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Detection of Respiratory Viruses in Children by Multiplex
Reverse Transcriptase PCR, Direct Immunofluorescence
Assay, and Shell Vial Culture

Kui Hyun Yoon', Ji Hyun Cho®

IDcpartment of Laboratory Medicine, Wonkwang University Sanbon Hospital, Gunpo,
ZDepaftment of Laboratory Medicine, College of Medicine, Wonkwang University, Iksan, Korea

Background: Direct immunofluorescence assay (DFA)
and shell vial culture (SVC) have been used to diag-
nose respiratory viral infections. Recently a multiplex
reverse transcriptase PCR (mRT-PCR) for 12 respi-
ratory viruses has been introduced. We evaluated
the diagnostic usefulness of these methods.
Methods: Among 275 nasopharyngeal aspirates
(NPAs) received from pediatric patients during the
3-month period from May through July, 2007, 122
samples were selected so as to include diverse vi-
ruses and varying numbers of DFA-positive cells for
mRT-PCR. Also, the results of the 85 NPAs that had
been analyzed by both DFA and SVC were reviewed
retrospectively.

Results: Detection rates for the seven major respira-
tory viruses, respiratory syncytial virus (RSV), influen-
za virus A and B, parainfluenza virus 1, 2, and 3,
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Eojof & H 7} gick

Received 20 February, 2009, Revised 1 June, 2009

Accepted 15 July, 2009

Correspondence: Ji Hyun Cho, Department of Laboratory Medicine,
Wonkwang University Hospital, 344-2, Sinyong-dong, Tksan 570-711,
Korea. (Tel) 82-63-859-1861, (Fax) 82-63-842-3786, (E-mail) cjh@
wonkwang.ac.kr

and adenovirus by DFA vs mRT-PCR were 32.0%
and 55.7%, and by DFA vs SVC were 32.9% and
40.0%. A number of adenovirus detected by DFA vs
mRT-PCR were 12 and 22, and by DFA vs SVC
were 6 and 18. A number of RSV detected were 3
and 6, and 13 and 8, respectively.

Conclusion: mRT-PCR detected the respiratory vi-
ruses at the highest rate, followed by SVC and DFA
in a decreasing order. However, DFA and multiplex
PCR were more sensitive than SVC for RSV, while
SVC was more sensitive than the other methods for
adenovirus. (Korean J Clin Microbiol 2009;12:110-
115)
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ofgizof| thslo] 7hed of -5 At A7kl qldefellA] K
25k 4= glofof g 6,7]. B A ¥ 3 (direct immunofluo-
rescence assay, DFA)Z} 71 9] A4 SMIZAAH S AN 2 2
A B3t rhssiohes AollA wol A8E = Wo|t). wlo]
2= ol wlole 2 Agke] Xlnkel]l ZFYWHORA, 4154
#} HolA S FHAIZ| A} mixed cell lined} A41E o]-&3F 4
ulo| A (shell vial culture, SVC)o] W ZA A ol|A AEE] 3
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ot wieko] ErbsdtAY, Y BEE Sl 73 A5
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ot} vl JAAE A PCR (multiplex reverse transcriptase
PCR, mRT-PCR)o] EE 22X tlre] nlo]g| o tisto]
A3k A7kl A Bt 7hssiAl = odek7-9].
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A vdFEAN 2757AE R Sick W HakE
ZAA| %, DFA 7347 3}ol] ule} choket wholej 9} 3 vk
A7t TE 5 1227345 A9ste] mRT-PCR HAHE A4
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1) S87| HO|HA HES 2Ist HIQIF S :
9} A AR HQ1FEQN 10 mLS 380 gollA] 55 A3t
o HF 4 mLe 7|3 4SS =
mL-2 DFA°l A-831, 0.2 mL mRT-PCRE $ste] —70°C
of] Batsgict.

2) DFAE 0|88t 87| Hio[2{A &HE: AAWNEL 72
33%7] vlol#l A 7%, & RSV, FluA, FluB, PIV1, PIV2, PIV3
I} ADVo|%itl. D3 DFA Screening & ID kit (Diagnostic
Hybrid Inc., Athens, OH, USA)& o]&&l3om 7 nlo]g] A
off gk A7} Q1 AdgAel] 4 A5 Ao AR

FA31IcH15,16]. mRT-PCR HAIZA = &3 <34 A] 10094
AlofollA] 27 o2l A AE7E W AAE Asisleh

3) mRT-PCRE 0|28t $57| HIO|2{A ZHE: cDNA AL
random hexamer (RevertAid™ First Strand ¢cDNA Synthesis
Kit, Fermentas Co., Ontario, Canada)& AH&3tc}h $%7] vl
o]lH 2 12% 32 913 mRT-PCRS Seeplex ™ RV detection
kit (SeeGene Inc., Seoul, Korea)E o]-&3}o] 2 set [set A: ADV,
HMPV, coronavirus 229E/NL63 (229E), PIV1, PIV2, PIV3; set

13 M2

<— Control

<« ADV

«~— HMPV

«—— 229E .

— PIV1 Fig. 1. Electrophoresis of mRT-PCR pro-

~— PIV2 ducts for 12 repiratory viruses. Abbrevia-

PIV3 tions: Control, internal control; ADV, ad-

enovirus; HMPV, human metapneumo-
virus; 229E, coronavirus 229E/NL63;
PIVI, PIV2, PIV3, parainfluenza virus 1,
2, 3; FluA, FluB, influenza virus A, B;
RSVA, B, respiratory syncytial virus A,
B; HRVA, human rhinovirus A; OC43,
coronavirus OC43. M1, 100 bp size mar-
ker; M2, viruses marker; NC, negative
control; lane 1~13, patients: patient 1

<— Control . .

- FlA HRVA, patient 2 HRVA, patient 3 ADV,

<— FluB patient 5 PIV1, patient 7 PIV3, patient 9

T—RBVE  RSVA, patient 10 PIVI, patient 12

— (F\S%\z{é ADV+RSVA, and patient 13 PIV1. Other

patients were negative.
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Table 1. Detection of 7 major respiratory viruses in nasopharyngeal
aspirates (n=122) by DFA and mRT-PCR methods

DFA mRT-PCR
ADV 11 20 (PIV3)*
FluA 10 12 (ADV)*
FluB 1 4
PIV1 5 8 (PIV3)*
PIV2 0 1
PIV3 9 17 (PIV2)*
RSV 3 (ADV)* 6 (ADV)*
Negative 83 54

*Include 1 case of mixed infection with the virus within the
parenthesis.

Abbreviations: ADV, adenovirus; Flu, influenza virus A, B; PIV,
parainfluenza virus 1, 2, 3; RSV, respiratory syncytial virus.

B: FluA, FluB, RSVA, RSVB, human rhinovirus A (HRVA), co-
ronavirus OC43 (0C43)] ATl o, 2% k4 7Aof] A7)
Esto] #leklrkFig. 1).

4) SVCE 0|88t S&7| HIO|HA HE: v|dFFeIA 12

< T5MA 3 mLol] ¥ar XAl A'k 23kstod 1,500 goll
A 302 EF A &S 3004 LE vl AlE(R-mix
ReadyCell, Diagnostic Hybrid Inc., Athens, OH, USA)ol] Y11,
700 goll Al 45% 53k FAlsle] AE Foll FAE RS sl e
v, o]F CO, wigF7|ollA 37°C, 48417k wikelle}. 2 3F
7] wiel] 2 78l thato] DFA A 543 o2 54
stk

5) SAAE: TH7] wpelgls AR AEE Aol
SPSS 11.5 (Statistical Package for Social Science, Chicago, IL,
USA)E ©o]-&3}o] Fisher exact testS AAJs}Ach

e 1}
1. DFAQ} mRT-PCRO| H|2

1227345 o & 9 IF7] vlo]g] 2 750l gt A
of|4] DFAT 3971%(32.0%)0l14 A& Ve 3L mRT-PCRel
A= 68714|(55.7%)7} 9¥AS Hol mRT-PCRo|A Hr} =&
A%EES HYrhP=0.0001, Table 1). ©] £]ol] DFA A8l
= A ekgk o} mRT-PCRAIAE A7 75819y 5%
o] 33%7] nfol# 2ol thel A= 21 4AN(17.2%)l A FAS 1}
Wit

2. DFA2} SvCe| H|xw

o

DFAS} SVC7} FAloll AR 85714014, SVCollAE 34
7AA1(40.0%)0l1 4 kA4S, DFACA= 2873 41(32.9%)0l1 4 <k
A& UERH e P=0.0001). ADVE] 73-5-oll= SVC7} DFAE
t} 3uf =& wbH, RSVE 7Z-$-oll= DFA7} SVCEL} 1.54] &

Table 2. Detection of 7 major respiratory viruses in nasopharyngeal
apirates (n=85) by shell vial culture (SVC) and direct immunofluo-
rescence assay (DFA)

DFA SvC
ADV 6 (RSV)* 16
FluA 2 1
PIV1 2 3 (ADV)*
PIV3 6 6 (ADV)*
RSV 12 8
Negative 57 51

*Include 1 case of mixed infection with the virus within the
parenthesis.
Abbreviations: See Table 1.

SkcH(Table 2).
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33%7] vlo]#] & 7AZEEoll tsle] Henrickson 5{1]< mRT-
PCR 31%, AE2 wljok 16.2%$} EIAS o]83F g1z o]
26.9%%= Hislgl o), Dumn F{17]< DFA &4 79
87.1%0114 R-mix viFol] oFAl ol Wargt v} Qick. &, nlol¥
2 AEES i S8 A 9 o vlo]g o) wet
s o Qo dnbd o oMl e AASE wljoly 9l
FAAAH o8 o 2R dHA 3rH10-12,17-20].
B ATl e Fe TF7] vlolH i 7El gt HAEEL,
DFA$} mRT-PCReO|A] 32.0%%} 55.8%, DFAS} SVColl4] z+z+
32.9%9} 40.0%2 LFERo], mRT-PCR, SVC, DFA <02 7
FEo| TS RIS F A%k 53, B AddellA 7wy
o A&% ZAAEFe] mRT-PCRS DFAS] 1/10 (0.2/2.5 mL),
SVCE ARK1.2/2.5 mL)oll wX|A] 33k g Fikeld, He
A= 8] Hpol&= wi-- Fct & Zlolrt. o]:= mRT-PCRO]| H}o]
2 2=0] AE} HAEE 5 AA=F Soll g Aok AA| vk
oA, i dabs ae o FEY F Qhvks Aol A
7] Wil Ao A7 9 357 nlolel 7% o] ]9
vlo] &g E33 749 AAY 73.0%04 mRT-PCR %A=
UrebH=ul DFASE SVCollA A8 7hs3t k| 579 vl 85
4748wl mRT-PCRO| % oA[R1529} vhefst nlole]~ e
& S T3k Aoz AZE

B Qo= A4 Wl vl ADVEF RSV HEEoll 2
o7} &= et 7k el ulaellA ADAS] Al
mRT-PCR¥} SVC7} DFART} 7% o127} =3kt o]+ &
ATollA 3714 AL SAll AA1E 69714 T ADV7E %
2 7Z9+= 1874019 =Hl, SVC 1774, mRT-PCR 1173A4],
DFA 67391 7zl A% #e1ek 4= 9)lrk(data not shown).
Amold S[12]2 DFA &4 597AollA] PCRS o] -&3}od
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ADVE ZZ393 Landry®} Ferguson[16] 54 nljokol|
ol&flA ADVZF Eel® 1973AA 117#(57.9%) "Fe] DFA
F e Earsk vl gick 5, DFAC] 93k ADV A& URHd
02 dRIE7} 53] Yol, ADV 7Hde] QA= & 735l i
FHE A AEE S st vk 2y et
PCRE H|23toll 9lo] Jennings “510] A5 wHeksoll €]t 1
71 A2 PCRoI| 93t 1071 A& HarslSlaL, Freymuth
512012 FluA%t ADVE] 7%l PCR¥}F Z-54 wleke] Xjo]
5 W3 5 glgivka Haskar Qo] ol w AAelA 9
gele] F a3 Zlog A7ty dct

RSV 73-%- DFACIA] 8¢, SVCollA] 1357} 7A&E]o] SVC7t
EL2 dNIEE Yehlgl o} mRT-PCRY} DFAS] Hszel] $lo]
Ae A AT Aol AE dREE B9 i
Dunn {17} RSV 4 7 Aol 4] DFA %45 94%, R-Mix Hi
%k 27%E E 38193 Landry9} Ferguson[16]% 2§ 7] ulol2
2= FollA RSVell gk 7555 DFA 99%, v 58.4%% K
e, ol RSV 87 WSzl o3k F kA wliitoll A
Ao] ARG =243 A48 HES Do 3] ulitolvh1l]
kA RSV7ZE efshe A719] 357] wholef 2 mjofellA] 7
A 22 cHAlol] Kl FoJ7) a3 o7 A7k gict.

B odol|A] mRT-PCRel| AHg3F Alkxl|:= DPO (dual pri-
ming oligonucleotide system) 7]|&S #-gsto], Lub=ol Ak
Alel| vlslo] o1 =7} =& o} Bolek F& AR
B 15 90v}H9,14,21,22]. Yoo S{14]2 2F7] nlo|#] 2ol tha}
o] DPO A5 A8-3H mRT-PCRI} DFA]| 9|3t HEES
Z7r 56.0%2F 33.0%2 Haskl. o, Roh S[9] 7% 7+
% 3kake] I FElHell Al mRT-PCR¥} R-mix ¥iFHE Hl
asto] 507A] F 4073H|oNA FLE ATE Bl ot 174
of| A vieF <4, mRT-PCR 54 o|AW dl vlsjed, v 2] 97
Al g 54, mRT-PCR A& Easigict 3H4, Sung &
[22]2 Seeplex RV 7] E 7 Aboll HRVA, HMPV, OC437} 75
H 477K T A71A o] B sl nlole] et U
S Bargho 24 Bl e] Sol =g gelagict. 2 ol el
A% v IFERI Mol = hokdt Ere] dite] EANE Ao

=
FARNE Bekar, L] AAlelA A7) g el -
MFste], dub oz 3edA 9= mRT-PCRE| ©H4Q] H| 50|
A wle AT RIS ZH4EE DPO 7|Ee] Heksle Zlew

Fheb=] A ckFig. 1).

g, 3F7| wtolH 29 FEZEEY DFAS PCRA =
on, guk Azl e del Hdo] A=A ek 3hAlol|A
5 5~10%, WA A 324 = 10% o] doll o] & 2oz &
35 gem RSV, ADVS FluA H1%7} =9kcH10,11,23,24].
mRT-PCR= ©|-&3F A5 THAEES Yoo G142 8.0%,
Jennings S10] 27%E Haslglon o= A4 FE7tod}

A Foll= EAlishe whol & #AE A3 735

A= 4
e
Z3kstk

i

Zlo g FAE I ek B AR 197|ol|A FEFES o]
7AEs9 =], ADVSF PIV T57] 27l SvCel 2Jste]
gol=E]9la, ADVEF RSV F27+e] 174 DFA®F mRT-PCR
o oJsle] 21T 4= gldort, A 167141 mRT-PCRo|
At AEE A B oA FEA A& vlolele
B 40524 HRVA 105, ADV 95, PIV3 65, HMPV 55,
FluA 33, PIV1 23, RSV 2%, FluB, PIV23} 0C43 ZH2F 1590
th A=, 357] vtolE s TR ] HQl vl
ARl=Elo] QA ¢kow, 3 F7] vpole] 9] FEZFA-L lld vt
ol#]9] EAY & glont, WA ofdl tiste] AA|ZF PCR
oL} A7|AYG B4 59 W o BQIE|ojok & Ao gt
= QArH24].

HAHA ZE7) vhole| 2 %ol vl wljeko] FF W
ol Aut v o] gle Z-F-ol A, wijoke] B2 AU F
Alo] 3] =7l ulo]] 8] 735 FAEA o] AR
ok 2y BAEEA W s a8k ofdel, 371
FoflA] k52 o2 QI AE3HE AlEo] WA ki, A4
Zrant Auzked Bl E243) Aol el Bk, EF
37t ebebA] Sstkar, 53] gkl ek ERlo] of7i7] uj
ol AlgkH o g AgE s 9hrh11,25]. Lol SVC[11]&= 2
71H517} 7hssbAIRE, Carman[7]2 =2 ARIEE e e &
A ST Aol ogt S48 THe] 27|37} il olA
SR FARA S =83 27, Freymuth 512012
g wlole{ 227} vhroln] 27] Havt 7453k mRT-PCR¥} o]
S dou} AEE 7L 7153 DFAE 37 o] &3l W
= 723k vt 9k & QdFol|A] mRT-PCRE] 14 A8l glo]
5 7|4 ADV7} AAEE A ¢ A, SVCU DFAR 23]
A o gt Mert WEEE 7S, 53 SEA Fe
2 WE=rt 270 o 3HEE wloll, T4l Fo7F Hedt Ao
2 AZtE it

AER 02, 3F7] ol 7ol 9lol A, DFAE A A3k
AAe] A gl o} AEAe] 22 ST =, 77
vl Zhekslo] 2 Hart 7hgsle, RSV HEEo| =%
o} mRT-PCRE 7|74 o] 27} =31 avto|glon), HAl &
TF271 4 7k, i wtelel2rt b WA oflgl=rt
=9tk SVCe Al aF=27n JEA dol=rt Fout
ADV ZHAAA A o] 74 Ekct. wiehA], WAsh ol ulel H4
g WS Adgslojof & Zog A7tE| et

o %

ol
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= EXE=
£OPJA TfF SHAIA PCRE, SEHOIGUY, AHOIQHFHS
O]t 21| IﬂIOIEI—Ql 4=
'grian MEwe HeAlelsn, Peacistn onioks KetAelsmal
s, =x§?

HiE:
culture, SVC) 5o] o] &=t T 12F SF7] vlol#]=E 5‘101] A= T e
reverse transcriptase PCR, mRT-PCR)°o| ER]1F|o], o|&52] Atd {845 LolE vz} skich

e 200740 S907E] 7071 QLIS D ok Ao 21915 Bl 275 A, DFA
ol Wz} eaktt vlolelzso} gat ihe Aol TREES 12200% Aol 4EHE
Ak AT F A AHAZEE o] Ssto] SV DFATH A6 SlslE 857 A4 vholel
T 2

Ayl 9 $F7] vlol#] 7 (adenovirus, influenza virus A2} B, parainfluenza virus 1, 22} 3, RSV)el] tifgk

DFAS} mRT-PCRONA ZHZF 32.0%2} 55.7%, DFAS} SVCOlAl 32.9%2} 40.0%33t}. Adenovirust DFAol| A+

mRT-PCROIA= 2257} 71%=|9)aL, DFAS} SVD9| BlaollA= Z7] 659} 1857} 7
PCR H]3Lol|A] 339} 65, DFAS}F SVC Bl Z+2} 1339} 857} A& Ak

AE: 3F7] vlo|#] HEES mRT-PCR, SVC, DFA $50]91.2™, adenovirus %
7b Frsksich. (el dnld=st3]X| 2009:12:110-115]

33%7] vlolg] & g 2] Agkoll= 27wl o & s (direct immunofluorescence assay, DFA), “dulo]Zulok (shell vial
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