® MNEoBFE

FIRIER
FEE I 81%, HESE 1 10%, UERH: :6.5%
2BB%EBLT

SEE - T1%, WEM:61%, T 7.8%
TR 1 98.7% (fhfss Tid 40~70%)
HIBRHA<2 H 36%, 2~5H 49%
REERIEOEIR © 35%
i b—X A JutE151%, BT :25%

| FHilf : 54.5%

(R 5) & D 5IH)

Bl oz, 5EMOY 7 F VEERE T TR
BN T 2720, BAMEO/NBE
EOHEMT 5 2 R OhRELRERSLEE
LR D D, AT, ORI OV
L, V7F YEBOERIC DWW TRV,

RRE - REOHE

1. BRRZTA IR

HZA MK 7 4 v X (Japanese encephalitis
virus; JEV)IX, 79 E7A LV ARIOD 7S EY 4
WABZHEENBHI0EDOYANVAD 1 DT,
EEH50mm ORIz > Rao—7Y A4 VA Th
D, 77X AT 11 kb D—Z&$H RNA 25
¥%., a—F#EE(ORF) iz >r~xa—7(E),
prM, CEHE W) IEEOREER L THEED
NS (non-structural) EHB I —RF & Tw3, E
EEHY, Ve7FY—rEEL, dRfiko e
M7, HREEECES T 2 EELBEEL L E
ZH6NTW3,

JEV OMERIZHE—TH 35, EEEFEIT]
~VRICHEEh, HIBENRRESRD 515,
DR EA - EEHE e MBLNEETH - 7228,
1990 EEVHEEBRICIMICY 7 P LTE D,
2000 FEERTHICHARD 74 p S5 BES LTz 7 A
WAFTRTIETH - 729, IV EIZ 1980~1981
FWZA N2V T THEES Ik AT, VE
1952 FEIZy U A R— NV THERS NI 1D A
TH 5,

JEV X, KHTEHET 2a5 5754 hH
Bhl, 7PRMENTREREL, FLLV~LD
TANAMEELZ L, WAD T A)V AHETE
BB, TIBTANAKETEEY L L CEET

H5H, AT T hA4 T HWKBRET 2EH, H
KIZBWTIE 7~10 Bz d T A )V R RGeS
s 37:%, ZOHMICEERELZTD 29,
TIPS, 4 /v yR VI RS, JEV
DYV F—N—t B LNRENTWS, JEV
BEX, TE, BE, SBREOETITH6S
4y REF L, 74V, AYFRVYT7HERE
B797, 4 YK, 28—, NFRY LR
TIT, N7 =Za—F=7, T—A 79U 7d
HETT7 Y7 EBIL ML TWw 3,

2. BB

JEViZX->TERSN2HEL EH»¥ED
BB 5, R, PETARLMA E THE
TH5, THEBEBID% FET S, BoRhick
DIENIEBA L JEV i, ATBY >/ SHichesE
L7zDBIZ, VA NVAMIERZEI ULIKICEA S
3, WHREIZ6~16 HE SN 3,

HARSR I, HE, BHAERR LD 2~5 AR/
ORIBEIA %R T, SE, UHE, K8, Bz
HRT 2, Bl - EH 2 EOELEEREZ S
EDZ ., BEERIEER, WREE, AOREE, THEE
HE 2 Y OMIEEREMED 2 8% 0 (R) ),

A ML A IER i 10,000/mm?® i #0352 FilH
Die kv, CRPERREEICL Y E %, &
WA R 26 (BZERIBOL) I3 2B B e 4 5 h,
1,000/mm® i R &BBlb b5, BERELLBE L
F3 0%, RS BIRIERE 2
e, HEHMRI Tk T2 %BFESR B X 4508
HEER TERESTHELKR, AMEEICHED 2L
D% <, FRCHRRIRE I RE I REE RSB VEL
TH 2%, HEFAALKZIR) O MRIFFR 2K 3
IZRT,

RERZW I, BRI VA NVASEES LI
PCREZETHRHTHITHEE TE 225, HWIHTH
1/3BELZHMBEREL v, 2~48EERT
B e~ 7 M T HIHiED 4 5L ED F &
ZHERT 5, BEW IgM Hifkds EIA % CBHET
HNIBHTE 3, 7~10 BOBICHEKE L 12K
K« ERITIX, <70 &R EGSHEEREL T
BLIEPERETH S, EBRPHEMTRY A )L
A 5 — BB & 2 = (http://www.nih.go.jp/virl/
NVL/JEVMeeting. htm) iIZf&#8E LR 2.,

BELFATIZ 1AM ORBTET T 5, &
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T2 sEFAEE

Diffusion Image

X3 BEZ MRI&(11mLlE, BABA)

FEGIX 10~14 HECRAL, 1~2»HTEIEY
3, FBEFRIZ20~30%T, ez LTH
KIESCHIRERRE, BB EOBBELERT LS
ns,

3. BARBR T A IV A DFEEM R

JEV B RBEERBENZ W ERED 1 DI
EIFesh s, 1950~1960 EROEE S L HAE
BT BEETT, M BEERRE 25 1 1~
1,000 : 17~ Ligs3® %, AFEOHEKICEL TR
TI0F L OEENHD L, WITT % JEV#EE
FRIOERE S H 5O TREMIEEL w5, 300~
1,000 110 2 FEZ 50NFUTHS S,

4. BARRAT A IR0 B IR

JEV O BRBHFKIZ, HRZELHVREIZES
WEE DS B B B8, 1940~1950 AR IZ 1 ER Y /2
DI 5~10% L &N T 351012, 2001 FOH
s FUNAIET 5 8 ROFER (¥ 1,765 A)
DOEMBERBRERIZ 0.2~3.4%TH D™, HEiE
B Thsr 7y ORERE tMcBELTY
JEV BRBEDEA L Tw3 Eid»zRw,

) =

HARMA X, HIHATI8I FIZHTER
bh 2 LEHSAED SN, 1935 FE D TT ANV
A HEC R U7z, SRS TR 50,000
AR, 10,000 ADFETL T A1),

HATIE, 1960 FERIIEEE~2,000 A5 DE
ERFEINT WD, 1970 ERIZ 2> T 100
A% TE? LS wny, 1992 FLIBIZER 10 A
KGTHRBLTWE(K2). BHEBESOEBE L
T, V2FVOMR, aFFT7hAThBEHET
2KHEDOED, BUZRlsh 2SO, iR
MThs 7y OAEREDE, EEYA FOM
EE L T2HBSORA S 2 b Lk E2%
Tohns, BEHAKENTEHL TS VA VA
DOFF LD DL EETE R,

H 2[4 28 13 R E 5 (2003 4E) D 55 MY 38 B YL fiE
ThY, B LUEMZES CEEFTRICETH
RINIER SR,

e T

HAR A 7 7 F > (FLEE) 1 1954 1 5
fi & LCHA SN, 1967 FEICERINE & U T
Bmanre, 1989 i, RERENE L, &E
DOIBERICH LT D EWRXEE b o feHFIT
hEFET 2, LEHRCEES Tz, 1994 Fi2
BATOHIE T bbb EMEEE L TEMI S &
2707z,

HAMAEDEEL LT, VUNEY) YORO#
Bio RBBREAT o4 REED 2 ENRLS
NTway, HBERMKREL L CTHE»ICERIE SR
2 HDIF7x <, RPN 2 HEREIC
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(A)
30 - []1991~1998
W 1999~2002
251 [ 2003~2009
20|
b
315
#®
10
5 -
0 1 I:T I ! [ s 1 | f:| ]
™ o 9 0 ) ~ (&)
' - N v ® o
Q ¢ q,QH %0" )

4 ERHEREEBEDERDT (1991~2009 )

BPEFHRE VI —DOHMEFIC L 2 LBAEIIET, 0~4m%I1X 260, 5~ 340, 105
RMB3PIFEENRD >N S, HEFAIZ1IK6H»ETHY, @E 9 EMTORESH T
BHolz, NEENZ, PETIEH B, 1999~2002 & L 2003~2009 FEDOF & HiEgT 2 &,
BUFBNI CHRAICHEZ TE TWA AR H 5.,

L85, LesoT, JEVESZBEARTE
HEL T 2HREL, PR %2 FIE L 7258 O FROE
xF 2R, TRk <, FHEERE?
WBETHD 2 L iXwmERIZ V.,

g? THF Y DHREBIRIG

7 7 F ERERRRO BEBEIE L WO BED»
5, BENCY 7 F OB REEZEZLDOTH
5, VIFUEARLKINS T, BREERT B2
DIz, 1948~1949 I 1L TIT - 72 FE® T3,
Vo F BB ES U< I 2 BHERE) 31,923 A
HREENINTHT-0ICH L, FFEEER
51,493 AHFREEZ X 30 ATh-o 7z, WEFTOW]
HWov 2 F D7 =510, FHIRIZESHT
Hol:. BBETOZEBREIC L 2HETORR,
YV AWYT 7 F 2 OFIE TR ITH 80% & #E
EENTWw5, 27T, 1982~1996 FE % CHH
KINAERBEMAZICE D 2EEBREL (324
B DT, 5%V 7 FrREREIBTY 7T
YERHETHY, VoFUEROESMENTRER
Tw3, HfdgEE 7 7F icBL i, Vil
EREEYZ7F U RAE»rEFNUETHE Z L
5, FAROBENIESND D EHIFHINS,

—7%, BEAKEY 77 ORIKIGE L TR E
Han20DlX ADEM Th 2., BHTHERZ LS

2, RYRNKY 7 F o BEELEREE BT
b 6 THIEE o/ H, $4b 5 ADEM
FAE & ORRBERIE, EmY X7 2EREL
BRELIGEHETHY, BROGFIECESZEWN
ZERLTWAENbZWTH S S, E|HE, 2005
FOHAKR FIEBORREZ L2 XL,
2006 12 WHO i3 [HETBERRZEE L2 b
BEF LW ETIEEW] EREZRRTHS,
2009 FE SERLINIHBSBEY 7 7 v 134l
ETRETHEO Y VIEEAWTE Y, BRI
Z7°) A ERFELALTRELS ¥ o Tk ws,
RO TRERI TV 7 F v TF)V A fRERIL
TeBIFHFRFT IR 2, TNHITEIEWE
EZTEWw, ADEMDVRZ $ELDT 7 F >~
FfRICE O Tldgwy, BEAEIRIGE LT,
HEEHALO R RIS —BEOFKEIL, 1Z»DOFRE
kv 75 ABEREZED NS,

(] mpomEscRe

< AMEREARME T 7 F >0 [EiEEE L%
Z) BECE-T, BEEXETTJEVEZSSE
BERBUBEML TWw 270, HEKAED/NLBE
OEMBFHEE NS, 1991~2009 F£ D EFHIC B
75 HEAMRBZEOFI A2 4 R, HiE
DETE TEL HARRMA BE ORI Twi
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W, RR/NRBIOFENENL > TEL LR
bhd, BEARIET 2006 Fi 3R, 2009 Fiz 7
RIRYS, BHIRT 2009 Fi2 1B HAERR I
BELTBY, 5 EREMELERLLETD
3.

RS EOANE Y 7 F i3~ o AEkY 7
F v E DR & B20R - BWER OFHE iz DT
HTRBETHTH 5. 2010 F 4 HHAE, M
BEEY 7 F v OUREE EEI N0 1
WIE D EHHEREZ O TH 525, 1 HEMBERESS 2
HTOFEBEIZOWTHHERTE % Hidibvw AR
ahd, BRICKEEROF v 77 v THE
RERIET 5 Z &, BN REREY, E¥RRR
DFHHZ DT BTV 7 F >V OFRETH 5.

2009 S FAE L 72 1% 6 » A RGN BEZE 20 4
MTREDEITH > 7z, FOBIOFREDL R T I1X8E
AR 2 BED 3R » S ZHIAI LI %
(EHIBERERREERIZ 0K 6 »pALE) 2 L b FEE
TREELEbNhS, BREY—R_AFVAKEDT
ARTHYD, FOLDIZIZ, ZHE2LNLLIT
v, BREEEERICIT) CLVEETH S,

HATEZEL T3 JEV Q&R TR I # H
STECY 7 PLTWABZ W, FESE S Z
BEIELIC DR B> TV B E I IOV TITHE
FEREE e <, WREME, MREEECET VA
VR FR TR EOER 2/ 2 Tid
57w, 2000 FELARRICEBES TREL R 11
BIORANBETIE 1A BEEIZASNL DD
7219 v, HARTIX 2005~2009 D 5 »ED
WEF 0 FIOREEBIE Y A VA TH>7H]
BEMEDSE DS, 2007 FEICFIE L7z 2 B (40 el &
80 i&AR) IZFET L T B D (B LR HEFENT F0 i
ERE#RE 5 —HP), 1M Tholz e LTHFE
DELFIEL TW B EWI TR EED L 22
ZLw, BERCAFETELOLLEODEY AV
AL TS, HE7 Y7, PEICEM,
T 58, BACTFH#EELRT 5 Z ENER
TH5.

ﬁ HHOIC

2005 F12 % K DM ER T U1z, v AR
HkERAEY 7 F 0 [#EE L Z | BET

1%, BEET B EBIRONTH o 7-HIRHHZ 72
w, L»L, TOEHEHKIC, XEOACIP
(Advisory Committee on Immunization Prac-
tices) D & 5 HHEHBALHATH LE L ORER
BBERL -/, BHAEDVI7F o Fry 7F2H
D5z, FOHKKRACIP OFEHRE2BEEL
7z,
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Summary
Japanese encephalitis
Akihiko Maeda®, Hivoshi Wakiguchi®

Japanese encephalitis (JE) was common in Japan in
1960’s. Universal immunization has dramatically sup-
pressed the number of JE cases to less than 10 per year.
The regular national surveillance shows that the ser-
opositivity of JE virus in pigs that are the reservoirs for
the virus remains high in Japan, especially in southern
area. Since JE virus is thus prevalent in Japan, the
universal immunization against JE virus should be
continued in Japan. In 2005, a severe patient who
presented with acute disseminated encephaolo-myelitis
occurred after receiving the 4" dose of the former
mouse brain-derived JEV vaccine, and the rate of vac-
cinees decreased from 80% to 5%. As JE virus-
susceptible children are thereafter increasing, the sur-
veillance of JE patients is now extremely important.
A new JE vaccine derived from the cell culture virus has
been approved to be used as immunization program and
universal immunization program has been restarted
since April, 2005. A catch up immunization for the
children who missed JE vaccination these five years is
expected to be started promptly.

(Rinsho Kensa 54 : 1306-1312, 2010)

1, 2) Department of Pediatrics, Kochi Medical
School, Kohasu, Oko-cho, Nanko-ku, Kochi
783-8505, Japan
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Y

= AN

LHDEE

S

4
Y, mUs

ErXBu—<v A VA (HPV) B®FE
SEYCOFERFERTHS ZLIEEFMTH
%, HPV 12100 Fo&EBE S TED,
SR L KR L i E I LB, KA+
HEA VB TRE SN DEPICE > THE
DAZEELBEVR L COEEIND, EF
EZFEETESR R ROFER &2 0, R
W SR FLEEMESE, NLF94:5E3R 1 R, FEESP
I LR EIEE, FEEA C BEET 5, F
BEHETORERRE L5/ Y A2 HPV 12id18
U EoBBHshTED, 16, 18, 31, 458
DEHEETH DD, 2 TH168 & 18RI E
ks, ILFIPHREO HPV WE R F
TAI12 X > T L, Red Book (R-Book
2006) D 12 X MIEKRETIXBEFEPZEDL0%
PLERBHRL Tw3 Y, BEHMET oL
HPV BEfhsiEdl & LR E R O WTREME
ERRT S EEEEINTWS, BRTIRbA
E DLz B 2 BERITI0%EE L HE S
NTW3H, HEHIKCKELTEBY, Tw
5 BIKE VNV ORGSR B 2 EpfER
INns,

4
%% [. HPV Bfl= & 3 BEET

",

HPV BOEKREISELEE, CEA
R, AR, RREE, Wk EEE
ETHDH (F1), Red Book (R-Book
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AN s B4y O Sy B 4 &
v & TR

2006) V2 X i,
OFFEWEEIIF, 18, TURCEHRT 5, &
JEA RIXBERECABEREEY D
ORE /NG, BEROER, MKICHHR
THNATRFLRETH 5,
ORI 3 BHmE, SEECEL 2,
OfFEaryo—AZAIMN, BERCHKRETS
£ RT, FEEZ L2~ 3mmd S Eemld
TOHY 757 —BROFHERABERE LT
A RTH 2, BAFEOY, FEH, B,
HifiZzx EBR SN 5,
FESEY > DI9% L EL HPV 12 & 5, &
PBBFLINCERERREDREL, ZO%
76 d %, HPV BEendplisz L 7z 2 D90
%1% 6 A AN 4 v ADHEBR & L 5 —id
MR TH 5, Rt L 7z 2D 90
RIZBNWTHRBE EDICTANVABHRW
HEBR & h, #iY vw%E (CIN2~CIN3) #*
Rk d 5 DI1x10% T, HPV BERflefko 1
WRETH 2, HiH RETEEBID10~30%
(BB D0.1~0. 3% ) BFEET I
ERET %, ¥ ERT % & TRAETA VRE
(CIN2~CIN3) D% IFHRIC VA IV
HHER &N, EFKEET %, 9%bb, b
BEOZML0,000AD S H 1~ 3 ABFEH
HUBRETHI LXK, 10 AYE7-D0
FAEBIZIIANBTD 5,

o

o W

II. FEEH - OBEKE

FEBERA > TIIHFPIEAL & A IEMEER I
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R1 HPV BRICHESERKRE

= VA ERPRAIFIR #
EREE dFEavvuo—< 6,11,42,43,44,55, % D
MR EE 16,18,31,33,35,39,45,51,52,56
IR SE IpFz 2 AL B R 6,11
e ST b R E AL 13,32
e BEE 6,7,11,16,32
dr | JEWEA R 1,2,4
RB¥A AR 3,10,28,41
Ty F ¥ —4 R 7
EERFE B, 5,8,9,12,14,15,17,19~25, 36,46, 47

BRONZ DI L CTFEEN >V IEERT
Hb, 51, FEEEY VIZEEZEROD
REZEL, 0RO, REERICE
VDI L TFEEY >~ 1320~30R A ORER
W% <, ZOXRF¥IE HPV BERTH S,
HPV BEHII0ETH U BRET 5 D T,
v 7 AT E 2 —BB0IETIX20mR BT
WCHT T AERESD D LTk B,
BEZARSOFE S 2FRF~ZEB4E R
FOoRBBIEZVwWENnS 2L ThHB, BRFD
B w2 kid, KBLEL, REZDOD
DOBERLZEL TRV TH 2, 2Dk
5 i, RIS FES VERIET S &,
KEZE SRR EEICRY, BBROFR N
THRBRICHDERENE LS Z LGRS R
5, ZERETHNIE, FRICHZKEFEN
H2Th?5, BEROBHIRENTLE»D
RERPRIUCKE Y, FERLTE oD
STFELDRRPEBTHZ Z LiL, MR
ﬂET%MHE%T%5Mffb%O$7V
, WF¥, FEOLOWRER L1X, Wi

@#bﬁt%@TﬁmLﬁE FHEERICD
BRENIHD L IRFEBRTE S, b3
%%T X, COZEVRLEEIOMBRL Z
ETHBhH LA,
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1. HPV HfERE
HEOLPETHE SN TWws HPV 2V
7 F 1k HPVI16EI L 18%) 2 FEFE DN A ) R
IJIANABGATWS, 77 F R
X0, 1, 6 2A%D3IETH 2, 3EERE
T5ILT, 2EEBED 7 ~10E0+45%
it (K1) & RPMEOPERRELE S
59, 361, KACEETS2LD b, NE
BB L 72508 2 il i B iiikifiosE
5NBY ZEREENRTIEZSRV, BLIE
il 6 ELAERRT 2 2 LRI TE
D, 0L LRSS B C ESEE SR T L
249,

2. FEEH FIHUME

HPVI6E L 18F 2 &0 2 iV 7 F > D
& 4 F0 HPVI16RE L 188 X 2 B4 ViR
% (CIN 2) FBHZIRD 1%, PIZHTD KRG
BITizY 7 F o BEF O 1/5,44961 (0.02
%) 8 CIN 2 fRZE %R LIz DIizx LT,
JEEREF T1363/5,43660 (1.2%) T, V7
FUBEHTRES MIERTHS, ZhiC
LT, BREEBEAES D —RTEREED
HPV B FHEHEE X168 535.4%, 183
232.3% THo T, 4 FRITHIY VKK R

. HPV 92 F D3R
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HPV 16
(EU/mL) SC:100%
10,000 - 7441.0
SC:100% [
1,000 708.4
an .
=l
E‘ .
= 100
@)
10

1 | ,, . - ,;.. v ':
F-N)27X 6hRte  THRHK

B
(n=411) (n=411) (n=410)
SC : kb

HPV 18

(EU/mL)
10,000 A

SC:100%
3805.

SC:100%
1,000 504.6

100 1

10~

] |
F—nN) 97 A

SRR 64 Btk

(n=410) (n=410)

Th Atk
(n=409)

B1 HPV DOFVigEROund - ieBms”

®2 HPVREDIFUEREE 4 ERO HPVIER - 18RICERY SRINARB TR

HPV-008 3Bk
T2 F STHREE 77 F v OEME
A GERIRD) | (R (96.1% CI) p fE
TVC-Naive 98.4%
<0.0001
HIAZHT O 2 R 2 HE 175,449 575,486 (90.4-100.0) A
ATP-E
BIRRERD b 2 R Bt 98.1%
et 8 1/7,344 53/7,312 158 4700, <0.0001
45 3 mEE
TVC-E
BB B 2 RSt 97.7%
<0,
e 2/8,040 87/8,080 01 0.9 8) 0.0001
JEIRMEEE DS

R L7k 7 7 F > BREHI 2 /8,04061
(0.02%), FEEEFERFIL387/8,08061 (1.1%)
Tholze 77 F YEEHETIIHS 2 IER
T, V7 F v OREMNFITHERER ORI
b oTHB%B ThHol (R2), HIA >~
WEDERY A WA ZRELZWEEICIE,
WIZHIOBITIRY 7 F >~ BEHI5333/5, 44961
(0.6%), FEEREHIH3110/5,43661 (2.0%)
TT0%DEINEE, ARG =& —RE
TIXEEER2381/8,6026 (0.9%), FEEEREH
#3192/8,62161 (2.2%) TH8%DHEMNETH
> (R3), BEK4IEROBRETIZ2H

BETL T2 TFEHMRIEE I LY,

U EDF—%,e, HPV 77 F 2V 3¥IR
HIOBEN L VERTHY, KEOD LS 1l
~12BOELFICEET 2 (H2) OBRLEY
BETHAI 0, T TIZ HPV BRI L
TWBHAREEDSH LA L TH, TOR
DL H TS 5 2 & THORIELEAFRFT
X2L0I)ZERNGDE, bBETIE, 11~
UEOBERBEZHEEL TWw a2, MEMNICIE
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Diagnosis of infectious mononucleosis caused by Epstein—Barr virus
in infants
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Abstract

Background: The diagnosis of infectious mononucleosis (IM) is usually on serologic tests. The responses of anti-
Epstein—Barr virus (anti-EBV) antibodies are weak in infants. The authors encountered some IM infants in whom
anti-EBV antibodies were undetectable during early stage, although EBV genome was found in their blood. The aim of
the present study was therefore to clarify the frequency of anti-EB V-antibody negative IM cases.

Methods: The EBV serostatus of 104 IM children diagnosed on Sumaya criteria was retrospectively studied. The EBV
genome in peripheral blood mononuclear cells was measured.

Results: The anti-viral capsid antigen-IgM (anti-VCA-IgM)-positive rate in the acute phase was only 25% in infants but
80% in patients >4 years of age. Twenty percent of the infants were negative for all anti-EBV antibodies and required
repeated serologic tests. For infants, the significant rise in anti-VCA-IgG was the most sensitive marker. Three
seronegative infants with IM symptoms, with circulating EBV genome during acute phase, were eventually considered
as having IM on anti-VCA-IgG seroconversion thereafter.

Conclusions: To diagnose IM in infants the serologic test alone in the acute phase is not sensitive enough. It is proposed
that the EBV genome be evaluated in peripheral blood mononuclear cells when infants presenting with IM symptoms are

negative for anti-EBV antibodies during the acute phase.

Key words antibody, Epstein-Barr virus, infant, infectious mononucleosis, virus load.

Epstein—Barr virus (EBV) is ubiquitous in the human population,
with most individuals being infected by early adulthood. Primary
EBYV infection is usually asymptomatic, but some children and,
more often, approximately half of adolescents and young adults
develop infectious mononucleosis (IM), which resolves sponta-
neously after the emergence of EBV-specific immunity."'
Sumaya and Ench described clinical and general laboratory
findings of IM in children.? Most of the primary EBV infections
in infants, however, are mild or subclinical,™ and other patho-
gens such as cytomegalovirus, HIV and toxoplasma also produce
similar clinical and laboratory findings.’ Therefore, reliable sero-
logic tests are important for making a definitive diagnosis.
Henle et al. clarified the EBV-specific serologic criteria for
diagnosing an acute primary EBV infection,’® as described in the
Sumaya and Ench study.? Anti-viral capsid antigen (anti-VCA)
IgM antibody, however, quickly disappears,’ and false-positive
[gM  reactions occur due to cross-reactivity with other
recent infections.® With regard to anti-EBV nuclear antigen
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(anti-EBNA) antibody, 7% of children have detectable anti-
EBNA antibodies within 2 weeks after primary EBV infection.”
Anti-early antigen (anti-EA) IgG was detected in only 60% of
infants with anti-VCA-IgG seroconversion, and 12% of infants
were found to have anti-EA-IgG delayed by 4 months.® This
variability of serologic findings complicates the diagnosis of IM,
especially in children.

Molecular techniques have advanced and detection of the
EBV genome has now become available, along with serologic
tests. EBV-DNA is detectable in peripheral blood lymphocytes in
54-94% of EBV-seropositive healthy subjects on polymerase
chain reaction (PCR)."" Detection of cell-free virus DNA in
serum is suggested to be useful for the diagnosis of primary EBV
infection,*" but it is also detectable in reactivated EBV infections
such as chronic active EBV infection and post-transplant lym-
phoproliferative disease.

The purpose of the present study was to evaluate the rate of
VCA-IgM- and/or VCA-IgG-negative Japanese patients during
the acute phase of IM. We encountered three patients compatible
with IM who had the EBV genome in peripheral blood mono-
nuclear cells (PBMC) despite the absence of anti-EBV antibodies
in the acute phase of the illness. These cases prompted us to
review the EBV serostatus of Japanese children with IM, diag-
nosed according to the Sumaya criteria, and analyze the relation-
ship between age and antibody titers against EBV.
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Methods
Patients and specimens

We reviewed the clinical records of 104 Japanese children with
EBV-IM at the Department of Pediatrics, Kochi Medical School
Hospital, during the 15 years from 1988 through 2003. Diagnosis
of EBV-IM was based on Sumaya criteria. The patients ranged in
age from 2 months to 13 years. EBV serology was performed
using a commercially based laboratory immunofluorescence
assay (IF; SRL, Hachioji City, Japan). Anti-EBV antibodies were
regarded as positive when the titer was =1 : 10. Association with
other pathogens including cytomegalovirus, toxoplasma, aden-
ovirus, HIV and streptococcus pyogenes was routinely ruled out.
PBMC were collected from 35 patients during the acute phase of
the illness for the measurement of EBV genome. Serum samples
were obtained during different phases after onset: acute phase,
<3 weeks; convalescence, 4-8 weeks; late phase, 9-28 weeks;
and very late phase, >29 weeks after disease onset. We compared
anti-EBV antibody titers among four age groups: 0—11 months,
12-23 months, 24—47 months, and >4 years old. The study was
approved by the institutional ethics committee of Kochi Medical
School.

Semi-quantitative polymerase chain reaction

Peripheral blood mononuclear cells were isolated on ficoll-
hypaque from heparinized peripheral blood. DNA was extracted
with phenol-chloroform-ethanol precipitation. The extracted
DNA was quantified using a spectrophotometer. adjusted to
0.25 g/l DNA, and used as the PCR template. A nested PCR
assay was done to amplify the conserved region encoding gp220
(within the BamHI-L fragment), and Southern blotting was used
to confirm specificity, using the BamHI-L fragment as a probe.
The quantity of EBV-DNA in PBMC was determined in a limit-
ing dilution experiment as described previously."” The minimal
limit for the positive result was converted into the virus load
(copies/ug DNA from PBMC). One pg DNA corresponds to
2.5 x 10° PBMC approximately.

Quantitative real-time polymerase chain reaction

DNA was extracted from PBMC using the FlexiGene DNA Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. The PCR assay was performed in a 20 pL reaction
mixture containing EBV Latent Membrane Proteinl (LMP1)
specific primers 5-GTTGATCTCCTTTGGCTCCTC-
3 (genome coordinates 168358-168338) and
5-GTGTCTGCCCTCGTTGG-3’ (genome coordinates 168191—
168207) and  fluorogenic  probes  (5-TGATGAACA
CCACCACGATGACTCC-3-FITC (168287-168263) and LC
Red 640-5-TCCCGCACCCTCAACAAGCTAC-3" (168261-
168240)) using the QuantiTect Probe PCR (Qiagen) for fluores-
cence resonance energy transfer-based detection. The EBV-
positive Burkitt lymphoma cell line Namalva, which contains a
single copy of the EBV genome per cell, was used as a positive
control. The B-globin gene was used as an internal control. The
standards were prepared with a plasmid containing LMP1 and
B-globin. The PCR reaction was performed for 40 cycles using a
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Table 1 Serum anti-EBV-VCA antibodies during acute-phase of IM
(at first consultation) vs patient age

Patient anti-VCA IgM anti-VCA IgG
age (years) n (%) n (%)

<1 6/24 (25.0) 19/24 (79.2)
1 9/23 (39.1) 20/23 (87.0)
2-3 11/17 (64.7) 17/17 (100)
>4 32/40 (80.0) 40/40 (100)

EBV, Epstein—-Barr virus; IM, infectious mononucleosis; VCA, viral
capsid antigen.

LightCycler quick system 350S, and the data were analyzed
using LightCycler software ver3.5 (Roche, Basel, Switzerland).
The virus load was expressed as copies/ilg DNA from PBMC.

Statistical analysis

The geometric mean titers (GMT) of IF antibody were compared
between each pair of age groups on non-parametric Mann—
Whitney U-test. IF titer <1 : 10 was considered to be 1 for data
analysis. The y? test, Yates y* test, and Fisher exact probability
test were used, as appropriate, to compare the rates of infants
developing positive IF antibody titer (=1 : 10) among groups.
P < 0.05 was considered to be statistically significant in all analy-
ses. Statistical analysis was performed using a statistical program
file, Stata (version 8.0; StataCorp, College Station, TX, USA).

Results
Anti-VCA IgM in IM patients

Anti-VCA-IgM-positive rates in the acute phase of IM were
compared among the age groups (Table 1). Anti-VCA IgM anti-
body was measured at the first consultation <3 weeks after onset
(acute phase of IM). The disease onset was defined as the appear-
ance of fever. The positive rates increased with age, that is, in
patients <1 year old (infants), in 1-year-old patients, in 2-3-year-
old children, and in children >4 years of age, in the acute phase
were 25.0%, 39.1%, 64.7% and 80.0%, respectively. There were
significant differences in VCA-IgM-positive rates, as indicated in
Table 1, between the patients <1 year old and =1 year of age
(P<0.01), between those <2 years old versus >2 years old
(P<0.01), between patients <4 years of age and >4 years old
(P<0.01), and also between patients <1 year old and >4 years
old (P <0.01), and the 1-year-old patients and patients >4 years
of age (P < 0.01). The GMT for VCA-IgM of patients <1 year old
was 1.29 £ 0.55 log, units and those of patients >4 years of age
was 2.7 £ 1.26 log, units. The difference was statistically signifi-
cant (P < 0.01). In most patients, VCA-IgM had become negative
by 8 weeks after the onset of IM, and all cases were negative at
29 weeks (data not shown). Serum VCA-IgM, which yields con-
clusive information in the diagnosis of IM, was relatively low in
titers and was less sensitive in younger patients.

Anti-VCA IgG in IM patients

Positive rates for anti-VCA IgG during the acute phase of IM in
different age groups are listed in Table 1. Anti-VCA IgG anti-
body was measured at the first consultation <3 weeks after the

© 2010 Japan Pediatric Society
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Table 2 Serum anti-EA IgG antibody vs IM onset stage and patient age

Patient Onset—3 weeks 4-8 weeks 9-28 weeks 229 weeks
age (years) n (%) n (%) n (%) n (%)

<1 0/22 (0) 0/17 (0) 1/17 (5.82) 1/7 (14.3)
1 4/22 (18.1) 3/14 (21.4) 5/15 (33.3) 2/11 (18.2)
2-3 4/17 (23.5) /11 (63.6) 5/11 (45.5) 3/7 (42.9)
24 19/30 (63.3) 12/27 (44.4) 16/34 (47.1) 6/16 (37.5)

EA, early antigen; IM, infectious mononucleosis.

onset (acute phase of IM). In 92.3% of patients with IM, serum
anti-VCA IgG was positive during the acute phase. The anti-
VCA-IgG positive rates of the patients <1 year old and 1-year-old
patients, during the acute phase, were 79.2% and 87.0%, respec-
tively, and the remaining young patients with negative VCA-IgG
required repeated serology. All of the IM patients >2 years of age
had positive anti-VCA-IgG during the acute phase. There was a
significant difference in the anti-VCA-IgG-positive rates
between patients <l year old and those >4 years of age
(P<0.05). The GMT for VCA-IgG of infants with IM
(3.46 + 1.82 log, units) during the acute phase were significantly
lower than those of patients >4 years of age (6.35 £ 1.76 log,
units; P < 0.01). Whereas the VCA-IgG titer had already peaked
in the acute phase of IM in patients >4 years of age, it increased
over time in the patients <1 year old and in patients 12-47 months
old (data not shown). Fourfold or greater anti-VCA-IgG titer
rises in paired sera contributed to the diagnosis of IM in 73.7% of
patients <1 year old, in 50.0% of 1-year-old patients, and in
33.3% of 2-3 year-old patients, but in only 5.9% of patients >4
years of age.

Anti-EA IgG in IM patients

Positive rates of serum anti-EA-IgG antibodies at different stages
after onset are given in Table 2. Anti-EA IgG was tested in
different stages; <3 weeks, at 4—8 weeks, at 9-28 weeks, and >29
weeks since IM onset. The anti-EA-IgG positive rate in patients
<1 year old, 1-year-old patients, 24—47-month-old patients, and
those >4 years of age in the acute phase were 0%, 18.1%, 23.5%
and 63.3%, respectively. Approximately 40% of patients older
than 2 years of age were positive for anti-EA IgG for at least 29
weeks of illness. -

Anti-EBNA antibody in IM patients

The positive rates of serum anti-EBNA antibody in different
stages after IM onset are listed in Table 3. In more than half of the

Table 3 Serum anti-EBNA antibody vs IM onset stage and patient age

patients, anti-EBNA antibody seroconversion occurred 9-28
weceks after the onset of IM and no significant age-dependent
difference was noted. In the very late phase (>29 weeks after the
onset), approximately 20% of the patients remained negative for
anti-EBNA antibody. The anti-EBNA-antibody titers peaked
later than 29 weeks after the onset, and were distributed between
<1 :10and I : 160. The median titer in this very late phase was
1:40 in all age groups (data not shown).

EBV loads in PBMC

Peripheral blood mononuclear cells were collected during the
acute phase of illness from 35 patients who were serologically
defined as having IM. EBV genome was detectable in all
the PBMC samples (Fig. 1). Their EBV loads ranged from
6.9 x 10" to 5.6 x 10* copies/tg DNA measured quantitatively
on real-time PCR (n = 15) and from 10 to 10° copies/;lg DNA
on semi-quantitative PCR using the limiting dilution method
(n=20). No correlation was found between EBV load and
patient age or any of the EBV-specific antibodies titers (data
not shown).

EBYV seronegativity during the acute phase

Eight IM patients were negative for all serum antibodies to
EBV at the time of presentation, while all three patients tested
were positive for the EBV genome in PBMC during the serone-
gative phase. The remaining five patients failed to be tested for
EBV genome due to the lack of available PBMC. The diagnosis
was thereafter confirmed by seroconversion of anti-VCA-IgG
in all eight patients. The data of the three patients whose PBMC
were evaluated for EBV genome are summarized in Table 4.
The EBV genomes were detectable in PBMC using quantitative
(patient 2) and semiquantitative PCR (patients 1 and 3), while a
panel of anti-EBV antibodies yielded negative results in the
acute phase in all patients (on the 28th day in patient 1, 11th
day in patient 2, and the ninth day in patient 3 after onset,

Patient Onset—3 weeks 4-8 weeks 9-28 weeks 229 weeks
age (years) n (%) n (%) n (%) n (%)

<1 0/24 (0) 2/17 (11.8) 10/16 (62.5) 718 (87.5)
1 1/23 (4.3) 1113 (1.7) 9/17 (52.9) 11/12 (91.7)
2-3 1/17 (5.9) 0/9 (0) 7/12 (58.3) 6/7 (85.7)
>4 0/40 (0) 3/28 (10.7) 14/34 (41.2) 11/17 (64.7)

EBNA, Epstein—Barr virus nuclear antigen; IM, infectious mononucleosis.
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Fig.1 Copy numbers of Epstein—Barr virus (EBV) genome in
peripheral blood mononuclear cells (PBMC) collected from infec-
tious mononucleosis patients. PCR, polymerase chain reaction.

respectively). The EBV serostatus determination was followed
by seroconversion of anti-VCA-IgG, confirmed on the 42nd day
in patient 1, 36th day in patient 2 and 15th day of illness in
patient 3, respectively, leading to a definitive diagnosis of EBV
primary infection. All of the patients recovered without residual
disease.

Discussion

Sumaya and Ench commented on EBV serodiagnosis for
IM in infants and children,”™ and the present data were largely
consistent with those findings. Anti-VCA-IgM lasted only 1-2
months. There were, however, many problems in the diagnosis
of infantile IM. Many patients with IM had negative results
for anti-VCA-IgM in the acute phase. The EA antibody was
positive in only 30% of patients with IM, and was often detect-
able for many months following the onset of IM. Significant
(>fourfold) rises in VCA-IgG and EA-IgG titers were not
usually recognized during the acute primary infection because
these antibody titers generally have already peaked in the
acute phase, although these antibody titers were very low in
patients <1 year old. Both the positive rate and titer of the
anti-VCA-IgG, -IgM, and anti-EA IgG showed a clear age
dependence.

In the present study we re-evaluated the serologic require-
ments described in the Sumaya diagnostic criteria for IM in

Table 4 Acute-phase EBV-seronegative IM patient data (n =3)

EBV-IM diagnosis in childhood 539

childhood? by reviewing the present patient series, in an effort to
identify more accurate criteria for very young patients during the
acute phase. Although there are previous longitudinal analyses
dealing with the clinical and serological findings of infantile
EBV IM,**’ those studies included only a small number of symp-
tomatic cases showing seroconversion. We studied 104 IM
patients including 47 0-1-year-old patients, and found lower
positive rates for VCA-IgM and anti-VCA-IgG in 0-1-year-old
patients.

We evaluated the diagnostic value of the Sumaya serologic
criteria,” that is, anti-VCA IgM and anti-VCA IgG in the acute—
convalescent phases. The present data show that one can under-
diagnose IM when the Sumaya criteria are applied to patients <1
year old and 1-year-old patients. The anti-VCA IgM positive rate
in the acute phase was only 25.0% in the IM infants, while being
80% in patients >4 years of age. In the acute phase of IM, 20.8%
of the infants were negative for all anti-EBV antibodies including
anti-VCA-IgG, and required repeated serological tests for diag-
nosis. Importantly, even if acute phase serum lacks anti-EBV
antibodies, one cannot rule out the diagnosis of IM. For younger
patients <1 year old, the criterion of a >fourfold rise in anti-VCA
IgG during the disease course, was clearly most useful for diag-
nosis while IgM was less useful, indicating that, in these cases,
repeated blood examinations are necessary. In contrast, for
patients 22 years old, the early detection of VCA-IgM criterion
was most useful. Anti-EA antibody as well as anti-VCA-IgM/IgG
had lower positive rates and lower titers in younger patients.
These results might be due to the relatively weak antibody
responses in infants and young children compared with those in
older patients.

Detection of cell-free EBV-DNA in serum is reportedly of
diagnostic value for primary EBV infection.*'>!S Yamamoto et al.
described the EBV-DNA positive ratio in IM patient sera as being
100% during the acute phase, decreasing to 44% in the conva-
lescent phase, whereas no EBV-DNA was detected in either
EBV-seropositive or EBV-seronegative healthy individuals.'®
Stevens et al., however, stated that sera were not desirable speci-
mens for EBV-DNA load monitoring because it was impossible
to distinguish cell-free virus genomes from DNA originating
from uncontrolled cell lysis, which might lead to non-
reproducible results or overestimation of the DNA load."” B lym-
phocytes are obviously the major target cell of EBV infection not
only in lytic infection but also in latent infection. We previously
showed that not only in IM patients, but also in 47% of healthy
children, the EBV genome was detectable in PBMC. In contrast,
none of the asymptomatic EBV-seronegative children was shown

Patient Sex Age EBV-DNA loads in PBMC (copies/ugDNA) Seroconversion Atypical lymphocytes (/L)
{minnths) First consultation Peak (days after onset) (days after onset) First consultation Peak (days
(days after onset) (days after onset) after onset)
1 M 6 10* (28) 10* (28,42) 42 2934 (28) 2934 (28)
2 M 8 3.6 10% (11) 5.0 x 10% (65) 36 1146 (11) 1146 (11)
3 F 12 107 (9) 10°(19) 15 1494 (9) 2960 (15)

EBNA, Epstein—Barr virus nuclear antigen; EBV, Epstein-Barr virus; IM, infectious mononucleosis; PBMC, peripheral blood mononuclear cells.
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to carry EBV genome in PBMC."” With regard to the detection
methods, the loop-mediated isothermal amplification method has
been recently reported to be a new and quick method that can be
used as a substitution for PCR assay, and is available for the
detection of EBV genome.'® Because our previous study docu-
mented the usefulness of a PCR method for virus load detection
in PBMC," the present analysis utilized the PCR method and
detected EBV loads in PBMC. As a result, all the serologically
defined IM patients tested were proven to carry detectable EBV
genome in PBMC.

We encountered three patients with IM, who were EBV-
genome positive and seronegative during the acute phase.
Follow-up serological tests confirmed anti-VCA-IgG seroconver-
sion and the definite diagnosis of IM on the 42nd, 36th and 15th
days of illness, respectively. It is conceivable that the diagnosis of
IM during the window period when EBV-specific antibodies
remain undetectable could be compensated for by the detection
of circulating EBV genome in the acute phase of IM. The weak
and delayed antibody production in infants may be due to their
immunological immaturity.

Herein, we propose a criterion that serves as a useful diagnos-
tic supplement in serologically indeterminate EBV infections.
We believe that adding “presence of the EBV genome in PBMC
during the acute phase in anti-EBV-antibody-negative patients”
to the criteria would increase diagnostic sensitivity, particularly
for infants and young children with IM-like features.
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Abstract. Rotavirus (RV) is a common
pathogen that causes acute gastroenteritis in
childhood. Some cases with RV infection also
have prerenal renal failure induced by dehy-
dration associated with vomiting and diar-
rhea. Here, we report 4 patients with RV in-
fection who developed postrenal renal failure
induced by urinary tract obstruction with
uroammoniac calculi or crystals. The patients
did not have metabolic disorders or abnor-
malities of the urinary tract, and increased uri-
nary excretion of uric acid was not recognized
at discharge. In addition, no abnormalities in
the uric acid transporter (URAT 1) were found
in any of the patients. Uric acid stone forma-
tion was considered to have originated from
the low pH caused by dehydration and the in-
crease of urinary uric acid excretion from da-
maged cells.

Introduction

Rotavirus (RV) is a common pathogen that
causes gastroenteritis in childhood. Patients
often have vomiting, diarrhea and fever, and
some develop severe dehydration and prere-
nal renal failure due to RV. We experienced
four cases of RV infection in which the gen-
eral condition worsened after hydration be-
cause of postrenal renal failure with urinary
tract obstruction by uroammoniac stones or
crystals. These patients did not have meta-
bolic disorders, urinary tract infection, con-
genital urinary tract abnormalities, or uric
acid transporter receptor 1 (URAT1) gene
mutations [1, 2, 3]. Here, we report the clini-
cal courses and discuss the possible me-
chanism of postrenal renal failure in RV in-
fection.
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Case report

Clinical and laboratory data for the 4 ca-
ses are given in Table 1, and findings in ultra-
sound scans of the kidney and abdominal com-
puted tomography (CT) on admission are
shown in Figure 1. RV antigen in the stool was
positive in all cases. The patients had previ-
ously been healthy with no medical problems
and no family history of metabolic disease.
No URAT1 mutation was found in peripheral
leukocytes in all cases.

Case 1

The patient was an 11-month-old boy
with a 5-day history of vomiting and watery
diarrhea who was initially treated at a local
hospital. Severe vomiting and poor water in-
take continued and his level of consciousness
worsened. He was admitted to hospital and
hydrated. This resulted in improvement of
consciousness, but oliguria persisted. Labo-
ratory data showed increases in blood urea ni-
trogen (BUN) and serum creatinine (Crn) and
he was referred to our hospital because of

~ acute renal failure. Crystals of uroammonia

were found in urine, but fractional excretion
of uric acid (UA) (FEUA) was not measured
on admission. An ultrasound scan of the kid-
ney showed bilateral hydronephrosis (Soci-
ety for Fetal Urology (SFU) Grade I — II)
without other anatomical abnormalities. No
calculi were found in the ultrasound scan be-
cause of the small size of calculi, but abdomi-
nal CT demonstrated calculi in the bilateral
urinary tract. When the size of the stone is



