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Current Opinion in Pharmacology 2022, 62:152-158



4(%_( E&* l%

MN908947 Wuhan-Hu-1
* Gold standard method AN e -

15,361 -15,460 26,141 -26,253 28,555 - 28,682

» the standard for population-scale testing — ; "
* Based on measuring the amplification of RdRP, E, N or S gene fragments
* Sensitivity 80-90% and specificity ~99%

* Disadvantage

* typically conducted in large, centralized laboratories, efficient sample
collection is critical to minimize reporting delays

 false-negative rate across different specimens and time periods

* Occasional false positive results may occur due to technical errors and
reagent contamination

1. Corman, V. M. et al. Eur. Surveill. 2020. 2. Liu, R. et al..Clin. Chim. Acta 2020. 3. Wikramaratna, P., et al. Euro Surveill. 2020 4. M. Yice, et al. Biosensors and Bioelectronics 2021



Flow Chart for COVID-19 Diagnostic through RT-PCR

@ Nasopharyngeal or @ Sample Handling @ RNA extraction and purification
Oropharyngeal swab

The callected sample should be Purified RNA is extracted from deactivated virus.

Sym ptOmSI immediatedly inactivaied and proceed

to RNA extraction.

5 e s e Purified RNA

o —_— \I ! % ”“‘ \ //
Deactivated \ :\/;- g
virus Y Y

Fever @ RT-gPCR I @ Test results rezktme

Purified RNA is reverse transcribed i) 13458 2158 20574 5 Positive SARS-CoV-2 patients cross
to cDNA and amplified by qPCR. I ] ?"”“ — ORF1b the threshold line within 40,00 cycles
RdRp (< 40.00 Ct).
- ool L .
Have Nt : i

Wiy — [T

Primers and probes for screening

Positive
E_Forward: ACAGGTACGTTAATAGTTAATAGCET ] Egene

E_Probe1: FAM-ACACTAGCCATCCTTACTGCGCTTICG-BBG Firstdine
E_Reverse; ATATTGCAGCAGTACGCACACA screening teol

Fluorescence

RdRp_Forward: GTGARATGGTCATGTGTBGCGE s
RARP_Probel: FAM-CCAGG TGEWACRTCATOMGGTGATGC-880 | RORP gene hreshold
RdRp_Probe2: FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ i’;’;’;"““’"’ ————————————
H H RARp_Reverse: CARATGTTAAASACACTATTAGCATA
Difficulty Pneumonia Negative

* N gene tasting is not further used because itis slightly less sensitive.

breathing (severe cases) Cycles

Viral RNA detection
AL

[ 1

pre-infection early advanced recovered
infection infection

L. BENEVIDES LIMA, et al. Expert Rev Mol Diagn. 2022
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CT value(cycle threshold)E2 iR 5 = RI 1%

 WHO: Ct values as a surrogate for the level of viral load

------------------------------------------------------------------------------

- The Depiction of Viral load and infectivity basis
on the RT PCR Ct (Cycle threshold) values.

Inversely Proportional relationship of Ct values 17-24 High Viral load

- and Viral load. :

Lower the Ct values = Higher the viral load _ s Pocerate Virs loaa
Higher the Ct values = Lower the viral load > 36 Non-diagnostic result

Ali A. Rabaan, et al. Diagnostics 2021
Rao, S.N, et al. Infect. Dis. Ther. 2020
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Rao SN, et al. Infectious diseases and therapy 2020
https://www.idsociety.org/globalassets/idsa/public-health/covid-19/idsa-amp-statement.pdf
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Infectious Diseases Society of America

Patient factors

Specimen factors

Test factors

Presence or absence
of symptoms

Adequacy of specimen
collection

Volume of sample subjected to testing

Severity of symptoms

Reproducibility of the specimen
collection method

Gene target

Time from symptom
onset

Specimen type (e.g., nasal swab,
saliva, BAL)

PCR primer and probe design, which may
be variably affected by emerging viral
variants

Immune status

Dilution of the sample in
transport medium or other
liquid

Nucleic acid extraction efficiency (note,
not all tests include a nucleic acid
purification and extraction step to remove
potential PCR inhibitors in the specimen)

Age

Specimen transport and storage
conditions

Gene target amplification efficiency

PCR instrument parameters and settings
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Symptomatic Window
NAAT Detection Unlikely NAAT Detection Window NAAT Detection Unlikely™

Late CT values

Sporadic shedding of residual viral nucleic acid

'

Exposure

! !

f

Symptom
Onset

SARS-CoV-2 isolation of replication-competent virus by viral culture
I SARS-CoV-2 nasopharyngeal NAAT positivity

*Highly sensitive NAATs may detect sporadic shedding of residual viral RNA at this stage
Stephanie L. Mitchell and Michael J. Loeffelholz, J Clin Microbiol. 2022



Antibody Levels

HIREES

First exposure
leading to
active
infection

S

Total antibody
lgM antibody
lgG antibody
RNA

LRV RS % B e I Y el 1

Second J
exposure -‘

leadingto |
active [
infection |

Primary
Infection

Seconda
Infection

Emmanuel Thomas, et al. Virus 2021
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Variable Confirmed Clinical reinfection Epidemiological Relapse/ Repositivity
reinfection reinfection reactivation

Clinical symptoms

PCR

Viral culture
(should one be
performed)

Time frame from
original infection

Isolation measures

Additional findings

Characteristic
clinical symptoms®
Positive

Positive

>90 days”
Recommended
Viral RNA
sequencing from

both episodes show
different strains

Characteristic
clinical symptoms
Positive

Positive

da

Recommended

Epidemiological
risk factor (known
exposure or
outbreak setting),
no other cause

Asymptomatic/
symptomatic
Positive
Positive

Recommended

Epidemiological
risk factor (known
exposure or
outbreak setting)

Characteristic
clinical symptoms*
Positive

Positive

<90 days

Should be
considered

No new exposure,
area of low
community spread

Asymptomatic
Positive
Negative

<90 days

Not recommended

4 Clinical manifestations characteristic of coronavirus disease 2019 (COVID-19).

b Could be considered in the event of under 90 days if recovery proven by two consecutive negative PCR tests and current known COVID-19 exposure.

Dafna Yahay, et al. Clinical Microbiology and Infection 2021
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Sample type Time of sample Result reading Sensitivity, Comments
collection® specificityt
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 Visval, 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.l tData from manufacturers.

Rosanna W Peeling,et al. Lancet Infect

Dis 2021
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Table 1. Positive predictive value of the BinaxNOW COVID-19 Antigen Card Test and RT-PCR relative to viral culture, Winnebago
County, Wisconsin, USA, November—-December 2020

SARS-CoV-2 diagnostic test result No. culture positive No. culture negative Total Positive predictive value, %
BinaxNOW positive 191 78 269 71.0
RT-PCR positive 200 134 334 59.9

*BinaxNOW, https://www abbott. com. RT-PCR, reverse transcription PCR; SARS5-CoV-2, severe acute respiratory syndrome coronavirus 2.

A 35+ B 351 .
= ~
o g >7u j]
EX - N 1~ /I\
304 30+
(<5 j<B)
= = &
o 8 ©
> — >
() ()
o 257 o 251
c c
<5 <5
Qo ao o
= =
204 20
. - N
75 S jj
EX /ﬁ - ~ 1“' /l\
154 | 15 -
Positive RT-PCR and antigen Positive RT-PCR, negative antigen

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 3, March 2022
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Joshua Deerain, et al. J Clin Microbiol 2022
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MIMEELL (n=731):

COVID-19

ANTIGEN SELF TEST
FOR INFECTI TION

[o] orc 195160

For use under an Emergency
thorization only.

2 TesTs

BinaxNOW.

Use Autho

;5"": FAST

Results in 15 Minutes

EASY
@ A Simple Nasal Swab

coviD ;
cinglh COVE B Ag
i

* 95.2% and 82.1% of persons who tested positive on RT-PCR
with Ct values below 30 and below 35, respectively

>

Average Viral Gene Ct Value (RT-PCR)

40 -

All Participants (n =296)

S A T 5 50 S i O ooy
« &
g
PPN
30 G
“L((\(@ ¢
RS ‘(&(« o
25 - B &«««6“(‘(
(U
« ‘«“(g(((k
@«
o« s
20 + P @ BinaxNOW(+)/RT-PCR(+)
«@««t“‘““ BinaxNOW(=)/RT-PCR(+)
W€

g
1 5 T T T T T T T

0 50 100 150 200 250 300

Sample (Ordered by Ct Value)

John Schrom, et al. Ann Intern Med 2022



FIGURE. Proportion* of adults aged =18 years who reported at-home rapid COVID-19 antigen test use during the preceding 30 days —
United States, August 23, 2021-March 12, 202218
100

ol

2 H

1::
X/ 1

Omicron period
A

Delta period
A

75

Only symptomatic
respondents asked
about at-home

% Reporting (95% Cl)

=== A\|| respondents ==@== Respondents with COVID-19-like illness

==g=== Respondents who report any testing

Benjamin Rader, et al. MMWR / April 1, 2022

~ testing Among those using
% at-home rapid Among those using
e Reported reason COVID-19 antigen test  other COVID-19 test
g Al respondents for testing* (n=18,578%) (n=280,8517)
E 5o- at-home testing Ordering for f Exposed to COVID-19 39.4 (38.5-40.3) 19.4(19.0-19.7)
= rdering for free
4% government tests Had COVID“] 9 Sym ptoms 28‘9 (28.1 _29.7) 1 6.7 (1 6.3_1 7.0)
E begins Didn't feel well 28.6 (27.8-29.4) 7.0 (6.7-7.2)
3 To visit family 17.0(16.4-17.7) 5.5(5.3-5.7)
& For work/school 10.6 (10.1-11.3) 17.4(17.0-17.7)
A Wanted to travel 9.2 (8.7-9.8) 23.2 (22.8-23.6)
Returning from travel 8.8 (8.3-9.3) 7.8 (7.5-8.0)
25 Doctor suggested 3.7(3.4-4.2) 8.4 (8.2-8.7)
Surgery required testing 2.0(1.7-2.3) 6.4 (6.2-6.6)
1 / Other reported reason 10.3(9.8-10.9) 13.0(12.7-13.3)
. (1)
2%
o 1 1 1 1 1 1 | 1
Aug 1 Sep 1 Oct 1 Nov 1 Dec 1 Jan1 Feb 1 Mar 1 Apr1
2021 I 2022
Date
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34.2%, 55.6% and 68 8% * 59.6%, 93.4% and 94.3%

Asymptomatic ! Symptomatic
100 e ——
80 A 80 4
e \
I

_ 601 _. 604 @
> > 3
E Pt
2 2
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e < 40

Initial PCR Positive (PIPP) ... DaysPastInitial P CR Positive (DPIPP )

medRxiv. 2022 Aug 6:2022.08.05.22278466
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Can avoid going to the test center for testing =
Easy and pleasant performance -
Prefer the shorter response time B
The PCR test gives a more valid result s —
Most comfortable with healthcare workers testing — I—— 5
Prefer testing in the nose  © ——
Prefer testing in the throat I
Difficult to get an appointment at the test center
Can get a corona passport M
Could not perform the RADT
0 20 40 60 80 100 120 140
® Prefer the PCR test Prefer the NP RADT  m Prefer the self-RADT No preference

Ida Johanne B. Mgller, et al. Int J Infect Dis. 2022
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+
test Likelihood the patient is infected with
SARS-CoV=2 now >99%
An individual likely to be te::glg‘f —
infected with SARS-CoV-2.
' W <—_| sensitivity 80%

e .
Estimated pre-test probability 90%. specificity 99% ‘-\\* Likelihood the patient is infected with
SARS-CoV-2 now 65%

test

A

MEAR A —REAZR—XNEE R - HEHEA
AR EEZ A —IXAY!

v

+
test Likelihood the patient is infected with
An individual unlikely to be > SARS-CoV-2 now 45%
. . tested by
infected with SARS-CoV-2. +-PCR
_ — sensitivity 80%

Estimated pre-test probability 1%. ificity 99
Lol ——— [ Likelihood the patient is infected with
- SARS-CoV-2 now <1%

test

Edward C. Stites and Craig B. Wilen. Med (N Y) 2020
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Disease prevalence
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. EE;" 499, MARER - 25%
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= B9 ERR] - 12%
o ﬂHﬁUEE 35% R - 11%
« FTIEME - 32% HiE - 11%

IRE LK - 10%

Zoe study and the React-1 study
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* 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, unvaccinated population...)
* 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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* prevalence in the overall population, prevalence among vaccinated people, or
probability of severe outcomes

 HEHE SRR

P

* Transmissibility, virulence, effectiveness of available diagnostics, vaccines or
therapeutics, effectiveness of established public health measures

2 outbreaksZ &

(]

* break chains of transmission and prevent the infection from spreading further

« ZRRIRE

e such as long-term care and acute care facilities

https://www.canada.ca/en/public-health/services/diseases/coronavirus-disease-covid-19/testing-screening-contact-tracing/testing-vaccinated-populations.html



Kot

i
.I.
I3

EEpE

v
23
R

it
W
)
O
<
CJ
|_\
O
S

REA1&

EEARRICOVID-1938 4

A Effectiveness of Previous Infection and BNT162b2 against
Any Symptomatic Omicron Infection

Table 2. Association Between Omicron or Delta Symptomatic SARS-CoV-2 Infection and Prior mRNA COVID-19 Vaccination Among
Adults 18 Years or Older Tested in the Increasing Community Access to Testing Platform, December 10, 2021, to January 1,2022

SARS-CoV-2 tTgst?-lpositive ’Igst:-lnegative e —_
Vaccine type evaluated variant cases controls Crude Adjusted? Q value® X
3 Doses vs unvaccinated" §
Any 3 doses of mRNA vaccine? Delta 5723 27308 0.063 (0.058-0.069) 0.065 (0.059-0.071) E
Omicron 5853 27308 0.34(0.32-0.36) 0.33(0.31-0.35) <ot &:g
3 Doses of BNT-162b2° Delta 5508 19239 0.076 (0.069-0.084) 0.077 (0.070-0.086) -
Omicron 4906 19239 0.36(0.34-0.39) 0.35(0.32-0.38) <o
3 Doses of mRNA-1273f Delta 5216 15395 0.045(0.038-0.052) 0.045 (0.038-0.053)
Omicron 4143 15395 0.28(0.26-0.31) 0.28(0.26-0.31) <0t

Accorsi EK, et al. JAMA. 2022

100~
90—
80—
704
60+
504
40+
304
20+
104
0
~104
-20

I 50.8

-0.2

B 55.5

T 54.0

i 76.3

Previous
Infection

2 Doses
of Vaccine of Vaccine of Vaccine

2 Doses

and Previous
Infection

3 Doses

3 Doses
of Vaccine
and Previous
Infection

Altarawneh HN, et al. N Engl J Med. 2022
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Prior Omicron infection protects against BA.4
and BA.5 variants

* Natural immunity

* Prior infected with pre-Omicron variant
* prevented reinfection with BA.4 or BA.5 with an effectiveness of 28.3%

* Prior infection with Omicron
* 79.7% effective at preventing BA.4 and BA.5 reinfection

* Time between infections
* natural immunity against SARS-CoV-2 wanes over time

https://doi.org/10.1101/2022.07.27.22277602
https://doi.org/10.1101/2022.07.11.22277448 Nature NEWS 21 July 2022
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Table 1 | Diagnostic accuracy variables of two rapid antigen tests. Values are percentages (95% confidence interval) unless stated otherwise

Analysis No Prevalence* (%)

Veritor System (Beckton Dickinson)

Sensitivity

Specificity

PPV

NPV

63.9 (57.41t070.1)

99.6 (99.3 to 99.8)

94.3 (89.5 to 97.4)

96.7 (95.9 to 97.3)

90.1 (84.2 to 94.4)

99.2 (98.8 to 99.5)

87.3(81.0t0 92.0)

99.4 (99.0 to 99.7)

84.2 (68.7 to 94.0)

99.4 (97.0 to 100)

97.0 (84.2 t0 99.9)

96.8 (93.1 to 98.8)

58.7 (51.1 to 66.0)

99.6 (99.3 t0 99.8)

92.9 (86.5 t0 96.9)

96.6 (95.8 to 97.4)

69.6 (55.9t081.2)

99.7 (98.3 to 100)

97.5 (86.8t0 99.9)

95.0 (92.1t0 97.1)

62.4 (51.2t072.6)

99.9 (99.5 to 100)

98.1 (90.1 to 100)

97.4 (96.4 t0 98.2)

56.5(41.1to 71.1)

99.1 (97.8 to 99.8)

86.7 (69.3 t0 96.2)

95.8 (93.7 to 97.4)

62.9 (54.0t071.1)

99.5 (98.9 to 99.8)

91.2 (83.4t096.1)

96.7 (95.7 to 97.6)

86.8 (78.1t0 93.0)

99.2 (98.6 to 99.6)

86.8 (78.1t0 93.0)

99.2 (98.6 to 99.6)

73.3(54.1t087.7)

98.4 (94.5 to 99.8)

91.7 (73.0 t0 99.0)

94.0 (88.6 to 97.4)

59.4 (49.2 to 69.1)

99.5 (99.0 to 99.8)

90.9 (81.3 t0 96.6)

97.0 (95.9 to 97.8)

75.0 (50.9 to 91.3)

99.2 (95.9 to 100)

93.8 (69.8 t0 99.8)

96.4 (91.7 to 98.8)

61.2 (50.0to 71.6)

99.5 (98.9 to 99.8)

91.2 (80.7 to 97.1)

96.8 (95.6 to 97.8)

Primary analysis 2678 8.7
Secondary (stratified) analysis:
Infectiousness viral load cut-offt 26/ 7% 5.7
Symptoms present at sampling§:
Yes 219 17.4
No 2317 7.7
Interval (days) between sampling and last contact with index case{:
<5 379 14.8
5 1303 6.5
>5 511 9.0
Biosensor (Roche Diagnostics)
Primary analysis 1596 8.3
Secondary (stratified) analysis:
Infectiousness viral load cut-offt 1596 5.7
Symptoms present at sampling§:
Yes 158 19.0
No 1414 7.1
Interval (days) between sampling and last contact with index case
B i 153 13.1
5 1095 7.8
»5 205 6.3

69.2 (38.6 t0 90.9)

99.5 (97.1 to 100)

90.0 (55.5 t0 99.7)

97.9 (94.8 to 99.4)

Ewoud Schuit, et al. BMJ 2021
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