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Prevalence and Genotypes of Transfusion-Transmitted Virus
in Children with Hepatitis and Normal Control
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Purpose: Transfusion transmitted virus (TTV) is a newly discovered virus and to date the contri-
bution of TTV to liver disease remains unclear. Little is known about the frequency of TTV
infection in children in Korea. The purpose of this study was to investigate the prevalence and
genotypic distribution of TTV carried by healthy children and patients with hepatitis in Korea.
Methods: Eighty eight of healthy children and three groups of patients with hepatitis-14 patients
with chronic hepatitis B, 12 patients with chronic hepatitis C and 25 patients with hepatitis of
unknown etiology-were tested. TTV DNA was detected by semi-nested PCR using primer sets
generated from N-22 region and from 5’ noncoding region (NCR) of the viral genome. PCR
products derived from 8 patients with hepatitis and from 11 healthy children were sequenced and
a phylogenetic tree was constructed.

Results: TTV was found by PCR with N22 primer in 11.3% of healthy children, 28.5% of children
with hepatitis B, 25% of children with hepatitis C, 24% of children with hepatitis of unknown
etiology. TTV DNA was found by PCR with 5’NCR primer in 32.9% of healthy children, 71.4%
of patients with chronic hepatitis B, in 50% of patients with hepatitis C and in 48% of patients
with hepatitis of unknown etiology. TLMV DNA was found in 48.9% of healthy children, 21.4%
of patients with hepatitis B, 16.6% of patients with hepatitis C, 40% of patients with hepatitis of
unknown etiology. Among the sequenced isolates, 10(52%) belonged to genotype 1 (G1) and others
belonged to genotype 2 (G2) or genotype 3 (G3). Among the G1 sequences, 7 were grouped as Gla.
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Conclusion: TTV infection was common in healthy children and in patients with hepatitis. But,
the prevalence of TTV DNA by 5’NCR primer was relatively high in patients with hepatitis B
and there may be some association between TTV and hepatitis B virus infection. G1 was the major
genotype of the studied population. (Korean J Pediatr Gastroenterol Nutr 2005; 8: 202 ~212)

Key Words: Transfusion-transmitted virus, Hepatitis, Children, Genotype

M =

Transfusion transmitted virus (TTV)E < 8 &
ek A9l B ol 1k BAbe] Ao Ao
2 821501 3709 ORF (open reading frame) =
T4 = o] = circular single stranded DNA H}o] &
2ot} 94829 DNA F25 7+ Circoviridae ¥}
olglAe FE FEI
virus (CAV), beak and feather disease virus (BFDV),
porcine circovirus (PCV) 5-©] tiEFo|H TTVE Q)
A o] o522 &0H circular DNA HFO| 3 2
olt}?. £3] CAVE HollA F2 Zadso] A4 £
P4 HE &8, 92X 49 55 F33t= violy

7+ 5= chicken anemia

= TTES

Zolm TTVS wj-¢- FARE FX2E 7HA 1 Sl
TTVE ORF14] 9] %8 HVR (hypervariable region)l,
HVR29} HVR3 591914 codon®] 43947 A4o] o
oqurz {FHF] thgFsted AA TA278 (1),
PMV (27), SENV (3i), YONBAN (4722 &F/
) ok 30709 Fd3o] LHATY.

TTVE ERF QlFellA] vl
O AWV A Lo M FA st
077 AR gAge hEAS Fud sbs
HuEA. H o 99 B9 3t
BAte] 7kZZA A in situ hybridizationoll 2] 3|
TIVE] Z40] B157]% 5o TTV 54

tRow

. BY 19, C3 13 92 84
o 19E EGF 2ok 19 BAANN SNCR 29
W N2 ¥ ERY A

A% 20 FE 154744 1715 0] B9 Ao}
88 S WA HERTOE Ao TTV DNA YA E
S AAskaT BE g A2 3~671Y H4
OS2 AAUE ¥ Lol E Wi Fho} 149
AAE ez st ¥ 14

AR 1998d71A] A2thst Wl AotE Wt
A9 ol 129 9] AAE o= stk A9l =
Heo] 7+ shaE 20019 62 HEH 2004 62714
AA S} BAS WE3te] HBs Ag, HAV IgM 4,
HCV A HAE S0l H H7]5 0] BIZAgZd<l
259 S A= . 84 AAe AAE A9
st7] A7kA @dt 70%0] RStk HBsAge
EIA (Roche, Palo alto, USA)Z =343} 2™ HCV
3} 4= ELISA (Abbott, Illinois, USA)Z =43} th.
83 ALTE autoanalyzer® 273} 40 IU/L ©]4
S " AZAo B A5t tH(Table 1).

2. AA|
DNA F%, $% % #ZE2 QlAamp DNA kit
(Qiagen)E ©]&3}4] 200uLe] P HAANA FHF
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Table 1. Characteristics of Patients and Controls

Control Hepatitis  Hepatitis Unknown
B C
Cases 88 14 12 25
Sex (M/F)  44/44 6/8 12/0 13/12

10LLE FZ3}99t;. PCR Premix (Accupower)ZS
A&} Taq DNA polymerase 1 U, dATP, dCTP,
dGTP, dTTPE Z+7} 250 uM, Tris-HCI (pH 9.0) 10
mM, KCI 40 mM, MgCl, 1.5 mMES ZA ¢ £33}
At

3. PCR

TTV DNA AZS 9% PCR 48 F £579 A
WA E o]&3ste] 7247t Al e 3G th(Table 2).

1) N22 A2 E 0|8 PCR £4: 17} PCRS
DNA 10uLo] NGO039 (5-ACA GAC AGA GGA
GAA GGC AAC ATG-3")$} NG063 (5°CTG GCA
TTT TAC CAT TTC CAA CGTT-3")< 0.51L ¥
94°C 10%, 94°C 40%, 60°C 40%, 72°C 50%, 72°C
1039 Z7A F 303 At HE 2HE 2
hLo] NGO061 (5° GGC AAC ATG YTG YTR TGG
ATA GAC TGG-3’; Y=T or C, R=A or G)¥} N063
051l =5 17ILE 43 23} PCRS 1319 59
gk Z7A F 303 Al

2) YNCR A|ZH|E 0|&3 TTV DNA 241: ® 4
12 PCR-S DNA 10 uLol| T801 (5> GC TAC GTC
ACT AAC CAC GTG 3°). T836 (5> AKG CCT GGG
TGT ATG CTA GG 3°) 0.5ULE Y31 94°C 10%,
94°C 40%, 60°C 40%, 72°C 3%, 72°C 10%9] 270
A F 353 AEIATE HE AHE 2uLe] T855 (5°
GTC AAG GGG CAA TTC GGG CTC 3°), T888 (5’
CGT CTG AGT GTG TGG CAT AG 3’) 0.51L9} =
74 1TILE 412 U 23 PCRS 1A PCRY 5
st Z7AA F 303 Al

3) TLMV DNA Z&2 2[$t PCR E4: 12} PCR
£ DNA 10iLe] M1359 (5° GTT TAT SMC GCY

Table 2. Oligonucleotide Primers Used for Polymerase
Chain Reaction

Primer Nucleotide sequence
TTV (N22)

NG059  5-ACAGACAGAGGAGAAGGCAACATG-3'
NG063  5-CTGGCA ACCATTTCCAACGTT-3
NGOB!  5-GGCAACATGYTGY*TR' TGGATAGACTGG-3
TTV (5NCR)

T801 5-GCTACGTCACTAACCACGTG-3'

T836 5-AKGCCTGGGTGTATGCTAGG-3

T888 5-CGTCTGAGTGTGTGGCATAG-3'
TLMV (5NCR)

M1359  5-GTTTATSMCGCYAGACGGAG-3'
M1360  5-AGGGCSTCTAAWTCTCCKTC-3'
M1365  5-TYTGCGAAWAGGGCSTCTAA-3

*:TorC, "R AorG

AGA CGG AG 3%), M1365 (5" TYT GCG AAW AGG
GCS TCT AA 3)E 05uL% Y1l 94°C 10%, 94°C
40%, 60°C 403, 72°C 50%, 72°C 10%-9] 270l A
Z 553] A3ttt HF 4AHE 2uLel M1360 (5
AGG GCS TCT AAW TCT CCK TC 3’) 0.51L9} =
FF 1TLE 48 ¢S 23 PCRS 13} w53 5
dgh =X F 553 APstAnh HF AE
1.5% agarose gel®llA] ethium bromide= ¢4 3+ &
7] dEHOE IRl

> oro of

M
-

4. 7ML

HI

N22 primerE ©]&3F PCRo| 93 AHZS ABI
3730 analyzer (Applied biosystem, USA)ol| 23] %Frt
gog A dA71ME £45 A BeFATE Sequence
analyzer 5.02 ©]-83}4] alignmentE 2] 3}aL neigh-
bor-joining *HOE AT E4S AlPstAth 971
A E-L GenBankell #1¥ DNA ME& F&3H3
AB008394 (TA278), AF122916 (JA1l), AF261761
(PMV), AB054647 (Kt-08F), AB025946 (SANBAN),
AB038621 (KC009), AB064595 (CT23F), AB016942
(Gla), AB0177693} 017879 (G1b) AB017770 (G2a),
ABO17771 (G2b), AF 06054737 AB016937 (G2c),
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AB016952 (G2d), ABO018960% ABO017774 (G3),

ABO017775% 017887 (G4), AB018938%} AB016935

(G4), AB0177776 (G5), AB017886 (G6), AB017777%}

017889 (G6), ABO17778 (G7), AB7779 (GS),

AB017780 (G9), AB017781 (G10)& ¢} &3t th.
27 L2398 SPSS for window 10.03 AF-&-3}

%121 Fisher’s exact testS ©]-§3}99.2 1 p<0.055
frofgh FEo 2 F Ytk

e at

1. N22 A|ZA|E 0|&8H TTV DNAL| HE

FAF e EAo] 7}53 N2 primerES o] &3}
iz 1 A 9AS uwoz PCR<
A Ye A} dAdEE 277 bp.d FEZL F8A
t}. TTV DNA S$AES q}%?oﬂﬁ 11.3% (10/88
o), A4 7Aool A 19.6% (10/5178)Fom F93F
2bol= flATHp=0.21). HGTFHE TTV DNA %A
2 BY 1H $AellA 28.5% (4/147), CH 1t
At A 25% (3/12%8), A1 £ 7Hd ShofellA
24% (6/2578)Fo thEFol Hls) #23 o]
S A TH(Table 3).

2. NCR £¢

d4&

| A|ZHAHE 0|28t TTV DNAS|

AT 7F & 5’NCR primerE ©|-83t] t 273

Table 3. Detection of TTV DNA in Sera from Healthy
Children and Patients with HBV, HCV Hepatitis, and
Hepatitis of Unknown Etiology by PCR

TTV DNA
Patients
N22 5NCR

11.3% (10/88)
19.6% (10/51)  54.9% (28/51)

( 32.9% (29/88)
(1 (
285% (4/14)x  714% (1014)"
( (
( (

Healthy control
Hepatitis patients

Hepatitis B
Hepatitis C 25.0% (3/12) 50.0% (6/12)
Unknown 24.0% (6/25) 48.0% (12/25)

*p=0.105, ' p=0.008.

2 A3 pCR 23
mﬂ% E 709 b.p.2 zig ;{16}911:} TTV DNA
o] FAEL ET 329% (29/88W),714 FAF L
549% (28/51%)Ath. Ao ME YA ES BY
71.4% (10/1478), C¥ 7+ 50% (6/127), €<
S 48% (12/25'8)AtH(Table 3). TTV DNA
CY 74y AAEH 9 koA =ol 7}
Y Aol A FroshAl =% THp=0.008).

N,
= oo
U'J

3. TLMV DNAS| ZHZ

TLMVE] 5° NCR H4$19] primerE ©]&3} =
T 21 Y @S U2 Z PCRS A
3 A3} o A EE 304 bp.o FES <13 7
4 AT Z4 E2Fol A TLMV DNA $A &
ZY7} 29.4% (15/51%9), 48.9% (43/88")Ath. &=}
o] WE TLMV DNA YAES BY HdolA

21.4% (3/14), C8 Gl A 16.6% (2/12), Y9l &
o] 7kdol A 40% (1025)9eH zole ATH
(Table 4).

rlo m

e

4. N22 A|2H|E 0|88 PCR M= 7|M

=
o siay

N22 A|EHA| & o] &3+ PCR ¥HS-o| 4] ek o] Y&
Z 199 (LT 89, NET 114)9 E7ME e &
st AlFTE EASHATHFg. 1). 2 Gl
Ay 01040111 Ur A= G238 T G3¥ oItk G
AL 109(Gla 790, Glb 39 oH, G2 F13

—_

Table 4. Detection of TLMV DNA in Sera from Healthy
Children and Patients with HBV, HCV Hepatitis, and
Hepatitis of Unknown Etiology by PCR Using 5NCR
Primer

Patients TLMV DNA

48.9% (43/88)
29.4% (15/51)

Healthy control (
(
21.4% (3/14)
(
(

Hepatitis patients

Hepatitis B
Hepatitis C 16.6% (2/12)
Unknown 40.0% (10/25)
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Fig. 1. Phylogenetic analysis of 19 TTV sequences by
N22 primer (H: healthy, UN: hepatitis of unknown etio-
logy, HB: hepatitis B).

£ 3¢ (G2a 14, G2b 1], G2c 14)), G3 43 24
9} 718} AL 449,
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[l

TIVE At&oA xL& o2 wAE circular DNA
Hho] g 2o A gk o] o H =], Ao} F T F=o
= gl SAEAD. ol Iwaki T'V0]
Ao F2 HAEE simian-TTVZF AFFS] €2
E HAA R 288 7ol dva Riush| =
AT TTVS CAVE Y& £7F9 Circoviridaed}t
VP1, VP23} VP3 @iz} A#E 3712 ORFE +4
= 2o]2 Ho Circinoviridae ¥+ Paracircovi-
ridae 2 BFAGY. H2 23 74 HAdA 7}

5430l AI71E AR SEN Hbo] 2 2~(SENV)= circular
single stranded DNA vlo]|8 =2, D9 H F-4do] &
g & dAshe HA-HIER 9 HIE T4l
AT oy, SANBAN, TUSOIZ WX H+=
TTVE] 373 A7IMgo] A L3 Aoz s
Aoh,

TTVS ORFIo]E arginineo] E3H F712
capsid 293 M EF HZ O o] 5o FHAste gly-
cosylation 9]¢}, rolling circle &4 223 Rep
o] EAt 249 glycosylation 91} A}
olo] o3 o Td¥AH} A=A V5ol Lt
AARE TTVY] A= o3 g4dstA] &tk TTVY
EA 7]Hd& thE single stranded DNA B}o] 2~ 9}
H| =3} rolling circle 7130l 23] BAEH = Aoz
HolmY RNA F1F Abgo] ui7d S48 3hA &
=0 Axzo® TIVY EAE DNAY proof-
reading®] AIHE Al B = 2] eFobA] FH 2 theFA o]
Z Aoz AR,

)+ Kooistra 5'%& ORF19] A A}ol ola) 2d
B, AR Ao A el F 2l apoptosisE 25}
= TTV M EZAE f-9F &9(TT virus-derived apopto-
sis inducing protein)e] HZ]o AdF3H . TTVE
ORF2°l| = ufo]e] 9] F2)7 #HE vl72H o
o T JR7F lor, 53] ORF29| 46~66°]
3 F3the 9= CAVS TTVY| 3% HEoz T
npo] g 20 #eEA Aol o] &HT”. TTVS NCR
(noncoding region) F¢l= 534 stem-loop T3
°olW GC7} THF F-Hl9 qdd =4 d7IM<E
(regulatory sequence)©| E3FFE[o] QT

TTV] Aol vl 322 Q1 Al zte] wAR 4
e o] AR T vy 2R HFE AEE 9
71X g9 a7t A7) Wil TS A7} o] F
o} W) 7}A] ‘orphan virus'Z EF5HE Aol FII
oY, Echovirus, adenovirus, parvovirus B19, herpes-
virus 69} herpesvirus 7 5] 7 -F-olx 9/ 237}
#dA TR Be AZto]l 23t 53] Porcine
circovirust= 20 ©]“¢ orphan virusZ o AX| )
oo Ho] fxd o] AN HxAH, N, 2+

4, AFI 99 5 Fugol FRAAG.
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TTIVE 80 gsiAst At AR Y
B3 gdo T TTV DNAZF AEHo] vt
A2 o] 7kl duk Aol A9 FHE]
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7] oJhth H2 TIVY 1~4T74HA 2ol o) 4
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o 283} Hol7k & Fol7k YAV, A Leszek
& BY g BRI TIV % e 8749
A7 Aot Aol Ak shHch
TTV #4942 1 oo As7HA & 44 28
A& A] g9kt A A2 TTVY
ORF-1 32L& F oAl FU35HH protamined} A}
3 SRR 7+ A= o A A AR A E
P AFFo] frdge] SR

7+ #8219} Helicobacter

Arst #Ado] e Ao Huydh webA
TTVZF 2 ZA7ldx 2HS 738 7546 o
3 371 A7 2o,

TTV-like mini virus(TLMV)E TTVS} +Z7} H| 5=
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