COVID-19 Laboratory testing
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In the past

Viral diagnosis was based on clinical out come rather than laboratory diagnosis because;

Present

Approaching the state of diagnosis first before treatment (Theranostic and individualized
medicine) since;
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Laboratory viral diagnosis: divided in 3 categories

1. Direct specimen examination
* Virus particle, Microscopy (LM and EM)
»  Anfigen detection immunofluorescence, |
»  Molecular technique |
2. Indirect: Virus isolation & Identification
e Cell culture - CPE (Cytopathic effect)
¢ Embryonated Egg
*  Animal Inoculation
3. | Serodiagnosis
¢ |gG paired serum (acute and convalescent stages)
¢ IgMinsingle serum
e Ab detfection in HIV-1 and hepatitis B, C infected patients.
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Serology VS Molecular Diagnosis 1007
In case of SARS coronavirus o0 Viral load of
. Sars Coronavirus
804 In sputum

* No effective treatment
701
® No existing test can
B04

AR igaal B4l

definitively rule out
SARS within days after a

person gets sick.

giqls

IgG
50

L ik

407 No matter what

condition of the lung
infection, patients
have had.

Lancet vol 361, May24, 2003
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Cumulative proportion of patients with seroconversion (%)

T
0

Time after onset of symptoms (days)

Antibodies are detectable approximately 14 days after infection.

Viral RNA is detectable approximately 5 days after infection.

What we choose?

At the beginning of COVID19 PCR (Polymerase chain reaction)

*Rapid test = Not yet available
*PCR = Only one choice

CAGTCAGTCGTAACGT...........
GTCAGTCAGCATTGCA...........

—— wanted gen =2% PCR reaction
<m, m,c<3m—£<§ Template
== Primer pairs
et DA === DNA polymerase enzyme
< — == dNTPs (A, C, G, and T)
_ == Buffer solution
2 copics 4 copies 8 copies 76 copicy Mg+

Termocycler




PCR

wanted gene —_— —

S
——

\.ml cycle

template DNA =<
2= - <—<—_
2 copies 4copies  § copies 16 copies

Exponential amplification

-eeeeeaeceeo- I 3500 cyile

15
2 = M billion copies

(Andy Vierstraere 2001)

PCR

*Conventional PCR
*Realtime PCR
*Multiplex PCR
*LAMP

*Rapid PCR

*Next generation sequencing

Real time PCR

Conventional PCR

http://www.bioline.com/sg/isolate-ii-pcr-and-gel-kit.html

Advantage

**The speed and ease of use
“*Low cost

Limitation

¢ Less specificity
“*Qualitative results only

+*»Post reaction handling
<*Ethidium bromide

Methads of Munrescence detectisn Advantage
* Qualitative
SV IR Gisen Tagmail * Quantitative
* Specific
* Speed

Disadvantage

* Expensive than
conventional PCR
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The Basic of Real ime PCR
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Baseline -All the amplification that is below the level of detection

Threshold - where the threshold and the amplification plot intersect defines Cy

Cr - (cycle threshold) the cycle number where the fluorescence passes the threshold
AR, - (R -baseline)

NTC - no template control

ARn is plotted against cycle numbers to produce the amplification

REAL TIME PCR & IT'S FUNCTIONS IN DIAGNOSIS 27-0ct-20

Real-time Quantitative PCR amplification plot:

e Tii| )

" 10008 erils i s=riEeiee =l viral load
g > HIV, HBV, HCV
2 > CMV, Adenovirus, BK, JC
§ il > HSV1&2
- o HPV

i > Parvovirus B19

: % 8 8 B 0 W oE N

Advantage Limitation

«»Quantitative and qualitative results  <*More expensive than conventional PCR

“»High specificity

Multiplex Real time PCR
PositveHSNL L posiivefua
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\A) Cycle Number B8) Cycle Number

\
mrmrT ¢
Specific oligoprope -~
Color coated bead \ /
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/7
Advantage Disadvantage
¢ Less reaction, QC, storage * Prefer one target
¢ Reduced cost * Less sensitivity and specificity

* Reduced laboratory time for some type of species

* High throughput

28-Oct-20



Solution based array
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Virology laboratory Testing (Cont.)

QlAstat-Dx Respiratory SARS-CoV-2 Panel

Viral Bacterial
Influenza A * Mycopiasma pneumoniae
+ Influenza A sublype HINT/2008  + Legionella preumophits
- Influenza A sublype H1 + Bordetella pertussis
- Influenza A sublype H3
« Influenza B
« Coronavirus 229
+ Coronavinus HKU1
+ Coronavinus NLE3
+ Coronavirus 0643
T
« Parainflvenza virus 1
* Parainfluenza virus 2 -
" Faantinnma vioss &
[ ]

* Parainfluenza virus 4

- Bocavirus
- _Rhinovirus/Enterovirus

0 Detection of 22 pathogens in about an hour
0 Can accept both direct swabs and liquid samples (300 L)
QO Room temperature stable

O Less than a minute hands-on time

Q True Sample to Insight solution

+ Respiratory Syncytial virus A/8 o

« human Metapneumovirus A8

« Adenovirus b
L] v

QlAstat-Dx Respiratory SARS-CoV-2 Panel

o Scan sample ID o Scan cartridge o Confirmation
= [p—
)
i % ¥ L
=5 1 . g
(3 r. " i
“HJE"? S
?—. =i
; = i ‘\
: Direct Swab \
° Load cartridge

Less than 1 minute

o Transfer Sample

Liquid sample
ut™Mm
5

Only 30 seconds
hands on time

-

Deliver more results and get more work done in your lab —
Quickly give clinicians critical diagnostic insights to help drive therapeutic decisions
2
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Diagnosi |
dgnosis tools Likelihood Ratio

=
Nomogram
Applicability of test? x
o
5
< Criterion value > sensitivity is 70% and specificity is 90% :
=7LR =
':j"“hom With sensitivity is 97% and specificity is 98% ’
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ANNAINNSAlUNSASIAAANSDINTSAALTD SARS-COV-2 * 15t generation

* Maxim-Gilbert Sequencing Dideoxy
nucleotide (dye base) sequencing

* 4 lanes 1 dye or 4 dyes 1 lane

ANNDNEIDY \ SARS-COV-2
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50-100 bases Massively Parallel Sequencing
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marduiug (sequencing)

MNovel coronavirus complete
genome from the Wuhan outbreak
now available in GenBank

Target Resequencing / De novo sequencing

Target gene Amp.

Reference genome
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Designing of viral molecular test kits
in case of pandemic

EKAWAT PASOMSUB

We had experienced
on Influenza pandemic

CDC

& S ===« 18 hemagglutinin
i = HE ae * 11 neuraminidase
e
HE;
bl
i

=1

Influenza vs SAR-CoV-2

Sample inactivation Sample handling
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10t Jan, first released genome of nCoV-2019
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11t Jan, meeting of virology scientist to design

the pool of primer pairs

sponsored by The virology Association (Thailand)

IVD - Commercial kit (1%t available in Thailand)
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Template sequence

* Public database (NCBI, DDBJ, EMBL)
* Reference sequence is the 1% priority

o NC_#iH#i#

* Sequences from various sources, types, subtypes, years
* Information from the previous studied

* Ready to use primers and probe
* Conserved and polymorphic gene

a1
a2
a3
a4
a3
L2
a7
ad
a3

13
ni

0z

COTATOTCRTOCKTOONRO3T
ETURATTIH: CRT RN TR
CEAATOTCA TN TROROCT
CETTIGTCATOANTOARIGGD
COTATGCCOTCCATOARITT
CTOFTAAAT AT O RR TR
CATARITCATCCA TRERANT
COTAMGTCATARRTGIRCIT
CEAAAGTCATCCRTOARDSD
COTAAGCARTORNTOCROST
COT AFITCRTHH AT ANNN
CIFT ASITCRT BMATICRENY

Bioinformatic tools

*Text-editors
* NotePad++

*ClustalX or BioEdit

*Sequence alignment
* Consensus sequence

*Primer 3 - Primer design
*Oligocalc - Check the properties of primer
*BLAST - Check the specificity of primer
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SAR-CoV-2 primer and probe design WHO — Molecular laboratory diagnosis

Bummary table of avalable proteeols

Commiry Imbtule Gane tangets
‘Thira ‘Chira CDC ORF1aband N
GarTEny Charig RiRF E N
Hong Kormg L DHFb-nap1d, N

Mabional Insiiuie of Infeclious Oiseasas, Panoorona and muftipks egets, Soika

Jagan
Doparimant of Wi | roledn
* SAR-CoV-2 ! e iy
Theailared Baliznal Irailube of Haalh H
* Bat coronavirus s us OO Thres M primers. RdAP

* Beta coronavirus

* MERS coronavirus
* SARS coronavirus

* Human coronavirus

Primer design by RAMA team Inhouse kit - Validation

LTSt Rl

RAMA gl e || W e i —
Gene  Detection  Code name Order code Position Strand  Sequence (5'->3')
RdRp  Pan Cov RAMA-EP-B1-F EP-TH6-F 15107-15123 Forward AARAATAGRGCYCGCAC

RAMA-EP-B1-R EP-TH6-R 15316-15299 Reverse WGGRTAATCCCAACCCAT

Wuhan CoV  RAMA-EP-B1-Probe EP-TH6-Probe 15236-15255 Probe  TTCTATGGTGGTTGGCACAA

45C 10 min

95 C 10sec 45 cycle Set 1
50C 1 min

T m nomm o b 2

al b

i}l -+ control H
|

|

|

=

RdRp  Pan Cov RAMA-EP-rd-F EP-TH7-F 15233-15250 Forward AARTTYTAYGGYGGYTGG
RAMA-EP-rd-R EP-TH7-R 15318-15299 Reverse TTDGGRTARTCCCAACCCAT
Wuhan CoV RAMA-EP-rd-Probe  EP-TH7-Probe 15265-16286 Probe AACTGTTTATAGTGATGTAGAA

45C 10 min
95C  3min Set 2
95 C 10sec 45 cycle

50C 1 min

1N



Workflow

1 Registration

3 Extraction E
H

Staff /
Paper Work

Office 2 Abbott

Office 1 Stock

4 Master
Mix

5PCR

Multiplex

H:

Inactivation

Realtime-PCR BK/EBV
Sequence
ELISA

HPV NGS HIV-DR

Vel Toaspcrnrt el (VTR

sumumsilazTassnauenladndol falalnnmeniuflwl 2019
{3019 Mowel Coronavirus 2009-nCoV)
Wil 30 ATl 2563

NP swab

vl Tramoe Vel 1T

i
: ﬂ Throat swab
i .

Registration of specimen

* VTM and UTM
* Prevent dying,
* maintain viral variability during transport
* prevent bacterial growth

* nazhnldsaating
* LaNANIIBN9TALIY
* fananaindifen
* ginsofifiusaetnauas VTM/UTM
* nszilasldsiaating

* Ice Pack

Pre-treat sample (lysis buffer)

28-Oct-20
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as1amsaensie Sar-CoV-2
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Number of test and Detected
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4 ! 4
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Origin of research

High rate of spread in case of symptomatic and asymptomatic
Big problem in worldwide

Standard protocol for Specimen collection is NP swab (invasive
and high cost of protection set)

4. in case of other respiratory virus, can be found in saliva
(faster and cheaper)

5. Receptor of SAR-CoV-2 were found in tongue and saliva gland
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o - 2
saazwanmsaslenanseansaare SARS-Cov-2

5000 Source Grand Total | 250
4500 PATH4 539 7 28204 28750
4000 Rama 143 3 3245 3391 200
Grand Total 682 10 31449 32141
3500
3000 150
2500
2000 100 Cas..
—pPos..

1500
1000
500

50

%*

waninaaoy RT-PCR Tasmsldiiiane

Table

Table 1. The comparison for the detection of SARS-CoV-2 RT-PCR between

nasopharyngeal and throat swab, and saliva sample
AN (prevalence)

Saliva sample Nasopharyngeal and throat swab Total
Negative Positive Al (sensitivity)
Negative 179 3 182
Positive 2 16 18 AHANNE (specificity)
Total 181 19 200

AnudenAfiaaiy

* nsdiinanismsaa RT-PCR Tuwharald WAL AN anansaulanalddn dilaefinnsiinge

9.5%

84.2%

98.9%

97.5%

* nsdfinanisnsa RT-PCR luthane W WA AL Wiansanmaeinimsnasinidtedansa RT-PCR taeld

Nasopharyngeal and throat swab wiauifhszdsnuesmuauuzirsasunng

R I R R R R B B B W SN < W W SR S -
2222223222323 3332
8880350488888 3343aR
J&eb Mar Apr

Crarmrin b wvwit bila o1 Scarra Do

ey : ; 7 CLUIRICAL

Clinical Microbiology and Infection Sareeisr

1 g s

jmarnnl hrerran g e il ik ST Wri's

Driginal ageh:

Saliva sample as a non-invasive specimen for the diagnosis of
coronayinus disease 2019: a oross-sectional study

E. Pasomsuty . 5F ‘Warmharananan -, K. RBoomyasar -, !'._j.ml:hnnq:-cr. . G WEngateim
W Suksuwan ¢, 5. Surgkanuparph ¢, A Peaphuakrar

mm i o S Skt 6 Mo i Commiokeed’ Haopn o Hin sk Lares
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el B Mo e S b il S B el

Angeans Phprimkosi  OXCT D D=0 -74 74 185D
Saliva -:.-n.mplt Tu'u'-llng for the detecibon af SARS-Cal'-2
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Total

Pools of five

40
samples
Positive 1in 5 10
Positive 2 in 5 2
Positive 3in 5 1
Pools of ten

20

samples

Positive 1 in 10 10

Posttive 2 in 10 2

Positive 3 in 10 1

Positive 2 genes

Positive 1

Negative
gene

2 27

2 0

0 0

0 0

1 7

1 0

0 0

0 0

Storage condition

Figure 3. Cyele threshold valoes of ORFab (A) and ¥ genes (B in the SARS-
CoV-2 positive samgles comparing inuwediate testing and testing after the storage.
A ) B
Lin w L. T

Tyl thresheld vakes
Cycle threshald valus
¥ & B

LAMP

(Loop-mediated isothermal amplification)
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Isothermal amplification |: i
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fgrawaminidalasld LAMP

.n:ﬂlh'l- by o o
w TEURRiyT Taareeu R
HuEiHE!ﬂ

aF TR

= =~ A o '
ALUARY AR FIRENT LN

-ﬁﬂ RRERN .
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Number of Real time PCR (Un#) Total Sensitivity
umber of cases ota
Positive Negative 95.95 %
Positive 71 61 132
RT-LAMP -
Negative 3 845 848 Specificity
Total 74 906 980 93.27 %
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Viral Culture T LR
Detmable (msrawudia) Real-Time PCR

Masopharyngeal and Throat Swab
* gl 1= New Coranavirus nucleic acid Kt{ORF-Tab / ot 33 304N
gengfct 32.19)
wenfwn 2 = Bioperfectus kit (ORF-1ab/ ct 34.12).N gene/ct 25.22)
o alwn 3= Real-time flucrescent RT-PCR kit for detecting E
. 2018-nCoviSpecific gene/ct 33.23)

SAR-CoV-2 genotyping

From Real-time PCR te the mnovative genclyping and sequencing
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Antibody Test for COVID-19

Mk il e, 0 —— E el SR LT e e
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https://statenkliniek.nl/en/blog/files/antibody.html
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ANNQAEDY (\ SARS-COV-2
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COVID19 Antigen on Nucleoprotein
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| CDC USA has reviewed unpublished data|
demonstrating COVID-19 patients are not contagious
after 10 days onset of symptoms, and the virus has not
been cultured when clinical specimens have a Ct value
of 33 or greater.

Use of VT samples adds an additional dilution of 1:20
(3000l ws, 300l = 1:10 plus 1:2 dilution using 150pl
Extraction Buffer plus 150l VTM, total of 1:20). This
would be equivalent to approximately 4 additional
cycles in RT-PCR [16-fald). Therefore, we are proposing
to limit the evaluation of YTM samples to a Ct of <29
(ws. a 33 Ct which has been demonstrated to be a
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Sample Preparation Workflow on cobas Liat
Assay: Influenza A/B & RSV
Results in
20 MINUTES
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UTM Tube
Nasopharyngeal swab

®

5 mins

D
|

Stand sample
at room
temperature
for 5 mins
before testing

Transfer ~200uL of
sample media with
transfer pipette to

= L]

assay tube

®

Insert assay tube into the
analyzer
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Cobas liat - Size
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cobas- Liat* System

A targeted approach with the segments
Laboratory Technicians
Pediatricians
Emergency Room (ER) Doctors

Geriatrics, Internal Med Doctors
POC coordinator (if applicable)

Laboratory Technicians

Hos POC
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Physician office
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