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Genetic Characteristics and Phylogenetic Analysis of
Influenza Type B Viruses Isolated from Nasopharyngeal
Suction Samples of Korean Patients

Yun Hee Baek, Young Jun Song, Min-Suk Song, Philippe Noriel Q. Pascua, Jun Han Lee,
Heon-Seok Han, Sung-11 Woo, Seok-Yong Kim and Young-Ki Choi*

College of Medicine and Medical Research Institute, Chungbuk National University, Cheongju, Korea

To investigate the genetic characteristics of human influenza type B viruses circulating in Chungbuk province, Korea,
we tested 510 clinical samples of nasopharyngeal suction from pediatric patients diagnosed with respiratory illness
between June 2007 and June 2008. Twelve out of thirty-six isolates were identified as type B influenza virus by RT-PCR
and sequencing analysis. Interestingly, genetic characterization of type B viruses isolated in this study revealed that all
type B influenza viruses were the Yamagata lineages, a vaccine strains of southern hemisphere during 2007~2008,
rather than the Victoria lineage of northern hemisphere during 2007~2008. Furthermore, there were a total of twelve
unique mutations (HA: H40Y, D/G230S, V252M and K272R and NA: P3H, P/T/S42Q, N59S) occurred in our type B
isolates. These results suggest that relative high prevalence of type B viruses in Korea during 2007~2008 season might
be due to the wrong vaccine strains selection. Taken together, the results of this study demonstrate continuous evolutions

of human type B viruses by antigenic drift and also highlight the need to closely monitoring of influenza viruses to aid

the early detection of potentially pandemic strains as well as underscore the need for new therapeutics.
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Table 1. List of primers used for amplifying and sequencing of the eight viral genes

127

Oligonucleotide Sequence Position Polarity
‘MDV-B 5' HA TATTCGTCTCAGGGAGCAGAAGCAGAGCATTTTCTAATATC 1~40 Sence
"BHA A GTGACTGGTGTGATACCACT 121~140 Sence
"B HA DII TGTTTTCACCCATATTGGGC 1005~1023 Antisense
‘MDV-B 3' HA ATATCGTCTCGTATTAGTAGTAACAAGAGCATTTTTC 1719~1755 Antisense
*NADb-1 TATTCGTCTCAGGGAGCAGAAGCAGAGCA 1~29 Sence
*NAb-1557R ATATCGTCTCGTATTAGTAGTAACAAGAGCATTTT 1523~1557 Antisense
‘MDV-B 5'M TATTCGTCTCAGGGAGCAGAAGCACGCACTTTCTTAAAATG 1~41 Sence
B M 560R GTTCATAGCTGAGACCATCTG 540~560 Antisense
‘MDV-B3'M ATATCGTCTCGTATTAGTAGAAACAACGCACTTTTTCCAG 1037~1076 Antisense
"MDV-B 5'NS TATTCGTCTCAGGGAGCAGAAGCAGAGGATTTGTTTAGTC 1~40 Sence
"MDV-B 3'NS ATATCGTCTCGTATTAGTAGTAACAAGAGGATTTTTAT 809~846 Antisense
‘MDV-B 5' NP TATTCGTCTCAGGGAGCAGAAGCACAGCATTTTCTTGTG 1~39 Sence
‘MDV-B 3' NP ATATCGTCTCGTATTAGTAGAAACAACAGCATTTTTTAC 1645~1683 Antisense
*PB1b-1 TATTCGTCTCAGGGAGCAGAAGCGGAGCCTTTAAGATG 1~38 Sence
PB1b 890 F GGGATCAGCATGACAGTAACA 890~910 Sence
PB1 1560 R GCTGATTCATTTACTCCAGCA 1540~1560 Antisense
PB1b-2369R ATATCGTCTCGTATTAGTAGAAACACGAGCCTT 2337~2369 Antisense
PB2b-1 TATTCGTCTCAGGGAGCAGAAGCGGAGCGTTTTCAAGATG 1~40 Sence
PB2 890 F AATCATGTCTGACAGCCATAG 890~910 Sence
PB2b-1145R TATTCGTCTCTCTCATTTTGCTCTTTTTTAATATTCCCC 1107~1145 Antisense
PB2b-2396R ATATCGTCTCGTATTAGTAGAAACACGAGCATT 2364~2396 Antisense
*PAb-1 TATTCGTCTCAGGGAGCAGAAGCGGTGCGTTTGA 1~34 Sence
Pab- 830 F GCTACCAGAAGTTCCATATAA 830~850 Sence
*PAb-1261R TATTCGTCTCCCAGGGCCCTTTTACTTGTCAGAGTGC 1225~1261 Antisense
*PAb-2308R ATATCGTCTCGTATTAGTAGAAACACGTGCATT 2276~2308 Antisense
References : aRescue of influenza B virus from eight plasmids (24)
® Multiplex PCR for typing and subtyping influenza and respiratory syncytial viruses (25)
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B/Cheongju/411/2008

PB2 pB1 PA HA NA NP M NS

Kb

YH Baek, et al.

B/Cheongju/437/2008

PB2 PB1 PA. HA NA NP M NS

Figure 1. Amplification of the eight viral gene segments of influenza B viruses isolated in this study. Full length segments were amplified
by RT-PCR using different combination of primers for each gene (Table 1) and visualized by electrophoresis on 0.8% agarose gel. Two
representative viruses (B/Cheongju/411/2008 and B/Cheongju/437/2008 with GenBank accession number FJ461674~FJ461689) are
shown (PB2: 2396 bp; PB1: 2369 bp; PA: 2308 bp; HA: 1755 bp; NP: 1683 bp; NA: 1557 bp; M: 1076 bp; NS: 846 bp).
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Genetic analysis of Type B Viruses Isolated in Korea
FHE & 5 AT (Fig 2D~H). AT NS 27
Victoria/Yamagata lineageol| s9 %% &3 A2 B/
Norway/1/845 75502 5]+= lineageol 333t

A& AU 7 AN (Fig 20)

E
=

oy}

g SFOURE HIO[H A HA 11 NA OFF| =& MEQ

|E
=T

=
(el

o

i ATelA 2EE BY QIEFA; vlo]e 9]
A EAS Lol y] 28le] GenBankoll AE 7]%-eF
3} vl ##3 A3} B/Cheongju/411/08 HEo] 2] 22

2o 3 FEolA 2w B/New York/01/

2008 Hlole el 7Hd Ak oW (FAE e 99%,

o) :=Ak AHES 99.8%), B/Cheongju/437/08 Hlo]2] 9]

A= 2006 W= Z2T oA EEE B/

Florida/4/2006 vlole] =9} w9~ % FH2 dss (3
2F 58 99.8%, obi| At e 99.8%)S HTh

HA F3xk2] Wol&S dol 17| 915k 2004~2006
d SRk A] ARSI WAl 5 (B/Shanghai/361/02
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B/Jilin/20/03)2}F 2007~2008'd $-2ubets EgEF Skt
oA AbgE WAl 5 (B/Malaysia/2506/04)2 =]}
olg] 2ot Hlal BAE ®okrh 7P WA fA Wol
Fo] 7 =& HAL F-9lolA B2 o7} st
(Table 2). 53] 2371¢] ¥o] 5 40, 230, 252 o}v] =2k H-
QoA e] Woli= o} 71| thE wlol ALl A= e
WAl FdE =l mle]e] Hole] ARlo] (antigenic
drifty$lo] 1= AT} (HA0Y, D/G230S, V252M). F3+ 196
F-21o A= aspartic acidol|A] asparagine (D196N)S.Z2] ¥
olof| 2]&l B/Yamagata/16/88<} B/Shanghai/361/02°1+= &
ABHA] 2% N-glycosylation §-217} B/Malaysia/2506/04
o} A AEHH R FARS HEE 7 AUk

o2 NA F-34F #4437 F 30719 f-34) §io]
T 11719 F-9lellA ofx74A] & nlolg]aFo A=
ERbA] 3 = vhol] s Solo] o)zt dojyt
S5 olslth (P3H, P/T/S42Q, K/T491, N59S, T68A,
K125T, N219K, S$244P, D329N, N340D, D392E).

oo Ak EA A= 2007~2008 T

ox!

A

Table 2. Amino acid variations of HA 1 region from Influenza B isolates in Cheongju, Korea compared with B/Yamagata/16/88

Amino acid at position

Virus strain(s)

37 40 48 56 73 76 122 126 129 131 146 149 150
B/Yamagata/16/88 T H K N M I H N R P v R N
B/Shanghai/361/02* I R D v T Q D K L A K S
B/New york/01/08 Y R D v T Q D K A K S
B/Cheongju/411/08 Y R D v T Q D K A K S
B/Cheongju/437/08 Y R D A% T Q D K A K S
B/Malaysia/2506/04° T N G

Amino acid position Glycosylation

Virus strain(s)

162 165 168 183 | 197 230 233 252 272 320 196~198
B/Yamagata/16/88 R - T K D D N v K N DKT (-)
B/Shanghai/361/02° K N N E G D H DKT (-)
B/New york/01/08 K N N E N S D M R H NKT (+)
B/Cheongju/411/08 K N N E N S D M R H NKT (+)
B/Cheongju/437/08 K N N E N S D M H NKT (+)
B/Malaysia/2506/04° K N N E N N NKT (+)

The strain (B/Yamagata/16/88) was used as a reference for comparison. The amino acid substitution in different sites is shown. Dots
represent amino acid similar to the reference strain while the dash denotes deletion. Shaded amino acids indicate identical residues at
these sites with B/New york/01/08 compared to the reference isolate and vaccine strains.

42004~2006 vaccine strain, 2007~2008 vaccine strain
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Table 3. Amino acid variations of NA region from Influenza B isolates in Cheongju, Korea compared with B/Yamagata/16/88

Amino acid at position

Virus strain(s)

3 42 49 50 59 68 71 76 88 107 125 186 193 202 @ 219
B/Yamagata/16/88 P P K v N T M S Q R K R L I N
B/Shanghai/361/02* T T M A% P P K K K A% L
B/New york/01/08 Q I M A \% P P K T K v L K
B/Cheongju/411/08 H Q I M S A A% P P K T K A% L K
B/Cheongju/437/08 H Q I M S A v P P K T K v L K
B/Malaysia/2506/04° S T M \% P K K
Amino acid at position

Virus strain(s)

235 244 250 272 329 340 342 345 373 378 389 392 396 404 436
B/Yamagata/16/88 D S K E D N D R E E T D P K E
B/Shanghai/361/02° N E K N N S K G I E T
B/New york/01/08 P E K N D S K G E T
B/Cheongju/411/08 E K N D S K G E T
B/Cheongju/437/08 E K N D S K G E T
B/Malaysia/2506/04° N E K N G A F E

The strain (B/Yamagata/16/88) was used as a reference for comparison. The amino acid substitution in different sites is shown. Dots
represent amino acid similar to the reference strain while the dash denotes deletion. Shaded amino acids indicate identical residues at these
sites with B/New york/01/08 compared to the reference isolate and vaccine strains.

42004~2006 vaccine strain, 52007~2008 vaccine strain

FA Ao A el BE AEFlAt vlojy = 22 5
T A AREERG WAl 3 (B/Victoria/2/87 lineage)

9l= A3 Ao]dt B/Yamagata/16/88 lineage2] Wlo|2| A
o] H$ o™, B/Yamagata/16/88 lineage] Wl A&
o] HlaLe A vpe] 5ol g4 (antigenic drift)
7} Lo} WS HolFar It} (Table 2, 3).
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A3 F-H1% EAdoll 23l B/Victoria/2/879} B/Yamagata/
16/88 F+ AFoZ - (1, 4, 10, 11, 20, 21). 2 A4+
717kl E2ld BE Q1ZFAt H}Olﬂi*,l A AE
Hlal 224935 Ax} 2007~2008 0l HFA| oA e
) Wlo]# 2 2007~2008 Lol A uw HFE ALy
S B/Malaysia/2506/047F 473 1+ Victoria lineage”}
obd 2004~2005'd HREFOIA ARESE WA 3tF}1 B/
Shanghai/361/02, B/Jilin/20/037} -3l 21+ Yamagata lineage
| &3l ASS 1T AN

Fojo] e

tlo

A

. I3 HASF NAE X
internal F-AAHE =5 phylogenetic treeS
A3 Ay}, dAAuE o= Qg thU3) lineageS
A U= NS FAAE AL 22) T FHAAES
5% Yamagata lineage®l| <3} Zﬂ% 1% 4 AN
AP BB 4 2008 9 5U WEI FRIA
Aol o5hH :Eqﬂx} B Hlo]2]2~%E 2000~2001,
2002~2003 = 1% 8] - B EXA] ko, o] %
2007714 A H}Ol e (HlNl, H3N2) & &l vlste]
Ao v FEEs UERSIth AN 2007~
20081 ell= A JAEF Oﬂx} nol| 2 7 4 4,641
%, 297671 (64.1%)°] B o= sy wa} H 7~8

2

r-{m e
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