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S.elaneva, B.2. (All-Unfion Institute
ol Zupexl ratal Veterinary Medicine)

o L 7 D0 WGRITY IN ANTHRAX
Yo walees of trauma and the signifi-
ccnee of ncrvous system in the imaune
ity in galhrox « COMMUNICATION ILII*

aa stucying the problem concerning the possibility of utilization of

killed culture of ﬁ_stouralu as the vaccinal preparation ve cams upon
a very paradoxical phenomenon. In onc casc we were compelled to take a

rabbit which had come out from under the experimental vaccination against

anthrax for the experiment with the vaccination with killed culture of
pasteuroliaze. This rabbic was carlicr vaccinated against suthrax with
tha Tscnkovakii II vaccine and, as a result of the control infection

with absoluﬁel.y lethal dose of virulent culture of B. anthracis, it -
survived, which indicated the existence of a stable immunity in the
animal, 28 hours after the control infection with the culture of B.

anthracis tho rabbit, baving come out from under the experiment, was

_vaccinatad cubcutanaously with the killed culture of pasteurellas in

mixture with a supplemgntary subsiance. 18 hours after the vaccination
against pastcurellosis tho rabbit died of anthrax.
There are analogous data in literature about the observations of

S. I. Speranskii, from the laboratory of scademician A.D. Speranskii,

% Comnunication I. F.A. Tercnt'ev and B.P. Stefanova. The significance
of postevaccinal reaction in the genesis of immunity inm anthrax.
"“Vetorinaria" 10-11, 1946. Communication II. E.P. Stcfanova.
Vaccination of rabbits, guinca pigs and whico mice with the killed
culture of B. agthracis. "Veterinarita" 4, 1947. “



when ia a dog, which recovered from totanus caused by a small dose of
the toxin and subsequently subjected to the operation of superimposing
& glass ball, the tetanic cymptoms were revived soon after the operation
and tha dog dted. In another casc a rabbit, which had come cut from under
'_tho experiment with the control of a series of dysenteric toxin, was taken
after 22 days for another test with a poisoning substance, and in this case
" the typical picture of dysentery developed and the radbit died (charactex~
- istic changc's for dysentery were recorded pathologoanatomically).
| S.I. Lebedinskais notes that various irritants can cause a specific
form of morvous irritation and that this specific process im the nervous
system can sometimes be preserved in the latent form, but a new evan if
it be vulgar atimulation, acting on the nervous system, is capadble of .
rastoring this ruc'cion in the samec form. -
There i3 {nformation thut also under the practical conditions are
obzerved phenomena analogous to the above-cited cases.. Thus, 8.N.
Vyshaelesskii (1911) points out that in the practice of anti-anthrax
inoculations of large animals, after the Tscnkovakii IXI vaccine, gharc
have daen observad cases of death of animals i{n 14-20 days after th\o\ A
inoculation, with the symptoms having nothing in common with anthrax.
Thae author supposes that {n these cases the vaccine served as the
impetus to the development of tha other infectiom.
Thege literary data and the abovo-described cases with the Tabbit
lad us to the thought that B, anthracis, by virtue of some sort of

caugses, can be found & rather long time in the immune organism of the
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rabbit awd thar 1t L3 capable of exhibiting its pathogenic action in
tha conditions of the infliction of frritatiom.

we carried out the following experincnts ip order to verify this
essuaption: to the rabbits, which had come out of the experiments with
issrwnlzatioa ssalnst anthrax, aftor various periods following their

conirol infection with the virus of B, anthrncis, we inflicted irritation

in fora of & trauma = biopsy of a part of the ear. The results of these

aoneviwents axe given in Table I.

TABLE X

Teot series lumber of rabbites The period i{n which

trauma inflicted after Result
— the coatrol infgetion

p ‘ 7 32 days 1 dicd afier 20 hours;
B. anthracis culture
{solated

2 4 26 days 1 died after 25 hours;
B. anthracis culture
isolated

3 6 18 days 1 died after 18 hours;

: B. anthracis culture

ilolatcd;

4 S 15 days 2 died after 36«47

hours; B. anthracis
culture isolated

As the table shows, out of 23 rabbits upon which trauma was inflicted
after 15-18-26-32 days following the control infection with the vizus of B.
saihracis, 5 died from the anthracic sepsis.
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These experiments furnish the basis to assume that B. anthracig
can be preserved for a rather loang time in tho immune ;rgantsn of rabbits,
and that it 1g capable of causing anthracic scpsis under the influence of
the ordinary operative trauma. This gives grounds to conjecture that
trauma can disrupt the imoune state in some vaccinated rabbits.

Taking iato account_what has becen stated, we arranged supplecumentary
cxperiments according to the following scheme, A group of rabbits was
{zmunized against anthrax with the Tscakovskii II vaccine, as well as with

the glucoside vaccine, and thea infected with the virulent culture of B.

anthracts, whereupon the trauma was inflicted upon one portion of the

rabbits (dbiopsy of a part of the car), and the othor group suffered no
trauma and scrved as the control. The trauma was inflicted on one group
of the rabbits 1 hour before and 1 hour after the infection. The data of

these experiments are given in Table II.

—
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| Test

TALLE IX

Vith what ko. of Control {nfecction ] Control
group vaccinated rabbits Period Trauaa Regult No. of All died
. after rabbits after
vaceina-
tion
i Tuenkovakil 2 3 days o Lived
i. vaccine 2 3 days In infection Died after 64 2 60-132
120.hours hours
2 Taenkovsiii 3 5 days No Lived
II vaccine 3 S days In infoction Dicd after 18
24 hours
2 5 days 1 hour before 1 lived, 1 S 36-48
' infection died after 24 hours
hours
3 5 days 1 hour after 1 lived, 2
infection died after 24
36 hours
3 Glucosido 3 7 days No Lived
vaccine 3 7 days In infcction 1 1lived, 2 3 64-72
died after 17 hours
48 hours
4 Clucoside 2 22 days No Lived
vaceine 2 22 days __ In {anfecction Died after 646 2 48-72
72 houzs hours

W«



As 1s seen from the table, virtually all vaccinated zabbits on which
trauma was inflicted in fafection diecd of anthrax, vhile the rabbits on
which trauma was not inflicted lived and had & distinctly marked immunity.
The tentative experiment has shown that the infliction of trauma both 1
hour beforg the 1n£cgtion and 1 hour after the infection likewige contributes
to the development of anthracic sepsis in immune rabbits.

;t may be assumed on the basis of the data cited that the trauma,
inflicted in infection, "remo.es"™ as it wers the immune the {mmune state
from the rabbits, in consequence of which they die drom anthrax. In
passing, wve think it neccasary to bring the following fact out. In omne
case the rabbits which survived the experiments with the infliction of
trauma were subjected to a second trauma through biopsy of the gecond car
25 days after ;ho control infection and 7 days after the first trauma, In
this case too; out of 3 rabbits one died of anthrax. It i{s admissable that
in this case the initially inflicted trauma did not produce the proper changes
in the organism of the rabbit in order for the B. anthracis, whicl: was some~
vhere in the organism, to exhibit its pathogenicity, while the second trauma
contributed to this.

G. I. Markelov and his coworkers, in studying the influence of the
vegetative nervous system on the development of infectious process and in
experimenting on rabbits !6;;6 that the rcsponse reaction of the organism
to the infection depends in & large mecasure upon the status of the nervous
systcem i{n general, and of the vegetative systcem in particular. The author

points out that the specific action on the nervous system and on its



vegetative branch (surgical or chemfcal irritation) affects the entire
course of the infectious proccss, and this cffect is told upon both in the
changes of the incubation period to the side of its reduction, and in the
changes of the character of Ekg infectious process itself to the side of

{ts acceleration. ‘The author notes, moreover, that the influence upon

the nervous system depends not ohly upon the quality of the irritant and

its igtens£Cy, but also upon the original status of the vegetative system,
‘upon thé number and frequency of the irritations inflicted, as well a3 upon
the time interval beiwveen the irritation and infection of the animal.

” Taking into account the data of academician A. D. Speranskii concerning
the role of the nervous system in pathology, as well as the above-cited data
of G. I. Markalov, we arc inclined to conjecturc that in our exnsriments the
{nflicted irritation, in the form of the biopsy of the car, ccrved as the
causc not only for the reorganization of the condition of the nervous
systen of the organism of rabbits, but alco for the reorganization, for

some period of time, of their iraune state., We have not yet cstablished
for what period the fmnune state of rabbits is "removed"”.

Our data, given in Table I, cpeak in favor of the fact that in the
organism of certain rabbits which are fzmurc to anthrax, B. anthrac’a can
be found in the latent state. This indfcates that the virus of B. anthracis
{n an immune organism {a not always rupidly lysated under the influence of
humoral factors or destrcycd by rhagocytes. Therefore the nature of
fomunity in anthrax could hﬁ;ély be cxplained from the point of view of

the cellular and humoral factors of {cmunity. It {s fully admlssible that
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there are some sort of other, as yet uncstablished, interrelacvionships of
the imaune organism with the virus of B. anthracis.

Procecding from the data obtained, we arranged experiments with
vegetable poisons. Through these experiments we proposed to elucidate
the significance of the nervous system in the defensive reaction of t .
organism in nnthrqx: —

There arc in literature data to the effect that certain vegctable
poisons affect the formation of antibodies and the phagocytic ebility of
leukocytes.

M. M. Izrael'son and Madscn, both transliterated, (1935), working
wvith vegetable poisons, eatablished the participation of the nervous
system in the formation of antibodies,

A. N. Tordienko (1936) showed that the introduction of pilocarpine
causes a 3-4 fold increase in azglutinins, while the introduction of
atropine reduces the number of agglutinins in comparison with the controls.

M. V. Puchkov and G. G. Golodets (1945, 1946) note that throigh release
of mediators into the blood, in the organism is accomplished the regulation
of the phagocytic function of leukocytes, whereupon the sympathin increases
the phagocytic ability and acetylcholine reduces it.

M. V. Puchkov also points out (1946) that vegetable poigsons, by stime
ulating the release of this or that mediator, intensify or depress the
phagocytosis,

The recent works of the students of academician Bogomoletz attest to

the fact that there exists a clooc dependence of tho plastic barrier and
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defensive function, the so~-called physiological system of the connective
tissue, upon the status of the vegetative nervous system of the orgenism,
Thus, according to their experiments adrenalin decreases the activity of
the physiological system of conneccive tissue, while acetylchol!=ec produces
a clearly stinmulating effect. |

It {s evident Erpg these brief data that vegetable poisons, by influence
upon the nervous system 3£ the organism, modify its reactivity and thercby
affect the formation of antitoxins, agglutinins and the phagocytic ability
of leukocytes.

Taking {nto account the indicated literary data as well as our experi-
ments on the effect of a painful i{rritation on immunity in anthrax, we
carried out experiments according to the following scheme.

Groups of rabbits were immunized against anthrax with the Tacnkovakil
1Y vaceine in O.lec dose ond after 10 days they were infected with the
absolutely fatal doges of the virus of anthrax; 30 minutes before the
{nfection the rabbits recelved subcutancously: the f£L{rst group = adrenalin,
sccond sroup - pilocarpine, and the third - atropine. In addition, vace
s{nated rabbite were taken at the same time, to which trauma was inflicced
(biopsy of the ear) 30 minutes bofore the infection and 30 nminutes after

the infection. The results of thesc experiments are given in Teble IIX.
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TABLE 1II

Nuiber Vaceino Control infection
of i and Period after 2roceusiag Virus and dose Regule
rabbits dase yaceination
2 _ Tsenkovolild IX 10 days Adrcnalin Gtandaxd virus Lived
vaccine, O.lec , of the Control
2 subcutarcously 10 days Pilocarpine Institute, serics "
6, dilution 1:100
2 10 days Atropine dose lece Died af-
ter 64-
72 hours
2 10 days Trauca 30° Dicd af-
becfore infec- ter 36~
tion 120 hours
2 10 days Trauma 30° 1 lived,
after infec~ 1 died
tion after 132
hours
3 Control None All died
< after 30-
60 hours
A pure culture of B. anthracis was isolatcd from all that dicd,
. As 15 scen from the table neithor adrenalin nor pilocarpine affected \
the imounc condition of the rabbits which had been vaccinated against
antrhax; they survived. But the rabbits which received atropine beforo
the ifunfection died.
This indicates that atropine apparently modifies for a period the
immune s#tatus in rabbits, and they died cqually as the controls. The same,

as the tablc shows is observed also in the infliction of a painful irrita-
tion. Thus, out of & rabbits upon which trauma was inflicted 30 minuies be~

fora and 30 minutes aftex the infection, 3 died,
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The subsequent experiments with atropine confirmed these data, which

may be judged from Table IV,

TABLE IV
Nunber Vacelne and Ccnxol _infection
of doso Period Procesciag Virus and dosze Regult
rabbitg after ‘
© . vaccina-
tion
b Toenkovekidl 10 days Atropiuc Standard virus 4 died, 1
I1 vaccine, of thie Control lived
S 0.lcc subcu- 10 days lione Institute, ser- 4 lived, 1
tancously ics 6, dilution died
1:100, dose lcc
2 Ceatrol one. Both died _

A pure culture of B. anthracis was isolated from all that died.

It is ccen from the data cited that the rabbits, processed with

atropine before the infection, dic of anthracic gepsis cqually as the con-

trola. Tucrofore not only a painful irritation = trauma - but also the
introduction of atropine into the vaccincted rabbits fn infection destroys
their iagmunce state and the rebbits die of anthirax equally as the none
vaccinated rabbits.

It may be stated on the basis of thesc oxperimcnts that the ncrvous
oystea i of extrecmely important significance ia the immunity in anthrax.

We liave pointed out above also that a portion of the rabbits which had
been earliar vaccinared againgt anthrax and lived after the control inface
tion, {n infliction of trauma (biopsy of the car) almost one month after
the {anfection, dicd of anthrax.

The subsequent analogous experiments with the infliction of trauma,
as wall as the {ntroduction of atropine into immune rabbits which lived
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after the control infection, gave concurrent

froa lable V.

Tesults, which may dbe seen

Result

TABLE V
‘&t serics Number of Hothod of processing Processing after
_Xabbits control infection
1 6 Trauma (blopoy of ear) 23 days
2 5 Trauza 13 days
3 2 Trauma 34 days
4 3 Trauma 15 days
5 4 Atropine, subcutancously 26 days

1 dicd of an=
thrax, 5 lived

1 died of an~
thrax, 4 lived -

Lived

1 died of an-
thrax, 2 lived

1 died of pas-
teurellosis,

2 dicd of
anthrax, 1
1ived

The experiments cited in Table V corroborate the earlier obtained

results that the infliction of trauma causes the doath froam anthrax of

a portion of vaccinated rabbits and of those undergoing the control in-

fection. The same is observed also in the injection of atropine.

These experiments also show that the agent of anthrax can be found

in the immune organism for about a month without cxhibiting its pathogenic

action. This fact of "bacillo-carriage" of B. anthracis by iumune rabbits

merits serious attention.

If in the interpretation of our exporiments with destruction of immunity

in rabbits under the influence of trguma we spoke conjccturally about the

participation of the nervous system in immunity i{n anthrax, then on the
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basts of the data hare presented we can declare about it fully convincingly.
True, there ia an extensive literature on the role of the mervous systea

ia the pathogenesis of tnfectious diseases. The investigations of the
astudents of academician A. D. Scpranskii have demonstrated this in a number
of Infectious discasecs. But the rescarches on the role of the mervous
system in imaunity are still limited to only the problems cencerning the
fnflucnce of the nervous system on the formation of antigens and not to the
test of icmune animals for survivability through their controlled infection
with fatal doses of the virus.

The dircct experiments on tire role of tho cervous system in immunity,
not only ... anthrax but also in other infcctious diccases, we could not
£iud {n the literature accessible to us.

The cxperiments hewe-etted point to the significance of the nervous
rysten in immunity in anthrax.

Wherees -our experiments in vaccination with the formalinized culture
of the agent of anthrax (communications I and II) showed that we can ecffect
the mochanism of development of ifumunity in anthrax through the controlled

modification of the roactivity of tha organism to tho vaccinal preparations,
fhc dntf hewe cited;ntééa: t&’the fact that in the appropriate action on

the nervous system tho reactivity of the orzanism as a whola i wodified,

in consequence of which the imaune gtatus of the rabbits, vaccinated

againat anthrax, is destroyed for a period of time.

Tho investigations in this dircction must be expandad because they
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will pormit us to decipher in grcater detail the pathogenesis aﬁd
{ntorconnection of individual mechanisms of the ionunity snd their
zutual dependence, while the gencraligation of these data will enable

us to struggle more effectively against infectious diseases.
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