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Immunity to anthrax.

by G. Ivanovice.

Zeitschrift f. Immmnitastsforschung, 94: 436-458 (1938).

It is ganerally believed that active immunity to anthrex may be
effectively produced only by the use of live tacteris; with regard to its
formative mechanism it must therefore be¢ considered a super-infectious
{mmnity, The value of this concept, based as it {s on numerous exact
experimental observations, is only slightly affected by a few reports
which support the view thuat imsmunity could be conferred, under certsir
conditions, by treatment with killed bacilii or thedr derivatives, In
order t¢ avold misconceptions, it must be stressed hare that those
observations wvhich deal with tests with Yanimaliszed" bacilli or thelr
products (e.g. edematous fluid of infected animals) are not included
here, and that only tests with killed, cultivated bacilli or thdr
derivatives are involved.

The literature contains mumerocus rsferences (1) to saccessful
immnigational tests with killed bacilli cultured in different ways, or with
extracts produced from them. A part of these test results ocould not be
oonfirmed by re-exsmination, however; on the other hand, the immmity
conferred by killed bacilli was 80 low that its specificity was doubtful.

An increase in resistance caused by non-specific means must be included

in considerations, since several sxamples undoubtedly support the existence

of such a phenomsnon. Pettersson (2), for instanca, was able to immunise R
1abbits agiinst & mltiple lethal dose by injecting leukocytes. Pawlowsky

(3) found irsreased resistance to anthrax in animals infected with diverse
suppurative pathogens (Staphylococcus, Bacillus Friedlander, etc.)

During the past few years, Tomceik and his co-workers have tried to
imaunise rabbits against anthrax with & killed vaccine. They used a heat-
killed vaccine produced from sirongly sncapmilatnod bacilli, of which large
smounts (4-1 slant agar culture) wers injected intravenously 8-10 times.
Immunization was continued until large quantities of precipitin were
demonstrated in the animal's blood. The blood initially showed the
precipitin corresponding to the somatic antigen of the bacilli, later aleso §

. the capsular antibody (4,5).

Theoe tests yielded the first proof that the capsule of anthrax
bacilli is equipped with antigenic properties that differ from the
properties of the bacillary body. The most conspizuous phenomenon is the
one that allows the serum of rabitits treated in this manner to be used for
the protection of mice against anthrex infection; according to Tomcsik and
his oolleagues, 1 oc oconfers positive protection against a 20 to 100-fold
lethal dose (6,7). It was also demonstrated positively in the ocourse of
these tests that this protective effect of the serum is dependent only
upon its content of capsular antibody, and that the somstic antibody has
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no effect in this sense. The best proof for the factual connection
hatwman the ~ss=ies (Unlily of Wne mouss and the capsular antibody was
given in a successful attempt to neutralize the immunity of animals
immmised with the serua in vivo by the injestion of specific capailar
substance (8). Thls property of the capsular hapten recalls to some
sxtent the effect of "aggressins,” although they cannot be identified
with the oconcept of Bail's aggressins, since this effect of the hapten
relates only to immme snimals.

Wnile mice can be given positive protection against anthrax infection
with the serum of rabbits treated with killed, encapsulated anthrax
bacille, all sttempts to immunize rabbits or guinea pige with this serum
failed (7). This divergence could not, howsver, be ascribed to the
circumetance that these animals had received relatively fewer antibodies
than the mice, owing to thelr heavier body weight, since even those
rebbits did not prove to be completely immurie against a heavy anthrax
infection which had been repsstedly immunised with encapsulated bacilli
and the blood of which contained large quantities of antibodies., These
animals showed & differmnt couwrss of infection to the extent that the
lighter infection was survived by the majority of them and that those
animals which sucoumbed to the infection had lived slightly longer than
the oontrols. The peculiarity of these phenomsna therefore consists of
the fact that the immumnised redbuits which furnish the serum are not
protected, or hardly protected against infection themselves, while mice
treated with the serum of the same animals possess complete lmmunity.

Although the results mentioned here repressnt another failure when
applied to the problem of active immunisation with killed bacteria, its
recognition is nevertheless extremely important since it has led to
important experimental data on the role of the bacillary capsule in
anthrax imsunity, herstofore only suspected, but not proved. By the
recognition and demonstration of the capsular antibody as one of the most
important factors in the field of anthrax immunity, the earlier, hereto-
fore insufficiently confirmed concept of Preisz (95 » Gruber and Futaid
(10), namely that the bscillary capsule has a function in anthrax
imminity, regainst prominence. Although the authors listed in the past
were only able to demonstrete unequivocally that a connection exists
between the capsule of the anthrax bacillus and its virulence, the opinion
nevertheless spread that the btecillary cspsule has something to do witn
the development of immnity; there were even researchers {11) who asserted
categorically that immunity to anthrax could be produced only with en-
capsulated bacilld.

Bail (12), who searched for the origin of the anthrax infection
solely in the action of "aggressins," did not attribute any importance o
the bacillary capsule in the question of anthrax infection and immnity,
or he saw its function only in the circumstance that "animaliszed" bacilli,
under the protection of the capsule, cxorete “aggressins,” which then
furaish the stimulus for {mmunity. Bail attributed the developmmt of
anthrax immnity to the presence of anti-aggressins and did not consider
that the capsular substance might be equipped with s antigen-like property.
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‘nowever, snd he did not consider his tests suited for far-reaching con=

It i3 understandable that thic investigator underestimted the role of
tha rarmila in {mwminity for ha sucrssdad 4n dmmindizing suinea niga with
& variant of anthrax bacilli which did not produce capsules under any
condition (13). The number of Bail's tests mentioned here was very mmall,

clusions.
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In treating the question of immunity to anthrax, the varieties of
the anthrax bacillus should not be neglected. As is well known, the
virulent anthrax bacillus grows on an ordinary agar medium in the form of
dry oolonies with irregular borders ard coarse surfaces, identified
according to their appsarance as viariety "R" in the sense of Arkwright's
nomenclature. Most of the bacilli forming these colonies are non-capsular
or raveal a small part having weakly developed capsules, according to
the latest concept, the colonies of virulent anthrax bacilli, in spite of
their appearance, are not to be identified as R variants (14, 15, 16).
If the virulent anthrax bacillus is not cultured on ordinary agar media,
tut on serum (17, 18, 13), on serum agar (19), on defibrinated horse
serum (15) or on a medium containing 10-60% COp (20, 21, 16), round, shiny
colonies with smooth surfaces and & slimy appearance will invariably
develop, and the bacilli of these colonies are for the most part equipped
with well-developed capsules. The virulent anthrax bacilli thus grow in
the form of dry, coarse-surfaced colonies with irregular margins under
ordinary conditions of culture only because thess conditions preclude
encapsulation. Freshly isolated, virulent anthrax bacilli grown on ordinary
agar cultures therefore correspond to variety "3" despite their appearance;
this is supported at any rate by their strong virulence and their ability
to form capsules under suitable cultural conditions. Aside from virulent
anthrax bacilli which form capsulss only under ocorrasponding conditions,
there are strains that produce copious capsules even on ordinary agar and
that completely correspond to ths 8 variant in their appearance. These
strains are usually avirulent and are developed primarily by artificial
attenuation. Thus the virulencs of anthrax straine seems to be influenced
by other factors besides encaprmulation, claimed by Sterne (16) to bs
located in the plasma of the bacillary body.

Bail (13) was the first (1915) to point out that there are avirulent
varieties of the anthrax bacillus which, on agar cultures, apparently do
not differ from the colonies of genuinely virulent strains, showing &
remarkable deviation when cultured in horse serum instead of on agar.
In horse serum these strains do not form capsules at all, in contrast to
the virulent strains. The pathogenicity of these non-capsular strains,
dissociated from the virulent ones, may be attermated to such an extent
that only the use of large quantities permits the lethal infection of mice
or guinea pigs. Animals infected and kdlled with large amounts of these
bacilli show sdema at the point of inoculation —- just as seen upon
infection with virulent bacilli —- tut the local reproduction of bacilli
aither does not lead to iuvasion at all, or produces only & low grade 1
bacteriemia. '
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The observations by Bail recounted here were joined in time by
numerous treatises by other authors who reported similar results.
According to these reports, the dissociution of verietias that rasas ¢4
Luis vapeules itom virulent strains takes place in different ways:
Spontaneously (13,21), due to thermal effects (13), in oxalated horss
serum (15), in a medium with & Mgh 00, concentration (ié). Since this
variety forms dry, flat colonies with irregular edges and an uneven
surface even under the most varied cultural conditions, and since the
bacilli do not form capsules under any conditions, this type of anthrax
baci llus may be identified as variety "R* in the opimion of Stamatin (15),
Schasfer (14), Sterne (16). Tnis concept can be confirmed in every way
by our inowledge of the varieties 3 ——p R of the bacilli, prompting us to
retain these designations in the following.

G e e s B

The first imounizational testa (1915) mentioned abave, with the R
variant of the anthrax bacillus, are credited to Bail; such tests were
resuned only in the last few ysars, The smll number of tests conducted
by Stamatin and Stamatin (72) led to the positive proof that rabbits may
be succsssfully immnised against a severs anthrax infection with the R
variant used by these investigators (1936); these tests were less decisive
in connection with mice. Stamstin and Stamatin (23) were also able to
successfully Lmmunise rabtits with the edematous fluid of mice infected
and killed with the R variant. The immune value of the R variant is
properly illuminated by tasts oconducted by Sterne (16,24) at the same
tims. Sterne's numsrous tests lave not only succeeded in positively
demonstreting the immunisational properties of the R variant, but have almo
show the different difficulties which mske the practical application of :
the vaccine questionable for the time being. Sterne's test results should ‘ 5 .
be conmidered completely valid, since he used guinea pigs, which are par-
ticularly difficult to lmmnise against anthrex, and tested the ardmal‘'s

{mmnity with massive doses, thus completely nogating the role of possibly _ S ;
aon-speci fic factors. =
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In the investigations of Bail, Stamatin and Stamatin as well as g o
Sterne described so far, the question of the behavior of the R variant in :
the living organisa has been treated only on a morphological basie. These
tests thewefore d not preclude the possibility that non-capsular bacilli
(in the morphological senss) may secrete an antigen, equivalent to the
capsule, in & soluble state. Such a situation must, however, be reckoned
with, since in the spore-forming saprophytes the anthrax-bacillary hapten
(which represents the specific substance of sporulent, asrobic bacteris)
is usually found to be extracellular (25). The re-examinatior of our
probles from this point of view is not rendered superfluous by the circum-
stance that rebbits inoculated with killed, encapsulated bacilli and
having great quantities of capsular antibodies in the blood, evidence a
low defensive abtility against anthrax infection and do not possess extensive
immunity (7). It could be assumed that capsular antiger formed in the

snimal organism might be somswhat more effective than that of cultured
bacilll. -
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In the tests d- scribed here, the question of the mechanism of
anthrax immnity wi: re-examined in the sense of the concepts mentioned
above. In addition. thoroush investigations were conducted to establish

whether further differences in respect to anthrax immunity existed between
the wouss and the rabbit.

Msthods.

n s e e M

1. Anthrax strains utilized: We used 5 different anthrax strains
in our tests: 3 belonged to variety "S", they wers virulent and formed :
capsules under suitable conditions (animal organism, presence of 002, etc.), !
while 2 strains did not produce capsules under any conditions and could be :
considered practically avirulent {variety "R"). -

Virulent strain "A22" (hereafter called "A22): This was an older
strain from our collection, the virulence of which had remained unchanged
for mice. We therefore used this strain primerily for the infection of
mice. The virulence of the 2i-hour agar culture (pH of the agar 7.3-7.5)
was established 12 times betwsen February 1936 and July 1938. In the
course of these tests 31 mice wers infected with 1/1,000,000 slant agar
culture, of which 30 died on the 3rd-10th day and only one survived. The
lethal infection was less regular vhen smaller quantitias of this strain
wers used: Of 26 mice inoculated with 1/10,000,000 slant agar culture, 8
survived, and of 3 inoculated with 1/100,000,000, 2 survived. The
"animalised" bacilli of this strain showed a somewhat stronger effect:

Of 3 mico inoculated with 23 germs from edematous fluid, only one lived.

Virulent streain Aqq (hersafter called "A33"): This strain was grown
in the summer of 1936 ;}mn a human pustula maligna. Details on the
virulence of this strain for rabbits are given in the experimental part.

Moderately virulent strain Ajs: Although this sirain was capable of
forming capsiles both in the mouse organiss and 208 COx~containing blood
agar culture, it nevertheless possessed only mcderats virulsnce. The
details of its virulence for mice are discussed in one of our earlier

papers (7).

Avirulent strain "1190 R": This one was made avallable to us by
N. Stamstin in February 1938. For details about its properties see
(15’ 22’ 23)-

The following may be sald about our own observation of the latter
strain. agresing completely wWith those of Stamatin: This strain does not
form capsules either on agar or on rabbit blood agar, & medium containing
25% CC.. On il March 1938 we infected 6 young guinea pigs (weighing
200-300 g) with 1/50 slant agar culturs subcutaneously. After 2 days a
low grade edema formed at tho site of inoculation, disappearing thereafter
in 4 casen, but increasing in 2 animals; these 2 died on the 5th and éth
day, respectively. Dissection revealed extraordinarily severs subcutanecus
edema, oontaining copious non-capsular bacilli. Very few encapsulated
bacilli were found in the spleen and the heart blood. We grew non-capsular

5
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...... LS PIVYEd whviiy apeiliiogmiic IOr rabbits: A total of 9
rabbits was infected with 1/20 to 1 alant agar culture each; the site of
infection showed temporary, insignificant edema that dimappeared shortly;
sil animals survived.

bacilli from the heart blood which could not be induced to form capsules. ' H
!
]
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‘- Avirulent strain "AgR": This strain was obtained from virulent Agp
| by Sterne's msthod (16) = streaked on agar containing 20% horse serum
? and grown for 5 days in an atmosphere containing 55§ C0p. We prepared
iz P & sub-culturs from the dry edges of the slisuy colonies and provided for
; the homogeneity of the resultant culture. The R variant ovtained in this ;
g manner did not fom capsules under any circumstances. The strain proved i
. practically avirulent: Of 6 guinea pigs infected with 1/, slant agar
N culture, 4 surv'vad. The animals that died from the infection (on the
. 6th and 7th day, respectively) showed severs subcutaneous sdema at the
site of inoculation. The strain grown from the heart olood of the animals
failed to encapsulate under normal conditions and in an atmosphere of 25%
m The virulence for mice wse insignificant: 3 mice were infected with
s 3 with 1/1,000 and 3 witns 1/10,000 slant agar culture; one animal
of each group died. The dead animais revealed strong edemm at the site of
inomlation} we wers unable to demonstr-ive encapsulated bacilli in the
olematous fluid either by direct morpholegical examination or by culture.

. 2. The technicque of immmnisation with edematous fluid. The fluid was
prooured according to Olmdo's method (22); it is mixed with 3.8% sodium
citrate solution in the ratio 115 and collested. The citrated elematous’ .
fluid is mixed With & few drops of toluene, shaken mechanically for ’ 2
seversl hours, stored in the refrigerstor and filtered through s thin v
layer of loose coiton just befors uss, We were always able to sterilise '

. the fluid in this mmer. In soms cases we used the preparation
! ; "merthiolate” instead of toluene (dilution 1110,000) for the killing of
i bacilli present in the edematous fluid, .

TR T YU R PR Fo P

[T

o wd e

st Ve B g o5

In immnisational teats vith edeuatous fluid we instilled ths _ 2
: injection under the abdominal skin, or, in the case of mice, under the
skin of the chest. :

3. Infection of the animals. Here the aite used for immunisation
was carefully marked and infec.don was carried ocut at a point removed as
far as possidle froa the former. Rabbits received the injection into tbe
lumbar region, in the proximity of the vertebral column; mice were in-
oculated under the dorsal skin.

When bacillary cultures were used for infection, the 24-hour slant
agar culture was washed with 10 cc of physiological saline just prior to
infection, the suspension was placed in a vessel oontaining glass beads, ‘
emilsified for 10 minutes in the shaker and then diluted to the different <
strengths. Bablits received 1 cc, mice 0.5 co subcutanecusly. ’




The "a“lmliud" bacilli were obtained from the edematous fluid of

iauuiue us 5u.una 1.u.5a- Thess Soxtlll wirs santenllcd o £ollnues:
0.01 ce of the gitrated edematous fluid is uniformly streaked on a
surface of 1 s Tixed and stained. The average number of germs prassnt

in the fleld is t.hon determuined under immersion. Since the size of the
field is known, the number of bacteria may be approximately computed in
this fashion, After this orienting examimation the preper dilutions of
the edematous fluid were prepared and immediately injected. At the sane
time agar plates were poured with the fluid and the precise number of
inoculated bacteris was established.

4. Immune mera. The sera contairing the capsular antibody were
prepared on the basis of previous experience (5). The anthrax immune
serum furnished by Mr. Sgelyes ("Phylaxia" Serum Institute, Budapest)
served as pure C-serum (anthrax serum containing somatic aniitodies;. -

5. The haptens of the anthrax bscillus: The P mibstance was complete~
1y pure preparation obtained from a aulture of Bac. mesentericus. The C
substance was produced according to Tomcsik and Ssongott's method (27).

6. Execution of precipitation: 0.4 cc antige of different concentra-
tion was mixed wdth 0.l cc serum each. The result was read after 2 hours
of standing in the water bath of 379C and storage in the refrigerator
overnight.

The antibody content of the serum of immuniged animals was
determined by the "ring test." The rabuit's blood was withdrawm from
the auricular vein, tubes with an interior diametor of 4 mn were filled
with serum up to about 0.5 cm and covered with & layer of antigen. The
tell end of mice was cut off and the flowing blood collected in a
capillary vessel (4 om long) with an internal diameter of 0.9-1.1 mm.
The capillary vessels wers fused at both ends and placed in the centrifuge,
The serum vas fimlly covered by a layer of P substancs in 111,000
dilution.

7. Complemsnt fixation: Total spatial comtent 2.5 ccj 4 units of
hemolysin were ussd. Since rabbit sera immunised against anthrax f{requently
show & high~grade mito-inhitd tion, titration of the complement was ocon-
ducted in the presence of 0.1 cc serum. We used 1.5 units of complement
in our main tests. Each serum was adjusted with the neutral solution of
P substance (1:5,000-11320,000) and with anthraclc edematous fluid
(1110-111,600).

Experiments.
Rabbits immunised with edematous fluid,

In the course of our tests we warted first of all to clarify the
question vhether Lymnity of rabbite immunised with edematous fluld by
Bail's method is connscted with the pressnce of the capsular antibody.
The edematous fluid used in immunisation was obtainsd from rabuits

7
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infected with the virulent strain A33. In the two Lest series listed in
Table I we treated 16 rabbits with repeatedly sterilized or freshly
centrifused rahii ¢ adamatmie 1244, 0 Lhe 160 or yun asdy agter the last
inocculation, blood was withdrawn from the animals and examined for
presence of complement-fixing substances with the "ring test;" naxt we
infscted the animmlis with diZferent amcwits of animalised bacilli (strain
A33). We noted 4in these testo that the purs P and  substances {4in 11500

lution) as well as the edematous fluid (in 1:3 dilution) was not precipi-
tated by the serum of the imamuniced rabiits. The complament fixation
redotion conduoted with antigens also leads to & negative result., Despite
the sbsence of antibodies, a high-grade immunity of the enimals was
demonstrated unequivocally (see Table I).

It my be asked now whasther ths demcnstration of antibodies in the
serum might not fall because they remained tied to the tissue., Since we
were able, in previous tests (7,8) to neutralise the immnity of mice
lemunised passively with the capsular aniibody by means of injecting small
quantities of purified capsular hapten, we also tried to use this msthod
in connection with rabbits immunised with edemtous fluid. PFor this
purpose we ireated the immmnised radbbits with purified capmular substance
in different wys prior to infection. In the two test series simmarised
in Table II, we ale failed, a6 in the tests of Table I, to demonstrate
pred pitating ard complement-fixing substances in the animals' serum.

The animals' immnity therefore was not influemced by suboutansous,
intravenous or intreperitoneal treatmsnt with P substance.

The rabbite recedved 2-2 cc edematous fluid sterilised with toluene
in intervals of 4-5 days. Infection took place on the 7th day after the
last inomlation of edematous becilli,

-
-,
'
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TARLE I.
Test # Treatmsnt Date # of # ot # of survival
of bacilli animals dead time
infection animals (days)
I. 13Jan 1 06, 15 Jan 1 co 12 PFed 438,000 2 0
2 Jan 1.5 ce, 31 Jan 4 o 1938 219,000 2 2 3,3
.t‘rin'“(“). 26 Jan 1 oo “3;” 2 0
fresh (™) edamatous fluid
sucutaneously
Untreated (control) 43,800 2 2 2,2
8,780 2 2 2,2
II. 7 Feb, 11 Feb and 17 Pedb 26 Pedb 3,180,000 2 0
3=3 cc sterilised(#me) 1938 638,000 2 )
edematous fluid mbout, 318,000 2 1l 4
63,600 2 0
6,360 2 0
Untreated (gontrol) 318,000 2 2 2,4
63,600 2 2 byb
6,360 2 2 b5
8
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(#) Edematous fluld treated with toluene,
(#%) 120~150 live gsrms per cc.
\*%%) Une nail oI the ammals recaived edemutous fluid sterilized with

110,000 merthiolate, the other half fluid sterilized with toluens,
The animals were infected with edematnum haecilid

-

Since the serum of animals immunized with edematous fluid revealed
no antitodies in vitro, we tested the possibjilitles of protecting mice
with the serum of immune rabbits, We examined two sera. One of them
(designation "0e I") represents the mixture of the sera, cbtained by
bleeding, of the three rabbita of test series I that survived the infaction.
The second serum (No. 1i6) came from the fourth rabbit of the samo test
series; this animal had been hyper-immunized with fresh edematous fluid
prior to bleeding: It recaived a total of 19 cc freshly centrifuged
edemn tous fluid intravencualy, distrituted on 5 injections within 67 days.
It had been carefully centrifuged and contained an aveorage of several
hundred germs per cec,

In order to evaluate the protective effect of these two sera, the
test was conducted with the freshly obtained serum of A normil animal, are
well as with the serum of a rabbit treated with killed, encapsulated
snthrax bacilli, the latter serum containing copious amounts of P antibody.
The test of immunity of the last serum (P XV) was made one month after ite
preduoction, -

‘ TAm IIo

Infection of rabbits immunised with edemmtous fluid, treated
simultaneously with P smubstance,

Test # Rabbit Treatment with #of #of ; dead “Survival
P substance gorms animmle /.nunlc time (days)
b dmuniged 4 tims 2-2 mg(*) 8,500 N 0
i.v. and submt,
" ) 8,50 &4 0
control ] 8, 500 2 2 2,3
" ) 850 < 1l 5
" ] 85 1l 1 3
" ] 17 by 1 5
II immnized Twlce 2 ng(**) 6,000 5 1 13
i1.p. and 3 times
2 mg i.v.
" <) 6,000 4 0
sontrol 0 6,000 I b 3,3,4,3

(*) The animals recelved 2-2 ng (total 16 mg) P substance subcut, and i.v.
four days prior to infection.
(##) On 11 and 12 Apr 2-2 ag 4.p., on 13, 14, 15 Apr 2-2 mg 4i.v. Infection
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No. P XV, containing the capsular sntideds, Sulliced w 1mmmnize mice

Table III shows that 0.5 cc of the relatively fresh rabbit serum !
win LU assurance against a 200-fold lethd dose. The protoct.in l
!
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effact of this serum was falt sven in comnection with 0.1 and sven 0.0% 2z, E
TAHLE 11Y.
The protective effsct of serum containing anti-capsular immine .
w‘. (“o n)o ;
Infective . Quantity of instilled serum in cc f
®se 0.5 0.1 0.05 @ (control;
{slant agar)
1:10,000,000 3/3 3/3 6/3
1:1,000,000 3/3 3/3 3/1 9/0
11100, 000 3/3 3/2 3/0 6/0
11506,000 5/5
1110,000 3/3
115,000 3/3

Serun subcutaheocusly unier tho skin of the chest. The ssrunm
precipitated the purified P substance in & dilution of 114,000,000,

Infection with a 2A~hour alant ager culture of strain A2z after
16 hours.

T™he denominator shows the number of snimals surviving the infaction. -

Table IV shows expurimsnt s with mice, using sera of rabbits
imsunized with edemstcus fluid (Oe I) ad serum No. 146 of the hypar-
immunised animl. The mice recaived 1 co of each of the sera. As a
coutrol, the fresh serusm of a noral rabhit wes ussed smiboutanecusly, also

in the amount of 1 cc cach.
TAD.E IV.

The protective effect of sera free of P antitody, obtained from
imsune rabidts.

Infective dose(®) 1 ¢c serum from

(slant agar) Oe I Oe II(™*) No. 146 Normal None
rabbit {oontrol)

1:10,000,000 4/2 6/2 6/1 15/3

111,000,000 145 6/1 9/3 6/0 15/1

11100,000 é/0 4/0 3/0 6/0 3/0

110,000 3/0

{%) 2-hour culture of snthrax strain A22.
(*+) Repeated tests after storsge for § ymar. 1 cc of tho serum under the
sikin of the chest, infecition under the dursal skin after 15-16 hours.
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The sera of rabbits immunized with edemtious fluld therefore did not
have & distinct protective effect, although they did not prove to be
entirely ineffectual. UI the animnis Lrealou wiin fresh ssmum ond
infected with a (single) lethal doss, 1/3 survived. .. treating with
norml rahtdt serum, however, we did not find the luast protective effect.

The test resmilts described sofar show that it 1s possible to produce, {
with regularity, & massive immunity in rabbits by means of edematous fiuid :
obtained by infecting rabbits wdth a virulent arthrax strain and con-

tajning capsular antibody in considerable amounts (see Table VI). :
Antibodies could not be demonstrated in the serum, however, either with '
the aid of precipitation or complemsnt fixation; morecver, the immunity

of animals immnized in this marmer could not be neutralized by treatment

wvith P sibstanca. Mice could not always be immunized against an anthrax
infection ~ith the serum of immune rabbits, or the protective effect wus

so low that its spscificity must tentatively be doubted,

Immunization of rabbits with the R variant of the anthrax bacillus.
In these tesis we used two R stralns that were completely apathogenic
for rabbits; immunisation was carried out successfully: Rach of 6 rabbits
wvas immunised with 3 doses of 3 slant agar culture of iths live strain "R~
1190". The animals showed a high-grade immunity against infection in-
duced with animalised bacilli of strain A33 (see Table V).
TABLE V.

Rabbit immnization with strain 1190 R.

Treatment Infection # of infected
(# of germs instilled) animals Died

Vaccinated 2,600 2 0

" 13,000 2 . 0
¢ (control) 130 1 0

" 1,300 1l 1

" 13,000 1l 1
Vaccinated 130,000 2 0

Immniszation: The animal recelved 4-4 slant agar culturs-on 18 Mar,
2 Apr and 12 Apr. Infection on 25 apr with different quantities of
edematous bacilli.

The animals listed in Table VII were treated partly with strains
"R 1190" amd Ay2-R, parily with edemtous fluid; the edematous fluid was
obtained by infecting guinea pigs with strain A32-R and sterilization in
a merthiolate solution {(}:10,000); later these animals were infected with
virulent bacdlli. Ssrologic reactions conducted with this edematous fluid
yielded a striking proof for the validity of the assumption that tha
capsular antigen plays no role in tiw active immunity of rabbits.
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For results of the servlogic reactions, see Table VI. For purpuses of
comparison, the table also shows the results of serologic reactions
obtained from edemstous fluid prodiced by infastinn with = yiiuleni suLrain.

AS TeVeaied Uy UM table, somatic antigen was demonstrated in both
edematous fluide, The spacific capsular substence, on the other hand, :
wvas found only in the edematous fiuld caused by the effects of a virulent

strein; the fluid produced by the R variant did not contain the specific
substance,

JESU——

TABIE VI.

The predipitation of various anthrecic sera with edematous fluids
from guirea pigs inomlated with virulant (A33) and avirulent (1190 R)
strains of anthrax.

Ori gin Serums Dilution of the edematous fluld
(strain) 1k 1/8 1/16 1/32 1/64
n” ' : - - - - -
- AN SN A A
c M ) -

The results listed in Table VII show that immunisation is invariably
sicoessful with both the R varliant and the edemmtous fluid provwoked by it.
The edemmatous fluid, which could not be showm to contain the capmilar .
substance oven by serologic mesns, thus proved to be a very sffective
antigen and it seess that it is no less valuable in this amse than the
fluid developing after infection with virulent bacilli,

TAHLE VII.
Immundisation of reblits wdth anthrax strains A22R and 1190 R and

with guinea pig edemmtous fluid free of capsular substance.
. Treastamt Infective # of # of survival time
dose enimle dead in daye
(dlant agar) animls (aversge)
I 3 times A22R vaccine - 1/50 7 0
ditto 5 0
3 timss 1190R vacoine 1/50 3 0
. 3 timws 2 cc edemtous
t fluid 1/100 5 0
; ditto 1/1,000 2 0
o dtto 1/5,000 5 I\ 5
- aitto 1/2,000 A I 3,5
Trestmnt: For 7-10 days §~f slant agar culture from the streins,
. 2-2 cc of the edematous fluid suboutsneously. Infectiont With strain A33

on the Tth-~llth day after treatmant




Imminization of mice with ed-matous fluid.
AtiLidiug W pievivue Cheeivalicas (25,22) 1L mighi be asoumsed Lhat

active immunization of mice against anthrax elther does not succeed at all [
or is posaible to a limited extent omly. In order to complement existing
invesiigations in this field, we tried to immunize mice with aterilized !
odematous fluld. The rabbit or guinea pig fluid used here had been
obtained by infection with strain A33; it was the same that we had used for

the fairly successful immunisation of rabbite. The results of the mouse :
test are listed in Table VIII. t

TABLE VIII.

Iomunization of mice with edematous fluid.

Test # Treatasnt Infective # of Average sur-
dose animale Died vival (days)
(elant agar)
I 4 times 0.2 cc 1110, 000,000 2 2 6
guinss pig edemat. 115,000,000 2 2 7
£luid 1:1,000,000 2 1l 6
11 500,000 3 1 0 )
1:100,000 3 3 8
¢ (ocontrel) 1110,000,000 2 2 7
1:5,000,000 3 3 7 ’
111,000,000 3 3 L
II 5 times 0.03 o 1110,000,000 5 5 5
rabbit edezatous 111,000,000 5 6 5 .
fluid 1:200,000 6 6 4 ;
© (control) 1:1100,000,000 3 1 4 '
1:10,000,000 3 3 L
111,000,000 3 3 X

The treatment of the mice was conducted with edematous fluid
sterilised with toluens in intervals of 3-5 days. Infectiorn took place on
the 10th day after treatment,with a 24-hour culture of A22.

!
4 total of 30 mice was inoculated 4 or 5 times with 0.2 and 0.03 ce
each of the guinea pig or rabbit edematous fluid. The amount of fluid
dispensed to a mouse weighing 20 g therefore is 4 x 20 cc or 5 x 3 cc when
applied to a rabbit of 2,000 g. This quantity (and even considerably
smailer ones) invariably sufficed to immunize rabbits.

These results show distinctly that mice cannot be immunised with
edematous fluld. In the tests we were able to keep only 3 of 30 mice
alive; their death waa %o be expected on the basie of lesions observed in
centrol snimls.
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immmni sation of wmice wvith killed, encapsulated anthrex bacilli,

Judging from tests dacussed sc far, the capdular anlilvdy ocomed Lo

play the decisive role in mouse immnity. We therefore investigated whether
immunigsation of mice succeeds with kilied, encapsulated anthrax bacilld,
assuming that, the wouse organims itself would produce the capsular anti-
body. MNumerous tests in this sense failed: The production of capsular
antibody in mice could be slicited neither by subcutaneous nor by intra-
peritonsal trostment; thus the animsls could not be immunised agalnst
anthrax infection. In these tests we treated a total of 86 mice in 5 test .
series partly sibcutaneously, partly intrsperitoneally, or both ways, in i
intervals of 2-3 days, 8 to 10 times with 1/5 to 1/20 slant agar culture
of encapsulated, idlled bacilli. The vaccine was produced from agdr
cultures of three different, strongly encapsulated strains and killed partly
by heating to 100°C for 10 minutes, psrtly by treatment with 0.5% formalin.
On the 7-10th day after the last inoculation, hlood was withdrawn from the
tail end in order to establish the presence of capmular antibody therein.
We made the precipitation test ("ring test") with the blood and the
purified and diluted (1:1,000) P substance, and infected the animals on
.t:'mmxtusdw with the 10 to 20-fold lethal dose of the moderstely virulent

n .
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Among the 8 mice immunised in one test series, 7 revealed a weak
precipitation. Five of these 8 animals survived infection with a 20-fold
d.l.n. The vaccine killed with formalin was first dispensed subcutaneous-
1y, then intreperitoneally. .

The remaining tests wers not as successfult Among the remaining 76
mice the presence of antibody in the bdlood could be demonstrated positively
in only 2 cases. An additional 8 animals showed a questionahle result,
1.0, the presence of capsular antibody could neither be demonstrated nor
excluded. Of 76 mice, 16 survived the iufection; 5 animals survived the
20-fcld dose and 11 the 10-fold d.l.m. Of 25 control animals treated with
the 20-fold d.l.m. and 8 treated with the 10-fold d.1.m., 2 survived in
sach group.

Due to the inconclusiveness of results, the question raised at the
outset cannot be answered positively on the tasis of investigations

. described here. As show ty the main part of the resulis, the uouse

ather cannot be led at all to form the capsular antibody by subcutaneous
and intraperitoneal inooculstion of iilled, encapsulated anthrax bacilli,
or will do so to a vary limited extent; for this reason the attempt to
immunise these animals against anthrax infection edther fails completely
or the result is uncertain.

Discussion of results.

We shall attempt to discuss the question of the mechanism of anthrax .
immnity on the basis of our test results which partly confirmed existing
knowledge, partly added to it; in this commection we shall oconcentrate on
the following problems: 1, What is the function of the individual
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antizens of the hanfllawmr bede? 2, I WJilch way do thiese aliect tne

o
different animal species, primarily the mouse and the rabbit?

The tests by Tomcsik and Bodon (6) as well as Tomesik and Ivanovics
(7,8) previously discussed, established without a doubt that the immunity
of the mouse is connected with the capsular antibody. as already mentioned,
these authors noted that the capsular antibody confers a very low,
practically non-existent imminity on the rabbit. On the other hand,
rabbits may be successfully immunized with a 1live, avirulant, non-capsular
vaceine (R variant), as described by Stamatin and Stamatin (22) as well as
Sterne (16,24). There is absolutely no connection between the possibility
of immunizing & species and the condition of the bacillary capsule, since
rabbits may also be easlly immunized by the subcutanecus injection of
fluids in which the specific capsular substance cannot be demonstrated
even by extremely sensitive serologic methods. In contrast to the absence
of the capsular substance, the pressnce of the specific somtic substance
may be positively demonstrated in this edematous fluid; the conclusion
therefore offers itself that the immunity cof the rabbit might depend on
the specific substance of the bacillary soma. For the time being the
possibility should not be ignored (and this has not been negated by
investigations to date) that the specific substance of the bacillary soma
might not represent the causative stimulus of immunity, but that
"aggressins” have a function here, formed, according to Bail and his
coworkers, by the bacilli in the living organimm. In our opinion this
poesibility is the more plausible since we were unable to find antibtodies —-
in the general sense (procipitin, complemsnt fixing substances) -— in the
blood of rabbits immunized with edematous fluid and live bacilli. One of
the additional missions of research must be the clarification of the
question whether there really are "aggressins" in the sense of Bail, or ¢
whether the immunity evoked by live bacilli or edematous fluid depends only
upon the bacillary somtic antigens going into solution in the living
organisa.

Rabbits immmnised with edematous fiuid or live bacilli showed the
proparty that their immunity could not be transferred passively to mice,
or that the rabbit serum confers a very limitad protection on mice. On
the other hand, as noted by Tomcsik and his colleagues, rabbits thut had
been consistently treated with intrevenous injections of killed, en-
capsulated anthrax bacilli and the blood serum of which revealed ocon-
siderarle quantities of capsular antibrdy, were hardly more resistant to
infection than normal animels; thelr serum, however, confers a high-grade
protection on mice. Thus it seems that the presence of capsular antibody
is significant only for mice, but not for rabbites,
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Attempts to immunise mice by subcutaneous and intraperitoneal
injection of killed, encapsulated anthrax bacilli were invariably un-
successful. The cause of this failure seems to lie in the circumstance
that the capsular antigen (which possesses relatively weak antigenic
properties even for the rabbit) under these conditions either has no effsct
or very little. At any rate, this possitdlity is indicated by the
circumstance that there wsre very few mice with traces of capsilar
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antibody 1.1 their blood. In these few cazes the &nimals showed a somewhat
stronger resistance to infection than untreated animals.

Tim guesiion why attempts at immunisation of mice with edematous
fluid are so rarely successful, cannot be answered on the basis of the
tests described. To date 4t L2 not slsar whetiwr Lhe cause of this
phenomenon is to be found in the lowsr reaction power or in the circum~
stance that the stimulating effect of the sdematous fluid is inhibited by
the peculiar protective mechanism of the mouse. The correctness of the
Jast assumption is perhaps supported by the fact that it is easy to
ismnise thess animals with the help of the capsular antibody.

It soems of interest to compare the resmilits of tests described here
with experience gained in pneumococcal immunity. The mechanism of the
latter 1s sufficiently lnmown since the extensive inveatigations of
Amesrican researchers, amd is sujited to serve as the basis of kuowledge in
the field of immunity to encapsulated bacilli. 4s is well known, the
somtic antigen and the capmilar antigen of pneumocooci have different
funotions with respect to immnity. Immnisational testa conducted by

. Avery and Goebel (29) with capsular polysaccharide (chemically tied to

protein and thus turned into an sntigen) proved most distinctly that the
capmilar antibody has a decisive function in the immunity of the mouse.
Mice were successfully immmised against infection with the blood serum of
rabbits immunised with the aid of this synthetic antigen; the blood serum
ocontained only one pneumococoal antibody, the capsular antibody. As in the
case of anthrax, the mouse csn bs immunised only with the capsular anti-
body. However, in the case of the pneumococous the capsulir antibody has
an extremsly important function also in connection with rabbit immunity,
since this antibody alone also confers sufficient immunity on the rabbits.
Thus & striking difference exists in this senses between immunity to
pneumococel and immunity to anthrax.

However, there is alsc a similarity between the two immunities, in
that the rabbit may be successfully imsunised with the basillary soma
against both microorgmnisms, By intravenous treatment (30) with non-
capsulz - pneumococcus (R variant) or by intrecutaneous inooulation with
the encapeuiated coccus, the rebbit organiam is caused to develop only
the antibody corresponding to the somatic antigem. Animale treated in
this manner posssss a very strong type-spacific immunity. Mice cannot
be immunised with the serum of these rabbits, as is tiue also in the case
of anthrax (30). -

It 15 therefore indispensable in research in the field of immunity to
anthrax, to devote particulsar attention to each of the individual antigenic
complexes of the bacterium. In the immunity against encapsulated bacilli
the defenslive mechanism of the mouse seems to be directsd principally
against the bacillary capsule, while the defensive apperutus of the rabbit
would tend to becoms effective by wmy of the bacillary scma.




Summary.

1) The immunity of rabbits inoculateq »dth sterillzea edemitous fluld
fails to show any connection with the capsular antibody. The author was
unable to demonstrats capsular antilndy in the blood of immunized animalis;
attempts to neutralise the imminity of the anisals with purified capsular
«: 'i0dy failed. Mice inoculated with 1 c¢c of blood serunm of an
imriived rabtdt failed to show an important increase in resistance to
anthira.: L.foetion over untreated controls.

T4

2) Rabbits may be succeasfully immunized with the non-capsular R
varlant of ths athrax baclllus, az noted also by Stamatin and Stamatin,
as well as by Sterne.

7) Rabbits may also be successfully immunized with the edematous
fluid of guinea pigs ldlled by infection with the R variant; this
sdematous fluid fails to reveal the specific substance of the anthrex
bacillary capsule oven by use of very sensitive serologic tests.

&) Mice could not be immmised wither with the edemtous fluid or
with large quantities of killed, encapsulated anthrax bacilld.




