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AECOVERY OF FILTERABLE FORii OF ANTHRAX BACILLUS
FROM ANTHRAX ANTISERA

- USSR -~

/[ Following is the translation of an article by
Prof. 8. 7. Kolesov, and Scientific Assoclate
Yu., ¥, Borisovlch, 3tate Scientifile-Control
Institute of Veterinary Preparations, in_the
Russian-languace periodical Yet. bull. / Vet~
erinary Bulletin;g, Vol 24, Yo 7, 1954, pp
29 - 330_7

SUMIZARY

The authors describe gseven serles of experiments, in
31x of which they succeeded 1n recovering filterable forms
of anthrax bacillus from antirax antisera. Their method
consisted of cultivatine serum on bullion and on agar media,
and the microbe colonies obtalned were cultivated throuch
several “eneratlons on the two medla and passed through the
orpanism of whlte mice, whereuvon tynical anthrax microbes
were obtained, which were tested for virulence on mice, .ab-
oits and guinea pigs. The virulence of the regenerated
racilli did not equal that of the orlainal.

The nroblems of filterable forms of pathoesenlc bac-
~aria have been discussed on several occaslons recently.
However, these reports dealt mainly with mlcerobes evoking
contesious diseases of man, such as the agents producing
tuberculosis, intestinal typhus, diphtherla, dysentery, etc.
“here have been certain references to fllterable forms of
11 anthrax microorganism, but these revorts have apveared
.n 1isolated instances, only.



! Sclentific data of recent years substantiate the fagl

that microorganisms subjlected to experimental effects and to
the effect of the surrounding medium are able to undergo
very deep changes in some of thelr cultural, morphologlcal
and virulent properties. In connection with this, the pos-
81bility of the formatlon of avisual forms of microbes may
be concelved only if we are on the right track toward the
formation of a concept of the factors of deep modification
abllity and phases of develovment of microorganisms.

Soviet sclentists, starting out from the theory of
I. V. ¥Michurin on the possiblility of changlng the nature of
living organisms through directed effects and through the
effect of the surrounding medium, attained remarkable achieve-
ments in the flelds of plant cultivation and hortlculture.
Some success also has been achleved in respect to directed
changes of microorganisms in the flelds of industrial, agri-
cultural, medical and veterinary microblology.

However, these successes still are insufficient, and
cannot satisfy the dewmands of our publlic econony.

Veterinary specialists in the fleld of microbiology
and eplzootology are confronted with urgent tesks 1in the
study of the variability and the phases of development of
pathor~enic microorganisms under natural conditions and in
the orpanism of aniwals, which may enable a more complete
and correct concept of any given regularitles of the course
of an infection and of the interrelatlionshlp between macro-,
and microorganlsms. Furthermore, bty obtaining filterable
forrms from microbes subjected to controlled effects, and
thelr rereneration into the original microbial forms 1t may
become vossible to obtaln weally vathoeenlce or apathogenlc
mlecrobe cultures sultable for vacclne vrovhylaxis of con-
tarious diseases of asricultural animals.

The develooment of the lndlcated problems may be
correctly mounted only under the conditions of assumption
of deevp changes in mlicrobe cells up to the formation of the
filterable forma. In other words, the proolems of the
Tormatlion of filterable forms derive from the variability
of microorsanisms, and {rom the point of view that obtalning
mierobe cultures with new provertiies 1s admlssible in the
nresence of a factor of formatlion of filterable forms, with
thelr gubsequent receneration into the microblal forms.



' In 1949 G. . Bosh'yan reported on the possibility |
of obtaining fllterable forms of anthrax microbes from
therapeutic anti-anthrax serum.

) I. T. Crobinskly, under the dlrection of N. I. Leonov
11951), obtalned filterable forms frowm filtrate of Tsenkov~
3kly vaccine, culture II, and from the precipitating anthrax
serum. The authorg of the vpresent article also extracted a
alceroblal form of anthrax culture fror filtrate of anti-
anthrax serum in 1950. Later {1253), V. A. Sergeyev report-
cd on the extractlion of anthrax microbes from a precipitat-
Ing anthrax serum,

This experliment made use of four serlies of thera-
peutic anti-anthrax serum, and tiree serlies of precipltating
anthraz serun.

The methods used in the present authors' detection
and rereneration of filterable forms of anthrax microbes
were varied. On the whole the consisted of implantation of
serum on nutrient bullion and on anmar, and after visual forms
of mlcrobes were obtalned thev were regenerated into tynical
forms through subsequent generations on nutrilent media and
passage throush the ormanlsm of laboratory animals. After
lznlantation of the serum on the bullion, a verr weak growin
aprvears wilthin various neriods of tizne, in the form of opal-
escence. ter, the ~rowth becomes stroager and more visible,
with the occasional formatlon of atynical precivitation.
sually, no zrowth appears on meat-veptone agar. The arowth
sometines is in the form of barely vercentible dewey colonies,
which are hardly visible in successive transnlantations.

In the investisation of P23 first growth cultures a
fine zranulation in the form of individual particles and con-
zlomerates 1s observable under the microscowne, which do not
stain by the Gram method. After wmany transvplantations of
the P2, forms similar to coceci, thin rods and short chains,
consisting of bacilll more or leas tyvlecal of anthrax, are
observed in addition to the sranular formations. Restora-
+1iom o9f the morpholosically typical serum culture is best
obialned after nassage throush the orsanlism of white wilce.
ilowever, 1t 1s possible to obtain visual forms of anthrax
immunosera wlth only one transplantation.

Tirst Experinment. - In Dderformines experiments on the
controlled variabllity of anthrax microbes in the course of
mureuiins another research theme, we utilized non-preserved ,
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'anthrax serum of the SL series, prepared by the Tabakhmel'sliy
Biokombinat 1n August 1949. The serum for these purposes was
flltered througn sterillzing fllter plates. Sterility of the
filtered sera was tested by implantation on bullion and on
azar. The implantations were kept in a thermostat for a per-
ion of 10 days.

In one of the experiments, implantatlons of this type
accldentally were left iIn the thermostat for 20 days, and
typical growth of anthrax cultures was observed in them.
¥icroscopic examlinatlion revealed that preparations of this
culture contained typical anthrax bacilll and filaments. A
similar growth in transplantations of serum flltrates was
found in two instances. Reproduction of thls culture through
transplantation to bullion and to agar could not be obtalned
because the culture was unable to ensure growth with the ap-
plication of ordinary methods. Innoculation of white umice
with a dosage of 0.3%ml resulted 1ln survival of five of the
animals. An experiment involving control innoculation of
these mice with Tsenkovskiy Vaccine I showed that after 10
days the regenerated anthrax culture had no lmmunologlcsal
oronertles.

As mentloned above, the observatlions described were
made 1n February 1950. ‘e considered i1t possible to repeat
the experiments on regeneration of the fllterable forms of
anthrax immunosera at a later date.

Second IExperiment. In December 1951 1t was under-
taken tc obtain visual forms of anthrax microbes from non-
preserved anti-anthrax serum of Serles 3B, prepared by the
Azbiokonbinat on 3 Cctober 1949, by lmplantation of C.3 to
0.5 ml auantities in test tuves contalnling meat-preptone
bullion. On the 22nd day a culture growth was obtained in
the form of a precinitate, easily distinguished in the homo-
geneous susr»ension. l!icroscopic examination revealed fine
~pranular forms and conglomerates of these forms in the pre-
varations obtained from the cultures. Simultaneously with
these formations we observed rarely-encountered paired gran-
ules and short, thin bacllli, singly and 1n pairs.

Pagsare of the 1ndicated cultures throuzh vhite mice
enabled typical Torms of anthrax microbes to be obtained
from them.

It must be mentioned that the ty»ical microbial forms
.were no% obtained immediately, but throush a gradual trans-,



‘1tion of the granular forms into coccie, or fine bacillary‘]
forms. Very atypical coli-form microbe cultures were ob-
tained from the majority of the mice. However, together
with the latter, anthrax cultures also were obtained from
Individual wmice.

Testing showed that the first penerations of the SR
culture obtalned evoked marked edema in white mice. The
subsequent generations of this strain, nhowever, lost this
proverty, although they lncreased in virulence. Thus al-
thouzn a culture of the first passage throuph the mouse
organism was virulent only with respect to mice,and guinea
pigs survived innoculation, all the zuinea vies dled after
innoculation wilth cultures passed throush the organism of
white mice four times. Three rabbits innoculated with a
dosage of 2 ml of 2-billion concentration of the above cul-
ture survlved. Upon innoculation of rabbits with anthrax
virus it was found that 16 days after innoculation the S22
straln has marked immunosenic nroperties, protecting all
taree rabblts against infectlion. 1In a reveated test exper-
iment ol lmmunorsenic properties the strailn protected two
of four innoculated rabltis, while all control rabbits died.

In o cultural relationsiiin the 53 strain has the »nro-
nerty of tyvical srowth on XA and in IP3. However, the
mornaclony o the wmicrobes still was not sufficlently sta-
slllized because sranular forms of bacillie, strongly curved
Tllaments or thickencd *acilli with a bulge in the center
are encountered.

Third Zxverdiment. “Yisual forms of anthrax microbes
vere extracted Irom anti-anthrax seru: of Series Lo 6. The
serun was nroduced by the Azblokombinat on 11 October 1747,
'1th 0.5 nercent dhenol additive and heatins to a tempera-
ture of 5° derrees Centl-rade for two hours for purvoses of
nregervation. A4s 2 result of ti:e serum imnlantation in six
test tubes with bevelled a~ar and six test tubes contalning
tullion, two small colonies anneared on the seventa dav in
one of the arar test tubes. One of the colonles had the
A=Tom: tynical of anthrax, ard the other had an atvnical
S=7orm. Followin~ transnlantation of these colonies tynical
aninrax cultures vwere obtained 1n hoth cases; a multitude
ol =form colonies on arar, 2nd crovih wlth clarification
of the mediun ard formatlon of nreclpitate In the bulllon.

[

Implantations of extracts of the snleen of dead nice

t
wilch had teen Innoculated with this serum also produced an,
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‘atypical anthrax culture. In addition to the anthrax colond
les, coli-form colonies were observed, containing fine
Gram-nerative, slowly moving microorganisms.

With careful study of regeneration of anthrax culture
in 10-fold passage through nutrlent medium and four-fold
vassane through the white mouse organism it was established
that the virulence of the culture did not 1increase, and it
remalned avirulent to suinea vigs and rabblts. idost of the
white mice lnnoculated wilth 0.2 ml of one=day agar culture
dled within two to four days, wlth anthrax culture and coli-
form culture extracted from the blood of the heart of the
mice which died.

In morvhological and cultural resvects the strains
extracted from the anti-anthrax serum of Series ilo 6 corres-
vonded to the tyvnical anthrax culture.

In the fourth exveriment with therapeutlic antli-anthrax
serum of Series o 64, produced 13January 1948 by the Chita
Biofabrika (the serum was vreserved with chinosol and was
nzated to 60°C for two houra) a neesative result was obtalned,
because we were unable to extract an anthrax culture, despite
aovlication of the method used in the vrevious experiment.

Tifth Zxperiment. Aanthrax serum of Series o &, pro-
duced 27 .arch 1350 by the Tovol'sk Bilofabrika and preserved
with 0.5 percent vhenol and filtered throush sterilizing
filter plantes, »roduced no srovth after preclpitation and
imnlantation on iIPA, althoush ~rowth appeared in NPB after
three days. .ilcroscoplc examination revealed «ranular forms
of microbes and conrlomerates of these forms. Four whilte
nice were inroculated with a culture of the second trans-
clantation in :PB, contalnin~ & small amount of atypical
~ine bvacilll in addition to the zranular forms. All the
mice died withir two, three or four days, and tyvlecal anthrax
culture and coli-form cultures were obtalned from thelr
hearts and snleens. Two ~ulnea viss were lnnoculated with
1 ml of 2-blllion concentration of the anthrax culture ex-
tracted from the dend mice, and one of the sulnea pigs diled
sf anthrax after seven days, with the second survlving.
“hree rabblis were innoculated with 1 ml, 2-billion concen-
tration doses of a one-day agar culture extracted from the
jead ~ulnea pir. The local reaction to injection of the
culture was very slirht. The rabbits survived for 18 days,
waen they were innoculated with anthrax virus. The control
.rabbits, which had not been innoculated, dled of anthrax on,
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the second, third and fourth days, but only one of the in-
noculated rabbits died.

In later experiments,anthrax culture was subjected
to four-fold passage through the organism of white mice for
the purpose of inereasing the virulence of the straln. It
was eatablished that death of the mice occurred at an earller
date uvon each successive vassage. As a result of the pas-
sages 1t was noted that the strailn increased 1ts virulence
not only to white mice, but also with respect to guinea pigs,
because all the guinea pigs innoculated with the indlcated
gtrain (two experiments were conducted) dled of anthrax.
However, we dl1d not succeed in strengthening the strain to
the original virulence because the rabbits innoculated wilth
it survived. In testing the lmmunogenic properties of the
strain subjected to passage it was found that the straln 1In
1 ml of four-day azar culture, 2-billion concentration dcs-
are, protected two of the four rabbits innoculated, although
all the control animals died. In & third control test of
immunity the strain protected one rabblt of four innoculated
with the earlier dosage, althougn all the control rabblts died.

In a culture-morpvholorilcal respect the strain has the
vroverties typlcal of anthrax microves. The growth in MPB
ig characterized by clarification of the bulllon and the
formation of flocculation at the bottom of the test tube,
and by R=-form colonies on YPA. Hlcroscople examinatlon
usually reveals typical anthrax bacilli, and long fllaments
consisting of bacilli, The strain has good spore-Iorming
proverties.

Sixth Exveriment. fter imvlantation of precinitat-
inr anthrax serum of Series ilo 34, produced by the Tobol'sk
Biofabrika on 17 Sentember 1951 (preserved with 0.5 vercent
phenol and filtered throuch sterilizing filter nlates), a
weak rrouvth appeared in I’2B after seven days, and there was
no grovth in the asar. Under the microscope the presence of
ergnular forms and conglomerates of these forms, plus a small
smount of cocci-form formations were obgerved. Of flve white
nice innoculated with the culture obtalned, 1 dled after 24
nours, and two dled after seven days. An anthrax culture
equal to the coll-form colonles was extracted from the dead
rnice on an I:PA base. The anthrax culture exiracted again
was injected intc four white mice. All the mlce died within
two or three days, with the formation of very pronounced
anthrax edema at the site of injection of the culture, An
antaray culture and coll-form microbes were obtained frow
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the organs of the dead wice. The anthrax culture obtained

. Trom the second passage through white mice was injected in-
to two gulnea vigs, one of which died after nine days. Sub~
sequent innoculation of white mice and suinea pigs indicated
that the virulence o7 the culture was not increased as a
result of passage throusi the organism of the white mice.

In all the exveriments the culture resulted in the death of
at least some of the white mice, and did not nroduce death
of rulnea virs. [0 edema Tormation was observed in the sub-
sequent experiments unon innoculation of white wmlce wlth the
straln.

Rabbits innoculated with 1 ml, 2-21llion concentra-
tion of one-dar culture survived. In two control tests of
lvmunity 1t was Tound that the strain of anthrax culture ex-
tracted frow vreclnitating serum of Series o 34 had weak
Immuno~enic nronerties, nrotecting two o six rabbits innoc-
ulated with a virulent anthrax culture, whille all the con-
trol rabbits dled.

In testin: the culture-morpholozical propertles it
was established that the exiracted strain has proverties
traical of antihwrax icrobes.

Seventir Expericent. In investigatin~ Treshly nrenared
precinitatine anthrax serum of Serles o 2 a ne~ative result
was obtained because we were unaole to rerenerate the antarax
culture from the irdicated serum. It must be noted that the
~iven serun was obtalned by another method: througsh hyper-
immunization of »nroducer~horses with live, low-virulence
anthrax culture. The nrecedlnr series of precinitating sera
wiag obtained throu~h hvperimauinization of the producer with
virulent sirains o7 anthrax culture mrocessed with 0.3 ver-

cent Tormalin,

It is difficult to define the 1Iniluential factor in
thls case. t may he that we 4id not succeed in repenerat-
in~ the microbes because the transnlantations and passages
throush the white mouse orcanism were not »nerformed correctly,
and it may be also, that this depended unon the aze ol the
serum, because we noted that the older the serum the easler
it was to regenerate it from the avisual, to the visual foru.

We recently set uv repreated experiments on the ex-
traction and rereneration of Tilterable forms of anthrax
~icrobes fron taree serles of theraveutic, and three serles
of nrecipisatine anthrax sera. As a result, Tilterable



forms were obtalned and were regenerated into visual forms

of anthrax mlcrobes from Serles 2 therapeutic serum prepared

by the Chita Biofabrika on 3 June 1932, and Serles 93 preclp-
ltating serum ovroduced by the Tobol'sk Blofabrika on 19 Aug-

ust 1949. ‘'The virulence of the culture was not strensthened

oy four vassapes through the orpanism of white mice, because

Fulnea nlss lnnoculated witu 1t survived.

Conclusions

It is evident from the forecoins data that anthrax
imzunosera (theraneutic and orecinitatina) contain viable
avisual forms of anthrax microbes. This 1s sunported by
tne fact that we extracted strains of anthrax culture frouw
four serles of theraveutic anti-anthrex serum and three ser-
les of ovreciviiating antnrax serun at varlous times after
nroduction.

Therefore, the data of our experiments indlicate that
theraneutic and nrecivltatine anthrax sera contain filterable
forms of nmicrobes, by virtue of which they are obtained in
the nrocess of hyvneriummunization ol animals.

In the »rocess of rereneration of avisusl forms into
visual Torms 1t was establisned that the ontogenesls of the
nthrax mlcrobes 1s not monomorpnie,but pleomorvhic.

The content of Tllterable Torms of anthrax microbves
he therameutic a 1d precivnitatinc anthrax sera 1s suvport-
v tiwe Tact that tvo series of »nrecivltating, and one

of +1erapeut¢c serus were subjected to sterilizing
ion in tiie course oFf nroduction.
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The question arlses of the role of the filterable
Torms of microbez in the theraveutic and nreclnliatine an-
tnray sera in the course of tnelr nractical avplication.

The nroblem of tie harmlegssness of theraneutic serum in 1ts
apolication to anininals 1s especiazlly lmvortant in this con-
nection. In the opinion of the nresent 2utiors the filiter-
acle forns of microbves cannot constitute a dancer in thera-
neutic anti-antarax serun decause they already are in the
second stare oY receneration, l.e. when they acquire typical
micpoblal form they do not have a virulence which may con-
atitute a danrer to the aniral ormanism. O five strains

of anthrax culture extracted by us from theravneutic and pre-
cinltatin~ anthrax sern only 2 strains had become strengtih-



ened to the stage of being virulent to guinea pigs (but not
to rabbita), and only after repeated transplantation in nu-~
trient media and passage through the organism 2f white mice.

Of theoretlical interest is the problem of the stabll-
1ty of visual and avisual forms of anthrax microbes under
the effect of so-called bactericidal agents and the hyper-
immunized organism of the producer.

Thus an antigen aprlied for hyperimmunization of
norses 1n the course of obtalning precipitating anthrax se-
rum 1s a bacillary anthrax culture (10~, to 12-hour cultiva-
tion), which is "killed" with 0.3 percent formalin, and
after testing for virulence on ruinea plgs, 1s injected in
the producer~horses. However, as 1s apparent from our ex-
periments, an anthrax microbe culture may be extracted fronm
precipitatling anthrax serum, which after vpassage through
the organism of the white mouse becomes virulent to guinea
plss. Thus neither the effect of formalin nor the effect
of the hyperiummunized orrmanism of the producer eliminates
the viability of the avisual and visual forms of anthrax
microbes. e may not come to the conclusion from this, how-
ever, that the microorsanism is 'deatnless," because this
is challenged by the advocates ol variability. From these
new vroposals concerning the variabllity and stability of
vhe microblal forms vwe may make the sole conclusion that
the factors of very dee» varlabllity of niceroorganlsms, up
to the formation of Tilterable orms, ard the limits of
stabllity,i.e. the viability of avisual, and thus including
visual Torms of microves, extend much farther than previous-
17 had been established in science.

At the »resent tilme investisators still laclk data on
*ne size and shane ol Tllterable gpvecles of microbes. This
mrohlen apvarently will be resclved with the ald of electron
microscones.

The existin~ position on the sterility of anthrax
immunosera (in view of a lack of filterable forms of anthrax
mlcrobes in the serum) obtained from »roducers as a result
cf extended and nassive nyverimmunization must be reviewed
from t:e theoretical nolnt of view. The theoretlical view
that anthrsx microbes Introduced into the orcanism of a
arrverimnunlzed »nroduvcer are destroyed by the action of anti-
bodles and br the cells of the ormanism alseo nust be reviewed.
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The data ol our exveriments indlcate that anthrax
=icrobes Introduced into the orpaniss of a hyverimmune ani-
mal are not entirelyr destroyed by the orwanism, but underso
deen variatlon in the formation of avisual forms and trans-
ition to an apathogenic state. From this arises the question
of the nonsterilliiy ol immunity in oroducers of antli-anthrax
and nrecinitating sera.

Investigatlon of rermenerated cultures of anthrax
siterotes has resulted In establishment of the fact that
several strains have »ronounced immunorenle proverties. Thus
the nossibility ol obtainine from lmmunosera strains sultable
for vaccinopvronhylaxls o animals arainst anthrax is not
exeluded.
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