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ABSTRACT

Molecular diagnostic techniques are used for the diagnosis and monitoring of viral infections.

'.) The performance of the in vitro diagnostic assays is important for an accurate and prompt
T diagnosis. Positive clinical samples or reference materials (RMs) are essential for the
RS development, validation, and verification of the assays for molecular diagnostics-based

a virus detection. Since it is difficult to obtain positive clinical samples, the need for RMs with
OPEN ACCESS required properties is increasing. In this review, the types, manufacturing methods, and
PISSN : 2288-0585 verification of RMs for genetic testing of virus are discussed along with the producers involved
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Q1 o2 WHO A EFE2-E £ 4= 9121, NIBSC [1], Paul-Ehrlich-Institut (PEL) [7]5-01lA4] #| 2=
3+ A% 7Hdulo) 2 A(Hepatitis A virus, HAV) RNA (NIBSC 00/562), B3 7FdH}o| 2 A(Hepatitis B
virus, HBV) DNA (NIBSC 10264, 10/266), C¥ 7F3H}o]2] A (Hepatitis C virus, HCV) RNA (NIBSC
14/150), D& 7FdH}o] 2] A(Hepatitis D virus, HDV) RNA (PEI 7657/12), E® 7FH}o] 2] A (Hepatitis
E virus, HEV) RNA (PEI 8758/13, 10/6329), Parvovirus B19 DNA (NIBSC 12208) 5= & 4= th &
FA WHO A ER2E29] Hio]2A HXE [UmL A B3 T2 BA|Eof itk I A=
oJorEQrH A o] 2al HA| Rl viol2iA FHAF EEEZ R HBV DNA (IVD-12/019), HCV
RNA (IVD-12/021), 17+ T A HFo]2] A (human immunodeficiency virus, HIV)-1 RNA (IVD-
12/007) 5] Atk

2) "io] 2] A ufjgH

A} AA oA el Hio|HAE vigste] Y EEEEE o8 4 Qltt. ol A Hlef
Hog FFEAZ THE Ffoll, HiolHAE HAet Aol vjsto] B A7} A2
HH § TH(cytopathic effectyS HY wh7}A] BiFa} 842 REESITE BE A|Z7} A|E ¥4 S Ho]
H 2] Lol A YAl 2 efoto] FE W F 3t ohg ThA] 2ol 22 et & JAE ARSshH,
HAE Yote 8 Al 71 aakE 2| Aslsl7| el 2t A E= 5ol 3]Alsko] Y
SRR [5,6,8]. HEO| A HIFHE o] 85fo] Hio|HA BEFEHZ A|Roh= oA=&
730l A Hol2]A9] @ & WA|slal, o EXjol| A fefigh Hiol2]A Qo=
FAISH= o] Fasitt o]de] ;Y-S A A TEoll Hiolg A EFEEAS H/dHA &
AFAR] FAH o2 Axd 4 et AFH 4 0= vk o= 7idd 2EEE
o] AAo|M T35 0= 7ok o] 2ot} [5,6,9]. Hiol 2 A ikl f-2f Hio]2
SR FFEA 9] o 2 WHO A BEFEZ 5 HIV RNA (NIBSC 16/194), chikungunya virus
RNA (PEI 11785/16), Epstein-Barr virus DNA (NIBSC 09/260), human cytomegalovirus DNA (NIBSC
09/162), human herpes virus 6B DNA (NIBSC 15/266), JC polyomavirus DNA (NIBSC 14/114) 52 &
4 9lom, B Hio|HAE S/ e} P = AF-Hol| 5]45}0] A 2= Ik ATCC 2]
7V B2 TR AolSle Hiol2| A7} Htk|o] glom ZofHol Altjulero] 7Hssieh =
271 QA Z--2-88 (http://www.nih.go k/menu.es?mid=a40403010000)0l = o]2] Z5-2] Hfo]2{ A
7} BkElo] 9l Efo] 7Fssitt.

3) Hio]2| & A FZH
Ho]2]A uljeFl SR} Aol A ol A AkS FE5lo] A 23 i E ARl o = =
Ul AlEolofEeidx EEEd = 2EHol2 A HiFAdo| X FHALE 5510 A2 =EHE

=

o]2| A -RHANRNAYIVD-12/002)2} 1=+ ATCC2] thst HEo]2]49] DNA/RNA 52 S 4= Qlth
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3. I5H o2 MiZE Ho[HMA R BEESE

Hpo|HA §2F HREEA F ARSI 2R E fe=A] 42 ﬁ%— 212 Clinical Laboratory
and Standards Institute (CLSI) MM17-A 7}Fo] E2}R10]| A =[4] T-FAMHE (amplicons), A 2] HAHE(in
vitro transcripts), T/ &2 1122l 2 E] E(synthetic oligonucleotides), A% 3 DNA (recombinant
DNA), S2tAH| E(plasmids), B4R 72| 9 342 Tl A (phage and phage protein packaged
nucleic acid), G- APHE M| (genetically modified cell lines) 522 A E5}0] 7]&35t3 oLt Al
A2 SEAE, A AR, B/ 2|73 E =, 423 DNA, SetAr|E 502 AJst
SHA| Lro] H25k7] ofFaL of2] {Ro] £¢tE]o] ZFE4 0] TR0l A AL )tk o 7|4 2l
A 02 A 2H Hio|Y A FAR BEEA 2 Wo ARSE| AL = 3 AL B Eefan|Egt
Hpo]2] 2 FA A Kvirus-like particle) S A B 5HATH

1) A A 2 ZaAn| e

e 28|17 RE|EE o] &5to] Hiolg| A {HR
Sl 7] ATH10]. 2H base pair 2712 of2] 22 2| 1722 LE| EE A|Alsto] Ag3h ¥
Elof] A 23HA17|H EAJ3E Hiol|# A {2 F7IM DS Le 4= Tt o|FA| vhEol7l {43t
+ DNA ©]7] tf:Zo] RNAE TH=01%] DNAES &-8&5t0f A -HARE 2 RNAS THET S34F
=2 0]&35}o] gd5h= RNAE nucleic acid sequence-based amplification NASBA) 52 E3l] RNA
HRO|Z ARLE] RNAE Mo, o] & EF =2 Z-83H4,11]. DNAZRE| RNAE FA0
£ 3% T7, SP6 59 S &4 (polymeraseys 28510 RNAE 2ot &8 &-83itt
[12]. FZARE Ol A HAES BFE AR ARG 4= QYA SEAE S PCR & A9 @
o= Qg 9l At UEhE 4= ui13]. thE o W S S w2l B e
phosphoramidites 52 2}eH=22 o]-&5to] FAstm[14], AZT DNAU E2tAn]| == {42t
AZ3 7142 ol §oto] A& thg FAARE 2este] FAdshe 2 oJulgiti1s).

n;l-o] A]—_Q_ﬂ.‘:_ l:ﬂ-l:H 3]_1,}§ 7] 0]7} _/,\_HH bp o]Al—o] Q_ %@x
T PCRE 7|HEC & Shof A Zoh= B o] 2 o]&

QE|EE M2 ] A|(overlapping)$t & PCR-E X13)5}od -?.—71‘_
1A= cloning 7]&-2 ©]-85}o] BlE](vector)ol] T H F-4Z7F
Escherichia coli K-127-2 th&<tol| AF}dstod EH‘“*_E S GP@] AHE3H} RNAS] g2 Sall 5
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gojgle = = Abg3to] gH4d3ich RNA @Ag ioﬂL DNase | £45 A}ﬂs}d i
RPN =S xﬂﬂ 51, DNA A|A & /8310 Q= A Aleke ARE3to] HAITHTH17). RNA

gL Hiolg A 0] 70| w2} 17, SP6 SR A S AFEE 4~ QITh RNA Hlo]2] A& double
stranded RNA, (+) stranded RNA, (-) stranded RNAS] ZF RNAS] EAJo] e} 3G A S tf2 4] A
83heh18).

Hfo]Zi A S -2 EEE2 0] o2 WHO ZAH|EZFEZ £ recombinant human
papillomavirus (HPV) plasmid (NIBSC 06/202, 06/206)7} 1.1, H]=+ National Institute of Standard
and Technology (NIST) [19] 0|2 A S AR} AzF EFE2 2 DNA =72 93t Cytomegalovirus
(CMV) (SRM 2366, 2366a)2+ BK virus DNA quantitative standard (SRM 2365)7} 1Tk WHO HPV
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=28 [U/ampoule 2 FEA]E HFH NISTS] CMVe} BK virus 844 EF52L- digital PCR
2 =52 2A5}0] % Zho| copies/ul T = EA|E] o] 9t} =] A]ZojokEokA ] BEE
2 F AxE Zekan|E gALS ARSSE BFE-E 2 2= Rotavirus Plasmid DNA (IVD-12/001), HIV-
1 2% DNA (IVD-12/008), HBV 2|23 DNA (IVD-12/020), HCV A 23 DNA (IVD-12/020)

7} o, 3Hd DNAS] 492+ Q--FFHlo]2]AHPV) L1 DNA Human Papilloma Virus L1

DNA (08/023)7} Qth. = 7H8 A 2H-2-382] @Hd Hio|| A fAR #2482 B7]9 &4

RNA nucleotide (NCCP 76109), 21 =70l 7} ] & B}o] 2] A(Tick-borne encephalitis virus, TBEV) RNA
nucleotide (NCCP 76107) 5-°] 1tk

2) vpo] A {AF YAK(Virus-like particle, VLP)

S FRke] g /d 3t & TH (extraction procedure)ol] THEF tHEEA 2 AFE-S17] 9J5H oY
AFS 71&8Kencapsulation)3F VLPE THEolA BF24 Ev J=ue| S22 o] 857| & gt
VLP= 4R 6l & Av(nuclease)oll /3 7HA| AL Q17] whiZol B2 AA=0] VLPE ARES
ATt [2021]. A 30 B9t VLPE= 55| W4l HoollA] He] g%l 7|2 Edgion was
tlo]E]S 245 A} 2|4 35712Kfamily) 110702] VLP7} A 2] {ch22]. YutA o 2 2at=
VLP+= Hpo| 2] A9] §7217} gli= A Ello ™, Ao §lout AlAl| vo]2| At -fAlSHFE0] 7]
uf&of HiAl 0 2 g-8o] wo] Hrh23) Hio|YA BFEA T e S4 2 81 =
VLP+ Lentivirus VLP, MS2-like VLP 5-°] 1t}. Lentivirus VLP= AF-8-3H2] o] Q1= lentivirus & 25
U (transfection) BB} S A&-51H(Cll: pSF-lenti vector), T/dH F-A}FE lentivirus B E{ol] AFJAAIZ]
th A lentivirus BlE} S human embryonic kidney (HEK) 293TA|2E 50l 2 FUAIA VLPE
A ZSHTH20].

A 2% VLP+ Hbo]2] A9] -2 Tl A (structural protein)©] 31 At0]] §17] wf2of] AAZ B
7} B7153}0] 9FgAd o] =TH20]. MS2 phage= pACYC-MS2 HE], pACYCDuet-1 5-& AR5},
S E A= vl Efof] AMJAIZITh AFIE MS2 BE|S- Escherichia coli strain BL21 (DE3)°l| &
71K (transformation)$+ & VLPE- A2 $H} [21,24]. MS2 phage+= E. colillFF 7+ d o] 171 uf2oi|
QUAol tiet QHY /o] =t} B EA R T A | S22 54 0 & oA §AF JAE0]

Az of o= ar it

SANZ RS GARE HES 517) flol 8 Aok H o R, Ws AdHllA 7]
ST7HA] A, A AdEle] 20] 71X 2 Sl A wh Uz HA| BhETh 2RSS Alxs)

o] M3 A5 theFet W2 A|AlstaL it ol & S©1 C. Davis 5l 23225
S-S 40°Coll A 3A17F o)A, 13F AZE 40°C, 300mTorr X124 El (vacuum)ol| 4] 90A|7F o] A4 A
T, 22} 212 40°CollA 20°C7HA] 2 =RI3HE FRAA 2041 59 & ste] 5AUZRE X
S AA 7IAE A W3 BN E Gll ol EgotA| Hot E-2 Atatol w527
Z W o] thefstA| A= AT, F AR A 2 B AJZE 27489t ofuf 2t B A (excipients)
of oJalf 52 1= &0 ZHH T HPA= A, a5 Rl 9 oh, thi

B G52 dHH26). o]0l et 22E2 9] 52 71| AFRE = A= trehalose, sucrose
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1. ENZ ZH(Assignment of property values)
vlolels §70 BEZ S| A9 tlRE FAREA Y| B0l 9 2 A9 Bo
LA Bl ool FEAUY L 25 g

e Aok WS Alokskar ok E/444ke] A S fis) TV S2 ool A 9] vkE
=45 7S AAskaL ek E4Jo) thsto] & e =4 vy o] 2AgHhH EAJSHE ¢js Al
S 59 45 2HA| A 4 9l oL 1SOof|A] Zﬂ Aok 7hol Egklo) w2, 24 6-871 o)/
o] T E APA 25 HAS T QIh27,28]. EAIZE Aol AFRS 4= QI 24 vl o] 4= )
S Al Aot wou g 755 74 A C}% =A%) ATE ERIste Z12to] Bt
ol A dx|sh=7] &Rlsfjof stk 2 S5 S '] o] Zafsk= 749, E/dStoll T E AL
Al o= 7] e 37 A2 XS 4 Utk BAA BE7 Hou 7|eX o2 s 48t a2
Hrol-So]7]of] AAet 729 2|4 AN = AREH 0 2 g7ljof| A 87H7HA| S B 1o,
EAA, 716402 3954 &2 AuE Hol= 799 24 AN 4= 107) o), 714 15
7h oS UAFSIAL Utk AR 7hsSH 13 EEAIYHO| gle 9ol 67112] H3F = AR
oA 37 AAPH O B S 5h= Zlo] AT L Q) of 7] 4 9] AN AAMS Yol of2 B A =
= 50| € 4 et guby 0 2 Ho& o] Eof & 7ljo] :2A}; Thejo] A S ZH} 6H HEE =7
Sk 22 PAokaL ot Auke] Y gko 2 EAGHS 2T o, tiohy o2 FAg Al
o] viE=7 Augrs E4gto 2 o] &ohs WS 13T 4 ot Hio|g A fHR BEE
2ol EXZFS TG Yot 24|24 02 ZoIH Sl unit P02 2 $Hd RNAS] E2 W =& A4t

J 2 oby

=
(copies/UL) B=+= cycler~(threshold cycle; Ctgh 2] ot ah= Alatat 4= Qlot. 434k, +24
_]
o

=
9] 7|0l =g 2elete 4 B S AFEsto] 2% S45e 24tk

S

2. #E M HIHAssessment of homogeneity)

£227 A2 37 Foll B2 27 o] 2948 W71 20 A Ackps) 2IHE
=22 8700l E= W o= o] LRI MAA o F HA=A FRlske Hor
B 7+ 2 7d (between-bottle homogeneity)2} ¥ W ++2/d(within-bottle homogeneity) 22 -2 T

bo

jREe] BF B2 1 vlo]d 5] i 2 A2, BEFEA A|2o] npx|u} ThAl= Ak
¥ 52 thA] Hl2SS1o] x|l A BAF 1030702 A To 2 5t 24 AE 4
/3 B7LE YaiAe 249 %‘—*ﬂ(dn‘ﬁ)ﬂ ANE Az A2 Held ¢ =S 74
AFEE AR E R R Aok AS Hasta 9lom, BHESH ool A& S &
[Yohs RS tiohy o 2 ARgsE 4= it WEEo] Qe AAIE v 2470

355t & Hio| Yl 33] HHE S5 Aubghe A vl x| At BAH(ANOVA)C
Stk 5% o] 3ol A BAF 24 Aol x| Frl7}F 7|2 Het 2HAL p-gho] 0.05E
95 % Al2] Lol A Fe)do] glom, FA st TS} B TH M, 0) 2 EHM,ii)
A e 73 F, HIKS,) 2 B EEEAKS,,)E the 22 34 (1)} )0l wet At
At
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3. 9P ™IHAssessment of stability)
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Hio|2{A FEX BEESE S| MIX, THoff, 22X

Az €] of2] 7]3tollA] vlolA fHA} BEEE Ee Y A HeELS T 24
Skal Qlck HiolH A R B#EEE F A4 2R e
2 (primary reference materials)Z+= 1] = NIST2] standard reference material2} WHO2] =4
(international reference material)S S 4> T}, 0|+ NIST[19]0l| 4]+ Bo|2{A 842}
A= 2019 8¢ A CMV 2 BK virus T+ F-72] Hio|2| A §42F FF o] Az
=] 1tk CMV for DNA measurements (SRM 2366)= 2011 0] THS0] 2 A EoFE|ctr}
20150l SRM 236622 thA| %] 2 0™, BK virus DNA quantitative standard (SRM 2365)+= 23 BK
virus genome (NCBI accession No. JQ713822.1) &dsto] th=toll AUAIA viFetr F& A
e O)AF-0 2 HE] DNAS 255) A|sta A2 x]elsto] AA|st 202 2017d0] A 2= Q)
O] NIST9] Ho| AR} EF-E2AL digital PCRE 55 54510 5% 44| copies/uL T
E A At WHOS| HRo| A RA} F252 2= HIV-1 RNA, HIV-2 RNA, HCV RNA, HBV
DNA, HAV RNA, HPV type 16 DNA, HPV type 18 DNA, BK polyomavirus DNA, chikungunya virus
RNA 50| Q1O Al &3 = @40 2 A2 EZo|AY 3/ E A2 A ED= &
AR} = 7o) A2 0 2 ghojw thejol [U/mLE Fojx|o] Rtk o] WHO Hio||A QA &
TEAES FEUENIBSC[1] Y PEI[7] 59 71HolM Al Z, 2= lom mid 558 =
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