
Title
Studies on Further Attenuated Live Measles
Vaccine. VIII. Estimated Duration of Immunity
after Vaccination without Natural Infection

Author(s) Ueda, Shigeharu; Okuno, Yoshiomi; Sakamoto,
Yuriko et al.

Citation Biken journal : journal of Research Institute
for Microbial Diseases. 1974, 17(1), p. 11-20

Version Type VoR

URL https://doi.org/10.18910/82676

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka



STUDIES ON FURTHER ATTENUATED LIVE lvlEASLES

VACCINE. Vlll. ESTIMATED DURATION OF TAIMUNITY

AFTER VACCINATION WITHOUT NATURAL INFECTION

SHIGEHARU UEDA and YOSHIOi\11 OKUNO

DepartnTeltt of Virology, RUS' arclt institLitc for Nilcrohi"I I)is calsc s, OS"1<:1 University,
Y;jin"dak:In\i, Suit", Osaka

YURIKO SAKAA/LOTO

lien, !rtmcnt oI PCdi"ti'ICs, }IYOgo Colicgc of NICdiciiic, A. Iul;og"\vn, Nisltii\on try a, I{yogo

NADHIRAT SANGKA\\11BHA and PRAl<ORB 'rUCHINDA

Virus Resc"Tclt Institutc, I)up artmcitt of NICdic:11 Scicnces, Allnistr\. of Hcaltlt, Yod-sc,
Bringkok, T'hulland

SONIBODHI BURKA\JESA

I>up ai'tiltcitt of PCdi"trics, \In hidol Uiti\'crsit\' Sillr:IJ I-10spit;11, I>ITUi, hull, Bangl<ok, Thrill, litd

PRACHOOA;IPORi*! OCHATANONDA

Cuntr"I FTCvcittoi'itIn\ to I' Cltildici, , Hiki ud, Bangkok, 'Thrill"rid

YOSHITSUGU YAMADA, 1<1YOSHI SUZUKI and Y0}I 11. 'ANAMl
DCDartincnt of 13:1ctci'iolog\ , i'uctiln. of NICdicinc. Shinsl. Li Litivci sit\', .\salhi-machi,
kintStimoto, Nug"110

FukilT'SUGU 1< USANO

Knt"d. I I-ICUltl\ Cuntc r, HDnk"t"d", OtsLi, Sillg;I

YASUSHI ITAYAKA\\!A and TAIL\SHI 1<UROSE

I)cryirtmcnt o f PCdiat Tics, I{\'ogo Pi'cfcctuixi Alitngasnki I{OSpit"I 'FSLil<"guchi Bi. ancl,
HospitalI, Nioi'I, Ainug"salki , I-I\'ogo

(Rccci\cd Octobcr 8,1973)

BIKEX JOTRXAi. \'o1.17.11-20.197+

UMAIARY A total of 1489 of 2079 children who \\, etc varccinatcd \\, Ith furtlTci'

attenuated live nTeasles vii. us vaccines, CAI\'I original, CANI A4, CAAJ 70,
CAI\. I Ex, A'Iotatei\ and ESC strains hem'een July, 1968 and ;\larch, 1972 \\, ere
followed-up clinicalIy and setologically for I to 4 yeai's

\cutralizing antibody titers of hospitalized children seemed to decrease gradually
with time after vaccination following a second order curve. The duiation of neu-
tralizing antibody was calculated by, a modification of lensen's equatioi\ for. the
duration of diphtheria antitoxin to be from 6 to 92 years, and mostI\, mole than 10
Years in these children \\. ithout re-exposure to it at ural measles.
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Neutralizing antibodies of children in areas where measles was endemic persisted
stably during the observation period, though booster infections \\, ithout apparent
disease were observed lit children with low antibody titers.

There \\, ere only 13 cases of measles among the 1409 vaccinated children surveyed
in measles endemic areas, and in all tliesc cases the disease was milder thaiT usual.

INTRODUCTIO\

There have been many ICports o1\ follow-up
studies after measles vaccination. Kiugman
(1971) sh, wed dearly that Hl antib. dim
persisted well for at least 8 years after vaccina-
tion with the Schwarz strain and 10 years with
the Enders B strain, suggesting that a single
injection with further attenuated or attenuated
live measles \, irus vaccine \\, ould confer lifelong

measles. OtherImmunity, against reports

presented evidence supporting this possibility
(Katz, 1965 ; Brown, Galdusel< and Tsai,
1969; Lepo\v and Nankervis, 1969; \\!eibel
at a1. , 1973).

we also reported similar results (Ueda
at a1. , 1970c; Sangkawibha at a1. , 1971b; Ueda
at a1. , 1971), nut our data, especially on further
attenuated live measles virus vaccine (FAL),
were obtained in a short observation period.

This paper reports restilts of I to 4 }, eai.
follow-up studies after \, accination mainly
with the CANT strain, FAL developed by our
group. The durability of jinmtinity after
vaccination \\. ith FAL is discussed

ATATERIALS AND A1ETHODS

I. 11ncc!, i's nild uricc!, lees

A total of 2079 childreii vaccinated \\ itit 61<1nds

of FAL bet\\. een July, 1968 and ATarch, 1972 were
followed-up clinical Iy and serologicall\, for I to 4
VCars depending on thc time \\hen the}. \\, CTC \, ac-
cinated. 'The 6 FALS Lised \\, ere the CANl original
(U"d" at "I. , 1970"), CAM A4 (U"d, at a1. , 1970b),
CAI\170, one of the licensed FALs in Japan (Okuno
at a1. , 1971), CAM Ex (Ueda at a1. , 1972), ESC
(Chumak0\., 1967) and Nioraten (Hilleman at al. ,
1968) strains. Table I shows the times of vaccina-

tion \\. Ith the \, ticcines, the number of children vac-

cinated and \\'I, ether the children \\. ere home-dwelling
or institutional ized. Table 2 shows schematically
the data on the clinical reactions and antibod\, res-

ponses of tite childi. tit to the 6 \. ticcines reported
PI'UViOLiSl\'

TABI, it I. Uricci"es ti"of uricci'"ees

Vaccine

CANl original

CAM A+

CAN1 70

CAlv, I ItX

ESC

Moraten

Group

2. C/, 111cul si, I'"e\'

Palents or gLiardians of the vaccinees living in
thcir it Dines \\'CTC ICqLiestcd to ans\\'er postal ques-
tioniTaircs oncc a >. ear after \, accination. The ques-
tions asl<ed \\. CTe I) \\he ther thcir childrei, had con-

tracted riteaslcs (if so, the doctor's diagitosis, date
of contraction nitd symptonts in hiief), or 2) had

" I, Iving in or near Osaka unless other\\ ise stated
" Including 128 children living in Nagano
' Ueda, Okuno and Sakamot0. 1970
' Sangka\\Ibha at a1.1971a.

?

Time of \, accination

3

+

Jul. '68-Jul. '69

Dec. '69-Ian. '70

Feb. '70

Aug. '69-Apr. '70

INlar. '70-Aug. '71

Jul. '71-IVlar. '72
Aug. '69

Feb. '70

>

6

I

12

S
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No. of children
vaccinated

301

38

18

797

+48

442

17

18

Remarks

home-d\\ elling"

hospitalized

institutionalized "

home-d\\ elling

home-d\\ elling

home-dwelling"

home-dwelling
institutionalIzedd



,.'AUI. E 2. Sc/tellinlic sit, JINI, IIJ, of I'es!{/is o61tii?led 111 cfin, c, 11 slitdies ECil/! seuein/11/11hei' rifleni, tiled
Ine illeoS/eS an^Ms "aCC!iteS

Vaccinc

CANT original

CANl r\+

ESC

\10rateii

CAN1 70

CANI Ex

Year of de\. clopmcnt 96 of calscs sho\\ing
febrile reactionsof \ accines

bcci\ in contact \\. itit cnscs of ritualslcs, aind \\heth. I

thcrc it"d heelt tiny' c"s"s of n\CUSIes in thcir nuigl, -
hourltood. Alts\\ c rs \VC rc collcctcd most I cc, ntl\

b*t\\ccn Januai\ ,ind Al"rch, 1973

1968

1969

1967

1968

1970

1971

3 . Sei'o10gJ'cn/ ,\(1111/11, it 1'01i

Neutralizing tintibod\' titcrs of suruiTt SPCcimcns
collectcd from the \., rocinccs at lippropriatc intcrvals
\\'CTC incasLii. cd b}' thc inICi'0-incthod (Ucd", 1971;
Ucd, 1st all. , 1972)

60

50

50

50

30

111

RESLl, 'i's

Rangc of geometric
mean antibod\

titers (log 2)

I. GII, 11Cn1 $111, fJ,
I) }juspit, lined child""" (g"onp 2)
'I'^. cntv scvcn I)f 38 \, accinatcd children \\. CTC

initially scroncgative and 24 of the 27 childrcn
wcrc followed-up for 3 Years. 'Therc \\, eic nu
cases of ITlcarslcs during thc obscrvatioi\ period
in tl\c \\ards \\, here Ihc vaccintitcd children

11\, cd.

2) 11\stitutionalizctl childrciT (griiups 3 and
8)

Of the 36 childrcit in groups 3 and 8, 13
aitd 15 children, respectively, were foilo\\, cd-
up for 2 years. 1<0 children in these 2 groups
suffered from measles during the period,
thouglT in September, 1971, 6 nTonths after
the vaccination with FAL in this institution,
there were 5 cases of measles among unvac-
cinated children and children vaccinated bv

the 1<L method, as previously reported
(Sanghawibha at "I. , 1971b).

7-8

6-7

6-7

6-7

5-6

3-+

,

3) Home-d\\. clling childrciT (groups I, +, 5,
6 and 7)

One case of measles in group I, 7 in group
+, 3 in group 5 and 2In group 6 \\. etc reported
+, 3.2 and I yeai, respectively after \, arccina-
tion. The cumulative incidences of measles

among the vaccinatcd children in groups I, 4,
5 and 6 were 0.6,1.2,1.1 and 1.1",, respcc-
tivcly (Table 3). 'TCn childrciT 11\ group 7
wcrc followed-up for 3 years aftcr \, accination,
aild Ilone of them contractcd measles.

Thougll in follow-ups 10 to 20', of thc \, ac-
cinatcd childi'cn werc found to coinc 11\ contact

\\'111T patients wit11 11Teaslcs cvci\, ycar, thc
CLImulativc Incldencus of incaslcs \\'CTC at most

1.2'!,. 11\ all cases symptoms wetc nlildcr,
and thc duration of fever and sporadic rash
was shorter than in Lisual me aslcs. It \\, as

ITot possiblc to confirm thesc cases sci'o10gically.
Sontc of them may ITavc been diseases similar
to measles causecl by some other agent, bccausc
one case in group 6 \\, as diagnoscd clinicalI},
as it aving measles, bLit this diagnosis could I\ot
be confirmed serologically. Anyhow, thcsc
incidences coincided \\, ell \\ith thc serocon-

version rates by the \, accines used in these

S eruCon\' CTSion

ratc (96)

98 or Innrc

I.

I.

.,

.,

.,

studies.

One of the 2 cases in group 6 Is suggest I\, c
in discussion of immunity after \, accination.
A healthy 4 years old boy was injected \\, itit 0.5
in I of the CANI Ex strain o1\ Febiuary 15,1972.
He did not sho\\' any ai\tibody, response one
month after the vaccination, his neutralizing
antibod}, titer being less than 2'.'. Ho\\. cver,

UED, \, S. ct ill. A1ctJ$/CS a, ticcJiie 11,111,111!!tJ, 10



TABLE 3

Time after
\, accination

F1'o1ec!toe 467cncj, of " Can{ " "teas/es or'F1, s uriccz'"e

I \ear

2 \. ears

A

B

C

CAM original

3 \. ears

01229 (0)

31.4

I+. o

r\

B

C

+ \'ears

01191 (0)

30.9

14.7

A

B

C

Cumulative
incidence of
measles cases

CAI. I A4

Ans\\ ers to questionnaire
A : No. of measles cases!No. of ans\\ ers
B : Vaccinees \\itit cases of measles in their neighbourhood (%)
C : Vaccinees \\ho came in contact \\ith cases of measles (%)

Figures in parentheses Indicate percentages

31651 (0.5)
35.3

15.1

11161 (06)
37.3

18.6

A

B

C

21612 (0.3)

40 . S

20 .I

0172 (0)
44.4

167

CAM 70

Just one year later, he suffered from coryza
with a slight fever beginning on Febi'uary 14,
1973. He came in contact witli a patient with
measles in a hospital 10 days before the onset
of the disease \\, belT ITe was taken to receive

ophthalmic treatment. A faint lash developed
on I\is face and body, on the 4th d^, of the
disease, but it disappeared 3 days later without
pigmentation. As shown in Fig. I, fever \\, as
not high and lasted only + days. NO Koplik's
spots \\, ere observed and his general condition
was good throughout the course of the disease.
He played with sonTe of Ilis friends on the
3rd day of the disease, but none of them con-
tracted measles later. His family doctor, a
pediatrician, could not diagnose ITis symptoms
as due to measles. However, a sei. urn specimen
takeiT 2 months later showed a Inarked increase

in the measles neutralizing antibody, titer
to 2" 5.

21474 co . +)
31.4

20.9

21354 (0.6)

36.2

9.6

co . 6)

1/18S (0. S)

34.6

16.2

CAM Ex

2/175 (I. I)

35.8

10.8

(12) (11)

Day
after onset

Date

(I. I)

14

Body
temp

(c)
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40 O

390

38.0

o
2/14 15

2

16

FIGURE I. Body frillp of n 5-I, eoi old boy 70ho coll-
tmcted 111eas/, s o11e J, eoi rifle, ' I'ece, '"ill" CHAf Ex 111, n-
$1es try, ,s "ncci!Ies

370

360

3
17
4

18

2. Sei'o10gica/ e, tnnii', miloii

I) H. ^pinli", d .hildren (gro, p 2)
from 24 children wereSerunT specimens

intervals for 3collected at years.one year

High neutralizing antibody titers one month
after vaccination tended to decrease more than

5

19
6

20

7



10\\. ones. This tendency, \\. as observed in a
one-year follow-Lip study (Ueda at a1. , 1971),
and cvcn in orc clearly in this study (Table +).

'TABLE +. Deci'ease of 111ens/es lieit!innsz'rig
in^/!'60dJ, illei's 111 hospital!:sed nandicapj>ed
childre?I 3I, en, 's finei' uricci?ruti0, I 2,211t CHA{
a/ $11uin

Antibod\ titer
after I month

Rate of + fold or
more decrease

(a) G. IVl. titer after
I month

(b) G. !\'I. titer after
3 \ ears

001(b)

Under 2". n

Namely only 3 of 7 childrcn \\. ith initial Ilcu-
tralizing antibody, titers of 2' U or lower showed
4-fold or more clccrease In netitralizing antibody

while 16 of 17 children witlT titers oftiters,

2ti. ' or ITigher showed such decreases 3 ycars
aftcr vaccination. The gcomctric mean titers
of children in the formcr and latter groups
after 3 years \\, CTe 2'' and 2'.', I'espectively.

The patterns of persistence of ITeutralizing
antibody titers or the curvcs of their dccrcasc
sccin to follo\\, a curve for a second-o1'del

reaction, a typical examplc being the curvc of
dccrcasc In thc gcometric mean titer shown
in Fig. 2. lensciT (1933) proposed aiT cqLiation
for CStimatioiT of the duration and degree of
diphtheria antitoxic 11nmunity. \\'c modified
this equation as follows foi LISC In estimation
of the duration of measles 11ninunity after
vaccination

317
(+2.996)

N

o0
o

8

inI

..,

O\. cr 2" '

,,. I

L

,..

,.

16117
(94.196)

>O
.
o
Do

, a. a

,

.

,1.8

^

.

" 4

E 3

E 2

co""

co".

,..,

co

N

..

,,.,

^

.
in

Z

.

^

a"."

co

^

co".

<05

^

before I month I year 2 years 3 years
Time after vaccination

Flu rill: 2. Pilli, 1'11s of 11,111i',,!It 111g '11/11'body pal'$131-
,11c, 111 1103pJ'mills, of 11,111dit"ppe, / chi7dr"11 ", reci', idle, /
full/I C, AJI, 4-1 111, ,131, s tiilis tncc!'lit 111 Ihc ,, 63e, IC, of
Jinii, I', 11 tii'!is. --^, A, '01/1cli'IC 111, rill tlitj

co.

co".

co

co.

co".

coo.

^

a(a -x)

w. here n is the neutralizing antibody titer one
montlt after vaccination, r Is the lost neu-
tralizing antibody titer at time I, and A is a
constant

01\ secondary Infection \\. it11 measles virus, a
neutralizing antibody titer of 2' ' is sumcient
to prevent apparent <11sease, though it allows
mapparent infection (Stokes at a1. , 1961 ;

^

co"

'I'ABi. u 5. BSIt'Mintz'on of Ihe di, jail'on o1 711ea/es
Me NII'alastng anttbodj, alter uriccznntz'on 2021h
CAM A1 slidi'n in 1103pt'101^^ed 12n"dz'capped
childitn 272 Ihe ribse"ce of rintiti'n/ "!errs/es

co".

co

co"

co.

A1 -
A:

Initals

Neutralizing
antibod\. titer
I montlt after
\. accination

(log 2)

E. 'I'

\. I. \'

N. U

K. T

S . I\I .

'I'. A, I

A. K

S. I

S. Y

Y. A1

T. Y

I\I. T

T. itI

'I'. I

T. K

T. A

K. O

Calculated
Constant duration of

antibod \.(K)
(} c""s)

7.0

7.0

7.0

9.0

7.0

8.5

5.0

7.5

7.5

5.5

7.5

7.5

7.5

6.5

6.0

8.5

5.0

00093

00150

00257

00271

00300

00342

00326

00408

00667

00720

00773

00812

01019

01044

01045

01300

01445

92

57

33

33

29

26

25

21

13

11

11

11

9

8

8

CEO. \, S. at ill. IVCus/es tucc!'11c 1'11ii"1,111'Iy

I

6

15



Krugman at a1. , 1965 ; Ucda, Toyoshima and
Kurose, 1969a; Ueda at a1. , 1969b). So, we
calculated the durations of measles immunity
after vaccination until the neutralizing antibody
titers decreased to 21 0 (, I-x-1.0) from the
neutralizing antibody, titers of 17 of 24 children
for \\, horn the calculation was possible. As
shown in Table 5, the duration of neutralIz-
ing antibodies of the 17 childreil ranged from
92 years, lifelong, to 6 years, showing great
individual variations. As also seen in the

Table, a ITigh titer after vaccination does not
necessarily ensure retention of Immunity for a
long term, and the duration of immunity
depends greatly on the K value. However,
for two thirds of the children the duration of

measles immunity after a single injection of
live virus vaccine \\, ithout re-exposure to
natural measles was estimated as over 10 years'

2) Institutional ized children (groups 3
and 8)

Twei\ty eight of 36 vaccinatcd children

could be followed-up serologically for. 2 years
after vaccination. There was one case with
booster Infection among the children who
received I\10raten strain when 5 cases of measles
occurred in this institution 6 months after
the vaccination. Other. children were not

affected. The patterns of persistence of
neutralizing antibody of the children are shown
in Fig. 3. The tendency lit the neutralizing
antibody titers to decrease was the same as
that seen in Fig. 2, thougli the titers were
rather high in these gl. oups. No difference
observed between the persistences of antibody
in children who received the CANl and
NIOraten strains.

3) Home-dwelling childrci\ (groups I, 4,
5 and 7)

The patterns of persistence of ITeutralizing
antibody in children in groups I, 4 and 7,
and 5 are shown in Figs. 4.5 and 6, respec-
tively.

As shown schematically in Table 2, the
vaccines used in these groups differed in at-
tenuatioiT level. However, there were no
striking differences 111 the patterns of persist-
ence of neutralizing antibody.

All the childreil \\, ho \\, CTe examined sero-

logically had neutralizing antibody titers of at
ICast 2' ' for 2 to 4 years after \, accination.
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I month

.

I year ? years 3 years
Time after vaccination

tip. \L.

Sumc of thc childrci\ 11ad I'Dostcr infections

dullng thc observation period \\, hen their
neutralizing aittibod}, titers decreased, as
previously reported (Ucda at a1. , 1970c; Ucda
at a1. , 1971)

+) }Tome-dwelling childrci\ (group 6)
Childrci\ in this grotip received the most at-

tcnuatcd live \, irus \, accinc, CA\, I Ex. So,
their ITcutializing antibody, titers uric month
after' vaccination \\, CTC lowu' than thosc of

children in other groups. AinuiTg 133 children
examined, 14 children (10.5'I'D showed 4-fold
or In orc incrcasc in ITcuti'allzing aiTtibody titcrs
onc \-tan' later, SIIggcsting Inapparcnt boostci
infoctions, anti 18 children (13.5" , sho\^cd
decrease 111 tile titers. Four of the Iattci

sho\\, cd decrease iiT neutralizing antibod\, titers
to less than 2''.'. 'Thrcc of these children
were re-vaccinatcd 2 \\, ith CANI Ex and one

witlT CAL, 170, ICsulting in increase lit ITeutraliz-
ing antibody titers to 2'-!' and 25-0 respectively.
The iteutralizing antibody titers of most nthci
children remained unchanged during the one
year observation period, despitc the11' Initial
10\\' titers (Fig. 7).
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DISCUSSION

Immununity after vaccination with live, at-
tenuated measles virus vaccine seems to be as

good as that after natural infection (Katz,
1965 ; Brown at a1. , 1969; Lepo\\, and Nanker-
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vis, 1969; 1<rugman, 1971). That after vac-
cmation \\, ith live, further attenuated measles
virus vaccine can also be expected to be satis-
factory (Krugman, 1971 ; Ueda at a1. , 1971 ;
\\'eibel at a1. , 1973).

01T the other hand, there are several reports
of cases of measles among children previously
vaccinated witlT live measles virus vaccines

(Baratta at a1. , 1970; Lerman and Gold, 1971;
\\'yll and wilte, 1971; Cherry at a1. , 1972;
Currier, I{ardy and Conrad, 1972; Linnemann
at a1. , 1972). These cases were ITot due to
decrease in Immunity after vaccination, but
mostly to I) vaccination at less than 12 months
of age, 2) simultaneous Injection of ;,-globulin,
or 3) improper handling or storage of the
vaccine.

So, it seems probable that once a child is
conferred with immunity from attenuated or
further attenuated live measles virus vaccine,
his Immunity will last a long time. In this
connection, the data presented here agree \\, ell
with those of other \\, orkers, thouglT different
strains \\, erc used for preparation of vaccines.

we roughly estimated the duration of persist-
ence of neutralizing antibody in hospitalized
handicapped children who had been \, accinated
with the CANI A4 strain and \\, ere protected
from natural measles Infection. Using a

secondary infections were very, rapid (Krug-
man at a1. , 1965). it was also observed that
a ver}, small amount of antibody \\, as enough
to prevent apparent disease (Stokes at al. ,
1961; Ueda at a1. , 1966; Ueda, at a1. , 1969a).
So, the duratioiT of immunity may be longer
than that estimated.

The case of a 5 year old boy who received
the CALI Ex strain and contracted measles one

year later is very Interesting in considering
what \\ill occur when the neutralizing antibody,
titer decreases to an tindetectable level. \\Ie

usually regard a child who did not show an
antibody response after vaccination as a " non-
taker " of live virus vaccine, who Is still suscep-
tible to measles. This case, however, did not
de\, elop typical symptoms of measles. NIOre-
over, he seemed not to excrete measles virus.
Barrier (1968) .him. d that corium" immunity
was of primary importance in immunity against
measles \, irus infection. Toyoshima (1971)
proposed the preventive roles of both humoral
and cellular Immune levels against spread of
measles virus in the human body and virus
excretion in secondary infection (Fig. 8). The
slight cellular immunity \\, hich might be left
by CAI\, I Ex strain and!or a secondarily
provoked rapid antibody, response seemed to
prevent development of typical disease and

inodificatioiT of lensen's equa-
tion, the duration of ITcutraliz-
ing antibodv \\, as estimated as
more than 10 \, Gal's at a titer

of 210, that Is In nTore than
two-thirds of the clllidi'GII

vaccinated, and as more than
20 years in half the children.
In some children the duration

of antibody was estimated as
less than 10 years, but at least

.

6 years. Six years seems a \\. hole body
short duration. However, as I
shown in the text (Table 4 and
Fig. 7), lower titers did not FIGURE 8. Pre"",!lite 101, s of both 1/11/1101'nl ", Id cellii/aJ 11,111,111ie let^e/s ,I-
decrease appteCiably- More0~ '01/1st sty-tnd of INeas/es ",'1'113 ill the 111,111n, I body alld '17/1s excr"troll 111 sec-
ver, it \\, as observed that b0- o11dniyi'111ectJ'o11. ,-^, ,--, block, jig site alld dayiee, *-------, ,---
OStu' antibody responses 11T IIJ, eel mill (by colli t'sy of PI of. K. TDI, o31^^110

Virus spread

it, Ieasles virus
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respiratory organs
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virus excretion in this case.

So, \\, e may, expect that a positive antibodv
children vaccinated \\, ith liveresponse in

measles \, irus vaccine means that the\, had

sumciei\t positive cellular jinnTunity to prevent
the disease for a long time except ii\ rare cases
witl\ jinmunodeficiencies. 11\ this regard,
immunity induced by live measles virus vaccine
seems to be \, er\, different fronT that induced
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