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In 1974, \\, e Ilavc first ICportcd the successful
application of thc Oka strain of live \, aricclla
vaccine to prevent tlic sprcad of \, aricella in a
childrcn's ward (Takahashi at a1. , 1974;
Asano at a1. , 1975) Sincc thcn, so man\, rc-
ports were publishcd, which supported the
chicac}, and titc safcty of the vaccine. 'Thc
proPCrtics of thc vaccinc ai'c SUITTinai'izetl in
the T'ablc I. Thc pulposc of this TCPoi't is to
rcvic\v our data concerning thc protCctivc CIE-
carcy and the PCrsistcncc of 11nmunits, aftci
vaccination briefly.

INCIDENCE 01, \;ARICELLA AFTER \'AC-
CINA'1'10N

In ordcr to 1<no\v the incldcncc of variicclla

after vaccination, inquiries \VCrc mailccl to the
parents of the vatccinated children. '1'he\, \\, eru
asked to report an\, instance of vari. icella or

helpcs-zoster in tlicir family, school, or ncigh-
boi'1100d, antl whetlici' thcii' childicn ITad hatl
varicclla or hcrpcs-znStcr infection sincc lieing
tmmtinizcd. First, the Incldcncc of \, aricclla
was cvaluatcd in 179 vaccinatcd childrcil in

\agoya 2I, cars after \, accination. (Asano and
T'akahashi, 1977) \\'Cll documcntcd contact
\\, ith \, aricclla paticnts \\, as ICportcd for 80 of
thc 179 vaccinccs. only I of thc 110uschold
contacts nlaiTifcstctl symptoms of vai'ICclla 16
11Tonths aftu. \, accination. 'Thc attacl\ I'atc of

thc \, accinccs in cacli sctting Is showit in thc
first To\\, in the 'Tabic 2. lit total, 1.3" of thc
80 \, accinccs dcvclopccl \, aricclla cluring this
obscrvatioiT PCI'iod. Sccondl}', anothcr group
of 26 vaccinatcd childrcn in Osaka was ft)I-
lowcd for thc incldcncc of varicclla 5 VCars

aftcr vaccinatioi\. (Asano ct a1. , 1983b) Nonc
of the vaccinecs contracted varicclla in spite
of 23 documented contact exposure, sho\\n in
the scc()rid 1'0\\, 11T thc 'I'able 2

Recently, \VC studied longer terin protectivc
Immunit}. of thc \, artcclla vaccine. Subjects

I To \\. it Din all correspondences should be rid-
dressed
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TABLE I. Plopei'ties of lzhe at 1871uuted oari'celln ti(ICci"e (st, 'Rill Okn)

I) Causes little or no clinical reactions"

2) Induces antibody (me asurable by CF", Nt', FAMA', IAHA' tests)
3) Induces cell-mediated immunity (delayed type skin reaction, lymphocyte transformation)
+) Lacl< of contact infection in most cases

5) Long teriTt protective immunity

6) Prevents natural infection \\ hen administered up to 3 day's after exposure

" Mild clinical reactions in 1596 to 7596 of Ieul*Ginic children
h complement fixation
" Neutralization

" Fluorescent antibod\, to membrane antigen
" immune adherence Itemaggutination

TABI. It 2. actwn/ PIOlecti?, e offcncj, of Ihe litie Dayi'celltt uricci"e ($1,017z Oka) ill o0/10/4s selli?Igs

No. of SLibJects
(tele, en. .*)

179.2 years after vatc
(Asano and Tat"hachi, 1977)

26, 5 years after vac
(Asano at a1. , 1983)

106.10 years after vac
(Asano et al. , unpublished data)

it Developed nTild \, aticella with no fever, about 10 vesicles, and no crust formation, 16 ntonths after vac-
cination.

" Developed moderate \, aricella \\. ith fever and Yesiclcs 3 years after \, accination
" Very mild \, aricella, developed within I year after \ accination

Place

Household

School

Neighborhood

Total

Household

School

Neighborhood

Total

Household

School

Neighborhood

Total

Knowit exposure to \, aricella

No. of No. of children Attacit
children developed \, an cella rate (%)

7.713 11,

oo38

o29 o

1.380 I

oo2

oo14

oo7

oo23

I" 3.926

6.166 4c

o o55

3.45147

were 282 ITealthy and sick c1111dren who re-
ceived vaccination of the Oka strain of vari-

cella \, accine 7 to 10 years earlier. we received
106 replies. The age and sex distributions of
children at the time of immunization are shown

in Fig. I. The mean age was 4.4 years ranging
from 10 months to 13 years old. There were
59 males and 47 females. The name of under-
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lying diseases and the number of vaccinecs
at the time of immunization are shown in Table

3 . Among the children with various under-
lying diseases, 14 (3570) had been receiving
steroid hormone treatment at the time of vac-
cmation. \\!GII-documented contacts with vari-

cella patients were reported, in total, from 147
children. They were 26 children in family, 66
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Age

FIGURE I

T'ARI, E 3. Nil"16e, ' of t:acci', idled childi'e, ! 171
I'elation 10 Milde, '/y, ,!g diseases

TABI, E 4. Hitnch idle of Jinii, 101 tm. Ice//" i, I
t!a, 1014s settz'"gs yepoi'ted p?'euroi, sly

Underlying diseases

Nephrotic syndrome
Nephritis

Asthma

Furulent meningitis
Hepatitis

Epilepsv

Kawasaki disease

Enterocolitis

Type of
settin, ,

Household

Attack
rate of
varicella

InstitLition

Hospital

SOCiet\'

No. of
vaccinecs

801.6

8796
1000'

1009,
68 u'

4606

Healthy children

them contract natural disease. (Ross, 1962 ;
Yorke and London, 1973 ; Asano at a1. , 1977b)
The attack ratc arc rcportcd as 1007, lit the
epidemic of vancclla iit InstitutioiT (Batha ct al. ,
1978), 68y, in I",, pint (G. "d. n, 1962), and
46% in 00.1. ty (Y. ,I*" and L, ridon, 1973),
respcctively.

On the othei nand, none of the children
contracted herpes-zoster in the 3 studies.

No. of

receiving
steroid

therapy

Total

Yorke & London, 1973

RDSs, 1962

Asano, at a1. , 1977

Baba, at a1. , 1978

Cordon, 1962

Yorke & London, 1973

13

20

2

References

in school CPIdemic, and 55 in the neighbor-
hood. In spite of thcsc exposures, only 5 chil-
dren developed vancella in each sctting as
shown in the third Tow lit Table 2. The

attack rate of vancclla was calculated as 3.4%
in this study.

The excellent protectivc efficacy, of the vac-
cine against natural disease was shown in the
3 studies, which could be easily, understood if
we look the attack rate after contacts with vari-

cella patients in natural setting shown in Table
4. If susceptible children are exposed to vari-
cella virus in their family, 807, to 10070 of

11

o

o

o

o

66

PROPERTIES OF CASES \\, ITH VACCINE
FAILURE

106

Table 5 shows the informations of 5 cases who

developed natural vancella during 10-year ob-
servation (5 cases in the third row in Table I).
NIOst of the vaccinees except case I devcloped
vancella with 11T I of vaccination andyear

showed very mild signs and symptoms of the
disease. Thcy rcccivcd vaccination on August
and Scptcmbcr, so hot season in Japan. So,
we suppose the vaccine failure may partly be
related to the decrcasc of infections \, irus par-
ticlcs in the inoculuin at tlTe time of 11ninuni-

zation. BCCausc of ait unstablc naturc of this

virus, this prepai at ion seems to be the killed-
11kc vaccine, but may, bc still jinmunogenic in
human. If so, short-lasting antibody after in-
octilation of this preparation may show in-
complete protection against natural exposure
Recently, it has been shown that heat-mac-
tivated virus preparations are jinmunogenic in
human (Russa at a1. , 1983), pygmy marmosets
(Asano at a1. , 1983a), and rhesus monkeys

o

14
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TABLE 5. Cti"t'cal nitd $8,010gic Infor"lotions of 5 cases toho detie/oped natti, 'al t!ajice//@ Ritei.
bocca"at20n

Case
No Age

I

2

3

4

5

Sex

6

4

4

2

Dose of
vaccine

(PFU)

F

F

F

M

F

it Not done

4,000

1,500

1,500

1,500

1,500

(Asano et al. , unpublished data).

Vaccinated

PERSISTENCE OF TMA{UNITY AFTER VAC-

CTNATION

M^, '76

Sept. '75

Sept. '75

Aug. '75

Aug. '75

Initial

antibody
response

T'he evaluation of humoral immunity I\as been
done 2 and 5 years after vaccination (same sub-
jects in Table 2). The seroconversion rates
have been reported to be 96% to 100% me as-
ured by a number of different techniques
(Asano and Takahashi, 1977 ; Asano at al. ,
1983c). The seropositive rate 2 years after
vaccination was 98.0% by neutralization (Nt)
test, with a geometric mean titer (GMT) of 9.2
(Asano and Takahashi, 1977). Five years later,
the seropositive rate was 967, with a GMT of
12 by fluorescent antibody to membrane antigen
(FAMA) assay, which was one third of the titer
in children with natural infection (Asano et al. ,
1983b ; Asano at a1. , 1983c). when the same
samples were tested by an enhanced Nt test,
the seropositive rate was 1007, with a GMT
of 310, which was almost equal to that fol-
lowing natural infection (Asano at a1. , 1983b).
Recently, it was possible to obtain serum sam-
PIes and to do skin testing in 38 children from
106 vaccinees 10 years after vaccination (in the
third row in Table 2). In order to compare
the vaccine-induced immunity with that fol-
lowing natural infection, 29 naturally infected
children who had shown typical clinical mani-
festations of vancella 7 to 10 years earlier, were
bled and received the skin testing against

Pre

NDtt ND

2<2

<2 2

<2 +

16<2

Interval
bet\\. een

vaccination

and onset
of varicellaPost

3 yr
10 ino

+ itTo

7 ino

7 ino

Place of

exposure

Signs and
symptoms

of \, aricella

Family
School

School

School

School

vancella-zoster virus (VZV) antigen (Kamiya
at a1. , 1977; Asano at a1. , 1981). T'he seroposi-
tive rates were 97.4% in the vaccinated chil-
dren and 100% in naturally infected group.
The G^!ITS were 9.7 and 10.5, indicating no
significant difference in both groups (Table
6). Both groups were also evaluated for cell-
mediated jinmunities by skin testing to \IZV
antigen. Positive rate of vaccinated group was
97.37, and 96.6% in naturally infected group.
Alean diameter was 13.4 mm in the vaccinees

and 12.9 mm in the naturally infected group
(T, b1.6). Th. pus^ibl, .xplanati. us for' I, rig
lasting immunity Induced by the inoculation
of the Oka strain of live vancella vaccine are

as follows. Probably, the most important point
is the attenuated Oka strain has an excellent

So many studies fornature.Immunogenic
human immunization with this strain, so far

reported, seem to strongly support this ex-
planation. Furthermore, this excellent jin-
inunogenic nature of the Oka strain has been
shown in the animal experiment (Asano at al. ,
unpublished data). Setoconversion rate and
the persistence of antibody after primary in-
oculation of animals with cell~free virus pre-
paration, and secondary antibody responses
after challenge were compared between rhesus
monkeys which received the attenuated Oka
strain and the animals inoculated with the

KMCC strain. The latter strain was developed
as candidate strain for human immunization

by NefT at al. at AISD in the United States

Moderate

Very mild

Vet^ mild

Very mild

Ve, , mild

Con-
firmed

by
doctor

Yes

No

Yes

Yes

>
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TABLE 6. EUn/Motion of humoi'n/ rind cell-
Miedinted Inni?, 1147aiti8S to "Once//n-zoster' o1','!, S

10 years nite, ' viacct?tall0" o7' ?initt, 'o1 IN/ecti'on

Age (meantSD)

Age when Immunized or Infected

(meant SD) 4.2, .2.9 4.3t2. I

FAMA antibodv

% Positive (24) 97.4 100

GMTtSD (loglO) 0.97t0.37 1.02t0.31

Skin reaction to VZV antigen
% Positive (>5 mm) 97.3

Mean diameter t SD 13.4t4.9

Number Vaccinated

38

12 .I t 3 . O

NaturalIv
infected

29

(Nel{ or a1. , 1981). In tliis experiment, batter
Immunogenic nattirc of the attcnuatcd Oka
strain was shown when compared to that by

th. KMCC vialn (A^an. or a1. , 1983, ). An-
other explanation is that antibody, level in the
vaccinated children was, in part, maintained
by subclinical infections due to contact ex-
POSures. This explanation has been already
proved in the studies reported previously, in
which naturally immune person (Caunt and
Shaw, 1969) or vaccinated children (Asano and
Takahashi, 1977; Asano at a1. , 1977a) showed
secondary antibody, responses without symp-
toms of the disease after contact exposure.

13.3 t 3.3
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