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Clinical review of Epstein-Barr virus viremia in Korean
children by using real-time PCR

I Yong Ko, M.D., Jin Suk Suh, M.D., Hwang Min Kim, M.D.
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Taek Jin Lee, M.D." and Dong Soo Kim, M.D."

Department of Pediatrics & Department of Biochemistry'
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Department of Pedlamcs Yonsei University College of Medicine

Purpose : We investigated clinical characteristics of real-time PCR proven EBV viremia
patients who were not serologically diagnosed but clinically suspected, and compared it to
serologically proven EBV infected patients.

Methods : The study population consisted of 45 patients, who were suspected acute EBV
infection at Wonju Christian Hospital Department of Pediatrics, Yonsei University Wonju
College of Medicine from Jan. 2004 to Dec. 2006. real-time PCR of cell free serum was
performed to prove EBV viremia. Then we chose 1025 copies/ug DNA as a suitable cut-
off level for EBV associated diseases.

Results : There are 4 patients diagnosed as EBV infection by serologically and 15 patients
diagnosed as EBV viremia by real-time PCR quantitative measurement. The most common
presenting symptoms and signs of EBV viremia was fever in 11 cases (73%). Atypical
lymphocytosis was found in 4 cases (27%). Increased AST, ALT levels were observed in
13 cases (87%), 12 cases (80%), respectively. We could diagnose 5 cases of EBV viremia
younger than one year of age. They revealed clinical symptoms which could be found in
EBV infection. The serologically diagnosed patients had hepatomegaly and splenomegaly in
3 cases (75%). All serologically confirmed patients have leukocytosis above ZO,OOO/mmS,
among them 2 cases (50%) had higher percentage (>15%) of atypical lymphocytes. The
AST/ALT level above 50 IU/L were demonstrated in all cases.

Conclusion : Serologically unproven real-time PCR EBV viremia patients revealed similar
clinical findings with that of serologically proven EBV infected patients. So, it is meaning-
ful to perform EBV real-time PCR for the diagnosis of EBV infection especially for the
cases younger than 1 year of age. (Korean J Pediatr Infect Dis 2007;14:171-178)

Key Words : EBV viremia, Real-Time PCR, Children
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. #A2RE QY e AR e IS
]33 2 MFS 25 disposable syringe filter unit(Toyo
Roshi Kaisha, Ltd., Advantec, Japan)< &3 A|lXE
AAG & -80CAA WERnI AT,

Y5 waE ¥4 QlAamp Blood Kit(Qiagen,
Hilden, Germany)® DNAE #2]8l] -20ColA ®33}
Aok EBVE BALF5 fr3ze] d714E 5 3 (up-
stream)®} 3+ (downstream)<] A A (primer) & 5'-
CCC TGT TTA TCC GAT GGA ATG-3'¢} 5'-
CGG AAG CCC TCT GGA CTT C-3'E, du#+
(probe)+= 5'-TGT ACA CGC ACG AGA AAT GCG
CC-3'& A3+ tHGenotech, Daejeon, Korea). 441
7t %KLB_iquHH]’O HE5A+= 5'-FAM & 3'-BHQ2
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Research, Mortlake, NSW., Australia)& ©]-&3}4 95
TollA 15% 7FEste] HotStarTag DNA THEAE
A 3lst & 94Tl 15% 59 WA (denaturation)st
I 60°CelA 60% B¢t T (annealing) ¥ & th(exten-
sion)shE= #4& 453] WSt TP EAAMREE<]
71E(kit)= QuantiTect Probe PCR kit(Qiagen, Hil-
o] &3}tk EBV ulolgi~d 3o 2
52 AFelA et 2ol 102.5 copies/
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1. EBV HIO|Z A ET SHE

NAFA FAe] @AKol EBY A 214}

o] #x} F 15%(33%)°1A EBV &A%t %@*iﬁﬂl
Hhg-o] FAollal 48(89%)°l- EBV VCA IgMel
Aol EBV VCA IgMol %4¢l 34} 49

(50.0%)°141 EBV A1zt 3 asdubgol FAol
2t EBV VCA IgMel &7Jolvt EBV &A1

AR A Ao Z AE 3xE 419 F 13
(31.7%)°1 k. EBV VCA IgM°] %491 2k n=4)=
EBNA Ab”} &4d°lal EBV VCA IgG7l $Aolgle
H 1 F 2wol A AAZE E=3 g LA HEEEo] kAol
th. EBNA Ab7} &4, EBV VCA IgG”’F &4, EBV
VCA IgMe] &4¢1 8 134 5 6%(46.2%) 914 EBV

il
AR FFELAMRS o] Gl THTable 1).

I

AN FFE2AMNS 07 AgE EBV Hlolgx
3ol A& ke dH-E SNLFE 134 Aloldl &
F3la 9o Hit dHL 335+E3974E 44 vuho)
1178(73%) eI 3L, 53] 14 m|wto] 5 o]qirt A3t
Aoz Ak A= 1-640] B gllon 1/‘1]
H ke Itk A B dolyl 67 ojolrl 99
Y= 1:1.3°]9tH(Table 2). 458 9] 32} & *‘/\]Zl
FTHELAARS T HA T HAF BFAA] S vhE
S 19l #FAHn=2)9 A= Y& o FTEHA A
stk

Zolola AT FFEAAHANSOE HEF Epstein-Barr virus ¥ho] 22

EBV HholelndlZol gl #4e) o4 2yoms
welo] 11¥(73%) 0% 744 Bekm AFwHo] 103

(67%), 71*‘/7}3117} T8 (47%)01 . A E A

°l Ay 1‘33(7%)011*1 EME}. %@Wigi Aty &
Al A= 378 (75%)ellA] | diel v 7E R E 9L
owm W AR F=zd Fde 47 2460
%)l A HH = l“‘?@r &S 47 19(25% )00 41
UEltH(Table 3). EBV vlo]2{2d3S 12l 14 v
g Ak Qs A EW WA 58 F 4HlA
o] FREE QL 713/7 e, AL, o] 217t 2
oAl mdow TRzl AR fxd Fo, 1o,
H G 7 Zh2E 1 el A BTt

EBV vtolgi2=85S 1l $ixi= EBV 749 A
oF tlEo] HAHF w4 AdTHAe] A7 38(20%), =

o] L= BL;H

Table 2. Age and Sex Distribution of EBV Infected
Patients

Real-time PCR Serologically
proven EBV proven EBV
viremia (n=15) (%) infection (n=4) (%)

Age (years)
<1 5 (33.3) 0C o
1-3 6 (40.0) 2 ( 50)
4-6 2 (13.3) 2 ( 50)
7-9 0C 0 0C o
10-12 1 (6.6) 0C o
13-15 1 (6.6) 0C o
Sex
Male 6 (40.0) 4 (100)
Female 9 (60.0) 0C o

Abbreviation : EBV, Ebstein-Barr virus

Table 1. Relationship between EBV Serologic Study and Real-time PCR

Real-time PCR

EBV serologic study

Positive (%)

Total (%)
Negative (%)

EBNA Ab (-), EBV VCA IgG/IgM (+/+) 2 (133 2( 66 4 (89
EBNA Ab (-), EBV VCA IgG/IgM (+/-) 3 (20.0) 7 (233 10 ( 22.2)
EBNA Ab (+), EBV VCA IgG/IgM (+/-) 4 ( 26.6) 13 ( 43.3) 17 ( 37.8)
EBNA Ab (+), EBV VCA IgG/IgM (-/-) oC 0 1( 33 1(C 22)
EBNA Ab (-), EBV VCA IgG/IgM (-/-) 6 ( 40.0) 7 (233 13 ( 289)
Total 15 (100.0) 30 (100.0) 45 (100.0)

Abbreviations : EBV, Ebstein-Barr virus; EBNA, Ebstein-Barr nuclear antigen; VCA, viral capsid antigen
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BEAZ|HA DS 19(7%) A
B dHgH o= 73%% Ao = EBV 9]
S A oleo] FTHtEl HEE Ho|A| gkt

EBV ®holy28FS HQl 3xte] ATt HARLT
2} Hb 10.0 g/dL 7%Fl #21= 13(6.6%) o4 B.g1
& == 10,000-20,000/mm’ Akel7F 89 (53.3% )]
131 10,000/mm’ 7Rk 7 9-7F 5H(33.3%) 0.2 1 F
5,000/mm’ ©18Fel 77k 1#81%3 20,000/mm®
A9-7F 27(13.3%)el1Att HIAE FZF7E 10% ol

o] /\]-o]

Z7H8k 7497} 5M(333%) 019 1 % 4“ﬂ(26 6%)°]
20% o’ F7rerdrh 1dleld FATEE 594,000/
mm%i Z7k8l %tk 100,000/mm” ol oH BB
Hase 1B A= 3(20.0%) 1% % 19=

38,000/mm’ 74| 7o} o] dhxjol wiagel A
P AAALE HolX| FUTH(Table 4). 14 v 7]
A= HAY FEZ7 15% o)X Hols Ay
g Fade Adn ZF MET4E 20,000/mm’
mRkeliet. & A Sxpol e AP
7k 5% 20,000/mm’ ©]Fel T 509%0l4 14 F
HE7F 15% ol s7Hdlen daw £% EF
200000/mm o] Fol At

EBV Hpolg2=383& B 34 F 50 IU/L )39
aspartate aminotransferase(AST)] 7= 137 (86.7
9%), alanine transaminase(ALT)®] Z7F= 12%(80.0
%) A AN 1,000 TU/L o’ 5st A% 182
o] Aol dH WHFR FAE 61 mg/dLO]‘RiE‘r

Table 3. Clinical Findings on Admission of EBV Infected Patients

Clinical findings

Real-time PCR proven EBV viremia

Serologically proven EBV infection

(n=15) (%) (n=4) (%)
Fever 11 (73.3) 2 (50)
Throat injection 10 (66.6) 2 (50)
Cough/Sputum 7 (46.6) 0C0)
Cervical lymphadenopathy 6 (40.0) 2 (50)
Hepatomegaly 4 (26.6) 3 (75)
Splenomegaly 4 (26.6) 3 (75)
Skin rash 2 (13.3) 1 (25)
Jaundice 1 (66) 0C0)
Abdominal pain 1 (66) 1 (25)

Abbreviation : EBV, Ebstein-Barr virus

Table 4. Hematologic Findings of EBV Infected Patients

Lab findings

Real-time PCR proven EBV viremia

Serologically proven EBV infection

(n=15)(%) (n=4)(%)

Hemoglobin (g/dL)

<10.0 1(6.6) 0C o

>10.0 14 (93.3) 4 (100)
WBC count (/mm’)

<10,000 5 (33.3) 0C o

10,000-19,999 8 (53.3) 1 (25

=>20,000 2 (13.3) 3 (7
Atypical Lymphocyte (%)

0 6 (40.0) 2 ( 50)

<15 5 (33.3) 0C o

>15 4 (26.6) 2 (50)
Platelet (/mm?)

<100,000 3 (20.0) 0C 0

100,000-199,999 4 (26.6) 0C o

200,000-299,999 4 (26.6) 3 (7

=>300,000 4 (26.6) 1 (25
Abbreviation : EBV, Ebstein-Barr virus
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Table 5. Serum AST/ALT level of EBV Infected Patients

AST/ALT (IU/L) (n=15) (%)

Real-time PCR proven EBV viremia

Serologically proven EBV infection
(n=4) (%)

<50 2/3 (13.3/20.0)

50-100 4/4 (26.6/26.6)
100-299 4/3 (26.6/20.0)
300-499 3/3 (20.0/20.0)
500-999 1/1 ( 6.6/6.6)
=1000 1/1 ( 6.6/6.6)

Mean=SD" (mg/dL)

25853 +276.36/248.53%303.05

0/1 ( 0/25)

2/1 (50/25)

2/1 (50/25)

0/1 ( 0/25)

0/0 ( 0/0)

0/0 ( 0/0)
158.25%106.51/211.00 +189.25

"Mean *standard deviation. Abbreviations : EBV, Ebstein-Barr virus; AST, aspartate aminotransferase; ALT,

alanine transaminase

(Table 5). 14 mRke] A9 Al
IU/L oI’ S7ksti ot ey s
= ATk A 3 X}" AST7]'
50IU/L °l’do.m F71stda, ALTE 1% 211946}1
50 TU/L °l’d &7Fatsdth

EBV ulo]y2dZ& 1Sl #xjolA] &3 C wg &
Wl (C-reactive protein)< 1394olA 2.0 mg/dL wl%to]
A 2%l A 50 mg/dL ©l’¢e = 11.0 mg/dL7HA 7
<3 S 1% gk 14 vk A$- 28l 50
mg/dL ©I’Fo 2 F5Fa 104 o] 42 25 1 mg/dL
njntolQin}, A or Aoy IAAES ZF C H

S ©lo] 1 mg/dL wRke]ATH

AST/ALT7F EYF 50
wel 450 AL A4
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FA7Y F7HES LaEskst

Epstein-Barr virus(EBV)&= 19608t 5%+ Epstein
57l olsto] olxelzt Aol A WAE Burkitt 9
= uld AEYel A Ax dAnjdom He BEE A
FAldl= EBVE dEsH o2 {4138 Herpes simplex
groupl. 2 EFHAA T A7 7} ZolA] Herpes simplex
virus$E FEEJY EBVE 57F49 human herpes
virus(EBV, HSV type 1, HSV type 2, cytomegalo-

virus, varicella-zoster virus)®l stY4EA] gamma ©}F

o 19239 Downey St McKinlay = 2+t

MAY PEol ojsl JEsdan 19329
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2AE 9 6908 AofollA AN FHEALAHNNE R HEF Epstein-Barr virus vhol g2 3] JAFAH a3z

R o HitE 292 mg/dLAtE B Aol A
vlo]# 28 Z $xte] HHES 169 mg/dLol Yy, dAet
Aoz Hetd A= 018 mg/dLE Aoz e
TAE BHow EBV HtolH 23S 2] 139%004]
Al 73 Ao FARSE A2 C Hbg whilo] 453
o

gol ] EBV wlele|e] e @] FAZF AZ

75 O Be ow guA Qo 2 A 2t
ol, wlgvlel, AST, ALT®] $7PF da4s

QAN vloleie] o] FIkh= Aol I

ordl A3g B AYAA Pk SHololE EBV

AAE TFEEANTSONA HoladSs B &

42 HATGE A2 ¢ 4 9
o e 1A vl A, )Ee 9 Sk o
& T nAagHe s8¢ et web BBV 244
of AEE B 53] 14 viwke] A AP A
Absk Bl AT FRHEAAMNES AN S Flo]
guizt Qg Aelm olF Fal I el UF A
A9t g molol & oz AR

0
1o

194E 2006 1297k4 EBV 3
o] A= GO 2 EBV AAIZE

[¢]
EaAHRNS HARE Adste] EBV bl adF5 e &
k=

Z 1 EBV #¢e] @A oR Ay A= 4
oo AAZF FFaLAHNS o7 EBV Hlolg]
2830] gely A= 1573 0|ltk. EBV vl ~d
Zo] e ALY vole 44 mRko] 739%(11/15)%

I FEE 1013 oldnh 4 Al S dde]
73%(11/15), Q15 & o] 67%(10/15) 914 BIom &
e Ao 2= FA AgRAY Aol 22 20%(3/
159tk A FZ A7) 15% o4l A9 27%(4/
15)014 B3 AST, ALTS 577 242 87%(13/15),
809%(12/15)%tk. CRP7F 2 mg/dL °l8kel 7%= 87%
(13/15)$ith. EBV wle|#~dF #xls 14 wvhe
WO R olE T 80%(4/5)01M WHo] FHE Y H A
Y HEFes BolA] gen BT AST, ALTZF 571
sk dAstror [y Fakre Yol 1-64%
I 75%(3/4) A Ihadlel v iz B o 50%
(2/4)0 A 2, Ty AR Fzd Furt Bt
e 28-S glgleon METrE BF 20,000/mm’ ©]
ol 50%(2/) A HIAE [EFr Frkslon
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