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INTRODL" CTIO.N . 

IN a preYious pCTper (Sterne, 1937) fully Yirulent anthrax :;taim; "-ere 
shown to grow srn ooth mucoid if cultured on 50 per cent. serum agar 
i.n an atmosphere of about 65 per cent. carbon dioxide. Such cultures 
immediately gave ri.se to rough non-capsule-prorlucing avirulent 
dissociants. A similar pl1 enomenon has been de:;crihecl by Schaeffer 
(1936) who found that anthrftx str ains grew mucoid on coagulated 
serum CTnd produced rough YCTriants. He cultiYCTtecl i.hese on serum 
for seYeral generations and eYentm1lly found thai. they became 
reduced in virulence or aYirulent . The ahi lity to prnduce capsules 
was also loRt. Sometimes these rough nriCTnts still killed and pro­
duced capsules. Therefore Schaeffe1· postuln ted a stable and an un­
sta hle variety of rough. This assumption ,;eems unnecessary in Yiew 
of the clifE.culty ,of ensuring the absolute homogeneity of the selected 
variants. 'l'his difficulty is inherent in CTll variation \York unless 
single cell isolation technique is used, and Schaeffer's use of roagu­
lated serum rendered his work liable to this source of error. 
Inspissated serum was tried previously (Sterne 1937) \Yithout much 
su ccess . l<'ully virulent strains did not gro\Y very mu coid , an<l more­
oYer were so marked ly proteolytic that the surfa ce of the medium 
became semi -liquid. Thi s rendered the isolation of " pure " Yariants 
exceedingly difficult. Sta ma tin ( 1934) grew virulent anthrax strains 
in defibrinatecl horse blood until mucoid colonies appeared. 'fhese 
produced rough, uncapsuled and aYirulent dissociants . Stamatin 
and Stamatin (1936) produced immunity in rabbits with one of their 
aYirulent strains . Both Stamatin's and Schaeffer's work inYohed 
considerable manipulation of t heir cultures . 
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PATHOGENICITY AND IMMUNITY TESTS WITH AKTHRAX VARIANTS. 

OBJECTS. 

The results previously obtained with variants developed on serum 
agar in carbon dioxide were encouraging enough to warrant more 
extensive and critical experiments. These were carried out to dis­
cover the effects of varying the carbon dioxide concentration on 
virulent strains grown on serum agar and to examine the influence 
of the different concentrations on the development of mucoid growth, 
the production of avirulent roughs and the immunizing power of 
these roughs. 

TECHNIQUE. 

'fhe medium used was 50 per cent. horse serum nutrient agar. 
This was put up in Mason's tubes (Mason 1933) and partially dried 
in the incubator for 24 hours. Thereafter, the fluid liberated by 
syneresis "·as remoYed and the tubes were then ready for use. The 
inoculation was always done on a bout one square centimetre of sur­
face and incubation carried out in anaerobic jars of 1,900 ml. capacity 
to which the requirerl amount of carbon dioxide "·as added. N .::i 
satisfactory method of keeping the carbon dioxide pressure constant 
was devised and therefore the results must be interpreted for the 
particular system used here: that is, each jar of 1,900 ml. contained 
one Mason's tube inoculated on one square centimetre of surface. 
·vVhenever incubation lasted more than 24 hours the jars were opened 
daily and the carbon dioxide tension adjusted. The method of 
adding carbon dioxide was described in a previous paper. 

Mason's tubes were inoculated with the different virulent strains 
and incubated in various carbon dioxide concentrations. The results 
are tabulated below. 

'L'he following symbols are used to describe the character of the 
growth:-

SM denotes a colony with a rough edge and slightly mucoid 
surface. 

SM: denotes a colony as aboYe, but with a more mucoid surface. 
SM: denotes a colony with a smooth edge and completely 

mucoid surface. 
SM denotes a colony with a very mucoid surface, smooth edges 

and a tendency to flow. 
SM denotes a colony that can be drawn into long threads when 

touched with a needle. The growth may be as much as 
half a centimetre thick. 

The extent of clffrnlopment of rough dissociants is shown thus: -
+ denotes minute rough projections too small to be 

picked. 
+ + denotes well developed rough wedges or outgrowths, 

easy to pick. 
+ + + denotes extensive well defined rough projections from 

the smooth edge of the colony. 
+ + + + denotes a broad ring of rough grm..-th entirely sur­

rounding a mucoid centre. 
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MAX STERNE. 

Occasionally, in th.e tables, the symbols SM: or SM appear asso­
ciated with the symbol + + + +. This is really in conflict \l·i t h the 
scheme, but it signifies a very well developed mucoid centre entirely 
surrounded by a sharply demarcated rough zone. In these cases it 
·was obvious that the ring of rnugh growth was due to a running 
together of rough ·outgrowths. The tables show that such a combi­
nation of symbols is only shown after 48 hours, "·hereas the colonies 
at 24 hours showed smooth edges between the rough dissociants. 

R denotes completely rough growth. 

S denotes completely smooth growth. 

llS denotes intermediate or rough-smooth growth and the rela­
tive preponderan ce of one or the other factor is indicated 
thus RS or llS. 

The virulence tests in Tables I t-0 V were done on guinea-pigs. 
Three pigs were used for each variant and each received subcutane­
ously one-third of an agar slope of the particular Yariant indicated 
in the table. 

EXPERIMENT s. 

1.-The effect of different carbon dioxide concentrations on 
virulent strain XXVIII. 

This strain was isolated sixteen years ago and is still very vuu­
lent for sheep . 

TABLE I. 

Type of growth after. Virulence.Test. 

Tube % 
No. co,. 24 48 72 96 Subbed Type of Death : hours after 

hrs. hrs. hrs. hrs. after variant inoculation. 
hrs. subbed. 

20 40 60 80 100 

A 

H,S I RS I -
-n-~1-~-, ~!-1-=--=_,_,I_ ------- -----c 0 

F 10 -1 STh~c~I 1--_1- _ =====i====--=== 
G 10 SM SM - - 48 SM t 

t 
t 

+ +++ - - 48 R(+++) t t I 
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PATHOGENICITY Al'ID IMMU NITY TESTS WITH Al'ITHRAX VARIANTS. 

TABLE l - (continued). 

Type of growth after . Virulence Test. 

Tube % 

I I 
Subbed Type of Death : hours after No. C02• 24 48 72 96 

hrs. hrs. hrs. hrs. after variant inoculation. 
hrs. subbed. 20 40 60 80 100 

H 15 SM SM - - 48 SM t 
t t 

+ ++ - - 48 R\++J I 
I 
I 

--- - ----- ------
I 20 SJl!l SM - - 48 SM t 

t 
' t 
---

+ - - 48 R(+) t 
t t 

- - - -----.- - ----

I 

J. 30 S.111 SM - - 48 SM t t 
t 

++ - - 48 R(++) I I 
I 
I 

I 
-----------

K 40 SM SM - -- 48 SM t 
t 
t 

++ - - 48 R(++) I 
I 
I 

-------- - - - -
L 50 Sl\1 SM - -

++ +++ 
- -------------- ---

111 50 SM SM - -
++ 

---------- - --
N 65 SM SM SM Sl\1 72 SM t 

t 
t 

+ ++ +++ 72 R(++) I 
I 
I 

- - --
96 SM t 

t 
t 

96 R(+++) / 
I 
I 

--------- ----- ---

I 
0 65 Sl\1 SM -1-+ 

-----
p 75 SM SM -

I 
-

I + 

t = Guinea pig, died of anthrax. / = Survived . 
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MAX STER -E. 

Th us mucoid growth was best in carbon dioxide concentrations 
bet"-een 10 and 50 per cent. and clissocation \Tas rnost acti.-e o.-er 
approximately the same range. Subcultures from smooth mucoid 
gro\Yth in 10 to 65 per cent . carbon dioxide were virulent whereas 
rnugh s obtained in the same concentrations "-ere redu ced in .-irulence 
or avirulent. A subcul ture from the rough edge of B in 0 per cent. 
C0 2 was fully virulent . This confirmed previous obsenations. 

2.-To test the effec ts of di.ffe1·ent cm·bon clio.x1:cle concentrations on 
1:irident strain XX.XII 1 . 

This strain wa s isolated from a goat which died ·of anthrax, 
naturally acquired, six weeks previously. 

'rAnLE n. 
Type of Virulence Test. 

Tube % 
growth after. 

Subbed Type of I No. co,. 24 

I 
48 after. variant Death: Hours after inoculation. 

hrs. hrs. Hrs. subbed. 20 40 60 80 100 

A I 5 I RS I - I I --
B l() SM SM 24 Sl\1 t 

tt 
++ ++++ 24 R(++ ) I 

I 
I 

48 R (++++) I 
I 

I 
I 

--- -
c 20 SM H, 

++ ++++ 
----

D 30 SM H, 24 SM t 
t 
t 

++ ++++ 24 R(++) t tt 
---

E 30 S.i11 RS 
++ ++++ 
----------

11" 40 SM -
++ 
--

I 
G 50 fill SM 

+ ++++ 
---------- --

I H 50 Sl\1 SM 
I ++ ++++ 
I --------

I 60 RS RS 
+++ ++++ 

--- --------
J 63 SM SM 

+ ++++ 

I I 
---

I I 
K 70 SM RS 

++ ++++ 
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PATHOGENICITY AND IMMUNITY TESTS WITH ANTHRAX VARIANTS . 

Mucoid growth was best maintained in carbon dioxide concen­
trations between 20 and 50 per cent., but even at best was not marked. 
By the second day the mucoid character had almost disappeared. 
The guinea-pig tests showed that this was due to the rapid develop­
ment of rough avirulent variants swamping the mucoid growth. 

3.-The effect of different concentrations of carbon dioxide on 
strain XXIV. 

This strain was isolated four months previously from a bovine 
which had died of anthrax. 

Tube 
No. 

% co,. 

Type of 
growth after. 

24 I 48 
hrs. hrs. 

TABLE III . 

Virulence Test. 

Subbed \ Type of I 
after. variant Death : Hours after inoculation. 

Hrs. subbed. 20 40 60 80 100 

A I 0 I RS I RS I I 
--B-- -5-1 ~~-i-=--- -------------------
- c - -10-1 ii:~-~~==---------------------

D 20 SM RS 24 SM t 

+++ ++++ 24 

-r­
t 

All guinea pigs died in a week, showed 
marked oedema but no capsuled 
bacilli. Test repeated with first sub 
culture (below). 

-~t sub lcu~~---- - ----------- - / 

__ l __ I _____ _ _:~-~ (+++i _ _ _______ ______ _ ; 

E 1 20 1 ~~ 1 - I 

=? ___ 20 ]_~£ !~~ ================= 
G 30 bM 

+++ 

J 30 SM RS 

+++ 
++++ __ 4_8_ R (++++)! _____ ____________ ~ 
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MAX ST E R -E . 

TABLE Ill-(contin ued ). 

Type of Virulence Test. 

Tube % 
growth after. 

Subbed I Type of I No. co •. 24 

I 
48 after. variant Death: Hours after inuculation. 

hr~ . hrs . Hrs. . subbed. 20 40 fi(\ BO ]()() 

I 

I K 40 SM RS 

+++ ++++ 48 

- ------ - - - --- ----

I 
I 
I 

1-- -·'----1--------- -------·--
+++ ++++ 48 IR (++++) 

RS L R S 

I 
I 
I 

lVI 60 - Rs_ R8 ____ l ____ I._ ------------·----

N 60 SM - I I 
0 I 80 ~2 ~ _l ___ l ____ I 

Strain XXIY neYer produced completely mucoicl growth. Th e 
centre of the culture sho"TI·ed a slightly mucoid surface in carbon 
dioxid e concentrritions from 5 to 40 per cent., but usually this "-as 
gone at 48 hours. No other Yirulen t strain had beh a,-ed in this way 
and therefore attempts 'rnre made to obtain more profuse mucoid 
growth by using different proportions of serum or whole blood. All 
"·em unsu ccessful. However, the protocol s of the guinea-pi g t est s 
sho"· that the rough growth was no t due to an inability of th e viru­
lent strnin to become mucoid , but rather to the rapid proliferation 
of a virulent rough variants; because subcultures from th e edges of 
th e rough colonies were usually avirulen t . 

4. - To t es t the eff ec t of diffet ent carbon dio.vide con centrations 0 11 

v frul ent st rain XXXIV. 
rrhis strain wa s isolat ed from the hide of a bm-ine SeYell cl ays 

previously . 

Tube 
No. 

% 
C0 2 • 

Type of growth 
after. 

24 I 48 
hrs. hrs. 

TABLE IV. 

Viru lence Test. 

Subbed I Type of I Death: Hours afte r 
afte r. varia nt inoculation. 
lfrs. subbed. 20 40 60 80 100 200 

A 0 I - I RS I I 
_ B - _ o -J_~~l_-Rs ___ 1 _____ I __ 

C 10 SM SM 24 SM 

--------:----- - ------
R (+++; I +++ ++++ 24 
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PATHOGENICITY AND IMMUNITY TESTS WITH ANTHRAX VARIANTS. 

TAnLE I Y -(continued). 

Type of Virulence Test. 
growth after. 

Tube % 
No. C0 5 • 

I 
Subbed Type of Death: Hours after 

24 48 after. variant inoculation. 
hrs. hrs. Hrs. subbed. 

20 40 60 80 100 200 
I 

D 10 SM SM 
++ ++++ 

E 20 SM: SM 
+ +++ 

F :30 SM: S1ll 24 SM: t 
t 
t 

++ +++ 24 R(++ ) I 
I 
I 

--------------
48 S1lf t 

t 
t 

48 R (+++) I 
t I 

-------- -------- --- - ----- ------- ------
G 30 SJVI S.iJI 48 SJI t 

t 
t 

------
+++ 48 R(+++) I 

I 
I 

-------- ---- -------- ---------
R 40 SM: SM 

++ ++++ 
--------

I 50 SM SM 
+ ++++ 

-------- --------------------

J 60 RS SM: 
---------------- -------- - -------------

K 60 SM SM 
. 

+ ++ 
--------- ---

L 70 SM SM 

+ ++ 48 R(++) t 
t 
I 

- ---- - - - ----
ii[ 75 SM SM 48 SM: t 

t 
t 

-------------
++ 48 R(++ ) I 

I 
I 

- --·------ - ------ - - -----

I 
N 80 S~f Si\I 

+ 
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MAX STERKE. 

This strain was mme mucoid in carbon dioxide concentration ;, 
between 20 and 70 per l'ent. and rough dissoci::mts were more freely 
produced in 10 to 50 per cent. concentrations. All the smooth 
mucoid variants tested were vin1lent for guinea-pigs and the roughs 
aYirulent or reduced in virulence. 

5 .-To tes t the cff ects of cl1:jf·erent car bon dioxide concentmtions on 
vfrulent strain XX~YV. 

'l'his ,; train was isolated two days previously from a bovine dead 
from naturally acquired anthrax. 

Tube 
No. 

A 

% co,. 

10 

'l'AULE V. 

Type of Virulence Test. 

growth after. !---------,---------------

SM 

Subbed Type of Death : Hours after inocul ation. 
after. variant 
Hrs. subbed. 20 40 60 80 100 

____ [ ! ______ ______ _ 
I 
I 
I 

+ ++++ 48 IR (++++)I 

--B- -20 ~ -:SM- ==== ---_-_-_-1--_-~~~-~--------~--~~-----==---_-_-
++ 

- --- - - ·-- ---
c 30 SM s:vr 

++ 

48 R (++) 

48 SM 

48 

t 
t 
t 

I 
I 
I 

I 
I 
I 

- -D--60RSI RIS - ------------------

-~--go RS_l_Rs_ - 48- ~Tit----- ~ -------------
t 

Thus mucoid growth \\'3S goocl in carbon dioxi de concentration s 
bebYeen 10 an<l 30 per cent. In GO a nd 80 per cent. there was no 
rnucoid denlopment nor production of rough dissocian ts. A virulent 
roug h s were obtained ·in all th e cultures grown in concentrations up 
to 30 per cent . , wherea s the non-rnucoi cl culture in 80 per cent. C0 2 

h ad lost no virulence. Culture B was rather interesting. The a viru­
lent Yariant gre''" as a thin rough film (phantom colony, Nungeste r 
1929) and within this film roug h non-phantom colonies developed. 
This process recurred with every subculture of t h e phantom. 
Neither variant killed . 
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PATHOGEKICITY AKD IMMUNITY TESTS WITH A:-ITHRAX VARIANTS. 

DISCUSSION. 

Five virulent strains were grown in different carbon dioxide 
concentrations and examined for their ability to grow mucoid and 
to produce rough avirulent dissociants. .Mucoid growth was found 
to depend partly on the strain and partly on the carbon dioxide con­
centration. Sometimes the mucoid growth was not persistent clue to 
the rapid proliferation of avirulent rough variants. Strains tested in 
0 per cent. and 80 per cent. carbon dioxide did not grow mucoid and 
produced no avirulent clissociants. The optimum concentrations of 
carbon dioxide for obtaining avirulent roughs quickly appeared to 
lie between 10 per cent. and 30 per cent. 

In general, mucoid growth was not as profuse as in the experi­
ments described in the previous paper. This was probably due to 
the use of a different batch of medium. 

In this paper and in a previous paper it was shown that all 
virulent anthrax strains dissociate in an apparently orderly manner 
from the time they are isolated. In the particular cases investig·atecl 
there was a continuous variation in the direction of uncapsulecl and 
avirulent types. The regularity of the process makes it difficult not 
to entertain the hypothesis that this may be a constant feature of 
growth in anthrax even under natural conditions and that it may 
have a bearing on epidemiological and immunological problems in 
nature. 

An interesting aspect of the investigation was the variation rn 
the dissociation rates of the different virulent strains. This carries 
the possibility that there are fundamental differences between viru­
lent strains and that these differences may play a determining role 
in, for example, the persistence of an infection in the field. 

COMPARATIVE IMMUNITY TESTS ON GUINEA-PIGS AND SHEEP WITH 

A VIRULENT V ARIAKTS OBTAINED IN DIFFERENT CONCENTRATIONS 

OF CARBON DIOXIDE. 

It was shown previously that sheep could be immunized with 
avirulent rough variants. The present series of experiments was 
designed to examine the possibility of using avirulent rough variants 
as vaccines. These clissociants have obvious advantages over the ordi­
nary attenuated strains: they are a virulent; they produce 99 per 
cent, free-lying spores in 3 t-0 4 days; and they can be obtained from 
virulent strains in 24 to 48 hours. 

Parallel experiments were clone on guinea-pigs and sheep to see 
if there was a relation between the degree of immunity produced in 
these species. Sheep have always been used at Onderstepoort as the 
final laboratory test animal, so that considerable saving would result 
if preliminary guinea-pig tests could eliminate strains likely to be 
unsuccessful as vaccines, before the more expensive sheep test was 
used. 

The majority of the strains now tested on sheep produced poor 
immunity in guinea-pigs. 'l'hese strains were tested purposely, 
because it was as important to know the worst results to be expected, 
as to know the best. 
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The strains used for immunization were isolaterl in the experi­
ments noted in Tables I-Y, " ·ith the exception of strain XXIl A 2 

which was isolated some months before. The guinea-pigs tested 
(except with strain XXII A 2 ) were those which survived in the expe­
riments rnited in Tables 1 to V. Sheep were immunized with l / 300 
to 1 / 500 dilution of a fully sporulated agar slant (1·5x7 cm.) of the 
avirulent strains. 'l'his dose was somewhat smaller than that used in 
the ordinary pasteur II type of vaccine prepared here for issue. 
For the sake of comparison, tests on the routine Pasteur II type 
vaccine were done at the same time as the tests on the avuulent 
strains, and these results are also shown in the tables. The 0 · 01 
dilution of the Pasteur II is sli.ghtly more than 1: 300 agar slant. 

The virulent test dose for guinea-pigs was t to -k of an agar slant 
(l · 5 x 7 cm.) of strain II Ad. This was the smooth mucoid strai11 
used in previous tests (Sterne 1937), but its virulence had since been 
considerably enhanced by serial passage through guinea-pigs. 

It now always killed unprotected guinea-pigs in 15 to 40 hours, 
but the majority were dead by the 24th hour. ln the first experiment 
(Strain XXII A 2 ) the test strain II Ad had not yet been exalted. 

The test dose for sheep was a sporulated glycerine-saline suspen­
sion of strain XXVIII. This had been titrated to kill all sheep at 
a dilution of 1: 150,000 of a medium sized agar slant (l ·5 x 7 cm.) 
and this dose was much more than an M.L.D. Controls 
were included with all the immunized sheep. The latter receiver! 
from 10 to 1,000 times the dose given to the controls. The dilution 
1: 150,000 has been called a Certain Killing Dose (C.K.D.). The 
stability of the test suspension was unusually good and strain 
XXVIII has been the only strain encountered here which retained 
its virulence in glycerine-saline over long periods. Dilutions of the 
same suspension were used in all the sheep tests. 

All the guinea-pigs which survived in Tables I-V were tested 
for immunity, but, for the sake of brevity, only the t ests with a 
hearing on the sheep experiments have been given in the following 
iables . The guinea-pig immunity tests, however, gave no indication 
t hat there \Yas any relation between the immunizing power of a strain 
and the C0 2 concentration in which it developed. 

'.l.1ABLE VI. 

Guinea Immunized Tested Death: Hours after inoculation. 
3 weeks Pigs. with. later with. 20 40 60 80 100 40 

5 rough t slant 
avirulent II Ad. t t t 
XXII A2 

- - ---
5 Controls ditto t 

t 
t 

I 
t 
t 

Strain II Ad. had not been exalted for this experiment. 
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PATHOGENICITY A:\]) 1Ml\H7NITY TESTS \\Tl'II AXTHRAX VARIANTS. 

TABLE Vl-(continued). 

I mmunized Each tested Death: Days after inoculation. 
Sheep. with. 3 weeks 

later with. 1 2 3 4 5 6 7 8 

45,825 1 c.c. !T1~il 10 C.K.D. i" 
agar .XXVIlI 

46,056 slant "i" 
XXJI A2 

45,988 
" i" 

45,742 
" " I 

46,014 
" " I 

45,!)65 
" " 

•i 
- ----- - --- ----- ---

45,796 Controls. " 
t 

45,807 t 
46,731 1 C.K.D. •i• 
45,915 

" 
·;· 

Strain XXII A 2 was isolated four months previously. The 
immunity" produced in sheep was not good, although two of the sheep 
survived this fairly severe test dose. 

'rABLE -rn. 

Avirulent strain XXVIII K was obtained after 48 hours m 40 
per cent. 002 in the experiment noted in Table l. 

No. of Immunized Tested Death: Hours after inoculation. 
guinea with. 3 weeks 

pigs. (Each.) later with. 10 20 30 40 50 60 70 80 90 

3 avirulent ?; agar 
R from slant 

XXVIII K II Ad. H t 
(40%C0 2 ) (each) 

____ 6 _1_C~ntrcls--l--dm~-- tt t 
t -r 
t 
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'l'ABJ .E VII- ( continued) . 

Each Tested Death : Days after inoculation . 
Sheep. immunized 3 weeks 

wit h. late r with. 1 2 3 4 5 6 7 8 9 10 11 12 

46,699 1 c.c. y, /so 10 C.K.D. I 
45,868 agar slan t strain t 
46, 113 XXVIIIK XX VIII I 
45,908 

" 
., I 

46,060 
" " I 

46,077 
" " I 

46,688 1 c .c. :r6o " 1" 
45,952 agar slant ,, I 
47,052 strain 

" I 
46,109 XXIIA2 ,, I 
45,906 isolated 

" I 
46,019 4 months 

" I 
previously. 

-----
Vaccine 
Batch 5 

45,913 20·0 c.c. ,, I 
I 

46,027 20 ·0 c.c. 
" I 

46, 143 O· l c.c. 
" I 

45,953 O· l c.c. 
" 

•i 
45,945 O· l c.c . 

" I 
46,991 O· l c.c. 

" I 
I 

45,938 0 ·01 c.c. 
" I 

46,106 O·Olc.c. 
" I 

46,063 O·Olc.c. 
" I 

46,053 0·0 1 c.c. " I 

No-rE.- The 0·01 c.c. dose B. 5 is equivalent to 1/ 300 aga r slant. 

46,083 
46,690 

45,997 
47,007 

Controls 10 C.K.J) . 
strain 

XX VIII 
1 C.K.D. 

t 

There was only a slig ht indication of immunity m the gurnea­
pigs to the large test" dose given them. 

'l'he same strain tested on sheep ho,YeYer showed a relatiYely 
so und degree of immunity (XXYIII K). The immunity in sh eep 
was c;ompared with that procluced by an aviru lent rough strain 
(XXll A.2 ) isolated some months preYiously and with that produc;eJ 
by an ordinary vaccine batch. Thus , this relatiYely poor avirulent 
strain gave sat i1;£actory immuni ty 11·hen tested on sheep. Controls 
all died. 
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PATHOGENICITY Al'ID IMMUNITY TESTS WITH ANTHRAX VARIANTS. 

TABLE VIII. 
Avirulent strain XXXIII B was obtained after 24 hours m lil 

per cent. 002 and avirulent strain XXXIV F after 24 hours m 10 
per cent. 002 (see Tables II and IV) . 

No. of 
guinea 

pigs. 

3 

------

3 

- ----
6 

Sheep. 

47,014 
47,045 
46,987 
45,963 
46,692 
46,054 

46,748 
46,121 
46,028 
47,016 
46,726 
46,756 

46,984 
44,677 
45,964 
45,935 
46,994 
47,012 
45,980 
46,998 
46,981 
46,996 

Immunized 
with. 

XXXIIIB 
(24 hrs.) 

(10% C0 2) 

-------
XXXIVF 

24 hrs. 
(30% CO,) 

Controls 

Each 
immunized 

with . 

3 :!,0 agar 
slant 

R variant 
XXXIII B 

ditto 
XXXIV F 

Batch 6 
20·0 c.c. 
20·0 c.c. 

O· l c.c. 
O· l c.c. 
O· l c.c. 
O· l c.c. 
0·01 c.c. 
0·01 c.c. 
0·01 c.c. 
0·01 c.c. 

Tested Death: Hours after inoculation. 3 weeks 
later with. 

(Each.) 20 40 60 80 100 60 200 

t agar 
slant t tt 
II Ad. 

------ ----------- ---------
ditto 

-------
ditto 

Each tested 
with 3 weeks 

later. 

100 C.K.D. 
XX VIII 

t 
t t 

---- ----------------

t 
t 
t 
t 
t 
t 

Death : Days after inoculation. 

2 3 4 5 6 7 8 

t 
t 

This sheep was very poor and t 
had pneumonia for a week. 
Blood and spleen smears 
negative. 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 

----- - -------------- --------- ·----·-·---- --- -··- -·· - ·----------

45,931 
46,051 

45,852 
46,136 

Controls 

" 1 C.K.D. 

()2 

t 
t 
t 

t 
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'l'he two avirulent strains tested above shmYed only a moderate 
degree of protection in guinea-pigs, but a Yery satisfactory protec­
tion in sheep. 

TABLE IX . 

A. virulent strain XXIV D was obtained after 24 hours rn 20 
per cent. C0 2 (see Table III). 

Guinea 

I 
Each Each Death: Hours after inoculation. 

pigs. immunized tested 
with. with . 20 40 60 80 100 

I 

3 I ~ slant I ! slant 
XXIV J) II Ad. t "i' I 

- ----------· 
6 Controls t 

t 
t -r 
t t 

Each Each Death : Days after inoculation. 
Sheep. immunized tested 

with . with. 1 2 3 4 5 6 7 8 

45,871 :n\-o slant 100 C.K .D. 
45,902 sporulated XX VIII 
45,886 culture 

" 46,725 XXIV D 
" 45,909 " ., 

45,944 
" " 45,859 
" 

,, 
46,740 

" " 45,971 
" " 46,072 
" " 46,110 
" " 45,922 " " 

Controls 1 C.K.D. 
45,876 

" t 
45,885 

" t 
46,038 

" t 
-

This avirulent strain produced a high degree of resistan ce in 
guinea-pigs and immunized sheep solidly against a large test dose 
of virulent culture. Sheep \\·ere not r.:onsidered " solidly " immune 
unless all survived and none shmYed more than a slight transient 
temperature reaction to the virulent dose. The majority sho\Yed no 
reaction a t all. 
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'l' AnLE X. 

Avirulent strain XXXIY G 'rns obtained after 24 hours in 30 
per cent. C0 2 ; XXXIV M after 48 hours in 75 per cent. C0 2 ; 

XXXV A after 48 hours in 10 per cent. C02 ; XXXV B after 48 hours 
in 20 per cent. C02 (see Tables IV and V) . 

No. of Immunized Each Deat h: Hours after inoculation. 
guinea with. tested 

pigs. with. 20 40 60 80 

3 XXXIV G k slant 
rough II Ad. I 

24 hours I 
30% co, I 

3 XXXIVM 
" I 

rough I 
48 hours ·i· 
75% CO, 

- ---- ------ -------
2 XXXVA 

" t t 
rnugh 

48 hours 
10% C02 

- ---- - ----- - ------ --------------------
3 XXXVB ,. tn 

rough 
48 hours 
20% co, 

12 Con trols 
" t 

ttt 
ttt t 
ttt t 

Each Tested Death : Days after infection. 
Sheep. immunized 3 weeks 

with . later with. 1 2 3 4 5 6 7 8 

46,075 I c.c. :n~o 1,000 C.K.D. I 
45,847 agar slant strain I 
45,878 XXXIV G XX VIII I 
45,846 

" " I 
46,114 

" " I 
46,024 

" " I 
--------- --- ------- -----------·----------

46,673 1 c.c. :n'rn I 
45,922 agar slant 

" I 
46,089 XXXIVM 

" t 
46,055 

" " I 
46,671 

" " I 
45,854 

" " t 
------------------ -----

45,883 1 c.c. :rbo " t 
45,960 agar slant 

" t 
46,091 XXXVA 

" t 
46,714 

" " "!" 
45,896 

" " I 
46,095 

" " t 
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TABLE X-(continued). 

Each Tested Death : Days after infection. 
Sheep. immunized 3 weeks 

with. later with. 1 2 3 4 5 6 7 8 

46,015 I c.c. ?l~O 1,000 C.K.D. I 
46,757 slant strain I 
46,008 XXXVB XX VIII I 
46,094 ,, ,, 'i' 
46,044 ,, ,, I 
45,983 ,, ,, t 
45,855 I c.c. 3 c}0 ,, I 
46,040 slant ,, I 
46,058 batch 7 ,, I 
46,741 ,, ,, I 
46,142 ,, ,, I 
46,010 ,, ,, I 

46,765 1 c.c. 1/30 ,, I 
46,138 slant rough J ,, I 
45,851 a virulent ,, I 
46,724 XXII A2 ,, I 
46,764 ,, ,, I 
46,674 ,, ,, I 

- - --- --------------
Controls 

46,105 10 C.K.D. t 
46,747 ,, t 
45,873 1 C.K.D. t 
45,863 ,, t 

In this experiment, two avirulent rough strains which gave very 
good immunity in guinea-pigs and two avirulent rough strains which 
gave very poor immunity in guinea-pigs were compared with a rough 
avirulent strain ten times as concentrated, and an ordinary vaccine 
(Pasteur II) type. The concentrated suspension of the avirulent 
rough strain XXII A 2 was prepared four month previously from an 
avirulent strain isolated 8 months previously. (See T.ables VI and 
VII for tests on this strain at -,,1,-o dilution.) Four uninoculated 
controls were included. 

Stram XXXIV G immunized guinea-pigs and sheep solidly . 
XXXIV M: increased the resistance of guinea-pigs considerably but 
was only moderately effective in sheep. Strain XXXV A gave a poor 
result in both guinea-pigs and sheep. XXXV B gave a poor result 
in guinea-pigs and immunized the sheep fairly well. 

The concentrated strain XXII A 2 and the Pasteur type vaccine 
batch 7 both produced a solid immunity in sheep. 

It should be noted that the test close used in this experiment 
was particularly severe. 

D1scussrnN. 

M:ost of the avirulent variants produced a high degree of 
resistance in sheep and two of them, as judged by the tests, gave 
a solid immunity . The successful variants were those that showerl 
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the highest protective pmrnr in g uinea-pigs. A virulent dissQcian ts 
can be isolated easily and rapidly, so that for practical purposes only 
those giving sound results in guinea-pigs need be tried on sheep. 
Nevertheless, even strains which produced a relatively poor im­
munity in guinea-pigs were comparatively successful when tried on 
sh eep. 

However, considerable variation existed between the degrees of 
immunity produced by the different strains. 'l'he reason is unknown 
but the condit ions under which the variants can be obtained are as 
yet ill-defined and the problem may be solved by a refinement in 
technique and a more rigid standardisation of the medium. This is 
the more likely because differences in growth were noted with diffe­
rent batches of media and sera. 

'l'he immunity produced by the avirulent dissociants was com­
pared with that given by two batch es of an ordinary vaccine strain 
(.Pasteur II type). This gave as good an irninunity as the best of 
the roughs. Hmrnver, this Pasteur type vaccine was exceptional in 
that it elicited a better immunity than any similar vaccine prepared 
here for some time. :Moreover, its virulence was on the border­
line of safety . The experiments " ·ere slightly \Yeighted against the 
l:tYirulent stra ins as far as dosage was concerned . 

The experiment with strain XXII A. noted rn Table X 
introduced an interesting possibility. The u~ual dose of this strain 
did not produce a strong immunity in guinea-pigs or sheep , but when 
ten times this concentration was given the sheep acquired a solid 
immunity, although the glycerine-saline suspension of str a in 
XXII A 2 was then four months old. 

This tenfold strength contained about 3,000,000 spores per dose 
and it is quite feasible to manufa cture vaccines containing this 
number of organisms. Therefore, it appears probable that larger 
doses of potent avirulent strains may give maximal immunity to 
anthrax. It has been shown that large doses of the ordinary vaccines 
improve immunity, but this increase d dosage carries with it an in­
creased risk, whereas almost any dose of t he avirulent strains can 
be tolerated. 

The immunity tests with the avirulent rough variants must be 
considered very satisfactory and indi cate, as fa r as laboratory experi­
ments can, that domestic animals can be easily and safely immunize<l 
against anthrax with avirulent strains. This is particularly im­
portant for goats, horses and wild animals in zoological gardens 
(Neitz, 1936). These animals are highly susceptible to the use of any 
but weak, poorly immunizing P asteu r I type vaccines, which means 
that these animals are practically non-inuuunizable. Potent aviru· 
lent strains should prove very useful in S\1 ch cases. In laboratory 
tests not quoted here , one C.K.D. of strain XXVIII killed almost 
every goat treated with the Pasteu r I type of vaccine, whereas it 
was .shown (Stern e, 1937) that a weak avirulen t strain produced fair 
immunity in goats. 'rlrn term s Pasteur I and Pasteur II type 
Ya ccines refer .only to the relative virulence of_ the attenuated strains. 
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Su~l:MARY. 

(1) Virulent anthrax stntins grew mucoid and produced aviru­
lent rough dissociants 011 serum agar, in a number of different carbon 
dioxide concentrations. 

(2) A rnlatively small close of avirulent spores immunized sheep 
against anthrax. 

(3) The immunizing pmrnr of the avirulent rnugh strains \\·as 
not associated with the carbon diox ide concentration in "·hich they 
rleYelopecl. 
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