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Table 1. Pathogsnic

agents ip hen disezses and

exzanination schedule

Examination schedule and
number of animels examined
2nd and subse-~

Pathogenic agents 1t exem. quent exam. Test *¥
Percent- Percent- used Remarks
Time of age of Time of age of
exam. animals exam. animals
examined examined
Newcastle disease virus 8-12 20 - Every 10 HI A1Y animals
weeks of 3 months including
age positive and
inmate groups
sacrificed. ¥
Avian infectious bronchitis virus " " " " AGP "
Avian leukosis virus (subgroup A,B) " " " " SN "
Avian encephalomyelitis virus " " " " AGP "
Infectious laryngotracheitis virus " " " " AGP "
Reticuloendotheliosis virus " " " " AGP "
Marek's disease virus " " : " " AGP "
Infectious bursal disease virus " " " " AGP B
Avian reovirus " " " " AGP "
Avian adenovirus " " " " AGP "
Haemophilus gallinarum " " " " HI "
Salmonella pullorum " 100 " 100 AGG "
Mycoplasma gallisepticum " " " " AGG "
Mycoplasma synoviae " " " " AGG "
Fowl pox virus - A1l animals examined daily co Animals in the
positive group
. R sacrificed.
Salmonella (other than " " co All animals
S. pullorum) including

positive and
inmate groups
sacrificed.

* "Inmate group" means a group
the positive group.

of animals not completely isolated from

*¥* HT : Hemagglutination-inhibition test
AGP: Agar gel precipitin test
SN : Serum neutralization test

AGG: Hemagglutination test’
CO : Clinical observation
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Table 3. Protein nitrogen content of the dried inactivated tissue
culture rabies vaccine

LotNo. Protein N content % Lot No. Protein N content
1 0.024 5601 0.030
0.008 5701 0.037
0.012 5702 0.023
4 0.029 5801 0.025
5 0.017 5803 0.020
6 0.012 5804 0.024
7 0.012 5901 0.030
5501 0.012 5902 0.021
5502 0.012 6202 0.027
Mean 0.021

¥ mg/m|




Table 4. Potency of the dried inactivated tissue culture rahies vaccine
‘Lot No. 1 2 3 4 5 6 7
Untreated mice -6.84 -6.58 -7.15 -6.43 -6.43 ~6.90 -6.90
LD50 10 10 10 10 10 10 10
Vaccinated mice] -1.82 -1.45 -2.51 -0.81 -0.83 -1.15 -1.23
LD50 10 10 10 10 10 10 10
Potency ¥ 5.02 5.13 4.64 5.62 5.60 5.75 5.67
10 10 10 10 10 10 10
¥ . Expressed as Habel index
Vaccines were evaluated for their neutralizing activity by using the Habel test.

Potency must be at least 10%to pass the test.



Table 5.

Potency of the dried inactivated tissue culture rabies vaccine

Lot No. Potency (A.V.)%
5501 LT
5502 1.0
5601 1.2
5701 1.0
5702 4.5
5801 2.6
5803 10.8
5804 13.2
5901 6.7
5902 5.0
6202 2.4

¥ ! Antigenic value

Vaccines were evaluated for their neutralizing activity
by using the mouse neutralization test. Potency must be
at least 0.3 to pass the test.
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Table 12.

Results of rabies vaccine systemic anaphylaxis tests

(Intravenous eliciting injection)

Test substance fﬁi‘?; No.
Sensitizing Eliciting ing animals Results
injection injection
. " 1 No abnormality
Dried tissue Dried tissue culture 15th dey 2 "
culture . -
N . inactivated 3 . "
inactivated abies vaccin 22nd day I "
rabies vaccine ¥ cine
"
Inactivated 15th day g "
rabies vaccine 7 m
22nd day 8 I
The animals bit their anterior limbs
15¢h day 9 . for 5 minutes after injection, but
they vere resumed normal.
10 " 11
Ina?t;yated_ Inactivated ] .
rabies bi . 11 No abnormality
ige rables vaccilne .
vace 22nd day The animals rubbed their snout, sneezed,
12 paved their ear, bit their anterior
limbs, and showed an abnormal gait im-
mediately after injection, but 10 minutes
later their behavior was normal.
Dried tissue 15th day 13 No abnormality
culture 1k t
inactivated
"
rabies vaccine 22nd day 15
16 "-
The animals rubbed their snout, sneezed,
Jjumped up, showed spasm and paralysis in
17 the back, and lay prone 2 minutes after
injection.
15th day They died next day.
: : The ahimals sneezed, jumped up, showed
g:;ﬁil €quine ggzz;l equine 18 spasm and lay prone immediately after
injection. They died 5 minutes after
injection.
The animals sneezed, jumped up, showed
19 spasm and lay prone immediately after
injection. They died 5 minutes after
22nd day injection.
The animals rubbed their snout, jumped
20 up, showed spasm and lay prone immedi-

ately after injection. They died 5
minutes after injection.

Guinea pigs given the sensitizing injection were injected either 1.0ml of the vaccine
or 1.0ml of equine serum iv as the eliciting injection on ihe 15th or 22nd days. All
symptoms and course to the death for 7 days.

animals were observed the behavior,
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L.D50/ml HA titer

Log
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0 1 2 3 4 5 & 7 days

—0@—— [ |Infectivity ( Suckling mice, i.c.)
===-O----: lemagglutinin titer

Fig. 1. Growth curves of rabies virus HEP Flury strain in chick embryo
cell culture fluid at 35 C



L.D50/ml HA titer

Log
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I
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— ) Infectivity ( Suckling mice, i.c.)
-==0O-=- : Hemagglutinin titer

BPL :0.02%

Fig. 2. Inactivation of rabies virus HEP Flury strain by BPL in 37 C
water bath for 60min



HA titer of filtrate

328 -

B

*®% 1 Virus culture fluid before filtration

Fig.3. Comparison of virus filtration efficiency of membrane filters
manufactured hy 5 companies;
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Neutralizing antibody titer .
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Neutralizing antibody titer
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STUDIES ON THE DRIED INACTIVATED TISSUE
CULTURE RABIES VACCINE FOR HUMAN USE

SUMMARY

KUNTAKT SAKAMOTO

1990
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[nactivated rabies vaccines for humans previously used in Japan include
Semple vaccine prepared from an emulsion of rabbit or goat brain infected
with Nishigahara strain of fixed rabies virus inactivated with phenol, which
was used from 1953-1973, and rabies vaccine inactivated by ultraviolet rays
which was in use during the period 1960-1973.

In 1973, Fuenzalida vaccine was developed. |t was prepared from infected
suckling mouse brain free of myelin, which was culpable for adverse reactio-
ns of rabies vaccine, by treating with phenol or ultraviolet rays. Known as

“Inactivated rabies vaccine ”, it is presently listed among the minimum
requirement of biological products.

The existing rabies vaccine, however, has the potential of producing
adverse reactions, since it is also made from nervous tissue and the
manufacturing process involves no particular step of purification or
elimination of brain substance except for low speed centrifugation.

Therefore, prophylactic pre-exposure application of the vaccine is limited
at present to special high risk situations ( laboratory staffs, physicians,
veterinarians, quarantine station personnel, dog catchers, etc. ).

No cases of rabies have been reported in Japan since 1957 because of
enforcement of rabies prophylactic law in 1950 except for such patients as
became infected abroad and suffered the disease after returning to Japan. In
recent years the number of people who have been in hyperendemic areas
( South East Asia, Middle and Near East, Africa, South America, etc. )
abroad where occasions of rabies infection have been increasing, have

increased.
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Under such circumstances, since 1974 | have made efforts to establish a
dried inactivated tissue culture rabies vaccine for prophylactic use based
on the techniques developed by A.Kondo who was a technical officer at the
National Institute of Health. As a result,_driéd inactivated tissue culture
rabies vaccine for human use derived from chick embryo cell culture
( hereafter referred to as TC vaccine ) was successfully developed as a
commercial product, which satisfactorily met the current requirement for
inactivated rabies vaccine ( hereafter referred to as SMB vaccine ) on
efficacy and extremely reduced the adverse reactions.

The details of studies are presented here along with the results

obtained.

1. Basic studies on preparation of TC vaccine

1) There was no difference in preparing CE cells suitable for large scale
culture among the Dulbecco’s method ( pipetting at room temperature for 2
min ), Bodian’s method ( trypsinizatibn with stirrer at cold room for 60 min

) and Youngner’s method ( trypsinization with stirrer at room temperature
2 times for 20 min each ).

2) HEP Flury strain of rabies virus grown in massive culture at 35 °C and
PH7.8-8.0 had an infectious titer of ldko- 107°5 LD50/ml with an HA titer of
1 : 32-128 at 6 days after inoculation. On the basis of these results the
Gth-day virus culture fluid was harvested.

3) Complete inactivation of virus was achieved by adding of 0.02 v/v 2%

BPL to the virus culture fluid at 37°C for 45 min. For caution’s sake, the
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same procedure was repeated.

4) Filtration procedure could be used for avoidance of microbe contaminati-
on in vaccine production using G company’s membrane filter without virus
adsorption. -

5) The mean protein nitrogen content of the TC vaccines prepared by
ultrafiltration and dltracentrifugation was 0.021mg/ml, or approximately 1/2
in comparisone to the SMB vaccine. The mean protein nitrogen content of the
TC vaccines prepared by sucrose density gradient centrifugation was 0.007mg/
mi, or approximately 1/3 in comparison to the TC vaccine prepared by
ultrafiltration and ultracentrifugation. Since this method has a possibility
of microbe contamination, the ultrafiltraton - ultracentrifugation method
was rather used for concentration and purification of the virus. The varian-
ce of protein nitrogen contents was found among the TC vaccine lots, but it
was not abnormal value as a criterion for external value.

6) The potency of the TC vaccine was ranged between léim-10&75as a Habel
index and between 1.0-13.2 as an Antigenic value, respectively. The
TC vaccine fullfilled the current standard. There was no correlation between
potency and protein nitrogen contents(r=-0.036).

7) When the TC vaccine was stored in a thermostatic chamber for 36 months
at 4 °C, no changes were observed in its appearance, moisture content,
hydrogen ion concentration and potency, and neither abnormal toxicity nor
contamination was seen. When the TC vaccine was stored for 6 months at 37 °C
, there was a slight decrease in potency. However, it corresponded to the

SMB vaccine potency test standard even after 36 months of storage.
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There were no changes regarding items ( appearance, pH, abnormal toxity )
other than potency. The stability of the TC vaccine to the external
temperature was confirmed.
2. Safety and antigenicity of TC vaccine

1) A comparative acute toxicity test of the TC vaccine was carried out
using mice and rats togefher with the SMB vaccine as control. The TC vaccine
, even vwhen administefed in the highest possible dose for mice and rats,
proved not to be lethal, so its LD50/ml was indeterminable. The maximum dose
administered was 120ml/kg intravenously, orally or subcutaneously in mice,
and 95ml/kg- intravenously and 120mi/kg orally or subcutaneously in rats. The
vaccine given in these doses produced no reactions indicative of toxity. The
SMB vaccine as control was administered in the highest possible dose when
given by the oral or subcutaneous routes. No deaths occurred among the
animals so treated, and hence the LD50 of the vaccine was also not
determinable. The SMB vaccine, however, was lethal for some of the mice when
administered intravenously in a dose of 20ml/kg or more, its LDS0 being 30ml
/kg in males and 29ml/kg in females. The vaccine also proved to be lethal
for some of the rats when given by the same route in a dose of 16ml/kg or
more, the LDSO being 23.3ml/kg in males and 21.5ml/kg in females. In this
regard there was no significant difference between sexes in either species.
These results strongly suggest that the TC vaccine can be safely used
in humans, having no serious acute toxicity.

2) Systemic anaphylaxis tests were carried out in order to check the

allergenic property of the TC vaccine. Tests were negative for all guinea
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pigs given the TC vaccine. The guinea pigs given the SMB vaccine as control,
all displayed negative results after a subcutaneous eliciting injection,
but 3 of 4 guinea pigs demonstrated slight anaphylactic symptows after an
intravenous eliciting injection. These results revealed the TC vaccine to be
less allergenic than the SMB vaccine.

3) Eight monkeys were given 10 successive subcutaneous injections of Iml of
the TC vaccine at a site of breast. Three-month observation of local and
systemic reactions revealed no abnormalities. At the same time, the
neutralizing antibody in the blood was titrated by means of the mouse
neutralization test. One (12.596) of the 8 monkeys demonstrated a neutraliz-
ing antibody titer of 1:10 on the 5th day. On the 10th day, the seroconvers-
ion was noted inall the monkeys, and the average level among all the
monkeys was a titer of 1:33. The level increased remarkably and continued
with high level of titer, and a titer of 1:1,770 on day 35. Based on these
results, it was concluded that the TC vaccine had high productivity of
neutralizing antibody and safety in monkeys.

3. Safety and productivity of neutralizing antibody of TC vaccine in
human

One ml of the TC vaccine was injected into 35 adult volunteers (14 males
and 21 females) twice at the interval of 2 weeks, 3 weeks or 4 weeks. To 11
of them the 3rd dose of 1ml was given 6 months after the 2nd injection, and
6 of them were given 1 year and 4 months after the 2nd injection, and a boo-
ster (Iml/dose) was given at proper interval respectively to observe local

and systemic reactions. Changes of neutralizing antibody titer in the blood
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were also studied in these 35 subjects. Flare(9 %:3/35), swelling(6%:2/35)
» pain(23 26: 8/35) and itchiness(6 %:2/35) at the st injection, flare(3l

% 111/35), swelling(3 96:1/35), pain(20 96:7/35) and itchiness(179:6/35)
at the 2nd injection and flare(? %:1/15), swelling(13 %:2/15), pain(7%
:_1/15) and itchiness(7 26:1/15) at the 3rd injection were observed at the
injection site, respectively. However, all reactions were disappeared within
28-72hrs.  Headache in 3%(1/35) at the 2nd injection and in 79%(1/15) at
the 3rd injection were observed , but these reactions were also disappeared
within 2dhrs. However, neither other local or systemic reactions nor an
increase of reaction due to given booster were seen. Besides, 2,447 of Japan
Overseas Cooperation volunteers receiving pre-exposure immunization revealed
flare in 1.126(27/2,447) and pain in 0.3 9(8/2,447) at the injection site
slightly, and only a slight fever(around 37°C) in 0.29%(6/2,447) was
observed as a systemic reaction. Two weeks after the 2nd injection, the
neutralizing antibody titer reached a peek(mean titer=1:27+ seroconversion=
90%6) and thereafter it was maintained for 6 months. The neutralizing anti-
body titer rose rapidly after the 3rd injection, that is, the titer reached
a peek (mean titer=1:125 + seroconversion=100 %) 1 week after the 3rd
injection, and thereafter it was maintained for 6 months. When Iml of boost-
er injection was carried out while the neutralizing antibody was disappeared
» the antibody titer again elevated rapidly 1 week after the injection, and
reached a peek (mean titer=1:98 - seroconversion=100 % ) 2 weeks after the
injection. Thus, the booster injection was determined to be effective

enough. As for productivity of neutralizing antibody with different
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intervals between Ist and 2nd injections at the pre-exposure immunization,
4-week interval was superior than 2-week or 3-week interval. From this
results, the 4-week interval was decided to be the best for pre-exposure
immunization.

Of seventeen persons suspected of exposing to rabies in 8 countries, four
were exposed to rabid dogs, 8 to suspect dogs, 2 to suspect monkeys and 3 to
unknown dogs.  They were given post-exposure treatment with the TC vaccine.
None revealed any sign of rabies infection. Thus, the effectiveness of post

-exposure treatment with the TC vaccine was proved.

The TC vaccine newly developed with-a chick embryo cell culture had less
protein content (0.02lmg/mt), no preservative (formalin or thimerosal), no
serious acute toxicity in mice and rats, less allergenic property in guinea
pigs, excellent induction of neutralizing antibodies in monkeys and humans
and no severe local and systemic reactions in humans compared with the SMB
vaccine derived from mouse cerebral tissue. These results strongly suggests
that the TC vaccine can be used safely and effectively for prophylaxis to
rabies infection in human. Besides, it is considered that the TC vaccine
is sufficiently stable to withstand abnormal external temperature because of
its freeze-dried form ; therefore, it can be used even in tropical areas
where rabies is likely to occur.

The WHO recommends about the dosage and administration of rahies vaccine,
that is, as the first 2 doses Iml each should be given subcutaneously at

interval of 1 month, followed by the 3rd dose of 1ml 6 months after the 2nd
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injection for pre-exposure prophylaxis, and 6 doses of 1lml each subcutaneou-
sly on days 0, 3, 7, 14, 30 and 90 for post-exposure treatment. It was
concluded that the TC vaccine satisfactorily can meet the dosage and
administration of the rabies vaccine recommended by the WHO judging from the
results of potency test and the neutralizing antibody response.

Here, a new type rabies vaccine ( Tissue culture ) which had no severe
side effects and had high effectiveness for rabies prophylaxis was developed
in the long history of the rabies vaccine development which had begun at

Pasteur’s vaccine derived from dried attenuated rabbit spinal cord at 1885.
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