nsAne1AInNlikULaUYBIIS Real-time RT-PCR dmsunisasiangelifalinialug
vila A arenuggas H5 Tudaa81931ndndUn 72835 Top-down

A study of measurement uncertainty of Real-time RT-PCR for detection of

Influenza A virus subtype H5 in chicken samples using Top-down approach
AUTYY YMEu’ 81AMNS AR’

Pamornya Buthasane' Arphaphorn Dokphut?

Abstract

Backgrounds: Measurement uncertainty (MU) based on the top-down approach is crucial for
the diagnostic laboratory following the WOAH guideline. Real-time RT-PCR is one of the laboratory
methods for detection of influenza A virus subtype H5 in chicken samples used by the
National Institute of Animal Health (NIAH). The MU of testing provides a confident result and complies
with the ISO/IEC 17025 requirements. The objective is to estimate the MU of real-time RT-PCR for the
detection of influenza A virus subtype H5 in different chicken matrices using a top-down approach.

Methods: Influenza virus subtype H5 RNA was diluted in AVE buffer and three different sample
matrices: oropharyngeal swab, lung, and chicken meat. Each sample was prepared from ten samples.
The cut-off Ct values of real-time RT-PCR in different matrices were determined, and one-way
ANOVA was used to compare these cut-off values. Weak positive RNA was collected for evaluating
the measurement uncertainty of real-time RT-PCR for detection of Influenza A virus subtype H5 in
different chicken matrices using a top-down approach.

Results: The cut-off values of the oropharyngeal swab, lung, and chicken meat were 35, 33,
and 36 cycles at the RNA concentration of 1x10’, 1x10% way 1x10° copies/reaction, respectively.
There were statistically significant differences (p<0.05). The expanded uncertainty was 0.0486.
And the MU (95% Cl) of real-time RT-PCR for detection of influenza A virus subtype H5 in oropharyngeal
swab, lung, and chicken meat matrices were 33.25-36.75, 31.25-34.75, and 37.25-40.75 cycles,
respectively.

Conclusions: The difference of sample matrices affected the cut-off and the MU range of the
real-time RT-PCR technique for detecting influenza A virus subtype H5. The top-down approach can
be applied for internal quality control in a veterinary diagnostic laboratory or used as a management

guideline for sample collection.

Keywords: Measurement uncertainty, Top-down approach, Real-time RT-PCR, Influenza A virus subtype
H5, Sample matrix
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UNANEYD

fiurvasnisdnen: nsuszuaAInaly
WUUDUVDINITIA (Measurement Uncertainty: MU)
Jundslunszviunsdrdydmiuiesyfuanng
Aunsdugnsisadnd &1 World Organisation for
Animal Health (WOAH) wugi1linna1 MU ¢1e733
Top-down n1sasaamideldaldnialug via A
areuggas H5 lufeg1991ndniUnae3s
Real-time RT-PCR 1Junilaluisnisnsianis
woaUfuAn1svesanTuguaindn fuvsnanls
Fun153UTRINTEIUEING ISO/IEC 17025 ety
FadesfinisUszanann MU vainisvadeuiiiatie
TWnsmenuraannsaildegaivlanasduluny

v J

Formun 1SO/IEC 17025: 2017 n1sAn®iIed

[

Tngusrasdiilofinudn MU vesiSfanaalusietng
&n1Un A1878 Top-down

3375 WlBNEN5azanelF0919 RNA v09iTe
hsaldninlvg vlia A mewudees H5 lu a1sazany
Uniwes AVE wag sample matrix W 3 wila leun
oropharyngeal swab, Uon LLazLﬁavLﬁ wiinaz 10 f9E9
\fienAaauMIAT cut-off 18433 Real-time RT-PCR
WipLIUTBUTIBUANLLANA1IBIAT cut-off Tulmag
sample matrix A8@dA One-way ANOVA Nty
AnLANF18819 weak positive RNA 210 RNA 983
Welhaluasavanadines AVE umadeumen MU
Yasioninan TusiegsandniUn Maeis Top-down

Na: A1 cut-off Upe35 Real-time RT-PCR Tu
matrix oropharyngeal swab, Uan LLazLﬁalﬁ AN
Ju 35, 33 way 36 saU fierududu 1x10', 1x107
wa 1x10°copies/ reaction Anuadiy efinauunn
AsiueeelitedAgN9aas (p<0.05) A expanded
uncertainty U9IN1TNAADU WMIAU 0.0486 Lag
A1 MU (95% CI) 49935 Real-time RT-PCR d1%3u
nsmsamidelfdlivielug wia A aeiusdes
H5 Tu matrix oropharyngeal swab Uan LLazLﬁaiﬁ
A1 Ct og5¥nI19 33.30-36.70, 31.4-34.6 uay
34.25-37.75 50U ANUA1AU

&3U: sample matrix AIkANFA1IUIING TN
WEINULNAYIIAAT cut-off wazAl MU (95% Cl)
98935 Real-time RT-PCR Tun1sasianiiolisa
Tdninlvg via A aneiugeos H5 vaumas sample
matrix kANE19AU N15USTUIUAT MU 928735
Top-down ausatluussyndldivveudiedu 9

G V@ U a % =
3ol dusuInieusenaunisanaulalunisanidsn

sample matrix Mvunzaune by

ArdnAgy: ArAulilldue, 35 Top-down, 35
Real-time RT-PCR, wolisaldninlug wila A,

Sample matrix
unin

n1sUszutuataulinlueuYeInisin
(Measurement Uncertainty, MU) Wunszuiunis
Aol in193189IURaNITNA@DUNIT DY
UjtRnsiaanindede esnnnnnisingouin
AuAaIaAdsuriorulluiueuveInsingay
froiane Judaldainvatedede wu wn3esdle
Fnadeu msvadeu gnadey wazdwandon Hudu
(Magnusson et al., 2012; Colling, 2016) ﬂf\]fgﬁu
Woaufuinishsainen an1duavaindniuviayi
finsnsramidelsaliniaunuielinialug win A
aewudeoofiddny Inslanzangiug H5 lusogn
1ndnitn Fadulseddyiinanssnusroasnsniay
wazlATEgna d1msun1Insiadtdadelsafenany
n1esUfuiRn1sEAEN1InTma1s s nilsluisd
World Organisation for Animal Health (WOAH)
wuzinfonisnsranndelisaldniaunlaeis
Real-time RT-PCR (WOAH, 2022) i{uwmailailld
ﬁ’mﬁ"umaﬁLﬂiwsﬁwwaﬂiﬁuqﬂiiumaqL%al’s%’alu
WU Tnen1sAnduNanIsNAaaulIznIINal
Cycle threshold (Ct) &slunsdifinanisnaaeudien
Ct TnalAenU taInsARAUNaNIINAGDU (cut-off)
n1sfnduIImUrsolinuaIsiugnIsuayilaein
waznTzUIUNSEmsunadaunuldlaveisnig
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PCR SuﬁaegaéWqﬁTwﬁm (Hedman et al., 2018)
FuuFesndudesiinisuszanme MU 28933013
NAAUsINAE Inesiearunaldurisresanm
Tuiueuweansin (MU range) fisyfuauidesiu
95% waziialiaonndesnudearinua 1SO/IEC
17025:2017 AiesUfiRnisiosdinisuszane
auliuiueuven1sindmiunisvageudisinis
syyysuna (1O, 2022)

nsUszaaAl MU 8 2 35 laun nsldunugdl
A19Uan (Fish-bone diagram) Lagn15AIUININ
UuaIa1 (Top-down approach) Iag Fish-bone
diagram 1fu 1HuiEAReimnTadeanduaniay
fe WU nsaeuisuladeile HNAFOU Uavani1y
windou 1usu Faduisidanudunauaziisuuuy
AMsfuIuA MU fitaey vihlinisiuaiang
sjwwmmz??mﬂﬁamm (Colling, 2016) dunns
S0 E738 Top-down thu 1B fanansomdoya
Fannsvindnluesufuinis Il feens weak
positive 1A1uIlaense luAninsgazidenves
urasAliuUueugae § LIANSINAIY ATATUIN
Jeilade Iumsﬁﬂmﬁ;ﬁﬁalﬁaﬂiﬁi’ﬁ% Top-down
Weosnniduisfimunzautunisnsiaidadenis
daaunnd lnn1suszifiuainnuliuiususiu
(Combined uncertainty %39 u) Y9935 NAdDU
a5l B 4I98 19AIUANAUATNUINTIVEBY
%umaumsﬂﬁﬁamuﬁgmmlmmma Favteaneis
fnrsAmuraatanlindusuree (Expanded
uncertainty w3e U) fiszduainuidedu 95%
(Colling, 2016)

Uagduriesufjifinisveansudadnilaniiiy
namsamidelidldvielug wia A aeiugedes
H5 1ne33 Real-time RT-PCR Tudingnsdnidn 1wu
oropharyngeal swab, Uan LLas‘JL‘ﬁualﬁ Fadu
sample matrix fidauddysen1snsiaidedy
\ieean oropharyngeal swab wazUen Wueteny
\mneniesumisesssuumaiumelafide
Th¥arananldlunsiasaiiuln 89 WOAH wuzili

Tiegneiailunisnsiaitagenilsaldninun
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(WOAH, 2022) druiielrtufududndseandiddy
vasUseindlng Fegnududesinisnsisasunis
VudouvsuiolrdalundnAnsinoudluds
AaUsewma Tnenisnsaidesuluiegrmadoud
Asuinfuil e19daNansENUReAn cut-off LazAn
MU range aa3n1snagoula (Trapmann et al., 2007)
nsfnwadsdiiefiingusrasd euszanmud MU
99433 Real-time RT-PCR dmdunisnsiamidelr3a
ldninlung) ¥ia A @1eiiug H5 Tudreg1aviingng 9
Tudnidn #1833 Top-down iietaelinissiesu
walunsdliidhessanagludieiliannsaazunals
(Inconclusive) aunsavildognuivle waslSouiiou
A cut-off Y84 sample matrix uiazefin eolidy
wuwamsUsgnaunisindulalunisAaidendlotng
neaeuiivunzausoly

¢ ad
aUnInILALISNI

AILA3BUAIDENS

Fregrmaaeuaindailniildnasnnisinu
{5 3 vie vinaz 10 Freghe laun oropharyngeal
swab 5mL Usn 5¢ wazilold 500 g Faihilasheths
(sample matrix) Fuansneiu wazdinswseudiogng
wiazedn fal 1) faogns oropharyngeal swab
¥N15UENLEIATY swab DBnIINNaBALAURIBENS
2) feg1slen lngualiigadunn w3gusiog1alen
TieglusUresansazaieiloans 10% Ay 1X PBS
war 3) dredrnieldfiussgeglugananadin
w3pulneds freeze-thaw s1uauvady 3 Ads
adurufigaumgdl 37 °C uay -20 °C gamgiiay 30 17l
LLé’a@m%qmmmmﬁa% 5 mL 910t shansavane
84 sample matrix seanuiln ndumissiinaud
1,000 x g 41U 10 w9l udLiulanizvesmad@Iuu
(supernatant) \ufidududagamgll -20°C aundn
aglru

as1edeunsUudsudel3alinialng e
A aefiugeges H5 Tu sample matrix Weauwile
funFonly Taehlvadaansiugnssudeyaien



QlAamp Viral RNA Mini Kit (Qiagen, Germany) bag
M379A2875 Real-time RT-PCR A1uN15AN®IU03
Slomka et al. (2007) lngdregrannviinagaeodli
navfuaurouthlunaaeulutuneussly

158519 RNA vaaialada

affnansiugnssuaiin RNA voadeli¥adneds
fo Weldalintelvg via A arewusden Hs
(A/chicken/Thailand/73/2004) #189at1e7
QlAamp Viral RNA Mini Kit (Qiagen, Germany)
wdwinsiinuiinaansiugnssunssiumdady
haemagglutinin 1ag38 RT-PCR (YSuUg93n
Slomka et al., 2007) tagvinlik PCR product ‘U%?jﬂ/lé
éfam;mﬁ’nm FavorPrep™ GEL/ PCR Purification
(Favorgen, Taiwan) Aeuthduau DNA Alalldes
fafufaun (vector) slanatadin drgnuiien
PGEM®-T Easy Vector System (Promega, USA)
ieadrady recombinant DNA 21ntuin
recombinant DNA #lfidgdiwadvosuuaiiise
E. coli awWug DH5QL (Invitrogen, USA) Anidian
1alaiilne3s blue-white colony screening
(Knoche et al., 1999) waziiinduauluenis
\e9d@e Luria-Bertani broth nsafananadaiidl
recombinant DNA aganglu faegarien GF-1
Plasmid DNA Extraction (Vivantis, Malaysia)
wdnUasy plasmid DNA Tindunnidu RNA Tagld
MEGAshortscript™ T7 Transcription Kit (Thermo
Fisher Scientific, USA)

N1510384 RNA-spiked sample

1 RNA vosdela3adnedainaonld 1nsia
Tapududuseiades NanoDrop 1000 spectro-
photometer (Thermo Scientific, USA) L&2@A120
131U RNA copy nnaanaduduiingiatals
lngldgnsves Whelan et al. (2003) MnTinIg
spike RNA §ana12 10 pL aslulu sample matrix
nnvindldnionld naonaz 90 pL leun

oropharyngeal swab, Uan LLaBLifavLﬁ Farunis
afaansiugnasuuds sauvedeg el
sample matrix Ao @1saza1eUiviWeasN15Tza19 (AVE)
(Qiagen, Germany) adutimesfiddiuusenau
U84 RNase-free water Lag 0.04% NaN3 (Sodium
azide) warUsulilagmnududuvindy 1 x 10°
copies/uL feansazaretilvas AVE anndurinig
138979 RNA Tu sample matrix waagydaALUU
ten-fold serial dilution 91uWIUTUAAL 10 AN
wudu iieliilé RNA-spiked sample fidiaanadudu
wansingaiu d1nsuinluadiansinuinsgiuves
nsnadeumasugnssuvetolifalinislg
¥iin A aneiugees H5 lagds Real-time RT-PCR
noll

N15naaaulneds Real-time RT-PCR

yaauaNTusnIsIveate hialininlug)
¥in A aneiugdes H5 lagds Real-time RT-PCR
lngldyn primers wag probe MmuUN1SANYIVDY
Slomka et al. (2007) (M5747 1) LL@zT%ﬁ;ﬂﬁﬁﬂﬂLﬁm
USunauansiugnssy QIAGEN OneStep RT-PCR Kit
(Qiagen, Germany) (miwﬁ 2) Imaﬁy’qmamazmi
N ﬁﬂ'ﬁ ﬁfjgumau Reverse transcription 50 °C
U 30 WA 91U 1 994, Initial activation 95 °C
U 15 W% 971U 1 58U Uag Denaturation 95 °C
UM 10 U9, Annealing 54 °C w1 30 U1,
Extension 72 °C W1 10 3u1¥ 97U7U 40 59U
Tngldiades 7500 Fast Real-Time PCR System
(Applied Biosystems, USA)

M13199 1 Feya Primers uay Probe 31w 1gdo8U haemag-
slutinin veudehifalininlng vlla A areWuddes H5 dmsu
3% Real-time RT-PCR (Slomka et al., 2007)

Name Type Sequence (5’>3’)

H5LH1  Forward  ACA TAT GAC TAC CCA CAR TAT TCA G
H5RH1  Reverse  AGA CCA GCT AYC ATG ATT GC

H5PRO  Probe FAM-TCW ACA GTG GCG AGT TCC CTA GCA-TAMRA
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A157199 2 druUsenouredu)isen Real-time RT-PCR Loy
Usinaansiugnssuvesiiohsalininlng vl A aneiugees H5

Volume
Final
Component (pLy .
. concentration
reaction
5x QIAGEN OneStep RT-PCR Buffer* 5 1X
dNTP Mix (containing 10 mM of each dNTP) 1 400 pM of each dNTP
H5LH1 Primers (50 pM) 0.2 0.4 uM
H5RH1 Primers (50 uM) 0.2 0.4 UM
H5PRO Probe (30 uM) 0.25 0.3 uM
25 mM !\/\gClZ 1.25 3.75 mM
RNase inhibitor (40 U/pL) 1 1.6 U/ul
RNase-free water 14.1
Template RNA 2L
Total volume 25 pL

N158519n31WU1M551UV9T5 Real-time RT-PCR

FNSNAEURE 19N Taz 8139919 RNA
ogflu sample matrix 14 3 ¥lin uazlumsazany
Jniles AVE #7833 Real-time RT-PCR i3
Wuduas 3 81 udrhwaildunadreaunsidunse
5813190507 RNA AuAn Ct 98938 Real-time
RT-PCR 9101y fuanmnaArduussansnisdndule
(R?) uaz A1 %Efficiency (%E) Tagan B2 fils Azt
119lun1sns19EeUINNI5I38919 RNA Wuldegis
winnzay Sinasifiveusuie dodlian R >0.95
(Pestana et al., 2010) wazA1 %E M4iilonsiaaeu
UseAnSn e primers kag probe luujizen
PCR finasifivansuiio 90 <%E < 110 Tnansdea
%E < 90 Wiy AUgnIn15eenNULUU primer %30
gaumpiflivanzanvesUiiten PCR uaznsdlan
%E > 110 “u1ede ANURANaInAIUATLANTS
N1INAgeU (technical error) Wu MslETngn
Uapguadiailanaintun15vNn15:9e3198 Ui n1g
LA nonspecific primer %39n15LAA primer dimer
(Raymaekers et al., 2009; Pestana et al., 2010)

daouwnaans UN 74 18uN 1
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A15%1A1 cut-off V8935 Real-time RT-PCR Tu
wiay sample matrix

MANTLIRSEIUTld Fontdnnududy
YosanTazaEde919 RNA filinanisnaaeulndides
A1 cut-off MU 3 ANULUTU WIYVINAITNAEDU
#1673 Real-time RT-PCR 8nads Amnududuas
10 §1 mAedsYes Ct Mnaaduduilinauin
1nn31 95% iseldnauaniie 10 adanndean
sample matrix uamualilduen cut-off lval 209
wiay sample matrix 990A71 cut-off iy Ael
Ct 36 50U (Slomka et al,, 2007) 9Nt 138U
WBUAMNLANAINAT cut-off U89 sample matrix
anuwin gl aan One-way analysis of variance
(One-way ANOVA)

N15ANLAINAIDENY weak positive RNA

MnnTlasguild Aauden weak positive
RNA Tneidenaisavanedilines AVE iesanlald
inhibitor T 9 1@oUu Tun1911A1 expanded
uncertainty 9993570V 1AULADNYIIANUTNTY
fifien Ct 98581714 29 4 33 50U (Slomka et al.,
2007)

A15%1A1 MU 998975 Real-time RT-PCR

UszaaiAl MU 210 weak positive sample
#1875 Top-down (Colling, 2016) laguAI9E1
weak positive RNA $7u3u 1 faegas ildann
Fumounisinideniiegne weak positive RNA
UWNNITNAADUAIEID Real-time RT-PCR 97112U
10 g1 91Nt ﬁm’;mmﬁ’mmﬁ'amﬁ'mwummgm
FUinS (Relative standard of deviation %3® rsd)
Tnednesduiandnsidiuseninedrude sy
1IASFIU AuAedY Figns

SD

rsd =
Mean




d3UIS Top-down MuualiAl combined
standard uncertainty #AWYNAUAT rsd 91ANNS
g (Zilli, 2013) 270UU ATUINAT expanded

(%

uncertainty AsgAUANNERIU 95% (k=2) fAagns

=2 X rsd

(95% CI)

Expanded uncertainty U

1A expanded uncertainty Aauf1 cut-off
Y84 sample matrix upazda laiduAn MU ves
sample matrix 619 q fisgRuATeiu 95%
(95% CI) A9aUN3

= cut-off x 2rsd

(95% CI)

A1 MU v93 sample matrix #19 ¢ 1131
ATIZATUAUAT cut-off Y03 sample matrix
wiiazaila Il inconclusive range U839 sample

matrix WHALIUN AIFUNTT

Inconclusive range = cut-off £+ MU
(95% CI)

NawazlIvTal

nan1snsvaeunsUusuehsalininlug)
¥iin A aneiugdos H5 lagds Real-time RT-PCR
Tu sample matrix sauwila Tinatduauiianun

AMUIduTUTDS RNA

Arududuves RNA veudeladadneded
wisnnidohdalivialvy wia A aewusdes
H5 #ifaldfirvindu 67.6 ng/ul wie 1.6 x 10"
copies/uL ¥ara1NA159T 3 WU aududuy
anvediyn sample matrix Winaifuuinuagay
Winiu 1x10” wag 1x10° copies/ reaction AILAIRAU
oy Sudenldansazaneiionns RNA finnududy
WU 1x10° §9 1x10° copies/ reaction Tun19m
A1 cut-off Y0435 Real-time RT-PCR Tuusag

sample matrix sioly

A13197 3 Wa Real-time RT-PCR vea1sazaneiioasdieg1s RNA-spiked sample veudioldaldninlvg) win A areugdes H5

Tusegednilnulingig

Dilution RNA-spiked sample Ct (mean + SD) Result
(copies/reaction) A R c b A B c b
Undiluted 1x10° NA NA NA NA NA NA NA NA
10" 1x10° 9.86+0.37 NA NA NA +++ NA NA NA
10° 1x10 14.26+0.61 NA NA NA + NA NA NA
10° 1x10° 16.03+0.07 NA NA NA + ot NA NA NA
10* 1x10° 20.22+0.39 22.36+0.03 21.86+0.15 24.11%0.11 + 4+ + o+ + o+ + o+
10° 1x10° 24.00+0.24 25.40+0.05 25.67+0.01 27.00+0.73 +++ + 4+ + 4+ +++
10° 1x10° 26.99+0.18 29.31+0.09 28.81+0.19 30.00+0.35 +++ ++ + ++ + +++
107 1x10° 31.82+0.44 31.89+0.28 33.28+0.68 35.73+0.77 + 4+ + + 4+ + 4+ +++
10° 1x10 34.51+0.77 34.95+0.93 35.15+3.32 37.41+0.21 ++ + + 4+ ++ - ++ -
10° 1x10° No Ct No Ct No Ct No Ct - - - - .- - .-

Note A= AVE buffer, B= Oropharyngeal swab, C= Lung, D= Chicken meat, NA= not applicable Real-time RT-PCR
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NnranIeaesilduansdisgual 1 Wetwa
\wAeveAn Ct wiazaududy wadaduns
wmspusewinenudutureadelfalinialug
yiln A aneiugdes H5 fuen Ct wudiluansazany
Uniwes AVE, oropharyngeal swab, Uon uag o
1A fe A7 winfiu 0.9995, 0.993, 0.9887 waz 0.9765
AINEIRU wazaAl %E 1Wi1Au 90.45%, 109.8%,
96.16% Waw 91.91% AAARU wriarn A2 wae %veq
A sample matrix ivnsnagouiialaifiniineousi
fifmun asuldinnisideats RNA ulUegamany
a1 wag primers Wway probe #lHluUAAeN PCR
Usgansnn

Standard curve qPCR H5 with AVE buffer

y =-3.5742x + 41.617

ad .
e, R?=0.9995

Threshold cycle (Ct)
¢

Log number copies/ pL
Standard curve qPCR H5 with Lung Matrix

y=-3.4175x +39.208
R?=0.9887

25 AR W
Ly

Threshold cycle (Ct)

0 1 2 3 4 5 6
Log number copies/ pL

Standard curve qPCR H5 with Oropharyngeal swab Matrix

y=-3.1071x + 37.983

35
i R =0.993

Threshold cycle (Ct)

o 1 2 3 4 5 6

Log number copies/ pL

Standard curve qPCR H5 with Chicken meat Matrix

_______ v =-3.5323x + 41.448
.............. R?=0.9765

Threshold cycle (Ct)

0 1 2 3 4 5 6
Log number copies/ pL

UM 1 N5 ML1AI51UV09T5 Real-time RT-PCR NMIATIINIENT
Wugnssuvendehfalininlvg vla A aeiugdes H5 lu
ansazaneUnnes AVE, oropharyngeal swab, Uon wag 1ieln
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NaN1511AT cut-off Y8935 Real-time RT-PCR
Tuusiaz sample matrix

WUINAN5aran8L3e919 RNA fiannududy
1x10° §9 1x10? copies/reaction @1sazarstnines
AVE, oropharyngeal swab, Uan way Lﬁi@lﬁ AN
cut-off agffl 35, 35, 33 WAz 36 50U fnIEITNTY
WiAU 1x10", 1x10', 1x10° wag 1x10” copies/
reaction ANAIAU LAz WU Nan1SIUSB Uiz UANL
WANKI19AT cut-off 581319 oropharyngeal swab,
Uon waziileld druuansnafuegieitodidyms
adf (p<0.05) luauzdl A1 cut-off 109F9879
oropharyngeal swab Aua1sazalsUnines AVE
Tdunneineiu famns1edi 4

nuananalnanaliiiuiiaininuli
(sensitivity) 9935 Real-time RT-PCR @1%15un1s
pramidohialinialuy wia A ameiusdes Hs
Q\‘lﬁlqmiu oropharyngeal swab dlowieutu Yen
waziiteld ifiosa1nlu oropharyngeal swab ansa
panuideldfinududuroadesiian fe 1x10'
copies/reaction Youe ity sample matrix Hiadu 9
Lignunsansanudeldlulsinamududuresde
Ay yenaniiforananladn lu oropharyngeal
swab fuwrlduiaziinisduideuvaiaduds
(inhibitor) Heefign 1ewfieuiy sample matrix
u 9 99910 A1 cut-off vad oropharyngeal swab
fudegretiiines AVE fiaanududuieafuld
wansnefu Snvennsvudouvessadudasing 9 Tu
sample matrix 3lUsuniudunousdig q luufasen
PCR dwaninliimn sensitivity lun1snsiaanas
(Schrader et al., 2012) waziissanluvenuazilels

1%
a [

Snwuansdun3gfiidumdudaufisen PCR Taun

v '
A A

a150un3gude melanin Tuliawovan (Radstrom
et al., 2004) waga159un3da¥ia myoglobin Tu
naULle (Bélec et al., 1998) FesIgudang 2 ¥in
fana1n dnabnlunisdudanszuiunisilasuans
¢ @ YV a & . .
prsouelMiduansfloule (reverse transcription)
wazdudInTzUIuNISTIATIEVa18mduLe (DNA
polymerization) Tutu extension vasUjfsen PCR



YaNINIasBUVEguia melanin SeanunsaLinnns
cross-linking funsailaAddn vilviguaudfves
nsadnasnasuly vihlvaneieaesvemisue
thulsannsauendreananiuluaeinnsyuaums
d1a0aRLduLe (DNA replication) (Abu Al-Soud and
R&dstrém, 2000; Schrader et al., 2012)

M15199 4 wansiSeulfisuan cut-off ¥8935 Real-time RT-PCR
Tufegraunazuiln Auaia One-way ANOVA

Type of sample Cut-off (Ct)  RNA concentration

(copies/reaction)

AVE buffer 35° 1x10"
Oropharyngeal swabs 35° 1x10'
Lung 33° 1x10?
Chicken meat 36° 1x10°

Note Values with the different letters were significantly different (p<0.05).

NAN15ANLADNAIDE1Y weak positive RNA uas
NAN13ANUIUAT MU U935 Real-time RT-PCR
MN9151391 3 §8819 weak positive RNA i
anAdanunldlunismedn expanded uncertainty
90933 Real-time RT-PCR dw§un1snsiamideliia
lnialvg vlia A aneiudges H5 lufegneain
dniUn M35 Top-down lAarnansazaevulines
AVE 7 dilution 107 §iUSunes RNA saaielhda wiriu
1x10° copies/reaction 3MAHAFINAIINULY
ansazanstiled AVE fanumangauiiagiunld
Wuunun1sueAn expanded uncertainty ¥89n15
NAFoUTI Lesan dilution gavnenniieesls
nasduuin a1sazatedilines AVE SAuade Ct
ﬁwqm fio 32 seu wlawfiaudu sample matrix B 9
nsidenld sample matrix igssdaieaundu
Aunulun1s1IA expanded uncertainty @11150
le wein1511A1 expanded uncertainty wenlu
uiag sample matrix AEHI8LALAIAILULLEILN

'
a

B934 (Ljevakovic-Musladin, 2020)

91NA157°97 5 LAAINANITAIUINAT MU V84
3% Real-time RT-PCR dwfunisnsramdolrda
ldninlug) vlin A anevugdos H5 Tudeg1991n
&0 #8733 Top-down wud1 A1 Ct 1adsves
$19819 weak positive RNA 97121 1 #2989 1WA
30.12 soUuaziAY expanded uncertainty Fadu
A1 threshold selection (C195) st luldusu
threshold line Lﬁauﬁ'ﬁuﬁam Winfiu 0.0486 %ﬂLﬁu
Arpuliudueuinnannsinel Ct seeiiagi
nadaulunsyuIung Real-time RT-PCR (Jundn
Tuvaizian MU 21nuwiaadu o @i nseuiunisans
DNA aniegamaaeugniusinagluaifeng?
Beusesuad waslifinansznudenisinmAn Ct
wHae19ka (Love et al., 2006)

A" Expanded uncertainty il thanlduszidu
AU MU (95%Cl) 99475 Real-time RT-PCR d15U
nsmsramidielifalivialug) oin A aeitusdes
H5 Tu sample matrix wiazedn fIn15197 6 WU
matrix oropharyngeal swab, Uan LLazLﬁald A
MU (95%Cl) ﬁ Ct 581379 33.30-36.70 31.4-34.6
Way 34.25-37.75 58U MUEIFU Fetiu mnuanis
maauﬁlé’mﬂagiuﬂhaﬁaﬂén Tvudanatdu
inconclusive uagalsiinisnaaaus laggnnaoy
audy T3%naaeuduwdiudsusiagdlnd wie
Wasuitnaaeu Tngldsegraduiiodudunanis
nadeudnadsneuasUa

A13199 5 Han13ATWIUAT MU 99435 Real-time RT-PCR d13u
nsasandehsalininlng viin A aneiugdes H5 ludegng
ndnidn ¢35 Top-down

Measurement uncertainty

Mean Ct (cycle) 30.116
Standard deviation (SD) 0.7317
Relative standard deviation (rsd) 0.0243
Coefficient variation (9%CV) 2.43

Expanded uncertainty U, (2rsd) 0.0486
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7157199 6 A1 MU range 98435 Real-time RT-PCR @115UN190593%1%0
Tsaldninlug aila A areiugees H5 lufegrsa1ndnitn uaznisuda

NANINAABY Y84 sample matrix Leaziln

Sample matrix ~ Cut-off MU range Results (Ct)
x2rsd  (95% CD)  positive Inconclusive Negative
AVE buffer 1.70 35 + 1.70 <3330 3330-36.70 > 36.70
Oropharyngeal swab ~ 1.70 35+ 1.70 <3330 33.30-36.70 > 36.70
Lung 1.60 33 + 1.60 <3140 31.40-34.60 > 34.60
Chicken meat 1.75 36 + 1.75 <34.25 34.25-3775 >3775

NEaN1sANYITaRY wanaliifiudn Tu sample
matrix A1evdaiu dwavinlden cut-off wag MU range
wananeiu udezdudniviafieniu naaousieiSineatu
wiaiadeailowfieafufiniy 1flesainly sample matrix
insriafu douddidudiuiaserastu nanisine
aanann Juduuszlorduniesujianismednawnndld
Wuwuamslsgnounisdndulalunisdmden sample
matrix ﬁmmzau

NansAneilaa1naudded anunsatlddesen
Anwidatiadudu q fleradsmasion MU I¢ 1wu nsldya
affafiunnd1afy w3o3Fn1sAwInA1 MU funndiafu
Fudu dedusamilunsan MU vedinndeutiy o dely

ajuuazdalauaiug

IANANITANYITIIAU WUI1 A1 expanded
uncertainty 99475 Real-time RT-PCR d1%15UN15M52A11
Welhfdldviolug) vln A anetugies H5 lufegrean
&n1Un Av 0.0486 warA1 MU range (95%Cl) 984 matrix
oropharyngeal swab, Uan LLazL‘ﬁavLﬂ' A1 Ct sening
33.30-36.70 31.4-34.6 way 34.25-37.75 58U AUA1AU
nan1sAnuisenanaiusaldidunuinislsznaunis
andulalunisAnidensiinues sample matrix @1%5u
499579 WU \denfegnsiifltasd MU d1 weneind
N13UsEUA1 MU 62878 Top-down anunsatnluussgns
T¥fureuiedu 9 Miunimegeuideuiniiioniun
AuAIMKaNINAdeun1sluiesUfuRNISAUNTTUENS
Tsndnd delinsnenunalunsdiidhegianneglutis
inconclusive aunsavildagniula
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