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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.

. Introduction

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

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

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

. Protective antibody titers to symptomatic measles and
ubella reinfection

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

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

264-410X/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
31:10.1016/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 125 mlU/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/ml to 1000 mIU/ml [4]. In rubella 10 [U/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

IgG 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 2°86%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£162_fold (HI
antibody titers of 271>-fold was approximately 177 [U/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
Changes of measles mNT antibody after MR vaccination.

3235

Table 3
The mean measles and rubella antibody titers tested in 2007.

NT antibody titers (fold) ' No change tion
before vacci n

8
16
22
&
128
256

Total

mNT: microneutralizing method.

Table 2
Changes of rubella HI antibody after MR vaccination.

Hlantibody titers (fold).  Nochange 2-foldelevation =4-fold elevation: ‘Total
before vaccination . . R b T
<8 B g
8 0 e
16 IR g
32 1 29 e
64 16 5T
128 o 54
256 25
512 ; e
Total SR e 4 A 217

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 HI 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)

4 Number of tested sera.
5 loga N.

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

References

[1] Fine PEM. Herd immunity: history, theory, practice. Epidemiol Rev
1993;15:265-302.

[2] Whittle HC, Aaby P, Samb B, Jenses H, Bennett J, Simondon F. Effect of subclinical
infection on maintaining immunity against measles in vaccinated children in
west Africa. Lancet 1999;353:98-102.

[3] Samb G, Aaby P, Whittle HC, Seck AMC, Rahman S, Bennett }, et al. Serologic
status and measles attack rates among vaccinated and unvaccinated children
in rural Senegal. Pediatr Infect Dis ] 1995;14:203-9.

[4] Lee M, Nokes DJ, Hsu H, Lu C. Protective titers of measles neutralizing antibody.
] Med Virol 2000;62:511~7.

[5] Orenstein WA, Strebel PM, Hinman AR. Building an immunity fence against
measles. ] Infect Dis 2007;196:1433-5.

[6] Skendzel LP. Rubella immunity: defining the level of protective antibody. Am J
Clin Pathol 1996;106:170-4.

[7} Caceres VM, Strebel PM, Sutter RW. Factors determining prevalence of mater-
nal antibody to measles virus throughout infancy: a review. Clin Infect Dis
2000;31:110-9.

{8] Hartter HK, Oyedele 01, Dietz K, Kreis S, Hoffman JP, Muller CP. Placental transfer
and decay of maternally acquired antimeasles antibodies in Nigerian children.
Pediatr Infect Dis ] 2000;19:635-41.

[9] thara T, Nakano T, Kamiya H, Nii R, Isaji M. The timing of measles, rubella,
mumps, and varicella vaccination according to the antibody titers in the cord
blood. The survey on study group of vaccination; 2005. p. 72-4 (in Japanese).

{10] Davidkin 1, Valle M. Vaccine-induced measles virus antibodies after two doses
of combined measles, mumps and rubella vaccine: a 12-year follow-up in two
cohorts, Vaccine 1998;16:2052-7.

[11] Lee M, Chien L, Yueh Y, Lu C. Measles seroepidemiology and decay
rate of vaccine-induced measles 1gG titers in Taiwan, 1995-1997, Vaccine
2001;19:4644~-51.

[12] Amanna 1J, Carlson NE, Slifka MK. Duration of humoral immunity to common
viral and vaccine antigens. N Engl ] Med 2007;357:1903-15.

— 183 —



3236 T. thara / Vaccine 27 (2009) 3234-3236

(13] vitek CR, Aduddell M, Brinton M}, Hoffman RE, Redd SC. Increased protections {15] Markowitz LE, Albrecht P, Rhodes P, Demonteverde R, Swint E, Maes EF, et al.
during a measles outbreak of children previously vaccinated with a second dose Changing levels of measles antibody titers in women and children in the United
of measles-mumps-rubella vaccine. Pediatr Infect Dis J 1999;18:620-3. States: impact on response to vaccination. Pediatrics 1996;97:53-8.

[14] Strebel PM, Papania M}, Halsey NA. Measles vaccine. In: Plotkin SA, Orenstein [16] Kacica MA, Venezia RA, Miller J, Hughes PA, Lepow ML. Measles antibodies in
WA, editors. Vaccines, Philadelphia: Elsevier, Inc.; 2004. p. 389-440. women and infants in the vaccine era. ] Med Virol 1995;45:227-9.

— 184 —



fezEE BB vol. 25, S-1, 2009

PMREGHEDTNT

[ FREOEERIC/NERREZEZD
IO.HE@

P ]

STFYT
RIREFR D SERREZETNICE D

REE - BEER=EREV T UOREBEROBEKIE, BELKREFHHD
&P EL. —F, ERRE - HADS
RN EE, BRELBOTHDILABETH S,

BHEIZIE, BREEDERRE - ERITEREICAETh, £EH 3,000 0/MEHER
PORESNTINVD, WMERIIBERITHDI L TERH 2005 £ SHIE,
KRR EmES N, 2008 FIFBE 10 EICBWBDBEHIRES NI, EEDRH
HIIBEFRICELLTEHOND, 20 ML LIT 2002 FEASIEML, 2008 F£IT2MH

D 36.7%%5Hl. BHOBREBRESIUHROWUREZ LD,

a3, BEHERES

2007 &£J#T

Key Words : BEH - RADOEREK, BHKXOEH, DTPOOF

1 & g

B H, GRS 5 JUEEE - iR
B ES A, £EK 3,000 O/hREEE
HrbWEINTV S, B112 1982 F»5
DERDIY OHERZTRT, 4~5FTL
WS B < VIR LA H b S BILIE R
WA LT & 723, 2005 2 61, 2007
FHEM TR HE SN, 2008 F35
A%EHicii 10 £ % < OBEHED
WS NI (B2), EEDREIEEERIC
VRO L NS, 20 R LOEE I 2002
FHE»HEML, 2008 £ &4 D 36.7%
iz (B3),

BT OO EORGEFELBFRERET

i, HHBIINER O SIEEEETH Y,
WEINTVEIDEKLDO—ETH 3,
%, BEH - &Aﬁméﬁb%ﬁ%%%mﬁ
T 501, WEZ&DIHE S AT LH8
BLETHD,

I RIS SERARAER

BRI R L ST 3
1. MPOO?/%EE%E%wbﬂé
HRRERPRAE IR
LR & KA TELR O THRIEL, #
HOBEGIETEIZHHEE ST, KBTI
WL d, MAELHKMEEDS ~ 10 [H
PA bl e < #i < @iy %A A (parox-
ysmal cough/staccato) TEL L&D, k&

Pertussis.
IR A IR PR R R R Kenji Okada

84 (964)

— 185 —



Vol. 25, S-1, 2009 {bZ32EHE i
10. 5HE

FIRMEH
25,0004

20,000 = P oo
15,000
10,000

5,000

B1 BEEXEERERSHOES (1983 ~ 2008 %)
4~SETEINE R EEE S VEL LD L EERRBBECHD LT &L, 2005 &
2L, 2008 £OBMMEITD,
(ENZBARAE T FRBIES L > 2 — 8 h & 0 fER)

fe

0.16
0.14 |-~
T
012 P N . e e ‘ RO — . - e e i s s e e e s —.— *99
" =00
0.10 {01
¢ 02
0.08 [ —e—03
. - 04
05
0.06 L l—08
e o7
0.04 |-, — : :"F'OB

0.02 ki3

B2 BHHEOERLEJUOER - BRIFERT (1998 ~ 2008 %)
2008 4 (F4f) @5 AR FUTBE 10 Fioh 1 DBERIE & iz,
(http://idsc.nih.go.jp/idwr/kanja/idwr/idwr2009 & ¢ 3| )

BEIMERE DRI 2 > 7= % B SEBR L E THURE G M hE 2 b
ﬁi@?‘%ﬂ%ﬂ, WM S (whoop) A3Ehh b5,

o THEORELZIEMICH, LA 2. DTPOOF U EBEROEAK
LBWEHE, 7 —¥, MEOPDY, PR - FEL%E A%, Yaari 5%, 5~ 30 %

MR (5 HERSR) , ST 2 & 3 5 (S49 8.9 %) @ DTP (Diphtheria, Tetanus,
Mo, Z0OWH, BRAEHHSLTL 205, F Pertussis) U 7 F > 18 DR % 845 LT

(965) 85

— 186 —



SRR 8% vol. 25, S-1, 2009

I BREOEENICHREBREEZEZLD

%

2000 2001 2002 2003 2004

2005 2006 2007 2008 £F

[ 2084 £
[] 15~198%

B s~om
B e~75
B 4~58
B 2~35%
15
0%

H3 BEBEMOER - FHERNEIE (2000 ~ 2008 F)
20 A LEDEIE I 2002 FEEMLEML, 2008 FIXEMED 36.7% % &,
(http://idsc.nih.go.jp/disease/pertussis/IDWR0903/sokuho04.gif & 9 5| FH)

V3T, ORI 4 £3.6 88, HizT
W23 H, BB LEEEORKE A
21%, B EAABOWEL 13% ThHolzl, IE
RPBREFREBHEN TR0, BHKRE

Biahs Zevdnl, BREE LB L
PHEEE L5,

3. BEH - RAOEAR

ERl{ B2 ENH iz, B - 1BESE
n, FHEBRANDOBERFEL 2o T\ 5B, EILK
LREMT RPN B 2 3 (Fh —RER) B &
UEbE (BNLRbii i Em b e NE
(B L wmyE tmET2HEBUEDOKT
2 L7 20 A L OB ABE ZITRICKR T
R H R MR e (R i o> C, ERRE
PHRE L[ 2 BB LS TR ARE
%, LAMP (loop-mediated isothermal am-
plification) ¥#%* i & 3 PT (A HX%ER) #&
TR (AR, LAMP &, mE2kEt
B (BB, LAMP &tk X OB et ©

HHBREEBH TR o8 (CH) ohy
BIRER DBV ZR25 IR T, BEE %)ﬁ
i, Bk, VI oskwicE3ah ol

ZETOROWIMEIE, HHBBRRE (AR
BIUOBH) BEBCE /L, ZHTH
HREPOLZZ T TE¥IE48~50HTH-
720 B HBIC R 2 TFAEME DO BHA & 138k
RELIERAF(CEHHEMTERENRDLL
foo IBZGABEEDURNE ] (TR T2
LNigholz, TRKVEHAE] (RN, B
FOVRRGLRE - JERABHTEEEVH Y, K
ABHETS 105 ~50.0%FE D5 T

%, IRENZ ERBOB X, HHZERRE
LIERREETHEEVRD LN, F¥HICR
H b4z,

RAT6 H~ 1% kL FsigEs
OB HROEIE X, WTOZVEIICE S
& PCR (polymerase chain reaction) 3 & t¢
HHS%ERENLZ PTHETEZHT3L, B

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

86 (966)

T (HH%#ER)

— 187 —



Vol. 25, S-1, 2009 {bZEHL 3%

10. BEEX

1 BHHEKEZEE® (F) 2008 ver2

BRI 14 HRLEDO®AH Y, DO FiER%E 1 DB E/S (CDC 1997, WHO 2000)

1 HREEOHRZ 2 WEREEHEE (whoop)
HREITOHE

3 WA OMEH:
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