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IMMUNIZATION AGAINST RINDERPEST.

I. InrTrRODTCIION.

I little more than two years vinderpest reduced the cattle
population of the Cape of Good Hope by 35 per cent. In the
cighteenth century the disease killed over thirty nmillion cattle in
Germany alone, and not until towards the close of the nineteenth
century was it eradicated from the greater part of Europe, where for
hundreds of years it had bheen the most sertous plague of animals.
In many parts of the world segregation of the healthy and slaughter
of the sick, which had proved successful in Europe, 1s not practicable,
and i Burma and India, and preswmably also in many other tropical
countries, rinderpest remains the most important disease of cattle.

During the last forly-five vears immunization sgainst rinderpest
has claimed the attention of nwmerous workers and has been the
subject of many publications. The object of this paper is to describe
a dried vaceine which is cheap, safe and effective, and which in the
pasl two vears has been successfully used on over three ¢uarters of
a million cattle.

II. IMMUNIZATION AGAINST RINDERPEST,
(a) Farly attempts with Virus.

From about 1754, attempts to protect cattle were made by insert-
ing under their skin, material soaked in the nasal and ocular dis-
charges of discased animals. With fairly resistant cattle this method
attained a certain measure of success, but in most parts of Kurope
it caused heavy losses. In 1872 the International Veterinary
Couference considered that rinderpest should be dealt with by segre-
gation and slaughter, and that immunization should not be attempted,
thus mndicating that Iittle progress had been made in control methods
since A.D. 69 when Columella, 1n describing a  disease which

appeared to be rinderpest, recommended the segregation of sick
animals.

(0) The use of Bile.

The spread of the disease to Southern Africa in the nineties of
the last century attracted many workers, and from that time dates
the intensive study of the problem of immunization against
rinderpest.

In the South African outbreak Koch (1897) and others [ ldmgton
(1899) Kolle and Turner (1898), Kohlstock (1897), and Theiler (1897) ]
confirmed the claims made by cattle owners for the protective value
of the bile of infected animals. The value of bile was influenced by
the stage at which it was collected, the blood content, and the tempe-
rature and delays to which 1t was exposed before use. The effective-
ness of bile was limited to {wo days and Theiler considered the
immunity it conferred did notl last more than three months. Bile
coutained hoth antibodies and wvirus and by adding glveerine
LKdington (1399) probably killed the virus, thus converting the bile
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method inlo passive immunia.\‘rion lasting only about ten days.

Kohlstock (1897) vecommended virulent 1)100(1 about a fortnight after
the bile. Bile was extensively used during the South Afrvican

epidemic but towards the end was veplaced by the serum alone and
the serum-virus methods. Nevertheless, 11 December 1903 the first
Pan-Afiican Veterinary Conference resolved that failing an adequate
supply of serumn, pure bile should be used for stamping out outhreaks
of rinderpest (Curson 1936).

() The use of Serum.

The protective value of serum from recovered animals had been
noted by Semmer (1893). This was later confirmed by Koch (1897),
Tlheiler, and others, and from that time until recenily the productiou
of immune and hyperimmune serum has been studied by many, and
numerous publications have appeared on the subject 1Typerimmuni-
zation and other means of obtaining potent serum werve adopted in
nearly all countries. Some workers, however, maintained that the
serunt of recovered animals was as good as that supplied by Lyper-
immunized animals.  Edwards (1925 and 1927¢) affirmed that for
the production of potent serum hyperimmunization was unnecessary
and 1n India this process was finally abandoned 1in 1924, He showed
that susceptible bulfaloes given virus and simultaneously sufficient
serum o suppress reaction developed a solid imumunily but their
serum had negligible protective properties. If the quantity of serum
was sufficiently reduced to allow the animal to develop a mild but
decided reaction, including a pronounced temperaiure veaction, the
antibody content of the blood rose sharply on the 18th day, was
sustained until the 36th day, and then gradually dropped until the
60th to the H90th day. No matler how severe the clinteal reaction,
the antibody content of the bloed was not increased.  Iollowing the
work of Madsen (1923) in Copenhagen, Edwards injected intra-
venously the chlorides of manganese, znc, magnesium, barium, and
copper, and pilocarpine and found that °° the salting 2 hours before
bleeding of the serum producers when they are still yielding a good
serum seems to cause them to furnish a somewhat hetter serum : later
when they are vielding a poor serum the salting does not increase
materially the qualﬁ\' ‘of the serum.

Serum protects for little more than 10 days and the cost ot
conferring this transient immunity should restriet its use to areas
where the disease is not endenuc and where caitle movements are
under control, or for immmunizing cattle passing through an infected
area. Bederke (1931) reports 1t little used hecause of had resulis
and Delpy (19352) rightly says that 1t 1s too expensive and the
immunity conferved too transient. Nevertheless n Syria serum
alone is said to be superior to serum-virus and to vaccine (Said 19 34).
There is still a considerable demand for serum, either alone ov in
combination with virns or vacecine. In the Pun‘]vb, for 1nstance, I
1936-37 1t was given to 58,917 animals either alone or with goat
virus (Quirke 1937); and in Kenva in 1934 to 99,245 animals
either alone or with virus (Brassev-Idwards 1936). The number of
doses of serum issued from Muktesar during the year ending 31st

March. 1937, was 1,227,628 (Tayvior 1938).
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(d) The Serum-virus Method.

The earliest iorms of the serum-virus method appear to be those
of Edington (1899) who gave glycerinated bile followed by blood
virus, and Kohlstock (1897) who recommended viralent blood 2 weeks
after bile. Before the end of the South African epidemic this was
replaced by the serum and virulent blood method. and in 1898 Kolle
and Turner recommended serum-vizus simultaneously as the best
method for the control of the disease. Much of the work after this
related to 1nereasing the antibody content of the serum, and has heen
briefly referred to in connection with the serum alone method.

The disadvantages of the serum-virus method are:—
[. the limited viability of the virus,

2. the spread of the disease by starting new centres of
infection,

3. the losses due to protozoa injected with the virus, and
4. the high cost of serum.

Many workers have remarked on the limited viability of the
virus. Hall (1933) considered that in blood the virus remaimned
effective for ouly four hours, and Walker (1921) showed that although
the virus after withdrawal from the animal could give rise to a
reaction 1t did not necessarily confer 1mmunity. In 1929 he
recommended that virulent blood should not be used later than four
hours after withdrawal from the virus producer. 'I'o overcome this
disadvaniage several procedures were tried. One was to obtain the
virus from infected animals in the herd to be immuanized. Another
was to infect susceptible cattle or goats and despatch them to the
scene of inoculation by train or lorry. Blood was sent out on ice,
but even then 1t was not always satisfactory when used within 24
hours (Walker 1929). Edwards (1927a), seeking to overcome the
disadvantage of limited viability by the application of the work of
Kligler and Robertson (1922) on the spirochaete of relapsing fever,
found that in blood diluted with an equal quantity of diluted horse
serum (1:2) and kept in tubes sealed with paraffin wax the virus
retained its potency for 10 days at 37° (*. He, therefore, despatched
the virus in bottles nearly filled with defibrinated blood and sealed
with plugs of cotton wool soaked in parafin wax. Thus packed the
vitrus remained aclive for 8 days. Edwards remarks that ‘¢ the
original richness of the injected blood in virus is, however, a factor
of considerable importance and sometimes the period of survival for
this reason is likely to prove disappointing.”’ Although 1t is not clear
how the quantity of the virus influences the keeping quality, it
appears from this remark that even under these conditions of despatch
the virus did not always survive for 8 days.

The serum-virus method may set up new centres of infection by
killing or causing severe reactions in inoculated animals and Cooper
(1931b) showed that even cattle having a ° blocked-out ”’ reaction
are capable of transmitting infection. Walker (1929) considered
that cattle failing to react may coniract rinderpest from reacting
cattle. Since Kdwards has shown that, provided active virus is used,
non-reactors are immunized, failure to protect susceptible cattle must
be due to the use of inactive virus.
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In some countries the losses caused by protozoa injected with
the virus at times reached 20 per cent. Daubney (1928) mentioned
the logs of 50 per cent. from Babesidae in 18 cattle whose resistance
to this parasite had been greatly reduced by short interval dipping.
In India the serum-virus method 1s apt to cause a flare up of latent
protozoa.

Although von Ostertag (1916) considered that in countries where
protozoal diseases are endemic the catlle inoculated would be immune
to those diseases and therefore the danger of spreading them could
be disregarded, nearly all workers using the serum-virus method have
found 1t advisable either to kill the protozoa in the virus or when
necessary to treat annmals after inoculation. Where large numbers
of animals are dealt with, the disadvantages of post-injection treat-
meni are obvious. Trypanosomes in the blood may be destroyed by
tartar emetic (Carmichael 1926), but it has been pointed out that this
destroys 7. wiear but not 7. congolense. Trypan blue is used to
destroy Babesidae but instead of adding the drug to the blood after
withdrawal it may be injected intravenously to the virus doner the
day before bleeding (Conti 1933). Even though the virus is freed
from contaminanis 1t 1s apt to cause a flave up of latent infections
and for this reason the serum-virus method remains one requiring
observation and treatment of inoculated cattle.

To exclude protozoan contaminants, virus production in other
animals was investigated. That sheep were susceptible was noted by
Galambos in 1861 and later by Koch (1897), Rogers (1900) and
Nicolle and Adil Bey (1902). TUse was made of sheep by von Ostertag
(1916) and Walker and Bradshaw (1925) who observed that they
were not susceptible to the piroplasmoses of cattle.

Edwards in India successfully used goats to cleanse the hlood
of protozoa, wilh what far reaching results will be detailed later.
Haddow, to overcome the rapid inactivation of the virus in blood,
sent it out in the form ot spleen pulp. In other countries goats have
been tried with disappointing results (Kearney 1930).

The evidence on the duration of the immunity conferred by the
serumn-virus method is somewhat contradictory. Some regard 1t as
life long, but Daubney (1930) 1s probably nearest the truth when he
says that in animals guarded against all risks of reinfection the
immunity begins to decline two to three years after the serum-virus
inoculation, and that long immunity 1s due to symptomless rein-
fection.

Banerji (1933) and D'Costa and Balwant Singh (1933b) have
shown that cattle virus aud serum confers a longer immunity than
goat virus and serum.

In Turkey the serum-virus method has been displaced by vaccine.
Tahsin and Richter (1934) and Delpy (1935a) hold that it is too
expensive and the losses caused by it too heavy. Nevertheless many
still consider the serum-virus method to be the best. That it 1s still
widely used even In countries where vaccine has been employed, is
shown by the fact that of 173,881 animals immunized in Kenya in
1934, 98,373 received sermm-virus (Brassev-Edwards 1936).
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IMMUNIZATION AGAINST RINDERPLST.

(e) Vaccines prepared from Killed or Attenuated Virus.

To overcome the disadvantages inherent in the serum-virus
method of Immunization, a vast amount of work has been doue on
the production of a vaceine from the virus killed or attenuated by
exposure to chemicals, such as glycerine, formalin, phenol, {oluol,
and chloroform, either alone or 1 combination, one chemical heing
used 1o attenuate or kill the virus and the second added to preserve
the vaccine.

The virus in the blood proving unsatisfactory for the preparation
of a wvaccine, various organs were examined, and as in the earlier
work somewhat large doses of vaccine were found necessary, the
practice was to 1mcorporate in the vaceine as many organs as possible,
mainly with the idea of increasing the bulk and hence the number of
doses from each animal. Gradually the tendency grew to exclude
the liver and other organs of low antigenie value and those liable
to ¢ontamination, such as the mesenteric lymph glands, so that to-day
many favour using only spleen. The atm of the vesearch worker has
been to prepare easily and quickly at low cost, a vaccine which would
not transmit rinderpest or other infections nor cause undue local
reacltion, vet would immunize rapidly and for a long time and retain
its 1mmunizing properties when exposed to external temperature.
After briefly reviewing the earlier work, the vaccines more commonly
used to-day will be summarized in the light of these desiderata.

The satistfactory results  with  heated hlood recorded by
Gordziaklowskt (1921) were not confirmed. Daubney (1928), Beuton
(1931) and ITall (1933) failed to immunize with blood.

Some of the earliest work on the preparation of a vaccine was
that of Kakizali (1918) and his co-workers, who attenuated the virus
with glycerine and added toluol und other preservatives. 'The excep-
tionally good results reported were queried by sote investigators,
but were later in part confirmed by Bennett (1936), who pointed out
that Kakizaki used glycerine-water, whereas others had apparently
used glyveerine-saline.

In 1917 Boynton detailed the progress of his work, and i 1928
described the preparation of the vaccine finally evolved. He heated
for three hours at 44° (. the minced lymph glands, spleen, liver,
heart, kidneys and festicles to which had been added one-third of the
weight of glycerine containing 0-5 per cent. phenol. Ageing or
altenuation of the vaccine was effected by storage in the refrigerator
for from omne to six months. Ag the immunizing properties of the
vacceine, which had 1o be determined, were lost soon after it was
sufficiently attenuated, the material had to be used soon after the
-accine stage had been attained, and because of the poor keeping
qualities no surplus stock could be kept ou hand for use in an
emergency.  Some of the organs, notably the liver, were added
simply to wmake up bulk and not for their antigenic properties.
Boynton considered that the potency of the vaceine could be varied
by the time and temperature at which it was stored. By killing the
virus with chloroform, Kelser (1927) and Kelser et af. (1927) sought
to overcome the drawback of having to attenuate the vaccine by
storage and subsequently having to test it at intervals for attenuation
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and potency. Allowing for the preparation of the pulp, and the
storage to overcome the irritant effects of chloroform on subcutaneous
injection, Kelser's vaccine was ready for use after three days. The
spleen, liver, kiduneys, testicles and various lvmphatic glands were
used. The dose given was three injections of roughly ten grams at
weekly intervals. Rodier (1928) further altered the wvaccine by
using only spleen, lymph glands and tonsils, and giving only one
imjection.  Kelser considered that cattle could be protected by a
single dose of his vaceine, but that the more susceptible buffaloes
required three or more injections; while Rodier, according o
Kelser, showed that a single dose of vaccine prepared from lymph
glands alone immmunized buffaloes, and because of their greater
susceptibility these animals were given half the dose necessary for
cattle.  This seems to indicate that Rodier was using an attenuated
and not a dead virus.

The value of formalin in the preparation of rinderpest vaceine
has Leen investigated by a number of workers, the carvliest of whom
appear to be Curasson and Delpy (1926), and Daubney (1928).

v 7 . /

The work on Foot-and-Mouth Disease published by Vallde, ("far1é
and Rinjard in 1926 induced Curasson and Delpy (1926G) to use
formalin to kill the virus of rinderpest and they produced a vaccine
by submitting spleen pulp to the action of 1/250 formalin in normal
saline for 48 hours at room temperalure in the dark.

At the same time Daubney (1928) also influenced by the work
of Vallée and his co-workers and by the reports of Bedson, Maitland
and Burbury (1927), was investigating the value of formalinized spleen
as a vaceine against rinderpest. He carried out extensive investiga-
tions and dealt with various aspects of the subject. His vaccine was
prepared by minecing in a Lataple the spleen removed from infected
animals bled to death under chloroform anaesthesia on the seventh day
after moculation with virulent blood. The pulp was mixed with
Tyrode’s solution containing 1/1,500 formalin, and allowed (o stand
for 72 hours at 5© (. The vaceine was given in doses of one gram
and was said to retain its potency for seven days at 5° C. and for
five days at room temperature. Daubneyv remarked that the preserva-
tion of antigenic properties was greatly influenced by the pIl value
of the vaccine. The vaccine was safe but to be effective had to be
used soon after preparation.

Many publications have appeared on the subject of formalinized
tissue vaccine. Investigators have varied slightly the concentration
of formalin used and the period and couditions of storage. A solu-
tion of 0-01 per cent. formalin appears to attenuate the virus more
rapidly than exposure to bodyheat, so that up to 97° I¢. the conditions
of storage do not influence the rate of altenuation. Formalinized
spleen pulp has been employved in doses of 1 gram (Daubney 1928):
3 grams (Hall 1930); and 20 grams (Jacotot 1929).

To increase the value of formalinized vaccine Prunier (1931)
added castor o1l and Cuarasson (1931) added tapioca.

Benneit (1936), following on the work of Kakizaki, prepared a
vaceine by adding double the weight of G0 per cent. glycerine-water
to minced spleens, the spleen being removed °° from cattle plague
patients at the height of an acute febrile reaction ', and storing for
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three days at 37° C. or for three months at 0° (.  The vaccine
retained 1ts immunizing properties for one month at 37° C. and for
one year at 0° C., and in doses of one gram spleen pulp per 100
kilograms was claimed to immunize for about eight months, the
immunity being developed within three days. The temperdture of
storage Is unpmmnt as it 1s the tenlpelalure and not the glycerine
which is said to attenuate the virus,

Boynton (1928) stressed the delelerious effect of impure
glycerine, Daubney (1928) noted the deterioration of formalin by
polymerization, and Walker (1929), who remarked on the variability
of the antigenic value of spleens, advised that for vaceine plep(uatmn
several hpleellh should be pooled and tested for potency before use.

Dried vaccines.—Aundrievsky (1931) immunized cattle with a
vaceine prepared from dried spleen and glands emulsified in formalin-
saline.  Curasson (1931) dried the tissues In vacuo over sulphuric
acid and after storing at room temperature for a month the material
was used 1n doses of 2, 4, 6 and 8 grams. Jucotot (1931) used dried
spleen stored for a month at room temperature, and this in doses of
one gram, without the addition of antiseptic, gave immunity in one
month. Robles and Generoso (1930), working in the Philippine
Islands, prepared a dried rinderpest vaccine from the pulp of spleen,
Ivmph glands and tousils by storing at 0° to 8° (. in a desiceator
over calecium chlovide. After 3 to 5 weeks drying it was used as a
vaceine 1n doses of 1 gram. The method of washing and mincing
was somewhat lengthy and tedious and the vaccine took at least three
weeks to prepare.  After 84 to 91 days in the ice chest it conferred
only a very low degree of immunity, and became avirulent in less than
seven. days at room temperature. They say it is *° impractical to
send vaccine in fragoient form to the field, since its preparation for
use would necess HIIV be done under d(k‘t‘]\f‘ field conditions involving
too great a danger of contamination >’

In a second article (1931) the same workers record further pro-
gress and state that delay in drying seems to destroy potency. They
claim that powdered 1inderpest vaceine kept in the ice chest for 275
days suffered no loss n potenc y and that 30 days at room temperature
did not destroy its immunizing powers, but that delaved drying
appeared to be harmful to the nmnunizing value of the vaceine,

To prevent abscess formation formalin has been incorporated in
dried vaccines, either before drying or when preparing the powder
for injection. Andrievsky (1931) exposes dried spleen, tonsils and
lymph glands to the action of formalin water for 43 hours imme-
diately before injection. Delpy (1935Ha) prepares formalin vaceine
and strains 11 through a coarse cloth, using both the filtrate and the
solid residue which 1s first dried in electric stoves. 0-5 gram of the
dried vaceine immunizes in 12 days.

The safety of vaccines, the retention of immunizing properties,
the time taken to confer immunity, and the duration of Immunity
are of great practical Tmportance.

1t is claimed for all tissue vaccines that they are safe in that
they do not transmit protozoa or other blood parasites. It 1s claimed,
too, that unlike the serum-virus inoculation, tissue vaccines do not
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cause severe reactlions and so do not set up fresh centres of infection.
Such claims should, however, be taken to refer only to the cattle
on which the work was carried out and o the countries in which
the work was done. It is conceivable that a vaccine harmless for
fairly vesistant cattle might prove daungerous for more susceptible
animals, and there is evidence that this is the case. Daubney’s
formalin vaccine was perfectly safe 1mmediately after preparation
when used in ast Africa on the cattle of that country, but Cooper
(1931b) at Muktesar found that even four days after preparation
it was still highly infective for hill cattle. In Indo-China formalin
raceine 1s used as it does not spread the disease (le Louet 1932), and
there 1s no record from any other country of tissue vaccine spreading
rinderpest.  Although some vaccines are given in doses up to 60
¢.cms. the local reaction causes no alarm, but vaccines containing
chloroform and toluol are apt to cause oedema and abscess formation
(Andrievsky 1931, and Granonillit and Do-van-Vien 1935).

Formalinized vaceine 1s said {o retain its immunizing properties
at room temperature for one month (Juge 1935); for one month even
in the tropies (Curasson 1934); for five weeks (Missenard and
Zylbertal 1934): for two months (Delpy 193Ha); for ten months
(Tsmail and Zudhi 1933); for two months at 30° C. (Jacotot 1932);
and when dried for six months (Jacotot 1932); and for one year

(Delpy 1935a).

Immunity 1s established in 4 to 8 days (Jacotot 1932); 8 days
(Curasson 1930, Ismail and Zudhi 1933, Delpy 1935b): 4 to 11 days
(Daubney 1928); 10 to 12 days (Curasson 1936): 10 to 12 days in
lahoratory experiments and 20 days under field conditions (Juge
1935) : 12 days (Delpy 1935a); and 15 dayvs (Jacotot 1929).

To accelerate the onset of immunily the vaccine has been given
intradermally, 1t being claimed that by this method the period is
reduced to four days (Curasson and Zylbertal 1934, Ismail and Zudhi
1933). The latter authors recommend that 5 c.ems. of the vaccine be
given intradermally into the the scrotum or lips of the vulva.
Curasson (1930) finds that in infected herds, where the vaccine cannot
be given subeutaneously, 10 c.cms. if given intradermally, produces
immunity in 4 days.  Jacotot and le Roux (1935), however, have
found no advantage in giving the vaceine intradermally.

The duration of the immunity 1s saul to be four months (Juge
1935); five to six months (Missenard and Zylbertal 1934) ; six months
(Jacotot 1932, Curasson 1936): seven months (Ismail and Zudhi
1933): twelve months (Curasson 1930, Delpy 1935a); aboul two years,
and five years when the vaccine 15 followed by active virus (Daubney

1934).

Bennett's glycerine vaceine retains its immunizing properties
for thirty days at 37° C. and for one year at 0° (., and 1mmunizes
for eight months, the immunity being serviceable for all cattle and
solid for most within three days, and solid for all in one week.

The cost of the vaccine is not easy to determine, but where the
vaceine is prepared at the scene of the outbreak from a sick animal
it is negligible. In Persia one calf produces about 200 doses of
raceine, at which rate it is considered cheap, and because of the
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simplicity of manufacture it 1s used in that country (Delpy 1935a).
Curasson (1936), however, considers that the cost of preparing
formalin vaccine in a central laboratory would be prohibitive, and
for that reason prepares 11 al the scene of the outbreak.

Obviously there is no great unanimity in the findings of those
who have worked on tissue vaccines. It would seem that Bennett’s
glycerine vaccine 18 not influenced by the diluent, the rate of attenu-
ation depending solely upon the temperature at which it s kept. All
other chemically treated vacclves depend upon the action of the
agent, and the best in a dose of T gram per 100 kilograms confer an
nunmm‘rv lasting little more than “twelve months established in not

less than one w eel This refers only to fresh vaccine. Benuett's
glycerine vaceine in a dose of 1T gram per 100 kilograms in three dayvs
confers an immunity which lusts somewhat less than vear.  This

also refers to vaceine stored at a low tempevature as although Bennett
claims that even after storage for 30 davs at 37° (', the vaccine ** pro-
duces a very seyviceable immunity 1n all cattle aud a solid tnmunity
in most cattle within thrvee days 77, his protocols do not justify this.
The immunity of only two cattle given vaccine stored for 3 days at
379 C. was tested 3 days after the injection of 1 gram per 100 kilo-
grams and of these one died of rinderpest and the other had diarrhoea
and ulcers 1n the mouth,

Daubuey (1934) obtained excellent results by giving partially
inactivated vaceine seven days after completely 1nactivated vaceine.
He concluded that active or partially active spleen vitus given after
completely inactivated vaccine confers an Immunity serviceable tor
more than five years. This method of mmunization has at least
some of the disadvantages associated with the wse of virus i the
serum-virus nmethod.

Although tissue vaccines are now widely used, in assessing their
-alue one should not lose sight of the tact that such a careful worker
as Hdwards (1927b) could not obtain satisfactory vesults with them,
and at Muktesar this line of research was finally abandoned in 1932
after ITaddow had found that formalinized vaceine was apt 1o cause
fatal reactions and, when 1t was safe, the immunity conferred was
unreliable.  Moreover Mettam (1934) recovds that field results with
formalin vaceine were so unsatisfactory that further experiments
were carried out with other chemicals. Tle apparently had
encouraging laboratory results with the addition of 1 per cent. sodium
tawroglycocholate, normal saline, and 1/1,000 formalin 1o spleen
pulp finely gvound up with sand. One finds also that in 1934 in
Kenya, where Daubney and others did a great deal of work on the
production of formalinized tissue vaccine, ot 173,881 cattle which
received prophylactic rinderpest treatment, (5,607 received vuccine
alone, 9,029 were given vaccine plus virus, 98,373 were given serum
plus virus, and 872 received serum alone (Brassey-Kdwards 19306).

() Goat adapted virus.

Apparently the earliest record of rinderpest in the goat was that
of Jessen In 1836 (Flemming 1882). Others who drew attention to
the susceptibility of this species were Chicoli (1863), Hallen (1871),
and Topacio (1926). Koch (1897) observed no (h&ll”(—‘ n the VIrUus
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maintained in sheep, bul woted some attenuution after five passages
in goats, although even then the virus killed the susceptible South
African cattle.  Hall (1933) effected no atlenuation after 27 passages
iu goats,  Saunders and Avvar (18936) showed that the virus attained
a sufficient degree of attenualion for use as a vaceine only affer
about eighty passages iy the goat. To fix the virus in goats Kdwards
(1927a) found 1 necessary to introduce ** the bovine vivus, hy careful
surgical vperation, on the foetal side of the foetal envelopes in the
pregnant goat . Other workers have not had to resort to this, Hall
(19343 could not maintain cattle virus in goats, losing one strain atler
14 pussages and another afler 27 passages. To Xidwards belones the
credit of realizing the value of the goat for atlennating the virus for
immunizing cattle. e in the first instance suecessfully used goats
io overcome oue of the disadvantages of the seram-virus method of
Immunization, nanely, the injection of protozon with the virus.
Bdwards vreported on the value of coat vivus alone, but did wot recom-
mend the entirve abandonment of the serum-virus method, advising
instead the replocement of serum alone by goat virus plus serum,
and Cooper (1851), after showing that goatl vivus alone could he used,
diud not recommend 1t 1n view of the grave risks mvolved * for a tract
in which the animuals are considerably more susceptible is linble to
be encountered suddenly at anv time ', 1i should, however, be noted
that according (o Baner)t (13933) Bliss i 1922 had 1ecommendad the
use of goat virus in Chroa, and in 1926 Topacio had pointed out the
F(‘(l]l_fl]]i.‘,' (‘)f ihi.“"\ ]l“:‘t]l()(l.

Edwards (1930} observed at Karal the survival of three bulls,
which had been injected with goat blood viius alone by his colleague,
Mr., Menon. Stirling (1992) neted this aud also becane acquainted
wilh the fortunate ervor of hix assistant, Mr. P. 5. Nuir., who while
doing seruni-viruz inoculations gave five cattle goat virus and then
found his supply of serum exhausted.  All five cattle Hved. These
two cases and encouragement from Edwards led Stivling to earry out
a small experiment with goat virus alone, and it is of interest to note
that the four cattle on which the expertient was fried were obtained
on loan from an Indian villager, after he ©* had been induced to make
g wiitlen statement that the experimenis would be carried out ot his
risk 77, This smnall experiment was followed by the injection of 343
cattle and buffaloes, all of which survived the subsequent injection
of huil virus. These appear to be the first experinents on the use of
goat virus recorded in India.

TEdwards (1927a) recommended field workers to prepare their own
virug by the inoculution of iwo goats with Muktesar viras,  Kerr
and Menon (1934) investigated the value of the virus for buffuloes
and for use 1n outhreaks.,  Stirling 1933 remarked on the value of
the virus for cattle " with o relatively high degree of unatural
resistunce 77 but  still  recommended  the well-known  serum-viims
method for immunizing highly suseeptible catile in India and other
couniries.  Stirling’s method of preparing the virus was to hleed the
infected goat on the fourth or fifth dav. He considered female goats
unsatizfactors  as virus producers on aceount of the Dlallity of
pregnant goats to abort.  Almost immediately workers were con-
fronted with their first difficulty, which was to get active virus to the
seene of inoculation. Kerr and Menon (1934 attempied to prepare
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virus in the fleld by infecting virus producers al the scene of inovcu-
lation, but discarded this method because the technigue was beyoud
the ability of field inoculutors.  They, therefore, concentrated on
the use of spleen tissue vaceine, the spleen of reacting goats heing
eut 1uto strips of ubout one grum each, und emulsified in saline imme-
diately hefore injection by grinding in a mortar for half an hour,
specially large needles llelnw ]i-‘tl'llllt‘d for the inoculation. One n(mi
produced hetween 2,000 and 2,500 doses, the dose being (b 01 wram of
spleen.  They injected large numbers of buffaloes and noted severe
reactions only in {hose worked Immediately after inocutution. To
modify this the dose for buffaloes was reduced to half that tor cattle,
But even the use of spleen tissue did net overcome the Iimited
\'1111)1111\' of the virus, and Kerr (1935) records failures on fwo occa-
sions due to the use of inactivated virus. One was due to the vivus
being wsed more than seven days after issue, and the other was during
the very hot month of April, IIe noled specially that if his dose of
0-01 gram for cattle could he hulved, there would he a very big
saving.  Kerr constdered thai increasing the concentration of the
spleen to above one per cent. retarded or prevented lwimunization
“probably due to the more ready diffusion of the thiuner emulsion
e also considered that the virus lived longer in a saline solution
weaker than normal saline, and finally used a half per cent. solution
of sodium chilovide for emulaafyving his spleen tissue: Haddow (1936)
found that the virus in tissue and tissue extracis renmined aciive for
3 to 6 weeks at room lemperature but for nolhing like 1his at incubator
temperature or even at 30° . Haddow (1937) mentions that the
rapid loss of viubility of virus in hot weather is =till "*a cause of
inconvenience 7 and adds that at room temperatwre the virus 1n
spleen 1s vishle for about a month but extracied with distilled water
or normal saline hecomes avirulent 1n ahout a week.  As the tempera-
ture 1= sueh an Important faetor in the viability of the virws, it is
unfortunate that the rooin temperature is not stated.  Muktesar, at
an elevation of ahout 7,000 feet, is comparatively mld the variation
In temperature being given hy Lingard (1%H) as rnm helow 320 1.
to 8G° I, in the shade, and Ware (19 13} states that *° The c¢limate of
the place is for the moxt part of the wvear cold auwd the extreme
temperatures range hetween 17-92 and 87-4° F.”° The time of the
vear, therefore, has an impertant bearing on Haddow’s observation.

Haddow (1933} considers goat virus useful in imported animals,
bt oin indigenous animals the virus vesuscitates latent infection,
which i3 as sertous us vonveyed transmission, The duration of the
immunity eonferred by goat virts vaveine is put at twelve months
(Stirling 1933, Kerr 1935): and at something under three years
(Edwards 1927a).  On the time {aken to develop imunmunity there 1s
very liltle evidence—&iirling (1933} puts it at ** about a week

Vaccines made from cottle virus are safe only if the virus las
heon attenunted. Vaceines made from goat virus ave effective ouly if
the virus is fully potent, In spleen tissue goat virus ix said to he
viable for 30 days at 49° . (Kerr and Menon 1934, Rerr 1935) ; for
(i dayvs at room temperature (Kere 19390 and Jor seven days at room
temperature up to 85 . (Kerr and Menon J934).  Haddow (1934)
found that “ at ordinary temperatures ' at Muktesar spleen tizsues
amd watery extracts of spleen tissues remained virulent for about
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month, and seemed to think that wwder hot weather conditions on
the plaius, the virus remained virnlent for 15 days. Since Kerr and
Menon (1934} failed to immunize with vacelne expaosed to the plains
temperature for six days, Haddow seems unduly optimistie,

ITT. EXPRRIMENTAL WORK CARRIED OUY AT IxseiN,

A study of the Lterature on rinderpest was made during leave
spent at Onderstepoort Lalioratory, South Africa, in 1934 and again
in 1937, and on wy return to Insein in June, 1934, work was coni-
menced by attempting to fix the vitus neurotropically in white mice.
At the same time the vaceine value of an emnlsion of goat spleen in
glycerine-saline was examined, and (o determine the effect of storage
on cattle virus the spleens of cattle were removed at the height of
the thermal reaction and stored at 429 17, for further examination.

Attempts to fix the virus in mice on the lines of the work of
Max Theiler (1930, Sawyer and Tlovd (1931 and Alexander (1933)
were unsuccessiul, and as the resnlts with glycerine-saline emulsion
of goat spleen were unsatisfactory, work on this was soon ahandoued.
Storage of cattle vivus gave promising results and in Mareh, 1935, 1t
was possible to report to the Direclor of Veterivary Services, Bumua,
* there are reasons to believe, from the work done here, that simple
storage will atienuale ecattle virus sufliciently for it to be used ag a
vaceine.”” On the failure of glveerine-saline emulsion of goat spleen,
work had in the meantime heen commenced on a vaceine prepared
from dried goat spleen. The results were so good that the efforts
were concentrated on this aspect of the subject, and all other investi-
gations on rinderpest discontinued.  In March, 1938, however, a
small experiment was done with Bennett's glycerine vaceine.

All experimental work was conducied at the Veterinary Research
Taboratory, Tusein, which is situated in the midst of a thickly
populated area about eight miles from the centre of Rungoon. The
grazing grounds, about fifteen acres in extent, provide grazing for
less than six months in the vear, and are used for all experimental
animals.  The cost of feeding 1s, therefore, high, and represents a
Iarge percentage ol the very small amount granted for Veterinary
Research, TTnder these circumstances experiments can be underiaken
on only a very amall scale and full use must be made of experimental
animals. The experimental work wuas carried out ax funds, animal
accommodation, seasons, aud numercus other duties would permit.

Rinderpest in poats.—1n the earlier experiments, goats were
oblained from the neighbourhood of the Laboratory, hut with the
wse of large nuwmbers 1t wus necessaty to get them from Upper Burma,
As there appears io be no varintion in the susceptibility of goats in
Burma, in the experimental dula their origin is not stated,

Rinderpest in goats has been deseribed by Edwards (1927a),
Stirling (1932), Beaton (1930), Cooper (1931, TTall (19330, D'Costa
and Balwant Singh (1933), and Saunders and Ayyar (1936)  1Hall
wias unable 1o maintain catile virus by passaging In goats, and
thought if gouls were to he used for virus production they would need
to be specially bred and kept free from infection. 1)'Costa and
Balwant Singh observed u breed susceptibility and moted that the
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mortality, which varied with the season and the virulence of the
virus, was from U per cent. o 100 per cent.  Stirling described a
Jug ular pulze, which, in his view, was ull that need he Taoked for in
a virus producing apimal. He noted a mort: ality of only 15 per cent.

The lung lesion, which Hall (1933 does not consider w constand
feature, hax led to the disease heiny confased with contagious pleuro-
preumoni.  Sautders and Avvar (1996) passaged catile virus 150
times through 300 goats and noted no ehange 1 the reaction in gouts.
Attennation for ecattle did not ceeur until after the S0th passage.

No natural infection In gouts has been ohserved by me, Al
Tnsein the Muktesar virus has been passaged 302 times i B11 poats,
obtained from widely scatfered areas in Burma.  No change in the
reaclion has been observed and the lung lesion has been a constant
feature. O the 811 goats, 23 died on the fourth day and all these
had bronchopneumonia.  As all the goats are temperatured for at
leust three weeks before being used for rinderpest purposes, and none
are put into an experiment unless they have run a normal temperature
for at least seven davs, il seems likelyv that the pneumonia was that
commonly associated w ith rinderpest. Small patehes of early hrone ‘ho-
prewmnonia have been seen in several goats slaunghtered for vaceine
production on the 4th day after infeetion. In uudts staughteraed for
vaceine production there i always an enLn,uomeu‘[ of the spleen,
whieh 15 due to the engorgement with hlood and Tivpertrophy of the
Lymphoid follicles.

Of 162 goals in which the discase was allowed to run its course,
86 showed the initial 1ise in temperature on the Ist day alter infec-
#1on; 98 on the 2nd day; and 18 on the 3rd day. The peak temperu-
ture was reached in 3 animals on the lst day: in 1 on the 2nd day:
in 32 on the 3vd dov: in 5 on ihe 4th dav: in 16 on the 5th day:
in 14 on the 6ih day; in 10 on the Tth day: and in 7 of the 8th day.
The rise In temperature after injection of the virus was between
12 und 1-92 F. in 9 goats: hetween 20 and 2:9° F, in 18 goats:
between 39 and 492 F, in 67 gouts: between 49 and £-99 T, 1 Hd
goats; and hetween 5% and 4-6G° in 13 goats. Three goats showed an
indefinite temperature reaciion, and four reacted but survived. The
ottier 155 died, the deaths oecurring as follows:—34 on the 3vd day
after 1nfection, 9 on the 4th day, 13 on the 5th day, 13 on the Gth
day, 20 on the Tth dayv, 15 on the $th dayv, 19 on the 9th day, 11 on
the 10th day, 9 on the 11th dav, 2 on the 12th day, 2 on the 13th
dav, 5 on the 14th day, 1 on ihe 15th day, 3 on the 16th day, 2 on
the 17th day, 2 on the 18th day, 1 on the 20ih day, and 27 between
the 2Ist and 8Gth dayv. Those which lived for some time becawme
very emacialed and had extensive lesions of hronchopnewmonia.

The cartle wsed (v evperiments.—In thelr resistance to rinderpest
the cattle of Burma vary almost divectly with the period that the
areas from which they come have been free from the disease. 1In
these experiments 1he term  Local eafile 7' refers to cattle bought
on the Rangoon muarket, which is supplied from all parts of Burma,
“ Kyaukpyu cattle ' are obtained from the Islund of Mamree, oft
the west coast of Burmua, and have heen convenlently called
* Kyaukpyu cattle ' as they are purchased not far from Evaukpsu
and shipped from that pori. They are small animals, seldom move
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than two hundred pounds in welght, and very susceptible to rinder-
pest.  In appearance awd suse Ppil}nh‘r\' to rinderpest they resemhle
the hill cattle used af the Muktesar Laboratory.

() Erperiments 1wl 2 with cattle virus,

Faoeperiment 1, Table 1.—The passage of catile vivas in
susceptible cattle.—In all experiments from April, 1935, invelving
eatile virus for the testing of Immunity or for any ether purpose, the
Kungyangon strain of virus was used.  This wus obtained from o

natural outhreak of the disease in eatile in the Kuugyangon village.
It has been kepl going on Kyaukpyu eattle which, as hus heen me-
tioned earlier on, have very little rexiztance to rimderpest.  From
Table 1, which gives detatis of the reactions of the cattle used for
maintaining this virus, 1t will he noted that:—
(i} The initial vise in temperature was shown hy—
16 cattle on the 2nd day,
39 cattle on the drd daxy,
4 cattle on the 4th dav,
(11) In the 18 cattle in which the discase was allowed to run
its course, the peak temperature was reached—
on the dh day by 6 caitle,
on the Hth dav by 5 caitle,
on the Bth day by o catile,
on the Sth day by 2 cattle.

{111} The rise in lemperature after injection of the virus was
Letween 29 and 3° . in 3 cattle,
between 3-1°9 and 42 . in 25 eattle,
between 4-19 and 52 F, in 22 cattle,
DLetween 3-19 and 62 F.in 9 ecatile,
The figures include antmals slaughtered on the 5th day.

(iv) Of 59 cattle—
1 recovered,
1% died,
38 were destroved for conservation of the virus,

{v) Of the 18 antmals in which the disease was allowed to run
its conrse, 17, or nearly 99 per cent., died. These figures
should Dbe borne in mind when assessing the value of
Inmunity tests 1u experiments to be described later,

Eorperiment 2, Fable 2—~The effect of storayge at 42° F_ on cattle
virus an the form of powdered spleen dried in vacuo arer caleinm
chioride.—In this experiment two sirains of cattle virus had 1o he
usad.  Table 2 shows that afier 100 days’ storage the virus killed
hoth unimals injected, afier 133 days’ storage it killed one of twe
eattle, and after 177 days it killed none of the three amimals njected.
All the animuals which survived the virns subsequently proved
innnune 1o fresh virulent bleod,  From this it seems that storage at
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422 F. for about six months renders the virus safe and effective as a
vaceine for susceptible cattle.  Bennett (1936) found that spleen
pulp in glycerine-water could be used as a vaceine after thiee months’
storage al 09 .

) Eaperiments 3 to T wilh goot adapted rinderpest virus in the
forie of an cmulsion of splecn pulp in glycerine-saline.

In all these experinents hy ** glveerine-saline 7 s meant equal
volumes of Lest quality glyeerine and normal saline, and in all cases
the spleen was removed from u gout on the fourth day affer injection
with rinderpest virus.

Poperiment 3, Table 3.—Lle riability at 489 F —"The viability
at 429 I, was determined on goats, the Jimit of the test being 231
days, at which period the viris was still viable, Virus stored up to
S0 dayvs provoked a rise in temperature which reached its peak on the
Ard, 4th or Hth day.  After 102 days’ storage hoth the initial rise in
temperature and the peak temperature occurred later.

foeperiment 4, Talble 3. —The vialility at 83° f¢ 86° F.—The
viability at 859 to 862 ', was tested after 3, 6 und 8 days’ storage.
All the goats reacied but allhough the initial rise ocenurred early the
peak temperature was delayved, and this, and the fact thai no goats
died, seemed fto indicate that at 83° to 8G9 18, glycerine-saline
rapidly ettenuated the virus. Al this stage {he use of goats as
cexperimental animals was discontinued.

Eoeperiment 5, Table 5. —The immunizing properiies of varying
quanlities of « + per cent. emulsion of .\-pfpmz.-—"[‘hp more resistant
local cattle were wsed, and given doses of 1, 3 and 4 coems, Of
the ‘[hu-e animals which guve no reac tiom to ’rhe saccine, one died
and two reacted very severely to the virus. Of the other eight cattle,
which developed milid but delayed temperature reactions to the
vaceine, virnlent blood killed one, caused a severe reaction in four,
a mild reaction in one, and had ne effect on two. TFour c.ems. of 4
per cent. emulsion of spleen gave no more prolection than a quarter
of that quantity. These results were unsatisfactory, but in the meaun-
time experiment number G had heen started.

FEoeperiment 6, Table 6 —The duration of immunity conferred
by an emulsion of spleen pulp in glycerine-saline, —Twoeal and
Kyaukpyu cattle were used. It was originally intended to test the
mmmunity of o few animals at infervals over a period of two vears,
but after the unsatisfactory results obtained at the first DHnmunity
test another lot was tested 1mrmedintelv.  No veaction to goat virus
indicates either 1mmuunity o rinderpest or no protection from the
woat virus. In other words, unless goat virus provokes a temperture
reaction it fails to immunize. On this basis numhers 267 and
of the six cattle given vaccine stored for ten days at 42° . may he
disregarded. Of the other four in this group one gave a good tempe-
rature reaction to the vaceine and did not react to the virns, and three
were killed by the virus, Of eight eattle given vaccine stored for
2 days at 429 F. and two days at 84° to 86G° ¥., the virus killed
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three and produced severe reactions in five, Vuceine stored for 2
days at 42° 1", and 8 davs at 84° 1o 36G° I, protected one out of eight
animals.  The other seven were killed by the virus.

In addition 1o the 22 animals detailed in Table 6, ten other
cattle were inoculated in this experimeni. Two and a half months
after they had been given vuceine, rinderpest broke out antongst
them and killed seven. Before finally abandoning this line of inves-
tigation a last experiment was done.

FEeperiment. T, Table T.—The dmmunizing  properiies  of
() 1 per cent. emulsion tn DY per cent. glycerine-saline, (b)Y | per
cent. emulsion ‘u normal saline, after storage for (1) Fice days af
420 K. (1) Fiee days at 329 F.—In this experiment the moere
resistant local cattle as well as the susceptible Ryaukpyu cattle were
used.  After five days at 429 I'. both emulsions provolked temperatare
reactions, but only two of the eight animals showed no reaction to
the subsequent injection of wirulent blood. The vaceine stored for
five days at 822 F. caused a temperature reaction in seven of the
elight cattle. The eighth animal gave no reaction to virulent blood,
s0 was presumably Tinmune when it was given the vaccine. (3 the
seven reacting animals, four gave no reaction to virulent blood, two
guve tuild temperature reactions. and one reacted very severely.

The results obtatned 1n these experiments showed that an
entulsion ol goat spleen 1n normal saline or in glyeerine-saline had
little protective value. It 1s possible that during the preparation
of the vaceine the virus was attenuated, but careful cheeking up hax
failed to reveal any likely source of evror. The goats which supplied
the spleens alse supplied blood for the passage of the virus, and for
thiz purpose were hled immediately before heing killed for removal
of the spleen; so it may be eoncluded that the spleen on removal
from the goat contained viruleat vivus,  Walker (1929) pointed out
the low antigenic value of certuin spleens, but as three different
spleens were used in these three experiments, it is unlikely that all
three were low in antigenic vulue. Boynton {1928) remurked on
the necessity of using only good guality glveerine in the preparation
of rinderpest vaceine, asx poor guality glycerine causes rapid deterio-
ration of the virus. Although only glycerine of the hest quality was
used, it might have heen affected by this tropical elimate. Tt is,
possible, however, that the virus, greatly attenuuted for eutile by
passage through goats, 13 s1ill further weakened by glveerine. What-
ever the rewson, these experiments rule out the peossibility of =«
satisfactory voecine Leing prepared in this manner for use in Burma.
Altention was therefore directed to the properties of virus in the form
of dried spleeu.

{e) Eeperiments 8 to 17 with goal adapted rivderpest vivus (n the
Jorm of spleen powder dried iv cacwo over ealeom chiloride.

The coats supplying the spleen for use in these experiments were
keilled on the fourth day affer injection with virus., The spleens were
immediately minced in a Tatapie and the pulp dried in a desiceator,
in which 11 was kept at 42° I, for 24 hours. For euch experiment
the pooled material from not less than three spleens was used.
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FEoperiment 8, Tabie 8. —The vichility ar 42° F.—The viability
at 420 17 was determined at varving intervals up to 231 davs. Ihs-
regrurding for the moment the goat given material stored for 192 days,
the reactions from virus stored up to 41 duys were very similar to
those provoked by fresh virus: the initial rise oceiwnred on about the
Jrd day and the peak temperature was reached on the Hth or Gth duy,
After 41 davs' storage the nitial rise was delaved and the peak
temperature was reached mueh later.  This delaved temperaturve
teaclion may be inferpreted as indieating attenuuation after aboul
five months' storage.  Similar results at the same femperature were
obtained with goat viras in an emwulsion of glyeerine-saline, though
in this case attenuation seemed 1o oreur in less than Four months,
while cattle virus in the form of dried spleen becanme attenuated in
just abowd the same time as dried goat virus (experiment 2y, There
ute, thervefore, erounds for thinking that alihough passage 1n gouats
has attenuated the virus for cottle, 10 has not changed s resction
1o sforage at 420 |7,

Foperiment 9, Table 9 —The viahility ot 85% o 899 F —This
was determined on gouls awd was unfortunately not carried to its
conclusion.  As far as it went the experiment showed that the virus
survived 13 days at 839 10 892 V., and even after this period the
initial #ise in temperature and the time taken fo reach the peak were
well up to the average for fresh virns,  Expernent 4 showed that
at 839 to 362 1. glyveerine-saline rapidly attenuated the virus. The
conclusion was drawn that the vivus is preserved longer in the form of
dried powder than as an emulsion in glycerine-suline, and having
artived al  this conelusion it was  dectded 1o investigate the
intmunizing properties of (red virus. and in thix and all future
experiiments cattle were used.

Foeperivent 10, Table 10—The wiahdity and dwnunizing
praperties of dreied spleen vivus ennlsified i norinal saliie.—XNeither
four dayvs at 429 K. nor four days at 792 1o 819 F had any deleterious
effect on the antigenic properties of the virus emulsified in normal
saline.  As storage for four days af 799 to 812 . had no ill effect on
the virus 1t seemed practicable to despateh vaceine in the form of
dried spleen to be emulsified swith normal saline on the day of
mjection,

Eoperiment 11, Table 11 —~The Jfmnivnizing properties of diied
spleci virus after storage for (100 5 days af 429 F . (13) § days at 82°
F.—Tor each period of storage two Kyaukpyu and two local cattle
were used, each receiving (00 gram of dricd spleen. Al reacted to
the virus and all proved iimnune (o virulent cattle vitus,  As these
two small experiments had shown the nndoubled antigentie properties
of dried spleet, emulsified 1n normal suline, another xmall experiment
was carried out to defermine the effect of exposure {o n temperaiure
of 979 I,

Foperiment 12, Table 12, -The effeet of storage at 97° £ on the
riability and antigeaic properties.—Three caltle were given virus
stored  for 4 days and 3 cattle were given virus stored  for
5 days.  Three davs at 979 . had no deleterious effect on
the virus, but affer 6 days at 97° I, the effect was marked, only one
of three cattle being immunized, FExperiments had now shown that
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very small quantities of the virus immunized and that o temperature
of 97° 1% rapidiy destroved the antigenic properties of the virus.
Many pareels of vaceine despatehed to the field would for hours be
exposed to a temperafure of 97° 1. or higher, and as it had heen
shown that atter 6 days at 979 F. the vaceine was unreliable as an
immunizing agent there seemed to be no object in investigating the
viability of the vaccine at room temperature, which wonld he in the
neighbourdhaad of 83° . It seented more 1mportant to gain infor-
mation on the optimwm ameunt of virus requirved to confer immuunity,
and on the possibility of despatehing vaceine packed in Ice.

Foperiment U3, Table 13, —The optimuwi inomnnizing dose of
dried spleen cirus—Iive pairs of caltle were given guuniities of
dried spleen decreasing from 0-1 to O-0005 gram. All ten animals
were immunized so that it was coneluded that O-0005 gram of dried
spleen was sufficient to immunize cattle. Observations, detailed
elsewhere in thix paper, had been made on the rate of 11se of tempera-
ture in ice-conlaining thermos jurs. An experiment was now under-
taken to determine the behaviour of the virus under what were
considered adverse field conditions,

Foperiment 14, Tabie Y.—The effect of adrerse field conditions
an dried spleen virus.—To reproduce adverse field conditions virus
was packed in a thermos jor of Tee and placed in an incubator at
47° 1.  Three days later the ice was replenished. The jar was
replaced in the Incubator, and the virus tested at infervals com-
meneing with tie sixth day, i.e., nine days after the thermos jar was
first placed in the ncubater.  This procedure was adopted because
most of the vaccine would e used later than three davs after despatch
from the Taboratory.  More animals than necessary were put into
thix experiment, which was regarded as of considerable practieal
importance, beenuse ax it was desirable to use the same virus on all
suimals injections had to be continued until there was no doubt that
the end pont had heen reached. The results show that six dayvs after
the addition of iee to the thermos jur 1he vaceine immunized all four
eattle.  After eight days, of four animals one was immunized, one
was given uo protection, and the other two were given some degree
of tmmunity,  After ten davs, one of four animals was protected.
Ohservations showed that in thermos jurs confaining ice and stored
al 979 F. the temperature reached 970 F. after four dayvs, so that
actually this experiment confirmed the results obtained in experi-
ment 12.

Koeperiiment 15, Table 15 —The duration of immunity.—Before
the optimum doze of vaceime had been determined an experiment to
give information on the duration of Domunity was commenced and
for this purpose a dose of 0-01 gram of dried =pleen was given.
TLioeal and Evaukpyu caltle were used and their tiumunity lested in
eroups after 319 davs, 429 dayvs and 755 davs. Tt should he noted
that these aniinals were protected from exposure to the disease so
that whatever tmmunity they had was conferred by the vaceine, and
to he sure that this immunity was not reinforeed by unnoticed natural
infection, ten to twenty highly susceptible Kyaukpyu ealile were
kept with the test herd, it being presumed that these susceptible
ammals would show the presence of any natural infection.
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(£ the ten animals in the 319 days group, one developed a vise
i temperature commencing on the tenth day, and nine showed no
reanction.  Unfortunately no contral animals were included in this
group, hut as the virus was obtained from animal No. 527, DPassage
No. 45 1n experinent 1, and dried spleen from this animal was used
to carry on the strain on the 18th November, 1936, it may be pre-
sumed that the virus was active.

(H eight animals in the 428 duys group, one developed a tempe-
rature reaction, the initial rise ovenrring on the 5th day. One of
the other seven unimals did not react to the vaceine and all proved
Lnmune when given virus,

O six animals tested after 755 days the two Kyaukpyu animals
showed mild temperature reactions, the initial rise occurting ou the
Gth day in one and on the 7th day in ihe other. The four local
eattle were immiane, though one of these did not react to the vaccine
and o was probably immune when put into the experiment.

This experiment, which (s still in progress, has so far shown
that the nmmunity conferred by the vaceine lasts for twenty-five
maonths,

Erperinwent 16, Table 16.—The tone taken fo confer fmmunity.
—1In an experiwent carried out in September, 1936, 11 was shown
that imwnnity was established within three davs. A second experi-
ment, done in February, 1933, may be couveniently described as
part of the first,

It is hardly possible to summarize the thermal reactions to the
celne as these were complicated by reactions to the virus.  The
charts show that virus, given before the temperature caused by the
vaceine has returned to normal, provekes a second temperature
reaction, Typical charts are shown in Figure 5.

Ten Kwyaukpyu caftle were given vaecine and thelr lmmunity
determined by the 1njection of cattle virus at intervals varying from
twenty-four hours to eleven days atfer the vaceine. Of those tested
in September, 19:36, three to eleven days after inoculation, one of
each pair was given 0-005 gram and the other 0-0023 gram of
caccine.  The dose given to those tested in February, 1938, twenix-
four to seventy-twe hours after vaceination, was (0025 gram to one
and 0-00025 erant to the other. Both animals 1o the twenty-four
hours group reacted to the virus, one a little more severely than the
other, but both recovered. Tn the thirtyv-six hours group only one
developed mild diarrhoea. None of the animals in the other groups
had either diatrhoea or mouth lesions, indicating that 0-00025 gram
of dried geat spleen protects against virulent cattle virns injected
forty-eight hours later. In the twenty-fowr hours group the animal
which got 0-0025 gram of spleen has a less severe reaction to the
virus than the one whicl got one-tenth that amount, while in the
thirtyv-six hours group the animal with the smaller dose of vacciue
reacted to the virus while the one which got the larger dose suffered
no ill effects.  The experiment shows ihat 0-00025 gram of dried
spleen confers un immuniiy which is serviceable in twenty-four hours
and absolute in fortv-eight hours.
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These snall experiments show thal as o vefrigerant crushed ive
15 as effective as a block of iee: and that the temperature in a guart
thermos Jar filled with crushed lee remains at 329 F. for ot least
2 hours, amd does not reacl that of the surrounding air for ai least
four days,

(Y Oservalions on 1rey Tee (Solid Carban Thoaidey,

Dy dee was obluined from Madras, packed in fnsulated leather
containers and carried in the ship's cold store,  During the 84 hours
in transil the weight of the dry ice decrveased from 114 1h, 1o 45 1h.
Howas then stored at 429 Foamd ai this temperature the daily loss
wus 10 1h., =0 that there was o gradual inevease in the percentage
loss.  On exposare to room temperature, which varied from 753° 1o
332 170, the loss was very rapul. One pound of dry 1ee was packed
1 each of six thermos Jars, which were tightly corked.  Within 24
howrs all the e nall the jars had evaporaded,  Bloeks of dey 1ee,
welghlng twelve ounees, were pu in aluminium tins with serewed-on
lids. A1l the ice evaporated within four hours.

As o refrigerant for the despatelh of dried vaccine in Burma
dry 1ee 15 useless.

IV, Arpnicarion or Exrermiaesrtan Resvers,
() Prepuration of dried goat spleew raceine.

FFor the preparation of this vaccine the goat 1s killed on the fourth
day after injection with goat adapted rinderpest vitus, the spleen
removed aseptically, finely ground and rapidly dried. The material,
which 13 nol tested for sterility or pofency, 15 despatehed inoa thermos
jar of jee. emulsified with normal saline nmmediately before injec-
tion, and used in doses of one pram for 400 catile and one gram for
2,400 huffaloes.  The vaccine 15 used as a prophyiactic measure hoth
in clean areas and o natural outhreaks of the diseaze.  The prepara-
tion of the vaccive will he deseribed in detatl.

(zoatx wre obtained from Upper Burna, where the supply is
apparently inexhaustible, and delivered ut the Laboratory al a cost
of ten shillings each. They are not specially selected, though hig,
healthy-looking animals are taken for preference. It s not possible,
even if it were desitable, 10 obtain only males, and wo mutier at
what time of the vear antmals are purchased kidding is of daily
occurrence.  Pregnant goals used for vaceine production do not abort,
and 1f they did it would not redurce their value. The spleens of
female goats are shehtly bigger than those of males, and the per-
centage of loxs 1o drving is the same.  The average weight of the
spleen of the last 39 femule gouts nsed was 450 grams and that of
the lTust 24 male goats was 499 grams. The loss in weight in deyving
was 76-5 per cent. for spleens of female goats and 77-1 per cent.
for spleens of male goats,

The strain of goat virus originated from Mukiesar and was
kindly supplied by the Divector of Veterinary Serviees, Madras, in
December. 1934 At Insein 11 has heen kept going in goatx either

[l T Lol
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by divect blood inoculations on the day of bleeding, or hy injection
of blood or spleen pulp after storage at 429 I¥, for varving periods.
In the earlier passages virus material from a single animal was on
each oceasion used, but latierly the pooled virus of the vaccine pro-
ducers has heen injected.

The reaction in goats has been dealt with elsewhere in (his
paper. The goals used here are so universally susceptible to rinder-
pest that it seems all wmay be used without refereunce to the lempera-
ture or other reaction. O 615 infected for vaceine production, only
5 were discarded because of what appeared unsatisfactory temperature
reaciions.

The goat is bled to death and the spleen removed as guickly as
possible through the left flank., The only treatment given to the
skin s to elip the hair ulong the lines of invision and remove the
loose hairs with a stift hrush., Tsing sterilized instruments the skin
over the left flank 15 reflected wnd the abdominal contents allowed
to drop down by an incision through the muscular coat in the wmid-
ventral line. the muscles in the flank being then incised without
danger of puncturing the rumen.  Lifting the ribs exposes the spleen,
which is grasped with a pair of foreeps and remioved by snipping its
attachments. A smear from each spleen is examined after staining
for one minute by GGlemsz, and the carcase 1s suhmitted to o cursory
inspection. Of 610 spleens, ten were discurded hecaunse of fibrous
peritonitis, and 14 because the goals had died of rinderpest hefore
the 9Gth hour.

The spleens are minced in o Latapie pulper of 400 ¢_cms capacity,
To preserve the cutting edges the knives are kept in 70 per vent.
alecohol and washed in bhoiled water immediately hefore use the rest
of the instrunient heing sterilized by hotling. The use of the Latapie
pulper ix a little wasteful in that some of the pulp is retained in the
dead space hetween the piston and the grinding surface. Sowme pulp
15 also retained in the system of cuiting edges, but to minimise the
posaibility of mmfection no attempl is made to salvage this material.
The pulp is trausterred to sterilized petri dishes through a short
rubber tube atiached to the outlet of the Latapie

The pulp 1s dried in vacuo over caleium chloride, and for this
purpoge are used a Pfeiffer double stage vaeuum pump, stout-walled
desiceators, with an internal diameter of 9 inches and a depth of
8% inches, and caleium chlovide of goad ¢uality. TRapid dryving of
ihie pulp is attained only hy attention to detuils. The botton of the
desiceator is covered with lumpx caleinm ehlovide and a little white

saseline e rubbed on the opposing surfaces of the lid and rim of the
desiceator after they have heen carefully cleaned. The 1id is well
seated on to the desiceator so as to give un even distribution of the
layver of vaseline. The tubulure and stopeock are alse carvefully
cleaned and vaselined, and the pump connected up with the desiceator
by means of pressure tubing, ('are is taken to keep the pump filled
with an adequate supply of clean oil. These details have been
enunterated as on the few oceasions when assistants reported failure
to dry the pulp rapidiy or completely, this was Jdue to neglect of
one or more of the points mentioned, A petri dish containing the
pulp from ahout one spleen 1s put into a desiceator and the pump
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allowed 1o 1un for two or three minutes.  The desieeator is placed
in a vefrigerntor at 42¢ . and atter iwo hours the palp iz stivred {o
disturh the dry erust ou the surfuce and fo expose the moister material
below. The are is again exhaosted and the desiceator retuinad 1o the
refrigerator,  The {ollowing day the pulp 1z rapidly ground in a
pestle and mortar, and transterred to diawn glass tubes, about
S inches by oineh, from which it = vun inte 2 fnehes by 1 oinch test
tubes, which wie closed with tubber corks and seuled by dipping in
melted paraflin wax. This is done quickly =0 ax not 1o heat the tuhe
ot ils confents. The vaceine i stored 1o these tubes af 429 I In
emergencies {he pulp s more rapidly dried by placing only swmall
gquantities in each desiccator and the vaceine issued within o few
hours of the spleen leing removed from the poot.

Vaccine is prepared weekly, the pumber of goats used being
reculated Ty field requireinents. This procedure was originally
adopted a2 o matier of convenience but is now strietly adhered to
because addow (1834 has shown that 1t 15 not possible (o maintain
ihe goat adapied virus for more than four generations if 1 is stored
at B2 0 for more than ten davs hetween cach passage,

In the eavlier experiments, to make the moxt of limited funds,
wse wis nkvde of whatever material was to hand,  For this reason
the tubes of vaceine were packed in the small aluminium tins wsed
for photographic roll filins.  They were light and of a4 convenient
size. A5 the tins of vaceine were pucked 1n ice 11 was necessary to
nutke thent watertieht, and for ihis purpoze plasticine was used.
With the adoprion of the vaecine for routine ineculation in Burma
it was possibfe to consider an Lnprovement in the packing of the
caceine,  More elaborate tins with serew caps atl eollars and rubber
washers were devised and other methods of preventing the entrance
of water were 1ried but the simple aluminium tin, with slip-on Tid,
which 1= made Tocally very cheaply, and the nse of plasticine, 1emain
the most satizfactors method of packing. A thermos Jar, of two and
half pints capacily, is halt filled with powdered ice, the tin of vaceine
put an this 1ee, and the jar filled with powdered jee, which is tammed
down firmly, The boxes contuining the thermos jars receive rough
handling in transport, and fo guamd against breakages powdered ice
15 used 1o preterence to a single piece of fve. The cork of the thermos
jar 1z aealed with o strip of plasticine, aud the jar packed in
wonden box of such Jdimensions as to allow not less than four inehes
of sawdnst, bran or paddy-husk hetween the jar and the hox. The
packing materinl aets as an insulator as well as o huffer aguinst
rengh handling.  To keep a check on thermos jars 1hiey are nunibered
and periodically {ested.

It i wsual for moculators to mrive af their destination in the
evening and comnenee work early the following worning.  They are
supplied with one hundred eoems. and thivty eoems, bottles, sodium
chloride {ablets, glass pestles and wedgewool mortars, Boiling cracks
a cluss mortar and melts the glue 1n the handle of a wedgewond
pestle, hut does not dumage a glass pestle or a wedgewood maortar,
Tustruments and hottles are boiled the evening before moculafion,
so that the following morning all mstruments are sterilized hut cold,
there 15 no danger of kitling the vaceine in a hot mortar. and there
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1 an ample supply of cold sterile water for the preparation of normal
suline. By the adoption of these simple measures the procedure hax
been made very nearly fool proot, which s a very necessary pre-
caution.

Liach fube contwins about (20 gram vaccine, which is suflicient
for one hundred cattle.  The powder is emptled inte 1he mortar,
saline wdded and the powder rubbed up into a paste.  Morve saline ix
added and the powder is completely emulsified, the whale procedure
taking not more thau 30 scconds.  The emulsion is poured into a
100 coems. bottle, which s fitled up with normal saline and
thoroughly shaken. For buffaloes five c.ems of this vaeelne 1s put
mnto a 30 e.ems. bottle, which is then filled up with normal saline
giving thirty doses of one c.om. each. The vaceine 1s injected sub-
cutaneously, after washing the skin with soup and water. The hair
is not clipped and inoculators are advised not to use any disinfectant,
though 1t ix feared that many still cling 1o the old beliel of the
absolute necessity of scrubbing the site of injection with tineture of
todine or with one of the coal tar disinfectants.  Inoculators are
allowed to wse the spleen powder up to thirty days after despatch
from the Tuboratory, provided the ice in the thermos jar 1=
replenished every three davs, They are not permitied to use it lafer
than =ix days after ire was last added and vaceine not used on the
day emulsfied with noimal salive must he discarded.

0Y The wse of the vaveine (o the field.

When first used in an avea free from rinderpest for 30 vears,
(-1 gram of the vaceine caused a morality of about one per cent.
attle and of about 20 per eent. in one lot of buffaloes, Tt was pre-
sunmed that this heavy mortality was due 1o long freedom from the
disense and the consequent lack of natural tesistance, Tt was then
thought that the dosage could wilh advantage he varied with the
vears of freedom tfrom the disease, and for this reason all requisitions
for vaceine were accompunied by a kistory of the disease in the area
where the cattle were to be moculated. Dosnge was graded aceord-
ingly and used as follows: —

Years area free from Duses of raceine tor
Kinderpest. cattle.

Up to 2 vears ... ... .. ... .. ... 200 doses per gram.

2 te Howvears ... 0 400 doses per gram.

G to & vears ... ... .0 0 0 0 600 doses per gram.

10 or longer .., .. e 1.00MY doses per gram,

A fairly extensive trial showed that the Jdose did not materially
influence the reaction in caitle but that many buffaloes were killed
by o dose which was safe for cattle, The dose was, therefore( fixed
at one grin of powder for 400 cattle, and one gram for 2,400 hulialees.
Jt\]wnmen s have shown thut one-tenth of 1he dose fixed for cattle

5 just as effective, hut the wmain veuson for fixing the dosze at one
aram for 400} (.lﬂlp iz that verv varely, if ever, is this number
moculated in one dav. Tach villager owns only a few animals, so
that even 1f it were possible for inoculators to do niore than 400 in
one Jdayv, this number would not he availuble, Inoenlators have
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Veterinary Deparinent, many of whom are of limited edacation.
Sinee inoall paris of the couutry big numbers o caitle have heen
inoculated without any mertality it i3 reasonable 1o conclude that i
newrly every case death after tnoculation was not due 1o the vaceine,
but to other disenses, or o poverty aml negleet. Enguiry has shown
that n =ome cases povertv-stricken animals, especially buffuloes,
were turned out into the jungle after inoculation and veglected, many
dyving of starvation,  Animals dying in infected herds were reported
as having heen killed by the vaceine, whereas niany probably died of
natural infection.  Nevertheless the figures In the table 1nelude ull
deaths up to about 30 dayvs after noculation, and show a total
mortality of D944 out of 759792 cattle, awd 1380 out of 62474
buffaloes.  During the fifteen juonths ending 3Ist March, 1938, which
excludes the heavy morialily when the vaceine was first intrvoduced,
of H76,782 cattle inoculated, 532 died, and of 42,100 bhuffalees, THt)
died.  As the table 13 based on reporis received from inoculafors up
to the 30th Apiil, 1938, the figures are necessarily incomplete.

() The advantages of 1he raceine.

The vaceine may reasonably be described as cheap, safe, aund
sffective.

Az at present wsed v Burma the vaveine is many {iwes more
expensive than 1t would be 17 wsed 1n the doses shown to be effecuive,
but even so it is estimated that the cost, inclwling goats, apparatus,
packing and freight amounts fo about four <shillings o thousand doses.
The preparation of a vaccine from ecattle would be a hazardous
undertaking in Burma, where the supply of susceptible cattle is
Limited to far away arcas not free from natural outbreaks of ihe
diseuse, so that at any moment one’s supply might be cut off. (foats,
on the other hand, are obtainable evervwhere, and all seem equally
susceptible to the diseaze,  They are, moreover, cheap awd the cost
of thetr upkeep is small,  The Lreakages of thermos jars, which is
perthups the main item in the cost of hottling and despuaich, is sur-
prisimgly amall, and has wnounied to only 12 out of 1,507 sent oul.
There is a great saving in time awd maderial in tubing the vacelne,
as 100 doses can be put into o =mall agglutination fube in a few
seconds, while the cost of transport on o hox of vaceine from the
Laboratory to ibe 1noculators’ headguarters averages about one
shilling.

A eross ortality of less than one 1n a thousand cattle during
the fifteen months ending 31st Mareh, 1933, shows that the vaceine
1s sufe.  Repeated attempts at the Laboratory to transmil the disense
to Kvaukpyu catile by contaet have failed, and field observations
support these findings<.  In each of the Laboratory experiments ten
Kaaukpyu eattle were mixed in o stuall loose box and five given
goat virus,  All the caitle were fed and watered from the same
utensils, and although the inoculated cattle reacted to the virus
and were kept 1n contaet with the test catile for 30 davs these showed
ne rise in temperature and later reacted tyvpically 1o the subcutaneons
wjection of goat virus,
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With buffuloes the postdion iz a little uncertain, Fdwards
(1927h) stated that i India the buffalo s not regarded as particularly
susceptible.  In the Philippines buftadoes are considered wmuch more
susceptibhle than cattle.  In Burma the huffalo s extremely suscep-
tible and inany outhreak of vinderpest o mortality of 100 per cent.
i< expecied, leaving no recovered .lIIllI] als and um~.u|u+'1|1]\ no animals
with any acquired lmlllllllli\ [ethe Philippines it was found neces-
sary fo give buffaloes thiee injections of chloroforn vieeine, as the
tmunity developed from one injertion was Insuflicient 1o protect
them aguainst exposwie (o natural infection.  In Burma ineculators
have reported that drted gool spleen o o dose of 1 eram for 2,400
bulfaloes has al hmes caused severe renctions amd a few deaths.
Spread of the disease (o uninocubided hufalees by contact with
imoculated baffadees has also heen reported. [t ix hoped thatl at
Tusein facilities will soon he available for wark on huffuloes awd thad
then the tmunizaiton of these animals will e further tivestigated.

The vaceine transimits no blood parasites qud eauses no local
reaction.  As only the spleen s used and this can be quickly and
aseptically removed, there 1= little danwer of contaminaiion. 1t
woulld Le otherwise if tonsils ard Iyimph clands were incorpotaled in
the vaceine.  Field work ix somelimes performed amler great dithi-
vulites, and 1t 15 coneervable that contamipation migld ocear during
emulsification of the vaceine in the mortar. On two oreasions at the
Laboratory vaceme was cinlsified (now o small cattle enclosure while
many assisiants intentionally ereated as mueh dust as possible, but
oven then the vaceine produced no local rveaction, Emunlsification
mav alao be effected by prolonged shaking of 1he spleen powider n i
Tottle of normal xaline,  This ix o longer and more tiring process
which does not sati=factorily break ap the spleen tissue, and Haddow
19940 has shown that wadery oxtracis are niech less virnlent than
tisawes.  The use of the mortar has no disadvantoges and with i
vomnplete emulsification 15 effected o 30 seconds,

Fxperinents have shown ithal the vaecine confers immuniiy
which 1+ serviceahle 24 homws and solid in 48 hours, and endures
for ot Jeast two vears.  Ax immnnity is oo Tosting and as that von-
ferred by vaceines can he reinforeed by virus, it s reasonuble 1o
presume that loss of tmmunity is gradual and noet sudden, and can
he veintorced by exposure to nafurval owihreaks of the slisease.  In
extimating the duration of tmmunity, animals which might have heen
exposed 1o mdural infection <hould, 1heretore, he disregarded, and
failure 1o do this has probably contributed to the disagreement on
the subject of tonanity conferred by tissue vaecines aml hy serum-
virus.  Tonomy own work great care was faken to exelade any possi-
hility af immunity heing veinforeed and experiments have s<hown
that the tmmunity lTasts Jor at least twenty-five wonths.  Weports
from the field confirm these Laboratory findings,

Sinee the vaceine ix kepl on dee ifs effectiveness ix assured and
one would expeet field rvocalis to be in aceordunee with Laboratory
experimments. In wany countries fee would preseni an insurmountable
difficulty huat 1m0 Borma it is no handicap. T is available on trains,
teters and ferry boats. [ 05 wade e mosd of the sinaller towns
and procurable in many oul of the wav villages, the piice per pound
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aarying from halt o penny in the larger towns to two pence in the
villages, though in o few distont villages it goes up to as much as
sixpence,  IFFigures 7, 8 and 9 give a good idea of the temperatures
1o which voceine would be exposed 1f noi packed on 1ce.

V. Discrssios,
The ferm % stralus " in connection with rindeipest virus has
been used as o matter of convenience, and shonld not he taken to
wdicate the existence of a plurality of straims. The difference 15 one
of virulence or degree, T have on several oceasions failed to maintain
by pussuge in susceptible cattle sirains obtained from natural out-
breaks of the disesue.  Ume strain of catile virus was mueh less
vitulent for goals than the goat adapted virus which never kills our
moxt susceptible catile.

The cattle of Burma vary greatly in their susceptibility to
rincderpest,  Mention has also been made of this in other countries,
and it is pessible that this variation in suseeptibility and the
difference 1 virulence of strains account for much of the lack of
uniformity reported In immunization against rinderpest.  This 1s
possibly the reason for my failure to confivn the resubis obtained by
Bennelt with his glycerime vaceine.

Although doubt has been cast on the living nature of i least
some of the filterable virnses, there 13 some justification for speaking
of “ attenuation " and “ killed ' in connection with rinderpest virus.
At any rate i1 is convenient to do so.

Curasson {1930y has condemned as useless vaceines prepared
from attenuated virus.  Although killed virus will immunize against
such nfections as herpes. psittacosis and distemper, 1t iz open to
deubt whether any really effective rinderpest vaceine does not contain
living virus, however attenuated, In 1928 Daubnev stuted ** Whether
the reaction to inoculation with vaceines prepared in weak formalin
depends upon the presence of a mintmal dese of unchanged living
virus, the size of the dose being the determining tactor in {he severity
of the veaction, if any, provoked; or whether the virus is in any way
progressively attenuated by the action of formalin without being
actuatly killed, ave problenns that must await selution by further
experiment . Idwards (1925) made o most interesting ohservation.
He stored blood virus at body heat under paraffin. After three months
the virus had become inert for ecafile, but intense passpge through
rabhits hrought bhack its original virulenee for cattle. To view of
the fact that Walker (19249 showed that in blood, vitus hecomes inert
in a maiter of hours, and {hat Kdwards was unable to preserve the
poleney of blood virus for more than eight davs, it would seem that
when apparently dead, rinderpest virus may be only greatly attenu-
ated.  Ou the other hand Shilston (1917) noled that at Muktesar
defibrinated blood remained virulent for 40 davs ut room feniperatuve.

The most lusting tmnimnity 1s that conferved hy virulent cattle
virus in combination with erther immune serumn or vaceine. Tt has
been shown that the inmunity conferred by goat virus and serum is
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not as lusting as that conferred by cadtle vivus and serum. frvesti-
gators have seavched for a vaceine to overcome the amsadvanrapes of
the seruni-virus niethod, Lut while they have gained i cost and safety
they have lost in duwration of Tamunity, Al vaceines prepared from
eattle tissues are tendered safe by <torace or by exposure to ehemicals.
Cven when they have reached the safety stuge they may =till kil
highly susceptible cattle, as was shown iy Cooper (1951, indicaling
that they still contain aclfive virus. In r-nmu-vliun with fissue
vaeeines, osafety U is o purely velative term, o After storage an 420

for five monthx even the most virulent cattle viros lt).\&'.\ s power
to kil suseeptible  eatile,  and instead  tmonunizes the. A
infinttesimal quantity of tully potent viraleni vivus kills o susceptible
anintal bui the more atienuated that vivus hecones the greater the
quantity required to produce a reartion, Some econsider that rinder-
pest virus does not become attenuated and that the effect of sueh
material 1= due to the survival in the injected material of winute quan-
fities of virus, but considering the very minute quantities of viinlent
material required to kill a susceptible antmal awd the regnlanity with
whieh reactions may be provoked by Targe quantities of = attennated
virus, a more reasonable explouadion s that all or vearly all the viros
hus become attenwaded, and that none, or very little, lias heen killedl
Tltix subject is of more than aeadeniic interest as 1f 1t can be shown
experientallv that tissee vaceines depend upon Hving hut atienuaie:d
virus for dheir immunizing effect, the vecessity for not allowing
attennualion to go too far 1« obvious, Phere is no doubd 1hat for coat
adapied virns fo Tmmunize it nrast be fully potenic (001 gram of
dried splecn is an unreliable umunizing agent atter exposure for
aix davs ot B79 F. 0 But even after seven davs at ihis temperature
-5 gram will fnmmize, twdieating that a large guantity of attenu-
ated virus may he socvessfullv substituted for o <odl quantity of
fully potent vivus, Of great practical imiportance is the <hor tine
for which geal virus remains effective at o temperature of 379 17
A small preliminay experiment indicated that by exposure for 1welve
howrs 1o SUS W and 979 1 alternately the vivus hecomes aftenuated
as 1apidly as it does on exposure to a constant fempetature of 979 17,
It s not knewn if the virgs may be attenmaied 1o o required degree
hy exposure tie a temperature of 979 190 and then maintaimed ot this
<trength hy storage at about zervo,

To Burnia during the hoi months of Maeh, Apeil and May
vaceine despatehed to the field is exposed to femperatures of 979 17,
ardd trore Tor many hones cach day and 1o owany pavts durine {hese
months the temperaiure never drops below 85% FO 0 After 6 davs
vaecine stored alfernatively for twelve hoors of 972 1. and for twelve
hovrs at 809 F_o failed to immunize o dases of 0201 gram =0 that
vacerne despatched Tom ihe Laboratory not packed on iee would he
exposed to fairly Ingh temperatvres, and rapidly loze s hmmunizing
properties Ouly with vareine kept on dee can one hope to repraduce
Taboratory results. Fortunately o Burma fee ix easily obtainable
awd for that veason keeping the vuceine on ice presents no diffienliy.
The only alternative to this method of despately is for inoculators to
prepare vaceine as required. Very few of our inoculators conld be
entiisted with this and the proceduze would in any cose meet with
appasition as 1t would offend against the religious prineiples of the
people,
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TMMUNLIZATION AGAINST RINDERDPEST.

V1o Sealawey.

{0y The varions methods of immunizing against rinderpest are
briefly summarized, the use of goat wdapted virus being dealt with
more fully.

i) Bxperiments leading up to the production of o vaceine pre-
i

lmw(l rom dried goal spleen are described.

(3 The dried vaccine is prepared frone the spleen of o gouwt
destroved on the fourth day after mmjection with goat adapted virus,
The apleen ix minced in o Latapie and the pulp rapidly dried in
vacuo over caleium chloride.

() Packed in a thermos Jar of lce, which 15 replenished every
third day, ihe vaceine s emulsified in normal saline immediately
before use, and wsed in o dose of one gram for 400 catile and one
erwmm for 2,400 buftuloes, although expertments have shown that
100025 gram 1s equally effective for catile,

{el Tnmunity commuences within twenty-four hours and s solid
within tortv-eight hours. [t endures for ol least 755 davs, The it
foo which i Tas e far bheen tested.

(FHr HT6.782 cattle and 42,100 Luffaloes were 1noculated during
the tifteen nonths ending A1st Mareh, 19330 The mortality in thew
was -092 per cent. in cattle and 1-78 per cent. in baffaloes. Com-
plete l't!pm‘t~‘. are not vel available, l»uf those received show thai from
Oetolier, 19395, to 31st Marveh, 1938, 759,792 cattle aud G2 474 huftaloes
were imwu].m-(l

y T he apinion iz expressed that lo confer lasting immunity
11\“11:- viaccines must contain Dving virus.
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Fignre 5, —Temperature charts of six Kyaoukpyu cattle given cattle viros soon after the injection of dried zoat
v x K YU ¢ i , s soun _ ] z
spleen vaceine to determine the onset ol mumunity (Kxpt. 16).

A=Bovine 533, Virus given 24 hours after vaccine, DX=Boevine 574, Virus given 72 hours after vacvine.
B=Bovine 567, Virus given 60 hours aiter vaccine, Ii=Bovine 357, Virus given 48 hours after vaccine.
C=NBovine 590, Virus given 36 hours after vaceine, I"=Bovine 135, Virus given 20 hours after vaceine.
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October, 1935, to Mareh, 1932,
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IMMUNIZATION AGAINST RINDERPEST.
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figare 7.—Chart showing the monthly maximam and minimum reom and shade
g E - { 3

temperatires at the Veterinary Wesearch Laboratory, Tusein,

over one year.

A=8hade temperature,
B=Room temperature
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TMMCUNIZATION AGAINST RINDERPEST.
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thigure 9,—Chart showing the daily maximum and minimum shade temperatures
at the Veterimary Rescarch Laboratory, Insein. in January (cold
weather), Apri] (hot weather), and July (rainy weather).
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