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Several Indications for SARS-CoV-2

Diagnostic Testing

* Surveillance — understanding disease
epidemiology, monitoring impact

* Clinical Case Management and Contact Tracing
— Discharge or release from isolation/quarantine

* Prior infection/exposure and immunity

* Prognosis - predicting who is likely to develop
severe disease or who could benefit from Rx

Focus is primarily on humans but needs extend to animals and the environment
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Several COVID-19 Diagnostic Approaches

Mechanism e \Virus detection
* Immune FESpOHSE

e Respiratory tract, stool

Samples e Blood, serum, plasma
e RNA
Biomarkers « Proteins

e Antibodies

* RT-PCR and isothermal amplification

* Sequencing
M et h Od S * Immunoassay for detection of antigens and antibodies

and neutralization assays
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Interim WH

guidance:

Laboratory testing for
COVID-19

https://apps.who.int/iris/

bitstream/handle/10665/

331501/WHO-COVID-19-

laboratory-2020.5-

eng.pdf?sequence=1&isA

llowed=y

Laboratory testing for coronavirus disease
(COVID-19) in suspected human cases

Interim guidance
19 March 2020

Background

This document provides intenim gndance to labocatories and
stakeholders involved i COVID-19 virus laboratory testing
of patients.
It 15 basad in part on the interim guidance on laboratory
testing for Middle East Respinatory Syndrome !\ERS)
coconavizus.*4 Information oo human infection with
CO\’D—Wnnsuwol\.n;nd\lHOcmuom
and revise re & DECessaTy.
This documens will be revised 25 new informanion becomes
avatlable Feedback is welcome and can be semt to
The virus has pow been named SARS-CoV-2 by the
muml Commimee of Tawooomy of Viruses
Y (2) This virus can cause the disease pamed
cmuus disaase 2019 (COVID-19). WHO refers to the
virus as COVID-19 virus in its curens documentation.

Laboratory testing guiding prin
who

The decision to test should be based on climical and
epidenniological factors and linkad 10 an assessment of the
Ikelhood of infaction PCR testng of asymptamatic o
mildly syoptomatic comtxcts can be comsidered in the
assessment of individuals who have had coneact with a
COVID-19 case Screenming protocols should be adapeed to
the local snation. The case definitions are being rezulaly
reviewsd and updated as new information bacomes avatlable.
For the WHO suspected case definition see: Global
Surveillance for human infaction with coronavirus disease
(COVID-2019).*

Rapid collection and testing of appropriate spacimens from
panents meeting the suspectad case definition for COVID-19
15 2 prionity for clinical management and cutbreak control and
should be gwided by a laboratory expert. Suspectad cases
should be screemed for the virws with muclek aad
anplification tests (NAAT). such as RT-PCR.

If testing for COVID-19 is net yet available mdomally,
specimens should be referred A list of WHO reference
laboratones providing confirmatery testing foc COVID-19
and shipment instructions are available

pes for patents

eet ‘}-;- suspect case definition

World Health
Organization

If case management requires, patients should be tested for
other respaatory pa!hog:m using routine hbtnm
procedures, as rec ded inlocal

for commmmity-acqured poeumonia. Addisonal

should not delay mmgchO\’DlQ As co-infections can
ocan, Epanmhtm&mmda*&m
should be tested for COVID-19 virus regardless of whether
another respratocy pathogen is found.

In an early stady in Widan, the mean incubation peniod for
COVID-19 was 5.2 days among 425 cases, though it varies
widely between individuals *** Virus shedding patterns are
Dot yet well Moodmd‘\m:nmnpn«smmded

should be jfollowed for mm:okmresmgu:d
potentially funure research.

nen collection and shipment

Safety procedures during speci 1
Ensure that adequate standard operating procedures (SOPs)
are in use and that staff are trained for appropriate specimen
collaction, storage. packaging, and wansport. All spacimens
coliactad for baboratory mvestizations should be regrdad as
pocennally infectious.

Ensure that health care workers who collect specimens adhere
nigorously to infection prevention and conzol puidelines
Specific WHO mterim pusdance has been published '

Box 1. Baozafety practice: @ the laboratery

Testing oo climcal specimens fom patents mestng Se
wspected case defizision abould be parformed i appropately
oqupped bibcratares by saff mamed = e relevant wckzical

Linsnd infocmaticn ca the misk posed by COVID-19, be2 a2l

or equivalen faciktien % culnze e VU TegEEe
BSL-3 Scilnes 3t mumimzmm.
Fex: £ d o COVID-19 risk e

HO & ioaatery reiaed 2 2010
200V, Samples that xe potestially infections mamrials (PRM)
.upoboudhhwﬂm‘dnduauaﬂm
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https://apps.who.int/iris/bitstream/handle/10665/331501/WHO-COVID-19-laboratory-2020.5-eng.pdf?sequence=1&isAllowed=y

Laboratory testing for COVID-19

Virus detection

* Nucleic acid amplification
tests (NAAT)

* Rapid Antigen detection
* Viral sequencing
* Viral culture
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Specimens
to be
collected
from

symptomatic
patients
and
contacts

e
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Table 1. Specimmens to be collected from symptomatic patient: and contacts

Labkoratory testing for coronavinus disease (COVID-19) in suspected buman cases: interim guidance

Test Type of sample Timing
Patiert MAAT Lower recpiratory fract Collect on prezentation.
- sputum Possibly repeated sampling to
- aspirate manitor ciearance. Further
- lavags regeanch needed to determing
effectiveness and reliability of
|pper recpiratory fract repeated sampling.
- nasopharyngeal and
- oropharymgeal swabs
- nasopharyngeal
washinasophanymgeal
acpirate.
Consider stools, whole blood,
uring, and if dizeased, materal
from autopsy.
Patiert Serclogy Serum for serological testing Pawed samples are necessary
once validated and avalable for confirmation with the mitial
sample collected in the: first
week ofillness and the second
ideally collected 24 wesks later
{opamal timing for convalescent
sample needs to be
established).
Contact HAAT MNasopharyngeal and Within incubation period of last
in health-care centre associated oropharyngeal swabs. documented confact
outbreaks or ofer setlings where
contacts have symploms, or
where asymptomatic contacts
have had high-intensaty contact
with a COVID-19 caze.
Serlogy Serum for serological testing Baseline serum faken as cary
once validated and avalable. &s pogsibie within incubation
period of contact and
corvalescent serum taken
24 weeks afier last contact
{op@mal timing for convalescent
sample needs to be
established).
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Specimen
collection

and

shipment

Table 2. Specimen collection and storage (adapted from* 2"

Laboratory testing for coronavirus disease (COVID-19) in suspected human cases: intefim guidance

Specimen type Collection materials Sterage temperature until Recommended temperature
testing in-country laboratory for shipment according to

expected shipment time
Nasopharyngeal and Dacron or polyester flocked 28°C 2-8 °Cif =5 days
oropharyngeal swahb swabs” =70 °C {dry ice) if >5 days
Bronchoalveolar lavage Sterile container * 28°C 2-8 °Cf =2 days

=70 °C (dry ice) if >2 days
(Endo)tracheal aspirate, Sterile container * 2-8°C 2-8 °C if =2 days
nasopharyngeal or nasal =0 °C (dry ice) if 2 days
wash/aspirate
Sputum Sterile container 2-8°C 2-8 °C if =2 days

—70 °C (dry ice) if >2 days
Tissue from biopsy or autopsy Sterile container with saline or 28°C 2-8 °C if =24 hours
including from lung. WTM. —70 °C (dry ice) if 24 hours
Serum Serum separator tubes (adults: 2-8°C 2-8 °C if =5 days

collect 3-5 ml whole blood). —70 °C (dry ice) if 5 days

Whole blood Collection tube 28°C 2-8 °C if =5 days

=70 °C (dry ice) if 5 days
Stoaol Stool container 2-8°C 2-8 °C if =5 days

=70 °C (dry ice) if 5 days
Urine Urine collection container 2-8°C 2-8 °C if =5 days

—70 °C (dry ice) if >5 days

* For transport of samples for viral detection. use viral transport medium (VTM) containing antifungal and antibiotic supplements.
Avoid repeated freezing and thawing of specimens. If WVTM 1s not available stenle saline may be used instead {in which case,
duration of sample storage at 2-8 “C mavy be different from what is indicated abowve).

Aside from specific collection materials indicated in the table also assure other materials and equipment are available: e g transport
containers and specimen collection bags and packaging, coolers, and cold packs or drv ice, sterile blood-drawing equipment {e.g.
needles, syringes and fubes), labels and permanent markers, PPE, materials for decontamination of surfaces, etc.
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Swab Specimen Collection

Inferior nasal turbinate

Path of Swab
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Orfia Orfiab S EM N

NUCIEic aCid amplification MN908947 Wuhan-Hu-1

NC_004718 SARS-CoV

tests (NAAT) for COVID-19 e PR .

RARp E

Summary table of available protocols in this document

* Routine confirmation of cases of

COVID-19 is based on detection e cor_ s SRy
Of u n iq u e Seq u e n Ces Of Vi ru S Institut Pasteur, Paris, France Two targets in' RdRP
US CDC, USA Three targets in N gene

R N A by N AAT E::;:lnal Institute of Infectious Diseases, Pancorona and multiple targets, Spike protein
* real-time reverse-transcription Charit,Germany_ R EN__

polymerase chain reaction (rRT- T T TR

PC R) W Ith _CO nfl rm at I O n by https://www.who.int/docs/default-

NUcC | elCc acl d Seq uenci ng W h en source/coronaviruse/whoinhouseassays.pdf?sfvrsn=de3a76aa_2

necessary.

The sensitivities of the tests to individual genes
are comparable according to comparison
studies except the RARpSARSr (Charité) primer
probe, which has a slightly lower sensitivity
likely due to a mismatch in the reverse primer

 The viral genes targeted so far
include the N, E, S and RdRP
genes.

* RNA extraction should be done
in a biosafety cabinet in a BSL-2
. oy .J Clin Microbiol. 2020;JCM.00557-20. Published online April 8, 2020.
or eqUIvaIent faC|I|ty. doi:10.1128/JCM. 00557-20
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2.02988
1.73585
1.44204
1.14813
= 0.85422
0.56031
0.26640
4.02751
4.32142
4.61532

198488
173121
147755
122388

£ 08702
071655
046289
0.20822

0.04444
0.28810

198488
173121
147755
122388

£ 097022
071655
046289
020822

0,044
.29810

POS.
T3 5 7 91113151719 21232527 29 313935 37 39 414345
Cycle
POS. of one
target
Repeat the test
__‘,..-""
b e R
T3 5 7 91113151719 21232527 29 313935 37 39 414345
Cycle
NEG.
N
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135 7 91113151719 21232527 29 3133 3537 39 414345
Cycle

Interpreting rRT-PCR Tests

Double gene: <35 C.T = Pos.
Double gene: 35...38 C.T;
repeat the test

Same result; Pos.

C.T2 39 = Neg.

One target gene; repeat the
test

Same results; re-sampling
|.C. =Neg.; repeat the test with
1:10 dilution of extract

Same result; re-extraction
or re-sampling

198488
173121
147755
122388

£ 09702
071555
046289
020922

004444
129810

|.C. NEG

Repeating test with 1 to dilution of
the extract and/or re-extraction or
re-sampling

ﬁ-—.ﬂ'h" ==

135 7 91113151719 21232527 28 3133 35 37 30 414345
Cycle

= N

198488
173121
147755
122388
£ 087022
0.71655
046289
020922
004444
029810

153488
173121
147755
1.22388

£ 097022

0.71855
046289
0.20822
.04444
.28810

194612
1.69483
144315
119188
£ 084018
0.68869
04371
0.18572
.08577
4.31725

POS.

s

R ——

135 7 91113151719 21232527 29 3133 3537 39 414345
Cycle

POS. of one
target
Repeat the test

" —

13 5 7 91113151719 21232527 29 31333537 38 414345
Cycle

|.C. NEG

Repeating test with 1 to dilution of
the extract and/or re-extraction or
re-sampling

'/-ﬂ"'

—

10

13 5 7 89113151718 2123252729 31333537 30 414345
Cycle
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Detection of SARS-CoV-2 in different types

of clinical specimens

* data suggest the sensitivity ¢ False-negative results mainly

of the COVID19 RT-PCR : occurred due to
290 — inappropriate timing of sample
32% for oropharyngeal, collection in relation to illness
— 63% for nasopharyngeal (NP) onset
* |t was reported Pharyngeal — deficiency in sampling
washing has the same technique, especially of
sensitivity ?? nasopharyngeal swabs.
— 73% for sputum samples e Specificity of most of the RT-
— 93% for tracheal aspirates/ PCR tests is 100%
bronchoalveolar lavage (BAL)
— Saliva ??

JAMA. doi.org/10.1001/jama.2020.3786
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False-Negative Rate of RT-PCR—Based SARS-CoV-2 Tests by Time Since

Exposure

« Over the 4 days of infection before the i . " "
typical time of symptom onset (day 5), : | 0'.. "I E.M
the probability of a false-negative result E - :." i

in an infected person decreases from Pol ee s . e
« 100% (95% Cl, 100% to 100%) on | % < f’”’““

day 1 I ¢ e

* 67% (Cl, 27% to 94%) on day 4 £oe

* On the day of symptom onset, the I RN e

median false-negative rate
 38% (Cl, 18% to 65%) on day 5
* decreased to 20% (Cl, 12% to 30%)
on day 8
* then began to increase again, from
21% (Cl, 13% to 31%) on day 9 to
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66% (Cl, 54% to 77%) on day 21. 4 H
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Viral load kinetics, seroconversion and clinical

Pharyngeal virus shedding was very
high during the first week of
symptoms

* peakat7.11 X 10e+8 RNA

copies / throat swab, day 4.

Infectious virus was readily isolated
from throat- and lung-derived
samples, but not from stool samples
in spite of high virus RNA
concentration.
Blood and urine never yielded virus.
Shedding of viral RNA from sputum
outlasted the end of symptoms.
Seroconversion occurred after 6-12
days, but was not followed by a rapid
decline of viral loads.
Asymptomatic persons seem to shed
virus longer than symptomatic ones
and show weak immunologic
reaction than to symptomatic one.

Nature 581, 465—-469 (2020)
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Influenza A Virus Subtypes

Other Respiratory Viruses

Complexity Manufacturer Product/information Virus Detection Method Platform/Instrument Influenza Viruses Detected Differentiated Differentiated Approved Specimens: Test Time
SARS-CoV-2, Adenovirus,
Coronavirus 229E, Coronavirus
HKU1, Coronavirus NL63,
® Coronaviru50§43, Human
) BioFire Diagnostics, LLC  BioFire Respiratory o ) FILMARRAY®2'O and AlH1), Metapneumovirus, Human
High, Moderate X X Nucleic Acid Detection ~ FILMARRAY® TORCH  Influenza A, Influenza B A(H1)pdmO09, Rhinovirus/Enterovirus, NPS 1 hour
(Commercially Available) Panel 2.1 (RP2.1) Parainfluenza Virus 1
systems A(H3) g
Parainfluenza Virus 2,
Parainfluenza Virus 3,
Parainfluenza Virus 4, Respiratory
Syncytial Virus
SARS-CoV-2,
Adenovirus, Coronavirus 229E,
Coronavirus HKU1, Coronavirus
A(Hl) NL63, Coronavirus 0C43, Human
BioFire Diagnostics, LLC BioFire Respirator FILMARRAY® 2.0 EZ ! Metapneumovirus, Human Approximately 45
High, Moderate, Waived X 8 - P 4 Nucleic Acid Detection ) . Influenza A and B A(H1)pdm09, Rhinovirus/Enterovirus, NPS PP R 4
(Commercially Available) Panel 2.1-EZ (RP2.1-E2) Configuration System AH3) Parainfluenza Virus 1, minutes
Parainfluenza Virus 2,
Parainfluenza Virus 3,
Parainfluenza Virus 4, Respiratory
Syncytial Virus
SARS-CoV-2,
Adenovirus, Coronavirus 229E,
Coronavirus HKU1, Coronavirus
NL63, Coronavirus 0C43, Human
GenMark Di i Plex Respirat A(H1), Metapneumovirus, Human
enMark Diagnostics, ePlex Respirator inovi i
High, Moderate g ’ P v Nucleic Acid Detection ePlex System Influenza A and B A(H1)pdmO09, Rhinovirus/Enterovirus, o i1 viral transport media <2 hours
Inc Pathogen Panel 2 Parainfluenza Virus 1,
A(H3) Parainfluenza Virus 2,
Parainfluenza Virus 3,
Parainfluenza Virus 4, Respiratory
Syncytial Virus A, Respiratory
Syncytial Virus B
SARS-CoV-2, Adenovirus,
Coronavirus 229E, Coronavirus
HKU1, Coronavirus NL63,
A(Hl) Coronavirus 0C43, SARS-CoV-2,
) IAGEN IAstat-Dx Respiraton o . IAstat Dx Analyzer ’ Human Metapneumovirus A+8, in uni
High, Moderate Q. . Q P v Nucleic Acid Detection Q v Influenza A, Influenza B A(H1)pdmO09, Parainfluenza virus 1, NPSin un'verffl transport 1 hour
(Commercially Available)  SARS-CoV-2 Panel System 1.0 A(H3) Parainfluenza virus 2, media
Parainfluenza virus 3,
Parainfluenza virus 4,
Rhinovirus/Enterovirus,
Respiratory Syncytial Virus A+B
Healthcare provider-
Roche Molecular collected NPS and NS, and
High, Moderate Systems, Inc. cobas SARS-CoV-2 & Nucleic Acid Detection Cobas 6800/8800 Influenza A, Influenza B Not Differentiated SARS-CoV-2 .Self'm”ec'(ed NS (cgueCt.ed 3-8 hours
K . Influenza A/B Systems in a healthcare setting with
(Commercially Available) instruction by a healthcare
provider)
Healthcare provider-
Roche Molecular cobas SARS-CoV-2 & °°I|f|e°t”e°' tNZS:;d NIT‘ at"‘:j
High, Moderate, Waived Systems, Inc. Influenza A/B Nucleic  Nucleic Acid Detection Cobas Liat Systems Influenza A, Influenza B Not Differentiated SARS-CoV-2 is:aﬁ:aﬁt‘;re se(tct?ngefzvieth 20 minutes
(Commercially Available) Acid Test instruction by a healthcare
provider)
Cepheid Xpert Xpress GeneXpert Dx and
High, Moderate ‘p . SARS-CoV-2/ Nucleic Acid Detection GeneXpert Infinity Influenza A and B Not Differentiated SARS-CoV-2, RSV NPS, NS, NW/NA <40 minutes
(Commercially Available)
Flu/RSV systems
Cepheid Xpert Xpress GeneXpert Xpress
Waived .p . SARS-CoV-2/ Nucleic Acid Detection System (Tablet and Hub Influenza A and B Not Differentiated SARS-CoV-2, RSV NPS <40 minutes
(Commercially Available) N ’
Flu/RSV Configurations)
" ; A
High, Moderate, Waived Quidel Sofia 2'Flu SARS Antigen Detection Sofia FIA Analyzer Influenza A, Influenza B Not Differentiated SARS-CoV-2 NPS, NS within first 5 days of 15 minutes
Antigen FIA onset of symptoms
Patient ships the self-
he\grhecr;g[:;er;ev?dt:r/‘aNS collected specimen to Quest
. : N . . Diagnostics overnight via
uest Diagnostics RC Roche cobas SARS-CoV-2 =
High Quest Diagnostics Q s Nucleic acid detection Influenza A and B Not Differentiated SARS-CoV-2 specimen 'S.Self collected at FedEx. Test results are
COVID-19 +Flu RT-PCR & Influenza A/B home using the Quest rovided electronically to
Diagnostics Self-Collection P caty
Kit for COVID-19 +Flu the healthcare provider and
the patient.
cDC . .
(Public Health Use Only Influenza SARS-CoV-2 Applied Biosystems 7500 NPS. NPW. NPA. NS, NA TS
High ! (Flu SC2) Multiplex Nucleic Acid Detection  Fast Dx Real-Time PCR Influenza A, Influenza B Not Differentiated SARS-CoV-2 . ’ e 4 hours

Not Commercially

*
Available) Assay

Instrument

sputum, TA, BAL




Return to Work Criteria for HCP with

SARS-CoV-2 Infection

: Symptom-based strategy for determining when HCP can return to work

Co ) I
| HCP with mild to moderate illness who are not severely - HCP who are symptomatic: .
. immunocompromised: - I —  Resolution of fever without the use of fever-reducing I
. , | medications and
| —  Atleast 10 days have passed since symptoms first appearedand - ) -
. . I —  Improvement in symptoms (e.g., cough, shortness of I
- —  Atleast 24 hours have passed since /ast fever without the use of I breath), and
| fever-reducing medications and . ’ . . . -
. _ I —  Results are negative from at least two consecutive respiratory I
I —  Symptoms (e.g., cough, shortness of breath) have improved I specimens collected >24 hours apart (total of two negative .
. Note: HCP who are not severely immunocompromised and . | specimens) tested using an FDA-authorizeq mole'culgr viral I
| Were asymptomatic throughout their infection may return to work when 1, assay to detect SARS-CoV-2 RNA. See Interim Guidelines for
t least 10 d h dsi the date of their first iti iral . Collecting, Handling, and Testing Clinical Specimens for 2019
. at leas ays have passed. since : e:c at e of their first positive vira | I Novel Coronavirus (2019-nCoV). I
l 1agnostic test. ) HCP who are not s ic: ’
] T . . ymptomatic.
° e /"’ICP with severe m_ cr/i/ca////ness or who are severely | : —  Results are negative from at least two consecutive respiratory I
l immunocompromised-: . specimens collected =24 hours apart (total of two negative I
i —  Atleast 10 days and up to 20 days have passed since symptoms | l specimens) tested using an FDA-authorized molecular viral
| first appeared . assay to detect SARS-CoV-2 RNA. See Interim Guidelines for '
- At least 24 h h d since JastF ithout th £l | Collecting, Handling, and Testing Clinical Specimens for 2019 |
: - f eas : ours g.vetp.)asse .;/nce ast fever without the use o Lo Novel Coronavirus (2019-nCoV). .
. ever-reducing medications an _ I I In some instances, a test-based strategy could be considered to allow HCP |
| —  Symptoms (e.g., cough, shortness of breath) have improved .= toreturn to work earlier than if the symptom-based strategy were used. -
. —  Consider consultation with infection control experts I | many individuals will have prolonged viral shedding, limiting the utility of |
I Note: HCP who are severely immunocompromised but who . this approach. :
* were asymptomatic throughout their infection may return to work when | | Atest-based strategy could also be considered for some HCP (e.g., those l
I atleast 10 days and up to 20 days have passed since the date of their first =~ | whp are :severely |mmun.ocomprom|se-d) n consultatlon.wn.h Ioca.l )
. ositive viral diagnostic test | | infectious diseases experts if concerns exist for the HCP being infectious |
I P g ) . for more than 20 days. .
. l |
I L]
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https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html#definitions
https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html#definitions
https://www.cdc.gov/coronavirus/2019-ncov/hcp/return-to-work.html#severely-immunocompromised
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
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 Landscape and test characteristics

* Performance

— Principles

— Scientific evidence
 Target product profile

* Conclusions
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Timing and targets
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Antigen detecting tests

* (N) SARS-CoV-2
Nucleocapsid

. protein/Nucleoprotein
sonamima o (S) SARS-CoV-2 Spike
Enveope Proen ® protein

* (M) SARS-CoV-2
Membrane protein

* (E) SARS-CoV-2
Envelope protein.
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Landscape of ‘registered and RUQ’

antigen detecting tests

Lateral Flow ICT +/- reader = RDT Enzyme immunoassays (EIA)

« 24 manufacturers « 8 manufacturers

« 31 products * 10 products

)O No info on web ,;o No info on web

« 14 manufacturers « 8 manufacturers

17 products * 10 products
=
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Rapid diagnostic test — LFI
\ Labeled Primary Secondary

antibody antibody antibody
Analyte
| 1 l-
Analyte-labeled antibody
complex

Test Control
line line

Source:https://www._cd-diatest com/common-formats-of-iateral-flow-tests d27

<,

&

W
“  Shaheed Beheshti Virolo National Research
- Universityof Medical Research Cegmz Institute of Tuberculosis |
Sciences and Lung Disease
(NRITIL D)

23

2/21/2020




15 July 2020

Overview of Test Characteristics

-~ &

Target ¢ Nucleocapsid most commonly reported

* Lateral flow dipstick or cassette
* Visual read out or requires reader (walk- away or read-only)

Format

* Primarily naopharyngeal swabs but some are compatible with nasal swabs and sputum

Sa I I | p | e typ e #Test asap; alternatives: swab at 2-8C 4-24 hours or in VTM for 3 d but not all products

compatible with VTM and all list VTM as potentially compromising performance

Test kit e some include swabs and controls
Reading time * 5 mins, but most 30 mins

Siielp-t=d<Nelelalelii[e]al 38 © 2-30°C ; one exception: 40°C

v QR
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-
Add 500uL(10 Immerse the sample  Coverwith thedripper
drops) of sample  swak into the buffer
sxtraction buffer and fully elute the
to the tube the sample

@ Specification

Add 100pL (2 drops) ofthe

processed sample into the well

Wit for 10 min
Read the result with

Flugrescence Immu noassay
Analyzer

Diagnoste Kit far 2019-Novel Coronavirus

YRLFO4401025 {2019-nCoV} AgTest { Flusrescence
Immunochromatograshic Assay)
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(1) Dilution / Extraction ( v/v)

@ Test

15 minutes

Positive

—
| mi

Negative

Twl

Control -
line
Test line
|
|
3 Results
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Insert the swab
specimen and swirl
the swab 5~10 times.

1

Remove the swab
while gently squeezing
the head of the swab.

2

m Interpretation of Results

Close the assay
diluent tube with
a filter cap securely.

4

Invert the assay diluent tube
and gently squeeze it to draw
3~4 drops (90~150u0) into a
sample well on the device.

Negative Positive Invalid
/ = S = F2) \ / (SH= (2] ) \ / (S 2]
= o= __— 2 g - = -
ga’ nll_.ltl:lﬂ [DI J {gaul T T L|:1 J \gem " — ||:1 J
On2red ine “C™ wathin 1he resull WINcow. Two bands . black “T" test Iine and red - = =
"G contral line within the result window. g&‘ in | M1 la ‘ J
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Read result
within
5~8 min

Read the result
within 58 minutes,

National Research
Institute of Tuberculosis
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No “CT line wihin the result window.
it is recommended that the specimen be retested.
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Factors influencing test performance

» Host factors such as the time from illness onset and immune status — high viral
load/antigen = better performance

« Sample type (upper, lower respiratory tract), quality and processing, including
storage conditions and dilution in viral transport medium

» Viral factors including the concentration and duration of viral antigen shedding and
structural variation in the target antigen

* Product design or quality. Antibodies may have poor affinity or be of insufficient
quantity and poor packaging and exposure to heat and humidity can degrade
antibodies. Unclear or incorrect instructions for use may lead to problems
performing the test. These issues can all affect test performance

 Training and competency of the test operator; operator error in preparing the RDT,
performing the test or interpreting the result can lead to erroneous conclusions.
Because of the differing protocols of rapid tests, education of laboratory personnel
about methods and limitations prior to their use is essential.

&
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Measures of test performance

« Analytical sensitivity - is the ability of a test to

detect a target analyte (e.g. antigen), in a sample
usually expressed as the minimum detectable

concentration of the analyte.

* Analytical specificity - the ability of an assay to
measure on particular organism or substance, rather
than others, in a sample.

This is done in the laboratory using well characterized and often ‘spiked’ samples
reported in the instructions for use

i RS
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Measures of test performance

* Clinical sensitivity - is the ability of a test to detect a
target analyte (e.g. Antigen) in a patient/population

number of true positives
number of true positives + number of false negatives

* Clinical specificity - the ability of an assay to
measure on particular organism or substance, rather
than others, in a patient/population

specificity

number of true negatives
number of true negatives + number of false positives

<
e
NNINsDES
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What is the effect of disease prevalence ?

* Positive predictive value (PPV)

— probability that subjects W|th a posﬂwe test truly have
the dlsea Se numhﬂ of true positives

PPV =

number of true positives + number of false positives

* Negative predictive value (NPV)

— probability that subjects with a negative test truly do not
have the disease aumbe of true negatives

number of true negatives + number of false negatives

<
e
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Example — Population 10,000

Single step test  Sensitivity 70%; specificity 97%

Missed +ve cases

No. with % +ve
Prevalence (%) Fensitivity dpecificity [PV PV e i ilql FN disease  No. +tests Total tests
0.5 70.0 97.0 99. 10.5 35.0 298.5 | 9651.5 15.0 50.0 333.5 10000.0 3.3
2.0 70.0 97.0 99 323 140.0 294.0 | 9506.0 60.0 200.0 434.0 10000.0 4.3
5.0 70.0 97.0 98 201 350.0 285.0 | 9215.0 150.0 500.0 635.0 10000.0 6.4
20.0 70.0 97.0 92. 85.4| 1400.0 240.0 § 7760.0 600.0 2000.0 1640.0 10000.0 1l16.4
50.0 70.0 97.0 76 95.9) 3500.0 150.0 | 4850.0 1500.0 5000.0 3650.0 10000.0 36.5

Two step scenario
Test 1: Sensitivity 70%; specificity 97%
Test 2: Sensitivity 95%; specificity 99%
Missed +ve cases

ﬁ _'I MNo. with
Prevalence (%) Sensitivity Specificity NPV PV FP FMN disease Mo. + tests Total % +ve tests
0.5 66.5 100.0 998 918 331 30 9947.0 16.8 50.0Test 1: 333.5f Test 2: 36.2 10000.0Test 1: 3.3% f Test 2: 10.9%
20 66.5 100.0 993 978 1339 29 9797.1 67.0 200.0Test 1: 434.0 Test 2: 1359 10000.0Test 1: 4.3% f Test 2: 31.3%
5.0 656.5 100.0 98.3 992 3329 29 2497.2 167.5 500.0Test 1: 635.0f Test 2: 3354 10000.0Test 1: 6.4% f Test 2: 52.8%
20,0 656.5 100.0 923 998 13309 24 79976 670.0 2000.0Test 1: 1640.0 f Test 2: 1332.4 10000.0Test 1: 16.4% f Test 2: B1.2%
50.0 66.5 100.0 749 100.0 33259 15 4998.5 1675.0 5000.0 Test 1: 3650.0 f Test 2: 3326.5 10000.0Test 1: 36.5% / Test 2: 91.1%

<,
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Current policy on use of COVID-19 Ag RDTs

Advice on the use of point-
of-care immunodiagnostic
tests for COVID-19

Scientific Brief

8 Apnl 2020

In response to the growing COVID-19 pandemic and shortages of laboratory-based molecular
testing capacity and reagents, multiple diagnostic test manufacturers have developed and
begun selling rapid and easy-to-use devices to faciitate testing outside of laboratory seftings.
These simple test kits are based either on detection of proteins from the COVID-19 virus in
respiratory samples (e.g. sputum, throat swab) or detection, in blood or serum, of human
antibodies generated in response to infection
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i

~wen  Shaheed Beheshti
.- Universityof Medical
Sciences

mariaten rnd rrmmnnd bn dhs meade AF b

Virology

Resecarch Center

WHO does not currently recommend
the use of antigen-detecting rapid
diagnostic tests for patient care,
although research into their
performance and potential
diagnostic utility is highly
encouraged

Do we have sufficient evidence to
base recommendations ?

Are we ready to accept poorer
performance if we can capture the
most infectious cases faster and at
least partially reduce the number
people requiring RT-PCR ?
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Target product profile — POCT where RT-

PCR is not available or timely
* Intended Use

— In areas with confirmed SARS-CoV-2 community wide
transmission or confirmed outbreaks in closed or semi-
closed communities and in high risk groups: Early detection
of SARS-CoV-2 cases where molecular/reference assays are
not available or services are overloaded leading to turn
around times that are not useful for guiding clinical case
management and infection control measures.

— In Suspected SARS-CoV-2 outbreak situations: multiple
positive cases highly suggestive of SARS-CoV-2

— Monitor trends in disease incidence
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Target use setting

- The tests can be performed outside laboratories
including routine and triage/screening point of
healthcare facilities including emergency units,
mobile units and in the community (contact
tracing) by health care workers or laboratory
technicians with appropriate training in sample
collection, biosafety and the use of the test.
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TPP: Performance requirements

* Analytical sensitivity/Limit of detection
acceptable: equivalent to 10° genomic
copies/mlor CT = 25

desirable: equivalent to 104 genomic copies/ml
or CT=35

e Sensitivity > 70% desirable:>80%

* Specificity > 97% desirable: >99%

When prevalence is 10-20% : acceptable criteria PPV increases to >75-98% and NPV still
high (>95%). At lower prevalence, PPV is low and positives would need to be confirmed

&
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What if no baseline is available ?

* The importance of disease prevalence in
interpreting the probability that positive results
are true positives and negative test results are
true negatives has been repeatedly stressed

* If surveillance data is not available then pilot
introduction of testing with reference testing
available is highly advisable before going to scale.
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Do not use RDTs if .....

e O T T oY o g L - s (e -1 (-1a A1, 1: B To safeguard health workers, sample collection for RDTs from patients with

infection prevention and control suspected COVID-19 requires that operators wear gloves, gown, mask and

googles-.

measures (IPC)

VBN E e B R E e e - o1l |f test positive and test negative patients will be treated the same way

change B e e e T ER e L then there is no benefit to testing.

test;

Airport or border screening Prevalence of COVID-19 will be highly wvariable amongst travellers,

(confirmatory testing s therefore it is not possible to determine PPV and NPV of test results. At a

minimum test positives would require confirmatory testing to increase

immediately available)

PPV and negative results would not rule out infection ( only high viral
loads/antigen will be detected) and the probability that a negative result

means the patient does not have the disease is unknown.

Screening prior to blood transfusion A positive RDT result would not necessarily correlate with presence of

viremia and similarly a negative RDT result would not exclude possibility of

viremia.
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Conclusions

* Point of care COVID-19 antigen detecting RDTs are commercially
available

* Independent data on test performance is limited and many factors can
affect results

« Data suggests some tests can perform well in samples with high viral
loads/antigen concentrations; cannot rule out infection and impact of
missed cases unknown

* |If RDTs can meet TPP requirements - potential use scenarios for case
management, surveillance and outbreak investigations in areas where
RT-PCR is unavailable or not timely

 WHO interim guidance will follow in near future informed by pending
systematic reviews and independent evaluations

&

2/21/2020 Shaheed Beheshti Virology National Research =i 40
e Universityof Medical Research Contor Institute of Tuberculosis "
Sciences and 'lilu‘glgr Bljsease
( \




2/21/2020

0 4]
Shaheed Beheshti Vil’O'OgY National Research
Universityof Medical Razeomc h Centor Institute of Tuberculosis
Sciences and Lung Disease
(NRITLD)

Questions?

Prof. S.A. Nadji
Email: s.a.nadji@sbmu.ac.ir
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