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Respiratory Syncytial virus (RSV) is an important cause of acute lower respiratory tract infections
in human, with infants and young children being particularly susceptible. In the temperate zones,
sharp annual outbreaks of RSV occur during the colder months, in both the northern and the
southern hemisphere. RSV is unusual in that it can repeatedly reinfect individuals throughout life
and infect babies in the presence of maternal antibody. RSV isolates can be divided into two sub-
groups, A and B, on the basis of their reactions with monoclonal antibodies, and the two subgroups
are also distinct at the nucleotide sequence level. The specific diagnosis of RSV infection was best
made by isolation of virus in tissue culture, identification of viral antigen, or by specific serologic
procedures. Recently, rapid detection of RSV and analysis of RSV strain variation became possible
by development of methods of reverse transcription and polymerase chain reaction amplification.

In this study, to determine the genetic diversity of RSV found in Korea, 173 bp and 164 bp
spanning selected regions of the RSV F and SH genes were enzymatically amplified and sequenced,
respectively. Eight for F gene and three for SH gene were detected in 66 nasopharyngeal swap
samples tested. Two major antigenic subgroups, A and B were confirmed from Korean samples
(seven for subgroup A and one for subgroup B). At the nucleotide level of the F gene region,
Korean subgroup A strains showed 95-99% homologies compared to the prototype A2 strain of
subgroup A and 93-100% homologies among Korean subgroup A themselves. For the SH gene
region, Korean subgroup A strain showed 97.5% homology compared to the prototype A2 strain
of subgroup A, and Korean subgroup B strain showed 97% homology compared to the prototype
18537 strain of subgroup B. Most of base changes were transition and occured in codon position 3,
which resulted in amino acid conservation. Using the maximum parsimony method, phylogenetic
analysis indicated that Korean RSV strains formed a group with other RSV strains isolated from the
United States, Canada, the Great Britain and Australia.
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Table 1. Oligonucleotide primers used in this study

Region Name Sequence Position
F RSV1F1 5-GGT GGT GGA TCT GCA ATC GCC A-3' 6040-6061
RSV1F2 S-TTT GTT ATA GGC ATA TCA TTG-3' 6416-6396
RSV2F3 5-AAG TGC TCT ACT ATC CAC A-3' 6117-6135
RSV2F4 5'-CAC TAA ATT CCC TGG TAA TC-3' 6328-6309
SH RSSHAF1 5-GGG GCA AAT AAT CAT TGG AGG-3' 4172-4192
RSSHBF2 5-GGG GTA AAT AGA CAT TAG TTA G-3' 4172-4193
RSSHF2 5-AAA TAC ATC CAT MAC AAT AG-3' 4261-4280
RSSHF2 5-ATK GAW GAA TRC TAT GTF TT-3' 4461-4442
RSSHF1 S'-TTG TTY GTIT TWT AAA TRC AAG-3' 4503-4483

K=(G.T) M=(A,C) R=(A,G) W=(AT) Y=(C,T)

MgClL, 1mM DTT, 250uM dNTPs, 100unit Su-
perscript II (GIBCO BRL. Gaithersburg, MD)E %
31 mineral oil-& A718 T 95CAA] 3E-7F an-
nealing3} 32 RS v}o] 2] ~2] F gene 59 2] cDNA
& 2T A] 4587 WA Z L SH gene
919] cDNA F4& 37T A 4587 vt x| AT}
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8), 50mM KCl, 0.1% Triton X-100, 4mM MgCl,
200pM dNTPs, lunit DynaZyme (Finnzyme OY,
Finland)& ¥ 3 mineral 0il-S A 7}% & Single
Block Thermal Cycler (Elicomp, San Diego, CA)Z
358 %712 ZESQT F geneR o] SEo]
AHEZE F7]E 94C 18, 43T 18, 72T 32|
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30%, 72C 2% 30xo|gor RNUA Fre
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oh 23Rk 2 29 9o Y Whe=s
22} primer¥g Ab83te] FEJ ¥ 1% agarose
gel’doll Al F gene{ $]+&= 213bp, SH geneF- 9=
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Centricon-100 (Amicon USA)E ©]43l9 manual
o wWat HA F 20T BsA.
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buffer, 10 Ci [e-*S]ATP, 2.5unit ExoPfu DNA
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Fig. 1. Alignment and comparision of nucleotide sequences of the F gene region (bases 6136 to 6308) of the
subgroup A strains in RS virus isolated in Korea. For comparision, corresponding sequences are shown for sub-
group A strains from USA (Long), Canada (Tracy), UK (RSS2) and Australia (A2), for subgroup B strain from
UK (18537).
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AATTCTCAAGCAAATTCTGGCCTTACTTTACACTAATACACAT GAT CACAACAATAAT CTCTTTGCTAATCATAATCTCCAT CATGATTG

..................................................
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Fig. 2. Alignment and comparision of nucleotide sequences of the SH gene region (bases 4281 to 4441) of
the subgroup A and B strains in RS virus isolated in Korea. For comparision, corresponding sequences are
shown for subgroup A strains from USA (Long), Australia (A2) and UK (RSS2, RSB1202, RSB1734, RSG
1504, RSG4988), for subgroup B strain from UK (18537, RSB641, RSN2, RSN1599, RSN7454).
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Table 2. RS virus strains compared in this study

Virus Place of origin Date Sub-

strain isolated group
Long Baltimore (USA) 1956 A
A2 Melbourne 1961 A

(Australia)

18537 Washington (USA) 1962 B
RSN2 Newcastle (U.K.) 1972 B
RSG1504 Glasgow (U.K) 1972 A
RSN1599 Newcastle (U.K.) 1975 B
RSG4988 Glasgow (U.K) 1976 A
RSS2 Salisbury (UK.) 1976 A
SRN7454 Newcastle (UK.) 1988 B
RSB641 Birmingham (UK.) 1989 B
RSB1202 Bimingham (UK.) 1989 A
RSB1734 Birmingham (UK.) 1989 A

Reference: Cane PA et al.,”

A2 (Subgroup A, Australia)

64
1

RSV61 (Subgroup A, Korea)
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7 RSV53 (Subgroup A, Korea)

36 18537 (Subgroup B, UK)
Fig. 3. Phylogenetic tree based on the 173bp re-
gion of the F gene of RS virus strains isolated in
Korea, and corresponding sequences of RS virus
strains from USA, Canada, UK and Australia, con-
structed by the PAUP method.
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RSB641 (Subgroup B, UK)
—%—{z RSN7454 (Subgroup B, UK)
3 RSV14 (Subgroup B, Korea)
Fig. 4. Phylogenetic tree based on the 161bp
(subgroup A) and 164bp (subgroup B) regions of the
SH gene of RS virus strains isolated in Korea, and cor-
responding sequences of RS virus strains from USA,

UK and Australia, constructed by the PAUP method.

Table 3. Profiles of positive cases for RS virus by PCR in nasopharyngeal swab

Strain Age Sex Disease Month of sampling Subgroup PCR region
RSV 14 2 M AOM 1994. 11 B SH
RSV 16 2 F URI 1994. 11 A F
RSV 22 6 M AOM 1994. 11 A F, SH
RSV 53 5 F URI 1994. 11 A F, SH
RSV 56 7 M URI 1994. 11 A F
RSV 57 4 F AOM 1994. 11 A F
RSV 60 4 M AOM, URI 1994. 11 A F
RSV 61 7 F URI 1994. 11 A F

AOM: Acute otitis media, URI: Upper 1espiratory infection.
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gene 5-919] primer pairg o] &3 Aot &
Fo] &= en subgroup BE SH gene L9
Bh Z2ALSIY 3 17 0] Z2ZH Q).

- 2| RS BlO|2{A F gene H7| MY 24

19943 1199 Z) FaolN FAZ2H 749
RS Hlo]2{~ subgroup A2] F gene 92 173bp
71X 9-& subgroup A9l AFO A2 strain L
Genebank’d2] Long, Tracy, RSS2 @A gt
subgroup B2} ¥ 2] 18537 straine] )AL}
¥ 27 &8t Figure 13} 22 A2 AQc) =
Well A #22 RS nlo] 2] A subgroup ASl RSV,
RSV22, RSV53, RSV56, RSV57, RSV6D, RSV61
strainE 2 subgroup A9 Y& A2 strainT H] W
Al 2-9709] Fr1M DB el WMol 2 9599%2) T
€ BRon, T strainE A3 39 v mA o)
= 0-12749] Wol 2 93-100%2] $AA L Jeh)
ATh (Table 4,5). B7| L AFe] #o| YAt &
deletiono] 1} insertion Ho]= WA Pgrow
B E ol base substitution® 2 Z} strain®d =
50-86%2] 0] 7} transitiono] Q) 31 3] cytosine©)
thymine ©. 21} thymineo] cytosine2. 2 2] wo]7}
65% o322 FE& o]F3 YATF (Table 5).
£ F gene®] open reading frame®] codon 9] %] 4
ol codon$l X MM 2] Wo|7} YREL 2x|
3lod RSV53 strainol] M 2+ codon9) %] W &), =1
Aol oyt FFHUR & FY strainE
A& codon¥X] AWHAe] Wo|ute] B
T} (Table 5). matx thEE <] HolE silent mu-
tation©. 2 RSV16, RSV22 straino] A & o}u] A
o] Hol& 23t base substitutione TIAE R
gk oo RSVS6, RSV57, RSV60, RSV61 straino]
A 62529219 cytosineo] adenine© 2 o] gt

o w} & Serine (Ser)ol| 4] Argine (Arg)2 2 9] ¥ o]
17hgto] F2= 3, RSVS3 strainol A2 6263
2 62849 2]9] wlo]lZ Q13 Isoleucine (lie)ol] A
Asparagine (Asn)2. 29| Wo] 2 Glutamine (Gln)
o A] Leucine (Lew)o 22| Wo] 2747} BEAHA
t}.

. =2/l RS 5}0|2{A SH gene 7| A H 24

Bz A A& H 249 RS uko) 2] 2 subgroup
A 2 179] RS #}o]#] A subgroup B] SH gene
9] 161bp (subgroup BE 164bp)e] A7 1492
subgroup A9] ¥#Ql A2 strain ¥ Long, RSS2,
RSB1202, RSB1734, RSG1504, RSG4988 strainE
9] G714 43} subgroup B2} A3 <Q) 18537 strain
2 RSB641, RSN2, RSN1599, RSN7454 strainE- 9
A7) A g ¥ 2 Dsle] Figure 29} e A7
E 23U FelA #FEAE RS Hlo]2] A sub-
group AQl RSV22¢} RSV53 straine] Gr|Ag&
F gene¥9lol4e] soldhe @) SYsHen
subgroup A2l ¥ A2 strain®} H]WA] 4749
1M @A) ¥ol2 975%] AL HPL
1, subgroup B¢ RSV14 strain-& subgroup B} 9
Q) 18537 strain3} H]@A] 5709] G 1M QA )
Hol2 97.0%9 FAAE JeRA T} (Table 6-
8). @71 E e ol g gl A= F gene F9 9}
w3 7bA] 2 deletiono} L} insertion ol B H R
gkofoem RE Wol: base substitution® 2 tran-
siion o] 53] cytosineo] thymine®. 21} thy-
mine©] cytosine2. 22 WHol7} FEL o]&1 9
.t} (Table 8). 33 SH genee] open reading
frame2] codon ¢ X|4te] WHoldAtolAE sub-
group A%l RSV22¢} RSV53 straino 4] &= codon$)
A) AR S Wol7} 4749 ol F 3Ao]o) o)

Table 7. Nucleotide homologies of the SH gene region in RS virus subgroup B strains isolated in Korea and

different geographic areas

Virus strain 18537 RSB641 RSN2 RSN1599 RSN7454 RSV14

(UsA) UK) (UK) (UK) (UK) (Korea)
Percentage homologies of nucleotied sequences

18537 (USA) 97.6 98.2 98.8 97.0 97.0

RSB641 (UK.) 98.2 98.8 99.4 99.4

RSN2 (UK) 99.4 97.6 97.6

RSN1599 (UK.)) 98.2 98.2

RSN7454 (UK) 98.8

RSV14 (Korea)

Note. Pairwise differences based on 164 nucleotide sequences of the region are presented triangular matrix.
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2] 1718} ol = codon$iX] AW 2 Wo|o]R)
T oolmjitel HEe REHE Woled wka
subgroup Bl RSV14 strain-2 57 2] ¥o]|Z 377}
codon?] 2| AW, FHA S Wolo|n] BE o]yl
A AZLE 25 W2 #REHAY
(Table 8). RSV14 strain2] o}n|:=Al g o] W35l
%3-S B 4335, 4400, 442591 X 2] Wo) 2 A&
Proline (Pro)el| 4] Leucine (Leu), Threonine (Thr)s}|
A} Proline (Pro), Leucine (Leu)ollA] Glutamine
(Gln)e.2.9] Wo|7} #&= Yt

4. Z2|E RS Hjo|Z 22| AEEHN

RS ulol B & strainE 9] F 2 SH gene 399
F7IXE L RS Hlo| g 29 948 F 7]&E4) <
A strainE 2] F7| N E 7 F7 PAUPH .2 ¥4
8o Figure 349} 22 A%4+8 sy 2
ASTE 714 AL branch Z0)E Z+E consensus
AE+TE A 93t mid-portion rootingell }3f 2
A3tH o™ 2 branche] 43 ¢He) = bootstrape] &
€< FAEZ RASIAL dele g9 W
3t A4E FEAISAT) 2} branche] Zole GV
o] W3} Qg vl sle] EAIH 028 bootstrap
9] 88 & 1000 resampling 2 3t) 73T}

F gene 3919 d7|x gl o) AR ASSF
(Fig. 3) ZolA oA #33 RS vlo]H 2
subgroup A strainE 2 7| &) vj =, Avict, 4=,
SF5A oA £ E subgroup A strainE 7 4
g ABBAE JeEAT). 53] RSV56, RSVST,
RSV60, RSV61 strainE2 403 A 19561 o]
5ol EBE RO XYgola EHJY Long
strain®} 83%2] &2 F21FS FA st

SH gene 7-91¢] |74 Qe A8 ZJE A%
= (Fig. 4) 2ol A ZUlollA] §-3 3RS vlo]j &
R 7| & vl F, 92, EFFA A 22 E RS
Hloj2} & strainE - subgroupe] X}olo] u}al
100%2] &&= Zt7] & TS 439
], Sl oA $3) 3 RS Hlo] 2] A subgroup A ¥ B
strainE 2 Z+2}t 7] 2o <2 subgroup A L B
strainE 7 WHT AFAHE ez =W
stainE 7Y S5 FFS BAHA gy

[t

2

537 A9e faollA 4 £8 2I%
oo} 53 Frl= Az ) dErged 9
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sEY Y ddste Fole vEE 10-20%°]
] [32-34] ©]9] 9o 2+ HFFH, Hemophilus
influenza, Mycoplasma, TE4TdF HTFA
Zr4 3} RS virus, adenovirus, parainfluenza virus,
influenza virusg-2] violgl 24 ZAEE £ F
o} AR A= AT FETE o]
2z vgo] A Yehvz glom ulo]
g 24 oA RS vius ZFe] A e
Mg Jehle Aoz BEauHn Yz S
TFAFAME vlol# A FFF RS vius ZE o]
Mg Be ez BaHY [35].

RS virus Zg o FLdAGHozE ATk
W, G E IS o] £ ELISAY 2 384
¥, RT-PCRY %-°] glon, 0|52 3% 24
Zol X HEp-2 NI X& ©]-&3} RS virus Z& &L
272% 9obn Eastg o) [35).

FAZ01d 4 &4 F0lg92 drA BF
<l 8%l ojste] B 1 F el %
Ae F2 ¥ 7T H influenza 5 A3
Age] =2 eiA Koy Ae] FHA R =
T34 09X 045%FE HE A2 By
Ha Aot [23,36). D= A& FTolgAAA
utolgl 2 el dig AF7F &8s AYPHA
o 53] RS vius ZFEHe] SR dF
T7} Klein 5 0] F Bo] HaP 5o Fo|it&d
X1 2] RS virus 8¢ H&8&0] 189%~61.8%= X
25 A} [20,24,37). Cherry S-2] dAFo] 23
RS vius A 22 & 3o, 53 Iy
59e] AAdAM g2 Zoeg BuHw glovt
[3839] Aoz AEA FolEY XNEe W
IE A R7 SHNOE FHof Aol A A
U Ay 282 ZAER g1 HAAFEHE
ASo nEAETe 9744 NEE APt
£ Astm U] w el [36,40] EY 5F0)H 9
ZolAEd & AF 77 olH Yo 53] ngt
AAEE AYsr] fsldr e Aol A A
Al & Algdof sle oFH o E UAdt 24
o] 89| Golt W 3ol HEdL A
€ Aol oY

RS vle]ly 27 gL 2xde] AL F3l &
AR E vl F K3 A 717 R&7bEelA
EAO|Z dEHdle A9 A e A
2 g3A Ut [14-18). =7 {PA &7 o
SAE Fxoln 40%9] Aol FAAIF T
Bz 71 JFH oz dAYste FPA)7]d



€ Fraobe] 50%0)de]l AEHE Ao Hu
Hi Aok [41]. UM E o] F 9 [35] B
o8t ZALZ1ZE B3 RS vlolj 2 g & wpd
LA st 1990 H 8 19943 74R] SEZE A Lo
A&EHoZ FYPT AL ¢ & AU WA
FHAME mid AR e 32E 4L
Holz Aol8xle] 79 RS vlol A ZHE &
Aoz ofystajol & Aoz AR H YT

RS Hol g 2= dAA7A FHE vl ofsa
HTA oz shtel Aol Bad T gl
on] Z3lgA| 7t A 3-48)9] o] E Holg F
% ©| subgroup A¢} B7} Ao fste Ao
2 &3A 39 [10,11). o] 3 F subgroup7tel
F44 Aol F2 G Baye] F2F o]
o4 Aoz ¢A Yoy RS Ho|H 29 e
AR &olvt #3433 subgroupte) LA
atoleko] AL ofx WE3) uE 7l up glo
o B AEY AS 59E subgroupol 23
#do] THE subgroupdl] 27 RFHT} L A
o2 gaA Yot [42). £33 RS ulo]a] A 9] sub-
groupZte] EEH| & oA & subgroup AV}
subgroup Bojl H)3te] B} Bo] EHE Ao
g A dem g {F3A| 7o) F subgroupe] E
Ao 85 A 971 B85y 1 8] &9 3lo]
A F f3 subgroupo] 10:19] ¥|&E T+ E
dste Aoz geiA g [43] B 7Aoo
M E 5 subgroupe] 25 &% 9o subgroup
A%} subgroup B2] H] 0] 7:10]}t}.

£ dFdMe F 4 SH gene F-99] 747] 47)
2 5709] primer& AMESIATH AR LA
RS ulo] 2] 22] 107]9] geneE FollA o] F £
o & FAFEI S ) vE) 2o 73
2ol o] 471N vlmdl &olstttE Holg
o F gene ¥ Z3A YA 713 a8
4 F9jo)3 SH gene ¥ 10719) geneE
7} Zol7} gt RS vlo|#l 29 % subgroup
£ nested RT-PCRECZ 47 78 5= Y& I
HAE AYR 0] o] F FH4E MFsA
3] SH gene §-919] 7 $-oll &= degenerate primerS
3]kt F subgroupe] TR oz} FA o)
5 subgroupS FEE 4 Q& generic primerS
AR stuxt k|l 2|1} generic primerE AM&
g Urgol = PCRAMES A& $ glglen o
ARJAo 2= primere] AF 9o FrMBo] &
ARA @2 Zgole Tk FFE Ve

E
=
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= Aog PErt =3 F gene 299 F
Z o)A & 771 9] subgroup A straino] ZZH ) H|
3te] SH gene ¥-99] FEAM € 728 F 22T
ZZHUTH 2 E 242 AVHE 2 ASEA
d BAGG AEAE S JYedlo $EFHA g2 o
£ 549 strainE -2 primer AFEH 2] G714<L
of ZZd 283e Aol7t = AR FHH
A3 Wt GE 2909 NEE primer 4
3tAY 71& primer] G INE S 22 ot
dE Aoz ARHAUAG.

F gene #-9]9] 7| FellA Il EHE
RS Hlo]#] & subgroup Ax 55 H9 E 438
Vel gl on 7l &6 g3A A F%A 47148
do] WolEo] FAHY oY FU] RS o]~
strainol] B+ E0)3lA BAHE FEHA 9714
E39) ol FFHA 3%t} SH gene 99
71N Y EHAMNE FuUolA LAE RS Hio]
2] 2 subgroup A%} B strainE ol BEE Wole
71 &0 42 G71AgoA FRHAD HolE
I A F ool WMolgte] FAHYTL.F 4
SH gene 2919 71 gl atet 48 AF5l
AE FujolA] @A E RS vlo] 2] A subgroup A
9} B strain®E L 71£9 9=, AU, 45, &F
A oA EazlE RS v}o]g A subgroup A9} B
strainS ¥} 2} subgroupel] Wt TEHoX|E A
5152 A3k Table. 29 VHeERG nho} 2
o] ZuUlejlx LA E RS Hlo] 2} A subgroup A%}
B strainS ¥ v mEAs 9 Fe] RS Hlolg A
subgroup A%} B strainE -2 Al7]H o2& 19563
o 4 1989 Alo]o] E-al€l uHie|2AEela A
qhoz B0l 47 L FFA 28 vl
B 2SR 19949 FUolA AHE vtol2iase
ANFeoze AW o 40d9 Aol Ao
2 FH km/t @& AEQ Zolvt A=
B7sln 24% dB3AEE YA o2
< Zate RS wpolH 29 {PFT EAAAA
RS Hlo]gj 29| 71L& h& A Hojy} FHAR
HE 9 nio]#a Aot FYURhE & FFA
U Aol A nlelgj Azt st gkt =)
3 ALF AR AoE EHHD Us
A7 AE [44] 239 Hiel g 28 A o} K
AgH oz Wz e vyt 2t & &
glth & F 2 SH gene #9+ 21 gened] 27}
ulo] @ A9 ZAo|i} Aud wl-¢ T3} F
e AP E FAFozN ALY Wolst A}

LY



A gE ¥9olA, RS vlo]y 2 A7) 28
B2 gt HA &S A2 vlolF AR o}F 7
A AGHQ 542 vdehd A2 o7t 27
g F9E Azte) BEsgdn a8 4 9.
28y 5F7] gl 98 AnEE RS vhol
&7t AEFEE oY 4 Ak 77
o] F9 F7tZ Adte] AL AMARoz BY
@ wtelg 27t f83ta YAV E& RS vl
27t M2E vlojg 2z e APPL 2n ¢
7t #steiMe gow B FYAG A7
7t g Holok @R o2 A B H AT}

=2

7Ed [ —

19943 119 2¥ 19953 297+A nE g 3y
o ETe LS 84 F 5FAS =
€ FONEE F4AE e 194 Alolg @x
668 & o2 3t JAA SHELAHNL
HOZ RS vlo]H A FAAME AN sy 2=
¥ PCRAIES] 971N EGEAATH AN L 44
ST HMQJIFRUE ANE oz A
AL FHELAHY NS Y 2 & RS ulo)R A A
Z FAHELS 16.0%(8/66)°)Q 1 RS who]d ~
subgroup A, B 25 HZ=H A3 7:12 subgroup
A7} B3kt F gene 299 d7iAg 2445
FUlellA #ZE RS ubo] 2] subgroup A strain
=2 subgroup A2] Y& A2 strainT} 95-99%92)
24 & Bon, 3 straing 4339 ¥lm
AlE 93-100%9 E24< Jeigd. SH
gene F-919] ArING BMAI VoA #F
¥ RS H}o) 2] 2 subgroup A strain-& subgroup A
9] 989 A2 strain®} vl A| 97.5%9] FAHL
Hglor, subgroup B strain& subgroup Be] 94§
Q] 18537 strain®} ¥ 7A] 97%2) T A} L el
Atk Fllely #FZH RS Hiol# A strainE 9]
F 2 SH gene £%)9] W¥olxs BE base sub-
stitution®] 1 ©. transition @ codon$) x| AW )
o} Wol7t FFolQ1 o] F ¢ SH gene £99) &
714 g Q& FPA AZFFNA ZuolA
FAE RS vlo| B A strainE S 7] Fo)] 1|2, 7)
vt 9=, 3FF5A NN 22 @ stainE 7 2
g A/BAE JeEAT o) de] AT =
X HEd RS upo|HAEL 7| &o] FHE B
o, #8, TFEXNH F88t= RS vto]H A E
I FAIE FAFPEE FHee TZ9) Hioly
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