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To eliminate the indigenous measles and rubella virus by 2012 in Japan, the strategy for prevention of
measles and rubella prevalence with measles-rubella (MR) vaccine was proposed. Since the vast majority
of 1-year old infants are susceptible to measles and rubella, the first MR vaccine should be administered
at 1-year old to sustain the herd immunity. Since significant elevation of measles and rubella antibody
titers was estimated in a half of children after the second dose, the second dose of MR vaccine within 1
year before elementary school entry is the effective maneuver. Moreover, supplement MR vaccination to
the teenage group and 20-29 years’ group might be necessary, because the mean measles antibody titers
in this group were significantly lower compared with those in the older individuals’ groups.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Measles is a highly contagious viral illness. The basic reproduc-
tion number(Rp)is 12-18 and the herd immunity (Hg)is 83-94%[1].
Measles had been prevalent every 2 years before 1978, when rou-
tine measles vaccine was implemented for children in Japan. How-
ever, measles prevalence has been noticed every 5 years, because
measles vaccination coverage rate is below the herd immunity.

Rubella is also a contagious disease by rubella virus. The basic
reproduction number is 6-7 and the herd immunity is 83-85% [1].
Rubella was prevalent every 5 years before starting routine vaccina-
tion in Japan. Though vaccine had been implemented for 15-year-
old female since 1977, rubella prevalence was not controlled. In
1994 rubella vaccine was implemented for all 1-year-old children.
However, rubella prevalence was noticed in 2004, since rubella
vaccination coverage rate was also below the herd immunity.

In 2005, measles-rubella (MR) vaccine was licensed in Japan
and two dose schedule of MR vaccine has been mandatory since
2006. The first dose is administered at 1-year-old and the second
dose is within 1 year before elementary school entry. I reviewed the
strategy for the prevention of measles and rubella prevalence with
MR vaccine in Japan.

2. Protective antibody titers to symptomatic measles and
rubella reinfection

Humoral immunity, cellular immunity and mucosal immunity
are participated in the prevention of measles and rubella reinfec-

* Tel.: +81 59232 2531; fax: +81 59 232 5994,
E-mail address: ihara®@mie-m.hosp.go.jp.

0264-410X/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi: 10.1016/j.vaccine.2009.02.075

tion. Protective antibody titers to symptomatic measles reinfection
are ranging from 31.25 mIU/ml to 500 miU/ml {2-4]. Samb et al.
reported 98% individuals were protective whose antibody titers
were greater than 125miU/ml, while Orenstein et al. proposed
200 mIU/ml was the protective level [3,5]. Subclinical reinfection
is noticed in the vaccinated individuals during measles prevalence.
The protective level to subclinical reinfection is also ranging from
500 mIU/m! to 1000 mIU/ml {4]. In rubella 10 IU/ml was proposed as
the protective antibody level to symptomatic reinfection [6]. How-
ever, the protective antibody level to subclinical reinfection has not
been estimated.

3. Decay of maternal antibodies and vaccine-induced
antibodies

1gG antibodies are transferred from mother to fetus by an active
transport mechanism. Cord blood measles antibody titers at term in
the developed countries are 1.38-1.85-fold higher values compared
with those in maternal blood, while those in developing countries
are 0.92-1.3-fold higher values [ 7). Transferred antibodies decayed
during infancy. The half-life ranged from 40 to 64 days [7,8]. In
Japan, cord blood mean neutralizing (NT) antibody titers to measles
virus were 2586£181_fold (NT antibody titers of 2586-fold were
approximately 2900 miU/ml) and mean hemagglutination inhibi-
tion (HI) antibody titers to rubella virus were 2715¢182_fgld (HI
antibody titers of 2715-fold was approximately 177 IU/ml) [9]. Since
greater than 95% of infants are susceptible to measles and rubella
at 1-year-old, the first MR vaccine should be administered at the
first birthday to sustain the herd immunity.

The vaccine-induced antibodies are also decayed in the absence
of natural booster infections. The half-life after the first dose of
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Table 1 Table 3

Changes of measles mNT antibody after MR vaccination, The mean measles and rubella antibody titers tested in 2007,

NT antibody titers (fold) . No change  2-fold elevation - '>4-fold elevation; Total : 229 - 4049 P-Value
before vacciniation NI A < years(8)

2 6

4. Y J

8 3077

16 ’ , 33

32 11 18

64 18 4

128 ‘ 5.0 Sy

256 1 e AR i S :
Total 35 R 04 216

mNT: microneutralizing method.

Table 2
Changes of rubella HI antibody after MR vaccination,

Hi antibody titers (fold)  Nochange 2-fold elevation >4-fold elevation Total
before vaccination ] ] ! ‘

<8 : RS T BN 1
B s e 0T i 10
16 L e e 12 13
32 B E R L T DRSS 1 R R |
64 coh T 30T 1By 257
128 e 34 T 54
256 0 e ‘ e
Total R L [ sy

Hi: hemagglutination inhibition method.

measles vaccine ranged from 27 to 42 months and that after the
second dose was 61 months [7,10,11]. Meanwhile, Amanna et al.
reported the half-life of measles and rubella antibody was 369
years and 85 years, respectively [ 12]. Since mild measles is observed
in some previously vaccinated individuals during prevalence, two
doses of measles virus containing vaccine are necessary for measles
elimination [13,14].

4. Changes of measles and rubella antibody titers after
second MR vaccination within 1 year before elementary
school entry

Two-hundred and seventeen children, who had been adminis-
tered measles vaccine and rubella vaccine separately, were injected
MR vaccine (Mearubik®) within 1 year before school entry. In
measles, significant elevation of NT antibody titers was estimated
in 104 (48.1%) of 216 children and 2-fold elevation was in 77 (35.6%)
(Table 1). Significant elevation of antibody titers was observed
in 81 (83.5%) of 87 children whose NT antibody titers at the
pre-vaccination were less than 16-fold, while significant elevation
was noticed in 23 of 119 (19.3%) whose NT antibody titers were
greater than 32-fold (P<0.0001, chi-square test).

In rubella, significant elevation of HI antibody titers was
detected in 76 (35.0%) of 217 children and 2-fold elevation was
67 (30.9%) (Table 2). Significant elevation of antibody titers was
observed in 59 (81.9%) of 72 children whose HI antibody titers at
the pre-vaccination were less than 32-fold, while significant eleva-
tion was noticed in 17 of 145 (11.7%) whose Hl antibody titers were
greater than 64-fold (P <0.0001, chi-square test). These results sug-
gested a preexisting high antibody prevented a booster antibody
rise and the protective antibody level to subclinical reinfection in
the majority might be over 16-fold NT antibody (>800 miU/ml)

725046 " 00001
3o oHE g : 6 6.63 £ 17704741
mNT: microneutralizing method, HI: hemagglutination inhibition method.

2 Number of tested sera.

b jog; N.

in measles and over 32-fold HI antibody (>401U/ml) in
rubella.

5. Measles and rubella antibody titers in the adult

The mean measles antibody titers in 20-29 years' group were
significantly lower compared with those in 30-39 years' group and
40-49 years’ group (P=0.0001, ANOVA), while the mean rubella
antibody titers were not different in three groups (Table 3). Rou-
tine measles immunization has been implemented for 30 years in
Japan. In general, the measles antibody levels in the immunized
individuals are lower compared with those in the naturally infected
individuals [15,16]. These results suggest that supplement measles
vaccination to the teenage group and 20-29 years’ group might be
necessary to prevent measles prevalence in Japan.

6. Conclusion

The transferred maternal measles and rubella antibody are
decayed during infants, and the vast majority of 1-year-old infants
are susceptible to measles and rubella in Japan. Thus, the first MR
vaccine should be administered at 1-year-old to sustain the herd
immunity. Since significant elevation of measles and rubella anti-
body titers was estimated in half of children after the second dose,
the second dose of MR vaccine within 1 year before elementary
school entry is the effective maneuver. Moreover, supplement MR
vaccination to the teenage group and 20-29 years' group might be
necessary to eliminate the indigenous measles and rubella virus by
2012,
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10. HHX

I B ]

D77U7 - RER - BER=EREDIF URBREROERBRKIE, RELKEGHN
BREMBHNSMKRSEIICED 2 &3P0, —F, £RE - RADIBEE, BHZER
IhhEnEE, BERELLEOTHBIEHIHBETHD,

BHZE, BRIEESHEBRE - EREERBICHEIN, 2E# 3,000 O/MEHER
POWETNTIVS, BERIIBERISHED L TERLH 2005 £EHSHIE, 2007 £&IHT
SHBRNRESN, 2008 FTBE 10 FILHRVBDBREHIHES NI, TEDH
HIIBEFEHRICELNTROOND, 20 MU LIS 2002 FENSIEML, 2008 FIF21K
D 36.7%& 5D, BHOBREEBSIUVHEHRDOWEEZE LD,

Key Words : BEH - RADERIZ, BHKXOBZH, DTPOOF

FHME, B S BRRE - it
PSS h, £EK 3,000 o/hNERHE
R LHESR TS, B1i2 1982015
DERDI Y OMERERT, 4~54T¢L
NS %R VIBL M S HMEREEE
WA LT &H3, 2005 480 5 #tE, 2007
FERI TR HE SR, 2008 X5
A%ZdiciEE 10 Fich 0B OBEHDS
WEI NI (R2), EEORFHITBEERC
Zler@bbhsb, 20 B LOEE W 2002
FEEL LML, 2008 FE 3 £4K D 36.7%
ol (B3),

BITO OV EOBPIERE B MERRET

i, AHBRNEROESIERERTHY,
WEIRTV20RKILO—ATHE, &
%, BEH - RAEWZ D&k G5 EE
T 50, MHZEDLHES AT LS
BETHB,

I EREREEER & ERARAEIA

RERXEAREERELE IR TV S,
.DTPOOFUREBREICEOOND
B RERPRIE IR
ELHEEEXMPTEREOKTHREL, @
HOHEGETEELINEE ST, KBICEEK
WAL kb, BELRMEEDS~ 10 [H
PA gy < e < EEH 2 %A & (parox-
ysmal cough/staccato) TEH L &Y, k&

~ @

Pertussis.
*ERLRRE R EERR R AR S ESE  Kenji Okada

84 (964)
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REREY
25,0004

20,000t
15,000 15§

10,000 4§48

M1 HHXEZRBEESBOMS (1983 ~ 2008 F)
4~5ETEIPEEEEE DBEL P S MERRBERCHE S LT EA, 20054

L, 2008 EOEMMPHEILD,

(BN TR IR E R > X —ER X O ER)

0.16

0.14 |-

0.10

0.08

0.06

0.04 |-

0.02 g

M2 BHRKOTESULUOER - BRIFKEIRR (1998 ~ 2008 F)
2008 £ (F#R) @5 AEHLICEE 10 Fich 0 OBRFRMHE SN
(http://idsc.nih.go.jp/idwr/kanja/idwr/idwr2009 & Y 5| )

BB AHBRROBICIR S 2o leE M 2 RS
Y 5, TRME R (whoop) 23 d 4
5, —EOFHLZEIEMICES, BAAHIC
LB, 7/ —Y, SR, B -
WR MG E (9 H %ERSR) , MERRTEI % 5336
Ns, 20, BAABEILTL BH, L

K[ERGL ECTHURELEMNEIAEL L
Mhb,
2. DTPOOF ARBROEHEI
BERBED 0, Yaari 513, 5~ 30K
(£39 8.9 #%) @ DTP (Diphtheria, Tetanus,
Pertussis) V7 F #EEORERFZHE L T

(965) 85
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20 BUA L&A 2002 EEMBHIEML, 2008 FE2ED 36.7%% Gz,
(http://idsc.nih.go.jp/disease/pertussis/IDWR0903/sokuho04.gif & Y 5| )

W5, IOk 4 3.6 88, 2#ET
W23 H, FEHNLREEORE I A
21%, BERAABOE 13% ThH o721, fE
KPRERVBE TRV, BHBRE
ZHiIhs I ehbil, BPpFe sl L
MEEE LS,

3. BEY - BAOBERR

E5I{ B EMZ Wi, Bl - iENE
N, AHRANOBRIPEL L >T 5, EILE
REMREMEE 2 (it —RKER) B&
4B (BSORPEEEERRRD) MFIREENE
(L #HrHE cwRTc2ABMULEORT
ZR L7 20 RMAEORABE ZHRICK
AT H R EE R - T, WKRE
FPHRELU 2B EES RO RARE
%, LAMP (loop-mediated isothermal am-
plification) ¥ 12 & 3 PT (G HBER) #(E
TSR (AR, LAMP &tE, mis2kBit
B (B#), LAMP ML L omEZiel T

BHHBEZEHTE R/ (CH) 124917,
BRIERDEVEZRZ2YICRT, EHLHE
B, HIMERE, Vo oR%ICER R o,
T T COROMMIE, HHBRRRE AR
BEUOBE) EECEI SN, FATDH
RENPLZBZEITEHY48~50BTH-
7oo HHBICEHM 4 TR OBGA S LR
RBELIEREHCRIETHEEZNZD LN
72o AL B OS] - IR TERED
Ll hote, TRKMES XBREHEM, B
S OVRBRGEE - IERRBRTHEEDHY, K
ABHBTS 10.5~50.0%RDds5h T
%, IRKIENR ERABO%I L, B HWRRYR
CIERBRBHCEREMNED LR, HEBICE
HHNIz,

TRRATEH~ 1 VAL FRBEHEET
DHHBZOEE L, RITORVEHICHES
& PCR (polymerase chain reaction) 8 &k 8
HHERERFENZ PTHETEZH T, B

DTP (Diphtheria, Tetanus, Pertussis)
LAMP (loop-mediated isothermal amplification)

86 (966)

PT (A HZ#)
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10. BEHAK

x1 BEHRZZEEE (R8) 2008 ver2

BERER 14 A EoEMH Y, O TFRERE 1 DBLEMES (CDC 1997, WHO 2000)

1 HfEomaa 2 EREHES (whoop)
HETOIRE

A A% DR

FehEH H 4 BB | 5, LAMP %+ 0IiE < & 2 mERH

4EBIDARE | LAMP &+ 0 & % IiEZE

1 EHZE
2 E{RTEN  PCR#E /71X LAMP ¥

B ST, LAMP R EEEAIROTEY V7 7 VAL 2 — (BB RETT R S & Cr @t

WISERT) TLHTE AL
3 A
(1) BEEM

1) DTP 72 5 > REEIR - & © WiTHh (LD, 725 % GRER), Vihd 40 F2E
2)DTP U2 F > #ER - HF 3T BIECERETE LV
HIETOHRTH®, vI2FUHEOThr4EMEOFEEL
REERETIRLENDD

(2) EIA% : PT (HH%#H) -1gG

1) DTP U7 54 #ER - % 1EU/mL BLE (Ball-ELISA)

2)DTP U 7+ H#8ER  HFETH

W RS hi-BEE RV, 2E8MEEFEAE TS
BME (5%) : 94EU/mL BLE (Baughman AL 2004)  100EU/mL BL_E (de Melker HE 2000)
BRERESHT BRI N T 205 RETRVWTAbEHOL &
BESZ (1) BERERERY L, BRETL~30vThrdgttoL &
(2) BREREFY L, RETHEIW BELOBEMPH oL &

CDC : kEEHR N E -+ > % —, WHO : World Health Organization, PCR : polymerase chain reaction,

LAMP : loop-mediated isothermal amplification

HRF 1~ 17% (F17 13%) Tholel & D
HBELDHB,

RADES B, AHBRNDBRFEL %
%, Bisgard 5 (&, FLIREBROZEMEFTT ~
20 HE S b o Te HE 2 RERIR L LTRE
Uiz, WENE L, ROTHRE, SR - B,
HEABELR>TW L,

W B

U o F EERPERAGNIST Y 5 BT
FoTELY, EREBMEVEBRICE
FoTil, ThETOHEEZZSEICHH
BRWTEEE (F) 2R 1ICORT. ERE, 14
HM LW H HEGRE O GefEEoma

(FEHER)

&, WRMEE, LAABOEN) 2045 5E
ELTW3, MHEZRICIIFEL»S 48H
IR TR L SEEiEeE (PCR %, LAMP
%), 4 BELREL S MR CHEET 2, &
#z WHO (World Health Organization) #3
HRLTOLIBRERKRICTRT,

1. 58

BROBRENLELPOVEEOMMIA
TR EOERERRRL, EREMICERT
%, HEERE, BIWHEE THEL, HIER
BIERDGE, BAaMREN2%LE <,
BBk LTERTH S, EREHOL
», BEZCENFHZBICHLETE L
EhhH 5,

PCR (polymerase chain reaction)

WHO (World Health Organization)
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2. MEsiBiEE (PCRE, LAMP &)

BELOVBRENELL, BENCHEL, T
HTOMETE S, & I LAMP AR AL
BEBRVBETRVD, SBHEREELT
EHTE2HREENHLY,

3. MmESZkNE

DHETREERMUEVLSEREIRT
VB, KERED D WHO Tik#i gL Ty
BV, MIECTHEZ 4 EMEO LR
WEATH D, RATHRIEE4BHAEDOK
TEZLLEE, iy cicbEREL T
BREFIOZ L, BRMVAES TRV, BRILET
BONBMHOEE R, B2 HIERH
RHEDTER N,

BFE %L (EIA) TPT-IgG (immuno-
globulin G) bMETE %, 772, PT 3HT
DIRTHODTP U2 F L OFEHIETHY,
DIFUEBCEYERTE, 0D, U
IFUEEEOLLBEEBN T E5E,
DTP V2 F VB ZETLLEND S,
WHO TR V7S #ErL 3ERERBLL
BEIDVWTOAREOBERZHREL T
2%, SMEPEALLEH, FEELAOHE
¥He L, BIBFOHE, KEAZNGEL
RHETEHEH, 94EU/mL L E#BR L
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%, B E, MEINAEASHIGDIE, H2
WEEUL BAE T CHAGREDA
5. JORPIOHBEEREL, RREEDR

10. BHK

®&3 WHO H'#REYSEEBROBE

.- BEFRE | MEFHRE
(PCR) (ELISA)
BN O o
hIR O Or? O*?
A o

PIEOBEENTER LY, FLRMBERBHMTHEE
DFE

FEDTP o5 REED/NR

PDTP U/ FEBEISEM LB L BE

WHO : World Health Organization

(WHO : Laboratory manual for the diagnosis
of whooping cough caused by Bordetella pertussis/
Bordetella parapertussis & U 5| F)
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CDC CREERFEIE L > & —)
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