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Abstract

Background: Influenza has a significant impact on health, society and the economy
worldwide.

Objective: To enhance the accuracy and precision of influenza A virus detection.
Methods: Detection of viral genetic material was performed using real-time reverse
transcription-polymerase chain reaction (RT-PCR), followed by melting curve analysis of
the real-time RT-PCR product.

Results: To enhance diagnostic performance, a novel in-house melting curve analysis
assay developed for real-time RT-PCR product, achieving a sensitivity of 96.06% (95% CI,
91.05-98.71) and specificity of 100.00% (95% CI, 95.94-100.00). The assay also demonstrated
a positive predictive value of 100.00% (95% CI, 97.02-100.00), a negative predictive value
0f 94.68% (95% CI, 88.29-97.68) and an accuracy of 97.69% (95% CI, 94.68-99.24). The assay
showed high concordance with the NxTAG® Respiratory Pathogen Panel (K, 0.95; 95% CI,
0.91-0.99; SE, 0.02; P <.001).

Conclusions: This study demonstrated that post-PCR amplicon analysis via melting curve
analysis can be performed in a single tube without interference from the hydrolysis probe.
Integrating both methods into the same workflow reduces turnaround time for repeat
testing, lowers costs, and minimizes labor requirements. As a result, this combined
approach improves the efficiency, sensitivity, and specificity of influenza A virus detection,
making it a robust tool for laboratory diagnostics.
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UNAnLd

unii: Tsatdnintnajdenanstnudaguainausis Fau uasiassgianaussnaiilan
Jaguszavd: iRowanIBNMsasiovBaliiatinintuameiusiatifianugndasuazuaiug
antu

3Ems@nu: msnsivlianzimaisiugnssuvasiiahiialiniatuaimsiudio Tasléinada
real-time reverse transcription-polymerase chain reaction (RT-PCR) snaugiani1sitasizn
melting curve uavuansAaurn real-time RT-PCR

uan1sEnL: EMsANaU Ui fimnut ouas 96.06 (95% CI, 91.05-98.71) AU LWL
Zp81az 100.00 (95% CI, 95.94-100.00) A1A1swennsainauln sasas 100.00 (95% CI, 97.02-100.00)
AIMSWENIASAINAAY oAz 94.68 (95% CI, 88.29-97.68) wazfinnugAdinvuaynIsNaaay Souas
97.69 (95% CI, 94.68-99.24) mi‘nmaa‘uLLam\aTﬁL‘ﬁumwuaaﬂﬂz—’ia\igaﬁu NXTAG® Respiratory
Pathogen Panel (K, 0.95; 95% CI, 0.91-0.99; SE, 0.02; P <.001)

a5u: msiAssiuaunanaunasa1sTii PCR fnsitas1zh melting curve ansnsasuiiunsis
Tunananmanvidsidulaglifinissuniudauaaain hydrolysis probe asuauuaIuisns
a1z 2 38 argasanszazantumsneaaut) andunu uazanmudavnismdsauay
ot WINMIMDURANHAIUHSIHIBUFUUTIUSEENE MW ANUT) LATANNSUWIZUBYNSHSIDMN
WBalidatdwinluaiaoiugin miiuedasfiafiivssandaindiniulitunisifiods
TuavuFudins

°o_o_ a a

AdAsy: inafia real-time RT-PCR ms3tAs1z# melting curve 1atdalinintuajaranusio

uni

Tsalinialnal \Dulsediadossuumudumelofiiinonialsatinialua (influenza
viruses)' Dsatdnintvey \uasnsnaglu family Orthomyxoviridae T genus Alphainfluenzavirus
Usznauee influenza A, B, C, waz D2 "(ﬁafﬂ'wim?mg’tﬁufﬁaﬁﬁLﬂﬁaﬂﬁ:u (enveloped virus)
famdlanailda (nucleocapsid) Adnwazauuasuwuuindal (helically symmetric) FuUsznaugy
asWusnssua1sLBuLa (RNA segments) 7 32 8 au uas wauBalussiu (capsid protein) fiviovu
agsiuAw® ayaalidadisusiunsenau (spherical) w2 nsvnasnuvuiinaan (filamentous)
wWusugudaalvuseuna 100 nm ansluussyaiswusnssusfin RNA aipautdudion
(negative-sense single-stranded RNA virus %38 (-) SSRNA virus)* fivunadssanad 13,588 tua®
fitnalaluséiu (glycoprotein) unsnagiiunanuiainlaseasie &i 2 s Aa hemagglutinin (HA)
waz neuraminidase (NA)® a1swuaaIawug (strain) vavhisaldwinluaidususfinvay
HA (HA subtype) uaz NA (NA subtype) Jaiiuii HA Konun 18 subtype (H1-H18) uaz NA agj
11 subtype (N1-N11)¢ a1sufim antigenic drift waz antigenic shift L‘i“.’Jummﬁ;msLUﬁauuUa\i
Tuduvas HA waz NA valhiSalinialng srndomsiioviudisiadusvuduits riKdoed
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asUsuUFsunaswanniadulinialnaognasniiat’ uonnf MsiAsuntasuaudiou
Fedonalitiiaaunsavauidssmsaavaussmugiduinnazusudistunaslaads

ndayavavavAnisauidalan (World Health Organization, WHO) lsatdwinluey
snuganadigulisdssunas 1,000 auausial HgiFadIing 1y 290,000 v 650,000 Ausiall
$puaz 99 vouiFsFinfDudnorgeinii 5 U daAetuyssnamdeiomn® s 100 DAkwaN
ffidedinanlsatininlualitioundt 50-100 AMuau yarmiANuFawianuassgianinni
3 AuAuaLaaNsAnSy Winsovar 4.8 vavnandmnuasinateludssinavavlan (gross
domestic product, GDP) AuLFegainn1suwsstuinvavlsaarafiyadianuifenisagf
30 Wudunaaarsansgdal Solulaymmedumsisaguimlantianud Ay

Uogifunsnsiadfiodonudaliialininlnailuayesfisuléinafia real-time reverse
transcription-polymerase chain reaction (RT-PCR) Auag19NsAaNe Fofimnuliuaz
ANuFINIEgy Enatumsesiafisanda lunsasiomasiusnssuvasitalisalinintug
fiauld real-time RT-PCR lnwsifiunisenuduusihvavauddaviunasmuaulsnuaoansy
aLusa (US Centers for Disease Control and Prevention, CDC)'2 answeiu real-time RT-PCR
#m13 US-CDC protocol WiUseandawsnnlu drwnsiasied melting curve alawavUf AT
PCR (post-PCR) éznsiiia DNA binding dye avty Warhmsiesiziuaundnau (amplicon)
271 real-time PCR matunasaneassifisndu’ sxirsliiiuanuiuazanusiniziunsnsiom
asWusnssy Snsulunsdiinabiiau sxtiwantunounsiiiglu real-time RT-PCR t¥asi1ufi
UsednSaw

3515

ANS2DALUUASAAL

WaI138n15m579 real-time RT-PCR ¢a US-CDC protocol d#sun1sns1oitasizwmians
WusnssuvauBatisalinialvajaswudia (influenza A virus) Taesih PCR product sn3iasizy
fa@18n1531AS1ER melting curve tiatAndsEandainnisasiodiasiznlifianulinas
AN NN RIINATY

AMSARLADARIDENY

Aaidandingunvadiinfiunndavdoiaiatialinialnag uazfiainsly (aaumgf
>37.8°C) la fn:fwﬂ wioatulnaeunile 91ndaene nasal swab uaz nasopharyngeal swab
filwdoonnszuiunIsasIDIAsIzA (left-over specimen) vav#avUfuRin155aine) AR
WYISINYT AMSUNNYAIFASISINEIUIASIHIBUA uminendauina s1ulAo 11U 216 @298
fifivsanasandulilumsadnansiugassudush 200 uL

n1saﬁma1sﬁu§nssu (Nucleic Acid Extraction)

nansaslmduiloifsanudas vortex 1Yunadszana 1-2 wd mnﬁ?u@mﬁmﬂw
Usums 200 plL adearswugnssulasldynada MagDEA Dx SV éiuia3avadinaswugnssy
wuudnlud® magLEAD 12gC (Precision System Science Co, Ltd, Matsudo, Japan) wavATIY
ihanswusnssufiadaudiiutiigungfi -20 °C wia -80 °C Asurhmsnaaaulutunaudaiy

msmsaaw1a1sﬁu§nssuuami‘?af’a%afﬁ'ﬂ’im?mgﬁw Multiplex PCR-Liquid Chip (NXTAG®
Respiratory Pathogen Panel Kit)

w3sugAnaaay NXTAG® Respiratory Pathogen Panel kit (Diasorin, Italy) uazin
fhogefitinunsadnaisWusnssudie Maglead U3uins 36 ul ldastufiotoud (reagents)
Ll,é"aﬁﬂ‘uLﬁuﬂ%mmmsﬁu@ssuimamﬁa‘wﬁﬂms multiplex PCR waz bead hybridization
mu PCR conditions fiszytugiia wisontiuiihusudeiA3nv Luminex MAGPIX Instrument
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Tagafananns flow cytometry™ wazuilawanisnaaausiz xPONENT® software version 4.3
BuvruanINANISNAFBULTIAMAINDINAISASIDIUNSATIIAGBAUDILTRADISASEULN VLAY
melouuudsludis

ANSASIDUAISWUSASSUAIY Real-Time RT-PCR for US-CDC Protocol

Wunsasiamaiswusnssusiy Real-time PCR wuuUndmiY wialumasnaasvilizun
“standard real-time PCR” Taal8lnsiuad (primer) uaslnsu (probe) fisnumwiesiafuiivane
Tuaruvay matrix (M) gene uaaLi”)yavh'sfafﬂ'wﬁm%sgamﬁusﬁa 210 US-CDC protocol (s1n519fi 1)

FumaunsieSauanssedu (master mix preparation step) : Ma1sazaly RNA waz
¥m SOLIScript One-step Multiplex Probe kit (Solis BioDyne OU, Tartu, Estonia) Lmswfwsmas
Tnsu LLawH]uNHNUQﬂ’iHW (mswﬂ 2) mma‘mmauﬂgﬂsmemﬂumImmem (pipette) Uua\a
10 ﬂi\‘i arelouavlurasm PCR wuuitsalndwiaiwan 96 wau JumaniivnunmIsaiiunis
vuhudouasndaiisomssudauas

5umaumﬂﬁ'uﬂ%mmmsﬁusqnssu (DNA amplification step) : BV IALASUUFIUMAN
UFAzenasoudy Wsia RNA 5 pL onanisada RNA tashmuauasnIwkauan (positive control)
WAZFIAIUANAMAIWKAAL (negative control) tunanisnaaay Usuimssiutunan Aa 25 pL
msA1wun real-time PCR conditions uavnsasiaiiasizimaiswusnssuvavidatialinialvaj
Usznaude dumau revere transcription step figaunnf 50 °C 1¥unan 30 wifl enudasansrhls
{fumau inactivation vav revere transcription step 'ﬁ'qmwgﬁ 95 °C 1Juran 2 1 a’mﬁmﬂ"lg
Funau amplification steps 45 sau lagUsznaudiy denaturation 95 °C t¥ual 15 Iunfi uaz
fumau annealing uaz DNA extension wuy 2-step Waaumngif 55 °C 1Puna1 30 Fwf uaz
Jufindaya (data collection) Atumoui snuAwuziinstdouuavduan BioRad CFX 96 (Bio-Rad
Laboratories, Hercules, CA, USA)

a1519f 1. Oligonucleotide Sequence uav Primers waz Probe 21a US-CDC Protocol'?

Primer/Probe DNA Sequence Specific Region
Flu A-Forward 5'-GAC CRATCC TGT CAC CTC TGA C-3' Matrix (M) gene
Flu A-Reverse 5'-AGG GCATTY TGG ACA AAK CGT CTA-3' Matrix (M) gene
Flu A-FAM 5'-TGC AGT CCT CGC TCA CTG GGC ACG -3'-BHQ1 Matrix (M) gene

15191 2. NSLASYNFTIVNTURAA

Reagent Microliter/Reaction Final Concentration
40x One-step SOLIScript Mix 0.5 pL Tx

5x One-step Multiplex Probe Mix 4L 1x

Flu A-Forward primer 0.5 pL 1.0 pM

Flu A-Reverse primer 0.5 pL 1.0 uM

Flu A-Probe 0.5 pL 0.25 pM

RNA template 5pL -

Water, nuclease free Up to 20 pL -

Total reaction volume 20 pL -
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11560539 In-House Melting Curve Analysis (IH-MCA) Assay for Real-Time RT-PCR Product

5umaumﬁmﬂ:ﬁmwﬁ\amﬂﬂﬁﬁ’%m PCR 1a505 (post-PCR analysis step) : As13a219
SYBR® Green I nucleic acid gel stain (Invitrogen, USA) 21a 10,000x vHu 10x Ausuldou
Lﬁﬂﬂﬁﬁ%m real-time PCR ??uqmm lapgaaIsazats SYBR® Green I U3ums 2.78 L (10x)
Tdavlulu PCR product usiazvau Liat#idanududugaravas SYBR® Green I windu 1x
Tutumaunnsitasizd melting curve a:18amngif 60 °C &9 95 °C Afidns1AsUugaungd
iy 0.5 °C Tuan 0.05 Junfi Taald BioRad CFX 96 dwsun1sitAs1z# melting curve waz
TiuftnFeusyau (data collection) Tudumauil

AswUawa (result Interpretation) : 81461 melting temperature yav melting curve 13au
\WfisuAu positive was negative control nsgififiA1 melting temperature Ay 81.75 (+1) °C
Wuvanisnaaautduuin (positive) asdififidn melting temperature tiaanndasAunsdi
msudanansnadauiduuin Wudawananisnedaurduau (negative)

mafimsnatswusmeluvdnauaundaausisadsnalidel melting temperature (Tm)
wWasuluaagrefidnun asduduindu L%ﬂh%ﬁfﬁ'%im?wm’awﬁus‘:m tunsdiftda1 melting
temperature (Javiuusanoindiviisinuall aruisaismedislunsoBudude3Izsu 1du
¥aR5DNIRNSPIU real-time PCR, DNA sequencing, iaz next generation sequencing (NGS)
Wudu uononil asihaeRusAfinnsnalswug unadauliuLfiu ardIemnuavaULYAYDY
A1 melting temperature fiansnsassyBadalsaidosusiugazarvi lugmssainarithssTo
AmSUMIsmAsI9WU mutated strain TunstdnsImszid melting curve sty

msusziiindszansniw (Diagnostic Performance Evaluation)

WesuiBuNansAABIsEAINY IH-MCA) assay for real-time RT-PCR product waz multiplex
PCR-liquid chip (NXTAG® Respiratory Pathogen Panel kit) Wadiasieanula (sensitivity)
ANND N (specificity) AnIsweinsaluauln (positive predictive value, PPV) Anisweinsal
Waau (negative predictive value, NPV) mmgﬂﬁ’ia\i (accuracy) HazANMUADAAADIUDYISNAFDU
azgninlasmai Kappa (K) Fuazmunalaslfilusunsy MedCalc version 23.3.4 (MedCalc
Software, Ltd), R version 4.3.2 (R Project for Statistical Computing), ttaz RStudio version
2024.09.0-375 (R Project for Statistical Computing) ArumsussfiunnsinvasisAwmutu
prfiDsaIINAMUANTRUDIIENSASIDIATIER 51A1 LazsEEEzAIMSNAFDY

HaNSAAL

nEENTeNNA 216 FI9819 WIUASNAFDUGIY multiplex PCR-liquid chip (NXTAG®
Respiratory Pathogen Panel kit) Wuanmsnagautludingivuan 127 o waz Magivay
89 ghathy wWisuifisunanisasioiahisalinialuaiszuine standard real-time PCR uas
IH-MCA assay for RT-PCR product 1aa?d multiplex PCR-liquid chip (NXTAG® Respiratory
Pathogen Panel kit) L{’luqmmsméﬁaﬁa (mswﬁ' 3)

38 IH-MCA assay for RT-PCR product t#nanisnaaauuinnsvAu 122 @ingis Tiua
AsnaFaUaUAseAu 89 et uatiuanisnaaauiluauvasu 5 dangv fidfianuta agf
96.06% (95% CI, 91.05-98.71) AU LN i 100.00% (95% CI, 95.94-100.00) A1A1sWeInsal
NavuIn LAy 100.00% (95% CI, 97.02-100.00) azA1A1sNEINSaIHaAL agjﬁ' 94.68% (95% (I,
88.29-97.68) TmEJﬁmwgnﬁaauaamsmaammﬁu 97.69% (95% CI, 94.68-99.24) nan1snaaay
waaulFifinitseandainnazanuaanndavuavidnisnaaauiiioiuiouifisuAvuiszdivde
NXTAG® Respiratory Pathogen Panel fimuusiugge fimnuaanndnvfifiteddnivada
(K, 0.95; 95% (I, 0.91-0.99; SE, 0.02; P <.001)
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A1519f 3. nansnaauLSsUIfinuiS31959uav Standard Real-Time PCR was IH-MCA
Assay for RT-PCR Product

Real-Time PCR
Method
Standard IH-MCA Assay for RT-PCR Product
True positive 120 122
False positive 0 0
False negative 7 5
True negative 89 89

Abbreviations: IH-MCA, in-house melting curve analysis; PCR, polymerase chain reaction; RT-PCR, reverse transcription-

polymerase chain reaction.

asneaaulsiwuUfAse1diu (cross-reaction) ﬁm%aﬁaismawﬁusﬁu Taalddnse
clinical isolate wavusiazataWug SnuIuarswusas 1 da1oe1v {duA adenovirus (ADV),
coronavirus NL63 (CoV-NL63), coronavirus OC43 (CoV-0C43), cytomegalovirus (CMV),
Epstein-Barr virus (EBV), influenza B virus (Flu B), Haemophilus influenzae (H. influenzae),
herpes simplex virus type 1 (HSV-1), herpes simplex virus type 2 (HSV-2), human
metapneumovirus (hMPV), Klebsiella pneumoniae (K. pneumoniae), Legionella species
(Legionella sp.), Moraxella catarrhalis (M. catarrhalis), parainfluenza virus type 3 (PIV3),
parainfluenza virus type 4 (PIV4), Pneumocystis jirovecii (PCP), human parvovirus B19
(PVB19), respiratory syncytial virus (RSV), rhinovirus, Staphylococcus aureus (S. aureus),
Toxoplasma gondii (TOX), wag varicella-zoster virus (VZV)
AsUszfiunnsinvasdsiwaudu asnsaridlaenisiseufivuszuite US-CDC
protocol Tuﬂssﬁmsﬂmaauﬁ"'mﬂﬁzumau (conduct repeated testing) msnaaaud1dnateianis
PCR (repeat PCR only) waz msneaauuu IH-MCA assay for RT-PCR product wuii diUseansan
tumsasivifaduunnsiviuanios tududunu (costs) dmnuunnsiviuunn AsNAFaUT
TaeBuvuunffidunu 272.15 un msnaaautawiz PCR fidlunu 102.15 vIn waz IH-MCA
assay for RT-PCR product ﬁﬁunuﬁ‘hqm‘ﬁw 32.06 UIN (RWIESIAGUNW SYBR Green I ¢ip
1 ehade AfunuiidAu 1 #0019A) AmiusspzaINSNaTaU msnagauilasiBuuuundldina
2.15 §1lug msnagaudanie PCR W8iaan 1.44 $2Tus waz IH-MCA assay for RT-PCR product
tnantaagaiipg 0.30 FaTav (519 4)
u,u'mmiunﬁﬁﬂmuuamﬂ"iu'a"wLﬁuﬁa\aﬁmsﬂmaaugmnsw msiRudunaumsiiaszd
melting curve wuzshiihantdunuamsnaasudlunsdifinanquieda 1wu tunsdffidyam
\induinilaidu baseline threshold tugrvhevavl§Ase real-time PCR Washagefinaaauiiu
UiiRzenaran1sns9MAs1edd asnsadiagiefiniunssuauaisth real-time PCR suda
Aounthil neaaauiRadudizn1s3asied melting curve
Fwnsumsitesizidunuaisihdunuuasnasanaassfiliidusimuqguasninkauln
LALAIAMUANAMATNRAAL U15INAITAIUIUAILY LﬁaamﬂL{'lumsﬂmaauiunnﬂ%\a fnsu
A1531AS 1 melting curve Tasmtuaiansariin1sias iz melting temperature yagnAIUAN
AMATNHNALIALAEFIAIUANAMATWHAAUTH melusaumsnasauiBisifulasbififunounas
A lEsruRudin Badudslfivisufiofisufunisnasaud iovarngrmfinanugadoy

Sl &

anatddrslududunuuasszaznafitélunszuiumsasindmsieiiiauay
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m151911 4. UssAnSAIwA15A5IDNASIEHA Aunu uaznafitd dusunsrmbialinialuaaawusie

Real-Time PCR
Topic

Conduct Repeated Testing Repeated PCR Only IH-MCA Assay for RT-PCR Product
Diagnostic Value, % 95% CI Value, % 95% CI Value, % 95% CI
Sensitivity 94.49 88.97-97.76 94.49 88.97-97.76 96.06 91.05-98.71
Specificity 100.00 95.94-100.00 100.00 95.94-100.00 100.00 95.94-100.00
PPV 100.00 96.97-100.00 100.00 96.97-100.00 100.00 97.02-100.00
NPV 92.71 86.09-96.31 92.71 86.09-96.31 94.68 88.29-97.68
Accuracy 96.76 93.44-98.69 96.76 93.44-98.69 97.69 94.68-99.24
Costs Number Price, B Number Price, B Number Price, B
DNA extraction 1 Rx 170.00 None 0 None 0
Reagent 1 Rx 54.00 1 Rx 54.00 1 Rx 0.01
Materials 1 well 48.15 1 well 48.15 1 well 32.05
Total 27215 102.15 32.06
Turnaround Time  Work Flow for Conduct Work Flow for PCR Only Work Flow for IH-MCA Assay for

Repeated Testing RT-PCR Product
Time 2h 15 min 1 h 44 min 30 min

Abbreviations: IH-MCA, in-house melting curve analysis; NPV, negative predictive value; PCR, polymerase chain reaction; PPV, positive predictive value;

RT-PCR, reverse transcription-polymerase chain reaction; Rx, reaction.

pAUs18la

msmsmmmsﬁuﬁﬂﬁmmL%yah%afﬁ'wimimjﬁm IH-MCA assay for RT-PCR product
adundnans real-time PCR Usznaudis 2 dumau t@ud winasnagauuuy hydrolysis probe
detection uazmsitas1ed melting curve TasiduonasiRus MU UAIN DNA iihnInsuas
JAs1zideyauIainae hydrolysis probe Tunaaanmany wavoAtiuiLe PCR products w1t
A1sIAsIER melting curve analysis Buidunszuiunisasiadiasizindeain PCR 1aSoRundn
(post-PCR) sinvdans@nuay Lind tazaaiz’ Cheah wazmaiz® imﬁgﬂ Van Poucke tazmaie!”
Fudumsindeu sequence-specific probes was DNA binding dyes ﬂ'ﬂu@uﬂg’jﬁ%m real-time PCR
(pre-PCR ) Burdumsindouarsazatusie o Blunasaifiedfu Tnsozrhmsiesizduansnagay
\fioU§AZen real-time PCR Rugaasudn

nnmsansIseluadeiinuii hydrolysis probe filéluiunau real-time PCR Giraliifia
Fysrasunulunisiasizi melting curve 1lasonTutanavay fluorophore 15u FAM Taifi
AnuaudEiu DNA binding dye Selimansaudsduiiarufaselunissudiu DNA aug vida
sumunsEUIUMSIASIEd melting curve I8 uananil TwsustgneiasTasiaulss DNA polymerase
1l fluorophore wsn@sananais DNA uatlidonasionisnsioindrogaungiii DNA dag o
amﬂﬁuszaﬂuﬁzumaumﬁmswﬁ melting curve

najsu(ﬁaasiwﬁ?ﬁwamsﬂmaauL‘T.’Juwaauﬂaau (false negative) :uu 7 518 fnsuite
hi¥atiniatuajmeiudiotu wui S6ate 2 s 1 HofiusunamsnaaaudsiZaunwui fate
1Bahsatiniatvaianwudio sudingvfiindadn 5 s1e Tu standard real-time PCR uaz
IH-MCA assay for RT-PCR product fil#uaifuavaiaiinoinnisidauaninuay RNA (RNA
degradation) TunszulIuNSIALAUWSDUUAVEIDEVADUAISNAFDU

Rama Med J. 2025;48(4):e274725.
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oo v

MsNAFDUUAATYY
Wty 1iaga1anie US-CDC finnsannnuulnsiuasnauazusnaduihvuisiduudnuid

wvpLBanalsA 22 aWus tUnumMSIRNYEIBTURINAISNUSNSTH

q

[

asaudndgederhliinsiuasiimnuduwizAuiohiatinialnamewudia uiituvivnsd
uauwdnauvauiBati¥alinialvuajaswusiaffidl melting temperature fiunnsiiefiu
Fofiamgoinhsalinialnaarewugiafinisnarowusluaiuvay Matrix (M) gene dowalw
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TH-MCA assay for RT-PCR product fit§iduaswaiuain US-CDC protocol a1ansauiian
M1 0uedasfionenisunndlunisasioiinsisinacBuiudalidatiniatvaasiudia Tas s
A lEseifadudss 32 vin FeaansaanszoznarlunsBudunanisnasaulds 4.5 11
uazanwaaulaauldde 1.4 i1 mldgieldsunaitodslsafigndasuazusiuidu

Rama Med J. 2025;48(4):e274725.

8/10



RM)J Original Article

Additional Information

Acknowledgments: The authors would like to express their sincere gratitude to the
Virology Laboratory and the Department of Pathology, Faculty of Medicine Ramathibodi
Hospital, Mahidol University, for their support and facilitation of this research.

Ethics Approval: The study was approved by the Human Research Ethics Committee,
Faculty of Medicine Ramathibodi Hospital, Mahidol University (MURA2022/136 on
2 March 2022).

Clinical Trial Consideration: This study does not report on a clinical trial.
Financial Support: No financial support was provided for this study.
Conflict of Interest: The authors declare no conflict of interest.

Author Contributions:

Conceptualization: Treewat Watthanachokchai

Data Curation: Treewat Watthanachokchai, Kingkan Rakmanee

Formal Analysis: Treewat Watthanachokchai, Kingkan Rakmanee
Investigation: Treewat Watthanachokchai

Methodology: Pichet Yutthanakarnwikom, Ekawat Pasomsub

Project Administration: Treewat Watthanachokchai

Resources: Treewat Watthanachokchai, Kingkan Rakmanee, Ekawat Pasomsub
Supervision: Pichet Yutthanakarnwikom

Validation: Pichet Yutthanakarnwikom, Ekawat Pasomsub

Visualization: Treewat Watthanachokchai, Kingkan Rakmanee

Writing - Original Draft: Treewat Watthanachokchai, Kingkan Rakmanee
Writing - Review & Editing: Pichet Yutthanakarnwikom, Ekawat Pasomsub

References

1. Influenza in children. Paediatr Child Health. 2005;10(8):485-487. doi:10.1093/pch/10.8.485

2. Liang. Pathogenicity and virulence of influenza. Virulence. 2023;14(1):2223057. doi:10.1080/21505594.
2023.2223057

3. Couch RB. Orthomyxoviruses. In: Baron S, ed. Medical Microbiology. 4th ed. University of Texas Medical
Branch at Galveston; 1996.

4. Noda T. Native morphology of influenza virions. Front Microbiol. 2012;2:269. doi:10.3389/fmicb.2011.00269
Winter G, Fields S. Nucleotide sequence of human influenza A/PR/8/34 segment 2. Nucleic Acids Res.
1982;10(6):2135-2143. doi:10.1093/nar/10.6.2135

6. Centers for Disease Control and Prevention. Avian Influenza Type A Viruses. 20 December 2024.
Accessed 1 August 2025. https://www.cdc.gov/bird-flu/about/avian-influenza-type-a.html

7. Kim H, Webster RG, Webby RJ. Influenza virus: dealing with a drifting and shifting pathogen. Viral Immunol.
2018;31(2):174-183. doi:10.1089/vim.2017.0141

8. Bouvier NM, Palese P. The biology of influenza viruses. Vaccine. 2008;26(Suppl 4):D49-D53. doi:10.1016/
j.vaccine.2008.07.039

9. World Health Organization. Influenza (seasonal). 28 February 2025. Accessed 1 August 2025.
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)

10. Jonas OB. Pandemic Risk. World Bank; 2013. Accessed 1 August 2025. https://www.worldbank.org/
content/dam/Worldbank/document/HDN/Health/WDR14_bp_Pandemic_Risk_Jonas.pdf

Rama Med J. 2025;48(4):e274725. 9/10


https://doi.org/10.1093/pch/10.8.485
https://doi.org/10.1080/21505594.2023.2223057
https://doi.org/10.1080/21505594.2023.2223057
https://doi.org/10.3389/fmicb.2011.00269
https://doi.org/10.1093/nar/10.6.2135
https://www.cdc.gov/bird-flu/about/avian-influenza-type-a.html
https://doi.org/10.1089/vim.2017.0141
https://doi.org/10.1016/j.vaccine.2008.07.039
https://doi.org/10.1016/j.vaccine.2008.07.039
https://www.who.int/news-room/fact-sheets/detail/influenza-(seasonal)
https://www.worldbank.org/content/dam/Worldbank/document/HDN/Health/WDR14_bp_Pandemic_Risk_Jonas.pdf
https://www.worldbank.org/content/dam/Worldbank/document/HDN/Health/WDR14_bp_Pandemic_Risk_Jonas.pdf

RM)J Original Article

11. Spackman E, Suarez DL. Type A influenza virus detection and quantitation by real-time RT-PCR.
Methods Mol Biol. 2008;436:19-26. doi:10.1007/978-1-59745-279-3_4

12. Shu B, Wu KH, Emery S, et al. Design and performance of the CDC Real-Time Reverse Transcriptase
PCR Swine Flu Panel for detection of 2009 A (H1N1) pandemic influenza virus. J Clin Microbiol. 2011;
49(7):2614-2619. doi:10.1128/JCM.02636-10

13. Nagy A, Cernikové L, Vitaskova E, et al. Correction: Meltman: optimization, evaluation, and universal
application of a qPCR system integrating the TagMan gPCR and melting analysis into a single assay.
PLoS One. 2018;13(4):e0196444. doi:10.1371/journal.pone.0196444

14. Luminex. Luminex Detection Methods - Molecular Diagnostics & Life Sciences YouTube page.
13 November 2017. Accessed 1 August 2025. https://www.youtube.com/watch?v=0JcDk5I139y8

15. Lind K, Stahlberg A, Zoric N, Kubista M. Combining sequence-specific probes and DNA binding dyes
in real-time PCR for specific nucleic acid quantification and melting curve analysis. Biotechniques.
2006;40(3):315-319. doi:10.2144/000112101

16. Cheah ES, Malkin J, Free RC, et al. A two-tube combined TagMan/SYBR green assay to identify
mycobacteria and detect single global lineage-defining polymorphisms in Mycobacterium tuberculosis.
J Mol Diagn. 2010;12(2):250-256. doi:10.2353/jmoldx.2010.090030

17. Van Poucke M, Van Zeveren A, Peelman LJ. Letter to the editor: combined FAM-labeled TagMan probe
detection and SYBR green I melting curve analysis in multiprobe gPCR genotyping assays. Biotechniques.
2012;52(2):81-86. d0i:10.2144/000113808

18. Duh D, Blazi¢ B. Single mutation in the matrix gene of seasonal influenza A viruses critically affects
the performance of diagnostic molecular assay. J Virol Methods. 2018;251:43-45. doi:10.1016/
jjviromet.2017.10.007

Rama Med J. 2025;48(4):e274725. 10/10


https://doi.org/10.1007/978-1-59745-279-3_4
https://doi.org/10.1128/jcm.02636-10
https://doi.org/10.1371/journal.pone.0196444
https://www.youtube.com/watch?v=oJcDk5I39y8
https://doi.org/10.2144/000112101
https://doi.org/10.2353/jmoldx.2010.090030
https://doi.org/10.2144/000113808
https://doi.org/10.1016/j.jviromet.2017.10.007
https://doi.org/10.1016/j.jviromet.2017.10.007

