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Detection and Genotyping of Viruses Detected in Children with
Benign Afebrile Seizures Associated with Acute Gastroenteritis

Hye Ran Yang, M.D., Young Mee Jee*, Jae Sung Ko, M.D. and Jeong Kee Seo, M.D.

Department of Pediatrics, College of Medicine, Seoul National University,
*Division of Enteroviruses, Department of Virology, National Institute of Health, Seoul, Korea

Purpose: Rotaviruses, noroviruses, astroviruses, and enteric adenoviruses cause acute gastroenteritis (AGE)
in children. Some children with AGE have afebrile convulsions associated with viral gastroenteritis. The
purpose of this study was to detect and genotype viruses from children with AGE or benign infantile
seizures associated with mild gastroenteritis (BIS-MG).

Methods: Between August 2004 and June 2005, 311 children with AGE were included. Four viral agents,
including rotavirus, norovirus, astrovirus, and adenovirus, were analyzed from stool specimens of each
patient using the latex agglutination method, enzyme immunoassay, and reverse transcriptase polymerase
chain reaction. Genotyping of each virus was performed in 217 of the 311 children.

Results: Among 217 children (male, 121; female, 96; mean age, 20.6+15.4 months), rotavirus was detected
in 109 (50.2%), norovirus in 28 (12.9%), adenovirus in 13 (6.0%), and astrovirus in 2 children (0.9%).
Genotyping of rotavirus revealed positive results in 97 children; P[8]G3 in 36, P[4]G2 in 21, P[6]G4 in
10, P[4]G4 in 9, P[8]G9 in 6, P[8]G1 in 6, P[4]G3 in 4, P[4]G9 in 3, and P[6]G2 in 2. Genotyping
of norovirus showed GII-4 in 27 of 28 children and GII-6 in 1 child. Sixteen children were diagnosed
with BIS-MG. Rotavirus was detected in 13 of 16 children with BIS-MG, and norovirus in 2 children.
Genotyping of rotavirus detected in children with BIS-MG revealed P[8]G3 in 6 children, P[4]G2 in 2
children, and P[4]G9 in 1 child.

Conclusion: Analysis of viruses from stool specimens indicates that both rotavirus and norovirus are the
main viruses related to BIS-MG in children. (Korean J Pediatr Gastroenterol Nutr 2009; 12: 183~ 193)

Key Words: Gastroenteritis, Afebrile seizure, Rotavirus, Norovirus, Genotype, Children
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(1) CHH 1A Z2| XMzl; stolo] i 717 &S PBS
(phosphate buttered saline solution)ol] {o] 10% ¥ -
U qkE F 4°CollA 30%7F 3,000 rpm o2 YA

glsto] 4FHE FHsrh

() ZEH|O[2{A, L 2H|0[2{A, O[AEZH[0|A
©| RNA (ribonucleic acid) F&; 200 L] v &5
oB-5- 600 1L Tri-reagent®} % /ﬂ% S A2oA 5~10
E7F F & chloroform 200 #LE Y3 vortex3}o] 1048
7F ARgoll 31, 14,000 rpm, 4°Coll A 1587F YA
Els —? ‘o‘%@"% Hste % 1s0pr0pan01— i

ol A 1027F & 3 14,000 rpm, 4°C

rfl O{N
D’.gh

_124, of

dak & ASAE AAsHATE 1,000 4L
9] 70% ollEHE&-S Y 14,000 rpm, 4°COllA 1087+ 4
A = ASHE AAsIEE 10~3027F A= £ 10
11L.8] DEPC (diethyl pyrocarbonate) 2 *]2]gt 75
YA vortexsto] 7+ whol2] 29 RNAE FE3k3ich
(3) Ol cHIO[2{A2] DNA (deoxyribonucleic acid)
% % PCR; 50 L tHe 43 Holl 5N NaOH 5.5 L
A7bslo] 2F 55 0.5NZ 8 F 37°CollA 15%

Hd AA71 & 5N HCIZ 5.5 Lol Z3lsla H,0=

Astoict. o]HA A FEA 10.L% 15 mM
MgCLE *33F 10x 2HF 540, 25 mM MgCl,, 10
mg/ml BSA 0.5 /L, dNTP 4 xL, oftlli=rfo]2] 2ol th
gk oF whek AJukA] hexAA1885 U hexAA1913 ZHZ} 0.4
1L, Taq polymerase 0.5 1L, ST 24.2 L5 @2 4t
& E3tNS 94°Col| A 30%, 55°Coll Al 30%, 70°Coll Al
3039 cycles 358 Foysto] whol2Ag SH3ISIrh
otdicutole] & FAAY T4 sl AH&sE AEA
S5 Table 1914 A= vpe} 72c}H?,

(4) RT-PCR (reverse transcriptase-PCR)0f| 2|5t
ZEHO[2A HE ! M EM

@O EEMI0IZA cDNAS| &4 3 PCR: <3
RNA 5 xLeoll DMSO (dimethyl sulfoxide) 3.5 LS YL
57 2ol WA 3 PgollA A5 4 4L 5x RT

buffer, 2 #L. 100 mM dithiothreitol, 0.5 «L dNTP, 1 «L

L S mlm 4oh

RNase inhibitor, 100 ng A]%FAl], 1 1L reverse transcrip-
tase (Promega corp. WI, USA)E Y13 #F 255 S5
FE 20 4LE DFE T 42°CollA 1417 el o] A &}
o] ¢cDNAE 343tk RT product 5 1L, 10x PCR
buffer 5L, 2.5 mM dNTP =38 4 p1, A|2HAl 10
pmoles, Taq polymerase 2.5 U 2|3 35 uL. ST &
38 PCR E3HE-& 94°CollA 18, 50°CollA 1%,
72°Coll A 289 cycle 303] =3alqith.

@ EZEH0|2AL FHEAIY EAM: G typing= 3l
oFol| 2] 3HA3F cDNAE End9 AHAl, Begd AUAS
Ahgslo] 1,062 bpE S5 T 2472] G type A'EHA|
(aBT1, aCT2, aET3, aDT4)S Ah-&3}o] 94°C 1%, 42°C
25 72°C 28-9] cycles 203] A /‘] s} mpA| 2k
72°Co|A] 587F ARk A7) & A7) E o7 PCR
S EQlske] G types ZA3HSITH

P typing= $13H ol FAgE cDNAE
9} con3 AlAE AH-8-3te] 876 bpE TEHSE &
P type AIAI(IT1, 2T1, 3T1, 4T1, 5THE AHE3lo]
94°C 1%, 50°C 2%, 72°C 28-9] cycles 203] AA|5har
w29} cycle & 72°CollA 5E7F AAbs- A|71 & A7)
45oZ PCR AHES EQlsto] P types % 7&?3}95

cycle 3

con2 AHHA|
22t

4=

Zepbolg A AR BAE 6l ALk AA]
52 Table 1014 AAE vle} 2ot

(5) OFAEZHI0|2{A ¢cDNAS| &4 ¥ PCR; %

gk RNA 538 5 uLoll MgCLE *33F 5x RT buffer 5
#L, mon 348 2.5 L (10 pmole), dNTP 8 «L, reverse
transcriptase (Promega corp. WI, USA) 0.5 1L, 57 4
uLE Yol 25419 ZEFEE Perkin Elmer DNA
thermal cycler 480-% Ah-838}o] 42°CollA] 6047k wiloFs}
oq o}/k 1= iﬂl—olai* cDNAS —a—wu ﬂ.oﬂ —augiﬂ-
cDNA 58 5 L8} 15 mM MgCLE E33t 10x 59l
5 1L, mon 348 & mon 340 AJ¥rA] 27 2.5 4L, ANTP
6 1L, Taq polymerase 0.5 1L, 5 28.5 uLE E33t
50 1L.2] ¥k-S Z3lolle]] sl Perkin Elmer DNA thermal
cycler 4805 AH-&3t0] SE31ich 94°CollA] 357+ Wl
AA7] F 94°Coll A 30%, 50°CollA 20%, 72°CollAl 30
%9 cycles 303] AAEaL ulA]g}f cycle $ 72°CollA]
5571 oIk A]A nlo|g] A ZEsdr) o} AE
Zofolel s Ay RAS Sla] A8 AAE
Table 1014 AA= upe} 72}
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Table 1, Sequence of Primers Used for the PCR or RT-PCRY

Virus Primer Sequence (5'—3) Reference

Adenovirus hexAA1885 GCCGCAGTGGTCTTACATGCACATC Allard et al'”
hexAA1913 CAGCACGCCGCGGATGTCAAAGT

Rotavirus P typing Con3 TGGCTTCGCCATTTTATAGACA Gentsch et al "
Con2 ATTTCGGACCATTTATAACC
1T1 TCTACTTGGATAACGTGC
oT1 CTATTGTTAGAGGTTAGAGTC
3T1 TGTTGATTAGTTGGATTCAA
4T1 TGAGACATGCAATTGGAC
5T1 ATCATAGTTAGTAGTCGG

Rotavirus G typing Beg9 GGCTTTAAAAGAGAGAATTTCCGTCTGG Gouvea et al.'?
End9 GGTCACATCATACAATTCTAATCTAAG
aBT1 CAAGTACTCAAATCAATGATGG
aCT?2 CAATGATATTAACATTTTCTGTG
aET3 CGTTTGAAGAAGTTGCAACAG
aDT4 CGTTTCTGGTGAGGAGTTG

Astrovirus Mon340 CGTCATTATTTGTTGTCATACT Belliot et al."¥
Mon348 ACATGTGCTGCTGTTACTATG

Norovirus First PCR 36 ATAAAAGTTGGCATGAACA Moe et al'¥
35 CTTGTTGGTTTGAGGCCATAT

Second PCR NV82 TCATTTTGATGCAGATTA

SM82 CCACTATGATGCAGATTA
NV81 ACAATCTCATCATCACCATA

(6) RT-PCRO|| 2|3t .=2HIO|HA HE W HIIML
=4

@ L2H|0|2{A cDNA2| &4 ¥ PCR: +&3
RNA 59 5 Lol MgCLE £33} 5x RT buffer 3 1L,
E2ulo]# 2 polymerase 912 antisense primer 35 1
#L (10 pmole), NTP 4 L (2.5 mM), reverse transcrip-
tase (Promega corp. WI, USA) 0.5 «L (100 U), RNAse
inhibitor 0.5 L (20 U), S 1 L& Yol & 15 L9
Z3tol-S Perkin Elmer DNA thermal cycler 4802 Ah-&
ato] 42°CellA] 9027 vk e 2 JHAE Aldlst
of wolel 2 cDNAS FAH3HTH FAT DNA 73
15 L} 15 mM MgCLE 33+t 10x PCR buffer 3.5 1
L, SukeF AJubA] 35¢F A|9bA] 36 242 1 4L, Taq poly-
merase 0.5 L (2.5U, Bioneer inc. Korea), =< 29 1L

£ F3ek 50 wLo] vHs-E3FlS thermocyclers A&

ato] ZZaQdrh. &, 94°CollA 387 WA
94°Coll A 14, 50°Coll A 14, 72°Coll A 1:2] cycle
403] AAISEAL vpA} cycle § 72°Coll A 1527 <
uh-5-= AlZith Nested PCR2 913l 31 ®14] PCR 4+
1 L, 10x PCR $FZ< NV 81, NV 82, SMV 82 A]uHA]|
Z+ZF 1 1L (10 pmole), ANTP 1 #L (2.5 mM), Taq poly-
merase 0.5 #L (2.5 U), S5 36.5 LS E3F3F 50 1L
uh3 3l A5 PCRY 2 2708 FEA|Zeh
LRufole| A Y T4 &l AHEs AMEAE
< 27t Table 19114 AAE e} 2k,

@ TEZ2Ho[HAL| HIIME 2M: F&3 B9
A7149d BAS 9@l TOPO TA cloning™ kit
(Invitrogen corp. La Jolla, CA, USA)& AH-&3lo] 24
= Algsteh 214 Aehg F2HA] ampicillin 50 g/

mLS *33F LB mediumel] Bl¥gt & plasmid DNAS

A ol o o
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Wizard Plus SV Minipreps DNA Purification System
(Promega corp., WI, USA)S A83lo] F%31t)
DNA 53 2 1L, Dye terminator 4 L, A|%(10 pmole,
0.6 #L), =755 Yol 10xL7} A & F Perkin
Elmer DNA thermal cycler 4802 A-8-3}o] 96°CollA] 30
X, 50°CollA] 152, 60°Coll A 45-2] cycles 253] 73
sttt AAE 8l ethanol®} 3M Sodium acetate S
7bste] —70°Coll Al A S AH L, g5 2ﬂL*E‘ Y
o] vortex gk & 90°CollA] 287 WA A7l &
377 Automatic Sequencer (Applied Biosystems, Cali-
fornia, USA)oll A A7195& Aledstgict. S5 F-&
9] 7)Aol MegAlign Program (Lasergene 7.2,
DNAStar corp., WI, USA)-S #-g3to] 4313},
vlo]g] 28] AlFE=T PAUP (phylogenetic analysis
using parsimony) 4.0b (Sinauer Associates Inc., MA,
USA)E A-8-3to] maximum parsimony methodel] 23l

TAE S

3. BASN 22X

ABI prism

ZABE EAS 9sle] SPSS 17.0 (SPSS inc,
Chicago, USA)& ©]-83}o] Chi-Square tests A3+
o p-value 0.05 U|RHS SAF o2 F23tta #F

st3ict.
= | 1}
1. AL BHRIO| QUAMM EX|

WA F 2179 FollA] dolrt 1219, ofolrt 96
rgolglom, stobge] A A™ S 20.6+1547ME (Y
D A% 102 ~ 10870 E)e] $iet.
AA 2179 T 1678 (7.4%)°] w4 178 43
Toll o2 7124 Al glo] F44 AH
BIS-MG°ll all&-s}3ich. BIS-MGoll alld-at 16 (ot

Ao

2570 )l o] Fo] HQl A Fel= B+

ubzbol] st =, 104 (62.5%)0l 4= AAA 73H7]-

Zhdl b, sH(31.2%) AAAE 7w, 136,
B rH(Table 2).
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e gy was

2. CHHOIM 2
(Fig. 1)

%0179 %, Bl SRS o

AEct 9 AHio[z{22] 2M

RS EEE R
g UAA ATlAE ZEplelelsst 1004
(502%)014 7E=3lom, otvllientol2| 27} 137(6.0%),

Table 2, Clinical Features of Patients with BIS-MG and Detected Viruses Related to BIS-MG*

Case Sex Age (mo) Seizure type Rotawrgs Norowrgs

genotyping genotyping
1 M 18 Generalized tonic-clonic seizure P[4]G9 (—)
2 M 17 Generalized tonic-clonic seizure P[4]G2 (—)
3 F 15 Generalized tonic-clonic seizure P[8]G3 (—)
4 F 13 Atonic seizure P[8]G3 (—)
5 M 6 Generalized tonic-clonic seizure P[4]G2 (—)
6 F 17 Generalized tonic-clonic seizure P[8]G3 (—)
7 F 18 Generalized tonic-clonic seizure P[8]G3 (—)
8 F 21 Generalized tonic seizure P[8]G3 (—)
9 F 15 Generalized tonic seizure P[8]G3 (—)
10 M 25 Generalized tonic seizure Rota (+) (—)
11 M 15 Generalized tonic seizure Rota (+) (—)
12 M 18 Generalized tonic-clonic seizure Rota (+) (—)
13 M 13 Generalized tonic seizure Rota (+) (—)
14 F 15 Generalized tonic-clonic seizure (—) Gll-4
15 M 22 Generalized tonic-clonic seizure (—) Gll-4
16 F 12 Generalized tonic-clonic seizure (—) (—)

*BIS-MG: benign infantile seizures associated with mild gastroenteritis,
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Fig. 1. Viruses detected from stool specimens of children with
acute gastroenteritis (n=217), Two patients had coinfection by
norovirus and adenovirus, No virus was detected in 67 of 217
children,
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Fig. 2. Genotypes of rotaviruses detected in stool specimens
of children with acute gastroenteritis (AGE) and children with
benign infantile seizures associated with mild gastroenteritis
(BIS-MG),
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Fig. 3. Phylogenetic tree of norovirus in Korean children with
acute gastroenteritis by maximum-parsimony tree analysis
method (Gll-4: Genogroup -4, Gll-6: Genogroup 1-6),
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kA 7 Aboll 4] ZEfatol | 271 &5 109 &
ol A *lﬁgﬂ RT-PCR ZAAE F 97 ollA] ZElnto]
227t I, o] 58 FH2E 2 PI8IG37} 36
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. P[8]G9Z} P[8]G1 6%, P[4]G3 4%, P[4]G9 3%
P[6]G2 2] 3lthFig. 2).
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27} ool A ZE= Ak vh A 174(6.1%)001 4= oF
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20044 Kawashima S22 783t 2% go)zgel
nitric oxide7} ¥]ol] GZ& I3k 4= 9lo v g nloly
20| 93t 7d# 3} neuronal nitric oxideZtel] edHAlo] )
= Zolgt= 7H stoll Els} ¥Hlof| A nitric
oxideE 743 23 Zepupolgx o] 3ate] €
2 X% g=Hol| 2] €] nitric oxide”} THE Hated, =9,
44 7E At izl vlsl] =2 sEE Hovka
stqict. spAlak olof] tisiAE $5A Q1 A7t vhe A
o> Aol A 5 FHHQ) AT E YSElor & B

olgtal o] A X},

JHofl A AP AT Nishimura 5299] ol ol 25}
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