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 Case finding in symptomatic or asymptomatic individuals

* Households and other contacts of confirmed cases
* A meta-analysis of 54 studies (77 758 people infected with SARS-CoV-2)
estimated an overall secondary attack rate of 16:6%

* Screening of populations at increased risk of acquisition and
transmission

* Health-care workers, and workers in residential care homes, essential
frontline workers, and public transport and aviation transport operators

 Testing as a public health tool to ensure safe environments and
enable economic recovery

* Testing travelers to reduce the risk of importing COVID-19

RW Peeling, et al. Lancet 2022
Madewell ZJ, et al. JAMA Netw Open 2020; 3: e2031756.
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SARS-CoV-2 infection time course

Presymptomatic stage
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Age as major risk factor

L

<10 years

{ l
!
COVID-19 cases (percentage of all cases)

<50 years

Asymptomatic... and mild disease (81%)

Incubation period * Fever, fatigue and dry cough
* Ground-glass opacities

* Pneumonia

>60 years >68 years

A A

Critical and deceased (5%)

* ARDS
* Acute cardiac injury
* Multi-organ failure

* Dyspnea
* Coexisting illness
* |CU needed
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Ben Hu, et al Nat Rev Microbiol. 2021



Sore throat |

Hoarse voice |

Unusual joint pains_
Unusual muscle pains_
Nausea |

Irregular heartbeat |
Skipped meals |

Chills or shivers |
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Persistent cough ||
Shortness of breath |
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Earache |
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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...)
* 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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=10%

Disease prevalence

Diagnostic assay sensitivity 80%, specificity : 90%

Healthy
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* Oropharyngeal/nasopharyngeal swabs

* the most frequently used biological samples
e Spe ~“100% and Sen 40-100%

* Salivary samples
* reduce the need for PPE

* Spe ~“90% and Sen ~85%
* Optimal method is unknown, and instructions on collection varied
* Sputum, bronchoalveolar lavage

* higher viral loads and be more likely to yield positive tests
* Difficulty collected

* Rectal swabs and stool samples
* esp. in the advanced stages of infection
* alternative diagnostic strategy

Wang W,et al. JAMA. 2020; Wo ' Ifel R, et al. Nature 2020; 6. Yang Y, et al. BMJ 2020; Sara Torretta, et al. Ear, Nose & Throat Journal 2021
Butler-Laporte G, et al. JAMA Intern Med 2021; Yu F, et al. Clin Infect Dis 2020; Wang H, et al. Eur J Clin Microbiol Infect Dis. 2020
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Combined OP/NS swab OP/NS swab + NP swab + | NP swab & OP/NS swab +

all positives all positives all positives
= —e—
Sverak(pocied) —8 97 (90-100)% 97 (90-100)¢ 90 (84-96)%
Heterogeneity 1> =39.4% Heterogeneity 1?=3€.3% Heterogeneity 1= 0%
. p=0.18 p=0.22 p=0.97
Desmet et al. — ; R ¢ & ', 89 (74-97)% 100 (20-100)% 89 (74-97)%
Viek et al. — ,' : .‘ ,'.\ 100 (75-100)% 92 (64-100)% 92 (64-100)%
Wehrhahn et al. — ', .‘ ,'k 100 (87-100)% 93 (76-99)% 93 (76-99)%
LeBlanc et al. — '., ‘, : - 94 (81-99)% 94 (81-99)% 89 (73-97)%
1] 1] 1 1] T L] 1] T | I ] 1 | 1 ] L LI 1 T 1 I T 1 LI
0.0 0.5 1.0

% oropharyngeal/nasal

0, HS 0 wia
swab (OP/NS) positive ® % NP positive ® % OP/NS & NP positive

Rose A. Lee, et al. Journal of Clin Microbiol 2021



Nucleic acid amplification testing (NAAT)

* Gold standard method with a RT-PCR assay
* 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

Orfla Orf1ab S E M N
MN908947 Wuhan-Hu-1
NC_004718 SARS-CoV
-2 o =
1. Corman, V. M. et al. Eur. Surveill. 2020. 2. Liu, R. et al..Clin. Chim. Acta 2020. 15,361 - 15,460 26,141 - 26,2563 28,555 - 28,682

3. Wikramaratna, P., et al. Euro Surveill. 2020 4. M. Yice, et al. Biosensors and Bioelectronics 2021 RdRp E N



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 ptOmSZ immediatedly inactivaied and proceed

to RNA extraction.

- P . e e Purified RNA
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Deactivated \ ﬁ W
virus v p4
COUgh Fever C Ri4 ' I ( : ) Test results rezl-time
Purified RNA is reverse transcribed i) 13458 2158 20574, 5 Positive SARS-CoV-2 patients cross
to cDNA and amplified by qPCR. [ 1 ?Rm — ORF1b the threshold line within 40,00 cycles
RdRp (< 40.00 Ct).
- 21 ) ) s
Retro transcription . :I]EIIEJ]

Wy — [T

Primers and probes for screening Positive

E_Forward: ACAGGTACGTTAATAG TTAATAGCST Egene 8

E_Probe1: FAM-ACACTAGCCATCCTTACTGCGCTICGBBG Firstdine P

E_Reverse: ATATTGCAGCAGTACGCACACA acreening teol §

RdRp_Forward: GTCARATCGTCATGTGTGGCGS § By
RARP_Probel: FAM-CCAGG TGEWACRTCATOMGGTGATGC-880 | RORP gene Threshold
RdRp_Probe2: FAM-CAGGTGGAACCTCATCAGGAGATGC-2BQ Confirmatory -
RARp_Reverse: CARATGTTARASACACTATTAGCATA testing Negative

Difficulty Pneumonia
breathing (severe cases)

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

Cycles

Viral RNA detection
AL

[ 1

pre-infection early advanced recovered
infection infection

L. BENEVIDES LIMA, et al. EXPERT REVIEW OF MOLECULAR DIAGNOSTICS 2021
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FDA grants first emergency use ok for at-home
COVID-19 test
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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

Patient meets the clinical criteria for COVID-19*

|

positive
NAAT** E

Confirmed
case

negative

Continued clinical suspicion of
COVID-19**#

no

No indication of acute
SARS-CoV-2 infection

\ yes

Resample**** and
repeat NAAT

negative

I positive

Confirmed
case

Optional®****: Two-point
serum collection for
antibody detection with
(semi)quantitative
serological assay in acute
phase and 2-4 weeks later

positive negative

Confirmed case

Mo indication for
acute/recent SARS-
CoV-2 infection
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Nadja Grobe, et al. Clin Microbiol Infect 2021
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Introduction

About pooled testing

Hierarchical testing

Calculation

Array testing

Ul
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Hierarchical testing

Calculate the operating characteristics for a given configuration

Specifications

How many diseases for the assay?

®1 O2

What is the overall disease
prevalence?

0.03

What is the sensitivity of the assay?
Note: Sensitivity is treated as equal for each

stage; if unequal, provide values separated
by commas and ordered by stage.

0.95

What is the specificity of the assay?
Note: Specificity is treated as equal for each

stage; if unequal, provide values separated
by commas and ordered by stage.

0.99

How many stages for the pooling
algorithm?

®2 O3

H calculate

[# Example

Whatis the initial pool size?

Note: The minimum size allowed is 3.

15

Operating Characteristics

3.05

Expected number of tests

https://bilder.shinyapps.io/PooledTesting/

Algorithm Diagram

0.31

Results

Expected number of tests per individual

Hou P, et al. Biostatistics 2020




CT value(cycle threshold)HI K&

 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 _ G RoOceate Naat tond
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



CT value(cycle threshold) I %K &

. CTEEE}”‘Z EiEEFW@
: ex, CT vaIue of 14 vs 35 ?

- CTIEBEFRBIRNZ 57
- —ixME @ SCTEXRTRREBE=RE(ex, XR35)
e ex, CT value of 35 tEES A (ERNE?
- RARBRG: CTEERET  ENAZEERLAEEMA..
« ANBSFIHIETEHTE *%%CTE?E%.“

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




SARC-CoV-2 viral load kinetics and nucleic acid detection

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, Michael J. Loeffelholz, Journal of Clin Microbiol 2022 Jun
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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
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& ETERNAL
COVID-19 Antigen Rapid Test

(€ @
e 2,096 samples

e Sensitivity and specificity:
e 76.39% [95%Cl, 64.91-85.60%] and 99.26% (95% Cl 98.78—99.58%)

Sensitivity of the Coronavirus Disease 2019 (COVID-19) Rapid Antigen Test Kit (ART) by reverse transcription polymerase
chain reaction (RT-PCR) cycle threshold (Ct) intervals.

I ART positive  Sensitivity % (95% CI)  ART negative  False-negative rate (%)

RT-PCR Ct value <20 39 39 100 (88.8-100) 0 0
20-<25 19 12 63.15 (38.63-82.77) 7 36.84
25-<30 14 4 28.57 (9.58-57.99) 10 7143

Jian MJ, et al. International Journal of Infectious Diseases 2022
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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.
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Positive RT-PCR and antigen Positive RT-PCR, negative antigen

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 28, No. 3, March 2022



HOW DELTA VARIANT AFFECTS HERD IMMUNITY

The Delta variant is more highly infectious than the original strain :
of Covid-19 or the Alpha variant. This means that the goal of herd i ‘ﬂ‘ *
Immunity is more difficult, as more people must be vaccinated Infected Couldbe Immune

to ensure the virus cannot spread further person - Infected

Original strain Alpha variant Delta variant Omicron
Infection  Vaccination needed Infection  Vaccination needed Infection  Vaccination needed

s

rate

rate | rate
O & O o

AN AN
IIETITEEIIY

@

*According to latest estimates, and assuming no lockdown or social distancing measures are in place
Talha Khan Burki, Lancet Respir Med 2021



The new Covid-19 variant: B.1.1.529

More mutations may make it spread faster

Spike protein helps New variant has 32
the virus enter human mutations on the Beta /’/
cells R spike protein

N\
Gammae_
RGN

Alpha

Delta (21A)

"%, Delta (21I)

New variant has 10 mutations ' _
on the 'receptor binding domain’ § Omicron
- which gains entry to cells

\ Delta (21))

Source: South Africa Centre for Epidemic Response and Innovation B|B|C]|



BIThE /R REnZRIE

oo 13 Antigen test kit
2 3 4 5 6 7 8 9 10

Ct N-gene

delta: 18.4

omicron: 18.8

delta: 22.0

omicron: 22.6

delta: 25.4

omicron: 25.8

Log,,SARS-CoV-2 RNA copies/mL

delta: 28.8

omicron: 28.8

delta
delta
delta
delta
delta
delta
delta
delta
delta

1]
=

[7]
o

omicron
omicron
omicron
omicron
omicron
omicron
omicron
omicron
omicron
omicron

Joshua Deerain, et al. Jour Clin Micro 2021
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— Panbio |

« AP FERRMTIT (n=244):
* specificity and sensitivity was 100% and 81.8%, respectively.

Overall sensitivity of the Panbio™ COVID-19 Ag rapid test device according to the SARS-CoV-2 RNA
load in nasopharyngeal specimens.

RT-PCR cycle threshold value  SARS-CoV-2 RNA load (logiy copies/ml)  Sensitivity (95% CI)

<20 > 7.5 95.6 (89.2-98.3)
< 25 > 5.8 92.6 (86.6-96.1)
<30 > 43 87.2 (80.7-91.8)
< 35 > 2.7 81.8 (75-87.1)

P. de Michelena, I. Torres, Journal of Infection 84 (2022) e64—e66



Point-of-Care Testing advantages for the diagnosis
and surveillance of SARS-CoV-2 infection

[
W

SARS-CoV-2 Sampling POCT @

Community 1. Anterior nares

2. Nasopharyngeal
Schools , i b
Borders \
—

Convenience
Portability 3. Saliva

/H; ? ! / RT-PCR \/

@ _\
Correct sampling
> Quality control

<1lh ~

Quicker diagnosis
Exclusion of diagnosis
Efficient workflow

More appropriate treatment
Economical benefits

Speed Easy, self done collection

No need for supplies of swabs and PPE

FS lliescu, et al. Micromachines 2021




a) Symptomatic Suspected! case of COVID-19 b) Suspected outbreak of COVID-191 c) Asymptomatic health workers and contacts
in closed or semi-closed setting of confirmed or probable COVID-19 cases#

Ag-RDT Ag-RDT
Antigen (+) from multiple
Antigen (+) Antigen (=) individuals with COVID-19 Antigen (+)5 Antigen (-)6
signs/symptoms
High clinical suspicion:
consider repeat testing
with NAAT or Ag-RDT m
NAAT or

NAAT or
Ag-RDT (+) |l Ag-RDT ()

Yes

l

v ll v

\ \

——— Nec\>, i(;uerrzizt Notitecten S'R‘g':g‘:\',“z Unlikely Infected with Ne?/ ii!l:err:izt
SARS-CoV-22 of infection? with SARS-CoV-2 cluster control measures| |COVID-19 outbreak RARRCov of infection3

* The results of Ag-RDTs will be most reliable in areas where there is ongoing community transmission (25% test positivity rate)
Ag = antigen, NAAT = nucleic acid amplification test.

WHO: Antigen-detection in the diagnosis of SARS-CoV-2 infection: Interim guidance
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