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The Immunization . of Laboratory Animals ' 
against Anthrax. 

By MAX S'l'ERNE, Section of Bacteriology, Onderstepoort. 

GurKEA-l'lGS aud rabbih can Le immunized against authrax witb.out 
difficulty; mice as a rule c:=mnot. The very interesting work of 

· Tonu.:sik and Bodon (1934) and Tomcsik and I vanovics (1938) on the 
passive immunization of mice supports I vanoTic' s (1938) suggestion 
th at mice have a uniqu e and pecuiliar immunity meehanism against 
anthra x . 

The follo,Yi ng experiments \Yere done to see whether mice could 
be actively immunized "·ith an uncay sula ted avirulent anthrax 
variant, and to compare their reactions with those of guinea-yigs. 
U ncapsulated variants have been found to immunize guinea-pigs, 
rabbits, goats, sheep , cattle, and borses; Starnatin and Stamatin 
(1900), Stamatin (1937) , Sterne (l!.l3 7a, 1937b, 1940). 

E :xYERIMEKTi'. 

l. The Acti1;e Immunization of Guinea-pigs and Mice 
uga·inst Anthrax. 

8trairis ·tis erl : ~ 

(1) 34 1<',; n rough , unca psulntecl , avtrul ent, immunizing va riant isolated 
on 12.8 .36 from a virulent strain grown on serum aga r in carbon 
dioxide. 

(2) Doi led 34F,; a dense suspension of (1) killed by boiling . 

(3) 9Ba ; a rough, uncapsu latecl, avi rul ent, non-im mun izing v.a i·iant 
isolated on 30.3.35 from an avi rulent, continuous ly d issoc ia ting, 
smooth mucoid st r ain. 

Guinea-pigs and mice were immunized' as shown in Table L 
Their immunity was test.ell with 0·1 c.c. ( ± 100 gu inea-pig M.L.D.) 
of a glycerine-sal ine spore suspension of a Pasteur II strain. -
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IMMl;NIZATION OF LABOHATORY Al\"DL\LS AGAINST ANTHRAX. 

TABLE I. 

Immunization of Guineo,...pigs and Mice against Anthra.x. 

All animals tested with 100 M.L.D. (Guinea-pig) Pasteur II, 
strain two weeks after immunization with. 

Results of 
Tests on. 

Guinea-pigs . ...... 

Mice ...... . ...... 

One Dose One Dose One Dose 
34F., :34F 2 9Ba. (Boiled). 

59/64 - 0/14 
(92 per cent.) (0 per cent.) 

88/160 13/71 42/147 
(55 per cent.) (23 ·9 (28·6 

per cent.) per cent.) 

59/ 64 = 59 survivors out of 64 tested. 
92 % = percentage survivors. 

Several Nil Doses (Controls). 9 Ba. 

0/12 1/133 
(0 per cent.) (0·8 

per cent.) 
- 13/155 

(8·4 
per cent.) 

Thus guinea-pigs immunized with 341<\ were almost completely 
resistant to the test dose, while those immunized, or hyperimmunized, 
with 9Ba were fuilly susceptible. The results got with mice were less 
clear. Mice immunized with 34F 2 were significantly more resistant 
(P < · 01, Fisher's z2 method) than those treated with either 9Ba 
or boiled 34F2 • The difference between the effects of 9Ba and boiled 
34F 2 was not significant, while mice treated with either of these were 
significantly (P < ·01) more resistant that the controls. 

It might be argued that the more feeble response of the mouse 
to immunization was due to its greater susceptibility. 'J'his is not 
borne out by the fate of the controls. Three experiments to test the 
relative susceptibility to anthrax of mice and guinea-pigs are 
summarized below. In each experiment the mice and the guinea-pigs 
were inocufated with the same size dose of a Pasteur II strain. 

TABLE II . 

Relative Suscepti:l1ility to A 11 thrax of Mice and Guinea-rn:.(fs. 

Mean Significance of 
Survival difference in 

Experiment. Animals Inoculated. Results. time (days) survival time 
of animals (.Fisher's t 
that died. Test). 

l Guinea-pigs. , .......... 1/67 2·9±0·14 P< ·01 
Mice .................. 11 / 122 5·2 ± 0·23 

2 Guinea-pigs . .... . ...... 0/10 2·3 ± 0·21 P< ·01 
Mice .................. 0/ 42 4·5 ± 0·34 

3 Guinea-pigs ............ 0/ 9 

I 
2·6 + 0·20 P< ·01 

Mice .................. 5/ 41 5 ·1±0·47 

1/ 67 one animal survived of 67 inoculated. 
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M. STERNE. 

Thus in every experiment the mice proved significantly less 
susceptible than guinea-pigs. 

2. The Rate of Development of Anthrax Immunity in 
Guinea-p'igs . 

A number of guinea-pigs were inoculated with a large dose of 
the immunizing strain 341!\. Another lot received a similar dose of 
the non-immunizing strain 9Ba. At intervals thereafter the guinea
pigs were tested as shown in Tables III and IV. The var.cine was 
injected into a hind limb; the test d·ose into a fore limb. 

TABLE III . 

Rate of Development of l m1nun·ity in Guinea-pigs. 

No. of 
Guinea-pigs. 

3 
3 
6 

3 
3 
6 

3 
3 
6 

3 
3 
6 

2 
3 
3 

3 
2 
6 

3 
3 
3 

Immunized 
with 

34F 2 ••• • • ••• 

9Ba . . ..... . 
-

34F 2 • ••• • ••• 

9Ba .... . ... 
-

34F 2 •••• •••• 

9Ba ........ 
-

34F2 ........ 

9Ba ........ 
-

34F 2 ••• •• •• • 

9Ba ..... . .. 
-

34F2 ••••••• • 

9Ba .... . ... 
-

34F, ........ 
9Ba ........ 
-

Tested with 
500 lVI.L.D . 
Pasteur II 

after 

1 day . . .... 
1 day .•... . 
1 day ...... 

2 days ..... 
2 days ..... 
2 days . .... 

4 days . .... 
4 days ... . 
4 days . .... 

5 days ..... 
5 days ..... 
5 days ... . . 

8 clays .... . 
8 clays ..... 
8 days ..... 

18 clays ..... 
18 clays .... . 
18 days ..... 

24 clays . . ... 
24 day s ..... 
24 days ..... 

Results. 

t (3), t (3), t (3). 
t (3) , t (3) , t (3). 
t (3), t (3), t (3), t (3), t (3), t (3). 

t (2), t (2), t (3). 
t (2), t (2), t (3). 
t (2) , t (2), t (2), t (2) , t (2), t (3). 

t (3), t (4), L. 
·t (2), t (3), t (3). 
t (2) , t (2), t (2), t (2), t (3), t (3). 

L, L, L. 
t (2), 1· (3), t (3) . 
t (2) , t (2), t (2) , t (2), t (3), t (3). 

L, L. 
t (3), t (3), t (3). 
t (2), t (2), t (3). 

L, L, L. 
t (2), t (3) . 
t (2), t (2), t (2), t (3) , t (3) , t (3). 

L, L , L. 
t (3) , t (3), t (4). 
t (2), t (2), t (3). 

L = lived. t (2) = Died in two days. 
non-immunized controls. 

Thus immunity was shon·n by guinea-pigs inoculated with 34.F 2 

frDm the 4th day, and was solid from the 5th. No immunity ' '"as 
ever elici tert by 9Ba. 
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l.'.IMl"NlZATIO'< O:F LA BOlL\TOltY .·IC\DL\L S At; .. \IK ST .IYL'lllLIX. 

A.11otlier t• :\perirn eu t ('l'al,l e I"V) " ·;1,; c ;irrit~d out to see 1Yh d li t' r 
inuuu11itv co uld be deteded 24 hour;:; after vaccination. The test 
<lo ,;e 11 a~ redu ced h1 LOO nJ .L.D. 'J\1 ice a s 111uc-h !JBa ' ms gin' n "' 
:r41•\, -as an aclditio11al control 011 possible 11on-spef'ific effects . 

'Lu10: Iv. 

L ·m111u 11 ity of G1u:nea-vi_17s '.! -!: 11 owrs 11/ ter V atc-inat·/011. · 

Xo . of 
guinea-pigs . 

Lmmunized I 
"·ith I 

T eet ·3d wi t'1 
100 :ILL.D. 
l'mt ,111· II 
strain a ftcr 

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

24 ........... . 

34F, ... . .. . ... 'I 

9.Ba ... . 2+ hours .. ... . . 

39 ...... . .... . 2+ hours ...... . 

26 .... ... ... .. Controls . ... ... I 
(non- immunizNI \. 

-------

Resnlts. 

9/ 3!) 

0/ '.!4 

0/ 26 

:Vfean survival 
time in days of 

gu in ea-11igs 
that died. 

4·5 ± 0·55 

3 2 ± 0·85 

2 6 ::'.:: 0·66 

'.l'h e re wn s n sig-11ifi1·a11tl y g- r<' aler number of s nn·i1·ors iu !'he 
group irn1n1rniz1·cl "·it-11 c; frain :3-+1•'2 • ~lorPoY e r t he rn ean ,;uniYal 
lime of t he guinea-pig s thal di e t! in thi s grnu p 'm s s ig·nifi can t·l,y 
longer (P <·O l , Fi:; her's t t est) than that of the guinea-pigs in the 
other groups. Gruup 9Ba rlid not sho11· a s ignifi(' antly lm1 ger m ea 11 
:, ur virnl ti111 e i: ha.n that. of t he control:;. 

One may conc'lud e that guinen -pi g-s i11 oculate tl with stnii11 ;1.J:F 2 

sho11·e tl a tli st inct nnd specifi c i11crense in res ista11<·e to an t]rrnx , 24 
l1ours after vaccina tion. 

DISCUSSION. 

Guinea-pigs mul miee differed markedly in their readions w 
active irnnrnnization agnin st ;mthra:s:. The fornrer rapir'l.ly de1·eloped 
a strong immunity 11·h e n inrH'ulafetl "-i t l1 the avirule11t, iurniu11izi11g 
strain 34F" . Some irntnuuity 11·a:; llemon strable as early as 24 hours 
after vn ccination. This was almost !'ertainly sp ecific as g-urnea-p1gs 
immunizPd or hype rim11111niz Ptl " ·itlr 1·nria11t !lH:i. ,;Jrrn1Pd 110 
llmmmity whai·eyer. 

Mice inocuLit1·ll 1Yith 341'\ sho11·ed a sig11ifica 11 t awl cuJJc>iderable 
iucrease in r es istance to anlhr~ax. This, bo11·e1·er , " ·a:-; not uea rl_v so 
nwrketl as in gu inea-pigs . ::\lice inocnlated " ·i th t h e no11-inun1mizi11g 
strai11 !JBa , or wi t h killed s uspensions of 34F 2 ;i l)so sh1m ed a 
significa11t illcrense in res ista nce .. \ltl10uglt t]1is innpa,;1_• wa,; J10(· as 
great as with 34F 2 , it was large enoug·h to make an interpretation 
of th1• result s (liflicul t. It sho11·ed that n1ucl1 of tli e appa r ently :;pe1·ifi c 
in cre a~e in rc ;:; is t a nee produ ced by 34F, could be non-specific. As 
the mi ce i11or·ulated " ·ith 3-tF? r eacted murr. ~ e ven~ lv Ll1a11 tlio~e 
inocula ted wilh the other s ti~a ins, the illfluen ce of non-specifi c 
fa.ct-ors, ,;uch as inflamuwtion, might hnve been correspo ndin g ly 
gre;1ter. 
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M. STE l!NE. 

Clea~1:y , nuce are nol nearly as easy to immuni%e a<..:tivelv as 
i:::mn ea-p1gs . 1t rn:1y be 1 li a t t l1 ey ne;-er de;-elop more t \i;i11 a " low 
grad1· SfH"cific immunity. 0 11 the olher hand n1ice appear more 
pro11 e tha n gu i11<• ci -pigs to d eYelop cow;i<l erah le 11 nn-specific resistance. 
These 6. n cl i1 tgs rnuld not be asci ibed 1o th e 1110u se's great su sceptibi 
lity to a~1thra:x, for rep eat ed tes t s pru,·e cl t lH' lll less s usceptible tl1an 
gurnea-p1gs . 

The mDu se npp eared to diffe r from other animals in its ability 
to cleYelop ad irn irnm1111i ty to anthrax aft e r inoculation x1·ith 
uncnpsulated, i111mu11izing \ari:1nts . 

Coxcr,1·s rnss 

(l ) (:ui11e:1-p ig·s inoc n'la te1l \Yit li ai 1 ;1\·intlP1 d. un1·:1psnlat ec! 
va rian t front a 1· ir11lf'11t anthrax strain ravi dly developed irn1111111i t .v 
to anthrax. .\. ,; ig11ific:1nt, ,;p ec ifi L-, incre;i sed n·,;ista nce \\·a s 
d etectable 2.J hours :1fte r rnccination. 

(2) ~Iice conlcl n1Jt Le illllllU11izecl a s e;i si ly as g uinea-p ig s; hut 
sho\\·ed more tc>ndeH<:y Hum g uinea-pigs to th e produ ction of an 
inc n·:1 se1l 11 011-s peci fi c· re s istan ce . 

(3) He1w ah«l (P, ,.; 1. ,.; ,-;\1 rmc <I 111i c·p t o ue l e::;::; Sll .<L:eplili l e than 
g uinea-pi g s to a te~t dose of :1pp roxi n1:1 t el.v 100 g ui11 e:1- pig 'YI.L .n. 
of a P asteur U stra in. 

My t ba.n ks a r e due in Dr. G. B. L:1ure 11 ce, Liometr ic ian at 
Onde rste poort, for a;-;,.; ista11ce " ·if\i t]H~ sla ti ,.; ti cal ana lysis . 
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