tangshan) Biological
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4 2020/4/24
Antibody

2019-uCoV Ab TEST CASSETEE

Technology Co. Lid

Update date : 110/10/28
LU A RFHBEBREERTMFE

The domestic COVID-19 IVD granted emergency use authorization by Ministry of
Health and Welfare (MOII“'_), Taiwan
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GeneReach Biotechmology
POCKIT Central Cartridge Set (B) acid

Corporation
o4 A 87 0L 55 (orf L) by ]S 09 44 9 94

POCKIT Central SARS-CoV-2 (orf 1ab) P(+)
Control Reagent
#1451 97 40 5 A% RNA kA m
LabTurbo AIO COVID-19 RNA Testing Kit
A 4518 AIO 4B 3 ek
LabTurbo Viral DNA/RNA AIO extraction Kit |

EL N EXCE S ]
Taigen Bioscience

A2 B

2020/5/11 Nucleic

Comaration acid



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
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