8Ce

to the vaccine and the degree of imaunity developed in shesp
and especially in goats, following different éethoda of
voecination with Spore Vaccines
{b) Ascertaining the merits of cuti-vaecination.
Bxparigent sUs

The vaccine used was the same as that employed on
the guinespiys in the previcus experimsnte Lt was prepared
from a fairly weak vaccine strain and issuedfor use in
goats in a dilution of 1 & 3CC. f;ha routine tests on
cuineapige, it killed thew in & dilution of +Cl cece while
+CCL cece proved snfes Tested out on sheep and goats al;
animals remained alive, although in the immunity test 2 out
of the 6 sheep died as well as 3 out of 14 goats; showing
that the !mmunizing power of the vaccine was not very stroige

The main aim of these tests was to compare th§ saf ety
and immunity fcllowing: (a) subcutanecus and (b) cutie-
vaceination, but since the intramiscular vaccination had
given the most encouraging results in gulneapigs, it was
deeided to include tuis mothod of vaccination in the testis,.
As in the guineapig experinments strict precautione ware
taken in order to avoid skin contaminition with the vaccine
when injected subcutaneously or intramscularly. i1he
injection was thus mace as far as possible from the puncture
of the skin, while the wound was immediateiy disinfected with
the pincet and cotton wool swab soaked in 105 tincture of
iodine salution. the vaccinution in all cases was carried
out on tae inside of tihe thigh, whiie for the subsequent
f:nunity test the inside of thne otner thigh was useds
Teapernture records were xept oi all the animals.

ine ovject in using the weak vaccine was to note
the diiferences, il wany, in the degree of laaunity since
wiillh & stronger vaecinc it is conceivable that these
differences might Yuite eueily aave boen wasked. Yor tle

fusunity tests a standard fully virulent spore emulsion of
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known strength was used. In this. case the injections,
unlsoes otlwiwise stated, were all made subcutanecusly into

the other thigh of the cnimal,

Ae All vaccine injections mude pubgutungcusiv preventing
skia contamination:
m Date Vaccine Mate virulent oese virue
Antal 0/4/1927 Hesult spores lent Result
o |
Sheep 157901 cows did Li30C| - 118/4/27 | 500 H.LeDe Dend
! | ! 25/4/27
| | Anthrax.
e ibbe6'l » # i % 25/4/« 8CC - Remained
' alive,
o 16538411 *¢ - » - ! & . 800 " Dead
‘ ‘ 28/4/27
1 AnthraXxe
*  1B77€|1 * = 0w - ' " 26¢ ¢ Dead
S 29/4/3%7
i Antliraxes
* 1547411 * ® " - ‘ " (1€ " Head
: 29/i/27

B¢ All vaccine injecticns zade jpbrgugscul-rly preventing

8kin contawiaations

Dule Virae= L0gSe Virlde

Animal Jate vaceine nesult  lent lent Result
YLY#A , , Bogres gogres
Eheepy 1CB97 |1 Ced» dil 1}:3LC - | w/a/en !buc H.LuDe ﬁzfaiucd
PoUE i 41V8e
.« 15867511 ¢ *» = - L 28/4/27 N TC VR fﬁ@ﬂ&ined
f alive.
« 187071 ¢ L - ol 185G *  |Remained
; ‘alive,
s 154671 " » . - , " 850 " Depd
‘ ' \28/4/<7
: AnthtuXe
s 156432 * * - - ; n | BC * ‘Renst ned
’ iﬂlivec

Ce Vaccine applied to Bkin aiter scarification of a pateh

15 inch square.

Jate vaccine Dete viru- Joee virus
Animal S/4/27 Hesult lent lent Kesalt
sheep 15649!;25 CaCoedil 1:70 - o 1e/4/27 560 HeLeDe+ Dead
23/4/27
f Anthraxe.
0 15547 426 ¢ % ® - 26/4/27 |5¢C "  [Dead
| &V 4/2
; Anthrax,
" 1(38C |26 0 2 - " 8ce ¢ Jead
; 29/4/27

Antihraxe
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AR
mte vaceine Date viru- Dese viru-
Anizal 5/4/21 Result lent lent Kegult
. - : ARRIAS '
{contds )
Sheep 106460 (42D C.Codilali?D - 25/4/27 25C M.L.D. |Dead
. 29/4/27
Anthrexs
*  15468{.26  * ¢ - » 750 0w Remalined

ihus, out ol the o shoe, Yaccinuted subcutaneousdy
4 succumoed to anthrax after the jmmunity teet, and like~
wise 4 of vire U in wkich the vaccine vas applied on the
penrified sxin, died miter the immunity tests Uf the 5
veceinetsd intrapuscularly, only one died. As mentioned
before the vyeuccine wus definitely weak, but still the
Giffervences in the repulte {olloving different zethode of
vaccination were clesrly shown as wag the cage with the
guipespigs wbiere intoususcular veccinitiocn elso appeared the
mest promicing. No difference wes noeted in the repults of
cuti-voceination as comparcd to subcuteneous injection.

41 should Ve mwenticnecd thai none of the sheep ine
Juectled wubeut .necuuly or Ly scorificetion showed any tempere
ature reoucticn afler the vaccionticn, whereas of those
injectsd intrauuscul .rly two showed = well marked rise im
tenperuature up o 105.403 on the third day after vaccination
while two showed a rise to 10348°F and the 5th caly a very
clight rices %Thus, the reactiocn pProduced by intrauascular
injeection as guuped by the temjerature churts wis clearly
mgre marked than with the otber two wethodse

Arvetest v the giove experimsnts was carried cut on
9 more sheaep a8 fcellowst
As  All vaccine fnjectious unde gubgutapecucly preventing

ssin contapinations

Digitised by the University of Pretoria, Library Services, 2013



53.

Date vaccine

date virulent

Animal 28/5/27 Result apores Hesult
jjﬁzﬁéﬁ?
Sheep f
1515? 1 c-(!"dilc - [RBC, deleDe | Dead lﬁ/&/ﬁ?
. 1: a&s) | Anthruoxe
1.5‘7?8; 1 - (Boo » Remained alives
| |
16170i 1 » J - ivao . - d

Be All vuceine injected in preventing skin
contaninaticn,.
Date vaccine Date virulent —
Animal 28/6/27 Hesult sporses Result
Sheep ? g
1_6159 1l cece (dile - | 2B0 HelLsD. Hemained slive.
1130C) ;
10912! 1 ® - 50(} L " »
161641 1 » " - 0 = " .
Ce Ali ¥accine injected intradermallye-
Date vaccine TDate virulent
Animal 28/5/<7 nesalt spores Heault
- 11/6/83 '
Sheep | ’ i .
15769 | .65 CeCe (diI‘ - izﬁﬁ HeLeDe |Dead 13/46/27
1:?5) Anthraxe
16831 25 - lwa *  |iemained alive.
10918 |28 * b é - | 760 » » .
| | !

From the retest it is seen that cne ocut of the three

vaccinated subcutanecusly as well as one out of the three

vaccinated into the siin succumbed to the immunity teet,

while those injected intramusculurly remained alive.

A third test on shsep was curried out with the saume

vaccine although the imaunity test doee was icreased up to
30CC ¥.L.D. The object of the experiment was to note the

quantity of virulent spore emulsion necesgary to breuk the

immarity in each cases
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Ae All:vaccine gubeoutanegysly preventing exin contamination
| Date vaccine Date virulent
o wRYLTE 29ault  spores ob/u/27 Sesult
; 1:3cc) | Anthraxe
16142 1 *  » | -« |zoce = Dead 28/6/27
| | : Anthrax,
16351 1 ' . - 20 ¢ iemained alive
16139 E3. . w é - 300C ® ; » "
Bes All vaccine fntlacgegal rly preventing skin contaminatin
Dute vaccine “ate virulent
ep !
15391 1 cece §G§1.) - 1500 H.LeD. |Remained alive
! 13CC
5782 1 * " - 20¢G " i . .
is8c? 1 * . - 20C * * 8
15650 1 = - | soco = . .

Ce All voccline injected jntradermalive.
ﬁﬂiU9_ Imte vaccine xte virulent

Adih . MO/ST . LeBUML. BRONGE BOLO/ET copuRL

15796 '«26 CoCo gas.:a.sz ~ | 1560 H.LeD. | Remained alive.
: 1:75

15792 425 * " - 20cc Lead®28/6/2 1
i Anthraxe

A581C |¢20 * - - 2500 " Hemained alive.
* ,

1779 o256 * . - | 3000 ® Dead 28/6/27

Thus: 2 out of 4 vaccinated subcutaneously and another two
v:cvinated intradermally succumbed after the imaunity test,
while ail 4 injected intramusculsrly reuained alive.

Seeing that the intradermal vaccination produced no
better immunity than the subcutaneous metinod, the former
was discontinued. Comyarstive tests were tuen conducted on

goate some vaccinated subcutaneously and others intramuscu~

Jarlye

Fe ‘ 8 G .
w e 2.

7he same vaccine which was employed in the previous

experiments was also used on gouts as followss
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Ae Vaccine injected subcutupgously preventing ekin
contanination:
Date vuccine Date virulent
gmm...wz.__,t Dl 8L Result _poores 29/8/27 _Resuht
oa ;
17951 ‘1 CeCe (dile - S50C H,L.D. Dead 31/8/27
: 1:3GC) Anthraxe

17967 1 . " - 8cc @ Dead 31/8/27
AnthraXe

17962 1 b " - 100¢ \d Hemained alivees

17 1 0 e - | 800 - Dead 31/8/27
Anthrax.

17947 1

N » - |lo00 " Hemmined alive.
; 4 :

1
1

Be Vaccime injected jintramuscularly preventing exin

contaminatione

bate vaccine bate virulent

Andmal _  A8/8/27 Rgla;LT3a9zﬂn_224&.&21...32&3&&._...__
Goat | !

17976 1 ceCe (dile | 9 | 5CC M LeD. Remained alive.
1aaoo}i | |

17972 1 * " | e | BCO °® - Y

: ? l |
17963 {2 0~ »® . w !mm " | . "
17968 (1 * " - | 500 " | . -
17962 11 = . - Emw . ’ “ -
Hepalts Out of the 5 goats vaccinated subcutansousldy.

three died from anthrax after the immunity test, whil® all
five the goats vaccinated intramuscularly survived the
imounity test.

it was then decided to ascertuin the degree of
pafety of a stron; cattle vaccine for goats wien injected
subcutanecuvly in the one case and deep intramuscularly in
the other. ior this purpose 1 Cece of & 1 in 1U dilution of
a strong cattle vaccine was used. ZIhe vaccine regularly

killed guineapigs in a dilution of 1 im JCCC.
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As Vaccine injected gubcutanevusly preventing skin
contamination,

Date vaccine late virulent
Antmel  23/0/27  xewut  _ m 2
Coat é
17984 1 ce.c. (dil. [Dead 29/8/:27 - | -
1:10) |Anthrax.
i 1 = . Alive 15CC MeLeD. iﬁemainad
. slives
17988 1 * b ® i5CC bl bl
17961 1 * » | Detd 1/9/2% : - -
; ' Anthrax. '
17944 |2 ° " |Alive 150CC R.LeDe Hemained
| | alive.
171376 1 * * . A8CC * "
17945 1 " " Dead 26/8/27 - -
| ) i Anthrax : :
img7ily = @ Dead 31/8/:27 - : -
; . !mthrax | |
17941 1 ~ ¢ ' Dead 2?78/27 - ! -
' | Anthrax ;
17960 3 " ¢ L Alive ;150& H.L.Ds 'Hemaxned
J I F VS8 [ Pr—
Bs Vaccine injected jntramyseularly preventing skin
contamination.
Jate vaccine vate virulent
Anigal . 23/0/27 Tesult . ppores A5/9/27 . Repadt
Coat ,
17964 1 cece (dil, Alive 160C 4,L.D. |Remauined
: 1:1C) : alives
17966 ) = » b 16G6C e -
17982 1 * . . 1500 * "
17981y 1 ¢ » vefld 29/8/: - -
. Anthrax.
17965 1 * . Alive CABLU MblDe  Remained
| | aillves
17942 1 » . y S 1se0 v .
17985 1 » " " | 16C0 . -
179 . 1 * ™ w 3 15CC " i "
e | . |
17969 1 * - vead 27/8/2 - -
. Anthrax
17987 |1 * *  Dead 26/8/-::?: - -
. —ADthnax.
fesult: of the 1¢ goats vaccinated subcutanecusly 5 died

from anthrax a few days after vaccination.

Cf the 10 goats injected intramuscularly 3 died from anthrax

after vaccin.ation.

Uf the 12 surviving goats every single one withstood the
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{mmunity test of fgc K.LDe virulent szores, showing that
a solid fmmunity had been established by this strong vaccine
irrespective of the method of vaccinstion. ¥with reference
to the relative aafety of vaccination as shown by the two
resultis, it would appenr that fewer deaths might be
expected {rom intramuscular vaccinaution than from subcutane-
ous injectionu.

The temperature reaction followingwmccinaution wue

equally weil murked in both lots of animmise

on liorpes

o

Since the various speclies of domesticated animals

usually vaccinated against Anthrax, horses seem to be the
most susceptible to the develcpment of subcutaneous
cccdematous swellings following vaccination, a series of
experinments were conducted witi the object of ta)
ascertalning wﬂat—gzﬁ:;; are involved in the oduction of
swellings. (b) The relative value of different methods of
vaccination as far as the incidence of aveilinge was
concerned. Ae stated before, although the horse shows well
murked sugceptibility to anthrux under natural conditionsg it
is very difficult to cause a fatal aathrax infection by the
administration of culturea. 1%t is Jor thiz reuson that
imounity tests were not carried out on a large scales, since
these could not bve regsrded as being very reliable.
ixperigent 2o

In order to ascertzin the cause of the swellings
fol.owing vaccination, a numver of different uaterials was
injected subcutaneously into horsesy It was reasonable to
suspect either scme non living toxic material elaborated Ly
the anthrax corgunism in the artificiul wedia and collected
with the s, oree in the preparation of the vaccine or

altsrnately its elaboration in the animal tody at the seat
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of incculation. As a second jossibility had to be cone
‘sidersd the harmful effect that the organism itself might
bave on the live ticsues especially the blood vescels of
thie part, and allowing an incrsased capillary permendility.
{a) j tion of bro tog.

As mentioned in the latter part of experiment
1C (which see), two horses were injected subcutanecusly on
the side of the neck with 10U ceCe and 5 ceCe respeactively
of a sterile broth filtrate prepared by growing fully
virulent anthrax organisme in broth for 3¢ days. As cone
trol a third horse was injected with 10 cecCe ordinary
sterile nutrient broth. in all three animais the texpera-
ture rasained undistuived and not a sign of a swelling was
notede Toxic substances elaborated in the broth were,

therefore, excludede.

{b) Fluig from Agar.

It was notticed tnai 8 small amount (1 « 2 c.cCe)
of condensation fluid collected on the surfuce of the
natrient agur after this had *aet” in the flat vottowed
¥ernbach flasks »nrior to inoculation with the broth
cultures. As some of this fluld at axy rate would be
collected with the spores and thus be present in the
vaceine, 1t was poured off from hg; nurber of agar containe
ing tlake and injected subcutaneously into 2 horses, 5 ceCe
each on the side of the necke. They were kept under obeer-
vation for 7 days without, however, suowing any awellinge
{c) Yashed Vo g .

A certain foirly weak bateh of vaccine was injecte
ed in a dilution 1 in 1CO in the ordinary way subcutancous-
ly into 16 horses. Uf these 7 showed well murked cedematous
swellings and 6 slight sweliings witiin a few days after
vaccinatfon. %he rmaining three did not show any swellinge.
Seeing that this vaccine definitely produced sweliings in

horses c small amcunt of the concentrated glycerinised spore
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emulsion was repeatedly washed in saline and centrifugede
The washed spores were then as near as possidle zgain
diluted to 1:100 and injected intoc horses . 0«.Ce eacCh SuUbDCU~
tonecusly on the side of the neck as followss

Animal Vaccination Heould

l { -
Horse 176C5 1 cece washed spores subcut. Swall diffuse swelle
‘ ldng on 4th day. Ulse
: lappeared on the
i 7th daye
. 17970‘1 " " b " Small swelling on
dth day, disappeare
ed on the 8th day.

= 1731402+ ¢ . . Hegative.
o 17628 El " L - L] ’ [ ]
L § 42 % 25 SR - - v
L] &9 ‘1 LJ " . . B ; L
= 177931 e . e o
= 17613]1 * * . . L.
= 176891 "~ * . " .
= 178411 * * . . { .

thas, out ¢f the 10 horses vaccinated with washed
spores subculaneously, two only showed sxmall swellings at
the site of injection.

At the saume tindlU more horses were shaved on the
side of the neck and a swill putch scarifieds Urdinury
clycerinised emulsion irom the sawe batch as used above
(and which had produced swellinga in 13 out of 16 horeses)
was rubdbed in to the acarified parte .1 c.c. of a 1 110
diluticn, In none of thsse 10 animals was there any sign

of the development of a sweliinge
In order to check the resulis obtuined in the first

test where the animals showed swellings, & control horses
wore again vaccinated subcutenecusly with the same ordinary

glycerinised swulsion again in a dilution of 1 : 10C,
The result of the retest wue that no ewelling develcped
in any of the 5 horses. 1t should be mentioned that the
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same aseptic precautions in all these experiments were
observed throughout, i.e. the skin was carefully disinfected
in each cxse, and all the instrumente boiled. The only
difference in these twoc experiuents was that the first lot
of 16 horses, that showed swellin;s, were inoculated under
veld conditions, the animals running in a paddock day and
night. 1he experinent was conducted in September 1926 1IThe
westher was falrly warx throughout, and no rain fell on the
anizelse 1ihe other animals vaccinated with the washed
spores, as well as those done by scarification and the last
5 controls injected subcutaneously, were etubled at night
and allowed out into a paddock during the day.
sxperiment £3e

It wae then d ecided toamcertain the effect on horses
of a strong batch of enttle vaccine that had killed & goat
and alsc guinespigs indilutions up to 1 in 100C:
(a) Ordinary glycerinised spore emulsion dilution
1 : 10 injected subcutanecusly on side of neck 1 ¢.C. sach.

Anical Kesult

|

Horse 17714 Small flat diffuse swellings on 4th day, dise
appeared 6th daye.

» 178765 Negatives
= 17636 -

(b) Crdinary glycerinised emulsion dilution 1 & 1CU

rubted on to scurified patch .1 c.ce eanch.

Aninal Result

i

Horse 17779 Negative.

" 17441 "
. 17705 “
{c) Twenty-four hour broth culture prepared froam the

above spore smulsion, repeatedly washed in saline and
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centriluged. Cuspension of washed bacilli only, in
dilution 1 & 100 was injected subcutansocusly 1 c.c. each.

Animal Hesult
!
Horse 17&44f Begative
" 17985 Hegative
= 17701 | Hegative
|
(a) Ordinary spore emulsion repeatedly washed in saline

and centrifuged. Guspension of washed spores only in a
dilution of 1 : 1CC injected subcutunecusly 1 c.Ce ®ach.

A

Anlisal Result

Horse 17536 large round ewelling 6 x .4" running down and
puinfal on the drd day, subs.ded on 6th day.

. 17620, Long running down swelliing 6 x 2" on third day
Subsided on 7th daye ~

. 17540 | Negativee.

Thus, out of the 12 horees inoculated in different
ways some with ordinuary emulsion uhd others with washed ayor‘
and washed bacilii, only the two of the three anlnoals in-
Jected subcutunecusly with the wushed spores showed large
and well marked swellingzss “he cihers except for the one
 horse 17714 injected with the ordinary glycerinised emulsion
subcutensecusly and which showed a swuall round swelling on
the 4th days all remained in norwal hesithe

Although it idvery difficult to interpret tiese
results one point eeemd certiuin that the wushed spores
freed from all extracelliulur material are capable of pProe
ducing swellingse

in cxperiment 17{which see), it was mentioned that
the clear fluid collected from the oedematous swelling of
Horse 18028 following vaccination wus again injected into

two other horses in 5 and 10 ceC. mounte without, however,
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producing the slightest swelling in them. From the results
obtained with the washed spores it would seem that swellings
could ve produced without the preassnce of toxic substances
in the vaccine. Furthermore, such suovatances could not ve
detected in the ocedesa fluid as tested out on other horses.
The object of this experiment wus to ascertain and
compare swellingse in horses wvaccinated (a) subsutaneously
{b) intramuscularly with a fairly strong anthrax spore
vaccine. All the horses were injected in the side of the
necke
(a) Zubgutangous indectiog.
Of the 15 horses injected 1 cece 6ach of a dilution
1 : 5C0, 8 showad well marked swellings, 4 slight swellings
and three were negative.
{v)
ion by swabbing needle wound with tincture of iodine.

ion, preventing skin contuninate

Of the 1% horses injected 1 c.c. each of a dilution 1 : BCC
gshowed well marked swellings, 3 slight swellings and b were
negative.
It is thus seen that the number showing swel.ings
were more or less equally divided between the two lots.

™ €
: 2D

In this experiment it wus decided to attempt to
ascertuin the degree of immunity established by subcutaneousw
and intramuscular injections on the same lines as adopted
for the sheep experimentt. AS no reliable minimul lethal
'dosc of virulent spores could ve determined for horses,
the standard for sheep was adoptede
As Subcutaneous injection of the same vaccine as

used above,
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Thte Vaselne Date Viru.ent B.ores

17967 |1 ceC. subcute Negative 15/9/27 « 20,00C ¥.L.D. | Alive
18236 (L " Small flat 28/1C/2%= 4C,0cC  ® "
_ swelling
18213 (1 * » Slight nodular | 2B/8/27 - 10,CcCc  ® "
\ sweliing
17789 (1 * - Slight swelling | 28/10/27« 50,0¢C * "
ISGQ?II " # Nagative 15/9/27 = 20,00C * »

Egpulte Three out of the five horses vaccinated showed
small swellinge. All the :nimals withstood an imaunity test

a8 high as 50,00C %.L.D. (sheep standard).

17737
18089
18¢79
1786¢C
18464

1
1
1
1
i

Be Deep intramusculsar preventing skin contaminatione.
Date vaccine
=7 Lesult H _ Hepult
|
Cals | Negative 25/’«23/27 o 10,000 H. LD, Allive
Cels Negative 28/1C/8T = 4L,0CC n "
CeCa ¥egative » - 4C,CC0 " "
Celoe Yery alight " - 5C,0CC " "
swelling
CeCoso Very slight " o HCHG0L0 # "
| swelling

.
L

Thus, 2 out of the 5 horses showed very slight
ewellings after vaccination while zll withstood the immunitly
test which in some cuses was apulied practically three
months after vaccinaticne
Cepirol. iHorse 181CC wus injected with 1C,00C d.L.D. (for
sheep) of the virulent spore eumulsion used aboves ihe
aniual died from anthrax within § days. lorse 16621 was
given by the mouth 1CC,0C0 E.L.D. (for sheep) of the sume
spore e:xulsion, without, however, showing any ill effect.

From the preceeding experiwents, as well as frca a
mumber of other tects conducted on horses, it seens very
difficult tc predict the development of swellings, aince in
many cases it may result from the use of & weak vaccine and
not frowm a stronger one. rurther, it frequently huppens
that & retest revcals totally different resuits. ¥ith

regard to the different methods of wuccination, swellings
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have been noted with each, in prnctically the same proportion
‘of cases so that no definite advantages could be amcribed to
any purticular one nmetihod from thiz respects Although it is
difficult to asceriuin within narrow limits the Heled. of
virulent material for horses, there is little doubt that a
strong imuunity is developed, s.ge. the vaccinated,hcfaes
withstood as much as 5C(gU Sheep R.L.J. whercas one control
died of 10,0¢C ¥.7.,D. (Cheep).

A wentiocned veiore the muin object of this work
wis to ascertain (a).to what extent the metabolic products
elaborated LY the sacilius anthracis eitler in vitro or
in the animul body could be utilised as acotive immmising
agents againet the diseuse. (b)) To compure the géfae of
imaunity developed by different methods of vaccinatione

in the foregoing report an account wus given cf the
varicus experinents conducted and the resulte that were
obtaineds 1t ie now intended to summarize and discuss these
results:
1. lntrodyction. Nention was made of the great lportance
of the anthrax problem in 208t countriez of the world, and as
a result of it the trewendous amount of research work
carrisd oute Although much valuamble knowledge hud been gulne
ed in combuting the ditsease, numerous points in connecticn
with the biology of the organism both in nature und in the
animal body were still unsolvede

fractically every make of anthrax wvaccine usedpia
composed of the living but attenuated organism either in the
vegetative or in spore form. Vacecine prepared from & well
selected strain and carefully prepared, as a general rule
affords a good active iumunity in most of the domestic
animals, and is indeed together with the proper diepossl of

anthrax carcases, our on.y means of eradicating the disease.
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Thore seems to ve atrong evidence that once a particular
ptrain had been attenuated to the vueccine stage, subsequent
increase in virulence does net takxe place, although animals
may coccasicnally die from the attenuated strain following
vagcination, A more ideal vuccine, however, would ve one
from wihich tine iiving organism has been excluded.

Before conducting

imsunity work on anthrax, as on any other discase, it is
essantial that the experimental animals are curefully
selected especially where there are marked differences in
susceptibility and immunity exhibited by the veoricus species
to the disease in question. Failure to appreciate this faect
may @&agily lead to erronecus conclusiocnse ihe small
laboratory znimals, althoug: murkedly susceptibvle tc anthraxe
are difficult to immunize, hence their unreliability for
such worke. lorses and cattle on the other hand, ulthougi
susceptible to natursal infection with anthrax, are difficult
"to kill by artificial infectione Cutbreaks of anthrax umong
these aniwuuls wuy be stopped by vaccination clearly showing
that lmaunity is developed, although it ie difficuit to
ascertain the degree of imaunity since wmuny anisale show an
inherent resistance Lo artificial infection.

“he ideal specles of cnim@kl for the work is one
showing & practically uniforsm susceptibility to artificial
infection combined with the quality of developing an active
imaunity aiter vaccination)and waich can be fuirly accuratew
ly tested within a suituble period by the uwdministration of
virulent material. srom the variocus experigents conducted
it would seem that the merino shee, and to a lesser extent
the ordinary domesticated gout, are more suitable for‘thic
work than any of the other species tried ocut. It is for
this reascon that practically all the immunity experiments

wore conducted on sheep ad in some cuses also on goats.
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S. Attenuation of yirulegt strajins. Ueveral strains of

virulent anthrax wexe attenuuted by the .asteur sethod,
1.0, the prolonged incubation of broth cultures at a
teuperature of 429, Subcultures on to nutrient agar were
wade every D duys, and test batches of apore vaceing proe-
pared fron different attenuations gnd slesc from different
colonies ol the same attenuaticn., The virulence of the test
vaccines was agcertained by injeoting sasall anizals. #rom
the resits obtained, it was clear that some etruiuns took
much longer to cvecoune attenualed thun others, while even in
the same strain there was an unecual attenustion of the
organisas, some showing mrked virulence even after 3U days
incubation at 42°C. Althcugh the vaccines prepared ifrom
many of the attenuations proved safe, the iummunizing pover
in many instances, was unsatisfactory as shown by tests on
shecp and gouta. lthe only reliable method of oﬂ?iuing an
efficient vaccine atruin sgsems to ve the preparution and
testing cut of Aumbers of test batches of vaccine prepared
irom the different attenuations and even {rom difflerent
colonies, of several strains. 1t would -ppeur that there
exists & marked individuzlity of straine and perhaps even
of “the organin&s in the cawme straine

Attenustion wus aluo attempted by cultivating viru.
lent organisms for iong pericds in varicus uncommon liguid
media. From small apimal tests it would appear however,
that attenuution 18 in no way hastened by this wethoed. ithe
repeated alterunate freezing and thawing of young virulent
Anthrax bacilli was nct found to cauee uany decreate in
viraience for guineapigs, rabbitse and white mice, und Lence
unsuitavle for the producticn of a vaccine straine 1he
rasteur metuods although frequently very tedious and dise-
appointing, seems to ve the best method of attenaating

antivax strains.
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4. Disintograted Apthrax Culturep. Saline emulsions pre-

pared {rok the surface growth of youny anthrax ealtures were
disintegrated either by physical ar‘égézzég?/meana. Sterile
germ free filtrates 3=t obtained by passing this material
through bacterial filters. Juch filtrates when injected

into animais ware neither toxic to guineapigs and white mice
ncr did they proveke immunity in sheep and goats against the
diseuse. These experiments tend to exclude the presence of
any €ndocellulayr toxing or immimizing substences within the
anthrax baciili cultiv:ted on uwrtificial wediu :nd subge~-
yuentliy disintegratads

be i cax ctult: e VYaccine spores as well as young
vegetative forns derived from these epores were thoroughly
washed free from all extraceliular substances by repeated
shaking up in saline and centrifugalising. Soth the washed
Bporas and the washed bncilli when injected inte cuineapige
and wmice, produiced death from anthrax the same as did the
unwashed material. 1ln this respect it differs markedly from
the 3. chauveaui where the presence of its metubolie products
is essesential in causing the death of an animal., GCicep and
goats developed a eolid active imsunity when veccinated
‘either with the wushied antlirax spores or the washed bacilila
6. Mgtapolic products

ip yitre. Joth virulent and vaccine strains of anthrax were

cultivated in 10 different liquid .sedim for periods up ito
5 weeks, after mhich time tne mualerial was passed thuough
oacterial fiiters and a sterile filtrate cvtaineds. The
obJject of these experinments was tc ascertain the toxic or
immunizing properties of such filtratess Varying amounts
of each fiitrate wero injected into guineapiges and mics,
wi thiout producing any ill effect on any of the aniwals.
this excludes tho presence of any extraceliular toxins
elaborated in these different mediaes -hen tested out on

'uhccp and goatm, thesec filtrates were completely safe nut
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of no fmmanieging vulue since with one or two axcepticng wll
the animals died irom anthirax aiter the immunizy test., in
two sheep injJected with filtrate prepured by growing

3, anthracis in ascites fluid frog a dog wmixed with an equal
quantity of ordinary nutrient broth, the imuunity test was
withetoods L1t woula thus appear that no metabelic productis
compuruable to the “ageressin™ of the 3. chuuveaul or to the
toxin of 3. tetani, werc claborated oy the 3« anthruacis in
artificiasl medis. Juch products, if present, were neither

toxic nor of any real iscunising valuees

o Al imported product sow~called " itsz=e

anllhrax aggressin”, prepared from the Julccs extracted {ron
anthrax carcases, was tested cat on sheep and goals,
Althouph completely safes, its ismmunizing value was negligible
since all 8 animale vaccinated with it died i'rou anthrux
after the irmunity test. in order to ascertsin the presence
of any such sucstances, susceptible sheep and gouts were
infected with virulent uuteriale. ¥Frow these wniuals, bdlocd
wae coliected shortiy before deain wien naner ous b.:cilli

had appeared iu the perijﬁéégi?%gﬁéijﬁggdﬁ?ﬁé, a8 welli as
dertain organg for the preparation of extracts, were
collgcted alfter deuth. lterile germ free filtrates pre-~
pured from sowe of the diluted blood, peritoneal fluid, bile
and organ extraucts, were injected into smull animals without
producing any toxic efilects. 1he sawe products when

tested ocut on saeep and goate showed practiccully no
imsunizsing value since out of o total of 14 sheep, 12 died
from anthrax aiter the fwmunity test. lInstead of filtering,
some of the dlood samples wenticnaed atove were treatad with
(a) high diiutious of neo#alv:rsau, (b) with anilin gentian
viclet immediataly alter the blood was drawn. (Previoualy
conducted experiuzuts had suowr that these substances had a

uarked vactericid:l effect ¢cn the 3. anturucis). Subcuitures
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prepared from this blood 24 - 48 hours later showed it to be
sterile while on microacopic examination the baucilli showed
marked disinterration. vulneapigs and amice injected with
this materinl phowed no 11l affect. vheep and goate were
then injected with 2 c.c. and 5.c.c. amounts and teeted with
virulent spores 3 to 4 weeks afterwards. 48 all the unimals
resained alive, immunity had undoubtedly been produced by
the disintepgrated blood. After b months etanding this Llood
wae agaein tested on sheep and goats. In order to ascertain
the thermostabiiity sowe of the blood wus pasteurised as
high as 929C for 30 minutes. ‘the immunity produced was in
no way inferior to that noted in the previous test. wut of
a totul of 20 sheep and gouts vaccinated with the disinte-
grated anthrax blood 18 withstood an imzunity test ranging
from 1UC to 260 H.L.D. rurther, this i=zmunizing substauce
was 8till potent after s period of L months aund was not
destroyed by heating to 92°C for 3u minutes. 3Ihese results
were directly opoosite to thut obtuined with the filltered
blood and otuer body Jjuices where 12 out of the 14 sheep died
alter the imaunity test. %he only oxplanaticn for thess
conflicting results would seca to be that the lwmwmnizipgg
suvstance undoubtedly present in the blood wae not filtere
avlsy iete it i8 not of the nature of a soluble [iltersdle
apgressin as found in blickquarter, but that it is closely
associated with the organisas present in the blocd, probubly
either in the bacterial body itself or in the capsular
material surrounding {t. It thus scocms probable that the
bacillary debris present in the blood contzine in iteelf an
active and reljable imunizing agent. A8 mentiocned before,
this could not be estnblished for urtificiully cultivated
orgonis:se which when dipintegrated either by physicul or
chemical means, or even killed by proteurisation, did not

exiiivit any immunizing powerse. 4n this respsct the anthrax
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bacillus found in the circulating blood compared to the
organism cultivated on artificial media seeus to possess
totaliy different qualities.

it should be mentioned that of all the inert none-
diving anthrax products obtained, either from artificisl
cultivation or Irom the animal dody, or from any other
sources, this disintegrated unfiitered ovlovd w»us the only
waterial which produced a definite and relisble active
fwaanitye ‘Ghe fact that in practice mere or less all
aanthrax vzecines used coueist ol the attenuasted idving
organisms sbows that “"dead® or sterile vaccine does not pro=-
ducs tue same strong lwmunily.

the oedenma Fluid collected irom horses showing
swellinge after vaccination was not found to ve toxie for
small animals, nor did it produce sweliings in other horees,
Ites immunizing value, ag tested cut on sheep and goute was
noegligibvles

Be
o1y, vaccineg. Under this heading an account is given of

a nunber of different experiments. in tihe first series of
experiments an attempts was made to ascertain the suscepii-
bility of guineapiges to diffscrent routes ¢f infecticn. Jior
tiis purpose a faliriy weok gpore veccine wus used. Except
where cuti-vaccination was deliberately intended, careful
precautions were taken to prevent contumination of the skin
with vaccing, e.;.. on suscutansous o intranusculor
injections the needle wound was lixicdistely disinfected by
being swabbed cut with a line pincet, the points of wiich
were rolied in cotton wool :md steeged in lUx tincture of
ivdines 3y this prodedure it was found that theee animals
readily succumbed from anthrax after 3uhcutaneoun,1ntrs-
peritonesl and intramuscular injections, while with intrag-

dermal injection dezth was uncertain. 23y orsl e£nd intrae

tracheal sdninistration, ncne of the animals were killede.
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in order to ascertain if any immunity was developed by
different methods of inoculations a number of gulncupiys were
injectod with smaller amcunts orf the sawe vaccine that had
killed Defores. Host of the animals survived, and after 2«3
weeks the immunity was tested by injecting smsll amounts of
a stronger vuaccine. 1hose vaccinated intraperitoneally, sube
cutanecusly, intratracheally and orally ali died after the
imaunity test showing that no icmminity had been developeds
It, however, seend fairly definite that soms vaccinated deep
intramuscul:rly had doveloped imaunity since those not killed
by the vaccine all withstood the immmnity test. 3Ihe result
of the intradermal vaccination was doubtful since only 2 out
of the b withstood the immunity test, It thus oeemed clear
that guineapigs showed well marked susceptibility to most of
the routes of infection axcept to oral and intratracheal ad-
ministration, wiile in only those vaccinated deep intramuse
cularly was the development of immunity fairly definite.

Using the same weak vYaccine several experinents
were conducted on sheep, and the degree of immunity com=
pared, as shown by subcutanecus, intramuscular and intrae
dermal vaceinution. Contamination of the skin was preveanted
except in intradermal vaccination. After 2-35 weeks the
immunity wes tested with virulent spores rangcing fros 250
to 3000 H.Le.Ds Of the 12 sheep waccinated guhcutangously
7 died from anthrax after the immunity teste Uf the 12
sheep waccinated jntradermally 7 died from anthrax aftor
the iomunity test, while of the 12 wvaccinated gagp
Antraguscul:-rly only one died after the immunity test,
These results were obtained from th-ee ssparate sxperiments
carried outes It thue seams dofinite thut where a weak spore
vaccine is used the iumunity established by intrauiscular
inogulation 4s much stronger than either with the subcutaneocis
or the intradermal vaccination. Lo difference was noted in

the degree of ifmmunity developed by ths lattsr two methods.
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This experiment was repeated on goate, using the
same weak vaccines: f%the results confirmed those obtained with
sheep. 1ihree out of the five goats vaccinated subcutaneously
died after the immunity test while all 5 vaccinated intrae=
mascularly survived the test. in a subseguent experiment
where a strong cattle vaccine was used on goats 5 out of 10
goats died from vaccination while the surviving 6 all
withstood an immunity test of 1860C H,LD. Of 10 goats
vaccinated deep intramusculurly 3 died from the result of
vaccination while the surviving 7 all withstood an imzunity
test of 150C N.L.D. This clearly shows the susceptibility
of goats to a strong vaccine. 4As sll the goats which sur-
vived the vaccinaution aleo survived the imsunity test, it
would appear that where a strong vaccine is used the
difference in the degree of immunity following (a) subcutanecus
and (b) intramuecular vaccination, is not so stiking as when
& weak vaccine is used. 7the immunity may even be the same
with the two methods where the strong vaccine is usede.

A number of experiments were then conducted on
horses, the main object being to ascertain what factors
were responsible for the development of oedematous swellings
806 frequently neﬁed in this species after vaccinution.
Subecutaneous injectione were made with sterile broth filtrate
in which anthrax had been cultivated for long periocde. In
none of the animels were swellings noticeds Uedema fluid
collected from horses showing such swellings when injected
intc other horses, also gave negative results. vashed
vaccine spores, freed from extracellular material produced
pwellings in some cases, while in others no swellings ware
noticed. Uy subcutaneous, intramuscular and intradermal
vaccination, using a glycerinised spore euulsion, swellings

were obtained in some eases and not in others.

Digitised by the University of Pretoria, Library Services, 2013



73.

Further it was noticed that whereas marked swellings
followed vaccination in a troop of horees, a retest of the
samne vaccine on a different lot of horses frequently
resulted in none or only a few of the animals showing
swellings. Certain experiments conducted also clearly
showed that while a definitely wesak vaccine way cause
swellings in horses, a much stronger vaccine as @.g.
used for cattle and sheep may be completely safe for horses,
i.2. no swellings are developed., 3hus the strength of the
vaccine itself cannot be considered as the sole factor
determining the development of swellingsj neither could the
method of vaccination be the cause oince swellings were
noted in practically equal proportions following different
methods of vaccination. Since anthrax broth filtrates as
well as cedema fluid from other horses did not cause
swellinge, it would seem that extracellular toxins cannot be
ineriminuted as veing the cause.

the possibllity of ideosyncrasy of animals combined
perhaps with certain envirommental conditions may account

for these inconsistent results.
Lee fonge 73 (a) ete.

Digitised by the University of Pretoria, Library Services, 2013



B /34

Conclusions.

From experiments carried out the fcllowing con-
clusions would appear to be justified:-

1. The smell laboratory animels, although marikedly
susceptible to Anthrax, uare difficult to immunice,
nence their unreliabilityin & study on enthrax immunity.
Horses and cattle on the other huuaa, wiliougu susceptible
to natural intection with anthrex, are aiiiicult to kill
by ertivicial infection. The kerino sheep, whidcn shows
8 practicaliy uniform susceptibility tov artificial in-
fection combined with the quality o1 ueveldping an
active ilmmunity after vaccination, seews to be an ideal
species for immunity work on entnrax.

2 Attenuation of different anturax strains according
tc the Pasteur method shows that some strains take much
longer to become attenuated tnun others, while even in
the sume strain there is unegqual attenuation of the
organisms, some showing mearked virulence even after gb
days incubation at 4x°C. Thus there appears to bte a
marced individuality of strains and even ol single
organisms in the seme strain.

S Cuitivation of B. sntaracis in various uncoumon
ligquid medie does not hasten attenuation. S.milsrly
repeunied miternate freezing and thawing of anthrax
cultures fails to cause &ny decreasSe in virulence.

4, By physical or chemical uisintegretion oi arti-
ficiaiiy cultivated anthrax organisms the sterile cell
substance is founu to be I'ree from botnh toxic and
immunizing properties.

5 Anthrax spores zs well as the vegative fcrmg when

washed free from all extracellulsr material are/tgem-

selves capeble of either causing & fatal infection or
of producing an active immunity.

6. Prolonged cultivation of both virulent and vaccine

anturax strains in different uncommon liquid media,
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=B, 734
followeua by subsequent filtration fails to reveal
either toxic or immunising properties in the filtrate.

Blood dr&wn'at the time of dewuth from animals
infected with virulent antnrax and sterilised by
chemicsl means, is seen to poesess well marked immuni zing
propeaties. This quality is maintuined in bloou Kept
for 5 months and resists heating at 92°9C for 30
winutes. Such blood produces an active immunity.
Filtrete obtained from freshly drawn antnrax blood
Tails to reveal any such immunizing powers. Thus

bacillavyy
tine ddnfilteracle ‘aeww=masy devris itself scems to be the
immunizing substance in tne blood. The debris obtsined
by disintreygreting artificially cultivated organisme
does not show the same antigenic properties.

By uwtilieing antprax spere vaccine on guines pigéy
lethal intections cen be producea by eubcutanecu§’1n~
traperitoneel or intramuscular injeclions while the
results of intradermal application are uncertain.

With oral or intratracheal aaministration these animals
ure not easily xilled.

The nature and degree of immunity developed in

sheep fullowing intradermel vaccination with anthrax

gpore vaccine 1s no strongernor more permanent than

that following subcutaneous inoculation. Following

the use of fairly Weay gntnrax spore vaccine, the

immunity estkblished by intramusculer vaccination seems

to be definitely superior to that proauced by either
subcutaneous or intrudermal injection. «with & strong
vaccine these differences are less marked.

In horses the strenth of the vaccine cannot be
coneidered as tne sgle factor determining tne develop-
ment of swellings since weak vaccines may provoke
swelling wheazeas stronger ones may fail to ao so.
Furiner the wetnou oI vaccination cannct ve Uie€

responsible cause, since approximately the same per-
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centage of animals show swellings after intradermal,
subcutaneous or intramuscular vaccination.

Lastly anthrux broth filtrates sws well &s oedema
fluid from other norses showing antnrax seelling do
not provoke swellings in gusceptible horses, and hence
extracellular toxins cannot be incriminated &s being

the cause.
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