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Detection of Rhinovirus from Children with Lower Respiratory Tract Infections
by Reverse Transcription Polymerase Chain Reaction

Young Ho Kwak, M.D., Eun hwa Choi, M.D. and Hoan Jong Lee, M.D.
Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Background : Rhinovirus has long been considered as the most important cause of uncomplicated

upper respiratory infection and a trigger of asthma exacerbation,

and was recently been widely

appreciated for it's association with lower respiratory tract illness.

Methods :

One hundred and sixty-six children with lower respiratory tract infections were enrolled.

They had been hospitalized at the Seoul National University Children's Hospital from August 1997 to
March 2000. All the children had been previously healthy and under 5 years of age. Rhinovirus was

detected in nasal aspirates by semi-nested

reverse transcription polymerase chain

reaction and

confirmed by digestion pattern of the amplicon with a restriction enzyme. Presence of other respiratory

pathogens was also analysed.
Results : Of the 166 children,

rhinoviruses were detected in 8 children (4.8%).

Majority of rhinovirus

was detected in the patients who had been hospitalized in the late fall and winter, and all the infected
children recovered completely. Other respiratory pathogens identified were; mycoplasma in 7 (4.2%),

respiratory syncytial virus in 15 (9.0%),
influenza virus in 3 (1.8%).

parainfluenza virus in 8 (4.8%), adenovirus in 4 (2.4%) and

Conclusion : Rhinovirus may be a significant cause of acute lower respiratory infections in healthy

children.
warranted.

Further investigation on the diagnosis and clinical characteristics of rhinoviral infection is

Key Words : Rhinovirus, Respiratory infection, Polymerase chain reaction
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1) #HAS AH 2 A

Mucus trap® &< 7FolEl(suction catheter)S ©]-&3}]
sl e TS B Fole] njAelA H] FlE(na-
sal aspirate)E AMF3] -0C=E FAEE YH1l(deep
freezer)ell B#AsIATE F71E5S HEE st HAAE
16678 9] Fhol5o] H] FAE AAE W 3ste] RT-PCROI A
3ttt
2) g=rlo]2gl~ RNAC % [RNaid PLUS with spin

kit™, (Bio 101, CA, USA)]

7t HARTEY dojx dA ] AA00 pL)ol A= 83
H(cell lysis solution'™, kitol EFH=|o] 9= Alok 200 uL)
< 7}k & acid phenol (200 pL)2 7}8Fth o] &3l
chloroform isoamyl alcohol (100 uL)& 713t & L& $lolA
3 (centrifugation, 4°C, 10,000 g, 20
ekl RNAZF 238 43S Al Agae® A o
Al chloroform isoamyl alcohol (100 uL)& 7}ste] RNAE
FE3 T 4334T, 10000 g, 2043k RNAZF 284H
Agow Stk Eed
MATRIX™ (kitell E38 Aok 12 ul)S 7HE 5 2204
S WAk & oAl AT, 10,000 g, 13)3H] RNA/
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o 7zl Ax AlFEAT AHE JAHE DEPCE A
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3) 9AAHReverse transcription, RT)
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10 mM dNTP 2 uL, RNAse inhibitor 1 uL, AMV-RT
(Roche, Manheim, Germany) 1.2 pL]& Azttt o] &3
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4) F¥ 724998 (Polymerase chain reaction, PCR)
Arruda 5(3)°] ¥ F<21E(nasal washing fluid)olX RT-
PCRE ol&3to] 2= TheFgh AP
o]&-¢k RT-PCRe] A<= 2 A=A
S °)&% divtre dATES
9 (preserved area)?]l 5 -untranslated region®]
A2 AR FEA] Jon o AEAE o] &

ulole] 2% AFH o F
olel @
Zicvpolel 2~ RNAS] B

A5
HEAWEES Al & A9 Picornaviridae
% ol 2 2 (poliovirus,
echovirus, coxackievirus)”} 17 AgA o] glojsk
th olel AAEL I I} Hpolg o] gk ML (Picorna-
virdae-specific sequence)2 ©]&3le] 12 PCR (“touchdown
PCR”, OL26% OL27 primer pairg AH8)& Alds & ThA
2] =nfol 2] 2o Eo]3t M A (rhinovirus-specific sequence)=
o]-&3ato] 22} PCR (semi-nested PCR, OL26% OL200 prim-
er pairg °l8)& Aldsle] 7 PCROIA 25 YAS Hole=
G-Rks gwmutoly 2 el o' g oskSl vh(Figure 1).
(1) 1= PCR (“touchdown” PCR, detection of
Picornaviridae—specific RNA)

oS3 22 295 pL, 10Xreaction
buffer 5 uL, 25 mM MgCly 5 ul, 10 mM dNTP mix 1 uyL,
Taq polymerase (Promega, WI, USA) 05 uL]& AH&3s9le
tﬂ OL26F (5'-GCA CTT CTG TTT
CCC C-3)3 OL27R (5'-CGG ACA CCC AAA GTA G-
3)S AHESFATE T3 (template) cDNA (5 pL)E AIEAIZF

aotyl &glolo] 7Fek ¥ thermocycler® ©]-&3to] the-3)
271(94.0C 5‘3‘, 94.0C 30%, 55.0C 30%, 720TC 1%,
720C T)2® & 30 3l(cycles)®] PCRE Aldstadet. ol ¢
agarose gel electrophoresis® (2% agarose gel, 100 V)22
°F 380 bp Z7|(Table 1)¢] ¥ F} wlo]e| ol Folgh F%
A (Picornaviridae-specific amplicon)Z &-21&}$i T},

(2) 22 PCR (semi-nested PCR, rhinovirus-specific

RNA9 HE)

g 2o Egl[AA)
buffer 5 pL, 25 mM MgCly 5 pL, 10 mM dNTP 1 ul, Tag
polymerase (Promega, WI, USA) 05 pL]l& AH&3liod
A= OL26F2F OL200R (5'-GGC AGC CAC GCA GGC
T-3)& AH&3t
A4 PCRIA dolZ amplicon (5 ul)S A&7k
H Egdo 713 & thermocyclers ©l&3to] thS3} 2
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Table 1. Characteristics of Bgll Digestion of OL26-OL27
Amplicons from Sequenced Human Picornaviruses® (Papa-

dopoulos, et al., 1999)
OL26 OL27  Size B_g(l Fragments
position
Rhinovirus
1a 84-99  456-471 387 279 191/192
1b 170-185 542-557 387 365 191/192
2 164-179 532-547 383 357 189/190
9 164-179 532-547 383 357 189/190
14 182-197 551-566 384 376 190/190
16 166-181 536-551 385 361 191/190
85 164-179 533-548 384 357 189/191
89 168-183 540-555 387 363 191/192
Poliovirus
1 165-180 541-556 391 — 391
2 168-183 545-560 392 — 392
3 167-182 544-559 392 — 392
Coxackievirus
A9 170-185 546-561 391 384 177/203
A16 174-189 550-565 391 - 391
A21 164-179 539-554 390 - 390
B1 167-182 543-558 391 — 391
B3 168-183 544-559 391 — 391
B4 170-185 546-561 391 384 177/203
Echovirus
1 53-68  429-444 391 — 391
2 53-68  429-444 391 — 391
3 5368  429-444 391 — 391
4 5368  429-444 391 267 177/203
5 5368  429-444 391 — 391
9 169-184 543-558 389 382 176/209
11 171-186 547-562 389 — 391
25 168-183 544-559 391 — 391

“Position of OL26 and OL27 primers, size of generated amplicons,
position of Bgill restriction site and resulting fragments after digestion, in
currently sequenced rhinoviruses and enteroviruses

(annealing), 72.0C 13¥(extension), 72.0C 13 (post-PCR ex-
tension)] & & 253](cycles)®] PCRYS Ala¥stsivh 7
o] PCR< F-primer’} #2E22 semi-nested PCR 71H&
AHE3E FolH(Figure 1), agarose gel electrophoresis® (2%
agarose gel, 100 V)& ©]-83}e] <F 202 bp Z719] | =n}o]

2] 2~0]

&
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ginfolej o] Bolg Ak g I zH TFH At
Eol gxutolz|zd] A FHFe IRl ATdFaAQ
Bgll> #vtolelze] A9 WAl PCRe 4HE(OL26F-
OL27R AlEAl Ao o3t TZ AHE)e] F45o] 24 79

S| & 2ofoll M ATAL &

Bt uS S o83t

2li-HiolgiAe| A& Vol.35, February 2003 3



A) RNA sequence of Rhinovirus 14
| Il il
5 183 198 370 384 548 563 3

B) Product of first, ‘touch down’ PCR (380 base pairs, picornaviridae—
specific sequence
| il
183 198 548 563

C) Product of second, semi—nested PCR (201 base pairs, rhinovirus—
pecific sequence)
| Il
370 384

Figure 1. Three conserved regions in the 5'-untranslated regions
of rhinoviruses whose sequences were used for RT-PCR prim-
ers. Numbering shown is for HRV 14. Region |, Il and Il repre-
sent the sequence corresponding to OL26, OL200 and OL27
primer used, respectively (Stanway, et al., 1984).
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7F 9ol dd AR AEohE Aol HEA
A AlfeE RT-PCRE S3te] 2=
dES oz #3824 (Bgll; New England BioLabs, CA,
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Table 2. Characteristics of the 166 Children Investigated*

Age
Average 17.5 months
Range 1 month to 58 months
<6 months 52 (31.3)°
6-24 months 6 ( 39.8)
>24 months 8 ( 28.9)
Sex
Male 110 ( 66.3)
Female 56 ( 337)
Clinical feature
Cough 162 ( 97.6)
Rhinorrhea 125 ( 75.3)
Diarrhea or vomiting 55 ( 33.1)
Fever(=38.17C) 113 ( 68.1)
Tachypnea’ 87 ( 524)
Chest retraction 86 ( 51.8)
Rale 133 ( 80.1)
Wheezing 69 ( 51.8)
Wheezing and/or rale 166 (100.0)
Nasal flaring or grunting 8 ( 48
Cyanosis 9( 54
Apnea 6 ( 36
Hypoxia, Sa0, <93% 10 ( 6.0)
Chest radiography
Performed 144 ( 86.7)
Positive finding 83 ( 50.0)
Initial WBC count, mean 11,549/mm?®
Management and outcome
Hospital stay, mean 59+4.0 day
Use of antibiotics 77 ( 46.4)
Oxygen supply 35 (21.1)
ICU care 9( 54)
Death 4 ( 24

“Number of parentheses (%)
"Defined as follows: under 12 months old; >60/minute, over 12 months
old; >40/minute

o] Aldulon, oldazio]l BE v 837 (50.0%) %
ohulel A e ?‘l RS 1467 (88.0%)°1 4 A ¥
glow Hat 11549/mm’ (SDE5570)01 Atk

2. ol 29 HE

% 16692 tidstelEo] v FRIE HAE Y SE RT-
PCRE Al&)sto] 8el(4.8%)lA #lwmntole]x~ & Eelat
Atk gwmnlole s Yo ® FRld 8o RFE= 12k PCRel
A9k 380 bp 2719 bandE #HEE F U o (Figure 2),
22F PCReIA 202 bp 719 band’} A=5 A (Figure 3).
Picornaviridae family®ll £3sh= 7 wloleiste] 7R sy
3t 12k PCRE] AHEol A A& 3t Bgll restriction enzyme
digestionol A %= 8¢ B5F 190 bpdl 712 TUsA AEd
bandE Ho] glx=nlele]~ 1S &1t th(Figure 4).
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Lane: 1 2 3

Figure 2. Result of the first, Picoraviridae—specific PCR. Lane
1:DNA molecular size marker (100-b ladder: each bar repre-
sents 100 base pair). Lane 2 : Picornavirus-specific, 380-base pair

PCR amplicon. Lane 3: negative control.

500 bp —

200 bp —

2

Lane: 1 3

rhinovirus—specific PCR. Lane
Lane 2:Rhino-
Lane 3:negative

Figure 3. Result of the second,
1:DNA molecular size marker (100-b ladder).
virus—specific, 202-base pair PCR amplicon.
control.
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Figure 4. Result of rhinovirus identification by Bgl/l digestion of
the first PCR amplicon. Lane 1:DNA molecular size marker
(100-b ladder). Lane 2 : Rhinovirus—specific, evenly digested, 190
bp band. Lane 3:negative control (enterovirus).
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Table 3. Features of Rhinovirus-associated Lower Respiratory Tract Infection of 8 Previously Healthy Children at the Seoul
National University Children’s Hospital, from Aug. 1997 to Mar. 2000

Symptoms and signs

Initial Other

Clinical Use of Hospital Month of
No.  Age/Sex diagnosis  Fayer Wheezing Rale Retraction (m?r’]% antibiotics  stay (day) ﬁiﬂ?gtge%n Outcome isolation
1 13 mo/M  Pneumonia  + - + - 11,690 Yes 4 Mycoplasma Recovered Sep, 1997
2 41 mo/M  Pneumonia + — + — 15,300 Yes 5 Mycoplasma Recovered Sep, 1997
3 30 mo/F  Pneumonia + — + — 4700 Yes 1 Mycoplasma Recovered Sep, 1997
4 6 mo/F Bronchiolits ~ + + + + 7,300 No 8 None Recovered Dec, 1997
5 58 mo/F Pneumonia  + — + — 21,800 Yes 4 None Recovered Oct, 1998
6 34 mo/M Pneumonia  — + + + 11,300 No 2 None Recovered Jun, 1999
7 17 mo/M Bronchiolitis ~ — + + + 14,040 No 4 None Recovered Nov, 1999
8 21 mo/F Bronchiolitis ~ — — + + ND" No 1 None Recovered Nov, 1999

"ND: not done

6 Zn sEey

*HI353 M 1= 20034



‘ Rsvy [ Rhinovirus

N«

Parainfluenza virus E Adenovirus Influenza virus
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Manth of isolation

Figure 5. Rhinoviruses and other respiratory viruses isolated in the Seoul National University Children's Hospital, from Aug. 1997 to
Mar. 2000. Bold line represents the total number of children investigated on each month.

Table 4. Pathogens Associated with Lower Respiratory  $to0, 3t 2t gl= 4 424 7WE o83 o
Tract Infection of 166 Previously Healthy Children in the =06 == Llola] 7 ——— =0 o
Seoul National University Children’s Hospital, from Aug. TES Sl Ehwntele Tt S7lmel EEdhel 99 A
1997 to Mar. 2000* sk 4 ok FH A SA(direct evidence) 7t FZ EH 1L
Pathogens STt ol#fd At & s gwubolE R AR SA}
Mycoplasma 7" (42" o] ¥ ¥ A2 ¥ (bronchoalveolar lavage fluid)olA #]=n}o]z
: t

viis o B (29 2] RNAS #%3 A77F Buson o= 47lwd =

Respiratory syncytial virus 15 (9.0 )

Influenza virus 3(1.8) Alsk= Bmvlolg] 2o gk HEAMH N FolEtE A
nfluenza A ° & sldsh wakel A FAR wobEel A gt
influenza B 0 ) B

Parainfluenza virus 8 (4.8 a8 H2e 3 ATl 7|#A 3 H E(Human
parainfluenza 2 ! bronchial epithelial cells, HBECs)ell A #loksl 2] wwfo] e~
parainfluenza 3 4 o o
unspecified 3 2 AYAS(HA A9 AAFe e njAd HES T 7%

Adenovirus 4 @4 AozAe Adskden, AAEANA in situ hybridiza

Rhinovirus 8" (4.8) . N .

tions °]&3ste] gxulole e Holgk RNAE A=33tt
To 166 (100 of AToldE A% IE Aol AR 2lwvjolel
"Number of parentheses (%) o = M=l ol
TIncludes 3 dual infections of mycoplasma and rhinovirus RNAE THezm 7=l EAste 2lwmntole]ze 9
st o dolElE FAE AT AoZ glxnlo]y Tt v
el & slow FAHUY] WLl 7Y F e 22d £ odw sr)e A A5
e £0k(5-8), AeK9) B 71#A | e]FF S (bron- 4 glowm Z2ske] AlEH W E I cytopathic effect, CPE)%H
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