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Vaceination in the practice as a substitute for simultaneous
inoculation will be considered when further data on duration of
immunity is available, Further research is necessary to determine
whether cattle treated with spleen may be sucesstully immunized
later by simultaneous inoculation.

(16) Inactivated spleen extract is still potent 3 months after
preparation. In view of its keeping properties, a large supply could
be prepared and stored.

(17) Variations oceur in potency of spleens. The pulp of several
spleens should be pooled to obtain an extract of high potency, and
each lot of prepared extract tested on its poteney prier to issue,

(18) Further work is necessary to determine whether spleen-
pulp inactivated by a few days at incubator temperature (37 C.) is
as effective as spleen-pulp treated with various chemicals, such as
tolucl, chloreform, formalin: if so, the addition of an antiseptic
which would sterilize the extract of bacterial and protozoal infections
without affecting its potency would only he necessary.

{19y Experiments show that redwater infection is not transmis-
sible by inactivated spleen prepared from a heast reacting to red-
water, but further work 1s necessary to determine the effect of the
various chemicals which have been used for making extracts, e.g,
toluol, chloroform, formalin on anaplasma parasites and period
contact required for these to sterilize the extract of anaplasma
infections. :

Paper No. 6,
PROPIIYLACTIC VACCINATION AGAINST RINDERDPEST.

By RR. Davsyey, M.Sc., M.I3.C.V.8., Assistant Chief Veterinary
Research Officer, Department of Aericulture, Kenya,

Rusvarcnrs direcled towards the preparation of a satisfactory
immunogen from virus-containing tissues have, in recent years, been
stimulated by certain defects in both the serum and serum-viruas
methods of Immunization. These defects were discussed in the
attached paper, and it is not proposed to do more than mention them
here as an indication of the need for further research inta methods
of immunization.

The seruni-alone method suffers from a grave disadvantage in
the shortness of duration of the immunity conferred, and in the
consequent trouble and expense involved by the repeated inoculations
that are necessary to maintain animals in an immune state during
an epizootic.

The serum-virus method, which is adopted by most countries
where the disease is enzootic, involves the creation of new centres of
infection where immunizalion is being carried out. The relative
importance of this factor depends partly upon the dose and titre
of the serum used in the inoculation, amd partly also upon the
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thoroughness and efficacy with which veterinary police control can
be exercised. This is perhaps the most fundamental of the defects
of the serum-virus method from the point of view of the state
veterinarian or the economist, and it throws doubt upon the possi-
bility of eradicating the disease from an enzootic area by this
method. In practice the results of the serum-virus method, 1n this
respect, no doubt largely depend upon the efficiency with which
control of movement can be exercised. Thus in post-war Egypt, in
the hands of Piot Bey, the method proved entirely successful; while
in Eritrea the adoption of the serum-virus method led to consider-
ahle controversy, and it was maintained by some authorities (Ferraro
and Zonchello), that outbreaks arising  as a result of double inocula-
tions were responsible for the continued persistence of the disease
in the territory.

The serum-virus method lahours under further disabilities which
concern {a} the virus, and () the serum. With regard to the pro-
vision of suitable virus the first difficulty encountered is dne to the
poor—or perhaps it would be better to say uncertain—viability of
stored virus, which necessitates the provision of virus-producing
infected animals at the inoculating centres. A second difficulty arises
in connectiou with the transmission by virus, in the form of virulent
blood, of blood-borne infectious diseases; this peint ia discussed more
fully in the previous paper, but it might be pointed out here that
this is a difficulty which is certain to become progressively more
acute as the general standard of steck-farming in a country
improves. So far as the seruimn is concerned, it is the writer’s opinion
that the methods employed at present in the production of hyper-
immune serum are not by any means fully understood, and the results
of experimental work carried out recently cast considerable doubt
on the value of the so-called byper-immunizing process.

It will be evident then that there is ample need for some 1mprove-
ment upon the older methods, and success is most likely to come in
the form of a virus-vaccine which will be free from the risk of pro-
ducing rinderpest either in the inoculated or in im-contact animals,
and which will not transmii protozoan or other infectious blood-
borne diseases. Several important papers have been published guite
recently on the subject of prophylactic vaccination. The paper of
the Japanese workers (Kakizalki, Nakanishi and Qizumi) is briefly
discuesed in a footnote in the accompanying paper, while those of
Boynton (1928) and Kelser (1928) came to hand after the manuscript
was in press.

The earliest attempts at prophylactic vaceination, if we disregard
the anclent setoning and the now discarded bile inoculation, were
probably those of Kakizaki (1918), who stated that he successfully
attenuated virus in blood and spleen tissue by the action of glycerine.
The glycerinated blood or spleen proved completely avirulent when
held at temperatures below zero for eighty days, and spleen tissue
treated in this manner was claimed to retain some antigenic property
for periods in excess of a year. The experiments initiated by
Kakizaki culminated in the Report III of Kakizaki, Nakanishi and
Oizumi (1926). Good results are here recorded from the use of spleen
and lymphatic gland vaccines prepared by the action of glycerine
and toluol, 10 per cent., for periods of from seven to ten days at
37° . There was a noticeable decrease in antigenic value when the
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period of incubation was extended to ten days or more and, in fact,
in a subsequent experiment vaccine retained at 37¢ C. for ten days -
failed to afford any protection. The vaccine prepared by incubation
for seven days was, however, not always completely inactivated,
and there seems to he an insufficient margin between the period
necessary for inactivation and that at which the preparation com-
mences to detericrate. Apparently throughout this series of experi-
ments glycerine was employed for the attenuation or inactivation of
the virus and toluol was usually added as a preservative; iodine and
eucalyptol are said to be roughly as efficacious as toluol in the
preservation of glycerinized vaccine, but ether was unsatisfactory.
The account of the experiments is somewhat invelved and rather
difficult to follow, and it is neteworthy that no conirols for the
virulence of the virus or the susceptibility of experimental animals
were included. Numerous instances of the keeping properties of
the vaccine are given—it 1s stated that the vaccine will keep up to
three and a half years at room temperature—but there are no
experimental data as to the duration of the immunity in vaccinated
animals.

Certain practical experiences with the vaccine are cited at the
end of the article, but the record is singularly poor in detail. As
an example one may quote experience 2, in which it is stated that
7,098 catlle were vaceinated in September, 1924. In April, 192b,
the district in which the vaccinations had been carried out was
invaded by rinderpest, of which there were 49 cases in the villages
in question, When the outbreak had completely subsided in April,
1925, ‘“ among the vaccinated cattle there was only one infected,
which had an abscess in the injected site, while the remaining 7,097
were perfectly protected from this disease.”” A truly remarkable
result, implying as it does that during seven months there was mo
mortality from any canse among 7,098 cattle,

Undoubtedly the record of these experiments is of some value
to other workers, but the experiments are insufficiently controlled and
the results must await further confirmatory evidence.

A second centre of research into rinderpest vaccination has been
the Laboratory of the Insular Bureau of Agriculture, Philippine
Islands. As long ago as 1817 Boynton was investigating the viru-
lence of extracts of organs in rinderpest, and was preparing these
extracts in 0.5 per cent. phenol. Boynton demonstrated the virulence
of extracta of {,iver, voluutary and involuntary muscle, spleen and
Iymphatic tissue, but failed either to immunize animals without the
production of an attack of the disease, or to minimize the severity
of the disease set up. He suggested the use of these extracts in
place of virulent blood for immunization by the serum-virus method.
In 1928 Boynton published an aceount of a method of prophylactic
vaccination, developed no doubt from his earlier experiments on the
virulence of organd, When the tissue extracts referred to ahbove
were held for prolonged periods it was found that after a certain
time virulence was lost, although antigenic properties were still
retained in the case of certain organs. It was next decided to add
glvcerine to the carbolized extracts, and a further modification was
introduced by preliminary heating of the tissues at 44° C. for three
hours.
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Boyuton’s final method of preparation was to take lymph giands,
aﬁleeu, liver, heart, kidneys and testicles, and after washing to place
them in 5 per cent. phenol for ten minutes. The tissues were next
washed with sterile water, and passed first through a neat grinder
and then throngh a special mil{ which pulped them so ﬁna%y that
they could then be passed through a twelve-mesh sieve. The ground
tissue was finally mixed with one-third its weight of pure neutral
glycerine containing .5 per cent. phenol. Apparently the blood of
the vaccine produeers was also added. The emulsion was then heated
at 429 (', for three hours. and finally bottled and stored at e¢old-room
temperature. Boynton stales that liver, kidpey, heart and blood
de not constitute suitable antigen either separately or together, but
that when added te lymphatic tissues and spleen they form a vehicle
which increases the yield of vaccine to uw marked degree; by the
addition of these tissnes the average virus aninal furnishes approxi-
mately six litres of vaecine. It 1s difficult to follow the reasoning
here unless it 18 supposed that the dilution of lvmphatic and spleen
pulp by the iuert tissues is not followed by a decrease in the potency
midex of the vaceine; in fact, blood has heen isearded as worthless
by Kelser in later improvements on Boynton's technique.

According to Boynton ‘° variations in the strength '’ of the
vaccine can be produced by varying the temperature at which the
preparation 1s heated. [leating at 41.5° C. for three hours produces
a vaceine that will give rise ta wmove ur less severe reactions in
inoculated amimals, if it 1s used immediately after preparation, but
which will gradually become attenunated by cold-storage for periods
of three or four wmonths, On the other hand, a vaccine heated for
three hours at 44° to 459 (, is likely to have lost its potency, whereas
an intermediate but slightly higher temperature than that recom-
mended, viz., 43.5° to 44° C. gives a produet that may be used soon
nfter preparation but which rapidly loses its potency; larger doses
of this preparation are required. The vaccine must be tested for
potenecy before issne and retested after heolding iu ecold storage for
any length of time. The duration of the immunity conferred by
the vaccine is not definitely known, Lut Bovnton concludes from
field observations—of which no details are given—that it may last
three vears or longer. He recommends the re-inoculation of adult
cattle at two-year intervals.

Kelser, Youngherg, and Topacio (1928) point oul thal Boynion’s
preparation suffers from the great disadvantage that it must be aged
in the refrigerator for periods varying from one to as much as six
or seven months before it can be used without danger of producing
rinderpest, and that during the ageing process it is necessary to
test it by inoculation at frequent intervals. Onee it has hecome
avirulent it must be used within a relatively shorl time since it
rapidly loses iis antigenic potency, in some cases becoming com-
pletely inert within five or six weeks. In some instances a vaccine
which at one ageing test produced riuderpest had entirely lost both
its virnlence and its antigenic polency before the next test was
carried out.

Au effort was therefore made by Kelser, Youngberg, and Topacio
to evolve a method of preparation which would not he open to these
serious ohjections, and they have heen able to produce a potent
vaccine that can be used within two or three hours of preparation,
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and which retains its poteney in the refrigerator for at least a year.
Preliminary notices of this work were published during 1927,

Kelser’s method is to rinse organs in 5 per cent. carbolic acid
for fifteen minutes, wash in wuater, mince in a coarse mincer and
store overnight at 22 C. The following day the tissue is finally
ground and is passed through a forty-mesh sieve. 1 c.c. of sterile
salt solution is added for every gramme of tissue, and finally suffi-
cient chloroform to make an .75 per cent. concentration. The
vaccine 1s bottled with the usual precautions to avoid contamination
of the mouths of the bottles and is stored for at least 48 hours. The
storage is advisable on account of the irritant effect of chloroform
if the preparation is injectel earlier. Although blood was at first
used in the preparation of the vaceine it was later discarded and
paline substituted. "The tissues used are spleen, liver, and lymph
glands (not including the mesenteric glands), Kidney, and mesen-
teric glands—although it is stated that they furnish a good antigen—
are not uged, on aceount of the frequeney with which hacterial
contamination ia present. Aecording io Kelser’s experiments liver
tissue prepared by his method furuishes a salisfaciory antigen;
particulars are wiven of two animals, numbers 6,343 and
6,344, which were inoculated with three doses each of 10 c.c. of
liver-vaccine al weekly intervals. Tifteen days after the vaccination
was completed these animals were tested by the inoculation of
virulent blood and shewed no reaction whatever, Boynton, the
Japanese workers, and the present writer have independently reached
the conclusion that liver by itself doves not furmish a satisfactory
antigen, and additional experiments with liver vaccines prepared both
by the method of the present writer and by Kelser’s method are
cited below.

Kelser and his collaborators recommend the injection of Lthree
doses of 15 to 20 c¢.o, each at weekly iutervals as a routine wmethod;
this amount corresponds roughly to a total of from 28 to 37.5 grammes
of infected tissue. When a gingle injection of vaccine was tested
on two ecattle it was found that a dose of 25 c.e.—roughly
15.5 grammes of tissue-—protected to the point of allowing a slight
reaction when the animal was inoculaied with virulent blood 14 days
later. The second animal which received a dose of 15 c.c.—rather
more than 9 grammes of tissue—developed acute rinderpest when
tested and would have died, but was killed to conserve tissues. The
vaccine used here contained blood, and Kelser reasonably concludes
that it was only some 75 per cent. as efficacious as the final vaccine
preparation. Vaccine was found to retain its poteney in cold store
for periods of at least oue vear, and further data are promised with
regard to this point.  Rodier (1928) has carried out field expen-
ments upon the possibility of lmmunizing by the single dose method
with Kelser’s vaceine. In a number of controlled observations he
was able to demonstrate complete proteetion with single doses, ranging
from 15 ec.c. to o minimal amount of 4 c.c., when the immunity
test was carried out ten to fifteen days after vaccination. It is note-
worthy that liver was not used in Rodier’s vaccine, but only lymph
rlands, tonsils and spleen. Agairn no data are available as to the
duration of the Immunity.

On reading the reports of these workers together with the brief
record of one test of vaceination by Curasson and Delpy, one ia struck
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by the effort they have made to obtain the greatest possible amount of
information from comparatively few animals in the experiments,
by the general tendency to reduce the number of animals in each
experiment and by the lack of definite observations on the duration
of the immunity, Oune fully appreciates the circumstances that have
forced workers into this position, The chief factors are perhaps the
high cost and the difficulty in obtaining an adequate suﬁpl of cer-
tainly susceptible experimental animals, added to whie tﬁare are
incidental difficulties with regard to housing, isolation and feeding;
indeed the present writer’s own observations bear evidence of the
same desire to cover much ground with few experiments, but on
certain points perhaps they offer more definite data, particularly with
reference to certain field observations on the duration of immunity.

In general, recent experiments of the present writer have been
concerned with the confirmation and extension of the conclusions
reached in the attached paper, and the findings will be collected and
published in due course. It is only necessary to state here that no
contradictory results have been obtained, and to mention one or two
relevant details.

In the first place attention has already been drawn to the fact
that Kelser considers liver a suitable antigenic tissue. As this was
in direct opposition to the conclusions reached by the writer, by
Boynton and the Japanesze workers, tests were carried out with liver
vaccines prepared both by the writer’s methods and by Kelser’s
technique. Table I shows the results obtained in one of these tests,
completely confirming the earlier conclusion that liver does not
furnish a satisfactory antigen.
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Tanik I.—Contd.

VACOINE. Number.

Formalized Liver Vaccine 1/1,000 | X35456
” ”» v X3568
Kelsor's Spleen Vaccine.......... | X3617
"w » PR R R R . Xss-’.“:‘g

” W imemes e X3532

- - A X3524
Formalized Spleen Vaccine 11000 X3529
" i - X3523

" ” " | X36B5

" v o ‘ X3561

Dose Reaction | Interval
of to before Result of Test. Remarks
Tissne, Vaccination, Test. :
i
| —— e — . i I -
By Ml | 8 days.. : Rinderpest........... | Confluent stomatitis, diarrhoea. Severe
reaction 9 daya.
40 N 2 s 2 DR Confluent stomatitis, ete., diarthoea.
Bled to death for virus.
Qg ae eeaearn 16 dayz. | Tmmune,
12:5 | o o [ . "
15+ 254 Y T i
! : S e i Temperature reaction. | Reaction lasting 6 days.  No  other
! : aymptoms,
. 7] PR G | s I'wo morning temperstures of 104° and
' one of 104-4° were registered on the
i Gth, 6th and 7th days. Xo other
! symptoms.
Pole e 3 i One moming temperature of 103° and
one of 103-4° on the 6th and 7th days,
No other symptoms,
(L7 SR Sy woo- , " Three morning temperatures over 103°
on the 5th, 6th, and Tth days. No
i other symptoms.
G-5g S — - x . i Two morning temperatures over 103 on

1 the 5th and 6th days. No other

i symptoms.
|

2!
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A second detail concerns possible variations in the strength of
formaldehyde in commercial formalin solutions. When the experi-
ments were resumed after the writer’s return from leave, nunexpected
temperature rveactions were observed in animals inoculated with
vaceines that had been prepared at the higher concentrations of
formalin, viz., 1 in 1,000, 1 in 1,500. The presence of a quantity
of polymetized deposit at the hottom of the formalin bottles attracted
sugpicion to the reagent.
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It was concluded from the incidence of reactions among the
antmals inoculated with vaccines prepared in graded concentrations
of formalin——see Table II—that if the explanation was to be found
in deterioration of the formalin, then this particular sample was
approximately 50 per cent. of the normal strength. Titration by the
officially recognized American method gave a reading of 19.3 per
cent, for this sample in place of the normal 38 to 40 per cent, Adjust-
ment of the amounta added to vaccines to compensate for this loss
immediately restored the vaccine to its normal behaviour. It is
advisable then to titrate samples of formalin from time to time, to
filter off any polymer that may be deposited, and to adjust the
strength at which vaccines are prepared to compensate for any loss
that may have taken place.

FreLp TnocuLaTIONS.

On the graphy attached to this paper details are given of certain
field! trialg with different vaccines carried out during Decemberx, 1927,
and January, 1928, The animals inoculated on farm B were care-
fﬂ]]}’ marked with distinctive brands according to the tylje of vaccine
used. Tt will be recalled that four types of vaccine were employed
on this farm, Recently samples have been drawn from lots (1), (2},
and (3} for the purpose of testing by contart exposure to
rinderpest and by inoculation of virulent blood. Ne tests have been
carried cut on animals of lot (4) on account of the faet that these
animals were in contact with the reacting animals of lot (1) for a
period of roughly one month before they themselves were vaccinated.
In the circumstances it is of course possible that some of the animals
of this lat may bave been immunized naturally before vaccination and
therefore no useful purpose would be served by the testing.

Niuety avimals from lots (1), (2), and (3) were disputched to
the laboratory for testing; no selection was exercised in the sampling
except that an effort was made to obtain numbers roughly proportional
to tite numbers in each batch. All the animals were subjected to
an inoculation with 5 c.c. of citrated virulenf blood, corresponding
roughly to some 7,000 minimal infective doses of virus, and the
inoeunlations were carried out in heavily-infected buildings. In addi-
tion the firgt five animaly of each bateh were expased to contact in.
fection for a period before the test inoculation. Reference will be
made to this contact exposure when dealing with the results of the
tests. Jor convenience the test inoculations were carried out in three
separate batches, and in each case the results were controlied by the
inoculation of susceptible animals which were wsed on the Tth day as
virus producers, 14 of these controls were utilized in the three inocula-
tions and in no case was there g failure to infect. The lengest period
of incubation was 3 days and the average 2.4 days. A composite
chart of these control animals is appended, together with the charts
of all the test animals that showed any reaction whatscever. For the
purpose of this test any test-animal showing a sirgle morning tem-
perature of 1039 or over, during the period from the 2nd to the 15th
days, iz classed as exhibiting a temperature reaction if the pyrexia
1s entirely unaccompanied by other symptoms. Any animal which,
either in addition to or without a temperature reaction, displays any
symptoms that may possibly be associated with rinderpest is classed
as having suffered from rinderpest, even though the symploms may
have been confined to a watery lacrymation lasting o few hours only.
When the reactions are judged by these eriteria it will be found that
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the animals classed as having undergone temperatnre reactionsa can-
not he detected by the most careful clinical examination, excluding
of course the taking of temperatures.

Tanrr FIT,

Vacone TYre (1), ! Vaceme Tyer (2) Wacciy® T¥er (8},

Total 20 Total 24 Total 37
3335 3340 4337
3336 41 Temperature 39

43 . reaction i il
45 | 42 - i 47
48 44 N ! 49
‘ 46 , —
3608 ! —_— ' St
4 . 3609 . il
602 i1 LI
4 ' 21  Rindeegest (V5]
08 l‘. 3 : 6 Temperature
1t Temperature ! a5 ! reaction
regetion ' 29 Temperature | o7
11 . reaction ) 12
13 b : 32
13 3 26
Hil : 37 ]
17 b 11 : 30
8 g 44 Rinderpest I 3
19 ' 45 ! 38
A Temperature . 46 Temperature 30
reaction reaction : H)
24 48 42
27 33 Lemypersiare 44
3L | reaction ' E)
32 : 64 ! 19
33 i ##t5  Temperature | i
51 reaction ! 35
52 | 66 Rinderpest 56
a4 : b8 Temperatnre 67
ol | Temiiun fit:]
83 } i 60
i ' 6l
| i 62
| | 67
! ' 69
it}
. 7l
! 72

In Table ITI above are given the results of the test inoculations
with virulent blood. It will be observed that out of 20 animals of
type (1) (single injection of infective vacecine), 2 only, show slight
lemperature veactions; the charts are appended, Of 24 animals of
type (2) (single injection of completely-inactivated vaceine), 11
reacted to the test inoculation, and of these 8 showed temperature
reactions only, while 3 developed mild lesions of rinderpest; there
were uo fatalities. Of 37 animals of type (3) (injection of vompletely-
inactivated vaccine followed by one 1njection of infective vaccine
tvpe 1%, 1 only showed an extremely mild and transient lemperature
reaction on the 9th day. Attention might be drawn to the fact that
while it was rot possible to perform sub-inoculations of blood from
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every animal showing a lemperature reaction during the test, these
have been carried out in the course of similar reactions on frequent
oceasions, and the first reactions in this test were coufirmed as rinder-
pest by sub-invenlation. The tests in Table III took place from
12 to 15} months after the vaceination.

Tuspection of Table 1[I is sufficieni to convince one that the
vaceines of tvpes (1) and (3) are capable of provoking a very high-
grade immunity which persists for a period in excess of fifteen months,
and that vaceine type (2) does not afford as great a protection, Refer-
ring back now io the question of resistance to contact infection,
1t iz noteworthy of the first five unimals in each baich, four
were  submilted to three weeks' eontsct exposure and one to
{wo weeks’ exposure. The exposure was the most severe
that it was possible to arrange at the laboratory, 1wo lest
animéls being placed in each box together with twe animals passing
ihrough an acute attack of rinderpest, the infecting animals being
replaced by fresh veacting animals whenever they died or recovered.
Owing to the difficulty of providing stabling facilities and artificial
feed, 1t was not pasaible to subwit the remaining animals to such a
contact exposure, althongh it was realized that such a precedure
would have heen of interesi in view of the results obtained with
the fifteen exposed animals. None of the {ifteen exposed animals
reacted in any way to contact infection, although three out of the
five animals of type (2) reacted to the subsequent inoculation of
virulent blood. It seemns reasonable therefore to suppose that most,
if not all, of the animals in Table ITI which gave only temperature
reartions as a vesult of the inoculation of virus were nevertheless
sufficiently immuue to withstand infection Ly contact.

It js mnecessary in a field experiment of this kind fo cousider
certain factors that are more or less bheyond the control of the
worker, and to ascertain how fur such factors may influence or even
invalidate the results obtained. In the comrse of the present experi-
ment there are only two such factors that need be taken into con-
sideration : (1) The question of susceptibility of the animals before
vaccination, and (2) the possibility that the aninials may have
acquired a natural immunity as a result of an attack of rinderpest
in the period elapsing between the vaceination and testing, Tn
connestion with this last criticism it has to be admitted that a small
outbreak of vinderpest did oceur on the farm in question some seven
menths after the vaccinations were completed: the outbreak, how-
ever, only affected unweaned calves and certain animals that had
been immunized by the simultaneous serum and virus method a year
previously, and the writer is informed by the manager that none of
the vaccinated animals was ever within two miles of the infected area.

With reference to point (1), the original susceptibility of the
vacrinated arimals, which were an even lot comparable in every way,
can be gauged quite fairly from the reactions that took place during
the vaccinations with vaccine type (1). One hundred and eight
animals reacted out of a total nf 127 inoculated with {his vaveine,
and 1t is proposed to take this figure 108—127 as the index
of sasceplibility of the whole group, although the actual susceptibility
was no doubt higher since the vaccine used on this lot was partially
af;ttenuated, and certainly did not represent virus in its most virulent
orm.

The possibility (2) that the immunity may have resulted from
natural infection during the interim can best he examined by
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statistical methods. The first question to be asked is whether the
animals of type (2), Table III, i.e., those vaccinated with the weakest
antigen, bave any degree of immunity in excess of what might be
expected to occur normally in a chance sample. We inay gauge the
initial susceptibility of these animals from the reactions observed in
the batch of 127 animals inoculated with vaccine type (1} discussed
above. The generally aecepted method of treating ibis problem is
shown in Table IV.

Tanre IV,
ArTER IvocuLaTION TYFE (2),
Attacked.  Immune. Total,
Observed {m + x) ... ... 110 ... 130 ... 240
Expected (m) ... ... ... 19.0 .. 300 0 240
x/m ... 331 .. 128

Brrore INoctLation Tyee (1),
Attacked, ITmmune. Total,

Observed (m + x) ... ... 10840 ... 19.0 ... 127.0
Kxpected (m) ... ... ... 100.0 ... 7.0 ... 127.0
x*/m ,,. 0.64 .. 2.33%

x* = 19.08, 2 = 1.

Tables 1V and V are in every way comparable to the illustrations
from Greenwood and Yule, quoted by Fisher, page 83. If Pearson’s
tables are consulted for a value of 19.08, it will be found that the
proportion in which such a distribution is liable to oceur is .00001;
the odds against the distribution shown are therefore 100,000 to I,
and in experimental work odds of 100 to 1, obtained in this manner,
are universally accepted as evidence that a distribution has heen
significantly affected by the conditions of experiment, i.e., by the
factor that necessitates separation of the different groups in the
examination, Table IV then proves conclusively that the animals
vaccinated with the weakest type of antigen—type (2)—had a degree
of protection greater than normal 13 to 16 months after vaccination.

If it is denied that the immunity of the tested animals—Tahle
III—is a direct result of the vaccination, then the only assumptions
open. to us are either that all the animals in the three hatches shown
in Table 111 wera equally susceptible to natural infection seven
months after vaccination when the outbreak of rinderpest occurred
on the farm, or that their susceptibility varied according to the type
of vaccine with which they had heen treated. If the latter assumption
is taken as correct, then the protection afforded by wvaccination in
these three groups may be supposed to have declined progressively up
to the time of the natuwral outbreak, and at that time the animals of
type (2) would be the most lightly protected, This group would con~
sequently show a higher attack-rate during the outbreak of disease,
and when the time came for testing would in consequence show a
greater percentage of immunes. Inspection of Table IIT demon-
strates that the very reverse was the actual case; the proportion
attacked in type (2) during the test was more than seven times as
great as that atfacked in type (1) and maore than eighteen times that
of ::lhg attacked in type (3). This hypothesis must therefore be dis-
carded,





