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0 Ismunity to anthrax.

by 0. Ivanovics.

Zoltoehr-Ift f. In itaoteorse n, 94: •436-458 (1938).

It is generally believed that active immunity to anthrax may be
effectively produced only by the use of live tLcteria; with regard to its
formative mechanism it ment therefore be considered a super-infectious
immunity. The value of this concept, based as it is on numerous exact
experimental observations, is only slightly affected by a few reports
which support the view th.At immunity could be conferred, under certeir
condition., by treatment with killed bacilli or their deriyatlvet!. In
order to avoid uisconceptionsp it mait be stressed here that those
observations which deal with toets with Oanimeaised" bacilli or their
products (e.g. edematous fluid of Infected animals) are not included
here, and that only tests with killed, cultivated bacilli or their
derivatives are involved.

The literature contains numerous references (1) to successful
Ima•izational tests with killed bacilli cultured in different ways, or with
extracts produoed from them. A part of these test results could not beI . oonfiried by re-exnimtions however; on the other hand, the immamity
conferred by klled bcilli was so low that its specificity was doubtful.
An increase In resistance caused by non-specific means must be included
in considerations, since several exaeples undoubtedly support the existence
of such a phenomenon. Potterseoa (2), for instance, was able to inwnaise
asebbits against a maltipl. lethal dose by Injecting leukofytes. Pawlowaky
(3) found increased resistance to anthrax In animals infected with diverse
suppurative pathogens (Staphylococous, haMiusr Friedlanderp etc.)

During the past few years, Tonceik and his co-workers have tried to
immu•ise rabbits against anthrax with a killed vaccine. They used a heat-
killed vaccine produced fron strongly oncapmuatotd bacilli, of which large
mounts (+-1 slant agar culttwe) were injected intravenously 8-10 times.
Imunisation 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 also
the capsular antibody (4t5).

These toots yielded the first vroof that the capsule of anthrax
bacilli is equipped with antigenic properties that differ from the
properties of the bacillary body. The most oonspicuous phenomenon is the
one that allows the srum of rabbits treated in this manner to be used for
the protection of mics against anthrsx infection; according to Tomcsik and
his colloaguessI cc confers positive protection against a 20 to 100-fold
lethal does (6,7). It me also denonstrated positiveil in the course of
these tests that this protective effect of the sorum is dependent only
Oupon its content of capsular antibodyp, and that the somarti euttbedo has
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no effect In this sense. The beat proof for the factual connection
7- . - Lh os mwras and the capsular antibody wa

given in a successful attempt to neutralise the Immunity of animals

ebmieLoe (d). This property of the capsular hapten recalls to some
extent the effect of aggresainsp* although they cannot be identified
with the concept of Bail's aggressins, since this effect of the haptonm
relates ony to imm. animals.

Wdle mioe *an be given positive protection against anthrax infection
with the *erum of rabbits treated with killed, enoapoulated anthrax

bacilli, all attempts to immmise rabbits or guinea pigs with this serum
failed (7). Th'lis diLvergence could not, however, be &scribed to the

. circumstance that these animals had received relatively fewer antibodies
than the micep o,•ng to their heavier body weight, since even those

rabbits did not prove to be omletely Iie against a hea•y anthrax
infection wteh bad been rvpeatedly immnised witb encapsulated bacilli
and the blood of ubich contained large cantities of antibodies. These
animls showed a different course of infection to the extent that the
&iMles Which @cc ed to the infection bad lived slightly longer than

the comiwels. The peculiarity of these pheiona therefore consists of
the fact that the imnmiaed rabbits which furnish the feoum are not

Sprotected,,, or hear , protete against infection themselves, while mdoe
treated with the sru, of the som e nimas Possess complete immunity.

Although the resl ts mtioned here represent another failure when
applied to the proble of active Immnisation with klled bacteria, its
reognition is nevertheless extrely important since it has led to
important expserintal data ont be role of the bacillary capsule in
anthrax inmity, heretofore only saspeeted, but not proved. By the
recognition and denonstration of the capsular antibody as one of the most
important factors in the field of anthrax immunity the earlier, hereto-
for@ iniufficiently red oonoept of Pross (9ý, Gruber and Futakl
(10), namely that the bacillary capsule has a function in anthrax
imnity, regainnt prominence. Although the authors listed in the past
were only able to demnstrate uneqt ocally that a connection alIsts
between the capsule of the anthrax bacillus and its virulence, the opinion
nevertheless spread that the bacillare capsule has something to do witn
the dieeopent of -1manty; there wore even researchers (11) who &88re

Categorically that imArty to anthrax could be produced only with en-
capsulated bacilli.

fAil (12), who "earched for the origin of the anthrax infection
solely in the action of naggressins," did not attribute any importance to
the bacillary capsule in the question of anthrax infection and imunitt,
or he Mw its function only in the circumstance that "animalimed" bacilli,
wuner the protection of the capsule, exorete saw sein," which then
fUrnish the stiwlus for imnaity. Bail attributed the Gevelopsmnt of
anthrax ii• ytt to the presence of anti-aressins and did not consider
that the capma substance might be eqipped wth am antige-Lke property.

2



OI
It is understandable that this investigator underestinuted the role of

Cho ronsmima 4" 4aumin4i4"w n, ha at1mas4Am 4n im4,•in4nsino imi4nem w4 It.h
a varitnt of anthrax bacilli %hich did not produce capsules under any

oondition (13). The number of Bail's tests mentioned here was very small#
-however,, and he did not consider his tests suited for Umr-reaching con-
clusi~ons.

In treating the question of imanity to anthrax, the varieties of

the anthrax bacillus should not be neglected, Ae is well knowm, the
virulent anthrax bacillus grows on an ordinary agar medium in the fora of
dry colonies with irregular borders and coaroe surfaces, identified
according to their appearance as variety "R" in the sense of Arkwright's
nomenclature. Most of the bacilli forming these colonies are non-capsular
or reveal a small part having weakly developed capsules. tccording 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 meadla,
but on sema (17, 18, 13), on serum apr (19), on defibrinated hores
serum (15) or on a medium containing 10-600 CO2 (20, 21, 16), round, shny
colonies with moth surfaces and a alimy appearance will invariably
develop, and the bacilli of thues colonies are for the moat part equipped
with well-developed capsules. The virulent anthrax bacilli thus grow in
the form of dry, coaroo-surfaced colonies with irregular margins under
ordinary conditions of culture only because these conditions preclude
encapsulation. Freshly isolated, virulent anthrax bacilli grown on ordinary
apr cultures therefore correspond to variety "S" despite their appearanoee
this is supported at any rate by their strong virulence and their ability
to form capsules under suitable '4ltaral conditions. Aside from virulentSanthrax bacilli which fore capsules only under corresponding conditions,
there are strains that prodcke copious capsules even on ordinary apr and
that completely correspond to tho S variant in their appearance. These
strains are usually avirulent and are developed Jrinarily by artificial
attenuation. Thus the virulenoe of anthrax strains seem to be influenced
by other factors besides encapmulation, claimed by Sterne (16) to be
located in the plasm of the bacillary body.

Bail (13) was the first (1915) to point out that there are avirulent
varieties of the anthrax bacillus hich, on agar cultures, apparently do

& not differ from the colonies of genuinely virulent strains, showing a
remarkable deviation when cultured in horse serum instead of on agr.
In horse serum these strains do not form capsules at all, in contrast to
the virulent strains. The pathogenicity of these non-capsular straines,
dissociated from the virulent ones, my be attenuated to such an extent
that only the use of large quantities permits the lethal infection of mice
or guinea pip. Animls infected and killed with large amounts of these
bacilli show edma at the point of Inoculation - just as seen upon
infection with virunant bacilli - but the local reproduction of bacilli
either does not lead to Invasion at all, or produces only a low grade
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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 reportes the dissociation of vrtettas tha. "aaa ^

uWI.GLLU £ I.m v~rulent strains takes place in different ways:
WtaneCusly (3,2l), due to the effects (13), in oxalated horse

$ers (15). in a *mdium with a high CO zontratilt '16). Since this
variety form dry, flat colonies with Irregu2ar edges and an uneven
surface even under the met varied cultural conditions, and since the
batlli d not font oapalas under any conditions, this type of anthrax
bamiuus_ mybe Identified as variety "RO in the opinion of Stamatin (15),
Schaefer (14), Sterne (16). This concept can be confimed in every ay
by our knowledge of the varieties S --4 A of the bacilli, prompting un to
retein theot designation. in the following.

The first immnisational tests (1915) mentioned above, with the R
variant of the anthrax bacillus, are credited to Bail; such tests were
resumed only in the last few years Ths small number of tests conducted
by Stamatin And Stematin (22) led to the positive proof that rabbits may
be sucoessfully Imunised apinwt a severe anthrax infection with the Ri
variant used by these investigators (1936) these tests were less decisive
in comnetion with mice. Stamatin and Stauiatin (23) were also able to

ccoessfeulAy immnise rabbits Ath the edematous fluid of mice infected
9 nd illed Ath the Rvariant. The iane value of the R variant is
propertl iumated b testh oon€uted by Stelre (n6et ) at the oaps
tames pe o i merous tes ve not onl succeeded in pfaitovelt
S dem tsLroIn the inmvig atiLonsf prai pSet of the R vama t, but have als
shown the diferent difficulties which nke the practical application of

therns d es ieoar o the questi me bein. otere's teat results should n
bte lvdin ogampletely vabide since he used ouly na pigop hich are Ter-
tieularly difficult to precude agaepst antsibxt and tested the animal's
(imnthe with lasl• ense), thus cos leret neantign the role of tsh
cn-apeme ifin faetors.

In the inveth•ttsone ofo r aiag staphten and Stha-ain a rwel aspt
Steirhe repcrbed so far, the iuestoen of the behavir oa tbe Rb vraant in
the living ormtim hap been o reated i nl on e mdrpholoed r lo bayte. ihcse
teats thotfore do not preclude the peaibilty that non-capsulte b acilli a
(in the matquntiteal ose) mca seurete an antti enh equivalent vo the a
Woe in a soluble s~tat. Suc a situaton must# honovor, be reckoned

witho deensivne Ilithe apo io-torian taprphte the anthrax-bacploses epten
(which (7p)e. the peould e subttate of spsrular nt, aterfcra ted rin )
is usually orgni to be extraoellulat (25). Tfe rtnexudnat~on of ourproblem fr~om this point of view is not rendered superfluous by the circump-
stance that rabbits inoculted with ki.lled, encapsulated bacilli and
having great quantities of capsular antibodies in the blood, evidence a
low defensive ability apis~t anthrax inection and do not possess extensive
Immunity (7). It could be samem• that capsular iatige• formed in the
aniel. orasnioimight be somewat more effeet~ve than that of cultured
basilli.
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In the tests d, scribed here, the question of the mechanism of

anthrax iianity w.- re-exanined in the sense of the concepts mentioned
above. In addition. thorouah investizations were conducted to establish
whether further differences in respect to anthrax immunity existed between
the mouse and the rabbit.

Methods.

1. Anthrax strains utilizedt We used 5 different anthrax strains
In our tests$ 3 belonged to variety "S", they were 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 "Re).

Virulent strain "A2r" (here&fter called "A22): This was an older
strain from our collection, the virulence of which had remained unchanged
for uice. We therefore used this strain primarily for the infection of
nice. The virulence of the 24-hour agar culture (pH of the agar 7.3-7.5)
was established 12 time between February 1936 and July 1938. In the
course of theme tests 31 mice were infected with 1/10000,000 slant agar
cultures of which 30 died on the 3rd-lOth day and only one survived. The
lethal infection was loes regular when smaller quantiti~s of this strain
were used: Of 26 nice inoculated with 1/10,000,000 slant agar cultures 8
survived, and of 3 inoculated with 1/100,000,000, 2 survived. The
"animalised' bacilli of this strain showed a somewhat stronger effects
Of 3 mice inoculated with 23 germs from edematous fluid, only one lived.

Virulent strain A3 (hereafter called "A33"): This strain was grown
in the seamer of 1936 Trron a human pustula maligna. Details on the
virulence of this strain for rabbits are given in the experimental Part.

Moderately virulent strain A1 5 : Althouji this strain was capable of
forming capsules both in the mouse orguAre and 20% 002-containing blood
ajar culture, it nevertheless possessed only mnderate virulence. The
details of its virulence for mice are discuseed in one of our earlier
pape (7).

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

The following may be said about our own observation of the latter
strain, agreeing completely idth those of Stamatin: This strain does not
form capsules either on agar or on rabbit blood agar, a medium containing
25% CC;, On U1 March 1938 we infected 6 young guinea pigs (weighing
200-300 g) with 1/50 slant agar cultura subcutaneously. After 2 days a
low grade edema formed at the site of inoculation, disappearing thereafter

in 4 oasot, but increasing in 2 animals; these 2 died on the 5th and 6th
day, respectively. Dissection revealed extraordinarily severe subcutaneous
edem, containing copious non-capsular bacilli. Very few encapsulated
bacilli were found in the *ploe and the heart blood. We gro e n-•c•upl

MWir
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bacilli from the heart blood which could not be induced to form capaulesr

z......... 70' 1.vtA.1 wl" h s"gic lor raobtas: A tot'al of 9
rabbits 's infected with 1/20 to 1 slant agar culture each; the mite of
infection shoed tporary, inaimdficaut edems that di•eappered shortly;
all animals survived.

AvirulAnt strain *A2 2": This strain was obtained from virulent A22
by Stern•'a method (16) - streaked on agar containing 20% horse serum
and grown fbr $ day's in an atmosphere containing 55% 002. We prepared
a sub-calture from the dry edges of the slia& colonies and provided for
the homogeneity of the resultant culture. The R variant obtained in this
mamoer did not form capsules under any circumstances. The strain proved
practically avirulent: Of 6 guinea pigs infected with 1/4 slant agar
culture, 4 surv'ved. The animals that died from the infection (on the
6th and 7th day, respectively) showed severe subcutaneous edema at the
site of Inoculation. The strain gow from the heart olood of the animals
"failed to encapeulate under normal cenditions and in an atmosphere of 25%

The virulence for mice we insignificant$ 3 mice were infected with
S3 with 1/1,,000 and 3 Vi."• 1/I1,Oo slant agar culture; one animal

of each gro•p died, The dead =mi.!* revealed strong edeWm at the mite of
imolation; we were unable to demastr•.•e encapsulated bacilli in the
edematou fluid either by direct mrphologicai examnation or by culture.

2. The technique of linmisation with edematous fluid. The fluid was
peaured aeaording to Okudole method (22); it is mixed with 3.$ sodium
citrate solution in the ratio 1,• and eolleAted. The citrated .eentous'
fluid is mixed with a few drops of toluene, ahaken mechanicall for
several hour#, stored in the refrigerator and filtered through a thin
layer of loose cotton Just before use. We were alms able to steriUse
the fluid in this m wr. In som eases we used the preparation
"0omrtbiolate" instead of toluene (dilution D2lO9000) for the kIlling of
bacilli present in the edematous fluid.

In iu2ni•ational tests with edematous fluid we instilled the
Injection under the abdominal skin, or, in the case of mice, under the
skin of the chest.

3. Infection of the animals. Here the site used for im-nisation
us carehflly marked and infecAon was carried out at a point removed as
far as possible from the fbrmr. Rabbits received the injection into tbe
lumblr region, in the prod.sity 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 co of physiological saline just prior to
Lnfection, the suspension was placed in a vessel containing glass beads,
emlsified for 10 inumtes in the shaker and then diluted to the different
strengths. Babbits received 1 ca, mice 0.5 as subautaneously.

6
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The ""aiimuized" bacilli were obtained from the edematous fluid of

1,16a. lu .*Q - .A .*-

0.01 cc of the M trated edematous fluid is uniformly streaked on a
surface of I a', fixed and stained. The average number of germs present
in the field is then determined under immersion. Since the size of the
field is known, the number of bacteria may be approximately conputed in
this fashion. After this orienting examination the proper dilutions of
the edematous fluid were prepared and imediately injected. At the se
time agar plates were poured with the fluid and the precise nuober of
inoculated bacteria was established.

4. Imunune sera. The sera contair.ing the capsular antibody were
prepared on the basis of previous experience (5). The anthrax inireene
serum fjarniahed by Mr. Szelyes ("Phylaxdl" Serum Institute, Bdapeast)
served as pure C-serum (anthrax serum containing somatic aiauLLdiea).

5. The haptene of the anthrax bacillust The P msbstance was complete-
ly pure prepartion obtained from a culture of Pao. mesentericus. The C
substance was produced according to Tomceik end 3sonipttls method (27).

6. Exeaution of precipitationt O.4 cc antigon of different concentra-
tion was mixed vith 0.1 cc serum each. The result was read after 2 hours
of stauAig in the water bath of 3?7C and storage in the refrigerator
overnight.

The antibody content of the serum of imunized animels was
determined by the "ring test." The rabbLt's blood was wAthdraw from
the aur•cular vein, tbes with an interior dimetOr of 4•= were filled
with serum up to about 0.5 cm aud covered with a layer of antigen. The
teil end of mdc. was out off and the flowing blood collected in a
capillary vessel (4, n lotg) with on internal diameter of 0.9-1.1 am.
The capillary vessels were fused at both and@ and placed in the centrifuge.
The serum was finlly covered by a layer of P substance in ltl,000
dilution.

7. Complemmnt fixationt Total spatial content 2.5 cc; 4 units of
hemolysin were used. Since rabbit sera timunjied against anthrax frequently
show a hi*h-grade mto-inhtiition, titration of the coplement was con-
ducted in the presence of 0.1 cc serum. We used 1.5 units of complement
in our main tests. Sach serum was adjusted with the neutreal solution of
P substance (1:5,000-1:320,000) and with anthraci edematous fluid
(i:1O-l:1,600).

xFiperimnent s.

Rabbits i•mied with edematous fluid.

In the course of our tests we wanted first of all to clarify the
* question whether immity of rabbits imamised with edematous fluid by

Bail's method is e•onruted with the preesence of the capsular antibody.
The edemtous fluid used in twonisation was obtained f•rm rabbits

7
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S* infected with the virulent strain A3 3 . In the two test series listed in
Table I we treated 16 rabbits ulth repeatedly sterilized or freshly
cflt.YitIZted ra~hM --. - . ,& ,-,o ur 9- a aiter the last
inoculation, blood was idthdrawn from the animals and examined for
presence of eomplement-fizxng subutanoes with the "ring tesot" •,xt. we
infected the animasj with dnferent amants of anmAlised baci=l (strain
A33). Oe aosed io these tests that the pure P and C substanoes (in W:O.O
dilution) as well as the edematous fluid (in 1:3 dilution) was not preoipi-
tWted by the osera of the iamnised rabbits. The comlemnt fixation
reaction conduoted vith antigens also leads to a negative result. Despite
the abenoe of antibodies, a hiSN-grade iumnity of the animals was
"demnsotrated unequiv•cally (see Table 1).

It way be asked now %ebther the demonstration of antibodies in the
serum m1*4t not fail because they remained tied to the tissue. Since we
Were able, in previous tests (7,8) to neutralise the inusnity of mice
imminsd passivel idth the capsular antibod by means of injecting mall
quantities of pwafted capuelar hapten, we also tried to use this method
In connection idth rabbits immased with edesstous fluid. For this
_mpos we treated the imiesed rabbits with purified capmasar substance
in different vae prior to infection. In the tm test series summrised
in Table IU, we also faileds as in the tests of Table I, to dmonstrate
precipitating a&W eoqplemont-fixing msbstances in the animals' serum.
The animlal Iusity therelbre was not intlUened by subeutaneous,
intwsvenous or intraperito•al treatmsnt with P subetance.

The rabbits received 2-2 00 edematous fluid sterilised with toluene
in intear'y of 4-5 days. Xnaeeoon took place on the 7th day after the
last inocuation of edematous bacilli.

TAXL I.

Teat# F rTeatmant Date #of #of "of survival
of bacilli antimal dead time

infection animals (dlays)
Is 13 Jan I ae, 15 Jan I *a 2 Feb 438,000 2 0

2D Jan 1.5 Ga, 31 Jan 4 co 1938 219,000 2 2 3,3
sterilised(*)s 26 Jan I cc 1639000 2 0
fzesh(**) edematous fluid
saitanecuse ly

Untreated (control) 43,800 2 2 2,2
8,780 2 2 2,2

I1. 7 Feb, 11 Feb and 1? Feb 26 Feb 3,80,0 2 0
3-3 cc sterilised(*0*) 1938 638,000 2 0
edemtous fluid suboat. 318,000 2 1 4

63,600 2 0
6,360 2 0

Untrated (goat oI) 318,000 2 2 2,4
63,600 2 2 4,4

6,360 2 2 4,5

. .... . ... ... . ... .. 8
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(*) Edematous fluid treated with toluene.

(120-150 live germs per cc.
'-Z-J one ini L 01 ne armma.s received edematous fluid sterilised with

11"..O000M merthilao~t, the other half fluid sterilized vdth toluene.

The animals were infected with edemnit•ij- baj_!j..i i
SiQnce therthiu atertihe shimuzed fith edematous fluid revealed

no antibodies in vitro, we tested the possibilities of protecting mice
with the serum of immune rabbits. We examined two aerd. One of them
(designation "Os 1 ") represents the mixture of the sera, obtained by
bleeding, of the three rabbits of test series I that survived the infection.
The second serum (No. 146) came from the fourth rabbit of the same test
series; this animal had been hyper-inmunized with fresh ederatous fluid
prior to bleeding: It received a total of 19 co fresly centrifuged
edemmtoue fluid intravenously, distributed on 5 injections within 67 days.
It had been carefully centri1•uged and contained an average of several
hundred germ per cc.

In order to evaluate the protective effeot of these two sera, the
test was conducted with the freshly obtained serum of a normal animal, at
well as with the serum of a rabbit treated with killed, encapsulated
inthrax bacillis the 1atter serum containing copious amounts of P antibody.
The test of immity of the U.t soma (P IV) was made one month after its
prfofotton.

TABLE II.

Infection of rabbits imwnised with edenstous fluiLd treated
simultaneously with P mbetance.

Test 1 .tabbit Treatment with # of I of / dead Survival
P substance goms animals animals time (da•s)

1. inmuised 4 time24 2u (*) 8.500 4 0
i.v. and subwt.

"" 8,500 4 0
control 9 8,500 2 2 2,3

""O850 2 1 5

i ".. .Q . ........... 17 .... 5 , . .

II immunsed idie 2 m(*.) 6,000 5 1 13Si.p. and 3 times
2 as i.v.

9-" 6,000 4 0 a
control 0 6,000 4 30,4,03

M The (.') received 2.2 -g (tota 196 ,)-P substance s•bout. and i.v.
four days prior to infection.

On 11 and 12 Alt 2-2 as i~p., on 13, 3., 15 Apr 2-2 Ig i.v. Infection

a 1



Table III shows that 0.5 cc of the relatively frogah rabbit serum
No. P IV, containingj the casuba• •t• -44--.0 i;-Mw w iorne mice
4iin i.JL a"amOe &pLinat a 200-fold lethal dose. The protective
effect of this sonaa VL felt ovan in connection with 0.1 and q•t . --c.

TAM~ M.

The protrti. Ooffset of serum Containing antt-capuMr imue
bodies (fo. Iv).

Infective = tUt y ot Inst2lled weafa in cc
doe 0.5 0.1 0.05 0 (cont~rol)

Lelant agar)______________

1:10,000,000 3/3 3/3 6/3
1:•1, o000,000 3/3 3/3 311 9/o
1:100,000 3/3 3/2 3/0 6/0
1s50,000 5/5

1s5O,O00 3/3
1150,000 3/3

Serum mbcutaneously' wder the diin of the chest. The serum
prs4pitated the purified P substmace in a dilution of 1t:4000p000.

Infection tith a 24-hbor slant agar culture of strain A22 after
16 hours.

The denomnabor shows the number of sinuila survivi'-g the infection.

Table IV shows expsrismts aith ice, using sera of rabbits
imunized with oestitcus fluid (Os I) and serum No. 146 of the hyper-
immalsed anLval. The sice rcdved 1 co of each of the sera. As a
cotro1, the fresh serum of a nornl rsbbit man used subautaneouays, alse

in the mowuit of 1 cc each.

T.43Z IT.

The protective effect of sera free of P antibody, obtained from
tmmuo rabbets.

Infective dio*(*) I cc serum frm
S(slnt agar) 0 1 Oe II(**) No. 3.46 Normal NoneS.. ...... ... . . .. rabbit ... ..(contro ) ,

11100, 00 1,oo IV/o V ,l 9/3 6/0 W1/
Szzooo6/0 4/0 37/0 6/0 3•/0

S()24-nor culture of anthrax strai~n A2.
i ( Reapeated tests after stomp• for j year. 1 cc of to aerms under the

Sskin of the chest, infection under the d-utrul skin after 15-16 hours.

IDI
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The sera of rabbits immunized with edematous fluid therefore did not
have a distinct protective effect, although they did not prove to be
entirely ineffectual. ur tne anim~in Lre-tn ___. ! z:% an!!
infected with a (single) lethal does, 1/3 survived. ", treating with
.norma r!e!_t eel, m2 however. we did not find the Idst protective effect.

The test results described wfar show that it is possible to produce,
vith regularity, a massive immunity in rabbits by means of edematous fluid
obtained by infecting rabbits vith a virulent arthrax strain and con-
taining capsular antibody in considerable amounts (see Table VI).
Antibodies could not be demntrated in the serum, however, either with
the aid of precpitation or complement fixation; moreover, the immity
of animals imanized in this marner could not be neutralized by treatment
with P substance. Mice could not always be immunized against an anthrax
Infection jith the serum of immune rabbits, or the protective effect ws
so low that its specificity must tentativuly be doubted.

Wiminzation of rabbits with the R variant of the anthrax bacillus.

In these tests we used two R strains that were ompletely &pathogenic
for rabbita; 1misation was carried out succssf12oyf• Each of 6 rabbits
was inmunised wAth 3 doses of j slant agar culture of the live strain *R-

.90• The animals showed a high-grade im-In ty against infeOtion in-
duod with aninalised bacilli of strain A33 (ass Table V).

TAHB" V.

Rabbit imusnisation vdth stran 1190 R.

Treatment Infection it of infeacted
(#of germs instilled) animals Died

Vaccinated 2,60o 2 0
13,000 2 0

S(control) 130 1 0
" 1,300 1 1

13,000 1 1
Vaccinated 130,000 2 0

Iumarisation, The animal received J4 slant agar culture-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" and A-R, partly with edematous fluid; the edematous fluid was
obtained by infecting guinea pigs with strain A2 2-4 and sterilization in
a merthiolate solution (•0lO,000); later these animals were infected with
virulent bacilli. Serolgic reactions conducted wth this edematous fluid
yielded a striking proof for the validity of the assuNtion that the
capsular antigen pIWO no role in tU active 4-manity of rabbits.

• 11

| | | | | | .1



AI
For results of the serologic reactions, see Table VI. For purposes of
ooarieon, the table also shows the results of serologic reactions
obtained from edematous fluid produced by 4ntae4.4- -1'61 -- "lzulenL strazn.
A: ' uyr s table, somtic antigen we demonstrated in both

edematous fluids. The specifla capsular uabstance, on the other hand.
me touad only in the edemtous fluid utased by ton effects of a virulent
strein; the fMLid proaced by the R variant did not contain the specific
msbstance,

TaBIZ VI.

The prApitation of various anthra•cL sere with admatous fluids
fro* gwima pis InoaUlted vith virulent (A33) end avirulent (11.90 Rt)

strains of anthrax.

Origin Serum Dilution of the edematous fluid
(strain) ;(4 1/8 21/16 1/32 1/64

11903 P - - - - -
C

A33 P
C

Stho results listed in Table Vn show that Imminstion is invariably

au*ooessful Ath both the A va•Lant and the edematous fluid provoked by it.
7ts edsmat~us nuiLdp *Loh could not be shomn to cortaLn the O&P021"
@ubstance even by serclgi mans, thus proved to be a very effectiLven :tzz : : and:it :mo that it in n less valuable in thi :ane then the

f•vd deaylopilt Aftow infection with Virulen buLUU.

I. VI
Imimstiai of rabbi~ts ith anthrax* srins• A221L and 1190 R And

with gpins pig edsmatoum fluid free af cpsular substance.

Treatn t Infective Iof o of survival time

does anim•ls dead in d" a
W(sant gLar) animals (average)

3tims A2R vaoim 1/50 7 0
ditto 1/10 5 0

3 time U90 va•ocine 1/50 3 0
3 tims 2 a* edmtaus

fluid 1/100 5 0
ditto 1/1,000 2 0

0 control 1/10,000 3 3 3,3
1itto 1/5,000 5 4 5
ditto 1/2,o00 4 4 3,5

Trs&t•int For 7-10 days " slant aurar culture from thi strains,
2-2 *a of th ed-eatous fluid suboutaneoisly. Infectiont With strain A33
on the 7th-lith diW after trestmnt

. • . 12



OI
Imminisati.on of mice with ed-watous fluid.

.. a O _ • . -' . ... V 0._ 0.

active immunization of mice against anthrax either does not succeed at all
or is possible to a limited extent only. In order to complement ewisting
investigations in this field, we tried to immuse mice with sterilised
edematous fluid. The rabbit or guinea pig fluid used here had been
obtained by infection with strain A33; it was the sam that we had used for
the fairly succossful iinahsation of rabbits. The results of the nmW4
test am listed in Table VU.

T VIII.

Imrmization of mice with edmatous fluid.

Test I Treatment Infective # of Average sur-
dose animls Died vival (days)

(slant agar)

1 4 tiem 0.2 cc 110oO00,000 2 2 6
uina pig edamt. lt5,000,000 2 2 7

fluid 1:1,000,000 2 1 6
1: 500,000 3 1 10
11100,000 3 3 a

a• (Contr'l) 1i10,000,0000 2 7
1:5,000,000 3 3 7

1:1,000"000 3 3 4

IU 5 times 0.03 0o 1:I0,000,000 6 5 5
rabbit edeutous 11l,000,000 6 6 5
fluid 1:100,000 6 6 4

0 (control) 1:100,000,000 3 1 4
1:10,000,000 3 3 4
1:1,0000,000 3 3 4

The treatment of the mice ws conducted with edematous fluid
sterilised idth toluene in intervals of 3--5 days. Infection took place on
the 10th day after treatmentwith a 24-hour culture of A22.

.i total of 30 mice was inoculated 4 or 5 times with 0.2 and 0.03 cc
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
smaller ones) invariably sufficed to immmuse rabbits.

These results show distinctly that mice cannot be imminized with
edematous fluid. In the tests we wre able to keep only 3 of 30 ice0alve; their death was to be 92pectod on the basic of lesions observed in
control anim•ls.

13
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play saio of miea mith killed# encapsulated anthrax bee lii.

play the decis.eo role in ouse imnity. We therefore investigated whother
immisation of nice succeeds with killed, enipoulated anthrax bacilli,
assuming that the moe oranim itself would produce the capsular anti-
bod. Human%* teete in this smnse flledt The production of capsular
antibody in idea could be elicited neither by ouboutaneous nor by intra-

poritonesl tre•dmanl thus the imo could not be imnnized against
anthrax infoation. In those tests vo treated a total of 86 tice in 5 test
series partly subcutaneously, partly intraperitone4lly, or both ways, in
intrvals of 2-3 days, 8 to 10 times with 1/5 to 1/20 slant agar culture
of encapsulated, killed baci.1U. The vaccine was produced from agar
cultures of three different, strongly encapsulated ostrains and killed partly

Sheating to 200PC for 10 undzatesp partly br treatm nt w th 0.5% form lin.
On the 7-10th day after the last inoculation, blood was withdrawn from the
tall end in order to establish the proegnOe of capaular antibocy therein.
We mmde the prOeildtation test (ri•g test") with the blood and the
purifed sea diluted (sl*l000) P substane,, and infected the rAnmls an

the next da with the 10 to 20-fold lethal dose of the mwderetely virulent
strain AWS.

Among the dce imm44sed in one test series, 7 revealed a weak
precipitation. Five of these 8 unimls sarvived infection vith a 20-fold
d.l.a. The vaccine killed with formalin was first dispensed subcutaneous-

y?, then intlrapertoneally.

SThe rem ining tests were not as suc esee fal: Among the remaining 76
vice the presence of antibody in the blood could be demonstrated positively
In only 2 cases. An additional 8 animals showed a questionable result,
i.e. the presence of capoular antibody could neither be demonstrated nor

emcluded. Of 76 idee, 16 survived the infection; 5 animals survived the
20-fold dose and U the 10-fold d.l.n. Of 25 control animals treated with
the 20-fold d.l... and 8 treated with the 10-fold d.l.a., 2 survived in
each group.

Dum to the inoonclusvenees of results, the question raised at the
outset cannot be answered positively an the Iamio of inves~tigations
describod here. As 8set8n tjr the smin part of the resultap the wouse
either cannot be led at all to form the capsulr antibody by subcu•taneous
and intraperitonoal i.noculation of killed., encapsuahted anthrax bacilli,

or will do so to a vsry limited extent; for this reason the attempt to
i-niss these ard-Ils against anthrax infection either fails completely
or the result is uncertain.

Discussion of results.

We shall attempt to discuss the qaestion of the mechanism of anthrax
immity on the basis of our test results which partly confirmed ext sting
knmowledge, partly added to itl in this commotion we shall concentrate on
the following problems: 1. Mat is the function of the indivifdal

-.
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different animal species, primarily the mouse and the rabbit? !
The tests v y Toncuik and Bodon (6) as wall as Tomcsik and Ivanovics

(708) previously discussed, established without a doubt that the inw-ty
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 iuiniuty on the rabbit. On the other hand,
rabbits my be successfully iunized with a live, avirulent, non-capsular
vaccine (R variant), as described by Stamatin and Stamatin (22) as well as
Sterne (16,24). There is absolutely no connection between the possibility
of immuniiing a species and the condition of the bacillary capsule, since
rabbits any also be easily immunized by the subcutaneous 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 presence of the specific somatic substance
may be positively demonstrated in this edematous fluid; the conclusion
therefore offers itself that the immity of 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 some
might not represent the causative stimulus of immnity, but that
"aggressins" have a function here, formed, according to bil and his
coworkers, by the bacilli in the living orgmnim. In our opinion this
possibility is the more plausible sine we were unable to find antibodies -
in the general sense (precipitin, complent fixing substances) - in the
blood of rabbits Imiunsed with edematous fluid and live bacilli. One of
the additional missions of research must be the clarification of the
question whether there really are 'aggresuins" in the sense of Dail, or

whether the imnitjy evoked by live bacilli or edematous fluid depends only
upon the bacillary somatic antigens going into solution in the living
organism.

Rabbits immunised with edematous fluid or live bacilli showed the
property that their immunity could not be transferred passively to mice,
or that the rabbit serum confers a very limited protection on mice. On
the other hand, as noted by Tomcsik and his colleagues, rabbits that had
been consistently treated with intravenous injections of killed, en-
capsulated anthrax bacilli and the blood serum of which revealed con-
sidera1 .le quantities of capsular antibe:A, were hardly more resistant to
infection than normal animals; their serum, however, confers a high-grade
protection on mice. Thus it seems that the presence of capsular antibodyis significant only for mice, but not for rabbits.

Attempts to laminise 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 Vak antigenic
properties even for the rabbit) under these conditions either has no effect
or very little. At any rate, this possibility Is indicated by the
circumstance that there were veY few mice with traces of capsular
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antibocly Li their blood. In these few cases the animals showed a gomebihat
stronger resistance to infection than untreated animals.

fsin question wny attempts at inmaisation of mice idth edematous
fluid are so rarely successful, cannot be answered on the basis of the
tests described. To dato it is not clear whetilr Lhe cause or this
phenomenon is to be found in the lower reaction power or in the circum-
staone that the stimauating effect of the edematous fluid is inhibited by
the peculiar protective mochaanim of the mouse. The correctness of the
last assumption is perhaps supported by the fact that it is easy to
immJiise these animls with the help of the capsular antibody.

It seem of interest to compare the results of tests described hersI " with experience gaired in pneumococcal imaunity. The mechanism of the
latter is sufficiently known since the extensive investigations of
American researchers, and is suited to serve as the basis of klnowledge in
the field of immnity to encaposulated bacilli•, As is well known, the
sometio antigen and the capsular antigen of pneumocooci have different
functions with respect to immunity. Imismational tests conducted by
Avery and Goebel (29) with capsular polycacoha&rde (chemically tied to
protein and thus turned into an ontigen) proved most distinctly that the
capitula antibody has a decisive function in the im•• ty of the mouse.noe weo e • •cooosftl1y Iummusod against infection with the blood serum of
rabbits immnied with the aid of this synthetic antigen; the blood serum
contained only one pneumooocoal antibod4, the capoular antibody. As in theSease of anthrax, the muse con be imunised only with the capsular anti-
body. However, in the came of the pneumocoous the capoulAr antibody has
an extremely important function also in connection with rabbit imsunity,
sincs this antibody alone also confers sufficient immnity on the rabbits.
Tlhus a striking difference smsts in this soee between immuity to
pneumococci and i4in ty to anthrax.

However, there is also a stimlariy between the two immunities, in
that the rabbit my be ucoessfully manimsed with the bacillary soma
againet both microorenisma. D7 Intravenous treatment (30) with non-
capsula- pnasuococcus (Rt variant) or br intracutaneous inoculation oith
the encapsulated ooocus, t W rabbit organim is caused to develop only
the antibodr corresponding to the somatic antigen. Animals, treated in
this honer posmats a very strong type-specific imminity. M1ice cannot
be jimmsed with the serum of those rabbits# as is true also in the came
of anthrax (30).

It is therefore indspensable in research in the field of iiunity to
anthrax, to devote particular attention to each of the individual &ntigaeni
"omplexsa of the bacterium. In the i inity against encapsulated bacilli
the defensive mechanism of the mouse seeam to be directs.4 princtipall
against the baoillary capsules while the defendive apW,&tus of the rabbit
wold ten"to bcam effective b of the bacillary was.
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Summary.

1.) -me immunity of rabbits inoculatea %tn sterlilsea edemitous r1u.1
fails to show any connection with the capsular antibody. The author ws

VAempts to neutralse the imunity ot the animls ith purifi4 capsular

la. 'Lody failed. Mice inocalted with 1 cc of blood seoum of an
imanded rabbit failed to #how an isportant increase In resistance to

ant•riL: L•foction over untreated controls.

2) Rabbits my be successfally ismunized with the non-capsular R
variant of the wthrax bacillus, as noted also by Stamtin and Stamatin,
as wvll as by Sterne.

3) Rabbits may also be successfully imaunized with the edematous
fluid of ginea pigs Id.led by infection with the R variant; this
edamtous fluid falls to reveal the. specific substance of the anthmrx
bacillay capsUle even by use of very sensitive serologic; tests.

4) Mice could not be i--ised wither with the edematous fluid or
with •rge LAMtittes of i ,114 sueapsu.lated antbnx becilli.

0

!.7

I

L J


