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uMMARY The combined use of 1</11ed and live (K & L) measles vaccine \\, as found
to be Improved by adopting the method of inhalation, in place of injection, of

live vaccine.

As a result, even \\, Ith quite a high antibody titer due to inoculation of killed measles
vaccine, a further increase was obtained after inhalation of live vaccine

INTRODUCTION

Under the present conditions the combined use
of 1</11ed and live measles vaccines seems to

afford the best method for mass immunization

agarnst measles. in this method, pre-treat-
merit \\, ith killed vaccine reduces the clinical

reactions induced by subsequent inoculation of
live varcane, and does not affect the antibody
response

However, there Is a great difference in the
response of different individuals. The anti-
body titers observed following inoculation with
killed vaccine were very variable while the
clinical reactions to live vaccine varied from

severe to negligible. Generally speaking, when
the antibody, titer following Inoculation with
killed \, accine \\, as high, the clinical reactions
following subsequent inoculation with live

vaccine were low, and \, ice versa, (OKUNo at a/.,
1965).

Thus an attempt \\, as made to develop a
practical method for use of live vaccine which
would maintain a high antibody titer following
Inoculation with 1<illed vaccine and \\, ould also

evoke a sufficiently large antibody response.
For this purpose, the inhalation method, which
had previously been employed for inoculation
of live vaccine, was tested for use in the coin-
bin. d mathod with kithd and lire (K & L)
vaccines

it was found that the inhalation method al-

ways caused an increase in antibody titer it-
respective of the degree of the antibody re-
sponse following a single inoculation of killed

Similar results had not previouslyvaccine.
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been obtained with any method for injection
of live vaccine. Thus, \\, hile a high antibody
titer was maintained following inoculation of
killed vaccine after a subsequent Injection of
live vaccine there was generally no elevation of
the antibody titers. However, the special
feature of the inhalation method with live vac-

cine \\, as that a general increase in antibody titer
was observed.

This paper gives experimental data on the live
vaccine inhalation method

MATERIALS AND IVIETHODS

I . Vncc, ,Ie

The following three killed vaccines used.
42.28A. Plain fluid vaccine

B. Plain \, accine concentrated \\, ith

42.85ammonium sulfate

43.18C. Adju\, ant vaccine
(Precipitated \\, ith aluminium phosphate)

The vaccines employed \\, ere prepared at the Kan-
onji Institute of the Research Foundation for I\Ticro-
bial Diseases of Osaka University. Vaccines A, B
and C were used in the field trials of the Committee

for the study of measles \, accine as No. I, 2 and 3
respectively in 1964

Biken \, accine Lot 17 was used as the live vaccine

The AEL values obtained were corrected for the

results of simultaneous tests \\, ith reference vaccine

and geometric mean \, a!ues of triplicate tests \\, ere
taken as the potencies of the \, accines

3. adj, rill, 'strnti'o11 lifethod

Killed vaccines A and B were injected subcutane-
ously in 1.0 nTl doses and killed \, accine C was in-
Iected into three groups in doses of 0.5,0.3, and
0.15 inI, respectiveI},

The Ii\, e \, accine was always given by inhalation
using a routine type compressor (Nissho-type) with
a newly devised nebulizer

2. Test qf pote, Icy qf Innctibnted uricci, res
The antigen extinction limit (AEL) of the \, accine

was determined b\. the mouse potency test \\, ith a
3 week interval between intraperitoneal inoculation
and bleeding (TOYosHiMA at a/., 1965)

4. Prtcci, intro, I schedi, Ie

One hundred and forty-five children without any
history of measles Ii\, ing in the H housing project
were used as test subjects. Three \\, eeks after one
of the three 1<1nds of 1<n!ed vaccine had been injected
into the children, live vaccine was inoculated by
inhalation

Neutralizing (:.;T) antibod\, \\, as nTeasured in
blood specimens on the day of inoculation \\, ith killed
vaccine (pre K), on the day of inoculation \\, ith live
vaccine (post 1<), and four weeks after inoculation
with live vaccine (post L). The schedule is as fol-
10\\, s

1964. Sept. 16th
3 \\;eeks

TABLE I Febi'tie ,'errctt'oils In o10"ps A, B and C 10/10zci'rig lice uriccz'"e allocu/at 20n

Killed
vaccine

group

A

B

C

(0.5)
(0.3)
(015)

No
vaccinated

00 : Killed \, accine injection
O : Live \, accine inhalation
O : Tests on blood specimens

(Hamakoshien 2nd trial)
Requests \\. ere made to the children's mothers so

that they might describe clinical data in detail as to
the pertinent Items

27

26

92

20

29

43

No. Exam

co

Total

No. of

subjects
with fev

(%)

82

Oct. 7th Nov. 4th

4 Weeks

23

20

63

13

19

31

145
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o

19(83)
14(70)
31 (49)
5(38)
8(42)

18(58)

64(60)

Average
Max

Temp

Children who had febrile reaction

106

o

38.9

38.8

38.4

38.7

38.1

38.5

> 39.0 'C
(%)

8(35)
7(35)
5( 8)
I( 7)
I( s)
3 (10)

20(19)

> 39.5 'C
(%)

3(13)
5(25)
3( 5)
I( 7)
o( co
2( 6)

11(10)

Duration
of fev

(days)

2.6

2.0

1.7

1.8

1.6

1.7



RESULTS

I . Chill'Cd/ redc/,'Oils

Inoculation \\. ith 1</11ed vaccine did not have
any notable adverse effects. The clinical re-
actions following live vaccine inoculation sub-
sequent to 1<illed \, accine in DCulatioiT are sum-
inarized in Table I .

In general, the combined use of killed and
live \, accine caused less clinical reaction than
live \, accine alone, though it did cause a fever
of more than 39.0'C in some children

In general when live \, accine \\ as inoculated
after injection of killed vaccine (A, B or C)
childreiT receiving vaccine A had the severest
clinical symptoms, followed by those receiving
B and C, which indicates the order of the po-
tencies of these \, accines. Though no marked

difference in the potencies of B and C \\, as
observed in mice B had a much lower potency
thaiT C in humans

The extent of the inhibition of clinical symt-
toms in children receiving killed vaccine C \\, as
not very great, but depended o1T the size of the
inoculum

2. '11/1'body 1'8spo, Ise
Blood specimens \\, ere takeil from 55 of the

145 children inoculated \\, ith killed and live
The clinical reactions and NT anti-

body titers found are shown in Tables 2 and 3.
In general, the antibody titers after inoculation
with killed vaccine \\, ere low, \\. hile those after
InoculatioiT \\, Ith live vaccine \\, ere very high and
there \\, as as good an antibody response as after
Inoculation \\. ith live vaccine alone.

T, \BLn 2 Resu/is of field 112'n/s on At'//ed and 12'718 711ens/es uriccz'"es I

Clinical symptoms
after L vaccine

Inoculation

Fever Rash

1< vaccine

group
Nantc

vaccines

H. I

A, I. F

Y. T

K. F

K. H

K. H

H. T

H. K

S. T

S. A, I

A, I. Y

Budv

\\'eight

A

10.0

20.0

14.5

15.3

15.5

14. O

14.5

17.0

11.0

14. O

18.0

B

K. S

K. T

Y. S

A. K

A. S

T. A

K. S

S. IVl

K. T

Y. H

16.0

12.0

17.0

16.0

14. O

18.5

12. O

17.0

13. O

14.1

NT antibodv titers

(I, g. )

Post KPre K

+

+

+

+

<0

<0

<0

<0

<0

<0

<0

<0

<0

+

+

+

+

<0
2.5

3.0

2.5

<0

<0
0.5

0.5

Post I,

+

9.5

>10.5

9.0

>10.5

>10.5

+

9.0

8.0

>10.5

<0

<0

<0

<0

1.5

(Home-dwelling group, 1964, Fall, Hamakoshien)

OKUNo. Y. er al. Combi}, ed Use of Measles Pace, ',, es

8.5

<0

<0

<0

<0

10. O

9.5

10. O

>10.5

>10.5

>10.5

>10.5

>10. O
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merits on the effect of injection of live vaccine.it should be noted that children who had a

In one series of the present experimentspost K NT antibody titer of over 2' showed
no clinical reaction but they all showed a mark- (OKUNo at a1. , 1965), out of 31 childreiT with
ed increase in antibody titer following live antibody titers of over 2', many of the 15

children who received injection had no take ofvaccine inoculation.

live vaccine but all 16 cases subjected to inhala-This \\, as not observed in the previous experi-

TABLE 3 Results of field trad/s on Allied and 12be Mieos/es uricct'nes-2

Gr.

C

(0.5)

Name

S. A.

N. H

K. I.

I. u
K. T

Body
weight

11.5

11.5

19.3

14.4

14.6

K. Y.

S. N.

T. F

I. Y

A. I\I

Y. H.

Y. U

K. A. *

O. A. *

S. A. *

T. 0.

T. I

T. I\I.

I. M.
K. i\I.

H. N

K. K.

C

(0.3)

Clinical symptoms

Fever

+

18.5

8.9

12.5

19.0

20.0

Rash

+

+

15.0

16.0

15.0

13.5

15.2

15.8

11.0

15.9

20.8

20.5

14. O

Pre K

NT antibody titers

<0

<0

<0

+

+

+

Pre L

0.5

1.5

0.5

H. N

Y. F

iVl. S.

i\I. N.

Y. Y.

H. H.

T. H.

T. H

Y. K.

Y. K.

T. i\I.

O. K

C

(015)

<0

>05

<0

<0

<0

<0
6.0

6.0

>6.5

<0

Post L

+

2.0

16.8

12.2

11. O

11.5

15.1

14.5

9.5

13.8

25.5

18. O

19.5

15.1

>10.5

>10. O

* KKK had already been administrated in Spring 1964

2.5

>5.5
1.0

<0
0.5

1.0

5.0

5.0

5.5

5.5

1.0

+

+

>10.5

>10.5
9.0

10.0

95

+

84
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<0

<0

<0

<0+

>10.5

>10.5

> 8.5

>10.5

>10. O

>10.5

>10. O

> 8.5

> 8.5

> 9.5

1.0

1.5

30

1.5

+

+

<0

<0

0.5

<0

<0

<0

(Home-dwelling group, 1964, Fall, Hamakoshien)

>10.5

>10. O

>10.5
10. O

9.5

>10.5

>10.5

>10.5

>10.5

>10.5

o

<0

<0
5.5

5.0
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NT titers prior to L. inoculation

FIGURE I Comparison of the LV injection and
inhalation methods following 1<V inoculation on
the basis of increase in antibody titers (only > 22
listed)

example, at an 1.1T antibody, titer of 2' follow-
ing inoculation with killed vaccine no case sub-
jested to live vaccine injection had a take (Fig.
I) but all cases subjected to inhalation showed
an increase in antibody titer. In two field
trials of the inhalatioiT method \\, ith live vaccine
all 80 children showed an Increase in their

antibody titer following live vaccine inhalation
(T^b1, ^ 2,3 and (OKUNo at at. , 1965))

The question arises of \\, hy inhalation is
better than injection. Probably the reason
is that the NT antibody in the blood following
inoculation of killed vaccine neutralizes the

attenuated measles virus resulting in no stimu-
Iation of antibody producing cells after injec-
tion of vacdne. But even in the presence of
NT antibody in the blood following inoculation
with killed vaccine the upper respiratory tract
cells seem to be infected by inhalation \\, ithout
disturbing the invasion and multiplication of
the attenuated measles virus. Additional data

are no\\, being studied to confirm the advantages
of adoption of the inhalation method for measles
Immunization.

It is suggested that in practice, following two
injections of killed vaccine, live vaccine should
be inhaled, in this \\, ay, most children will ob-
tain sufficient immunity \\, Ithout developing
clinical symptoms. Since the immunity thus
obtained is an infection Immunity, it will
probably be solid and durable, but further
follow-up seems necessary to confirm this point.

.

L. injection .:}j;-53%
L. inhalation o:1%;-100%

tion had a take \\, ith a good antibody response
(Fig. I).

DISCUSSION

Three field trials \\, ere made of the combined
use of killed and live measles vaccines in 1964.

Two of these trials were made on inhalation,
and one on 11Tjection of live vaccine.

it was found that while the serum antibody
titer was maintained at a very high level injec-
tion of live vaccine resulted in no antibody
response. However, following inhalation of
live vaccine these high titers \\, ere greatly
increased, reaching almost the same level as
after live vaccine alone or during natural infoc-
tions with measles.

The difference between the live vaccine in-

jeerion method and the inhalation method was
enhanced when the antibody titer following
inoculation with killed vaccine increased. For
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