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Detection and clinical manifestations of twelve respiratory viruses in
hospitalized children with acute lower respiratory tract infections :
Focus on human metapneumovirus, human rhinovirus and human coronavirus

Kum Hyang Kim, M.D., Jung Ho Lee, M.D., Dong Shin Sun, M.D., Yong Bae Kim, M.D."
Young Jin Choi, M.D.T, Joon Soo Park, M.D., Chang Jin Kim*, M.D. and Dong Jun Jung, Ph.D."

Department of Pediatrics, Department of Preventive Medicine’, Department of Laboratory Medicine ”

Department of Pathologyf, Soonchunhyang University Hospital, Soonchunhyang University School of Medicine, Cheonan, Korea

Purpose : This study was perfomed to analyze in detail the viral etiology of acute lower respiratory tract infections (ALRI)
in Cheunan, Korea by multiplex RT-PCR, including human rhinovirus (hRV) and newly identified viruses such as human
metapneumovirus (hMPV) and human coronavirus (HCoV-0C43, HCoV-229E/NL63).

Method : Nasopharyngeal aspirates (NPA) were collected from 863 hospitalized children with ALRI on the first day of admission
at Soonchunhyang University Cheonan Hospital and analyzed by multiplex RT-PCR from December 2005 to November 2006.
Results : Viral agents were detected from 474 subjects (54.9%). The identified viral pathogens were hRV 9.2%, hMPV 6.8
%, HCoV-229E/NL63 1.4%, and HCoV-OC43 2.1%. Coinfections with =2 viruses were observed in 108 patients (22.8%). The
major period of viral ALRI was the first year of life. Clinical diagnoses of viral ALRI were pneumonia (59.5%), bronchiolitis
(24.7%), tracheobronchitis (11.4%), and croup (4%). The most common causes of bronchiolitis was respiratory syncytial virus
B (RSV B), whereas hMPV, hRV, HCoV-229E/NL63, and HCoV-0C43 were commonly found in patients with pneumonia. The
number of hMPV infections peaked between March and May 2006. HCoV-OC43 was prevalent from November to February
2006, whereas HCoV-229E and hRV were detected throughout the year.

Conclusion : Although the study was confined to one year, hMPV was not detected during winter and peaked between
March and April, which was not consistent with previous studies'. This present study indicates that HCoV is a less common
respiratory pathogen in cases of ALRI in Korean children. (Korean J Pediatr 2008;51:834-841)

Key Words : Respiratory virus, Respiratory infectionsm, RT-PCR, Children
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Viral Lower Respiratory Tract Infection in children

1 F RNA =+

EREES RNA% FHlE 7l ZA 300 OLelA Viral
Gene—spin TM Viral DNA/RNA Extraction Kit GNtRON,
Seoul, South Korea)& AFg-3sto FE3)5IT)

2 CDNA iy

FZ% % RNAE 0|83} first—strand cDNAS /3317

al, %ﬂﬁ*} 7742 Revert Aid TM First Strand cDNA
Synthesis Kit (Fermentas, ontario, Canada)Z ©]-4-3}3ith.

3 PCR

AN FT NS SeeplexTM Respiratory Viruses Detection
Kit—=1 (Seegene, Seoul, South Korea)¥} GeneAmp PCR
System 9700 (Applied Biosystems)= ©]-&3to] A3}
Algo] HF 2 3 0L cDNA, 4 0L¢ 5X RV1A primer %
+ 5X RVI1B primer, 10 OL¢] 2X Multiplex Master Mix& 3%
stste] 20 OLE 5ok /g2 94°CeolA] 30%, 60TelA 90
Z, 72TCA 90x9] H4& 40§] WHESHR N, HEFAEE 72T
oA 1027+ M3t 5% 9 PCR AHES ethidium bromide
S X33 2% agarose gelolA A7]95 dke] UVakelA] 2zt
Zte] #E band)< ERISSITE &4 x2S BdTE ARSSE
Atk
3) oNy7E
Hiol2j A7}t e
Shofo] A, A
Ao 2, A S

h=4 [e]
Agolel Ee) ADH £ PP AR BHFL
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1. AA 4 &7 9% 5 multiplex RT-PCR FA}

A3t

% 12709] 357] vtol el diste] AARE 3H3lS W 863
T 4747 (54.9%) 0l A BRele{ A ool vkttt €' AA wf
olg A HESES 11¥€° 66.3%= 7P E=9%al 8¥0) 3L7%=
714 $kth(Table 1. A28 vlo]#{2~= hMPV o] 328 (6.8%),
HCoV —229E/NL63 78 (1.4%), HCoV-0C43°] 104 (2.3%)=
AEFAI, 71E vlol@ A F RSV A 708 (14.7%) 2 7H 23t
i, RSV B7} 48# (10.1%), influ B 4421(9.2%), hRV 43# 9
%), ADV 388 (8%), 18]a. AA| nfo]g2F] EF7AL 108
g (22.8%)Q 3L 2714 o] 804, 37HA Agel 248, 47kA 7
o] 4dolA LEFRLTH(Table 2).

2. BF7) vpolE 2zt PEH HolEe] SA

Hpol 27} ghele 47484 dolrt 280 (59.0%), ofok7t
1942 (40.9%) & F H]= 1.4:1 Rit}. AgS A 3UFH 15
Al TR (Bt 29 0, 4 A% 1d 571E) 2SI
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Table 1. Isolated Respiratory Viruses from the Children with Acute Respiratory Tract Infections (Dec. 2005-Dec. 2006)

No. of positive cases

Year No. of No: .of
(month) NPA positive . . HCoV
examined patients ADV RSVA RSVB PIV1 PIV2 PIV3 influ A influ B hMPV 290E/NL63 HCoVOC43 hRV
2005 (12 98 53 14 11 6 1 0 0 6 6 0 0 0 0
2006 (1) 36 20 1 2 11 1 1 0 5 1 0 2 3 0
2006 (2) 55 28 4 6 10 1 1 5 4 2 3 2 2 5
2006 (3) 88 59 7 5 22 1 1 0 3 8 14 2 0 9
2006 4) 98 51 3 2 2 1 0 1 2 25 13 0 1 3
2006 (5) 108 71 7 6 3 6 2 29 0 12 11 2 4 6
2006 (6) 39 29 5 5 1 1 5 15 0 1 1 1 5 8
2006 (7) 34 18 5 3 0 0 3 8 0 0 0 2 0 4
2006 (®) 63 20 3 3 0 5 1 1 0 0 0 1 0 6
2006 (9) 62 20 1 0 0 4 0 0 0 0 0 0 1 8
2006 (10) 82 32 2 16 6 6 0 0 0 0 0 1 1 12
2006 (11) 110 73 6 45 14 2 9 9 0 1 0 3 6 8
Total (%) 863 474 62 113 79 30 28 74 28 50 42 16 23 69
549 QO (018 (0128 @9 @6 02 4.5) &1 6.8) 2.6) 3.7 (112
Abbrevaitions : NPA, nasopharyngeal aspirate; ADV, adenovirus; RSV, respiratory syncytial virus; influ, influenza virus; PIV,
parainfluenza virus; hMP, human metapneumovirus; HCoV, human coronavirus; hRV, human rhinovirus
Table 2. Identified Viral Agents in Acute Respiratory Tract
Infections in Cheunan, Kore§ (Dec. 2005—Nov. 2806) Y 60 0 maje W fermnale
Virus No. of positive cases (%) 70 —
Adenovirus only 38 ( 8 § 60
Respiratory syncytial virus only f_’ SO
Type A 70 (14.7) 5
Type B 48 (10.1) z 30 7
Parainfluenza virus only 20 M
Type 1 22 ( 4.6) LSS
Type 2 3 (06 (U
Type 3 37 (7.8) <Bmo 6-11mo 1yr 2yr 3-5yr  B-8yr 9-12yr >12yr
Influenza virus only Age
Type A 12 (25 Fig. 1. Distribution of the number of cases with acute viral
Type B 44 (92 lower respiratory tract infections according to age and gender
Human metapneumovirus only 32 (6.8 in Cheunan, Korea.
Human coronavirus only
229E/NL63 7 (14 3. 99 5357 ulole] X A GAF
0C43 10 (2.1
Human rhinovirus only 43 (9.0 hMPVE 3€95E 59714 #3393, HCoV-OC43 1
Mixed infection 108 (22.8) e 287k fashs Wb HCoV—229E/NL63e| Lt hRVE &
Total 474 (100)

dual infections: 80 cases, triple infections: 24 cases, quadruple
infections: 4 cases

14 wake] 188 o0& 7bg Wk (39.6%: 6712 vw 23.6%,
6-1170€ 16%), 1414 21.3%, 241014 12.4%, 3-5A]914 15.8
%, 6=8M X 5.9%, 9-1241914 3.2%, 124] o)’delx 1.3%7}t
AEF ] 6Au) Y 2ol At (65.6%) AYSEATE 14 IRk
9] Zotelld thE Aol ujste] nfol A~ HEEO| U
Fig. .

T 1B BE¥E HIUL RSV Ae F2 1083 122714 54
Ao g F3ste XH5S B RSV B 1095E 39704 &
ko] hMPV 8} F-3AI717F AAA] 2 Aoz byttt influ
AE 1189%E 19714, influ B 3958 5€974] #AEHAT
Fig. 2).

4, AHE 3F7] vloly 2~ HE G

671 mWEe] Z-ofeflA
7} 353 (31.2%)% 71 .

it 241 vlRkell M HEH AL
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Fig. 3. Clinical diagnosis according to viral agents in hospitalized children with acute viral lower respiratory tract
infections in Cheunan, Korea (Dec. 2005-Nov. 2006). Abbreviations : ADV, adenovirus; RSV, respiratory syncytial
virus; influ, influenza virus; PIV, parainfluenza virus; hMP, human metapneumovirus; HCoV, human coronavirus;
hRV, human rhinovirus.

=53tk hMPV, hRV= 24 u|gke|A] Zk7; 264 (81.2%), 454
(65.2%)% WSk, ADV, influ AE 24 o5 Ajrlos o
o] AEHUTE HCoV Y PIVE A olgdd g Fa3t jo]&

6}
HolA kAl influ BE BAl o]Fo & HEES RHAlth

(@2}

Q4 ks 249

A=} ARy

o] 2] 22

PRS2 Aol 282e (59.5%) % 7 WKL, A7 HA Y
o] 117#1(24.7%), 7171¢Ae] 54 (11.4%), =LF°] 194
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Table 3. Clinical Symptoms of Viral agents in Hospitalized Children with Acute Viral Lower Respiratory Tract Infections in

Cheunan, Korea (Dec. 2005-Dec. 2006)

HCoV HCoV

ADV RSV A RSVB PIV1 PIV2 PIV3 influ A influ B hMPV hRV
=62 =113 @=19 (=0 6= G=H (=8 6= = 2H/NLE 0C4 o
(n=16) (n=23)
Age 28.24t  20.79* 17.49=* 33.57% 24.46+ 22.56+ 33.24+= 59.69f 26.98*+ 20.03+ 37.21£  25.80*
(months) 28.65 27.17 18.72 36 26.31 23.85 41.41 47.85 28.51 20.61 34.34 30.44
Symtoms Number of positive cases (%)
Fever 39 (629 77 (68.1) 10 (127 19 63.3) 10 (35.7) 48 (64.9 25 (89.3) 43 (86) 30 (71.4) 500 17 (73.9) 38 ( 55)
Sore throat 1 (16 7 (62 0( 0O 2(67 1(36 2027 2(7D 48 0(C O 0 143 2029

Rhinorrhea 37 (59.7) 46 (40.7) 9 (11.4) 12 ( 40) 13 (46.4)
Cough 54 (87 82 (726) 14 17.8) 2 (76.7) 19 (67.8)
Sputum 30 (48.4) 59 (52.2) 40 (50.6) 20 (66.7) 11 (39.3)
Rale 28 (45.1) 54 (47.8) 40 (50.6) 16 (53.3) 14 ( 50)

Wheezing 18 ( 29) 21 (18.6) 21 (26.6) 3 ( 100 9 (32D

8 (
0 (
50 (67.6) 14 ( 50) 33 (66) 35 (83.3) 8 (
58 (784) 26 (929) 39 (78) 39 (929) 10 (625 19 (82.6) 52 (75.3)
38 (51.4) 13 (46.4) 19 (33) 22 (524) 8 (
30 405 11 (39.3) 10 (200 18 (429 4 (
18 (24.3) 3(

500 8 (34.8) 31 (44.9

500 13 (66.5) 39 (56.5)
25) 13 (66.5) 27 (39.1)
188 3 ( 13 18 (26.1)

7(2) 2(4H 819

Abbreviations : ADV, adenovirus; RSV, respiratory syncytial virus; influ, influenza virus; PIV, parainfluenza virus; hMP, human
metapneumovirus; HCoV, human coronavirus; hRV, human rhinovirus

208 (64.5%)% 7F¢ wWekom HCoV-229E/NL63, HCoV-—
0C43& o] 43 (50%), 108 (90.9%) % ©kil, hRVE #HH
o] 248 (54.8%), EA71BAo] 114 (26.8%), A&ol 3# (7.3
%) w=0]3ltk. RSV A7} AE% 73¢ F o) 489 (65.7%),
73R Fol 178 (23.3%) oIt} influ A%} influ BE Z+2; #¥
o] 10#1(83.3%), 247 (60%)= 7 w3kt ddzxehd @<l vt
olgjAe By #HyS RSV AV} 21.3% % 7P w@ekal RSV B
11.1%, ADV, influ B, hRV7} 10.6% =01 BA7]#X98-2
RSV B7} 23.2%% 7} @ekon RSV A, hRV =0]¢lth(Fig.
3.
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Holom 50% o)A HHE doy|u BE Ay 12

AZFH AT FES] 4z 25%, 56.5% % Aol veElhd B]&<l
18.8%, 13% Xt} 3o} HCoVE A A3uo) w3 Zo o
BAgo] w2 Ao R YehHtt 3t o] 57} thE nlo]g el

A e 271A o] 1282 F&E RSV, PIVS A 74
S dozy, A AP 7dHE veERgTh 28y 2 AT Al
SR o 7= HCoV—229E/NL63 T 7He] nfolej A7} &t 7je] =
golH 2 HEFHo] F A Kl 1 54& AAE] BA &
SHRaL, Y9 SolE o gt AR A e Agk
< 9427 HCoVE 544 & go] WA YehsdS Zlolghs
Holt},

hRV RNA HPo]# A= picornavirusel 430, 101714 2]
FAgo] dejA Atk AN &9 E Aol g E
Hlol g ~olt), Aol e e $E7] Hlolg AR Qla] Aqldl
va Fodo] Ao vokth Al wjelA W7t golst
A ko RT-PCR W9 &z fAE o] T7hshd Htol=
34 T A9Y o gdoF FHa S 1A
SF71Ed, A ARS 71RAE, BAZIBAY, HRe) F
floln] 49 otsl @9lo] ®rhE K} 21420) hRV
A obsl Mo s|E A Zj“?éoﬂ o3 Holehs F4
% R F 2 wel g% Aojeks Fgo) glont
Y B2 A7 Bestth 1E82 RT-PCR o= 20044 7€
e 2006 62714 Al AP A9 27.4%, T multiplex
RT-PCR ¥ 2.& 2000056 20053744 2] 79614 2] 6.8%¢]
v 2 AT Aol 9%E MZ 2o)7} AT 6712 mwt
oA RSV Acll o]o] F WAR o] HEH vlo]H A, AF
W AR 39HE 697k 1Ea 99RE 119744 o] v
o AL Rk 7P duAde] = I Kwke HHo)
248 (58.5%), EA71BAGo] 118(26.8%), ZL&o] 34 (7.3%)
oItk BA 7 T 27HA) 2 133, 7 e 1032
SA EEe] B YeRdh ol hRV ] F54 Bt v
F3} B39 AN 12%, 9% = ERE 5123} o] 91e A
o7 HRtk FA A9E H3e FEEde #Ro| gle Aow
1ot} Daniel 5%& RSV} hRV ] A 7494 W 7]7ko]
23, 94 A MAYBE Erhy HIEGoHE o Be o
7} Ao HAo=w AyzrET)

B Aol A & 863 F 47478 (54.9%) A wlol# AT} AE
59131, 3% AL dolell A ofotrt)t Este] o R Ay
B 94 wlgkel A= UOMW ATk 0% e v go] #
obA| 3L o] Aotell A nidkslar o] Frhgdel whel WmsE v

o A4 Py A 141R dolr) ofotrtt
wotth A®o FxE Auny S 3UHE 154 771E7HAA]
3 Ht =S 287EolY) o]F 1A mvke] 39.6% = 71

6712 mlwte] 23.6%, 671LNA 111D 7471 16%, 1
A7} 21.3%, 2M7F 124% 2 A9o] 7t 4= F7d nfolgx
A 3= 2 gote] RIms) Wold S & 4= otk EE 67
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4 mRkA] 67 EolA 11IAE7HA 2] Shols Wt Wol &Y
AL o) Lee 579 Aol AAskgiet. 671E mlukol A xt}
6-11712 golEolr wol AEHUY Lee 5704 Park 57
o] AfolE Kol olfRE ol AFEY HE U o
T A1 AlFe] tEa A Ao Ajo], AH
ATe] 71ke] 1R Fe A 58 uEd &
Hol# 2 AEES 67149 mRkY] LotelA HEH
o]8i~E RSV A7} 358 (31.2%)= 7F¢ Wkl hRV, PIV 3
ol influ Ax 24 o]Fe Az or Wol HEHSIL,
influ B 54 o]Fel =& HEES Btk ol 24 m|wke] &
ool A influenza oI} HEFEC] thE AdPel vt =2 A
#Ho] & Aow Azhe.

ATl T AER A9 A9 Eoks tid e nj]l

T EFJES o] &3te] multiplex RT-PCR W& AH&-3te] AlE
A dER T57] vloly el o3t PSS Lot Al &1

hMPV, hRV, HCoV-0C43, HCoV —229E/NL632] s34 4 &
AH BAE vl AT STk

AT Aoz A9H dAE 9lon, I Febs o
FoE Ao n® nwd FFErt Ag oS HEFEEH,
AA Aoke] |73 wlelel2xy IR #4EE dxshlele
7F Qdtk Egk $&7] wlolgiiae
AEHA gorz npolgArt F3 ] s
folog zhEd = QrfPa sAwE hRVAR Y] ALY d2
S5 7eA = prolZE Tt dHl 7w, Jobr] E FolrleA e
HH T 25 AAEA A, hRVE S0 e
A e = Qg slglerne A% gl =
2 A7 AldE ook stk o Ao AR HEF] oA
9] 77}A] nfo]# A multiplex RT-PCR W o2 AZEA] 25% A
45% R Aol vl8l] 12714 vlo]#l A multiplex RT-PCR ® ol
oJgk HEFo] 57.5% 2 oA SIE el Ao wA HE
ojlg el tist WS Y F e, AlEA ¢#F hMPV
9} HCoV-NL63ol| &R Az 15tk wljefo] oz 9] & <
T AARE hRVel dis] ZHE 5= SISt

2 ATe] A%E o8 Ykl A9 v sl influenza®l
&717ko] A1, hMPV7F A&l HEEA %31 394 427}
| F2 #4F9v= 3 HCoV7E $dudelre B A%
| ¢ot B7I= el Me 1 vlFe] W nnjsitkes As &

AL olde AFAHE EUE T Adel dis 1s
T oA FRlo] To] | Aolgta AY7hsitt.
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92005 12958 2006 11€704] Sd@ddigha et
B Lolate] )% AEow At dols F 8639 thd
07 glol5o] nlelF FolEof multiplex RT-PCR ¥ 9]
g3kl T 1209 mpelH2E HEATE

A 3 F 1209 587) vpelg el giste] AALE S
Wl 8637 & 4747 (54.9%) 1A whel# 2 oFde] vERsiTth. hMPV
o] 6.8%, HCoV —229E/NL63 1.4%, HCoV-0OC43 2.1%, hRV 9
P2 AEHAUL, EFHAE 28%QtF FA oY AA &)
T A 1A wlstell A 7R EabAl vrebatth R T 9
o] 59.5% = 71 WkaL, AZ1AA Dol 24.7%, 71871 ARGl
11.4%, A5°] 4% oldth A7 #AA L 718 &3 Al vio]
2] RSV BelaL, whde] hMPV, hRV, HCoV —229E/NL63S
HHo F2 A4 wlolgAZ vehgth vloleiad f3 o

hMPV+E 3958 597b4] f-3sk3la, HCoV-0C43S 1195
B 29714 stk whde] HCoV-0C43, HCoV —229E/
NL63Z} hRVi 1% 18 B¥5 Hoth
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