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By J.I1. Juin, B.Veice. Veterinary kaesearch Officer,
understepoort laboratories.
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Although in the past the term Anthrax was used
rather loosely for different disenses, there sesus to be
little doubt that the condition as we know it today, has
been in existence since the earliest times. In fact
peveral of the ancient authore (liomer, Cvid and rliiny)
wrcte about a disease most probably identical with Anthraxe
That Anthrax 48 a disecase of primary significance may be
gouged from the fauct that it has weant the death of millicns
of animals as well as many thousande of human belngse.
ihe aeticlogy of the disease was completely unknown until
Robert Xoch in 1876 proved the significance of the rod
shaped organisms in the blood, subssquently teramed the
Bacillus anthracis. Shortly afterwards Louls Fasteur
succeeded to produce & vaccine against the malady. Since
the discovery of the causal organism, the disecuse has
received the attention of hundreds of investigators from all
parts of the world, and anm enormous amcunt of literature
has been published. nven at the present moment research
work in connection with Anthrax ie being conducted on a
large scale for, although we posesess valuable weapons for
combating the diseuass, scme cardinal points are as yet
anoxplained;to mention only ~ the route of infection in the
different classes of animals, the pathogenesis of the discase
and the bioclogy of the organiem in nature outsoide the
anfoal bodys

with reference to the position of Anthrax in South
Africa up to the end of 1924, Viljoen, Curson -nd rourie
have recently published a detailed report in which the

Digitised by the University of Pretoria, Library Services, 2013



2

occurrences diagnosis and preventive messures are fully
discussed. rrevious to that nehoe and others have written
on the diseuse in South Africe.

4n this report is embodied the greater part of the
experimaatal work carried out, and the cbservations made by
the writer during the ycars 1925 to 1928, while working in
the anthrax Section of the Veterinary Research laboratory,
un&eratepoort:

It is a well known fact that, apart from the actual
destruction of all Anthrax infected material, the active
imauniszation of animals against the diseuse, is by far the
most effective meane we possces in eradicating it. sor
this purpnaeiﬁigemain types of vaccine are used more or
lens exclusively all over the worlde
{a) xoih cultures containing the living dbut much
weakened or attenuated vegetative forms of the Bacillue
anthracis. ahis vaccine was first introduced by Louis
sagteur, and is atill used extensively in certain countriese
1t 1is generally prepured as & double vaccine, the first
inoculation being nmade with a weaker wvaccine which produces
the ground immunity, while the second, which is stronger, i
considered to enhance the immunity.

() '

favoured in many countries, is of compuratively recent

fhis vaccine, which is now

introduction, although based on the samg principle as that
employed for the rasteur Vaccine, i.e. the ﬁtiliaatioa of
attonuated living organismse It differs, however, in that
the more resistent spores of the attenuated vegetative forms,
are usad rather than the bacilii themselves. Vegetation of
the spores in the vaccine 18 prevented by suspending these in
various ,reservatives, ¢.g. glycerinised saline. oy this
procedure the keeping qualitics as well as the uniforaity

of the vaccine is murkedly improved, while the imsunity
conferred ie in.no way inferior ao.that produced hy the

/%L.S’fea,,y Yaccrne.

Digitised by the University of Pretoria, Library Services, 2013



2 (@

(c) Sero-veccination ws wavocated by Sabernheim:

This method which is extencively used incertain
kuropean countries as well as in South America, consists in
& simultaneous injection of antirsx iummune serum, together
with attenuated antinrax cultures. The immune serum produces
an immediate passive immﬁnit.y9 while the effect of the
living b&t attenuated organisms is considered to be a rapid
replacement of the passive by a solid active immunity against

enthrax.

Follar au Aoy s
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Furthery it may be briefly mentioned that ajizg::e
aathod of preventive and curatzveaigii?lution existe, viz.
by means of hyperimaune anthrax sera, tue use of which,
however, is kurkedly limited in comégrison with the sbove-
mentioned vaccines, and tue immunity conferred of a purely
passgive and tranaitorigziture.

Although the ts typee of vaccine mentioned «re
extensively uesed, and generally with good results,; several
investigators, to mention Saif, have from time to time been
engaged in an endeuavour to demonatrate the pressnce and
value as active inmunising agente, of non-living metabolic
products of the Anthrax organism elmborated either
artificially in vitro or in the animal body. 1t may be
etated that up to the preaent the results of these researche
&8 have been most conflicting, e.g. some authors claim to
have dencnstrated definite toxiec action of these products
while others have falled to do 80. Cimilurly in some
copes active immunity seemed to have been provoked while in
other cases the results were clearly disappointinge Should
it, however, be clearly democnstrated that the Anthrax
buedllus is capable of elaborating a potent imsunizing
substance comparable to the so=called "agerescin” of Black
guarter, it would indeed be of inestimable wvalue in f{ighting
the disease. .

Howevery efficient our present Anthrax vaccines may
be, 1t should always be borne in mind that the wholeaale
fnoculation with 1live organiswus, although attenuated, is
far from the ideal, since they are directly derived from the
dangercusly virulent organiem the blology of which is
not completely known. further it may be noted that sowme

fficulty ie experienced in imuunizing certuin classes of
animals, e.g. goats, which are very pusceptible to anthrax
and mey die as the result of vaccination, while horses
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are peculiarly susceptible to the development of sudcu=-
taneous swellings following on vaccinution.
xaring the course of the lust few years, what is
desceribed ap “true Anthrax aggressin” has appeared on the
market, and complets safety and strong immunizing properties
are claimed for ite.
ihe obJect of ths experimentul work carrsed out by
the author wus as follows: =
(a) To attempt the production of a none~living yet
efficient imaunizing substaunce aguinst Anthraxe
{v) To compare the relative valus of different methode
of Lumunization with Anthrax Spore vaccine. Ghe latter
experinents were conducted mainly with the view of
aseertuining the value of cutievaccination as advocated
by Hesredka and others in comparison with the methods
usually employed 4in South Africa.
ihe work will be divided into several sections and
diecussed under the following titles. 3Iables and protocole
of experiments will be included in the text rather than
all together in a special appendixe

le Species susceptibility and fmmunity.
The nelection of experimentul aninmlse.
2. (o) Attenuation of virulent strains.
(b) EZxperiments with disintegrated cultures,
(¢) Experiments with washed cultures.
Se Froduction of imsunising or toxic substancess
{(a) Artificial in vitro experiusnts,.
(b) Batural, in the animal body.
4o Comparative safety and fmnunity experiments with
Anthrax Spore Vaccing.

B Cumsary and general d lacussion.
6. 8ibliography.
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Numerous investigators to mention lobernheim,
Baumgarten, LOffler, Hetchnikoff, K. itller, have pointed
out the faet that the different species of animals exhibit
marked variations in the degree of susceptidbility to anthrax
voth under natural and artificial @onditions. kven in the
same clase of animal these differences are frequently
observed, e.ge. whereae poultry ashow marked resistance,
Robertson found the ostrich peculiarly susceptible to the
disease., According to &, idller, the different apacies of
rute exhibit marked variations in susceptibility to anthrax.
Carnivoroue animals are as a general rule far more resistant
than herbivora. Furthermore, differences may be demonstrated
in one and the same species of animal kept under different
conditions, 1t has fregquently bLeen observed that, although
such animales ascattle and horses are mairkedly susceptible
and may die in large numbers from anthrax naturally
contracted, it is with great difficulty that a fatal
artificial infection cun be brought about either by enteral
or parenteral administration of virulent anthrax materiale.
As a result of our incomplete knowledge as to the natural
routes of infection, this peculiar phenomenon is still a
mystery. on the other hand may be menticned the ease with
which sheep, goate and most laboratory animals can be
fatally infected.

¥ith reference to immunity, as has been mentioned
before, certain spescies of animals axhibit a marked inherent
resistance to the diseaso, while most of the susceptible

species ean be successfully immunized by the use of

reliable vaccines.
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d’Herelie expressed the opinion that the study of ilmounity
in artificially produced infections diseuses does not
necessarily mean that the ssme conditicns will prevail
under natural conditions. This point i2 of great signifi=-
cance and should not ve lost sight of.

fmong the varicus suxeptible species however,
notable exceptions are encountered. B@Bta any iamaunity
work on Anthrax is carried ocut, it is essential that these
pointe be clearly realised, and it is for this reason that
this aspect is particulurly strecsed. Thus it may hiypen
that experimente carried out on certsin animaj#poeies
which are markedly susceptible but difficult to immunize,
way result in totally wrong conclusione veing drawne. kany
of the eonflicting recults obtained by different woriers
may probubly be sscridved to tiue different types of animals
used,

The ideal speclier of animal to be used in imzunity
experiuents would obviocusly be one showing a practically
constant and well narked susceptibility to artificiul
infection cembined with the Qquality of developing a solid
{mounity after vaccinatiocns 4t is intended to discuas
briefly tne more coummon domesticated animais from this
poidnt of view..

(a)
mentioned the white rat, white mouue, the gulneapig and

O these may be

the rabbit. . usong these animals, 1t is exceedingly rare
that a spontaneous ocutbreak of anthrax should oceur,
althouch excepting for the wiite rat, which exhivits a
strong natural imeunity, artificial iatrection of the others
ip extremely eusy. ¥hite mice wmay be killed even by very
weak vaecines. OChould they survive vaccination, the degree
of immunity, if any be developed, 18 however, negligible.
siwmilarly guineapigs which are extremely susceptibie even

to wezkx strains, are particulurly difficult, peruaps
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impossible, to imnunize und hence great care ahould be
exercised in drawing conclusions from any imsunity experie
ments carried out on these animals. Habbits which are
markedly susceptidble 1o wirulent but less so to vaccine
strains, may develodp a certain degree of imau-ity which,
howaver, is weok and always unreliables. Although these
points are vaguely known, they are not fully appreciated
with the result that srroneous conciuesions may ve arrived at.
(b) Coptse The animals hers referred to coumprise the
domecaticated speclies indigenous to South Africae ihose
animale exhibit a well murked susceptibility both to
naturul and artificisl infection with anthrax. Ueaths may
occur at times even from the use of weak ¥necines. ihe
imaunity developed, althouch as a rule fartly strong, is
inclined to be inconsistent,

{e) Sheap. Although under naturzl ecnditions outbreaxs
of anthrax appear to be less {requent than among cattle,
merinc sheep exhibit a well marked and practically uniform
susceptibility to artificlal infeetion with virulent
materiale At the same time the losses even from strong
vaccine are very smmll, while a solid and reliable immunity
is developed.

{a) Gattle. Under metursl conditions cattle are perhaps
mere subject to anthrax thap any other épeeiea of animal,

- althou:h great difficulty may be experienced in attempting to
¥ill then hy meuns of artificial infection. S§hat a strong
{mrranity has been develeped after vaccinaticn can only

be ascertained by :the effective stoppage of an active

cutbreaik.

{e) Hprpegs These aningle show a peculiar susceptivility
to anthrax under natural conditionse. Definite symptous
generally of a subacute or even chronic nature, may be noted,

the chielf of which are the large oedematous awellings in the
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succutis of cexrtain regions of the dody.

the results of artificial infection, however, are
wost inconsistent. ihus it frequently nappens that animaln
withatand even large injectiocns oi virulent materiale wun
the dher hand alaraing awellings may follow the injection
of swall doses of weak vaccine. 1his phenomenocn is as yet
- unexplained.

1o substantiate the above views frequent examples
will be mentionad in the text.

It will tius bo clear, firstly tust although the
small laboratory animale are markedly susceptible to
artificial imnfection, the subsequent imsunity developed in
surviving cesses n® tested witis more virulent material ie
unreliablesy secondly, susceptivle catitle and korses withe
etand virulent artificial infection in a large percentsge
of cases. it thus vecoues excsedingly difficult to ascertain
the degree of immunity deveioped amiter vaccination u«a
subse uently tested with tuily virulent naterianle

From nuucrous immunity experiments conducied, it
wab clenrTly evident that only in limited few o_ecles could
reliable information be obtained as to the actual degrea of
imaunity developed. ror this purpose merino sheep were
found to yleld by rar the most constant and reliadble results,
and consequently practically alli the immunity work was
curried out on this species. 10 a lesser extent goate were
also usede Un account of the wholesale inoculution of farm
animals in Couth Africa againet anthrax, attention had o0 be
paid tc the source of experiwmentsl aniuals. As anthrux was
of uncommon occurrence in the Aarroo, and hence practically
no animals vaccinated againet anthrax, wost of the suscepti-
ble experimental sheep and goats were derived from that
regions Such animals generully show a well murked and
practically constant susceptibility to artificiul iniection.
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Horses were used only for purposes of noticing the
severity of clinical symptoms following different methods
of vaccination.

The small laboratory animals were extensively used
mainly to asce#tain the degree of virulence of anthrax
material, both unattenuated and vaccine strains. Further
these animals were used for the purpose of testing the
toxicity of different non-~living anthrax products.

BEBxcepting in a limited few cases, cattle were not
included in these experiments, on account of the difficulty
experienced in killing non vaccinated controls with

virulent material.

2. (a) Attenuation of Virulent Strains.

Toussaint was the first to notice a decrease in the
virulence of anthrax organisms in infected blood when
exposed for short periods to higher temperatures than the
optimal. Through the researches of Pasteur, Chamberland
and Roux, a method was devised for the gradual attenustion
of the anthrax organism in artificial media. By cultivating
the B. anthracis in sterile bouillon at 42° C for long
periods, a progressive decrease in virulence was noted. It
was thus found that such cultures firstly become avirulent
for rabbits, later for guineapigs and eventually also for
white mice. Although avirulent, these organisms were found
to confer an immunity against fully virulent cultures. This
formed the basis for the famous Pasteur Anthrax vaccine.
Although at the present day numerous other anthrax vaccines
are also in ygse, the principle of attenuation by prolonged
incubation at higher temperatures is still maintained in
practically every instance. Various other methods have
been described for the attenuation of the B. anthracis,
although apparently without any distinct advantage over the

Pasteur method. Preisz drew attention to the possibility,
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of an unegual attenuation of different anthrax straine
and even of individual organisma,.

According to soch, Gafiky and wOffler, the
passage of atienuated vaceine strains through experimental
animelis does not énhance the virulence of such straine
except perhape where tie original virulent orgunisus were
atienuated very rapidly in o shori timee i.e. graduul
atienuation leads to the production ol ¥accine strains
snowing groater constuncgys srom recent iuvestigations
Schilling claims to have shown tiut anthrax organisms could
be attenuated by growing on 55 Sodium chloride agar for 6
weoks. lavbits couid De succeasiully and safely imaunized
abd afterwards withstood viruleant antirax caltures which
Tepuluriy killed susceptible controlse ‘Yhe aame,‘hnwaver.
couldd not bo established for guincaupips.

Attenuation of several virulent anthrax sirains was
atteupted in diffierent ways. Jure agar cultures werse
obteined from six strains of virulent antirax from different
parts of Gouth Africue All these were definitely proved to
be letlLal to gulneupige aud ravbitses Attenuation wus
comuenced LDy inoculating brothi tuves with the pure strains
and consistently incubating these at 42° Ue injections
inso guincapiges 24 to 48 hours aiterwards coniirmed the
virulence noted in the first instunce. After incudvuting
for 25 days, subcultures on {o nutrient agar were made every
5 days, incubated at 37° C for 3-4 days, cealed and kept at
rocm temperature for further uses ihis was continued
until all the strains had becn incubsted at 42° ¢ pp to &
period of 9U days. Folloving this,sc-called “test balches”
ware prepared fron several sélected agar tuves representing
different periode of attenu:ztion. Young broth cultures with
seed material obtained from tle agar slants, were sown on to

the thin layers of nutrient agar contnined im large flat
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dottomed Fernbach flasks and incubated at 37° C. Growth
and sporulation were noted dailye. Generally, after 4 or 5
days sporulation was practically complete. ihe growth was
than removed by pouring swall amcunte of sterile normal
suline on to the surface together with a few sterile glaas
beudse. Uy gentle tilting of the flasks, the growth became
'd&slodgcd' shis ws carefully decanted into sterilised
flasks and an equal weight of pure glycerine added. %his
formed the concentrated glycerinised spore emulsion with
shich all further tests were conducted. Glycerine was
found to preserve the spores nnd prevent vegetations
By this procedure spore emulsions were found to maintain a
uniforam strength for very long periods. OCubsequently the
degree of virulence of theme experimental vaccines was
tested out on gulneupics and rabbits by suvcutansous
injection of variocus dilutions made in normal szline. iThe
imounizing properties were afterwards ascertained by
vaccination of sheep and poats, but only in those cnses
where ravbits survived the injection. then ruboite died
from the vaccine, it was generally found to cause death in a
falr percentuge pf the sheep and goats. Z<he degree of
dmounity developed in sheep and goats was subsequently
tested after 14 to Z1 days by the subcutaneous injection of
a virulent glycerinised spore emulsion of known strengthe
Tthis was prepared in the same way as described for the test
batches. 3y previously conducted expsriments the minimal
lethal dosc, referred to as the M.L.D. for sheep was
accurately determined.

The testing of virulent spore euulsion was carried
out periodically and the XB.L.D, fixede JViagnosis of anthrax
wae made by the microscopic exeamination of blood or spleen
smesrs taken from dead aninalse vhere these proved to be
negative, broth cultures made from the spleen, were injected
into white mice and the result noted.
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The following expepiments will serve to demonsirate
the variations in safety and immunizing properties of
different test batchest -

Exporiment le

Strain A. attenuated SV duyse

1 rabbit injected +1 Cec. glycerine emulsion « dead in
4 days Anthrax.

1 guineapig injected el cecs enmulsion - dead in 3 days
Anthraxs’

1l guineupie injected +Ul cece emulsion « dead in 3 days
Anthraxs

1 rabdit injected .1 cece omuleion - remained alive.
1 gulneaplg injected .1 ©.ce emilolion = dead in 4 days

Anthraxe

1 guineapie injected Ul ¢Jce @ilsion = dead 4in 3 days
Anthraxe

d guineapig injected 0Cl ceCe emulaion » dead in 4 days
Anthraxe

As the rabbit remained alive this batch was tested
out on sheep and goatse

Animal Date hesult ate virulent lesult
vYaccine spores
Cheep 11324 (2 c.ce ; - 5CO MeleDe Allive
" 7349 W02 cece'l = BUC H.LeD. Alive
" 11U22  eUL CeCo - 50C M.L.D. Deud 15/9/28
1 : Antinraxe
" 11217 ; «Ul CeCe : - }250 HelieDe Allve
Coat 1185C ' o02 ceCo - | 250G MoLoDs Alive
* 11856 | o401 cec. doad 29/8/25 | - -
Anthraxe !

One goat is noticed to have died from anthrax after
vaccination, while in the imaunity test one of the sheep
succumbed from anthraxe

Ww = Single Colonye
1 rabbit injected .1 ce.c. oumilsion ~ renained alive.

1 guineapig injected .1 Cece smulsion « dead in O days
Anthrax.
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1 guineapig inJected UL coc. exmilasion - dead in 3 days
Anthraxe

1 guineapig injected OCl c.c. emulsion - remained alivee.
ihis was again tested on sheep and gosts as followss -

Animal bate Vaccs Result date virulent HKesult
2/12/25 spores 18/12/26
| | (
Sheep 9CUD 402 CeCe | - 50C H.L.D. | ldved
a 8865 eUl CeaCe : - (2BU KoL, J lived
: !
Goat 14031  +U2 c.cCe | - BOC H.LeDe idved

" 14024 eUl CeCe - ,25(: K.LoDe I Iived

It is seen that this particular batch was both safe for
sheep and goats and conferred a good lmmunity protecting

against as much as 5CC X,.L.D.

rFrom the same tube that the above batch was made,
another was prepared cnly that a different colony was

selected from the agar plates
i raﬂ}t injected +1 coce. emulsion » remained alives

d guineapig injected .1 ce.cs emulasion = dead in 5 duys
Anthraxe '

1 guineapig injected +Ul c.c. emulsion - desad in b daye
Anthraxe

i guineapig injected +ULL Cc.ce omulsion « dead in 5 days
Anthraxe

dotat in this cuse the «UCL cece killed while in the
previous batch the guineaplg remained alive.

Date Vaccs iate virulent
Sheep 10647 f *U2 CeCo f - " RUOC BeleD. Alive
! :
* 10724 | +UL CeCe = = BUC KaL.D. Alive
j !
Goat 14032 f «02 CeCe ‘dead 5/12/25 - -
| Anthraxe | ) |
- 14020 | +C1l CeCo dead 6/12/35 - " -
j :Anthraxb i
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In this case the vaccine prepared from a different colony io
highly virulent for guineapigs and goatsy althouch it is safe
for sheep and confers s strong immunitye 7This clearly
dencnstrates the unequal attenuation of different organisems

although of the same strain and in the sace tube.

~ &Gsperipent 2.
Strojn B sttenuated 5C gaye.
1 rabbit injected .1l c.c. emulsion - remained alive,
1 guineapig injected <1 c.ce omulaion - remained allve.

1 guineapig injected oLl c.c. emaluion « dead in 7 aayl
Anthraxe

1 guineapig injected +OU1L cCece emulsion - remained alivae
This is obviocusly a very weak waccine. 7Tested cut on sheep
and goatsy 1t gave the following peculiar resulist

Animal Date Vacce Result Date virulent Result
26,/16/5 spores 9/11/206
Sheep 12249 | «C2 cecCe - BCO M.LeDe Dead 14/11/5
) Anthrax
" 9524 | «Cl CecCe - 280 MeLeDe | Dead 13/11ﬁ%
| | Antirax
Goat 11859  +02 ceCe - =280 “oiu:go Alive
4 11854 +Cl CeCe - 106 Lol Alive

In this cuse, the vaccine besides being safe for sheep and
goata)immuniscd the two goats while the two sheep readily
succunbed to the immunity test.

- ; by t 4 7 X T .
L rabbit injected «1 c.Cs omulsion « dsad in 7 days Anthrax.

1 guineapig * 1 * . « ®» w3 = .
i * ¢ 01 * * - ® " 3 " .
1 L] - + 001" L] - - " 4 L] o

This batch 16 mirkedly virulent although the strain was
attenuated for 75 days. It would appear that the colony
from which it wae prepured was formed from an organiem in

shich no attenustion had taoken places It was not tested on
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sheep since it killed the rabdit,

In this way no less than 6> test batches were
prepared from different attenuations, selecting different
cclonies of the 6 straine. 1These were all tested out on
rabbits and guineapics and when promieing, also on sheep and
goate, Uf thase not more thuan four could ve considered of
any value as reliable vaccine strainse. I1n numerous cases
either the vaccine killed or in the surviving animals imaunie-
ty was absent or weak.

it was clearly evident that the roduction of a
reliable vaccine strain i.e. one in which safety and
jamunity were combined, depended on at ieast two factors,
viz. {(a) the strain itsalf, (b) individual organioms com=
prising tue strain. OSome strains proved to be altcogetaer
useless, while in other strains certain coloniss ylelded
excellent test batches. |

in some cuases it was found necessary to attenuate
up to 90 days bdefore the requisite attemiation was reached,
while with other strains attenuation for 45 days proved
sufficient, Lt seemed definite that no fixed period could ve
prescrived for attemiation, and that constant testing ocut
on animals was the only reliablo way of obtaining a suitzble
vaccine stiraine

it #ap toen decided to attempt the attenuation of e
virulent antnrax straein by prolonged cultivation in a nusber
of different liquid medice ghis struin which was known to
be murkedly virulent in the original state had been attlenuute
ed previously oy other means ylelding an excelleut vacciue
struin. 1heoe media were prepared the sawe as wrainury
nuatrient broth except thut various other m:terials were sube
stituted for the minced bveef., Tthe sterile medium contzined
in a litre flask was inoculated with 6 c.cs of a 24 hour
broth culture of the virulent strain and incubated for 3U
daye at a temperature of 37° C. Gulneapige and ribvits were
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then inoculated suovcutanecusly with varying amounts of the

cuiture and the resultes noted.

1 rabiit injected 5 Ceco ~ dead in 3 days Anthraxe
d gutneapig *° 5 " - " a2 ° .

1 rabbit injected «5 c.cs ~ dead in 4 days Anthraxe
1 guineaepig * 6 * & & = 3 = .

{ordinary dry peas were used)e

d rabbit injeeted «+O c,c, = doad in 4 days Antihraxe
1 gulneapig * 5 ®* . e« g = "
1 . - «26* o ®* ®m 9 = "

{ordinary dry beuns were used).
d rabbit injected o5 c.ce = dead in 5 days Anthraxe
1 gulneapig * e P . W oW o °

1 raboit injected <5 cece « dead in 5 days Anthrax

1 guineaplg * #d CeCe = " "2 = .
l a - o2 ® 4 n . o 0w L]
&2 X 13
A rabuit injected «O ce.ce = dead in b days Antiwraxe
1 guineupieg *~ H * a * & o = "
1 L - 2B » - » 8 5 = .
P

1 rabbit injected 5 CeCe =~ dead &in 3 days Anthraxe
1 guineapig ° el ®* o » 8 3 = "

1 . . o265 " = ® 8 4 w »
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1 racolit injected b c.c. = dead in 4 days Anthraxe
1 guineapig * b 7 e " ®r 4 = "
1 " L] 25 " - *® s o = ]

1 rabbit injected «D CeCe ~ dead in 5 days Anthraxe

1 guineapiyg * S " " = 2 » »

1 guineapig * 25 " - A . .

i1t is thus seen that out of a total of 27 aniuals injected
with the saxme awounts of different anthrax cultures not a
single one survived showing that practicully no asttenuation
had texen place in any of the flusks, ihe incubution was
stopyed at IC daye since after this pericd attenuation might
have been expocted even in the plain broth control caltures.
‘From these experiments it was evident that by cultivating
viralent anthrax orgsnisms in these varicus media, attemuat-

ion was brought about no souner than in ordinury broth.

Led _attenuat

As a third method of attenuating virulent anthrax
cultures it wae decided to attempt this by repeatedly frees-
ing and thawing of the cultures. For this purpose a small
apparatus was constructed, consisting of two tubes cloced at
one end made out of galvanised iron and suspended cone within
the othere A small inlet in the outer tube was comnected -
with a cylinder contuining Caroon dioxfde under high pressure.
A 8aline emulsion copsisting of o 12 hour agar growth of
virulent anthrax organiosms was placed in the inner tube.
Upening of the cylinder caused the rapid escape of Co, from
between the two tudbes, 7This resulted in almost imuedlate
fraezing of the emulsion. After being frczen fer 1U minutes
the inner tube was removed and qQuickly steeped into uwater
at 9¢° C., 7This caused rapid thawing inside the tube.
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AB soon a8 liquefaction was complete the Ifreczing was
repeated, Lubecultures on nutrient agur were made after every
alternate freezing and incavated at 37° Ce thie freesing
and thawing wee continued 24 times in successions. After
1ncubating}the agar subcultures for <4 houra’approxim&tely
equal amounts cf growth (one platinum loopiul) were removed
and suspended in definite amounts of saline. ihis wus
subsequently injected into gulnespigs and radbbits with
the following resultsi -

dxperipept 4.
Yizulent Controle 24 hour old virulent agar culture, one
loopiul sBuspended in 1lU Ccece Baline.

1 rabbit injectad 1 cece eaulsmion - dead in 3 days Anturaxe

d puineapig * L u - % % 3 m "
i " " W1 " o - % % 3 ® "
g .

Cne locpful 24 hour agar eulture made from material frozen
once and suspended in 1C cece Baline.

1 Rabbit injected 1 cece emulsion - dead in 7 daye Anthraxs
1 guineapig * i " - ® & 2z = ®

1 a LI ) . - % onog w .

This was made from material frogen 21 tines.

1 raboit injected 1 cec. emulsicn -~ dead in 3 days Anthrax.

1 guineapig " S " - ® = 3 " °
1 ] " sl " " - s a 3 = .
,é"\’l 2 & gn % Y

As the frozen 21 shoved no signe of attenuaution the frozen
23y cuiture was taken and frozen for & days on end and termed
frezen 24. Saline emulsicna were wnade as above and gulnea-

pigs and rabbits injected oniy with much sumaller amountse.
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ec.
1 rabbit injected .CCl ‘smulsion - dead in 3 days Anthraxe

1 guinmeapiy *® «CUL CoeCe " =» ® LR "
1 A . «00CY # Toe % 5 ® bt
1 ] " Naile oo L) L. - L, S -

From the above experiment it was clear that the young 12
hour old wvegetative forms of virulent anthrax could withatund
with impunity persistent rauid alternate freezing and thawe
inge HBicroscopic examination of swears made from the frozen
material revealed not the slightest signs of dieintegration,
while the anizal tests proved the abeence of any attenuation
havin: taken pluce.

¢f the different methods of attenuution attenpted, it
was decidad that the Yasteur method, although tediocus
and requently disappointing, wae the conly one in wnich
attenuation definitely tock place.

2o ‘b} &

The cbject of thls series ol experiments was to
devise ways and mewuns for the sotual disintegration of
anthrax organiems and setting free of the protoplasm. nce
thies had bean achioved the sterile germ free product was to
be tested out on sisall laborutory animale in arder to
ascertain the pressnce or absence of endeoecelliular toxins,
and further to note the degree of immunity developed, if any,
"4n sheep and goats. Xor these experiments the growth from
young li-Z4 hour old agar slopes werc used, the seed material
consisting of a highly virulent anthrax straine The young
growth coneisting rmoatly of veget:itive forms was carefully
removed from the agar surface by wesans of a platinum necdle
and suspended in normal salinee 4n this way a thick saline
emualsion was formede.

As nmentioned bslfore the alternate freasing and thawh

ing of such emulsions did notl cuuse disintegratiocn and hence

the method was abandoned.
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Several other methods ewmployed gave completely

patisfactory results.

A saline emulsion prepared as describsd adbove
was pluced in a strong fiaek together with a number of
sterile glass beads and sscurely corked. 1t was then
shaken continuously in a shaking apparatudfcr 4 doys.
Microscople examination revesled the presence of a
large percentage of disintegrated bacilli in the form of
debrise Subeultivation, however, resultsd in an abundant
growthe 1The emulsion was, thersfore, diluted and carefully
passed throuch a Seitz bacterial filter, The filtrate was
- completaly sterile as shown by subcultivation and smears,
| The material was then injected into snmall animals ae
tpllowa:
l.guineapig 2 c.¢, filtrate - remained zlive.
1 " g " - - "
1 white mouse 1 CecCe® - . -
Similarly a young broth culture shakeu up in lhe sume way,
filtered and injected into susll animals produced no
sffect.
Yhe addition of 1 in 100C solution of anilin
gentian viclet to tie saline emulsion, was also found to
cause rapid disintegration of the bacillii, and sterilisation
of the emulalone
2 gulneupigs injected with 1 cece eotich of the emulsion - both
remained alive. Cimilurly twe white mice remained alive.

Shis material was slsc testod out on two sheeps

Date emule ate virulent
Anissl  sion 16/8/26_ Result suores 29/9/26 Remult
Sheep 7716 b ¢eCo - 100 M,1,D, dead 316/26
Anthraxe
- 8722 3 cecCs - 1060 BeleDe Dead 2/10/26
ARShEAX.

Disintegration of virulent material was also carried out by
grinding it up in a mortar, after adding avout balfl the
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volume of clean sterile sand. in this way practicully all
the bscilii weredisintegrated. After passing th# diluted
saline euulsion through a vacterial filter, and confirming
sterility, tue fiitrate was again tested out on animals.
Guineapigs and woite mice injected with acounts up t0 3 CeCe

all remained alive. Uheep were injected as follows:

vate virul
pogres idl

i .
® 4680 0 ¢ “ - 10C ¥.L.D. 18NS
| lalivee

|
i

A8 one sheep remained alive the experiment wae repeated.
On two mcore sheep, injecting the vame dese of filtrate and
the sume amcunt of virulent material with the reasult that
both died.

Yrom these experiments it was clear that artificiale
ly'cultivuted yoéé bacilif may be regarded as containing no
endocellular toxic subetnnce su:ficlent to kill a mouse.
Sdamilarly it wae devoid ol sny substunce cupable of
conferring immunity on sheepes

Yhe cbjeci of these experiments wus to determine
the virulence snd also the immunizing powers of anthrax
organisms after complete removal of all traces of their
extracellular products of metavolism., 3his was carried out
by tae repeated washing in normal saline and centrifugalising
of the organisuee. It has been shown thut certain dacteria
@eEe the 3acillius chauveaul of Black wuartier, when completoly
separated from all extracellular products voth the vegetativ@
forig and tue Spores are incapables of setting up iafection

and causing deutle
Axperimeats con anthrux were carried out as followsi

&uﬁﬁ% g 2}5 é - ﬁ‘zﬁ;ﬂg QQM:

vor this the glycerinised spore esuuleion of a falrly
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etrong and very reliable vaccine batch waus used. Micorose
copic examination of smears revealed the presence of

spores only. A swall amount of glycerinised emulsion was
diluted in saline and thoroughly centrifuged. %the sypere
natant fluid was siphoned off and the precipitate consisting
of spores again shiken up with saline and the eantrituging
repeatede 1Ihis was done & tiwmes until probsebly all traces
of extraceliular substances had veen removede Various
ealine dilutions of the spores were then made up and injecte
ed into sasll animals us followsi -

1l guineapig - 1 c.ce wanhed spores )
;)All animals

) died within 4
1 " “ 1 CeCe ® 03 ® .

i fr thrax
)} hd o 1 CeCs % S0OCL % bl § daye o An

Four white :ice injected with the same amounts also died

1 gulneapig - 1 c«0s of o1 dilution spores

within 4 days. <the materiul was then tested on sheep as

folloun:
Late washed ate virulent
Animal e vaccine spores Hesult apores Henalt
Sheep 15623 | 1 c.c. subcue - 50U HeLeDe igiained
V@e
- 14338 «UCLl CeCo * - 250 H.L.D.. |Hemzuined

This sxperiment therefore clearly demonstrated that the
Bacilius anthracis {(in the spore stage) unlike the Bacillus
chauveaul 1s capable of cuusing death as alsc of imaunizing
sheep without the presence of any extracellular products
$.0. toxins or aggressins,

&xporiment

The spors emuleion from the same vaccine batch wap

inoculated into broth tubes and incudat@dh for 24 hourse.
Hicroscopic examination revealsd nuwerous bacilli dbut no
spores. ‘The broth culture was then centrifugalised and

the precipitate of bacilli repeatedly washed as in the
previous axperiment. Various dilutions of the bacilii were

again injected into smell animals, guineapigs and white
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mice. %These all died from anthrax following injections of
dilutions up to <Vl of the original suspension of bacilii.
Uheep were aleo tpsted as follown: »

Late washed Date virulent
Andmald vaccine epores Kesult spores Result
25/11/26 8/12/26
Sheep 15621 |1 ceCs subcuts = 50C H.L.D. [lemained
alive.
ot 15592 | «UOCL CeCs * - 25U Meliele Jead
9/12/26
Apthrax.

The amount used on the second shee, was obviously too semill
abd on retaesting ancther animal with a lurger ancunt it
withstood the immunity test.
¥rom this experiment, as from the previous one, it
was clear that the washed bacilll were capable of killing
Bnall animals and of imuunizing sheep.
3. (a) Eroductior

Bumerous investigations have been conducted with the
object to asgertain the actual cause of death following a
fatal anthrax infection. Ghe view i8 frequently held that the
tremendous accumulation of anthrax bacilii in the general
blood circulation towards the end of an infection is in
itself sufficient to eause dezth, 1.e. by purely mechenical
measns through a blockage of mmserous capillaries supplying
vital orgens. According to this view death could result
from internal asphyxia. uther authors again maintaln that
it may be due to pulmonary ambolisie Although apparently of
great significance, this mechanieal factor nleone does not
explain the cause of death in every instance, since it =ay
happen that death takes place without the presence of many
organisms in the circulation. This 1s especially notice-
abls in equines where only very few crgonisms may be found

in the blood after deasth. ihe possibility of toxic audbstancet
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elaborated by the B. anthracis bas, therefore, to be
considered. ¥rom this point the results of the investigate
ions of the vurious autliors are most conflicting.

According to “asteur and Joubert, Levy amd Beckman,
Canarelli, tirueka and others, no toxins are elaborated by
the B. anthracis. Conradi claims to have shown that neither
endo~ neor extracellular toxine are forwed by the B.anthracis
whether cultivuted in vitro or in the animal body. Against
this many woriers cluim tc have demonstruted definitely
toxic suvstunces formed by the anthrax organism. hHoffa,
Hankin and Yestibrooik, sartip, Srieger and rraenkel, darmier
and more recently srkoff, Sierpaum and soehgﬁe; all maine
tain that toxins, capable of causing definite symptoms and
even death, ure formed by anthrsx organiems. Further, the
fjmaunizing property of these metabolie¢ products of the
Be antirscis has formed the subject for close investigation.
Here arsin the evidence brought forward is very conflicting,
some authore claiming reliable imwmunizing properties for
certain gern free anthrax producte, while othere report
completely negative resultse

Bail wma the first to apply his conception of
agegressin imaunity to anthrax. sy the use of sterile
material collected from the cedematous infiltrations of
animale dead from anthrax, he wae able to cause a strong
imaunity in sheep, ravbits and gulneapigse 1bat this was
not oi the nature of a passive iumunity was shown by the
fzaot that it only developed 8 to 10U days after vaccinution
of the znimalse. Harkoff also found shaked extracts
prepared {rom anthrax cultures protecting rubbits againet
a subsequent virulent infections Yorking on Bail's aggressin
theory Ukuda described. the colleetion of subcutaneocus
oedema fluids from anthrax infected raboits and the strong
imounising powers of such fluids for other raubbits. sdke-
wise Matsumoto found the sterile oedema fluid of infected
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rubbits of definitely fwmunizing value. He concludes thut
the metabolic products of the 3. anthracis, present in such
fluids are responsible for the immunity produced, and further
that such aggressine are in some way comparable to bacterial
tozines UGuineapigs, however, were found to be far more
difficult to imuuanize with the agsresesine According to
Salsoery recent investigzations have desulted in the producte
ion of a true anthrax agressin capable of conferring a
solid lmounity in different classes of domesticated animuls.
The aggressin is constituted of the sterilised and filtered
body Juices collected from the curcasses of animals which
have succumbed to an infection of virulent anthrax.
sxperiments conducted on laboratory animals as well as on
sheep showed that the sc~talled a gressin had well marked
antigenic properties, while outbreaks of anthrax awonget
cattle under natural conditions could be steopped by ageressin
injections,

Since the results obtained by different worzers were
80 conflicting, it was decided to conduct sowe experiments
with the 3. anthracis both in vitro and in vive in order to
demonstrate the presence or absence of any such active
metubolic products.

¥or thie purpose a number of different liquid media
was prepared. The sterile medium was then inoculzted either
with a fairly strong vaccine strain of anthrax, or with fully
virulent cultures, und incubated at 37° C for warying
pericds, After thi# the culture was filtered through a
Seitz bacterial filter and the filtrate tested for sterility
by subeultivation and injection of amell aniwalse Should
these animals succumb to anthrax, it was clear yroof that
filtration had bean incomplete, while if cmears were negutive
and subcultures of both the filtrate and the spleen of the
dead snimal sterile, death was regarded as belng dus to

tox1§ action of the filtrate. ihe imsunizing power of the
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filtrate was tested out on sheey aixd goats in the wanner
already described.
asperigent 0.

8ix flasks each containing one litre of sterile
nutrient broth of ¥} ¥7.6 were incculated with 15 cece each
of 24 bour broth culture mude from a falrly strong vaccine
strain, and incuouted at 37° C,
idafk de incculated und kept as a control.
£3aBKa s 10 Cece 4 hour broth culture of tiie saue strain
added every 14 dayse
LPABBE B¢ 2CU gec. of a 25 peptone sclution added every
14 dayss.
£3a8K 42 200 cece fresh broth mdded every l4 dayse
LARBE Do 10 Cece {rash culture « 200 cece Droih added every
4 dayse.
idank e 15 cace fresh culture = 200 cece Z» peptone added
every l4 dayse
These materials were added in an attempt to promote and
continue the growth. ALl flasks ailter being incubated for
five weeke, were filtered through & Geltz bacterial filter
and testod for sterility.

Cubsequently swmall animals were injected with the
filtrate fronm each flasx as foliowss =
1 rabuit - 5Vc.c. filtrate subcutanecusly.

-

1 guineaples « 4 Ceco "

1 [ - 2 ® » ®
1l white -mouse=- 1 " " *
1 » » - .5 a ». L]

¢f the 3C animals thus injected every one remained in good
heaith. it was then decided after 14 days to test the
fmounity and the same aniwals now injected with virulent
spore emulsion radbits 10C K.L.De guinesjpigs 5C MelieDe and
white mice with cne needled prick from the virulent material.
The result was that all the animuls, excepting two mice,
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died from anthrax within 5 daye after the virulent
inoculation.

the material wus then tested cut cn sheep and gosts,
using two sheep and two gouts for each of the six filtrates,
88 folLlows: =

i1 sheep - 10 ec.co filtrate subecut. later tested with 500 ¥ D

1 L 5 ] [ ] ] ] ] ] @ 50 ]
l gcat 10 L3 - a " [ ] L] 2&(} L]
1 » 5 " ] ”n » - L) 109 -

Of the <4 animals injected with filtrate not one showed auy
111 effect. 4%he immunity was tested aflter 20 days with
virulent spores ranging from 80CC to 10C K.L.D.

ihe resilt was thut every animul, except one shsep
from flask 4, died from anthrﬁx within 5 days.

Srom thie experiment it was clear that the broth
filtrates were neither toxic to small animsle nor did they
possene any murxked immunizing power for larger aniualse

saperigent 9.

in this cnse a flask containing one litre liver
brotih, a8 prepared for the growth of 8. chauveaui in the
production oif slackquarter filirate, #as inoculited with &
young broth culture wuwde irow & relismbie vaccing antlirax
strain and incuvuted at 37° C for 23 duys, amu then filtered.
the steriie filtrate was injected into guineaplge and mice
and also into sheepe

Two guineupigs eachh injected with & and 3 c.Ce
respectively, and two mice with one c.c. sacliy all Tezained

alive snd healtliye.

Dete filtrate Date virulent
Sheep 13887 8 c.ce subcuts = 100 M.L.D.  Uead 2i/6/26
i ! Anthiraxe
« 1871120 % = ! - [100 H.L.D.  Dead 26,/6/26
) AnthroXe .

-

This filirate therefore exbibited neither toxic action nor
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imcunizing properties.
JADET g
It wae tuen decided to grow fuliy viruleat Sntnrax
organisme (a) in ordinury broths () broth 4105 antarax
imzune ser m. Ihls was dons for & period of 30 days
and the cuitures {ilteredy and tue fiitrate injected into
anizalse.
Swo guineupligs were injected suvcutaneously b and 8
CeCe Tespectivaely frow euch of the two filtrates. Ihey all
reaained alive and were injected 14 days later with 30 M.L.D.

virulent spore emulsione dhey all disd ifrom anthrax within

4 daye.
Cheep were then injected as followss

Dead 24,/6/26
Anthraxe
Dead 206/6/26

{v) Z
Date Fllirate
Animal 1¢/8/26 Hesult Date virulent Result
' spores
I Ealoces
Sheep 13954 |6 ceCe BUDC. | = 10C H.LeDs Lead 24/6/26
| | Anthrax.,
" 13639 |2¢C * " f - flGL delieide Deud 26/6/26
|

ASs in Txperiment 9 these filtrates were neither toxic nor
did they produce imuanity in sheepe

Two horses were injected subcutaneously on the left
8ide of the neck with 1lU CeCe aid D Ce.ce respectively of the
piain broth culture filtrate. At the sane time 1C c.c. oOf
ordinary sterile broth wus injected into a third hborse
acting as coutrole The object of this experincsnt was to
note tiig development of oedematous sweliinge frequently seen
in horses after vaccinatione in all three aniuals the
teuperature remuined normal and not the sign of a swelling
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noted.
Experiment 11 (eee also Lxpte. 3).

¥or this purpose the sume eultures as used in
expariment 3 were filtered, and the steriie filtrates tested
out on unimals. This consisted of virulent antihrax grown
for 30 duys in pea broth, vean broth, dog broth, chicken
broth, egi broth, potanto broth, broth4= 1Ui hyperimaune
serum und ordinary broth. vhereas sll the exall animals
died from anthrux fpllowing the injection of the live
cultures net & single one died from the filtrate, two gulneue
Pigs each being injected with § ce.ce The filtrate was also
tested out on 2 sheep in each cuse receiving 16 c.cs and
§ C.Ce Tespectively. after 14 days the imuunity was tested
by injection of 100 M.L.De 8nd 50 H...eDs respectively. ihe
result was that with tiree exceptionsiromdifferent filtrates,
all the sheep died [row anthrax within 5 deys. 1hie once
more proved tlwt by growing virulent anthrax in different
media neither toxic nor immunizing substances were elaborated

to any appreciuble extente.

In thie experiment different body flulids were
collected and used either as such or diluted with nutrient
broth as media in which fully viruleat anthrax organiesms
were grown for severnl weeks.

{a) A culture coneisting of ordinury sterile sheep's
blood in a flask inoculated with a 24 Lour broth culture

of viralent organioms wes incubated for tiree weexs «t 3?00.
It was then diluted with two volumes of norwal saline to
facilitate filtration and p:ssed throuch & Zeitz vacterial
filter, %he sterile fiitrate wae injected into gulneadigs
in 5 c.c. amounts, without however producing any 111

effect. 1t was then tested outl cn sheeps
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Dete filtrate Date virulent '
Anime 16/986 Repult mporcs 29/9/26) Result
Sheep
13042 10 c.c. - |280 ¥.n.D. vend 2/10/26
Anthraxe
6872 H Ca.Cs - 100 ¥.LJD. Lsead 1/1C/26

Thie filtrate tharefore arain -howed neither toxic action
por imounizing properties.

(b} the fluld present in the abdominul c¢avity of a dog
suffering f¥om ascites was carefully druwn off and diluted
with an equal volume of nutrient brothe 4in this mediua
viruient orgenisms were grownn for 3 weeks and then riltersd.
The filtrnte was injected into guineupics without causing
any symptoms or denth. 1t was then injected subcutanscusly

into cheep:

Animal Date filtrate pate virulent
2L/10/26  LieB; res 1,/11/26 hogult
Sheep
1426C 5 cocs flltrate « 100 H.L.D. vead 11/13/26
l | Anthrax.
1237¢ | 10 ¢ " ln lch MolsaDe nemained alive.

Ag the sheep injected with the smaller 5 c.c, dose of {ilw
trate only died from snthrax eleven days after the injection
of the viruient test dose, while the one injected with the
10 cece filtrate withstood the virulent test, it was

decided to repeat the experiment as follows:

Date filtrate bate virulent
ﬂg\ iiﬁk‘-al %h/'ﬁb £ B A _spores 13/1-/8¢
Sheep !
Ab1L71 | 10 cecs filtrate | 166 deliaide Hemained alive
‘ ' H
1178 | 16 ¢ " - | 100 M.L.D. | vead 20/13/26

| !
It ie thus seen that in a retest one sheep again remained

alive after the virulent dose whereas the other died from
anthrax 7 days aiter the second injection. ¥rcm the latter
experiment it would appear that by cultivating virulent

anthf;x organisus in a medium coneistipg of ascites fluid

elaborated which is capadble of producing an imaunity in a
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certoin percentage of shee,. »xcept perhaps in the last
mentioned exporiment no definitaly toxde or inert but
impund zing ocubstance could be demonstrated in any of the
virious liquid media in which vaccine or oven virulent
anthrax organions had veen cultivated for long perioaa. in
this respeet the Baclillus anthracis differs vaterially from

such organisne as the Macillus tetani or sacillue chauveaul.

Se (b) o s

a .
the ¥nimai bo

what is termed a "true anthrax aggressin® has within
recent years been »laced on ths market, It is stated to
congist of the saterilised and filiered body Juices gollected
from the ecarcases of animals which have died ae the result of
artificial infeetion with anthrax. For this prosuet is
elaimed the property of conferring a sélid active immunity
against anthrax and besides this,comglete safaty to

nccinated anizalse

As a s.ipply of thie material had been introduced inte
South Africa it was decided to ascertain experimentally its
degrec of safety and juczunizing properties on different
animalse

Oubeultures made from the “aggregsin® in broth and
on agar all recained completely aterile. According to the
directions for use guineapigs were injected pubcutznecusly
with the following amocuntsi
Two guinecpige 1 c.ce each and 2 guineapigs 2 CeCe oucChe
Jo symplouwe were suown,all the snimales remaining in good
health. it wae then decided to test the material on sheep

and goate as follows: (The doue injected corresponded with

that advised by the munufacturersje
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Animal Date aggressin Hesult Date virulent Hesult
10/8/268 pores 24/8, 26
i
Sheep 12068 |3 cec. subcut. - 800 H.LeD. [Dead30/8/26 Anturax
b 1086C |3 = . - 28¢ ¢ . 27/8/26 ¢
o 1299¢C |3 ¢ » - 3u/8/26 - 2/9/26 "
100 M, L.De
. 12970 |3 ¢ . - 30/8/26
E 100 M LD " 4/9/5 ®
Goat 14487 (3 * " - 260 " " 28/8/26 *
" 14449 | 3 = » - lico * » 29/8/26 #
30/8/26
" 146“ 3 " hd - 5{2 ﬁ.L.D; " 2/9/26 "
; 3C/8/26
b 14596 53 " . ! - BC E.L.D. " 2/8/26 "

Thue of the 4 sheep and 4 goats vaccinated not a single one
survived the immunity test, cleurly showing that the
immunity produced, if any at all, must have been very weak
indecde Iin none of the animals vaccinated was any tempera-
ture reaction noticed sc that complete satety oif thqrnccine
could not be dispated.

Seeing that no artificial product with reliable
imounizing properties could ve obtainad,it wag deecided to
ascertain whether in the animal body an& such substances
were elaborated after artificial infection with anthrax.
vith this c¢bject in view a series of experiuments were cone-
ducted as follows:~

susceptivle sheep and goate were to be artificlally
infected with antiivrax and blocd suears exnuined at regular
1ntervaia. As socn a8 the suears revealed numsrous bacillii
and signs of approaching death noticed, blood from the
Jugular vein wis to be drawn off asepticully into aterile
flasks. Immedistely alfter death, the carcase was to de
carefully opened and whatever other bedy fluida could bve
found besides the blood, were to be collected in sterile

ves: ele. ru:rte of the different organs wers also to ve

collected.
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The materialsthus collected were to be treated in different
ways:
(a) Some of the body fluids including the blood were to
be passed through Seitz bacterial filters and sterile
filtrate obtaineds 10 fucilitate filtration the blood was
citrated at the moment of collection so as to prevent
clotting, and afterwards diluted with two or three volumes
of sterile normal saline to decresse the viecosity.
(») in some flasks containing these fluids the anthrax
infection was to be killed off by chemical means. 4n this
connection wvariocus preliminary ampotimsnts were conducted
both on anthrax cultures and anthrax infected bloocds U
the variocus cheuical suvstunces tested out, it was found
that neosalvarsan in a dilution 1 3 BCC0 caused the complete
sterilisation of voth anthrax cultures and infected bloocd
within two hourse. ihis was clearly proved by nunsrous
subcultures and injecticns into smull animals, Sueurs wade
from such material r evealed murked disintegration of the
ergcanisms within 24 hours, while after a few daya,only the
debris of the diasintegrated organiswe could be made cute
Similur exper.ments were conducted with anilin
gentian viclet in varicus dilutiocns. 1t was found that a
dilution of 1 3 2000 kilied off the anthrax infection within
24 hours, and that in the course of a few days complete
disintegration had resulted. Various dilutions of Yatren
were alsc tested but with less satisfactory results., Vor
this peries of experiments it was, therefors, decided to use
unfiltered citrated blood treated either with neocsalvursan
1 : 60CO or anilin gentian violet 1 : 2C3C,
{c) Extracts from different orgens were made by macerate
ing these up with sterile normal saline in a mortar and
subsequently filtering through a bacterial filter.
All these materials were then tested (1) on smull animals
for toxic properties, and (2] on larger animals for their
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immuni:ing vsluce
Experizgnt id. Uniiltered Slood.
Coat 14471 was injected subcutanecusly with £ 80

M.L.D. virulent spore emulsion. un the second day the

temperature rose to 103.5°?. iwenty minutes befaore death
blood emeurs revealed numercus baciilis slood was coliscted
from the jugular vein (a) In Citrate 4 neosalvursun (b)

Igeitrate + anilin gentian violet. Subcultures made on the

following duy all ramained sterile. Utuineapigs injected

with 2 ce.Ce and white mice with .5 Cece each of the two

samples of bloocd all remained alives The material was then

tested out on sheep as follows:

vate sterile blood

Result Dute virulent result

.

Remained clive.

Kusep 12898 |2 c.ce citr.d neosalvare - 100 ¥.L.D,
i san blood !
. 7539§5 " . * . |- - Hemained alive.
I |
" 138212 * " 4 an.gentsblood - STT . -
a mgagiﬁ L] L + s o L] ’- ! 25C . » »
o ‘ . E
AB all 4 sheep survived the imuunity test, there ware defi-~
nite si;ns that an imounity had bdeen ¢ atablisheds it was
then decided to retest the material using a larger numoer of
animalse
-
Animal Date sterile blood Result Date virulent Hesult
foep 138412 cocs citr.d neosalvare - 100 H.L.D. 8/8/26 Remuined alive
: | san blood ?
" 18915 * v . e = 26C  *  16/8/26 . .
" 13873/2 " *  ,an.gent.violel = 100 ° 16/8/26 - .
4 blood |
* 921356 " b " o L - 100 . 8/8/26 " »
Lat 14493|2 » " +neosalvarsan = flﬂG *16/8/26 . .
Blood ‘
. 144916 * . » » - 1CC " 8/8/26 » .
" 1445212 * " +an.gent.viol.§- 160 * " . .
| blood ;
- 3448515 hd " » " ® - 280 ® 16/8/26 | Dead 21/8/26
[ — | l m—“
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ihus from the 4 sheep and 4 goats used for the rstest, in
which some were injJected with 5 c.c. and others with 2 CeCe
of the two samples of blood, oniy one goat succumved from.
anthrax b days after the imaunity test.

in some cases the immunity wus tested 18 days
aiter vagcoination while in the rest 27 days arter vaccinate
ion. %he goat that died was injected with 2560 H.L.D. 27
days aiter vaccination.

Thus the preliuminary eyidence that an active
imaunity Lad been established by this wuterial was yroved
beyond ang doubte ihe fact that in eome cuses the immunity
was tested am long as 27 daye after vzccinaution, would tend
to exclude the possibility of a purely passive immunity,
a8 @.£e« dhown by anthrax sera, and wiich generally pasces
of{ within the first week aiter injection.

in order to estublish the sffect that the neosulvar-
san in the blood might have produced on the imaunity test
several experinents were conducted with thie drugs »

Animal rirst injeetion SJecond injection Hesult
Sheep 11785 100 K.L.D. subkcut. |1 granm necosslvarsan 48 hra.|Vead on 3rd
| later day Anthraxe
v 13618 B¢ ° . i " » » Dead on 3rd
% day Anthraxe
« 13893 10¢ ¢ ® ) " 24 hrse |Uesad on 6th
; later day AnthraXe
« 23774 . BC " » 1l - " » Dead on 4th
; day Anturax,
. 13C65 | Simultaneously #CC |[M.L.D. Hemained alive
4 1 gram neosalvarasan
® 10456 leb grum - 100 HalieDs D esxd on Jd

12 hours later ,doy Anthraxe

Of the 6 shacp tested in different ways on.y one remained
alive viz. in the case where the virulent material and the
neosalvarsan injections were made simultaneously, the Iirst
subcutaneously und the latter intravenously. A® was shown
in the case of sheep 1C456, where 1.5 gram necsalvarsan wao
fnjected 12 houre before the virulent material, the bacteri=

cidal effect of the drug was so reduced within this short
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periocd that the animal succumbed to anthrax within 3 dayse.

¥rom these experiuente it was cleur that the survival of

the uniwals treated with the dblood suamples and afterwards

with virulent material could not have been due to any

salvarsan stiil present in the body after 27 day®e

After a period of 7 weeks thie same material was

again tested both for ite kecping qualities &8 also for

its thermostabllity.

<or this purpose some of thie blood

wie pasteurised in a water bathat 60° ¢ for 3C minutes

while some was pasteurised at 80° ¢ for 3¢ minutes. It

was then injected into csheep:

And zal

Date sterile blood
[ Ta (>

Sheep 12038

Lesuit

Date viruleat
ppores J3/3/£6

ny

t
{

O CeCe Ccitred neosalvare
san papt.tU”y for 3. mine

Hesult

1GG %OIJ‘Dt

Remauined alive

" 138460 cecs citr.4 An. gente, 100 » ® "
viol.blood past. at 60YC,
for 3U mine
*  10414|5 cecs citr eosalvane lou - “ "
san past.at SC C for 3¢
min.
» ICH88|0 cece C}.ua" Al gmt& iCG » * -
vicl.blood past. at 8¢ C
for 3C mine
After a pericd of & months this material wes agaln ﬁcated
and come pasteurised ot 92° for 3¢ minutes.
Animal Date sterile blood Hesult vate viruleat Lesult
Sheep 15636| 6 CeCa citred ngosalvar~ 100 ¥.L.D. | lmoined alive
ssn past. at 8C°C for
3¢ minutes ‘ .
*  15648| D c.cs Citre 4 neosalvar- icc " "
sun olde paste. 4t 929¢
for 3C minuten, , . i
* 15114/ 5 cac citr.&-gn‘gcnt.vicl icg "
bld.past.at 8CYC for 3U
minutes. ! ) ‘
* 15522 b CuCe citrffiag.gent.vial¢ ico = pead 1C/L8/26

bld.paste at 92%C for 3C

B

Anthraxe

In this ftﬁt one of the sheep dled from anthrax 4 days
after the virulent injection. 3shus out of the ZU animals

vaceinuted with this material 18 were definitely icmunized,
even aiter keapihg the blood for 5 wonthis and then pusteure

ising 4t up to 920 ¢ for 3C minutese
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In this experizent tlhe filltered vlood from shesp
dead from anthrax, ws tepteds
Cheep 1<927 was injected with 25C X.L.D. and blocd collected
15 winutes before its death from anthrax Jplood smeurs showing
nuamerous bacilli. ihe citrated blood was diluted with an
equal volume of 6aline/:ggediataly filtered. :he sterile
fiitrate wae injected into guineupigs without any ild

efisct. 1t was then injected into susceptidble sieepi

Animal ote gterile il Hesult Date virulent Resdlte

trate 16/39/26 spores 29/9/26
Sheep
143234 10 CaCe aubcutﬂ - A6C H.L.D. Dend
| 3/10/26

Anthraxe

13771 5 * ® - 160 . dead
2/1C/26
Apthraxe

As these two sheep died rather unexpectediy after the
imsunity test, it was decided to srocure a fresh saaple of
blood {rom another sheep infected with anthraxe

Sheep 13675 was injected with 25C M.L.D., virulent zpores,

ihe animal was bled a few minutes before its death on the
third day. i#lood emears showed numerous anthraxX Ducillle

ithe citrated blood dillted with an equal voluume of saline was
again fmuediately filtered and the sterile filtrate tested
out on guinespige without anmy 11l effect. It was then
injeeted into sheep:

Znimal Date sterile iesult Date virulient Result
filtrate B spores
30/LC , 6
Shee i i ,
116?? ' 2 CeCe SubcCuUte | = 26C H.LaeDs Desd 13/11/26
| Anthraxe
léz79 [ v ¢ - |28C6 * Deud 14/11/26

A in the previous test the two sheep rapidly succumbed Iroa
anthrax after the imunity test, It was thue clear thst the
bloocd {rom which the anthrax orguniswe Lad veen separated
by filtration showed no imuunizing powers as compared with

the immunity provoked oy whcle plood in which disintegratiocn
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of the organimsms had been brought about by cheaiocsl means.
All evidence pointsd to the bacililary debris in the vlood
a8 being the real imuuni:ing substunce in these experiments,
the same lmeunising properties, however, could not bve
claimed for anthrax bacilli cultivated on artificiul media
and dieintegrated either by Anilin . entian viclet or uy
actual grinding upe {(Coe Zxperiment Hj.

sxpexiugnt 16,

In this experiment the sterile filtered body Juices
of several aniuals dead from anthrex, ss well as filtered
organ extracts wore tested on sheep.

(a) A sterile sali .e filtrate of minced spleen obtained

from goat 102Z6 dead from virulent antiaax was injected

inte slheep:
iate sterile Date virulent
Animil spleen {iltrate Hesult spores Heeult
3C/IC/56 31/31/86
Sheey, 13951 2 ce.cs Bubcute. - | 250 H.LeDe | Jead 3/11/26
; Anthrax
* 13947 b » o - |26 " vsad 14/11/6
- .’ Anthraxs
(v} Sterile filtered ikile obtained from the same goat

wag ulso tested on shesept

Lute aterile
Animal filtersd bile HKesult iate viruleat  Lesult

| 3C/1C/26 : Z
SCheep 14356 2 cece bile , - lut dileDe | Kemained
: filtrate i alive,
» 1372855 c.c. bile f - |1cC " Dead 12/11/6
m& i . m———
(e) Sterile filtered peritoneal fluid obtzined from goat

14391, dead from virulent anthrax, was injected into sheep:

Date sterile virulent Hesult
Anioal fl“igéﬁé@ﬁ: Result t’ . G
Sheep 12201  1C cec. suvcuts w [ 100 iLeiseDe Dead 5/1CL6
Antiraxe
* 139892 H " . - '3lcCc " Hemained
m“

Un repeating the latter two experiments both anials died
after the virulent test. 31hus, as in the case of the
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filtered blood the other body {luids and organ extructs
showed no delinite iamnmunizing powers.

A number of horses vaccinated with a certain
fairly weuk buteh of anthrax spore wvaccine developed well
marked subcutaneous cedematcus swellings. It was decided
to collect some of this cedema fluid and test it out on
animals, Morse 18C28 phowing a severs ocedema of the lower
cervical and sternal regicne following voccinztion was used
for supplying the cedema flulde

The clear fluld was drawn off into a sterile flask.
Subcultures madexfrom the fiuid all reuained sterile.
Guineupips injected with b ce.ce each of the pire cedeua

fluid all remained alive.

. Date cedemna Date virulent
Sheep 13909 10 CeCe Oede - 260 K.L.D, dead L6/9/26
fluid Anthraxes
- 13748 |10 * o - 160 bl Hewmained
. alive.
“ 1369 | & ¢ " - ETE » vead 18/9/26
Anthraxe
# 12696 b B ! - 1G0 ¥ Dead 17/9/56
i 1 Apthraxs

Thus out of the 4 aheep injected with as much as 1lU ce.c. 0f
the pure fluid three died from anthrax after the immunity
test showing that the iwmunizing power, if any, was decidedly
very weak. At the same time this fluid wus &also injected
into two nonevaccinated horsess the cbject being to note
the possible developument of similar swellings. lorse 17827
was injected with 6 c.c., and horse 17700 with 1lU ¢.¢e both
subcutaneously on the side of the necke Ihe animals were
examined daily for 12 days and temperature records kepte
During this time neither of the animals shoved any tespera=
ture disturbances nor was there any swelling noticed. ihe
iatter éxgeriment would, t erefore, tend to exclude the
pm%MMWOfawnewmmmeMMgmcmuaﬁtm

subcutanecus ocedemmm in horoes.
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Exporjment 18.

The object of this experiment was to ascertain the

effect of various non living antnrax products on the course
trnt e confe ol avbcatl «nh Cppat g, ,

of an anthrax infection im guineapigso. GuinesxpigaAof a '
definite dilution of Vaccine Anthrax spoeres. 4n some of
these left as controla tie time of death was caretulliy
noted, while the others were injected simultanecusly with
the various anthrox products which oy themselves ashowed nc

harmful effecte on these animuls. Again. the time of

death was noted.
All animals injected on tae 17/9/26,
(a) Lontrole,
1 guineapig ~ 1 c.c. of U1l dilution spores - dead in 4 days

Anthrax,

i . -1 ~ " G . * - dead in 5 days
Agthrax,.

(o) Vaccine spores 4+ sterile broth f{iltrate ocutained from

3C daye old virulent anthrax drocth culture.

i gulpeapie - 1 cece 0 oLl dilution spores 4+ 2 cecs filtrate
dead in 4 days Anthrax.

i " -1 * ol dilution spores $ 2 c.c. filtrate
dead in ¢ days Anthrax,.

(e) vaccine spores + cedema fluid from norse 130¢28

showing anthrax swellings after vaccination.

1l guineupig ~ 1 ceCe 0i oLl dilution spores 4 £ ¢.c. cedewma
fluid « dead in 4 duyo Antaraxes

i ¥ « 1 ® " L0l dilution spores 4 2 C.c. czdeua
fiuid « dead in 5 duye Anthraxe.

(a) Vaccineg spores 4 sterile filtrate cotained from 30

day old blood culture ol virulent Anthraxe

1 guinsapig = 1 c.ce of UL dilution spores 4 2 ce.2e filtrate
dead in 4 days Anthraxe

1 . -1l " * LUl dilution spores 4 £ c.c. [iltrate
dead in 4 days Anthrax.

{e) Vaccine spores 4 sterile filtrate obtained from

anthrax vlood of sheep 12827,

1 zuineanpig = 1 c.¢s Oi oU1 dilution gpores 4 2 c.c. filtrate
dead in 4 days anthraxe

1 " -l * * «U1 dilution spores 4 < c.c. filtrate
dead in 6 days Anthraxe
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{r) Vaccine sporec— sterile filtered peritonsal fluid

from goat 14391 deud from anthraxe

1 guineapig « 1 c.ce 0f ULl dilution BPOTes 4 2 Cece flitrate
dead in J days Anthrax.

i » -1l ® ® Ul dilution spores + 2 c.ce filtrate
dead in 4 days Anthraxe

(g) Vaccine spores -~ fmported sterile Anthrax aggressin.

d culnespig = 1 cece 0f LUl dilution spores+ 2 C.Ce aporessin
dead in 3 days Anthraxe

i " -1 ® % LUl dilution BYOres 4+ 2 CeCs BLEYERS=
in « dead in 4 days Anthraxe.

¥rom thase';xgerimcnts it is clear.tnat tae different

Anthrax products used, had no effect on the course of an

anthrax iniection in guinecapigs when injected siuultanecusly

with the live cpores. 4in none of the cases wis dsath

definitely haetened or delayed since all the univale died

practically on the seme day as the controls did. 4t should

be noted that the spores uged in this experiment were

repeatedly washed and centrifugnlised in order to free them

irom any adherent exceproducts.

srom all the experiments recorded in this section

the following pointe were clearly evident:

{a) in every instance the metabolic products elaborated

oy the 3. anthraeis when cultivated in various liquid media

for long periods and then filtered off, failed to reveal

any toxic action in maall aninmals or imaunizing effect

in sheep and goats.

{B) Various body juices, including blcsd, celiccted from

anthrax infected animals and pussed through bacterial filters

were neither toxic nor of imnunizing valuee

{c) Anthrax blood in which dieintegration of the 3.

anthracis had been brought avout by chemical zeans possessed

definite immusizing properties which resisted heating at

9206 for 3¢ minutes. the saue qualities could not ve

claimed for disintegrated orgsnisms after cultivation of

artificial wediar
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(a) Ho soluble filterable “ageressin® could ve demone
strated in oy ol tle experiwents. The iumunizing suvstance
present in anthrax blood was not found to be filteravie,
i,8¢ it is probubly very closely sssociated with the
organism in the blood, althouph it was not found in the

cuse of orgasisus cultivated on artificial mediae

Based on the results of variou: experiments cone

ducted, Hespedka has within recent years announced an
original theory as to the wmeclianism ol iniection and
immunity in Anthraxe. According to this theory animals
which are highly susceptible to anthrax can only vecoue
infected through the skin, which is the cnly organ capable
of acting as the portul of entiry for tue anthrax orgauiste
wvhere an infection of the skin was definitely excluded, a
fatal srtirficial intfectiocn by any other route could not ve
brought avoul even in the caste of higaly susceptible
animals such as guineapigs.

Further, successful imsunization of susceptidle
animals is dependent on the primary immunity of the skin.
Thus immunization of the skin is essenti:l and sufficient
in order to render animals immune to anthruX.

1t is for these reasons that sSeeredka strongly
advocates skin veccination as the rationul mode of imunizing
anirals against anthrax. laboratory animals suchas rabbits
and guineapigs which by the usual methods of vaccination
were very difficult to immuni:ze could by cuti-vaccination be
protected. These findings of Besredka have resulted in
numceroue investigators focussing attention on cutie
vaccination am! cutie-i:munity. <1he rosults obtained by
different wbrkers are, however, again markedly conflictinge

while the findings of some are wholly in accordunce with

Digitised by the University of Pretoria, Library Services, 2013



43.

those of sSearedka, others wers able to substantiate .nly
certain points in the original theory. 3ome investigators
on the other hand, have failed to confirm any of Besredka's
findinge. Uf the varicus authors who have confirmed the
results obtained by Besredka, the following mway be mentioned:
Velu believes that extensive vaccination of animals in
iiorocco haue shown that a single intradermal injection of
vagcine is sufficient to provoke a strong and lasting
iomunity even where no thezzﬁa.l or local reaction follows
vaccinations The method of vaceination is practical and
the f:umunity lasting 6 to 7 wmonths.

According to llevodov, horsees and cattle can be
suffessfully immnized by cuti-vaccination “&.’é? the vaccine
i only. Mo complications are noted wiulle animals may be
worked immediately arter vaccinution.

*rom numerous experimants lrocge-Rousseau concludes
that cuti-vaoccination of horses leads to a strong and rapidly
forming immuunity withcut, however, any untoward conplications

Similarly Balteano, Plots, Hicolas, Stoicescu Valleec,
Bruska, Kudwjavze®, Baliberdin, Hfossi, Urbain and “0)5?3' were
able to confirm the findings of Desredka.

Ceveraul authors zlthough partly in agreement with
Besredka's theory, find that the sxin is not the only organ
susceptible to anthraxe.

Yhus Combiesco, Fopesco, Gratia, Kritaschewsky and
Srussin, und more recently Halitz and Amiraslanow, maintain
that animals muy be fatally infected by routes other tihan
the skin. Frurthersore, numerous experinents have shown
that infection through the skin is less certain than by
other routes, il.e. the skin is actually less susceptible
thun other tissues.

From vartious experiments conducted, Viljoen, Curson

and Fourie found the skin no more susceptidble than any other
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organ and further the immunity following cubcutansous
vaccination more reliable than that fcollowing cutievaccie
nation. Accordin: to Guemun, SNeri, Pagewics, La{}raghhi
and Casulotti, their experimente did not confirm Hesredka's
findings, 1e.¢e cutievaccination of laboratory animals was
noet followsd by reliable immunity against anthraxe.

Geeing that there exists a wide difference of opinion
as to the relative susceptibility of animals to different
routes of infectionas well as the merits of different
methods of vaccination, a lengthy serios of eperiuents
were conducted with the following objects in views «

{a) To attempt the artificlal infection of small animals
with anthrax in different ways, at the samne time excluding
as far as poseible iniection in other ways.

(v) To attempt the ilmmunisation of small animnls by
different methods of vacclination.

(e) To compare the safety and immunity conferred by
anthrax spore vaccine on sheep and goats by different
meothodes of vaccinatione

(a) %o note the clinical reaction produced in horses
following various methode of waccinatione

In all these experiments the vuccine consisted of a
glycerinised spore emulsion of a batch of anthrax vaccine,
the safety and immunizing propertios of which had bdeen care~
fully ascertained beforehamis 7The vaccine in each case was
- prepared by cultivating the attenuasted organisms on nutrient
a&ar and collacting the growth as socn as sporulation ws
practically completes OSubsequently ths spore emulsion pre=-
served in an equal weight of glycerine was tested out on
guineapis and radbbits by subcutsneocus injection of wvarious
fractiones of one cubic centimetre, and the lethal effect
noticede. Should the rabbits survive, the material was
tested out on sheep and goate in amounts ranging from U CeCe

to 4001 ceCco of the emulsion by subcutanecus injection.
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After a period of 2 to 3 weeks the imaunity sue ascertained
by the subcutuneous injection of virulent Anthrax Spore
emilsion. $i.ds ccnstiiutes the routine procedure for the
teating of different batches of antirax vaccine before issue.
in this experiment only guineapigs were used.
srecsutions were taken to select animals that had not veen
in anthrax experiments previcuslye Iip order to prevent
ekin contamination with anthrax material in the course of
injections made, where this was to ve excludad, ilong hype~
dermic needles of very small bore were usede the point of
the needle was introduced as far as poseible from the skin
puncture before the injection was made., Wn withdrawing the
needle the edge of the skin atl the puncture was immediately
thoroughly disinfected by introducing the points of a very
fine pincet rolled in cotton wool and steeped inte a 1UR
solution of tincture of iodine. sy twisting the points of
the pincet in the skin puncture, the edges were imnediately
thoroughly disinfected. %his procedure was adopted in every
case where akin contamination was not desired. Ouineapigs
ware injected with a definite dilution of a fairly weak
vaccine known to kill them in that dilution after the usual
subcutaneous inoculatione Animals that survived the firet
injection were aftervards injected subcutanecusly with a
stronger vuceine and which was regarded as the imounity test.

1 guineapig = «Cl CeCe = dead tar 7 days Anthraxe

1 » - +U1 " - - L] 8 » -
(v) Desp_intramugc :

1 guineuple =«Bl cece = dead alter & days Anthraxe
l [:3 - '01 9 - L] - 6 " ]

(e}

1 cuinespig = «Cl Cece = dead after 7 days AnthraXs

1l - - o1 * ~ survived first injection.
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Injected 14 days later with 2 c.c. stronger wvaccine., UDead
4 days later Anthraxe
(a)

1 guineapig - U1 c.c;g Soth survived first injectione ine
Jected 14 days later withh &2 CeCe

1 " e «U1 % ) stronger vaccine., une dead 3 days
later Anthraxe.

(s)

1 gulneaplp - .Ul c.Ce) Both survived firet injection. ine
} Jected 14 daye later with .2 CuCe
1 » « U1 ®* ) stronger vaccine. soth dead 3 days
later Anthraxe

() |

d guineapie = o1 c.c;g Botin sgrvivad :;rat doses. injected

L% el * ) cecs sirencer vaccimes Hoth dead 4
days later Anthrax.

Centrolss Two guineapigs injected subcutunecusly in the

ordinary wuy with +Ul ce.ce each of the first weamker vaccine

died in 4 and 5 days respectively from anthaxs

Two guineupice injected subcutanecusly with .2 CaCe
each of the second stronger vaccine both died in 4 daye
from ghthrax.

Thus in the avove experiments guineapiges were roudie~
ly killed by 1ntr¢peritcnesl. intramuscular, and subcutaneous
injections of a wesk vueccine, while all the guineapigs
survived the intratricheal, oral, and intradermal by scari-
fication, aduinistration of the weal waccine. %These
aninalils, however, all died after the test injection of &
stronger vaccine 14 days later.

The above experiment was repeated, uming smaller
doses Oof the weak first wvaccine, in order to lose fewer
animals and to be able to teast the immunity developed by
meuns of a second injectionm of the sams stronger vaccine.

(a)
1 guineuapig =» CQA c.c.; Both survived first injection. ine-
Jected 14 days later with 2 CseCe

1l » e oLC1l " ) stronger vaccine. doth died 4
days later from anthraxs
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1 guineapig « +COL c.c. = dsad 6 days later from Anthraxe
1 " - LUl " « survived first injectien. +njecte
ed 14 days later with 2 CeCe

stronger vaccine. Hemained alive.

1l guineapiy = +CCL cete = dead after 9 days from Anthraxe
by - - UL % = Survived first injection. injected
14 aaya later witih +2 C.Ce atronge

er vuecine, vead 4 -duys later

from Anthraxe

1l guineuply « «UCL cece =~ dead "7 days aiterwards Anthraxe
i “ w QUL " « purvied 1nJéctiun. injected 14 days
later alth 42 ce.ceo stronger vaccie

nations JDeud S daye later from

Anthraxe.

3 gulneapl » «UUL cece ) Both survived firetl injections. ine
Jected 14 days later with 2 CeCe

1 a - 4GC) " stronger vaccine. Scth dead 4
days later Anthruax.

(£)

1 guineapig = <UL C.Ce ) 3oth survived first done. injected
} subcutaneocusly 14 days later with
1 * w JUL % ] 42 0.Ca Btronger vaccine. Soth
dead 4 days later Anthrax.

A third imsurity test was conducted in which case &
larger number of guineapligs were vaccinated, with the same
first voccine in a dilution of 1 i 3CC as issued to atocke
owneras %he immunity was subsequently tested with .Ul CeCe
fustead of «2 coCe of the cecond stronger vaccine, by sube
cutczneous injection.

{a)

wlion ~ preventing skin contae
Zh’hﬂfbh
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Zate vaccine Date stronger
Animal 3/5/27 iesult vaceine Hesult
€3
‘ ' o 1
1 gulneapig | 1 cece (dila1230C) dsud 11/5/5 - | -
not Anthrax i
1l . i » o alive «Ul cuce sube. dead 19/5/27
Anithraxe

1 8 l " ® alive delid ® » |dead 20/5/27

| ‘Anthraxe

1 ® i " wiive 1 B *  |dead 2u/5/27

EMW&K.

i - 1 " » alive L1 " “ iRemainad alive
{b) Deg: lgn » preventing skin
contamination.

Date wuceine Date stronger
Anfiual 35/ lesult vaccine Result
Y&6/6/:2
1 guineasig| 1 cece (41141:30C) dead 9/5/27 . - -
Anthrax. '
i . i " ® dead 11/5/27 - -
Anthrax.

i » i " " alive +Ul ceCs Cubc, |llenaained alive

1 - i * " ® e B " ‘ » -

1 " 1 o n " J2d ® ] L »

T ate vaciﬂi?"’ late afronger
Animal 3/8/27 " Repult vaecagg Result
' |
1 guineapip/d CeCe (dile.1:3C ) alive +UL Cale §ubc'§§§§gr§§{$/2?
1 " 1 ° 8 " 1 " - Dend 2C/5/27
=Anthrax.‘

1l » ‘el ® ® " N S w Vend 23/5/27

! Anthrax.
1 . W10 » . CL » Renained alive
1 » ' '1 L] [ n. . ‘Ql - o » L ]

From this retest it is seen that out of & guineapige
vaccinated subcutanecusly, one died after vaccination but
not from anthrax, while following the imsunity test 3 out
of 4 dicd from anthrax,. uf thosz injected intramuscularly
2 out of the b died from anthrax after vaccination, while
all three the others withstcod the imcunity test. i the O
vaccinated intradermaliy 3 died after the inounity teste.
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It should be noted that in the original experiment
as well as in the retests the sume Vvaccine was used only in
different dilutions, while the sane astronger vaccine was
used for all the imuwunity tests. idhe following points
sare clesars
{a) Suineapige could be killed oy intruperitoneal
injections of wvaccine anthrax, whilie in surviving cases no
isaunity could be demcnstratedes
{b) Gulneaples died from anthrax sfter deep intramuscu=~
lar injection of vaccine, whkile in surviving cases ile
domunity was fairly definite.

{e) Guineapige were kiiled by subcutaneous injection of
vaccine, while in surviving casges n¢ lmunity could ve dee
monstrated.

{a) 3y scarification oi the skin or intraderwal
gaccinaticn, esowe gulncapies died {rum anthrax, while in sure
viving cases the lusuniiy was unceriaine

{e) 3y intratrachesni injections of wvacciue, 6o deaths
occurred, althouih no imamnity could ve deuwcnsirated artere
wards, 8ince all the aniumnie died arter the temt injection
{£; By the orul administraifion of 1 times the awount of
vuccine used in the viher tests, none of the guineapigs
died, aitlhcueh no iunandty could be shown afterwurdse

ihuse axcept for the intratrachesl and orsl aduinios=
tration of authrax vaccine, guineupiis could ve eusily killied
by the different routet, while from the immunity teate the
intramecular vaccination would sess the most promising,

whlle the resulis of inutraderunl vaccination were doubtfule

This sories of experiuents was carried ocut with the

object of2 (a) Ascertaining the differences in susceptivility
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