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Bacteriologists have almays been most interested in anthrax infections
because there is probably no other infectious disease where the situation is ',
as complicated in every respect as in this particular one. The genesis of
the disease itself and the death of the usual experimental animals due to
infection create difficulties in finding an explanation and the entire
problem of septic disease is one of the most difficult in the field of
infectious diseases altogether. In most other infections, sickness and
death can be explained on the basis of the toyins produced by the particu-

-lar bacillus, regardless of wnether these are genuine toxins or whetherthey are toxic body substances; in contrast to this, no toxins of any kind

have ever been fouad in the group of the aggressin sources, which also in-
cludes the anthrax bacillus and the most virulent microorganism;; incther
words, no toxins were ever found to which the disease could hav2 been
traced with any degree of certainty. There have been many attempts to .
establish the presence of anthrax toxin but these projects never came up
with any reliable results; this also applies to the work of Hoffa whocstart-
ed with the assumption that the anthrax bacillus first of all releases a
toxic decomposition product from the albumin substances in the infected
animal; he assumed that this toxic decomposition product produces the di-
sease. Hoffa was able to isolate an alkaloid-like toxin fram cultures of
anthrax bacilli on meat; but this toxin did not differ from the albumin
decomposition products which result from different bae.terial decomposition
and could therefore not be used in explaining the specific anthrax disease
as such.

The situation was roughly the same in the case of the physical ex-
planation for this disease; here we might mention primarily two: one of
them believes that the withdrawal of oxygen, which the organism suffers
as a result of the microbes proliferating inside it, is the cause of the
disease; the other theory emphasizes the inhibition of circulation by the
bacilli which clog the capillaries. Although both of these theories, even
when combined, cannot satisfy us fully, they nevertheless enable us to
recognize an important change in the concept of the infectious disease.
What we have here for the first time is an attempt to explain an infectious
disease without trying to blame it on any specific toxins. In other words,
both theories point to the assumption that the bacilli -- without in any
way interfering in the regimen of the organism through metabolism products
harmful to it, inflict damage upon the organism by virtue of their mere
presenc.e, in that they inhibit certain functions.

The question as to immunity and natural resistance was just as per-
plexing until Bail's fundamental discoveries -- involving the location of



the aggressins and the antiaggressins -- threw some light on hitherto un-

answered questions. The fact that the anthrax bacillus gives off substances
in the animal body which, 'wthout producing intoxication symptoms, overcome
the anthracocidalfcrees of the living organism, until it is helplessly ex-
posed to the invasion of the bacilli, the fact that the bacillus, which is
present in the body of the immune animal, containing antiaggressins in its
serum, is deprived of these attack substances and is turned into a saprophyte,
which easily succumbs to the bactericidal properties of normal animal tissue
-- this fact for the first time offered a satisfactory explanation for im-
munity.

The question as to the natural resistance of certain animal species
led to some very vehement debates, between the German and the French school.
The question as to whether the cell effect, that is to say, phagocytosis,

or the juice bacteria-killing process, that is to say, alexin, was discussed
at length by Metschnikoff, on one side of the fence, and Buchner on the
other side of the fence; but this-debate did not lead to any clear result.
It turned out that the anthrax-killing capability f[r process7 of the or-
ganism -- regardless of -whether we are talking about the plakins, leucocytes,
or the juice bacteria-killing process -- could not in any way be tied in
with the resistance or receptivity of the particular animal species. Here
again, it was the work of Bail and his school which finally explained the
rather contradictary findings. Bail first of all with the help of test
tube experiments had traced the natural resistance of the dog to the fact
that an antibody-like substance is present in the dog serum and that this
substance, completed by leucocytes, develops anthrax-killing properties and
that, moreover, the leucocytes, which, according to the investigations of

Gruber and Futakis, cannot phagocytize encapsulated animal bacilli, but
can kill animal bacilli through soluble substances, through the aphagocidal
process studied in great detail afterward by Weil; after that, Bail and
Weil and Suzuki also explained the resistance. These investigators were

able to prove that leucocyte bacteria-killing processes against animal
bacilli -- for instance, guinea pig leucocytes -- are in no way weaker
than the process developed by leucocytes of resistant animal species, such

as pigeons or dogs, through which the aggressins, given off by the antrax
bacilli, are quickly rendered ineffective; what happens here is that the
aggressins paralyze the anthrax-killing agents or that the exit of these
anthrax-killing agents from the cells is prevented, 'while the leucocytes
of naturally resistant animal species can develop their germ-killing proper-
ties also when aggresin is added. They were also able to prove that the
difference between the resistant and the receptive organism, for instance,
the pigeon and the guinea pig, is to be found not in a bacteria-killing

process -- developed in the pigeon organism --which is stronger from the
very beginning but rather in the preservation of the bacteria-killing capa-
bility in the bird cell; on the other hand, the guinea pig organism, whosebactericidal forces were rendered ineffective through aggressin in a very

short time, is helplessly exposed to the bacilli after this time.

These investigation results contain two extremely important findings.
It was proved here for the first time that immunity and resistance against
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anthrax are identical as to their essence. The basic difference here is
not 'whether the anthrax-killing capability §rocess of the organism is as-
sured by the fact that the cells of the resistant animal keep their germ-
killing properties, even when the bacillus secretes aggressins, or-whether
the aggressins in the receptive but immunized animal are again and again
neutralized by the antiaggressins and 'whether this preserves zhe germ-killing
properties of the cell. The most essential aspect in both of these forms
of reactions is the preservation of the anthrax-killing capability in the
cell vhich in one case produces the immunity and in the other case brings
about the resistance observed.

Furthermore, this investigation result also contains an indirect,
implied but extremely important finding with respect to the pathogenesis of
anthrax in the broader sense of the septic infectious disease as such; what
we have here is the finding that an in itself harmless bacteria product,
such as aggressin, nevertheless can inflict irreparable damage to the body
.through the specific paralyzation of the aphagocidal force of the cells --
without there being any possibility of speaking of a toxic effect as such.
This furthermore shows how a circle is formed between the bacillus and the
aggressin -- a circle which in the end is bound to lead to the death of the
animal. The aggressin, at first produced in a very small quantity, creates
the condition for the multiplication of the bacteria. The bacilli then
secrete larger quantities of their attack substance and this goes on and
on until the entire organism has been flooded with aggressin and the bacilli
following it. This gives us the idea of the formal genesis of the infectious
disease, without their being any need to assume a toxic effect on the part
of the bacillus. This leaves only the final stage unexplained -- the sickness
stage, in other 'ords, which, in case of experimental anthrax infection, sets
in shortly before the animal's death. The duration of the disease quite
often is confined to a few minutes or perhaps a quarter of an hour although
numerous bacilli are circulating in the blood of the animal hours before that.
This behavior speaks against the toxicity of the bacillus -- quite apart
from the fact that nobody ever managed to find toxins in the juices or organs
of animals suffering from anthrax. The behavior of animals infected with
anthrax gives us the impression that the specific paralysis of the anthrax-
killing mechanism, described by Bail and Weil, is not confined to this single
function of the total organism; instead we get the idea that this paralysis,
which progresses as the infection continues, also involves other cell func-
tions which are vital but whose termination or loss can be tolerated for
some tme until, in the end, the animal simply cannot go on living.

This leads to the question as to which organ is supposed to be hit by
this hypothetical damage. The dissection reports on animals struck with
anthrax pointed to the parenchymatose organs which were found to have been
altered most seriously; but many earlier investigators were never able to
find a serious functional impairment of any kind in an animal that had been
infected 'with anthrax but that had not yet come down with the disease. Now,
the author and H. Adler, studying pneumococci and Bass, studying streptococci,
were able to find that the reticulo-endothelial system plays a very important
double role in infection with these viruses, that this system is the first
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point of attack of the virus in the body, and that it represents the seat
of immunity also in the immune animal. They found that the leucocytes do

phagocytize in the test tube and in the exsudate but that they do not have

this property or that they have it only in a rudimentary fashion in the
healthy tissue. The only cells which absorb and kill the viruses in the

tissue are the cells of the histiocytary apparatus and consequently the
* ;damage due to the infection -- something which the author, by the way,

pointed out repeatedly -- is bound to have an effect first of all and even
from then on mostly on the reticulo-endothelial system. Following up these
reports, it was therefore obvious to examine the function of the reticulo-
endothelial system in the incubation of the disease, rapid anthrax, with its
long incubation and short disease time, offered an ideal experimental object

for this purpose. Of course, it was first necessary to find a method for
functional testing ffor testing the functions, but Saxal and Donath had
already published reports 'w.hich seemed to indicate that such a method could
be found. These two authors reported that animals, blocked with colloidal
silver, revealed a delayed fsloweg absorption of stains fdyes7from the
blood, in other words, that one could conclude, on the basis of the faster

and slower disappearance of colloidal stains ifijected into the blood, as
to what the momentary functional state of the reticulo-endothelium might
be. These experiments were checked against animals blocked with India ink
and could be confirmed. Such animals revealed a slowed absorption of the

Congo red, used in these experiments, from the serum, although during the
first period after the injection of the stain, in the case of the blocked
animal, the stain content in the serum was found to drop faster than in

the normal animal; at any rate, the stain absorption later on as con-

siderably delayed. The more rapid disappearance of the stain during the
first minutes after the injection is not very easy to explain; we are
probably dealing here with an adsorption of the Congo red into the carbon
particles located in the cells of the reticulo-endothelial system; this was
pointed out by Haurowitz on the occasion of a debate conducted at the Lotos
medical-natural science club. These experiments established that any damage
to the reticulo-endothelial system would be indicated by tnh delayed absorp-
tion of the Congo red. We then tested the function of the reticulo-endothe-

lium of animals infected with anthrax in this fashion.

Method: The rabbits are injected with 1 ccm of 1 % Congo red solution,

intravenously; after five minutes we bleed the animals and we determine the

quantity of Congo red in the serum using the Autenried colorimeter. All of

the following values are then related to this first value 'which is set at

100. The curves therefore indicate merely the resorption speed.

As we can see from the experiments shown here, we find serious damage

to this system; this damage can be established even with this certainly very

crude method at a moment when there is not the slightest thought of a disease.

As little as 16 hours after the infection with a certain quantity of viruses

-- which kills the animal after only 4-5 days -- we found a rather increased
slow down. in the absorption of the Congo red from the blood -- slower, in

other words, than the absorption that could have been produced through the

most in'tensive India ink blockage of the reticulo-endothelial system.
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Characteristically, we do not observe a rapid drop in the stain quantity
during the initial period after the infection in the case of infected animals;
this was pointed out during the discussion of the behavior of the blocked
animals. The paralysis of the reticulo-endothelial system is very pronounced
after as little as 24 hours and keeps increasing as the infection progresses.
If we realize that the paralysis of the reticulo-endothelial system -- which,
by the way, can readily be recognized from the course of the intravenous
infection-- is certainly for the most part specific and we furthermore keep
in min& that the absorption of Congo red from the blood cannot be considered

as a normal function of the reticulo-endothelial system -- something that
was done orLy because we had no better method for the functional testing of
this system -- then we must admit that this damage to the system must be
extremely severe already during the very early stages of the infection. This
is for the most part analogous to the findings of Bail and Weil and Suzuki
where this damage is certainly directed specifically, that is to say, against
the anthrax-killing and phagocytary force of this cell system, although this
process can also spread to othe: functions in a very pronounced form. The
*assumption made initially to-the effect that the paralysis of the cells is
bound to spread to functions other than their anthrax-killing function can
be confirmed on the basis of the results of these experiments for the cells
of the reticulo-endothelial system, likewise; we will discuss this again and
again in the course of this article in connection with the discussion of the
significance of this cellular system for immunity and resistance. This leaves
us 'with the following question to be answered: Can we explain the anthrax
disease as such on the basis of this damage to the reticulo-endothelial sys-
tem? We have a wealth of detailed studies available on the role which this
cellular system plays in the management of the organism (Bibliography in
Aschoff, in Ergebnissen der inneren Med., Kinderheilk. (Results of Internal
Medicine and Pediatrics), 1924); these reports indicate that this particular
cell system plays a very important role in intermediate metabolism. It is
connected with the blood decomposition and blood formation, with hemoglobin,
iron, and lipoid metabolism, with diseases of the liver, and so on. Saxl
and Donath even credit it 'with a role in the water exchange between the
blood and the tissues. This all tells us very clearly that damage to this
system, as severe as in this case, as the case of this infection, is bound
to inflict heavy damage upon the entire metabolism of the infected animal
and that it can alter the metabolism of the infected animal in a direction
that we might perhaps not be able to define in any greater detail at this
time and that it might perhaps even make the metabolism entirely impossible
in some other respects. As we said before, this paralysis is certainly for
the most part specific; this means that various clinical pictures from dif-
ferent types of damage to the system might also be explained. By the way,
the differences in the clinical picture of pure sepsis are not so profound
that this kind of assumpti 'n would be absolutely necessary. We want to
mention all of this at tb- point only as a purely hypothetical conclusion
because, considering th,. _ sent state of knowledge on the physiology of
the reticulo-endothelial system, we cannot make any final statements about
the functional failures and phenomena caused by a paralysis of this system.
This can be covered only in more detailed studies; the same applies to the
more theoretically important quesrion as to whether aggressin or the bacillus
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or both of them together produce this paralysis; this question cannot be
answered at this time for some external reasons. It might suffice at this
point to emphasize the intensive damage to this system during anthrax in-
fection and during septic infection, altogether, which is the first symptom
of this type of infection.

The author and H. Adler, in their investigation of pneumococcus
immunity, were of the opinion that the reticulo-endothelial system is the
main carrier of this immunity, and that serum antibodies, leucocyte bacteria-
killing capabilities, etc., at best play a supporting role. The essence
of immunity was considered to reside in a specific allergic alteration of
the histiocytary cellular system which enable' these cells to capture viruses
circulating in the blood quickly, to hold them in their interior, and to
dissolve them. In a study published on the same topic a short time after
our study, Neufeld and Meyer advocate a somewhat different viewpoint. These
authors likewise, on the basis of their experiments involving white mice,
arrive at the result that the reticulo-endothelial system is the sesof
immunity; but when it comes to their concept of the essence of immunity, the
views of Neufeld and Meyer do not agree with ours. These authors conclude
from the fact that the serum of immune mice, 'which normally does not con-
tain any antibodies, assumes a high protective value after the injection of
of manganese salts, that the immune bodies are preformed in the cell and
that they are given off to the blood only in response to the stimulus from
the manganese. We canonly partly agree with this view. There is certainly
a change in the chemistry of the cell as a result of immunization; but our
immunization experiments with immune organs and our through-flow experiments
prove that we could not possibly be dealing with antibodies formed in the
cells here. These experiments -- in which it was impossible to find either
a protective value on the part of the immune organs or a stronger filtration
of the liquid which contains the cocci and which flows through the immune
surviving organ -- in our opinion clearly prove that the essence of the
immunity is to be found in an alteration of the living cell which has nothing
to do with the cell-grown antibodies, that is to say, 'with the inanimate re-
action products of the cell. In addition we were able to prove in our work
on immunity in pneumococcus Type 1 and 2 that the antibodies in the actively
immune animal do not get a chance to have any effect at all and that the
passive immunity differs from the. active immunity through the alteration of
the reticulo-endothelium apparatus in one essential point; this alteration
is the one that is found in the active immunity. This finding was explained,
among othen% by the fact that passively immune animals destroy the same
cocci quantity in a shorter period of time than the actively immune serum
donor. Of course, the experiments involving cocci with their bacteriotropic
immunity could not support our view completely and without any doubts. On
the other hand, this view would seem to be sufficiently justified and explained
if the same behavior can be found in the case of anthrax immunity. In the
case of this anthrax immunity -- where there are no bacteriotropic antibodies
at all, where the only protective substances that can be proved to exist in
the serum of immune animals are directed not against the bacillus but only
agaiust its aggressin -- it would seem that a pneumococci infection with a
similar infection course in immune animals would necessarily have to be
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tied in with an alteration of their reticulo-endothelial system in the sense
described earlier -- if we assume that the characteristic features of this
immunity are represented by the rapid disappearance of the viruses in'con-
nection with intravenous infection, the phagocytosis in the histiocytes
which can be found only in the immune animal as a result of bone marrow punc-
ture, the continued limited condition of the viruses in local infection, and
finally the weakening of immunity through the blockage of the reticulo-
endothelial system. It is quite obvious that antibodies such as the anti-
aggressins -- even if they were to develop in the cells -- could bring about
neither the rapid disappearance of the viruses injected into the blood
stream nor a phagocytosis in the histiocytes and that a blockage would also
have to be without any effect because the viruses, deprived of their attack,
substances through the serum antibodies, would have to be killed even if
the reticulo-endothelial system were partly disconnected eliminated, para-
lyzed7 which would mean that the defensive forces of the organism, such as
leucocyte-killing processes and juice bacteria-killing processes, would have
to be slightly different. We will now try to prove that these conditions
actually prevail; before we do that we should discuss some of the difficul-
ties which arise when we work with highly-virulent anthrax.

The strain which was used in all of the experiments mentioned in
this study turned out to be almost absolutely virulent. We were repeatedly
able to find that rabbits weighing 2 kg died of an infection with 20-50
bacilli, accompanied by typical anthrax sepsis. The kind of experiments
6o be conducted here means that we had to work with large quantities of
bacilli -- by the way, bone marrow infections require the injection of
large quantities of bacilli; this is why it was difficult to achieve a
sufficiently high immunity in the experimental animals. Indeed, despite
the great care taken during immunization, a number of animals died of the
infection because the infection quantity and the immunity were out of pro-
portion. We performed the immunization in the following fashion: Following
the tried and proven directions given by Bail, we first of all produced
basic immunity by means of sterile aggressin; this basic immunity vas then
increased by means of carefully dosed injections using fully virulent bacilli

and finally the nonsterilized edema liquid from animals that had died of
anthrax. We might explain this with the help of an example. A rabbit is
given

First day 10 ccm sterilized aggressin subcutaneously,

10th day 10 ccm steri'ized aggressin subcutaneously,

20th day 320 bacilli subcutaneously,

30th day 800 bacilli subcutaneously,

40th day 1,200 bacilli subcutaneously (rather strongeiema 3 days
after infection),

50th day 1,200 bacilli subcutaneously,
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60 th day 2,000 bacilli subcutaneously,

70th day 2 ccm nonsterilized edema liquid with a quantity of bacilli
that can no longer be counted, subcutaneously,

80th day 4 ccm.

All of the animals used for these experiments were immunized roughly
according to this schedule; these animals also met all of the other require-
ments as regards immunity. In addition we took care that a period of 2-3
weeks would pass, each time, between the infections performed on the individual
animals for experimental purposes. Experiments conducted during shorters in-
tervals of time can cause the death of the experimental animal because bacilli
have remained behind in the animal-from the last infection. If we work with
longer intervals, then we can have no assurance that the laboriously increased
immunity ill really prevail and continue on this level.

During our discussion of pneumococci immunity we emphasized that the
course of the infection in case of intravenous injection reveals a typical
difference between normal and immune animals. We can get an idea of the

particular immunity state by means of intravenous infection and control of
the course of the infection; this would be the best -ay to get the proper
picture of what happens here. This is why we began the investigations on
anthrax immunity likewise with intravenous infection experiments.

Experiment 3

An immune and a normal rabbit were administered, each, 0.05 cem
Bouillon culture in 1 com cooking salt solution, intravenously. Blood
samples were taken from the jugularis. Germ cound in com.

Immune animal Normal animal

5 Min. 0 160

30 " 0 9
lhr. 0I
8 hr. 0 9

24 hr. 0 260

36 hr. 9
48 hr. 0

Continues to live Dead

This experiment shows us that the tissues, respectively, the reticulo-

endothelial system play the significant double role which was found in the
previously mentioned investigations as far as pneumococci immunity is con-

cerned; we find that this double role applies also in the case of anthrax

infection here. For the case of highly virulent anthrax we can likewise not
assume a primary increase in the flowing blood; intead, the reticulo-endothelial
system must provide the nutrient medium for this virus likewise.

-8-
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(1) At this point we must note that a blood plat; :, lidge overgrown
with anthrax colonies, very soon gives the impression as if we had an infinite
number of colonies growing here, which could be explained by the discolora-
tion of the blood through the colonies, as well as the size and the rather
fuzzy outline of these colonies.

In these experiments, by the way, it is rather interesting to note
that the reticulo-endothelium of the normal animal preserves it capability
for inhibiting the bacilli for a comparatively long period of time; after
that, however, there is a sudden rapid increase which causes the animal
to die within a few hours. As for the opinion that the reticulo-endothelium
of the normal animal likewise has the capacity for absorbing fully virulent
anthrax, one might object that an absorption of culture bacilli, which xe
so much more liable to be 'wiped out by phagocytosis, does not prove anything
at all. But as we can see from the next experiment, in capsulated animal

bacilli are likewise absorbed by the reticulo-endothelium of the normal
animal and they get back into the blook only afterward.

Experiment 4

We centrifuge 2 ccm of rabbit. The deposit, which contains a vast
number of bacilli and a few red and white blood corpuscles, is then 'ashed
twice with a physiological cooking salt solution; then it is mixed with
4 ccm NaCl and half of this amount is injected into one animal, each.

Immune animal Normal animal

5 Min. 85 820
3*0 Min. 9 74

1 hr. 9 10
4 hr. 0 9

30 hr. 9
48 hr. 0

Lives Dead

This experiment shows that the absorption of animal bacilli both in
the immune and in the normal animal i- considerably slower than the phago-
cytosis of the culture bacilli; here again, however, we could not determine
a primary increase of the bacilli in the flowing blood. The animal bacilli
likewise are filtered through the parenchymatose organs of the nonimmunized
into the blood several hours later. The death of the animal here again
occurs a short time after the penetration of the bacilli into the blood
stream.

The second criterion of this immunity -- the fact that the viruses
continue to remain limited to the locus of infection in the immune animal
whereas they sooner or later occur in the blood of the normal animal --

could likewise be observed in the case of anthrax infection.
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Exoerine=r 5

7Ihfection -with 0.05 c=~, eacb, of Bo 1 e'--c cultmme, Anae1 )

3 hr. g

82 br. 0 g
36 hr-. d

hiiX Dead

teThe followirg ex~erinent shows th at16 the -p ~a~ties describoed for

Article 6

We cent rifge 2 ccn of rabbit ede!=; the eposiis vsse
is then inijected in eqnal p.artws, sthubcntar ~.

2 Hr. 0 0
J hr. G0
8hr. 0

2.74 hr. 0 CPO
E48Bhr. 9 Bead

The qni-- lj .wi-_se are retained at the locus of th~e infecticm sr-
prxsir~gl 1 eng an rA aby get into the blcodstrea=on~ after the de-
fensiv;e forces of tie orgazzisn hav.e been over-c . Off conr-se, we nst en-
Wi~bsz that even befor-e aiI are fcmnd in the flzulng blood, w-- can es-
tabli.'§h the presence off s'ch IcacII1 l ; in the nrchaoergs ihthe
be 11 of cutures. gTL- stage of a~inhrax se-osi-s with bacill in thebld
shoul1d therefore boe considered only as a teraral- stage iftich occurs at a
rA=-'t iihen the oreanisn is defensely against the beacill.

The exeietlresults described enable us to asse -pra va I.1 ' to

the findings on -one~zccoccci and streptoccci -- thet the rtiuoedt 1 ~
avparatus kould aso seen= to -play the ---in role in anthrn-ax infecticn. Mhe
nroof that this assunumtion is correct had to bGe furnished here again -with
t-he helpo of tone =--arrw, nfection. After several fa1iv-es causel by the

fac tht te aj~? wa gien ithe too =aw bacii cir died of the in-

fection or thtwe inject-ed too few boacil-iJ and theref ore -.-- e unrable t'.o

establish the presence of any bacil-li -with the zicr-oscope, we manged to
get the first usable mrezarat ions. We found that the anthrax baci"Lli like
-wise are Ihagocy tizedi onl nbsicts
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'We tare a 26-b7nur dacag aar calt-re a~d ve rimse it in 10 c=~

3AV1 ve ditrcteiwf~~ n e hni~c* . cam of it into the

We remzve after 7 hn'~s. Calltire msi-tive.
Staiiz& f sear-s ac- t i~

Cons .erirg tne ~~'izfection =ac it,-- c- elyepc
=s-.bing else and we th2-erefore czly fo-.nd very fews Mostoff

i&:L were z~lreeaiy a-oyz in the Westifyies all sae fjdisoIticm, =---c the -xa~eec=-aa~
-may to the hard2y recnz baci b -!fls s2 r ____al~ ~r- 2-3 --Cds
in a cell1 an very rareI7 -w- ge as pany a205.All3 1;'ctzc rc ___

and to exte= a-so e -were =&. able ZO fiM-1 ar-_ aZoto
im any c2her cell s.

ae a-'1  bai ; are a!~s all4-- p stll- -ll resezv~ed and
they 1have bzwd, naicely st-ained capsules and reveal a!- of te cIZracterils-
tLics ef tkeaii bc

Skie a=-:,al c=ntinnes to live willtnt any sericus disease m-henonera.

Sa-e oehd as above. Culte vositive.

Yn the tore =arrc-;w w~e find a roderate anntof vwe11-c=-sulazed
bacil)". threads, rost off then in a free ze.sitien. We lod-sed at. =w~ dish

~renartionsa wd ve only ab~e to find iac; 'l twice; these appeared t
be partly enc-losed in histiccy-tes. S-he P-a dies every 36 !!i;rs after
infection; death is du-e to typical anthr-ax sepsis. Bone zPIare af te-r
deathn: -vast ni-Ber of:: a2n-a bacilli-, no p~gocyt~osis.

Ye were able to -pin dcvrn the significance of- Uhe reticulo-endothelial

sytem i31-kewise for anthrax in=ity by =eans of -bone ra-rojr ntucture.
The anthrax bacill-i in~ected into the bcone rarre are aibsoribed by the
histiocytes -a are gradually~ digested in tIeir- interior. We were abV,7

to recognize Wwbgocytosis also in the non-in=ine an-l although this 'h-as
a very minor phagocytosis at that; this is Dprobably due to0 the fact that
the culture baci 1  ', as ve Imaw, very easilyj siccizb to -Shagocytosis and
are turned into the encapsulated aniral baci o nl~y in the interior o~f
the cell. We mi&gbt also r=ention that in the inmine animal even cells that

have absorZied only very ffe. bacil'li already appear danaged *W'hil' , for instance,



I

i-_; the case of _,ragcytosis -e .'ere able to recognize serious
da=gae cnly wten ce ce-1 h t on 10-30 cocci. 7-hese findings, which
do 2eave a certair anmnt of !eeu.ay for subjective interpretation, should
no'. be orerernhasized,- of coL-rse; reiver-theless * it see=s as if the irrita-
tion Lfsi . ion7 of the reticulo-endot helial s ste= by the anthrax bacilli
is =cb more intensive tham "aOen this is brought abolt by pneu-ococci or

Ssetreptococci.

in the experaentation method described, -we '-ere able to establDish
ha-ocytosis on3y in the bone =arrow histiocytes; a rather accidental find-

ing, hwo ever, gave us a general picture of the entire reticulo-endothelial I

A .ox-a. rabbit as infected srctaneously -with 165 bacilli for 4
-other purposes and revealed the fo lowig atypical infection course.

I hr. 0

50

~~dys 1edema 3:4 cm

1 600 _

6-@

5 c- o-er ac e e chest

7 100 0 s=a I, hard, ____t

9 20 Only more infiltrate at the -place of injection

10 Dead

Dissection renort: Parulent herorrhagic infiltrate at place of
injecticn, oWhe--ise typical anthrax renor .

We cannot be sure i.at causes this atynical infection course. We
cannot say ;dnezher the individual resistance of the animal was abnormally
high or 'whether -- which se=s to be more probable here -- the virulence
of the cultxre used in the infection -.as accidentally reduced. At any rate,
the animal ^as half 5 e before it fina~ly died as a result of the infec-
tion and this i --uni-ty csuad be recognized very nicely with the help of
the positioning of the anthra.x rods in the organs. in preparations stained

according to Gra=-Weigert V'e found very few anthrax rods in the liver; these
rods were found exclusively in the Kupffer star cells. The cells themselves

-were s.ollen up and revealed indistinctly stained nucleii; they were quite
visibly just as damaged as the bone marrow histiocytes in case of bone
marrow infection. The anthrax bacilli were -artly also damaged, 'hich could
be very easily recognized from the paler color, as well as the slimmer form
or shape '-hich no longer entirely corresponded to the picture of the animal
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Experiment 13"

We inject 0.2"ccm of anthril bouillon into the wing vein of a hen.
We take blood samples prtly from the iing vein and partly from the skin~~~veins in the neck. . _ ,.

5 Min. 52 '" .9 -brs. 0 Sick, does not eat,
15" 9 feathers shaggy, diarrhea

ibr. 9 " 21#" 0
3" . 48" healthy
6 9 Lives

The anthrax bacilli disappear extremely quickly frcm the blood of

the hen likewise but they can be found for a longer period of time in the
parenchyzatose organs. We were still able to establish a rather abundant
quantity of anthrax viruses, by means of culture, in bone marrow removed
one hour after the infection. It. is rather questionable 'hether the tem-
porary sickness of the hen was caused by anthrax infection. It is more
probable that the frequent punctures -- biich 'ere very difficult in the
case of the hen because the veins of the hen 'ere very thin and would be
easily torn, certainly had some effect on the vell being of the animl.

A more detailed analysis of the defense processes resulting from
* bone marrow puncture is much easier in the-hen than in the immune rabbit --

* provided we do not narcotize the animals used for this experiment. In that
case they can also tolerate large quantities of highly virulent anthrax
while narcotized animals may die ai a reslt of the infection, under certain

circumstances.-

Experiment I14.

We rinse a 16-hour diagona'agar culture in 5 cam of cookin salt
solution; we inject 0.1 cem of thii substance into the bone marrow of the

, femur of a hen.

We take samples after 4 hours; culture positive.

Smear staining according to Giemsa.

We find individual histiocyterary cells -which in most instances have
abs3rbed very pale-dyed anthrax bacilli, and which usually reveal a large
quantity of rods. The cells likewise are visibly damaged; they revca . a
hyaline plasma; the nucleus is very often unevenly stained and always re-
veals an ameboid erlargement. Many anthrax cells are quite visibly in the
last stages of dissolution; they are all entirely 'Without capsules and
they sometimes crumble in the form of granules. They are usually found in
larger vacuoles which assume a pale-pink color following Giemsa staining;
the extremely sparse free baci li chains ar6 still better preserved,
throughout, than the phagocytized bacilli.'. They stain much more intensively;
around the chains we usually findia free,, unstained area which is very-
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similar to a capsule. In the methylene-blue preparations we find a large

amount of metachrcmatically staimiLble substance which is located btweer
the cells, in amorphous piles. The intracellular bacilli cs- no longer
be illustrated with this staining but the extracellular can be illust.rated.

We cannot find phagocytosir; in other bone marrow cells. -

These findings show us that the anthrax bacilli are absorbed by the
histiccytes of the chicken just an much as they are absorbed by those of
the immune rabbit. We think it in very probable that the killing takes
place only in these cells because the chains, which are still located out-
side the cells, were definitely better preserved than those that had al-
ready been phagocytized. We were not sure as to the capsule formation
of the anthrax bacillus in the organism bf the chicken. At any rate, the
unstained area around the free chains, along with the metachromatic sub-
stance which can be illustrated in the methylene-blue preparations -- a
substance, by the vay, which one usually ties in with capsule formation --

seems to indicate that we have a kind of animalization of the bacillus also
in the organism of the chicken and that this process takes p7Aace in a fashion
differing only slightly frm the process to be found in the organism of
receptive animals.

It -as rather easy to perform the bone marrow infection in the hen;
but judging the blockage fblockad-7 attempts -xperiments_7 was very diffi-
cult. In streptococci and pneumococci we were able to determine the success
of the blockade only by means of constant blood examinations in terms of
culture growth. The same conditions would appear to obtain in the case of
the blocked hen -- the only thing here is that this kind of constant con-
trol over the course of the infection was impossible. We said earlier that
the veins tear very easily; this, plus the fact that veins, used for the
India ink injections, develop thrombosis, made it impossible to keep up
with the course of the infection. We had to be satisfied with being able
to inject the hens intravenously uwith the required volume of India ink and
to make a follow up infection in the same way. After this procedure, all
of the veins that could be reached were already so altered thLa we could
not possibly think of taking any blood samples.

Exeriment 15

We take three hens and we inject them intravenously on 5 days with
50 ccra of 5% India ink, each, and after 24 hours we make a follow up in-
fection, intravenously, with 0.2 ccm, each, of Bouillon culture. Here is
the result of this experiment:

We had no success in two oA' these experiments, inasmuch as the hens
continued to live. The third hen died on the fourth day after the infection
-with a positive culture report in the blood and in the organs; it is there-
fore quite obvious for us to assume that the two animals, who did not die
of the infection, probably behaved 'in a fashion very similar to that of
rabbit I in experiment 9.

- 17 -



In other -words, ve can say that, in a naturally resistant hen, like-
wise, blockage is fo ed by a weakening of the resistande -- especially
since Bardach was already able to prove that the resistance of the dog can
be broken through the intravenous injection of powered carbon. These ex-
perimental results are explained 73y Bardach 'who says that the mejority
of the phagocytes is so heavily taxed by the carbon pcrticles that they can
no longer absorb the anthrax bacilli and that, consequently, we have an
extracellular multiplication of the injected bacilli. According to the
experimental results, obtained by the author and Adler on pneumococci and
according to the previously mentioned findings involving anthrax-iimrme
but blocked rabbits, we must correct this opinion in one point. The reticulo-
endothelial system does still completely absorb the bacilli but it has lost
its capability for holding them in place and killing them. In blocked ani-
mals likewise we have a primary settlement and multiplication of the bacilli
exclusively in the cells of the reticulo-endothelial system,

Experimental Results

We were able to trace the i~mmnity of the rabbit and the natural
resistance of the chicken against anthrax to the specific function of the
histiocytary cell apparatus. ThiC is an expansion on the findings by the
author and Adler and Bass who proved the same for the cocci group, to the
second groupoC sepsis viruses, that is, the aggressin forming agents. We
furthermore proved that the immunity of the rabbit and the natural resistance
of the chicken should be considered as basically identical forms of reac-
tion; we believe that this is the last and most telling argument for the
initially stated concept of immunity as a specific allergic alteration of
the reticulo-endothelial apparatuS. One might also state this view in the
following 'ay: the reticulo-endothelia are placed in a functional state,
as a result of immunization, and this state is identical or at least highly
similar to the state of the retidlo-endothelium of a naturally resistant
animal.

Along with the works of Pfeiffer and Marx, Bieling and. Isaac, as well
as Neufeld and Meyer, who proved :hat the reticulo-endothelial system also
produces the immune bodies, and along with the works of Wyssokowitsch and
Rosenthal, who were able to prove that saprophytes introduced into the blood
can be destroyed by the cells of this system, we can therefore recognize
the overwhelming role of this cell system in the struggle of the organism
against bacterial infection. Of 2ourse, this system does play a double
role, in the sense that it can be considered as the seat of immunity, re-
spectively, resistance, but that Lt also represents a refuge for the viruses
in the animal organism and, under certain circumstances, allows them to
multiply within the cells. The mechanism of infection and immunity is
qualitatively identical; the only difference here is that in case of immunity
it is the organism which is stronger whereas in case of infection it is the
par-asite which is stronger. The -9ruggle is decided in the cells of the
reticulo-endothelial system. We :night very well imagine that we have a kind
of rather tenuous balance here bebieen the force of attack of the infection

18-

_ _I 1



virus and the defensive force of t.he organism; this balance or equilibrium
might be preserved for a shorter or longer time; it would lead neither to
the killing of the infection viru: nor to a decisive damage to the infected
organism; in the end, depending upon the environmental influences acting
upon the organism, it leads to the predominance of the defensive forces if
the organism is strengthened, or to a paralysis of the reticulo-endothelium,
in case the resistance is reduced. vith all of the consequences as far
as the infected organism is concerned.

The blockade, which is followed by a weakening of the resistance,
can be considered somewhat as a model for this kind of harmful environmental
influence.

We can find a state of tent.ous balance -- under certain circumstances

featuring a temporary local predcminance of the attacking force of the
bacillus -- almost regularly in the anthrax infection of immune rabbits.
Subcutaneous infection, after all, is frequently followed by a local mul-
tiplication of the viruses injected, accompanied by the formation of edema,,

etc. The basic difference between this kind of infection in the immune
animal and the infection process ih the normal animal, which at first appears
to be quite similar, can be found in the fact that, in the immune animal,
there is no damage to the overall organism through the infection, Vaereas
we can prove damage to the reticulo-endothelial system of the normal animal,
as we said in the beginning, already 16 hours after the infection, in other
words, even before the formation of the edema. This kind of early damage

to the defensive apparatus -- which works against the infection both directly
through phagocytosis and indirectly through its secretions, the immune bodies
-- of course, cannot be immaterial. in the fight against the local infection.
If we now take a look at the reactions, which follow local anthrax infection,
then we find that these reactions appear to be the same in the normal and
in the immune animal and they prove a predominance of the attacking force
of the bacillus over the local defensive functions. The decisive factor
in the course of the infection is the damage to the total organism in the
non-immunized animal while the immune animal is not damaged by the infection
which progresses locally to a limited extent and thus gains time to mobilize
its mobile defensive forces against the local process and to keep bringing
up new reserves, whenever its defensive forces are rendered ineffective by
the aggressins of the bacillus, while the damaged organism of the normal
animal is paralyzed so early that such a reaction to the local process
cannot take place and that the mimal, in the end, succumbs to the infection,
which now becomes septic, as was described by Bail and Weil and Suzuki.

The value of an existing imunity as far as the healing of a local
infection is concerned will be corfined to the extent to which a general
impairment of the'organism can be prevented. Once a locally infectious
focus has been formed, we can say with certainty that the infection viruses

have overcome the immunity of the infection site and have therefore moved
beyond the range of this immunity altogether. In exsudates -- we use this
term here in the broadest sense -- the immune forces no longer act directly
upon the infection virus, as was pointed out in our discussion of pneumo-
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coccus and streptococcus immunity. The healing heaing of a locally in-

fectious affection now depends indirectly upon the immunity state. If the

immunity is very high (pneumococci immunity) then the infection viruses
are killed without infection; this happens for instance in the subcutaneous
connective tissue or in the case of a rapidly starting and just as rapidly
disappearing serous exsudation, such as in the pleural cavity. On the
other hand, if the immunity is not that high, if it is not high enough to
lead to the immediate killing of the parasites, as in the case of anthrax,
then the viruses can move beyond the range of the immune forces in the
developing exsudate; their killing is then left to the normal bactericydal
forces of the organism vhich are possibly supported in this by the serum
antibodies.

Summary

If vw-injeet rabbits 'ith virulent anthrax bacilli intravenously,
these bacilli are absorbed by the cells of the reticulo- endothelial system.
In the normal animal the bacilli multiply in these cells and penetrate from
them, secondarily, into the blood.. The cells of the reticulo-endothelial
system are most severely damaged by this infection. If the animal is immune,
the bacilli die in the cells. The coidit.;ons prevailing in the chicken are
similar to those in the immune.rabbit. ,

Bibliography

Bail, Centr albl. f. Bakt (Central Bulletin of Bacteriology), I, 1900, 1903,
1908.

Bail, Weichardt, Jahresberg. (Annual Report), 19U2.

Bail and Weil, Arc. F. Hyg. (Hygiene Archives), 191.

Bardach, Annal. de V'Inst. Pasteur (Yearbook of the Pasteur institute), 1889.

Bass, this magazine, 1925.

Hoffa, quoted from Sobernheim, in Kolle-Wassermanns Handb. (Kolle-Wassernann's
Handbook).

Metschnikoff, L'immunite dans les maladies infectieuses (Immunity in Infec-

tious Diseases).

Neufeld and Meyer, Zeitschr. f. H'g. (Hygiene Journal), 1924.

Rosenthal, this magazine, 1921.

Singer and Adler, Zeitschr. f. Imniunitatsf. (Irmunity Research Journal), 1924,
Nos. 1 and 3-4.

Wyssokowitsch, Zeitschr. f. Hyg., Vol. 1.

- 20-

, ~ ~ ~ ~ ~ ~ ~ T in I . .[T . . . -



F3GURE APPENDIX

b iExperiment  1. l Rabbits Wei gh kg.

lersuck L
Alle Kanasbes 2 kg acbwfturve 1: mu.L(a)

U s 1 246 ,&m - V 0 
,

d - Cu ve V: 24 hou s a ter ir ect on lO0 bachd i t hlli - o h an m l

lyb hs duke "A Tat.0 d.

a.a

Ku L (f)

Legend: a -- Curve I: Normal; b -- Curve 11: 241 hours before experiment,
20 ccm 5 % India ink; c -- Curve 111I: 16 hours after infection, 100 bacilli;
d -- Curve IV: - 24 hours after infection, 100 bacilli; e -- both animals -
died on 5th day following infection; f -- Curve 1.

Experiment 2. 1Vrsuch 2

11: 24 6ot em Versuch 20 ma
5 % 1/.~ Tuch ntr~tt W D

I . III: 36' nach d qtek ,, n sit 100
a IV: 48' nacb der to. Wit 100BedeThi tnm au iee .eda.: 

.Tag nacbdit lf zkta.oL

to.

3 ' b

, ! 
Kurvel.(f).

Legend: a -- Curve I: Normal; b -- Curve iI: 2. hours after experiment, 
20 ccr

• 5 % India ink, intravenous; c -- Curve II: 36 hours after infection with
100 bacilli; d -- Curve IV: 148 hours after infection vith 100 bacilli; a --

Both animals died between l th and 14th days ter infection; 
f -- Curvo II.
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