
No. of 
guinea 
pigs. 

91. 

mucoid Boshoff strain. This strain had gradually become 

less mucoid and had lost considerable virulence. Before the 

present experiment it was passaged f~rom guinea pig to guinea 

pig (without intermediate culturing) seven times and was then 

again able to kill all guinea pigs within 40 hours. This 

strain received the number II Ad. It was also virulent for 

rabbits but was not tested on sheep. 

Previous 
inoculations 

Each 
tested 
with 

TABLE LVIII. 

Death: Hours a:fter inoculation. 

20 40 60 80 100 120 140 60 80 200 20 
-------------------------------------

6 One injection 1/4 slant 
rough aviru- vix·ulent 
lent strain XVIII 

XX 

9 Controls ditto 

6 One injection 1/3 slant 
rough aviru- mucoid 
lent strain Boshoff 

XX (II Ad.) 

X X X 
X 

·---·--
X 
X 
X 
X 
X 
X 
X 
X 
X 

X X 
X 
·v· X ~-...... 

14 C~ntrols ditto X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
"<,T 
J\. X 

The guinea pigs which had received one injection 

of the avirulent variant :from strain XX showed much more 

resistance to anthrax than normal guinea pigs. Three 

I 
I 

I 

guinea pigs survived the very large dose of virulent culture. 
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Swnr1ary. 

The recently isolated virulent strain XX dissociated 

freely on 50 per cent serum agar in 65 per cent carbon dioxide. 

The smooth mucoid and the rough variant obtained under these 

conditions were both rough in air and there appeared 

culturally identical. However, the variant from the smooth 

mucoid growth in carbon dioxide vvas virulent while the sub-

culture from the rough growth in carbon dioxide was avirulent 

for guinea pigs, although very large doses were given. 

GUinea pigs inoculated with the avirulent rough 

variant showed considerable resistance to very large doses of 

virulent test strains. 

(5) Qissociation_of yirulent Boshoff (Strain II c) on 
50 per cent serum agar in 65 ner _cen~-~arbon_~i£~id~ 

This strain had been used as a virulent test 

strain for a nwnber of years. It still killed sheep in 

fairly high dilutions, but was not as virulent as the fresbly 

isolated strains. The same experimental procedure was 

adopted as before. The groi.rlh was smooth mucoid after 

24 hours in carbon dioxide and a:fter 48 hours rough outgrowths 

appeared at the periphery of the colony. Subcultures from 

t11.e smooth mucoid growth and from the rough grovrth were both 

rough when incubated in air and each variant vvas injected into 

guinea pigs as follows. 

No. of 
guinea 
pigs 

6 

6 

Each 
injected 
1Nith 

1/3 slant 
variant from 
smooth growth 
in co2 

1/3 slant 
variant from 
rough growth 
ir.~. co2 

TABLE LIX. 

Death: Hours after inoculation 

20 40 

X 
X 
.X 

X 
X 

60 80 

X 

100 20 
·----·---------

X X 
X 

X 
X 
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There was a considerable difference in the length 

of time that the guinea pigs lived. The rough variant 

took much longer to kill the guinea pigs and in view of the 

large doses used, the fact that all the guinea pigs inoculated 

with the smooth variant vvere dead before the others had 

started dying \Vas probably significant. A culture was made 

±~om one of the guinea pigs which had received the rough 

variant and died on the 5th day. This ~ms rough after 

24.hours and was injected into three guinea pigs. All three 

were dead by the 40th hour. Therefore it \Yas very likely 

that the deaths with the second variant ,Nere due to contaminat 

ing 'smooth' bacilli. 

The whole experiment was then repeated and after 

24 hours in carbon dioxide virulent Boshoff was smooth mucoid, 

but showed some rough outgrowths at the periphery of the 

colony. Growth was allowed to continue for five days and 

subcultures were then made from the smooth and from the 

rough gro-vvth onto agar and incubated in air. Both cultures 

were rough after 24 hours and guinea pigs were inoculated as 

:follows. 

No. of 
guinea 
pigs 

3 

3 

Each 
injected 
vli th 

TABLE LX. 

Death: 

20 40 

Hours after inoculation 

60 80 100 20 

113 slant 
variant from 
smooth growth 
in C02 

X X X 

1/3 slant 
variant from 
rough gro\Yth 
in C02 

The subculture froa the smooth mucoid growth in 

carbon dioxide proved virulent, while the culture from the 

rough growth in carbon dioxide was avirulent. Three weeks 

later six guinea pigs were· each inoculated \Yi th 113 of an 

agar slant of the rough variant and survived. 

I 
I 
I 
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Irmnunity tests \'Ji th avirulent strain from virulent 
Boshoff. 

The immunity of three guinea pigs which survived 

in the experiment noted in table LX was tested after six 

weeks with a heavy suspension of virulent XVIII. Three of 

the guinea pigs injected with tl1e avirulent variant three 

weeks later were also tested \vith virulent XVIII. The other 

three guinea pigs were tested with the smooth mucoid Boshoff 

strain which had been exalted by guinea pig passage. (See 

Pat-te 91 ) • The results are swnrnarized below and the massive 

test doses used should be noted. 

TABLE LXI. 

----·· - -~·-------------.. -~----...... 

Death: Hours after inoculation. 

20 40 60 80 100 20 40 60 80 200 

X X X 

X X X 

3 ditto 114 slant 
smooth 
Bosh off X I 
after I 
3 weeks 

7 Controls ditto .. X 
XX 
XX 
XX 

------.~·------·---

2 

7 

2 

ditto 
Rabbits 

Controls 

ditto 
Rabbits 

ditto 

114 slant 
virulent 
XVIII 

ditto 

X 
X 
X 

XX 
XX 

X 

X X 

The guinea pigs which had received an injection 

I 

of the rough avirulent variant from strain II c were more 

resistant to a subsequent virulent test dose than uninoculated 
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controls. Thus the results were substantially the same as 

those obtained with the :four avirulent strains previously 

examined, although the imrnunity in the present instance was 

of a lesser degree. Again therefore, a virulent strain 

grew smooth mucoid in carbon dioxide on serum agar and produce( 

rough variants which proved avirulent and ~~capsuled, but were 

able to confer an immunity to anthrax on guinea pigs. 

(6) Dissociation of virulent strain XXII on 50 per cent 
serum airari:ri §SUJ2~c~nt _ _2.arb~g dio~ide-._ 

This strain was isolated from a natural case o:f 

anthrax and the experiment was started the day after its 

isolation. After 24 hours in carbon dioxide the 6TOvvth 

was smooth mucoid. After 48 hours rough outgrowths appeared 

and agar slants were streaked from tl1e smooth mucoid and 

from the rough parts of the colony. These v;ere incubated 

in air and both showed the cl:aracteristic very rough 

appeax·ance of newly isola ted virulent strains. 

pigs were then inoculated as follows. 

TABLJ} lu~II. 

·-------·-· 

Guinea 

No. of 
guinea 
2igs 

Each 
inoculated 
with 

Death: Hours aft~r inoculation. 

10 20 

3 

30 40 __ ...;......... 
X 
X 
X 

50 60 

113 slant sub­
culture from 
smooth mucoid 
growth in co2 ------------- ---~--------------------------------------------

3 l/3 slant sub­
culture from 
rough growth 
in co2 

-----·--------~---------------

I 
I 
I 

Subeultures of these variants were tested again a 

week later vd th the follo'\.ving results. 

TABlE kXIII. 

l~ach 
inoculated 
Vfith 

Death: Hours after inoculation 

10 20 30 40 50 60 

No. of 
61'llinea 
pigs 

~------------------------------------------------------------~ 
3 113 slant subculture 

from smooth mucoid 
growth in C02 

X 
X 

X 

·--------------------------.----------------. --
3 113 slant subculture 

from rough ~Tovvth 
in C02 
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No. of 
guinea 
pigs. 

3 

2 

7 

Rabbits 

97. 

strains and vri.. th the same set of controls. The table 

summarizes the results of the immunity test carried out 

4 to 5 weeks after the inoculation of the avirulent strain. 

Previous 
inoculations 

TAJ3LE L.XV. 

Death: Hours after inoculation. Each 
tested 
with 10 20 30 40 50 60 70 80 90 

1/3 agar slant 1/4 slant 
rough avirulent virulent 
strain Y~\II XVIII 

113 slant rough 
variant 
(Table LXI) 

Controls 

ditto 

ditto X 
X 
X 

X X 
X X 

X 

I 
X 

I 

2 Controls ditto X X 

guinea 
pigs 

3 

7 

rabbits 

113 slant rough l/4 slant 
avirulent smooth mucoid 
strain XXII Boshoff 

Contro:J_s ditto X 
X X 
X X 
X X 

X I 
I 

_____ , __ _ 
2 Controls ditto I __ _x_ 

Again a newly isolated virulent strain dissociated 

on serum agar in carbon dioxide. The variants were 

culturally identical when grovm in air, but the variant 

derived from smooth r1ucoid grovrth in carbon dioxide was 

virulent, while that from the rough dissociants in carbon 

dioxide was avirulent. The avirulent variants conferred on 

guinea pigs a high degree of resistance to large killing 

doses of virulent culture. 

(7) Dissociation of stra~~-JG~I on 50_Qer cent se1~ 
gear ~n 65 per cent carbon dioxide. 

This strain was used a week after its isolation 

from a sheep dead of anthrax naturally acquired. The 

gro·wth v~as smooth mucoid after 24 hours in carbon dioxide, 
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but showed one small rough outgrov~h. After 72 ours the 

rough outgrowth had spread considerably. Subcultures from 

both the smooth mucoid and tJ1e rough part o:f the growth in 

carbon dioxide grevv very rough in air and were injected into 

guinea pigs a:fter 48 hours. 

No. of 
guinea 
pigs. 

3 

3 

TABLE lwXVI. 

Each 
injected 
vvi th 

Death: 

20 

1/3 slant subculture 
from smooth mucoid 
in C02 

1/3 slant sub­
culture from 
rough in C02 

Hours a:fter inoculation 

40 

X 
X 

60 

Five more guinea pigs were inoculated with the 

I 
I 
I 

nough avirulent strain. These, together with two survivors 

noted in table LXVI were tested with thP exalted smooth 

mucoid Boshoff strain (II Ad.) a month later. (One of the 

guinea pigs in LXVI had died a:fter 30 days of an inter-

current infection). 

TABLE LXVII. 

No. of Each Each Death: Hours after inoculatbn 
guinea inoculated tested 
pigs with with 20 40 60 

-----·-----·----
7 l/3 slant 1/4 slant X 

rough variant II Ad. X 
strain XA.'VI X 

X X X 

6 Controls ditto X 
X 
X 
X 
X 
X 

Thus the guinea pigs immunised with the avirulent 

strain were slightly more resistant than uninoculated 

controls. The imrnunity conferred by this variant v1as not 

nearly as good as that produced by other strains in this 

series, e.g. XVIII and VII. 

I 
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Sheep 
No. 

46770 
45726 
45802 
45804 

45443 
45824 

45799 
45823 
45811 
45800 
45403 
45355 
45810 
45714 
45791 

-45829 

44988 

99. 

Imr.:1uni ty test on shee-:J. 

'l'his was done at the s arne time as the test on guinea 

pigs. Six sheep were each injected with l c.c. o:f a 1:2000 

dilution of a Mason's tube. This was about 2/3 the usual 

dose o:f vaccine and contained about 200,000 bacilli per c.c. 

For comparison the titration o:e the ordinary vaccine (strain 

XVII) was included. This titration vvas done at the s arne time 

and with the same test dose. The 0.01 c.c. dose is equivalent 

to the dilution used :for issue and was slightly larger than 

the dose of strain =~r given to the six sheep. 

T.~.~BLE L..XVIII. 
--·-----·· 

15.5.36 5.6.36 Death: Hours after inoculation 
Each im- each 
munised tested 20 40 60 80 100 200 60 300 
vrith with 

1/500 1 c .c. 1:25 
slant dilution 
strain Batch XX X 

I 
I 

~OCVI virulent x· (negative 
for anthrax) 

II .,_,. 
.I\. 

t1 

Batch 97 ------
20.0 c.c. tt I 
20.0 c.c. 11 I 
o.1 c.c. H X 
0.1 c.c. 11 X 
o.o1 (!.c. tl I 
o.o1 c.c. If X 
0.01 c.e. tt X 
0.005 c.c. If X 
0.005 c.c. II X 
0.005 c.c. ff X 

Control If X 

The sheeD inoculated with a small dose of the 
,j., 

avirulent strain XXVI developed a better irrununity than those 

1noculated with the ordinary vaccine strain XVII. The dose 

of the avirulent strain was smaller than that usually 

issued in vaccines, so that the conditions were slightly 

weighted against it. This variant vvas tested on sheep 

because it v~s the weakest i~nuniser of the avirulent 

I 
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variants yet obtained (see test on guinea pigs, table 

T ~n TTI) 
..1...1.<\. \. - ' and it was thought that this sheep test would 

give an idea as to the lirununity to be expected from a 

weakly protecting avirulent rough. The results were 

encouraging. 

Summal~y of Part D (1- 7). 

1. Seven virulent strains of anthrax all grew smooth 

mucoid on 50 per cent serum agar in 65 per cent carbon 

dioxide. 

2. All seven strains rapidly developed rough dissoci-

ants in the carbon dioxide. 

3. Subcultures from the smooth mucoid growth were very 

rough in air and usually retained the viJ;•ulence of the 

original strain, whereas the subcultures in air from the rough 

dissociants were usually avirulent, although culturally they 

were also very rough; quite as rough indeed as freshly 

isolated virulent strains. 

4. All the avirulent variants conferred an increased 

resistance to anthrax on guinea pigs. 

s. Tests were per1,ormed on two groups of sheep 

immunised with the avirulent variants of strains XVIII and 

XXVI respectively. The former had given the best results 

o:f the series with guinea pigs and th~ latter the worst. 

Both groups showed a higher degree of immunity than did 

sheep imrnunised with the ordinary attenuated laboratory 

vaacine. Strain XVIII gave particularly good results. 

E. 
COMPAt~ISON OF IMiv:IDJITY PRODUCED IN RABBITS BY A 
N1JMB&~ 011, AVIl-\ULENT VAHIANTS .AlJD AN ORDI1TAHY 
ATTE:tWATED AN'l1ffi.A..""C STRAIN. -

In the experiment noted in table LIII a comparison 

was made of t..h.e inr_-:uni ty produced in sheep by the avirulent 

variant of strain XVIII and an attenuated strain. (Strong 

Pasteur II type). In that experlinent ~1all imrnunising 
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doses were given, as part of the information required was whether 

the avirulent type could be used as a vaccli1e. In the present 

experirnent rabbits were Himmunised" vvith large doses of" cultureo 

The doses were made large so that the effect produced by each 

strain would probably be maximal, and in this way a better 

assessment of the relative inununising abilities could perhaps 

be made. Guinea pigs could not be used, although their very 

uniform susceptibility to virulent cultures made them suitable 

subjects, because they could not withstru1d the attenuated strain 

XVII. Thirty-three rabbits vvere divided into four groups of 

six and one group ofni.ne and were treated with the following 

strains. 

(a) The avirulent variant of strain XVIII obtained in 

carbon dioxide on serwn agar four months before. This had been 

subcultured three times during the intervening period. 

(b) The avirulent variant of strain VII (Drummond) 

obtained on serum agar in carbon dioxide four months previously 

and subcultured four times in the intervening period. Both (a) 

and (b) had produced a good immunity when tested on guinea pigs 

some time before. 

(c) The avirulent variant of strain ~C<:II. This "tJvas also 

obtained on serum agar in carbon dioxide, but had been isolated 

only six weeks previously. When tested a month ago it had not 

shevm as good results as (a) and (b). 

(d) Vaccine strain XVII. This was the most virulent 

attenuated strain used for large scale field inoculations. It 

did not as a rule kill rabbits, but a sufficient dose always 

killed guinea pigs. 

Each group of rabbits received ru1 injection of one 

of the above strains and one group of nine rabbits was retained 

as a control and received no immunising injection. The results 

of the test are swnmarised in the following table. One four­

hundredth of an agar slant of test strain XX killed sheep. 
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TABLE L.X:IX. 

Rabbits Each 
inoculated 
vlith 

Each 
tested 
with 

Death: 

20 40 

Hours after inoculation 

50 60 80 100 200 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1/4 slant 
avirulent 
XVIII 

l/5 agar slant 
virulent strain 
XX 6 weeks 
later. 

Died of intercurrent 
infection before test. 

114 slant 
avirulent 
VIr. 

114 slant 
avirulent 
XXII 

115 agar slant 
virulent strain 
XX 6 weeks 
later 

ditto 

Died of intercurrent 
infection before test 

X 
X 

X 

X 
v 
.1\. 

X 
X 

I 

I 
I 
I 
I 
I 

I 
I 
I 

--
114 slant 
attenuated 
XVII 

Control 

ditto 

ditto 

X 
X 
X. 
X 
X 

I 
I 
I 
I 
I 
I 

X 
X 
X 

X 

The degree of protection produced by the three 

avirulent strains varied considerably. Strain VII, the earliest 

isolated gave the least protection and strain XXII the most 

recently isolated gave tl1e best immunity. However earlier 

tests on guinea pigs (table LXV) had sho\111 that strain 10CII 

was the least effective of the three strains at the time o:f its 

isolation, so that the others (VII and XVIII) had undergone 

considerable deterioration. Strain XVII the ordinary vaccine 

strain which vvas virulent :for guinea pigs gave rabbits a very 

good immunity &""ld was in this respect only equalled by strain 

XXII. 
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F. 
TTTE EFJ?}I~CTS OF DIFFERENT CONCENTRATIONS OF CAnBON 
DIOXIDE ON Tu~ DISSOCIATION OF VIRtJLElTT B.ANTHRACIS 
OU 50 PEH CENT SERUTv1 . AGA..-q. 

Pathogenicity and inununity tests on f?'Uinea pigs 
and shee·o with dissociants from virulent anthrax 
strains. 

The results noted in section D were encouraging enough 

to warrant more extensive and critical experiments. These were 

carried out to discover the effects of' varying the carbon dioxide 

concentration on virulent strains grovm on 50 per cent sermn agar 

and to examine the influence of the different concentrations on 

the development of mucoid growth, the production of avirulent 

roughs and the immunisi~ power of these roughs. 

The technique adopted was described in section D and 

the following symbols are used to describe the character of the 

growth. 

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

or 

SM denotes a colony as above, but with a more mucoid surface. 

SM denotes a colony 11vi th smooth edge and completely mucoid 
surface. 

SM denotes a colony '\/vi th a very mucoid surface and a pronounced 
tendency to flow. 

denotes a colony that can be dravvn into long threads. 
grov:th may be almost half a centimetre thick. 

The extent of rough growth is shovm thus: 

The 

J. denotes minute rough projections too small to be picked. 

J.J.. denotes well defined rough wedges or outgrowths fairly easy 
to pick • 

.1..1.1 denotes extensive well defined rough projections 1-.rorn the 
smooth edg'e of the colony. 

~..1..1..1_ denotes a broad ring of rough grovvth entirely surrounding 
the mucoid centre. 

R denotes completely ~ough grov\rth. 

S denotes completely smooth gro\~Tth. 

RS denotes intermediate or rough-smooth growth and the 
relative preponderance of one or the other :factor is 
indicated by bars, thus gs or RS. 

Mason's tubes were inoculated vli th the various strains 

and grovm in different carbon dioxide concentrations as sho~~ in 

the following tables. 
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The relative virulence of a number of the variants 

obtained was tested on guinea pigs. The variants ·vvere :first 

streaked on nutrient agar slants and incubated in air :for 24 

hours. All grew as rough as the original virulent strains, 

whether they were derived 1"rom the 'mucoid or the rough 

gro i.nrth in carbon dioxide • Three 6'1linea pigs v\rere used in 

each test and each received 1/4 agar slru1t of the 24 hour 

culture from the variant in carbon dioxide. 

(1) 
The effect of different carbon dioxide concentrations 
on strain XXVIII. 

Strain XXVIII V'las isolated sixteen years ago and 

is very virulent f'or sheep. 

Table L::OC. 
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r.rABLB LXX. 

----,.--....,--------~-------:r-------------··--

'l1 Ube c;·,f 
;0 of' Virulence Tes t Type growth 

No. C02 a:fter subbed Type o:f Death: h ours a:fter in~uJ.Eti.Or 
24 48 72 96 af'ter variant 
hrst hrs. hrs. hrs hrs. subbed 20 40 60 80 100 

-

A 0 RS Jl~ - -
--·· r---·-·~i------·-1---~·--·- ---1------+--------~-----·---------------· 

B 0 48 rough 
edge 

X 
X 
X 

--------·-+-------~----- -·"--+----+-----+------+---·------- ·----
c 0 RS HS 

-·-1--·--+----+---+-·-·---·--·- .... --··----!-------.. --------------------
D 5 SM SM 

.1 ..1. .l. 

---+----+--.. ··--~1--··--·+-----i------+------t----- -+------------------ ·--·---
F 10 

---1-·---t-·--·- ----f----T--··---+-·------+----+---·----.---------·----------· 

G 10 §_Ivi 

..1. .l...l..l. - -

48 SM X 
X 
X --·-1-----· -------~--.~----.. ·. ~---· ·------· 

48 H(.J..L.l.J ·v· 
.[ .. ·v· 

../\. I - -- --- ---- ...... _ .. ____ ------------
H 15 SM SM: - - 48 SM X 

X X - ----·---------
.L .1.1 - - 48 R(.L.t) 

----r-·--·-1-------·----·- ---- - -.. -----J-----+-----··-----... -----

I 20 

.1 

48 X 
X 
X -·--·-!----""•-·-----· .. - ---------

48 X X 

I 
I 
I 

______ _x_ __________ . _____ _ 
--- _ ___ , --··-f---.. ---.. ·--+----t---·-.. - --.. --

J 30 48 X X 
X ________ .. __ ---· ·-----------------··--

.L.L 48 R(.L.t) 

-··--------+--·--!----+----+-----·~ ... -------~·· ··--- --··--------

K 40 SM SM 48 SM X 
X 
X 

I 
I 

__ _/ __ 

-- --------· .. - ·---·- ·- ----------
.l..t 48 R(.t.!) I 

I 
I 

--~-·- .. r-----.. ·- --- ---.. -'-·~- ----------+------ -·-----------·-------~-

L 50 SM SM -
.tJ. .L..t.L 

50 S'"·II I 8i,,. -,L, : J;Jl. 

I .L..L 

--t---~--+---+---+----t---"--~--------·- --- ----------! 
- i 

J 
---4------J--------2------~--~----~------~------_._.------------------
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Tube % 
}[O • C02 

---
N" 65 

··"----·-
0 65 

p 75 

106. 

- .__.., ___ .,. __ 
~--··---·-----------

Type o:f Virulence Test g-.cowth 
after 

24 48 72 96 
Sub 
a:ft 

bed Typeof Death: hours aftei-a inocula:=­
er variant tiono 

hrs lu1 s. hrs. hrs. 
··----...... 

SM SL·I SL! SH 

hrs 
..._____ 

7 

• subbed 20 40 60 80 100 

2 SM X 
X 
X --· --- ~----------

.1 ~J. J.~.L 7' R(J..1) I 
I 

-- _________ .. _______ .L 
a v 

-· 
9 R(.t.t.L) 

v 
.J').. 

X 
X 

I 
I 

-·-- ---·- ·-----~---- .... __ ... ______ ---·' ·-·---·------·-· -- __________ _/__ 

SM SM - -
.1 

-'---·· f-.--·- ----------~-
______ _,_ ---

SM Sl/I - -
.1 

·----'----- -·-· ....1----- -· ·-· --· ·-·--· -·-· .. ______ ------·--------------~--~----·-----· 

Thus mucoid growth vvas best in carbon dioxide con-

centrations between 10 and 50 per cent and dissociation \~S 

most active over approximately the srune range. Subcultures 

:from smooth mucoid growth in 10 to 65 per cent cru,...bon dioxide 

were virulent v'lhereas roughs obtained in the same concentra-

tions were reduced in virulence or avirulent. A subculture 

f'rom the rough edge of B in 0 per cent C02 vvas :fully virulent. 

This confirmed previous observations. 

In this and some of tl1e following experiments the 

symbols SM or SM and .L.L.t.l occur together. According to the 

scheme dravm up at the start this cannot be, but it signifies 

a colony with a profusely mucoid centre and a broad sharply 

demarcated ring of rough around it. It would have been 

misleading to call the grovrth §.1.1 because the mucoid nature 

was too marked. The utilization of more symbols to include 

these cases would make the scheme too involved. 
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To test the ef~ects of different cru~bon dioxide concentrations 
on virulent· strain-~XJCIIf. 

This strain was isolated frorr a goat "~Jhich died o~ anthrax, 

naturally acquired, six vv-eeks before. 

mAB, L .,." T ..,,.YT _1_· _:E!__ __ .w._·\...;_'1..::::.:.. 
---...--·-·-----r--·--·------,--------·------·----·-----· 

Tube % Type of g rovvth a---~~-- ..... --~'.-ll_·r_ulence Test. 
No. co

2 
a~ter Subbed Type · o:f_ .. ·-ne-at"£1:-:HoLu,safter-;--inocula-
24 hrs. 48 hrs. a~ter variant tion. 

hrs. subbed 20 40 60 80 100 
----+-··- -- -· --- ·- --~---- -·--~·-·-··--f-·--------'1--·----

A 5 R.§ 
__ .. _____ .....,.. _____ --f---·-~ .. ---+-------+---·--·---.. -- - ··- -- .. -------· ------··"·----

B 10 24 X 
--+---- X X __ ·--··-----·---

~J. .L.l.L.L 24 R(~~) 

- -···------· -- .. ----+-

I 
I 
I 

.. -·------'--

48 H(.L..t.L.L 

-----+--~to-"-·---·-
- -------- ___ .. _____ .. _ __ , _ ___ -·---------

20 R 
.L.l .L.L.L.l 

----~1--··-------·--- ·--·-· ·- -·-·-- ---·- " --·------~---

D 30 R 24 s:M X 
'T 
./\. 

X 
·-·--··-r----·---····- -------. 

.l..t .l.~~J. 24 R(.t.t) X X 
X 

I 
/ 
I 

----+---· f--·- ---·--·· .. --1-----"-" ·-r-·------------------ ------------------·· - .. ------

30 sg RS 
.L.L .L.l..t..t 

--·-. ~--- -·---t----- ·----1--·--·-----·---~ - ------4-·------.. --- --------·- ·----
40 SM 

.l.l 
--.... ------~~·-----+-···---···-·!--- -----+---·--

G 50 Std 
.L..t.L~ 

-~--------.------·--- ---·- · ---- -- ·- ---·--· . - ·4 

---·-·-·-+--·--+-----.. ·--··---------1---·- ----1-·"- --------------- "·-··---- ·--

H 50 Sid 3M 
.1.1 .L.1J..l 

-+-·--+-------+-·-----t-------t-·--·------t------·---.......... ------

I 60 R§. 
.1~.1 .L.l.L.L 
/ 

----+---+-----t-----r-------'-·-·- ·----r--..------- - - ..... - ----------------

J 

K 

65 SM 
.L 

§LT 
T.l~.t 

-1----+-·-·---··.-- -... --.--- +------t---

70 RS 
.L.1 .L..L.L.L 

---·- --- - '----·-- - - ···--'----- _ __,__ ·-·---·--'----- ----'-----------------.. ---
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1\:Iucoid grov1th was best maintained in ca:r·bon dioxide 

concentrations bet·ween 20 and ED per cent, but even at hest 

vvas not marked. By the second day the mucoid character had 

almost disappeared. The guinea pig tests shovved that this 

was due to the rapid development of rough avirulent variants 

swamping the mucoid growth. 

(3) 
The effect of different _£Q£~e~tratiq~-~f _ carbon 
dioxide on-straiTi .. Tctrv:-

This ·was isolated four months ago from a bovine 

which had died o:f anthrax. 

TABLE L'{XII. 

---._..·-------------·- -·----·-··---------------------------·-··--.-.------
Tube % Tyne o:f Virulence Test. ... ~- -----·- --No. co2 growth after Subbed Type of Death: Hours after inoculation 

24 43 after variant 20 40 
hrs. hrs. subbed 60 80 100 

- ·- ·-1---- ···--- --- ~------ '---.···---r---- .. --------------- ------------·----- -·---------

A 0 RS 
-----~---4------J----·-+- -------- -------r- ------------------·-------------------· 
B 5 

.1.1.1 
--~---- ------------------- ----·-----+--------r------·----···--------------
c 10 §.M 

.1J..1 

---~--·- -

D 20 §.M 
-

J..l.1 

SM 
~.1.1.1 

----+--------+------+--------------·----- ------------·--
R§. 

J..l.1J. 

24 hrs SM v 
.1\. 

X 
X 

---~~-----1--------------------------------

24 hrs R(.L.L.t) All guinea pigs died in a week 
shovred marked oedema but no 
capsuled bacilli. Test re­
Deated with first subculture 

- -----;..;-----::.·c.b __ e.l ____ o~r.' . __ .. -------~-- ~ ------ -----,--
1st subculture I 
of R(J.J..L) I 

--~~-- --~--------~------~----------~---------~-------------------------------------------L__ 
E 20 

~.L.L 

___ .....,___--+----~----~--------+-----··-f--·-----------------------

F 20 SM RS 
~ I 

J..1.l J..l.l.l 
---+-----------~----f------+·-------------------------- - -------

G 30 §.M 
J..l.l 

-----~----+-----+----+--------t------t--------·---· ---------------

H 30 HS 

.1.1.1 .L.1.l.1 

24 hrs . gM X 
X 
X ----+---·-----+---------------------------

24 hrs R(J..L.1) v .. ~ I 
X 
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Tube % Type of -.....---- __ VtF-!:1.1 enc e Test • 
No. C02 _growth after Subbed Type of Death~ Hours a:t~·ter ·-inoculatlor 

24 48 after variant 20 40 60 so 100 
hrs. hrs. subbed 

·----- ·---- --· --------
I 30 ~M 

J..l.l 

--------------..--
J 30 §.M "!:)'"'1 

nti __ ,.. ________ ··--
.l.l.l J..lJ..l 48 hrs R(J..L.t.L) I 

I 
------- ---.. ---- ___ ., ______ 

-- ·-----~ .. - ... 
_________ __/_ 

K 40 §.M RS - --------~-----------------------
J..J..l .l.l.l.l 48 hrs R(.l.t.t.t) I 

I 
--·-- ---- -

_____ _L 

L 50 RS HS 
--- ··-·---....... - ... -----·---------

J..l.l.l .1.1.1.1 48 hrs R(J..L.l.t) I 
I 

--~ t-· h---~ ----~--
I 

lv1 60 RS RS 
----1--· ---- ~----------------- ....... -~---· 

N 60 SM 
---- --1-----------· -------r---- --------·-----
0 80 RS HS 

.1..1 .l.L 
-----~-------1..· ------------- ------L--- -------- -~--

Strain XXIV never pr~oduced completely mucoid grovrth. 

The centre of the culture showed a slightly mucoid sm~face 

in carbon dioxide concentrations from 5 to 40 per cent, but 

usually this was gone at 48 hours. No other virulent strain 

had behaved in this vey and therefore attempts 'Nere made to 

obtain more profuse mucoid grovrth by using dif:ferent propor-

tions of serum or whole blood. All were unsuccessful. 

Eowever, the protocols of the guinea pig tests show that the 

rough L~owth was not due to an inability of the virulent 

strain to become mucoid, but rather to the rapid proliferation 

of avirulent rough variants; because subcultures from the edg€f. 

of the rough colonies were mostly avirulent. 
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(4) 
To test the effect of different carbon dioxid~_;_q_once.ntrations 
on virulent strain ·xx;x:rv ·~ 

This strain was isolated from the· hide o:f a bovine 

seven days ago. 

TABLE I..JC<:III. 

-----· ---------- ----···---------·-----···-----------·----,-------
Tube 
No . 

200 

~ Type o:f Virulence Test 
co" grovvth Sllbbed ·~T'""'"y--p-e·--0-~f~~-D....,e·-a-th;-Hou;.-;-aite;;-in~;-ul~~ti~n ----

t:::: t--_..;;;.;a=f~t:....;:e:;..:;;r;...__,..-----lafter variant . 
60 80 24 48 hrs. subbed 20 40 100 

hrs. hrs. 
--.!--~--~--·-· - ·---1-----···--- '" ·-·-·-·--·--~---.. -----~ 

A 0 
--1-----1--·----1--------- -.. - - -.- ·--·--!--· .. ·-~--- ...... ·--- - -~ · .. ··~------------··-----·------· 

B 0 TIS 
+-----1--·- ------~----1-·--·· -t---·· -·· - -- ------· --·- - -----.. ------·--·-

c 10 sM Slv1 24 SM 

.1..1.1 .l.L..l...l 24 R((J..L.t, 

____ .._. .. ___ - --... ---·+---·-+--·- ---~--------·--.. ·--·--· 

D 10 §M 
.L.l .l.l.L.1 

X 
X 
X 

·-------~ 
--~--"-.·-···-...... - · -1--··--------- .. --·- ·--- ·- ·-·- · - ··--... - ... ·----·------ --~ 
~ . ., 20 .i::.l .§.M 

J. 

SM 
J..Li 

---~---+------+--·---·1--·-·· .. --.. -~ .. ·--------· ·-· -·---~~-·--· ---------·~----··-.--------

F 30 SM 

J..l .l.l.L 

24 Siv! X 
X 
X ----- -----·--·~-··-~------... - .. "-'' _____________ ·---

24 R(.t.t) I 
/ 

---·- ----------------·-·--------·--~·---.------ ·--~-- ____ _L 

48 SM "T 
..{\. 

-..r 
..i\. 

X ------· - -- --- ~----·-----

48 R(J..L.t) 
X 

I 
I 

--~---- ------·-- ·-·---~----·- .... -----.. ·----··-1---------.. - ·---

G 

H 

I 

30 48 

J..l.L 48 

X 
X 
X ..-+--------+ --------------·------·-·~---

R(.tJ.J.) '0 
I 

+------+----··--~---·---lr-·---t----.. ----- ·--... ... ... -------------·---(__ 
40 §.M SM 

.l.L J.J..l.l 
..._....+---+·-----1------+-- ----+--- ---+--------------

50 

--·----- · .·-~--------~-----+----··-·--i------·-- .. -f------------------.·----.. ----------··--·--·-·- · ---
J 60 
-----~----~-----4------i-----~---·-- --·------·- ·- ·------· 

K 60 Sivi 
J..l 

----------

·-----·-·-
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Tube 
No. 

L 

Tube 
No. 

----
A 

- ·-

B 

c 

D 

E 

111. 

% 0 

co~ 
(::; 

Type·a:r 

70 

75 

80 

or 
/C 

variant 
subbed 

R(.L~) X 

--1---- L_L 

48 X 
X 
X ---··-·--·------+-----------------···- ··-------

48 R( .L.t) I 
I 

----·- ~-· - - ·-- -------·. ·- ---·· ·- - -···- ---- --·------·---~-- - ---- -- - -----L 

------·---'--- ·-----------

This strain was more mucoid in carbon dioxide concentra-

tions between 20 and 70 per cent and. rough dissociants were more 

~ree1y produced in 10 to 50 per cent concentrations. All the 

smooth mucoid variants tested v'!ere virulent for guinea pigs and 

the roughs avirulent or reduced in virulence. 

(5) 
T£_!est~ff~cts o~ different carbon dioxide concentrations on _y irulen t _e_}.r~t_~_}JCXV. _________ .. ____________ - ----·--

This strain "~Has isolated two days ago from a bovine 

dead from naturally acquired anthrax. 

----- -----------·--.. ------.... _ 
Type of growth Virulence Test 

!--·-----~~~-~~;·-· ·- . ·------~---co<") after Subbed Type of Death: Hour9 aft 
c.. 24 hrs 48 hrs 

1------------ - .. ·---·-
10 §.M SM 

.1 ~.L.L.L 

------- t- -

20 SM SM 

J...l 

30 §.M SM 

J..J. 

60 R3 :1.8 
I 

80 RS ::ts 

fifter variant 
rs. subbed - ------

----- - ------
48 R(.L.t.L.l) 

-

______ ,... 

48 R(.L-') 

48 SM 

- -·- 1-------
48 R(J..t) 

. 1---· -

48 rough 
edge 

20 40 

r--·----·-·· 

X 
X 
X --·-

-

__ .__ 

X 
X 
'T 
1\ 

60 8 

-

-

0 100 

I 
I __________ _!_ 

I 
I 
I 

I 
I 
I 

----------

Digitised by the University of Pretoria, Library Services, 2013



112. 

Thus mucoid grovvth v1as good in carbon dioxide 

concentrationsbetween 10 and 30 :per cent. In 60 and 80 per 

cent there was no mucoid development nor production of' rough 

dissociants. Avirulent roughs were obtained in all the 

cultures grovm in concentrations up to 30 per cent, whereas 

the non-mucoid culture in 80 per cent co2 had lost no virulence. 

Culture B was rather interesting. The avirulent variant grew 

as a thin rough i'ilrn (phantom colony, ITungester 1929) and 
rough 

within this film/non-phantom colonies developed. This 

process recurred 'vvi th 3Jery subculture of the phantom, but 

the rough colony did not dissociate further. Neither variant 

killed. 

Discussion. ---------

Five virulent strains were grown in different carbon 

dioxide concentrations and examined for their ability to grow 

mucoid and to produce rough avir,ulent dissociants. 1/Iucoid 

grovvth \Vas found to depend partly on the strain and partly on 

the carbon dioxide concentration. Where it vras not persistent~ 

this was due to the rapid proliferation of avirulent rough 

variants. However, strains tested at 0 per cent and 80 per 
t 

cent concentrations did not grow mucoid and produced no avirulen 

dissociants. The optimwn carbon dioxide concentrations for 

obtaining avirulent roughs quickly appeared to lie bet·ween 10 

and 30 per cent. 

The differences observed in the dissociation rates 

of the virulent strains are very interesting and may explain 

partly the rapid loss of virulence undergone by some stock 

strains and not others. In general the mucoid growth was not 

as profuse as with the strains used in section D. This was 

possibly due to the use of a different batch of mediwn. 
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(6) 
Comparative immunity tests on guinea_2igs and sheep 
with av.irulent dissociants obtained in di:fferent 
concentration~_Qf"c~bo-n dloxide. 

It was round previously (Section D) that sheep could 

be immunised vii th avirulent rough dissociants. These possess 

obvious advantages over the ordinary vaccines in that they 

are avirulent, they produce 99 per cent free-lying spores 

in 3 - 4 days, and they can be obtained from virulent strains 

in 24 hours. :More extensive experiments were now carried 

out to see whether these variants could be used successfully 

as vaccines. 

Uerino sheep and guinea pigs were tested in parallel 

experiments in case strong correlation existed between the 

imrr1uni ty produced in these animals. At Onderstepoort, sheep 

have always been used in tl1e final titrations of anthrax 

vaccines, and considerable saving would result if preliminary 

guinea pig experiments could eliminate unsatisfactory strains. 

Most of the strains used hel~e produced indifferent 

immunity in the preliminary guinea pig experiments. However, 

these were tried on sheep because, from the standpoint o:f 

vaccine production, it is as important to know the worst 

as to know the best results to expecto All the surviving 

guinea pigs noted in tables LXX to LXXIV received 1/4 to 1/8 

slant (1.5 x 7 em.) of a culture of smooth mucoid nBoshof:ft1 • 

This strain (II ad) vvas used in section D, but had since been 

passaged a number of times and no"t·1f killed the majority of 

unprotected guinea pigs in 24 hours. Thus the test v1as 

severer than those applied previously. For brevity, only 

the guinea pig tests vvi th a bearing on the subsequent sheep 

experilnents are tabulated, but therE. vvas no indication of any 

correlation between the irnrmmising power of the avirulent 

strains and the C02 concentrations in which they developed. 

Sheep were irnmunised vvi th avirulent variants from 

the five strains noted in tables k~{ to LXXIV. Strain XXII A2 
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however, vras obtained four months before the :first test on 

sheep (table LX)CV) and eight months before the last test 

(table LX.t'CIX) • This strain was introduced into the 

experiments to get an idea of the keeping qualities of an 

avirulent suspension. 

The immunising dose for sheep v1as 1/300 to 1/400 

of a sporulated culture 1~rop1 a slant 1. 5 x 7 em. This dose 

was somewhat less than that in the ordinary Onderstepoort 

spore vaccine (Pasteur II type). When possible, the 

imrnuni ty tests on the ordinary vaccine were done at the sarne 

time for comparison and these results are also tabulated. 

The Q.Ol c.c. dose in the routine titration is slightly 

greater than the immunising dose of the avirulent dissociants. 

The virulent test dose was a sporulated glycerine -

saline suspension of strain ~CXVIII. The equivalent of one 

in one hw1dred and fifty thousandth of an agar slru1t (1.5 x 

7 em) of this strain never failed to kill sheep. This 

dilution probably contained several lethal doses and is 

termed a Certain Killing Dose (C.K.D.) Non-limnune sheep 

were included in all the experiments and received from one 

tenth to one thousandth of the dose given to" the treated 

sheep. The suspension of strain XXVIII held its virulence 

unusually well and dilutions of the s ame suspension were 

used in all the tests now reported. This suspension still 

retains its virulence at the present time. 
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Guinea 
Pigs 

5 

5 

Immunised 
\Vith 

rough 
avirulent 
XXII A2 

Controls 

Tested 
3 weeks 
later 
with 

1/4 slant 
II Ad. 

ditto 

115. 

TABLE LXXV._ 

Death: 

20 40 

X 

X 
X 
X 
X 
X 

Hours after inoculation 

60 80 100 40 

X 

80 

I 
X (J2 
days) 

Strain II Ad. had not been exalted for ti1is experiment. 

Sheep Irn.r;1uni sed Each tested Death: Days after infection 
with 3 weeks 

later with 1 2 3 4 5 6 7 8 ------------------------··- ----
45825 

46056 

45988 

45742 

46014 

45965 

45796 

45807 

46731 

45915 

.1. 
1 c.c.300 10 C.K.D. X 
agar XXVIII 
slant X 
)C{II A2 

tt X 

11 It 

u ll 

n tf X 

Controls 
tt X 

u X 

1 C.K.D. X 

It X 

Strain XXII A2 was isolated four months ago (Section D ). 

The immunity produced in sheep was not good, although two 

of tJ1e sheep survived this fairly severe test dose. 

I 

I 
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TABLE LXXVI. 

Avirulent strain XXVIII K was obtained after 48 hours in 40 

per cent co2 in the exper:iment noted in table LXX. 
-~-------

No. of 
guinea 
pigs. 

3 

Immunised 
with 

(each) 

Tested 
3 weeks 
later 
with -------------- ------

avirulent 
R. f'rom 
XXVIII K 

( %) 

118 agar 
slant 
II Ad. 
(each) 

Death: Hours aft€r inoculation 

10 20 30 40 50 60 70 80 90 
·---~----···---· -------~-------------

XX X 

-- ------- ·----. --
6 Controls ditto XX X 

X X 
X --- --~------~------··--· ------ ----~---~----···---

------------------~--~---~---·-·--·----

Sheep Each 
imr.nunis ed 
with 

Tested 
3 weeks 
later 
with 

Death: 

1 2 

Days after inoculation 

3 4 5 6 7 8 9 10 11 12 
--~-----·- ---- ---··- .. I.---·-· ----- ---------·-~ .. ·-- ~--·~----· -~------ ----------~-.. -------------·~---·---------·-
46699 1 c.c. SOO 10 C.K.D. 
45868 agar slant strain 
46.113 X..XVIII K XXVIII 
45908 
46060 
460?_,;;,7 __ 

fl 

----r---------·-------·- ·-·--

X 
I 

I 
I 
I 

----~--·-·---.. --~-----·-------- ---·-····---~-~------/-
46688 1 c. c .300 H X 
45952 agar slant u I 
47052 strain tt I 
46109 XXI I A2 )t I 
45906 isolated u I 
46019 4 months tt I 
--·------·-ago . -----·-------~----------··-----------· ... --····---~----- --- -· -----Vaccine 

45913 
46027 
46143 
45953 
45945 
46991 
45938 
46106 
46063 
46053 

Batch 5 
20 c.c. 
20 c.c. 
o.1 c.c. 
o.1 c.c. 
0.1 c.c. 
o.1 c.c. 
o.o1 c.c. 
Q.Ol c.c. 
o.o1 c.c. 
o.o1 c.c. 

tt 

u 
tf 

u 
n 
f1 

f1 

fl 

X 

I 
I 
I 

I 
I 
I 
I 
I 
I 

--------~·--------··-· .. -· ---·-----·---··-------------·"-"''' ____ '- ------· ______ ... _. _, ____ _ 

46083 
46690 

45997 
47007 

Note: The 0.01 c.c. dose B.5 is equivalent to 11300 agar slant. 

Controls 
II 

tf 

H 

10 C.K.D. 
strain 
X.t'CVIII 

1 C.K.D. 
It 

tl 

X 
X 

X 
X 
----------------------------------· 
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No. o:f. 
guinea 
pigs. 

3 

3 

6 

117. 

There v1as only a slight indication oi ... immunity 

in the guinea pigs to the large test dose given them. 

The sarne strain tested on sheep however shovved a 

relatively sound degTee of Dllinunity (~JIII K). The 

immunity in sheep vvas compared v1i th an avirulent rough strain 

(XXII A2) isolated some months- ago and an ordinary vaccine 

batch. Thus, this relatively poor avirulent strain gave 

satisfactory irmnlmi ty when tested on sheep. Controls 

all died. 

Table LXXVII. 

Avirulent strain .i~XXIII B vvas obtained af .. ter 24 hours 
in 10 per cent C00 and avirulent strain XXXIII F a:fter 
24 hours in 30 per cent co2 (see table UC{I). 

irrun.unis ed 
with 

XXXIII B 
(24 hrs) 
(109b C02 ) 

XXXIV F 
24 hrs. 
(30% G'J

2
) 

Controls 

Tested 
3 weeks 
later with 

(each) 

1/6 agar 
slant 
II Ad. 

ditto 

ditto 

Death: 

20 40 

X 

X 

X 
X 
X 
X 
X 
X 

X 

Hours after inoculation. 

60 80 100 60 200 

X X 

X 
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Sheep 

47014 
47045 
46987 
45963 
46692 
46054 

46748 
46121 
46028 
47016 
46726 
46756 

46984 
44677 
45964 
45935 
46994 
47012 
45980 
46998 
46981 
46996 

45931 
46051 

45852 
46136 

118. 

Each 
tested with Days after inoculation 

Each 
immunised 
with 3 weeks later 

Death: 
1 2 3 4 5 6 7 8 

1 
355 agar 
s1an.t 
R variant 
XXXIII B 

Ditto 
XXXIV F 

fl 

tt 

It 

H 

Batch 6 
20 c.c. 
20 c.c. 
o.1 c.c. 
o.1 c.c. 
Q.l c.c. 
o.1 c.c. 
o.o1 c.c. 
Q.Ol c. c. 
o.o1 c.c. 
o.o1 c.c. 

Controls 
n 
tl 

u 
u 

100 C.K.D. 
:>C'NIII 

1 

u 
II 

tl 

t1 

u 
n 
tt. 

n 
If 

u 
It 

H 

n 
n 
lt 

u 
n 
u 
u 

u 
n 

C.K.D. 
tt 
H 

X 

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

X 

X 
,_,... 
.l-.. 

X 
X 

The two avirulent strains tested above shovved 

only a moderate degree oi .. protection in guinea pigs, but 

a very satisfactory protection in sheep. 

X 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Guinea 
pigs 

3 

6 

Sheep 

45871 
45902 
45886 
46725 
45909 
45944 
45859 
46740 
45971 
46072 
46110 
45922 

Controls 

45876 
45885 
46()38 

119. 

TABLE LJOCVIII. 

Avirulent strain ~':XIV D was obtained after 24 hours in 
20 per cent co2 (see table LXYJI). 

Each 
inununis ed 
with 

113 slant 
XXIVD 

controls 

Bach 
immunised 
vdth 

l 
300 slant 
sporulated 
culture 
XXIV D 

u 
tt 

It 

tl 

" u 
n 
u 

Each 
tested 
with 

114 slant 
II Ad. 

u 

.Sach 
tested 
with 

100 C.K.D. 
II 

n 
tl 

ft. 

H 

It 

u 
tl 

tt 

" H 

l C.K.D. 

If 

tl 

II 

Death: 

20 

X 
X 
X 
X 

Death: 
l 2 

X 
X 

Hours after inoculation 

40 

X 
X 

Days 
3 

X 

a:eter 
4 5 

60 80 

X 

inoculation. 
6 7 8 

100 

X 

This avirulent strain produced a high degree of 

resistance in guinea pigs and immunised sheep solidly 

against a large test dose of virulent culture. Sheep vrere 

not considered ttsolidlytt immune unless all survived and 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

none showed more than a slight transient temperature reaction. 

rrhe majority showed no reaction at all. 

Digitised by the University of Pretoria, Library Services, 2013



No. of 
guinea 
pigs. 

3 

3 

2 

3 

12 

Sheep 

46075 
45847 
45878 
45846 
46114 
46024 

46673 
45922 
46089 
46055 
46671 
45854 

45883 
45960 
46091 
46714 
45896 
46u95 

120. 

TABLE LXXIX. 

Avirulent strair1 XXXIV G was obtained after 24 hours in 30% C~ 
XXXIV M after 48 hours in 75% CO, 
:{XXV A after 48 hours in 1C% CO~ 
JG'\X.V B af"'ter 48 hours in 20% C02 (see tables LXXIII and LXXIV). 

Imrnunis ed Each Death: Hours after inoculation 
\Vith tested 

with 20 40 60 80 

XXXIV G 118 slant 
:cough II Ad. I 
24 hours I 
30% C02 I 

XXXIV M u I 
rough I 
48 hours X 
75% CO") w 

YJC{V A H X X 
rough 
48 hours 
10% C02 

jcz:x:.J B u XXX 
rough 
48 hours 
20% C02 

Controls II X 
XXX 
XXX X 
XXX X 

Each Tested Death: Days after11 infection. 
im.munised 3 weeks 1 
-~vith later with 

2 3 4 5 6 7 8 

"1 

..L ,-
1 c.c. 400 1000 C.K.D. I 
agar slant st:cain I 
)0(XIV G XXVIII I 

II H I 
u u I 
If tt I 

.I 
..J.. 

1 c.c.400 I 
aga1· slant u I 
XXXIV M t1 X 

II tt I 
u H I 
" 11 X 

-, 
.L 

1 c.c.400 II X 
agar slB.nt H X 
xxx:v A II X 

" tt X 
II H I 
tl II X 
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Sheep 

46015 
46757 
46008 
46094 
46044 
45983 

45855 
46040 
46058 
46741 
46142 
46010 

46765 
46138 
45851 
46724 
46764 
46674 

46105 
46747 

45873 
45863 

121. 

Each Tested Death: Days after infection 
innHunised 3 weeks 
with later ·~;vith 1 2 3 4 5 6 7 8 

l 
l c. c. 500 1000 C.K.D. I 
slant strain I 
XXJ...'"V B XXVIII I 

H tf ""'T 
A 

tl fl I 
It tt X 

1 c.c.300 tl I 
slant tt I 
batch 7 n I 

u u I 
tl tl I 
n If I 

1 c.c. 1130 It I 
slant rough H I 
avirulent It I 
XXII A2 

tl I 
If tf I 
n u I 

Controls 
10 C.K.D. X 

tl X 

1 C.K.D. X 
tl X 

In this experiment, two avirulent rough strains 

which gave very good iwnunity in guinea pigs and. two avirulent 

rough strains which gave very poor irnmLuli ty in guinea pigs 

were compared with a rough avirulent strain ten times as con-

centrated, and an ordinary vaccine (Pasteur II) type. The 

concentrated suspension of tile avirulent r~ough strain XXII A--
~ 

was prepa.J.--.ed :f our months ago :from an avirulent strain isolatec 
1 

8 months ago. (See table LXXVI fort est on this strain at 300 

dilution). Four uninoculated controls were included. 

Strain XXXIV G immunised guinea pigs and sheep 

solidly. XXXIV Ivi increased the resistance of guinea pigs 

considerably but v~as only moderately eff·ective in sheep. 

Strain )OC{V A gave a poor result in both guinea pigs and 

sheep. X-"YJ{V B gave a poor result in guinea pigs and imrauniSErl 

the sheep :fairly well. 

The concentrated strain XXII A2 and the Pasteur type 

vaccine both produced a solid immLmity in sheep. 

It should be noted that the test dose used in this 

experiment was particularly severe. 
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