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The use of Anthrax Vaccines Prepared from 
Avirulent (Uncapsulated) Variants of 

Bacillus anthracis. 

B y }[AX STEH~E , Sectiou of Bacteriology, Onderstepoort . 

• -\ TECH:->IQL"E has heen desnibed (Stern e 19~ria, 1937b) for 
consistently obtaining aYirulent, innnunoge11ic Yariants from virn1lent 
anthrax strains. '11he r esults of fiel<l and la l::uratory tests with 
rnecines prepared frorn such variants n·ill he described in this paper . 

ExPEJUlllENTS. 

To Find Out How l~ong Susziensio11s of fl cirulent Variants 
Retained the1:r lmmim'izing Po1.rer. 

A.virulent variants 22A 2 , 33Il2 , 34A2 , and 34F2 were grown on 
nutrient agar until fulily sporulated. The spores were suspended in 
50 per cent. glycerine-saline . Their concentration wa:> approximately 
300,000 per c.c . , which is, roughly, that in vaccine prepared h ere 
ordinarily. Sheep were inoculated, subcutaneously, ,,·ith l ·O c .c. 
Table I giYes the results of these laboratory tests. 

A virulent 
Variant 

--
22A 2 • •••.•• • • ... . 

33B 2 •• • •• . • ••• ••. 

3 4A 2 • • •• •• •• ••• •• 

3 · 4F, . ............ 

I 

I 

I 
i 

l solated 
from 

Virulent 
Strain on 

5 . 2.36 

27. 7 .36 

1. 8. :rn 

10. 8.36 

I 

I 

T .\BJ,E I. 

Vaccine 
prepared 

from 
A virulent 

Variant on 

13.7 .36 

13.8.36 

13.8 .36 

10.6.38 

Sheep 
Immunized 

with 
Vaccine on 

31.7.36 
22.9.36 

14.8.36 
7.8.37 

14 .8.36 
7.8 .37 

14.6.38 
12.6.39 

5/ 6 f) sheep out of 6 li1·cd. 
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i{ESULT OF TES'l' WITH 

VIRULENT SPORES O::< 

Tmmunized I Normal 
Sheep. Controls. 

6/ 6 0/ 4 
6/ 6 0/ 4 

5/ 6 

I 

0/ 4 
5/ 6 0/ 4 

5/ 6 0/ 4 
6/ 6 0/ 4 

6/ 8 0/ 2 
6/ 6 0/ 2 
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The vaccine prepared from strain 2'.!A. 2 was potent aft.er nea rly 
n1·u months, and that prepared from strains 331\. 34.\. 2 , and 84F 2 

after a year. It should also bfl noted that the ntccin e from ~{4F, 
1qs prepared two years a fter t he isolation of t hi,; Y:u iant. 

'I .. 1BLE II. 

Duration of l111111unity Frodu ced in GuillP(l-zn:g s uy an 
Avfrulent Vm'i11 11 t. 

Guinea Pigs. 
[ rn mu nizecl 
with 34F, 

O il 

Tested with 
JOO M.L.U. 

, . acc itw 
Strn i11 

nn 

H .:s rr:r nr T EsT o~ 

lmmunizcd 
G ui1H'a Piµ-~. 

Norm;d 
Controls. 

=~ .... .. ... .. . ... . :!9. =~ . :39 
:! ;). 11 .:18 
2ii. 11 .:38 
:!5. 11 .:l8 

:;. 6.:rn 
U. 12.:l8 
l !J. 12 .:is 

.> . 6. :rn 

:l /:J 
.) / .) 

:l / 3 
:l /:1 

0/ 4 
0/ ]:! 
0/ 6 
0/ 4 

5 . . . 
=~ .. . 
:3 . . 

The re .~ ults sho 11·ed tha t 1.n11.n ea-p1g,; " ·e re solidly rn1u1unP SL'\: 

months after Yacr·i na lion. 

I 111.1nu11ity T es ts with Vaccines P rnparPd from .l rinde11t 
Varionts 22.1.., 1111rl 34F,. 

AU batch es of <nirulPnt Y<irc: i11 e. excep t th e fir st , 11·erfl prep;ired 
from st rain 34F 2 . This 1rns isolated frorn a virule11t str:1 in 0 11 10.8.:)fi . 

Prepatu lion of ro ccin r .- Th e ~t rain wa.; µTo\l ·u on buffered 
llUtrient agar, pH 7·4, at 37° C. ~pornlation wa~ a h1· a:n~ l'Ornple1<' 
after three <l ays. 'Th e spores 1Y er e was hed off wi t h s::dine and this 
su8pension added to twice its weight of g lyce rine. Tht· g-ro11·th s houllrl 
not be washed off later than the third <l.ay, becan ;;e it tlwn ad here!' 
tenaciously to th e medi um. The s tock glycerine-salin e suspension 
1Ya s diluterl L :50 to l :25 11·ith !)0 per cent. gly ce rine-sa lin e for issm· 
to the field. Th e dose for cattle, l ·O c .c., contained G00,000 to 
1,200,000 spores per e.c. After the middle of 1938. aY irulent vacci11E' 
issued to the field was suspended i11 0·5 per rent. saponin in 50 per 
cent. g lycerine-sa lin e . This irnpro1·ed the irnmunizing po11·e r of the 
Yacc ine. [Sterne, Robinson and Kic:ol (1939)] . Xo sa ponin wa s 
added for th e laboratory tests. T able III sumrnarizes the results of 
the l aboratory tit.ratio ns on sheep . Guinea-pigs c:uulcl always he 
immunized soli<ll.v against .I to 000 .M.L.D . of a Pnsh'ur IT vaccine. 
T hese titrations are omitted for the sake of brevity . 

Thus, under lnhmalory conrli tio11s, batches prepared from 
variant 34F2 con sis tently elici ted a so und immunity in sheep . 
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'Lu1LE III. 
====·.= ,====,======================= = 

Stra in. 

2 2A 2 •••• • • • •••••• 

34F2 ••• • •. • •••••• 

34F2 • ••.• •• ••• • • • 

3 4F2 • •• •• • ••••••• 

341", .... .... .. .. . 
34F2 •. ••• • • ••• • •• 

34.F, . ..... .... . .. 
::\4F 2 . •. •• • • ••.. • . 

34F2 .. . .... . .. . .. 

34F2 .••••.• • •• • •• 

34F2 • .•.• • .•.••.• 

341<', . . . .. . ....... 

T OT ALS •... . 

Bat ch 
No. 

4 
14 
19 
21 
24 
25 
39 
50 
51 
52 
53 
{)4 

. ...... .. 

No. of 
Doses 

]>re pa red. 

80,000 
300,000 
300,000 
250,000 
500,000 
500,000 
300,000 
500,000 
700,000 
900,000 
700,000 
700,000 

I 5,730,000 

Prepared 
on 

13.7.36 
11.3 .37 
18. :3.37 
7.•l.37 
6.9.37 

20 9.37 
10.6.38 
21 2.39 
4.4. 39 

21.4.39 
9.5.39 

22 .5.39 

-

Sheep 
Immu­

nized on 

31.7.36 
-

18.5.37 
8. 6 . 37 
7 . 9.37 

21.9.37 
14.6 .38 
23 . 2 . 39 
4. 4. 39 

24. 4 .39 
9.ii . 39 

22 .5 .39 

-

Result of Test with 
Virulent Spores on 

Immu­
nized 

Sheep . 

6/ 6 
-

10/ 10 
7/ 8 

10/ 10 
10/ 10 
10/ 12 
10/ 12 
10/ 10 
9/ 20 
8/ 10 
7/ 10 

97/ 108 

Normal 
Controls. 

0/ 4 
-
0/ 2 
0/ 2 
0/ 2 
0 / 2 
0/ 2 
0/ 2 
0/ 2 
0/ 2 
1/ 2* 
0/ 2 

1/ 24 

* During the three years covered in Table III, 63 furt her normal sheep were used as 
controls for other batches of ordinary vaccine. All died . The one control that lived 
(Batch 53) showed no reaction at all, and also no reaction to a second inoculation of a large 
virulent test dose. It is possible that a sheep immunized previously W!ts used here as a 
control. 

FJEJ, D TESTS WITH v ACCINES PllEPARED FROM A VIRULENT v ARI ANTS. 

These were started in 1936, and the amount of vaccine issued was 
mcreased as experience was gained of its u se. To date, June 1939, 
about 2 ,700,000 doses have been used. 

Batch 4.- ln 1936, 1,050 doses were issued for ca ttlle . 
Reactions were inconsiderable, and a severe outbreak of anthrax 
was stopped. 

Bntch 14.- In ).fay and June 19;37, about 300,000 doses wen' 
used for cattle. There was an absence of severe reactions, even in 
highly-bred stock. Four animals were reported to have died , but 
i1 is doubtful whether the rnccine was responsible for the dea th1:1. 

Batch 19.-0nly a few doses used. 

Batches 21, 24, 25.-These were issued (1,250,000 doses) up to 
April 1938. By this time the avirulent vaccines had shown them­
selves safer than the ordinary ·vaccine and were being use<l, as a 
routine, for dairy cattl e and higly-bred stock . 

Batches 39, 50, 51.-Issued (1,100,000 doses) suspended m 
saponin, from Apri;l 1938 to date (June 1939). No complaints have 
been r eceived. 

lt is difficult to prnduce statistically sound evidence of a vaccine' i; 
efficacy in the field. The avirnlent vaccine has been t ested on a large 
scale and its innocuousness establi shed . 'l'he only complaints (4) of 
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deficiency in immunizing power concerned Batch 14. Complaints 
ceased when the concentration ,of spores was incr eased. The avirulent 
vaccine was used largely in those areas from which most of the 
complaints about the ordinary vaccine had come; that is in districts 
with a 1large proportion -0f dairy farmers. The complaints ceased 
when the new vaccine was introduced . 

A questionnaire was sent to the farmers of -0ne of these district s. 
Replies were received from 216 farm ers who owned 49 ,000 cattle. 
'l'he replies were cla ssified as follows : -

1. N o or negligible reaction s.- 200 farmers owning 46,100 
cattle. 

2. Mild reactions.- 8 farmers owning 1,600 cattle. Transient 
clrop in milk yielcl; 14 h ead reported lame. 

0. S evere react-ions .- 8 farmers owning 1,300 cattle. 
serious drop in milk yield ; 12 animals were 
swollen; one animal died. 

More 
badly 

Questionnaires are of dubious value. Replies are usuallly 
obtained from those t h at are very pleased and those highly dis­
pl eased. Th e deleteriou" results "·e re certainly not all du e to th e 
vaccine, although possibly due to the inoculation procedure . There 
were no complaints ,of 1la ck of immunity . 

Comparati've Fie ld T es t of ."lvirvlent Spo1·e Vaccine (w1:tho11t 
Saponin) and Ord·inary S aponin Spore V accine. 

Every year , in May and June, 1,700,000 cattle, the en tire cattle 
population of the 'rranskei T erritori es , are inoculated again st 
anthrax . In 1938 all the cattle (271,500) in one area of the Transkei 
were inoL·ula te<1 wi t b avirnlent vaccine. The cattle (1,288,030) of 
the r est of t he 'J'ranskei were inoculaterl with ordinary saponin spore 
vaccine. Table lV gives the result -0f these and , for comparison, the 
previous year' s i11 oculations. 

'l'ADLE IV . 

Comparison of A m:rulent Va ccine w1:th Ordinary Sn7JOnin 
Svore V accine in Transk eian T erPi tMies . 

Area Inoculated. 

utterwort h ....... B 

R est of Trnnskei .. 

- ----

I 

P eriod 
May-
June. 

1937 
1938 
1937 
1938 

No. of 
Cattle 
Inocu-
la ted. 

273,730 
271,500 

1,276,240 
1,288,030 

Deaths 
from 

Percentage Anthrax Type of Vaccine in Year Deaths 
Used. from following Anthrax. Inocu-

la tion. 

Spore vaccine ...... 17 0·0062 
A virulent vaccine ... 5 0·0018 
Spore vaccine ...... 60 0 ·0047 
Saponin vaccine .... 25 0·0019 
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Th us the :1virulent vaccine was as effective as the ordinary 
saponin spore rnc:ci11 e. A fe"· years ago thousa 11<l s of cattle died 
ttn!lually from anthrax i.n th e Tran skei. The redndion in mortality 
sho"·n in Table IV is the co ntiuuation of a tren d that commenced 
in 1928, when systematic immuniz~1tion wa s stadecl in the Tram;kei. 
A deta iled rlisr·nss ion of this anti-anth rax campaign will be g iven 
lll anoth er puhlic·ation. 

Use of 1cl v irulent Vaccine on A.n-imals other than B ovines. 

Sli eez;. - Has been used on a considerable scale; results entirely 
sa ti sfaclory. 

Horses .-Used on a laTge scale rn HH9; results entirely 
satisfactory. 

Camels. - A few were i.noc:ul:i1 0d :incl lh esc shmrnd no ·react ion s. 

G' outs. - V11d er labonitor_y (s L1blccl ) co ndi t ions, very large doses 
\\·ere liarm'less . Under fi elcl condition s, far small er doses provoked 
s\\ ellin gs. Of abo ut 400 goah clon e in the fi eld four died. Avirule nt 
vacc in es a re no t, therefo re, l1e in g i s,.;u ed , ao; a rou ti ne, for goats. 
None of th e goa ls that dit-d sl1 0\1-ecl an thra x septica emia . 

1 am indebted to Mr. \\' . G. B a rn ard, Gornrn111e11l Veterinm·j' 
Officer, for preparing and ending out qu estionnaires, a ncl for 
supervi:t,ing inoculations in l1is area. 

Sl:1n1AHY AN D CoscLus10Ns. 

(l ) During tbe last thr0e years ( J 93G-1939) severnl b::itch es of 
anthrax Yaccine were made from a,· inilellt (u11cap ~ ula led) Yar iants . 
These bntch efl , as jndgecl by lahoralory tests on g ui11 Pa-pig s and 
sheep , ,,·ere uniforrnly goou. 

(2) Th e av.irule11 t 8trai11 s sporulal·ecl rapidly, co mpletely a.ncl 
regularly. 

(3) Vaccine prepared from aYirule1d· variants reta in erl it s 
imrnunizing po"·er for at least a year. 

(4) Field t es ts \1 ere carried out on 2} milli on cattle and sevPral 
thou sand ho rses anrl sh ePp. The Yacr·ine \Ya s sa fer a n<l produced 
slighter readiorn; t l1:1 t ordinary saponin spore Yaccine. Highly-bred 
anima:ls tole ratecl inoculation very \Yell ; horses ancl sh eep could be 
sa fely inoculatecl " ·ith cattle Yaccine. 

(5) Preliminar~· field t ests Oll go;its i11rlicnterl t ha t tl1esP might 
be more affected by the uncapsulatecl strains than other domestic 
animal s. 
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